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Introduction

This application note describes Core8051s debug operation in Axcelerator® and RTAX-S devices.
Core8051s is a high-performance, 8-bit microcontroller IP Core. It is a fully functional 8-bit embedded
controller that executes all ASM51 instructions and has the same instruction set as the 80C31.
Core8051s can run programs written for the 8051. It contains only the 8051 core logic without any
peripherals. Debug operation for Core8051s can be done using the UJTAG macro available in Microchip
flash devices or user I/Os. The core configurator in Libero® Integrated Design Environment (IDE) allows
you to choose the right option and run a debug operation. When the debug option is selected, the on-chip
instrumentation (OCI) debug functionality is enabled and you can connect a debugger to the processor
through a JTAG connection. In RTAXS-S and Axcelerator families, you can only run debug operation
using the user 1/O option because these devices do not support the UJTAG macro. This application note
describes how to perform Core8051s debug operation using the user I/Os option in the AX250-PQ208
device with a design example.

Core8051s Debug Configuration

Core8051s is a processor core and is compatible with the instruction set of the 8051 microcontroller.
There are three debug-related configuration options. Refer to the Core8051s Handbook for details. When
configuring Core8051s, you can choose from several debug modes. From the Debug drop-down menu,
you can choose the following options:
» Disabled: Core8051s excludes debug functionality.
* Enabled using UJTAG: Core8051s allows inclusion of debug functionality and use of the
dedicated JTAG pins of the device (through the UJTAG macro) for the debug connection.

+ Enabled using I/Os: Core8051s allows inclusion of debug functionality and use of general
purpose /O pins for the debug connection. This option should be used if the UJTAG macro is
either not present on your device or is already in use and not available for the Core8051s debug
connection.
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When the Debug option is enabled using UJTAG or user I/Os, two additional debug options are made
available for added control over the debug functionality:

* Include trace RAM: A 256-byte deep trace RAM within Core8051s can be included. Including the
trace RAM increases the tile count for the processor and consumes RAM blocks on the device.

* Number of hardware triggers/breakpoints: The maximum number of hardware
triggers/breakpoints available can be set when debugging a Core8051s system. The options are
0, 1, 2, or 4. Increasing the number of hardware triggers/breakpoints increases the tile count of
the processor.

You should choose the debug option based on the family or design being used. Note that the UJTAG
macro is only available for Microchip flash-based FPGA families. You have the choice of using either
option in Microchip flash-based FPGAs because of the availability of the UJTAG macro. However, there
is no UJTAG macro available on RTAX-S or Axcelerator devices — hence use of the dedicated JTAG
interface for soft processor debug is not an option. When implementing Core8051s on an RTAX-S or
Axcelerator device, you are restricted to the “Enabled using I/Os” option for running the debugger. In
addition, when the normal user I/Os are used for the debug connection, a soft JTAG test access port
(TAP) is created in the FPGA fabric, consuming a few more tiles.

The following sections explain how to run debug mode (OCI Block with user I/O) with a design example
in Axcelerator or RTAX-S devices.

Design Example

The design files referred to in this application note are available for downloading.

The design example can be downloaded from:
https://ww1.microchip.com/downloads/secure/aemDocuments/documents/FPGA/SOCDesignFiles/COR
E8051s_AC354_DF.zip and it includes complete Libero IDE and Keil project. The design example
displays a rotating LED pattern using a push-button switch. The design uses Core8051s, program and
data memory, CoreAPB3, Corelnterrupt, CoreGPIO, and PLL.



https://ww1.microchip.com/downloads/secure/aemDocuments/documents/FPGA/SOCDesignFiles/CORE8051s_AC354_DF.zip
https://ww1.microchip.com/downloads/secure/aemDocuments/documents/FPGA/SOCDesignFiles/CORE8051s_AC354_DF.zip
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Figure 1 shows a high-level block diagram of the design and Figure 2 on page 4 shows the Core8051s
configuration setting. The Enable user I/Os option is selected for debug.

CLKA] PLL
Program Memory
Mux Logic
RESETN
Core8051s Data Memory
Corelnterupt CoreGPIO CoreGPIO CoreGPIO LEDs
SW3
SW4 Custom Logic

Figure 1 » Design Example Block Diagram
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B Configuring COREB051S_0 (COREB051S - 2.3.108)

Configuration

Debug Configuration

Debug: Enabled using IfOs v
Include trace RAM: O
Mumber of hardware triggers/breakpoints: 4 ~

Optional Registers and Instructions
Include second data pointer: ]
Include MUL, DIV and DA instructions:
Program Memory Access
MEMPSACKI-controlled Program Memory:
Program Memory Wait Cycles: o
External Data Memory Access
MEMACKI-controlled External Data Memory:

External Data Memory Stretch Cycles: 1

Other Options
APE data width: 32 bit v
Internal RAM (256x8) Implementation: |Instantiate RaM block ~
License;
(&) Obfuscated O R1L

Figure 2 » Core8051s Configuration Settings

Figure 3 on page 5 shows the Core8051s block connected to the program and data memory. Read
enable and write enable signal connections to the Core8051s block are shown. The memories are 2K
deep and 8 bits wide. The program memory is accessed using program store memory acknowledge
input (MEMPSACKI) and data memory is accessed using data memory acknowledge input (MEMACKI).
The MUX logic block in Figure 1 on page 3 is used to control the data being passed to Core8051s.
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Figure 3 » Core8051s Connection to Program and Data Memory

Core8051s is also connected to CoreGPIO and Corelnterrupt via the APB3 bus. One of the CoreGPIO
blocks is used to drive the LEDs. SW3 is connected to INTO and SW4 is connected to INT1 of
Corelnterrupt. When the program is running, pressing SW3 and SW4 causes the illuminated LED to be
shifted one position to the left or right.

Design Implementation
The design example is implemented using Libero IDE. Table 1 shows the top-level I/O ports:

Table 1+ Top Level I/O Ports

Name Width Description

CLKA 1 40 MHz clock (available in Axcelerator starter Kit). It is used as CLKA for the PLL
used to generate a 25 MHz clock for Core8051s block.

LED 8 LED outputs.

RESETN 1 Reset signal. It is connected to the push-button reset input on the starter kit and is
logical-ANDed with PLL Lock signal.

SW3 1 Switch input. When the program is running, pressing SW3 rotates the LED to left.

SW4 1 Switch input. When the program is running, pressing SW4 rotates the LED to right.

TCK 1 JTAG test clock, connected to user /0O 132.
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Table 1+ Top Level I/O Ports

Name Width Description
TDI 1 JTAG test data in, connected to user I/O 138.
TDO 1 JTAG test data out, connected to user /O 141.
TMS 1 JTAG test mode select, connected to user /0 133.
TRSTN 1 JTAG test reset, connected to user 1/0 140.

Use the following guidelines during design implementation in Libero IDE:

« Simulation: To run simulation with application code, the program memory block should be loaded
with the hex file generated for the application from Keil. This simulation ensures that the design
works as expected with preloaded memory. Note that Axcelerator and RTAX-S devices are one
time programmable (OTP), so you should verify the design in simulation before testing it in the
hardware.

+ Global assignment: Make sure to use global for the critical signals such as clocks and resets to
avoid any clock skew issues. In this design example, PCLK, TCLK, and TRSTn are promoted to a
routed clock network (RCLK) using the CLKINT macro. This is done to allow flexible 1/0
assignment, which is not possible when CLKBUF is used.

* Synopsis design constraints (SDC): Apply the appropriate clock constraints. In this design
example, a 40 MHz timing constraint is applied to CLKA. SmartTime automatically creates a 25
MHz generated clock constraint on the PLL output.

* Pin assignment: During layout, make sure that the pins are connected properly. This includes
CLKA, RESETN, LEDs, and switch connections. Also make sure the five JTAG pins (TCK, TMS,
TDI, TDO, and TRSTB) are brought to headers that are easy to access and connect to
FlashPro3/FlashPro4 hardware.

Running the Hardware Debug

The design example has been targeted for the Axcelerator Starter Kit. The kit includes a 40 MHz
oscillator, 8 LEDs, several I/0O headers, and a PQ208 socket. The design is implemented in an AX250-
PQ208 device and the debug operation can be run using Keil uVision3 IDE or FS2 ISA-Actel51
debugger. Ensure that you have the FS2 ISA-Actel51 Debugger and Keil uVision3 IDE software installed
in your PC before running the design example. Refer to the "Appendix A — Software and Hardware Tools
Requirement" section on page 11 for hardware tools required and download link.

The following section explains the hardware debug operation using step by step information. Make sure
that the Axcelerator starter kit has the right device and design programmed.

Step 1: Connect the FlashPro3 programmer to the PC with the USB cable.

Step 2: Connect the other end of the FlashPro3 programmer to the JTAG user I/Os in the Axcelerator
Starter Kit. Note that the JTAG pins from Core8051s are connected to the user I/Os under header J10 in
the Axcelerator Starter Kit.



www.microsemi.com/soc/products/hardware/devkits_boards/axcelerator_starter.aspx
www.microsemi.com/soc/products/hardware/devkits_boards/axcelerator_starter.aspx
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Make sure to connect GND and VJTAG pins on FlashPro3 to the appropriate signals.

PC

J10

- FlashPro3

AX250- PG208 \

Axcelerator Starter Kit

Figure 4 » Connection Between PC and Axcelerator Starter Kit

Step 3: Open the FS2 ISA-Actel51 Debugger console by selecting Program > FS2 > ISA-Actel51
console to launch the console, as shown in Figure 5.

[T Accessories 4
i@ Microsoft Office

2 D Y@ 7z
(4 Documents @ 7-zp

: | % 15A-ActelS1 Console
B) Settings ) = . : .
) Madelsign SE 6.6 b H I5A-Actel51 Console Simulator

rﬂ Programs

Figure 5 » Launching FS2 ISA-Actel51 Console

Step 4: In the FS2 console, type openport Ipt1 to select USB communication in the System Analyzer
software.

Step 5: Set the TCK frequency to 10 MHz using the command config TckRate 10000000.
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Step 6: In FS2 console, execute the basic commands such as status, IR 0x02, and reset to make sure
the FS2 console is able to interact with Core8051s via Flashpro3, as shown in Figure 6 on page 8.

%Console - Actel Flash Pro Programmer g@@
File Edit Prefs History Help

Actel Flash Pro Programmer =
Serial number 08863

[Version 2.1.0 build 1

Copyright (C) 1998-2006 First Silicon Solutions, Inc.

1> openport usb

ush

2> status

Chassis type= FPL

Target VCC = not measured

OCI version = 0x60

Trace depth = 256 frames{unlicensed)

Triggers = 4 (unlicensed!

Host comm = USB

3> IR Ox02

0x0D

4> reset

User reset.

0000p FO novx Bdptr,a

5>

Ll

| Ready [ , Halted [ User reset

Figure 6 » Basic Commands in ISA-Actel51 Console

+ Status: Read the status information. Note that the OCI version is 0x60 and Triggers is 4. These
numbers match the Core8051s configuration settings in Figure 2 on page 4.

+ IR 0x02: Read the IR register 0x02. Note that OxOD is the expected value according to Core8051s
Handbook.

* Reset: Reset the Core8051S controller.
Step 7: Close FS2 console.
Step 8: Start pVision3 by clicking its desktop icon.
Step 9: Select Project > Open Project from the main menu and open the file led_rotate.Uv2.
Step 10: Compile and build the project by clicking the Rebuild icon.
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W led_rotate - pVision3 - [D:\Design_s _& _Demo\2010\CB051s_deb\Prasadkeil\led_rotate.c]
Bl Bt Wew Broject Debug Fish Perpherols Tooks SVCS Window Hep
BEEO s w80 %% E o g s -omasaBEonrn
SEHe X ix[Target1 Nlar®
Projedt wrkspace 3| | T
= I3 Target1 020 | --
S 5 Source o | oz
5 starmup.ast 0@+
) |9 led_rotate.c 023 | #include "regSl.h"
1 recsih 2
25 typedef unsigned long wintlZ;
0z |
22}
oo Ly mize zsw
09-void led rovate left (void) interrupt O using Z {
o0 |
o |
o char xdata "IRQSOFTA = Oxf£18;
0% char xdata *IRGSOPTCLEARA = Oxfflc:
034 char xdata *IROENABLEA = Ox££20;
0% char xdata *IRQENCLEARR = Oxffld:
0% char xdata *IRQRAWSTATUSA = Oxfels:
Lierd char xdata *TRQSTATUSR
038
0 unsigned char pzout;
010 unsigned char pzin:
o1
012 char xdata *PORTO = Oxt000;
043 char xdata "PORTL = Ox£100:
044 char xdata *PORT2 = oxe200;
o5
o046 able v on INTO for duration of ISR
017 *IRQENCLEARA = Ox01:
a8 |
04 | // Clear th
050 | *PORTO = Oxl
()] *PORTO = Ox00:
02 1/ Cleas the irce
e PORTL = OwO1:
054 =PORTL = 0x0D;
[
56
0571 p2in = YPORTZ & Oxff: read LED status
P
i il CE e =
*[Buila target 'Target 1°
assembling STARTUP.ASI...
compiling led rotate.c...
linking...
Program Size: datac45.0 xdatas0 codesi9d
creating hex file from "led_rotate”...
“led_rotate® - 0 Error(s), O Varning(s).

Figure 7 « Building Design in Kiel

Step 11: Right-click on Target 1 and choose "Options for Target "Target 1". The "Option for 'Target 1"

dialog box is displayed.

Step 12: Click the Debug tab and make sure the debug setting is as shown in Figure 8.

Options for Target ‘Target 1° @

Device | Target | Output | Listing| User | C51 | A51 | BLS1 Locate | BLS1 Misc Debug | Utiies |
" Use Simulator Settings || & Use: |Fs2/Keil ISAActelST Driver v | Settings
I Limit Speed to Real-Time
[V Load Application at Startup W Run to main) [v Load Application at Startup [V Run to main()
Initialization File: Initialization File:
Restore Debug Session Seltings Restore Debug Session Settings
¥ Breakpoints v Toolbox ¥ Breakpoints v Toolbox
[V Watchpoints & PA ™ Watchpoints
¥ Memary Display ¥ Memory Display
CPU DLL: Parameter: Driver DLL: Parameter:
]sanswLL | ISEL‘IELDLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
[oPs1.0LL |-p51 [TPs1.0LL [-p51
ok | [ Cancel | [ Defeurs |

Figure 8 » Debug Settings
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Step 13: Click the Start/Stop debug icon. The debug window is displayed.

Pegpherals Jools SVCS Window el
2 Gy (WX ~1[ a4 - = @] [B[E] & & &
= =] = »

A BRL
Lans STARTUPL

RIEG 2C_CE1STARTUR

0zo006  LamP STARTUF1 (C:0006)
0zoo1e  LIKP lea_rotare_lest (C:0018)
now RO, #TDATALEN - 1
new RO, HORTF
A

x
now BRO, A
nev aro, 4
RO, IDATALOOF
RO, IDATALOOR (€:0009)
TACK-

This code is creq LS1_PANK.ASL with Banking Hode 4
copE (7!

: Anit bank mechanism to code bank O
758133

C:0x0DOF  02zO010C
<:ox0012 o oV A,
c:oxoni3 0zoo91  Lamp Lea_rotare_righe(C:0091}

29: void led_rotate_left
30:

at:

C:0%0016  COEQ PusH AGE (0xEQ)
cioxooie  cosa pusn DPH (DxB3)
c:oxopia  cosz Pusn DPL (0xB2)
<ioxoolc  copo Pusy PS¥ (0xD0)

€:0xODiE  75DOID MoV PSU (0xDO) , HOX10

az: “har xdace "IRQSOFTA - oxrris;
©:0%0021 F MoV 018, HORFT
cioxo0z4

33: = Oxffic:
cioxo0zT Fr
©:0x00zA <

. e - Ox££z0:
C10%002ZD  ISICEE ¥

©:0%0030
35:

c:ox0033
as:

C:0%0036  7S1EFF

c:0x0038  751F2B

: ehar x

et

39:

i et c
B =@ ™ [ STARTUR. (2] led_rwisec @ Disassembl

Figure 9 *» Debug Session

Step 14: Click Run to run the application.

k£ led_rotate - pVision3 - [Disassembly]

@Eﬂe Edit Wiew Project Debug Flash Peripherals Tools SWCS Window
BN - _
o5 GRS » 0k @@y 8O
Projectw x| |l&5c: oxFFFF 27 DD
Register | Valve | 92: ?C_STARTUP: LJ
=l Regs 93:
10 0+00 94: RS
r 0x00 95:
2 0«06 96: STARTUP1:
3 0x38 97:
4 Ox9c 98: IF IDATALEN <> O
5 ka9 C:0x0000 020006 LJMP
6 Oxb8 C:0x0003 020016 LJMP
7 Oxe3 99: No
=l Sys C:0x0006 787F MOV
a 0=00 100: CL
b 0+00 C:0x0008 E4 CLR
sp 0x07 101: IDATALOOP: HO
dptr 0x0000 C:0x0009 F6 MOV

Figure 10 * Run Application in Kiel

Step 15: Press SW3 or SW4 on the Axcelerator Starter Kit and you can observe the LED rotating.

Note: Instead of using Keil, you can load the hex file from the FS2 console and run the program. Refer to
the "Appendix C — Running Debugger Using FS2 Debugger" section on page 12 for loading and
running the debugger from the FS2 console.

10
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Conclusion

Core8051s is a popular 8-bit microcontroller IP Core. It can be implemented both in antifuse and
flash-based FPGA. During the design process, you can run your code in debug mode before creating the
final code. In antifuse FPGAs such as Axcelerator or RTAX-S, you can run debug using the user I/Os
option only. This application note provides detailed information on running a debug operation on
Core8051s using user I/0O mode in an AX250-PQ208 device. This same procedure can be followed on
other Axcelerator and RTAX-S devices.

Appendix A — Software and Hardware Tools Requirement

The following software and hardware are required to run the design example:
Software required:
« Libero IDE v9.0 IDE
* Keil uVision3 IDE (available from Keil)
*  FS2ISA-Actel51 Debugger
Hardware required:
* Axcelerator Starter Kit with AX250-PQ208 device
* Microchip FlashPro3 Programmer
Note: The FlashPro4 programmer will not work for this demo design.

Appendix B — FS2 and Keil yVision3 Interface

The Core8051 System Analyzer interfaces with Keil pVision3 software by adding a hardware driver and a
simulator driver to the list of available tools in Keil’s tools.ini file. After initiating the pVision3 software,
these drivers can be selected and used to debug code with the FS2 debugger. All Keil source level
debug features work with the Core8051 System Analyzer — go, step, halt, view/edit registers, and
view/edit memory.

To start a debug session in Keil:
» Select the Debug menu.
» Select the Start/Stop Debug Session menu item.
Once a session is started, new menu items appear in the Peripherals menu:
» Target Settings - Used to change communications ports.
+ Trace - Used to view the trace for the last emulation session.
+ Triggers - Used to set complex triggers and view current settings.

+ Console Interface - Gives full access to the FS2 debugger with macros. Use the Help menu for
details. Memory and register changes in the Console are reflected in the Keil windows, and vice-
versa.

11
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Appendix C — Running Debugger Using FS2 Debugger

You can load the hex file and run the debugger using the FS2 debugger.
* Locate the hex file and type Load hex <path_to_hex_file> to load the hex file.
+ Type go to start emulation at the current execution address.

+ Type halt to stop emulation immediately. This displays the next execution address and one
instruction disassembly.

+ Type step to execute 1 instruction and to display next execution address and one instruction
disassembly.

3

% Console - Actel Flash Pro Programmer - @@
File Edit Prefs History Help

Actel Flash Pro Programmer
Serial nurkber 08863

Version 2.1.0 build 1
Copyright (C) 1998-2006 First Silicon Solutions, Inc.
1> openport usb

ush

Z> ressat

User reset.

Q0oDp FO movx Bdptr,a
3> load hex ..fled_ratate.hex
294

4> go

Emulation started.

5> halt

User halct.

0125p BOFE simp 0Ox0125

6> atep

3ingle step.

0125p BSOFE =imp 0Ox0125

T

-

[ Ready | [Hated — [Single step

Figure 11 « Run Application
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