Running Code Out of the PPC405 Caches

The PowerPC 405 Core, included in Virtex-11 Pro, contains 16KB Instruction and 16KB Data Cache. A common
usage of these cachesis pre-loading them with the software application, which runs completely in the cache and has
no external memory requirements. This document explains the process of creating an ELF file and downloading that
ELF file to the cache.

This document contains the following sections:

e Creating the Software Application

»  Downloading to the PowerPC Caches
e« XMD.INI File Example

*  Creation of bootloop.elf

Creating the Software Application

Creating a software application to run out of the PPC405 caches requires the use of alinker script. A linker script
must be created to build a segmented ELF file. A segmented EL F consists of three sections, a boot, data, and an
instruction section. The following steps outline the creation of alinker script and the segmented ELF file.

1) Copy thelinker script, found below, to the project directory.

/*
11
/1
/1
/1
11
11
/1
11
/1
11
11
/1
/1
/1
11

XILINX I'S PROVIDI NG TH S DESI GN, CODE, OR | NFORVATION "AS | S"
SCLELY FOR USE | N DEVELOPI NG PROGRAMS AND SOLUTI ONS FCOR

XI'LI NX DEVI CES. BY PROVIDI NG THI S DESI G\, CODE, OR | NFORVATI ON
AS ONE POSSI BLE | MPLEMENTATI ON OF THI S FEATURE, APPLI CATI ON

OR STANDARD, XILINX I'S MAKI NG NO REPRESENTATI ON THAT THI S

| MPLEMENTATI ON | S FREE FROM ANY CLAI M5 OF | NFRI NGEMENT,

AND YOU ARE RESPONSI BLE FOR OBTAI NI NG ANY RI GHTS YOU MAY REQUI RE
FOR YOUR | MPLEMENTATI ON.  XI LI NX EXPRESSLY DI SCLAI M5 ANY
WARRANTY WHATSOEVER W TH RESPECT TO THE ADEQUACY OF THE

| MPLEMENTATI ON, | NCLUDI NG BUT NOT LI M TED TO ANY WARRANTI ES OR
REPRESENTATI ONS THAT THI S | MPLEMENTATI ON | S FREE FROM CLAI M5 OF
I NFRI NGEMENT, | MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS
FOR A PARTI CULAR PURPGCSE.

(c) Copyright 2003 Xilinx, Inc.
Al rights reserved.

_STACK_SI ZE = DEFI NED(_STACK_SI ZE) ? _STACK_SI ZE : 4k;
_HEAP_SI| ZE = DEFI NED(_HEAP_SI ZE) ? _HEAP_SI ZE : 4k;

VEMORY

{
icache : ORIA N = 0x70000000, LENGTH = 16k - 4
boot : ORIA@ N = 0x70003ffc, LENGIH = 4
dcache : ORIA N = 0x78000000, LENGTH = 16k

}

ENTRY( _boot)
STARTUP( boot . 0)
GROUP(libxil.a Iibc.a)
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SECTI ONS
{
.vectors
{
= ALI GN(64K);
*(.vectors)
} > icache

. text

*(. boot 0)
*(.text)
} > icache

.data :

{
*(.data)
*(.got2)
*(.rodata)
*(.fixup)

} > dcache

/* small data area (read/wite): keep together! */
.sdata :

*(.sdata)
} > dcache

. sbss :
{
= ALI GN(4);
*(.sbss)
= ALIGN(4);
} > dcache
__sbss_start
__sbss_end

= ADDR(. sbss);

= ADDR(.sbss) + Sl ZEOF(. sbss);
/* small data area 2 (read only) */
.sdata2 :

*(.sdat a2)
} > dcache

. bss
{
. = ALIGN(4);
*(. bss)
* ( COVMON)
= ALIGN(4);
__bss_end = .

/* add stack and align to 16 byte boundary */
. + _STACK_SI ZE

ALI GN(16) ;

__stack = .;
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/* add heap and align to 16 byte boundary */
_heap_start = .
= . + HEAP SIZE;
= ALI GN(16);
_heap_end = .
} > dcache
__bss_start = ADDR(. bss);

/* .boot nust be at the end and it nust be nmapped to the |ast
address in the instruction cache. Witing to the | ast address
triggers the tools (GDB, svf2elf) to commt the previous wite
accesses.

*/

. boot

*(. boot)
} > boot

}

2) Thereare several thingsto note about this linker script:
a) The addresses defined in the MEMORY section do NOT apply to any memory in the processor system.
These addresses will be used when the application is downloaded to specify cache memory.

MVEMORY

{
icache : ORIA@ N = 0x70000000, LENGTH = 16k - 4
boot : ORIA@ N = 0x70003ffc, LENGIH = 4
dcache : ORIA@ N = 0x78000000, LENGTH = 16k

}

b) The .boot section must be placed at the end of icache memory space. Writing to the last address causes
GDB, XMD, and SVF2ELF to reset the PC to this address, which is the location of the boot code.

3) In XPS, select the processor to which the linker script will be applied.

4) Select Options-> Compiler Options
5) Inthe Compiler Options dialog shown in figure 1, select the linker script just created.
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Compiler Options - instance ppc405 0 E]

Envirunment] Optimization  Directories l Detail31 Dtherx]

All pathe zhould be relative to the Project Directom
Multiple Optionz should be seperated by space
i~ Search Paths

Compiler [B] |

Librany [-L) |

Include [] ]

Linker Options
Libs talink () ||

Linker Seript {linker_script J

1~ Dutput Information

Dutput ELF File ||:|pc#DE_D'xcu:ude\e:-:ecutable.el[

QK | Cancel

Figure 1. Compiler Options for the PPC405 I nstance

6) Click Ok.
7) Select Tools-> Compile Program Sour ces. Thiswill generate the segmented ELF file.
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Downloading to the PowerPC Caches

The default XMD options do NOT include the use of cache memory. Applications using cache memory require
changes to the XM D options. The following steps outline the commands used to download to the cache memory.
These commands can also be placed in axmd.ini file. XMD will read any xmd.ini file located in the directory where
XMD is started.

1) Program the FPGA using iMPACT.
2) InXPS, select Tools-> XMD.
3) Enter the following command:

ppcconnect -cable type xilinx_parallel4 port Iptl\

-configdevi ce devicenr 1 partname System ACE irlength 8 idcode 0x0a001093 \
-configdevi ce devicenr 2 partname XC2VP7 irlength 10 i dcode 0x0124a093 \

- debugdevi ce devicenr 2 icachestartadr 0x70000000 dcachestartadr \
0x78000000

4) There are several things to note about this command line:
a) TheJTAG chain must be modified to match the JTAG chain on the board being used.
b) Theicachestartadr and dcachestartadr must match the addresses specified in the linker_script. These
optionstell XMD to place the instructions and data in the PPC405 caches.

5) Thefollowingisan explanation of these switches and there associated options:

-configdevice : used to define a specific device on the JTAG chain. A separate “-configdevice” switchis
required for each device in the chain. The “-configdevice” switch supports the following options:

- partnane <devicename>
- Name of the device. (Optional)
- devi cenr <device position>
- Position of the devicein the JTAG chain. (Required)
- irlength <lengthof the JTAG Instruction Register>
- Length of the IR register of the device. Thisinformation can be found in the device BSDL file.
(Required for non-Xilinx devices)
- idcode <deviceidcode>
- JTAG ldcode of the device. Thisinformation can be found in the device BSDL file. (Required for
non-Xilinx devices)

-debugdevice : used for configuration and debug specifications of a specific CPU. Only one “-debugdevice”
switch is allowed. It defines the device containing the CPU as well as the CPU number being debugged. The“-
debugdevice” switch supports the following options:

- devi cenr <PowerPC device position>
- Position of the VirtexI1Pro device containing the PowerPC, in the JTAG chain
- cpunr <CPU Number>
- ID of the specific PowerPC to be debugged in a Virtex-11 Pro device containing multiple
processors

Power PC processors

The following options allow users to map special PowerPC features like ISOCM, Caches,

TLB, DCR registers, etc. to unused memory addresses. The debugger can then access these special
functions using these unused memory addresses. Thisis helpful for reading and writing to these
registerssmemory from GDB or XMD. These addresses are also used to preload the OCM memory or PPC
caches.
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Note that, these options do not create any real memory mapping in hardware.

- icachestartadr <I-Cachestart address>

- Start address for reading or writing the instruction cache contents
- dcachestartadr <D-Cache start address>

- Start address for reading or writing the data cache contents

- itagstartadr <I-Cachetag start address>
- Start address for reading or writing the instruction cache tags
- dtagstartadr <D-Cachetag start address>
- Start address for reading or writing the data cache tags
- isocnstartadr <ISOCM start address>
- Start addressfor the ISOCM
- isocnsize <ISOCM size>
- Size of the ISBRAM memory connected to the ISOCM interface
- isocndcrstartadr <ISOCM DCR address>
- DCR address corresponding to the ISOCM interface specified using the TIEISOCMDCRADDR
signals on PowerPC
- tlbstartadr <TLB start address>
- Start address for reading and writing the Trand ation Look-aside Buffer
- dcrstartadr <DCR start address>
- Start address for reading and writing the Device Control Registers. Using this option, the entire
DCR address space (2*° addresses, one word per DCR address) can be mapped to addresses
starting from <dcrstartadr> for debugging purposes from XMD and GDB

Table 2, contains the irLength for each Virtex-11 Pro device used in defining the JTAG chain. For additional
devicesincluded in the JTAG chain, the irLength can be found in the BSDL file for the associated device.

Devi ce # PPC Cores PPC405 | R Length
XC2VP2 0 6
XC2VP4 1 10
XC2VP7 1 10
XC2VP20 2 14
XC2VP30 2 14
XC2VP40 2 14
XC2VP50 2 14
XC2VP70 2 14
XC2VP100 2 14
XC2VP125 4 22

Table 2. irLength for PPC405 Cores

For additional information regarding each of these options, refer to the Embedded Systems Tool Guide chapter
13 included in the EDK Installation.

6) Once aconnection to the processor has been made, the ELF file can be downloaded using the following
command:

dow ppc405_i/code/ execut abl e. el f
7) Upon completion of the download, begin execution of the program by entering the following command:

run
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XMD.INI File Example

puts
puts "**** Downl oad an ELF File to the Cache ***x"
puts " "

ppcconnect -cable type xilinx_parallel4 port Iptl\

-configdevi ce devicenr 1 partnane System ACE irlength 8 idcode 0x0a001093 \
-configdevi ce devicenr 2 partname XC2VP7 irlength 10 i dcode 0x0124a093 \

- debugdevi ce devicenr 2 icachestartadr 0x70000000 dcachestartadr 0x78000000
puts " "

puts " *** Reset the PPC ***"
puts " "

rst
puts " "

puts " *** Download the ELF file ***"
puts " "

dow ppc405_i/code/ execut abl e. el f

puts " "

puts " *** Run the code *** "
puts " "

run
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Creation of bootloop.elf

The bootloop.€dlf file is a self-branching executable which, when downloaded with the bit file, guarantees that the
processor is operating in a known state. The methodology described in this example will utilize PLB BRAM.
However, these steps can be applied to any type of internal FPGA memory.

1

2)

3

4)
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For thisis example, the design contains PLB BRAM with the following addresses:

BASEADDR
H GHADDR

OXFFFFC000
OXFFFFFFFF

This address range includes the PPC405 reset vector of OxFFFF_FFFC.

To determine how PlatGen builds the dual-port BRAMs for this memory, open the <system>.bmm file included
in the <edk_project>\implementation directory. The BMM file contains a definition for the BRAMs utilized by
the PPC405. The following is an example of the BMM file written for this example:

ADDRESS BLOCK brantl RAMB16 [ Oxffffc000: Oxffffffff]
BUS BLOCK
braml/ braml/ranbl6 _s9 s9 0 [63:56] ;
braml/ braml/ranbl6_s9 s9 1 [55:48] ;
braml/ braml/ranbl6_s9 s9 2 [47:40] ;
braml/ braml/ranbl6_s9 s9 3 [39:32] ;
braml/ braml/ranbl6_s9 s9 4 [31:24] ;
braml/ braml/ranbl6_s9 s9 5 [23:16] ;
braml/ braml/ranbl6_s9 s9 6 [15: 8]
braml/ braml/ranbl6_s9 s9 7 [7: 0]
END_BUS_BLOCK

END_ ADDRESS BLOCK

Note: The datawidth of each BlockRAM is 8 bits.

Utilizing thisinformation, a UCF constraint for the BRAMSs can be created. The bootloop machine instruction is
0x48000000. This machine instruction must be properly assigned to each BlockRAM for proper execution by
the PPC405. Because the data width of the PLB Busis 64 bits, care should be taken to assign the constraints to
the proper BlockRAMSs. The processor begins executing bits 0 to 31; therefore the following assignment is
made.

## Set reset vector to 0x48000000 (branch to itself)

I NST bram bl ock _0/*/ranbl6 s9 s9 4 INIT 3F =
4800000000000000000000000000000000000000000000000000000000000000;
Note: Bits[31:28] contains the value of 4. Bits[27:24] contains the value of 8.

When the bitstream for the deviceis built, the BlockRAMs will be initialized and the processor will execute this
oneinstruction until additional code has been |oaded.



