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Technical Notes

Freescale MPC6xx & MPC7xx Family On-Chip Emulation
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1 Introduction

There are three fundamentally different debug interfaces in the PowerPC family. The MPC5xx/8xx use a BDM
style debug interface, while the PPC/MPC4xx/6xx/7xx use a debug interface based on JTAG protocol. A newly
developer Nexus interface on the MPC56x provides faster development access and, more importantly,
instruction and data trace.

The debug interface of the PowerPC core uses the BDM, JTAG or Nexus development port, which is a
dedicated port that needs none or minimal of the regular system interfaces. System activity can be controlled
from the development port when the core is in debug mode. The development port is a relatively inexpensive
interface that allows the development system to operate at a lower frequency than the core’s frequency (except
for Nexus that operates at the core’s frequency). In debug mode, the core fetches all instructions from the
development port. Data can be read from or written to the development port. This allows memory and registers
to be read and modified by a development tool (emulator) connected to the development port.

The JTAG development port of the 6xx/7xx, also known as COP, is scan chain based. The debug port of the

PowerPC 4xx cores and processors is not scan chain based, instead they have built a special debug module,
similar to the PowerPC BDM.

Debug Features

e 1 or 2 hardware breakpoints
e Unlimited number of software breakpoints
e  Fast flash programming

e No real-time access
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2 Emulation Options

2.1 Hardware Options

Emulation Options |

Hardware | CPU | Initialization | JTAG |

—Debug /0 levels:——— [ Sampling trezshald levels
¥ | Uze zame eshold on &llprabes
OISl R Fiobedl £ yepl2 I'I.2 i
Fratel 0 Wiz Il';'I'I.E v
~ Hat Attach Piobe 3 €00 4ef /2 'FI'I.E i
™ Hot attach to target Fioteal (Eera |1.2 )

(] 4 I Cancel Help

Emulation Options, Hardware page

Debug 1/0 levels

The development system can be configured in a way that the debug JTAG signals are driven at 3.3V target
voltage level (Vref).

When 'Vref' Debug I/O level is selected, a voltage applied to the belonging reference voltage pin on the target
debug connector is used as a reference voltage for voltage follower, which powers buffers, driving the debug
JTAG signals. The user must ensure that the target power supply is connected to the Vref pin on the target JTAG
connector and that it is switched on before the debug session is started. If these two conditions are not meet, it is
highly probably that the initial debug connection will fail already. However in some cases it may succeed but
then the system will behave abnormal.
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2.2 Initialization Sequence

Before the flash programming or download can take place, the user must ensure that the memory is accessible.
This is very important since there are many applications using memory resources (e.g. external RAM, external
flash), which are not accessible after the CPU reset. In that case, the debugger must execute after the CPU reset a
so called initialization sequence, which configures necessary CPU chip selects and then the download or flash
programming can actually take place. The user must set up the initialization sequence based on his application.

The initialization sequence can be set up in two ways:

1. Set up the initialization sequence by adding necessary register writes directly in the Initialization page
within winIDEA.

Emulation Options Ei |

Hardware | CPU Initialization | JTa5 |

| nitialization Ilnit FEQUENCE j I'I secar|E|
™ Load o i | -
Address offset | Read from CPU |0 HEX
[ Reset CPU after DLArezet commands [invalidates initialization]
Area | Address | Register |Data
Physzical C3FB0000  FMPLL_SYMCR 00000000 ;l Add...

Y

Eraperties... |
LI - Hemove |

ak I Cancel | Help |

2. winIDEA accepts initialization sequence written in a text file with .ini extension. The file must be
written according to the syntax specified in the appendix in the hardware user’s guide. Few most often
used cases:

e writing to SPR register
A "SPR":(270) L 0x10000000

e writing to SFR
S EBI_BRO L 0x20000003
S P2M W 0x0003
S P30_MC B 0x4F

®  writing to a core register

RPC L 0xFO000000
®  writing to a memory location

A (0x00000400) L 0x00000400
e pause 100ms

P 100

Excerpt from the example MPC_EVB.ini file
S FMPLL_SYNCR L 0x00000000 /l comment
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Emulation Options |

Hardware | CFU Initialization | JTAG |

| ritialization Ilnit FEOUENCE j I'I SECOnE|E|
W Load from file IMF'E_E\-"B.ini
Address offset | Read from CPU RRE HEX
[ Reset CPU after DLAreset commands [invealidates initialization)
Area | Address | Reqister | Data

2] . alel |
Broperties... |
;I - Hemove |

0k | Cancel | Help |

The advantage of the second method is that you can simply distribute your .ini file among different workspaces
and users. Additionally, you can easily comment out some line while debugging the initialization sequence itself.

3. There is also a third method, which can be used too but it’s not highly recommended for the start up.

The user can initialize the CPU by executing part of the code in the target ROM for X seconds by using
'‘Reset and run for X sec' option.

Emulation Options Ei |

Hardware | CPU Initialization | JTa5 |

| nitialization IHESEl target, Run... j |2 zecand(z]
™| Laad framitie I J
Address offset | Read from CPU ~||o HE

[ Reset CPU after DLAreset commands [invalidates initialization)

Area |Address | Register |Data

] . Dielel
Eroperties... |

HEemnye

.

=
(] 4 I Cancel | Help |

Caution: If in Hardware/Emulation options/Initialization the one of the Reset&Run options is used the run after
reset will be started from this address. A Run attempt will fail, if there is no valid code there right after reset. It is
recommended that the two options, Override PC and Initalization/Reset&Run, are not used at the same time.
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2.3 JTAG Scan Speed

Emulation Options |

Hardwarel CPU Ilnitializatiun JTAG |

Soan speed IFast j I'lUUU j kHz  Mumber of idie TCE: IU_
et ISI.:.W j IEEIEI j kHz scan speed during initislization

v Thiz iz the single device inthe JTAG chain

|} Erefis IU [V Erefis IU
| B stz IEI B Eostiny IEI

(] 4 I Cancel Help

JTAG Scan Speed definition

Scan speed

The JTAG chain scanning speed can be set to:

e  Slow - long delays are introduced in the JTAG scanning to support the slowest devices. JTAG clock
frequency varying from 1 kHz to 2000 kHz can be set.

e  Fast — the JTAG chain is scanned with no delays.
®  Burst — provides the ability to set the JTAG clock frequency varying from 4 MHz to 100 MHz.
e Burst+ - provides the ability to set the JTAG clock frequency varying from 4 MHz to 100 MHz

Slow and Fast JTAG scanning is implemented by means of software toggling the necessary JTAG signals. Burst
mode is a mixture of software and hardware based scanning and should normally work except when the JTAG
scan frequency is an issue that is when the JTAG scan frequency used by the hardware accelerator is too high for
the CPU. In general, selecting an appropriate scan frequency usually depends on scan speed limitations of the
CPU. In Burst+ mode, complete scan is controlled by the hardware accelerator, which poses some preconditions,
which are not met with all CPUs. Consequentially, Burst+ mode doesn’t work for all CPUs.

In general, Fast mode should be used as a default setting. If the debugger works stable with this setting, try Burst
or Burst+ mode to increase the download speed. If Fast mode already fails, try Slow mode at different scan
frequencies until you find a working setting.

Note: Burst and Burst+ modes are implemented for PowerPC and ARM CPUs, including XScale.

Use — Scan Speed during Initialization

On some systems, slower scan speed must be used during initialization, during which the CPU clock is raised
(PLL engaged) and then higher scan speeds can be used in operation. In such case, this option and the
appropriate scan speed must be selected.
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3 CPU Setup

3.1 General Options

The CPU Setup, Options page provides some emulation settings, common to most CPU families and all
emulation modes. Settings that are not valid for currently selected CPU or emulation mode are disabled. If none
of these settings is valid, this page is not shown.

puserp |

Optiars |Del:uugging| .ﬁ.dvancedl

— Optionz
™| BEESET| Erom Taraet Enabled
= | HEI Enabled saithen Stopped
N [rtermupts Enabledkyben Stopped
7 Hard [temupt Dizatle Wihen Stapped
[N Stop BRI Ectivities Wihen Stopped
N Testifade
[~ Cache downloaded code anly [do not load ta target?

ak. I Cancel Help

PowerPC, General Options

Cache downloaded code only (do not load to target)

When this option is checked, the download files will not propagate to the target using standard debug download
but the Target download files will.

In cases, where the application is previously programmed in the target or it's programmed through the flash
programming dialog, the user may uncheck Load code' in the 'Properties' dialog when specifying the debug
download file(s). By doing so, the debugger loads only the necessary debug information for high level
debugging while it doesn't load any code. However, debug functionalities like ETM and Nexus trace will not
work then since an exact code image of the executed code is required as a prerequisite for the correct trace
program flow reconstruction. This applies also for the call stack on some CPU platforms. In such applications,
'Load code' option should remain checked and 'Cache downloaded code only (do not load to target)' option
checked instead. This will yield in debug information and code image loaded to the debugger but no memory
writes will propagate to the target, which otherwise normally load the code to the target.
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3.2 Debugging Options
CPU Setup =

Options ~ Debugging | Advanced |

Execution BPs I Software j

RESET duration I'I e

QE. I Cancel Help

PowerPC Family Debugging Options

Execution Breakpoints
Hardware Breakpoints

Hardware breakpoints are breakpoints that are already provided by the CPU. The number of hardware
breakpoints is limited to four. The advantage is that they function anywhere in the CPU space, which is not the
case for software breakpoints, which normally cannot be used in the FLASH memory, non-writeable memory
(ROM) or self-modifying code. If the option 'Use hardware breakpoints' is selected, only hardware breakpoints
are used for execution breakpoints.

Note that the debugger, when executing source step debug command, uses one breakpoint. Hence, when all
available hardware breakpoints are used as execution breakpoints, the debugger may fail to execute debug step.
The debugger offers Reserve one breakpoint for high-level debugging' option in the Debug/Debug
Options/Debugging' tab to circumvent this. By default this option is checked and the user can uncheck it
anytime.

Software Breakpoints

Available hardware breakpoints often prove to be insufficient. Then the debugger can use unlimited software
breakpoints to work around this limitation.

When a software breakpoint is being used, the program first attempts to modify the source code by placing a
break instruction into the code. If setting software breakpoint fails, a hardware breakpoint is used instead.

Reset Duration

The width of the RESET pulse is specified here.
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3.3 Advanced Options

CPU Setup |

Options | Debugging  Advanced |

— Owveride startup register values

[ BCAAR [Mext Instruction Address] IFFFEID'I 0o HE:

IV | S EER [Epstem Eratection Bt IFFFFFFBE HE=
V¥ | Si/ER (Software iy atehdag Eantal] IEIDFFFFFF HE*
— Optiohg

[vw Allow Mon-Festartable Break
F2-bit buz memory controller area Inc.ne j IEI#EIEIEIEIEIEI HE®

Register [SFR] Relocation IEIDEIEIEIEIEIEI HE*

Boot Address/E xception table lacation IFFFEIEI‘I o0 'I HEX

Cancel | Help |

PowerPC Family Advanced Options

Override Startup Register Values

If required, the Emulator can change the checked register after the CPU is released from reset. These settings
have typically to do with setting the default program starting point and disabling the watchdog.

Caution: If in Hardware/Emulation options/Initialization the one of the Reset&Run options is used the run after
reset will be started from this address. A Run attempt will fail, if there is no valid code there right after reset. It is
recommended that the two options, Override PC and Initalization/Reset&Run, are not used at the same time.

Allow Non-Restartable Break

Normally, for stopping the CPU a so-called soft-stop (halt) debug command is used. All clocks are stopped after
all pending instructions have executed, including all bus interface actions.

If the soft-stop is not successful and this option is checked then a hard-stop (freeze) command is issued. In this
case, all clocks on the device are immediately stopped. Due to the asynchronous nature of the JTAG TAP
controller, the stopping of the clocks will be indeterminate. Thus, restartability is not guaranteed.

32-bit bus memory controller area

Some MPC6xx PowerPC implementations have proprietary bus controllers or possible such bus configurations
that may have limited functionality of not supporting standard 64-bit access for memory reads and writes. With
this option it is possible to define a memory area in which a 32-bit access width is forced.

Register (SFR) Relocation

For some MPC6xx PowerPC implementations the software must know the location of SFRs after reset in order
to correctly execute an initialization sequence. The address offset entry is also used later for SFR access during a
debug session.
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Boot Address/Exception Table Location

The location of boot address or exception table can be specified here — required for some MPC6xx
implementations.

4 Getting Started

Before powering on check the Power supply setting in Emulation Options/Hardware. Default is 3.3V, note
however that certain newer devices operate at lower voltages and may no longer be 3.3V-tolerant. Use “Target’
setting in such case. Target board should provide its I/O reference voltage on the debug connector.

Disable watchdog with the option described above. Usually the watchdog timer will timeout after just a few
seconds after reset is released, leaving very little time for user intervention. At the same time, don’t forget to
disable or adequately service the watchdog timer in your software.

To enable code download user should provide some minimum memory access configuration. This can be trivial
by merely setting the appropriate chip-select registers for flash or SRAM, or complicated and lengthy for
DRAM. Note that there’s no need for that with the 5xx/8xx that have some internal RAM sufficient for small test
code.

See notes above for setting debug clock and reset delay.

In case the debugger won’t start, disable initialization and all configurable options except disabling the
watchdog. Check if the CPU stops at reset vector OxFFF00100, or 0x100 if MSRp is 0.

It is recommended that CPU clock PLL is not modified in the initialization sequence as this may cause CPU
debug port to fail. Instead, user code should do this in any case.

Under Emulation Options/CPU Setup check all exceptions that don’t have a handler in your code. This is a good
means to detect early when your code strays away.

5 Emulation Notes

Ensure that the emulator /HRESET connector pin is connected directly to the /HRESET signal of the processor.
This will provide the ability for the emulator to drive and sense the status of /HRESET. The target design should
only drive the /HRESET with open collector or open drain type devices.

To guarantee that JTAG Mode is not accidentally invoked, connect a pull down (~10K) resistor on the /TRST
signal and a pull-up (~10K) on the TMS signal. When the MPC’s development port (BDM) is used, JTAG
functionality is disabled. Designs that require both should have a Reset configuration scheme to support the two
modes. We use 10k pulldown on a '245 buffer that drives DBPC=00 and enables BDM functionality. And if a
JTAG tester is connected it overcomes the pulldown to a logic high and the DBPC=11 enabling JTAG pins.

6 Troubleshooting PPC750CX/Cxe

Because the CXe operates on 2.5V, the 'Vref' debug I/O levels must be selected in the ‘Hardware/Emulation
Options/Hardware’ pane. The CX will work with both settings, 3.3V and Vref.
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Notes:
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Notes:

Disclaimer: iSYSTEM assumes no responsibility for any errors which may appear in this document, reserves the
right to change devices or specifications detailed herein at any time without notice, and does not make any
commitment to update the information herein.

© iSYSTEM. All rights reserved.

© iSYSTEM, January 2011 12/12



