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ORc[4:0]: OxOO (CSR) Access: Supervisor write-only 
BOM read/write 
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Figure 18-3. Configuration/Status Register (CSR) 

Table 18-5. CSR Field Descriptions 

Field Description 

�3�1�~�2�8� Breakpoint status. Provides read-only status (from the BOM port only) information concerning hardware 
BSTAT breakpoints. BSTAT is cleared by a TOR write or by a CSR read when either a level-2 breakpoint is triggered or 

a level-l breakpoint is triggered and the level-2 breakpoint is disabled. 
0000 No breakpoints enabled 
0001 Waiting for level-l breakpoint 
0010 Level-l breakpoint triggered 
0101 Waiting for level-2 breakpoint 
0110 Level-2 breakpoint triggered 

27 Fault-on-fault. Indicates a catastrophic halt occurred and forced entry into BOM. FOF is cleared by reset or when 
FOF CSR is read (from the BOM port only). 

26 Hardware breakpoint trigger. Indicates a hardware breakpoint halted the processor core and forced entry into 
TRG BOM. Reset, the debug GO command, or reading CSR (from the BOM port only) clears TRG. 

25 Processor halt. Indicates the processor executed a HALT and forced entry into BOM. Reset, the debug GO 
HALT command, or reading CSR (from the BOM port only) clears HALT. 

24 Breakpoint assert. Indicates the BKPT input was asserted or a BOM BACKGROUND command received, forcing 
BKPT the processor into a BDM halt. Reset, the debug GO command, or reading CSR (from the BOM port only) clears 

BKPT. 

�2�3�~�2�0� Hardware revision level. Indicates, from the BOM port only, the level of debug module functionality. An emulator 
HRL can use this information to identify the level of functionality supported. 

0000 Revision A 
0001 Revision B 
0010 Revision C 
0011 Revision 0 
1001 Revision B+ (The value used for this device) 
1011 Revision 0+ 

19 Reserved, must be cleared. 
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Table 18-5. CSR Field Descriptions (continued) 

Field Description 

18 Breakpoint disable. Disables the normal BKPT input signal and BACKGROUND command functionality, and 
BKD allows the assertion of this pin (or execution of the BACKGROUND command) to generate a debug interrupt. 

o Normal operation 
1 BKPT is edge-sensitive: a high-to-Iow edge on BKPT or the receipt of a BDM BACKGROUND command 

signals a debug interrupt to the Cold Fire core. The processor makes this interrupt request pending until the 
next sample point occurs, when the exception is initiated. In the ColdFire architecture, the interrupt sample 
pOint occurs once per instruction. There is no support for nesting debug interrupts. 

17 Reserved, must be cleared. 

16 Inhibit processor writes. Inhibits processor-initiated writes to the debug module's programming model registers. 
IPW IPW can be modified only by commands from the BDM interface. 

15 Reserved, must be cleared. 

14 Force emulation mode on trace exception. 
TRC o Processor enters supervisor mode. 

1 Processor enters emulator mode when a trace exception occurs. 

13 Reserved, must be cleared. 

12-11 Debug data control. Controls peripheral bus operand data capture for DDATA, which displays the number of bytes 
DDC defined by the operand reference size (a marker) before the actual data; byte displays 8 bits, word displays 16 

bits, and long displays 32 bits (one nibble at a time across multiple PSTCLK clock cycles). See Table 18·26. A 
non-zero value enables partial data trace capabilities. 
00 No operand data is displayed. 
01 Capture all write data. 
10 Capture all read data. 
11 Capture all read and write data. 

10 User halt enable. Selects the CPU privilege level required to execute the HALT instruction. The core must be 
UHE operating with XCSR[ENBDM) set to execute any HALT instruction, else the instruction is treated as an illegal 

opcode. 
o HALT is a supervisor-only instruction. 
1 HALT is a supervisor/user instruction. 

9-8 Branch target bytes. Defines the number of bytes of branch target address DDATA displays. See Section 18.4.3.1, 
BTB "Begin Execution of Taken Branch (PST = Ox05)." 

00 No target address capture 
01 Lower 2 bytes of the target address 
1 x Lower 3 bytes of the target address 

7 Reserved, must be cleared. 

6 Non-pipelined mode. Determines if the core operates in pipelined mode. 
NPL o Pipelined mode 

1 Non-pipelined mode. The processor effectively executes one instruction at a time with no overlap. This typically 
adds five cycles to the execution time of each instruction. Given an average execution latency of -2 cycles per 
instruction, throughput in non-pipeline mode would be -7 cycles per instruction, approximately 25% - 33% of 
pipelined performance. 

Regardless of the NPL state, a triggered PC breakpoint is always reported before the triggering instruction 
executes. In normal pipeline operation, the occurrence of an address and/or data breakpoint trigger is imprecise. 
In non-pipeline mode, these triggers are always reported before the next instruction begins execution and trigger 
reporting can be considered precise. 
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Table 18-5. CSR Field Descriptions (continued) 

Field Description 

5 Ignore pending interrupts when in single-step mode. 
IPI 0 Core services any pending interrupt requests signalled while in single-step mode. 

1 Core ignores any pending interrupt requests signalled while in single-step mode. 

4 Single-step mode enable. 
SSM o Normal mode. 

1 Single-step mode. The processor halts after execution of each instruction. While halted, any BDM command 
can be executed. On receipt of the GO command, the processor executes the next instruction and halts again. 
This process continues until SSM is cleared. 

3-2 Reserved, must be cleared. 

1 Force ipg_debug. The core generates this output to the device, signaling it is in debug mode. 
FID o Do not force the assertion of ipg_debug 

1 Force the assertion of ipg_debug 

0 Disable ipg_debug due to a halt condition. The core generates an output to the other modules in the device, 
DDH signaling it is in debug mode. By default, this output Signal is asserted whenever the core halts. 

o Assert ipg_debug if the core is halted 
1 Negate ipg_debug due to the core being halted 

18.3.2 Extended Configuration/Status Register (XCSR) 

Thc 32-bit XCSR is partitioned into two sections: the upper byte contains status and command bits always 
accessible to the BDM interface, even if debug mode is disabled. This status byte is also known as 
XCSR_SB. The lower 24 bits contain fields related to the generation of automatic SYNC_PC commands, 
which can be used to periodically capture and display the current program counter (PC) in the PST trace 
buffer (if properly configured). 

There are multiple ways to reference the XCSR. They are summarized in Table 18-6. 

Table 18-6. XCSR Reference Summary 

Method Reference Details 

READ_XCSR_BYTE Reads XCSR[31-24] from the BDM interface. Available in all modes. 

WRITEjCSR_BYTE Writes XCSR[31-24] from the BDM interface. Available in all modes. 

READ_DREG Reads XCSR[31-0] from the BDM interface. Classified as a non-intrusive BDM command. 

WRITE_DREG Writes XCSR[31-0] from the BDM interface. Classified as a non-intrusive BDM command. 

WDEBUG instruction Writes XCSR[23-0] during the core's execution of WDEBUG instruction. This instruction 
is a privileged supervisor-mode instruction. 
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ORc: Ox01 (XCSR) Access: Supervisor write-only 
BOM read/write 
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Figure 18-4. Extended Configuration/Status Register (XCSR) 

Table 18-7. XCSR Field Descriptions 

Description 

Indicates that the CPU is in the halt state. The CPU state may be running, stopped, or halted, which is determined 
by the CPUHALT and CPUSTOP bits as shown below. 

XCSR XCSR 
CPU State 

[CPUHALTj [CPUSTOPj 

0 0 Running 

0 1 Stopped 

1 0 Halted 

Indicates that the CPU is in the stop state. The CPU state may be running, stopped, or halted, which is determined 
by the CPU HALT and CPUSTOP bits as shown in the CPUHALT bit description. 
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Field 

29-27 
CSTAT(R) 

ESEOC(W) 

26 
CLKSW 

Table 18-7. XCSR Field Descriptions (continued) 

Description 

During reads, indicates the BDM command status. 
000 Command done, no errors 
001 Command done, data invalid 
01x Command done, illegal 
1 xx Command busy, overrun 

If an overrun is detected (CSTAT = 1 xx), the following sequence is suggested to clear the source of the error: 
1. Issue a SYNC command to reset the BDC channel. 
2. The host issues a BDM NOP command. 
3. The host checks the channel status using a READ_XCSR_BYTE command. 
4. If XCSR[CSTAT] = 000 

then status is okay; proceed 
else 

Halt the CPU with a BDM BACKGROUND command 
Repeat steps 1,2,3 
If XCSR[CSTAT] * 000, then reset device 

During writes, the ESEOC field is used for the erase sequence control during flash programming. ERASE must 
also be set for this bit to have an effect. 
000 User mass erase 
Else Reserved 
Note: See Figure 4-15 for a detailed description of the algorithm for clearing of security. 

Select source for serial BDC communication clock. 
a Alternate, asynchronous BDC clock, typically 10 MHz 
1 Synchronous bus clock (CPU clock divided by 2) 

The initial state of the XCSR[CLKSW] bit is loaded by the hardware in response to certain reset events and the 
state of the BKGD pin as described in Figure 18-2. 

25 The read value of this bit typically defines the status of the flash security field: 
SEC (R) 0 Flash security is disabled 

ERASE (W) 1 Flash security is enabled 

24 
ENBDM 

In addition, the SEC bit is context-sensitive during reads. Once a mass-erase sequence has been initiated by 
BDM, it acts as a flash busy flag. When the erase operation is complete and the bit is cleared, it returns to reflect 
the status of the chip security. 
o Flash is not busy performing a BDM mass-erase sequence 
1 Flash is busy performing a BDM mass-erase sequence 

During writes, this bit qualifies XCSR[ESEOC] for the write modes shown in the ESEOC field description. 
o Do not perform a mass-erase of the flash. 
1 Perform a mass-erase of the flash, using the sequence specified in the XCSR[ESEOC] field. 

Enable BDM. 
a BDM mode is disabled 
1 Active background mode is enabled (assuming the flash is not secure) 

23--3 Reserved for future use by the debug module, must be cleared. 
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Table 18-7. XCSR Field Descriptions (continued) 

Field Description 

2-1 Automatic PC synchronization control. Determines the periodic interval of PC address captures, if 
APCSC XCSR[APCENB] is set. When the selected interval is reached, a SYNC_PC command is sent to the Cold Fire 

CPU. For more information on the SYNC_PC operation, see the APCENB description. 

The chosen frequency depends on CSR2[APCDIV16] as shown in the equation and table below: 

PC address capture period = 
2(APCSC + 1) x 1024 

Eqn.18-1 
16APCDIV16 

XCSR CSR2 XCSR 
SYNC PC Interval 

[APCENB) [APCDIV16) [APCSC) -

1 0 00 2048 cycles 

1 0 01 4096 cycles 

1 0 10 8192 cycles 

1 0 11 16384 cycles 

1 1 00 128 cycles 

1 1 01 256 cycles 

1 1 10 512 cycles 

1 1 11 1024 cycles 

0 Automatic PC synchronization enable. Enables the periodic output of the PC which can be used for PST/DDATA 
APCENB trace synchronization. 

As described in XCSR[APCSC], when the enabled periodic timer expires, a SYNC_PC command is sent to the 
Cold Fire CPU which generates a forced instruction fetch of the next instruction. The PST/DDATA module captures 
the target address as defined by CSR[9] (two bytes if CSR[9] is cleared, three bytes if CSR[9] is set). This 
produces a PST sequence of Ox5 (indicating a taken branch), followed by the PST marker indicating a 2- or 3-byte 
address, and then the captured instruction address. 
o Automatic PC synchronization disabled 
1 Automatic PC synchronization enabled 

18.3.3 Configuration/Status Register 2 (CSR2) 

The 32-bit CSR2 is partitioned into two sections. The upper byte contains status and configuration bits 
always accessible to the BOM interface, even if debug mode is disabled. The lower 24 bits contain fields 
related to the configuration of the PST trace buffer (PSTB). 

There are multiple ways to reference CSR2. They are summarized in Table 18-8. 

Table 18-8. CSR2 Reference Summary 

Method Reference Details 

READ_CSR2_BYTE Reads CSR2[31-24] from the BDM interface. Available in all modes. 

WRITE_CSR2_BYTE Writes CSR2[31-24] from the BDM interface. Available in all modes. 

READ_DREG Reads CSR2[31-0] from the BDM interface. Classified as a non-intrusive BDM command. 
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Table 18·8. CSR2 Reference Summary (continued) 

Method Reference Details 

WRITE_DREG Writes CSR2[31~al from the BOM interface. Classified as a non-intrusive BOM command. 

WOEBUG Instruction Writes CSR2[23~al during the core's execution of WDEBUG instruction. This instruction is 
a privileged supervisor-mode instruction. 

ORc: axa2 (CSR2) Access: Supervisor read-only 
BOM read/write 
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Figure 18·5. Configuration/Status Register 2 (CSR2) 

Table 18·9. CSR2 Field Descriptions 

Field Description 

31 PST buffer stop. Signals if a PST buffer stop condition has been reached. 
PSTBP a A PST trace buffer stop condition has not been reached 

1 A PST trace buffer stop condition has been reached 

30-26 Reserved, must be cleared. 

25 BOM force halt on BOM reset. Determines operation of the device after a BOM reset. This bit is cleared after a 
BFHBR power-on reset and is unaffected by any other reset. 

a The device enters normal operation mode following a BOM reset. 
1 The device enters in halt mode following a BDM reset, as if the BKGD pin was held low after a power-on-reset 
or standard BOM-initiated reset. 

24 Background debug force reset. Forces a BDM reset to the device. This bit always reads as a after the reset has 
BDFR been initiated. 

a No reset initiated. 
1 Force a BOM reset. 

2a Reserved, must be cleared. 

23 PST trace buffer halt. Indicates if the processor is halted due to the PST trace buffer being full when recording in 
PSTBH a continuous mode. 

a PST trace buffer not full 
1 CPU halted due to PST trace buffer being full in continuous mode 
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Table 18-9. CSR2 Field Descriptions (continued) 

Field Description 

22-21 PST trace buffer state. Indicates the current state of the PST trace buffer recording. 
PSTBST 00 PSTB disabled 

01 PSTB enabled and waiting for the start condition 
10 PSTB enabled, recording and waiting for the stop condition 
11 PSTB enabled, completed recording after the stop condition was reached 

20 Reserved, must be cleared. 

19-16 Debug 1-pin hardware revision level. Indicates the hardware revision level of the 1-pin debug module implemented 
D1HRL in the Cold Fire core. For this device, this field is OxO. 

15-8 PST trace buffer write address. Indicates the current write address of the PST trace buffer. The most-significant-bit 
PSTBWA of this field is sticky, that is, once set, it remains set until a PST/DDATA reset event occurs. As the ColdFire core 

inserts PST and DDATA packets into the trace buffer, this field is incremented. The value of the write address 
defines the next location in the PST trace buffer to be loaded. In other words, the contents of PSTB[PSTBWA-1] 
is the last valid entry in the trace buffer. 

The msb of this field can be used to determine if the entire PST trace buffer has been loaded with valid data. 

PSTBWA[7] PSTB Valid Data Locations 
(Oldest to Newest) 

0 0, 1, ... PSTBWA-1 

1 PSTBWA, PSTBWA+1, ... , 0, 1, PSTBWA-1 

The PSTBWA is unaffected when a buffer stop condition has been reached, the buffer is disabled, or a system 
reset occurs. This allows the contents of the PST trace buffer to be retrieved after these events to assist in debug. 

7 PST trace buffer reset. Generates a reset of the PST trace buffer logic, which clears PSTBWA and PSTBST. The 
PSTBR same resources are reset whenever a disabled trace buffer becomes enabled and upon Ihe receipt of a BDM GO 

command when operating in continuous trace mode. These reset events also clear any accumulation of PSTs. 
This bit always reads as a zero. 
o Do not force a PST trace buffer reset 
1 Force a PST trace buffer reset 

6 Automatic PC synchronization divide cycle counts by 16. This bit divides the cycle counts for automatic SYNC_PC 
APCDIV16 command insertion by 16. See the APCSC and APCENB field descriptions. 

5 Reserved, must be cleared. 
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Table 18-9. CSR2 Field Descriptions (continued) 

Field Description 

4-3 PST trace buffer recording mode. Defines the trace buffer recording mode. The start and stop recording conditions 
PSTBRM are defined by the PSTBSS field. 

00 Normal recording mode 
01 Continuous, normal recordingReserved 
10 PC profile recording Reserved 
11 Continuous PC profile recordingReserved 

2-0 PST trace buffer starVstop definition. Specifies the start and stop conditions for PST trace buffer recording. In 
PSTBSS certain cases, the start and stop conditions are defined by the breakpoint registers. The remaining breakpoint 

registers are available for trigger configurations. 

PSTBSS Start Condition Stop Condition 

000 Trace buffer disabled, no recording 

001 Unconditional recording 

010 PBRO/PBMR 
ABxR{& DBR/DBMR} 

011 PBRl 

100 ABxR{& DBR/DBMR} 
PBRO/PBMR 

101 PBRl 

110 ABxR{& DBR/DBMR} 
PBRl 

111 PBRO/PBMR 

18.3.4 Configuration/Status Register 3 (CSR3) 

CSR3 contains the 8DM flash clock divider (8FCDIV) value in a format similar to HCS08 devices. 

There are multiple ways to reference CSR3. They are summarized in Table 18-10. 

Table 18-10. CSR3 Reference Summary 

Method Reference Details 

READ_CSR3_BYTE Reads CSR3[31-24] from the BDM interface. Available in all modes. 

WRITE_CSR3_BYTE Writes CSR3[31-24] from the BDM interface. Available in all modes. 

READ_DREG Reads CSR3[31-0] from the BDM interface. Classified as a non-intrusive BDM command. 

WRITE_DREG Writes CSR3[31-0] from the BDM interface. Classified as a non-intrusive BDM command. 

WDEBUG Instruction No operation during the core's execution of a WDEBUG instruction 
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ORc: Ox03 (CSR3) Access: Supervisor write-only 
BOM read/write 
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Figure 18-6. ConfigurationlStatus Register 3 (CSR3) 

Table 18-11. CSR3 Field Descriptions 

Field Description 

31 Reserved, must be cleared. 

30 BOM flash clock divide by 8. 
BFCOIV8 o Input to the flash clock divider is the bus clock 

1 Input to the flash clock divider is the bus clock divided by 8 

29--24 BOM flash clock divider. The BFCOIV8 and BFCOIV fields specify the frequency of the internal flash clock when 
BFCOIV performing a mass erase operation initiated by setting XCSR[ERASE]. These fields must be loaded with the 

appropriate values prior to the setting of XCSR[ERASE] to initiate a mass erase operation in the flash memory. 

This field divides the bus clock (or the bus clock divided by 8 if BFCOIV8 is set) by the value defined by the 
BFCOIV plus one. The resulting frequency of the internal flash clock must fall within the range of 150-200 kHz for 
proper flash operations. Program/erase timing pulses are one cycle of this internal flash clock, which corresponds 
to a range of 5-6.7 liS. The automated programming logic uses an integer number of these pulses to complete 
an erase or program operation. 

if BFCOIV8 = 0, then fFCLK = fBus -;- (BFCOIV + 1) 
if BFCOIV8 = 1, then fFCLK = fBus -;- (8 x (BFCOIV + 1) 

where fFCLK is the frequency of the flash clock and fBus is the frequency of the bus clock. 

23-0 Reserved for future use by the debug module, must be cleared. 

18.3.5 BOM Address Attribute Register (BAAR) 

BAAR defines the address space for memory-referencing BDM commands. BAAR[R, SZ] are loaded 
directly from the BDM command, while the lower five bits can be programmed from the external 
development system. BAAR is loaded any time AATR is written and is initialized to a value ofOx05, 
setting supervisor data as the default address space. The upper 24 bits ofthis register are reserved for future 
use and any attempted write ofthese bits is ignored. 
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ORc: Ox05 (BAAR) Access: Supervisor write-only 
BOM write-only 

18 17 16 15 

R~~~~~~~~~ 
W 

1 0 1 
~L-J-~~~~ __ ~~~~-L-+~~ __ ~+-~-L-L-+~ __ ~L-+-~ __ ~-, __ L-____ ~ 

Reset 0 0 0 0 i 0 0 O! 0 0 0 0 i 0 0 0 0 0 0 0 0 0 i 0 0 0 

Figure 18-7. BDM Address Attribute Register (SAAR) 

Table 18-12. BAAR Field Descriptions 

Field Description 

31-8 Reserved for future use by the debug module, must be cleared. 

7 Read/Write. 
R o Write 

1 Read 

6-5 Size. 
SZ 00 Longword 

01 Byte 
10 Word 
11 Reserved 

4-3 Transfer type. See the TT definition in the AATR description, Section 18.3.6, "Address Attribute Trigger Register 
TT (AATR)". 

2-0 Transfer modifier. See the TM definition in the AATR description, Section '18.3.6, "Address Attribute Trigger Register 
TM (AAn:l)". 

18.3.6 Address Attribute Trigger Register (AATR) 

AATR defines address attributes and a mask to be matched in the trigger. The register value is compared 
with address attribute signals from the processor's high-speed local bus, as defined by the setting of the 
trigger definition register (TDR). AATR is accessible in supervisor mode as debug control register Ox06 
using the WDEBUG instmction and through the BDM port using the WRITE_DREG command. 

ORc: Ox06 (AATR) 

Reset 0 0 0 0 i 0 0 0 0 o o o 0 

Figure 18-8. Address Attribute Trigger Register (AATR) 

Table 18-13. AATR Field Descriptions 

Field Description 

31-16 Reserved, must be cleared. 

15 Read/write mask. Masks the R bit in address comparisons. 
RM 
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Table 18-13. AATR Field Descriptions (continued) 

Field Description 

14-13 Size mask. Masks the corresponding SZ bit in address comparisons. 
SZM 

12-11 Transfer type mask. Masks the corresponding TT bit in address comparisons. 
TIM 

10-8 Transfer modifier mask. Masks the corresponding TM bit in address comparisons. 
TMM 

7 Read/write. R is compared with the RIW signal of the processor's local bus. 
R 

6-5 Size. Compared to the processor's local bus size signals. 
SZ 00 Longword 

01 Byte 
10 Word 
11 Reserved 

4-3 Transfer type. Compared with the local bus transfer type signals. These bits also define the TT encoding for 
TI BDM memory commands. 

00 Normal processor access 
Else Reserved 

2-0 Transfer modifier. Compared with the local bus transfer modifier signals, which give supplemental information 
TM for each transfer type. These bits also define the TM encoding for BDM memory commands (for backward 

compatibility). 
000 Reserved 
001 User-mode data access 
010 User-mode code access 
011 Reserved 
100 Reserved 
101 Supervisor-mode data access 
110 Supervisor-mode code access 
111 Reserved 

18.3.7 Trigger Definition Register (TOR) 

TOR configures the operation ofthe hardware breakpoint logic that corresponds with the 
ABHRlABLRlAATR, PBRIPBRI/PBR2/PBR3/PBMR, and DBRlDBMR registers within the debug 
module. TOR controls the actions taken under the defined conditions. Breakpoint logic may be configured 
as one- or two-level trigger. TDR[31-16] defines the second-level trigger, and TDR[IS-O] defines the 
first-level trigger. 

NOTE 
The debug module has no hardware interlocks. To prevent spurious 
breakpoint triggers while the breakpoint registers are being loaded, disable 
TOR (clear TDR[L2EBL,Ll EBL]) before defining triggers. 

A write to TOR clears the CSR trigger status bits, CSR[BSTAT]. TOR is accessible in supervisor mode as 
debug control register Ox07 using the WDEBUG instruction and through the BDM port using the 
WRITE_DREG command. 
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DRc: Ox07 (TDR) Access: Supervisor write-only 
8DM write-only 

Figure 18-9. Trigger Definition Register (TOR) 

Table 18-14. TOR Field Descriptions 

Field Description 

31-30 Trigger response control. Determines how the processor responds to a completed trigger condition. The trigger 
TRC response is displayed on PST. 

00 Display on PST only 
01 Processor halt 
10 Debug interrupt 
11 Reserved 

29 Enable level 2 breakpoint. Global enable for the breakpoint trigger. 
L2EBL o Disables all level 2 breakpoints 

1 Enables all level 2 breakpoint triggers 

28-22 Enable level 2 data breakpoint. Setting an L2ED bit enables the corresponding data breakpoint condition based on 
L2ED the size and placement on the processor's local data bus. Clearing all ED bits disables data breakpoints. 

TOR Bit Description 

28 Data longword. Entire processor's local data bus. 

27 Lower data word. 

26 Upper data word. 

25 Lower lower data byte. Low-order byte of the low-order word. 

24 Lower middle data byte. High-order byte of the low-order word. 

23 Upper middle data byte. Low-order byte of the high-order word. 

22 Upper upper data byte. High-order byte of the high-order word. 

21 Level 2 data breakpoint invert. Inverts the logical sense of all the data breakpoint comparators. This can develop a 
L2DI trigger based on the occurrence of a data value other than the DBR contents. 

o No inversion 
1 Invert data breakpoint comparators. 
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Table 18-14. TOR Field Descriptions (continued) 

Field Description 

20-18 Enable level 2 address breakpoint. Setting an L2EA bit enables the corresponding address breakpoint. Clearing all 
L2EA three bits disables the breakpoint. 

TOR Bit Description 

20 Address breakpoint inverted. Breakpoint is based outside the 
range between ABLR and ABHR. 

19 Address breakpoint range. The breakpoint is based on the 
inclusive range defined by ABLR and ABHR. 

18 Address breakpoint low. The breakpoint is based on the 
address in the ABLR. 

17 Enable level 2 PC breakpoint. 
L2EPC o Disable PC breakpoint 

1 Enable PC breakpoint 

16 Level 2 PC breakpoint invert. 
L2PCI o The PC breakpoint is defined within the region defined by PBRn and PBMR. 

1 The PC breakpoint is defined outside the region defined by PBRn and PBMR. 

15 L~vel2 trigger. Determines the logic operation for the trigger between the PC_condition and the (Address_range and 
L2T Data) condition where the inclusion of a Data_condition is optional. The ColdFire debug architecture supports the 

cr<'ation of single or double-level triggers. 
o Level 2 trigger = PC_condition & (Address_range & Data_condition) 
1 Level 2 trigger = PC_condition I (Address_range & Data_condition) 

14 Level 1 trigger. Determines the logic operation for the trigger between the PC_condition and the (Address_range and 
L1T Data) condition where the inclusion of a Data_condition is optional. The ColdFire debug architecture supports the 

creation of single or double-level triggers. 
o Level 1 trigger = PC30ndition & (Address_range & Data_condition) 
1 Level 1 trigger = PC_condition I (Address_range & Data_condition) 

13 Enable level 1 breakpoint. Global enable for the breakpoint trigger. 
L1EBL 0 Disables all level 1 breakpoints 

1 Enables all level 1 breakpoint triggers 

12-6 Enable level 1 data breakpoint. Setting an L 1 ED bit enables the corresponding data breakpoint condition based on 
L1ED the size and placement on the processor's local data bus. Clearing all L 1 ED bits disables data breakpoints. 

TOR Bit Description 

12 Data longword. Entire processor's local data bus. 

11 Lower data word. 

10 Upper data word. 

9 Lower lower data byte. Low-order byte of the low-order word. 

8 Lower middle data byte. High-order byte of the low-order word. 

7 Upper middle data byte. Low-order byte of the high-order word. 

6 Upper upper data byte. High-order byte of the high-order word. 
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Table 18-14. TOR Field Descriptions (continued) 

Field Description 

5 Level 1 data breakpoint invert. Inverts the logical sense of all the data breakpoint comparators. This can develop a 
L1DI trigger based on the occurrence of a data value other than the DBR contents. 

a No inversion 
1 Invert data breakpoint comparators. 

4-2 Enable level 1 address breakpoint. Setting an L 1 EA bit enables the corresponding address breakpoint. Clearing all 
L1EA three bits disables the address breakpoint. 

TDR Bit Description 

4 Enable address breakpoint inverted. Breakpoint is based 
outside the range between ABLR and ABHR. 

3 Enable address breakpoint range. The breakpoint is based on 
the inclusive range defined by ABLR and ABHR. 

2 Enable address breakpoint low. The breakpoint is based on the 
address in the ABLR. 

1 Enable level 1 PC breakpoint. 
L1EPC a Disable PC breakpoint 

1 Enable PC breakpoint 

a Level 1 PC breakpoint invert. 
L1PCI a The PC breakpoint is defined within the region defined by PBRn and PBMR. 

1 The PC breakpoint is defined outside the region defined by PBRn and PBMR. 

18.3.8 Program Counter Breakpoint/Mask Registers (PBRO-3, PBMR) 

The PBRn registers define instruction addresses for use as part ofthe trigger. These registers' contents are 
compared with the processor's program counter register when the appropriate valid bit is set (for PBRI-3) 
and TDR is configured appropriately. PBRO bits are masked by setting corresponding PBMR bits (PBMR 
has no effect on PBR 1-3). Results are compared with the processor's program counter register, as defined 
in TDR. The PC breakpoint registers, PBRI-3, have no masking associated with them, but do include a 
valid bit. These registers' contents are compared with the processor's program counter register when TDR 
is configured appropriately. 

The PC breakpoint registers are accessible in supervisor mode using the WDEBUG instruction and 
through the BDM port using the WRITE_DREG command using values shown in Section 18.4.1.4, "BDM 
Command Set Descriptions". 

376 

NOTE 
Version 1 ColdFire core devices implement a 24-bit, 16-Mbyte address map. 
When programming these registers with a 32-bit address, the upper byte 
should be zero-filled when referencing the flash, RAM, and RGPIO regions, 
and set to OxFF when referencing any of the slave peripheral devices. 
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ORc: OxOB (PBRO) 

R 

Access: Supervisor write-only 
BOM write-only 

W~~~~~-L~-L~~~~~~~~~~~~~-L~~~~~~L-~ 

Reset -1- - - -i- - - -i- - -1-

Figure 18-10. Program Counter Breakpoint Register 0 (PBRO) 

Table 18-15. PBRO Field Descriptions 

Description 

PC breakpoint address. The address to be compared with the PC as a breakpoint trigger. Since all instruction sizes 
are multiples of 2 bytes, bit 0 of the address should always be zero. 

Access: Supervisor write-only 
BOM write-only 

Reset - - - - i - - - -1- o 

Figure 18-11. Program Counter Breakpoint Register n (PBRn, n = 1,2,3) 

Table 18-16. PBRn Field Descriptions 

Description 

PC breakpoint address. The 31-bit address to be compared with the PC as a breakpoint trigger. 

Valid bit. This bit must be set for the PC breakpoint to occur at the address specified in the Address field. 
o PBR is disabled. 
1 PBR is enabled. 

Figure 18-12 shows PBMR. PBMR is accessible in supervisor mode using the WDEBUG instruction and 
via the BDM port using the WRITE_DREG command. PBMR only masks PBRO. 

ORc: Ox09 (PBMR) Access: Supervisor write-only 
BOM write-only 

R 
w~~~~~~~~~~Ld~~~L±L±~~~-L-L-L-L2L2LdLdL-L-L~~ 

Reset - - I - - - - i - - - -: - - - -. - - - -. - - - -[­
Figure 18-12. Program Counter Breakpoint Mask Register (PBMR) 
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Table 18-17. PBMR Field Descriptions 

Field Description 

31-0 PC breakpoint mask. 
Mask o The corresponding PBRO bit is compared to the appropriate PC bit. 

1 The corresponding PBRO bit is ignored. 

18.3.9 Address Breakpoint Registers (ABLR, ABHR) 

The ABLR and ABHR define regions in the processor's data address space that can be used as part ofthe 
trigger. These register values are compared with the address for each transfer on the processor's high-speed 
local bus. The trigger definition register (TDR) identifies the trigger as one of three cases: 

Identical to the value in ABLR 

Inside the range bound by ABLR and ABHR inclusive 

Outside that same range 

The address breakpoint registers are accessible in supervisor mode using the WDEBUG instruction and 
through the BDM port using the WRITE_DREG command using values shown in Section 18.4.1.4, "BDM 
Command Set Descriptions." 

Field 

31-0 
Address 
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NOTE 
Version 1 ColdFire core devices implement a 24-bit, 16-Mbyte address map. 
When programming these registers with a 32-bit address, the upper byte 
should be zero-filled when referencing the flash, RAM, and RGPIO regions, 
and set to OxFF when referencing any of the slave peripheral devices. 

ORc: OxOC (ABHR) 
OxOO (ABLR) 

Access: Supervisor write-only 
BOM write-only 

Res~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Figure 18-13. Address Breakpoint Registers (ABLR, ABHR) 

Table 18-18. ABLR Field Description 

Description 

Low address. Holds the 32-bit address marking the lower bound of the address breakpoint range. Breakpoints for 
specific addresses are programmed into ABLR. 
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Table 18-19. ABHR Field Description 

Field Description 

31-0 High address. Holds the 32-bit address marking the upper bound of the address breakpoint range. 
Address 

18.3.10 Data Breakpoint and Mask Registers (DBR, DBMR) 

DBR specifies data patterns used as part of the triggcr into debug mode. DBR bits are masked by setting 
corresponding DBMR bits, as defined in TDR. 

DBR and DBMR are accessible in supervisor mode using the WDEBUG instruction and through the BDM 
port using the WRITE_DREG commands. 

DRc[4:0]: OxOE (DBR) 
OxOF (DBMR) 

Field 

R 
Wpd2L±LdL~~~2L±L~~±2~~2L~~~L-~2L~dL~L-~~4 

Reset 010 0 0 010 0 0 0:0 

Figure 18-14. Data Breakpoint & Mask Registers (DBR, DBMR) 

Table 18-20. DBR Field Descriptions 

Description 

31-0 Data breakpoint value. Contains the value to be compared with the data value from the processor's local bus as a 
Data breakpoint trigger. 

Table 18-21. DBMR Field Descriptions 

Field Description 

31-0 Data breakpoint mask. The 32-bit mask for the data breakpoint trigger. 
Mask 0 The corresponding DBR bit is compared to the appropriate bit of the processor's local data bus 

1 The corresponding DBR bit is ignored 

The DBR supports aligned and misaligned references. Table 18-22 shows the relationships between 
processor address, access size, and location within the 32-bit data bus. 
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Table 18-22. Access Size and Operand Data Location 

Address[l-o] Access Size Operand Location 

00 Byte D[31-24] 

01 Byte D[23-16] 

10 Byte D[lS-8] 

11 Byte D[7-0] 

Ox Word D[31-16] 

1x Word D[lS-0] 

xx Longword D[31-0] 

18.3.11 Resulting Set of Possible Trigger Combinations 

The resulting set of possible breakpoint trigger combinations consists of the following options where II 
denotes logical OR, && denotes logical AND, and {} denotes an optional additional trigger term: 

One-level triggers of the form: 

if (PC_breakpoint) 
if (PC_breakpoint I I Address_breakpoint{&& Data_breakpoint}) 
if (Address_breakpoint (&& Data_breakpoint}) 

Two-level triggers of the form: 
if (PC_breakpoint) 

then if (Address_breakpoint{&& Data_breakpoint}) 

if (Address_breakpoint (&& Data_breakpoint}) 
then if (PC_breakpoint) 

In these examples, PC_breakpoint is the logical summation ofthe PBRO/PBMR, PBRI, PBR2, and PBR3 
breakpoint registers; Address_breakpoint is a function of ABHR, ABLR, and AATR; Data_breakpoint is 
a function of DBR and DBMR. In all cases, the data breakpoints can be included with an address 
breakpoint to fUliher qualify a trigger event as an option. 

The breakpoint registers can also be used to define the start and stop recording conditions for the PST trace 
buffer. For information on this functionality, see Section 18.3.3, "Configuration/Statns Register 2 
(CSR2)". 

18.4 Functional Description 

18.4.1 Background Debug Mode (BDM) 

This section provides details on the background debug serial interface controller (BDC) and the BDM 
command set. 
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The BDC provides a single-wire debug interface to the target MCU. As shown in the Version I ColdFire 
core block diagram of Figure 18-1, the BDC module interfaces between the single-pin (BKGD) interface 
and the remaining debug modules, including the ColdFire background debug logic, the real-time debug 
hardware, and the PST/DDATA trace logic. This interface provides a convenient means for programming 
the on-chip flash and other non-volatile memories. The BDC is the primary debug interface for 
development and allows non-intrusive access to memory data and traditional debug features such as 
run/halt control, read/write of core registers, breakpoints, and single instruction step. 

Features of the background debug controller (BDC) include: 

Single dedicated pin for mode selection and background communications 

Special BDC registers not located in system memory map 

SYNC command to determine target communications rate 

Non-intrusive commands for memory access 

Active background (halt) mode commands for core register access 

GO command to resume execution 

BACKGROUND command to halt core or wake CPU from low-power modes 

Oscillator runs in stop mode, if BDM enabled 

Based on these features, BDM is useful for the following reasons: 

In-circuit emulation is not needed, so physical and electrical characteristics of the system arc not 
affected. 

BDM is always available for debugging the system and provides a communication link for 
upgrading firmware in existing systems. 

Provides high-speed memory downloading, especially useful for flash programming 

Provides absolute control of the processor, and thus the system. This feature allows quick hardware 
debugging with the same tool set used for firmware development. 

18.4.1.1 CPU Halt 

Although certain BDM operations can occur in parallel with CPU operations, unrestricted BDM operation 
requires the CPU to be halted. The sources that can cause the CPU to halt are listed below in order of 
priority. Recall that the default configuration of the Version I ColdFire core (CFICore) defines the 
occurrence of certain exception types to automatically generate a system reset. Some of these fault types 
include illegal instructions, privilege errors, address errors, and bus error terminations, with the response 
under control of the processor's CPUCR[ ARD, IRD] bits. 

Table 18-23. CPU Halt Sources 

Halt Source Halt Timing Description 

Refers to the occurrence of any fault while exception processing. For example, a bus error is 
signaled during exception stack frame writes or while fetching the first instruction in the 

Fault-on-fault Immediate 
exception service routine. 

CPUCR[ARD] = 1 I Immediately enters halt. 

CPUCR[ARD] = 0 I Reset event is initiated. 
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Table 18-23. CPU Halt Sources (continued) 

Halt Source Halt Timing Description 

Hardware, 
Halt is made pending in the processor. The processor samples for pending halt and interrupt 

breakpoint trigger 
Pending conditions once per instruction. When a pending condition is asserted, the processor halts 

execution at the next sample point. 

CPUCR[IRD] = 0 
A reset is initiated since attempted execution of an 

BDM disabled illegal instruction 

CPUCR[IRD] = 1 An illegal instruction exception is generated. 

BDM enabled, 
Processor immediately halts execution at the next instruction sample 

supervisor mode 
point. The processor can be restarted by a BDM GO command. 
Execution continues at the instruction after HALT. 

HALT instruction Immediate CSR[UHE] =0 A reset event is initiated, since a privileged instruction 
CPUCR[IRD] = 0 was attempted in user mode. 

CSR[UHE] =0 A privilege violation exception is generated. 
BDM enabled, CPUCR[IRD] = 1 

user mode 
Processor immediately halts execution at the next 

CSR[UHE] = 1 
instruction sample pOint. The processor can be 
restarted by a BDM GO command. Execution 
continues at the instruction after HALT. 

BDM disabled or Illegal command response and BACKGROUND command is ignored. 
flash secure 

Halt is made pending in the processor. The processor 

Processor is 
samples for pending halt and interrupt conditions 

running 
once per instruction. When a pending condition is 
asserted, the processor halts execution at the next 

BACKGROUND 
Pending 

sample point. 
command BDM enabled and Processing of the BACKGROUND command is 

flash unsecure treated in a special manner. The processor exits the 

Processor is 
stopped mode and enters the halted state, at which 

stopped 
point all BDM commands may be exercised. When 
restarted, the processor continues by executing the 
next sequential instruction (the instruction following 
STOP). 
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Table 18-23. CPU Halt Sources (continued) 

Halt Source Halt Timing Description 

Enters debug mode with XCSR[ENBDM. CLKSWj set The full set of 
BDM commands is available and debug can proceed. 
If the core is reset into a debug halt condition. the processor's response 
to the GO command depends on the BDM command(s) performed while 

Flash unsecure it was halted. Specifically, if the PC register was loaded, the GO 
command causes the processor to exit halted state and pass control to 
the instruction address in the PC, bypassing normal reset exception 

BKGD held low processing. "the PC was not loaded, the GO command causes the 
for ::>2 bus clocks processor to exit halted state and continue reset exception processing. 

after reset negated Immediate 
for POR or BDM Enters debug mode with XCSR[ENBDM, CLKSWj set The allowable 

reset commands are limited to the always-available group. A GO command to 
start the processor is not allowed. The only recovery actions in this mode 
are: 

Flash secure • Issue a BDM reset setting CSR2[BDFRj with CSR2[BDHBRj cleared 
and the BKGD pin held high 

• Erase the flash to unsecure the memory and then proceed with debug 
• Power cycle the device with the BKGD pin held high to reset into the 

normal operating mode 

The processor's run/stop/halt status is always accessible in XCSR[CPUHALT,CPUSTOP]. Additionally, 
CSR[27-24] indicate the halt source, showing the highest priority source for multiple halt conditions. This 
field is cleared by a read of the CSR. The debug GO command also clears CSR[26-24]. 

18.4.1.2 Background Debug Serial Interface Controller (BDC) 

BDC serial communications use a custom serial protocol first introduced on the M68HCl2 Family of 
microcontrollers and later used in the M68HCS08 family. This protocol assumes that thc host knows the 
communication clock rate determined by the target BDC clock rate. The BDC clock rate may be the system 
bus clock frequency or an alternate frequency source depending on the state of XCSR[CLKSW]. All 
communication is initiated and controlled by the host which drives a high-to-low edge to signal the 
beginning of each bit time. Commands and data are sent most significant bit (msb) first. For a detailed 
description of the communications protocol, refer to Section 18.4.1.3, "H DM Communication Details". 

If a host is attempting to communicate with a target MCU that has an unknown HDC clock rate, a SYNC 
command may be sent to the target MCU to request a timed synchronization response signal from which 
the host can determine the correct communication speed. After establishing communications, the host can 
read XCSR and write the clock switch (CLKSW) control bit to change the source of the BDC clock for 
further serial communications if necessary. 

BKGD is a pseudo-open-drain pin and there is an on-chip pullup so no external pullup resistor is required. 
Unlike typical open-drain pins, the external RC time constant on this pin, which is influenced by external 
capacitance, plays almost no role in signal rise time. The custom protocol provides for brief, actively 
driven speed-up pulses to force rapid rise times on this pin without risking hatmful drive level conflicts. 
Refer to Section 18.4.1.3, "BDM Communication Details," for more details. 

When no debugger pod is connected to the standard 6-pin BDM interface connector (Section 18.4.4, 
"Freescale-Recommended BDM Pinout"), the internal pullup on BKGD chooses normal operating mode. 
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When a development system is connected, it can pull BKGO and RESET low, release RESET to select 
active background (halt) mode rather than normal operating mode, and then release BKGO. It is not 
neccssary to reset the target MCU to communicate with it through the background debug interface. There 
is also a mechanism to generate a reset event in response to setting CSR2[BOFR]. 

18.4.1.3 80M Communication Details 

The BDC serial intcrface rcquires the external host controller to generate a falling edge on the BKGO pin 
to indicate the start of each bit time. The external controller provides this falling edge whether data is 
transmitted or received. 

BKGD is a pseudo-open-drain pin that can be driven by an external controller or by the MCU. Data is 
transferred msb first at 16 BOC clock cycles per bit (nominal speed). The interface times-out if 512 BOC 
clock cycles occur between falling cdges from the host. If a time-out occurs, the status of any command 
in progress must be determined before new commands can be sent from the host. To check the status of 
the command, follow the steps detailed in the bit description of XCSR[CSTAT] in Table 18··6. 

The custom serial protocol requires the debug pod to know the target BOC communication clock speed. 
The clock switch (CLKSW) control bit in the XCSR[31-24] register allows you to select the BOC clock 
source. The BOC clock source can either be the bus clock or the alternate BOC clock source. When the 
MCU is reset in normal user mode, CLKSW is cleared and that selects the alternate clock source. This 
clock source is a fixed frequency independent of the bus frequency so it does change ifthe user modifies 
clock gcnerator settings. This is the preferred clock source for general debugging. 

When the MCU is reset in active background (halt) mode, CLKSW isset which selects the bus clock as 
the source ofthe BOC clock. This CLKSW setting is most commonly used during flash memory 
programming because the bus clock can usually be configured to operate at the highest allowed bus 
frequency to ensure the fastest possible flash programming times. Since the host system is in control of 
changes to clock generator settings, it knows when a different BOC communication speed should be used. 
The host programmer also knows that no unexpected change in bus frequency could occur to disrupt BOC 
communications. 

Normally, setting CLKSW should not be used for general debugging because there is no way to ensure the 
application program does not change the clock generator settings. This is especially true in the case of 
application programs that are not yet fully debugged. 

After any reset (or at any other time), the host system can issue a SYNC command to determine the speed 
ofthe BOC clock. CLKSW may be written using the serial WRITE_XCSR_BYTE command through the 
BOC interface. CLKSW is located in the special XCSR byte register in the BOC module and it is not 
accessible in the normal memory map of the ColdFire core. This means that no program running on the 
processor can modify this register (intentionally or unintentionally). 

The BKGO pin can receive a high- or low-level or transmit a high- or low-level. The following diagrams 
show timing for each of these cases. Interface timing is synchronous to clocks in the target BOC, but 
asynchronous to the external host. The internal BOC clock signal is shown for reference in counting 
cycles. 

Figure 18-15 shows an external host transmitting a logic 1 or 0 to the BKGO pin of a target MCU. The 
host is asynchronous to the target so there is a 0-1 cycle delay from the host-generated falling edge to 
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where the target perceives the beginning ofthe bit time. Ten target BOC clock cycles later, the target senses 
the bit level on the BKGO pin. Typically, the host actively drives the pseudo-open-drain BKGO pin during 
host-to-target transmissions to speed up rising edges. Because the target does not drive the BKGO pin 
during the host-to-target transmission period, there is no need to treat the line as an open-drain signal 
during this period. 

BDC CLOCK 
(TARGET MCU) 

HOST 
TRANSMIT 1 

HOST 
TRANSMIT 0 

SYNCHRONIZATION 
UNCERTAINTY 

PERCEIVED START 
OFBITTIME 

\ 
-. --

\ 
... -- -

. ~ --

I I I I I I I I I I 

I I I I I I I I I I .. 10 CYCLES .. 
TARGET SENSES BIT LEVEL ~ 

Figure 18-15. BOC Host-to-Target Serial Bit Timing 

I 
... . _-- .. 

I I I I I 

.. - . -

... .. - - . - -
I I I I I 

OF NEXT BIT ~ EARLIEST START 

Figure 18-16 shows the host receiving a logic I from the target MCU. Because the host is asynchronous 
to the target MCU, there is a 0-1 cycle delay from the host-generated falling edge on BKGO to the 
perceived start of the bit time in the target MCU. The host holds the BKGO pin low long enough for the 
target to recognize it (at least two target BOC cycles). The host must release the low drive before the target 
MCU drives a brief active-high speedup pulse seven cycles after the perceived start of the bit time. The 
host should sample the bit level about 10 cycles after it started the bit time. 
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BDC CLOCK 
(TARGET MCU) 
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",':~8 ~ll;',';~ ...... J .. H'""-'M' 'Omc, .......... '1\ .......... Hm '" "DANC' ••..• .I. .... . 
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OF BIT TIME 
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. . ..... ............... 
I I I I + I 

EARLIEST START ~ 
OF NEXT BIT 

Figure 18-16. BOC Target-to-Host Serial Bit Timing (Logic 1) 

Figure 18-17 shows the host receiving a logic 0 from the target MeU. Because the host is asynchronous 
to the target MeU, there is a 0-1 cycle delay from the host-generated falling edge on BKGO to the start 
of the bit time as perceived by the target MeU. The host initiates the bit time, but the target MeU finishes 
it. Because the target wants the host to receive a logic 0, it drives the BKGO pin low for 13 Boe clock 
cycles, then briefly drives it high to speed up the rising edge. The host samples the bit level about 10 cycles 
after starting the bit time. 
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BDC CLOCK 
(TARGET MCU) 

HOST DRIVE I I I I 
TO BKGD PIN~ - - ".: __ ._JL.. ______ :_-_-..JT ---. -. --.. -.. HIGH·IMPEDANCE - - - • - - • - - • - • ".: ~ .- .. ~-___ -. ~ : : 

I 
I I I I I I I I 

SPEEDUP 

SPE::~3~~~1~~ - • - - • - - \ PULSE "f\ . ______ . ___ . 
PERCEIVED START ~ 

OF BIT TIME 

BKGD PIN ... \'---____ ~_----JI ' .. _h ..... 

I 11-0 .. 1--------10 CYCLES I I .. I EARLIEST START '-.J 
1-0 .. 1--------10 CYCLES _I t OF NEXT BIT 

HOST SAMPLES BKGD PIN --.lJ 
Figure 18-17. BOM Target-to-Host Serial Bit Timing (Logic 0) 

18.4.1.4 BDM Command Set Descriptions 

This section presents detailed descriptions of the BOM commands. 

The VI BOM command set is based on transmission of one or more 8-bit data packets per operation. Each 
operation begins with a host-to-target transmission of an 8-bit command code packet. The command code 
definition broadly maps the operations into four formats as shown in Figure 18-18. 
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Miscellaneous Commands 
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RIW 

Memory Commands 
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W 0 I 
W if addr, 

RIW if data 

Core Register Commands 
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RIW 
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CRG 
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PST Trace Buffer Read Commands 
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W 

R 

R 

R 

R 

7 

0 

6 

I 1 

5 4 2 

I 0 I 1 I 
Trace Buffer Oata[31-24J 

Trace Buffer Oata[23-16J 

Trace Buffer Oata[1 5-o8J 

Trace Buffer Oata[07-o0J 

Figure 18-18. 80M Command Code Encodings 
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Table 18-24. 80M Command Code Field Descriptions 

Field Description 

5 ReadlWrite. 
RiW o Command is performing a write operation. 

1 Command is performing a read operation. 

3-0 Miscellaneous command. Defines the miscellaneous command to be performed. 
MSCMD 0000 No operation 

0001 Display the CPU's program counter (PC) plus optional capture in the PST trace buffer 
0010 Enable the BDM acknowledge communication mode 
0011 Disable the BDM acknowledge communication mode 
0100 Force a CPU halt (background) 
1000 Resume CPU execution (go) 
1101 Read/write of the debug XCSR most significant byte 
1110 Read/write of the debug CSR2 most significant byte 
1111 Read/write of the debug CSR3 most significant byte 

3-2 Memory operand size. Defines the size of the memory reference. 
SZ 00 8-bit byte 

01 16-bit word 
10 32-bit long 

1-0 Memory command. Defines the type of the memory reference to be performed. 
MCMD 00 Simple write if RiW = 0; simple read if RiW = 1 

01 Write + status if RiW = 0; read + status if RiW = 1 
10 Fill if RiW = 0; dump if RiW = 1 
11 Fill + status if RiW = 0; dump + status if RiW = 1 

7-6 Core register group. Defines the core register group to be referenced. 
CRG 01 CPU's general-purpose registers (An, On) or PST trace buffer 

10 DBG's control registers 
11 CPU's control registers (PC, SR, VBR, CPUCR, ... ) 

4-0 Core register number. Defines the specific core register (its number) to be referenced. All other CRN values are 
CRN reserved. 

CRG CRN Register 

OxOO-Ox07 00-7 

01 Ox08-0xOF AO-7 

Ox10-0x1B PST Buffer 0-11 

10 DRc[4:0] as described in ·Table 18-4 

OxOO OTHER_A7 

Ox01 VBR 

11 Ox02 CPUCR 

OxOE SR 

OxOF PC 
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18.4.1.5 80M Command Set Summary 

Table 18-25 summarizes the BDM command set. Subsequent paragraphs contain detailed descriptions of 
each command. The nomenclature below is used in Table 18-25 to describe the structure of the BDM 
commands. 

Commands begin with an 8-bit hexadecimal command code in the host-to-target direction (most 
significant bit first) 

/ separates parts of the command 

SYNC 

d 
ad24 
rd8 
rd16 
rd32 
rd.sz 
wd8 
wd16 
wd32 
wd.sz 
ss 
sz 
crn 
ws 

Command 
Mnemonic 

ACK_DISABLE 

ACK_ENABLE 

BACKGROUND 

DUMP _MEM.sz 

390 

delay 16 target BDC clock cycles 
24-bit memory address in the host-to-target direction 
8 bits of read data in the target-to-host direction 
16 bits of read data in the target-to-host direction 
32 bits of read data in the target-to-host direction 
read data, size defined by sz, in the target-to-host direction 
8 bits of write data in the host-to-target direction 
16 bits of write data in the host-to-target direction 
32 bits of write data in the host-to-target direction 
write data, size defined by sz, in the host-to-target direction 
the contents of XCSR[31:24] in the target-to-host direction (STATUS) 
memory operand size (ObOO ~ byte, ObOl ~ word, Obl0 ~ long) 
core register number 
command suffix signaling the operation is "with status" 

Table 18-25. 80M Command Summary 

Command ACK Command 
Description 

Classification if Enb?1 Structure 

Always N/A N/A2 Request a timed reference pulse to 
Available determine the target BDC communication 

speed 

Always No Ox03/d Disable the communication handshake. 
Available This command does not issue an ACK 

pulse. 

Always Yes Ox02/d Enable the communication handshake. 
Available Issues an ACK pulse after the command is 

executed. 

Non-Intrusive Yes Ox04/d Halt the CPU if ENBDM is set. Otherwise, 
ignore as illegal command. 

Non-Intrusive Yes (Ox32+4 x sZ)/d/rd.sz Dump (read) memory based on operand 
size (sz). Used with READ_MEM to dump 
large blocks of memory. An initial 
READ_MEM is executed to set up the 
starting address of the block and to retrieve 
the first result. Subsequent DUMP _MEM 
commands retrieve sequential operands. 
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Table 18-25. 80M Command Summary (continued) 

Command Command ACK Command 
Description 

Mnemonic Classification if Enb?1 Structure 

DUMP _MEM.sz_WS Non-Intrusive No (Ox33+4 x sz)/d/ss/rd.sz Dump (read) memory based on operand 
size (sz) and report status. Used with 
READ_MEMLWS}to dump large blocks of 
memory. An initial READ_MEMLWS} is 
executed to set up the starting address of 
the block and to retrieve the first result. 
Subsequent DUMP _MEMLWS} 
commands retrieve sequential operands. 

FILL_MEM.sz Non-Intrusive Yes (Ox12+4 x sz)/wd.szld Fill (write) memory based on operand size 
(sz). Used with WRITE_MEM to fill large 
blocks of memory. An initial WRITE_MEM 
is executed to set up the starting address of 
the block and to write the first operand. 
Subsequent FILL_MEM commands write 
sequential operands. 

FILL_MEM.sz_WS Non-Intrusive No (Ox13+4 x sz)/wd.sz/d/ss Fill (write) memory based on operand size 
(sz) and report status. Used with 
WRITE_MEMLWS} to fill large blocks of 
memory. An initial WRITE_MEMLWS} is 
executed to set up the starting address of 
the block and to write the first operand. 
Subsequent FILL_MEMLWS} commands 
write sequential operands. 

GO Non-Intrusive Yes Ox08/d Resume the CPU's execution3 

NOP Non-Intrusive Yes OxOO/d No operation 

READ_CREG Active Yes (OxEO+CRN)/d/rd32 Read one of the CPU's control registers 
Background 

READ_DREG Non-Intrusive Yes (OxAO+CRN)/d/rd32 Read one of the debug module's control 
registers 

READ_MEM.sz Non-Intrusive Yes (Ox30+4 x sz)/ad24/d/rd.sz Read the appropriately-sized (sz) memory 
value from the location specified by the 
24-bit address 

READ_MEM.sz_WS Non-Intrusive No (Ox31 +4 x sz)/ad24/d/ss/rd.sz Read the appropriately-sized (sz) memory 
value from the location specified by the 
24-bit address and report status 

READ_PSTB Non-Intrusive Yes (Ox50+CRN)/d/rd32 Read the requested longword location from 
the PST trace buffer 

READ_Rn Active Yes (Ox60+CRN)/d/rd32 Read the requested general-purpose 
BaCkground register (An, Dn) from the CPU 

READ_XCSR_BYTE Always No Ox2D/rd8 Read the most significant byte of the debug 
Available module's XCSR 

READ_CSR2_BYTE Always No Ox2E/rd8 Read the most significant byte of the debug 
Available module's CSR2 

READ_CSR3_BYTE Always No Ox2F/rd8 Read the most significant byte of the debug 
Available module's CSR3 
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Table 18-25. 80M Command Summary (continued) 

Command Command ACK Command 
Description 

Mnemonic Classification if Enb?l Structure 

SYNC_PC Non-Intrusive Yes Ox01/d Display the CPU's current PC and capture 
it in the PST trace buffer 

WRITE_CREG Active Yes (OxCO+CRN)/wd32/d Write one of the CPU's control registers 
Background 

WRITE_DREG Non-Intrusive Yes (Ox80+CRN)/wd32/d Write one of the debug module's control 
registers 

WRITE_MEM.sz Non-Intrusive Yes (Ox10+4 x sz)/ad24/wd.szld Write the appropriately-sized (sz) memory 
value to the location specified by the 24-bit 
address 

WRITE_MEM.sz_WS Non-Intrusive No (Ox11 +4 x sz)/ad24/wd.szld/ss Write the appropriately-sized (sz) memory 
value to the location specified by the 24-bit 
address and report status 

WRITE_Rn Active Yes (Ox40+CRN)/wd321d Write the requested general-purpose 
Background register (An, Dn) of the CPU 

WRITE_XCSR - BYTE Always No OxOD/wd8 Write the most significant byte of the debug 
Available module's XCSR 

WRITE_CSR2_BYTE Always No OxOE/wd8 Write the most Significant byte of the debug 
Available module's CSR2 

WRITE_CSR3_BYTE Always No OxOF/wd8 Write the most Significant byte of the debug 
Available module's CSR3 

1 This column identifies if the command generates an ACK pulse if operating with acknowledge mode enabled. See 
Section 18.4.1.7, "Hardware Handshake Abort Procedure;' for addition information. 

2 The SYNC command is a special operation which does not have a command code. 

3 If a GO command is received while the processor is not halted, it performs no operation. 

18.4.1.5.1 SYNC 

The SYNC command is unlike other BOC commands because the host does not necessarily know the 
correct speed to use for serial communications until after it has analyzed the response to the SYNC 
command. 

To issue a SYNC command, the host: 

I. Orives the BKGD pin low for at least 128 cycles of the slowest possible BDC clock (bus clock or 
device-specific alternate clock source). 

2. Drives BKGD high for a brief speed-up pulse to get a fast rise time. (This speedup pulse is typically 
one cycle of the host clock which is as fast as the maximum target BOC clock.) 

3. Removes all drive to the BKGO pin so it reverts to high impedance. 

4. Listens to the BKGD pin for the sync response pulse. 

Upon detecting the sync request from the host (which is a much longer low time than would ever occur 
during normal BOC communications), the target: 

I. Waits for BKGO to return to a logic high. 
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2. Delays 16 cycles to allow the host to stop driving the high speed-up pulse. 

3. Drives BKGD low for 128 BDC clock cycles. 

4. Drives a I-cycle high speed-up pulse to force a fast rise time on BKGD. 

5. Removes all drive to the BKGD pin so it reverts to high impedance. 

The host measures the low time of this I 28-cycle sync response pulse and determines the correct speed for 
subsequent BDC communications. Typically, the host can determine the correct communication speed 
within a few percent of the actual target speed and the serial protocol can easily tolerate this speed error. 

18.4.1.5.2 

Disable host/target handshake protocol 

'---_OX_03--1lilllll 
host .... 
target 

D 
L 
Y 

Always Available 

Disables the serial communication handshake protocol. The subsequent commands, issued after the 
ACK_D1SABLE command, do not execute the hardware handshake protocol. This command is not 
followed by an ACK pulse. 

18.4.1.5.3 

Enable host/target handshake protocOl 

'---_OX_02--111111 
host .... 
target 

D 
L 
Y 

Always Available 

Enables the hardware handshake protocol in the serial communication. The hardware handshake is 
implemented by an acknowledge (ACK) pulse issued by thc target MCU in response to a host command. 
The ACK_ENABLE command is interpreted and executed in the BDC logic without the need to interface 
with the CPU. However, an acknowledge (ACK) pulse is issued by the target device after this command 
is executed. This feature can be used by the host in order to evaluate if the target supports the hardware 
handshake protocol. If the target supports the hardware handshake protocol, subsequent commands are 
enabled to execute the hardware handshake protocol, otherwise this command is ignored by the target. 

For additional information about the hardware handshake protocol, refer to Section 18.4.1.6, "Serial 
Interface Hard-ware Handshake Protocol," and Section 18.4.1.7, "Hardware Handshake Abort Procedure." 
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18.4.1.5.4 BACKGROUND 

Enter active background mode (if enabled) 

,--_OX_04---1lillll 
host~ 

target 

D 
L 
Y 

Non-intrusive 

Provided XCSR[ENBDM] is set (BDM enabled), the BACKGROUND command causes the target MCU 
to enter active background (halt) mode as soon as the current CPU instruction finishes. IfENBDM is 
cleared (its default value), the BACKGROUND command is ignored. 

A delay of 16 BDC clock cycles is required after the BACKGROUND command to allow the target MCU 
to finish its current CPU instruction and enter active background mode before a new BDC command can 
be accepted. 

After the target MCU is reset into a normal operating mode, the host debugger would send a 
WRITE_XCSR_BYTE command to set ENBDM before attempting to send the BACKGROUND 
command the first time. Normally, the development host would set ENBDM once at the beginning of a 
debug session or after a target system reset, and then leave the ENBDM bit set during debugging 
operations. During debugging, the host would use GO commands to move from active background mode 
to normal user program execution and would use BACKGROUND commands or breakpoints to return to 
active background mode. 

18.4.1.5.5 

394 

DUMP _MEM.sz, DUMP _MEM.sz_WS 

DUMP _MEM.sz 

Read memory specified by debug address register, then 
increment address 

host~ 

target 

host~ 

target 

host~ 

target 

D 
L 
y 

D 
L 
Y 

D 
L 
Y 

target ~ 
host 

target ~ 
host 

target ~ 
host 

target ~ 
host 

target ~ 
host 

target ~ 
host 

target ~ 
host 
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Read memory specified by debug address register with status, 
then increment address 

Ox33 

host~ 

target 

host~ 

target 

host~ 

target 

I ',} 

... 

0 
L 
y 

o 
L 
Y 

XCSR_SB 

target ~ 
host 

target~ 

host 

target~ 

host 

Memory 
data[7-0] 

target~ 

host 

target~ 

host 

target~ 

host 

target -+ 
host 

target~ 

host 
target~ 

host 

Non-intrusive 

target~ 

host 

DUMP _MEM L WS } is used with the READ _MEM L WS} command to access large blocks of memory. 
An initial READ _MEM L WS} is executed to set-up the starting address of the block and to retrieve the 
first result. Ifan initial READ_MEMLWS} is not executed before the first DUMP _MEMLWS}, an 
illegal command response is returned. The DUMP _MEM L WS} command retrieves subsequent 
operands. The initial address is incremented by the operand size (1, 2, or 4) and saved in a temporary 
register. Subsequent DUMP _MEM L WS} commands use this address, perform the memory read, 
increment it by the current operand size, and store the updated address in the temporary register. Ifthe 
with-status option is specified, the core status byte contained in XCSR[31-24] (XCSR_SB) is returned 
before the read data. The XCSR status byte reflects the state after the memory read was performed. 

NOTE 
DUMP _MEM_{WS} does not check for a valid address; it is a valid 
command only when preceded by NOP, READ_MEM_{WS}, or another 
DUMP _MEM L WS} command. Otherwise, an illegal command response 
is returned. NOP can be used for inter-command padding without corrupting 
the address pointer. 

The size field (sz) is examined each time a DUMP _MEM{_WS} command is processed, allowing the 
operand size to be dynamically altered. The examples show the DUMP _MEM.BLWS}' 
DUMP _MEM.W L WS} and DUMP _MEM.LLWS} commands. 

Write memory specified by debug address register, then 
increment address 
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Ox12 

host~ 

target 

host~ 

target 

host~ 

target 

Memory 
datall-O) 

host~ 

target 

host~ 

target 

host~ 

target 

I 
D 
L 
y 

host~ 

target 

host~ 

target 

D 
L 
Y 

host~ 

target 

Write memory specified by debug address register with 
status, then increment address 

Ox12 

host~ 

target 

host~ 

target 

host~ 

target 

Memory 
data[7-0) 

host~ 

target 

host~ 

target 

host~ 

target 

I 
D 
L 
y 

XCSR_SB 

target~ 

host 

host~ 

target 

host~ 

target 

D 
L 
Y 

target~ 

host 

host~ 

target 

host~ 

target 

host~ 

target 

D 
L 
Y 

D 
L 
Y 

Non-intrusive 

target ~ 
host 

FILL_MEMLWS} is used with the WRITE_MEMLWS} command to access large blocks of memory. 
An initial WRITE_MEMLWS} is executed to set up the starting address of the block and write the first 
datum. If an initial WRITE_MEMLWS} is not executed before the first FILL_MEMLWS}, an illegal 
command response is returned. The FILL_MEM L WS} command stores subsequent operands. The initial 
address is incremented by the operand size (1, 2, or 4) and saved in a temporary register. Subsequent 
WRITE_MEM L WS} commands use this address, perform the memory write, increment it by the current 
operand size, and store the updated address in the temporary register. Ifthe with-status option is specified, 
the core status byte contained in XCSR[31-24] (XCSR_S8) is returned after the write data. The XCSR 
status byte reflects the state after the memory write was performed. 
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NOTE 
FILL_MEM_{WS} does not check for a valid address; it is a valid 
command only when preceded by NOP, WRITE_MEM_{WS}, or another 
FILL_MEM {_ WS} command. Otherwise, an illegal command response is 
returned. NOP can be used for intercommand padding without corrupting 
the address pointer. 

The size field (sz) is examined each time a FILL_MEM L WS} command is processed, allowing the 
operand size to be dynamically altered. The examples show the FILL_MEM.BLWS}, 
FILL_MEM.WLWS} and FILL_MEM.LLWS} commands. 

18.4.1.5.7 GO 

Go 

Ox08 I 
'-----' ' 

host~ 

target 

o 
L 
y 

Non·intrusive I 

This command is used to exit active background (halt) mode and begin (or resume) execution of the 
application's instructions. The CPU's pipeline is flushed and refilled before normal instruction execution 
resumes. Prefetching begins at the current address in the PC and at the current privilege level. If any 
register (such as the PC or SR) is altered by a BDM command while the processor is halted, the updated 
value is used when prefetching resumes. If a GO command is issued and the CPU is not halted, the 
command is ignored. 

18.4.1.5.8 NOP 

No operation 

OxOO I 
'-----' 

host~ 

target 

o 
L 
y 

Non·intrusive I 

NOP performs no operation and may be used as a null command where required. 

18.4.1.5.9 READ_CREG 

Read CPU control register 

host~ 

target 

o 
L 
y 

target~ 

host 
target~ 

host 
target ~ 

host 

Active Background 

target~ 

host 
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If the processor is halted, this command reads the selected control register and returns the 32-bit result. 
This register grouping includes the PC, SR, CPUCR, VBR, and OTHER_A7. Accesses to processor 
control registers are always 32-bits wide, regardless of implemented register width. The register is 
addressed through the core register number (CRN). See Table 18-24 for the CRN details when CRG is 11. 

If the processor is not halted, this command is rejected as an illegal operation and no operation is 
performed. 

18.4.1.5.10 READ_DREG 

Read debug control register 

host-+ 
target 

D 
L 
Y 

target -+ 
host 

target -+ 
host 

target -+ 
host 

target -+ 
host 

Non·intrusive 

This command reads the selected debug control register and returns the 32-bit result. This register 
grouping includes the CSR, XCSR, CSR2, and CSR3. Accesses to debug control registers are always 
32-bits wide, regardless of implemented register width. The register is addressed through the core register 
number (CRN). See Table 18-4 for CRN details. 

398 

Read memory at the specified address 

Ox30 

host -+ 
target 

host-? 
target 

host -? 
target 

Address[23-0] 

host-+ 
target 

Address[23-0] 

host-? 
target 

Address[23-0] 

host -? 
target 

D 
L 
Y 

D 
L 
y 

Memory 
data[7-0] 

target -+ 
host 

target -? 
host 

target -? 
host 

target -? 
host 

target -? 
host 

Non-intrusive 

target -? 
host 

target -? 
host 
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Read memory at the specified address with status 

host ---> 
target 

host---> 
target 

host---> 
target 

Address[23-0] 

host---> 
target 

Address[23-0] 

host---> 
target 

Address[23-0] 

host---> 
target 

o 
L 
y 

o 
L 
Y 

o 
L 
Y 

target ---> 
host 

target ---> 
host 

target ---> 
host 

target ---> 
host 

target ---> 
host 

target ---> 
host 

target ---> 
host 

target ---> 
host 

Non-intrusive 

target ---> 
host 

target ---> 
host 

Read data at the specified memory address. The reference address is transmitted as three 8-bit packets (msb 
to Isb) immediately after the command packet. The access attributes are defined by BAAR[TT,TM]. The 
hardware forces low-order address bits to zeros for word and longword accesses to ensure these accesses 
are on O-modulo-size alignments. Ifthe with-status option is specified, the core status byte contained in 
XCSR[3l-24] (XCSR_SB) is returned before the read data. The XCSR status byte reflects the state after 
the memory read was performed. 

The examples show the READ_MEM.BL WS}, READ_MEM.W L WS} and READ_MEM.LL WS} 
commands. 

18.4.1.5.12 READ _PSTB 

Read PST trace buffer at the specified address 

host---> 
target 

o 
L 
y 

target --> 
host 

target ---> 
host 

target ---> 
host 

target ---> 
host 

Non-intrusive 

Read 32 bits of captured PST/DDATA values from the trace buffer at the specified address. The PST trace 
buffer contains 64 six-bit entries, packed consecutively into 12 longword locations. See Table 18-24 for 
the CRN details when CRG is 01. 

The write pointer for the trace buffer is available as CSR2[PSTBWA]. Using this pointer, it is possible to 
determine the oldest-to-newest entries in the trace buffer. 
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18.4.1.5.13 READ _Rn 

Read general-purpose CPU register 

host--> 
target 

D 
L 
Y 

target --> 
host 

target --> 
host 

target --> 
host 

Active Background 

target --> 
host 

If the processor is halted, this command reads the selected CPU general-purpose register (An, On) and 
returns the 32-bit result. See Table 18-24 for the CRN details when CRG is 0 I. 

If the processor is not halted, this command is rejected as an illegal operation and no operation is 
performed. 

Read XCSR Status Byte 

Ox2D 

host--> 
target 

XCSR 
[31-24] 

host--> 
target 

Always Available 

Read the special status byte of XCSR (XCSR[31-24]). This command can be executed in any mode. 

Read CSR2 Status Byte 

Ox2E 

host--> 
target 

CSR2 
[31-24] 

host--> 
target 

Always Available 

Read the most significant byte of CSR2 (CSR2[31-24]). This command can be executed in any mode. 

Read CSR3 Status Byte 

Ox2F 

host--> 
target 

CSR2 
[31-24] 

host --> 
target 

Always Available 

Read the most significant byte of the CSR3 (CSR3[31-24]). This command can be executed in any mode. 
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18.4.1.5.17 SYNC_PC 

Synchronize PC to PSTIDDATA Signals 

host -> 
target 

o 
L 
Y 

Non-intrusive 

Capture the processor's current PC (program counter) and display it on the PST/DDATA signals. After the 
debug module receives the command, it sends a signal to the ColdFire core that the current PC must be 
displayed. The core responds by forcing an instruction fetch to the next PC with the address being captured 
by the DDATA logic. The DDATA logic captures a 2- or 3-byte instruction address, based on CSR[9]. If 
CSR[9] is cleared, then a 2-byte address is captured, else a 3-byte address is captured. The specific 
sequence of PST and DDATA values is defined as: 

1. Debug signals a SYNC_PC command is pending. 

2. CPU completes the current instruction. 

3. CPU forces an instruction fetch to the next PC, generating a PST = Ox5 valuc indicating a taken 
branch. DDATA captures the instruction address corresponding to the PC. DDATA generates a PST 
marker signalling a 2- or 3-byte address as defined by CSR[9] and displays the captured PC 
address. 

This command can be used to provide a PC synchronization point between the core's execution and the 
application code in the PST trace buffer. It can also be used to dynamically access the PC for performanec 
monitoring as the execution of this command is considerably less obtrusive to the real-time operation of 
an application than a BACKGROUND/read-PC/GO command sequence. 

18.4.1.5.18 WRITE_CREG 

Write CPU control register 

host -> 
target 

host -> 
target 

host-> 
target 

host-> 
target 

Active Background 

host-> 
target 

o 
L 
Y 

If the processor is halted, this command writes the 32-bit operand to the selected control register. This 
register grouping includes the PC, SR, CPUCR, VBR, and OTHER_A 7. Accesses to processor control 
registers are always 32-bits wide, regardless of implemented register width. The register is addressed 
through the core register number (CRN). See Table 18-24 for the CRN details when CRG is 11. 

If the processor is not halted, this command is rejected as an illegal operation and no operation is 
performed. 
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18.4.1.5.19 WRITE_DREG 

Write debug control register 

host-+ 
target 

host -+ 
target 

host-+ 
target 

host-+ 
target 

Non-intrusive 

host-+ 
target 

This command writes the 32-bit operand to the selected debug control register. This grouping includes all 
the debug control registers ({X}CSRn, BAAR, AATR, TDR, PBRn, PBMR, ABxR, DBR, DBMR). 
Accesses to debug control registers are always 32-bits wide, regardless of implemented register width. The 
register is addressed through the core register number (CRN). See Table 18-4 for CRN details. 

18.4.1.5.20 WRITE_MEM.sz, WRITE_MEM.sz_WS 

Write memory at the specified address 

Oxl0 Address[23-0] 
Memory 
data[7-0] 

I""K~: I ~----~~--------------~----~ 
host-+ 
target 

host-+ 
target 

host-+ 
target 

host -+ target 

Address[23-0] 

host -+ target 

Address[23-0] 

host -+ target 

host-+ 
target 

host-+ 
target 

host -+ 
target 

D 
L 
Y 

host-+ 
target 

host-+ 
target 

D 
L 
Y 

Non-intrusive 

host -+ 
target 

host-+ 
target 

D 
L 
Y 
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Write memory at the specified address with status 

host~ 

target 

host~ 

targel 

host~ 

target 

Address[23-0) 

host~ 

target 

Address[23-0) 

host~ 

target 

Address[23-0) 

host~ 

target 

host~ 

larget 

hosl~ 

target 

host~ 

target 

o 
L 
Y 

target~ 

host 

host~ 

target 

host~ 

target 

o 
L 
Y 

target~ 

host 

host~ 

target 

Non-intrusive 

host~ 

target 

D 
L 
Y 

target~ 

host 

Write data at the specified memory address. The reference address is transmitted as three 8-bit packets 
(msb to Isb) immediately after the command packet. The access attributes are defined by BAAR[TT,TM]. 
The hardware forces low-order address bits to zeros for word and longword accesses to ensure these 
accesses are on O-modulo-size alignments. If the with-status option is specified, the core status byte 
contained in XCSR[31-24] (XCSR_SB) is returned before the read data. The XCSR status byte reflects 
the state after the memory read was perfonned. 

The examples show the WRITE_MEM.BL WS}, WRITE_MEM. W {_ WS}, and WRITE_MEM.LL WS} 
commands. 

18.4.1.5.21 WRITE_Rn 

Write general-purpose CPU register 

host~ 

target 
host~ 

target 
host~ 

target 
host~ 

target 

Active Background 

host~ 

target 

o 
L 
Y 

If the processor is halted, this command writes the 32-bit operand to the selected CPU general-purpose 
register (An, Dn). See Thble 18-24 for the CRN details when CRG is 0 I. 

If the processor is not halted, this command is rejected as an illegal operation and no operation is 
perfonned. 
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Write XCSR Status Byte 

host~ 

target 
host~ 

target 

Always Available 

Write the special status byte of XCSR (XCSR[31-24 D. This command can be executed in any mode. 

18.4.1.5.23 WRITE_CSR2_BYTE 

Write CSR2 Status Byte 

host~ 

target 
host~ 

target 

Always Available 

Write the most significant byte of CSR2 (CSR2[31-24]). This command can be executed in any mode. 

18.4.1.5.24 WRITE_CSR3_BYTE 

Write CSR3 Status Byte 

host~ 

target 
host~ 

target 

Always Available 

Write the most significant byte ofCSR3 (CSR3[31-24]). This command can be executed in any mode. 

18.4.1.6 Serial Interface Hardware Handshake Protocol 

BDC commands that require CPU execution are ultimately treated at the core clock rate. Since the BDC 
clock source can be asynchronous relative to the bus frequency when CLKSW is cleared, it is necessary 
to provide a handshake protocol so the host can determine when an issued command is executed by the 
CPU. This section describes this protocol. 

The hardware handshake protocol signals to the host controller when an issued command was successfully 
executed by the target. This protocol is implemented by a low pulse (16 BDC clock cycles) followed by a 
brief speedup pulse on the BKGD pin, generated by the target MCU when a command, issued by the host, 
has been successfully executed. See Figure 18-19. This pulse is referred to as the ACK pulse. After the 
ACK pulse is finished, the host can start the data-read portion of the command if the last-issued command 
was a read command, or start a new command if the last command was a write command or a control 
command (BACKGROUND, GO, NOP, SYNC_PC). The ACK pulse is not issued earlier than 32 BDC 

MCF51 QE128 MCU Series Reference Manual, Rev. 3 

404 Freescale Semiconductor 
Gl.'t the latest version from trl.'esca!e.com 



Chapter 18 Version 1 Cold Fire Debug (CFCDEBUG) 

clock cycles after the BDC command was issued. The end of the BDC command is assumed to be the 16th 
BDC clock cycle of the last bit. This minimum delay assures enough time for the host to recognize the 
ACK pulse. Note that there is no upper limit for the delay between the command and the related ACK 
pulse, since the command execution depends on the CPU bus frequency, which in some cases could be 
very slow compared to the serial communication rate. This protocol allows great flexibility for pod 
designers, since it does not rely on any accurate time measurement or short response time to any event in 
the serial communication. 

BDCCLOCK 
(TARGET MCU) 

HIGH·IMPEDANCE 16CYCLES----___ 
TARGET 

TRANSMITS 
ACKPULSE 

32 CYCLES 

~ MINIMUM DELAY 
SPEED UP PULSE 

~+-_____ ..., FROM THE BDC COMMAND 

BKGDPljI: 

16th CYCLE OF THE 
LAST COM MAD BIT 

Figure 18-19. Target Acknowledge Pulse (ACK) 

NOTE 

EARLIEST 
START OF 
NEXT BIT 

If the ACK pulse was issued by the target, the host assumes the previous 
command was executed. If the CPU enters a stop mode prior to executing a 
non-intrusive command, the command is discarded and the ACK pulse is 
not issued. After entering a stop mode, the BDC command is no longer 
pending and the XCSR[CSTAT] value of 00 I is kept until the next command 
is successfully executed. 

Figure 18-20 shows the ACK handshake protocol in a command level timing diagram. A READ_MEM.B 
command is used as an example: 

1. The 8-bit command code is sent by the host, followed by the address of the memory location to be 
read. 

2. The target BDC decodes the command and sends it to the CPU. 

3. Upon receiving the BDC command request, the CPU schedules a execution slot for the command. 

4. The CPU temporarily stalls the instruction stream at the scheduled point, executes the 
READ_BYTE command and then continues. 

This process is referred to as cycle stealing. The READ _MEM.B appears as a single-cycle operation to the 
processor, even though the pipeIined nature of the Operand Execution Pipeline requires multiple CPU 
clock cycles for it to actually complete. After that, the debug module tracks the execution of the 
READ _MEM.b command as the processor resumes the normal flow of the application program. After 
detecting the READ_MEM.B command is done, the BDC issues an ACK pulse to the host controller, 
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indicating that the addressed byte is ready to be retrieved. After detecting the ACK pulse, the host initiates 
the data-read portion of the command. 

BKGD PIN ADDRESS[23-0] NEW BDC COMMAND 

I ..... __ H_OS_T "'_TA_RG_ET __ ~-tcI·/~~ I~· -\--+I~I \ BDC ISSUES THEI .. HOST ... TARGET ~ I 
ACK PULSE (NOT TO SCALE) 

CPU EXECUTES THE 
DEBUG DECODES READ_MEM.B 
THE COMMAND COMMAND 

Figure 18·20. Handshake Protocol at Command Level 

Unlike a normal bit transfer, where the host initiates the transmission by issuing a negative edge in the 
BKGD pin, the serial interface ACK handshake pulse is initiated by the target MCU. The hardware 
handshake protocol in Figure 18-20 specifies the timing when the BKGD pin is being driven, so the host 
should follow these timing constraints in order to avoid the risks of an electrical conflict at the BKGD pin. 

The ACK handshake protocol does not support nested ACK pulses. If a BDC command is not 
acknowledged by an ACK pulse, the host first needs to abort the pending command before issuing a new 
BDC command. When the CPU enters a stop mode at about the same time the host issues a command that 
requires CPU execution, the target discards the incoming command. Therefore, the command is not 
acknowledged by the target, meaning that the ACK pulse is not issued in this case. After a certain time, 
the host could decide to abort the ACK protocol in order allow a new command. Therefore, the protocol 
provides a mechanism where a command (a pending ACK) could be aborted. Unlike a regular BDC 
command, the ACK pulse does not provide a timeout. In the case of a STOP instruction where the ACK 
is prevented from being issued, it would remain pending indefinitely if not aborted. See the handshake 
abort procedure described in Section 18.4.1.7, "Hardware Handshake Abort Procedure." 

18.4.1.7 Hardware Handshake Abort Procedure 

The abort procedure is based on the SYNC command. In order to abort a command that has not responded 
with an ACK pulse, the host controller generates a sync request (by driving BKGD low for at least 128 
serial clock cycles and then driving it high for one serial clock cycle as a speedup pulse). By detecting this 
long low pulse on the BKGD pin, the target executes the sync protocol (see Section 18.4.1.5.1, "SYNC"), 
and assumes that the pending command and therefore the related ACK pulse, are being aborted. Therefore, 
after the sync protocol completes, the host is free to issue new BDC commands. 

Note, since the host knows the target BDC clock frequency, the SYNC command does not need to consider 
the lowest possible target frequency. In this case, the host could issue a SYNC very close to the 128 serial 
clock cycles length, just providing a small overhead on the pulse length in order to assure the sync pulse 
is not misinterpreted by the target. 

It is important to notice that any issued BDC command that requires CPU execution is scheduled for 
execution by the pipeline based on the dynamic state of the machine, provided the processor does not enter 
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any of the stop modes. If the host aborts a command by sending the sync pulse, it should then read 
XCSR[CSTAT] after the sync response is issued by the target, checking for CSTAT cleared, before 
attempting to send any new command that requires CPU execution. This prevents the new command from 
being discarded at the debug/CPU interface, due to the pending command being executed by the CPU. Any 
new command should be issued only after XCSR[CSTAT] is cleared. 

There are multiple reasons that could cause a command to take too long to execute, measured in terms of 
the serial communication rate. Either the BOC clock frequency is much faster than the CPU clock 
frequency, or the CPU is accessing a slow memory, which would cause pipeline stall cycles to occur. All 
commands referencing the CPU registers or memory require access to the processor's local bus to 
complete. If the processor is executing a tight loop that is contained within a single aligned longword, the 
processor may never successfully grant the internal bus to the debug command. For example: 

align 4 
labell: nop 

bra.b labell 
or 

align 4 

labe12: bra.w labe12 

These two examples of tight loops both exhibit the BOM lockout behavior. If the loop spans across two 
longwords, there are no issues, so the recommended construct is: 

align 
labe13: bra.l 

4 

label3 

The hardware handshake protocol is appropriate for these situations, but the host could also decide to use 
the software handshake protocol instead. In this case, if XCSR[CSTAT] is 00 I, there is a BOC command 
pending at the debug/CPU interface. The host controller should monitor XCSR[CSTAT] and wait until it 
is 000 in order to be able to issue a new command that requires CPU execution. However, if the 
XCSR[CSTAT] is lxx, the host should assume the last command failed to execute. To recover from this 
condition, the following sequence is suggested: 

I. Issue a SYNC command to reset the BOC communication channel. 

2. The host issues a BOM NOP command. 

3. The host reads the channel status using a READ_XCSR_BYTE command. 

4. IfXCSR[CSTAT] is 000 
then the status is okay; proceed 
else 

Halt the CPU using a BDM BACKGROUND command 
Repeat steps I ,2,3 
If XCSR[CSTAT] is 000, then proceed, else reset the device 

Figure 18-21 shows a SYNC command aborting a READ_BYTE. Note that after the command is aborted, 
a new command could be issued by the host. 

NOTE 
Figure 18-21 signal timing is not drawn to scale. 
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BKGD PIN 

I~ 

READ_MEM.B CMD 
IS ABORTED BY THE SYNC REQUEST 
(NOT TO SCALE) ~ 

ADDRESS[23-0] 

HOST _ TARGET 

SYNC RESPONSE 
. / FROM THE TARGET 
~ (NOT TO SCALE) 

HOST _TARGET 

NEW BDC COMMAND 

HOST _ TARGET 

>[-;1 
y 

\ NEW BDC COMMAND 
BDCDECODES 
AND CPU TRYS TO EXECUTE 
THE READ_MEM.B CMD 

Figure 18·21. ACK Abort Procedure at the Command Level 

Figure 18-22 a shows a conflict between the ACK pulse and the sync request pulse. This conflict could 
occur if a pod device is connected to the target BKGO pin and the target is already executing a BOC 
command. Consider that the target CPU is executing a pending BOC command at the exact moment the 
pod is being connected to the BKGO pin. In this case, an ACK pulse is issued at the same time as the SYNC 
command. In this case there is an electrical conflict between the ACK speedup pulse and the sync pulse. 
Since this is not a probable situation, the protocol does not prevent this conflict from happening. 

AT LEAST 126 CYCLES ------+-.. 
BDCCLOCK 

(TARGET MCU) 

TARGETMCU 
DRIVES TO 

BKGD PIN -

HOST 
DRIVES SYNC 
TOBKGD PIN 

BKGD PIN 

/ACKPULSE 

> )'EH~:;~::::::::~I~~t' •• • ••••••••••••••• 

HOST AND TARGET JI SPEEDUP PULSE 
DRIVE TO BKGD PIN ' ••••••••••••••• 

HOST SYNC REQUEST PUL E / f 
}-------+-_ J 
I .... ~f---- 16 CYCLES --~~ 

, ... ................ 

Figure 18·22. ACK Pulse and SYNC Request Conflict 

The hardware handshake protocol is enabled by the ACK_ENABLE command and disabled by the 
ACK_DISABLE command. It also allows for pod devices to choose between the hardware handshake 
protocol or the software protocol that monitors the XCSR status byte. The ACK_ENABLE and 
ACK_DISABLE commands are: 

408 

ACK_ENABLE - Enables the hardware handshake protocol. The target issues the ACK pulse 
when a CPU command is executed. The ACK_ENABLE command itself also has the ACK pulse 
as a response. 
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ACK_DISABLE - Disables the ACK pulse protocol. In this case, the host should verify the state 
ofXCSR[CSTAT] in order to evaluate if there are pending commands and to check if the CPU's 
operating state has changed to or from active background mode via XCSR[31-30]. 

The default state of the protocol, after reset, is hardware handshake protocol disabled. 

The commands that do not require CPU execution, or that have the status register included in the retrieved 
bit stream, do not perform the hardware handshake protocol. Therefore, the target does not respond with 
an ACK pulse for those commands even ifthe hardware protocol is enabled. Conversely, only commands 
that require CPU execution and do not include the status byte perform the hardware handshake protocol. 
See the "ACK if Enabled?" column in Table 18-25 for the complete enumeration of this function. 

An exception is the ACK_ENABLE command, which does not require CPU execution but responds with 
the ACK pulse. This feature can be used by the host to evaluate if the target supports the hardware 
handshake protocol. I f an ACK pulse is issued in response to this command, the host knows that the target 
supports the hardware handshake protocol. Ifthe target does not support the hardware handshake protocol 
the ACK pulse is not issued. In this case, the ACK_ENABLE command is ignored by the target, since it 
is not recognized as a valid command. 

18.4.2 Real-Time Debug Support 

The ColdFire family supports debugging real-time applications. For these types of embedded systems, the 
processor must continue to operate during debug. The foundation of this area of debug support is that while 
the processor cannot be halted to allow debugging, the system can generally tolerate the small intrusions 
with minimal effect on real-time operation. 

18.4.3 

NOTE 

The details regarding real-time debug support will be supplied at a later 
time. 

Real-Time Trace Support 

The classic ColdFire debug architecture supports real-time trace via the PST/DDATA output signals. For 
this functionality, the following apply: 

One (or more) PST value is generated for each executed instruction 

Branch target instruction address information is displayed on all non-PC-relative change-of-flow 
instructions, where the user selects a programmable number of bytes oftarget address 

- Displayed information includes PST marker plus target instruction address as DDATA 

- Captured address creates the appropriate number of DDATA entries, each with 4 bits of address 

Optional data trace capabilities are provided for accesses mapped to the slave peripheral bus 

- Displayed information includes PST marker plus captured operand value as DDATA 

- Captured operand creates the appropriate number of DDATA entries, each with 4 bits of data 

The resulting PST/DDATA output stream, with the application program memory image, provides an 
instruction-by-instruction dynamic trace of the execution path. 
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For the VI ColdFire core and its single debug signal, support for trace functionality is completely 
redefined. The VI solution provides an on-chip PSTIDDATA trace buffer (known as the PSTB) to record 
the stream of PST and DDATA values. 

Even with the application of a PST trace buffer, problems associated with the PST bandwidth and 
associated fill rate of the buffer remain. Given that there is one (or more) PST entry per instruction, the 
PSTB would fill rapidly without some type of data compression. Luckily, the PST compression technology 
was previously developed and included as part ofthe Version 5 ColdFire core (although very different than 
the resulting VI implementation). 

Consider the following example to illustrate the PST compression algorithm. Most sequential instructions 
generate a single PST = I value. Without compression, the execution often sequential instructions 
generates a stream often PST = I values. With PST compression, the reporting of any PST = I value is 
delayed so that consecutive PST = I values can be accumulated. When a PST "* I value is reported, the 
maximum accumulation count reached, or a debug data value captured, a single accumulated PST value is 
generated. Returning to the example with compression enabled, the execution often sequential 
instructions generates a single PST value indicating ten sequential instructions have been executed. 

This technique has proven to be effective at significantly reducing the average PST entries per instruction 
and PST entries per machine cycle. The application of this compression technique makes the application 
of a useful PST trace buffer for the V I ColdFire core realizable. The resulting 5-bit PST definitions are 
shown in Table 18-26. 

Table 18-26. Processor Status Encodings 

PST[4:0] Definition 

OxOO Continue execution. Many instructions execute in one processor cycle. If an instruction requires more 
processor clock cycles, subsequent clock cycles are indicated by driving PST with this encoding. 

Ox01 Begin execution of one instruction. For most instructions, this encoding signals the first processor clock 
cycle of an instruction's execution. Certain change-of-flow opcodes, plus the PULSE and WDDATA 
instructions, generate different encodings. 

Ox02 Reserved 

Ox03 Entry into user-mode. Signaled after execution of the instruction that caused the Cold Fire processor to 
enter user mode. 

Ox04 Begin execution of PULSE and WDDATA instructions. PULSE defines triggers or markers for debug 
and/or performance analysis. WDDATA lets the core write any operand (byte, word, or longword) 
directly to the DDATA port, independent of debug module configuration. When WDDATA is executed, a 
value of Ox04 is signaled on the PST port, followed by the appropriate marker, and then the data transfer 
on the DDATA port. The number of captured data bytes depends on the WDDATA operand size. 

Ox05 Begin execution of taken branch or SYNC_PC BDM command. For some opcodes, a branch target 
address may be displayed on DDATA depending on the CSR settings. CSR also controls the number of 
address bytes displayed, indicated by the PST marker value preceding the DDATA nibble that begins 
the data output. This encoding also indicates that the SYNC_PC command has been processed. 

Ox06 Reserved 

OxO? Begin execution of return from exception (RTE) instruction. 
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Table 18-26. Processor Status Encodings (continued) 

PST[4:0] Definition 

OxOS-OxOB Indicates the number of data bytes to be displayed as DDATA on subsequent processor clock cycles. 
This marker value is driven as the PST one processor clock cycle before the data is displayed on 
DDATA. The capturing of peripheral bus data references is controlled by CSR[DDC]. 
Ox08 Begin i-byte data transfer on DDATA 
Ox09 Begin 2-byte data transfer on DDATA 
OxOA Reserved 
OxOB Begin 4-byte data transfer on DDATA 

OxOC-OxOF Indicates the number of address bytes to be displayed as DDATA on subsequent processor clock 
cycles. This marker value is driven as the PST one processor clock cycle before the address is 
displayed on DDATA. The capturing of branch target addresses is controlled by CSR[BTB]. 
OxOC Reserved 
OxOD Begin 2-byte address transfer on DDATA (Displayed address is shifted right 1: ADDR[17:1]) 
OxOE Begin 3-byte address transfer on DDATA (Displayed address is shifted right 1: ADDR[24: 1]) 
OxOF Reserved 

Oxi0-oxi1 Reserved 

Oxi2 Completed execution of 2 sequential instructions 

Oxi3 Completed execution of 3 sequential instructions 

Oxi4 Completed execution of 4 sequential instructions 

Oxi5 Completed execution of 5 sequential instructions 

Oxi6 Completed execution of 6 sequential instructions 

Ox17 Completed execution of 7 sequential instructions 

Oxi8 Completed execution of 8 sequential instructions 

Oxi9 Completed execution of 9 sequential instructions 

OxiA Completed execution of 10 sequential instructions 

OxiB This value signals there has been a change in the breakpoint trigger state machine. It appears as a 
single marker for each state change and is immediately followed by a DDATA value signaling the new 
breakpoint trigger state encoding. 

OxiC Exception processing. This value signals the processor has encountered an exception condition. 
Although this is a multi-cycle mode, there are only two PST = OxiC values recorded before the mode 
value is suppressed. 

Ox1D Emulator mode exception processing. This value signals the processor has encountered a debug 
interrupt or a properly-configured trace exception. Although this is a multi-cycle mode, there are only 
two PST = Ox1 D values recorded before the mode value is suppressed. 

Ox1E Processor is stopped. This value signals the processor has executed a STOP instruction. Although this 
is a multi-cycle mode since the Cold Fire processor remains stopped until an interrupt or reset occurs, 
there are only two PST = Ox1 E values recorded before the mode value is suppressed. 

Ox1F Processor is halted. This value signals the processor has been halted. Although this is a multi-cycle 
mode since the ColdFire processor remains halted until a BDM go command is received or reset 
occurs, there are only two PST = Oxi F values recorded before the mode value is suppressed. 

18.4.3.1 Begin Execution of Taken Branch (PST = Ox05) 

PST is Ox5 when a taken branch is executed. For some opcodes, a branch target address may be loaded 
into the trace bufer (PSTB) depending on the CSR settings. CSR also controls the number of address bytes 
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loaded, which is indicated by the PST marker value immediately preceding the DDATA entry in the PSTB 
that begins the address entries. 

Multiple byte DDATA values are displayed in least-to-most-significant order. The processor captures only 
those target addresses associated with taken branches that use a variant addressing mode (RTE and RTS 
instructions and JMP and JSR instructions using address register indirect or indexed addressing modes, 
and all exceptio vectors). 

The simplest example of a branch instruction using a variant address is the compiled code for a C language 
case statement. Typically, the evaluation of this statement uses the variable of an expression as an index 
into a table of offsets, where each offset points to a unique case within the structure. For such 
change-of-flow operations, the ColdFire processor loads the PSTB as follows: 

I. Load PST=Ox05 to identify that a taken branch is executed. 

2. Optionally load the marker for the target address capture. Encodings OxOD or OxOE identify the 
number of bytes loaded into the PSTB. 

3. The new target address is optionally available into the PSTB. The number of bytes of the target 
address loaded is configurable (2 or 3 bytes, where the encoding is OxOD and OxOE, respectively). 

Another example of a variant branch instruction would be a JMP (AO) instruction. Figure 18-23 shows the 
PSTB entries that indicate a JMP (AO) execution, assuming the CSR was programmed to display the lower 
2 bytes of an address. 

PST Values 

Ox05 

OxOD 

{10, Address[3:0)} 

{10, Address[7:4)} 

{10, Address[11 :8)} 

{10, Address[15: 12)} 

Description 

Taken Branch 

2-byte Address 

Figure 18-23. Example JMP Instruction Output in PSTB 

PST of Ox05 indicates a taken branch and the marker value OxOD indicates a 2-byte address. Thus, the 
following entries display the lower two bytes of address register AO in least-to-most-significant nibble 
order. The next PST entry after the JMP instruction completes depends on the target instruction. See 
Section 18.4.3.2, "PST Trace Buffer (PSTB)," for entry descriptions explaining the 2-bit prefix before 
each address nibble. 
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18.4.3.2 PST Trace Buffer (PSTB) 

As PST and DDATA values are captured and loaded in the trace buffer, each entry is 6 bits in size so the 
type of the entry can easily be detennined when post-processing the PSTB. See Figure 18-24. 

18.4.3.3 

PSTB[PST 

Data 
PSTB[DDATA 

I 

I 
Address 

PSTB[DDATA I 
Reset: 

0 

1 

1 

4 

RIW 

0 

, 3 2 

PST[4:01 

Dala[3:01 

Address[3:0] 

, 

Figure 18-24. V1 PSTIDDATA Trace Buffer Entry Format 

PST/DDATA Example 

o 

In this section, an example showing the behavior ofthe PST/DDATA functionality is detailed. Consider 
the following interrupt service routine that counts the interrupt, then negates the IRQ, and perfonns a 
software lACK and then exits. This example is presented here because it exercises a considerable set of 
the PST/DDATA capabilities. 

isr: -
01074: 46fc 2700 mov.w &Ox2700,%sr # disable interrupts 
01078: 2f08 mov.l %aO,-(%sp) # save aD 
0107a: 2fOO mov.l %dO,- (%sp) # save dO 
0107c: 302f 0008 mov.w (8,%sp) ,%dO # load format/vector word 
01080: e488 lsr.l &2,%dO # align vector number 
01082: 0280 0000 DOff andi.l &Oxff,%dO # isolate vector number 
01088: 207c 0080 1400 mov.l &int count,%aO # - base of interrupt counters 

_isr_entry1: 
0108e: 52bO OcOO addq.l &1, (0,%aO,%dO.l*4) # count the lnterrupt 
01092: l1cO a021 mov.b %dO,IGCRO+1.w # negate the irq 
01096: 1038 a020 mov.b IGCRO . w, %dO # force the write to complete 
0109a: 4e71 nop # synchronize the pipelines 
0109c: 71b8 ffeO mvz.b SWIACK. w, %dO # software iack: pending irq? 
010aO: Oc80 0000 0041 cmpi.l %dO,&Ox41 # level 7 or none pending? 
010a6: 6f08 ble.b - isr_exit # yes, then exit 
010a8: 52b9 0080 145c addq.l &l,swiack_count # increment the swiack count 
010ae: 60de bra.b _isr_entry1 # continue at entry1 

- isr_exit: 
010bO: 20lf mov.l (%sp)+,%dO # restore dO 
010b2: 205f mov.l (%sp)+,%aO # restore aO 
010b4: 4e73 rte # exit 

This ISR executes mostly as straight-line code: there is a single conditional branch @ PC = Ox 1 OA6, which 
is taken in this example. The following description includes the PST and DDATA values generated as this 
code snippet executes. In this example, the CSR setting enables the display of 2-byte branch addresses. 
Peripheral bus read and write operands are being traced. The sequence begins with an interrupt exception: 

interrupt exception occurs @ pc = 5432 while in user mode 
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# pst 1c, 1c, OS, Od 
# ddata 2a, 23, 28, 20 
# trg_addr 083a « 1 
# trg_addr = 1074 

isr: -
01074: 46fc 2700 mov,w &Ox2700,%sr # pst 01 
01078: 2f08 mov.l %aO,-(%sp) # pst 01 
0107a: 2fOO mov.l %dO,-(%sp) # pst 01 
0107c: 302f 0008 mov.w (8,%sp) ,%dO # pst 01 
01080: e488 Isr.l &2,%dO # pst 01 
01082: 0280 0000 OOff andi.l &Oxff,%dO # pst 01 
01088: 207c 0080 1400 mov.l &int_count,%ao # pst 01 
0108e: 52bO OcOO addq.l &1, (0,%aO,%dO.l*4) # pst 01 
01092: l1cO a021 mov.b %dO,IGCRO+1.w # pst 01, 08 

# ddata 30, 30 
# wdata.b OxOO 

01096: 1038 a020 mov.b IGCRO.w,%dO # pst 01, 08 
# ddata 28, 21 
# rdata.b Ox18 

0109a: 4e71 nop # pst 01 
0109c: nb8 ffeO mvz.b SWIACK. w, %dO # pst 01, 08 

# ddata 20, 20 
# rdata.b = OxOO 

010aO: Oc80 0000 0041 cmpi .1 %dO,&Ox41 # pst 01 
010a6: 6f08 ble.b isr_exit # pst 05 (taken branch) -
010bO: 20lf mov.l (%sp)+,%dO # pst 01 
010b2: 205f mov.l (%sp)+,%aO # pst 01 
010b4: 4e73 rte # pst 07, 03, OS, Od 

# ddata 29, 21, 2a, 22 
#trg_addr = 2a19 « 1 
#trg_addr = 5432 

As the PSTs are compressed, the resulting stream of 6-bit hexadecimal entries is loaded into consecutive 
locations in the PST trace buffer: 
PSTB [*] = 1c, 1c, os, Od, II interrupt exception 

2a, 23, 28, 20, II branch target addr = 1074 
19, 08, 30, 30, II 9 sequential insts, write byte 
01, 08, 28, 21, II 1 sequential inst, read byte 
12, 08, 20, 20, II 2 sequential insts, read byte 
01, OS, 12, II 1 + taken branch + 2 sequential 
07, 03, OS, Od, /1 rte, entry into user mode 
29, 21, 2a, 22 II branch target addr = 5432 

Architectural studies on the compression algorithm determined an appropriate size for the PST trace 
buffer. Using a suite often MCU benchmarks, a 64-entry PSTB was found to capture an average window 
of time of 520 processor cycles with program trace using 2-byte addresses enabled. 

18.4.3.4 Processor Status, Debug Data Definition 

This section specifies the ColdFire processor and debug module's generation of the processor status (PST) 
and debug data (DDATA) output on an instruction basis. In general, the PST/DDATA output for an 
instruction is defined as follows: 

PST = OxOI, {PST = [Ox89B], DDATA = operand} 
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where the { ... } definition is optional operand information defined by the setting of the CSR. 

The CSR provides capabilities to display operands based on reference type (read, write, or both). A PST 
value {Ox08, Ox09, or OxOB} identifies the size and presence of valid data to follow in the PST trace buffer 
(PST B) {I, 2, or 4 bytes}. Additionally, for certain change-of-flow instructions, CSR[BTB] provides the 
capability to display the target instruction address in the PSTB {2 or 3 bytes} using a PST value of {OxOD 
orOxOE}. 

18.4.3.4.1 User Instruction Set 

Table 18-27 shows the PST/DDATA specification for user-mode instructions. Rn represents any {Dn, An} 
register. In this definition, the y suffix generally denotes the source, and x denotes the destination operand. 
For a given instruction, the optional operand data is displayed only for those effective addresses 
referencing memory. The DD nomenclature refers to the DDATA outputs. 

Table 18-27. PSTIDDATA Specification for User-Mode Instructions 

Instruction Operand Syntax PSTIDDATA 

add.l <ea>y,Dx PST = Ox01, {PST = OxOB, DO = source operand} 

add.1 DY,<ea>x PST = Ox01, {pST = OxOB, DO = source}, {PST = OxOB, DO = destination} 

adda.1 <ea>y,Ax PST = Ox01, {PST = OxOB, DO = source operand} 

addi.l #<data>,Dx PST = Ox01 

addq.l #<data>,<ea>x PST = Ox01, {PST = OxOB, DO = source}, {PST = OxOB, DO = destination} 

addx.l DY,Dx PST = Ox01 

and.l <ea>y,Dx PST = Ox01, {PST = OxOB, DO = source operand} 

and.l Dy,<ea>x PST = Ox01, {PST = OxOB, DO = source}, {pST = OxOB, DO = destination} 

andi.l #<data>,Dx PST = Ox01 

asl.l {Dy,#<data>},Dx PST = Ox01 

asr.1 {Dy,#<data>},Dx PST =Ox01 

bcc.{b,w,l} if taken, then PST = Ox05, else PST = Ox01 

bchg.{b,l} #<data>,<ea>x PST = Ox01, {pST = Ox08, DO = source}, {pST = Ox08, DO = destination} 

bchg.{b,l} Dy,<ea>x PST = Ox01, {PST = Ox08, DO = source}, {pST = Ox08, DO = destination} 

bclr.{b,l} #<data>,<ea>x PST = Ox01, {PST = Ox08, DO = source}, {pST = Ox08, DO = destination} 

bclr.{b,l} DY,<ea>x PST = Ox01, {PST = Ox08, DO = source}, {PST = Ox08, DO = destination} 

bitrev.l Ox PST = Ox01 

bra.{b,w,l} PST = Ox05 

bset.{b,l} #<data>,<ea>x PST = Ox01, {PST = Ox08, DO = source}, {pST = Ox08, DO = destination} 

bset.{b,l} Dy,<ea>x PST = Ox01, {PST = Ox08, DO = source}, {PST = Ox08, DO = destination} 

bsr.{b,w,l} PST = Ox05, {PST = OxOB, DO = destination operand} 

btst.{b,l} #<data>,<ea>x PST = Ox01, {PST = Ox08, DO = source operand} 
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Table 18-27. PST/DDATA Specification for User-Mode Instructions (continued) 

Instruction Operand Syntax PST/DDATA 

btst.{b,I} Dy,<ea>x PST = Ox01, {PST = Ox08, DD = source operand} 

byterev.1 Dx PST=OxOl 

clr.b <ea>x PST = OxOl , {pST = Ox08, DD = destination operand} 

clr.! <ea>x PST = Ox01, {PST = OxOB, DD = destination operand} 

clr.w <ea>x PST = OxOl , {pST = Ox09, DD = destination operand} 

cmp.b <ea>y,Dx PST = Ox01, {Ox08, source operand} 

cmp.! <ea>y,Dx PST = OxOl, {PST = OxOB, DD = source operand} 

cmp.w <ea>y,Dx PST = OxOl, {Ox09, source operand} 

cmpa.! <ea>y,Ax PST = Ox01 , {PST = OxOB, DD = source operand} 

cmpa.w <ea>y,Ax PST = Ox01, {Ox09, source operand} 

cmpi.b #<data>,Dx PST = Ox01 

cmpU #<data>,Dx PST = Ox01 

cmpi.w #<data>,Dx PST = Ox01 

eor.! DY,<ea>x PST = Ox01, {PST = OxOB, DD = source}, {PST = OxOB, DD = destination} 

eorU #<data>,Dx PST = Ox01 

ext.! Dx PST = Ox01 

ext.w Dx PST = Ox01 

extb.! Dx PST = Ox01 

illegal PST = OxOl 1 

jmp <ea>y PST = Ox05, {PST = [OxO{DE}], DD = target address}2 

jsr <ea>y PST = Ox05, {PST = [OxO{DE}], DD = target address}, 
{PST = OxOB, DD = destination operandf 

lea.! <ea>y,Ax PST=Ox01 

link.w Ay,#<displacement> PST = Ox01, {PST = OxOB, DO = destination operand} 

Isl.1 {DY,#<data>},Dx PST =OxOl 

Isr.1 {Dy,#<data>},Dx PST = Ox01 

mov3q.1 #<data>, <ea>x PST = Ox01, {PST = OxOB,DD = destination operand} 

move.b <ea>y,<ea>x PST = OxOl, {pST = Ox08, DO = source}, {pST = Ox08, DO = destination} 

move. I <ea>y,<ea>x PST = Ox01, {PST = OxOB, DO = source}, {PST = OxOB, DO = destination} 

move.w <ea>y,<ea>x PST = Ox01, {PST = Ox09, DO = source}, {PST = OX09, DO = destination} 

move.w GGR,Dx PST = Ox01 

move.w {Dy,#<data>},GGR PST = OxOl 

movea.1 <ea>y,Ax PST = OxOl, {PST = OxOB, DO = source} 
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Table 18-27. PST/DDATA Specification for User-Mode Instructions (continued) 

Instruction Operand Syntax PST/DDATA 

movea.w <ea>y.Ax PST = Ox01. {pST = Ox09. DD = source} 

movem.1 #Iist.<ea>x PST = Ox01. {pST = OxOB. DD = destination} •... 

movem.1 <ea>y.#list PST = Ox01. {PST = OxOB. DD = source} •... 

moveq.1 #<data>.Dx PST = Ox01 

muls.l <ea>y.Dx PST = Ox01. {PST = OxOB. DO = source operand} 

muls.w <ea>y.Dx PST = Ox01. {PST = Ox09. DD = source operand} 

mulu.l <ea>y.Dx PST = Ox01. {PST = OxOB. DO = source operand} 

mulu.w <ea>y.Dx PST = Ox01. {PST = Ox09. DD = source operand} 

mvs.b <ea>y.Dx PST = Ox01. {OxOB. source operand} 

mvs.w <ea>y.Dx PST = Ox01. {Ox09. source operand} 

mvz.b <ea>y.Dx PST = Ox01. {OxOB. source operand} 

mvz.w <ea>y.Dx PST = Ox01. {Ox09. source operand} 

neg.1 Dx PST = Ox01 

negx.1 Ox PST = Ox01 

nop PST = Ox01 

not. 1 Ox PST = Ox01 

or.1 <ea>y.Dx PST = Ox01. {PST = OxOB. DO = source operand} 

or.1 Dy.<ea>x PST = Ox01. {PST = OxOB. DD = source}. {PST = OxOB. DO = destination} 

ori.l #<data>.Dx PST =Ox01 

pea. I <ea>y PST = Ox01. {PST = OxOB. DD = destination operand} 

pulse PST = Ox04 

rts PST = Ox01. {PST = OxOB. DO = source operand}. 
PST = Ox05. {PST = [OxO{DE}]. DD = target address} 

sats.l Dx PST = Ox01 

scc.b Dx PST = Ox01 

sub.1 <ea>y.Dx PST = Ox01. {PST = OxOB. DD = source operand} 

sub.1 Dy.<ea>x PST = Ox01. {pST = OxOB. DD = source}. {pST = OxOB. DD = destination} 

suba.l <ea>y.Ax PST = Ox01. {PST = OxOB. DD = source operand} 

subi.l #<data>.Dx PST = Ox01 

subq.l #<data>.<ea>x PST = Ox01. {PST = OxOB. DD = source}. {PST = OxOB. DO = destination} 

subx.l Dy.Dx PST=Ox01 

swap.w Ox PST = Ox01 

tas.b <ea>x PST = Ox01. {OxOB. source}. {OxOB. destination} 
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Table 18-27. PST/DDATA Specification for User-Mode Instructions (continued) 

Instruction Operand Syntax PSTIDDATA 

tpf PST = Ox01 

tpl.l #<data> PST = Ox01 

tpf.w #<data> PST = OxOl 

trap #<data> PST = Ox01' 

tst.b <ea>x PST = Ox01 , {PST = Ox08, DD = source operand} 

tst.l <ea>y PST = Ox01, {PST = OxOB, DD = source operand} 

tst.w <ea>y PST = OxOl, {PST = Ox09, DD = source operand} 

unlk Ax PST = Ox01 , {PST = OxOB, DD = destination operand} 

wddata.b <ea>y PST =Ox04, PST = Ox08, DD = source operand 

wddata.l <ea>y PST =Ox04, PST = OxOB, DD = source operand 

wddata.w <ea>y PST =Ox04, PST = Ox09, DD = source operand 

, During normal exception processing, the PSTB is loaded with two successive Ox1 C entries indicating the exception 
processing state. The exception stack write operands, as well as the vector read and target address of the exception 
handler may also be displayed. 
Exception Processing: 

PST OxIC, OxIC, 
{PST OxOB,DD destination}, 
{PST OxOB,DD = destination}, 
{PST OxOB,DD = source}, 

PST Ox05,{PST = [OxO{DE}l,DD 

II stack frame 
II stack frame 
II vector read 

target}11 handler PC 

A similar set of PST/DD values is generated in response to an emulator mode excetion. For these events (caused 
by a debug interrupt or properly·enabled trace exception), the initial PST values are Oxl D, Oxl D and the remaining 
sequence is equivalent to normal exception processing. 

The PST/DDATA specification for the reset exception is shown below: 
Exception Processing: 

PST = OxIC, OxIC, 
PST = Ox05, {PST = [OxO{DE}l ,DD = target}/I handler PC 

The initial references at address 0 and 4 are never captured nor displayed since these accesses are treated as 
instruction fetches. 

For all types of exception processing, the PST = Ox1 C (or Ox1 D) value is driven for two trace buffer entries. 

2 For JMP and JSR instructions, the optional target instruction address is displayed only for those effective address 
fields defining variant addressing modes. This includes the following <ea>x values: (An), (d16,An), (d8,An,Xi), 
(d8,PC,Xi). 

18.4.3.4.2 Supervisor Instruction Set 

II 

The supervisor instruction set has complete access to the user mode instructions plus the opcodes shown 
below. The PST/DDATA specification for these opcodes is shown in Table 18-28. 
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Table 18-28. PST/OOATA Specification for Supervisor-Mode Instructions 

Instruction Operand Syntax PST/DDATA 

halt PST = Ox01, 
PST = OxOF 

move.1 Ay,USP PST = Ox01 

move.1 USP,Ax PST = Ox01 

move.w SR,Ox PST= Ox01 

move.w {Oy,#<data>},SR PST = Ox01, {pST = Ox03} 

movec.l Ry,Rc PST = Ox01 

rte PST = Ox07, {pST = OxOB, 00 = source operand}, {pST = Ox03}, {pST = OxOB, 
00 = source operand}, 

PST = Ox05, {[PST = OxO{OE}I, 00 = target address} 

stldsr.w #imm PST = Ox01, {pST = OxOA, DD = destination operand, PST = Ox03} 

stop #<data> PST=Ox01, 
PST = Ox1E 

wdebug.1 <ea>y PST = Ox01, {PST = OxOB, 00 = source, PST = OxOB, DO = source} 

The move-to-SR, STLDSR, and RTE instructions include an optional PST = Ox3 value, indicating an entry 
into user mode. 

Similar to the exception processing mode, the stopped state (PST = Ox I E) and the halted state 
(PST = Ox I F) display this status for two entries when the ColdFire processor enters the given mode. 

18.4.4 Freescale-Recommended 80M Pinout 

Typically, a relatively simple interface pod is used to translate commands from a host computer into 
commands for the custom serial interface to the single-wire background debug system. Depending on the 
development tool vendor, this interface pod may use a standard RS-232 serial port, a parallel printer port, 
or some other type of communications such as a universal serial bus (USB) to communicate between the 
host PC and the pod. The pod typically connects to the target system with ground, the BKGD pin, RESET, 
and sometimes V DD' An open-drain connection to reset allows the host to force a target system reset, 
useful to regain control of a lost target system or to control startup of a target system before the on-chip 
nonvolatile memory has been programmed. Sometimes V DD can be used to allow the pod to use power 
from the target system to avoid the need for a separate power supply. However, ifthe pod is powered 
separately, it can be connected to a running target system without forcing a target system reset or otherwise 
disturbing the running application program. 

Freescale Semiconductor 

BKGD 
No Connect 
No Connect 

1 [DJ. 2 GND 
3 •• 4 RESET 
5 •• 6 VDD 

Figure 25. Recommended 80M Connector 
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Appendix A 
Revision History 
This appendix describes corrections to the MCF51QE128 Reference Manual. For convenience, the 
corrections are grouped by revision. 

A.1 Changes between Rev. 2 and Rev. 3 
Table 29. MCF51QE128RM Rev. 2 to Rev. 3 Changes 

Chapter Description 

Throughout Formatting, layout, spelling, and grammar corrections. 
Added information about the MCF51 OE32 device. 
Changed the SRAM size for the MCF510E64 device (was 4 Kbytes, is 8 Kbytes). 
Removed the "Preliminary" label from the footer. 

Device Overview Corrected the number of ADC channels for the MCF51 OE64 device (was 22, is 20). 
Corrected the number of ADC channels for the 64-pin package of the MCF51 OE64 device (was 

22, is 20). 

Cold Fire Core Corrected the reset value for the D1 register (was different for QE128 and QE64, is 
Ox1090_0050). 

Analog Comparator Updated the chapter contents to include the correct information about the low-power ACMP. 
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