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Technical Notes

Freescale MPC5xxx & ST SPC56 Family On-Chip Emulation

Contents
COMEEIILS ...ttt ettt ettt bt et s bt st s a e st e st s bt e ettt sa e eatesseab e eh e et e s e bt e bt esbesh e beennenbesneennesaesueenn 1
1 TIHTOQUCTION .ttt ettt ettt b et e bt e e e be bt ehe e st e bt sbeebe e bt sbe bt ensenbesbeeanenaesbeeas 2
2 EMUIAION OPHOMS ...uutiiiiriiiiiiietteite ettt ettt et ettt sate st et e b et e bt e bt e sb et ehee e st enaeebeesaeesseesabesabesabeenbeenne 3
2.1 HAardware OPLIOMS ........ceoueerutiriieeiieeiie ettt eetee e et st e bttt e bt e bt et e bt e beeeat e ebteenteesbeenbeesaeesabesatesnbeebeeneenne 3
2.2 InitialiZation SEQUENCE .......ccuiviuiriirieieiieieteiie ettt sttt st se e e bt st e ae b nesnen 3
2.3 JTAG SCAN SPEEM ...cuiiiiiiicec et et 6
B CPU SEIUP ottt s e s saeen 7
3.1 GENETAl OPLONS ...ttt ettt e st b e st e b et sa 7
3.2 Debug@ing OPLIONS ....ccouiiuiiiiiiiiiiiieieiieeteie ettt sttt sttt et 8
3.3 RSB ittt et bbb bt a e st h e s ae et et s ae e esn e sae et neneere s 9
B4 INEXUS Lottt ettt et ettt s e bt e e ae e ea e st ee et ea e et s bt et aeeh et reeneene 10
3.5 AdVANCEA OPLIONS.....eouiiiiiiiitiiie ettt ettt ettt sttt sttt e b et e bt e bt eat e esbeesbeesbtesate st e sabeebeenees 11
3.6 MPCSS5XX OPLONS. ..c.ccuiiiiiiiiieiiiti ittt et sttt et sb e s ne e s se e ens 12
4 FLASH PIrOZIamMMING. ... .coiteitiiiietienitieite ettt et e et e stee st e e teeabesabe e bt ebee s b tesbeesaseesbeesbeeabeesbeesbeesbeesatesaneebeennes 13
5 VLE ettt h bt h ke b st h e bttt h bt ea e bbb et bt b ke n e e st bt e e e st ebesbenteneeben 13
6 HOU ATLACK .ottt ettt b e bbbt et bbbt ea e b bt ea e st eb et ea b et eat et et eaeeaeen 14
T ETPU DEDUZZING ..ottt ettt et et e sh e e sb e e sbe e st e e aeeeabe e be e bt e sbeenbaesateeneens 15
8 €200Z0 DIEDUZZING ...ttt ettt sttt ettt et ehe e e h bt et e e sb e e e bt e st e eabe e bt e bt e bt e beesateeneeas 16
O ReAI-TIME MEIMOTY ACCESS ...eeuteiutietieitientie ettt et ettt ettt bttt et eab et e e sbe e sbeesatesateeabeebeebeesubenbeesaseeneens 17
1O MU SUPPOIT .ttt ettt ettt ettt e he e s bt e s e e ea bt e bt e bt e b e e bt e be e be e eat e eabeenbeesaeesatesaeesabeenbeennes 17
11 ACCESS BIEAKPOINLS ...ttt ettt ettt b ettt e st e sb e e saeesaeesaeesaneebeenees 19
12 Trace, Profiler and EXeCUtion COVETAZE. ......cc.eecuertiruieienieniinitententeniteiteste ettt sttt sttt sbe et et besae e 20
13 GEttING STATTEM. .. ..cuiiiiiiiiiiiiteiet ettt ettt et st sh et et e b et enesb e eeneas 20
14 TrOUDIESROOIING. ....c.eiitiriieitiiieeieeteteet ettt ettt ettt et sbe st eb e b e sbe e bt es b saesbt et et e s bt emtesaeebe et enbenbeebeene 21

© iSYSTEM, September 2010 1723



1 Introduction

This document covers MPC55xx and MPC56xx on-chip debugging while Nexus trace port use is explained in
separate documents. Nexus trace port is explained separately for MPC551x & MPC56xx devices (Nexus Class
2+) and for other MPC55xx devices (Nexus Class 3).

The MPC55xx Family built on Power Architecture technology, comprises 32-bit microcontroller devices
designed for engine management, advanced driver assistance, central body, and gateway applications.

The MPC55xx family is based on €200z1 core, which features a memory management unit (MMU) and the full
32-bit Power ISA instruction set as well as the ability to implement variable length encoding (VLE) instructions.
A small footprint €200z0 core is added to the MPC5510 devices, which is designed to run the variable length
encoding (VLE) instructions only, which delivers a high level of code density, significantly reducing memory
requirements.

According to the Nexus standard, MPC5500 family contains multiple Nexus clients that communicate over a
single IEEEE-ISTO 5001-2003 Nexus Class 3 (or 2+) combined JTAG IEEEE 1149.1 auxiliary out interface.
Combined, all of the Nexus clients are referred to as the Nexus development interface (NDI). Class 3 Nexus
allows for program, data and ownership trace of the microcontroller execution without access to the external data
and address buses. Class 2+ Nexus has no data trace comparing to the Class 3 Nexus.

Communication to the NDI is handled via the auxiliary port and the JTAG port. Debug JITAG clock frequency
must not exceed half CPU system clock frequency.

Features

e Four hardware execution breakpoints

e Unlimited software breakpoints including in the internal CPU flash

®  Access breakpoints

e Real-time memory access

e Flash programming

e Hot Attach

e MMU support

e eTPU debugging

e ¢200z0 debugging (MPC551x)

e  On-Chip Nexus Trace (€200z1, €e200z0, eTPU1, eTPU2, eDMA, FlexRay)
e Nexus RTR Trace (¢200z1 core — full 32-bit Power ISA instruction set)
e  Profiler

e Execution Coverage
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2 Emulation Options

2.1 Hardware Options
|

Hardware | CPU | Initialization | JTAG |

o Vref I?.? vl iy ¥ lse same treshold on all probes
Probe 1 ¥ \ief /2 F|1_E i
Piobe 2 €& Yef /2 If-h|1.'3 W

"Hatﬂttam Pobed #lyet/z Cfis W

"Debug D levels —————— 1 Sampling treshold levels

[~ Hot attach to targeﬁ Fiobe d % 4ef /2 i |1.E U

oK I Cancel Help

Debug 1/0 levels

The development system can be configured in a way that the debug JTAG signals are driven by the emulator or
by the target voltage (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.

Sampling threshold levels (iTRACE PRO/GT only)

Voltage levels of the debug input and output signals are adjusted depending on the setting.

Hot Attach

The debugger supports Hot Attach function. This is a function, which enables the emulator to be connected to a
working target device and have all debug functions available. See ‘Hot Attach’ chapter for more details on Hot
Attach use.

Note: Hot Attach function cannot be used for any flash programming or code download!

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
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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|
™ Loadfiemie | B
Addiess offset | Fead from CPL x| Jo HEx
[ Reset CPU after DLArezet commands [invalidates initialization]
Area | Address | Register |Data
Physzical C3FB0000  FMPLL_SYMCR 00000000 ;l .

Add...

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
e  writing to a memory location

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

P 100

Excerpt from the example MPC5554.ini file
S FMPLL_SYNCR L 0x00000000 /I comment

Note: MPC5000 Memory Management Unit (MMU) is implementation with a 24-entry fully

associative translation lookaside buffer (TLB). The TLB is accessed indirectly through several MMU
assist (MAS) registers. The debugger can access MAS registers through SPR access and then write

them to the TLB with a tlbwe (TLB write entry) instruction.

A "SPR":(270) L 0x10000000 /I MASO
A "SPR":(271) L 0xC0000500 /I MAS1
A "SPR":(272) L 0OxFFF0000A /I MAS2
A "SPR":(273) L 0OxFFFO003F /I MAS3
I 7C0007A4 /I tlbwe
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A new access method in the .ini file was introduced for MPC5500 family. Last line “I 7C0007A4”

actually results in CPU executing instruction OpCode 7C0007A4.

Emulation Options

Hardware | CFU Initialization | JTAG |

| ritialization Ilnit FEOUENCE j I'I SECOnE|E|
W Load from file IMPE5554.ini J
Address offset | Read from CPU RRE HEX
[ Reset CPU after DLAreset commands [invealidates initialization)
Area | Address | Reqister | Data
[}

[

2 a(u

Broperties...

[EEEE
Hemove |

]|

0k I 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]
™| Load fromitile I J
Address offset | Fiead from CPL RIE HEx

[ Reset CPU after DLArezet commands [invalidates initialization]

Area | Address | Register |Data

=
ak

Adldl |
| g

Eraperties...

Hemove |

ak I Cancel | Help
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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.

®  Other scan speed types (not supported for MPC5500 family) can be seen and are automatically forced to
Slow.

Slow and Fast JTAG scanning is implemented by means of software toggling the necessary JTAG signals.

In general, Fast mode should be used as a default setting. If Fast mode fails or the debugging is unstable, try
Slow mode at different scan frequencies until you find a working setting.

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
x|

Options | Debugging I Advanced | I"-I'IF‘C&mcl

™| MMl Enabled wWiken Stopped

™| [nterupts Enatled When Stapped

™| Hard [ntermupt Disable hen Stopped

I Stop CPU Activities When Stopped:

[T Test bode

[~ Cache downloaded code only {do not load to tanget)

W MMU aware breakpoirts and memory access

QK I Cancel Help

General Options

Stop CPU Activities When Stopped

When this option is checked, peripheral functions like timers are stopped as soon as the application is stopped.
However, this works fine only when hardware execution breakpoints are used for debugging. Per default,
software execution breakpoints use the BGND instruction and for this instruction this option does not stop the
timers. There is an alternative to use the TRAP instruction for software execution breakpoints (CPU
Setup/MPC55xx tab) since it stops the timers too but the user must have in mind that the TRAP instruction can
be used by the application too. In this case, a user TRAP instruction would stop the timers too. The BGND
instruction is reserved exclusively for debugging.

In general, it is recommended that the option is checked in order to have more predictable behaviour of the
application using the peripheral functions.

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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MMU aware breakpoints and memory access

If checked, breakpoints are set with physical addresses, memory accesses are performed using virtual/physical
mapping.

If the option is cleared, no distinction is made between physical and virtual addresses.

Note: This option is available for MPC55xx devices only.

3.2 Debugging Options
x
Options  Debugging |Fheset I NE:!:LISI Advancedl MF'C&M'

Execution BPs

[ lgnore access emors

QK 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.

The same on-chip debug resources are shared among hardware execution breakpoints, access breakpoints and
trace trigger. Consequentially, debug resources used by one debug functionality are not available for the other
two debug functionalities. In practice this would mean that no trace trigger can be set for instance on instruction
address, when four execution breakpoints are set already.
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Software Breakpoints

Available hardware breakpoints often prove to be insufficient. Then the debugger can use unlimited software
breakpoints to work around this limitation. The debugger also features unlimited software breakpoints in the
MPC55xx internal flash, which operate slowly comparing to hardware breakpoints due to the relatively large
flash sectors.

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.

3.3 Reset

Note: This tab is available only for MPC56xx devices when debugged via iTRACE PRO/GT system.

X

Cptions I Debugging Reset | NE:!:LISI Advanced I MF'C&M'

[~ :RESET from target enabled:

™| Sunchionize start from reset on barget BESET
™ | lgnore target BESET after I'IZ— T3
¥ | Latch target RESET

™| Stop after RESET,

FESET output I-Z-;-en Drain j
RESET method ]

|
BESET duration I ms
I 1

Fast BESET delay

QK I Cancel Help

RESET from target enabled

Beside the debugger, the target can have additional external reset sources, like power-on reset, watchdog
circuitry or even reset push-button. In general, it’s recommended to disable all external reset sources in the
target, which may disturb the debugger in a way that debug communication is lost and complete system needs to
be reinitialized.

It’s recommended that all reset sources are designed as an open drain type. ‘Reset from Target Enabled” option
in the ‘CPU Setup/Options’ tab must be normally checked to assure safer debugging. Then the debugger can
detect any reset source and service it properly.

Since target reset lines are designed as an open drain type, the debugger can detect all resets, even if they have
been initiated by hardware other than the emulator itself. In certain applications, though, the requirement to
disable this type of checking is required.

To disable reset sources from the target to be detected by the debugger, uncheck the ‘RESET From Target
Enabled’ option. In this case, only the emulator will be able to generate a reset and the debugger will ignore all
reset sources from the target.

Note: Wrong setting of this option can significantly change the operation of the target!
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3.4 Nexus

Note: This tab is available only when debugging is performed via iTRACE PRO/GT system.

x

Optionsl Debuggingl Resst Mexus |M'u'ar1ced| I'l-l'IF'CEuxxl

Nexus MDO width |4+t |

Mexus data rate ISingIe j

™ Force periodic Nexus SYNC:

QK I Cancel Help

Nexus MDO width

Nexus signals are located on the CPU pins, which can be configured for different alternate functions. The
MPC5500 devices allow configuring Nexus MDO port either as 4 or 12-bit port. A 12-bit MDO implementation
ensures optimum Nexus operation. A 4-bit MDO implementation requires less CPU signals than the 12-bit MDO
but the Nexus throughput is decreased, which is a crucial factor for correct trace operation. Note that the trace
displays errors when the CPU doesn’t manage to send out complete Nexus messages to the external development
system. It’s highly probably that 4-bit MDO port will result in trace errors while 12-bit MDO port will function
flawlessly.

MPC551x device can have either 4-bit or 8-bit Nexus MDO port and MPC56xx devices can have either 2-bit or
4-bit Nexus MDO port.

Nexus data rate

On some fast CPUs, it is possible to configure CPU to broadcast Nexus messages at double data rate, which
yields increased Nexus port bandwidth. This means the Nexus trace will less likely overflows, which happens
when the Nexus traffic is higher than the Nexus port bandwidth.

Force periodic Nexus SYNC

When there are problems with the trace or profiler (for instance no content is displayed), it is recommended to
check this option for the test. If the application runs in some loop, which generates no SYNC nexus messages it
may happen that the trace decoder cannot reconstruct any absolute CPU address from the recorded Nexus
messages. When this option is checked, the debugger periodically inserts extra Nexus SYNC messages, which
allow the trace and the profiler to reconstruct absolute CPU address for every such message.
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3.5 Advanced Options

CPU Setup ]|

Dptiu:unsl Debugging  Advanced | MF'EEE:-::-:I

— Owverride startup register values

[ PCAAR [Mext Instuction Address IFFFEID'I 00 HE:

¥ | S EER [Epstem Eratection Bt IFFFFFFBE HE=

™ | Si/ER (Software by atehdeg Eantal] IEIEIFFFFFF HE*
— Optiohg

¥ | &l v Wam:Festartatle Breal
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 [0 'I HEX

QE. I 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.
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3.6 MPC55xx Options

CPU Setup ]|

Dptiu:unsl Debuggingl &dvanced  MPCESxx |

[ Stop Timer during step operations

=} Stopvhen releazedifiom reset

[T Use TRA&P instruction for software breakpoints in PowerPC mode

Mexuz / EBl operation INEHUS [default] j

[ Usze BDM memany access when stopped

Ok I Cancel Help

Stop Timer during step operations

When checked, the debugger disables the clock to the peripherals during the debug step operation. This yields
more predictable behaviour of the timers and the interrupts depending on the timers during debugging.

This option is typically used in combination with the ‘Stop CPU Activities When Stopped’ in the ‘CPU
Setup/Options’ tab.

Stop when released from reset

This option is available when debugging e200z0 core of the MPC5516 device. After power on, the €200z0 core
is in reset state and no debug operation can be performed. It’s recommended to check the option when there is a
need to debug the e200z0 startup code.

Use TRAP instruction for software breakpoints in PowerPC mode

Check the option when the limitation of the default software breakpoint instruction (BGND) is unacceptable for
the target application being debugged. See more details on limitation at the ‘Stop CPU Activities When Stopped’
option description (CPU Setup/Options tab).

Nexus / EBI operation (MPC551x only)

MPC551x devices share the same pins between (debug) Nexus port and EBI bus. The user must select how the
pins are used in his application. If Nexus operation is selected, external bus can not be used. If EBI operation is
selected, Nexus trace is available except that trigger is not available.

Use BDM memory access when stopped (MPC553x/555x/556x only)

When checked, the BDM interface will be used to access memory rather than Nexus interface. BDM interface is
slower, but it allows caches to remain untouched to view memory. With Nexus access, caches are flushed when
CPU is stopped.
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4 FLASH programming

The MPC55xx and MPC56xx devices have internal flash, which is programmed through the standard debug
download. The debugger recognizes which code from the download file fits in the internal flash and programs it
during the debug download.

A standard FLASH setup dialog accessible from the FLASH menu is used only for programming external flash
devices.

5 VLE

VLE stands for a variable length encoding and is an instruction set enhancement allowing reduced code size
footprint. MPC5500 family (e200z1 core) introduces VLE besides a standard 32-bit Power ISA instruction set.
Note that there are few MPC5500 devices which do not have VLE (MPC5553 and MPC5554). Check specific
CPU reference manual for supported VLE. Second core (€200z0) of the MPC551x has VLE instruction set only.

winIDEA supports both instruction sets. Some compilers (e.g. Metrowerks) generate a debug info which allows
the debugger to distinguish between the code belonging to one instruction set or to the other. This allows the
debugger to color the code differently, so the user evidently sees which instruction set is executed. VLE code is
colored purple.

= Dizassembly =T M= S
Address Data Dizassembly Registers
LED PC 88818148 =
LR 80882854 _
8008161408 9421FFFA stuwu r1,-18{r1} CTR 88882254
800816144 FCABB2A6 nflr ra CR _E
80016148 96818614 stuw ra,14(r1) XER 00068000
if{++LEDdelay>8x288) HSR B800888008
B0081614C 8B6DEB18 luz r3,-7FEB{r13) RO B006AO00B0A00613
80816158 388306881 1a r@,ban_rchu+1 {81){r3) R1 900680004 BABDFER
a0@1e8154 90008018 stw rB,-7FE8{r13) R2 B000A00640008020
a0a168158 280002008 cmpli a,0,r-a,02008 R3 BO00ABOO0B0OO012
aga1e1sCc 468810014 bc a4y .81, "LED.c"::61 (8881817 R4 BOO00AOOOABROO002
LEDdelay=0; RS B000AOO0O0BOOO003
Aga1 8160 380000898 1i ra,bam_rchw {88} R6 AAOAABABAAABONAS
800168164 960D8018 sStw rB,-7FES{r13) R7Y BAOOAABOA4AABDFDA
iTogglelLED({3); LI R8 BAOAABABAAAABOADS -
Standard PowerPC instruction set
= Disassembly B| A o] x|
Address Data Dizazsembly | Registers
Type_Simple «| PC BG8882656 -]
il LR 008802018 iz
20062 956 e stwu r1,-38{r1) CTR BBooanBs
a0ee285a  aeg e se_nflr ra CR L
agae2esc bD a1 se_stw ra, #34{r1) &ER BBbopanBe
a0ee2085E 1D61088038 e_add1é6i r11,r1,38 HSR B000a0ee
g00e20862 7EOOBLDS e bl _savegpr_25 (2536) RO BPPEOOAGG106680008
char c=8; R1 8P0600ABLOABDFED
80082866 4B 6B se_1i r27, #8@ R2 0P0E0OABLOBGE020
_unsigned char uc=8; R3 B000000800000002
80082868 4B BA ‘ge_1i 26, #A8 R4 OPOHOEOOBBFFFF G008
int i=8; RS BPPEAOABEOABA0O3
80082860 48 BE se_1i 38, #ae Ré6 BPHEBOABEOAB20008
iunsigned int ui=8; A7 O000B00e040008DFDA
80082860 48 6F ‘ge_1i 31, #aa R8 OPOOOOBBFFFF G008 -

VLE instruction set

If the debugger cannot automatically recognize which code from the download file is the standard PowerPC or
VLE type, the user can manually define the VLE areas in the ‘Debug/Files For Download.../VLE’ tab.
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Download Ed |

F'ru:uc:ea&e&l Dawnload Fileal Dptiu:unsl TargetDDwnluadI Little Endian  %LE |

YLE Areas

temon containing YLE code

G
Al
" Mone

0

O=FFFFO000

O4FFFF
O+FFFFFFFF

EEemove

Eroperties. .

It

™ lgnore download file WLE memony information

[ ]

Cancel im0 Help

6 Hot Attach

The development system allows attachment to a running target system without affecting its operation. Such

operation is called Hot Attach.

It’s assumed that there is a running target with no debugger connected. To hot attach:

e Check the ‘Hot attach to target’ option in the ‘Hardware/Emulation Options/Hardware’ tab.

e Execute Download debug command.

e  Connect the debug cable to the target system

e  Select the 'Attach’ debug command in the ‘Debug’ menu to attach to the target system.

Emulation Options

Hardware | CPU | Initialization | JTAG |

— Debug 140 levels
= 50Y 33y e
% et [l ETE .

— Hot Attach
v H

— Sampling trezhold levels
¥ | Uze zame eshold on &llprabes

Pobed €ivei/z &7 Y
Ptz Elere E[iE Y
Frebedl € etz @l
Pobed Civei/e E[LF Y

|

(] 4 I Cancel Help

Now, the debugger should display run status and the application can be stopped and debugged if necessary.

Select 'Detach' debug command in the ‘Debug’ menu to disconnect from the target application. If the
microcontroller was stopped before detach, it will be set to running.

Note: Hot Attach function cannot be used for any flash programming or code download!
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7 eTPU Debugging

The Enhanced Timing Processor Unit (¢TPU) has its own Nexus class 3 interface, the Nexus Dual eTPU
Development Interface (NDEDI). The Nexus Dual eTPU Development Interface provides real-time
development capabilities for the eTPU system including two engines and the coherent dual parameter controller
(CDC) in compliance with the IEEE-ISTO 5001-2002 standard. The main development features supported are
hardware execution breakpoints, register and memory access, instruction and source step, run/stop control,
branch (program) trace, data trace and ownership trace. Combined, these features make the interface for each
engine compliant with Class 3 of the IEEE-ISTO 5001-2002 standard.

In order to debug the MPC5500 application, first a main winIDEA workspace window must be open, which
allows compiling the complete project, downloading the code in the CPU internal flash and debugging the 200
core, eEDMA and FlexRay. In order to debug the eTPU1 or the eTPU2, a new winIDEA session is open for each
eTPU being debugged from the ‘Debug/Core’ menu.

IEM FLASH Plugins Tools Window Help

| Core | etPur |

= eTPLZ
i Download Cir HF3 F
| COF

Eiles For Download. .,

In general, eTPU1 and eTPU2 modules are debugged in the same way as €200 core. Each eTPU module has its
own winIDEA instance with standard debug windows as disassembly window, memory window, watch window,
source window, trace window, etc. However, note that the code for eTPUs is loaded by the main workspace,
which loads the code into the internal flash. eTPU winIDEA session must therefore download only symbols,
which are required for instance for high-level eTPU debugging. Don’t forget to specify the necessary download
files for each eTPU winIDEA session.

The ‘Hardware/Emulation Options/CPU Setup/Advanced’ tab introduces few new options, which are eTPU
specific:

CPU Setup Ei |

Dptionsl Debugging  Advanced |

[ Stop ping in debug mode

[ Stop TCR clocks

[ Halt on bwin engine breakpoint [if availabls]
™ Halt on primary core breakpoint

Register access helper location |0 HE

QE. I Cancel Help

The Nexus eTPU Development Interface provides real-time development capabilities for the eTPU system
including two engines (one for each eTPU module) and the coherent dual-parameter controller (CDC). Refer to
the Nexus Dual eTPU Development Interface chapter in the eTPU Reference Manual for more details on below
options.
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Stop pin in debug mode

This option controls whether the eTPU engine pins are sampled when any of the eTPU engine enters debug
mode. When it’s checked, the pins are not sampled during debug mode or when executing a forced instruction
from the microinstruction register.

Stop TCR clocks

This option controls whether the TCR clocks from the eTPU engine stop running when the eTPU enters debug
mode.

Halt on twin engine breakpoint (if available)

It controls the action taken on breakpoint occurrences at the twin engine. If the twin engine that is causing a
breakpoint exit debug state, the engine shall resume its operation.

Halt on primary core breakpoint

When checked, the eTPU module is stopped when the main 200 core is stopped.

Register access helper location

The shared data memory (SDM) works as data RAM that can be accessed by the device core and up to two
eTPU engines. This memory is alternatively referred to as eTPU shared parameter RAM (SPRAM). When any
of the eTPU modules is in debug mode, one 32-bit SPRAM location is hidden used by the debugger. Before the
eTPU operation is resumed, the debugger restores the used location SPRAM with the original value. The
problem arises when one eTPU is stopped (in debug mode) while the other is still running and using exactly the
same SPRAM location, which the debugger uses to control the first eTPU. In order to prevent this, the user
should use this option and tell the debugger, which SPRAM address is not used by the application and can be
freely used for debugging.

8 e200z0 Debugging

In order to debug the second e200z0 core of the MPC551x, first a main winIDEA workspace window must be
open, which allows compiling the complete project, downloading the code in the CPU internal flash and
debugging the €200z1 core. In order to debug the €200z0 core, a new winIDEA session is open for the €200z0
core from the ‘Debug/Core’ menu.

Debug FLASH Tool: Window Help

‘ Download Chrl+F3 EDh
Files For Diownload. ..

|0 P by | |

mair.

€200z0 core is debugged in the same way as e200z1 core. €200z0 winIDEA instance has all standard debug
windows as disassembly window, memory window, watch window, source window, trace window, etc.
However, note that the code for e200z0 core is loaded by the main workspace, which loads the code into the
internal flash. e200z0 winIDEA session must therefore download only symbols, which are required for example
for a high-level €200z0 debugging. Don’t forget to specify the necessary download file for the €200z0 winIDEA
session.
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9 Real-Time Memory Access
MPC5500 and MPC56xx family debug module supports real-time memory access. Watch window’s Rt.Watch
panes can be configured to inspect memory without stalling the CPU. Optionally, memory and SFR windows

can be configured to use real-time access as well.

Please refer to the Software User's Guide for more information on Real-Time watches.

Note: Due to CPU issues, real-time access is not used while the Nexus trace port is active. In practice this means,
whenever the trace, profiler or execution coverage is active, real-time access is disabled.

In general it is not recommended to use real-time access for Special Function Registers (SFRs) window. In
reality, real-time access still means stealing some CPU cycles. As long as the number of real-time access
requests stays low, this is negligible and doesn't affect the application. However, if you update all SFRs or
memory window via real-time access, you may notice different application behaviour due to stealing too many
CPU cycles.

When a particular special function register needs to be updated in real-time, put it in the real-time watch window
(don't forget to enable real-time access in the SFRs window but keep SFRs window closed or open but with
SFRs collapsed). This allows observing a special function register in real-time with minimum intrusion on the
application.

Using “alternative” monitor access to update a memory location or a memory mapped special function

register while the application is running works like this: the application is stopped, the memory is read and then
the application is resumed. Hence the impact on real time execution is severe and use monitor access for 'update
while running' only if you are aware of the consequences and can work with them.

10 MMU Support

Normally MMU is initialized by Boot Assistant Module (BAM). After reset the CPU first executes code from
BAM, which initializes MMU, then reads reset configuration word and starts running user code.

However, the debugger must initialize MMU when some debug option is used that circumvent BAM to be
initialized upon reset (e.g. overriding startup PC using ‘CPU Setup/Advanced’ dialog). The debugger can
configure MMU through Initialization sequence use (see Section 2.2). When no such option is used, the
debugger doesn’t need to configure MMU.

Below is an excerpt from the initialization file (.ini), which initializes MPC5554 MMU in case when the
program counter is preset (overridden) after the CPU reset.

S "SPR":(270) L 0x10000000

S "SPR":(271) L 0xC0000500
S "SPR":(272) L 0xFFFO000A
S "SPR":(273) L 0xFFFO003F
17C0007A4

S "SPR":(270) L 0x10030000
S "SPR":(271) L 0xC0000400
S "SPR":(272) L 0x40000008
S "SPR":(273) L 0x4000003F
17C0007A4

S "SPR":(270) L 0x10040000
S "SPR":(271) L 0xC0000500
S "SPR":(272) L 0xC3F00008
S "SPR":(273) L 0xC3F0003F
17C0007A4

S "SPR":(270) L 0x10010000
S "SPR":(271) L 0xC0000700
S "SPR":(272) L 0x00000000
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S "SPR":(273) L 0x0000003F
17C0007A4

S "SPR":(270) L 0x10020000
S "SPR":(271) L 0xC0000700
S "SPR":(272) L 0x20000000
S "SPR":(273) L 0x2000003F
17C0007A4

Virtual to physical address mapping of the individual memory pages is displayed in the MMU Table Walk
window. The window can be selected from the ‘Debug/MMU Table Walk’ menu for all CPUs with MMU.

A direct entry of a virtual address is possible.

MHMU Table Walk |
irbual PID  Physical
[m [0 [oooocooa
Ertry | Yirtual [PID | Physical | Size [Other
0 FFFO00CO FFFOOO00 00100000 1 MB WLE
1 00000000 0oa0o0aaa 00010000 4 kB WLE
2 20000000 20000000 10000000 256 MB WLE
3 40000000 40000000 no040000 256 kB WLE
4
5
6 00010000 00010400 00010000 G4 kB
7

Cloze

The MMU Table Walk dialog
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11 Access Breakpoints
|

Internal | Action |

[ Enabled
[ ST Address reaE Address Access  Llinkto  Value Mode  Value (HEX) Byte enable
I 1act | - ¥ DAC1 [ #iCounter [ Jwr =] T1act [diszbled =] [0 FFFF
Combination INone 'I Combination INone 'l
= | Entite ohject = Entire object
I acz | | I~ pacz | o =] T iacs [dsabled -] [0 FFFF

Value Mode

~ Counter
™ 1ac3 I J Counton  Count Start on All: when all enabled bytes match d
WV ont1 [pact = | 147 An -
Combination INone 'I I J I I Y J Any: when any enabled byte matches

o [~ 32-bit Counter
I Entire object Halfword: when all enabled bytes within at

[ 1aca I J [~ cnr2 IIACI VI I 0 least one of the halfwords of the access

match

Any NOT: when any enabled byte doesn't
match

All NOT: when all enabled bytes don't match LI

Wizard. .. | Ok I Cancel | Help |

MPC5500 Access Breakpoints

The same on-chip debug resources are shared among hardware execution breakpoints, access breakpoints and
trace trigger. Consequentially, debug resources used by one debug functionality are not available for the other
two debug functionalities. In practice this would mean that no trace trigger can be set for instance on instruction
address, when four execution breakpoints are set already.

The debug interface of the MPC55xx family includes four Instruction Address Comparators (IAC1-4), which can
be set to four addresses or two ranges; and two Data Address Comparators (DAC1-2), which can be set to two
addresses or one range. The ranges can be specified with the Inside, Outside or Mask combinations or the entire
object can be used. Read or write accesses can be differentiated.

In case of MPC56xx, also data value can be set for each of the data address comparators (DAC1-2)

Further, a counter (CNT1-2) can be used to count the event occurrence. The breakpoint hits when the counter
reaches 0.

Refer to the Development Capabilities and Interface section of the respective CPU Reference Manual for more
details on access breakpoints debug resources.

Wizard...

Use Wizard (button in the left bottom corner) in case of problems understanding and configuring the access
breakpoints dialog. It helps setting a simple breakpoint on data access.
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12 Trace, Profiler and Execution Coverage

Trace, Profiler and Execution Coverage are supported by the iTRACE PRO/GT development system. These
functionalities are explained in a separate technical notes document, titled Freescale MPC553x/555x/556x Nexus
Trace and Freescale MPC551x & MPC56xx Nexus Trace.

13 Getting Started

1Y)

2)

3)
4)
5)

6)

7

8)

9)

Connect the system

Make sure that the target debug connector pinout matches with the one requested by a debug tool. If it
doesn't, make some adaptation to comply with the standard connector otherwise the target or the debug
tool may be damaged.

Power up the emulator and then power up the target.

Execute debug reset

The CPU should stop on location to which the reset vector points

Open memory window at internal CPU RAM location and check whether you are able to modify its
content.

If you passed all 6 steps successfully, the debugger is operational and you may proceed to download the
code in the internal CPU flash.

Specify the download in the 'Debug/Files for download/Download files' tab.

Execute Debug download, which should download the code in the internal CPU flash.
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14 Troubleshooting

e  While debugging MPC551x devices, the internal watchdog must be disabled because the watchdog is
not stopped when the application is stopped (microcontroller is in the debug mode). In such case, the
watchdog could reset the microcontroller while the application is stopped and the debugger would loose
the control over it. Set WTE bit in the RCHW (Reset Configuration Halfword) to 0. Write 0x01 to the
RCHW instead of 0x05.

e Q: When I run the code after the download it never reaches the main function. Flash programming
doesn’t report any verify error. What could be the problem?

A: Most probably the application remains in the BAM program because specific “startup” parameters
were not programmed properly in the internal flash. After the reset, the CPU starts executing a so called
BAM (Boot Assist Module) program. Refer to CPU reference manual for more details on BAM. The
BAM searches the internal flash memory for a valid reset configuration halfword (RCHW). A valid
RCHW is a 16-bit value that contains a fixed 8-bit boot identifier and some configuration bits, which
define location of boot code and the boot configuration options. If the BAM program does find a valid
RCHW, the watchdog is enabled, the BAM program fetches the reset vector from the address of the
BOOT_BLOCK_ADDRESS + 0x4, and branches to the reset boot vector. Check if valid RCHW and
valid reset vector are set in user application and programmed through the debug download.

e Incase of problems when accessing SFRs on MPC56xx devices, check if clock(s) for peripheral
modules are switched on.

For instance, for Bolero device with 512KB internal flash, write 0x80808000 to the CGM_SC_DCO0
register (address 0OXC3FE037C) before accessing any SFR. This switches on clocks for all peripheral
modules.

Some devices have more CGM_SC_DCn registers controlling microcontroller peripheral modules. For
instance on one ST device, additionally 0xO00000FE needs to be written to the ME.RUNPC[0].R in
order to make things working. Refer to the microcontroller reference manual of the particular device for
more details on how to enable access to the available peripheral modules.

If this is the problem, use the Hardware/Emulation Options/Initialization Sequence to enable access to
the peripheral modules and don’t forget to add this write also to the application startup code since the
issue is not related to the debugging only. After reset, peripheral modules are powered off to save
power. If these peripheral registers are read by the application or the debugger, a bus error is generated
and the CPU gets stuck.

e Make sure that the power supply is applied to the target JTAG connector when ‘Vref” is selected for
Debug I/0 levels in the ‘Hardware/Emulator Options/Hardware’ tab, otherwise emulation fails or may
behave unpredictably.

e Try ‘Slow’ JTAG Scan speed if the debugger cannot connect to the CPU.

e  When performing any kind of checksum, remove all software breakpoints since they may impact the
checksum result.

¢ Q: Whenever we add the pointer in the watch window and expand the elements in it, and then try to
continue debugging, all the values get corrupt and in the disassembly we see "Illegal Instructions". We
don’t try to modify the contents of the pointer, we only read it. What is the problem?
A: Yes, when the debugger reads from an unmapped memory region, the CPU resets or the debug
interface freezes and a debug reset is required then. You should avoid reading from unmapped
memory regions. In your case when you expanded ConfigPtr, some fields, which were read, point to an
unmapped memory region. Afterwards you made a debug source step, which made the CPU
irresponsive. This could also happen if you read from unmapped memory region using SFR, Memory or
Watch window. This phenomenon has been observed on MPC560x, SPC560P and SPC560B devices.
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® Q:Idownload the file, which is in Elf/dwarf format. I don’t get any verify errors. However, the code
doesn’t run. It seems like not all code was really loaded. What could be the problem?
A: In your particular case, 'Load Code from' in the winIDEA Elf/Dwarf Options dialog (click Properties
after specifying the download file) is set to Program Header / Virtual.

As usual, the choice between virtual and physical addresses is compiler and linker configuration
dependant. If 'not all code is loaded', the following procedure is advisable:

1. generate map file

2. in winIDEA, Elf properties, select 'Dump EIf header'
3. Compare map file to the PROGRAM HEADERS entries for VIRTADDR and PHYADDR and see

which is suitable

In this particular case the PROGRAM HEADERS part looks like this:

PROGRAM HEADERS

NUM TYPE OFFSET SIZE
0 LOAD 174 300
1 LOAD 474 18
2 LOAD 174 0
3 LOAD 48C 724
4 LOAD 174 0
5 LOAD 174 0
6 LOAD BBO 4
7 LOAD BB4 0
8 LOAD BB4 0
9 LOAD BB4 18

VIRTADDR
0

400

500

500
20000000
20000400
20000400
20000404
20000520
20000520

PHYADDR
0

400

500

500
20000000
20000400
Cc24
20000404
20000520
Cc28

MEMSIZE

300
18
0
724
0

0

4
11c
0
18

FLAGS

N J 099300 o,

ALIGNMNT

SO D DS D D D D D

As you (should) know, a C/C++ application must initialize global data before entering main. The

initialized data segment is copied from ROM to RAM, uninitialized (.bss) is simply zeroed.

On your specific CPU, ROM/FLASH resides on address 0, while RAM resides on address 20000000h.
The program headers layout shows a few entries where PHYADDR is different to VIRTADDR. It is
obvious that in this configuration the PHYADDR denotes the FLASH load location and VIRTADDR
the link location (the address of RAM where variables will be accessed). Since apparently the
application is PROMable (i.e. startup code will copy .initdata to .data), we must ensure that the FLASH
is loaded with initialized data image and the correct choice is to select "Program Header / Physical"

ELF/DWARF Options

Load ELF Symbaols

x|

[N

Load Code from

IF‘ru:ugram Header [ Physical j
Call Stack generation

I.ﬁ.ub:umatic j

[ Load zeroed segments
¥ Load debug section

[~ Reverse bit fields order
[T Dump ELF header

Cancel |

Note that on average in 70%of cases Program Header / Virtual is the right choice, so winIDEA uses

this setting per default.
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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.
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