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Summary

The Zynq™-7000 All Programmable SoC contains two ARM® Cortex™-A9 processors that
can be configured to concurrently run independent software stacks or executables. This
application note describes a method of starting up both processors, each running its own
operating system and application, and allowing each processor to communicate with the other
through shared memory.

Included
Systems

Introduction

Design
Overview

The design is created and built using the Xilinx Platform Studio (XPS) 14.3. The design also
includes software built using the Xilinx Software Development Kit (SDK). A complete set of
project files is provided with this application note to allow the designer to examine and rebuild
the design or use the files as a template for starting a new design.

Pre-built and pre-implemented files targeting the Zyng-7000 ZC702 demonstration platform are
also provided in case the designer wants to skip the steps of reproducing hardware, software,
or boot file targets.

The Zyng-7000 AP SoC provides two Cortex-A9 processors that share common memory and
peripherals. Asymmetric multiprocessing (AMP) is a mechanism that allows both processors to
run their own operating systems or bare-metal applications with the possibility of loosely
coupling those applications via shared resources. The reference design includes the hardware
and software necessary to build a reference design that runs both Cortex-A9 processors in an
AMP configuration. CPUO runs Linux and CPU1 runs a bare-metal application. Care has been
taken to prevent the CPUs from conflicting on shared hardware resources. This document also
describes how to create a bootable solution and how to debug both CPUs.

In this reference design, each of the two Cortex-A9 processors is configured to run its own
software. CPUO is configured to run Linux and CPU1 is configured to run a bare-metal
application.

In this AMP example, the Linux operating system running on CPUO is the master of the system
and is responsible for:

e System initialization

* Controlling CPU1’s startup

e Communicating with CPU1

* Interacting with the user

The bare-metal application running on CPU1 is responsible for:

* Managing a “heart beat” that can be monitored by Linux on CPUO
e Communicating with Linux on CPUOQ

e Servicing interrupts from a core in the programmable logic (PL)

e Communicating interrupt events to Linux running on CPUO
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The Zynq SoC processing system (PS) includes resources that are both private to each CPU
and shared by both CPUs. In running the design in an AMP configuration, care must be taken
to prevent both CPUs from contending for these shared resources. Refer to Zynq-7000 All
Programmable SoC Technical Reference Manual [Ref 1] for further information on shared and
private resources.

Examples of some of the private resources are:

e L1 cache

e Private peripheral interrupts (PPIs)
e Memory management unit (MMU)
e Private timers

Examples of some of the shared resources are:

* Interrupt control distributor (ICD)

e DDR memory

¢ On-chip memory (OCM)

* Global timer

*  Snoop control unit (SCU) and L2 cache

In this example, CPUO is treated as the master and controls the shared resources. If CPU1
were to require control of a shared resource, it would have to communicate the request to
CPUO and let CPUO control the resource. To keep the complexity of this reference design to a
minimum, the bare-metal application running on CPU1 has been modified to limit access to the
shared resources.

OCM is used by both processors to communicate to each other. When compared to DDR
memory, OCM provides very high performance and low latency access from both processors.
Deterministic access is further assured by disabling cache access to the OCM from both
processors.

Actions taken by this design to prevent problems with the shared resources include:

1. DDR memory: Linux has only been made aware of memory at 0x00000000 to
0x2FFFFFFF. CPU1 uses memory from 0x30000000 to 0x3FFFFFFF for its bare-metal
application.

2. L2 Cache: CPU1 does not use L2 cache.

3. ICD: Interrupts from the core in PL are routed to the PPI controller for CPU1. By using the
PPI1, CPU1 has the freedom to service interrupts without requiring access to the ICD.

Timer: CPU1 uses the private timer for the heart beat.

5. OCM: Accesses to OCM are handled very carefully by each CPU to prevent contention. In
the case of the heart beat, only CPU1 writes the location and CPUO reads the location.
When data is sent from CPU1 to CPUO, only CPU1 writes the data value, then CPU1 sends
a flag by setting a different address location in OCM. CPUO in turn detects the flag, reads
the data, and then clears the flag. Only CPU1 can set the flag, and only CPUO can clear the
flag.

For demonstration purposes only, a custom embedded core included with this example design
is used to provide a simple interrupt source. An output from the ChipScope™ analyzer Virtual
Input/Output (VIO) core is connected to this core, enabling the user to generate interrupts
towards the PS at their leisure. Using the Chipscope VIO core provides more control over when
an interrupt occurs and therefore makes it easier to measure the latency of interrupts. In a
real-world design, however, this core would not exist and instead, the interrupt would be
sourced by a truly functional piece of logic in the PL such as a direct memory access (DMA)
engine.
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Hardware

The PL contains a custom, embedded core connected to a synchronous output of a ChipScope
analyzer VIO core (Figure 1). The VIO core provides a mechanism for a user to interact with
hardware from ChipScope analyzer.

ILA
VIO Irg_gen Core1_nIRQ
pcore
r PS
AXI Interconnect -t M_AXI_GPO

X1078_01_011513

Figure 1: PL Block Diagram

In this design, when the VIO generates a pulse, the custom core forwards an interrupt to the PS
Core1_nIRQ pin. The core is also connected to the PS master general purpose port
(M_AXI_GPO) through an AXI Interconnect, allowing both CPUO and CPU1 access to the
control register within the core. CPU1 accesses the control register to clear the interrupt
request (IRQ) during the interrupt service routine. CPUOQ can optionally use the control register
to create an interrupt towards CPU1. The Core1_nIRQ pin connects directly to CPU1’s PPI
block so there is no need to modify the configuration of the shared ICD. A ChipScope analyzer
AXI monitor core is also included and allows the user to measure the latency of the IRQ being
serviced.

Address Map

In the PL, there is a single irg_gen embedded core that contains a single control register. The
register is located at BASE + 0 (0x78600000). Table 1 contains a description of the IRQ_GEN
control register.

Table 1: IRQ_GEN Control Register

Bit Access Description
[31:1] R/W Unused. Value written can be read.
IRQ Asserted
* 0:IRQ is not asserted towards the PS.
[0] R/W ¢ 1:1RQ is asserted towards the PS. If the VIO_IRQ_TICK
pin is asserted (by the VIO), this bit is set. Also, the CPU
can set this bit. Only the CPU can write this bit to clear it.

XAPP1078 (v1.0) February 14, 2013 www.xilinx.com 3


http://www.xilinx.com

Design Overview

& XILINX.

Software

The software can be broken down into three sections:

e First stage boot loader (FSBL)
e Linux operating system and applications for CPUOQ
* Bare-metal operating system and application for CPU1

FSBL

The FSBL always runs on CPUO. It is the first software application that is run after power-on
reset of the PS. The FSBL is responsible for programming the PL and both application
executable and linkable format (ELF) files to DDR memory. After loading the applications to
DDR memory, the FSBL starts executing the first application that was loaded.

However, the version of FSBL included in the ISE® Design Suite 14.3 does not support multiple
data or ELF files. The FSBL first looks for a bit file. If a bit file is found, the FSBL writes it to the
PL. Next, whether or not a bit file is found, the FSBL loads one application ELF into memory
and executes it. This operating sequence does not support such an AMP configuration, so the
FSBL must be modified.

Within this AMP example’s project files, the FSBL has been modified to continue searching for
files and loading them into memory until it detects a file that has a load address of
OxFFFFFFF0. Upon detection, the FSBL downloads this last file and jumps to the executable
address of the first non-bit or non-boot file found (which is the application for CPUO). For details
regarding how CPU1 starts up, refer to Zynq-7000 All Programmable SoC Technical Reference
Manual [Ref 1].

Linux

The easiest way to use Linux in an AMP configuration is to configure Linux as symmetric
multiprocessing (SMP) but restrict the number of available CPUs to 1. Such an approach
ensures that Linux configures the ICD and SCU correctly for a multiple CPU environment.

To create the Linux kernel, U-Boot, device tree, and the root file system ramdisk, refer to the
wiki pages at http://wiki.xilinx.com. All generated files are available as part of the project files
accompanying this application note.

To instruct Linux to use only one CPU for SMP, the bootargs in the device tree is modified to add
maxcpus=1. By default, the Linux .config is already setup to use SMP on the ZC702
demonstration board.

The device tree is also modified to reduce the amount of memory available to Linux to provide
untouched memory space for CPU1’s application.

Linux Applications

Two Linux applications that run on CPUO are provided to interact with CPU1 that is running the
bare-metal application. The first application, rwmem, provides a simple memory read and write
access from Linux to OCM. This rmem application is used to peek and poke addresses in
OCM. As specific address locations are changed, CPU1 detects the changes and interacts in
a specific way. The second application, softUart, provides a UART-style communication
between Linux running on CPUO and bare-metal running on CPU1 through predefined memory
locations in OCM.

After the PS powers up and the internal boot ROM completes execution, CPU1 will have been
redirected to a small piece of code in OCM at 0xFFFFFEOQO. This piece of code is a continuous
loop that waits for an event, checks address location 0xFFFFFFFQ for a non-zero value and
then continues the loop. If 0OXFFFFFFFO0 contains a non-zero value, CPU1 will jump to the
fetched address.

XAPP1078 (v1.0) February 14, 2013 www.xilinx.com 4


http://wiki.xilinx.com
http://www.xilinx.com

Design Overview & XILINX.

CPUO (running Linux) starts CPU1 (running bare-metal) by writing the value of 0x30000000 to
address 0xFFFFFFFO using the included rwmem application. Normally, CPUO would need to
run a set event (SEV) command to wake up CPU1. Because Linux, running on CPUQ, is
constantly servicing interrupts (another source of events), an SEV command is not necessary.
When CPU1 wakes up, it reads the value 0x30000000 from address OxFFFFFFF0 (written
using the rvmem command) and then jumps to address 0x30000000. Note that the FSBL
placed CPU1’s ELF at 0x30000000.

The softUart application, which is also included in the design files, is run as a background task
in Linux. When running, softUart continuously monitors shared OCM memory at locations
0xFFFF9000 (COMM_TX_FLAG_OFFSET) and 0xFFFF9004 (COMM_TX_DATA_OFFSET).
Whenever a 1 is present at COMM_TX_FLAG_OFFSET, softUart reads the value found at
COMM_TX_DATA_OFFSET and temporarily stores the value in a string array. When a value of
0x0A (\n) is received, the string array is displayed on STDOUT. Every time softUart reads a
value from COMM_TX_DATA_OFFSET, it clears the COMM_TX_FLAG_OFFSET content. This
clear signals to CPU1 that another character can be sent towards the softUart application
running on Linux.

Bare-Metal Application Code

The reference design has CPU1 running bare-metal application code. Linux, running on CPUO,
is responsible for initializing shared resources and starting up CPU1.

The bare-metal board support package (BSP) named standalone_v3_07_a that is part of the
EDK 14.3 install includes support for the preprocessor define constant USE_AMP. This
constant prevents the BSP from re-initializing the PS SCU that has previously been initialized
by CPUO. One caveat of using the USE_AMP constant is that the MMU mapping is adjusted to
create an alias of memory where the physical memory located at address 0x20000000 is
virtually mapped to 0x00000000. This remapping is done in the BSP file boot . s. The
re-mapping is not necessary for this design. A modified version of the BSP is included in the
reference design to remove the re-mapping when USE_AMP is set.

Within this AMP reference design, no Zynq UARTSs are used by the bare-metal application.
Instead, the application running on CPU1 contains its own outbyte() function that is used to
communicate via OCM to a software UART running in a Linux application on CPUO. By adding
the outbyte() function, all stdout functionality of the standalone BSP is intact, allowing functions
such as xil_printf() to be used.

To prevent shared resource conflicts, the bare-metal application running on CPU1 must be
careful not to access resources such as the SCU. Linux disables cache access to the OCM.
However, the default standalone BSP would attempt to enable cache for OCM and therefore
conflict with Linux. When used in an AMP configuration, the function XIL_SetTIbAttributes() is
used in the CPU1’s main() application function to disable cache on OCM. The
XIL_SetTIbAttributes() function has been modified in the included source code such that it only
flushes L1 cache and leaves L2 cache untouched to prevent access to the SCU where L2
cache is controlled.

If the bare-metal code running on CPU1 requires control of L2 cache, a communications
channel must be created allowing the bare-metal code to request Linux to make the necessary
changes to the SCU. This action is beyond the scope or requirement for this example design so
care has been taken to prevent SCU access directly from the bare-metal code.

CPU1 Application

CPU1’s application is located in memory starting at address 0x30000000. The linker script is
used to set the starting address.

CPU1’s application does the following:

1. Configures the MMU to disable cache for OCM accesses in the address range of
O0xFFFF0000 to OxFFFFFFFF. The address mapping of the OCM is untouched so OCM
exists at addresses 0x00000000—0x0002FFFF and addresses
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0xFFFF0000—-0xFFFFFFFE. Only the high 64 KB of OCM is used by the design so cache

Reference
Design

is disabled on addresses 0xFFFF0000—0xFFFFFFFF.

2. |Initializes the PPI interrupt controller and interrupt subsystem.
3. Increments an OCM location (COMM_VAL). This OCM location is referred to as the

Heartbeat.
4. Sleeps for one second.

5. CPU1’s main() function repeats step 3 and step 4 continuously.

6. As interrupts are detected, an interrupt service routine in the background clears the
interrupt status of the embedded core and prints a string. The output from the print
statement is redirected to use the OCM COMM_TX_FLAG_OFFSET and
COMM_TX_DATA_OFFSET locations. In turn, Linux consumes the OCM data and prints

the string to the Linux console.

The reference design files can be downloaded from:

https://secure.xilinx.com/webreg/clickthrough.do?cid=202155

The reference design matrix is shown in Table 2.

Table 2: Reference Design Matrix

Parameter Description
General
Developer name John McDougall
Target devices (stepping level, ES, production, speed | XC7Z020-CLG484-1
grades)
Source code provided Yes
Source code format VHDL and Verilog
Design uses code/IP from existing Xilinx application | No
note/reference designs, CORE Generator software, or
third party
Simulation
Functional simulation performed No
Timing simulation performed No
Test bench used for functional and timing simulations | No
Test bench format N/A
Simulator software/version used N/A
SPICE/IBIS simulations No
Implementation
Synthesis software tools/version used XST 14.3
Implementation software tools/versions used EDK 14.3
Static timing analysis performed Yes
Hardware Verification
Hardware verified Yes
Hardware platform used for verification ZC702 board
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The reference design contains these files:
e XPS project
e SDK source files for Linux and CPU1 applications
* Generated files including:
e Bitfile
e Allfiles for the SD card
e Application ELF files for Linux and CPU1
* BOOT.BIN build scripts
* Modified bare-metal BSP
e Modified sw_apps FSBL
* Modified devicetree.dts and devicetree.dtb

Table 3 and Table 4 show the device utilization details.

Table 3: Device Utilization (1)

Parameters Specification/Details
Device utilization without testbench Slices 246
GCLK buffers 2
PS7 1
RAMB36 1
HDL language support Verilog/VHDL

Table 4: Device Utilization (2)

Device Speed Grade | Package Pre-l\cllca,ﬁ éﬁz?rzlt'l)esm Post-Route Slices
XC72020 -1 CLG484 240 MHz 160 MHz 246 (1%)

Implementation This section discusses the implementation of the reference design.

Details The design files should be extracted to a directory called design. After the files have been
extracted, a new directory called design\work should be created. Files should be copied as
shown:

design\src\bootgen to design\work\bootgen
design\src\edk_systemto design\work\edk_system

All generated files have been included and are located in the directory
design\generated_files.

Generating Hardware

This section describes the creation of the hardware design. The user can skip this section and
go to Generating Applications. The pre-compiled design is available at
design\generated_files\fpga\download.bit.

To implement the embedded design and export it to SDK:

1. Start XPS and open the embedded project at
design\work\edk_ system\system.xmp.
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2. Select device_configuration > update_bitstream. After it completes, the downloadable

FPGA bit file is available at
design\work\edk_ system\implementation\download.bit.

A precompiled version of the bit file is also available at
design\generated_files\fpga\download.bit.

Export the hardware project to SDK by selecting project >
export_hardware_design_to_SDK. Check the Export & Launch SDK button. At this
point, XPS exports the embedded system configuration via a system. xml file that is used
by SDK to understand what peripherals are present in the design and what the base
addresses are. The file is automatically exported to
design\work\edk_system\SDK\SDK_Export\hw. SDK opens a dialog box asking
where the workspace is located. Browse to and select the directory
design\work\edk_system\SDK, click OK. Before clicking OK a second time, add to the
end of the selection \Workspace as shown in Figure 2. SDK automatically creates the
Workspace subdirectory.

i Workspace Launcher & G \

Select a workspace

Kilinx SDK stores your projects in a folder called a workspace.
Choose a workspace folder to use for this session,

Workspace:s Chdesigniworkiedk_syster\SDK\Workspace - Browse...
+ Copy Settings

e

'L?::' | oK | | Cancel

X1078_02_011713

Figure 2: Select Workspace Directory

Generating Applications

Configuring SDK

The standalone BSP files (used by the bare-metal application) and modified FSBL files have
been included in this design. To give SDK knowledge of these files, SDK needs to be
configured to have knowledge of the new repository.

1.

Start SDK and open the workspace at design\work\edk_system\SDK\Workspace.
This step is not necessary if XPS was used with Export & Launch SDK.

Point SDK to the included repository that contains the modified standalone BSP and
modified FSBL (Figure 3):

* Select Xilinx_tools > repositories.

e Select New for local repositories.

* Browse to and select the directory design\src\sdk_repo.
* Select OK.
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type filter text

General

GG+

Help

Install/Update

Remote Systems

Run/Debug

Team

Terminal

Kilinx SDK
BootImage
Flash Programming
Hardware Specification
Log Information Level
Repositories

Add, remove or change the order of 5DK's software repositories.

Local Repositories (available to the current workspace)

Ci\designisrctsdk_repo

Global Repositories (available across workspaces)

! Target Manager Remove
XMD Startu
P Up
Down
SDK Installation Repositories
CAXilinx\14.3\14 3\ISE_DS\EDK\swAlibh,
C\Kilinx\14.3\14 3\ISE_DS\EDK\swhXilinxProcessorlPLib"
C:\Xilinx\14.3\14 3\ISE_DS\EDK\swh ThirdParty',
Mote: Local repository settings take precedence over global repository settings.
Restore Defaults] [ Apply ]
1 1 r
@ [ ok [ concel

Figure 3: Select Repository
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Creating Custom FSBL Application

1. Ensure that the Configure SDK section has already been run.

2. Create the FSBL using the new template from the repository (Figure 4):

a. Select File > New > Application_Project.
b. Set the project name to amp_fsbl.

@ New Project R | = |

Application Project

Create a managed make application project.

=

Project name:  amp_fshl|

Use default location

e file systern: | default

Target Hardware

Ki\caseB824 xapps\amp_std-std 14.3\amp_14.3%

Browse...

Hardware Platform [edk_system_hw_platform

Processor l psi_cortexad 0

Target Software

05 Platform [St,andalone

Language @C @ C+r

Board Support Package @ Create New  armp_fsbl_bsp

Use existing

® < Back [ MNext = ] [

Cancel

— - = ——

Figure 4: Create FSBL

c. Click Next.

X1078_04_011713
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d. Select the available template Zynq FSBL for AMP. If this template is not available in the
list, verify that the repository is set up correctly (Figure 5).

New Project R | e

Templates i
Create one of the available templates to generate a fully-functicning i "y
application project.

Available Templates:

Dhrystone AMP Medified First Stage Bootloader -
Empty Application (FSBL) for Zyng. The FSBL configures the
Hello Waorld FPGA with HW bit stream (if it exists) and
IwIP Echo Server loads the Operating System (05) Image
Mermory Tests or Standalene (54) Image or 2nd Stage
Peripheral Tests Boot Loader image from the non-volatile

Zyng FSBL |memory (NAND/NOR/QSPI) to RAM
(DDR) and sarts executing . t suppors
multiple partitions, and each partition
can be a code image or a bit stream.
NOTE: Modified add support for multiple
files for AMP.

@:l = Back Next = [ Finish ] [ Cancel

— = — —

X1078_05_011713

Figure 5: Select Custom FSBL Template

e. Click Finish.

3. After SDK completes compiling the new amp_fsbl_bsp BSP and the amp_fsbl application,
the FSBL ELF is available at
design\work\edk_ system\SDK\Workspace\amp_fsbl\Debug\amp_fsbl.elf.

A pre-compiled version is also available at:
design\generated_files\SDK_apps\amp_fsbl.elf.

Creating Bare-Metal Application For CPU1

The instructions in this section create the application ELF that runs on CPU1 after the FSBL
loads the applications to DDR memory. This step is slightly different than creating the
application for CPUO because CPU1 uses the customized BSP. This design prevents CPU1
from accessing shared resources such as the ICD or SCU.

The application has already been compiled and is available at
design\generated_files\SDK_apps\app_cpul.elf.

1. Within SDK, create the BSP using the customized standalone BSP from the repository that
was included with the design (Figure 6).

a. Select File > New > board_support_package.
b. Change the project name to app_cpul_bsp.
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c. Change the CPU to ps7_cortexa9_1.
d. Change the board support package OS to standalone_amp.

Mew Board Support Package Project —

Xilinx Board Support Package Project
Create a Board Support Package.

Project name: app_cpul_bsp

[¥] Use default location
Location: | X\case9824 xappsiamp_lnx-std_14.3\designworkhedk_systerm\SDE\Workspa Browse...

ssterm: | default

Target Hardware

Hardware Platform: [edk_system_hw_platform v]

CPL: Ips?_cortexag_l v]

Board Support Package 0%

standalone [Modified for AMP. Standalone is a simple, low-level software layer. It

[provides access to basic processor features such as caches, interrupts and
lexceptions as well as the basic features of a hosted envirenment, such as
istandard input and output, profiling, abort and exit.

Cancel

? [ Finsn ||

Figure 6: CPU1 BSP

e. Click Finish.

f.  In the board support package settings, select overview > standalone_amp and
change both stdin and stdout to none (Figure 7).

Board Support Package Settings

Control various settings of your Board Support Package.

Overview

4
X1078_06_011713

standalone_amp Configuration for 05: standalone_amp
e Mame Value Default Type Description
cpu_cortexad - 5 = <
stdin none none peripheral stdin peripheral
stdout none - none peripheral stdout peripheral
enable_sw_intru rofiling false false boolean Enable 5/W Intrusive Pr
e false false boolean Enable MicroBlaze Excep]

X1078_07_011713

Figure 7: CPU1 Set No STDIN or STDOUT
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g. Select Overview > drivers > cpu_cortexa9 and add -DUSE_AMP=1 t0

extra_compiler_flags (Figure 8).

Board Support Package Settings

Control various settings of your Board Support Package.

Overview
standalone_amp Configuration for driver:  cpu_cortexad
dieis MName Value Default
cpu_cortexad z = - = -

compiler arm-xilinx-eabi-gcc arm-xilinx-eabi-gcc
archiver arm-xilinx-eabi-ar arm-xilir-eabi-ar
compiler_flags -02 -c -02 -
extra_compiler_flags -g -DUSE_AMP=1 -g

Figure 8: CPU1 BSP Add USE_AMP
h. Select OK.

Type
string
string

string

string

Descripti
Compiler
Archiver
Compiler
Extra con

X1078_08_011713
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2. Create the bare-metal application that will be running on CPU1 and import the included

software (Figure 9):

a.

b
C.
d

e.

Select File > new > application_project.
Enter the project name app_cpui.
Change processor to ps7_cortexa9_1.

Change board support package to Use existing and select app_cpu1_bsp.

New Project

2 ) [

Application Project

Create a managed make application project.

Project name:  app_cpul

[¥] Use default location
A\caseB824 xappsiamp_std-std 14.3\amp_14.3\work\edk sy

default

Target Hardware

Hardware Platform | edk_system_hw_platform

Processor |ps?_cortexa§_1

Target Software

05 Platform [Standalone

Language @C O C++

Board Support Package (©) Create New | app_cpul_hsp

@) Use existing | app_cpul_bsp

®
m
!u
=
A
W
s}
=,
"
=

| [

Cancel

Figure 9: CPU1 Create Application

Click Next.

X1078_09_011713
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f.  Choose the Empty Application template (Figure 10).

New Project e | )

Templates
Create one of the available templates to generate a fully-functioning @
application project.

Available Templates:

DhEstone A blank C project. -

Helle Werld

IwIP Echo Server
Memory Tests
Peripheral Tests
Zyng FSBL

Zyng FSBL for AMP

@ [ <Back | Nea> |[  Finsh || Concel |

X1078710701171G—)

Figure 10: CPU1 Empty Application
g. Click Finish.
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h.

In SDK’s Project Explorer tab, expand app_cpu1 and right click on the sre folder.

Select Import (Figure 11).

C/C++ - app_cpul_bsp/fsystem.mss - Xilinx SDK

Eile Edit Source Refactor Mavigate Search Run  Project  Xilinx Tools )
= | B 86 & g-ea-d-@-
- w X <::| - -
[ Praject Explorer £ = ."Lﬂ system.xml [, system.mss
e |l
= = | app_cpul_bsp Board £
s T amp_fsbl |
> 1M amp_fsbl_bsp —— . :
4 T app_cpul Muadify this BSP's Settings
» [ Includes
> | S0 | Target Information
> [ app_c New * \ckageis con
« & Ek_s GoInte n: K\casedi
ps : 1
B ps Open in New Window pe pslirort
Drim copy Ctrl+C
®ps =
| 3 s Paste Ctrl+V e 05,
M Delete Delete dalone_amp
1 Move... =
s 2 slﬂeq forAN
hes, interrup
PR iling, abort :
L\\? t found
&y  Export...
&] Refresh B
Eoard Suppo
Index 3 1
Make Targets P
Resource Configurations 3 E Consel
Team 3
Compare With r e
Restore from Local History...
for pro
Properties Alt+Enter

Figure 11:
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app_cpul SDK Import
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j- Select General > File_System (Figure 12).

@ Import . et >+ @ B
Select

Choose import source, I E - 5 i

Select an import source:

type filter text

4= General |
@; Archive File
¥ Existing Projects into Workspace
[T, File System
= Preferences
= C/C++
[» = Remote Systems
[» = Run/Debug
[ (= Team

@ < Back Mext = Finish

X1078_12_011713

Figure 12: CPU1 Import General File System
k. Click Next.
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I.  Browse to and select the included directory design\src\apps\app_cpul.

m. In the left window pane, select the app_cpu1 folder but do not add a checkmark. In the
right window pane, select all files (Figure 13).

n.
0.

Biron By Bes B B o llEHEE
File system ¥
Import resources from the local file systern. [ ,._-'
-
From directony: c:\design\src\apps\app_cpu1| - Browse...
= app_cpul ¥ [€] app_cpul.c
& Elscript.ld
Filter Types... | [ SelectAll || DeselectAl
Into folder:  app_cpul/src
Options
["] Overwrite existing resources without warning
[7] Create complete folder structure
@ < Back Mext = [ Finish J ’ Cancel

X1078_13_011713

Figure 13: CPU1 Select Files to Import

Click Finish.
Select yes to overwrite 1script.1d.

3. After SDK completes compiling the new application, the ELF is available at
design\work\edk_system\SDK\Workspace\app_cpul\Debug\app_cpul.elf.

XAPP1078 (v1.0) February 14, 2013
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Creating Linux Application RWMEM

This utility provides simple read and write accesses to memory locations from the Linux
console much like the mrd and mwr commands within Xilinx Microprocessor Debug (XMD).
This application has already been compiled and is available at
design\generated_files\SDK_apps\rwmem.elf.

1. Create a blank Linux application (Figure 14):
a. Select File > new > Application_Project.
b. Set the Project Name to rwmem.
c. Change the OS Platform to Linux.

New Project G R 9

Application Project -
Create a managed make application project. ,.-‘ v,

Project name:  rwrmem

¥ Use default location
K\casedB24 xapps\amp_lnx-std_14.3\designiworkh\edk_syste Browse...

default

Target Hardware

Hardware Platform |edk_system_hw_p|atform v]
Processor [ ps/_cortexad 0 - ]
Target Software
05 Platferm ’Linux v]
Language @C C++

e (@ Create New

Use existing

@:l < Bacl [ Mext » | [ Finish ] [ Cancel

X1078_14_011713

Figure 14: Create RWMEM
d. Click Next.
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e.

f.

Select the Linux Empty Application template (Figure 15).

P — - .
New Project . l'_ (S]- eS|

Templates _

Create one of the available templates to generate a fully-functicning
application project.
Available Templates:

Linux Empty Application A blank Linux C project. 2
Linux Hello Waorld

@:l Mext = l Finish ] [ Cancel

X1078_15_011713

Figure 15: Linux Empty Application
Click Finish.

2. Import the included remem source.

e 0o oo

e.

In SDK’s Project Explorer tab, expand rwmem and right click on the src folder.
Select Import.

Select General > File_System

Browse to and select the included directory design\src\apps\rwmen.
Click OK.

3. Inthe right window pane, select rwmem.c. Do not select anything in the left window pane.
Click Finish.

4. After SDK completes compiling the new application, the ELF file is available at
design\work\edk_system\SDK\Workspace\rwmem\Debug\rwmem.elf. A
precompiled version is also available at
design\generated_files\SDK_apps\rwmem.elf.

Creating Linux Application Soft UART

The Soft UART application runs on Linux and continuously monitors OCM to receive data from
CPU1. The data is echoed to the Linux terminal.

XAPP1078 (v1.0) February 14, 2013

www.Xxilinx.com 20


http://www.xilinx.com

Implementation Details

& XILINX.

This application has already been compiled and is available at
design\generated_files\SDK_apps\softUart.elf.

1. Follow the same steps as Creating Linux Application RWMEM but name the project
softUart and import the source from the included design\src\apps\softUart.

2. After SDK completes compiling the new application, the ELF file is available at
design\work\edk_system\SDK\Workspace\softUart\Debug\softUart.elf.A
precompiled version is also available at
design\generated_files\SDK_apps\softUart.elf.

Creating Linux Kernel

Refer to the wiki pages at http://wiki.xilinx.com for instructions on how to download and compile
the kernel. This design example uses the build with the tag xilinx-14.3-build2. A copy of a
pre-compiled kernel is included at design\generated_files\linux\uImage.

The commands used are listed here:
1. Download the kernel using git as described in the wiki and set the build to
xilinx-14.3-build2:

git clone git://git.xilinx.com/linux-xlnx.git
cd linux-xlnx
git pull origin xilinx-14.3-build?2

or
git checkout -b xilinx-14.3-build2 xilinx-14.3-build?2
2. Build the kernel as described in the wiki:

make ARCH=arm xilinx_zyng defconfig
make ARCH=arm ulmage

Note: Refer to the wiki for more details.

The kernel is compiled and located at arch/arm/boot /uImage.

Creating Linux Device Tree

Refer to the wiki pages at http://wiki.xilinx.com for instructions to compile the device tree. The
device tree needs to be changed to instruct Linux SMP to only use one CPU and to decrease
the amount of memory available to Linux. A copy of the modified devicetree.dts and
compiled devicetree.dtbis included at design\generated_files\boot.

The commands used are listed here:

1. Copy the zyng-zc702.dts device tree included with the downloaded linux kernel to a
new location:
cp arch/arm/boot/dts/zyng-zc702.dts <somewhere>

2. Modify the copied device tree to reduce the memory. The memory entry should be:

memory {
device_type = "memory";
reg = <0x00000000 0x30000000>;
};
3. Setthe maximum number of CPUs to 1 by adding maxcpus=1 to the bootargs assignment:

bootargs = "console=ttyPS0,115200 maxcpus=1 root=/dev/ram rw

4. Compile the new devicetree.dts to create devicetree.dtb as described in the wiki
scripts/dtc/dtc -I dts -0 dtb -o <somewhere>/devicetree.dtb
<somewhere>/zyng-zc702.dts.

Note: Refer to the wiki for more details.
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The device tree that is available from the kernel uses DHCP for Ethernet. If the card does not
have access to a network with a DHCP server, the Linux boot time is greatly decreased if the IP
address is statically set. To do so, the portion of bootargs should be changed from:

to
ip=110.0.0.5::110.0.0.1:255.255.255.0: :eth0:dhcp

Creating U-Boot

Refer to the wiki pages at http://wiki.xilinx.com for instructions on how to download and compile
U-Boot. This design example uses the build with the tag xilinx-14.3-build2. A copy of U-Boot
has already been compiled and is included at
design\generated_files\linux\u-boot.elf.

The commands used are listed here:

1. Download U-Boot, using git as described in the wiki and set the build to xilinx-14.3-build2:

git clone git://git.xilinx.com/u-boot-xlnx.git
cd u-boot-xlnx
git pull origin xilinx-14.3-build2

or
git checkout -b xilinx-14.3-build2 xilinx-14.3-build2
2. Build U-Boot as described in the wiki:

make zyng zc70x_config
make
mv u-boot u-boot.elf

Note: Refer to the wiki for more details.

U-Boot is compiled and located at . /u-boot.elf.

Acquiring Root File System

Refer to the wiki pages at http://wiki.xilinx.com for instructions on how to download the root file
system ramdisk for version 14.3. A copy of the ramdisk is included at
design\generated_files\linux\uramdisk.image.gz.

The downloaded ramdisk is already wrapped for usage by U-Boot. If changes such as startup
tasks needs to be modified, the downloaded ramdisk needs to be unwrapped, mounted,
modified, un-mounted, and then rewrapped. The the steps required are:

1. Unwrap and mount the ramdisk:

dd if=./uramdisk.image.gz bs=64 skip=1 of=ramdisk.gz
gunzip ramdisk.gz
mkdir tmp_copy
sudo mount -o loop ramdisk ./tmp_copy
2. The ramdisk is now mounted at . / tmp_copy.
3. Unmount and rewrap the ramdisk:
sudo umount ./tmp_copy
gzip ramdisk
<ubootRoot>/tools/mkimage -A arm -T ramdisk -C gzip -d ramdisk.image.gz
uramdisk.image.gz

Generating Boot File

The boot file BOOT . BIN normally contains the FSBL, FPGA bit file, and the ELF for the
application that runs on CPUO (U-Boot). In this example, the FSBL has been modified to
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download more than one application so the second application ELF that runs on CPU1 is
included in BOOT . BIN.

The design files contain a batch file, a BootGen configuration file, and a file named
cpul_bootvec.bin (used to trigger the FSBL to stop downloading further data or ELF files).

The configuration file contains the names of the files that are copied to DDR memory. The order
of these files is important. For this design, the order is:

FSBL ELF
CPUO application

w o~

CPU1 application
4. Dummy cpul_bootvec.bin file

A precompiled version of BOOT . BIN is available at
design\generated_ files\boot\BOOT.BIN. All the files referred to in this step are also
precompiled and available at design\generated_files.

Note: The boot file must be named BOOT . BIN.

1. Copy the included directory design\src\bootgen t0 design\work\bootgen. This
directory includes the BootGen batch file (createBoot .bat), a BIF file
(bootimage.bif), and a binary file (cpul_bootvec.bin) that only contains the
hexadecimal value OxFFFFFF00 (swapped for little endian is 0x00, 0xFF, 0xFF, 0XFF).
The FSBL recognizes this file’s load address of 0OxFFFFFFF0 as configured in
bootimage.bif. Ittriggers the FSBL to stop loading ELF or bin files and start running the
first ELF that was downloaded.

2. Copy the compiled FSBL ELF from
design\work\edk_system\SDK\Workspace\amp_fsbl\Debug\amp_fsbl.elf
into design\work\bootgen.

Note: If the steps were not taken to compile the FSBL in SDK, a copy is provided in the reference
design at design\generated_files\SDK_apps\amp_fsbl.elf.

3. Copy the bit file from design\work\edk_ system\implementation\download.bit
into design\work\bootgen.

Note: If the steps were not taken to compile the FPGA bit file, a copy is provided in the reference
design at design\generated_files\fpga\download.bit.

4. Copy u-boot.elf that was created from the wiki information into
design\work\bootgen.

Note: If the steps were not taken to compile the application, a copy is provided in the included
design at design\generated_files\linux\u-boot.elf.

5. Copy the generated bare-metal application for CPU1 from
design\work\edk_ system\SDK\Workspace\app_cpul\Debug\app_cpul.elf
into design\work\bootgen.

Note: If the steps were not taken to compile the application, a copy is provided in the reference
design at design\generated_files\SDK_apps\app_cpul.elf.

6. Open a Xilinx ISE Design Suite command prompt. This command prompt has the
environment set up for the Xilinx tools.

In the command prompt, change the directory to design\work\bootgen.

8. Runthe createBoot.bat file. This creates the boot file BOOT.BIN in the current
directory.

Copying Files to SD Card

The Zynq AP SoC requires these files to be present on the SD card in order to boot Linux:

1. BOOT.BIN (contains the FSBL, BIT file, U-Boot, and application for CPU1)
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2. uramdisk.image.gz (ramdisk file system extracted to memory by U-Boot)

3. devicetree.dtb (used by U-Boot and Linux for device information)

4. uImage (Linux kernel loaded and executed by U-Boot)

In addition, the two Linux applications are added to the SD card so that they are available to run
within Linux:

1. rwmem.elf (allows read/write access to memory)

2. softUart.elf (runs in the background, monitors the OCM, and prints to stdout)

To copy the files to the SD card:

1. devicetree.dtb: This can be the user's devicetree.dtb created from the wiki
information or copied from the design\generated_files\boot\devicetree.dtb
included in the reference design.

2. uramdisk.image.gz: This can be the user’s own file created from the wiki information or
copied fromthe design\generated_files\linux\uramdisk.image.gzincludedin
the reference design.

3. uImage: This can be the user’s own file created from the wiki information or copied from
the included design\generated_files\linux\uImage included in the reference
design.

4. BOOT.BIN: This can be the user’s design\work\bootgen\BOOT .BIN created from the
above steps or copied from the design\generated_files\boot\BOOT.BIN included
in the reference design.

5. rwmem.elf: This can be the user’s
design\work\edk_system\SDK\Workspace\rwmem\Debug\rwmem.elf or the
design\generated_files\SDK_apps\rwmem.elf included in the reference design.

6. softUart.elf: This can be the user's own file from
design\work\edk_system\SDK\Workspace\rwmem\Debug\softUart.elf orthe
design\generated_files\SDK_apps\softUart.elf included in the reference
design.

Running the Design

Hardware Requirements

e ZC702 evaluation board

e 12V AC adapter power supply

e USB type-A to USB mini-B cable (for UART communications)
e TeraTerm Pro (or similar) terminal program

e USB-UART drivers from Silicon Labs [Ref 2]

Hardware Setup

Follow the board setup instructions in the “TRD Demonstration Procedure” section of
Zynqg-7000 All Programmable SoC: ZC702 Evaluation Kit and Video and Imaging Kit (ISE
Design Suite 14.3) Getting Started Guide [Ref 2]. For this design, a mouse, keyboard, USB
hub, monitor, and monitor cable are not required.

The hardware setup configures the ZC702 demonstration board to boot from the SD card. The
terminal program should be configured to listen to the correct COM port with a baud rate of
115200.

When the design is powered up, the board boots. CPUO then starts running U-Boot and boots
Linux. When booting from the SD card, the system can take up to 18 seconds before an output
appears on the UART. This UART is dependent upon a third-party driver. For further details,
refer to Zyng-7000 All Programmable SoC: ZC702 Evaluation Kit and Video and Imaging Kit
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(ISE Design Suite 14.3) Getting Started Guide. After boot, the console displays the Linux
zyng> prompt (Figure 16). If an Ethernet cable is not connected to the board, the system takes
some time to timeout from the Sending DHCP requests state.

'MET : Registered protocol family 17 ~
IUFP support vB.3: implementor 41 architecture 3 part 38 variant 2 rev 4
|Registering SUP/SUPE emulation handler

rtc—pcfB563 5-AA51: low voltage detected. datestime iz not reliahle

‘rtc—pcfB8563 5-AA51: setting system clock to 2012-A8B-3A W5:23:58 UTC (1346384238
IGEM: 1p—>tx_hd ee842808 lp—>tx_hd_dma 2e842808 1lp-—>tx_skb eeZfdd88

FGEM: lp—>rx_hd eeB41888 lp—>rx_hd_dma 2e841888 lp—>rx_skb ee2fdc88

IGEM: MAC BxBA358abB, BxAAPA2201, BA:Pa:35:A0:01:22

‘mncB: new high speed SDHC card at address eb2d

imnchlkA: mmcB:e624 SUBBG 7.48 GiB

| mmchlkB: pl

' GEM: phydeu eelaeBBB, phydev—>phy_id Bx1418e4d, phydev—>addr Bx7

tethd, phy_addr Bx?. phy_id BxB1410e48

tethl,. attach [Haruell 88E1116R] phy driver

i8ending DHCP requests ..S5et GEM clk to 1249992998 H=z

i-thg link up {1988 FULL)

IIP-Config: Got DHCP answer from B.8.8.8. ny address is 172.38.19.235
IP-Config: Complete:

device=ethf, addr=172.30.19.235, mask=255.255.255.224, gw=172.30.17.22%
host=172.30.19.235, domain=xilinx.com, nis—domain=Cnone)
hootserver=0_.8.8_8, rootserver=8.0.80.8, rootpath=

'BAMDISK: gzip image found at hlock B

IUF5: Mounted root {ext2 filesystem? on device 1:@.

ldevtmpfs: mounted

IFreeing init memory: 148K

IStarting rc5.

++ Mounting fllesystem

++ Setting up mdev

++ Starting telnet daemon

++ Starting http daemon

++ Starting ftp daemon

++ Starting ssh daemon

ircS Complete

=yng> v

X1078_16_011713

Figure 16: Console Output

During boot, the PS bootloader detects that the mode pins have been configured to boot from
the SD card. In turn, the PS bootloader opens the BOOT . BIN file and searches for the block of
data that has been flagged with bootloader. As seen in the bootimage.bif file,
amp_fsbl.elf has this flag. The bootloader loads this file into DDR memory and starts
running it. In turn, the FSBL loads the BIT file, U-Boot ELF, CPU1’s ELF, and then the dummy
file cpul_bootvec.bin. At this point, the FSBL running on CPUO jumps to the execution
address of the first application that was loaded after the FSBL.

The soft UART application is started in linux with the command /mnt /softUart.elf &. This
command runs softUart in the background. SoftUart continues to monitor shared OCM memory
at locations 0xFFFF9000 (COMM_TX_FLAG_OFFSET) and 0xFFFF9004
(COMM_TX_DATA_OFFSET). Whenever a 1 is present at COMM_TX_FLAG_OFFSET,
softUart reads the value found at COMM_TX_DATA_OFFSET and temporarily stores the value
in a string array. When a value of 0x0A (\n) is received, the string array is displayed on
STDOUT. Every time softUart reads a value from COMM_TX_DATA_OFFSET, it clears the
COMM_TX_FLAG_OFFSET content, which signals to CPU1 that another character can be
sent towards the softUart application running on Linux.

The second CPU is started with the command /mnt /rvmem.elf Oxffffff£f0
0x30000000. Location OxFFFF8000 should start incrementing every second and can be
viewed by using the command /mnt /rwmem.elf O0x££f££8000.

At this point, the bare-metal app running on CPU1 only prints to the softUart when an interrupt
is received from the PL. The PL contains a custom core that generates an interrupt from an
input signal to the core or from a register within the core. A ChipScope analyzer VIO core is
connected to the input of the custom core. Thus, either software or the ChipScope analyzer VIO
core can create an interrupt to CPU1. A ChipScope Integrated Logic Analyzer (ILA) core is also
located in the design to monitor the IRQ signal.

To force an interrupt to CPU1, the Linux command /mnt/rwmem.elf 0x78600000 1is
entered (Figure 17). Refer to Address Map, page 3 to see the register bit that was just set. By
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setting this bit, an interrupt was sent to CPU1 and CPU1’s interrupt service routine printed
“CPU1: IRQ clIr 0” to the soft UART application via the OCM memory.

=

device=ethB, addr=172.38.19.235. mask=255.255.255_ 224, qu=172.38.19
host=172.38.1%.235, domain=xilinx.com, nis—domain=Cnone?
bhootserver=A.0.0.0, rootserver=A.8.0.08, rootpath=
IRAMDISK: g=zip image found at block @
§UFS: Mounted root C(ext2 filesystem) on device 1:8.
devtmpfs: mounted

Freeing init memory: 148K

Starting »rcS...

§++ Mounting filesystem

|[++ Betting up mdev

E++ Starting telnet daemon

I[++ Starting http daemon

j++ Starting ftp daemon

I[++ Starting ssh daemon

§rcS Complete

lZ2yng?» smntsrumem.elf @xffffEOOA
|BxBIPRPREGSE f £ FBA0A = BxBEREBABA

zung> smntssoftUart.elf &

lzyng? s/mntsrumem.elf BxfffFEFFA Bx3I00B0BRO
zyng> smntsrumem.elf BxffffEOAA
PxARARRBAGS £ f FEAPA = BxPBARBEORe

ung» smntsrumem.elf BxffffEO0A
xBIBOBRERE f £ BEOE = BxO0BOBAGE

ung> smntsrumemn.elf BxffffEOOA
|BxBIPPPREGSE £ FF8A0A = BxBERERA1A

ung» s/mntsrumem.elf BxffffEO0A
xBIBOBRERE f f fBHRE = IxO0BOBOA1A

ung> smntsrumem.elf BxffffEOOA
BxBIPRORERE £ F£f8A0A = BxBAREBA1A

ung» smntsrumem.elf BxffffEAAA
xBIBOBRERE f f fBEOE = BxAOBABA11

lZyng? smnts/rumem.elf Bx78600000 1

yngy» CPULi: IRG clr A

|
|
|
I
|
|
|

| yng>

X1078_17_011713

Figure 17: Console Output of Forced Interrupt

These steps use the ChipScope analyzer ILA core to measure how long the IRQ signal is active
(showing IRQ latency) and create interrupts using the ChipScope analyzer VIO console:

1.
2.

While the design is running, start ChipScope analyzer.

Connect to the JTAG chain. ChipScope analyzer displays the two devices (ARM_DAP and
XC72020) that are in the chain. Click OK.

Open the provided ChipScope configuration file by selecting File > open_project. Click No
to saving changes, and browse to the ChipScope configuration file at
design\src\chipscope\csdefaultproj.cpj.

Note: The ILA trigger is already set up to trigger when IRQ is High.
Select UNIT:1 Trigger Setup and arm the trigger.

The VIO console window contains a pulse button called SyncOut[0] (Figure 18). Push this
button.
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=
Waveform - DEV:1 MyDevice1 (XC7Z020) UNIT:1 MylLA1 {ILA)

Bus/Signal X 0 El] '1|5 -1|l] |5
sync out 1] a |_|
IRD o o I
slv_req a a |
vio rise edge a a |_|
KT 3 A T

Waveform captured Dec 10, 2012 4:26:07 PM

@ VIO Console - DEV:1 MyDevice1 (XC7Z020) UNIT:0 MyVIO... nz & E .

Bus/Signal

Value

SyncOut [0]
= EVENT STANDBYWFI
= EVENT STANDBYWFE

EVENT_EVENTO

I

el M

Figure 18: ChipScope Analyzer Capture of First IRQ
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The softUART application running in the Linux console prints something like “CPU1: IRQ clr 1”
(Figure 19).

B COM3 - Tera Term VT
File Edit

Setup  Control

Window  Help

devtmpfs: mounted
Freeing init memory:
Starting rcS._..

++ Setting up mdew
+ 4+

AMDISK: g=ip image found at block @
F5: Mounted root (ext2 filesystem? on device 1:-8.

148K

++ Mounting filesystem

Starting telnet daemon

++ Starting http daemon
++ Starting ftp daemon

rcS Complete
yng» smntsrumemn.e lf
IxAUR0ABABE F £ 808A =

zyng> Smntsrumemn.elf
Zyngr Smntsrumem.e1f
AxA0BBAAEOL T £ £ 8RR =
Zyng> Smntsrumen.elf
AxA000AABOL f £ fRAAA =
zyng> Smntsrumem.e lf
AxBRBERABAf £ £ f8ABA =
zyng> Smntsrumen.elf
AxA0AEAAEOL £ £ £ ROAA =
Zyngy Smntsrumem.e 1f
AxA0BEAABOL £ £ £ BOAA =
zyng > Smntsrumem.e 1f
IxA0B0AAEOL T £ £ ROAA =
=zyng> Smntsrumem.elf

Figure 19: Console Output after ChipScope Analyzer Trigger

zyng> GPUL: IRQ clr B
zyng» CPU1: IRQ cly 1

++ Starting ssh daemon

Axffffi06a
HxB8BU8E0a

zyngr smntssoftlart.elf &
BxfEFFFEFA Bx300060008

Axffff8000
S p{5]515]5 1015 5 T
Axffff8060
ip5]5]5]5 1015 )5 g
Axffff8060
Ax0PBRBR1 A
Axffffi06a
Ax08868010
Axffffinaa
AxA806801 0
Axfff 8080
AxB8aEa1 1

Bx78608060 1

X1078_19_011713

Note: Every time the virtual button is pressed, an interrupt is created and CPU1’s IRQ service routine
prints a string towards the softUart. Figure 20 shows how subsequent IRQs have much lower interrupt

latency due to the IRQ service routine being cached after servicing the first interrupt.
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The bare-metal application that services the interrupt is located in DDR memory. When the first
interrupt occurs, CPU1 is instructed to jump to the service routine. This jump causes the
instructions located in DDR memory to be read into cache and executed. During execution, the
service routine finishes by clearing the interrupt signal being generated by the embedded core.
In Figure 18, there is a delay of over 65 clocks between the interrupt being asserted and the
service routing clearing the control bit. The delay of the first interrupt could vary depending on
whether a DDR refresh is occurring at the same time as the fetching of the service routine.

After the first IRQ occurs, the service routine is located in cache so fetches of the instructions
for the routine are sourced by the cache instead of the slower, less deterministic DDR memory.
As seen in Figure 20, the interrupt service is complete after 25 clocks. This delay is almost one
third of the delay for the first, non-cached, interrupt service.

The time difference between the first and later interrupt services could be reduced by moving
the service routine into non-cached OCM.

i
@ Waveform - DEV:1 MyDevice1 (XC7Z020) UNIT:1 MyILA1 (ILA)
@ 15 10 -5 0

e BSOS OO, O S O T P
sync_out 0 a |_|
IR0 ol o [| |
alv_reg ] i [[ |
|
vio rise_edge 0 i} |_|!

4l [efalle]alo]al 0 |
Waveform captured Dec 10, 2012 4:29:18 PM
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Figure 20: ChipScope Analyzer Subsequent Capture
Debugging the Design

SDK can be used to connect and debug the application running on CPU1.

XMD provides a command shell and GNU debugger (GDB) server that connects to the CPU via
the JTAG cable. Normally, SDK automatically starts XMD in the background when starting to
debug an application. For this example design, XMD is manually started to connect to CPU1.
SDK is then instructed to connect to the XMD GDB server during debug.

Because FSBL was used to boot the design, there is no need to re-initialize the PS registers.
Care must be taken not to reset the full PS to not upset Linux running on CPUO.

1. Connect the platform cable to the ZC702 board. Ensure the jumper options are configured
for the correct debug cable.
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2. From SDK, start XMD and connect to CPU1 (Figure 21):

a oo

In SDK, open a Xilinx command shell by selecting Xilinx_Tools > Launch_shell.

In the new command shell, enter xmd.

At the XMD prompt, enter the command connect arm hw -debugdevice cpunr 2.

XMD should respond with the TCP port number 1234.

-

BN C\Windows\system32\emd.exe - xmd

r Debugg
=
012 xiT4

01

onnect arm hw -debug

ain configuration

IR Length

4

6

~ Configuration

to "arm" target. id = »
~ for "arm" target (ic 65) at TCP port no 1234

X1078_21_011513

Figure 21: Connect XMD to CPU1

A GDB server is now running and listening to TCP port 1234. When XMD connects, CPU1
is halted.
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3. Start debugging CPU1 in SDK:

a. Inthe SDK project explorer window, right click app_cpul and select debug_as >

debug_configurations (Figure 22).

fup C/C++ - app_cpul_bsp/fsystem.mss - Xilinx SDK

Eile Edit 5Source Refactor MNavigate

Search Run Project Xilinx Tools Window Help

Bl & B #E S d@-eE-f-6r KB $-0
[ Project Explorer &2 = B ||l systemaxml [y, systerm.mss | Hh, system.mss 2
B ¥

> '[;_—'5 amp;fsb.l
s ﬁ@: amp_fsbl_bsp

app_cpul_bsp Board Support Package

4 25 ann oo

| Modify this BSP's Settings |

o | MNew ’ |
| ls
|.i Go Inte -
> ort Package is compiled to run on the following t
i Open in New Window s
ication: X:\cased824 xapps\amp_lnx-std_14.3\de
’ @ ig Copy Ctrl+C  poesson ps/_cortexad 1
.y B a3=l
, T Paste Ctrl+V
= m
s == | ¥ Delete Delete
ackage O5.
Move..,
standalone_amp
R F2 -
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R | RO Mot found
Build Project
; rs
Clean Project e
&) Refresh s the Board Support Package.
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fg 0 devcf i
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ma_ns dmaps Documentation Examples
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Figure 22: CPU1 Debug Configuration
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b. Highlight Xilinx C/C++ ELF and select the New launch configuration icon at the top
left (Figure 23).

Debug Configurations 5 l
Create, manage. and run configurations E
b | SR Configure launch settings from this dialog:
type filter text - Press the 'Mew' button to create a configuration of the selected type.

[E] C/C++ Application

[E] C/C++ Attach to Applic
[E] C/C++ Postmortem Det
[E] C/C++ Remote Applical
= Launch Group

i: Remote ARM Linux App
$7 Xilinx C/C++ ELF

- Press the 'Duplicate’ button to copy the selected configuration.

- Press the 'Delete’ button to remove the selected configuration.

i&i ®

- Press the 'Filter' button to configure filtering options.

- Edit or view an existing configuration by selecting it.

Configure launch perspective settings from the Perspectives preference page.

X1078_23_011513

Figure 23: CPU1 Debug Configuration

c. The configuration name is automatically set to app_cpul Debug (Figure 24).

Debug Configurations » e
Create. manage. and run configurations @.
SER| BB Name: app_cpul Debug

type filter text E) Main & Source| %, Device Initialization| &, STDIO Connection| [] Remote Debug| [ Debugger Options | ] Comman|
[€] C/C++ Application

/e Appheafion:
[E] €/C++ Attach to Application d £

[€] ©/C++ Postmortem Debugger Debughapp_cpul.elf \Saarch Prtuect--‘| | Browse... |

[£] C/C++ Remote Application e

= Launch Greup |

z Remote ARM Linux Application apgiconl E

4 $7 Xilinx C/C++ ELF Build (if required) before launching
" app_cpul Debu
& eppco g Build configuration: [Debug -

") Enable auto build _) Disable auto build
@ Use workspace settings. Configure Workspace Settings...

Connect process input & cutput to a terminal.
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Figure 24: CPU1 Debug Configuration Name

d. Select the Device Initialization tab and delete the contents of the Path to
initialization TCL file field. Initialization has already been done by Linux and FSBL
(Figure 25).
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& Debug Configurations . &
Create, manage, and run configurations t ‘,?
TE % | ElE R | Name: app_cpul Debug
type filter text

[El Main & Source | % Device Initialization *. ., STDIO Connection | [3] Remote Debug | [3] Debugger Options| = Common
[l cicss Hplication

[E] C/C++ Attach to Application Reset Type: |Reset Processor Only =

[€] C/C++ Postmortem Debugger

[€] C/C++ Remote Application [T] Do not download program to memory.

B Launch Group

$7 Remote ARM Linux Application

S: Kilinx C/C++ ELF Path to initialization TCL file
¥ app_cpul Debug [

[ Verify ELF is in memory after download.

Browse
Specify Data Files to download before launch:

File Address Add |
Remove
Relative

X1078_25_011513

Figure 25: CPU1 Debug Initialization
e. Select the Remote Debug tab.

f.  Instruct SDK to connect to the externally created GDB server by checking the box next
to Connect to gdbserver on a different machine. The IP address should default to
localhost and the port should be 1234 (Figure 26).

& Debug Configurations =

Create, manage, and run configurations

= -
tEX| B3 Mame: app_cpul Debug
type filter text |2 Main (B Source [, Device Initialization | % STDIO Connection | [3] Remote Debug . [3] Debugger Options| = Common
[E] C/C++ Applicat
\é‘ t RPN [¥liConnect to gdbserver on a different machine.
[E] C/C++ Attach to Application
[E] C/C++ Postmortem Debugger . =
[E] C/C++ Remote Application To open a gdbserver, launch XMD on the remote machine, and connect to the processor.
AMD will then report the port at which the gdbserver is open.
B Launch Group
$7 Remote ARM Linux Application IP Address:  localhost

&7 Xilinx C/C++ ELF

e Port: 1234
$ app_cpul Debug

X1078_26_011513

Figure 26: CPU1 Remote Debug Configuration
g. Click Apply.
h. Click Debug. Click Yes to confirm the perspective switch.

i. The application is downloaded and then executed (the ELF download could have been

disabled in the Device Initialization Tab). The application stops at a breakpoint at the
first executable line in main().

j- Press resume, single step, and other buttons to continue running the application on

CPU1.
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Conclusion The example design demonstrates how to boot the Zyng-7000 AP SoC and start two Cortex-A9
processors with CPUO running Linux and CPU1 running a bare-metal application. Leveraging
the low overhead of a bare-metal application on CPU1, an interrupt, sourced from the PL is
serviced and communicated to Linux running on CPUO.
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