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Preface

About This Manual

This databook provides information that you need to interface the DW_apb_uart component to the
Advanced Peripheral Bus (APB). This component conforms to the AMBA Specification, Revision 2.0
from ARM.

The information in this databook includes afunctional description, pin and parameter descriptions, and
amemory map. Also provided are an overview of the component testbench, a description of the tests
that are run to verify the component, and synthesis information.

Related Documents

To see acomplete listing of documentation within the DesignWare Synthesi zable Components for
AMBA 2, refer to the Guide to DesignWare AMBA |P Component Documentation.

T3> Note
Information on the DW_apb_uart component in this databook assumes that the reader is
fully familiar with the National Semiconductor 16550 (UART) component specification.
This specification can be obtained on the web at:

http://www.national .com/ds/PC/PC16550D. pdf

Information provided on IrDA SIR mode assumes that the reader is fully familiar with the
IrDa Seria Infrared Physical Layer Specification. This specification can be obtained from
the following website:

http://www.irda.org

Manual Overview
This manual contains the following chapters and appendixes:

Chapter 1 Provides aDesignWare AMBA System Overview, acomponent block

“Product Overview” diagram, basic features, and an overview of the verification
environment Overview

Chapter 2 Provides getting started information that allows you to walk through

“Building and Verifying a the process of using the DW_apb_uart with Synopsys’ DesignWare

Subsystem” Connect tool.

January 20, 2006 Synopsys, Inc. 7
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Preface

Chapter 3
“Functional Description

(]

Chapter 4
“Parameters’

Chapter 5
“Signals’

Chapter 6
“Registers”

Chapter 7

“Programming the DW_apb_uart”

Chapter 8
“Verification”

Chapter 9

“Integration Considerations’

Appendix A

“Building and Verifying Your

DW_apb_uart”

Appendix B
“Database Description”

Appendix C

“DesignWare QuickStart Designs’

Appendix D
“Glossary”

DesignWare DW_apb_uart Databook

Describes the functional operation of the DW_apb_uart
I dentifies the configurable parameters supported by the DW_apb_uart

Provides alist and description of the DW_apb_uart signals

Describes the programmable registers of the DW_apb_uart
Provides information needed to program the configured DW_apb_uart

Provides an overview of the testbench available for DW_apb_uart
verification.

Includes information you need to integrate the configured
DW _apb_uart into your design

Provides getting started information that allows you to walk through
the process of using the DW_apb_uart with Synopsys' coreConsultant
tool.

Provides deliverables and reference files generated from the
coreConsultant flow

Provides getting started information that allows you to walk through
the process of using the DW_apb_uart with Synopsys' coreConsultant
tool.

Provides a glossary of general terms

Typographical and Symbol Conventions
The conventions in the following table are used throughout this document:

Table 1: Documentation Conventions

Convention Description and Example
% Represents the UNIX prompt.
Bold User input (text entered by the user).
% cd $LMC HOME/hdl
Monospace System-generated text (prompts, messages, files, reports).
No Mismatches: 66 Vectors processed: 66 Possible"

Synopsys, Inc.
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Table 1: Documentation Conventions (Continued)

Convention Description and Example
Italicor Ttalic Variables for which you supply a specific value. As a command line example:
% setenv LMC HOME prod dir
In body text:
In the previous example, prod_dir isthe directory where your product must be
installed.
| (Vertical rule) Choice among alternatives, asin the following syntax example:

-effort level low | medium | high

[ 1 (Square brackets) | Enclose optional parameters:

pinl [pin2 ... pinN]
In this example, you must enter at |east one pin name (pinl), but others are optional
([pin2 ... pinN]).

TopMenu > Pulldown menu paths, such as:
SubMenu File> SaveAs...
Getting Help

If you have a question about using Synopsys products, please consult product documentation that is
installed on your network or located at the root level of your Synopsys product CD-ROM (if available).
You can aso access documentation for DesignWare products on the Web:

e Product documentation for many DesignWare products:
http://www.synopsys.com/designware/docs

« Datasheetsfor individual DesignWare | P components, located using “ Search for 1P:
http://www.synopsys.com/designware

You can aso contact the Synopsys Support Center in the following ways:

e Open acall to your local support center using this page:
http://www.synopsys.com/support/support.html

« Send an e-mail message to support_center @synopsys.com.

« Telephone your local support center:

—Wnited States:
Call 1-800-245-8005 from 7 AM to 5:30 PM Pacific Time, Mon—Fi.

—Canada:
Call 1-650-584-4200 from 7 AM to 5:30 PM Pacific Time, Mon—Fri.

—All other countries:
Find other local support center telephone numbers at the following URL.:

http://www.synopsys.com/support/support_ctr

January 20, 2006 Synopsys, Inc. 9
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Additional Information
For additional Synopsys documentation, refer to the following page:

http://www.synopsys.com/designware/docs

For up-to-date information about the latest Synthesizable | P and verification models, visit the
DesignWare home page:

http://www.synopsys.com/designware

Comments?

To report errors or make suggestions, please send e-mail to:
support_center@synopsys.com.

To report an error that occurs on a specific page, select the entire page (including headers and footers),
and copy to the buffer. Then paste the buffer to the body of your e-mail message. Thiswill provide us
with information to identify the source of the problem.

10 Synopsys, Inc. January 20, 2006
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1

Product Overview

The DW_apb_uart is a programmable Universal Asynchronous Receiver/Transmitter (UART). This
component isan AMBA 2.0-compliant Advanced Peripheral Bus (APB) slave device and is part of the
family of DesignWare AMBA Synthesizable Components.

This chapter describes the DW_apb_uart in the following sections:

“DesignWare AMBA System Overview”
“General Product Description” on page 12
“Features’ on page 16

“Standards Compliance” on page 17

“Speed and Clock Requirements’ on page 17
“Verification Environment Overview” on page 17
“Licenses’ on page 18

“Where To Go From Here” on page 18

DesignWare AMBA System Overview

The Synopsys DesignWare AMBA Synthesizable Components environment is a parameterizable bus
system containing AMBA version 2.0-compliant AHB (Advanced High-performance Bus) and APB
(Advanced Peripheral Bus) components.

DesignWare AMBA System Block Diagram

Thefollowing figure illustrates one example of this environment, including the AHB bus, the APB Bus
(includes the APB Bridge), AHB multi-layer interconnect IP, APB peripheral components, verification
Master/Slave models, and bus monitors. In order to display the databook for aDW_* component, click
on the corresponding component object in theillustration.

(?V)Q Attention
Linksresolve only if you are viewing this databook from your $SDESIGNWARE_HOME
tree, and to only those components that are installed in the tree.

January 20, 2006 Synopsys, Inc. 11
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RAM
Memory Models

’\ ahb_monitor_vmt
MR Mgls’\;esr/SIave ? DW_ahb _ctl DW_memctl DW_ahb_dmac

Arbitration,
Decode, & Mux

[
DW_ahb_hz2h,
DW_ahb_eh2h DW_ahb_dmac
L 1

‘ [N
Third-party
Peripherals

. ro— T
apb_monitor_vmt Application-
APB Slave ’ | specific | Third-party
BIMs Peripherals

DW_ahb

ro—
Application-
Specific |
Logic

Highspeed
Peripherals

|USB, Ethernet, |
I_PCI-X, and so on

Logic
L _g_ |

DW_apb AHB/APB Bridge \

\ \
‘ t
DW_apb_ictl ‘ DW_apb_uart ’ DW_apb_rap DW_apb_timers DW_apb_i2c
DW_apb_rtc DW_apb_ssi DW_apb_gpio DW_apb_wdt

i

Figure 1: Example of DW_apb_uart in a Complete System

General Product Description

The Synopsys DW_apb_uart has been modeled after the industry-standard 16550. However, the
register address space has been relocated to 32-bit data boundaries for APB bus implementation. It can
be configured, synthesized, and verified using the Synopsys coreConsultant GUI to produce RTL.

The DW_apb uart isused for serial communication with a peripheral, modem (data carrier equipment,
DCE) or data set. Datais written from a master (CPU) over the APB busto the UART and it is
converted to serial form and transmitted to the destination device. Serial datais also received by the
UART and stored for the master (CPU) to read back.

The DW_apb _uart contains registers to control the character length, baud rate, parity
generation/checking, and interrupt generation. (Also see “DW_apb_uart Block Diagram™ on page 14.)
Although there is only one interrupt output signal (intr) from the DW_apb_uart, there are several
prioritized interrupt types that can be responsible for its assertion. Each of the interrupt types can be
separately enabled/disabled with the control registers.

12 Synopsys, Inc. January 20, 2006
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The following paragraphs describe various functionality that you can configure into the DW_apb_uart:

Transmit and receive data FIFOs:

To reduce the time demand placed on the master by the DW_apb_uart, optional FIFOs are available to
buffer transmit and receive data. This means that the master does not have to access the DW_apb_uart
each time a single byte of datais received. The optional FIFOs can be selected at configuration time.

The FIFOs can be selected to be either external customer-supplied FIFO RAMsor internal DesignWare
D-flip-flop based RAMs (DW_ram_r_w_s dff). When external RAM support is chosen, both
synchronous or asynchronous read-port memories are supported. When FIFO support is selected, an
optional test/debug mode is available to alow the receive FIFO to be written by the master and the
transmit FIFO to be read by the master.

DMA controller interface:

The DW_apb_uart can interface withaDMA controller by way of external signals (dma_tx_req _n and
dma rx_req_n) to indicate when datais ready to be read or when the transmit FIFO is empty.
Additional optional DMA signals are available for DesignWare DMA controller interface compatibility
(such asinterface with DW_ahb_dmac).

Asynchronous clock support:

To solve problems surrounding CPU data synchronization in relation to the required serial baud clock

requirements, an optional separate serial data clock can be selected. When it selected, all data crossing
between the two clock domains is guaranteed by full handshaking and level-syncing synchronization.

Auto flow control:

System efficiency can be increased and software |oad decreased with a 16750-compatible Auto Flow
Control Mode. When FIFOs and the Auto Flow Control are selected and enabled, serial dataflow is
automatically controlled by the request-to-send (rts_n) output and clear-to-send (cts_n) input.

Programmable Transmit Holding Register Empty (THRE) interrupt:

System performance can be increased by a Programmable Transmitter Holding Register Empty
(THRE) Interrupt Mode. When FIFOs and the THRE Mode are selected and enabled, THRE Interrupts
are active at and below a programmed TX FIFO threshold level. In addition, the Line Status THRE
switches from indicating TX FIFO empty, to TX FIFO full. This allows software to set a threshold that
keeps the transmitter FIFO from running empty whenever there is data to transmit.

Serial infrared support:

For integration in systems where Infrared SIR serial dataformat isrequired, the DW_apb_uart can be
configured to have a software-programmable IrDA SIR Mode. If thismode is not selected, only the
UART (RS232 standard) serial dataformat is available.

I ncrease the built-in diagnostic capabilities:

To increase the built-in diagnostic capabilities of the DW_apb_uart, the Modem Control Loopback

M ode has been extended. Modem Status bits actually reflect Modem Control Register deltas, aswell as
the bits themselves. Also, when FIFOs and Auto Flow Control Mode are selected and enabled, the
Modem Control RTSisinternally looped back to the CTS to control the transmitter. This alows local
testing of the Auto CTS mode. In addition, the controllability of rts_n, viathe receiver FIFO threshold,
can be observed viathe RTS Modem Status bit. Thisallows local verification of the Auto RTS mode.

Level 1 and 2 debug support:

To help with debug issues, optional debug signals are available on the DW_apb_uart. To comply with
level 1 and 2 debug support requirements, many internal points of interest to the debugger are available
as outputs.

January 20, 2006 Synopsys, Inc. 13
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DW_apb_uart Block Diagram
The following list briefly describes each of the major blocks shown in Figure 2 on page 15:

14

Reset block.
APB daveinterface.

Register block - isresponsible for the main UART functionality including control, status and
interrupt generation.

Modem Synchronization block - synchronizes the modem input signal.

FIFO block (optional) - isresponsible for FIFO control and storage (when using internal RAM) or
signaling to control external RAM (when used).

Synchronization block (optional) - isimplemented when the periphera is configured to have a
separate serial data clock (i.e. two clock implementation).

Timeout Detector block (optional) - indicates the absence of character data movement in the
receiver FIFO in agiven time period. Thisis used to generate character timeout interrupts when
enabled. Thisblock can also have an optional clock gate enable output(s) (uart_Ip_req pclk for
single clock implementations or uart_Ip_req pclk and uart_|p_req_sclk for two clock
implementations), to indicate that the TX and RX pipelineis clear (no data), no activity has
occurred and the modem control input signals have not changed in a given time period.

Baud Clock Generator - produces the transmitter and receiver baud clock along with the output
reference clock signal (baudout_n).

Serial Transmitter - convertsthe parallel data, written to the UART, into serial form and adds all
additional bits, as specified by the control register, for transmission. This makeup of serial data,
referred to as a character can exit the block in two forms, either serial UART format or IrDA 1.0
SIR format.

Serial Receiver - convertsthe serial data character (as specified by the control register) receivedin
either the UART or IrDA 1.0 SIR format to parallel form. Parity error detection, framing error
detection and line break detection is carried out in this block.

Synopsys, Inc. January 20, 2006



DesignWare DW_apb_uart Databook Chapter 1: Product Overview
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Figure 2. DW_apb_uart Functional Block Diagram
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Features

16

« AMBA APB interface allows easy integration into AMBA SoC implementations
« Configurable parameters for the following:

—APB data bus widths of 8, 16 and 32

r—Additional DMA interface signals for compatibility with DesignWare DMA interface

r—DMA interface signal polarity

r—Transmit and receive FIFO depths of none, 16, 32, 64,...,2048

r—hnternal or external FIFO (RAM) selection

r—tWse of two clocks (pclk and sclk) instead of one (pclk)

r—irDA 1.0 SIR mode support with up to 115.2 Kbaud data rate and a pulse duration (width) as
follows: width = 3/16 x bit period as specified in the IrDA physical layer specification

r—irDA 1.0 SIR low-power reception capabilities

r—Baud clock reference output signal

r—Clock gate enable output(s) used to indicate that the TX and RX pipelineis clear (no data) and
no activity has occurred for more than one character time, so clocks may be gated

I FO access mode (for FIFO testing) so that the receive FIFO can be written by the master
and the transmit FIFO can be read by the master

r—Additional FIFO status registers

r—Shadow registers to reduce software overhead and also include a software programmabl e reset

r—Auto Flow Control mode as specified in the 16750 standard

r—h oopback mode that enables greater testing of Modem Control and Auto Flow Control
features (Loopback support in IrDA SIR mode is available)

r—Transmitter Holding Register Empty (THRE) interrupt mode

« Ability to set some configuration parametersin instantiation
« Configuration identification registers present
« Functionality based on the 16550 industry standard, as follows:

—fProgrammabl e character properties, such as number of data bits per character (5-8), optional
parity bit (with odd or even select) and number of stop bits (1, 1.5 or 2)

r—tine break generation and detection

r—DMA signaling with two programmable modes

r—fPrioritized interrupt identification

e Programmable FIFO enable/disable

e Programmable serial data baud rate as calculated by the following:
baud rate = (serial clock frequency)/(16xdivisor)

« External read enable signal for RAM wake-up when using external RAMs
« Modem and status lines are independently controlled

e« Complete RTL version

o Separate system resets for each clock domain to prevent metastability
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Standards Compliance

The DW_apb _uart component conforms to the AMBA Specification, Revision 2.0 from ARM. Readers
are assumed to be familiar with this specification.

T3> Note
Information on the DW_apb_uart component in this databook assumes that the reader is
fully familiar with the National Semiconductor 16550 (UART) component specification.
This specification can be obtained on the web at:

http://www.national .com/pf/PC/PC16550D.html#Datasheet

Information provided on IrDA SIR mode assumes that the reader is fully familiar with the
IrDa Seria Infrared Physical Layer Specification. This specification can be obtained from
the following website:

http://www.irda.org

Speed and Clock Requirements

This section describes some of the test conditions that have been met to-date by the DW_apb_uart
regarding clock speed and baud rates.

The DW_apb uart has been synthesized and simulated with a pclk of 166 Mhz at 0.18 microns. It met
timing requirements at these speeds. The sclk signal was set to 25 MHz with abaud devisor of 1to give
amax baud rate of just over 1.5 M. Thisisthe baud rate referred to in the National 16550 specification.

Verification Environment Overview

The DW_apb _uart is put through a verification process which utilizes constrained randomized testing
(or CRT). This processis divided into several “groups’ —for testing of the DW_apb_uart’s hardware
associated with the transmit, receive, loopback and debug. Under normal verification runs, the test
group selected is randomly chosen for agiven DW_apb_uart hardware configuration, although some
amount of user-controlled selection is possible.

Under each group of tests, two more levels of randomization of the test stimulus are applied — one at
the higher “system” level associated with nature of the test chosen, and one at the “parametric” level
associated with the DW_apb_uart’sregisters. In doing so, control and/or intervention of/in the
verification process and scope by the user is reduced to a minimum.

The“system” level of randomization ensures that the DW_apb_uart is, for example, injected with a
varying number of characters of arbitrary contents, as well as the type and number of character
corruptions applied.

The “parametric” level of randomization applied to the DW_apb_uart ensures that the DW_apb_uart’s
hardware is programmed as arbitrarily as possible; for example, the line settings for the characters
exchanged during simulations, the varying patterns for the interrupt enables, as well as the various
transmit/receive trigger thresholds.
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Once the required set of randomized “system” and “parametric” variables are obtained, three separate
groups of testcode are kicked off concurrently — one for the generating of the stimulus for the

DW _apb_uart and supporting models; one for the overall environment support, such as scoreboarding,
messaging, signal transition detections, etc.; and lastly, one for the checkers.

To support the serial exchanges of characters, in both the IrDA and normal transfer modes, VERA
modelsin the SIO VIP are used. Two instances of both the SIOTxrx and the SIOMonitor models assist
in verifying that the DW_apb_uart’s hardware functionalities.

To support DMA-controlled transfers to and from the DW_apb_uart, an instance of aAHB DMA BFM
isalso included. This acts as an independent AHB master issuing AHB transfer commands separately
from the AHB master model used to control the DW_apb_uart.

Licenses

Before you begin using the DW_apb_uart, you must have avalid license. For more information, refer
to “Licenses’ in the DesignWware AMBA Synthesi zable Components Installation Guide.

Where To Go From Here

At this point, you may want to get started working with the DW_apb_uart component within a
subsystem or by itself. Synopsys provides severa tools within its coreTools suite of products for the
purposes of configuration, synthesis, and verification of single or multiple synthesizable IP
components—coreConsultant and coreAssembler. For information on the different coreTools, refer to
Guide to coreTools Documentation.

While coreConsultant is the basic tool used to create a workspace for a single component,
coreAssembler enables you to work with acomponent within the context of a subsystem. (A workspace
isyour working version of a DesignWare AMBA Synthesizable IP component.)

Additionally, the DesignWare Connect tool is designed around coreAssembler, but is customized
specifically for DesignWare AMBA -based subsystems. Connect also provides additional subsystem
simulation functionality that enhances coreAssembler.

The following table provides common activities and the recommended tool for either single or multiple
components.

Table 2: Tool Comparison

Activity Recommended Tool

Single Component

Configuration coreConsultant
Synthesis coreConsultant
Verification coreConsultant

Multiple Components

Configuration coreAssembler or Connect

Synthesis coreAssembler or Connect
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Table 2: Tool Comparison (Continued)

Activity

Recommended Tool

Formal verification

coreAssembler or Connect

Creation of top-level subsystem RTL

coreAssembler or Connect

Address map creation

Connect

Subsystem simulation

Connect

Creation of subsystem templates

coreAssembler

Importation of non-DesignWare |P

coreAssembler

For more information about implementing your DW_apb_uart component within a DesignWare
AMBA subsystem using DesignWare Connect, refer to Chapter 2, “Building and Verifying a

Subsystem” on page 21.

For more information about configuring, synthesizing, and verifying just your DW_apb_uart
component, refer to Appendix A, “Building and Verifying Your DW_apb_uart” on page 153.
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2

Building and Verifying a Subsystem

This chapter documents the step-by-step process you use to connect, configure, synthesize, and verify a
DW_apb_uart component within asimple DesignWare AMBA subsystem using the DesignWare
Connect tool. You use Connect to create a workspace, which is your working version of a DesignWare
AMBA Synthesizable IP (SIP) subsystem. You can create severa workspaces to experiment with
different design alternatives.

Connect uses coreAssembler as the base tool, but it adds subsystem simulation to the standard
coreAssembler functionalities. Complete information about the latest version of Connect is available
on the web in the DesignWare Connect User Guide. To view documentation specific to your version of
Connect, choose the Help pull-down menu in the Connect GUI.

For detailed information about coreAssembler, refer to the coreAssembler User Guide.

If you want to build and verify only one component, coreConsultant is most likely the best tool for you
to use. For specific information about using coreConsultant to configure, synthesize, and verify your
DW _apb_uart component, refer to Appendix A on page 153.

Thetopicsin this chapter are as follows:

1. “Setting up Your Environment” on page 22
2. “Overview of the Configuration and Integration Process’ on page 22
3. “Start Connect” on page 24
4. “Check Your Environment” on page 25
5. “Add DW_apb_uart to the Subsystem” on page 26
6. “Configure DW_apb_uart” on page 29
7. “Complete Signal Connections’ on page 30
8. “Generate Subsystem RTL” on page 30
9. “Create Gate-Level Netlist” on page 32
10. “Create Component GTECH Simulation Model” on page 35
11. “Verify Component” on page 37
12. “Verify the Subsystem” on page 40
13. “Create a Batch Script” on page 42
14. “Export the Subsystem” on page 43
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Setting up Your Environment

DW_apb_uart isincluded with a DesignWare Synthesizable Components for AMBA 2 releasg; it is
assumed that you have already downloaded and installed the release. However, to download and install
the latest versions of required tools, refer to the DesignWware AMBA Synthesi zable Components
Installation Guide.

You also need to set up your environment correctly using specific environment variables, such as
DESIGNWARE_HOME, VERA_HOME, PATH, and SYNOPSYS. If you are not familiar with these
requirements and the necessary licenses, refer to “ Setting up Your Environment” in the DesignWare
AMBA Synthesizable Components Installation Guide.

Overview of the Configuration and Integration Process

Once you have correctly downloaded and installed arelease of DesignWare AMBA synthesizable
components and then set up your environment, you can begin building your DesignWare AMBA
subsystem with Connect.

Figure 3 illustrates Connect’s usage flow from invoking the tool to creating a workspace to stepping
through the activitiesin the GUI. Table 3 on page 23 provides a description of the workspace directory
and subdirectories.

Run Connect
% cd <working directory>

% dw_connect

@ Create workspace Connect Workspace
mydesign
| | | 1 _| | |
components  export kb report scratch sim src syn
. header files bin gate-level
i_ahb . . . ) ;
-, sample instantiation stimulus mydesign.v netlist _
. verification file list testbench synthesis
i_apb . . reports
synthesis constraints :
: synthesis
. synthesis netlist control files
i wdt

@ Use Connect to create, synthesize, and verify your subsystem

Figure 3. Connect Usage Flow
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Table 3: Connect Workspace Directory Contents

Directory/Subdirectory

Description

Directories containing filesto be used after exiting Connect.

export

Contains the files you will need once you exit Connect. These files will be
used to integrate the results from the completed source configuration and
synthesis activities into your larger system (outside Connect). An
index.html file in this directory describes all of the exported files. For
more details about the filesin this directory, refer to “ Export Directory” in
the DesignWare Connect User Guide.

sim/stimulus/component_name

Contains the test stimulus filesin Verilog and C.

sim/testbench/all Includes the subsystem’s testbench file, design_name_tb.v. subsystem
source file list, design_name.lst, and simulation execution script
run. scr.
src Includes the subsystem top-level RTL file, design_name.v.
Directories containing files not generally used after exiting Connect.
components Includes a directory for each DW AMBA Synthesizable I P instance

connected in the subsystem.

components/instance_name

Contains the data for each |P component instance. Thisis the instance
name of the component used in the design. Each instance_name directory
is equivalent to a coreConsultant component workspace. See the IP
component’s databook for details of this directory structure.

kb Contains knowledge base information used by Connect. These are binary
files containing the state of the design.

report Contains all of the reports created by Connect during build, configuration,
test and synthesis phases. Anindex.html file in this directory linksto many
of these generated reports.

scratch Contains temp files used during the Connect processes.

sim Includes simulation files for the subsystem. This directory is created when

you complete the Simulate Subsystem activity in uart.

sim/testbench/all/cov_results

Includes the various coverage results of the verified subsystem

syn

Contains synthesis files for the subsystem. This directory is created when
you complete all of the activitiesin the Create Gate-L evel Netlist
(synthesis) activity group in Connect.

January 20, 2006
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Start Connect

To invoke Connect:
1. InaUNIX shell, navigate to a directory where you plan to locate your component workspace.
2. Invoke the Connect tool:

% dw_connect

The welcome page is displayed, smilar to the one below.

coreAssembler: <No Current Workspace> 10l =l
File Edit View Help
~u
IEBEEERAG
Adctivity List I ﬁl #l § | 9{' ﬁl File: FmatE."tEchpub].-'DW_HDI’v‘E_ZDD‘L1 1aliip/data/ambs_html/latest/coretools. html E,'i | @|
L NO WORKSFA. . R . ;I
The DesignWare AMBA On-chip Bus
The DesignWare AMBA On-chip Bus is a ive group of AMBA, b i
verification components, QuidkStart designs, and tools that help you to rapidly oreste and verify AMBA-based
components and System-on-Chip (SoC) designs. ACtIV I ty VI eW
——
Activity List p
pane —g—= DesignWare AMBA Connect
DesignWare AMBA Connect is a highly flexible, i and fest ich design i that allows you to
select, configure, interconnecdt, si and ize Design) AMBA i IP and verification IP
VIF).
Connect also performs the following functions:
a.. Initislizes the address map for the subsystem
b.. the top level sub RTL code
c.. Provides and executes 8 subsystermn testbench using your chosen simulator
The testbench integrates the Synopsys AMBA Verification IP with your design and generates register ping stimulus {in
erilog or C code) for every slave in the design.
You can geste 8 new Ambs subsystern now.
Or you can open sn existing Ambas subsyster and continue working from the point you left off.
Click here to explore some p AMBA sub: already ocreated with Connect.
Connect Documentation
* Connect Users Guide snd Tutorisls
* Connect Relesse Notes snd Instsllstion Guide LI
Dial e Help
§
Console coredssembler s _I
pane -
‘Log! |History | EmorsWamings |
corefssemblers f— 1
J ~Command Line
: Z pane

3. Click on “create anew AMBA subsystem now” link to create a new workspace. After you have
created aworkspace, you can also continue working from the point you left off by using the “open
an existing AMBA subsystem” link to open it back up.

A “Create a New Workspace” message appears, which explains some of the terms used by
coreAssembler. Read this information and then click OK.
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4. In the resulting dialog box, specify the workspace name, workspace root directory, and design
name, or leave the defaults. To find out more about the fieldsin thisdialog box, you can right-click
over the specific item to get What's This help.

The following describes these items in more detail:

r—Wor kspace name - the name of the Unix directory where the database containing all of your
design files will be kept.

r—Wor kspaceroot directory - the name of the Unix directory that is the “ parent” to your
workspace directory (Workspace name).

r—IDesign name - the top-level design name that is used in the top-level RTL file.

Connect displays an HTML file that explains general design rules and address map specification
rulesfor Connect subsystems. Familiarize yourself with the information in thisfile so that you will
be familiar with the automatically-generated testbench that will result from this session. If you
later want to access this information again, use the Help > Connect Design Rules menu. When
you have finished, click OK.

At this point, Connect creates in the workspace an export directory that will eventually contain the
files you need once you exit Connect. You can use these files for your own chip-level synthesis
and simulation. A README file and an index.html file in this directory both describe all of the
exported filesin this directory.

In the Connect GUI, you will see that the DW_ahb component is already displayed in the
schematic window and that the Add Subsystem Components activity is highlighted under the
Create RTL category in the Activity List on the left.

For more information about Connect, refer to the DesignWare Connect User Guide. For more
in-depth Connect tutorias, refer to the “ Connect Tutorials’ chapter of the DesignWare Connect
User Guide. For tablesthat list the contents of the export directory at each step of the Connect
process, refer to “ Export Directory” in the DesignWare Connect User Guide.

Check Your Environment

Before you begin configuring your component, it is recommended that you check your environment to
ensure you have the latest tool versions installed and your environment variables set up correctly.

To check your environment, use the Help > Check Tool Environment menu path.

An HTML report is displayed in a separate dialog. This report lists the specific tools and versions
installed in your environment. It also displays errors when a specific tool is not installed or if you are
using an older version than you need.

TI5=Note
You do not have to be concerned if thistool reports errors regarding simulators that are not
used. Only concern yourself if you receive an error regarding your simulator of choice.
For more information about setting the appropriate environment variables for your
simulator, refer to “ Setting up Your Environment” in the DesignWare AMBA Synthesizable
Components Installation Guide.

You will also see an error if your $SDESIGNWARE_HOME environment variable has not been set up
correctly. When you are finished, click OK.

January 20, 2006 Synopsys, Inc. 25



Chapter 2: Building and Verifying a Subsystem DesignWare DW_apb_uart Databook

Add DW_apb_uart to the Subsystem

In aminimal subsystem using the DW_apb uart component, you would also have an AHB bus, an
APB bus, and most likely a“dummy” AHB master. Therefore, the subsystem described in this chapter
contains the following components;. DW_apb_uart, DW_ahb, DW_apb, and AHB Master. The last
component is one that you will export up and out of the design to be replaced by your real AHB Master,
such asa CPU, which you would probably add in your own environment later in the design process. At
least one exported AHB master interface is required in the subsystem if you intend to do a basic “ping
test” simulation.

Figure 4 illustrates the DW_apb_uart in a simple subsystem.

User’s System/Chip

DesignWare Connect
non-DW AMBA IP
(custom AHB master) m
DW_ahb
s
Bridge
(DW agpb) S DW_apb_uart p——

= Manually exported interfaces to non-DesignWare AMBA |IP
= gutomatically exported interfaces from DesignWare peripheral IP

Figure 4. DW_apb_uart in Simple Subsystem

The following procedure steps you through the process of creating a simple subsystem with a
DW_apb_uart component.

1. Usethe Schematic > Add New Component menu item to display the Add Component I nstance to
Subsystem dialog; aternatively, you can right-click in the schematic window and choose Add
New Component from the popup menu or use the Insert key.

2. Choose the DW_apb component and click Apply. You will notice that the hresetn and hclk inputs
are automatically connected together, and that the AHB_Slavel output of the DW_ahb is
connected to the AHB_Slave input of the DW_apb.

3. Now add the DW_apb_uart component using the Add Component Instance to Subsystem dialog.
Click OK. Notice that Connect automatically connects the presetn and pclk signals, and connects
the APB_Slave0 output of the DW_apb component to the APB_Slave input of the DW_apb_uart.
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4. Noticethat the DW_ahb instanceisred i
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n the schematic view. Toggle over to the tree view by

clicking the toggle icon @ on the toolbar and expand the i _ahb component instance. The AHB
Master line in the Interface Connections saysthat it is missing a connection, and the i_ahb/Remap-

Pause line shows it as disconnected.

To resolve this, you are going to export an AHB master interface from the DW_ahb.

5. To export an AHB master interface, select the AHB Master line in the tree view, right-click, and
then select Export Interface asillustrated in the following figure.

Components

=8 i_ahb {DW_.

+1- Interface Paramaters

ano

I Interface C
SR AHE_Master =

fon Mizsing 1 r=

2.03a)

onnections

Add New Component...

=)-AHE_Slave [14 I Duplicst= G nen Cirl =0
Slave 1:i_= Frmmeos, e Del
éwi‘ahb':HELK I Edit Interface Parameters...  Girl+F
i_ahb/HRESETr =
E""Intr [connections Replece Component
i""i_a": Remag-Pi e nteranes

+- i_apb (DW_spb 1.02

-;---Ei_uart:ﬂw_apb_uar S

= Exported Interfaces e

FCLK = i_uart/PCLK | fs= Change Connection...

PRESETnN i_uart'PRE “{ Export Interface. . Ctil+E

- DW_apb_uart-FIFO = i_

- DW_apb_uart-UART — i| 7% Set Unused

The “Export Interface Instance from Subsystem” dialog opens. For this exercise, keep the default

naming and click OK.

Export Interface Instance from Subsystem

Component name {Source of Export):

Component interface:

Name of new Exported interface:

Prefix subsystem ports with the interfface name? |7

X

AHEB Bus Master Ports™ for

AHB_Master

IEx_i_a hbe_AHB_Master

I_

Cancel Help

6. You now have arudimentary subsystem

that includes the DW_apb_uart component. Next try to

complete the Add Subsystem Components activity by clicking the Apply button in the lower right
corner below the schematic. Alternatively, you can just click on the next activity (Configure
Components), and answer “yes’ to the pop-up window.
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An error message appears telling you that there is a problem because the remap/pause interface in
the DW_ahb isnot connected. Notice that the DW_ahb component isstill red, indicating that there
issome kind of problem. The Console pane at the bottom of the GUI gives you additional
information about the error, asillustrated in the following figure.

Dialog ARepart AHelp /

Information: Verifying Subsystem: completed (100%) (CMDS-222) ;I
Errocr: Errors found while werifying subsystem. {GUI-B/)
Error: Ceommand 'skct::postipplyCurrentfetivity {set_current_compeonent "' -guiet}'
failed with the feollowing reason:
Errors found while wverifwying subsystem.
Could not run 0k command for activity 'AddSubsystemComponents'.
The error_info stack is suppressed. (TCLSH-16) _lj
»

4 |
Log |History ]Errorsf\;’\n’arnings I

T3> Note
These error messages are generated from TCL code and may seem verbose. In most cases,
thefirst part of the error message contains useful information, whereas the remainder of
the message can be ignored. If you want to obtain more information about a particul ar
error, you can issue the following command in the Command Line below the Console
pane:

% man error number

7. Because you do not need the remap/pause feature in this subsystem, you will set that interface as
“unused.” OK the error message and right-click on the i_ahb/Remap-Pause interface and choose
the Set Unused menu item. Notice that the DW_ahb is no longer red.

You can see in the following illustration the difference between how the tree view displays an
error and how it looks when the error is resolved.

Before After

;--EC:"ncanmz
=~ {Bf i_shb (DW_shb 2.02a)

+- Interface Parameters

+- Interface Parameters

=1 Interface Connactions

= Interface Connections

f"AHEI_r-.-IsstE' [14 connections still available]

L Master 1: i_userip_shb_master’/AHE_Master
%"AHB_SlE‘\-‘E [14 connections still available]

: L Slave 1: i_spb/AHE_Slave

e i_ahB/HCLK = HOLK

: i_ahb/HRESETn = HRESETn
i Intr [eonnections still available]

b i_ahb/Remap-Fause Disconnscted
—
"= W _apb 1 N

Synopsys, Inc.

f"AHEI_r-.-IsstE' [14 connections still available]

: Master 1: i_userip_shb_master’AHE_Master
+" AHB_Slave [14 connections still available]
E----SIs\r'E 1: i_apb/AHE_Slave

i i_ahB/HOLK = HOLK

i ahb/HRESETn HRESETn

i Intr [connedticns still available]

i_shb/Remap-Pause
BRI apb 1.02a3)
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8. Click the Apply button again to complete the Add System Components activity. When a message
box asks you if you want to initialize the subsystem address map, click Yes. Automatic address
map creation is discussed in more detail in the next section “ Configure DW_apb_uart” on page 29.

Connect creates the files described below in the export directory for this activity.

New Contents of Export Directory after Add Subsystem Components

Directory or File Description

batch.tcl Batch script for recreating completed activities associated with subsystem
assembly. This file gets updated after the following activities are completed:

e Add Subsystem Components
e Complete Connections

e Simulate Subsystem

e Create Gate-Level Netlist

index.html HTML file containing descriptions of files created in export directory after the
Add Subsystem Components step.

README Text file containing descriptions of files created in the export directory after the
Add Subsystem Components step.

9. Connect displays areport for the subsystem, which includes a number of hyperlinks to sections
further down in the page for unconnected interfaces, subsystem components, exported interface
connections, component interface connections, and subsystem ports to be created. You should
always familiarize yourself with the information in all reports before going to any new activity.

Configure DW_apb_uart

This section steps you through the tasks that configure the component-level parameters (configuration
parameters) for DW_apb_uart in Connect. For this exercise, you will not configure any of the other
components in this example subsystem, but instead |eave them with their default parameter values.

If you need help with any field in the Activity List pane, right-click on the field name and then
left-click on the What's This box to get specific information for that item. Additionally, you can click
on the Help tab (lower-left corner of the Activity View pane) for each activity to activate the
coreAssembler online help.

1. Configure Components— The Configure Components activity is where you specify the basic
configuration of the DW_apb_uart; click on that item in the Activity List.

2. Click the DW_apb_uart item (also called i_uart) to display the Top Level Parameters window;
look through the defaults.

3. Becauseyou clicked “Yes’ when the dialog asked if you wanted to initialize the subsystem address
map at the completion of the Add Subsystems Components activity, look at the results.

a. Click onthe DW_apb (i_apb) item, and then click on the “Address Map” item.

b. Notice that the APB start address is 0x00010000 and that the end address is 0x000103ff,
which isthe same as the start and end addresses of the DW_apb_uart, listed as Slave 0. If you
had connected one or more APB daves to the DW_apb component, then the start and end
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address of the DW_apb would have reflected the start address of Slave 0 and the end address
of the last dave. Similarly, you can view the automatically generated address map in the
DW_ahb component.

4. Click the Apply button to activate the configuration parameters. Connect creates no filesin the
export directory for this activity.

When the configuration setup is complete, the Report tab is displayed, which gives you alist of
configuration reportsfor all the components in the subsystem. At minimum, click on thelink to the
configuration report for DW_apb_uart. Look at any source files to which you have access (in
encrypted format if you have a DesignWare license, and unencrypted if you have a source license)
and look at all the parameters that have been set for this particular configuration.

Complete Signal Connections

You can use the Complete Connections activity to connect any pins that were not automatically
connected as part of an interface. Unconnected input pins can be connected to unconnected output pins,
tied off to a constant value, or exported from the subsystem (that is, connected to an automatically
created input port of the subsystem). Unconnected output pins can be connected to an existing input
pin, explicitly marked as unconnected (open), or exported from the subsystem.

In this exercise, you will leave everything in its default situation. If you want to learn more about
completing signal connections, refer to the “ Complete Connections’ section in the coreAssembler User
Guide, which you can access through the Help > coreAssembler Tool Help > User’s Guide menu
item. For now, do the following:

1. Complete Connections — Click on Complete Connections in the Activity List.
2. Look at the Manual Connect and Manual Disconnect tabs; leave the defaults and Apply the dialog.

3. Look through the Export Connections Out of Subsystem dialog and then click OK, leaving the
defaults.

Notice that there are hyperlinks to information regarding automatic connections (in a separate
HTML file) and sections further down in thefile for other connections and unconnected subsystem
ports and component pins. Connect adds no new files to the export directory for this activity but
only updates the batch.tcl file.

New Contents of Export Directory after Complete Connections

Directory or File Description

batch.tcl Updated to include all activities completed to this point. You can use this script
to recreate the entire workspace up to this point in the Activity List.

Generate Subsystem RTL

You can create top-level code for the subsystem in either VHDL or Verilog using the Generate
Subsystem RTL task in the Activity List. In the dialog that appearsin the Activity View pane, you
choose the output language.

1. Generate Subsystem RTL — Click on Generate Subsystem RTL in the Activity List.
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2. If you are using a Verilog simulator (such asVCS), choose the default Verilog language and Apply

the activity.

3. If you are using a VHDL simulator, click the button for VHDL as the output language and then
choose between std_logic or std_ulogic.

T 5= Note

This dialog only selects the HDL language for the top-level RTL for the subsystem. All
RTL written for the instantiated components in the subsystem are controlled by the
individual IP provider. For all DesignWare Synthesizable Components for AMBA 2, the
component RTL iswritten in Verilog.

4. Click Apply. Regardless of whether you use a Verilog or VHDL simulator, Connect creates both
Verilog and VHDL files in workspace/src and workspace/export directories. If you choose a
Verilog simulator, the VHDL fileswill default to std_logic. Connect creates the following filesin
the export directory for this activity.

New Contents of Export Directory after Generate Subsystem RTL

Directory or File Description
batch.tcl No updates.
wor kspace.Ist List of source filesin proper analysis order for entire subsystem.

workspace _comp.vhd

VHDL component declaration for subsystem.

workspace inst.v

Verilog Testbench template; example subsystem instantiation.

workspace_inst.vhd

VHDL Testbench template; example subsystem instantiation.

workspace_params.h C subsystem configuration information.
workspace_params.v Verilog subsystem configuration information.
workspace params.vhd | VHDL subsystem configuration information.

5. Familiarize yourself with the generated RTL files.
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Create Gate-Level Netlist
To run synthesis on the subsystem and create a gate-level netlist, step through the following tasksin the

32

Connect GUI. You need to click the check box next to each activity in order to access the specific
activity dialog. At any time, you can click on the Help tab for each activity to display more information.

1. Look at thetool installation root directoriesin the Tool Installation Roots dialog, which is accessed

from the toolbar menu through Edit > Tool I nstallation Roots, or by using the Tools button on the
toolbar. You can type values directly in the data fields, or use the buttons to locate the correct
directories. Thetool choices are:

r—IDesign Compiler (dc_shell) — Specifies the location for the root directory of the Design
Compiler instalation, if different from the default location.

r—frhysical Compiler (psyn_shell) — Enables the Physical Compiler if you plan to use an
incremental physical synthesis strategy or if you plan to do RTL to place gates.

r—fPrimetime (pt_shell) — Enables Primetime if you plan to implement budgeting or generate
timing models.

r—frormality (fm_shell) — Enables Formality if you plan to formally verify the synthesized
gate-level implementation of the core.

D C FPGA (fpga_shell) — Enables Design Compiler FPGA if your synthesis targets high-end
FPGA devices.

At aminimum for this exercise, dc_shell must have defined installation directories, and in order to
complete the optiona formal verification in this chapter, you will a'so need fm_shell.

. Specify Target Technology — Connect analyzes the target technology library and usesit to

generate a synthesis strategy that is optimized for your technology library. In the Design Compiler
window, atarget and link library must be specified; otherwise, errors occur in Connect.

Under the Specify Target Technology category in the Activity List, the title in the tabs depends on
the compiler you chose in the previous step. Regardless, this screen providesfields for you to enter
the search path for the specific compiler, aswell astarget and link library paths. If necessary,
specify the search path for the tool you specified in the previous screen. Also, specify the path to
the target and link libraries. Click Apply and familiarize yourself with the resultant report, which
gives you the technology information.

. Specify Clock(s) — In the Specify Clock(s) activity, look at the attributes associated with each of

the real and virtual clocksin your design. Click Apply and familiarize yourself with the resultant
report, which gives you clock information.

. Specify Operating Conditions and Wire L oads— In the Specify Operating Conditions and Wire

Loads activity, look at the attributes relating to the chip environment. If you do not see avalue
beside OperatingConditionsWorst, select an appropriate value from the drop-down list; if thereis
no valuefor this attribute, you will get an error message. Click Apply and look at the report, which
gives the operating conditions and wireload information.

. Specify Port Constraints— In the Specify Port Constraints activity, look at the attributes

associated with input delay, drive strength, DRC constraints, output delay, and load specifications.
Click Apply and look at the report, which gives the port constraint checks.

. Specify Synthesis M ethodology — In the Specify Synthesis Methodology activity, look at the

synthesis strategy attributes. Note that these attributes are typically set by the core developer and
are not required to be modified by the core integrator. If you want to add your own commands

Synopsys, Inc. January 20, 2006



DesignWare DW_apb_uart Databook Chapter 2: Building and Verifying a Subsystem

during a synthesis, you use the Advanced tab in order to provide path namesto your auxiliary
scripts. Also, click on the Physical Synthesistab to familiarize yourself with those options. Click
Apply and look at the report, which gives design information. For more information on adding
auxiliary scripts, refer to “ Advanced Synthesis Methodology Attributes’ in the coreAssembler
User Guide.

7. Specify Test M ethodology — In the Specify Test Methodology activity, look at the scan test
attributes. Also click on the other tabs to familiarize yourself with auto-fix attributes, SoC test
wrapper attributes, test wrapper integration attributes, BIST attributes, and BIST testpoint insertion
attributes. Click Apply and look at the report, which gives design-for-test information.

8. Synthesize — Choose the Synthesize activity. Do the following:
a. Choose the Strategy tab.

b. Click the Options button beside DCTCL_opto_strategy and look through the strategy
parameters. For example, you can use the Gate Clocks During Elaboration check box in the
Clock Gating tab in order to add parameters that enable and control the use of clock gating.
Click OK when you are done. For more information on clock gating and other parameters for
synthesis strategies, refer to “DC(TCL)_opto_strategy” in the coreAssembler User Guide.

For FPGA synthesis, click the Options button and then select the FPGA Synthesistab. It is
here where you specify the location of your FPGA device and speed grade, synthetic libraries
other than DesignWare Foundation libraries, implementation of DC-FPGA operators, and so
on. For more information about running synthesis for an FPGA device, refer to the
coreAssembler User Guide.

For Design for Test, click the Options button and then select the Design for Test tab. Here you
can specify whether to add the -scan option to the initial compile call (Test Read Compile)
and/or insert design for test circuitry (Insert Dft). For more information about include DFT in
your synthesis run, refer to the coreAssembler User Guide.

c. Choose the Optionstab. Look at the values for the parameters listed bel ow.

Field Name Description

Execution Options

Generate Scripts only? Values: Enable or Disable
Default Value: Disable

Description: Writesthe run.scr script, but it is not run when you click
Apply. To run the script, go to the component workspace and run the
script.

Run Style Values: local, Isf, grd, or remote
Default Value: local

Description: Describes how to run the command: locally, through
L SF, through GRD, or through the remote shell.

Run Style Options Values: user-defined
Default Value: none

Description: Additional options for the run style options except
local. For remote, specify the hosthame. For LSF and GRD, specify
bsub or gsub commands.
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Field Name Description

Parallel job CPU limit Values: user-defined; minimum valueis 1
Default Value: 1

Description: Specifies number of parallel compile jobs that can be
run.

Send e-mail Values: current user’'s name
Description: E-mail is sent when the command script completesor is
terminated.

Skip reading Values: Enable or Disable

$HOME/.synopsys dc.setup | Default Value: Disable

Description: Forcestools not to read .synopsys_dc.setup file from
$HOME.

d. If itisnot aready set, choose the “local” Run Style option and keep the other default settings.

e. Look through the Licenses and Reports tabs, and ensure that you have all the licenses that are
required to run this synthesis session.

f. Click Apply in the Synthesize Activity pane to start synthesis from Connect. The current
status of the synthesis run is displayed in the main window. Click the Reload Page button if
you want to update the status in this screen.

9. Generate Test Vectors— This option allows you to generate ATPG test vectors with TetraMax.
For more information about this, refer to “ Generating Test Vectors® in the coreAssembler User

Guide.

Checking Synthesis Status and Results

To check synthesis status and results, click the Report tab for the synthesis options, Connect displays a
dialog that indicates:

e Your selected Run Style (locdl, Isf, grd, or remote)

e Thefull pathto the HTML file that contains your synthesis results
« The name of the host on which the synthesisis running

e TheprocessID (Job Id) of the synthesis

e The status of the synthesisjob (running or done)

The Results dialog a so enables you to kill the synthesis (Kill Job) and to refresh the status display in
the Results dialog (Refresh Status). The Results information includes:

e Summary of log files
« Synthesis stages that completed
« Summary of stage results

This information indicates whether the synthesis executed successfully, and lists the transactions that
occurred during the scenario(s). Thorough analysis of the scenario execution requires detailed analysis
of all synthesislog files and inspection of report summaries.
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Synthesis Output Files

All the synthesis results and log files are created under the syn directory in your workspace. Two of the
filesin the workspace/syn directory are:

e run.scr — Top-level synthesis script for the subsystem
e run.log— Synthesislog file

Your final netlist and report directories depend on the QoR effort that you chose for your synthesis
(default is medium):

e low—initia
medium —incrl
high —incr2
For more information about deliverables that are generated after synthesisis performed, refer to
“Database Description” on page 167.

Running Synthesis from Command Line

To run synthesis from the command line prompt for the files generated by Connect, enter the following
command:

[}

s run.scr

This script resides in your workspace/syn directory.

Create Component GTECH Simulation Model

DesignWare AMBA Synthesizable IP components are delivered in encrypted format, rather than
source code, and every simulator besides VV CS cannot read the encrypted sourcefiles. In order for these
simulators to read the encrypted files, you must either perform a GTECH conversion or purchase a
source license from Synopsys.

I5=Note
The Synopsys VCS simulator reads the encrypted files directly and does not require a
GTECH conversion. All other supported simulators require a GTECH simulation model.
You need DesignWare and Design Compiler licenses to complete the GTECH generation
process. If you are a source license customer, then you do not have to generate a GTECH
simulation model, even if you are using anon-V CS simulator.

Also, it isnot possible to perform a GTECH simulation with DC FPGA.

1. Create Component GTECH Simulation Model — To create a GTECH simulation model for the
DW_apb_uart component, click on the Generate GTECH Model (for i_uart) activity.
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2. Look at the values for the parameters listed below.

Field Name Description

Execution Options

Generate Scripts only? Values: Enable or Disable
Default Value: Disable

Description: Writes scripts that run the generation of the GTECH
simulation model, but they are not run when you click Apply. To run
these scripts, go to the gtech directory of the component workspace and
run the run.scr script.

Run Style Values: locdl, Isf, grd, or remote
Default Value: loca

Description: Describes how to run the command: locally, through Isf,
through grd, or through the remote shell.

Run Style Options Values: user-defined
Default Value: none

Description: Additional options for run style options other than local.

For remote, specify the hostname. For Isf and grd, specify bsub or gqsub
commands.

Send e-mail Values: current user’s name
Description: E-mail is sent when the command script completes or is
terminated.

Synthesis Control

Ungroup Netlist after Compile | Values: Enable or Disable
Default Value: Disable
Description: Ungroups the design to provide a non-hierarchical netlist.

I5=Note
For GTECH Smulations Only. Due to the configurable nature of the component, some
ports in the testbench may not be needed for your chosen configuration. Warnings about
undriven nets may appear. These warnings are to be expected, and you can ignore them.
The verification result files show if the verification ran successfully.

3. Click Apply. Connect invokes Design Compiler to perform alow-effort compile (quickmap) of
your custom configuration using the Synopsys technol ogy-independent GTECH library. After this
activity has completed, an e-mail similar to the following is sent to the specified user name (if you
enabled that option):

Activity: GenerateGtechModel
Workspace: workspace path

Design: design name

Started: Wed Jul 24 16:19:48 BST 2002

Finished: Wed Jul 24 16:21:42 BST 2002

Status: Completed

Results: workspace path/components/i uart/gtech/gtech.log
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Your simulation model is contained in the DW_apb_uart.v output file that is written to
wor kspace/components/i_uart/gtech/gmayp/db.

Verify Component

The Verify Component activity in Connect allows you to perform verification for an individual
component. For this exercise, you are just going to perform verification for the DW_apb_uart;
however, you typically would also perform verification for other componentsin your subsystem.

To verify DW_apb_uart, use Connect to complete the following steps:

1. Verify Component — To run verification for the DW_apb _uart component, click Setup and Run
Simulations (for i_uart) in the Verify Component activity.

2. Specify the various options for the Simulator.

a. Inthe Select Simulator area, click on the Simulator list item to view available simulators
(VCSisthe default).

b. Specify an appropriate Verilog simulator from the drop-down menu.

c. For ingtallation instructions and information about required tools and versions, refer to
“Setting up Your Environment” in the DesignWare AMBA Synthesizable Components
Installation Guide. For general information about the contents of the release, refer to the
DesignWare DW_apb_uart Release Notes.

d. In the Simulator Setup area of the Simulator pane, look at the parameters for the simulator
setup, as detailed in the following table.

Field Name Description

Root Directory of Cadence | The path to the top of the directory tree where the Cadence NC-Verilog
Installation executable is found; coreConsultant automatically detects this path. The
NC-Verilog executables reside in the ./bin subdirectory.

MTI Include Directory The path to the include directory contained within your MTI simulator
installation area. A valid directory includes the veriuser.h file.

Veralnstall Area Path to your Verainstallation. This parameter defaults to the value of your

($VERA_HOME) VERA_HOME environment variable. Changes to this value are propagated
as $VERA_HOME in any simulation run.

Vera .vro file cache Cache directory used by Verato store .vro files, which are generated when

directory building the testbench. Encrypted Vera source is compiled and stored in the
cache.

DW Foundationinstall area | Path to your $SY NOPSY S/dw installation. This parameter defaultsto the

($SYNOPSY S) value of your SYNOPSY S environment variable. Any change to this value

must be made from the Tool Installation Areas coreConsultant dialog box.

C Compiler for (VeraPLI1) | Values: gcc or cc
Default Value: gcc

Description: Invokes the specific C compiler to create a VeraPLI for your
chosen non-V CS simulator. Choose cc if you have the platform-native ANSI
C compiler installed. Choose gec if you have the GNU C compiler installed.
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e. In the Waves Setup area of the Simulator pane, look at the parameters for the waves setup, as
detailed below.

T3> Note
For the Generate Waves File setting, enable the check box so that the simulation creates a
dump file that you can use later for debugging the smulation, if you want to do so.

Field Name Description

Generate wavesfile Values: Enable or Disabled
Default Value: Disabled

Description: Indicates whether awave file should be created for debugging
with awave file browser after simulation ends. Uses VPD file format for
VCS, and VCD format for the other supported simulators.

Depth of wavesto be | Description: Enter the depth of the signal hierarchy for which to record
recorded wavesin the dump file. A depth of O indicates al signalsin the hierarchy are
included in the wavefile.

3. Choose the View list choice.

In the View Selection area of the View pane, ook at the choice of views of the design you can
simulate from the drop-down list:

—IRTL —requires asource license or Synopsys VCS

—@GTECH — requires that you have completed the Generate GTECH Model activity (refer to
page 35) only if you are using a non-VCS ssimulator and do not have a source license.

4. Choose the Execution Options list choice to set the following options:

Field Name Description
Do Not _Launch Values: Enable or Disable
Simulation Default Value: Disable

Description: Determines whether to execute the simulation or just generate the
simulation run script. If checked, coreConsultant generates, but does not execute,
the simulation run script. You can execute the script at alater time by directly
invoking the run script (workspace/sim/run.scr) from the UNIX command line or
by repeating the Verification activity with the Do Not Launch Simulation option
unselected.

Run Style Values: local, Isf, grd, or remote
Default Value: local

Description: Describes how to run the command: locally, through Isf, through
grd, or through the remote shell.

Run Style Options Values: user-defined
Default Value: none

Description: Additional options for run style other than local. For remote,
specify the hostname. For Isf and grd, specify bsub or gsub commands.

Send e-mail Values: current user’s name

Description: E-mail is sent to the specified user when the command script
completes or is terminated.
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5. Select Testbench and look at the options described below:

Field Name Description

Run test_uart Values. Enable or Disable
Default Value: Enable
Description: Tests functionalities of DW_apb_uart.

6. Click Apply to run the ssmulation.
When you click Apply, Connect performs the following actions:

r—dets up the DW_apb_uart verification environment to match your selected DW_apb_uart
configuration.

r—Generates the simulation run script (run.scr) and writes it to your
wor kspace/components/i_uart/sim directory.

r—hnvokes the smulation run script, unless you enabled the Do Not Launch Simulation option.
The simulation run script, in turn, performs the following actions:

r—hinks the generated command files, and recompiles the testbench.

r—hnvokes your ssimulator to simulate the specified scenarios.

—Writes the ssimulation output files to your workspace/components/i _uart/sim/test_* directory.

r—if an e-mail addressis specified, sends the simulation completion information to that e-mail
address when the ssmulation is compl ete.

For an overview of the related tests, refer to Chapter 8, “Verification” on page 133.

Checking Simulation Status and Results

To check simulation status and results, click the Report tab for either the GTECH models or for the
simulation options; Connect displays a dialog that indicates:

« Your selected Run Style (locdl, Isf, grd, or remote)

e Thefull pathto the HTML file that contains your simulation results
« The name of the host on which the simulation is running

e Theprocess|D (Job Id) of the simulation

« The status of the simulation job (running or done)

If you selected the“ LSF/GRD” option for the Run Style, then the status of the simulation jobs (running
or complete) isincorrect. Once all the ssimulation jobs are submitted to the L SF/GRD queue, the status
would indicate “ complete.” You should use “bjobs/gstatus’ to see whether all the jobs are completed.

The Results dialog also enables you to kill the smulation (Kill Job) and to refresh the status display in
the Results dialog (Refresh Status). The Results information includes:

« Veracompile execution messages
« Simulation execution messages
e DW_apb uart bus transactions

This information indicates whether the simulation executed successfully, and liststhe DW_apb_uart
transactions that occurred during the scenario(s).

Thorough analysis of the scenario execution requires detailed analysis of all smulation output filesand
inspection of simulation waveforms with awaveform viewer.
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Applying Default Verification Attributes

Toreset al DW_apb_uart verification attributes to their default values, use the Default button in the
Setup and Run Simulation activity under the Verification tab.

To examine default attribute values without resetting the attribute valuesin your current workspace,
create a new workspace; the new workspace has all the default attribute values. Alternatively, use the
Default button to reset the values, and then close your current workspace without saving it.

Verify the Subsystem

To verify the subsystem, use Connect to complete the following activities.

Formal Verification

You can run formal verification scripts using Synopsys Formality (fm_shell) to check two designs for
functional equivalence. You can check the gate-level design from a selected phase of a previously
executed synthesis strategy against either the RTL version of the design or the gate-level design from

another stage of synthesis.

To run formal verification scripts:

« Formal Verification — Choose Formal Verification under the Verify Component category and then

click Apply.

Simulate Subsystem

Specify the simulation for the subsystem by completing the Simulate Subsystem activity:

1. Simulate Subsystem — In the Simulator Setup tab, look at the parameters for the simulator setup,
as detailed in the following table.

Field Name

Description

Control Language

Values: Verilog or C
Default Value: Verilog
Description: The language used to control the testbench.

AHB/APB Monitors

Values: Enable or Disable

Enabled Default Value: Enable

Description: Determines whether or not to activate the AHB/APB bus monitors.
SIO Monitors Enabled Values: Enable or Disable

Default Value: Enable

Description: Determines whether or not to activate the SIO monitors.
Simulator Values: Enable or Disable

Default Value: Enable
Description: Choice of simulator to invoke for the testbench.

MTI Include Path

The path to the include directory contained within your Model Sim simulator
installation area. A valid directory includes the veriuser.h file.

Root Directory of
Cadence Installation

The path to the top of the directory tree where the Cadence NC-Verilog
executable is found; Connect automatically detects this path. The NC-Verilog
executablesreside in the ./bin subdirectory.
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Field Name

Description

Generate wavesfile

Values: Enable or Disable
Default Value: Disable

Description: Indicates whether a wave file should be created for debugging
with awave file browser after ssmulation ends. Uses VPD file format for VCS,
and VCD format for the other supported simulators.

C Compiler for (VeraPLI)

Values: gcc or cc
Default Value: gcc

Description: Invokes the specific C compiler to create a VeraPLI for your
chosen non-V CS simulator. Choose cc if you have the platform-native ANSI C
compiler installed. Choose gec if you have the GNU C compiler installed.

Path for gcc

Description: Path to gcc for compiling System C drivers when using C control
for the testbench.

2. In the Execution Options tab, complete the settings below.

Field Name

Description

Execution Options

Generate Scripts
only?

Values: Enable or Disable
Default Value: Disable

Description: Writes scripts that run the generation of the GTECH simulation
model, but they are not run when you click Apply. To run these scripts, go to the
gtech directory of the component workspace and run the run.scr script.

Run Style

Values: locdl, Isf, grd, or remote
Default Value: loca

Description: Describes how to run the command: locally, through Isf, through
grd, or through the remote shell.

Run Style Options

Values: user-defined
Default Value: none

Description: Additional options for run style options other than local. For
remote, specify the hostname. For Isf and grd, specify bsub or gsub commands.

Send e-mail

Values: current user’'s name

Description: E-mail is sent when the command script completes or is
terminated.

3. Choose the Testbench Definition tab to determine which slaves you want to be tested by which
master — in this case, there is only one slave and one master.
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4. Click Apply to run the subsystem simulation. Connect creates no files in the export directory for

this activity.
New Contents of Export Directory after Verify Subsystem
Directory or File Description
No files added.

Checking Subsystem Verification Status and Results

To check subsystem simulation status and results, click the Report tab. Asfor the component
simulation, Connect displays a dialog that indicates:

Your selected Run Style (local, Isf, grd, or remote)

The full path to the HTML file that contains your simulation results
The name of the host on which the simulation is running

The process ID (Job 1d) of the ssmulation

« The status of the smulation job (running or done)

The Results information includes;

« How many tests passed out of selected tests
Link to testbench

Waveforms

Coverage results

Testbench topology

Connect design rules

Log data

Slave test status

Create a Batch Script

It is recommended that you create a batch file that contains information about the workspace,
parameters, attributes, and so on.

1. To do this, choose the File > Write Batch Script menu item and enter a location (other than your
working directory or where your workspace resides) and name for the file. Use the browse button
to navigate to the directory where you want thisfile to reside.

2. Then look at the contents to familiarize yourself with the information that you can get from this
file. You can use the batch script to reproduce the workspace.

T3> Note
When you use thisfile, it deletes your workspace before it recreatesit. So al manually
edited files will become deleted. Make sure to save any files you want to keep to a
different location.
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To use this batch script to recreate your subsystem, perform the following:

1. Make sure to run the batch.tcl script from a directory other than where your workspace resides.
2. Inthe Console at the bottom of the Connect GUI screen, enter the following:

[}

% source batch.tcl

Export the Subsystem

You can export your subsystem for reuse by third parties by building a subsystem coreKit, or you can
create a subsystem template that exports your subsystem as a reconfigurable “box.” You need a
separate coreBuilder license for both of these activities. However, the scope of thistutorial does not

include exporting a coreKit. If you are interested in learning more about this, refer to the
coreAssembler User Guide.
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Functional Description

This chapter describes the functional operation of the DW_apb_uart. The topics are as follows:

“UART (RS232) Serial Protocol” on page 45
“IrDA 1.0 SIR Protocol” on page 47

“FIFO Support” on page 48

“Clock Support” on page 49

“Interrupts’ on page 51

“Auto Flow Control” on page 51
“Programmable THRE Interrupt” on page 54
“Clock Gate Enable” on page 56

“DMA Support” on page 58

UART (RS232) Serial Protocol

Because the serial communication between the DW_apb_uart and the selected device is asynchronous,
additional bits (start and stop) are added to the serial datato indicate the beginning and end. Utilizing
these bits allows two devicesto be synchronized. This structure of serial data accompanied by start and
stop bitsis referred to as a character, as shown in Figure 5.

Bit Time

<« (e
Serial Data Start Databits ¢ 5-8 X  Parity Stop ~°1, 15,2

‘ 7

One Character

A

\4

Figure 5: Serial Data Format

An additional parity bit may be added to the serial character. This bit appears after the last data bit and
before the stop bit(s) in the character structure to provide the DW_apb_uart with the ability to perform
simple error checking on the received data.

The DW_apb_uart Line Control Register (“LCR” on page 100) is used to control the serial character
characteristics. Theindividual bits of the data word are sent after the start bit, starting with the
least-significant bit (LSB). These are followed by the optional parity bit, followed by the stop bit(s),
whichcanbel, 1.50or 2.
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All the bitsin the transmission (with exception to the half stop bit when 1.5 stop bits are used) are
transmitted for exactly the same time duration. Thisisreferred to as a Bit Period or Bit Time. One Bit
Time equals 16 baud clocks. To ensure stability on the line the receiver samples the serial input data at
approximately the mid point of the Bit Time once the start bit has been detected. As the exact number
of baud clocks that each bit was transmitted for is known, calculating the mid point for sampling is not
difficult, that is every 16 baud clocks after the mid point sample of the start bit. Figure 6 showsthe
sampling points of the first couple of bitsin a seria character.

Serial Data In Start Data Bit 0 (LSB) Data Bit 1

IIIIIIII?IIIIIIIIII | 1 1 IIIIIIIIIIT

I T
1 T T
< » & < [
< L] <

8 16 16

v

Figure 6: Receiver Serial Data Sample Points

As part of the 16550 standard an optional baud clock reference output signal (baudout_n) is supplied to
provide timing information to receiving devices that require it. The baud rate of the DW_apb_uart is
controlled by the serial clock (sclk or pclk in asingle clock implementation) and the Divisor Latch
Register (DLH and DLL). Figure 7 shows the timing diagram for the baudout_n output for different
divisor values.

N (divisor)

<
<

= pipigiainigipininininl
baudout_n (divisor of 1) ﬂf\_ﬂ_j_\_nﬂﬁi—/_\—J—\——/—\——/_\—
/ /

L |

/

baudout_n (divisor of 2) LJ \ \ / \J)g_/ \

112c

baudout_n (divisor of 3) | | / / \4 / B
3
baudout_n (divisor > 3) \ / 2
2 clock cycles ) (N-2) clock cycles g

Figure 7: Baud Clock Reference Timing Diagram
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IrDA 1.0 SIR Protocol

The Infrared Data Association (IrDA) 1.0 Serial Infrared (SIR) mode supports bi-directional data
communications with remote devices using infrared radiation as the transmission medium. IrDA 1.0
SIR mode specifies a maximum baud rate of 115.2 Kbaud.

(ZDQ Attention
Information provided on IrDA SIR mode in this section assumes that the reader is fully
familiar with the IrDa Serial Infrared Physical Layer Specifications. This specification can
be obtained from the following website:

http://www.irda.org

The data format is similar to the standard serial (sout and sin) data format. Each data character is sent
serially, beginning with a start bit, followed by 8 data bits, and ending with at least one stop bit. Thus,
the number of data bits that can be sent is fixed. No parity information can be supplied and only one
stop bit is used while in this mode.

Trying to adjust the number of data bits sent or enable parity with the Line Control Register (LCR) has
no effect. When the DW_apb_uart is configured to support IrDA 1.0 SIR it can be enabled with Mode
Control Register (MCR) bit 6. When the DW_apb_uart is not configured to support IrDA SIR mode,
none of the logic isimplemented and the mode cannot be activated, reducing total gate counts. When
SIR mode is enabled and active, serial datais transmitted and received on the sir_out_nand sir_in
ports, respectively.

Transmitting asingle infrared pulse signalsalogic zero, while alogic one is represented by not sending
apulse. Thewidth of each pulseis 3/16ths of anormal seria bit time. Thus, each new character begins
with an infrared pulse for the start bit. However, received data is inverted from transmitted data due to
the infrared pulses energizing the photo transistor base of the IrDA receiver, pulling its output low. This
inverted transistor output is then fed to the DW_apb_uart sir_in port, which then has correct UART
polarity. Figure 8 showsthe timing diagram for the IrDA SIR dataformat in comparison to the standard
serial format.

Eiﬂ’eﬂgd data bits >
— |
sout start 3116 stop
sir_out_n pgrlitog _’)I/—\IC— _/—\_
[
sir_in \l\_!/
sin  postart ] e stop

Figure 8: IrDA SIR Data Format

Asdetailedinthe IrDA 1.0 SIR, the DW_apb_uart can be configured to support alow-power reception
mode. When the DW_apb_uart is configured in this mode, the reception of SIR pulses of 1.41
microseconds (minimum pulse duration) is supported, as well as nominal 3/16 of anormal serial bit
time. Using thislow-power reception mode requires the programming of the Low Power Divisor Latch
(LPDLL/LPDLH) registers.
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When IrDA SIR mode is enabled, the DW_apb_uart operation is similar to when the mode is disabled,
with one exception; data transfers can only occur in half-duplex fashion when IrDA SIR modeis
enabled. Thisis because the IrDA SIR physical layer specifies a minimum of 10ms delay between
transmission and reception. This 10ms delay must be generated by software.

FIFO Support

The DW_apb_uart can be configured to implement FIFOs (as shown in Figure 2 on page 15) to buffer
transmit and receive data. If FIFO support is not selected, then no FIFOs are implemented and only a
single receive data byte and transmit data byte can be stored at atime in the RBR and THR. This
implies a 16450-compatible mode of operation. In this mode most of the enhanced features are
unavailable.

In FIFO mode, the FIFOs can be selected to be either external customer-supplied FIFO RAMs or
internal DesignWare D-flip-flop based RAMs (DW_ram r_w_s dff). If the configured FIFO depth is
greater than 256, the FIFO memory selection is restricted to be external. In addition, selection of
internal memory restricts the Memory Read Port Type to D-flip-flop based, Synchronous read port
RAMs.

When external RAM support is chosen, either synchronous or asynchronous RAMs can be used.
Asynchronous RAM provides read data during the clock cycle that has the memory address and read
signals active, for sampling on the next rising clock edge. Synchronous single stage RAM registersthe
data at the current address out and is not available until the next clock cycle (second rising clock edge).
Figure 9 shows the timing diagram for both asynchronous and synchronous RAMs.

S D s R

tx_ram_rd_addr Addrl Addr2

tx_ram_re_n

tX_ram_out Data Data
(Asyn Read Port)
tx_ram_out Data Data

(Sync Read Port) |

Figure 9: Timing for RAM Reads

Similarly, you can use synchronous RAM for writes, which registers the data at the current address out.
Figure 10 shows the timing diagram for RAM writes.
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ST I S R e e e

tX_ram_wr_addr Addr0

tx_ram_we_n

tx_ram_in Data

Figure 10: Timing for RAM Writes

When FIFO support is selected, an optional programmable FIFO Access mode is available for test
purposes, which allows the receive FIFO to be written by the master and the transmit FIFO to be read
by the master. When FIFO Access mode is not selected, none of the corresponding logic is
implemented and the mode cannot be enabled, reducing overall gate counts. When FIFO Access mode
has been selected it can be enabled with the FIFO Access Register (FAR[0]). Once enabled, the control
portions of the transmit and receive FIFOs are reset and the FIFOs are treated as empty.

Data can be written to the transmit FIFO as normal; however no serial transmission occursin thismode
(normal operation halted) and hence no data leave the FIFO. The data that has been written to the
transmit FIFO can be read back with the Transmit FIFO Read (TFR) register, which when read gives
the current data at the top of the transmit FIFO.

Similarly, data can be read from the receive FIFO as normal. Since the normal operation of the
DW_apb_uart is halted in this mode, data must be written to the receive FIFO so it may be read back.
Dataiswritten to the receive FIFO with the Receive FIFO Write (RFW) register. The upper two bits of
the 10 bit register are used to write framing error and parity error detection information to the receive
FIFO. Setting bit RFW[9] to indicate aframing error and RFW[8] to indicate a parity error. Although
these bit can not be read back viathe Receive Buffer Register they can be checked by reading the Line
Status Register and checking the corresponding bits when the data in question is at the top of the
receive FIFO.

Clock Support

The DW_apb_uart can be configured to have either one system clock (pclk) or two system clocks (pclk
and sclk). Having the second asynchronous serial clock (sclk) implemented accommodates accurate
serial baud rate settings, as well as APB businterface requirements. When using a single system clock,
the system clock settings available for accurate baud rates are greatly restricted.

When atwo clock design is chosen, a synchronization module isimplemented (as shown in Figure 2 on
page 15) for synchronization of all control and data across the two system clock boundaries. The RTL
diagram for the data synchronization module is shown in Figure 11 on page 50. The data
synchronization module can have pending data capability. The timing diagram shown in Figure 12 on
page 50 shows this process.

The arrival of new source domain datais indicated by the assertion of start. Since datais now available
for synchronization the processis started and busy statusis set. If start is asserted while busy and
pending data capability has been selected, the new datais stored. When no longer busy the
synchronization process starts on the stored pending data. Otherwise the busy statusis removed when
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the current data has been synchronized to the destination domain and the process continues. If only one
clock isimplemented, all synchronization logic is absent and signals are simply passed through this
module.

Source Clock Destination Clock

|
I
i Pendin |
data_in DatIag é Data | y| Data data_out
Register Register | Register
' .
I
- Sync| |Sync]| |l
start finish Edge ~ Acknowledge
¢ Detection[ €] R;g. Nl Rig' +
I
Level Sync. |
Data I
Available | gync _’gync Edge
Stores the > Toggle [~ Dat Avaiabie 1| G0 | ] o0 [] 7| Detection
request for Register Toggle |
new writes Loagic Level Sync.
; 9IC | <
while busy I
so that [
) Busy
pendbmg data > Register | ] I
can be
sync’ed once < ! N Delay data_rdy
current data : Register I
sync’ing is Pending |
complete. ! Register |
< !

Figure 11: RTL Diagram of Data Synchronization Module
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data_avail_togg

finish B ] ]

Figure 12: Timing Diagram for Data Synchronization Module
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Full synchronization handshake takes place on all signalsthat are “data synchronized”. All signals that
are “level synchronized” are simply passed through two destination clock registers. Both
synchronization types incur additional data path latencies. However, this additional latency has no
negative affect on received or transmitted data, other than to limit the seria clock (sclk) to being no
faster than four-times the pclk clock for back-to-back serial communications with no idle assertion.

A serial clock faster than four-times the pclk signal does not |eave enough time for a complete
incoming character to be received and pushed into the receiver FIFO. However, in most cases, the pclk
signal is faster than the serial clock and this should never be an issue. There is also slightly more time
required after initial serial control register programming, before serial data can be transmitted or
received.

The seria clock modules must have time to see new register values and reset their respective state
machines. This total time is guaranteed to be no more than eight clock cycles of the slower of the two
system clocks. Therefore, no data should be transmitted or received before this maximum time expires,
after initial configuration.

In systems where only one clock isimplemented, there are no additional latencies.

Interrupts

The assertion of the DW_apb_uart interrupt output signal (intr) occurs whenever one of the several
prioritized interrupt types are enabled and active. The following interrupt types can be enabled with the
|ER register:

e Receiver Error

« Receiver Data Available

e Character Timeout (in FIFO mode only)

« Transmitter Holding Register Empty at/below threshold (in Programmable THRE interrupt mode)
« Modem Status

These interrupt types are covered in more detail in Table 8 on page 97.

When an interrupt occurs the master accesses the [IR. See Table 7 on page 96 to determine the source
of the interrupt before dealing with it accordingly.

Auto Flow Control

The DW_apb_uart can be configured to have a 16750-compatible Auto RTS and Auto CTS serial data
flow control mode available. If FIFOs are not implemented, then this mode cannot be selected. When
Auto Flow Control is not selected, none of the corresponding logic isimplemented and the mode
cannot be enabled, reducing overall gate counts. When Auto Flow Control mode has been selected it
can be enabled with the Modem Control Register (MCR[5]). Figure 13 on page 52 shows a block
diagram of the Auto Flow Control functionality.
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Figure 13: Auto Flow Control Block Diagram

Auto RTS and Auto CTS are described as follows:
Auto RT S — Becomes active when the following occurs:

r—Auto Flow Control is selected during configuration
—kIFOs are implemented

r—IRTS (MCR[1] bit and MCR[5]bit are both set)
r—frIFOs are enabled (FCRJ[Q]) bit is set)

r—3IR mode is disabled (MCR][6] bit is not set)

When Auto RTS is enabled (active), the rts_n output is forced inactive (high) when the receiver
FIFO level reaches the threshold set by FCR[7:6]. When rts_n is connected to the cts_n input of
another UART device, the other UART stops sending serial data until the receiver FIFO has
available space (until it is completely empty).

The selectable receiver FIFO threshold values are: 1, ¥4, ¥, and “2 less than full”. Since one
additional character may be transmitted to the DW_apb_uart after rts_n has become inactive (due
to data already having entered the transmitter block in the other UART), setting the threshold to “ 2
less than full” allows maximum use of the FIFO with a safety zone of one character.
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Once the receiver FIFO becomes completely empty by reading the Receiver Buffer Register
(RBR), rts_n again becomes active (low), signalling the other UART to continue sending data.

It isimportant to note that even if everything else is selected and the correct MCR bits are s, if
the FIFOs are disabled through FCR[0] or the UART isin SIR mode (MCR][6] is set to one), Auto
Flow Control is aso disabled. When Auto RTSis not implemented or disabled, rts niscontrolled
solely by MCR[1]. Figure 14 shows atiming diagram of Auto RTS operation.

This character
was received because rts_n was not detected before next
character entered the sending-UART's transmitter

r—— - - - - - — — — al
<
sin start Character T| stop N start / Character T+1 | stop [~
Lo J
«
rts_n / 22 4
NS T T T
RX FIFO Read 1 2 3 T v
L — — 4

T = Receiver FIFO Threshold Value
Figure 14: Auto RTS Timing

Auto CTS — becomes active when the following occurs:

r—Auto Flow Control is selected during configuration

I FOs are implemented

rAFCE (MCR[5] bit is set)

—krlFOs are enabled through FIFO Control Register FCR[0] bit
3R mode is disabled (MCR[6] bit is not set)

When Auto CTSisenabled (active), the DW_apb_uart transmitter is disabled whenever the cts_n
input becomes inactive (high). This prevents overflowing the FIFO of the receiving UART.

If the cts_n input is not inactivated before the middle of the last stop bit, another character is
transmitted before the transmitter is disabled. While the transmitter is disabled, the transmitter
FIFO can still be written to, and even overflowed.

Therefore, when using this mode, the following happens:
« The UART status register can be read to check if the transmit FIFO isfull (USR[1] set to zero),
e Thecurrent FIFO level can be read viathe TFL register, or

« The Progranmable THRE Interrupt mode must be enabled to access the “FIFO full” status viathe
Line Status Register (LSR).

When using the “FIFO full” status, software can poll this before each write to the Transmitter FIFO.
See “Programmable THRE Interrupt” on page 54 for details. When the cts_n input becomes active
(low) again, transmission resumes. It isimportant to note that even if everything else is selected, if the
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FIFOs are disabled via FCR[ 0], Auto Flow Control is also disabled. When Auto CTSis not

implemented or disabled, the transmitter is unaffected by cts n. A Timing Diagram showing Auto CTS
operation can be seen in Figure 15.

G < G
sout start /Data Bits | stop )S—\ start /Data Bits[stop )S—\ start /Data Bits [ stop %
Disabl(ed
cts_n 2

Figure 15: Auto CTS Timing

Programmable THRE Interrupt

54

The DW_apb_uart can be configured to have a Programmable THRE Interrupt mode available to
increase system performance. If FIFOs are not implemented, then this mode cannot be selected. When
Programmable THRE Interrupt mode is not selected, none of the logic isimplemented and the mode
cannot be enabled, reducing the overall gate counts.

When Programmable THRE Interrupt mode is selected it can be enabled via the Interrupt Enable
Register (IER[7]). When FIFOs and the THRE Mode are implemented and enabled, THRE Interrupts
(when also enabled) and dma_tx_req n are active at, and bel ow, aprogrammed transmitter FIFO empty
threshold level, as opposed to empty, as shown in the flowchart in Figure 16 on page 55.
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For the THRE interrupt to be
controlled as shown here, the
following must be true:

- FIFO_MODE = NONE

- THRE_MODE == Enabled

- FIFOs enabled (FCR[0] == 1)

- THRE mode enabled (IER[7] == 1)

CLEAR INTR

A
A

FIFO LEVEL > TX
Empty Trigger?

THRE Interrupt
Enabled?

Y

Under the condition that v
there are no other pending

interrupts, the interrupt SET INTR
signal (intr) is asserted l

FIFO LEVEL > TX
Empty Trigger?

Y

Figure 16: Flowchart of Interrupt Generation for Programmable THRE Interrupt Mode

Thisthreshold level is programmed into FCR[5:4]. The available empty thresholds are: empty, 2, Y4and
%. See “FCR” on page 98for threshold setting details. Selection of the best threshold value depends on
the system's ability to begin a new transmission sequence in atimely manner. However, one of these
thresholds should prove optimum in increasing system performance by preventing the transmitter FIFO
from running empty.

In addition to the interrupt change, Line Status Register (L SR[5]) also switches function from
indicating transmitter FIFO empty, to FIFO full. This allows software to fill the FIFO each transmit
sequence by polling LSR[5] before writing another character. The flow then becomes, “fill transmitter
FIFO whenever an interrupt occurs and there is data to transmit”, instead of waiting until the FIFO is
completely empty. Waiting until the FIFO is empty causes a performance hit whenever the system is
too busy to respond immediately. Further system efficiency is achieved when thismode is enabled in
combination with Auto Flow Control.
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Evenif everything else is selected and enabled, if the FIFOs are disabled via FCR[ 0], the
Programmable THRE Interrupt mode is also disabled. When not selected or disabled, THRE interrupts
and L SR[5] function normally (both reflecting an empty THR or FIFO). The flowchart of THRE
interrupt generation when not in programmable THRE interrupt mode is shown in Figure 17.

For the THRE interrupt to be
controlled as shown here, one or
more of the following must be true:

- FIFO_MODE == NONE

- THRE_MODE == Disabled

- FIFOs disabled (FCR[0] == 0)

- THRE mode disabled (IER[7] == 0)

CLEAR INTR

A

A

THRE Interrupt
Enabled?

Y T¢
Under the condition that v
there are no other pending
interrupts, the interrupt SETINTR

signal (intr) is asserted

TX FIFO Not Empty

Y

Figure 17: Flowchart of Interrupt generation when not in Programmable THRE Interrupt
Mode

Clock Gate Enable

The DW_apb_uart can be configured to have aclock gate enable output. When the clock enable option
is not selected, none of the logic isimplemented, reducing the overall gate counts.

When the clock gate enable option is selected the clock gate enable signal(s) (uart_Ip req pclk for
single clock implementationsor uart_Ip_req pclk and uart_Ip_req_sclk for two clock implementations)
isused to indicate that the transmit and receive pipelineis clear (no data), no activity has occurred, and
the modem control input signals have not changed in more than one character time (the time taken to
TX/RX acharacter) so clocks may be gated. (A character is made up of: start bit + data bits + parity
(optional) + stop bit(s)). It isan indication that the UART isinactive, so clocks may be gated to put the
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devicein alow power (Ip) mode. Therefore, the following must be true for at least one character time
for the assertion of the clock gate enable signal(s) to occur:

« Nodatainthe RBR (in non-FIFO mode) or the RX FIFO is empty (in FIFO mode)
e Nodatainthe THR (in non-FIFO mode) or the TX FIFO is empty (in FIFO mode)

e SiN/sir_inand sout/sir_out_n areinactive (sin/sir_in are kept high and sout ishigh or sir_out_nis
low) indicating no activity

« No change on the modem control input signals
Note, the clock gate enable assertion does not occur in the following modes of operation:
e Loopback mode
e FIFO access mode
« When transmitting a break

For example, assume aDW _apb_uart that is configured to have asingle clock (pclk) and is
programmed to transmit and receive characters of 7 bits (1 start bit, 5 data bits and 1 stop bit) and the
baud clock divisor isset to 1. Therefore, the uart_Ip_req pclk signal is asserted if the transmit and
receive pipelineis clear, no activity has occurred and the modem control input signals have not
changed for 112 (7 x 16) pclk cycles. Figure 18 illustrates this example.

<_cy}cb;es_’
pclk _\__\_lj gj_\__\_lm 9—\_—\ j j
sin Stop SS $S
<< (¢
sout 27 o0
(4
busy (FSR[O0]) - «
baud_clk_cnt S -
ntemal 0 ;; 1 ) 2 @;X 10 11} o 1Y
uart_Ip_req < «

Figure 18: Clock Gate Enable Timing

When either of the signalssin or sir_in goes low, or awrite to any of the registersis performed, or the
modem control input signals have changed when the DW_apb_uart isin low power (slegp) mode, the
clock gate enable signal(s) are de-asserted (as the assertion criteria are no longer met) so that the
clock(s) isresumed. The time taken for the clock(s) to resume isimportant in the prevention of receive
data synchronization problems. Thisis due to the fact that the DW_apb_uart RX block samples at the
mid-point of each bit period (after approximately 8 baud clocks) in UART (RS323) mode and then
every 16 baud clocks after that for a baud divisor of 1 that is 16 sclks (which for asingle clock
implementation is 16 pclks). Thus, if 8 or more sclk periods pass before the serial clock starts up again,
the UART may get out of sync with the serial datait isreceiving. That is, the receiver may sampleinto
the second bit period and if it isstill zero, think thisis the start bit and so on. Therefore, to avoid this
problem the clock should be resumed within 5 clock periods of the baud clock, which is the same as
sclk if the baud divisor is set to one. Thisisworst case. If the divisor is greater, it gives a greater
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number of sclk cycles available before the clock must resume. This means a sample point at the 13
baud clock (at the latest) out of the 16 that is transmitted for each bit period of the character in non-SIR
mode.

Figure 19 shows the timing diagram that illustrates the previous scenario. This problem is magnified in
SIR mode as the pulse width is only 3/16 of abit period (3 baud clocks, which for adivisor of 1is3
sclks). Hence, it could be missed completely. The clocks must resume before 3 baud clock periods
elapse. If the first character received while in sleep mode is used purely for wake up reasons and the
actual character value is unimportant, this may not be a problem at all.

clock(s) resume after actual sample latest sample
2 bclk periods midpoint  point point
bclk (= sclk * 4 4
Wi i i nininininipininiginigigipipl
sin S /7
<
uart_Ip_req )S\

Figure 19: Resuming Clock(s) After Low Power Mode Timing

When the DW_apb_uart is configured to have two clocks, if the timing of the received signal is not
affected by the synchronization problem, then the minimum time to receive a character, if the baud
divisorisl, is112 sclks (1 start bit + 5 data bits + 1 stop bit = 7 x 16 =112). Therefore the pclk must be
available before 112 sclk cycles pass so that the received character can be synchronized over to the pclk
domain and stored in the RBR (in non-FIFO mode) or the RX FIFO (in FIFO mode).

DMA Support

The DW_apb_uart supports DMA signalling with the use of two output signals (dma tx_req nand
dma rx_req _n) to indicate when datais ready to be read or when the transmit FIFO is empty. The
DW_apb_uart usestwo DMA channels, one for the transmit data and one for the receive data. There
are two DMA modes. mode 0 and mode 1, controllable via bit 3 of the FIFO Control Register (only
DMA mode 0 is available when the FIFOs are not implemented or disabled).

DMA mode 0 supports single DMA datatransfers at atime. In mode 0, the dma_tx_req_n signal goes
active low under the following conditions:

« When the Transmitter Holding Register is empty in non-FIFO mode

e When the transmitter FIFO is empty in FIFO mode with Programmable THRE interrupt mode
disabled

« When the transmitter FIFO is a or below the programmed threshold with Programmable THRE
interrupt mode enabled

It goes inactive under the following conditions:

« When asingle character has been written into the Transmitter Holding Register or transmitter
FIFO with Programmable THRE interrupt mode disabled

« When the transmitter FIFO is above the threshold with Programmable THRE interrupt mode
enabled.
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Thedma rx_req _n signal goes active-low when there is a single character available in the Receiver
FIFO or the Receive Buffer Register and it goesinactive when the Receive Buffer Register or Receiver
FIFO are empty, depending on FIFO mode.

DMA mode 1 supports multi-DMA datatransfers, where multiple transfers are made continuously until
the receiver FIFO has been emptied or the transmit FIFO has been filled. In mode 1 the dma_tx_req n
signal is asserted under the following conditions:

« When the transmitter FIFO is empty with Programmable THRE interrupt mode disabled

o When the transmitter FIFO is a or below the programmed threshold with Programmable THRE
interrupt mode enabled.

The dma tx_req n signal is de-asserted when the transmitter FIFO is completely full. The

dma rx_req _n signal is asserted when the Receiver FIFO is at or above the programmed trigger level,

or a character timeout has occurred (that is, the conditions for a character timeout have been met over

the required duration and does not refer to a character timeout interrupt, hence ERBFI does not need to
be set to one for this to occur), and is de-asserted when the receiver FIFO becomes empty.

The DW_apb uart can also be configured to have additional DMA interface signals if required for the
DMA controller of choice (i.e. DW_ahb_dmac). When selected to have the additional DMA signalsthe
assertion of the fixed DMA signals (dma_tx_req nand dma_rx_req n) issimilar to what was detailed
in the above DMA modes. That is, the dma_tx_req _n signal is asserted under the following conditions:

« When the Transmitter Holding Register is empty in non-FIFO mode

e When the transmitter FIFO is empty in FIFO mode with Programmable THRE interrupt mode
disabled

« When the transmitter FIFO is at, or below the programmed threshold with Programmable THRE
interrupt mode enabled.

Thedma rx_req _n signal is asserted under the following conditions:
« When thereisasingle character available in the Receive Buffer Register in non-FIFO mode
« When the Receiver FIFO is at or above the programmed trigger level in FIFO mode

With the presence of the additional handshaking signals the UART does not have to rely on internal
status and level values to recognize the completion of arequest and hence remove the request. Instead,
the de-assertion of the DMA transmit and receive request is controlled by the assertion of the DMA
transmit and receive acknowledge respectively.

When the UART is configured to have the additional DMA signals, the data flow (transfer lengths)
responsibility falls on the DMA (DW_ahb_dmac) and is controlled by the programmed burst
transaction lengths. Thus, thereis no need for DMA modes and programming the FCR[ 3] has no effect.

The extra handshaking signals are explained in the DMA flow below for aDW_apb_uart that is
configured with FIFOs and Programmable THRE interrupt mode.

Asablock flow control device, the DMA Controller is programmed by the processor with the number
of dataitems (block size) that are to be transmitted or received by the DW_apb_uart; thisis
programmed into the BLOCK_TSfield of the CTLx register.
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The block is broken into anumber of transactions, each initiated by a request from the DW_apb_uart.
The DMA Controller must also be programmed with the number of dataitems (in this case,
DW_apb_uart FIFO entries) to be transferred for each DMA request. Thisis also known as the burst
transaction length, and is programmed into the SRC_MSIZE/DEST_MSIZE fields of the
DW_ahb_dmac CTLx register for source and destination, respectively.

Figure 20 on page 60 shows a single block transfer, where the block size programmed into the DMA
Controller is 12 and the burst transaction length is set to 4. In this case, the block size is a multiple of
the burst transaction length. Therefore, the DMA block transfer consists of a series of burst
transactions. If the DW_apb_uart makes a transmit request to this channel, four data items are written
to the DW_apb_uart transmit FIFO. Similarly, if the DW_apb_uart makes areceive request to this
channel, four dataitems are read from the DW_apb_uart receive FIFO. Three separate requests must be
made to thisDMA channel before all 12 data items are written or read.

I°5=Note
The source and destination transfer width settings in the DW_ahb_dmac —
DMA.CTLx.SRC TR _WIDTH and DMA.CTLx.DEST_TR_WIDTH —should be set to
3'b000 because the DW_apb_uart FIFOs are 8 bits wide.

12 Data Items

DMA
Multi-block Transfer
Level
\

12 Data Items
|

DMA
Block
Level
DMA Burst DMA Burst DMA Burst
Transaction 1 Transaction 2 Transaction 3
4 Data ltems 4 Data ltems 4 Data Iltems

Block Size : DMA.CTLx.BLOCK_TS=12
Number of data items per source burst transaction : DMA.CTLx.SRC_MSIZE =4

For a FIFO depth of 16: UART.FCR([7:6] = 01 = FIFO 1/4 full = DMA.CTLX.SRC_MSIZE
(for more information, refer to discussion on page 64)

Figure 20: Breakdown of DMA Transfer into Burst Transactions
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When the block size programmed into the DMA Controller is not a multiple of the burst transaction
length, as shown in Figure 21, a series of burst transactions followed by single transactions are needed
to complete the block transfer.

15 Data Items

DMA
Multi-Block Transfer
Level
|
15 Data Items
|

DMA
Block
Level
|
DMA Burst DMA Burst DMA Burst DMA Single DMA Single DMA Single
Transaction 1 Transaction2 Transaction 3 Transaction 1 Transaction 2 Transaction 3
4 Data Items 4 Data Iltems 4 Data Iltems 1 Data Item 1 Data Item 1 Data Item

Block Size : DMA.CTLx.BLOCK_TS=15
Number of data items per burst transaction : DMA.CTLX.DEST_MSIZE =4

For a FIFO depth of 16: UART.FCR[5:4] = 10 =FIFO 1/4 full = 4 = DMA.CTLx.DEST_MSIZE
(for more information, refer to discussion on page 63)

Figure 21: Breakdown of DMA Transfer into Single and Burst Transactions

Transmit Watermark Level and Transmit FIFO Underflow

During DW_apb_uart seria transfers, transmit FIFO requests are made to the DW_ahb_dmac
whenever the number of entriesin the transmit FIFO isless than or equal to the decoded level of the
Transmit Empty Trigger (TET) of the FCR register (bits 5:4); thisisknown asthe watermark level. The
DW_ahb_dmac responds by writing a burst of data to the transmit FIFO buffer, of length
CTLx.DEST_MSIZE.

Data should be fetched from the DMA often enough for the transmit FIFO to perform seria transfers
continuously; that is, when the FIFO begins to empty another DMA request should be triggered.
Otherwise the FIFO runs out of data (underflow). To prevent this condition, you must set the
watermark level correctly.

Choosing the Transmit Watermark Level
Consider the example where the assumption is made:
DMA.CTLx.DEST_MSIZE = FIFO_DEPTH - UART.FCR[5:4]

Here the number of dataitemsto be transferred in aDMA burst is equal to the empty space in the
Transmit FIFO. Consider two different watermark level settings.
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Case 1: FCR[5:4] =01, which decodes to 2

FIFO_MODE = 16

FIFO_MODE - decoded level
Transmit FIFO EMPTY of UART.FCR[5:4] = 14

Watermark level
DMA

UART.FCR[5:4] = 01 Dataln | Controller

Data Out % FULL
UART Transmit FIFO

Figure 22: Case 1 Watermark Levels

Transmit FIFO watermark level = decoded level of UART.FCR[5:4] =2
DMA.CTLx.DEST_MSIZE = FIFO_MODE - UART.FCR[5:4] = 14
UART transmit FIFO_MODE = 16

DMA.CTLx.BLOCK_TS=56

Therefore, the number of burst transactions needed equals the block size divided by the number of data
items per burst:

DMA.CTLx.BLOCK_TSDMA.CTLx.DEST_MSIZE = 56/14 = 4

The number of burst transactions in the DMA block transfer is 4. But the watermark level, decoded
level of UART.FCR[5:4], isquite low. Therefore, the probability of an UART underflow is high where
the UART serial transmit line needs to transmit data, but where there is no data left in the transmit

FIFO. This occurs because the DMA has not had time to service the DMA request before the transmit
FIFO becomes empty.

Case 2: FCR[5:4] =11, which equates to FIFO 1/2 full (decodes to 8)

- EMPTY FIFO_MODE - decoded level
Transmit FIFO * # —
Watermark leve > of UART.FCR[5:4] =8
FIFO_MODE = 16 FULL . - | DMA
- UART.FCR[5:4] =8 Data In Controller
Data Out

UART Transmit FIFO

Figure 23: Case 2 Watermark Levels

Transmit FIFO watermark level = decoded level of UART.FCR[5:4] =8
DMA.CTLx.DEST_MSIZE = FIFO_MODE - UART.FCR[5:4] = 8
UART transmit FIFO_MODE = 16

DMA.CTLx.BLOCK_TS=56

Number of burst transactionsin Block:
DMA.CTLx.BLOCK_TS/DMA.CTLx.DEST _MSIZE =56/8=7

In this block transfer, there are 7 destination burst transactionsin a DMA block transfer. But the
watermark level, decoded level of UART.FCR[5:4], is high. Therefore, the probability of an UART
underflow islow because the DMA controller has plenty of time to service the destination burst
transaction request before the UART transmit FIFO becomes empty.
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Thus, the second case has a lower probability of underflow at the expense of more burst transactions
per block. This provides a potentially greater amount of AMBA bursts per block and worse bus
utilization than the former case.

Therefore, the goal in choosing awatermark level isto minimize the number of transactions per block,
while at the same time keeping the probability of an underflow condition to an acceptable level. In
practice, thisis afunction of theratio of the rate at which the UART transmits data to the rate at which
the DMA can respond to destination burst requests.

For example, promoting the channel to the highest priority channel in the DMA, and promoting the
DMA master interface to the highest priority master in the AMBA layer, increases the rate at which the
DMA controller can respond to burst transaction requests. Thisin turn allows the user to decrease the
watermark level, which improves bus utilization without compromising the probability of an underflow
occurring.

Selecting DEST_MSIZE and Transmit FIFO Overflow

As can be seen from Figure 23 on page 62, programming DMA.CTLx.DEST_MSIZE to avalue greater
than the watermark level that triggers the DMA request may cause overflow when there is not enough
gpace in the UART transmit FIFO to service the destination burst request. Therefore, the following
eguation must be adhered to in order to avoid overflow:

DMA.CTLX.DEST_MSIZE <= UART.FIFO_DEPTH — decoded level of UART.FCR[5:4] (1)

Intopic “Case 2: FCR[5:4] = 11, which equatesto FIFO 1/2 full (decodesto 8)”, the amount of spacein
the transmit FIFO at the time the burst request is made is equal to the destination burst length,
DMA.CTLx.DEST_MSIZE. Thus, the transmit FIFO may be full, but not overflowed, at the
completion of the burst transaction.

Therefore, for optimal operation, DMA.CTLXx.DEST_MSIZE should be set at the FIFO level that
triggers atransmit DMA request; that is:

DMA.CTLX.DEST_MSIZE = UART.FIFO_DEPTH — decoded level of UART.FCR[5:4]  (2)
Thisisthe setting used in Figure 21 on page 61.

Adhering to equation (2) reduces the number of DMA bursts needed for a block transfer, and thisin
turn improves AMBA bus utilization.

T 5= Note
The transmit FIFO is not full at the end of aDMA burst transfer if the UART has
successfully transmitted one dataitem or more on the UART seria transmit line during the
transfer.

Receive Watermark Level and Receive FIFO Overflow

During DW_apb_uart serial transfers, receive FIFO requests are made to the DW_ahb_dmac whenever
the number of entriesin the receive FIFO is at or above the decoded level of Receiver Trigger (RT) of
the FCR[7:6]. Thisisknown asthe watermark level. The DW_ahb_dmac responds by writing a burst of
datato the transmit FIFO buffer of length CTLX.SRC_MSIZE.

Data should be fetched by the DMA often enough for the receive FIFO to accept serial transfers
continuously; that is, when the FIFO beginsto fill, another DMA transfer is requested. Otherwise, the
FIFO fillswith data (overflow). To prevent this condition, you must correctly set the watermark level.
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Choosing the Receive Watermark Level

Similar to choosing the transmit watermark level described earlier, the receive watermark level,
decoded level of FCR[7:6], should be set to minimize the probability of overflow. It is atrade-off
between the number of DMA burst transactions required per block versus the probability of an
overflow occurring.

Selecting SRC_MSIZE and Receive FIFO Underflow

As can be seenin Figure 24, programming a source burst transaction length greater than the watermark
level may cause underflow when there is not enough datato service the source burst request. Therefore,
the following equation must be adhered to avoid underflow:

DMA.CTLX.SRC_MSIZE <= decoded level of FCR[7:6]  (4)

If the number of dataitemsin the receive FIFO is equal to the source burst length at the time the burst
request ismade— DMA.CTLXx.SRC_MSIZE —the receive FIFO may be emptied, but not underflowed,
at the completion of the burst transaction. For optimal operation, DMA.CTLx.SRC_MSIZE should be
Set at the watermark level; that is:

DMA.CTLx.SRC_MSIZE = decoded level of FCR[7:6]  (5)

Adhering to equation (5) reduces the number of DMA burstsin ablock transfer, and thisin turn can
improve AMBA bus utilization.

T3> Note
Thereceive FIFO is not empty at the end of the source burst transaction if the UART has

successfully received one dataitem or more on the UART serial receive line during the
burst.

EMPTY

Receive FIFO

- DMA
Watermark level Dataout ™| Controller
FULL UART.decoded level

e ———
Data In of FCR[7:6]
UART Receive FIFO

Figure 24. UART Receive FIFO

Handshaking Interface Operation

dma_tx_reg_n,dma rx _req_n— Therequest signalsfor source and destination, dma tx_req n and
dma_rx_req _n, are activated when their corresponding FIFOs reach the watermark levels as discussed
earlier.

The DW_ahb_dmac uses edge detection of the dma_tx_req n signal/dma_rx_req nto identify a
request on the channel. Upon reception of the dma _tx_ack n/dma_rx_ack n signal from the
DW_ahb_dmac to indicate the burst transaction is complete, the DW_apb_uart de-asserts the burst
request signals, dma_tx_req _n/dma rx_req n, until dma tx_ack n/dma rx_ack nisde-asserted by
the DW_ahb_dmac.
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When the DW_apb_uart samplesthat dma tx_ack_n/dma rx_ack_nis de-asserted, it can re-assert the
dma_tx_req n/dma rx_req n of the request line if their corresponding FIFOs exceed their watermark
levels (back-to-back burst transaction). If thisis not the case, the DMA request linesremain
de-asserted. Figure 25 on page 65 shows atiming diagram of a burst transaction where pclk = hclk.
Figure 26 shows two back-to-back burst transactions where the hclk frequency is twice the pclk
frequency.

The handshaking loop is as follows:
1. dma_tx_req n/dma_rx_req n asserted by DW_apb_uart
2. dma_tx_ack _n/dma rx_ack n asserted by DW_ahb_dmac
3. dma tx_req n/dma rx_req nde-asserted by DW_apb_uart
4. dma_tx_ack_n/dma_rx_ack n de-asserted by DW_ahb_dmac
5. dma_tx_req n/dma rx_req n re-asserted by DW_apb_uart, if back-to-back transaction is required

I°5=Note
The burst transaction request signals, dma_tx_req nand dma rx_req _n, are generated in
the DW_apb_uart off pclk and sampled in the DW_ahb_dmac by hclk. The acknowledge
signals, dma tx_ack_nand dma rx_ack n, are generated in the DW_ahb_dmac off hclk
and sampled in the DW_apb_uart of pclk. The handshaking mechanism between the
DW_ahb_dmac and the DW_apb_uart supports quasi-synchronous clocks; that is, hclk
and pclk must be phase-aligned, and the hclk frequency must be a multiple of the pclk
frequency.
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Figure 25: Burst Transaction — pclk = hclk
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Figure 26: Back-to-Back Burst Transactions — hclk = 2*pclk
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Note the following the following:

1. The burst request lines, dma_tx_req_n/dma._rx_req_n, once asserted remain asserted until their
corresponding dma_tx_ack _n/dma rx_ack_nsignal isreceived even if the respective FIFOs drop
below their watermark levels during the burst transaction.

2. Thedma tx_req n/dma rx_req _n signals are de-asserted when their corresponding
dma_tx_ack n/dma rx_ack nsignals are asserted, evenif the respective FIFOs exceed their
watermark levels.

dma_tx_single n, dma_rx_single n—Thedma tx_single nsignal isastatus signal, and is asserted
when there is at least one free entry in the transmit FIFO, and cleared when the transmit FIFO isfull.
Thedma rx_single nsignal isastatus signal, and is asserted when thereis at least one valid data entry
in the receive FIFO, and is cleared when the receive FIFO is empty.

These signals are needed by only the DW_ahb_dmac for the case where the block size,
CTLx.BLOCK_TS, that is programmed into the DW_ahb_dmac is not a multiple of the burst
transaction length, CTLX.SRC_MSIZE, CTLx.DEST_MSIZE, as shown in Figure 21. In this case, the
DMA single outputs inform the DW_ahb_dmac that it is still possible to perform single dataitem
transfers, so it can access all dataitemsin the transmit/receive FIFO and complete the DMA block
transfer. The DMA single outputs from the DW_apb_uart are not sampled by the DW_ahb_dmac
otherwise. Thisisillustrated in the following example.

Consider first an example where the receive FIFO channel of the DW_apb_uart is as follows:

DMA.CTLx.SRC_MSIZE = decoded level of UART.FCR[7:6] = 4
DMA.CTLx.BLOCK_TS=12

For the example in Figure 20, with the block size set to 12, the dma rx_req _nsignal is asserted when
four dataitems are present in the receive FIFO. Thedma rx_req _nsignal is asserted three times during
the DW_apb_uart seria transfer, ensuring that all 12 dataitems are read by the DW_ahb_dmac. All
DMA requests read a block of dataitems and no single DMA transactions are required. This block
transfer is made up of three burst transactions.

Now, for the following block transfer:

DMA.CTLx.SRC_MSIZE = decoded level of UART.FCR[7:6] = 4
DMA.CTLx.BLOCK_TS=15

Thefirst 12 dataitemsare transferred as already described using 3 burst transactions. But when the last
three data frames enter the receive FIFO, the dma rx_req _n signal is not activated because the FIFO
level is below the watermark level. The DW_ahb_dmac samplesdma _rx_single_n and completes the
DMA block transfer using three single transactions. The block transfer is made up of three burst
transactions followed by three single transactions.

Figure 27 shows a single transaction. The handshaking loop is as follows:
1. dma tx_single n/dma rx_single n asserted by DW_apb_uart
2. dma_tx_ack n/dma rx_ack n asserted by DW_ahb _dmac
3. dma_tx_single n/dma rx_single n de-asserted by DW_apb_uart
4. dma_tx_ack_n/dma_rx_ack n de-asserted by DW_ahb_dmac
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Figure 28 shows a burst transaction, followed by three back-to-back single transactions, where the hclk
frequency is twice the pclk frequency.
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Figure 28: Burst Transaction + 3 Back-to-Back Singles — hclk = 2*pclk

T3> Note

The single transaction request signals, dma tx_single nand dma rx_single n, are
generated in the DW_apb_uart on the pclk edge and sampled in DW_ahb_dmac on hclk.
The acknowledge signals, dma_tx_ack nand dma rx_ack_n, are generated in the
DW_ahb_dmac on the hclk edge hclk and sampled in the DW_apb_uart on pclk. The
handshaking mechanism between the DW_ahb_dmac and the DW_apb_uart supports
guasi-synchronous clocks; that is, hclk and pclk must be phase aligned and the hclk

frequency must be a multiple of pclk frequency.
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A

Parameters

This chapter describes the configuration parameters used by the DW_apb_uart.

Parameter Descriptions

The following list identifies the configurable parameters supported by the DW_apb_uart:
Table 4: Top-Level Parameters

L abel Par ameter Definition
Use DesignWare Foundation | Parameter Name: USE_FOUNDATION
Synthesis Library Legal Values: True (1) or False (0)
(active only when source Default Value: True; only if Source licenseis available.

license available) Dependencies: Must have Source license.

Description: Enables source code customers to write out RTL without having a
DesignWare license, or to retain DesignWare Foundation Building Block Library
partsin their design.

APB Data Bus Width Parameter Name: APB_DATA_WIDTH
Values: 8, 16, 32

Default Value: 32

Dependencies: None

Description: Width of APB data bus to which this component is attached. Note
that even though the data width can be set to 8, 16 or 32, only the lowest 8 data
bits are ever used, since register accessis on 32-bit boundaries. All other bits are
held at static O.

UART FIFO Depth Parameter Name: FIFO_MODE
Values: NONE, 16, 32, ..., 2 KB (2048)
Default Value: 16

Dependencies: None

Description: Receiver and Transmitter FIFO depth in bytes. A setting of NONE
means no FIFOs, which implies the 16450-compatible mode of operation. Most
enhanced features are unavailable in the 16450 mode such as the Auto Flow
Control and Programmable THRE interrupt modes. Setting a FIFO depth greater
than 256 restricts the FIFO Memory to External only. For more details, refer to
“FIFO Support” on page 48.
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Table 4. Top-Level Parameters (Continued)

L abel Parameter Definition

FIFO Memory Type Parameter Name: MEM_SELECT_USER

Values: External (0) - User-supplied memory
Internal (1) - DesignWare memory instantiation

Default Value: External (0)

Dependencies: Only changeable to Internal if (FIFO_MODE != NONE) and
(FIFO_MODE <= 256)

Description: Selects between external, user-supplied memory or internal
DesignWare memory (DW_ram_r_w_s dff) for the receiver and transmitter
FIFOs. FIFO depths greater than 256 restrict FIFO Memory selection to external.
In addition, selection of internal memory restricts the Memory Read Port Type to

D-flip-flop-based, synchronous read port RAMSs.

(None) Parameter Name: MEM_MODE_USER

Values. Not changeable

Default Value: Async (0)

Description: This non-changeabl e parameter has been retained in this release of
the DW_apb_uart for backward compatibility with pre-3.00a versions of this
component. The later versions (post-3.00a) of the DW_apb_uart no longer
require logic changes that used to be controlled by this parameter when
you used either synchronous or asynchronous read port RAMSs.

Asynchronous Serial Clock Parameter Name: CLOCK_MODE

Support Values: Disabled (1) - One clock
Enabled (2) - Two clocks

Default Value: Disabled (1)

Dependencies: Asynchronous Serial Clock Support is automatically enabled
when SIR_LP_MODE = Enabled or when SIR_LP_RX = Enabled.

Description: When set to Disabled, the DW_apb_uart isimplemented with one
system clock (pclk). When set to Enabled, two system clocks (pclk and sclk) are
implemented in order to accommodate accurate serial baud rate settings, as well
as APB bus interface requirements. Selecting Disabled, or a one-system clock,
greatly restricts system clock settings available for accurate baud rates. For more
details, refer to “Clock Support” on page 49.

Auto Flow Control Parameter Name: AFCE_MODE

Values: Disabled (0) - Auto Flow Control not available
Enabled (1) - Auto Flow Control

Default Value: Disabled (0)
Dependencies: Changeable to Enabled only when (FIFO_MODE !'= NONE)

Description: Configures the periphera to have the 16750-compatible auto flow
control mode. For more details, refer to “ Auto Flow Control” on page 51.

70 Synopsys, Inc. January 20, 2006



DesignWare DW_apb_uart Databook Chapter 4: Parameters

Table 4. Top-Level Parameters (Continued)

L abel

Parameter Definition

Programmable THRE Interrupt
Mode

Parameter Name: THRE_MODE_USER

Values: Disabled (0) - THRE Interrupt mode not available
Enabled (1) - THRE Interrupt mode

Default Value: Disabled (0)
Dependencies: Changeable to Enabled only when (FIFO_MODE '= NONE)

Description: Configures the peripheral to have a programmable Transmitter
Hold Register Empty (THRE) Interrupt mode. For more information, refer to
“Programmable THRE Interrupt” on page 54.

IrDA SIR Mode Support

Parameter Name: SIR_MODE

Values: Disabled (0) - IrDA SIR mode not available
Enabled (1) - IrDA SIR mode

Default Value: Disabled (0)
Dependencies: None

Description: Configures the peripheral to have IrDA 1.0 SIR infrared mode. For
more details, refer to “IrDA 1.0 SIR Protocol” on page 47.

Include Clock Gate Enable
Output on I/F?

Parameter Name: CLK_GATE_EN

Values: No (0) - Clock gate enable is not available
Yes (1) - Clock gate enable

Default Value: No (0)
Dependencies: None

Description: Configures the peripheral to have a clock gate enable output signal
on the interface that indicates that the device is inactive so clocks may be gated.

Include FIFO Access Mode?

Parameter Name: FIFO_ACCESS

Values: No (0) - FIFO access mode is not available
Yes (1) - FIFO access mode

Default Value: No (0)

Dependencies: None

Description: Configures the peripheral to have a programmable FIFO access
mode. Thisis used for test purposes to allow the receive FIFO to be written and
the transmit FIFO to be read when FIFOs are implemented and enabled. When
FIFOs are not implemented or not enabled it allows the RBR to be written and
the THR to be read. For more details, refer to “FIFO Support” on page 48.

Include Additional DMA
Signason I/F?

Parameter Name: DMA_EXTRA

Values: No (0) - Additional DMA signals not included
Yes (1) - Additional DMA signals included

Default Value: No (0)
Dependencies: None

Description: Configures the peripheral to have four additional DMA signals on
the interface so that the device is compatible with the DesignWare DMA
controller interface requirements.
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Table 4. Top-Level Parameters (Continued)

L abel

Parameter Definition

Active low DMA Signals?

Parameter Name: DMA_POL

Values: No (0) - DMA signals set to active-high
Yes (1) - DMA signals set to active-low

Default Value: Yes (1)
Dependencies: None
Description: Selectsthe polarity of the DMA interface signals.

Low Power IrDA SIR Mode
Support

Parameter Name: SIR_LP_MODE

Values: Disabled (0) - Low-power IrDA SIR mode not available
Enabled (1) - Low-power IrDA SIR mode

Default Value: Disabled (0)
Dependencies: Thisisonly changeable when SIR_MODE = Enabled.

Description: Configures the periphera to operatein alow-power IrDA SIR
mode. Asthe DW_apb_uart does not support a low-power mode with a counter
system to maintain a 1.63us infrared pulse, Asynchronous Serial Clock Support
isautomatically enabled, and the sclk must be fixed to 1.8432MHz. This provides
al.63ussir_out_n pulse at 115.2Kbaud.

Support for IrDA SIR Low-
Power Reception Capabilities

Parameter Name: SIR_LP_RX

Values: Disabled (0)
Enabled (1)

Default Value: Disabled (0)
Dependencies: Thisisonly changeable when SIR_MODE = Enabled.

Description: Configures the peripheral to have SIR low-power reception
capabilities. Asynchronous Serial Clock support is automatically enabled in this
mode.

Include On-chip Debug Output
Signason I/F?

Parameter Name: DEBUG

Values: No (0) - On-chip debug signals not included
Yes (1) - On-chip debug signalsincluded

Default Value: No (0)

Dependencies. None

Description: Configures the peripheral to have on-chip debug signals on the
interface.

Include Baud Clock Reference
Output Signal (baudout_n) on
I/F?

Parameter Name: BAUD_CLK

Values: No (0) - baudout_n signal not included
Yes (1) - baudout_n signal included

Default Value: Yes (1)
Dependencies: None

Description: Configures the peripheral to have a baud clock reference output
(baudout_n) signal on the interface.
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Table 4. Top-Level Parameters (Continued)

L abel

Parameter Definition

Make FIFO Status and Shadow
Register Options Available?

Parameter Name: ADDITIONAL_FEATURES

Values: No (0) - FIFO Status and Shadow registers not included
Yes (1) - Registersincluded

Default Value: No (0)

Dependencies: None

Description: Configures the periphera to have both the FIFO Status registers
and the Shadow registers available. Also configures the peripheral to have the
configuration 1D, UART component version and the peripheral ID registers.

Include Software Accessible
FIFO Status Registers?

Parameter Name: FIFO_STAT

Values: No (0) - FIFO Status registers not included
Yes (1) - FIFO Status registers included

Default Value: No (0)

Dependencies: Thisisonly changeable when
FIFO_MODE != NONE and
ADDITIONAL_FEATURES = YES.

Description: Configures the peripheral to have three additional FIFO status
registers.

Include Additional Shadow
Registers for Reducing
Software Overhead?

Parameter Name: SHADOW

Values: No (0) - Additional registers not included
Yes (1) - Additional Shadow registersincluded

Default Value: No (0)

Dependencies: Thisisonly changeable when
ADDITIONAL_FEATURES= YES.

Description: Configures the periphera to have seven additional registers that
shadow some of the existing register bitsthat are regularly modified by software.
These can be used to reduce the software overhead that isintroduced by having to
perform read-modify writes.

(None)

Parameter Name: LATCH_MODE_USER
Values: (Not changeable)

Default Value: No (0)

Dependencies: None

Description: Thisis anon-changeable parameter that is included for software
backward compatibility. That is so that no errors arise when the peripheral is used
with existing software.

Include Configuration
Identification Register

Parameter Name: UART_ADD_ENCODED_PARAMS

Values: No (0) - configuration register not included
Yes (1) - configuration register included

Default Value: No (0)

Dependencies. Thisis only changeable when ADDITIONAL_FEATURES =
YES.

Description: Configures the peripheral to have a configuration register.
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Table 5. Legacy Parameters

L abel Parameter Definition

(None) Parameter Name: MEM_MODE_USER
Values: Not changeable
Default Value: Async (0)
Description: This non-changeabl e parameter has been retained in this release of
the DW_apb_uart for backward compatibility with pre-3.00a versions of this
component. The later versions (post-3.00a) of the DW_apb_uart no longer
require logic changes that used to be controlled by this parameter when
you used either synchronous or asynchronous read port RAMSs.

(None) Parameter Name: LATCH_MODE_USER

Values: (Not changeable)
Default Value: No (0)
Dependencies: None
Description: Thisis a non-changeable parameter that isincluded for software
backward compatibility. That is so that no errors arise when the peripheral isused
with existing software.
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5

Signals

The following subsections describe the DW_apb_uart signals:

« “DW_apb uart Interface Diagram” on page 76
e “DW_apb uart Signal Descriptions’ on page 77
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Figure 29 shows an 1/0O diagram of the DW_apb_uart.
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pwdata
paddr

pwrite
psel —
penable —

dma_tx_ack - -
dma_rx_ack - -
sin

sir_in -
cts n —
dsr n —
ded n —

rnn —

tx_ram_out mm
rX_ram_out mm

s rstn - -
scan_mode —

presetn —

pclk —

sclk - -

DW_apb_uart

- - - - Optional signals

prdata

debug

intr

outl n

out2_n
dma_tx_req
*txrdy_n
dma_tx_single
dma_rx_req
*rxrdy_n
dma_rx_single
sout

sir_out_n

rts_n

dtr_n
tx_ram_rd_addr
tx_ram_wr_addr
tx_ram_we_n
tx_ram_re_n
tx_ram_rd_ce_n
tx_ram_in
rx_ram_in
rx_ram_rd_addr
rx_ram_wr_addr
rx_ram_we_n
rx_ram_re_n
rx_ram_rd_ce n
uart_lp_req_pclk
uart_Ip_req_sclk
baudout_n

* These signals are provided only for backward compatibility.
Signals in red are registered
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Figure 29: DW_apb_uart I/O Diagram
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DW_apb_uart Signal Descriptions
Table 6 provides alist and description of the DW_apb_uart signals.

T 5= Note

The Description column in Table 6 provides detailed information about each signal.

Inthe Registered field, a“Yes’ indicates whether an I/O signal is directly connected to an
internal register and nothing else. An 1/O signal is also considered to be registered if the
signal is connected to one or more inverters or buffers between the 1/0 port and internal
register, but not connected to any logic that involves another signal.

The Input/Output Delay field provides the percentage of the clock cycle assumed to be
used by logic outside this design. The given value is used to automatically define the
default synthesis constraints for input/output delay. You can override these default values
in the Specify Port Constraints activity in coreConsultant. For more information, refer to
“Create Gate-Level Netlist” on page 32.

Table 6: DW_apb_uart Signal Description

Name? Width 110 Description

APB Slave | nterface

pclk 1 bit I APB clock used in the APB interface to program registers
Registered: No

Synchronousto: N/A

Default Input Delay: N/A

presetn 1 bit APB clock-domain reset

Active State: Low

Registered: No

Synchronousto: pclk on de-assertion,
asynchronous on assertion

Default Input Delay: 50% of pclk

psel 1 bit [ APB peripheral select

Active State: High

Registered: No

Synchronousto: pclk

Default Input Delay: 50% of pclk

paddrn 8 hits [ APB address bus. Uses the lower bits of the APB address bus for
register decode.

Registered: No
Synchronousto: pclk
Default Input Delay: 50% of pclk
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Table 6: DW_apb_uart Signal Description

Name?

Width

/0

Description

pwdatan

APB_DATA _
WIDTH

APB write data bus

Registered: No

Synchronousto: pclk

Default Input Delay: 50% of pclk

pwrite

1 bit

APB write control

Active State: High
Registered: No
Synchronousto: pclk
Input Delay: 50% of pclk

penable

1 bit

APB enable control used for timing read/write operations
Active State: High

Registered: No

Synchronousto: pclk

Default Input Delay: 50% of pclk

prdatan

APB_DATA
WIDTH

APB read data bus

Registered: Yes

Synchronousto: pclk

Default Output Delay: 90% of pclk

Application Interface

sclk

1 bit

Serial interface clock

Registered: No

Synchronousto: Not applicable

Default Input Delay: Not applicable

Dependencies: Only present when CLOCK MODE==Enabled.

srstn

1 bit

Serial interface reset

Active State: Low

Registered: No

Synchronousto: sclk on de-assertion,
asynchronous on assertion

Default Input Delay: 40% of sclk
Dependencies: Only present when CLOCK MODE==Enabled.
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Table 6: DW_apb_uart Signal Description

Name? Width 110 Description

scan_mode 1 hit I Scan mode used to ensure that test automation tools can control all
asynchronous flop signals. During scan this signal must be set high all
the time. In normal operation you must tie this signal low.

Active State: High

Registered: No

Synchronousto: pclk

Default Input Delay: 20% of pclk

FIFO Interface (Dependencies: Present only when FIFO MODE ! =NONE and MEM SELECT==External)

tx_ram_outn 8 hits I Data to the transmit FIFO RAM
Registered: No

Synchronousto: pclk

Default Input Delay: 60% of pclk

tx_ram_inn 8 hits @] Data from the transmit FIFO RAM
Registered: No

Synchronousto: pclk

Default Output Delay: 60% of pclk

tx_ram_rd_addrn |log,(FIFO_ | O | Read address pointer for the transmit FIFO RAM
MODE) Registered: Yes

Synchronousto: pclk

Default Output Delay: 60% of pclk

tx_ram_wr_addrn | logy,(FIFO_ | O | Write address pointer for transmit FIFO RAM
MODE) Registered: Yes

Synchronousto: pclk

Default Output Delay: 60% of pclk

tx_ram_we n 1 bit O | Write enable for the transmit FIFO RAM
Active State: Low

Registered: No

Synchronousto: pclk

Default Output Delay: 60% of pclk

tx_ram_re n 1 bit O | Read enable for the transmit FIFO RAM wake-up
Active State: Low

Registered: No

Synchronousto: pclk

Default Output Delay: 60% of pclk
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Table 6: DW_apb_uart Signal Description

Name? Width 110 Description
tx_ram rd ce n | 1hit O | Read port chip enable for transmit FIFO RAM
Active State: Low
Registered: Yes

Synchronousto: pclk
Default Output Delay: 60% of pclk

rx_ram_outn 10 hits I Data to the receive FIFO RAM
Registered: No

Synchronousto: pclk

Default Input Delay: 60% of pclk

rx_ram_inn 10 hits O | Datafrom thereceive FIFO RAM
Registered: No

Synchronousto: pclk

Default Output Delay: 60% of pclk

rx_ram_rd_addrn |logy(FIFO_ | O Read address pointer for the receive FIFO RAM
MODE) Registered: Yes

Synchronousto: pclk

Default Output Delay: 60% of pclk

rx_ram_wr_addrn |logy(FIFO_ | O | Write address pointer for the receive FIFO RAM
MODE) Registered: Yes

Synchronousto: pclk

Default Output Delay: 60% of pclk

rX_ram_we n 1 bit O | Writeenablefor the receive FIFO RAM
Active State: Low

Registered: No

Synchronousto: pclk

Default Output Delay: 60% of pclk

rx_ram_re n 1 hit @] Read enable for the receive FIFO RAM wake-up
Active State: Low

Registered: No

Synchronousto: pclk

Default Output Delay: 60% of pclk

rx_ram_rd ce n | 1hit O | Read port chip enable for receive FIFO RAM
Active State: Low

Registered: Yes

Synchronousto: pclk

Default Output Delay: 60% of pclk
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Table 6: DW_apb_uart Signal Description

Chapter 5: Signals

Name?

Width

/0

Description

M odem Interface

cts n

1 bit

Clear To Send Modem Status

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Input Delay: No specific requirement

dsr n

1 bit

Data Set Ready Modem Status input

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Input Delay: No specific requirement

dcd n

1 bit

Data Carrier Detect Modem Status input
Active State: Low

Registered: Yes

Synchronousto: pclk

Default Input Delay: No specific requirement

1 bit

Ring Indicator Modem Status input

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Input Delay: No specific requirement

dtr_n

1 bit

Modem Control Data Terminal Ready output
Active State: Low

Registered: No

Synchronousto: pclk

Default Output Delay: No specific requirement

rs n

1 bit

Modem Control Request To Send output

Active State: Low

Registered: No

Synchronousto: pclk

Default Output Delay: No specific requirement

out2_n

1 bit

Modem Control Programmable output 2

Active State: Low

Registered: No

Synchronousto: pclk

Default Output Delay: No specific requirement
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Table 6: DW_apb_uart Signal Description

Name? Width 110 Description
outl n 1 hit @] Modem Control Programmable output 1
Active State: Low
Registered: No

Synchronousto: pclk
Default Output Delay: No specific requirement

DMA Interface (Active State: The following signals are shown as active-low signals. An active-high version
of each signal is created when DMA POL==NO)

dma tx_req n 1 bit O | Transmit Buffer Ready indicates that the Transmit buffer requires
service from the DMA controller

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Output Delay: 90% of pclk

dma tx_single n |1 bit @] DMA Transmit FIFO Single informs the DMA controller that thereis
at least one free entry in the Transmit buffer/FIFO. This output does
not request a DMA transfer.

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Output Delay: 90% of pclk

Dependencies; Present only when DMA EXTRA==Yes

dma tx_ack_n 1 hit I DMA Transmit Acknowledge indicates that the DMA Controller has
transmitted the block of datato the DW_apb_uart for transmission

Active State: Low

Registered: No

Synchronousto: pclk

Default Input Delay: 50% of pclk

Dependencies; Present only when DMA EXTRA==Yes

dma_rx_req n 1 hit @] Receive Buffer Ready indicates that the Receive buffer requires
service from the DMA controller

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Output Delay: 90% of pclk
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Table 6: DW_apb_uart Signal Description

Name? Width 110 Description
dma rx_single n |1 hit O | DMA Receive FIFO Single informs the DMA controller that thereis
at least one free entry in the Receive buffer/FIFO. This output does
not request a DMA transfer.
Active State: Low
Registered: Yes

Synchronousto: pclk
Default Output Delay: 90% of pclk
Dependencies; Present only when DMA EXTRA==Yes

dma rx_ack n 1 bit DMA Receive Acknowledge indicates that the DMA Controller has
received the block of datafrom the DW_apb_uart.

Active State: Low

Registered: No

Synchronousto: pclk

Default Input Delay: 50% of pclk

Dependencies; Present only when DMA EXTRA==Yes

txrdy_n 1 bit O | Thistransmit buffer read signal is used for backward compatibility of
older DW_apb_uart components to indicate that the Transmit buffer
requires service from the DMA controller

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Output Delay: 90% of pclk
Dependencies. Present only when DMA EXTRA==No

rxrdy_n 1 bit O | Thisreceive buffer read signal is used for backward compatibility of
older DW_apb_uart components to indicate that the Receive buffer
requires service from the DMA controller

Active State: Low

Registered: Yes

Synchronousto: pclk

Default Output Delay: 90% of pclk
Dependencies: Present only when DMA EXTRA==No
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Table 6: DW_apb_uart Signal Description

Name? Width 110 Description
Serial Interface
sin 1 bit Serial input
Active State: High
Registered: Yes

Synchronousto: pclk (in single clock configuration)
sclk (in two clock configuration)

Default Input Delay: 85% of pclk or sclk, depending on
configuration

sout 1 bit O | Serid output

Active State: High

Registered: Yes

Synchronousto: pclk (in single clock configuration)
sclk (intwo clock configuration)

Default Output Delay: 90% of pclk or sclk, depending on
configuration

Infrared Interface (Dependencies: The following signals are present only when SIR_MODE==Enabled)

sir_in 1 bit I IrDA SIR input

Active State: High

Registered: Yes

Synchronousto: pclk (in single clock configuration)
sclk (in two clock configuration)

Default Input Delay: 85% of pclk or sclk, depending on
configuration

sir_out_n 1 bit O | IrDA SIR output

Active State: Low

Registered: Yes

Synchronousto: pclk (in single clock configuration)
sclk (intwo clock configuration)

Default Output Delay: 90% of pclk or sclk, depending on
configuration

Interrupt Interface

intr 1 bit O | Interrupt

Active State: High

Registered: Yes

Synchronousto: pclk

Default Output Delay: 80% of pclk
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Table 6: DW_apb_uart Signal Description

Name?

Width

/0

Description

Debug Interface

debugn

32 bits

On-chip debug signals as follows:
debug[31:14] = RAZ
debug[13] = RX push indication
(RBR or RX FIFO)
debug[12] = TX pop indication (THR or TX FIFO)
debug[11:10] = receiver trigger (FCR[7:6])
debug[9:8] = TX empty trigger (FCR[5:4])
debug[7] = DMA mode (FCR{[3])
debug[6:1] = individual interrupt sources:
debug[6] = line statusinterrupt
debug[5] = data avail able interrupt
debug[4] = character timeout interrupt
debug[3] = THRE interrupt
debug[ 2] = modem status interrupt
debug[1] = busy detect interrupt
debug[0] = FIFO enable (FCR{[0]).

Registered: No

Synchronousto: pclk

Output Delay: No specific requirement
Dependencies: Present only when DEBUG==Yes.

Clock Control Interface

uart_Ip_req_pclk

1 bit

pclk domain clock gate signal indicates that the UART isinactive, so
clocks may be gated to put the devicein alow-power (Ip) mode.

Active State: High

Registered: Yes

Synchronousto: pclk

Default Output Delay: 25% of pclk

Dependencies: Present only when CLK GATE EN==Include.

uart_Ip_req_sclk

1 bit

sclk domain clock gate signal indicates that the UART isinactive, so
clocks may be gated to put the devicein alow-power (Ip) mode.

Active State: High

Registered: Yes

Synchronousto: sclk

Default Output Delay: 25% of sclk

Dependencies: Present only when CLK_GATE EN==Include
and CLOCK_MODE==Enabled.
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Table 6: DW_apb_uart Signal Description

Name? Width 110 Description
baudout_n 1 bit O | Transmit clock output
Active State: Low
Registered: No

Synchronousto: pclk (in single clock configuration)
sclk (intwo clock configuration)

Default Output Delay: 5% of pclk or sclk, depending on
configuration

Dependencies: Present only when BAUD CLK==Yes.

a. Annon signa names denotes multiple signals with suffixes of (Width minus 1) down-to O.
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6

Registers

This chapter describes the programmable registers of the DW_apb_uart.

Register Memory Map
The DW_apb_uart has a number of internal registers that are accessed through the 5-bit address bus.

TI5=>Note
Since DW_apb_uart registers are only located 32-bit boundaries, paddr[1:0] may betied

low permanently, if so desired. Thiswould allow backward compatibility with standard
16550 UART programmability.

The following table summarizes the register memory map for the DW_apb_uart:

Address
Name Offset Width R/W Description
RBR 0x00 32 hits R Receive Buffer Register

Reset Value: 0x0
Dependencies: LCR[7] bit=0

THR 32 bits w Transmit Holding Register
Reset Value: 0x0
Dependencies: LCR[7] bit=0

DLL 32 bits R/W | Divisor Latch (Low)
Reset Value: 0x0
Dependencies: LCR[7] hit=1

DLH 0x04 32 bits R/W | Divisor Latch (High)
Reset Value: 0x0
Dependencies: LCR[7] hit=1

IER 32 bits R/W | Interrupt Enable Register
Reset Value: 0x0
Dependencies: LCR[7] bit=0
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Address
Name Offset Width R/W Description
IR 0x08 32 bits R Interrupt Identification Register
Reset Value: 0x01
FCR 32 hits w FIFO Control Register
Reset Value: 0x0
LCR 0x0C 32 bits R/W | Line Control Register
Reset Value: 0x0
MCR 0x10 32 bits R/W | Modem Control Register
Reset Value: 0x0
LSR 0x14 32 bits R Line Status Register
Reset Value: 0x60
MSR 0x18 32 bits R Modem Status Register
Reset Value: 0x0
SCR 0x1C 32 bits R/W | Scratchpad Register
Reset Value: 0x0
LPDLL 0x20 32 bits R/W | Low Power Divisor Latch (Low) Register
Reset Value: 0x0
LPDLH 0x24 32 bits R/W | Low Power Divisor Latch (High) Register
Reset Value: 0x0
Reserved 0x28 - - - -
0x2C
SRBR 0x30 - 32 bits R Shadow Receive Buffer Register
Ox6C Reset Value: 0x0
Dependencies: LCR[7] bit=0
STHR 32 bits W Shadow Transmit Holding Register
Reset Value: 0x0
Dependencies: LCR[7] bit=0
FAR 0x70 32 bits R/W | FIFO Access Register
Reset Value: 0x0
TFR Ox74 32 hits R Transmit FIFO Read
Reset Value: 0x0
RFW 0x78 32 bits W Receive FIFO Write
Reset Value: 0x0
USR Ox7C 32 hits R UART Status Register
Reset Value: 0x6
TFL 0x80 See R Transmit FIFO Level
Description Width: FIFO_ADDR WIDTH + 1
(page 118) Reset Value: 0x0

Synopsys, Inc.
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Address
Name Offset Width R/W Description
RFL 0x84 See R Receive FIFO Level
Description Width: FIFO_ ADDR WIDTH + 1
(page 119) Reset Value: 0x0
SRR 0x88 32 bits W Software Reset Register
Reset Value: 0x0
SRTS 0x8C 32 hits R/W | Shadow Request to Send
Reset Value: 0x0
SBCR 0x90 32 bits R/W | Shadow Break Control Register
Reset Value: 0x0
SDMAM 0x94 32 hits R/W | Shadow DMA Maode
Reset Value: 0x0
SFE 0x98 32 bits R/W | Shadow FIFO Enable
Reset Value: 0x0
SRT 0x9C 32 hits R/W | Shadow RCVR Trigger
Reset Value: 0x0
STET OxAO 32 bits R/W | Shadow TX Empty Trigger
Reset Value: 0x0
HTX OxA4 32 hits R/W | Hat TX
Reset Value: 0x0
DMASA OxA8 1 bit W DMA Software Acknowledge
Reset Value: 0x0
- OXAC- |- - -
OxFO
CPR OxF4 32 hits R Component Parameter Register
Reset Value: Configuration-dependent
ucv OxF8 32 bits R UART Component Version
Reset Value: See the Releases table in the
DW_apb_uart Release Notes
CTR OxFC 32 bits R Component Type Register

Reset Value: 0x44570110
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The following subsections describe the data fields of the DW_apb_uart registers.
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RBR on page 91
THR on page 92
DLH on page 93
DLL on page 94
|ER on page 95
IR on page 96
FCR on page 98
LCR on page 100
MCR on page 102
L SR on page 104
SCR on page 109
LPDLL on page 110
LPDLH on page 111
SRBR on page 112
STHR on page 113
FAR on page 114
TFR on page 115
RFW on page 116
USR on page 117
TFL on page 118
RFL on page 119
SRR on page 120
SRTSon page 121
SBCR on page 122
SDMAM on page 123
SFE on page 124
SRT on page 125
STET on page 126
HTX on page 127
CPR on page 128
UCV on page 129
CTR on page 130
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RBR

« Name: Receive Buffer Register

e Size: 32 bits

e Address Offset: 0x00
« Read/write access: read-only

| 31:8 7.0
Reserved -
Receive Buffer Register -
Bits Name | R/W Description
31:8 | Reserved and read as zero
7.0 Receive |R Data byte received on the serial input port (sin) in UART mode, or the serial
Buffer infrared input (sir_in) in infrared mode. The datain this register isvalid only if
Register the Data Ready (DR) bit in the Line Status Register (LCR) is set.

If in non-FIFO mode (FIFO_MODE == NONE) or FIFOs are disabled (FCR[Q]
set to zero), the datain the RBR must be read before the next data arrives,
otherwise it is overwritten, resulting in an over-run error.

If in FIFO mode (FIFO_MODE != NONE) and FIFOs are enabled (FCR[0] set
to one), this register accesses the head of the receive FIFO. If thereceive FIFO is
full and this register is not read before the next data character arrives, then the
data aready in the FIFO is preserved, but any incoming data are lost and an
OVer-run error occurs.

Reset Value: 0x0
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THR
« Name: Transmit Holding Register
e Size: 32 hits
e Address Offset: 0x00
« Read/write access: write-only

| 31:8 7.0
Reserved -
Transmit Holding Register -
Bits Name R/W Description

31:8 | Reserved and read as zero

7:0 Transmit | W Datato be transmitted on the serial output port (sout) in UART mode or the
Holding seria infrared output (sir_out_n) in infrared mode. Data should only be
Register written to the THR when the THR Empty (THRE) bit (LSR[5]) is set.

If in non-FIFO mode or FIFOs are disabled (FCR[0] = 0) and THRE is set,
writing a single character to the THR clears the THRE. Any additional
writes to the THR before the THRE is set again causes the THR data to be
overwritten.

If in FIFO mode and FIFOs are enabled (FCR[0] = 1) and THRE is set, x
number of characters of data may be written to the THR beforethe FIFO is
full. The number x (default=16) is determined by the value of FIFO Depth
that you set during configuration. Any attempt to write data when the FIFO
isfull resultsin the write data being lost.

Reset Value: 0x0
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DLH

« Name: Divisor Latch High
e Size: 32 hits

o Address Offset: 0x04

o Read/write access: read/write

| 31:8 7.0
Reserved -
Divisor Latch (high)
Bits Name | R/W Description
31:8 | Reserved and read as zero
7:0 | Divisor R/W | Upper 8-bits of a 16-hit, read/write, Divisor Latch register that contains the
Latch baud rate divisor for the UART. This register may only be accessed when the
(High) DLAB bit (LCR[7]) is set and the UART is not busy (USR[Q] is zero).

The output baud rateis equal to the serial clock (pclk if one clock design, sclk
if two clock design (CLOCK_MODE == Enabled)) frequency divided by
sixteen times the value of the baud rate divisor, as follows: baud rate = (serial
clock freq) / (16 * divisor).

Note that with the Divisor Latch Registers (DLL and DLH) set to zero, the
baud clock is disabled and no serial communications occur. Also, once the
DLH isset, at least 8 clock cycles of the owest DW_apb_uart clock should
be allowed to pass before transmitting or receiving data.

Reset Value: 0x0
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DLL

o Name: Divisor Latch Low

e Size: 32 bits

e Address Offset: 0x00

« Read/write access. read/write

| 31:8 7.0
Reserved -
Divisor Latch (low) -
Bits | Name | R/W Description

31:8 | Reserved and read as zero

7.0 Divisor | R/W | Lower 8 bits of a 16-bit, read/write, Divisor Latch register that contains the
Latch baud rate divisor for the UART. This register may only be accessed when the
(Low) DLAB bhit (LCR[7]) is set and the UART is not busy (USR[Q] is zero).

The output baud rateis equal to the serial clock (pclk if one clock design, sclk
if two clock design (CLOCK_MODE == Enabled)) frequency divided by
sixteen times the value of the baud rate divisor, as follows: baud rate = (serial
clock freq) / (16 * divisor).

Note that with the Divisor Latch Registers (DLL and DLH) set to zero, the
baud clock is disabled and no serial communications occur. Also, once the
DLL isset, at least 8 clock cycles of the slowest DW_apb_uart clock should
be allowed to pass before transmitting or receiving data.

Reset Value: 0x0
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IER

« Name: Interrupt Enable Register
e Size 32 bits

e Address Offset: 0x04

« Read/write access: read/write

| 31:8 |7]6:4[3[2]1]0|

Reserved
PTIME
Reserved
EDSSI
ELSI
ETBEI
ERBFI

YWYYRY

Bits Name R/W Description
31:8 | Reserved and read as zero

7 PTIME R/W | Programmable THRE Interrupt Mode Enable that can be written to only
when THRE_MODE_USER == Enabled, always readable. Thisisused to
enabl e/disabl e the generation of THRE Interrupt.

0 = disabled

1 = enabled

Reset Value: 0x0

6:4 Reserved and read as zero

3 EDSSI R/W | Enable Modem Status Interrupt. Thisis used to enable/disable the
generation of Modem Status Interrupt. Thisis the fourth highest priority
interrupt.

0 = disabled

1 =enabled

Reset Value: 0x0

2 ELSI R/W | Enable Receiver Line Status Interrupt. Thisis used to enable/disable the
generation of Receiver Line Status Interrupt. Thisis the highest priority
interrupt.

0 = disabled

1 =enabled

Reset Value: 0x0

1 ETBEI R/W | Enable Transmit Holding Register Empty Interrupt. Thisis used to
enabl e/disabl e the generation of Transmitter Holding Register Empty
Interrupt. Thisisthe third highest priority interrupt.

0 = disabled

1 = enabled

Reset Value: 0x0
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Bits Name R/W Description

0 ERBFI R/W | Enable Received Data Available Interrupt. Thisis used to enable/disable the
generation of Received Data Available Interrupt and the Character Timeout
Interrupt (if in FIFO mode and FIFOs enabled). These are the second
highest priority interrupts.

0 = disabled

1 = enabled

Reset Value: 0x0

IR

« Name: Interrupt Identity Register
e Size: 32 hits

e Address Offset: 0x08

« Read/write access: read-only

| 31:8 |7:6]5:4] 3:0 |

Reserved =
FIFOSE -=
Reserved -

IID =

Table 7: Interrupt Identification Register

Bits Name R/W Description
31:8 | Reserved and read as zero
7:6 | FIFOs R FIFOs Enabled. Thisis used to indicate whether the FIFOs are enabled or
Enabled (or disabled.
FIFOSE) 00 = disabled
11 = enabled
Reset Value: 0x00
5:4 | Reserved N/A | Reserved and read as zero
3:0 | Interrupt ID R Interrupt 1D. This indicates the highest priority pending interrupt which
(or 11D) can be one of the following types:

0000 = modem status

0001 = no interrupt pending
0010 = THR empty

0100 = received data available
0110 = receiver line status
0111 = busy detect

1100 = character timeout

Theinterrupt prioritiesare split into four levelsthat are detailed in Table 8
on page 97.

Bit 3 indicates an interrupt can only occur when the FIFOs are enabled and
used to distinguish a Character Timeout condition interrupt.

Reset Value: 0x01
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Table 8: Interrupt Control Functions

Chapter 6: Registers

Interrupt ID Interrupt Set and Reset Functions
Priority | Interrupt
Bit 3| Bit 2| Bit 1| Bit 0| Leve Type Interrupt Source Interrupt Reset Control
0 0 0 1 - None None -
0 1 1 0 Highest | Receiver | Overrun/parity/ framing | Reading the line status
line status | errors or break interrupt | register
0 1 0 0 Second |Received | Receiver dataavailable | Reading the receiver buffer
data (non-FIFO mode or register (non-FIFO mode or
available | FIFOs disabled) or FIFOs disabled) or the
RCVR FIFO trigger FIFO drops below the
level reached (FIFO trigger level (FIFO mode
mode and FIFOs and FIFOs enabl ed)
enabled)
1 1 0 0 Second | Character | No charactersin or out | Reading the receiver buffer
timeout of the RCVR FIFO register
indication | during thelast 4
character times and
thereisat least 1
character in it during
thistime
0 0 1 0 Third Transmit | Transmitter holding Reading the | IR register (if
holding register empty (Prog. source of interrupt); or,
register THRE Mode disabled) | writinginto THR (FIFOsor
empty or XMIT FIFO at or THRE Mode not selected or
below threshold (Prog. | disabled) or XMIT FIFO
THRE Mode enabled) | abovethreshold (FIFOsand
THRE Mode selected and
enabled).
0 0 0 0 Fourth | Modem Clear to send or data set | Reading the Modem status
status ready or ring indicator | register
or data carrier detect.
Note that if auto flow
control modeis
enabled, achangein
CTS(thatis, DCTS set)
does not cause an
interrupt.
0 1 1 1 Fifth Busy Master hastried towrite | Reading the UART status
detect to the Line Control register
indication | Register while the
DW_apb_uart is busy
(USR[O] is set to one).
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« Name: FIFO Control Register
e Size: 32 hits
e Address Offset: 0x08
« Read/write access: write-only

31:8 |7:6/5:4[3[2|1]0|

Reserved
RCVR
TET
DMAM
XFIFOR
RFIFOR
FIFOE

YUYYR Y

Thisregister isonly valid when the DW_apb_uart is configured to have FIFOs implemented

(FIFO_MODE !'= NONE). If FIFOs are not implemented, this register does not exist and writing to this

register address has no effect; reading from this register address returns zero.

Bits Name R/W Description
31:8 | Reserved and read as zero
7:6 RCVR W RCVR Trigger. Thisis used to select the trigger level in the receiver FIFO
Trigger (or a which the Received Data Available Interrupt is generated. In auto flow
RT) control modeit is used to determinewhen therts _nsignal is de-asserted. It
a so determines when the dma_rx_req _n signal isasserted in certain
modes of operation. For detailson DMA support, refer to “DMA Support”
on page 58. The following trigger levels are supported:
00 = 1 character in the FIFO
01 = FIFO Y full
10 = FIFO Y full
11 = FIFO 2 less than full
Reset Value: 0x0
54 |TX Empty |W TX Empty Trigger. Writes have no effect when THRE_MODE_USER ==
Trigger (or Disabled. Thisis used to select the empty threshold level at which the
TET) THRE Interrupts are generated when the modeis active. It also determines

when the dma_tx_req_n signal is asserted when in certain modes of
operation. For details on DMA support, refer to “DMA Support” on
page 58. The following trigger levels are supported:

00 = FIFO empty

01 = 2 charactersin the FIFO

10 = FIFO Y4 full

11 = FIFO Y2 full

Reset Value: 0x0
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Bits Name R/W Description
3 DMA Mode | W DMA Mode. This determines the DMA signalling mode used for the
(or DMAM) dma_tx_req nand dma rx_req n output signals when additional DMA
handshaking signals are not selected (DMA_EXTRA == No). For details
on DMA support, refer to “DMA Support” on page 58.
0=modeO
1=mode 1
Reset Value: 0x0
2 XMIT FIFO | W XMIT FIFO Reset. This resets the control portion of the transmit FIFO
Reset (or and treats the FIFO as empty. This also de-asserts the DMA TX request
XFIFOR) and single signals when additional DMA handshaking signals are selected
(DMA_EXTRA == YES). Note that thisbit is 'self-clearing'. It is not
necessary to clear this hit.
Reset Value: 0x0
1 RCVRFIFO |W RCVR FIFO Reset. Thisresetsthe control portion of the receive FIFO and
Reset (or treats the FIFO as empty. This also de-asserts the DMA RX request and
RFIFOR) single signals when additional DMA handshaking signals are sel ected
(DMA_EXTRA == YES). Note that this hit is 'self-clearing'. It is not
necessary to clear this hit.
Reset Value: 0x0
0 FIFO Enable | W FIFO Enable. This enableg/disables the transmit (XMIT) and receive
(or FIFOE) (RCVR) FIFOs. Whenever the value of this bit is changed both the XMIT
and RCVR controller portion of FIFOsis reset.
Reset Value: 0x0
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LCR

« Name: Line Control Register
« Size: 32 bits

e Address Offseat: Ox0C

« Read/write access: read/write

| 31:8 |7]6]5|4[3]|2]1:0]

Reserved -
DLAB -=

BC -

Stick Parity (raz) =
EPS =

PEN g

STOP -«

DLS =

Bits Name R/W Description
31:8 | Reserved and read as zero

7 DLAB R/W | Divisor Latch Access Bit.Writeable only when UART is not busy (USR[O]
is zero), always readable. This bit is used to enable reading and writing of
the Divisor Latch register (DLL and DLH) to set the baud rate of the
UART. This bit must be cleared after initial baud rate setup in order to
access other registers.

Reset Value: 0x0

6 Break (or R/W | Break Control Bit.Thisis used to cause a break condition to be transmitted
BC) tothereceiving device. If set to onethe serial output isforced to the spacing
(logic 0) state. When not in Loopback Mode, as determined by MCR([4], the
sout lineisforced low until the Break bit is cleared. If SIR_MODE ==
Enabled and active (MCR[ 6] set to one) the sir_out_n line is continuously
pulsed. When in Loopback Mode, the break condition isinternally looped
back to the receiver and the sir_out_n lineisforced low.

Reset Value: 0x0

Stick Parity | Reserved and read as zero

EPS R/W | Even Parity Select. Writeable only when UART is not busy (USR[0] is
zero), always readable. Thisis used to select between even and odd parity,
when parity is enabled (PEN set to one). If set to one, an even number of
logic 1sis transmitted or checked. If set to zero, an odd number of logic 1s
istransmitted or checked.

Reset Value: 0x0

3 PEN R/W | Parity Enable. Writeable only when UART is not busy (USR[0] is zero),
alwaysreadable. Thisbit isused to enable and disable parity generation and
detection in transmitted and received serial character respectively.

0 = parity disabled

1 = parity enabled

Reset Value: 0x0
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Bits Name R/W Description

2 STOP R/W | Number of stop bits. Writeable only when UART is not busy (USR[0] is
zero), aways readable. Thisis used to select the number of stop bits per
character that the peripheral transmits and receives. If set to zero, one stop
bit istransmitted in the serial data.

If set to one and the data bits are set to 5 (LCR[1:0] set to zero) one and a
half stop bitsis transmitted. Otherwise, two stop bits are transmitted. Note
that regardless of the number of stop bits selected, the receiver checks only
thefirst stop bit.

0 =1 stop bit

1=1.5stop bitswhen DLS (LCR[1:0]) is zero, else 2 stop bit

Reset Value: 0x0

1.0 |DLS(or R/W | Data Length Select. Writeable only when UART is not busy (USR[0] is
CLS, asused zero), aways readable. Thisis used to select the number of data bits per

in legacy) character that the peripheral transmits and receives. The number of bit that
may be selected areas follows:

00 =5 bits

01 = 6 bits

10 =7 bits

11 = 8 hits

Reset Value: 0x0
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MCR

« Name: Modem Control Register
« Size: 32 bits

e Address Offset: 0x10

« Read/write access: read/write

| 317 l6]5]4|3]2]|1]0|

Reserved =
SIRE =
AFCE -

LB -
OUT2 =
OUT1 g

RTS -
DTR <=

Bits Name R/W Description
31:7 | Reserved and read as zero

6 SIRE R/W | SIR Mode Enable. Writeable only when SIR_MODE == Enabled, always
readable. Thisis used to enable/disable the IrDA SIR Mode features as
described in “IrDA 1.0 SIR Protocol” on page 47.

0=IrDA SIR Mode disabled
1=1rDA SIR Mode enabled

Reset Value: 0x0

5 AFCE R/W | Auto Flow Control Enable. Writeable only when AFCE_MODE == Enabled,
always readable. When FIFOs are enabled and the Auto Flow Control Enable
(AFCE) bit is set, Auto Flow Control features are enabled as described in
“Auto Flow Control” on page 51.

0 = Auto Flow Control Mode disabled
1 = Auto Flow Control Mode enabled

Reset Value: 0x0

4 LoopBack | R/W | LoopBack Bit. Thisis used to put the UART into a diagnostic mode for test
(orLB) purposes.

If operating in UART mode (SIR_MODE != Enabled or not active, MCR[6]
set to zero), data on the sout line is held high, while serial data output is
looped back to the sin line, internally. In thismode al the interrupts are fully
functional. Also, in loopback mode, the modem control inputs (dsr_n, cts n,
ri_n, ded_n) are disconnected and the modem control outputs (dtr_n, rts n,
outl n, out2_n) arelooped back to the inputs, internally.

If operating in infrared mode (SIR_MODE == Enabled AND active, MCR[6]
set to one), dataon the sir_out_nlineis held low, while serial data output is
inverted and looped back to the sir_in line.

Reset Value: 0x0
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Bits Name R/W Description
3 ouT2 R/W | OUT2. Thisisused to directly control the user-designated Output2 (out2_n)
output. The value written to thislocation is inverted and driven out on
out2 n, thatis:

0 = out2_n de-asserted (logic 1)

1 =out2_n asserted (logic 0)

Note that in Loopback mode (MCR[4] set to one), the out2_n output is held
inactive high while the value of thislocation isinternally looped back to an
input.

Reset Value: 0x0

2 OuUT1 R/W | OUTL. Thisisused to directly control the user-designated Outputl (outl n)
output. The value written to thislocation is inverted and driven out on
outl n, thatis:

0 = outl nde-asserted (logic 1)

1=outl nasserted (logic 0)

Note that in Loopback mode (MCR[4] set to one), the outl n output isheld
inactive high while the value of thislocation isinternally looped back to an
input.

Reset Value: 0x0

1 RTS R/W | Request to Send. Thisisused to directly control the Request to Send (rts_n)
output. The Request To Send (rts_n) output is used to inform the modem or
data set that the UART isready to exchange data.

When Auto RTS Flow Control is not enabled (M CR[5] set to zero), therts n
signal is set low by programming MCR[1] (RTS) to ahigh.In Auto Flow
Control, AFCE_MODE == Enabled and active (MCR[5] set to one) and
FIFOs enable (FCR[0] set to one), the rts_n output is controlled in the same
way, but is also gated with the receiver FIFO threshold trigger (rts nis
inactive high when above the threshold). Therts nsignal isde-asserted when
MCR[1] is set low.

Note that in Loopback mode (MCR[4] set to one), the rts_n output is held
inactive high while the value of thislocation isinternally looped back to an
input.

Reset Value: 0x0

0 DTR R/W | Data Terminal Ready. Thisis used to directly control the Data Terminal
Ready (dtr_n) output. The value written to thislocation isinverted and driven
out on dtr_n, that is:

0 = dtr_n de-asserted (logic 1)

1 =dtr_n asserted (logic 0)

The Data Terminal Ready output is used to inform the modem or data set that
the UART isready to establish communications. Note that in L oopback
mode (MCRJ[4] set to one), the dtr_n output is held inactive high while the
value of thislocation isinternally looped back to an input.

Reset Value: 0x0
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« Name: Line Status Register

e Size: 32 bits

e Address Offset: 0x14
« Read/write access: read-only

| 31:8 |7]6]5]4]3]2|1]0]
Reserved =
RFE =
TEMT <=
THRE <=
Bl -
FE -
PE -
OE =
DR =
Bits | Name | R/W Description
31:8 | Reserved and read as zero
7 RFE R Receiver FIFO Error bit. Thisbit is only relevant when FIFO_MODE != NONE
AND FIFOsare enabled (FCR[0] set to one). Thisisused toindicateif thereisat
least one parity error, framing error, or break indication in the FIFO.
O=noerrorin RX FIFO
l=-errorinRX FIFO
Thisbit is cleared when the LSR isread and the character with the error is at the
top of the receiver FIFO and there are no subsequent errorsin the FIFO.
Reset Value: 0x0
6 TEMT |R Transmitter Empty bit. If in FIFO mode (FIFO_MODE != NONE) and FIFOs
enabled (FCR[0] set to one), this bit is set whenever the Transmitter Shift
Register and the FIFO are both empty. If in non-FIFO mode or FIFOs are
disabled, thisbit is set whenever the Transmitter Holding Register and the
Transmitter Shift Register are both empty.
Reset Value: 0x1
5 THRE |R Transmit Holding Register Empty bit. If THRE_MODE_USER == Disabled or

THRE modeis disabled (IER[7] set to zero) and regardless of FIFO's being
implemented/enabled or not, this bit indicates that the THR or TX FIFO is
empty.

Thisbit is set whenever datais transferred from the THR or TX FIFO to the
transmitter shift register and no new data has been written to the THR or TX
FIFO. This also causes a THRE Interrupt to occur, if the THRE Interrupt is
enabled. If THRE_MODE _USER == Enabled AND FIFO_MODE != NONE
and both modes are active (IER[ 7] set to one and FCR[0] set to one
respectively), the functionality is switched to indicate the transmitter FIFO is
full, and no longer controls THRE interrupts, which are then controlled by the
FCR[5:4] threshold setting.

For more details, see “Programmable THRE Interrupt” on page 54.
Reset Value: 0x1
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Bits | Name | R/W Description

4 Bl R Break Interrupt bit. Thisis used to indicate the detection of a break sequence on
the serial input data.

If in UART mode (SIR_MODE == Disabled), it is set whenever the seria input,
sin,isheldin alogic'0" state for longer than the sum of start time + data bits +
parity + stop bits.

If ininfrared mode (SIR_MODE == Enabled), it is set whenever the seria input,
sir_in, is continuously pulsed to logic '0' for longer than the sum of start time +
data bits + parity + stop bits. A break condition on serial input causes one and
only one character, consisting of al zeros, to be received by the UART.

In the FIFO mode, the character associated with the break condition is carried
through the FIFO and is revealed when the character is at the top of the FIFO.
Reading the LSR clears the Bl bit. In the non-FIFO mode, the Bl indication
occursimmediately and persists until the LSR is read.

Reset Value: 0x0

3 FE R Framing Error bit. Thisis used to indicate the occurrence of aframing error in
the receiver. A framing error occurs when the receiver does not detect avalid
STOP bit in the received data.

In the FIFO mode, since the framing error is associated with a character
received, it is revealed when the character with the framing error is at the top of
the FIFO. When aframing error occurs, the UART triesto resynchronize. It does
this by assuming that the error was due to the start bit of the next character and
then continues receiving the other bit i.e. data, and/or parity and stop. It should
be noted that the Framing Error (FE) bit (LSR[3]) is set if a break interrupt has
occurred, asindicated by Break Interrupt (BI) bit (LSR[4]).

0 = no framing error

1 =framing error

Reading the L SR clears the FE bit.
Reset Value: 0x0

2 PE R Parity Error bit. Thisis used to indicate the occurrence of a parity error in the
receiver if the Parity Enable (PEN) bit (LCR[3]) is set.

In the FIFO mode, since the parity error is associated with acharacter received, it
isrevealed when the character with the parity error arrives at the top of the FIFO.
It should be noted that the Parity Error (PE) bit (LSR[2]) is set if abreak
interrupt has occurred, asindicated by Break Interrupt (BI) bit (LSR[4]).

0 = no parity error

1 = parity error

Reading the L SR clears the PE bit.

Reset Value: 0x0
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Bits | Name | R/W Description
1 OE R Overrun error bit. Thisis used to indicate the occurrence of an overrun error.
This occurs if anew data character was received before the previous data was
read.

In the non-FIFO mode, the OE hit is set when anew character arrivesin the
receiver before the previous character was read from the RBR. When this
happens, the datain the RBR is overwritten. In the FIFO mode, an overrun error
occurswhen the FIFO isfull and anew character arrives at the receiver. The data
in the FIFO is retained and the data in the receive shift register islost.

0 = no overrun error
1 = overrun error

Reading the LSR clears the OE hit.
Reset Value: 0x0

0 DR R Data Ready hit. Thisis used to indicate that the receiver contains at least one
character in the RBR or the receiver FIFO.

0 = no dataready
1 = dataready

Thisbit is cleared when the RBR isread in non-FIFO mode, or when the receiver
FIFO is empty, in FIFO mode.

Reset Value: 0x0
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MSR

« Name: Modem Status Register

e Size: 32 bits

e Address Offset: 0x18
« Read/write access: read-only

Whenever hits 0, 1, 2 or 3 are set to logic one, to indicate a change on the modem control inputs, a

31:8 |7]6]5]4]3]2|1]0]

Reserved =
DCD -=

Rl <

DSR =
CTS -
DDCD g
TERI g
DDSR =
DCTS =

modem status interrupt is generated if enabled through the IER, regardless of when the change
occurred. Since the delta bits (bits 0, 1, 3) can get set after areset if their respective modem signals are
active (seeindividual bits for details), aread of the MSR after reset can be performed to prevent
unwanted interrupts.

Bits | Name | R/W Description

31:8 | Reserved and read as zero

7 DCD |R Data Carrier Detect. Thisis used to indicate the current state of the modem
control line dcd_n. Thisbit is the complement of dcd_n. When the Data Carrier
Detect input (dcd_n) is asserted it is an indication that the carrier has been
detected by the modem or data set.
0 =dcd_ninput isde-asserted (logic 1)
1=dcd ninputisasserted (logic 0)
In Loopback Mode (MCR[4] set to one), DCD is the same as MCR[3] (Out2).
Reset Value: 0x0

6 RI R Ring Indicator. Thisisused to indicate the current state of the modem control line
ri_n. Thishit is the complement of ri_n. When the Ring Indicator input (ri_n) is
asserted it isan indication that atelephone ringing signal has been received by the
modem or data set.
0 =ri_ninput is de-asserted (logic 1)
1=ri_ninputisasserted (logic 0)
In Loopback Mode (MCR[4] set to one), RI isthe same as MCR[2] (Outl).
Reset Value: 0x0
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Bits | Name | R/W Description

5 DSR R Data Set Ready. Thisis used to indicate the current state of the modem control
line dsr_n. Thisbit is the complement of dsr_n. When the Data Set Ready input
(dsr_n) isasserted it is an indication that the modem or data set is ready to
establish communications with the DW_apb_uart.

0=dsr_ninputis de-asserted (logic 1)

1=dsr_ninputisasserted (logic 0)

In Loopback Mode (MCR[4] set to one), DSR is the same as MCR[0] (DTR).
Reset Value: 0x0

4 CTS R Clear to Send. Thisis used to indicate the current state of the modem control line
cts_n. Thisbit is the complement of cts_n. When the Clear to Send input (cts_n)
isasserted it is an indication that the modem or data set isready to exchange data
with the DW_apb_uart.

0 =cts ninput is de-asserted (logic 1)

1=cts ninput isasserted (logic 0)

In Loopback Mode (MCR[4] = 1), CTSisthe same as MCR[1] (RTS).

Reset Value: 0x0

3 DDCD |R Delta Data Carrier Detect. Thisis used to indicate that the modem control line
dcd_n has changed since the last time the M SR was read.

0 =no change on dcd_n since last read of MSR
1 =changeon dcd_n since last read of MSR

Reading the MSR clears the DDCD hit. In Loopback Mode (MCR[4] = 1),
DDCD reflects changes on MCR[3] (Out2).

Note, if the DDCD bit is hot set and the dcd_n signal is asserted (low) and areset
occurs (software or otherwise), then the DDCD hit is set when the reset is
removed if thedcd_n signal remains asserted.

Reset Value: 0x0

2 TERI |R Trailing Edge of Ring Indicator. Thisis used to indicate that a change on the input
ri_n (from an active-low to an inactive-high state) has occurred since the last time
the MSR was read.

0 =no changeon ri_n since last read of MSR
1=changeonri_nsincelast read of MSR

Reading the MSR clears the TERI bit. In Loopback Mode (MCR[4] = 1), TERI
reflects when MCR[ 2] (Outl) has changed state from a high to alow.

Reset Value: 0x0

1 DDSR |R Delta Data Set Ready. Thisis used to indicate that the modem control linedsr_n
has changed since the last time the MSR was read.

0 =no changeon dsr_n since last read of MSR
1 =changeon dsr_n sincelast read of MSR

Reading the M SR clearsthe DDSR bit. In Loopback Mode (MCR[4] = 1), DDSR
reflects changes on MCR[Q] (DTR).

Note, if the DDSR bit isnot set and the dsr_n signal is asserted (low) and areset
occurs (software or otherwise), then the DDSR bit is set when the reset is
removed if thedsr_n signal remains asserted.

Reset Value: 0x0
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Bits | Name | R/W Description
0 DCTS |R Delta Clear to Send. Thisisused to indicate that the modem control line cts n has
changed since the last time the M SR was read.
0 = no change on ctsdsr_n since last read of MSR
1 =changeon ctsdsr_n since last read of MSR
Reading the MSR clearsthe DCTS bit. In Loopback Mode (MCR[4] = 1), DCTS
reflects changes on MCR[1] (RTS).
Note, if the DCTS hit isnot set and the cts n signal is asserted (low) and a reset
occurs (software or otherwise), then the DCTS bit is set when thereset is
removed if the cts_n signal remains asserted.
Reset Value: 0x0
SCR
« Name: Scratchpad Register
e Size: 32 hits
e Address Offset: 0x1C
« Read/write access: read/write
| 31:8 7.0
Reserved -
Scratchpad Register g
Bits Name R/W Description
31:8 | Reserved and read as zero
7:0 | Scrachpad | R/W | Thisregister isfor programmers to use as atemporary storage space. It has

Register

no defined purpose in the DW_apb_uart.
Reset Value: 0x0
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LPDLL

« Name: Low Power Divisor Latch Low Register
e Size 32 bits

e Address Offset: 0x1C

« Read/write access: read/write

Thisregister isonly valid when the DW_apb_uart is configured to have SIR low-power reception
capabilitiesimplemented (SIR_LP_RX = Yes). If SIR low-power reception capabilities are not
implemented, this register does not exist and reading from thsi register address returns zero.

| 31:8 | 70 |

Reserved <= ‘
Low Power Divisor Latch Low Register -

Bits Name R/W Description
31:8 | Reserved and read as zero

7.0 |LPDLL R/W | Thisregister makes up the lower 8-bits of a 16-hit, read/write, Low Power
Divisor Latch register that contains the baud rate divisor for the UART,
which must give a baud rate of 115.2K. Thisisrequired for SIR Low Power
(minimum pulse width) detection at the receiver. This register may only be
accessed when the DLAB bit (LCRJ[7]) is set and the UART is not busy
(USR[Q]) is0). The output low-power baud rate is equal to the serial clock
(sclk) frequency divided by sixteen times the value of the baud rate divisor,
asfollows:

Low power baud rate = (serial clock frequency)/(16* divisor)

Therefore, adivisor must be selected to give abaud rate of 115.2K.

NOTE: When the Low Power Divisor Latch registers (LPDLL and LPDLH)
are set to 0, the low-power baud clock is disabled and no low-power pulse
detection (or any pulse detection) occurs at the receiver. Also, once the

LPDLL isset, at least eight clock cycles of the slowest DW_apb_uart clock
should be allowed to pass before transmitting or receiving data.

Reset Value: 0x0
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LPDLH

« Name: Low Power Divisor Latch High Register
e Size 32 bits

e Address Offset: 0x1C

« Read/write access: read/write

Thisregister isonly valid when the DW_apb_uart is configured to have SIR low-power reception
capabilitiesimplemented (SIR_LP_RX = Yes). If SIR low-power reception capabilities are not
implemented, this register does not exist and reading from thsi register address returns zero.

| 31:8 | 70 |

Reserved - ‘
Low Power Divisor Latch High Register g

Bits Name R/W Description
31:8 | Reserved and read as zero

7.0 |LPDLH R/W | Thisregister makes up the upper 8-bits of a 16-bit, read/write, Low Power
Divisor Latch register that contains the baud rate divisor for the UART,
which must give a baud rate of 115.2K. Thisisrequired for SIR Low Power
(minimum pulse width) detection at the receiver. This register may only be
accessed when the DLAB bit (LCRJ[7]) is set and the UART is not busy
(USR[Q]) is0). The output low-power baud rate is equal to the serial clock
(sclk) frequency divided by sixteen times the value of the baud rate divisor,
asfollows:

Low power baud rate = (serial clock frequency)/(16* divisor)

Therefore, adivisor must be selected to give abaud rate of 115.2K.

NOTE: When the Low Power Divisor Latch registers (LPDLL and LPDLH)
are set to 0, the low-power baud clock is disabled and no low-power pulse
detection (or any pulse detection) occurs at the receiver. Also, once the

LPDLH isset, at least eight clock cycles of the slowest DW_apb_uart clock
should be allowed to pass before transmitting or receiving data.

Reset Value: 0x0
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SRBR

« Name: Shadow Receive Buffer Register
e Size: 32 hits

e Address Offset: 0x30 - 0x6C

« Read/write access: read-only

| 31:8 7.0

Reserved = ‘
Shadow Receive Buffer Register g

Thisregister isonly valid when the DW_apb_uart is configured to have additional shadow registers
implemented (SHADOW == YEY). If shadow registers are not implemented, this register does not
exist and reading from this register address returns zero.

Bits Name R/W Description
31:8 | Reserved and read as zero
7:0 | Shadow R Thisisashadow register for the RBR and has been allocated sixteen 32-hbit

Receive locations so as to accommodate burst accesses from the master. This
Buffer register contains the data byte received on the serial input port (sin) in
Register UART mode or the serial infrared input (sir_in) in infrared mode. The data

in thisregister isvalid only if the Data Ready (DR) bit in the Line status
Register (LSR) is set.

If in non-FIFO mode (FIFO_MODE == NONE) or FIFOs are disabled
(FCRIQ] set to zero), the datain the RBR must be read before the next data
arrives, otherwise it is overwritten, resulting in an overrun error.

If in FIFO mode (FIFO_MODE !'= NONE) and FIFOs are enabled (FCR[ 0]
set to one), this register accesses the head of the receive FIFO. If the
receive FIFO isfull and thisregister is not read before the next data
character arrives, then the data aready in the FIFO are preserved, but any
incoming dataislost. An overrun error also occurs.

Reset Value: 0x0
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STHR

« Name: Shadow Transmit Holding Register
e Size: 32 bits

e Address Offset: 0x30 - Ox6C
 Read/write access. write

| 31:8 7.0

Reserved - ‘
Shadow Transmit Holding Register -

Thisregister isonly valid when the DW_apb_uart is configured to have additional shadow registers
implemented (SHADOW == YEY). If shadow registers are not implemented, this register does not
exist, and reading from this register address returns zero.

Bits Name R/W Description
31:8 | Reserved and read as zero
7:0 | Shadow W Thisisashadow register for the THR and has been allocated sixteen 32-bit

Transmit locations so as to accommodate burst accesses from the master. This
Holding register contains data to be transmitted on the serial output port (sout) in
Register UART mode or the serial infrared output (sir_out_n) ininfrared mode. Data

should only be written to the THR when the THR Empty (THRE) bit
(LSR[5]) isset.

If in non-FIFO mode or FIFOs are disabled (FCR[0] set to zero) and THRE
is set, writing a single character to the THR clearsthe THRE. Any
additional writesto the THR before the THRE is set again causesthe THR
data to be overwritten.

If in FIFO mode and FIFOs are enabled (FCR[0] set to one) and THRE is
set, x number of characters of data may be written to the THR before the
FIFO isfull. The number x (default=16) is determined by the value of FIFO
Depth that you set during configuration. Any attempt to write datawhen the
FIFO isfull resultsin the write data being lost.

Reset Value: 0x0
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FAR

« Name: FIFO Access Register
e Size: 32 bits

e Address Offset: 0x70

« Read/write access. read/write

| 311 0]
Reserved =
FIFO Access Register s
Bits Name R/W Description

31:1 | Reserved and read as zero

0 FIFOAccess | RIW | Writes have no effect when FIFO_ACCESS == No, aways readable. This
Register register is use to enable a FIFO access mode for testing, so that the receive
FIFO can be written by the master and the transmit FIFO can be read by the
master when FIFOs are implemented and enabled. When FIFOs are not
implemented or not enabled it allows the RBR to be written by the master
and the THR to be read by the master.

0 = FIFO access mode disabled
1 = FIFO access mode enabled

Note, that when the FIFO access mode is enabl ed/disabled, the control
portion of the receive FIFO and transmit FIFO is reset and the FIFOs are
treated as empty.

Reset Value: 0x0
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TFR

e Name: Transmit FIFO Read
e Size: 32 bits
o Address Offset: 0x74
« Read/write access: read-only

Thisregister isonly valid when the DW_apb_uart is configured to have the FIFO access test mode

31:8 7:0

Reserved <= ‘
Transmit FIFO Read -

Chapter 6: Registers

available (FIFO_ACCESS == YES). If not configured, thisregister does not exist and reading from this
register address returns zero.

Bits Name R/W Description
31:8 | Reserved and read as zero
7:0 | Transmit R Transmit FIFO Read. These bits are only valid when FIFO access mode is
FIFO Read enabled (FARJ[Q] is set to one).

When FIFOs are implemented and enabled, reading this register gives the
data at the top of the transmit FIFO. Each consecutive read pops the
transmit FIFO and gives the next data value that is currently at the top of
the FIFO.

When FIFOs are not implemented or not enabled, reading this register
givesthe datain the THR.

Reset Value: 0x0
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RFW

« Name: Receive FIFO Write
e Size: 32 bits

e Address Offset: 0x78

« Read/write access: write-only

| 31:10 [o]8] 70

Reserved =
RFFE -
RFPE -
RFWD -

Thisregister isonly valid when the DW_apb_uart is configured to have the FIFO access test mode
available (FIFO_ACCESS == YES). If not configured, thisregister does not exist and reading from this
register address returns zero.

Bits | Name | R/W Description
31:10 | Reserved and read as zero
9 RFFE |W Receive FIFO Framing Error. These bits are only valid when FIFO access

mode is enabled (FAR[0] is set to one). When FIFOs are implemented and
enabled, this bit is used to write framing error detection information to the
receive FIFO. When FIFOs are not implemented or not enabled, thisbit isused
to write framing error detection information to the RBR.

Reset Value: 0x0

8 RFPE |W Receive FIFO Parity Error. These bits are only valid when FIFO access mode
isenabled (FAR[O] is set to one). When FIFOs are implemented and enabled,
this bit is used to write parity error detection information to the receive FIFO.
When FIFOs are not implemented or not enabled, thisbit is used to write
parity error detection information to the RBR.

Reset Value: 0x0

7.0 RFWD |W Receive FIFO Write Data. These bitsare only valid when FIFO accessmodeis
enabled (FAR[O] is set to one). When FIFOs are implemented and enabled, the
data that is written to the RFWD is pushed into the receive FIFO. Each
consecutive write pushes the new data to the next write location in the receive
FIFO. When FIFOs are not implemented or not enabled, the datathat iswritten
to the RFWD is pushed into the RBR.

Reset Value: 0x0
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USR

« Name: UART Status Register
e Size: 32 hits

e Address Offset: Ox7C

« Read/write access: read-only

| 315 4]3]2]1]0]

Reserved
RFF
RFNE
TFE
TFENF
BUSY

'YYYRW!

Bits | Name | R/W Description
31:5 | Reserved and read as zero

4 RFF R Receive FIFO Full. Thisbit isonly valid when FIFO_STAT == YES. Thisis
used to indicate that the receive FIFO is completely full.

0 = Receive FIFO not full
1 = Receive FIFO Full

This bit is cleared when the RX FIFO is no longer full.
Reset Value: 0x0

3 RFNE |R Receive FIFO Not Empty. Thisbit isonly valid when FIFO_STAT == YES. This
is used to indicate that the receive FIFO contains one or more entries.

0 = Receive FIFO is empty

1 = Receive FIFO is not empty

This bit is cleared when the RX FIFO is empty.
Reset Value: 0x0

2 TFE R Transmit FIFO Empty. Thisbit isonly valid when FIFO_STAT == YES. Thisis
used to indicate that the transmit FIFO is completely empty.

0 = Transmit FIFO is not empty
1 = Transmit FIFO is empty

This bit is cleared when the TX FIFO isno longer empty.
Reset Value: 0x1

1 TENF | R Transmit FIFO Not Full. Thishit isonly valid when FIFO_STAT == YES. This
is used to indicate that the transmit FIFO in not full.

0 = Transmit FIFO isfull
1 = Transmit FIFO is not full

This bit is cleared when the TX FIFO isfull.
Reset Value: 0x1
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Bits | Name | R/W Description

0 BUSY |R UART Busy. Thisisindicatesthat a serial transfer isin progress, when cleared
indicates that the DW_apb_uart isidle or inactive.

0=DW_apb_uartiside or inactive

1=DW_apb_uartisbusy (actively transferring data)

NOTE: Itispossible for the UART Busy bit to be cleared even though a new
character may have been sent from another device. That is, if the DW_apb_uart
has no datain THR and RBR and there is no transmission in progress and a start
bit of a new character has just reached the DW_apb_uart. Thisis due to the fact
that avalid start is not seen until the middle of the bit period and this duration is
dependent on the baud divisor that has been programmed. If a second system
clock has been implemented (CLOCK_MODE == Enabled), the assertion of this
bit is also delayed by severa cycles of the slower clock.

Reset Value: 0x0

TFL

« Name: Transmit FIFO Level

o Size FIFO_ADDR WIDTH +1
o Address Offset: 0x80

« Read/write access: read-only

| 31:FIFO_ADDR_WIDTH +1 FIFO_ADDR_WIDTH:0

Reserved 4—‘

Transmit FIFO Level <4

Thisregister isonly valid whenthe DW_apb_uart is configured to have additional FIFO status registers
implemented (FIFO_STAT == YES). If status registers are not implemented, this register does not exist
and reading from this register address returns zero.

Bits Name | R/W Description
31:FIFO_ADDR WIDTH +1 Reserved and read as zero
FIFO_ADDR WIDTH:0 Transmit |R Transmit FIFO Level. Thisisindicates the number
FIFO of dataentriesin the transmit FIFO.
Level Reset Value: Ox0

118 Synopsys, Inc. January 20, 2006



DesignWare DW_apb_uart Databook Chapter 6: Registers

RFL

o Name: Receive FIFO Level

o Size FIFO_ADDR WIDTH +1
o Address Offset: 0x84

« Read/write access: read-only

| 31:FIFO_ADDR_WIDTH +1 FIFO_ADDR_WIDTH:0

Reserved 4—‘

Receive FIFO Level <-4

Thisregister isonly valid whenthe DW_apb_uart is configured to have additional FIFO status registers
implemented (FIFO_STAT == YES). If status registers are not implemented, this register does not exist
and reading from this register address returns zero.

Bits Name | R/W Description
31:FIFO_ADDR WIDTH + 1 Reserved and read as zero
FIFO_ADDR WIDTH:0 Receive | R Receive FIFO Level. Thisisindicates the number
FIFO of data entriesin the receive FIFO.
Level Reset Value: 0x0
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SRR

« Name: Software Reset Register
e Size: 32 hits

e Address Offset: 0x88

« Read/write access: write-only

| 31:3 [2]1]0]

Reserved =
XFR =
RFR -

UR --

Thisregister isonly valid when the DW_apb_uart is configured to have additional shadow registers
implemented (SHADOW == YEY). If shadow registers are not implemented, this register does not
exist and reading from this register address returns zero.

Bits | Name | R/W Description
31:3 | Reserved and read as zero

2 XFR W XMIT FIFO Reset. Thisis ashadow register for the XMIT FIFO Reset bit
(FCR[2)]). This can be used to remove the burden on software having to store
previoudy written FCR values (which are pretty static) just to reset the transmit
FIFO. Thisresetsthe control portion of the transmit FIFO and treatsthe FIFO as
empty. This also de-asserts the DMA TX request and single signals when
additional DMA handshaking signals are selected (DMA_EXTRA == YES).
Note that thisbit is 'self-clearing'. It is not necessary to clear this bit.

Reset Value: 0x0

Dependencies: Writes have no effect when FIFO_MODE == None.

1 RFR w RCVR FIFO Reset. Thisis a shadow register for the RCVR FIFO Reset bit
(FCRI1]). This can be used to remove the burden on software having to store
previoudy written FCR values (which are pretty static) just to reset the receive
FIFO Thisresets the control portion of the receive FIFO and treats the FIFO as
empty. This also de-asserts the DMA RX request and single signals when
additional DMA handshaking signals are selected (DMA_EXTRA == YES).
Note that this bit is'self-clearing'. It is not necessary to clear this hit.

Reset Value: 0x0

Dependencies: Writes have no effect when FIFO_MODE == None.

0 UR w UART Reset. This asynchronously resets the DW_apb_uart and synchronously
removes the reset assertion. For atwo clock implementation both pclk and sclk
domains are reset.

Reset Value: 0x0
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SRTS

« Name: Shadow Request to Send
e Size: 32 bits

e Address Offset: 0x8C

« Read/write access. read/write

| 31:1 0]

Reserved = ‘
Shadow Request to Send s

Thisregister isonly valid when the DW_apb_uart is configured to have additional shadow registers
implemented (SHADOW == YEY). If shadow registers are not implemented, this register does not
exist and reading from this register address returns zero.

Bits Name R/W Description
31:1 | Reserved and read as zero

0 Shadow R/W | Shadow Request to Send. Thisis a shadow register for the RTS bit
Request to (MCR[1]), this can be used to remove the burden of having to

Send performing a read-modify-write on the MCR. Thisis used to directly
control the Request to Send (rts_n) output. The Request To Send (rts_n)
output is used to inform the modem or data set that the DW_apb_uart is
ready to exchange data.

When Auto RTS Flow Control is not enabled (MCR[5] = 0), therts n
signal is set low by programming MCR[1] (RTS) to a high.

In Auto Flow Control, AFCE_MODE == Enabled and active (MCR[5]
= 1) and FIFOs enable (FCR[0] = 1), therts_n output is controlled in the

same way, but is also gated with the receiver FIFO threshold trigger
(rts_n isinactive high when above the threshold).

Note that in Loopback mode (MCR[4] = 1), therts_n output isheld
inactive-high while the value of thislocation isinternally looped back to
an input.

Reset Value: 0x0
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SBCR

« Name: Shadow Break Control Register
e Size 32 bits

e Address Offset: 0x90

« Read/write access: read/write

| 311 0]

Reserved = ‘
Shadow Break Control Register -

Thisregister isonly valid when the DW_apb_uart is configured to have additional shadow registers
implemented (SHADOW == YEY). If shadow registers are not implemented, this register does not
exist and reading from this register address returns zero.

Bits | Name | R/W Description
31:1 | Reserved and read as zero
0 Shadow | R/W | Shadow Break Control Bit. Thisis a shadow register for the Break bit

Break (LCR[6]), this can be used to remove the burden of having to performing a
Control read modify write on the LCR. Thisis used to cause a break condition to be
Register transmitted to the receiving device.

If set to one the serial output is forced to the spacing (logic 0) state. When not
in Loopback Mode, as determined by MCR[4], the sout lineisforced low until
the Break bit is cleared.

If SIR_MODE == Enabled and active (MCR[6] = 1) the sir_out_nlineis
continuously pulsed. When in Loopback Mode, the break condition is
internally looped back to the receiver.

Reset Value; 0x0
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SDMAM

« Name Shadow DMA Mode
e Size: 32 bits

e Address Offset: 0x94

o Read/write access: read/write

311 0]

Reserved <= ‘
Shadow DMA Mode -

Thisregister isonly valid when the DW_apb_uart is configured to have additional FIFO registers
implemented (FIFO_MODE = None) and additional shadow registersimplemented (SHADOW ==
YES). If these registers are not implemented, this register does not exist and reading from this register

address returns zero.
Bits | Name | R/W Description
31:1 | Reserved and read as zero
0 Shadow | R/W | Shadow DMA Mode. Thisisashadow register for the DMA mode bit
DMA (FCRI3]). This can be used to remove the burden of having to store the
Mode previoudy written value to the FCR in memory and having to mask this value

so that only the DMA Mode bit gets updated. This determines the DMA
signalling mode used for the dma_tx_req _nand dma rx_req_n output signals
when additional DMA handshaking signals are not selected (DMA_EXTRA
== NO).

0=mode 0

1=mode1

Reset Value: 0x0
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SFE

« Name: Shadow FIFO Enable
e Size: 32 bits

e Address Offset: 0x98

o Read/write access: read/write

Shadow FIFO Enable <=

DesignWare DW_apb_uart Databook

31:1

9]

Reserved = |

Thisregister isonly valid when the DW_apb_uart is configured to have additional FIFO registers
implemented (FIFO_MODE != None) and additional shadow registers implemented (SHADOW ==
YES). If these registers are not implemented, this register does not exist and reading from this register

address returns zero.
Bits Name | R/W Description
31:1 | Reserved and read as zero
0 Shadow | R/W | Shadow FIFO Enable. Thisis ashadow register for the FIFO enable bit
FIFO (FCRIQ]). This can be used to remove the burden of having to store the
Enable previously written value to the FCR in memory and having to mask this
value so that only the FIFO enable bit gets updated. This enables/disables the
transmit (XMIT) and receive (RCVR) FIFOs. If this bit is set to zero
(disabled) after being enabled then both the XMIT and RCVR controller
portion of FIFOs are reset.
Reset Value: 0x0
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SRT

« Name: Shadow RCVR Trigger
e Size: 32 bits
e Address Offset: 0x9C
« Read/write access. read/write

31:2 | 10|

Reserved = ‘
Shadow RCVR Trigger -

Thisregister isonly valid when the DW_apb_uart is configured to have additional FIFO registers
implemented (FIFO_MODE != None) and additional shadow registers implemented (SHADOW ==
YES). If these registers are not implemented, this register does not exist and reading from this register

address returns zero.
Bits Name | R/W Description
31:2 | Reserved and read as zero
1.0 Shadow | R/W | Shadow RCVR Trigger. Thisis ashadow register for the RCVR trigger bits
RCVR (FCR[7:6]). This can be used to remove the burden of having to store the
Trigger previously written value to the FCR in memory and having to mask this

value so that only the RCVR trigger bit gets updated.

Thisis used to select thetrigger level in the receiver FIFO at which the
Received Data Available Interrupt is generated. It also determines when the
dma rx_req nsignal isasserted when DMA Mode (FCR[3]) = 1. The
following trigger levels are supported:

00 = 1 character in the FIFO

01 = FIFO Y full

10 = FIFO Y2 full

11 = FIFO 2 less than full

Reset Value: 0x0
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STET
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« Name: Shadow TX Empty Trigger
e Size: 32 hits

e Address Offset: OXAOQ

o Read/write access: read/write

31:2 | 10|

Reserved = |
Shadow TX Empty Trigger -

Thisregister isonly valid when the DW_apb_uart is configured to have FIFOs implemented
(FIFO_MODE !'= NONE) and THRE interrupt support implemented (THRE_MODE_USER ==
Enabled) and additional shadow registers implemented (SHADOW == YES). If FIFOs are not

implemented or THRE interrupt support is not implemented or shadow registers are not implemented,

this register does not exist and reading from this register address returns zero.

Bits Name R/W Description
31:2 | Reserved and read as zero
1.0 | Shadow R/W | Shadow TX Empty Trigger. Thisis a shadow register for the TX empty
TX Empty trigger bits (FCR[5:4]). This can be used to remove the burden of having to
Trigger store the previously written value to the FCR in memory and having to mask

this value so that only the TX empty trigger bit gets updated.

Thisisused to select the empty threshold level at which the THRE Interrupts
are generated when the mode is active. The following trigger levels are
supported:

00 = FIFO empty

01 = 2 charactersin the FIFO

10 = FIFO Y full

11 = FIFO Y full

Reset Value: 0x0

Dependencies. Writes have no effect when THRE_MODE_USER ==
Disabled.
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HTX

e Name Halt TX

e Size: 32 bits

e Address Offset: 0xA4

« Read/write access. read/write

| 31:1 | 0|
Reserved =
Halt TX -
Bits Name R/W Description
31:1 | Reserved and read as zero
0 Halt TX R/W | Thisregister isuseto halt transmissions for testing, so that the transmit FIFO

can befilled by the master when FIFOs are implemented and enabled.

0=Halt TX disabled
1 =Hat TX enabled

Note, if FIFOs are implemented and not enabled, the setting of the halt TX
register has no effect on operation.

Reset Value: 0x0
Dependencies: Writes have no effect when FIFO_MODE == None.

DMASA

Name: DMA Software Acknowledge
Size: 32 bits

Address Offset: 0XA8

Read/write access. read/write

| 311 | 0 |

Reserved <=
DMA Software Acknowledge -

Bits Name R/W Description
31:1 | Reserved and read as zero

0 DMA Software| W This register is use to perform aDMA software acknowledge if a
Acknowledge transfer needs to be terminated due to an error condition. For example, if
the DMA disables the channel, then the DW_apb_uart should clear its
request. This causes the TX request, TX single, RX request and RX
single signals to de-assert. Note that this bit is 'self-clearing'. It is not
necessary to clear this bit.

Reset Value: 0x0
Dependencies: Writes have no effect when DMA_EXTRA == No.
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CPR
« Name: Component Parameter Register
e Size: 32 hits
e Address Offset: OxF4
« Read/write access: read-only
« Dependency: Thisregister isonly valid when the DW_apb_uart is configured to have the
Component Parameter register implemented (UART_ADD_ENCODED_PARAMS==YES). If
the Component Parameter register is not implemented, thisregister does not exist and reading from
this register address returns zero.
| 31:24 | 23:16 [15:1413|12]11]10]9[8]7]6[5]4]|3:2] 1:0]
Reserved
FIFO_MODE e———
Reserved -
DMA_EXTRA <=
UART_ADD_ENCODED_PARAMS =
SHADOW =
FIFO_STAT ¢
FIFO_ACCESS s
NEW_FEAT =
SIR_LP_MODE =
SIR_MODE =
THRE_MODE =
AFCE_MODE ¢
Reserved -
APB_DATA_WIDTH =
Bits Name R/W Description
31:24 | Reserved and read as zero
23:16 |FIFO_MODE R 0x00=0
0x01 =16
0x02 = 32
to
0x80 = 2048

0x81- Oxff = reserved

15:14 | Reserved and read as zero

13 DMA_EXTRA R 0=FALSE
1=TRUE
12 UART_ADD_ENCODED_PARAMS R 0=FALSE
1=TRUE
11 SHADOW R 0=FALSE
1=TRUE
10 FIFO_STAT R 0=FALSE
1=TRUE
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Bits Name R/W Description

9 FIFO_ACCESS R 0=FALSE
1=TRUE

8 ADDITIONAL_FEAT R 0=FALSE
1=TRUE

7 SIR_ LP_ MODE R 0=FALSE
1=TRUE

6 SIR_MODE R 0=FALSE
1=TRUE

5 THRE_MODE R 0=FALSE
1=TRUE

4 AFCE_MODE R 0=FALSE
1=TRUE

3.2 Reserved and read as zero

1.0 APB_DATA_WIDTH R 00 = 8 hits
01 = 16 bits
10 = 32 hits
11 = reserved

ucv

features implemented (ADDITIONAL_FEATURES == YEY). If additional features are not
implemented, this register does not exist and reading from this register address returns zero.

Name: UART Component Version
Size: 32 bits

Address Offset: OxF8
Read/write access: read-only
Dependency: Thisregister is only valid when the DW_apb_uart is configured to have additional

31:.0

UART component version - ‘

Bits Name R/W Description
31:.0 |UART R ASCII value for each number in the version, followed by *. For
Component example 32_30_31 2A represents the version 2.01*
Version Reset Value: Seethereleases tablein the DW_apb_uart Release
Notes.
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CTR

130

Name: Component Type Register
Size: 32 bits

Address Offset: OxFC
Read/write access: read-only

DesignWare DW_apb_uart Databook

Dependency: Thisregister is only valid when the DW_apb_uart is configured to have additional
features implemented (ADDITIONAL_FEATURES == YEY). If additional features are not
implemented, this register does not exist and reading from this register address returns zero.

31:0

Peripheral ID =

Bits

Name

R/W

Description

31:.0

Peripheral 1D

This register contains the peripherals identification code.

Reset Value: 0x44570110

Synopsys, Inc.
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7

Programming the DW_apb_uart

The following topics provide information necessary to program the DW_apb_uart.

Software Drivers

The family of DesignWare AMBA Synthesizable Components includes a Driver Kit for the

DW _apb_uart component. This low-level driver allows you to program aDW_apb_uart component
and integrate your code into alarger software system. The Driver Kit provides the following benefits to
|P designers:

Proven method of accessto DW_apb_uart minimizing usage errors
Rapid software development with minimum overhead

Detailed knowledge of DW_apb_uart register bit fields not required
Easy integration of DW_apb_uart into existing software system
Programming at register level eliminated

You must purchase a source code license (DWC-APB-Periph-Source) to use the DW_apb_uart Driver
Kit. However, you can access some Driver Kit files and documentation in $SDESIGNWARE_HOME/
drivers'DW_apb_uart/latest. For more information about the Driver Kit, refer to the DW_apb_uart
Driver Kit User Guide. For more information about purchasing the source code license and obtaining a
download of the Driver Kit, contact Synopsys at designware@synopsys.com for details.

January 20, 2006 Synopsys, Inc. 131



Chapter 7: Programming the DW_apb_uart DesignWare DW_apb_uart Databook

132 Synopsys, Inc. January 20, 2006



DesignWare DW_apb_uart Databook Chapter 8: Verification

8

Verification

This chapter provides an overview of the testbench and tests available for DW_apb_uart verification.
(Also see “Verification Environment Overview” on page 17). Once the DW_apb_uart has been
configured and the verification environment set up, simulations can be automatically ran.

For more information about running simulations for DW_apb_uart in Connect, refer to “ Verify

Component” on page 37. For more information about verifying DW_apb_uart in coreConsultant, see
“Verifying the DW_apb_uart” on page 160.

T 5= Note

The DW_apb _uart verification testbench is built with DesignWare AMBA Verification |P
(VIP). Please make sure you have the supported version of the VIP components for this
release, otherwise, you may experience some tool compatibility problems. For more
information about supported toolsin this release, refer to the following web page:

www.synopsys.com/products/designware/docs/doc/amballatest/dw_amba_install.pdf
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Overview of DW_apb_uart Testbench

Asillustrated in Figure 30, the DW_apb_uart Verilog testbench includes an instantiation of the design
under test (DUT), AHB and APB bus models, and a Vera shell.

Vera Tests
(test stimuli and results)

A 4

test DW_apb_uart.v

APB Checkers
BFM

x 1
AHB DUT

(APB Slave 0)
UartLocal models

’—V —» DW_apb_uart.v '
BFM S SIO Txrx

|:| = Vera shell

(DUT driver)
) DMA T T

BFM

UartRemote
(VIP driver)

—— p Scoreboard |« |

Figure 30: DW_apb_uart Testbench

The DW_apb_uart testbench consists of the following:

134

« VeraTest —Responsible for enumerating the test conditions under which the DUT (UART) is

verified. These conditions steer the simulations in various aspects, such as the register settings of
the UART, the transfer direction (UART to SIO_TxRx, SIO_TxRx to UART, loopback) and length
(number of characters serially exchanged), number of iterations for a single test scenario,
simulation controls, and so on. All thisinformation is randomly created and encapsulated in
several classes with associated Vera randomization and constraint constructs. Thisinformation is
also relayed to the other Vera components.

Testbench API — Takes in the randomized test conditions and uses the relevant portions for
appropriate directing of the simulation controls, such as the number of iterations executed. It is
also responsible for ensuring that all test monitors are alerted and set up for the indicated test type,
aswell as relaying information (in the form of class objects) to the two drivers (UartL ocal Class,
UartRemoteClass) in order to execute the desired simulation behavior to effect; for example,
transfers to and from the DUT.

DUT Diriver, or UartLocal Class — Responsible for trandating the information provided by the
Testbench API into the desired simulation behaviors. This Vera component ensures that
corresponding command and/or sequence of commands are issued to the AHB BFM to effect the
desired register settings, transferring of data, toggling of the modem interface signals, loopback
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mode, interrupts, and so on in the DUT(UART). Since the information directing the required
simulations are shielded by UartL ocal Class away from AHB BFM, revised versions of the latter
Vera component can be easily accommodated by updating UartL ocal Class.

e VIP Driver, or UartRemoteClass — Performs asimilar role to that of UartL ocal Class, trandlating
the information provided by Testbench API into corresponding SIO_TxRx BFM commandsin
order to effect the desired simulation behaviors. Note that controls complementary to that of the
UartL ocalClass are performed in the UartRemoteClass, such that if the DUT performs transmits,
then the SIO_TxRx BFM attempts reception(s). UartRemoteClass also serves to shield the rest of
the verification environment from revised versions of this VIP component.

« AHB BFM —VIP harness BFM required to imitate as an AHB master. All actual register accesses
(reads and writes) required by a current test are performed using AHB BFM commands. Existing
class definitions for this BFM are re-used.

« DMA BFM — Exercises the DMA interface of the DUT/UARTV3.0. It behaves as another AHB
master, issuing commands to perform reads and writes from/to the UART. These activities are
coordinated within the UartLocal Class.

e Checkers— Examine the behavior of the DUT through the DUT signal interfaces, and evaluate the
outcome of the prescribed tests targeted at the DUT. The verification tests determine the degree to
which the DUT isverified, and is therefore linked to one (or more) test monitors in the test
environment. These Checkers operate independently of the main flow in thetest code. Thisform of
messaging uses two classes, TestmonAlertClass and TestmonExecuteClass.

e SIOMonitor — Serial monitor VIP from the SIO VIP package. When appropriately parameterized,
the SIO_Mon examines the serial bit patterns exchanged between the DUT and the SIO_TxRX.

« SIOTXRx BFM —Veramodel of a UART capable of serial data exchanges with any other UART.

« APB Slave BFM — Used to ensure that violations in the APB accesses are appropriately captured
and logged.

« Scoreboard — Tracks the data that are exchanged between the UART and the SIOTxrx models. This
alows verification of the actual contents transmitted and/or received on either side in either
direction.
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Integration Considerations

After you have configured, tested, and synthesized your component with the coreTools flow, you can
integrate the component into your own design environment. The following sections discuss general
integration considerations for the slave interface of APB peripherals:

“Reading and Writing from an APB Slave” on page 137
“Write Timing Operation” on page 140

“Read Timing Operation” on page 141

“Accessing Top-level Constraints’ on page 142
“Coherency” on page 142

Reading and Writing from an APB Slave

When writing to and reading from DesignWare APB slaves, you should consider the following:

The size of the APB peripheral should always be set equal to the size of the APB data bus, if
possible.

The APB bus has no concept of atransfer size or a byte lane, unlike the DW_ahb.

The APB dlave subsystem islittle endian; the DW_apb performs the conversion from a big-endian
AHB to thelittle-endian APB.

All APB slave programming registers are aligned on 32-bit boundaries, irrespective of the APB
bus size.

The maximum APB_DATA_WIDTH is 32 bits. Registers larger than this occupies more than one
location in the memory map.

The DW_apb does not return any ERROR, SPLIT, or RETRY responses; it always returns an
OKAY response to the AHB.

For all buswidths:

—hn the case of aread transaction, registers less than the full bus width returns zerosin the
unused upper bits.

r—Writing to bit locations larger than the register width does not have any effect. Only the
pertinent bits are written to the register.

The APB slaves do not need the full 32-bit address bus, paddr. The slaves include the lower bits
even though they are not actually used in a 32- or 16-bit system.
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Reading From Unused Locations

Reading from an unused location or unused bitsin a particular register always returns zeros. Unlike an

AHB daveinterface, which would return an error, there is no error mechanism in an APB Slave and,
therefore, in the DW_apb.

The following sections show the relationship between the register map and the read/write operations
for the three possible APB_DATA_WIDTH values: 8-, 16-, and 32-bit APB buses.

31 15 / 0 APB Address

Register 1 [7:0] j<&—— nn00

Register 2 [15:0] lt——— NN04
Register 3 [31:0] ~<—— nn08
32-bit APB
31 15 ! 0 APB Address
Register 1 [7:0] |<&—— nn00
Register 2 [15:0] —— nNn04
i : Register 3 [15:0] -¢—— nNn08
Register 3 [31:16] < PHOA
16-bit APB
31 15 7

0 APB Address
Register 1 [7:0] j=¢—— nn00

Register 2 [15:8] <Register 2[7:0] [+ 228‘51

_ Register 3 [15:8] <Register 3[7:0] %88

Register 3 [23:16]| nnOA

Register 3 [31:24]| g nn0OB

8-bit APB

Figure 31:. Read/Write Locations for Different APB Bus Data Widths
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32-bit Bus System

For 32-hit bus systems, all programming registers can be read or written with one operation, as
illustrated in the previous figure.

Because al registers are on 32-bit boundaries, paddr[1:0] is not actually needed in the 32-bit bus case.
But these bits still exist in the configured code for usability purposes.

T 5= Note

If you write to an address location not on a 32-bit boundary, the bottom bits are
ignored/not used.

16-bit Bus System
For 16-hit bus systems, two scenarios exist, as illustrated in the previous picture:

1. The register to be written to or read from is less than or equal to 16 bits

In this case, the register can be read or written with one transaction. In the case of aread
transaction, registers less than 16 bits wide returns zeros in the un-used bits. Writing to bit
locations larger than the register width causes nothing to happen, i.e. only the pertinent bits are
written to the register.

2. Theregister to be written to or read from is >16 and <= 32 hits

In this case, two AHB transactions are required, which in turn creates two APB transactions, to
read or write the register. The first transaction should read/write the lower two bytes (half-word)
and the second transaction the upper half-word.

Because the bus is reading a half-word at atime, paddr[0] is not actually needed in the 16-bit bus case.
But these bits still exist in the configured code for connectivity purposes.

T3> Note

If you write to an address location not on a 16-bit boundary, the bottom bits are
ignored/not used.
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8-bit Bus System
For 8-bit bus systems, three scenarios exist, as illustrated in the previous picture:

1. The register to be written to or read from isless than or equal to 8 bits

In this case, the register can be read or written with one transaction. In the case of aread
transaction, registers less than 8 bits wide returns zeros in the unused bits. Writing to bit locations
larger than the register width causes nothing to happen, that is, only the pertinent bits are written to
the register.

2. Theregister to be written to or read from is >8 and <=16 bits

In this case, two AHB transactions are required, which in turn creates two APB transactions, to
read or write the register. The first transaction should read/write the lower byte and the second
transaction the upper byte.

3. Theregister to be written to or read from is >16 and <=32 bits

In this case, four AHB transactions are required, which in turn creates four APB transactions, to
read or write the register. The first transaction should read/write the lower byte and the second
transaction the second byte, and so on.

Because the busisreading a byte at atime, all lower bits of paddr are decoded in the 8-bit bus case.

Write Timing Operation

A timing diagram of an APB write transaction for an APB periphera register (an earlier version of the
DW_apb _ictl) isshown in the following figure. Data, address, and control signals are aligned. The
APB frame lasts for two cycles when psel is high.

pek [ L LT 1 1|
psel | |
penable [ ]
pwrite | |
paddr[7:2] / IrqIntEnL |
pwdata[31:0] / 0x00001234 |
irg_inten[32:0] | 0x100000000 [ 0x100001234 |<4——Register
wen_inten[4:0] [oxof_|

Figure 32: APB Write Transaction
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A write can occur after the first phase with penable low, or after the second phase when penableis high.
The second phaseis preferred and is used in all APB slave components. The timing diagram is shown
with the write occurring after the second phase. Whenever the address on paddr matches a
corresponding address from the memory map and provided psel, pwrite, and penable are high, then the
corresponding register write enable is generated.

A write from the AHB to the APB does not require the AHB system busto stall until the transfer on the
APB has completed. A write to the APB can be followed by aread transaction from another AHB
peripheral (not the DW_apb).

The timing exampleis a 33-bit register and a 32-bit APB data bus. To write this, 5 byte enables would
be generated internally. The example shows writing to the first 32 bits with one write transaction.

Read Timing Operation

A timing diagram of an APB read transaction for an APB peripheral (an earlier version of the
DW_apb _ictl) isshown in the following figure. The APB frame lasts for two cycles, when psel ishigh.

pck [ 1 LI _L_I 1|
psel | |
penable [ 1
pwrite
paddr[7:2] / IrgIntEnL |
prdata[31:0] / 0x1234 |
irg_inten[32:0] | 0x100001234 | «—Register
ren_irg_inten[4:0] I
hrdata[31:0] /Ox1234\

hready | |

Figure 33: APB Read Transaction

Whenever the address on paddr matches the corresponding address from the memory map—psel is
high, pwrite and penable are low—then the corresponding read enable is generated. The read datais
registered within the peripheral before passing back to the master through the DW_apb and DW_ahb.

The qualification of the read-back data with hready from the bridge is shown in the timing diagram, but
this does not form part of the APB interface. The read happensin the first APB cycle and is passed
straight back to the AHB master in the same cycles as it passes through the bridge. By returning the
dataimmediately to the AHB bus, the bridge can release control of the AHB data bus faster. Thisis
important for systems where the APB clock is slower than the AHB clock.

Once aread transaction is started, it is completed and the AHB busis held until the datais returned
from the dave
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TI5=Note
If aread enableis not active, then the previously read data is maintained on the read-back
data bus.

Accessing Top-level Constraints

To get SDC constraints out of coreConsultant, you need to first compl ete the synthesis activity and then
use the “write_sdc” command to write out the results:

1. ThiscC command sets synthesis to write out scripts only, without running DC:
set activity parameter Synthesize ScriptsOnly 1
2. This cC command autocompletes the activity:

autocomplete activity Synthesize

3. Finally, this cC command writes out SDC constraints:

write sdc <filename>

Coherency

Coherency iswhere bitswithin aregister are logically connected. For instance, part of aregister isread
at time 1 and another part isread at time 2. Being coherent means that the part read at time 2 is at the
same value it was when the register was read at time 1. The unread part is stored into a shadow register
and thisisread at time 2. When there is no coherency, no shadow registers are involved.

A bus master may need to be able to read the contents of aregister, regardless of the databuswidth, and
be guaranteed of the coherency of the value read. A bus master may need to be able to write aregister
coherently regardless of the data bus width and use that register only when it has been fully
programmed. This may need to be the case regardless of the relationship between the clocks.

Coherency enables a value to be read that is an accurate reflection of the state of the counter,
independent of the data bus width, the counter width, and even the relationship between the clocks.
Additionally, avalue written in one domain is transferred to another domain in a seamless and coherent
fashion.

Throughout this appendix the following terms are used:

« Writing. A bus master programs a configuration register. An example is programming the load
value of acounter into aregister.

e Transferring. The programmed register isin adifferent clock domain to whereit is used,
therefore, it needs to be transferred to the other clock domain.

« Loading. Once the programmed register is transferred into the correct clock domain, it needsto be
loaded or used to perform its function. For example, once the load value is transferred into the
counter domain, it gets loaded into the counter.
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Writing Coherently

Writing coherently means that all the bits of aregister can be written at the same time. A peripheral
may have programmable registers that are wider than the width of the connected APB data bus, which
prevents all the bits being programmed at the same time unless additional coherency circuitry is
provided.

The programmabl e register could be the load value for a counter that may exist in a different clock
domain. Not only does the value to be programmed need to be coherent, it also needs to be transferred
to adifferent clock domain and then loaded into the counter. Depending on the function of the
programmable register, a qualifier may need to be generated with the data so that it knows when the
new valueis currently transferred and when it should be loaded into the counter.

Depending on the system and on the register being programmed, there may be no need for any special
coherency circuitry. One example that requires coherency circuitry is a 32-bit timer within an 8-bit
APB system. The value is entirely programmed only after four 8-bit wide write transfers. It is safe to
transfer or use the register when the last byte is currently written. An example where no coherency is
required is a 16-bit wide timer within a 16-bit APB system. The value is entirely programmed after a
single 16-bit wide write transfer.

Coherency circuitry enables the value to be loaded into the counter only when fully programmed and
crossed over clock domainsif the peripheral clock is not synchronous to the processor clock. While the
load register is being programmed, the counter has access to the previous load value in case it needs to
reload the counter.

Coherency circuitry is only added in cores where it is needed. The coherency circuitry incorporates an
upper byte method that requires users to program the load register in LSB to MSB order when the
peripheral width is smaller than the register width. When the upper byte is programmed, the value can
be transferred and loaded into the load register. When the lower bytes are being programmed, they need
to be stored in shadow registers so that the previous load register is available to the counter if it needsto
reload. When the upper byte is programmed, the contents of the shadow registers and the upper byte are
loaded into the load register.

The upper byte isthe top byte of aregister. A register can be transferred and loaded into the counter
only when it has been fully programmed. A new valueis available to the counter once this upper byteis
written into the register. The following table gives the relationship between the register width and the
peripheral bus width for the generation of the correct upper byte. The numbersin the table represent
bytes, Byte O isthe LSB and Byte 3 isthe MSB. NCR means that no coherency circuitry isrequired, as
the entire register is written with one access.

Table 9: Upper Byte Generation

Upper Byte
BusWidth
L oad Register Width | 8 16 32
1-8 NCR NCR NCR
9-16 1 NCR NCR
17-24 2 2 NCR
25- 32 3 2 (or 3) NCR
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There are three relationship cases to be considered for the processor and peripheral clocks:

e ldentical
« Synchronous (phase coherent but of an integer fraction)
e Asynchronous

Identical Clocks

The following figureillustrates an RTL diagram for the circuitry required to implement the coherent
write transaction when the APB bus clock and peripheral clocks areidentical.

Shadow

pwdata[7:0]—» 8 Shadow [7:0] 32 32

ByteWen[0]—»|| EN

pwdata[15:8] —p 8| Shadow [15:8] CntLoadValue

> [31:0] Counter
> —> [31:0]

ByteWen[1]—{| EN

- 8
pwdata[23:16] —» Shadow [23:16]
- )

ByteWen[2]—|| EN

EN LD

A

v

UpperByteWen

LoadCnt

»
»

Figure 34: Coherent Loading — Identical Synchronous Clocks

The following timing diagram shows the shadow registers being loaded and then loaded into the
counter when fully programmed. The LoadCnt signal lasts for one cycle and is used to load the counter
with CntLoadValue.
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27w Y e Y e T e Y e Y e Y e e O s e O

paddr AO AL A2 A3
penable M
pwdata[7:0] 0A oB oc ob
Shadow[7:0] 0A |
Shadow[15:8] 0B |
Shadow[23:16]] 0C |
_oadValue[31:0] ODOCOBOA |

UpperByteWen

LoadCnt

Counter[31:0] 0D0COBOAX ]

Figure 35: Coherent Loading — Identical Synchronous Clocks

Each of the bytes that make up the load register are stored into shadow registers until the final byteis
written. The shadow register is up to three bytes wide. The contents of the shadow registers and the
final byte are transferred into the CntL oadValue register when the final byte iswritten. The counter
uses thisregister to load/initialize itself. If the counter is operating in a periodic mode, it reloads from
this register each time the count expires.

By using the shadow registers, the CntL oadValue is kept stable until it can be changed in one cycle.
This allows the counter to be loaded in one access and the state of the counter is not affected by the
latency in programming it. When there is a new value to be loaded into the counter initially, thisis
signaled by LoadCnt = 1. After the upper byte is written, the LoadCnt goes to zero.

Synchronous Clocks

When the clocks are synchronous but do not have identical periods, the circuitry needs to be extended
so that the LoadCnt signal is kept high until arising edge of the counter clock occurs. Thisextension is
necessary so that the value can be loaded, using LoadCnt, into the counter on the first counter clock
edge. At therising edge of the counter clock if LoadCnt is high, then aregister clocked with the counter
clock toggles, otherwise it keepsits current value. A circuit detecting the toggling is used to clear the
original LoadCnt by looking for edge changes. The value isloaded into the counter when atoggle has
been detected. Once it isloaded, the counter should be free to increment or decrement by normal rules.
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The following figure shows an RTL diagram for the circuitry required to implement the coherent write
when the bus and peripheral clocks are synchronous.

Shadow

pwdata[7:0]—p 8 Shadow [7:0] 32 32

L

ByteWen[0]—»| | EN

pwdata[15:8] —p 8| Shadow [15:8] CntLoadValue

— > [31:0] Counter
> — [31:0]

ByteWen[1]—| | EN

pwdata[23:16] —p Shadow [23:16]

Bytewen[2]—||EN

UpperByteWen »[|EN LAD
> ! LoadCnt
OR oadCn
Shaded Registers are all E
connected to the Bus clock. AND 1
Others are connected to the Todal Toggle| |«
Peripheral clock. cgg'e )

Figure 36: Coherent Loading — Synchronous Clocks
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The following timing diagram shows the shadow registers being loaded and then loaded into the
counter when fully programmed. The LoadCnt signal is extended until a change in the toggleis
detected and is used to load the counter.

pclk

counter_clk

paddr

penable
pwdata[7:0]
Shadow[7:0]]
Shadow[15:8]
Shadow([23:16]
CntLoadValue[31:0]
LoadCnt

toggle
toggle_edge_detect

Counter[31:0]

[ ] [ [
A0 Al A2
0A 0B oC
oc
0DOCOBOA

ODOCOBOA

Figure 37: Coherent Loading — Synchronous Clocks
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Asynchronous Clocks

When the clocks are asynchronous, the processor clock needs to be three-times the speed of the
peripheral clock for the re-timing to operate correctly. The high pulse time of the peripheral clock needs
to be greater than the period of the processor clock. The following figure showsan RTL diagram for the
circuitry required to implement the coherent write when the bus and peripheral clocks are
asynchronous.

Shadow
. 32
pwdata[7:0]—p 8 Shadow [7:0] 32 32
ByteWen[0]—| | EN
wdatal15:8 8 . CntLoadValue Counter
p [15:8] —» Shadow [15:8] (31:0] SafeCountLoadValue [31:0]
—> > >
ByteWen[1]—| | EN
. 8
pwdata[23:16] — Shadow [23:16]
—>
NewValue
EN &
ByteWen[2] —» red_counter_clk
UpperByteWen >L[EN =N LE
(or ByteWen([3])
5 - SafeNewValue
d ClrNewvalue
—»|| Resef
ClrNewValue Reset| red_counter_clk ||
" Rising d Ik
counter_clk — Edge |red_counter_c Togg! Y«
Detect ’ Ed e )
ClrNewValue¢— g€
Detect
pclk
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Figure 38: Coherent Loading — Asynchronous Clocks

When the clocks are asynchronous, you need to transfer the contents of the register from one clock
domain to another. It is not desirable to transfer the entire register through meta-stability registers, as
coherency is not guaranteed with this method. The circuitry needed requires the processor clock to be
used to re-time the peripheral clock. Upon arising edge of the re-timed clock, the new value signal,
NewValue, istransferred into a safe new value signal, SafeNewValue, which happens after the edge of
the peripheral clock has occurred.

Every time thereisarising edge of the peripheral clock detected, the CntLoadValue is transferred into
a SafeCntLoadValue. This value is used to transfer the load value across the clock domains. The
SafeCntL oadVal ue only changes a number of bus clock cycles after the peripheral clock edge changes.
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A counter running on the peripheral clock is able to use this value safely. It could be up to two
peripheral clock periods before the value is loaded into the counter. Along with thisloaded value, there
alsoisasingle bit transferred that is used to qualify the loading of the value into the counter.

The following timing diagram does not show the shadow registers being loaded. Thisisidentical to the

loading for the other clock modes. The NewValue signal is extended until a change in the toggle is
detected and is used to update the safe value. The SafeNewValue is used to load the counter at the

Chapter 9: Integration Considerations

rising edge of the peripheral clock. Each time a new value is written the toggle bit is flipped and the
edge detection of the toggle is used to remove both the NewValue and the SafeNewValue.
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Figure 39:
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Reading Coherently

For writing to registers, an upper-byte concept is proposed for solving coherency issues. For read
transactions, alower-byte concept is required. The following table provides the relationship between
the register width and the bus width for the generation of the correct lower byte. Depending on the bus
width and the register width, there may be no need to save the upper bits because the entire register is
read in one access, in which case there is no problem with coherency. When the lower byteisread, the
remaining upper bytes within the counter register are transferred into a holding register. The holding
register isthe source for the remaining upper bytes. Users must read L SB to MSB for this solution to
operate correctly. NCR means that no coherency circuitry is required, as the entire register is read with
one access.

Table 10: Lower Byte Generation

Lower Byte
BusWidth
Counter Register |8 16 32
Width
1-8 NCR NCR NCR
9-16 0 NCR NCR
17-24 0 0 NCR
25-32 0 0 NCR

There are two cases regarding the relationship between the processor and peripheral clocksto be
considered as follows:

« ldentical and/or synchronous
« Asynchronous

Synchronous Clocks

When the clocks are identical and/or synchronous, the remaining unread bits (if any) need to be saved
into aholding register once aread is started. The first read byte must be the lower byte provided in the
previous table, which causes the other bits to be moved into the holding register, SafeCntVal, provided
that the register cannot be read in one access. The upper bytes of the register are read from the holding
register rather than the actual register so that the value read is coherent. Thisisillustrated in the
following figure and timing diagram.
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Figure 40: Coherent Registering — Synchronous Clocks
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Figure 41: Coherent Registering — Synchronous Clocks

Asynchronous Clocks

When the clocks are asynchronous, the processor clock needs to be three times the speed of the
peripheral clock for the re-timing to operate correctly. The high pulse time of the peripheral clock needs
to be greater than the period of the processor clock.

To safely transfer a counter value from the counter clock domain to the bus clock domain, the counter
clock signal should be transferred to the bus clock domain. When the rising edge detect of thisre-timed
counter clock signal is detected, it is safe to use the counter value to update a shadow register that holds
the current value of the counter.

While reading the counter contents it may take multiple APB transfers to read the value.

T 5= Note
You must read L SB to MSB when the bus width is narrower than the counter width.

Once aread transaction has started, the value of the upper register bits need to be stored into a shadow
register so that they can be read with subsequent read accesses. Storing these upper bits preserves the
coherency of the value that is being read. When the processor reads the current value it actually reads
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the contents of the shadow register instead of the actual counter value. The holding register is read
when the bus width is narrower than the counter width. When the LSB is read, the value comes from
the shadow register; when the remaining bytes are read they come from the holding register. If the data
bus width is wide enough to read the counter in one access, then the holding registers do not exist.

The counter clock is registered and successively pipelined to sense arising edge on the counter clock.
Having detected the rising edge, the value from the counter is known to be stable and can be transferred
into the shadow register. The coherency of the counter value is maintained beforeiit is transferred,
because the value is stable.

The following figure and timing diagram illustrate the synchronization of the counter clock and the
update of the shadow register.

CntVal ShdwCntVal
SafeCntVal
> —»|| EN
LowerByteRen —— ReadCntVal
>
EN
Svne & Risi JSafe To Update
égge Deltst;,l(r:]tg Sync and shaded registers are
clocked with the processor clock.

Figure 42: Coherency and Shadow Registering — Asynchronous Clocks
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Figure 43: Transfer to Shadowing Registers— Asynchronous Clocks
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Building and Verifying Your DW_apb_uart

This chapter provides an overview of the step-by-step process you use to configure, synthesize, and
verify your DW_apb_uart component using the Synopsys coreConsultant tool. You use coreConsultant
to create a workspace that is your working version of a subsystem, where you connect, configure,
simulate, and synthesize your implementation of the subsystem. You can create severa workspaces to
experiment with different design alternatives. The topics are as follows:

“Set up Your Environment”

“Start coreConsultant”

“Check Your Environment” on page 155
“Configure DW_apb_uart” on page 155
“Create Gate-Level Netlist” on page 156
“Verifying the DW_apb_uart” on page 160

If you plan to include the DW_apb_uart as part of a DesignWare AMBA subsystem, then you will want
to use the DesignWare Connect tool. Thistool is a customized version of coreAssembler. For more
information about including DW_apb_uart in a DesignWare AMBA subsystem, refer to Chapter 2,
“Building and Verifying a Subsystem” on page 21.

Set up Your Environment

DW_apb_uart isincluded with a DesignWare Synthesizable Components for AMBA 2 releasg; it is
assumed that you have already downloaded and installed the release. However, to download and install
the latest versions of required tools, refer to the DesignWWare AMBA Synthesi zable Components
Installation Guide.

You also need to set up your environment correctly using specific environment variables, such as
DESIGNWARE_HOME, VERA_HOME, PATH, and SYNOPSY S. If you are not familiar with these
requirements and the necessary licenses, refer to “ Setting up Your Environment” in the DesignWare
AMBA Synthesizable Components Installation Guide.
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Start coreConsultant

To invoke coreConsultant:

1. InaUNIX shell, navigate to a directory where you plan to locate your component workspace.

2. Invoke the coreConsultant GUI:

% coreConsultant

The welcome page is displayed, smilar to the one below.

Eile Edit ¥iew Help

-

Activity List |

&| 9| % ||t | File: [erdwn_2004.11biiprdataramba_htmiflatesticoretooks. itml 53| &)

b NC WORKSPACE OP...

Activity
List pane

Design'are AtdBA Connect | CuickStart Ewample Desions | Drivertit | Documentation | Design'are 1P =

The DesignWare AMBA On-chip Bus

The Designare AMBA Cn—chip Bus is a comprehensive group of AMBA-based
synthesizahle components, verification components, QuickStart designs, and tools
that help you to rapidly create and verify AMBA-based components and
System—on-Chip (SoC) designs.

ctivity View
Configuring and Using an IP Block pane
You can use the links below to either create a new configuration of a packaged
component or to open an existing configuration. Each configuration is stored in a
"workspace,” which is simply & directory that contains all of the data associated with a
single configuration.

You can create a new configuration {workspace) in one of the following ways:

* Create a configuration {workspace) from one of the following components:
DVy_ahb (2.03a) CW_ahb_dmac DVy_ahb_ehah DVy_ahb_heh

{2.04a) {1.01a) {1.02a)

DV _ahb_ictl DV _apb (1.02a) DW_apb_gpio

{2.02a) {2.03a)

DWW _apb_ictl DWW _apb_rtc

{2.01a) {(2.01a)

DW_apb_timers DWW _apb_wdt

{2.02a) {1.03a)

LW _ahb_icm
{1.07a)
DWW _apb_i2c
{1.04a)
DWW _apb_ssi
({3.03a)

LW _memdctl
far A R=1

OVW_apb_rap
(2.02a)
OW_apb_uart
(3.01a)

____D_i_a_llpg fiBeport AHelp f

i! coreConsultant>

Console |||

pane ]

o

.: Log lHistory iErrorsf‘u’\n’arningSJ

.. coreConsultant I

'Egi:HAM Bacoreate amba_workspace fremote/drgl3iscole’dwh_2004. 11bdipdatest/DW_aph_ictl DW aph_ictl |
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3. Click onthe DW_apb_uart link in the “ Configuring and Using an IP block”™ section to create anew
workspace. After you have created aworkspace, you can also continue working from the point you
left off by using the “Open” link to open it back up.

In the resulting dialog box, specify the workspace name and workspace root directory, or use the
defaults —aworkspace name is the name of a configuration of a core; the workspace root directory
isthe directory in which the configuration is created. Click OK.

You may notice that you are already in the Specify Configuration activity under the Create RTL
category in the Activity List on the left, and that the Set Design Prefix activity is already checked
inthelist. It isnot necessary for you to set the design prefix at this point of the learning phase. You
may use thisfeature in the future if you ever use multiple versions of a component in adesign.

Check Your Environment

Before you begin configuring your component, it is recommended that you check your environment to
make sure you have the latest tool versions installed and your environment variables set up correctly.

To check your environment, use the Help > Check Environment menu path.

An HTML report isdisplayed in a separate dialog. This report lists the specific tools and versions
installed in your environment. It also displays errors when a specific tool is not installed or if you are
using an older version than you need. You will also see an error if your $SDESIGNWARE_HOME
environment variable has not been set up correctly.

Configure DW_apb_uart

This section steps you through the tasks in the coreConsultant GUI that configure your core. Complete
information on the latest version of coreConsultant can be found on the web in the coreConsultant User
Guide. To view documentation specific to your version of coreConsultant, choose the Help pull-down
menu from the coreConsultant GUI.

At any time during this process you can click on the Help tab for each activity to activate the
coreConsultant online help.

TI5=Note
Throughout the remaining stepsin this chapter, it is best if you apply the default values so
that the directions and descriptions in the chapter will coincide with your display. After
you have used the DW_apb_uart in coreConsultant, you can then go back through these
steps and change values in order to see how they affect the design.

1. Notice that the Set Design Prefix activity is already checked. This setting is used to make each
design in your component have a unique name. Thisis needed only when you have two or more
versions of

2. Specify Configuration — The Specify Configuration activity is where you specify the basic
configuration of the DW_apb_uart. If you have a Source license, you can choose to use
DesignWare Building Block P (DWBB) components for optimal Synthesis QoR. Alternatively, if
you have an RTL source licence, you may use source code for DWBB components without a
DesignWare license. If you use RTL source and also have a DesignWare key, you can choose to
retain the DWBB parts.
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L ook through the basic parameters for each item. Click the Next button to view the other
configuration defaults. If you need help with any field in the activity pane, right-click on the field
name and then left-click on the What's This box. When finished, click Apply.

When the configuration setup is complete, the Report tab is displayed, which gives you all the
source files (in encrypted format if you have a DW license, and unencrypted if you have a source
license) and all the parameters that have been set for this particular configuration. Reports contain
useful information as you complete each step in the coreConsultant process. Familiarize yourself
with the report contents before going to the next step.

Create Gate-Level Netlist

To run synthesison the DW_apb_uart and create agate-level netlist, step through the following tasksin
the coreConsultant GUI. You need to click the check box next to each activity in order to access the
specific activity dialog. At any time, you can click on the Help tab for each activity in order to activate
the coreConsultant online help.

156

1. Look at thetool installation root directoriesin the Tool Installation Roots dialog, which isaccessed

from the toolbar menu through Edit > Tool I nstallation Roots, or by using the Tools button on the
toolbar. You can type values directly in the data fields, or use the buttons to locate the correct
directories. Thetool choices are:

r—IDesign Compiler (dc_shell) — Specifies the location for the root directory of the Design
Compiler installation, if different from the default location. You are required to select either
Design Compiler or FPGA Compiler I1.

r—frhysical Compiler (psyn_shell) — Enables the Physical Compiler if you plan to use an
incremental physical synthesis strategy or if you plan to do RTL to place gates.

r—fPrimetime (pt_shell) — Enables Primetime if you plan to implement budgeting or generate
timing models.

r—frormality (fm_shell) — Enables Formality if you plan to formally verify the synthesized
gate-level implementation of the core.

D C FPGA (fpga_shell) — Enables Design Compiler FPGA if your synthesis targets high-end
FPGA devices.

At aminimum for this exercise, dc_shell or fc2_shell must have defined installation directories,
and in order to complete the optional formal verification in this chapter, you will also need
fm_shell.

. Specify Target Technology — coreConsultant analyzes the target technology library and usesit to

generate a synthesis strategy that is optimized for your technology library. In the Design Compiler
windows, atarget and link library must be specified; otherwise, errors occur in coreConsultant.

Under the Specify Target Technology category in the Activity List, the title in the tabs depends on
the compiler you chose in the previous step. Regardless, this screen providesfields for you to enter
the search path for the specific compiler, aswell astarget and link library paths. If necessary,
specify the search path for the tool you specified in the previous screen. Also, specify the path to
the target and link libraries. Click Apply and familiarize yourself with the resultant report, which
gives you the technology information.
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3. Specify Clock(s) — In the Specify Clock(s) activity, look at the attributes associated with each of
the real and virtual clocksin your design. Click Apply and familiarize yourself with the resultant
report, which gives you clock information.

4. Specify Operating Conditionsand Wire L oads— In the Specify Operating Conditions and Wire
Loads activity, look at the attributes relating to the chip environment. If you do not see avalue
beside OperatingConditionsWorst, select an appropriate value from the drop-down list; if thereis
no valuefor this attribute, you will get an error message. Click Apply and look at the report, which
gives the operating conditions and wireload information.

5. Specify Port Constraints—In the Specify Port Constraints activity, look at the attributes
associated with input delay, drive strength, DRC constraints, output delay, and load specifications.
Click Apply and look at the report, which gives the port constraint checks.

6. Specify Synthesis M ethodology — In the Specify Synthesis Methodology activity, look at the
synthesis strategy attributes. Note that these attributes are typically set by the core developer and
are not required to be modified by the core integrator. If you want to add your own commands
during a synthesis, you use the Advanced tab in order to provide pathnames to your auxiliary
scripts. Also click on the Physical Synthesis, and Fpga Synthesis tabs to familiarize yourself with
those items. Click Apply and look at the report, which gives design information. For more
information on adding auxiliary scripts, refer to “ Advanced Synthesis Attributes” in the
coreConsultant User Guide.

7. Specify Test M ethodology — In the Specify Test Methodology activity, look at the scan test
attributes. Also click on the other tabs to familiarize yourself with auto-fix attributes, SoC test
wrapper attributes, test wrapper integration attributes, BIST attributes, and BIST testpoint
insertion attributes. Click Apply and look at the report, which gives design-for-test information.

8. Synthesize — Choose the Synthesize activity. Do the following:
a. Choose the Strategy tab.

b. Click the Options button beside DCTCL_opto_strategy and look through the strategy
parameters. For example, you can use the Gate Clocks During Elaboration check box in the
Clock Gating tab in order to add parameters that enable and control the use of clock gating.
Click OK when you are done. For more information on clock gating and other parameters for
synthesis strategies, refer to “DC(TCL)_opto_strategy” in the coreConsultant User Guide.

For FPGA synthesis, click the Options button and then select the FPGA Synthesistab. It is
here where you specify the location of your FPGA device and speed grade, synthetic libraries
other than DesignWare Foundation libraries, implementation of DC-FPGA operators, and so
on. For more information about running synthesis for an FPGA device, refer to the
coreConsultant User Guide.

For Design for Test, click the Options button and then select the Design for Test tab. Here you
can specify whether to add the -scan option to the initial compile call (Test Read Compile)
and/or insert design for test circuitry (Insert Dft). For more information about include DFT in
your synthesis run, refer to the coreConsultant User Guide.
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c. Choose the Optionstab. Look at the values for the parameters listed bel ow.

Field Name Description
Execution Options

Generate Scripts Values. Enable or Disable

only? Default Value: Disable
Description: Writes the run.scr script, but it is not run when you click Apply. To
run the script, go to the component workspace and run the script.

Run Style Values: local, If, grd, or remote
Default Value: loca
Description: Describes how to run the command: locally, through L SF, through
GRD, or through the remote shell.

Run Style Options | Values: user-defined
Default Value: none
Description: Additional options for the run style options except local. For
remote, specify the hosthame. For L SF and GRD, specify bsub or gsub
commands.

Parallel job CPU Values. user-defined; minimum valueis 1

limit Default Value: 1
Description: Specifies number of parallel compile jobs that can be run.

Send e-mail Values: current user’'s name
Description: E-mail is sent when the command script completes or is terminated.

Skip reading Values: Enable or Disable

gHSetM E/.synopsys_ | Default Value: Disable

C.Setup Description: Forcestools not to read .synopsys_dc.setup file from $SHOME.

d. If itisnot already set, choose the “local” Run Style option and maintain the other default

settings.

e. Look through the Licenses and Reports tabs, and ensure that you have all the licenses that are
required to run this synthesis session.

f. Click Apply in the Synthesize activity pane to start synthesis from coreConsultant. The
current status of the synthesis run is displayed in the main window. Click the Reload Page
button if you want to update the status in this screen.

9. Generate Test Vectors— This option allows you to generate ATPG test vectors with TetraMax.
For more information about this option, refer to “ Generating ATPG Test Vectors’ in the
coreConsultant User Guide.
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Checking Synthesis Status and Results

To check synthesis status and results, click the Report tab for the synthesis options; coreConsultant
displays adiaog that indicates:

Your selected Run Style (locdl, Isf, grd, or remote)

The full path to the HTML file that contains your synthesis results
The name of the host on which the synthesisis running

The process ID (Job Id) of the synthesis

The status of the synthesis job (running or done)

The Results dialog also enables you to kill the synthesis (Kill Job) and to refresh the status display in
the Results dialog (Refresh Status). The Results information includes:

« Summary of log files
« Synthesis stages that completed
 Summary of stage results

This information indicates whether the synthesis executed successfully, and liststhe DW_apb_uart
transactions that occurred during the scenario(s). Thorough analysis of the scenario execution requires
detailed analysis of all synthesislog files and inspection of report summaries.

Synthesis Output Files

All the synthesis results and log files are created under the syn directory in your workspace. Two of the
filesin the workspace/syn directory are:

e run.scr — Top-level synthesis script for DW_apb_uart
e run.log— Synthesislog file

Your final netlist and report directories depend on the QoR effort that you chose for your synthesis
(default is medium):
e low—initia
medium —incrl
high —incr2

For information about deliverables that are generated after synthesis is performed, refer to “ Database
Description” on page 167.

Running Synthesis from Command Line

To run synthesis from the command line prompt for the files generated by coreConsultant, enter the
following command:

[}

s Irun.scr

This script resides in your workspace/syn directory.
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Verifying the DW_apb_uart

This section provides the steps you use to execute the testbench available for DW_apb_uart
verification. Once the DW_apb_uart has been configured and the verification environment has been set
up, simulations can be automatically run. In fact, both synthesis and ssmulation activities can be done
in parallel, so you do not have to wait for synthesis to complete in order to start a simulation.

DW_apb_uart verification is detailed in the following sections:

e “Creating GTECH Simulation Models’
o “Verifying the Simulation Model” on page 162

T3> Note
For GTECH Smulations Only. Due to the configurable nature of the component, some
ports in the testbench may not be needed for your chosen configuration. Warnings about
undriven nets may appear. These warnings are to be expected, and you can ignore them.
The verification result files show if the verification ran successfully.

Creating GTECH Simulation Models

DesignWare AMBA Synthesizable Components (coreKit RTL) are delivered in encrypted format,
rather than source code, and some simulators cannot read the encrypted source files. In order for these

simulators to read the encrypted files, you must either perform a GTECH conversion or purchase a
source license from Synopsys.

T 5= Note

The Synopsys VCS simulator reads the encrypted files directly and does not require a
GTECH conversion. All other supported simulators require a GTECH simulation model.
You need a DesignWare license to complete the GTECH generation process. If you are a
source license customer, then you do not have to generate a GTECH simulation model,
even if you are using a non-VCS simulator.

Also, it isnot possible to perform a GTECH simulation with DC FPGA.

1. Generate GTECH Model —To create a GTECH simulation model, click on the Generate GTECH
Simulation Modél activity.

2. Look at the values for the parameters listed below.

Field Name Description

Execution Options

Generate Scripts only? | Values: Enable or Disable
Default Value: Disable

Description: Writes scripts that run the generation of the GTECH simulation
model, but they are not run when you click Apply. To run these scripts, go to the
gtech directory of the component workspace and run the run.scr script.
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Field Name

Description

Run Style

Values: local, Isf, grd, or remote
Default Value: local

Description: Describes how to run the command: locally, through L SF, through
GRR, or through the remote shell.

Run Style Options

Values: user-defined
Default Value: none

Description: Additional options for the run style options except local. For
remote, specify the hostname. For L SF and GRD, specify bsub or gsub
commands.

Send e-mail

Values: current user’s name

Description: E-mail is sent when the command script completes or is
terminated.

Synthesis Control

Ungroup Netlist after
Compile

Values: 0 (Enabled) or 1 (Disabled)
Default Value: 0 (Disabled)
Description: Ungroups the design to provide a non-hierarchical netlist

3. Click Apply; coreConsultant invokes Design Compiler to perform alow-effort compile
(quickmap) of your custom configuration using the Synopsys technol ogy-independent GTECH
library. After this activity has completed, an e-mail similar to the following is sent to the specified
user name (if you enabled that option):

Activity: GenerateGtechModel
Workspace: workspace path

Design: DW_apb uart

Started: Wed Jul 24 16:19:48 BST 2002
Finished: Wed Jul 24 16:21:42 BST 2002
Status: Completed

Results: workspace path/gtech/gtech.log

Your simulation model is contained in the DW_apb_uart.v output file that is written to
wor kspace/gtech/gmap/db.
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Verifying the Simulation Model
To verify the DW_apb_uart, use coreConsultant to complete the following steps:

1. (Optional) Formal Verification — You can run formal verification scripts using Synopsys
Formality (fm_shell) to check two designs for functional equivalence. You can check the
gate-level design from a selected phase of a previously executed synthesis strategy against either
the RTL version of the design or the gate-level design from another stage of synthesis. To run this,
choose Formal Verification under the Verify Component category and then click Apply.

2. Setup and Run Simulations — Specify the ssmulation by completing the Setup and Run
Simulations activity:
a. Inthe Select Simulator area, click on the Simulator view list item to view available simulators
(VCSisthe default).
b. Specify an appropriate Verilog simulator from the drop-down menu.

For installation instructions and information about required tools and versions, refer to
“Setting up Your Environment” in the DesignWare AMBA Synthesizable Components
Installation Guide. For genera information about the contents of the release, refer to the
DesignWare DW _apb_uart Release Notes.

c. Inthe Simulator Setup area of the Simulator pane, look at the parameters for the simulator
setup, as detailed in the following table.

Field Name

Description

Root Directory of
Cadence Installation

The path to the top of the directory tree where the Cadence NC-Verilog
executable is found; coreConsultant automatically detects this path. The
NC-Verilog executables reside in the ./bin subdirectory.

MTI Include Directory

The path to the include directory contained within your MTI simulator
installation area. A valid directory includes the veriuser.h file.

Veralnstal Area
($VERA_HOME)

Path to your Verainstallation.
Default Value: value of your $VERA_HOME variable

Vera .vro file cache
directory

Location to store .vro files. These files are generated as part of building the
testbench. Encrypted Verais source is compiled and stored in the cache.

DW Foundation Install
Area ($SYNOPSY S)

Path to your Synopsys DW Foundation installation, which is set from the
Tools Installation Areas dialog box. Any change to this value must be made
from the Tool Installation Areas coreConsultant dialog box.

C Compiler for (Vera
PLI)

Values: gcc or cc
Default Value: gcc

Description: Invokes the specific C compiler to create a Vera PLI for your
chosen non-V CS simulator. Choose cc if you have the platform native ANSI
C compiler installed. Choose gec if you have GNU C compiler installed.

detailed below.

d. In the Waves Setup area of the Simulator pane, look at the parameters for the waves setup as
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T 5= Note
For the Generate Waves File setting, enable the check box so that the smulation creates a
file that you can use later for debugging the simulation, if you want to do so.

Field Name Description

Generateswavesfile | Values: Enable or Disabled
Default Value: Disabled

Description: Indicates whether awave file should be created for debugging
with awave file browser after simulation ends. Uses VPD file format for
VCSand VCD format for the other supported simulators.

Depth of wavesto be | Description: Enter the depth of the signal hierarchy for which to record
recorded wavesin the dump file. A depth of O indicates al signalsin the hierarchy are
included in the wave file.

e. Choose the View list choice.

f. Inthe View Selection area of the View pane, look at the choice of views of the design you can
simulate from the drop-down list:

* RTL —requires asource license or Synopsys VCS

* GTECH —requiresthat you have completed the Generate GTECH Model activity (refer
to page 160) only if you are using anon-V CS simulator and do not have a source license.

g. Choose the Execution Options list choice to set the following options:

Field Name Description

Do Not _Launch Values: Enable or Disable
Simulation Default Value: Disable

Description: Determines whether to execute the simulation or just generate the
simulation run script. If checked, coreConsultant generates, but does not
execute, the simulation run script. You can execute the script at a later time by
invoking the run script (workspace/sim/run.scr) directly from the UNIX
command line or by repeating the Verification activity with Do Not Launch
Simulation unselected.

Run Style Values: local, Isf, grd, or remote
Default Value: local

Description: Describes how to run the command: locally, through L SF, through
GRD, or through the remote shell.

Run Style Options | Values: user-defined
Default Value: none

Description: Additional options for the run style options except local. For
remote, specify the hostname. For LSF and GRD, specify bsub or gsub
commands.

Send e-mail Values: current user’s name

Description: E-mail is sent when the command script completesor is
terminated.
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h. Select Testbench and look at the options described below:

Field Name Description

Run test_uart Values: Enable or Disable
Default Value: Enable
Description: Tests general functions of the DW_apb_uart.

i. Click Apply to run the simulation.
When you click Apply, coreConsultant performs the following actions:

r—dets up the DW_apb_uart verification environment to match your selected DW_apb_uart
configuration.

r—Generates the simulation run script (run.scr) and writes it to your workspace/sim directory.

r—hnvokes the smulation run script, unless you enabled the Do Not Launch Simulation option.
The simulation run script, in turn, performs the following actions:

r—hinks the generated command files, and recompiles the testbench.

r—hnvokes your ssmulator to simulate the specified scenarios.

r—Writes the simulation output files to your workspace/sim/test_* directory.

r—if an e-mail addressis specified, sends the simulation completion information to that e-mail
address when the ssmulation is compl ete.

For an overview of the related tests, refer to “Verification” on page 133.

Checking Simulation Status and Results

To check simulation status and results, click the Report tab for either the GTECH models or for the
simulation options; coreConsultant displays a dialog that indicates:

Your selected Run Style (local, Isf, grd, or remote)

The full path to the HTML file that contains your simulation results
The name of the host on which the simulation is running

The process ID (Job 1d) of the ssmulation

« The status of the simulation job (running or done)

If you selected the “LSF/GRD” option for the Run Style, then the status of the simulation jobs (running
or complete) isincorrect. Once all the simulation jobs are submitted to the L SF/GRD queue, the status
would indicate “ complete.” You should use “bjobs/gstatus’ to see whether all the jobs are completed.

The Results dialog aso enables you to kill the smulation (Kill Job) and to refresh the status display in
the Results dialog (Refresh Status). The Results information includes:

« Veracompile execution messages
« Simulation execution messages
e DW_apb uart bus transactions

This information indicates whether the simulation executed successfully, and liststhe DW_apb_uart
transactions that occurred during the scenario(s).

Thorough analysis of the scenario execution requires detailed analysis of all smulation output files and
inspection of simulation waveforms with awaveform viewer.

164 Synopsys, Inc. January 20, 2006



DesignWare DW_apb_uart Databook Appendix A: Building and Verifying Your DW_apb_uart

Creating a Batch Script

It sometimes helps to have a batch file that contains information about the workspace, parameters,
attributes, and so on. You can then review these by looking at the file in an ASCII editor. To do this,
choose the File > Write Batch Script menu item and enter a name for the file. Then look at the
contents to familiarize yourself with the information that you can get from thisfile. You can use the
batch script to reproduce the workspace.

Applying Default Verification Attributes
Toreset all DW_apb uart verification attributes to their default values, use the Default button in the
Setup and Run Simulation activity under the Verification tab.

To examine default attribute values without resetting the attribute values in your current workspace,
create a new workspace; the new workspace has al the default attribute values. Alternatively, use the
Default button to reset the values, and then close your current workspace without saving it.
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Database Description

This appendix lists the deliverables and other reference files that are generated from the coreConsultant
flow.

This appendix includes the following sections:
“Design/HDL Files” on page 168
“Register Map Files’ on page 169
“Synthesis Files” on page 170
“Verification Reference Files’ on page 170
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Design/HDL Files

The following sections describe the design and HDL files that are produced by coreConsultant when
configuring and verifying a DesignWare AMBA component.

RTL-Level Files

The following table describes the RTL files that are generated by the Create RTL activity of the
coreConsultant GUI. They are encrypted except where otherwise noted.

T3> Note
Any Synopsys synthesis tool or simulator can read encrypted RTL files.

Table 11: RTL-Level Files

Files Encrypted? | Purpose

Jsrc/component_cc_constants.v No Includes definitions and values of al configuration
parameters that you have specified for the component.

Jsrc/component.v No Top-level HDL file.

When you include the component in your simulation, you
must include the DesignWare libraries by using the
following optionsin your simulator invocation:

-y ${SYNOPSYS}/packages/gtech/src ver
-y ${SYNOPSYS}/dw/sim ver

For an example of this process, refer to the DW_AMBA
QuickStart SngleLayer Example Guide.

Note: If you could not open the QuickStart documentation,
it means that you have not downloaded the QuickStart
examples. For download instructions, please refer to the
DesignWare AMBA Synthesizable Components Installation

Guide.
Jsrc/component_submodule.v Yes Sub-modules of component
Jsrc/component_constants.v No Includes the constants used internally in the design.
Jsrc/component.Ist No Liststhe order in which the RTL files should be read into

tools, such as simulators or dc_shell. For example, use the
following option to read the design into VCS:

vcs -f component.lst

Jsrcl/* .update Yes Ignore these files. Used for VHDL generation

Jexport/component_inst.v No Instantiation of configured component for use in design
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Simulation Model Files

The following table includes the simulation model files generated for the component during the
Generate GTECH Simulation activity in coreConsultant. These files are needed when you are using a
non-Synopsys simulator (when you can not use the encrypted RTL).

Table 12: Simulation Model Files

Files Encrypted? Purpose

gtech/final/db/component.v No Simulation model of the component for use with
non-Synopsys simulators. A technol ogy-independent,
gate-level netlist. VHDL and Verilog versions are generated.

When you use this simulation model in your simulation, you
must include the DesignWare libraries by using the following
optionsin your simulator invocation:

-y ${SYNOPSYS} /packages/gtech/src ver

-y ${SYNOPSYS}/dw/sim ver

For an example of this process, refer to the DW_AMBA
QuickSart SngleLayer Example Guide.

Note: If you could not open the QuickStart documentation, it
means that you have not downloaded the QuickStart
examples. For download instructions, please refer to the
DesignWare AMBA Synthesizable Components I nstallation
Guide.

Register Map Files

These files only pertain to DW_ahb and DW_apb daves, basically components that have a
programming interface. The DesignWare AMBA components that do not have register map files are
the DW_apb, DW_ahb_icm, and DW_ahb_h2h components. These files include address definitions
(memory map) for the component. The following table includes a description of the C and Verilog
header files generated for components with programming interfaces.

Table 13: Header Files

Files Encrypted? Purpose
Jc_headers/component_defs.h No For use when programming the component in aC
environment.
Jverilog_headers/component_defs.v No For use when programming the component in a Verilog
environment.
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Synthesis Files

The following table includes the files that are generated after the Create Gate-Level Netlist activity in
coreConsultant is performed on a component.

Table 14: Synthesis Files

Files Encrypted? Purpose

JsynfauxScripts No Auxiliary filesfor synthesis.

Jsynffinal/db/component.db Binary format | Synopsys .db files (gate level) that can be read into dc_shell for
further synthesis, if desired.

Jsyn/final/db/component.v No Gate-level netlist that is mapped to technology librariesthat you
specify.

Jsyn/constrain/script/* .* No Constraint files for the components.

Jsynffinal/report/* .* No Synthesis result files.

Verification Reference Files

The files described in the following table include information pertaining to the component’s operation
so that you can verify installation and configuration of the component has been successful. These files
are not for re-use during system-level verification.

Table 15: Verification Reference Files

Files Encrypted? Purpose
Jsim/runtest No Perl script that runs the coreConsultant Verify Component
activity from the command line.
Jsim/runtest.log No The overall result of smulation, including pass/fail results.
Jsim/test_testname/test.result No Pass/fail of individual test.
Jsim/test_testname/test.log No Log filefor individua test.

For more information about performing verification on your component, see the chapter titled
Verification in this databook.
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DesignWare QuickStart Designs

The DesignWare AMBA Synthesizable Components environment provides many templates and
examplesto help you be successful with your own design creation process. This section summarizes
these system design aids, and points you to more information about them.

QuickStart Example Designs

QuickStart examples are provided with the DesignWare Synthesi zable Components and verification
models to help you learn about these products. The QuickStart examples show how to connect the
DesignWare AMBA Synthesi zable Components to the DW_apb and DW_ahb bus I P, and how to set up
averification environment. These are simulation-only subsystems to view waveforms, and not for use
in synthesis. Each example design includes the following information:

Block diagram of subsystem design, showing connections and ports
Purpose of the example, and features included

Example directory structure

Important configuration and parameter information

Overview of the testbench and tests that are provided

Instructions on how to quickly perform a simulation run

For more information about QuickStart examples, refer to the DesignWare AMBA
QuickSart_SingleLayer Guide and the DesignWare AMBA QuickStart_MultiLayer Guide.

TI5>=Note
If you could not open the QuickStart documentation, it means that you have not
downloaded the QuickStart examples. For download instructions, please refer to the
DesignWare AMBA Synthesi zable Components Installation Guide.
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Glossary

active command queue

activity

AHB

AMBA

APB

APB bridge

application design
arbiter

BFM

big-endian

blocked command stream

January 20, 2006

Command queue from which amodel is currently taking commands; see also
command queue.

A set of functionsin coreConsultant that step you through configuration,
verification, and synthesis of a selected core.

Advanced High-performance Bus — high-performance system backbone bus.
AHB supports the efficient connection of processors, on-chip memories and
off-chip external memory interfaces (ARM Limited specification).

Advanced Microcontroller Bus Architecture — atrademarked name by ARM
Limited that defines an on-chip communication standard for high speed
microcontrollers.

Advanced Peripheral Bus — optimized for minimal power consumption and
reduced interface complexity to support peripheral functions (ARM Limited
specification).

DW _apb submodule that converts protocol between the AHB bus and APB
bus.

Overall chip-level design into which a subsystem or subsystems are integrated.
AMBA bus submodule that arbitrates bus activity between masters and slaves.
Bus-Functional Model — A simulation model used for early hardware debug.

A BFM simulates the bus cycles of adevice and models device pins, aswell as
certain on-chip functions. See also Full-Functional Model.

Dataformat in which most significant byte comes first; normal order of bytes
in aword.

A command stream that is blocked due to a blocking command issued to that

stream; see also command stream, blocking command, and non-blocking
command.
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blocking command

bus bridge

command channel

command stream

component

configuration

configuration intent

core

core devel oper

core integrator

coreAssembler

coreConsultant

coreKit

cycle command
decoder

design context
design creation

Design View
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A command that prevents a testbench from advancing to next testbench
statement until this command executes in model. Blocking commands
typically return data to the testbench from the model.

Logic that handles the interface and transactions between two bus standards,
such as AHB and APB. See APB bridge.

M anages command streams. M odels with multiple command channel s execute
command streams independently of each other to provide full-duplex mode
function.

The communication channel between the testbench and the model.

A generic term that can refer to any synthesizable IP or verification IP in the
DesignWare Library. In the context of synthesizable IP, thisis a configurable
block that can be instantiated as a single entity (VHDL) or module (Verilog) in
adesign.

The act of specifying parameters for a core prior to synthesis; can also be used
in the context of VIP.

Range of values allowed for each parameter associated with a reusable core.
Any configurable block of synthesizable IP that can be instantiated as a single
entity (VHDL) or module (Verilog) in adesign. Coreisthe preferred termfor a
big piece of IIP. Anything that requires coreConsultant for configuration, as
well as anything in the DesignWare Cores library, is a core.

Person or company who creates or packages a reusable core. All the coresin
the DesignWare Library are developed by Synopsys.

Person who uses coreConsultant or coreAssembler to incorporate reusable
coresinto a system-level design.

Synopsys product that enables automatic connection of a group of coresinto a
subsystem. Generates RTL and gate-level views of the entire subsystem.

A Synopsys product that lets you configure a core and generate the design
views and synthesis views you need to integrate the core into your design. Can
also synthesize the core and run the unit-level testbench supplied with the core.
An unconfigured core and associated files, including the core itself, a specified
synthesis methodol ogy, interfaces definitions, and optional items such as
verification environment files and core-specific documentation.

A command that executes and causes HDL simulation time to advance.

Software or hardware subsystem that translates from and “encoded” format
back to standard format.

Aspects of acomponent or subsystem target environment that affect the
synthesis of the component or subsystem.

The process of capturing adesign as parameterized RTL.
A simulation model for a core generated by coreConsultant.
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DesignWare AMBA

Synthesizable Components

DesignWare cores

DesignWare Library

dual role device
endian

Full-Functional Mode

GPIO
GTECH

hard IP
HDL
1P

implementation view

instantiate
interface

IP

little-endian

MacroCell

master
model
monitor

non-blocking command
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The Synopsys name for the collection of AMBA-compliant coreKits and
verification models delivered with DesignWare and used with coreConsultant
or coreAssembler to quickly build DesignWare AMBA Synthesizable
Component designs.

A specific collection of synthesizable coresthat are licensed individually. For
more information, refer to www.synopsys.com/designware.

A collection of synthesizable IP and verification |P componentsthat is
authorized by asingle DesignWare license. Products include SmartModels,
VMT model suites, DesignWare Memory Maodels, Building Block IP, and the
DesignWare AMBA Synthesizable Components.

Device having the capabilities of function and host (limited).

Ordering of bytes in amulti-byte word; see also little-endian and big-endian.

A simulation model that describes the complete range of device behavior,
including code execution. See also BFM.

Genera Purpose Input Output.

A generic technology view used for RTL simulation of encrypted source code
by non-Synopsys simulators.

Non-synthesizable implementation IP.

Hardware Description Language — examplesinclude Verilog and VHDL.
Implementation Intellectual Property — A generic term for synthesizable
HDL and non-synthesizable “hard” IPin al of its forms (coreKit, component,
core, MacroCell, and so on).

The RTL for acore. You can simulate, synthesize, and implement this view of
acoreinarea chip.

The act of placing a core or model into adesign.
Set of ports and parameters that defines a connection point to a component.

Intellectua property — A term that encompasses simulation models and
synthesizable blocks of HDL code.

Data format in which the least-significant byte comes first.

Bigger IP blocks (6811, 8051, memory controller) availablein the DesignWare
Library and delivered with coreConsultant.

Device or model that initiates and controls another device or peripheral.
A Verification | P component or a Design View of acore.
A device or model that gathers performance statistics of a system.

A testbench command that advances to the next testbench statement without
waiting for the command to complete.
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peripheral

RTL

SDRAM

SDRAM controller
dave
SoC

soft IP

static controller

subsystem

synthesis intent

synthesizable IP

technol ogy-independent

Testsuite Regression
Environment (TRE)

VIP

workspace

wrap, wrapper

zero-cycle command
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Generally refersto asmall core that has a bus connection, specifically an APB
interface.

Register Transfer Level. A higher level of abstraction that implies a certain
gate-level structure. Synthesis of RTL code yields a gate-level design.

Synchronous Dynamic Random Access Memory; high-speed DRAM adds a
separate clock signal to control signals.

A memory controller with specific connections for SDRAMS.
Device or model that is controlled by and responds to a master.
System on a chip.

Any implementation |P that is configurable. Generally referred to as
synthesizable IP.

Memory controller with specific connections for Static memories such as
asynchronous SRAMs, Flash memory, and ROMs.

In relation to coreAssembler, highest level of RTL that is automatically
generated.

Attributes that a core developer applies to atop-level design, ports, and core.

A type of Implementation I P that can be mapped to a target technol ogy
through synthesis. Sometimes referred to as Soft IP.

Design that allows the technology (that is, the library that implementsthe gate
and viawidths for gates) to be specified later during synthesis.

A collection of files for stand-alone verification of the configured component.
Thefiles, tests, and functionality vary from component to component.

Verification Intellectual Property — A generic term for a simulation model in
any form, including a Design View.

A network location that contains a personal copy of a component or
subsystem. After you configure the component or subsystem (using
coreConsultant or coreAssembler), the workspace contains the configured
component/subsystem and generated views needed for integration of the
component/subsystem at the top level.

Code, usually VHDL or Verilog, that surrounds a design or model, allowing
easier interfacing. Usually requires an extra, sometimes automated, step to
create the wrapper.

A command that executes without HDL simulation time advancing.
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A

active command queue

definition 173
activity

definition 173
Adding component, to subsystem 26
AHB

definition 173
AMBA

definition 173
APB

definition 173
APB bridge

definition 173
application design

definition 173
arbiter

definition 173
ATPG, with TetraMax 34
Auto CTS, timing of 54
Auto flow control 51
Auto RTS, timing of 53

B

BFM
definition 173
big-endian
definition 173
Block descriptions 14
Block diagram
DW _apb_uart functional 15
blocked command stream
definition 173
blocking command
definition 174
Building a subsystem, with Connect 21

bus bridge
definition 174

C

C header files 169
Check tool environment, in Connect 25
Coherency

about 142

read 150

write 143
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Index

command channel
definition 174
command stream
definition 174
component
definition 174
configuration
definition 174
configuration intent
definition 174
Configuring components
in Connect 29
Connect
building a subsystem 21
configuring components 29
creating a batch script 42
creating gate-level netlist 32
creating subsystem RTL 30
formal verification 40
overview of usage flow 22
starting 24
verifying a component 37
core
definition 174
core developer
definition 174
core integrator
definition 174
coreAssembler
definition 174
coreConsultant
definition 174
coreKit
definition 174
Create gate-level netlist 156
Creating
batch script of workspace 42
gate-level netlist in Connect 32
cycle command
definition 174

dc_shell 32

decoder
definition 174

design context
definition 174
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design creation

definition 174
Design for Test, synthesis options 33, 157
Design View

definition 174

DesignWare AMBA Synthesizable Components

definition 175
DesignWare cores
definition 175
DesignWare Library
definition 175
dual role device
definition 175
DW_apb
daves
read timing operation 141
write timing operation 140
DW_apb_uart
description 45
features 16
overview 11
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output files 35, 159
testbench
overview of 134

DesignWare DW_apb_uart Databook

GTECH, generation of 35, 160

H

hard IP
definition 175
HDL
definition 175

P
definition 175
implementation view
definition 175
instantiate
definition 175
Integrating, DW AMBA components 167
interface
definition 175
Interrupts 51
P
definition 175
IrDA 1.0 SIR protocol 47
IrDA SIR data format, timing of 47

E L
endian Licenses 18
definition 175 little-endian
Environment, licenses 18 definition 175
Exporting, a subsystem 43
M
F MacroCell
fm_shell 32 definition 175
Formal verification, in Connect 40 master
FPGA, running synthesisfor 33, 157 definition 175
fpga_shell 32 model
Full-Functional Mode m(()jr?iftlcr)]rltlon 175
definition 175 or
Functional description 45 definition 175
G N
Gate-level netlist, creating 156 non-blocking command
Generating definition 175
subsystem RTL 30
GPIO_ N O
definition 175 Output files
GTECH GTECH 169
definition 175
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header files 169

register map 169

RTL-level 168

Simulation model 169

synthesis 170

verification 170
Overview 11

Parameters 69
overview of 87
peripheral
definition 176
Pins, description of 75
Programmable THRE interrupt 54
Programming DW_apb_uart
memory map 87
Protocol
IrDA 1.0 SIR 47
RS232 45
psyn_shell 32
pt_shell 32

R

Read coherency

about 150

and asynchronous clocks 151

and synchronous clocks 150
Reading, from unused locations 138

Register %ddress map, summary and description of
7

Register bit map, description of 90
Registers
component parameter register (CPR) 128
component type register (CTR) 130
divisor latch high (DLH) 93
divisor latch low (DLL) 94
DMA Software Acknowledge (DMASA) 127
FIFO access (FAR) 114
FIFO control (FCR) 98
Halt TXr (HTX) 127
interrupt enable (IER) 95
interrupt identity (I11R) 96
line control (LCR) 100
line status (LSR) 104
modem control (MCR) 102
modem status (MSR) 107
receive buffer (RBR) 91
receive FIFO level (RFL) 119
receive FIFO write (RFW) 116
scratchpad (SCR) 109
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shadow break control (SBCR) 122
shadow DMA mode (SDMAM) 123
shadow FIFO enable (SFE) 124
shadow RCVR trigger (SRT) 125
shadow receive buffer (SRBR) 112
shadow request to send (SRTS) 121
shadow transmit holding (STHR) 113
shadow TX empty trigger (STET) 126
software reset (SRR) 120
transmit FIFO level (TFL) 118
transmit FIFO read (TFR) 115
transmit holding (THR) 92
UART component version (UCV) 129
UART status (USR) 117

RS232, serial protocol 45

RTL
definition 176

run.scr 35, 159

Running
simulations in coreConsultant 162

S

SDRAM
definition 176
SDRAM controller
definition 176
Signals, description of 75
Simulation
generating GTECH models 35, 160
of acomponent 37
of asubsystem 40
of DW_apb_uart coreKit 134
options in coreConsultant 162
results 39, 42, 164
status 39, 42, 164
dave
definition 176
SoC
definition 176
SoC Platform
AHB contained in 11
APB, contained in 11
defined 11
soft |P
definition 176
Starting
Connect 24
static controller
definition 176
subsystem
definition 176
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Synthesis
output files 35, 159
results 35, 159
running from command line 159
target ti%hznol ogy, specifying 32, 155, 156, 157,

synthesisintent
definition 176

synthesizable IP
definition 176

Synthesizing subsystem 32

T
Target tecrénzology, specifying 32, 155, 156, 157,
1

technol ogy-independent
definition 176
Test Vectors, generating 34
Testsuite Regression Environment (TRE)
definition 176
THRE (Transmitter Holding Register Empty) 13
THRE interrupt 54
Timing
auto CTS 54
auto RTS 53
IrDA SIR dataformat 47
read operation of DW_apb slave 141
write operation of DW_apb slave 140
TRE
definition 176

U
USE_FOUNDATION 69

\Y

Verification

generating GTECH models 35, 160

of acomponent 37

of asubsystem 40

of DW_apb_uart coreKit 134
Verilog header files 169
VIP

definition 176

Waves setup 162

workspace
definition 176
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wrap
definition 176

wrapper
definition 176

Write coherency
about 143
and asynchronous clocks 148
and identical clocks 144
and synchronous clocks 145

Z

zero-cycle command
definition 176
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