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Chapter 1 Device Overview

1.2

MCU Block Diagram

The block diagram in Figure 1-1 shows the structure of the MC9S08SH32 Series MCU.
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When PTA4 is configured as BKGD, pin becomes bi-directional.
Figure 1-1. MC9S08SH32 Series Block Diagram
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Chapter 2 Pins and Connections

221 Power

Vpp and Vg are the primary power supply pins for the MCU. This voltage source supplies power to all
I/O buffer circuitry and to an internal voltage regulator. The internal voltage regulator provides regulated
lower-voltage source to the CPU and other internal circuitry of the MCU.

Typically, application systems have two separate capacitors across the power pins. In this case, there
should be a bulk electrolytic capacitor, such as a 10-uF tantalum capacitor, to provide bulk charge storage
for the overall system and a 0.1-uF ceramic bypass capacitor located as near to the MCU power pins as
practical to suppress high-frequency noise. Each pin must have a bypass capacitor for best noise
suppression.

Vppa and Vggp are the analog power supply pins for MCU. This voltage source supplies power to the
ADC module. A 0.1uF ceramic bypass capacitor should be located as near to the MCU power pins as
practical to suppress high-frequency noise. The Vrgpy and Vyggp pins are the voltage reference high and
voltage reference low inputs, respectively for the ADC module. For this MCU, Vppa shares the Vrgrg
pin and these pins are available only in the 28-pin packages. In the 16-pin and 20-pin packages they are
double bonded to the Vp pin. For this MCU, Vgga shares the Vgggp pin and these pins are available only
in the 28-pin packages. In the 16-pin and 20-pin packages they are double bonded to the Vg pin.

2.2.2 Oscillator (XOSC)

Immediately after reset, the MCU uses an internally generated clock provided by the clock source
generator (ICS) module. For more information on the ICS, see Chapter 11, “Internal Clock Source
(SO8ICSV2).”

The oscillator (XOSC) in this MCU is a Pierce oscillator that can accommodate a crystal or ceramic
resonator. Rather than a crystal or ceramic resonator, an external oscillator can be connected to the EXTAL
input pin.

Refer to Figure 2-4 for the following discussion. Rg (when used) and Rg should be low-inductance
resistors such as carbon composition resistors. Wire-wound resistors, and some metal film resistors, have
too much inductance. C1 and C2 normally should be high-quality ceramic capacitors that are specifically
designed for high-frequency applications.

Rp is used to provide a bias path to keep the EXTAL input in its linear range during crystal startup; its value
is not generally critical. Typical systems use 1 MQ to 10 MQ. Higher values are sensitive to humidity and
lower values reduce gain and (in extreme cases) could prevent startup.

C1 and C2 are typically in the 5-pF to 25-pF range and are chosen to match the requirements of a specific
crystal or resonator. Be sure to take into account printed circuit board (PCB) capacitance and MCU pin
capacitance when selecting C1 and C2. The crystal manufacturer typically specifies a load capacitance
which is the series combination of C1 and C2 (which are usually the same size). As a first-order
approximation, use 10 pF as an estimate of combined pin and PCB capacitance for each oscillator pin
(EXTAL and XTAL).
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Chapter 4 Memory

WRITE TO FCDIV (Note 1) Note 1: Required only once after reset.
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Figure 4-2. FLASH Program and Erase Flowchart

4.5.4 Burst Program Execution

The burst program command is used to program sequential bytes of data in less time than would be
required using the standard program command. This is possible because the high voltage to the FLASH
array does not need to be disabled between program operations. Ordinarily, when a program or erase
command is issued, an internal charge pump associated with the FLASH memory must be enabled to
supply high voltage to the array. Upon completion of the command, the charge pump is turned off. When
a burst program command is issued, the charge pump is enabled and then remains enabled after completion
of the burst program operation if these two conditions are met:

* The next burst program command has been queued before the current program operation has
completed.

» The next sequential address selects a byte on the same physical row as the current byte being
programmed. A row of FLASH memory consists of 64 bytes. A byte within a row is selected by
addresses A5 through A0. A new row begins when addresses A5 through A0 are all zero.

MC9S08SH32 Series Data Sheet, Rev. 3
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Chapter 4 Memory

Table 4-9. Security States’

SEC01:SEC00 Description
0:0 secure
0:1 secure
1:0 unsecured
1:1 secure

1 SECO01:SEC00 changes to 1:0 after successful backdoor
key entry or a successful blank check of FLASH.

4.7.3 FLASH Configuration Register (FCNFQG)

5 4 2 1
R 0 0 0 0 0 0 0
KEYACC

w

Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-7. FLASH Configuration Register (FCNFG)
Table 4-10. FCNFG Register Field Descriptions
Field Description
5 Enable Writing of Access Key — This bit enables writing of the backdoor comparison key. For more detailed

KEYACC |information about the backdoor key mechanism, refer to Section 4.6, “Security.”
0 Writes to OxFFBO—-0xFFB7 are interpreted as the start of a FLASH programming or erase command.
1 Writes to NVBACKKEY (0xFFB0O—OxFFB7) are interpreted as comparison key writes.

4.7.4 FLASH Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatile location NVPROT are copied from FLASH into FPROT. This
register can be read at any time. If FPDIS = 0, protection can be increased (that is, a smaller value of FPS
can be written). If FPDIS = 1, writes do not change protection.

7 6 5 4 3 2 1 0
R
Fps() FpDIS(M
w
Reset This register is loaded from nonvolatile location NVPROT during reset.

1 Background commands can be used to change the contents of these bits in FPROT.

Figure 4-8. FLASH Protection Register (FPROT)

MC9S08SH32 Series Data Sheet, Rev. 3
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Chapter 4 Memory

Table 4-11. FPROT Register Field Descriptions

Field Description
71 FLASH Protect Select Bits — When FPDIS = 0, this 7-bit field determines the ending address of unprotected
FPS FLASH locations at the high address end of the FLASH. Protected FLASH locations cannot be erased or
programmed.
0 FLASH Protection Disable
FPDIS 0 FLASH block specified by [7:1] is block protected (program and erase not allowed).
1 No FLASH block is protected.
4.7.5 FLASH Status Register (FSTAT)
7 6 5 4 3 2 1 0
R FCCF 0 FBLANK 0 0
FCBEF FPVIOL FACCERR
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-9. FLASH Status Register (FSTAT)
Table 4-12. FSTAT Register Field Descriptions
Field Description
7 FLASH Command Buffer Empty Flag — The FCBEF bit is used to launch commands. It also indicates that the
FCBEF command buffer is empty so that a new command sequence can be executed when performing burst
programming. The FCBEF bit is cleared by writing a 1 to it or when a burst program command is transferred to
the array for programming. Only burst program commands can be buffered.
0 Command buffer is full (not ready for additional commands).
1 A new burst program command can be written to the command buffer.
6 FLASH Command Complete Flag — FCCF is set automatically when the command buffer is empty and no
FCCF command is being processed. FCCF is cleared automatically when a new command is started (by writing 1 to
FCBEF to register a command). Writing to FCCF has no meaning or effect.
0 Command in progress
1 All commands complete
5 Protection Violation Flag — FPVIOL is set automatically when a command is written that attempts to erase or
FPVIOL |program a location in a protected block (the erroneous command is ignored). FPVIOL is cleared by writing a 1 to

FPVIOL.
0 No protection violation.
1 An attempt was made to erase or program a protected location.
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Chapter 4 Memory

Table 4-12. FSTAT Register Field Descriptions (continued)

Field

Description

4
FACCERR

Access Error Flag — FACCERR is set automatically when the proper command sequence is not obeyed exactly
(the erroneous command is ignored), if a program or erase operation is attempted before the FCDIV register has
been initialized, or if the MCU enters stop while a command was in progress. For a more detailed discussion of
the exact actions that are considered access errors, see Section 4.5.5, “Access Errors” FACCERR is cleared by
writing a 1 to FACCERR. Writing a 0 to FACCERR has no meaning or effect.

0 No access error.

1 An access error has occurred.

2
FBLANK

FLASH Verified as All Blank (erased) Flag — FBLANK is set automatically at the conclusion of a blank check

command if the entire FLASH array was verified to be erased. FBLANK is cleared by clearing FCBEF to write a

new valid command. Writing to FBLANK has no meaning or effect.

0 After a blank check command is completed and FCCF = 1, FBLANK = 0 indicates the FLASH array is not
completely erased.

1 After a blank check command is completed and FCCF = 1, FBLANK = 1 indicates the FLASH array is
completely erased (all OxFF).

4.7.6 FLASH Command Register (FCMD)

Only five command codes are recognized in normal user modes as shown in Table 4-13. Refer to Section
4.5.3, “Program and Erase Command Execution,” for a detailed discussion of FLASH programming and

erase operations.

5 2 1 0
R 0 0 0 0 0 0 0 0

w FCMD
Reset 0 0 0 0 0 0 0 0

Figure 4-10. FLASH Command Register (FCMD)
Table 4-13. FLASH Commands

Command FCMD Equate File Label
Blank check 0x05 mBlank
Byte program 0x20 mByteProg
Byte program — burst mode 0x25 mBurstProg
Page erase (512 bytes/page) 0x40 mPageErase
Mass erase (all FLASH) 0x41 mMassErase

All other command codes are illegal and generate an access error.

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.

MC9S08SH32 Series Data Sheet, Rev. 3
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Chapter 5 Resets, Interrupts, and General System Control

5.7.1

Interrupt Pin Request Status and Control Register (IRQSC)

This direct page register includes status and control bits, which are used to configure the IRQ function,
report status, and acknowledge IRQ events.

6 5 4 3 2 1 0
R 0 IRQF 0
IRQPDD IRQEDG IRQPE IRQIE IRQMOD
w IRQACK
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-2. Interrupt Request Status and Control Register (IRQSC)
Table 5-3. IRQSC Register Field Descriptions
Field Description
6 Interrupt Request (IRQ) Pull Device Disable — This read/write control bit is used to disable the internal pullup
IRQPDD | device when the IRQ pin is enabled (IRQPE = 1) allowing for an external device to be used.
0 IRQ pull device enabled if IRQPE = 1.
1 IRQ pull device disabled if IRQPE = 1.
5 Interrupt Request (IRQ) Edge Select — This read/write control bit is used to select the polarity of edges or
IRQEDG |levels on the IRQ pin that cause IRQF to be set. The IRQMOD control bit determines whether the IRQ pin is
sensitive to both edges and levels or only edges. When the IRQ pin is enabled as the IRQ input and is configured
to detect rising edges. When IRQEDG = 1 and the internal pull device is enabled, the pull-up device is
reconfigured as an optional pull-down device.
0 IRQ s falling edge or falling edge/low-level sensitive.
1 IRQ is rising edge or rising edge/high-level sensitive.
4 IRQ Pin Enable — This read/write control bit enables the IRQ pin function. When this bit is set the IRQ pin can
IRQPE be used as an interrupt request.
0 IRQ pin function is disabled.
1 IRQ pin function is enabled.
3 IRQ Flag — This read-only status bit indicates when an interrupt request event has occurred.
IRQF 0 No IRQ request.
1 IRQ event detected.
2 IRQ Acknowledge — This write-only bit is used to acknowledge interrupt request events (write 1 to clear IRQF).
IRQACK | Writing 0 has no meaning or effect. Reads always return 0. If edge-and-level detection is selected (IRQMOD = 1),
IRQF cannot be cleared while the IRQ pin remains at its asserted level.
1 IRQ Interrupt Enable — This read/write control bit determines whether IRQ events generate an interrupt
IRQIE request.
0 Interrupt request when IRQF set is disabled (use polling).
1 Interrupt requested whenever IRQF = 1.
0 IRQ Detection Mode — This read/write control bit selects either edge-only detection or edge-and-level
IRQMOD | detection. The IRQEDG control bit determines the polarity of edges and levels that are detected as interrupt
request events. See Section 5.5.2.2, “Edge and Level Sensitivity,” for more details.
0 IRQ event on falling edges or rising edges only.
1 IRQ event on falling edges and low levels or on rising edges and high levels.
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Chapter 5 Resets, Interrupts, and General System Control

5.7.7 System Power Management Status and Control 1 Register
(SPMSC1)

This high page register contains status and control bits to support the low voltage detect function, and to
enable the bandgap voltage reference for use by the ADC module. This register should be written during
the user’s reset initialization program to set the desired controls even if the desired settings are the same
as the reset settings.

7 6 5 4 3 2 1 0
R| LVWF! 0 0
LVWIE LVDRE2 LVDSE? LVDE? BGBE
W LVWACK
Reset: 0 0 0 1 1 1 0 0
= Unimplemented or Reserved

T LVWF will be set in the case when Vsupply transitions below the trip point or after reset and Vg5, is already below Vi
2 This bit can be written only one time after reset. Additional writes are ignored.

Figure 5-9. System Power Management Status and Control 1 Register (SPMSC1)

Table 5-10. SPMSC1 Register Field Descriptions

Field Description

7 Low-Voltage Warning Flag — The LVWF bit indicates the low voltage warning status.
LVWF 0 Low voltage warning is not present.
1 Low voltage warning is present or was present.

6 Low-Voltage Warning Acknowledge — The LVWF bit indicates the low voltage warning status.Writing a 1 to
LVWACK |LVWACK clears LVWF to a 0O if a low voltage warning is not present.

5 Low-Voltage Warning Interrupt Enable — This bit enables hardware interrupt requests for LVWF.
LVWIE 0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVWF = 1.

4 Low-Voltage Detect Reset Enable — This write-once bit enables LVD events to generate a hardware reset
LVDRE (provided LVDE = 1).
0 LVD events do not generate hardware resets.
1 Force an MCU reset when an enabled low-voltage detect event occurs.

3 Low-Voltage Detect Stop Enable — Provided LVDE = 1, this write-once bit determines whether the low-voltage
LVDSE detect function operates when the MCU is in stop mode.
0 Low-voltage detect disabled during stop mode.
1 Low-voltage detect enabled during stop mode.

2 Low-Voltage Detect Enable — This write-once bit enables low-voltage detect logic and qualifies the operation
LVDE of other bits in this register.
0 LVD logic disabled.
1 LVD logic enabled.

0 Bandgap Buffer Enable — This bit enables an internal buffer for the bandgap voltage reference for use by the
BGBE ADC and ACMP modules.
0 Bandgap buffer disabled.
1 Bandgap buffer enabled.

MC9S08SH32 Series Data Sheet, Rev. 3
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Chapter 7 Central Processor Unit (S08CPUV3)

7.5 HCSO08 Instruction Set Summary

Table 7-2 provides a summary of the HCS08 instruction set in all possible addressing modes. The table
shows operand construction, execution time in internal bus clock cycles, and cycle-by-cycle details for
each addressing mode variation of each instruction.

Table 7-2. Instruction Set Summary (Sheet 1 of 9)

2 @ Affect
Sggrrnie Operation gg Object Code | 5 Cylgétt’gi'lgyc on CCR
3= O VI1H|INZC
ADC #opr8i IMM A9 i 2 |pp
ADC opr8a DIR B9 dd 3 |[rpp
ADC oprl6a EXT C9 hh |1 4 |prpp
ADC oprx16,X Add with Carry X2 D9 ee ff 4 |prpp t111]|-111
ADC oprx8,X A« (A)+ (M) + (C) IX1 E9 ff 3 |[rpp M
ADC X IX F9 3 |rfp
ADC oprx16,SP SP2 9E D9 ee ff 5 |pprpp
ADC oprx8,SP SP1 9E E9 ff 4 |prpp
ADD #opr8i IMM ABii 2 |pp
ADD opr8a DIR BB dd 3 |rpp
ADD oprl6a EXT CB hh || 4 |prpp
ADD oprx16,X Add without Carry IX2 DB ee ff 4 |prpp t111|-111
ADD oprx8,X A« (A) + (M) IX1 EB ff 3 |rpp M
ADD X IX FB 3 |rfp
ADD oprx16,SP SP2 9E DB ee ff 5 |pprpp
ADD oprx8,SP SP1 9E EB ff 4 |prpp
Add Immediate Value (Signed) to
AIS #opr8i Stack Pointer IMM A7 i 2 |pp -11—-|(----
SP « (SP) + (M)
Add Immediate Value (Signed) to
AIX #opr8i Index Register (H:X) IMM AF i 2 |pp -11—-|----
H:X « (H:X) + (M)
AND #opr8i IMM Adii 2 |pp
AND opr8a DIR B4 dd 3 |rpp
AND oprl6a EXT C4 hh |1 4 |prpp
AND oprx16,X Logical AND X2 D4 ee ff 4 |prpp 011_|-11-
AND oprx8,X A« (A) & (M) IX1 E4 ff 3 |rpp M
AND X IX F4 3 |rfp
AND oprx16,SP SP2 9E D4 ee ff 5 |pprpp
AND oprx8,SP SP1 9E E4 ff 4 |prpp
ASL opr8a Arithmetic Shift Left DIR 38 dd 5 |rfwpp
ASLA . INH 48 1 |p
ASLX Cle{ [ [ I 1] ] J~o0 INH 58 1 |p 111-|-113
ASL oprx8,X b7 bo X1 68 ff 5 |[rfwpp
ASL X IX 78 4 rfwp
ASL oprx8,SP (Same as LSL) SP1 9E 68 ff 6 |prfwpp
ASR opr8a ) ) o DIR 37 dd 5 |rfwpp
ASRA Arithmetic Shift nght INH 47 1 p
ASRX — INH 57 1 |p t11-|-111
ASR oprx8,X L. }=[C] IX1 67 ff 5 |[rfwpp
ASR X b7 b0 IX 77 4 rfwp
ASR oprx8,SP SP1 9E 67 ff 6 |prfwpp
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PR 4

Chapter 8 Analog Comparator 5-V (S08ACMPV3)

—» PTA4/ACMPO/BKGD/MS

PORT A

~<«—> PTA1/PIA1/TPM2CHO/ADP1/ACMP-
<—» PTAO/PIA0/TPM1CHO/ADPO/ACMP+

A
A
A
A
ACMPO
- ErTe——
> ANALOG COMPARATOR | (ACMP-
> (ACMP) ACMP+
e
A
Vbpa A
Vssa A
A

A =Pin can be enabled as part of the ganged output drive feature
NOTE: - PTC7-PTCO and PTA7-PTAG6 not available on 16--pin Packages
- PTC7-PTC4 and PTA7-PTAG not available on 20-pin Packages

- For the 16-pin and 20-pin packages: Vppa/Vrern and Vssa/VrerL , are double bonded to Vpp and Vgg respectively.
- When PTA4 is configured as BKGD, pin becomes bi-directional.

Figure 8-1. MC9S08SH32 Series Block Diagram Highlighting ACMP Block and Pins
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Inter-Integrated Circuit (S08IICV2)

Address Data Bus
Interrupt ¢
A
ADDR_DECODE DATA_MUX
A
Y
A A A A A
Y Y Y Y Y Y Y Y Y Y
CTRL_REG FREQ_REG ADDR_REG STATUS_REG DATA_REG
| A }
| 2 —
: Input o
» Sync =
In/Out
A Start - > Data
Stop Shift >
] Arbitration - Register
Control
Clock < o <
Control - Address
= < Compare -<
’ \J ’ \J
SCL SDA

Figure 10-2. lIC Functional Block Diagram

10.2 External Signal Description

This section describes each user-accessible pin signal.

10.2.1 SCL — Serial Clock Line
The bidirectional SCL is the serial clock line of the IIC system.

10.2.2 SDA — Serial Data Line
The bidirectional SDA is the serial data line of the IIC system.

10.3 Register Definition
This section consists of the IIC register descriptions in address order.

Refer to the direct-page register summary in the memory chapter of this document for the absolute address
assignments for all IIC registers. This section refers to registers and control bits only by their names. A

MC9S08SH32 Series Data Sheet, Rev. 3
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Inter-Integrated Circuit (S08IICV2)

10.3.3 lIC Control Register (IICC1)
7 6 5 4 3 2 1 0
R 0 0 0
IICEN IICIE MST X TXAK
w RSTA
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 10-5. IIC Control Register (IICC1)
Table 10-6. lICC1 Field Descriptions
Field Description
7 IIC Enable. The IICEN bit determines whether the 1IC module is enabled.
IICEN 0 lIC is not enabled
1 1IC is enabled
6 lIC Interrupt Enable. The IICIE bit determines whether an IIC interrupt is requested.
lICIE 0 IIC interrupt request not enabled
1 IIC interrupt request enabled
5 Master Mode Select. The MST bit changes from a 0 to a 1 when a start signal is generated on the bus and
MST master mode is selected. When this bit changes from a 1 to a 0 a stop signal is generated and the mode of
operation changes from master to slave.
0 Slave mode
1 Master mode
4 Transmit Mode Select. The TX bit selects the direction of master and slave transfers. In master mode, this bit
TX should be set according to the type of transfer required. Therefore, for address cycles, this bit is always high.
When addressed as a slave, this bit should be set by software according to the SRW bit in the status register.
0 Receive
1 Transmit
3 Transmit Acknowledge Enable. This bit specifies the value driven onto the SDA during data acknowledge
TXAK cycles for master and slave receivers.
0 An acknowledge signal is sent out to the bus after receiving one data byte
1 No acknowledge signal response is sent
2 Repeat start. Writing a 1 to this bit generates a repeated start condition provided it is the current master. This
RSTA bit is always read as cleared. Attempting a repeat at the wrong time results in loss of arbitration.
10.3.4 |lIC Status Register (lICS)
7 6 5 4 2 1 0
R TCF BUSY 0 SRW RXAK
IAAS ARBL IICIF
w
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 10-6. IIC Status Register (IICS)
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Chapter 11 Internal Clock Source (S08ICSV2)

11.1.4.4 FLL Bypassed Internal Low Power (FBILP)

In FLL bypassed internal low power mode, the FLL is disabled and bypassed, and the ICS supplies a clock
derived from the internal reference clock. The BDC clock is not available.

11.1.4.5 FLL Bypassed External (FBE)

In FLL bypassed external mode, the FLL is enabled and controlled by an external reference clock, but is
bypassed. The ICS supplies a clock derived from the external reference clock. The external reference clock
can be an external crystal/resonator supplied by an OSC controlled by the ICS, or it can be another external
clock source. The BDC clock is supplied from the FLL.

11.1.4.6 FLL Bypassed External Low Power (FBELP)
In FLL bypassed external low power mode, the FLL is disabled and bypassed, and the ICS supplies a clock

derived from the external reference clock. The external reference clock can be an external crystal/resonator
supplied by an OSC controlled by the ICS, or it can be another external clock source. The BDC clock is
not available.

11.1.4.7 Stop (STOP)

In stop mode the FLL is disabled and the internal or external reference clocks can be selected to be enabled
or disabled. The BDC clock is not available and the ICS does not provide an MCU clock source.

11.2 External Signal Description

There are no ICS signals that connect off chip.

11.3 Register Definition

Figure 11-1 is a summary of ICS registers.

Table 11-1. ICS Register Summary

Name 7 6 5 4 3 2 1 0

R

ICSC1 CLKS RDIV IREFS IRCLKEN | IREFSTEN
W
R

ICSC2 BDIV RANGE HGO LP EREFS ERCLKEN | EREFSTEN
W
R

ICSTRM TRIM

W
R 0 0 0 IREFST CLKST OSCINIT

ICSSC FTRIM
W
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Chapter 15 Serial Peripheral Interface (S08SPIV3)

15.3 Modes of Operation

15.3.1 SPIl in Stop Modes

The SPI is disabled in all stop modes, regardless of the settings before executing the STOP instruction.
During either stop1 or stop2 mode, the SPI module will be fully powered down. Upon wake-up from stop1
or stop2 mode, the SPI module will be in the reset state. During stop3 mode, clocks to the SPI module are
halted. No registers are affected. If stop3 is exited with a reset, the SPI will be put into its reset state. If
stop3 is exited with an interrupt, the SPI continues from the state it was in when stop3 was entered.

15.4 Register Definition

The SPI has five 8-bit registers to select SPI options, control baud rate, report SPI status, and for
transmit/receive data.

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address
assignments for all SPI registers. This section refers to registers and control bits only by their names, and
a Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.

15.4.1 SPI Control Register 1 (SPIxC1)

This read/write register includes the SPI enable control, interrupt enables, and configuration options.

7 6 5 4 3 2 1 0
R
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
W
Reset 0 0 0 0 0 1 0 0
Figure 15-5. SPI Control Register 1 (SPIxC1)
Table 15-1. SPIxC1 Field Descriptions
Field Description
7 SPI Interrupt Enable (for SPRF and MODF) — This is the interrupt enable for SPI receive buffer full (SPRF)

SPIE and mode fault (MODF) events.
0 Interrupts from SPRF and MODF inhibited (use polling)
1 When SPRF or MODF is 1, request a hardware interrupt

6 SPI System Enable — Disabling the SPI halts any transfer that is in progress, clears data buffers, and initializes
SPE internal state machines. SPRF is cleared and SPTEF is set to indicate the SPI transmit data buffer is empty.
0 SPI system inactive
1 SPI system enabled

5 SPI Transmit Interrupt Enable — This is the interrupt enable bit for SPI transmit buffer empty (SPTEF).
SPTIE 0 Interrupts from SPTEF inhibited (use polling)
1 When SPTEF is 1, hardware interrupt requested
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Chapter 16 Timer/PWM Module (S08TPMV3)

When a channel is configured for edge-aligned PWM (CPWMS=0, MSnB=1 and ELSnB:ELSnA not =
0:0), the data direction is overridden, the TPMxCHn pin is forced to be an output controlled by the TPM,
and ELSnA controls the polarity of the PWM output signal on the pin. When ELSnB:ELSnA=1:0, the
TPMxCHn pin is forced high at the start of each new period (TPMxCNT=0x0000), and the pin is forced
low when the channel value register matches the timer counter. When ELSnA=1, the TPMxCHn pin is
forced low at the start of each new period (TPMxCNT=0x0000), and the pin is forced high when the
channel value register matches the timer counter.

TPMxMODH:TPMxMODL = 0x0008
TPMxMODH:TPMxMODL = 0x0005

TPMXCNTH:TPMxCNTIL.. [ o[1 [ 2[ 3] 4][5]6 [ 7] 8]0 1]2]..]
! |
TPMXCHn — !—
CHnF BIT ' | :
1
TOF BIT ! : —

Figure 16-3. High-True Pulse of an Edge-Aligned PWM

TPMxMODH:TPMxMODL = 0x0008
TPMxMODH:TPMxMODL = 0x0005

TPMXCNTH:TPMXCNTL.. [ o[ 1 [ 2| 3] 4[5 ]6 [ 7]8]0o] 1]2]..]
TPMxCHn —
] |

T

Figure 16-4. Low-True Pulse of an Edge-Aligned PWM

|

CHnF BIT ! | '
I
! I

TOF BIT
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Chapter 16 Timer/PWM Module (S08TPMV3)

The following sections describe the main counter and each of the timer operating modes (input capture,
output compare, edge-aligned PWM, and center-aligned PWM). Because details of pin operation and
interrupt activity depend upon the operating mode, these topics will be covered in the associated mode
explanation sections.

16.4.1 Counter

All timer functions are based on the main 16-bit counter (TPMxCNTH:TPMxCNTL). This section
discusses selection of the clock source, end-of-count overflow, up-counting vs. up/down counting, and
manual counter reset.

16.4.1.1 Counter Clock Source

The 2-bit field, CLKSB:CLKSA, in the timer status and control register (TPMxSC) selects one of three
possible clock sources or OFF (which effectively disables the TPM). See Table 16-4. After any MCU reset,
CLKSB:CLKSA=0:0 so no clock source is selected, and the TPM is in a very low power state. These
control bits may be read or written at any time and disabling the timer (writing 00 to the CLKSB:CLKSA
field) does not affect the values in the counter or other timer registers.

MC9S08SH32 Series Data Sheet, Rev. 3

Freescale Semiconductor 253



Chapter 17
Development Support

17.1 Introduction

Development support systems in the HCSO08 include the background debug controller (BDC) and the
on-chip debug module (DBG). The BDC provides a single-wire debug interface to the target MCU that
provides a convenient interface for programming the on-chip FLASH and other nonvolatile memories. The
BDC is also the primary debug interface for development and allows non-intrusive access to memory data
and traditional debug features such as CPU register modify, breakpoints, and single instruction trace
commands.

In the HCS08 Family, address and data bus signals are not available on external pins (not even in test
modes). Debug is done through commands fed into the target MCU via the single-wire background debug
interface. The debug module provides a means to selectively trigger and capture bus information so an
external development system can reconstruct what happened inside the MCU on a cycle-by-cycle basis
without having external access to the address and data signals.

17.1.1  Forcing Active Background

The method for forcing active background mode depends on the specific HCS08 derivative. For the
MCO9S08SH32 Series, you can force active background after a power-on reset by holding the BKGD pin
low as the device exits the reset condition. You can also force active background by driving BKGD low
immediately after a serial background command that writes a one to the BDFR bit in the SBDFR register.
Other causes of reset including an external pin reset or an internally generated error reset ignore the state
of the BKGD pin and reset into normal user mode. If no debug pod is connected to the BKGD pin, the
MCU will always reset into normal operating mode.
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Chapter 17 Development Support

17.1.2 Features

Features of the BDC module include:

Single pin for mode selection and background communications
BDC registers are not located in the memory map

SYNC command to determine target communications rate
Non-intrusive commands for memory access

Active background mode commands for CPU register access

GO and TRACE1 commands

BACKGROUND command can wake CPU from stop or wait modes
One hardware address breakpoint built into BDC

Oscillator runs in stop mode, if BDC enabled

COP watchdog disabled while in active background mode

Features of the ICE system include:

Two trigger comparators: Two address + read/write (R/W) or one full address + data + R/'W
Flexible 8-word by 16-bit FIFO (first-in, first-out) buffer for capture information:

— Change-of-flow addresses or

— Event-only data

Two types of breakpoints:

— Tag breakpoints for instruction opcodes

— Force breakpoints for any address access

Nine trigger modes:

— Basic: A-only, AOR B

— Sequence: A then B

— Full: A AND B data, A AND NOT B data

— Event (store data): Event-only B, A then event-only B
— Range: Inside range (A < address < B), outside range (address < A or address > B)

17.2 Background Debug Controller (BDC)

All MCUs in the HCSO08 Family contain a single-wire background debug interface that supports in-circuit
programming of on-chip nonvolatile memory and sophisticated non-intrusive debug capabilities. Unlike
debug interfaces on earlier 8-bit MCUS, this system does not interfere with normal application resources.
It does not use any user memory or locations in the memory map and does not share any on-chip
peripherals.

BDC commands are divided into two groups:

Active background mode commands require that the target MCU is in active background mode (the
user program is not running). Active background mode commands allow the CPU registers to be
read or written, and allow the user to trace one user instruction at a time, or GO to the user program
from active background mode.
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Chapter 17 Development Support

When no debugger pod is connected to the 6-pin BDM interface connector, the internal pullup on BKGD
chooses normal operating mode. When a debug pod is connected to BKGD it is possible to force the MCU
into active background mode after reset. The specific conditions for forcing active background depend
upon the HCS08 derivative (refer to the introduction to this Development Support section). It is not
necessary to reset the target MCU to communicate with it through the background debug interface.

17.2.2 Communication Details

The BDC serial interface requires the external controller to generate a falling edge on the BKGD 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 either by an external controller or by the MCU. Data
is transferred MSB first at 16 BDC clock cycles per bit (nominal speed). The interface times out if

512 BDC clock cycles occur between falling edges from the host. Any BDC command that was in progress
when this timeout occurs is aborted without affecting the memory or operating mode of the target MCU
system.

The custom serial protocol requires the debug pod to know the target BDC communication clock speed.

The clock switch (CLKSW) control bit in the BDC status and control register allows the user to select the
BDC clock source. The BDC clock source can either be the bus or the alternate BDC clock source.

The BKGD 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 BDC, but
asynchronous to the external host. The internal BDC clock signal is shown for reference in counting
cycles.
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Appendix A Electrical Characteristics

A.12 AC Characteristics

This section describes ac timing characteristics for each peripheral system.

A.12.1 Control Timing
Table A-13. Control Timing

Num | C Rating Symbol Min Typ' | Max | Unit
1 D Bus frequency f
(teye = 1/fBus) -40°Cto125°C | °U de — | 20 | MHz
5 D Internal low power t
oscillator period -40 °Cto 125 °C LPO 700 1500 us
3 D | External reset pulse width? textrst 100 — ns
4 D | Reset low drive® trstdrv 66 X toyc — ns
IRQ pulse width
5 D Atx:%/nchronous t t 100 B B
pa IWH YHIL | 4 5yt ns
Synchronous path* 2 % leye
Pin interrupt pulse width
6 D Asynchronous path? N 100 . . ns
Synchronous path® | LR THIL |4 5t o
Port rise and fall time —
Low output drive (PTxDS = 0) (load = 50 pF)®
Slew rate control . 40 .
disabled (PTXSE = 0) | tgice, tean ns
Slew rate control . 75 .
. c enabled (PTxSE = 1)
Port rise and fall time —
High output drive (PTxDS = 1) (load = 50 pF)®
Slew rate control | , . 11 .
disabled (PTXSE = 0) | Hiser ‘Fall
ns
Slew rate control to t . 35 -
enabled (PTXSE = 1) | Hise Fal

Typical values are based on characterization data at Vpp = 5.0V, 25°C unless otherwise stated.
This is the shortest pulse that is guaranteed to be recognized as a reset pin request.

When any reset is initiated, internal circuitry drives the reset pin low for about 66 cycles of .. After POR reset,
the bus clock frequency changes to the untrimmed DCO frequency (feget = (fuco ut)/4) because TRIM is reset to
0x80 and FTRIM is reset to 0, and there is an extra divide-by-two because BDIV is reset to 0:1. After other resets
trim stays at the pre-reset value.

This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter
pulses may or may not be recognized. In stop mode, the synchronizer is bypassed so shorter pulses can be
recognized in that case.

Timing is shown with respect to 20% Vpp and 80% Vpp levels. Temperature range —40°C to 125°C.
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