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Chapter 3 Modes of Operation

3.6  Stop Modes

One of two stop modes is entered upon execution of a STOP instruction when the STOPE bit in SOPT1
register is set. In both stop modes, all internal clocks are halted. The MCG module can be configured to
leave the reference clocks running. See Chapter 8, “Multi-Purpose Clock Generator (SO8BMCGV1),” for
more information.

Table 3-1 showsall of the control bits that affect stop mode sel ection and the mode selected under various
conditions. The selected mode is entered following the execution of a STOP instruction.
Table 3-1. Stop Mode Selection

STOPE | ENBDM ! | LVDE LVDSE | PPDC Stop Mode
0 X X X Stop modes disabled; illegal opcode reset if STOP instruction executed
1 1 X X | Stop3 with BDM enabled 2
1 0 Both bits must be 1 X Stop3 with voltage regulator active
1 0 Either bita 0 0 Stop3
1 0 Either bita 0 1 Stop2

1 ENBDM s located in the BDCSCR, which is only accessible through BDC commands, see Section 16.4.1.1, “BDC Status and
Control Register (BDCSCR)".

2 When in Stop3 mode with BDM enabled, The Spp will be near R pp, levels because internal clocks are enabled.

3.6.1 Stop3 Mode

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. The
states of all of the internal registers and logic, RAM contents, and I/O pin states are maintained.

Exit from stop3 isdone by asserting RESET or an asynchronous interrupt pin. The asynchronous interrupt
pinsare IRQ, PIAO-PIA7, PIBO-PIB7, and PIDO-PID7. Exit from stop3 can also be done by the
low-voltage detect (LVD) reset, low-voltage warning (LVW) interrupt, ADC conversion complete
interrupt, real-time clock (RTC) interrupt or SCI receiver interrupt.

If stop3 isexited by means of the RESET pin, the MCU will be reset and operation will resume after
fetching the reset vector. Exit by means of an interrupt will result in the MCU fetching the appropriate
interrupt vector.

3.6.1.1 LVD Enabled in Stop3 Mode

TheLVD systemiscapable of generating either an interrupt or areset when the supply voltage drops bel ow
the LVD voltage. If the LVD isenabled in stop (LVDE and LVDSE bitsin SPMSCL1 both set) at the time
the CPU executes a STOP instruction, then the voltage regul ator remains active during stop mode.

For the ADC to operate the LV D must be left enabled when entering stop3.
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Chapter 4 Memory

45.5 Sector Erase Abort

The sector erase abort operation will terminate the active sector erase operation so that other sectors are
available for read and program operations without waiting for the sector erase operation to complete.

The sector erase abort command write sequenceis as follows:

1. Writeto any Flash or EEPROM address to start the command write sequence for the sector erase
abort command. The address and data written are ignored.

2. Write the sector erase abort command, 0x47, to the FCMD register.

3. Clear the FCBEF flag in the FSTAT register by writing a 1 to FCBEF to launch the sector erase
abort command.

If the sector erase abort command is launched resulting in the early termination of an active sector erase
operation, the FACCERR flag will set once the operation completes as indicated by the FCCF flag being
set. The FACCERR flag sets to inform the user that the Flash sector may not be fully erased and a new
sector erase command must be launched before programming any location in that specific sector.

If the sector erase abort command is launched but the active sector erase operation completes normally,
the FACCERR flag will not set upon completion of the operation asindicated by the FCCF flag being set.
Therefore, if the FACCERR flag is not set after the sector erase abort command has completed, a sector
being erased when the abort command was launched will be fully erased.

A flowchart to execute the sector erase abort operation is shown in Figure 4-4.
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Figure 4-4. Sector Erase Abort Flowchart
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Chapter 4 Memory

which can be performed at the same time the Flash memory is programmed. The 1:0 state disengages
security; the other three combinations engage security. Notice the erased state (1:1) makes the MCU
secure. During devel opment, whenever the Flashiserased, it is good practice to immediately program the
SECObitto 0in NVOPT so SEC = 1:0. Thiswould allow the M CU to remain unsecured after a subsequent
reset.

The on-chip debug module cannot be enabled while the MCU is secure. The separate background debug
controller can be used for background memory access commands, but the MCU cannot enter active
background mode except by holding BKGD low at the rising edge of reset.

A user can choose to allow or disallow a security unlocking mechanism through an 8-byte backdoor
security key. If the nonvolatile KEY EN bit in NVOPT/FOPT is 0, the backdoor key is disabled and there
is no way to disengage security without completely erasing all Flash locations. If KEYEN is 1, a secure
user program can temporarily disengage security by:
1. Writing 1to KEYACC inthe FCNFG register. This makes the Flash moduleinterpret writesto the
backdoor comparison key locations (NVBACKKEY through NVBACKKEY +7) as valuesto be
compared against the key rather than as the first step in a Flash program or erase command.

2. Writing the user-entered key values to the NVBACKKEY through NVBACKKEY +7 locations.
These writes must be performed in order starting with the value for NVBACKKEY and ending
with NVBACKKEY +7. STHX must not be used for these writes because these writes cannot be
performed on adjacent bus cycles. User software normally would get the key codes from outside
the MCU system through a communication interface such as a serial 1/0.

3. Writing 0 to KEYACC in the FCNFG register. If the 8-byte key that was written matches the key
stored in the Flash locations, SEC bits are automatically changed to 1:0 and security will be
disengaged until the next reset.

The security key can be written only from secure memory (either RAM, EEPROM, or Flash), so it cannot
be entered through background commands without the cooperation of a secure user program.

The backdoor comparison key (NVBACKKEY through NVBACKKEY +7) islocated in Flash memory
locations in the nonvolatile register space so users can program these locations exactly as they would
program any other Flash memory location. The nonvolatile registers are in the same 768-byte block of
Flash as the reset and interrupt vectors, so block protecting that space also block protects the backdoor
comparison key. Block protects cannot be changed from user application programs, so if the vector space
is block protected, the backdoor security key mechanism cannot permanently change the block protect,
security settings, or the backdoor key.

Security can always be disengaged through the background debug interface by taking these steps:

1. Disable any block protections by writing FPROT. FPROT can be written only with background
debug commands, not from application software.

2. Mass erase Flash if necessary.
3. Blank check Flash. Provided Flash is completely erased, security is disengaged until the next reset.

To avoid returning to secure mode after the next reset, program NVOPT so SEC = 1.0.
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Chapter 4 Memory

7 6 5 4 3 2 1 0
R| KEYEN FNORED EPGMOD 0 0 0 SEC
w
Reset F F F 0 0 0 F F
= Unimplemented or Reserved F = loaded from nonvolatile location NVOPT during reset
Figure 4-6. Flash and EEPROM Options Register (FOPT)
Table 4-8. FOPT Register Field Descriptions
Field Description
7 Backdoor Key Mechanism Enable — When this bit is 0, the backdoor key mechanism cannot be used to
KEYEN disengage security. The backdoor key mechanism is accessible only from user (secured) firmware. BDM
commands cannot be used to write key comparison values that would unlock the backdoor key. For more detailed
information about the backdoor key mechanism, refer to Section 4.5.9, “Security.”
0 No backdoor key access allowed.
1 If user firmware writes an 8-byte value that matches the nonvolatile backdoor key (NVBACKKEY through
NVBACKKEY+7 in that order), security is temporarily disengaged until the next MCU reset.
6 Vector Redirection Disable — When this bit is 1, then vector redirection is disabled.
FNORED |0 Vector redirection enabled.
1 Vector redirection disabled.
5 EEPROM Sector Mode — When this bit is 0, each sector is split into two pages (4-byte mode). When this bit is
EPGMOD |1, each sector is in a single page (8-byte mode).
0 Half of each EEPROM sector is in Page 0 and the other half is in Page 1.
1 Each sector is in a single page.
1:0 Security State Code — This 2-bit field determines the security state of the MCU as shown in Table 4-9. When
SEC the MCU is secure, the contents of RAM, EEPROM and Flash memory cannot be accessed by instructions from

any unsecured source including the background debug interface. SEC changes to 1:0 after successful backdoor
key entry or a successful blank check of Flash. For more detailed information about security, refer to Section
4.5.9, “Security.”

Table 4-9. Security States®

SECJ[1:0] Description
0:0 secure
0:1 secure
1:0 unsecured
11 secure

1 sec changes to 1:0 after successful backdoor key entry
or a successful blank check of Flash.
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Chapter 5 Resets, Interrupts, and General System Control

comprised of a power-on reset (POR) circuit and a LV D circuit with trip voltages for warning and
detection. The LVD circuit is enabled when LVDE in SPMSCl isset to 1. The LVD is disabled upon
entering any of the stop modes unless LVDSE is set in SPMSC1. If LVDSE and LVDE are both set, then
the MCU cannot enter stop2 (it will enter stop3 instead), and the current consumption in stop3 with the
LVD enabled will be higher.

5.6.1 Power-On Reset Operation

When power isinitialy applied to the MCU, or when the supply voltage drops below the power-on reset
rearm voltage level, Vpor, the POR circuit will cause areset condition. As the supply voltage rises, the
LVD circuit will hold the MCU in reset until the supply has risen above the low-voltage detection low
threshold, V| p. . Both the POR bit and the LVD bit in SRS are set following a POR.

5.6.2 Low-Voltage Detection (LVD) Reset Operation

The LVD can be configured to generate a reset upon detection of a low-voltage condition by setting
LVDRE to 1. The low-voltage detection threshold is determined by the LVDV bit. After an LVD reset has
occurred, the LVD system will hold the MCU in reset until the supply voltage has risen above the
low-voltage detection threshold. The LVD bit in the SRS register is set following either an LV D reset or
POR.

5.6.3 Low-Voltage Warning (LVW) Interrupt Operation

The LVD system has a low-voltage warning flag to indicate to the user that the supply voltageis
approaching the low-voltage condition. When alow-voltage warning condition is detected and is
configured for interrupt operation (LVWIE set to 1), LVWF in SPMSC1 will be set and an LVW interrupt
request will occur.

5.7 MCLK Qutput

The PTAO pin is shared with the MCLK clock output. If the MCSEL bits are all zeroes, the MCLK clock
isdisabled. Setting any of the MCSEL bits causes the PTAO pin to output adivided version of theinternal
MCU bus clock regardless of the state of the port data direction control bit for the pin. The divideratiois
determined by the MCSEL bits. The slew rate and drive strength for the pin are controlled by PTASEO and
PTADSO, respectively. The maximum clock output frequency islimited if slew rate control isenabled, see
the electrical specifications for the maximum frequency under different conditions.
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Chapter 5 Resets, Interrupts, and General System Control

5.84 System Options Register 1 (SOPT1)

This high page register is awrite-once register so only the first write after reset is honored. It can be read
at any time. Any subsequent attempt to write to SOPT1 (intentionally or unintentionally) isignored to
avoid accidental changesto these sensitive settings. 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
R 0 0 0
COPT STOPE Reserved IICPS
w
Reset: 1 1 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 5-5. System Options Register 1 (SOPT1)
Table 5-5. SOPT1 Register Field Descriptions
Field Description
7:6 COP Watchdog Timeout — These write-once bits select the timeout period of the COP. COPT along with
COPT[1:0] | COPCLKS in SOPT2 defines the COP timeout period. See Table 5-6.
5 Stop Mode Enable — This write-once bit is used to enable stop mode. If stop mode is disabled and a user

STOPE program attempts to execute a STOP instruction, an illegal opcode reset is forced.
0 Stop mode disabled.
1 Stop mode enabled.

3 IIC Pin Select— This write-once bit selects the location of the SCL and SDA pins of the 1IC module.
IICPS 0 SCL on PTF2, SDA on PTF3.
1 SCL on PTE4, SDA on PTES.

Table 5-6. COP Configuration Options

Control Bits Clock Source copP Window_l Opens COP Overflow Count
COPCLKS COPT[1:0] (COPW=1)
N/A 0:0 N/A N/A COP is disabled

0 0:1 1 kHz N/A 2% cycles (32 ms?)
0 1:0 1 kHz N/A 28 cycles (256 mst)
0 1:1 1 kHz N/A 210 cycles (1.024 sY)
1 01 Bus 6144 cycles 283 cycles

1 1:0 Bus 49,152 cycles 216 cycles

1 1:1 Bus 196,608 cycles 28 cycles

1 windowed COP operation requires the user to clear the COP timer in the last 25% of the selected timeout period. This column
displays the minimum number of clock counts required before the COP timer can be reset when in windowed COP mode
(COPW =1).

2 values shown in milliseconds based on t po = 1 ms. See t, pg in the appendix Section A.12.1, “Control Timing,” for the
tolerance of this value.
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Chapter 5 Resets, Interrupts, and General System Control

5.8.5 System Options Register 2 (SOPT2)

This high page register contains bits to configure MCU specific features on the MC9S08DN60 Series
devices.

7 6 5 4 3 2 1 0
R 0 0
copcLks! | copw? ADHTS MCSEL
W
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 5-6. System Options Register 2 (SOPT2)
1 This bit can be written only one time after reset. Additional writes are ignored.

Table 5-7. SOPT2 Register Field Descriptions

Field Description

7 COP Watchdog Clock Select — This write-once bit selects the clock source of the COP watchdog. See
COPCLKS | Table 5-6 for details.
0 Internal 1-kHz clock is source to COP.
1 Bus clock is source to COP.

6 COP Window — This write-once bit selects the COP operation mode. When set, the 0x55-0xAA write sequence
COPW to the SRS register must occur in the last 25% of the selected period. Any write to the SRS register during the
first 75% of the selected period will reset the MCU.

0 Normal COP operation.
1 Window COP operation.

4 ADC Hardware Trigger Select — This bit selects which hardware trigger initiates conversion for the analog to
ADHTS digital converter when the ADC hardware trigger is enabled (ADCTRG is set in ADCSC2 register).
0 Real Time Counter (RTC) overflow.
1 External Interrupt Request (IRQ) pin.

2.0 MCLK Divide Select— These bhits enable the MCLK output on PTAO pin and select the divide ratio for the MCLK
MCSEL output according to the formula below when the MCSEL bits are not equal to all zeroes. In case that the MCSEL
bits are all zeroes, the MCLK output is disabled.

MCLK frequency = Bus Clock frequency + (2 * MCSEL)
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6.5.4

Chapter 6 Parallel Input/Output Control

Port D Registers

Port D is controlled by the registers listed below.

6.5.4.1 Port D Data Register (PTDD)
7 6 5 4 3 2 1 0
R
PTDD7 PTDD6 PTDD5 PTDD4 PTDD3 PTDD2 PTDD1 PTDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-24. Port D Data Register (PTDD)
Table 6-22. PTDD Register Field Descriptions
Field Description
7:0 Port D Data Register Bits — For port D pins that are inputs, reads return the logic level on the pin. For port D
PTDD[7:0] |pins that are configured as outputs, reads return the last value written to this register.
Writes are latched into all bits of this register. For port D pins that are configured as outputs, the logic level is
driven out the corresponding MCU pin.
Reset forces PTDD to all Os, but these 0s are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pull-ups/pull-downs disabled.
6.5.4.2 Port D Data Direction Register (PTDDD)
7 6 5 4 3 2 1 0
R
PTDDD7 PTDDD6 PTDDDS5 PTDDD4 PTDDD3 PTDDD2 PTDDD1 PTDDDO
W
Reset: 0 0 0 0 0 0 0 0
Figure 6-25. Port D Data Direction Register (PTDDD)
Table 6-23. PTDDD Register Field Descriptions
Field Description
7:0 Data Direction for Port D Bits — These read/write bits control the direction of port D pins and what is read for
PTDDDI[7:0] | PTDD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port D bit n and PTDD reads return the contents of PTDDn.
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Chapter 7 Central Processor Unit (SO8CPUV3)

Table 7-3. Opcode Map (Sheet 2 of 2)

IX+D

Note: All Sheet 2 Opcodes are Preceded by the Page 2 Prebyte (9E)

Bit-Manipulation

Inherent
Immediate
Direct
Extended
DIR to DIR
IX+to DIR

Branch

DIX+

Relative

Indexed, No Offset
Indexed, 8-Bit Offset
Indexed, 16-Bit Offset
IMM to DIR

DIR to IX+

Read-Modify-Write

SP1
SP2
IX+

IX1+

Stack Pointer, 8-Bit Offset
Stack Pointer, 16-Bit Offset
Indexed, No Offset with
Post Increment

Indexed, 1-Byte Offset with
Post Increment

Control

9EAE 5 |9EBE 6 |9ECE 5
LDHX LDHX LDHX
2 IX |4 X2 |3 1X1

Prebyte (9E) and Opcode in
Hexadecimal

Number of Bytes

MC9S08DN60 Series Data Sheet, Rev 3
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

HCS08 CORE [ |~ PTA7/PIA7/ADP7/IRQ
——— | <«—> PTA6/PIA6/ADP6
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Y
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Figure 8-1. MC9S08DNG60 Block Diagram
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

r— — — — 1
| External Oscillator |
(XOSC)
]
A A
I \— ————— -
>» MCGERCLK
EREFS ERCLKEN |/ |
— EREFSTEN | [ IRCLKEN |—>> := MCGIRCLK
| IREFSTEN | CLKS | BDIV | I
> Y |
Y r2n |
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1 ] A r —Y— = I
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T
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Internal
| VDIV Filter I I
I PLL I I
I I
I 1(4,8,12,...,40) |« | |
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L — — — — J |
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Figure 8-2. Multi-Purpose Clock Generator (MCG) Block Diagram
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Chapter 8 Multi-Purpose Clock Generator (SO8MCGV1)

4. Lastly, FBI transitionsinto BLPI mode.
a) MCGC2 = 0x08 (%00001000)
— LP(bit3)inMCGSCis1

START
IN PEE MODE

Y

MCGC1 = $90

NO

CLKST = %10 ?

OPTIONAL:

CHECK LOCK
=1?

BLPE MODE ?
+ VES MCGC1 = $44
MCGC2 = $3E
< NO|
MCGCL1 = $B8
MCGC3 = $04 VES

CHECK
CLKST = %01?

LYES

MCGC2 = $08

IN
BLPE MODE ?
(LP=1)

MCGC2 = $36
(LP =0)

S

CONTINUE
IN BLPI MODE

Figure 8-10. Flowchart of PEE to BLPI Mode Transition using a 4 MHz crystal
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

VReFH &

/

Rl
16-CHANNEL, 12-BIT
ANALOG-TO-DIGITAL ~ [ADP1S-ADP8/

VRerL

CONVERTER (ADC)

Vbba

Vssa

YYVY

8LV

PORT A

PORT B

ADP7-ADPQ) Y -

[ |~ PTA7/PIA7/ADP7/IRQ

<3 PTAG6/PIA6/ADP6

~—3 PTA5/PIA5/ADP5

~€—3> PTA4/PIA4/ADP4

<€—3 PTA3/PIA3/ADP3/ACMP10
~—> PTA2/PIA2/ADP2/ACMP1-
<> PTA1/PIA1/ADP1/ACMP1+

| |~ PTAO/PIAO/ADPO/MCLK
[ |~ PTB7/PIB7/ADP15

<L PTB6/PIB6/ADP14
<L PTB5/PIB5/ADP13
<= PTB4/PIB4/ADP12
<t PTB3/PIB3/ADP11
- PTB2/PIB2/ADP10
~—» PTB1/PIB1/ADPY

~&—» PTBO0/PIB0/ADP8

Figure 10-1. MC9S08DN60 Block Diagram Emphasizing the ADC Module and Pins
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

10.1.6 Features
Features of the ADC module include:

Linear successive approximation algorithm with 12-bit resolution

Up to 28 analog inputs

Output formatted in 12-, 10-, or 8-bit right-justified unsigned format

Single or continuous conversion (automatic return to idle after single conversion)
Configurable sample time and conversion speed/power

Conversion complete flag and interrupt

Input clock selectable from up to four sources

Operation in wait or stop3 modes for lower noise operation

Asynchronous clock source for lower noise operation

Sel ectable asynchronous hardware conversion trigger

Automatic compare with interrupt for less-than, or greater-than or equal-to, programmable value
Temperature sensor

10.1.7 ADC Module Block Diagram
Figure 10-2 provides ablock diagram of the ADC module.
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Chapter 10 Analog-to-Digital Converter (SO8ADC12V1)

Table 10-12. APCTL3 Register Field Descriptions

Field Description

7 ADC Pin Control 23. ADPC23 controls the pin associated with channel AD23.
ADPC23 |0 AD23 pin I/O control enabled
1 AD23 pin I/O control disabled

6 ADC Pin Control 22. ADPC22 controls the pin associated with channel AD22.
ADPC22 |0 AD22 pin I/O control enabled
1 AD22 pin I/O control disabled

5 ADC Pin Control 21. ADPC21 controls the pin associated with channel AD21.
ADPC21 |0 ADZ21 pin I/O control enabled
1 ADZ21 pin I/O control disabled

4 ADC Pin Control 20. ADPC20 controls the pin associated with channel AD20.
ADPC20 |0 ADZ20 pin I/O control enabled
1 ADZ20 pin I/O control disabled

3 ADC Pin Control 19. ADPC19 controls the pin associated with channel AD19.
ADPC19 [0 AD19 pin I/O control enabled
1 AD19 pin I/O control disabled

2 ADC Pin Control 18. ADPC18 controls the pin associated with channel AD18.
ADPC18 |0 AD18 pin I/O control enabled
1 AD18 pin I/O control disabled

1 ADC Pin Control 17. ADPC17 controls the pin associated with channel AD17.
ADPC17 [0 AD17 pin I/O control enabled
1 AD17 pin I/O control disabled

0 ADC Pin Control 16. ADPCL16 controls the pin associated with channel AD16.
ADPC16 |0 AD16 pin I/O control enabled
1 AD16 pin I/O control disabled

10.4 Functional Description

The ADC module is disabled during reset or when the ADCH bitsare all high. The moduleisidlewhen a
conversion has completed and another conversion has not been initiated. When idle, the moduleisin its
lowest power state.

The ADC can perform an anal og-to-digital conversion on any of the software sel ectable channels. In 12-bit
and 10-bit mode, the selected channel voltage is converted by a successive approximation agorithm into
a 12-hit digital result. In 8-bit mode, the selected channel voltage is converted by a successive
approximation algorithm into a 9-bit digital result.

When the conversion is completed, the result is placed in the data registers (ADCRH and ADCRL). In
10-bit mode, the result is rounded to 10 bits and placed in the data registers (ADCRH and ADCRL). In
8-bit mode, the result is rounded to 8 bits and placed in ADCRL. The conversion complete flag (COCO)
isthen set and an interrupt is generated if the conversion complete interrupt has been enabled (AIEN = 1).

The ADC module has the capability of automatically comparing the result of a conversion with the
contents of its compare registers. The compare function is enabled by setting the ACFE bit and operates
with any of the conversion modes and configurations.
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Chapter 12 Serial Peripheral Interface (S08SPIV3)

Table 12-7. SPIS Register Field Descriptions

Field Description

7 SPI Read Buffer Full Flag — SPRF is set at the completion of an SPI transfer to indicate that received data may
SPRF be read from the SPI data register (SPID). SPRF is cleared by reading SPRF while it is set, then reading the SPI
data register.

0 No data available in the receive data buffer
1 Data available in the receive data buffer

5 SPI Transmit Buffer Empty Flag — This bit is set when there is room in the transmit data buffer. It is cleared by
SPTEF reading SPIS with SPTEF set, followed by writing a data value to the transmit buffer at SPID. SPIS must be read
with SPTEF = 1 before writing data to SPID or the SPID write will be ignored. SPTEF generates an SPTEF CPU
interrupt request if the SPTIE bit in the SPIC1 is also set. SPTEF is automatically set when a data byte transfers
from the transmit buffer into the transmit shift register. For an idle SPI (no data in the transmit buffer or the shift
register and no transfer in progress), data written to SPID is transferred to the shifter almost immediately so
SPTEF is set within two bus cycles allowing a second 8-bit data value to be queued into the transmit buffer. After
completion of the transfer of the value in the shift register, the queued value from the transmit buffer will
automatically move to the shifter and SPTEF will be set to indicate there is room for new data in the transmit
buffer. If no new data is waiting in the transmit buffer, SPTEF simply remains set and no data moves from the
buffer to the shifter.

0 SPI transmit buffer not empty
1 SPI transmit buffer empty

4 Master Mode Fault Flag — MODF is set if the SPI is configured as a master and the slave select input goes
MODF low, indicating some other SPI device is also configured as a master. The SS pin acts as a mode fault error input
only when MSTR = 1, MODFEN = 1, and SSOE = 0; otherwise, MODF will never be set. MODF is cleared by
reading MODF while it is 1, then writing to SPI control register 1 (SPIC1).

0 No mode fault error
1 Mode fault error detected

12.4.5 SPI Data Register (SPID)

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 12-9. SPI Data Register (SPID)

Reads of thisregister return the data read from the receive data buffer. Writesto thisregister write datato
the transmit data buffer. When the SPI is configured as a master, writing data to the transmit data buffer
initiates an SPI transfer.

Data should not be written to the transmit data buffer unless the SPI transmit buffer empty flag (SPTEF)
is set, indicating there is room in the transmit buffer to queue a new transmit byte.

Data may be read from SPID any time after SPRF is set and before another transfer isfinished. Failureto
read the data out of the receive data buffer before a new transfer ends causes a receive overrun condition
and the data from the new transfer islost.
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Chapter 16 Development Support

Figure 16-4 shows the host receiving alogic 0 from the target HCS08 M CU. Because the host is
asynchronous to the target MCU, there is a 0-to-1 cycle delay from the host-generated falling edge on
BKGD to the start of the bit time as perceived by the target MCU. The host initiates the bit time but the
target HCSO08 finishes it. Because the target wants the host to receive alogic 0, it drivesthe BKGD pin low
for 13 BDC clock cycles, then briefly drivesit high to speed up the rising edge. The host samples the bit
level about 10 cycles after starting the bit time.

BDC CLOCK
(TARGET MCU)

HOST DRIVE

TOBKGDPN =771 "7\ R ARRREREREEEEE HIGH-IMPEDANGE = = = = = = = = = = = = - LR

L

SPEEDUP

TARGET MCU

DRIVE AND
SPEED-UP PULSE

PULSE /_\ ____________

PERCEIVED START
OF BIT TIME

BKGDPIN  *  \

| | | | I | | | | | | | | 1 |
|= 10 CYCLES > EARLIEST START
B {0 GYOLES o OF NEXT BIT
i j_T
HOST SAMPLES BKGD PIN

Figure 16-4. BDM Target-to-Host Serial Bit Timing (Logic 0)
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Chapter 16 Development Support

Table 16-2. BDCSCR Register Field Descriptions (continued)

Field Description
2 Wait or Stop Status — When the target CPU is in wait or stop mode, most BDC commands cannot function.
WS However, the BACKGROUND command can be used to force the target CPU out of wait or stop and into active

background mode where all BDC commands work. Whenever the host forces the target MCU into active

background mode, the host should issue a READ_STATUS command to check that BDMACT = 1 before

attempting other BDC commands.

0 Target CPU is running user application code or in active background mode (was not in wait or stop mode when
background became active)

1 Target CPU is in wait or stop mode, or a BACKGROUND command was used to change from wait or stop to
active background mode

1 Wait or Stop Failure Status — This status bit is set if a memory access command failed due to the target CPU
WSF executing a wait or stop instruction at or about the same time. The usual recovery strategy is to issue a
BACKGROUND command to get out of wait or stop mode into active background mode, repeat the command
that failed, then return to the user program. (Typically, the host would restore CPU registers and stack values and
re-execute the wait or stop instruction.)

0 Memory access did not conflict with a wait or stop instruction
1 Memory access command failed because the CPU entered wait or stop mode

0 Data Valid Failure Status — This status bit is not used in the MC9S08DNG60 Series because it does not have
DVF any slow access memory.
0 Memory access did not conflict with a slow memory access
1 Memory access command failed because CPU was not finished with a slow memory access

16.4.1.2 BDC Breakpoint Match Register (BDCBKPT)

This 16-bit register holds the address for the hardware breakpoint in the BDC. The BKPTEN and FTS
control bitsin BDCSCR are used to enable and configure the breakpoint logic. Dedicated serial BDC
commands (READ_BKPT and WRITE_BKPT) are used to read and write the BDCBKPT register but is
not accessible to user programs because it is not located in the normal memory map of the MCU.
Breakpoints are normally set while the target MCU isin active background mode before running the user
application program. For additional information about setup and use of the hardware breakpoint logic in
the BDC, refer to Section 16.2.4, “BDC Hardware Breakpoint.”

16.4.2 System Background Debug Force Reset Register (SBDFR)

This register contains a single write-only control bit. A serial background mode command such as
WRITE_BY TE must be used to write to SBDFR. Attemptsto write this register from a user program are
ignored. Reads aways return 0x00.
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A.6

DC Characteristics

Appendix A Electrical Characteristics

This section includes information about power supply requirements, 1/0 pin characteristics, and power
supply current in various operating modes.

Table A-6. DC Characteristics

Num| C Characteristic Symbol Condition Min Typ Max Unit
1 | — [Operating Voltage Vpp 2.7 — 5.5 \%
P All /O pins, low-drive strength 5V, llgag=—2mA [Vpp—-1.5 — —
Cc 3V, l gag=-0.6mA [Vpp-1.5 — —
C |Output high 5V, l gag=—0.4mA [Vpp—-0.8 — —
2 [ c|voltage Vou |3V lioag= 024 mA|Vpp—08 | — - v
P All I/O pins, high-drive strength 5V, I gag=-10mA [Vpp—-1.5 — —
C 3V, lgag=—3mA [Vpp—-1.5 — —
Cc 5V, l gag=—2mA [Vpp-0.8 — —
C 3V, l gag=—-0.4mA [Vpp—-0.8 — —
3 C |Output Max total Iy for all ports| IgnT 5V 0 — -100 mA
high current 3V 0 — 60
P All /O pins, low-drive strength 5V, lLgag =2 MA — — 1.5
Cc 3V, I gag = 0.6 MA — — 1.5
C |Output low 5V, I gag = 0.4 mA — — 0.8
4 | c |voltage VoL |3V, I oag = 0.24 mA — — 0.8 Y%
P All /O pins, high-drive strength 5V, I oag = 10 mA — — 1.5
Cc 3V, I gag =3 mMA — — 15
C 5V, I gad =2 MA — — 0.8
Cc 3V, I gag = 0.4 mA — — 0.8
5 | C |Output Max total I, for all ports| It 5V 0 — 100 mA
low current 3V 0 — 60
C |Input high voltage; all digital inputs \m 5V 0.65 x Vpp — —
C |Input low voltage; all digital inputs VL 5V — — 0.35x Vpp v
C |Input hysteresis Vhys 0.06 x Vpp mV
Input leakage Vin = Vpp Or Vgg — 0.1 1 A
9 P |current (Per pin) |I,n|
all input only pins
Hi-Z (off-state) leakage Vih = Vpp Or Vgg — 0.1 1 HA
10 | p current (per pin) ll inputoutput ||oz|
p Pullup resistors (or Pulldown? resistors Rpys 5V 20 45 65
11 when enabled) Rpp kQ
C 3V 20 45 65
12 | T Input Capacitance, all pins - B B o oF
13 | D |RAM retention voltage VRaAM — 0.6 1.0 \Y
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Appendix B
Timer Pulse-Width Modulator (TPMV2)

NOTE

This chapter refersto SO8TPM version 2, which applies to the 3M05C and
older mask sets of this device. )M 74K and newer mask set devices use
S08TPM version 3. If your device uses mask OM 74K or newer, please refer
to Chapter 15, “Timer Pulse-Width Modulator (SO8TPMV 3) for
information pertaining to that module.

The TPM uses one input/output (1/0) pin per channel, TPMXCHn where x isthe TPM number (for
example, 1 or 2) and n isthe channel number (for example, 0—4). The TPM sharesits I/O pins with
general-purpose 1/0 port pins (refer to the Pins and Connections chapter for more information).

B.0.1 Features

The TPM has the following features:

» Each TPM may be configured for buffered, center-aligned pul se-width modul ation (CPWM) on all
channels

» Clock sources independently selectable per TPM (multiple TPMs device)
» Selectable clock sources (device dependent): bus clock, fixed system clock, external pin
» Clock prescaler tapsfor divide by 1, 2, 4, 8, 16, 32, 64, or 128
* 16-bit free-running or up/down (CPWM) count operation
* 16-bit modulus register to control counter range
» Timer system enable
* Oneinterrupt per channel plus aterminal count interrupt for each TPM module (multiple TPMs
device)
* Channel features:
— Each channel may be input capture, output compare, or buffered edge-aligned PWM
— Rising-edge, falling-edge, or any-edge input capture trigger
— S, clear, or toggle output compare action
— Selectable polarity on PWM outputs

B.0.2 Block Diagram

Figure B-1 showsthe structure of aTPM. Some M CUsinclude more than one TPM, with various numbers
of channels.
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