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Chapter 1 Device Overview

Table 1-1. MC9S08DZ128 Series Features by MCU and Pin Count

Feature MC9S08Dz128 MC9S08DZ96 MC9S08DV128 MC9S08DV96
FLASH (bytes) 131,072 98,304 131,072 98,304
RAM (bytes) 8192 6016 6016 4096
EEPROM (bytes) 2048 2048 — —
Pin quantity 100 64 48 100 64 48 100 64 48 100 64 48
Pin Interrupts 32 24 24 32 24 24 32 24 24 32 24 24
ACMP1 yes yes yes yes
ACMP2 yesl! yes! yeslt yes!
ADC channels 24 | 24 | 18 24 | 24 | 18 24 | 24 | 18 24 | 24 | 18
DBG yes yes yes yes
lIc1 yes yes yes yes
lcz yes | no | no yes | no | no yes | no | no yes | no | no
IRQ yes yes yes yes
MCG yes yes yes yes
MSCAN yes yes yes yes
RTC yes yes yes yes
SCI1 yes yes yes yes
SCI2 yes yes yes yes
SPI1 yes yes yes yes
SPI2 yes | no | no yes | no | no yes | no | no yes | no | no
TPM1 channels 6 6 6
TPM2 channels
TPM3 channels 42 4? 42 4?
XOSC yes yes yes yes
COP Watchdog yes yes yes yes

1 ACMP20 is not available in the 48-pin package.
2 TPM3 pins are not available in the 64-pin and 48-pin packages.

MC9S08DZ128 Series Data Sheet, Rev. 1

22 Freescale Semiconductor



3
4

y
A

Chapter 4 Memory

Table 4-4. MSCAN Foreground Receive and Transmit Buffer Layouts — Extended Mapping Shown
(Sheet 2 of 2)

0x18B3  CANTIDR3 ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR*
g;}::g_ gﬁmgggg B DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

0x18BC  CANTDLR — — — — DLC3 DLC2 DLC1 DLCO
0x18BD  CANTTBPR PRIO7 PRIO6 PRIO5 PRIO4 PRIO3 PRIO2 PRIO1 PRIOO
0x18BE  CANTTSRH TSR15 | TSR14 | TSR13 | TSR12 | TSR11 | TSR10 TSR9 TSR8
0x18BF  CANTTSRL TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO

! SRR and IDE are both 1s.
2 The position of RTR differs between extended and standard identifier mapping.

3 SRR and IDE are both 1s.
4 The position of RTR differs between extended and standard identifier mapping.

Nonvolatile FLASH registers, shown in Table 4-5, are located in the FLASH memory. These registers
include an 8-byte backdoor key, NVBACKKEY, which can be used to gain access to secure memory
resources. During reset events, the contents of NVPROT and NVOPT in the nonvolatile register area of the
FLASH memory aretransferred into corresponding FPROT and FOPT working registersin the high-page
registers to control security and block protection options.

Thefactory MCG trim valueis stored in anonvolatile location and will be loaded into the MCGTRM and
MCGSC registers after any reset if not inaBDM mode. If inaBDM mode, a default value of 0x80 is
loaded. Theinternal reference trim values stored in Flash (OXFFAE, OxFFAF), TRIM and FTRIM, can be
programmed by third party programmers and must be copied into the corresponding M CG registers by
user code to override the factory trim.

Table 4-5. Nonvolatile Register Summary

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
OxFFAE Reserved for

storage of FTRIM v 0 0 0 0 0 0 FTRIM
OxFFAF  Reserved for

storage of TRIM

MCGTRM
OxFFBO— NVBACKKEY .
OXEFB7 8-Byte Comparison Key
OxFFB8- Reserved — — — — — — — _
OxFFBC — — — — — — — —
OXFFBD NVPROT EPS FPS FPOP
OXxFFBE Reserved — — — — — — — —
OXFFBF NVOPT KEYEN | FNORED | EPGMOD 0 0 0 SEC

Provided the key enable (KEY EN) bit is 1, the 8-byte comparison key can be used to temporarily

disengage memory security. Thiskey mechanism can be accessed only through user code running in secure
memory. (A security key cannot be entered directly through background debug commands.) This security
key can be disabled completely by programming the KEY EN bit to O. If the security key is disabled, the
only way to disengage security isby masserasing the FLASH if needed (normally through the background
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Chapter 4 Memory

debug interface) and verifying that FLASH isblank. To avoid returning to secure mode after the next reset,
program the security bits (SEC) to the unsecured state (1:0).

4.4 Memory Management Unit

The memory management unit (MMU) allows the program and data space for the HCS08 Family of
Microcontrollers to be extended beyond the 64K CPU addressable memory map. The extended memory
when used for data can aso be accessed linearly using alinear address pointer and data access registers.

44.1 Features

Key features of the MMU module are:
* Memory Management Unit extends the HCS08 memory space
— upto 128K for program and data space
» Extended program space using paging scheme
— PPAGE register used for page selection
— fixed 16K byte memory window
— architecture supports eight 16K pages
» Extended data space using linear address pointer
— 17-bit linear address pointer
— linear address pointer and data register provided in direct page allows access of complete
FLASH memory map using direct page instructions
— optional auto increment of pointer when data accessed
— supports a 2s complement addition/subtraction to address pointer without using any math
instructions or memory resources

— supports word accesses to any address specified by the linear address pointer when using
LDHX, STHX instructions

4.4.2 Memory Expansion

The HCS08 Core architecture limits the CPU addressabl e space availableto 64K bytes. The Program Page
(PPAGE) allows for integrating up to 128K of FLASH into the system by selecting one of the 16K byte
blocks to be accessed through the Paging Window located at 0x8000-0xBFFF. The MMU module aso
provides a linear address pointer that allows extension of data access up to 128K.

4.4.2.1 Program Space

The PPAGE register holds the page select value for the Paging Window. The value in PPAGE can be
manipulated by using normal read and write instructions as well asthe CALL and RTC instructions. The
user should not change PPAGE directly when running from paged memory, only CALL and RTC should
be used.
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Chapter 4 Memory

() Required onl
(1) equirea only once
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Figure 4-12. Burst Program Flowchart
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Chapter 4 Memory

Command Execution,” for adetailed discussion of FLASH and EEPROM programming and erase

operations.
5 2
R 0 0 0 0 0 0 0
w FCMD
Reset 0 0 0 0 0 0 0

Figure 4-19. FLASH and EEPROM Command Register (FCMD)

Table 4-22. FLASH and EEPROM Commands

Command FCMD Equate File Label
Blank check 0x05 mBlank
Byte program 0x20 mByteProg
Burst program 0x25 mBurstProg
Sector erase 0x40 mSectorErase
Mass erase 0x41 mMassErase
Sector erase abort 0x47 mEraseAbort

It is not necessary to perform a blank check command after a mass erase operation. Only blank check is
required as part of the security unlocking mechanism.
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV2)

Table 8-2. FLL External Reference Divide Factor

Divide Factor

RDIV RANGE:DIV32 | RANGE:DIV32 | RANGE:DIV32

0:X 1:0 1:1

0 1 1 32

1 2 2 64

2 4 4 128

3 8 8 256

4 16 16 512

5 32 32 1024

6 64 64

Table 8-3. PLL External Reference Divide Factor

RDIV

Divide Factor

0

N OO AW NP
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV2)

8.3.6 MCG Test and Control Register (MCGT)
7 5 3 2 1 0
R 0 0 0 0 0 0 DRST
DMX32
w DRS
Reset: 0 0 0 0 0 0 0 1
Figure 8-8. MCG Test and Control Register (MCGT)
&&&& Table 8-8. MCG Test and Control Register Field Descriptions
Field Description
7:6 Reserved for test, user code should not write 1's to these bits.
5 DCO Maximum frequency with 32.768 kHz reference — The DMX32 hit controls whether or not the DCO
DMX32 |frequency range is narrowed to its maximum frequency with a 32.768 kHz reference. See Table 8-9.
0 DCO has default range of 25%.
1 DCO is fined tuned for maximum frequency with 32.768 kHz reference.
4:1 Reserved for test, user code should not write 1's to these bits.
0 DCO Range Status — The DRST read bit indicates the current frequency range for the FLL output, DCOOUT.
DRST See Table 8-9. The DRST bit does not update immediately after a write to the DRS field due to internal
DRS synchronization between clock domains. The DRST bit is not valid in BLPI, BLPE, PBE or PEE mode and it reads

zero regardless of the DCO range selected by the DRS bhit.

DCO Range Select — The DRS bit selects the frequency range for the FLL output, DCOOUT. Writes to the DRS
bit while either the LP or PLLS bit is set are ignored.
0 Low range.

1 Mid range.
Table 8-9. DCO frequency rangel
DRS |DMX32 Reference range FLL factor DCO range
0 0 31.25 - 39.0625 kHz 512 16 - 20 MHz
1 32.768 kHz 608 19.92 MHz
L 0 31.25 - 39.0625 kHz 1024 32 - 40 MHz
1 32.768 kHz 1216 39.85 MHz

1 The resulting bus clock frequency should not exceed the maximum specified bus
clock frequency of the device.
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV2)

8.5.3.2 Example # 2: Moving from PEE to BLPI Mode: Bus Frequency =16 kHz

In thisexample, the MCG will move through the proper operational modes from PEE mode with an SMHz
crystal configured for an 16 MHz bus frequency (see previous example) to BLPI mode with a16 kHz bus
frequency.First, the code sequence will be described. Then a flowchart will be included which illustrates
the sequence.

1. First, PEE must transition to PBE mode:

a) MCGC1 = 0x98 (%10011000)
— CLKS (bits 7 and 6) set to %10 in order to switch the system clock source to the external
reference clock
b) Loop until CLKST (bits 3 and 2) in MCGSC are %10, indicating that the external reference
clock is selected to feed MCGOUT

2. Then, PBE must transition either directly to FBE mode or first through BL PE mode and then to
FBE mode:

a) BLPE: If atransition through BLPE mode is desired, first set LP (bit 3) in MCGC2to 1
b) BLPE/FBE: MCGC3 = 0x18(%00011000)

— PLLS(bit6) clear to Oto select the FLL. At thistime, with an RDIV value of %011, the PLL
reference divider of 8 is switched to an FLL divider of 256 (see Table 8-2), resulting in a
reference frequency of 8 MHz / 256 = 31.25 kHz. If RDIV was not previously set to %011
(necessary to achieve required 31.25-39.06 kHz FLL reference frequency with an 8 MHz
external source frequency), it must be changed prior to clearing the PLLS bit. In BLPE
mode,changing this bit only preparesthe MCG for FLL usage in FBE mode. With PLLS =
0, the VDIV value does not matter.

— DIV32(bit4) setto 1 (if previously cleared), automatically switchesRDIV bitsto the proper
reference divider for the FLL clock (divide-by-256)

¢) BLPE: If transitioning through BLPE mode, clear LP (bit 3) in MCGC2 to 0 here to switch to
FBE mode

d) FBE: Loop until PLLST (bit 5) in MCGSC is clear, indicating that the current source for the
PLLSclock isthe FLL

e) FBE: Optionally, loop until LOCK (bit 6) in the MCGSC is set, indicating that the FLL has
acquired lock. Although the FLL is bypassed in FBE mode, it is still enabled and running.

3. Next, FBE mode transitions into FBI mode:

a MCGCL1 = 0x5C (%01011100)

— CLKS (bits7 and 6) in MCGSC1 set to %01 in order to switch the system clock to the
internal reference clock

MC9S08DZ128 Series Data Sheet, Rev. 1

Freescale Semiconductor 191



Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

When a conversion is aborted, the contents of the dataregisters, ADCRH and ADCRL, are not altered.
However, they continue to be the values transferred after the completion of the last successful conversion.
If the conversion was aborted by areset, ADCRH and ADCRL return to their reset states.

10.4.4.4 Power Control

The ADC module remainsin itsidle state until a conversionisinitiated. If ADACK is selected asthe
conversion clock source, the ADACK clock generator is also enabled.

Power consumption when active can be reduced by setting ADLPC. Thisresultsin alower maximum value
for fopck (see the electrical specifications).

10.4.45 Sample Time and Total Conversion Time

The total conversion time depends on the sample time (as determined by ADLSMP), the MCU bus
frequency, the conversion mode (8-bit, 10-bit or 12-hit), and the frequency of the conversion clock (fapck)-
After the module becomes active, sampling of the input begins. ADL SMP selects between short (3.5
ADCK cycles) and long (23.5 ADCK cycles) sample times.When sampling is complete, the converter is
isolated from the input channel and a successive approximation algorithm is performed to determine the
digital value of the analog signal. The result of the conversion istransferred to ADCRH and ADCRL upon
completion of the conversion algorithm.

If the bus frequency is less than the f 5 pck frequency, precise sample time for continuous conversions
cannot be guaranteed when short sampleisenabled (ADLSMP=0). If the busfrequency islessthan 1/11th
of the f5pc frequency, precise sample time for continuous conversions cannot be guaranteed when long
sampleis enabled (ADLSMP=1).

The maximum total conversion time for different conditionsis summarized in Table 10-13.

Table 10-13. Total Conversion Time vs. Control Conditions

Conversion Type ADICLK ADLSMP Max Total Conversion Time
Single or first continuous 8-bit 0x, 10 0 20 ADCK cycles + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 0x, 10 0 23 ADCK cycles + 5 bus clock cycles
Single or first continuous 8-bit 0x, 10 1 40 ADCK cycles + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 0x, 10 1 43 ADCK cycles + 5 bus clock cycles
Single or first continuous 8-bit 11 0 5 us + 20 ADCK + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 11 0 5 us + 23 ADCK + 5 bus clock cycles
Single or first continuous 8-bit 11 1 5 us + 40 ADCK + 5 bus clock cycles
Single or first continuous 10-bit or 12-bit 11 1 5 us + 43 ADCK + 5 bus clock cycles
Subsequent continuous 8-bit; XX 0 17 ADCK cycles
fsus > fapck
Subsequent continuous 10-bit or 12-bit; XX 0 20 ADCK cycles
fsus > fapck
Subsequent continuous 8-bit; XX 1 37 ADCK cycles
faus > fapck/11
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Chapter 12 Freescale’s Controller Area Network (SO8MSCANV1)

Section 12.3.4.1, “MSCAN Receiver Flag Register (CANRFLG)” and Section 12.3.5, “MSCAN
Receiver Interrupt Enable Register (CANRIER)”).

12.5.7.6 Interrupt Acknowledge

Interrupts are directly associated with one or more status flags in either the Section 12.3.4.1, “MSCAN
Receiver Flag Register (CANRFLG)” or the Section 12.3.6, “MSCAN Transmitter Flag Register
(CANTFLG).” Interrupts are pending as long as one of the corresponding flags is set. The flags in
CANRFLG and CANTFLG must be reset within the interrupt handler to handshake the interrupt. The flags
are reset by writing a 1 to the corresponding bit position. A flag cannot be cleared if the respective
condition prevails.

NOTE

It must be guaranteed that the CPU clears only the bit causing the current
interrupt. For this reason, bit manipulation instructions (BSET) must not be
used to clear interrupt flags. These instructions may cause accidental
clearing of interrupt flags which are set after entering the current interrupt
service routine.

12.5.7.7 Recovery from Stop or Wait

The MSCAN can recover from stop or wait via the wake-up interrupt. This interrupt can only occur if the
MSCAN was in sleep mode (SLPRQ =1 and SLPAK = 1) before entering power down mode, the wake-up
option is enabled (WUPE = 1), and the wake-up interrupt is enabled (WUPIE = 1).

12.6 Initialization/Application Information

12.6.1 MSCAN initialization

The procedure to initially start up the MSCAN module out of reset is as follows:

1. Assert CANE

2. Write to the configuration registers in initialization mode

3. Clear INITRQ to leave initialization mode and enter normal mode
If the configuration of registers which are writable in initialization mode needs to be changed only when
the MSCAN module is in normal mode:

1. Bring the module into sleep mode by setting SLPRQ and awaiting SLPAK to assert after the CAN
bus becomes idle.

2. Enter initialization mode: assert INITRQ and await INITAK
3. Write to the configuration registers in initialization mode
4. Clear INITRQ to leave initialization mode and continue in normal mode
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Chapter 14 Serial Communications Interface (S08SCIV4)

Table 14-6. SCIxS1 Field Descriptions (continued)

Field Description

1 Framing Error Flag — FE is set at the same time as RDRF when the receiver detects a logic 0 where the stop

FE bit was expected. This suggests the receiver was not properly aligned to a character frame. To clear FE, read
SCIxS1 with FE = 1 and then read the SCI data register (SCIxD).
0 No framing error detected. This does not guarantee the framing is correct.
1 Framing error.

0 Parity Error Flag — PF is set at the same time as RDRF when parity is enabled (PE = 1) and the parity bit in

PF the received character does not agree with the expected parity value. To clear PF, read SCIxS1 and then read
the SCI data register (SCIxD).
0 No parity error.
1 Parity error.

14.2.5 SCI Status Register 2 (SCIxS2)

This register has one read-only status flag.

7 6 5 4 3 2 1 0
R 0 RAF
LBKDIF RXEDGIF RXINV RWUID BRK13 LBKDE
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 14-9. SCI Status Register 2 (SCIxS2)
Table 14-7. SCIxS2 Field Descriptions
Field Description
7 LIN Break Detect Interrupt Flag — LBKDIF is set when the LIN break detect circuitry is enabled and a LIN break
LBKDIF |character is detected. LBKDIF is cleared by writing a “1” to it.
0 No LIN break character has been detected.
1 LIN break character has been detected.
6 RxD Pin Active Edge Interrupt Flag — RXEDGIF is set when an active edge (falling if RXINV = 0, rising if
RXEDGIF |RXINV=1) on the RxD pin occurs. RXEDGIF is cleared by writing a “1” to it.
0 No active edge on the receive pin has occurred.
1 An active edge on the receive pin has occurred.
4 Receive Data Inversion — Setting this bit reverses the polarity of the received data input.
RXINV! [0 Receive data not inverted
1 Receive data inverted
3 Receive Wake Up Idle Detect— RWUID controls whether the idle character that wakes up the receiver sets the
RWUID IDLE bit.
0 During receive standby state (RWU = 1), the IDLE bit does not get set upon detection of an idle character.
1 During receive standby state (RWU = 1), the IDLE bit gets set upon detection of an idle character.
2 Break Character Generation Length — BRK13 is used to select a longer transmitted break character length.
BRK13 Detection of a framing error is not affected by the state of this bit.

0 Break character is transmitted with length of 10 bit times (11 if M = 1)
1 Break character is transmitted with length of 13 bit times (14 if M = 1)
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Chapter 15 Real-Time Counter (SO8RTCV1)

HCS08 CORE
cPU DEBUG MODULE (DBG)
BKGD/MS
ACMP10
- Boc | Bke | ANALOG COMPARATOR |55+ =
HCS08 SYSTEM CONTROL > (ACMP1) ~ACMP1+
RESET<€»|  RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT REAL-TIME COUNTER (RTC)
| cor |[[ w o
T
| ownt | R |«
Voo —» VOLTAGE 8
Vss —» REGULATOR R
\\;HEFH 2 ™  24-CHANNEL,12-BIT | ADP7-ADPO
i 2 1™ ANALOG-TO-DIGITAL [
o a2 9| CONVERTER(ADC) | ADP15-ADP8
SSA > ADP23-ADP16
USER MEMORY
FLASH _EEPROM _RAM
MC9S08DZ128 = 128K_2K_8K
MC9S08DZ96 = 96K_2K_6K
MC9S08DV128 = 128K_0K_6K
MC9S08DV96 = 96K_0K_4K
PTJ7/PI7/TPM3CLK <€ BETS TPM1CHS -
. 3 6-CHANNEL TIMER/PWM  [TPMTCHO %
PTJ6/PIJ6 «—> TEMICLK
PTJ5/PIJ5 < 2p MODULE (TPM1) <
PTJ4/PIJ4 < By |2 [TPMCHO - TPM2CH,
a | | TPM3CH3 2-CHANNEL TIMER/PWM [ TPM2CHO
PTUS/PLITMPICHS =20 MODULE (TPW2) T TPM2CLK
PTJ2/PIJ2/TPM3CH2 <2 <
PTJ1/PIJ1/TPM3CH1 <" . > 4-CHANNEL TIMER/PWM
PTJO/PIJOTMP3CHO <«™»| | MODULE (TPM3)
PTK7 <2 | CONTROLLERAREA | XCAN
PTK6 <2 NETWORK (MSCAN) TXCAN -
PTK5 <= _MISO1 A
u X « >
PTKA 2 SERIAL PERIPHERAL (=cHOSIT >
PTK3 <5 INTERFACE MODULE (SPI1) |22 >
PTK2 <= <SSt -
PTK1 <> <01
PTK) <3 SERIAL COMMUNICATIONS [, -
. INTERFACE (SCI1) .
PTL7 <—>»
PTL6 << B> ACMP20 N
PTLS <"» | | ANALOG COMPARATOR [ _ ACMP2- >
PTL4 <= > (ACMP2) </CVP2+
PTL3 <=0 <SDA1 .
PTL2 <%> IIC MODULE (lIC1) <SCL! .
"> _RxD2 Y
ﬁlt:) . SERIAL COMMUNICATIONS [~
‘ . g INTERFACE (SCI2) >
PTH? <> «SDA2 >
PTH6 <%> IIC MODULE (IC2) | (SCL2 .
PTHS - MULTI-PURPOSE
o ", = MISO2 GENERZIOR
[a s
PIHIMISOZ = ™19 | < MOSI2,|  SERIAL PERIPHERAL (MCG)
PTH2/MOSI2 <«—>» o SPSCKQV _____
PTH1/SPSCK2 <—»-| [ ;| NTERFACE MODULE (SP2) | | OSCILLATOR [XTAL
PTHO/SS? <»-| | > (X0sC) | EXTAL

PORT A

PORT B

PORT C

PORT D

PORT E

PORT F

PORT G

[ |<«—» PTA7/PIA7/ADP7/IRQ

~«—>» PTAG/PIA6/ADP6

<«—> PTA5/PIA5/ADP5

-«—>» PTA4/PIA4/ADP4

~«—>» PTA3/PIA3/ADP3/ACMP10
~«—> PTA2/PIA2/ADP2/ACMP1-

~<—> PTA1/PIA1/ADP1/ACMP1+

| [~<—> PTAO/PIA0/ADPO/MCLK
[ |<—> PTB7/PIB7/ADP15

-«—>» PTB6/PIB6/ADP14
-«—>» PTB5/PIB5/ADP13
~<—>» PTB4/PIB4/ADP12
~«—>» PTB3/PIB3/ADP11
~<—> PTB2/PIB2/ADP10
~<—> PTB1/PIB1/ADP9

~<«—> PTBO/PIBO/ADPS

<25 PTC7/ADP23
<2 PTCO/ADP22
<2 » PTC5/ADP21
<2 > PTC4/ADP20
<> PTC3/ADP19
<25 PTC2/ADPI8
<®» pPTCI/ADP17
<®» pTCO/ADPI6

~«—>» PTD7/PID7/TPM1CH5
~<«—>» PTD6/PID6/TPM1CH4
~«—> PTD5/PID5/TPM1CH3
~«—>» PTD4/PID4/TPM1CH2
<—>» PTD3/PID3/TPM1CH1
~<«—>» PTD2/PID2/TPM1CHO
~<—> PTD1/PID1/TPM2CH1
~«—>» PTDO/PIDO/TPM2CHO

<> PTE7/RXD2/RXCAN
<> PTEG/TXD2TXCAN
<> PTE5/SDA1/MISO1
<—» PTE4/SCL1/MOSI1
<> PTE3/SPSCK1
<«—>» PTE2/SST

<«—— PTE1/RXD1

~<—> PTEO/TXD1

<2 PTF7

<> PTF6/ACMP20
<> PTF5/ACMP2-
~«—>» PTF4/ACMP2+
~<—» PTF3/TPM2CLK/SDA
<> PTF2/TPM1CLK/SCLT
<> PTF1/RXD2

<> PTFOTXD2

<% » PTG7/SDA2
<—:> PTG6/SCL2
<g> PTG5
<> PTG4
~<g> PTG3
<«—>» PTG2

<—>» PTG1/XTAL

® - Pin not connected in 64-pin and 48-pin packages @ - Pin not available in the 48-pin package
A -In 48-pin package, VDDA and VREFH are internally connected to each other and VSSA and VREFL are internally connected to each other.

Figure 15-1. MC9S08DZ128 Block Diagram with RTC Highlighted
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Chapter 17 Development Support

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

To issue a SYNC command, the host:
* Drivesthe BKGD pinlow for at least 128 cycles of the slowest possible BDC clock (The slowest
clock is normally the reference oscillator/64 or the self-clocked rate/64.)
* DrivesBKGD highfor abrief speedup pulseto get afast rise time (This speedup pulseistypically
one cycle of the fastest clock in the system.)
* Removesall driveto the BKGD pin so it reverts to high impedance
* Monitorsthe BKGD pin for the sync response pulse

The target, upon detecting the SY NC request from the host (which isamuch longer low time than would
ever occur during normal BDC communications):

» Waitsfor BKGD to return to alogic high

» Delays 16 cyclesto allow the host to stop driving the high speedup pulse
* DrivesBKGD low for 128 BDC clock cycles

» Drivesal-cycle high speedup pulse to force afast rise time on BKGD

* Removesall driveto the BKGD pin so it reverts to high impedance

The host measures the low time of this 128-cycle sync response pul se and determines the correct speed for
subsequent BDC communications. Typically, the host can determine the correct communication speed
within afew percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

17.2.4 BDC Hardware Breakpoint

The BDC includes one relatively simple hardware breakpoint that compares the CPU address bus to a
16-bit match valueinthe BDCBKPT register. This breakpoint can generate aforced breakpoint or atagged
breakpoint. A forced breakpoint causes the CPU to enter active background mode at the first instruction
boundary following any access to the breakpoint address. The tagged breakpoint causes the instruction
opcode at the breakpoint address to be tagged so that the CPU will enter active background mode rather
than executing that instruction if and when it reaches the end of the instruction queue. Thisimplies that
tagged breakpoints can only be placed at the address of an instruction opcode whileforced breakpoints can
be set at any address.

The breakpoint enable (BKPTEN) control bit in the BDC status and control register (BDCSCR) is used to
enable the breakpoint logic (BKPTEN = 1). When BKPTEN = 0, its default value after reset, the
breakpoint logic is disabled and no BDC breakpoints are requested regardless of the valuesin other BDC
breakpoint registers and control bits. The force/tag select (FTS) control bit in BDCSCR is used to select
forced (FTS=1) or tagged (FTS = 0) type breakpoints.

17.3 Register Definition

This section contains the descriptions of the BDC registers and control bits.
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Chapter 18 Debug Module (SO8DBGV3) (128K)
1 In the case of an end-trace to reset where DBGEN=1 and BEGIN=0, the bits in this register do not change after reset.

Table 18-6. DBGCBL Field Descriptions

Field Description

Bits 7-0 | Comparator B Low Compare Bits — The Comparator B Low compare bits control whether Comparator B will
compare the address bus or data bus bits [7:0] to a logic 1 or logic 0.

0 Compare corresponding address bit to a logic 0, compares to data if in Full mode

1 Compare corresponding address bit to a logic 1, compares to data if in Full mode

18.3.3.5 Debug Comparator C High Register (DBGCCH)

Module Base + 0x0004

7 6 5 4 3 2 1 0

R
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

W
POR

or non- 0 0 0 0 0 0 0 0
end-run

Reset U U U U U U U U

end-run

Figure 18-6. Debug Comparator C High Register (DBGCCH)
1 In the case of an end-trace to reset where DBGEN=1 and BEGIN=0, the bits in this register do not change after reset.

Table 18-7. DBGCCH Field Descriptions

Field Description

Bits 15-8 |Comparator C High Compare Bits — The Comparator C High compare bits control whether Comparator C will
compare the address bus bits [15:8] to a logic 1 or logic O.

0 Compare corresponding address bit to a logic 0

1 Compare corresponding address bit to a logic 1

MC9S08DZ128 Series Data Sheet, Rev. 1

Freescale Semiconductor 399



Chapter 18 Debug Module (SO8DBGV3) (128K)

18.4.2 Breakpoints

A breakpoint request to the CPU at the end of a trace run can be created if the BRKEN bit in the DBGC
register is set. The value of the BEGIN bit in DBGT register determines when the breakpoint request to
the CPU will occur. If the BEGIN bit is set, begin-trigger is selected and the breakpoint request will not
occur until the FIFO is filled with 8 words. If the BEGIN bit is cleared, end-trigger is selected and the
breakpoint request will occur immediately at the trigger cycle.

When traditional hardware breakpoints from comparators A or B are desired, set BEGIN=0 to select an
end-trace run and set the trigger mode to either 0x0 (A-only) or 0x1 (A OR B) mode.

There are two types of breakpoint requests supported by the DBG module, tag-type and force-type. Tagged
breakpoints are associated with opcode addresses and allow breaking just before a specific instruction
executes. Force breakpoints are not associated with opcode addresses and allow breaking at the next
instruction boundary. The TAG bit in the DBGC register determines whether CPU breakpoint requests will
be a tag-type or force-type breakpoints. When TAG=0, a force-type breakpoint is requested and it will take
effect at the next instruction boundary after the request. When TAG=1, a tag-type breakpoint is registered
into the instruction queue and the CPU will break if/when this tag reaches the head of the instruction queue
and the tagged instruction is about to be executed.

18.4.2.1 Hardware Breakpoints

Comparators A, B, and C can be used as three traditional hardware breakpoints whether the on-chip ICE
real-time capture function is required or not. To use any breakpoint or trace run capture functions set
DBGEN=1. BRKEN and TAG affect all three comparators. When BRKEN=0, no CPU breakpoints are
enabled. When BRKEN=1, CPU breakpoints are enabled and the TAG bit determines whether the
breakpoints will be tag-type or force-type breakpoints. To use comparators A and B as hardware
breakpoints, set DBGT=0x81 for tag-type breakpoints and 0x01 for force-type breakpoints. This sets up
an end-type trace with trigger mode “A OR B”.

Comparator C is not involved in the trigger logic for the on-chip ICE system.

18.4.3 Trigger Selection

The TRGSEL bit in the DBGT register is used to determine the triggering condition of the on-chip ICE
system. TRGSEL applies to both trigger A and B except in the event only trigger modes. By setting the
TRGSEL bit, the comparators will qualify a match with the output of opcode tracking logic. The opcode
tracking logic is internal to each comparator and determines whether the CPU executed the opcode at the
compare address. With the TRGSEL bit cleared a comparator match is all that is necessary for a trigger
condition to be met.

NOTE

If the TRGSEL is set, the address stored in the comparator match address
registers must be an opcode address for the trigger to occur.
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Appendix A Electrical Characteristics

Table A-6. DC Characteristics (continued)

Num| C Characteristic Symbol Condition Min Typ1 Max Unit
14 | D |RAM retention voltage VRrAM — 0.6 1.0 \Y,
15 | D |POR re-arm voltage® Vpor 0.9 14 2.0 \Y
16 | D |POR re-arm time® thoR 10 — — us

P |Low-voltage detection threshold —
17 high range Vivb1
Vpp falling 3.9 4.0 4.1 \Y,
Vpp rising 4.0 4.1 4.2
P |Low-voltage detection threshold —
18 low range Vivpo
Vpp falling 2.48 2.56 2.64 Y,
Vpp rising 2.54 2.62 2.70
P |Low-voltage warning threshold —
19 high range 1 Vivw3a
Vpp falling 45 4.6 4.7 \Y,
Vpp rising 4.6 4.7 4.8
P |Low-voltage warning threshold —
20 high range 0 Vivwz
Vpp falling 4.2 43 4.4 \Y,
Vpp rising 4.3 4.4 4.5
P |Low-voltage warning threshold
1 low range 1 Vivwi
Vpp falling 2.84 2.92 3.00 \Y,
Vpp rising 2.90 2.98 3.06
P |Low-voltage warning threshold —
- low range 0 Vivwo
Vpp falling 2.66 2.74 2.82 \Y,
Vpp rising 2.72 2.80 2.88
T |Low-voltage inhibit reset/recover Vivinys 5V — 100 —
ysteresis 3V — 60 —
24 | p |Bandgap Voltage Reference®® Vgg 1.19 1.20 121 \Y
1 Typical values are measured at 25°C. Characterized, not tested.
2

When a pin interrupt is configured to detect rising edges, pulldown resistors are used in place of pullup resistors.

The specified resistor value is the actual value internal to the device. The pullup value may measure higher when measured
externally on the pin.

Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current
conditions. If positive injection current (V,, > Vpp) is greater than Ipp, the injection current may flow out of Vpp and could result
in external power supply going out of regulation. Ensure external Vpp load will shunt current greater than maximum injection
current. This will be the greatest risk when the MCU is not consuming power. Examples are: if no system clock is present, or if
clock rate is very low (which would reduce overall power consumption).

All functional non-supply pins are internally clamped to Vgg and Vpp.

Input must be current limited to the value specified. To determine the value of the required current-limiting resistor, calculate
resistance values for positive and negative clamp voltages, then use the larger of the two values.

The PTEL pin does not have a clamp diode to Vpp. Do not drive this pin above Vpp.
Maximum is highest voltage that POR will occur.

Simulated, not tested

10 Factory trimmed at Vpp = 5.0 V, Temp = 25°C

o o

7
8
9
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Appendix A Electrical Characteristics
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Figure A-6. Typical Run IDD vs. Temperature (VDD = 5V)
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Figure A-7. Typical Stop Ipp vs. Temperature (Vpp = 5V)

A.8 Analog Comparator (ACMP) Electricals

Table A-8. Analog Comparator Electrical Specifications

Num C Rating Symbol Min Typical Max Unit

1 — | Supply voltage Vpb 2.7 — 5.5 Vv
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