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Chapter 1
Device Overview

1.1 Introduction

These device are members of the low-cost, high-performance HCS08 family of 8-bit
microcontroller units (MCUs). All MCUs in the family use the enhanced HCSO08 central
processor unit and are available with a variety of modules, memory sizes and types, and
package types. The following table summarizes the peripheral availability per package
type for the devices available.

Table 1-1. Memory and package availability

Feature MC9S08PT60 MC9S08PT32
Flash size (bytes) 60,864 32,768
EEPROM size (bytes) 256 256
RAM size (bytes) 4,096 4,096
LQFP-64 Yes Yes
QFP-64 Yes Yes
LQFP-48 Yes Yes
LQFP-44 Yes Yes
LQFP-32 Yes Yes
Table 1-2. Feature availability
Pin number 64-pin 48-pin 44-pin 32-pin
Bus frequency
(MH2) 20 20 20 20
IRQ Yes
WDOG Yes
DBG Yes
IPC Yes
CRC Yes

Table continues on the next page...
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A ————
MCU block diagram

Table 1-2. Feature availability (continued)

Pin number 64-pin | 48-pin | 44-pin | 32-pin
ICS Yes
XOSC Yes
RTC Yes
FTMO channels 2-ch
FTM1 channels 2-ch
FTM2 channels 6-ch
MTIMO Yes
MTIM1 Yes
SPIO0 (8-bit) Yes
SPI1 (16-bit) Yes
IIC Yes
ACMP Yes
SClo Yes
SCH Yes
SCI2 Yes No
ADC channels 16 12 12 12
TSI channels 16 12 12 12
KBI pins 16 16 12 12
GPIO 57 41 37 28

1.2 MCU block diagram
The block diagram shows the structure of the MCUs.
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EXT. INTERFACE MODULE(SPI1) |V
EXTERNAL OSCILLATOR 1
AL SOURCE (XOSC) N INTER-INTEGRATED |,
xDD > CIRCUIT(IIC) N
Voos POWER MANAGEMENT
DD
Vo™ CONTROLLER (PMC) \'_/‘— ANALOG COMPARATOR |4 |
Va5 (ACMP) N
SS >
v
v—“‘ggi 16-CH 12-BIT REAL-TIME COUNTER |1 |
VRerp ANALOG-TO-DIGITAL \,": (RTC) N
Vssag | CONVERTER(ADC)
TOUCH SENSE A
CYCLIC REDUNDANCY A INTERFACE (TSl) V
CHECK (CRC) —

1. PTA2 and PTAS3 operate as true open drain when working as output.

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.

3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO and PTH1 can provide high sink/source current drive.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded
in 32-pin packages.

-

I

[| PorE

Port F
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<—>PTAQ/KBIOPO/FTMOCHO/ACMPO/ADPO
[<«—>PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1
<«—>PTA2/KBIOP2/RxD0/SDA
[<«—>PTA3/KBIOP3/TxD0/SCL 1
[<«—>PTA4/ACMPO/BKGD/MS 2
[<«—>PTA5/IRQ/TCLKO/RESET
[<«—>PTAG/FTM2FAULT1/ADP2/TSIO
<«—>PTA7/FTM2FAULT2/ADP3/TSI

|<—>PTBO/KBIOP4/RxDO/ADP4/TSI2
<«—>PTB1/KBIOP5/TXDO/ADP5/TSI3
<—>PTB2/KBIOP6/SPSCKO/ADP6/TSI4
<«—>PTB3/KBIOP7/MOSIO/ADP7/TSI5
<—>PTB4/FTM2CH4/MISQ0®
|«—>PTB5/FTM2CH5/SS0
<«—>PTB6/SDA/XTAL
<—>PTB7/SCLEXTAL

[<«—>PTC0/FTM2CHO/ADP8/TSI6
[<<—>PTC1/FTM2CH1/ADP9/TSI7
[<«<—>PTC2/FTM2CH2/ADP10
[<—>PTC3/FTM2CH3/ADP11
[<«<—>PTC4/FTM1CHO/RTCO
[<€<—>PTC5/FTM1CH1
[<€<—>PTC6/RxD1/TSI8
<—>PTC7/TxD1/TSI9

<«—>PTDO/KBI1PO/FTM2CH2/SPSCK13
«—> PTD1/KBI1P1/FTM2CH3/MOSI1®
[<«<—>PTD2/KBI1P2/MISO1/TSI10
[<«<—>PTD3/KBI1P3/SS1/TSI11
[<—>PTD4/KBI1P4

[<«<—>PTD5/KBI1P5
[<<—>PTD6/KBI1P6/RxD2
<—>»PTD7/KBI1P7/TxD2

«<—>PTE0/SPSCKO/TCLK13
<«—>PTE1/MOSI0®
<«—>PTE2/MISO0
<«<—>PTE3/SS0O
«—>PTE4

<«<—>PTE5
<«<—>PTE6
<—>PTE7/TCLK2

[<«<—>PTFO/TSI12
[<«<—>PTF1/TSI13
[<<—>PTF2/TSI14
[<«<—>PTF3/TSI15
[<«<—>PTF4/ADP12
[<—>PTF5/ADP13
[<«<—>PTF6/ADP14
<<—>PTF7/ADP15

[<—>PTGO
[<—>PTG1
[<«<—>PTG2
[<—>PTG3

«<—>PTHO/FTM2CH0 2
«—>PTH1/FTM2CH13
«—>pTH2/BUSOUT *
<«<—>PTHs
«—>pTH7

[ PotH || PortG | |

Figure 1-1. MCU block diagram
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System clock distribution

1.3 System clock distribution
These series contain three on-chip clock sources

* Internal clock source (ICS) module — The main clock source generator providing
bus clock and other reference clocks to peripherals

» External oscillator (XOSC) module — The external oscillator providing reference
clock to internal clock source (ICS), the real-time clock counter clock module (RTC)
and other MCU sub-systems.

* Low-power oscillator (LPO) module — The on-chip low-power oscillator providing
1 kHz reference clock to RTC and watchdog (WDOG).
NOTE

For this device, the system clock is the bus clock.

The following figure shows a simplified clock connection diagram.

1-kHz | LPOCLK

LPO
XTAL < osc |-9scpyr
> TCLKO TCLKA1 TCLK2
EXTAL ICSIRCLK l l l
Yy + vy A
FTMO FTMA1
WDOG RTC ADC ACMP MTIMO MTIMA FTM2 CRC TSI
A A A A A A A A f A A A
ICSFFCLK @
ICS |CSCLK| (~8 MHz after reset)
A \ A / \ \ \ A \ Y

SClo SPI0
CPU RAM | | FLASH BDC DBG IPC sci oPI1 lc KBI0
sCl2
ICSLCLK ?
r—— - - - — [ - - — al
| |
CLKOUT 3 |
a 2N |
| |
| [CLKOE [BUSREF] system Control |
Lo - - . . . . _

Figure 1-2. System clock distribution diagram

The clock system supplies:
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Chapter 1 Device Overview

* ICSCLK(BUS) — This up to 20 MHz clock source is used as the bus clock that is
the reference to CPU and all peripherals. Control bits in the ICS control registers
determine which of three clock sources is connected:

* Internal reference clock
» External reference clock
* Frequency-locked loop (FLL) output

* ICSLCLK — This clock source is derived from the digitally controlled oscillator
(DCO) of the ICS when the ICS is configured to run off of the internal or external
reference clock. Development tools can select this internal self-clocked source (8
MHz) to speed up BDC communications in systems where the bus clock is slow.

e [CSIRCLK — This is the internal reference clock and can be selected as the clock
source to the WDOG module.

* ICSFFCLK — This generates the fixed frequency clock (FFCLK) after being
synchronized to the bus clock. It can be selected as clock source to the FTM and
MTIM modules. The frequency of the ICSFFCLK is determined by the setting of the
ICS.

* LPOCLK — This clock is generated from an internal low power oscillator (=1 kHz)
that is completely independent of the ICS module. The LPOCLK can be selected as
the clock source to the RTC or WDOG modules.

* OSCOUT — This is the direct output of the external oscillator module and can be
selected as the clock source for RTC, WDOG and ADC.

* TCLKO — This is an optional external clock source for the FTMO0 and MTIMO
modules. The TCLKO must be limited to 1/4 the frequency of the bus clock for
synchronization.

* TCLK1 — This is an optional external clock source for the FTM1 and MTIM1
modules. The TCLK1 must be limited to 1/4 the frequency of the bus clock for
synchronization.

 TCLK2 — This is an optional external clock source for the FTM2 module. The
TCLK?2 must be limited to 1/4 the frequency of the bus clock for synchronization.
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Device pin assignment

2.1 Device pin assignment

PTD1/KBI1P1/FTM2CH3/MOSI1 !
PTDO/KBI1PO/FTM2CH2/SPSCK1 !
PTH7

PTH6

PTE7/TCLK2

PTH2/BUSOUT

Vop

Vbba /VREFH
VssA VggrL

Vss

PTB7/SCL/EXTAL
PTB6/SDA/XTAL

Vss

PTH1/FTM2CH1"
PTHO/FTM2CH0'

PTE6

Pins in bold are na available on less pin-count packages.

1. High source/sink current pins
2. True open drain pins
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PTA2/KBIOP2/RxD0/SDA2
PTA3/KBIOP3/TxD0/SCL2
PTD2/KBI1P2/MISO1/TSI10
PTD3/KBI1P3/SS1/TSI11
PTD4/KBI1P4

PTFO/TSI12

PTF1/TSI13

Vbp

Vss

PTE4
PTA6/FTM2FAULT1/ADP2/TSIO
PTA7/FTM2FAULT2/ADP3/TSIH
PTF2/TSI14

PTF3/TSI15
PTBO0/KBIOP4/RxD0/ADP4/TSI2
PTB1/KBIOP5/TxD0/ADP5/TSI3

Figure 2-1. MC9S08PT60 64-pin QFP and LQFP package
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Pins in bold are nat available on less pincount packages.

1. High source/sink current pins
2. True open drain pins
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Chapter 2 Pins and connections

PTA2/KBIOP2/RxD0/SDA2
PTA3/KBIOP3/TXD0/SCL?
PTD2/KBI1P2/MISO1/TSI10
PTD3/KBI1P3/SS1/TSI11
PTD4/KBI1P4

Vbp

Vss

PTE4
PTA6/FTM2FAULT1/ADP2/TSIO
PTA7/FTM2FAULT2/ADP3/TSI
PTBO/KBIOP4/RxDO/ADP4/TSI2
PTB1/KBIOP5/TxDO/ADP5/TSI3

Figure 2-2. MC9S08PT60 48-pin LQFP package
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43 PTA5/IRQ/TCLKO/RESET

42 PTC4/FTM1CHO

35 PTAO/KBIOPO/FTMOCHO/ACMPO/ADPO
34 PTA1/KBIOP1/FTM1CHO/ACMP1/ADP1

44 PTA4/ACMPO/BKGD/MS
40 PTEO/SPSCKO/TCLK1!

41 PTC5/FTM1CH1
39| ] PTE1/MOSIO!
38| PTE2/MISO0
37| ] PTC6/RxD1/TSI8
36 PTC7/TxD1/TSI9

W
(5]

|| PTA2/KBIOP2/RXDO/SDA?
32| ] pTA3/KBIOP3/TXDO/SCL2
311 pTD2/KBI1P2/MISO1/TSI10
30[ ] PTD3/KBI1P3/SS1/TSI11
29[ ] pTD4/KBI1P4

PTD1/KBI1P1/FTM2CH3/MOsIH ' [
PTDO/KBI1PO/FTM2CH2/SPScK1 ! [
PTE7/TCLK2 [_|
PTH2/BUSOUT |
Vop [

VDDA /VREFH

Vssa Vpgri

Vss
PTB7/SCL/EXTAL [
PTB6/SDA/XTAL [_|
Vgs [|

26] | pTAG/FTM2FAULT1/ADP2/TSIO
25 ] pTA7/FTM2FAULT2/ADP3/TSH
24[ | pTBO/KBIOP4/RXxDO/ADP4/TSI2
23] ] pTB1/KBIOP5/TXDO/ADP5/TSI3

- O © ©® N O U b wWwN =
N
o]
<
o
o

- =

PTB5/FTM2CH5/SS0™ [ |12
PTB4/FTM2CH4/MISO0' [_| 13
PTD5/KBI1P5 |18
PTC1/FTM2CH1/ADPY/TSI7 [__| 19
PTCO/FTM2CHO/ADPS/TSI6 [ |20
PTB3/KBIOP7/MOSIO/ADP7/TSI5 |21

PTD7/KBI1P7/TxD2 16
PTB2/KBIOP6/SPSCKO/ADP6/TSI4 22

PTC3/FTM2CH3/ADP11 14
PTC2/FTM2CH2/ADP10 15
PTD6/KBI1P6/RxD2 17

Pins in bold are na available on less pin-count packages.
1. High source/sink current pins
2. True open drain pins

Figure 2-3. MC9S08PT60 44-pin LQFP package
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31 PTA5/IRQ/TCLKO/RESET

30[ ] PTC4/FTM1CHO
29| ] PTC5/FTM1CH1
28] | PTC6/RxD1/TSI8
27 ] PTC7/TxD1/TSI9

26 PTAO/KBIOPO/FTMOCHO/ACMPO/ADPO
25 PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1

32 PTA4/ACMPO/BKGD/MS

PTA2/KBIOP2/RxD0/SDA?
PTA3/KBIOP3/TxD0/SCL2
PTD2/KBI1P2/MISO1/TSI10
PTD3/KBI1P3/SS1/TSI11
PTA6/FTM2FAULT1/ADP2/TSIO
PTA7/FTM2FAULT2/ADP3/TSI1
PTBO0/KBIOP4/RxD0/ADP4/TSI2
PTB1/KBIOP5/TxD0/ADP5/TSI3

PTD1/KBI1P1/FTM2CH3/MOSI1"
PTDO/KBI1PO/FTM2CH2/SPSCK11
Vop

VDDA /VReFH

VssA NVperL

Vss

PTB7/SCL/EXTAL
PTB6/SDA/XTAL

AN
H]N|R|R[NIN{RN

w0 N WD =
N
(=]

0
1
2
3
4
5
6

- v~ — v~ v+ T

s o

PTB5/FTM2CH5/SS0?
PTB4/FTM2CH4/MISO0"
PTC3/FTM2CH3/ADP11
PTC2/FTM2CH2/ADP10 [_|

PTC1/FTM2CH1/ADP9/TSI7
PTCO/FTM2CHO/ADP8/TSI6

PTB3/KBIOP7/MOSIO/ADP7/TSI5
PTB2/KBIOP6/SPSCKO/ADP6/TSI4

1. High source/sink current pins
2. True open drain pins

Figure 2-4. MC9S08PT60 32-pin LQFP package

2.2 Pin functions

2.2.1 Power (Vpp, Vss)

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 a regulated lower-voltage source to the CPU and to the MCU's
other internal circuitry.
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Pin functions

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 pF tantalum capacitor,
that provides bulk charge storage for the overall system and a 0.1 pF ceramic bypass
capacitor located as near to the paired Vpp and Vgg power pins as practical to suppress
high-frequency noise.

MCU

DVDD U Vss
.>—i'—<.

0.1 yF

.>—+l%<

O =

Vbb

Figure 2-5. Power supply bypassing

2.2.2 Analog power supply and reference pins (Vppa/Vrery and
Vssa/VRerL)

Vbpa and Vgga are the power supply pins for the analog-to-digital converter (ADC).
Connect the Vppa pin to the same voltage potential as Vpp, and the Vgga pin to the same
voltage potential as Vg.

De-coupling of these pins should be as per the digital supply. A 0.1 uF ceramic bypass
capacitor should be located as near to the MCU power pins as practical to suppress high-
frequency noise.

MCU

VDDA /VREFH VSSA NREF[

C1
0.1uF

External reference voltage
Figure 2-6. Analog power supply bypassing
VREern 18 the high reference supply for the ADC, and is internally connected to Vppa.
VRegrL 1s the low reference supply for the ADC, and is internally connected to Vgga.
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Chapter 2 Pins and connections

2.2.3 Oscillator (XTAL, EXTAL)

The XTAL and EXTAL pins are used to provide the connections for the on-chip
oscillator. The oscillator (XOSC) in this MCU is a Pierce oscillator that can
accommodate a crystal or ceramic resonator. Optionally, an external clock source can be
connected to the EXTAL input pin. The oscillator can be configured to run in stop3
mode.

Refer to the following figure, Rg (when used) and Rg must 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 must be high-quality ceramic
capacitors that are specifically designed for high-frequency applications.

MCU
]
EXTAL XTAL
Rs
MWV
Re
1]
X1
7: C1 7é Cc2

T
Figure 2-7. Typical crystal or resonator circuit

R 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 M to 10 M.
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. 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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2.2.4 External reset pin (RESET) and interrupt pin (IRQ)

A low on the RESET pin forces the MCU to an known startup state. RESET is
bidirectional, allowing a reset of the entire system. It is driven low when any internal
reset source is asserted. This pin contains an internal pullup resistor.

RESET shares an I/O pin with PTAS. The RESET pin function is enabled by default after
POR reset, because internal power-on reset and low-voltage reset circuitry typically make
external reset circuitry unnecessary. This pin is normally connected to the standard 6-pin
background debug connector so that a development system can directly reset the MCU
system. If RESET function of PTAS/IRQ/TCLKO/RESET pin is enabled, a manual
external reset can be added by supplying a simple switch to ground (pull reset pin low to
force a reset). When the RESET pin function is enabled, an internal pullup resistor is
connected to this pin and a reset signal can feed into MCU with an input hysteresis. POR
reset brings RESET pin into its default configuration, reset other than POR has no effect
on the RESET pin function configuration.

When PTAS/IRQ/TCLKO/RESET is enabled as IRQ pin, it is the input source for the
IRQ interrupt and is also the input for the BIH and BIL instructions. IRQ is asynchronous
external interrupt pins.

In EMC-sensitive applications, an external RC filter is recommended on the reset pin.
See the following figure for example.

MCU
LHPTAS/IRQ/TCLKO/RESET HJVSS
|
1
0.1 pF
4.7kQ-10kQ -

Vbp

Figure 2-8. PTA5/IRQ/TCLKO/RESET external RC filter
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2.2.5 Background/mode select (BKGD/MS)

During a power-on-reset (POR) or background debug force reset, the PTA4/ACMPO/
BKGD/MS pin functions as a mode select pin. Immediately after internal reset rises the
pin functions as the background pin and can be used for background debug
communication. While the pin functions as a background/mode selection pin, it includes
an internal pullup device and a standard output driver.

The background debug communication function is enabled when SOPT1[BKGDPE] bit
is set. SOPT1[BKGDPE] is set following any reset of the MCU and must be cleared to
use the PTA4/ACMPO/BKGD/MS pin's alternative pin functions.

If this pin is floating, the MCU will enter normal operating mode at the rising edge of
reset. If a debug system is connected to the 6-pin standard background debug header, it
can hold BKGD/MS low during the POR or immediately after issuing a background
debug force reset, which will force the MCU into active background mode.

The BKGD pin is used primarily for background debug controller (BDC)
communications using a custom protocol that uses 16 clock cycles of the target MCU's
BDC clock per bit time. The target MCU's BDC clock can run as fast as the bus clock, so
there should never be any significant capacitance connected to the BKGD/MS pin that
interferes with background serial communications. When the pin performs output only
PTAA4, it can drive only capacitance-limited MOSFET. Driving a bipolar transistor
directly by PTA4 is prohibited because this can cause mode entry fault and BKGD errors.

Although the BKGD pin is a pseudo open-drain pin, the background debug
communication protocol provides brief, actively driven, high speedup pulses to ensure
fast rise time. Small capacitances from cables and the absolute value of the internal
pullup device play almost no role in determining rise and fall time on the BKGD pin.

PTA5/IRQ/TCLKO/RESET

] IRERA

Optional Manual Reset

|

BKGD/MS

“les HDOO Vo
OO

Figure 2-9. Typical debug circuit
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2.2.6 Port A input/output (I/0) pins (PTA7-PTAO0)

PTA7-PTAO except PTA4 are general-purpose, bidirectional I/O port pins. These port
pins also have selectable pullup devices when configured for input mode except PTA4,
the pullup devices are selectable on an individual port bit basis. The pulling devices are
disengaged when configured for output mode except when PTA2 and PTA3 are used as
SDA and SCL function.

PTAA4 is output only when used as port pin. The pulling device is disabled at this
condition.

PTA3 and PTA?2 provide true open drain when operated as output.

2.2.7 Port B input/output (I/0) pins (PTB7-PTBO0)

PTB7-PTBO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pullup devices when configured for input mode, the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.

2.2.8 Port C input/output (I/0) pins (PTC7-PTCO0)

PTC7-PTCO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pullup devices when configured for input mode, the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.

2.2.9 Port D input/output (I/0) pins (PTD7-PTDO0)

PTD7-PTDO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pullup devices when configured for input mode, the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.
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2.2.10 Port E input/Output (I/0) pins (PTE7-PTEO)

PTE7-PTEO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pullup devices when configured for input mode, the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.

2.2.11 Port F input/output (I/O) pins (PTF7-PTFO0)

PTF7-PTFO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pullup devices when configured for input mode, the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.

2.2.12 Port G input/output (I/O) pins (PTG3-PTGO0)

PTG3-PTGO are general-purpose, bidirectional I/O port pins. These port pins also have
selectable pull-up devices when configured for input mode, the pullup devices are
selectable on an individual port bit basis. The pulling devices are disengaged when
configured for output mode.

2.2.13 Port H input/output (I/0) pins (PTH7-PTH6, PTH2-PTHO)

PTH7-PTH6, PTH2-PTHO are general-purpose, bidirectional I/O port pins. These port
pins also have selectable pullup devices when configured for input mode, the pullup
devices are selectable on an individual port bit basis. The pulling devices are disengaged
when configured for output mode.

2.2.14 True open drain pins (PTA3-PTA2)
PTA3 and PTAZ2 operate in true open-drain mode.

NOTE
When configuring IIC to use SDA(PTA2) and SCL(PTA3)
pins, if an application uses internal pullups instead of external
pullups, the internal pullups remain present setting when the
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pins are configured as outputs, but they are automatically
disabled to save power when the output values are low.

2.2.15 High current drive pins (PTB4, PTB5, PTDO, PTD1, PTEO,
PTE1, PTHO, PTH1)

When high current function is enabled, PTB4, PTBS, PTDO, PTD1, PTEO, PTE1, PTHO
and PTHI can drive output current. Each high current drive pin can drive higher sink/
source current than the other normal pins, please refer to data sheet for the drive capacity.

WARNING

The total sink/source current should be under the chip's
capacity, please refer to data sheet on max current allowed.

2.2.16 Peripheral pinouts

These MCUs support up to 57 general-purpose 1/O pins, which are shared with on-chip
peripheral functions (FTM, ACMP, ADC, SCI, SPI, IIC, KBI, etc.). These 57 general-
purpose I/0 pins include one output-only pin (PTA4).

When a port pin is configured as general-purpose input, or when a peripheral uses the
port pin as an input, the software can enable a pullup device.

When a high current drive port pin is configured as general-purpose output or when a
peripheral uses the port pin as an output, software can select alternative drive strengths.

For information about controlling these pins as general-purpose I/O pins, see the Parallel
input/output. For information about how and when on-chip peripheral systems use these
pins, see the appropriate module chapter.

Immediately after reset, all pins are configured as high-impedance general-purpose 10
with internal pullup devices disabled.

Table 2-1. Pin availability by package pin-count

Pin Number Lowest Priority <-- --> Highest
64-LQFP
48-LQFP | 44-LQFP | 32-LQFP Port Pin Alt 1 Alt 2 Alt3 Alt 4
64-QFP
1 1 1 1 PTD1" KBI1P1 FTM2CH3 MOSI1 —
2 2 2 2 PTDO' KBI1PO FTM2CH2 SPSCK1 —
3 — — — PTH7 — — — —

Table continues on the next page...
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Table 2-1. Pin availability by package pin-count (continued)

Pin Number Lowest Priority <-- --> Highest

64-LQFP

64-QFP 48-LQFP | 44-LQFP | 32-LQFP Port Pin Alt 1 Alt 2 Alt 3 Alt 4
4 — — — PTH6 — — — —
5 3 3 — PTE7 — TCLK2 — —
6 4 4 — PTH2 — BUSOUT — —
7 5 5 3 — — — — Vbp
8 6 6 4 — — — Vbpa VREFH
9 7 7 5 — — — Vssa VRerL
10 8 8 6 — — — — Vss
11 9 9 7 PTB7 — SCL — EXTAL
12 10 10 8 PTB6 — SDA — XTAL
13 11 11 — — — — — Vss
14 — — — PTH11 — FTM2CH1 — —
15 — — — PTHO' — FTM2CHO — —
16 12 — — PTE6 — — — —
17 13 — — PTE5 — — — —
18 14 12 9 PTB5! FTM2CH5 SS0 — —
19 15 13 10 PTB4! FTM2CH4 MISO0 — —
20 16 14 11 PTC3 FTM2CH3 — ADP11 —
21 17 15 12 PTC2 FTM2CH2 — ADP10 —
22 18 16 — PTD7 KBI1P7 TXD2 — —
23 19 17 — PTD6 KBI1P6 RXD2 — —
24 20 18 — PTD5 KBI1P5 — — —
25 21 19 13 PTCA — FTM2CH1 ADP9 TSI7
26 22 20 14 PTCO — FTM2CHO ADPS8 TSI6
27 — — — PTF7 — — ADP15 —
28 — — — PTF6 — — ADP14 —
29 — — — PTF5 — — ADP13 —
30 — — — PTF4 — — ADP12 —
31 23 21 15 PTB3 KBIOP7 MOSIO ADP7 TSI5
32 24 22 16 PTB2 KBIOP6 SPSCKO ADP6 TSI4
33 25 23 17 PTB1 KBIOP5 TXDO ADP5 TSI3
34 26 24 18 PTBO KBIOP4 RXD0O ADP4 TSI2
35 — — — PTF3 — — — TSI15
36 — — — PTF2 — — — TSI14

Table continues on the next page...
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Table 2-1. Pin availability by package pin-count (continued)

Pin Number Lowest Priority <-- --> Highest

64-LQFP

64-QFP 48-LQFP | 44-LQFP | 32-LQFP Port Pin Alt 1 Alt 2 Alt3 Alt 4
37 27 25 19 PTA7 FTM2FAULT2 — ADP3 TS
38 28 26 20 PTA6 FTM2FAULT1 — ADP2 TSIO
39 29 — — PTE4 — — — —
40 30 27 — — — — — Vss
41 31 28 — — — — — Vpp
42 — — — PTF1 — — — TSI13
43 — — — PTFO — — — TSHH2
44 32 29 — PTD4 KBI1P4 — — —
45 33 30 21 PTD3 KBI1P3 SS1 — TSHA1
46 34 31 22 PTD2 KBI1P2 MISO1 — TSIHO
47 35 32 23 PTA32 KBIOP3 TXDO SCL —
48 36 33 24 PTA22 KBIOP2 RXDO SDA —
49 37 34 25 PTA1 KBIOP1 FTMOCH1 ACMPA1 ADP1
50 38 35 26 PTAO KBIOPO FTMOCHO ACMPO ADPO
51 39 36 27 PTC7 — TxD1 — TSI9
52 40 37 28 PTC6 — RxD1 — TSI8
53 41 — — PTE3 — SS0 — —
54 42 38 — PTE2 — MISO0 — —
55 — — — PTGS3 — — — —
56 — — — PTG2 — — — —
57 — — — PTG1 — — — —
58 — — — PTGO — — — —
59 43 39 — PTE1! — MOSIO — —
60 44 40 — PTEO! — SPSCKO TCLKA1 —
61 45 41 29 PTC5 — FTM1CH1 — —
62 46 42 30 PTC4 — FTM1CHO RTCO —
63 47 43 31 PTA5 IRQ TCLKO — RESET
64 48 44 32 PTA4 — ACMPO BKGD MS

1. This is a high current drive pin when operated as output. Please see High current drive for more information.
2. This is a true open-drain pin when operated as output.
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Note

When an alternative function is first enabled, it is possible to
get a spurious edge to the module. User software must clear any
associated flags before interrupts are enabled. The table above
illustrates the priority if multiple modules are enabled. The
highest priority module will have control over the pin. Selecting
a higher priority pin function with a lower priority function
already enabled can cause spurious edges to the lower priority
module. Disable all modules that share a pin before enabling
another module.
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Chapter 3
Power management

3.1 Introduction

The operating modes of the device are described in this chapter. Entry into each mode,
exit from each mode, and functionality while in each of the modes are described.

3.2 Features
These MCUs feature the following power modes:
* Run mode
* Wait mode
* CPU shuts down to conserve power
* Bus clocks are running
 Full voltage regulation is maintained
e Stop modes
» System clocks stopped; voltage regulator in standby

 Stop3; all internal circuits powered for fast recovery

3.2.1 Run mode

This is the normal operating mode. In this mode, the CPU executes code from internal
memory with execution beginning at the address fetched from memory at OxFFFE:
OxFFFF after reset. The power supply is fully regulating and all peripherals can be active
in run mode.
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3.2.2 Wait mode

Wait mode is entered by executing a WAIT instruction. Upon execution of the WAIT
instruction, the CPU enters a low-power state in which it is not clocked. The I bit in CCR
1s cleared when the CPU enters the wait mode, enabling interrupts. When an interrupt
request occurs, the CPU exits the wait mode and resumes processing, beginning with the
stacking operations leading to the interrupt service routine.

While the MCU is in wait mode, there are some restrictions on which background debug
commands can be used. Only the BACKGROUND command and memory-access-with-
status commands are available when the MCU is in wait mode. The memory-access-with-
status commands do not allow memory access, but they report an error indicating that the
MCU is in either stop or wait mode. The BACKGROUND command can be used to
wake the MCU from wait mode and enter active background mode.

3.2.3 Stop3 mode

To enter stop3, the user must execute a STOP instruction with stop mode enabled
(SOPT1[STOPE] = 1). Upon entering the stop3 mode, all of the clocks in the MCU are
halted by default, but OSC clock and internal reference clock can be turned on by setting
the ICS control registers. The ICS enters its standby state, as does the voltage regulator
and the ADC. The states of all of the internal registers and logic, as well as the RAM
content, are maintained. The I/O pin states are not latched at the pin. Instead they are
maintained by virtue of the states of the internal logic driving the pins being maintained.

Exit from stop3 is done by asserting reset or through an interrupt. The interrupt include
the asynchronous interrupt from the IRQ or KBI pins, the SCI receive interrupt, the ADC,
ACMP, TSI, IIC or LVI interrupt and the real-time interrupt.

If stop3 is exited by means of the RESET pin, then the MCU will be reset and operation
will resume after taking the reset vector. Exit by means of an asynchronous interrupt or
the real-time interrupt will result in the MCU taking the appropriate interrupt vector.

The LPO (=1 kHz) for the real-time counter clock allows a wakeup from stop3 mode with
no external components. When RTC_SC2[RTCPS] is clear, the real-time counter clock
function is disabled.
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3.2.4 Active BDM enabled in stop3 mode

Entry into the active background mode from run mode is enabled if the
BDC_SCR[ENBDM] bit is set. This register is described in the development support. If
BDC_SCR[ENBDM] is set when the CPU executes a STOP instruction, the system
clocks to the background debug logic remain active when the MCU enters stop mode, so
background debug communication is still possible. In addition, the voltage regulator does
not enter its low-power standby state but maintains full internal regulation.

Most background commands are not available in stop mode. The memory-access-with-
status commands do not allow memory access, but they report an error indicating that the
MCU is in either stop or wait mode. The BACKGROUND command can be used to
wake the MCU from stop and enter active background mode if the BDC_SCR[ENBDM]
bit is set. After entering background debug mode, all background commands are
available.

3.2.5 LVD enabled in stop mode

The LVD system is capable of generating either an interrupt or a reset when the supply
voltage drops below the LVD voltage. If the LVD is enabled in stop (LVDE and LVDSE
bits in SPMSCI both set) at the time the CPU executes a STOP instruction, then the
voltage regulator remains active during stop3 mode.

3.2.6 Power modes behaviors

Executing the WAIT or STOP command puts the MCU in a low power consumption
mode for standby situations. The system integration module (SIM) holds the CPU in a
non-clocked state. The operation of each of these modes is described in the following
subsections. Both STOP and WAIT clear the interrupt mask (I) in the condition code
register, allowing interrupt to occur. The following table shows the low power mode
behaviors.

Table 3-1. Low power mode behavior

Mode Run Wait Stop3
PMC Full regulation Full regulation Loose regulation
ICS On On Optional on
0OSC On On Optional on
LPO On On On

CPU On Standby Standby

Table continues on the next page...
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Table 3-1. Low power mode behavior (continued)

Mode Run Wait Stop3
FLASH On On Standby
RAM On Standby Standby
ADC On On Optional on
ACMP On On Optional on
TSI On On Optional on
I/0 On On States held
SCI On On Standby
SPI On On Standby
lc On On Standby
FTM On On Standby
MTIM On On Standby
WDOG On On Optional on
DBG On On Standby
IPC On On Standby
CRC On On Standby
RTC On On Optional on
LVD On On Optional on

3.3 Low voltage detect (LVD) system

This device includes a system to protect against low voltage conditions in order to protect
memory contents and control MCU system states during supply voltage variations. This
system consists of a power-on reset (POR) circuit and an LVD circuit with a user
selectable trip voltage, either high (Vi ypy) or low (Vi ypr). The LVD circuit is enabled
when SPMSC1[LVDE] is set and the trip voltage is selected by SPMSC2[LVDV]. The
LVD is disabled upon entering the stop modes unless the SPMSC1[LVDSE] bit is set or
active BDM enabled (BDCSCR[ENBDM|]=1). If SPMSCI1[LVDSE] and
SPMSCI1[LVDE] are both set, the current consumption in stop3 with the LVD enabled
will be greater.
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Figure 3-1. Low voltage detect (LVD) block diagram

3.3.1 Power-on reset (POR) operation

When power is initially applied to the MCU, or when the supply voltage drops below the
Vpor level, the POR circuit will cause a reset condition. As the supply voltage rises, the
LVD circuit will hold the chip in reset until the supply has risen above the V[ yp;. level.
Both the SRS[POR] and SRS[LVD] are set following a POR.

3.3.2 LVD reset operation

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

3.3.3 Low-voltage warning (LVW)

The LVD system has a low voltage warning flag to indicate that the supply voltage is
approaching the LVD voltage. When a low voltage condition is detected and the LVD
circuit is configured for interrupt operation (SPMSCI1[LVDE] set, SPMSCI1[LVWIE]
set), SPMSCI1[LVWF] will be set and LVW interrupt will occur. There are four user-
selectable trip voltages for the LVW upon each LVDV configuration. The trip voltage is
selected by SPMSC2[LVWV].
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3.4 Bandgap reference

This device includes an on-chip bandgap reference (=1.2V) connected to ADC channel
and ACMP. The bandgap reference voltage will not drop under the full operating voltage
even when the operating voltage is falling. This reference voltage acts as an ideal
reference voltage for accurate measurements.

3.5 Power management control bits and registers

PMC memory map

Absolute

address Register name Width | ) ccess | Reset value | Section/
(hex) (in bits) page
3040 (SPyl\s;ItgmsllionvSecr;z\/l)anagement Status and Control 1 Register 8 RW 1Ch 3.5 1/60
3041 (SPy'\s/Itgmsl;c')\vaeég/l)anagement Status and Control 2 Register 8 RW 00h 3.5.2/62

3.5.1 System Power Management Status and Control 1 Register
(PMC_SPMSC1)

This high page register contains status and control bits to support the low-voltage
detection 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.

Address: 3040h base + Oh offset = 3040h

Bit 7 6 5 4 3 2 1 0
Read LVWF
LVWIE LVDRE LVDSE LVDE BGBDS BGBE
Write LVWACK
Reset 0 0 0 1 1 1 0 0
PMC_SPMSC1 field descriptions
Field Description
7 Low-Voltage Warning Flag
LVWF
The LVWEF bit indicates the low-voltage warning status.

Table continues on the next page...
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PMC_SPMSC1 field descriptions (continued)

Field Description

NOTE: LVWEF will be set in the case when Vg, transitions below the trip point or after reset and
Vsupply is already below Vi yy. LVWF bit may be 1 after power on reset, therefore, to use LVW
interrupt function, before enabling LVWIE, LVWF must be cleared by writing LVWACK first.

0 Low-voltage warning is not present.
1 Low-voltage warning is present or was present.

6 Low-Voltage Warning Acknowledge
LVWACK
If LVWF = 1, a low-voltage condition has occurred. To acknowledge this low-voltage warning, write 1 to
LVWACK, which automatically clears LVWF to 0 if the low-voltage warning is no longer present.

5 Low-Voltage Warning Interrupt Enable
LVWIE
This bit enables hardware interrupt requests for LVWF.

0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVWF = 1.

4 Low-Voltage Detect Reset Enable
LVDRE
This write-once bit enables LVD events to generate a hardware reset (provided LVDE = 1).

NOTE: This bit can be written only one time after reset. Additional writes are ignored.

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
LVDSE
Provided LVDE = 1, this read/write bit determines whether the low-voltage 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
LVDE
This write-once bit enables low-voltage detect logic and qualifies the operation of other bits in this register.

NOTE: This bit can be written only one time after reset. Additional writes are ignored.

0 LVD logic disabled.
1 LVD logic enabled.

1 Bandgap Buffer Drive Select
BGBDS
This bit is used to select the high drive mode of the bandgap buffer.

0 Bandgap buffer enabled in low drive mode if BGBE = 1.
1 Bandgap buffer enabled in high drive mode if BGBE = 1.

0 Bandgap Buffer Enable
BGBE
This bit enables an internal buffer for the bandgap voltage reference for use by the ADC module on one of
its internal channels.

0 Bandgap buffer disabled.
1 Bandgap buffer enabled.
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3.5.2 System Power Management Status and Control 2 Register
(PMC_SPMSC2)

This register is used to report the status of the low-voltage warning function, and to
configure the stop mode behavior of the MCU. 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.

Address: 3040h base + 1h offset = 3041h

Bit 7 6 5 4 | 3 2 1 0
Read 0 LVDV LVWV
Write
Reset 0 0 0 0
PMC_SPMSC2 field descriptions
Field Description
7 This read-only field is reserved and always has the value 0.
Reserved
6 Low-Voltage Detect Voltage Select
LVDV

This write-once bit selects the low-voltage detect (LVD) trip point setting. See data sheet for details.

0 Low trip point selected (Vi yp = VLvpL)-
1 High trip point selected (Vi vp = VLvpH)-

54 Low-Voltage Warning Voltage Select
LVWV
This bit selects the low-voltage warning (LVW) trip point voltage. See data sheet for details.

00 Low trip point selected (Vi yw = Vivwi)-
01 Middle 1 trip point selected (Vi yw = Vivwa)-
10 Middle 2 trip point selected (Vi yw = Vivwa)-
11 High trip point selected (V yw = ViLvwa)-

3-0 This read-only field is reserved and always has the value 0.
Reserved
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4.1 Memory map

The HCS08 CPU can address 64 KB of memory space. The memory map, shown in the
following figure, includes:

» User flash memory (flash)
* MCIS08PT60: 60,864 bytes; 119 pages of 512 bytes each
*» MC9S08PT32: 32,768 bytes; 64 pages of 512 bytes each
* Random-access memory (RAM)
* MC9S08PT60: 4,096 bytes
* MC9S08PT32: 4,096 bytes
* Electrically erasable programmable read-only memory (EEPROM)
* MCI9SO08PT60: 256 bytes; 128 pages of 2 bytes each
 MCO9S08PT32: 256 bytes; 128 pages of 2 bytes each
* Direct-page registers (0x0000 through 0x003F)
» High-page registers (0x3000 through 0x30FF)
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Ox0090 [ DIRECT PAGE REGISTERS 9x0000 [ DIRECT PAGE REGISTERS
0x0040 0x0040
4096 BYTES RAM RAM 4,096 BYTES
BE10G ortsr
8,128 BYTES FLASH UNIMPLEMENTED
Oraoo0 0x3000
X X
Ox30FF HIGH PAGE REGISTERS OX30FF HIGH PAGE REGISTERS
310|256 BYTES EEPROM sie2| 256 BYTES EEPROM
0x3200
UNIMPLEMENTED
0x8000
52,736B FLASH
32,768B FLASH
OxFFAF OXFFAF
bt VECTOR TABLE OXFFB0 VECTOR TABLE
MC9S08PT60 MC9S08PT32

Figure 4-1. Memory map

4.2 Reset and interrupt vector assignments

The following table shows address assignments for reset and interrupt vectors. The vector
names shown in this table are the labels used in the Freescale-provided header files for
the device.

Table 4-1. Reset and interrupt vectors

Address

(high/low) Vector Vector name
OxFFBO:FFBT1 NVM Vnvm
OxFFB2:FFB3 KBI1 Vkbii
OxFFB4:FFB5 KBIO Vkbi0
OxFFB6:FFB7 TSI Visi
OxFFB8:FFB9 RTC Ve
OxFFBA:FFBB Ic Vic
OxFFBC:FFBD SPH Vepit
OxFEBE:FFBF SPIO Vspi0

Table continues on the next page...
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Table 4-1. Reset and interrupt vectors (continued)

Address

(highflow) Vector Vector name
OxFFCO:FFC1 SCI2 transmit Vsci2txd
OxFFC2:FFC3 SCI2 receive Vsci2rxd
OxFFC4:FFC5 SCI2 error Vsci2err
OxFFC6:FFC7 SCI1 transmit Vscittxd
OxFFC8:FFC9 SCI1 receive Vscitrxd
OxFFCA:FFCB SCI1 error Vsciterr
OxFFCC:FFCD SCIO transmit VsciOtxd
OxFFCE:FFCF SCIO receive VsciOrxd
O0xFFDO:FFD1 SCIO error VsciOerr
OxFFD2:FFD3 ADC Vadc
O0xFFD4:FFD5 ACMP Vacmp
OxFFD6:FFD7 MTIM1 Vmtim1
OxFFD8:FFD9 MTIMO VmtimO
OxFFDA:FFDB FTMO overflow VitmOovf
OxFFDC:FFDD FTMO channel 1 VftmOch1
OxFFDE:FFDF FTMO channel 0 VftmOchO
OxFFEO:FFE1 FTM1 overflow Vitm1ovf
OxFFE2:FFE3 FTM1 channel 1 Vitmich1
OxFFE4:FFE5 FTM1 channel O Vitm1chO
OxFFE6:FFE7 FTM2 overflow Vitm2ovf
OxFFE8:FFE9 FTM2 channel 5 Vftm2ch5
OxFFEA:FFEB FTM2 channel 4 Vftm2ch4
OxFFEC:FFED FTM2 channel 3 Vitm2ch3
OxFFEE:FFEF FTM2 channel 2 Vitm2ch2
OxFFFO:FFF1 FTM2 channel 1 Vitm2ch1
OxFFF2:FFF3 FTM2 channel 0 Vftm2chO
OxFFF4:FFF5 FTM2 fault Vitm2fit
OxFFF6:FFF7 Clock loss of lock Vclk
OxFFF8:FFF9 Low voltage warning Vivw
OxFFFA:FFFB IRQ or Watchdog Virq or Vwdog
OxFFFC:FFFD SWI Vswi
OxFFFE:FFFF Reset Vreset
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4.3 Register addresses and bit assignments

The register definitions vary in different memory sizes. The register addresses of unused
peripherals are reserved. The following table shows the register availability of the
devices.

Table 4-2. Peripheral registers availability

Address Bytes Peripheral registers
0x0000—0x0007 8 Port data
0x0008—0x000F 8 TSI
0x0010—0x0017 8 ADC
0x0018—0x001B 4 MTIMO
0x001C—O0x001F 4 MTIMA
0x0020—0x002A 11 FTMO
0x002C—O0x002F 4 ACMP
0x0030—0x003A 11 FTMA1
0x003B—0x003B 1 IRQ
0x003C—0x003C 1 KBIO
0x003D—0x003D 1 KBI1
0x003E—O0x003F 2 IPC
0x3000—0x300B 12 SIM
0x300C—0x300F 4 SCG
0x3010—0x301F 16 DBG
0x3020—0x302C 13 NVM
0x3030—0x3037 8 WDOG
0x3038—0x303E 7 ICS, XOSC
0x3040—0x3049 10 PMC
0x304A—0x304B 2 SYS
0x3050—0x3059 10 IPC
0x3060—0x3068 9 CRC
0x306A—0x306F 6 RTC
0x3070—0x307B 12 IIC
0x307C—0x307D 2 KBIO
0x307E—O0x307F 2 KBI1
0x3080—0x3087 8 SClo
0x3088—0x308F 8 SCi1

Table continues on the next page...
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Table 4-2. Peripheral registers availability (continued)

Address Bytes Peripheral registers
0x3090—0x3097 8 SCiI2
0x3098—0x309F 8 SPIO
0x30A0—0x30A9 10 SPI1
0x30AC—O0x30AD 2 ADC
0x30AF—Ox30AF 1 Port high drive enable
0x30B0—0x30B7 8 Port output enable
0x30B8—0x30BF 8 Port input enable
0x30C0—O0x30EA 43 FTM2
0x30EC—O0x30EF 4 Port filter
0x30F0—O0x30F7 8 Port pullup
0x30F8—0x30FF 8 SYS

The registers in the devices are divided into two groups:

 Direct-page registers are located in the first 64 locations in the memory map, so they
can be accessed with efficient direct addressing mode instructions.

» High-page registers are used much less often, so they are located above 0x3000 in
the memory map. This leaves room in the direct page for more frequently used
registers and variables.

Direct-page registers can be accessed with efficient direct addressing mode instructions.
Bit manipulation instructions can be used to access any bit in a direct-page register.

The direct page registers can use the more efficient direct addressing mode, which
requires only the lower byte of the address.

The following tables are summaries of all user-accessible direct-page and high-page
registers and control bits. Cells that are not associated with named bits are shaded. A
shaded cell with a O indicates this unused bit always reads as a 0; and a shaded cell with a
I indicates this unused bit always reads as a 1. Shaded cells with dashes indicate unused
or reserved bit locations that could read as 1s or Os.

Table 4-3. Direct-page register allocation

Address | Register name Bit7 6 5 4 3 2 1 Bit 0
0x0000 PORT_PTAD PTAD7 | PTAD6 | PTAD5 | PTAD4 | PTAD3 | PTAD2 | PTAD1 | PTADO
0x0001 PORT_PTBD PTBD7 | PTBD6 | PTBD5 | PTBD4 | PTBD3 | PTBD2 | PTBD1 | PTBDO
0x0002 PORT_PTCD PTCD7 | PTCD6 | PTCD5 | PTCD4 | PTCD3 | PTCD2 | PTCD1 | PTCDO
0x0003 PORT_PTDD PTDD7 | PTDD6 | PTDD5 | PTDD4 | PTDD3 | PTDD2 | PTDD1 | PTDDO
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Table 4-3. Direct-page register allocation (continued)

Address | Register name Bit7 6 5 4 3 2 1 Bit 0
0x0004 PORT_PTED PTED7 | PTED6 | PTED5 | PTED4 | PTED3 | PTED2 | PTED1 | PTEDO
0x0005 PORT_PTFD PTFD7 | PTFD6 | PTFD5 | PTFD4 | PTFD3 | PTFD2 | PTFD1 | PTFDO
0x0006 PORT_PTGD = = = = PTGD3 | PTGD2 | PTGD1 | PTGDO
0x0007 PORT_PTHD PTHD?7 | PTHD6 = = = PTHD2 | PTHD1 | PTHDO
0x0008 TSI_CSO TSIEN | TSIIEEN | STPE STM SCNIP | EOSF Cl\JA'?S SWTS
0x0009 TSI_CS1 PS NSCN
0x000A TSI_CS2 REFCHRG DVOLT EXTCHRG
0x000B TSI_CS3 TSICH —
0x000C TSI_PENO PEN7 PENG6 PEN5 PEN4 PEN3 PEN2 PEN1 PENO
0x000D TSI_PENf1 PEN15 | PEN14 | PEN13 | PEN12 | PEN11 | PEN10 | PEN9 PENS8
0x000E TSI_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x000F TSI_CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0010 ADC_SCH1 COCO | AIEN | ADCO ADCH
0x0011 ADC_SC2 ADACT | ADTRG | ACFE | ACFGT FEI\YAPT FFULL = =
0x0012 ADC_SC3 ADLPC ADIV ADII;SM MODE ADICLK
0x0013 ADC_SC4 — ASEAN ACESE — — AFDEP
0x0014 ADC_RH Bit 15 14 13 12 11 10 9 Bit 8
0x0015 ADC_RL Bit 7 6 5 4 3 2 1 Bit 0
0x0016 ADC_CVH Bit 15 14 13 12 11 10 9 Bit 8
0x0017 ADC_CVL Bit 7 6 5 4 3 2 1 Bit 0
0x0018 MTIMO_SC TOF TOIE TRST TSTP = = = =
0x0019 MTIMO_CLK — — CLKS PS
0x001A MTIMO_CNT COUNT
0x001B MTIMO_MOD MOD
0x001C MTIM1_SC TOF TOIE TRST TSTP — — — —
0x001D MTIM1_CLK — — CLKS PS
0x001E MTIM1_CNT COUNT
0x001F MTIM1_MOD MOD
0x0020 FTMO_SC or | Toie | P | cikse | cLksa | ps2 | Pst | Pso
0x0021 FTMO_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0022 FTMO_CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0023 FTMO_MODH Bit 15 14 13 12 11 10 9 Bit 8
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Table 4-3. Direct-page register allocation (continued)

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x0024 FTMO_MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0025 FTMO_COSC CHF | CHIE | MSB | MSA | ELSB | ELSA — —
0x0026 FTMO_COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0027 FTMO_COVL Bit 7 6 5 4 3 2 1 Bit 0
0x0028 FTMO_C1SC CHF | CHIE | MSB | MSA | ELSB | ELSA — —
0x0029 FTMO_C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x002A FTMO_C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x002B Reserved — — — — — — — —
0x002C ACMP_CS ACE | HYST | ACF | ACIE | ACO |ACOPE ACMOD
0x002D ACMP_CO — — ACPSEL — — ACNSEL
0x002E ACMP_C1 DACEN DAgRE DACVAL
0x002F ACMP_C2 — — — — — | ACIPE2 | ACIPE1 | ACIPEO
0x0030 FTM1_SC TOF | TOIE cpgv M| cLksB | cLksa | Ps2 | Ps1 | Pso
0x0031 FTM1_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x0032 FTM1_CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x0033 FTM1_MODH Bit 15 14 13 12 11 10 9 Bit 8
0x0034 FTM1_MODL Bit 7 6 5 4 3 2 1 Bit 0
0x0035 FTM1_C0SC CHF | CHIE | MSB | MSA | ELSB | ELSA — —
0x0036 FTM1_COVH Bit 15 14 13 12 11 10 9 Bit 8
0x0037 FTM1_COVL Bit 7 6 5 4 3 2 1 Bit 0
0x0038 FTM1_C1SC CHF | CHIE | MSB | MSA | ELSB | ELSA — —
0x0039 FTM1_C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x003A FTM1_C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x003B IRQ_SC — | AP0 | IROED | pgpe | RaF | FOAC | iRaie | 'ROYO
0x003C KBIO_SC — — — — KBF | KBACK | KBIE |KBMOD
0x003D KBI1_SC — — — — KBF | KBACK | KBIE |KBMOD
0x003E IPC_SC IPCE — PSE PSF |PULIPM| — IPM
0x003F IPC_IPMPS IPM3 IPM2 IPM1 IPMO
Table 4-4. High-page register allocation
Address Register name Bit 7 6 5 4 3 2 1 Bit 0
0x3000 SYS_SRS POR PIN | WDOG | ILOP | ILAD | LOC LVD —
0x3001 SYS_SBDFR — — — — — — — BDFR
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Table 4-4. High-page register allocation (continued)

Address | Register name Bit7 6 5 4 3 2 1 Bit 0
0x3002 SYS_SDIDH — — — — D11 | ID10 | ID9 ID8
0x3003 SYS_SDIDL ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
0x3004 SYS_SOPT1 SCIOPS | SPIOPS | 1ICPS FT“é'ZP BKEDP RSTPE | FWAKE | STOPE
FTMSY

0x3005 SYS_SOPT2 TxoME | TVSY | RXDFE | RXDCE | ACIC | RTCC ADHWTS
0x3006 SYS_SOPT3 D"YFAC — — — | cLkoE BUSREF
0x3007 SYS_SOPT4 DELAY

0x3008-0x300B Reserved — — — — — — — —
0x300C SCG_C1 FTM2 | FTM1 | FTMO | — — | mmm1 | mTivo | RTC
0x300D SCG _C2 — — | oee | Nvm | Ipc | crRe | — —
0X300E SCG C3 — | sciz2 | scit | scio | spit | spio | 1 —
0X300F SCG C4 AcMP | — | apc | — IRQ | TSI | KBI1 | KBIO
0x3010 DBG_CAH Bit15 | 14 13 12 11 10 9 Bit 8
0x3011 DBG_CAL Bit 7 6 5 4 3 2 1 Bit 0
0x3012 DBG_CBH Bit15 | 14 13 12 11 10 9 Bit 8
0x3013 DBG_CBL Bit 7 6 5 4 3 2 1 Bit 0
0x3014 DBG_CCH Bit15 | 14 13 12 11 10 9 Bit 8
0x3015 DBG_CCL Bit 7 6 5 4 3 2 1 Bit 0
0x3016 DBG_FH Bit15 | 14 13 12 11 10 9 Bit 8
0x3017 DBG_FL Bit 7 6 5 4 3 2 1 Bit 0
0x3018 DBG_CAX RWAEN| RWA | — — — — — —
0x3019 DBG_CBX RWBEN| RWB | — — — — — —
0x301A DBG_CCX RV\,{ICE RWC | — _ _ _ _ _
0x301B DBG_FX PPACC | — — — — — — | Bit1e
0x301C DBG_C DBGEN| ARM | TAG |BRKEN| — = — | Loop1
0x301D DBG_T TRESE BEGIN | — _ TRG
0x301E DBG_S AF BF CF — — — — | ARMF
0x301F DBG_CNT — — — _ CNT

FDIVLC
0x3020 NvM_FeLKkDIV | FoIvLD | TOYC | FDIvs | FDIv4 | FDIVS | FDIV2 | FDIVI | FDIVO
0x3021 NVM_FSEC KE\;EN KEEEN 1 1 1 1 SEC1 | SECO
CCOBI | ccoBl | ccosl

0x3022 NVM_FCCOBIX _ _ _ _ _ o ] 0
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Table 4-4. High-page register allocation (continued)

Address Register name Bit 7 6 5 4 3 2 1 Bit 0
0x3023 Reserved — — — — — — — —
0x3024 NVM_FCNFG CCIE — — IGNSF — — FDFD FSFD
0x3025 NVM_FERCNFG — — — — — — DFDIE | SFDIE
0x3026 NVM_FSTAT CCIF — ACCER FPVIOL MGBUS — MGSTA | MGSTA

R Y T1 TO
0x3027 NVM_FERSTAT — — — — — — | DFDIF | SFDIF
0x3028 NVM_FPROT FPOEN — FPHDIS | FPHS1 | FPHSO | FPLDIS | FPLS1 | FPLSO
0x3029 NVM_EEPROT DPSPE — — — — | DPS2 | DPS1 | DPSO
0x302A NVM_FCCOBHI CCSB1 CCSB1 00281 CCSB1 CC1OB1 CCOOB1 CCOB9 | CCOB8
0x302B NVM_FCCOBLO CCOB7 | CCOB6 | CCOB5 | CCOB4 | CCOB3 | CCOB2 | CCOB1 | CCOBO
0x302C NVM_FOPT NV7 NV6 NV5 NV4 NV3 NV2 NVA NVO

0x302D-0x302F Reserved — — — — — — — —
0x3030 WDOG_CS1 EN INT UPEAT TST DBG WAIT STOP
0x3031 WDOG_CS2 WIN FLG — PRES — — CLK
0x3032 WDOG_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x3033 WDOG_CNTL Bit 7 6 5 4 3 2 1 Bit 0

0x3034 WDOG_TOVALH Bit 15 14 13 12 11 10 9 Bit 8
0x3035 WDOG_TOVALL Bit 7 6 5 4 3 2 1 Bit 0
0x3036 WDOG_WINH Bit 15 14 13 12 11 10 9 Bit 8
0x3037 WDOG_WINL Bit 7 6 5 4 3 2 1 Bit 0
0x3038 ICS_Cf CLKS RDIV IREFS 'RC,\%KE 'REEST
0x3039 ICS_C2 BDIV LP — — — —
0x303A ICS_C3 SCTRIM
0x303B ICS_C4 LOLIE | — CME — — — — SC,'\:ATR'
0x303C ICS_S LOLS LOCK — IREFST CLKST — —
0x303D Reserved — — — — — — — —
OX303E ICS_0SCSC oscen| — |O%5Tloscos| — |manae| Hao | OSYM
0x303F Reserved — — — — — — — —

LVWAC

0x3040 PMC_SPMSC1 LVWF K LVWIE | LVDRE | LVDSE | LVDE |BGBDS | BGBE
0x3041 PMC_SPMSC2 — LVDV LVWV — — — —

0x3042-0x3049 Reserved — — — — — — — —
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Table 4-4. High-page register allocation (continued)

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x304A SYS_ILLAH Bit 15 14 13 12 11 19 9 Bit 8
0x304B SYS_ILLAL Bit 7 6 5 4 3 2 1 Bit 0
0x304C-0x304F Reserved — — — — — — — —
0x3050 IPC_ILRSO ILR3 ILR2 ILR1 ILRO
0x3051 IPC_ILRSH ILR7 ILR6 ILR5 ILR4
0x3052 IPC_ILRS2 ILR11 ILR10 ILR9 ILR8
0x3053 IPC_ILRS3 ILR15 ILR14 ILR13 ILR12
0x3054 IPC_ILRS4 ILR19 ILR18 ILR17 ILR16
0x3055 IPC_ILRS5 ILR23 ILR22 ILR21 ILR20
0x3056 IPC_ILRS6 ILR27 ILR26 ILR25 ILR24
0x3057 IPC_ILRS?7 ILR31 ILR30 ILR29 ILR28
0x3058 IPC_ILRS8 ILR35 ILR34 ILR33 ILR32
0x3059 IPC_ILRS9 ILR39 ILR38 ILR37 ILR36
0x305A-0x305F Reserved = = = = = = = =
0x3060 CRC_DO Bit 31 30 29 28 27 26 25 Bit 24
0x3061 CRC_D1 Bit 23 22 21 20 19 18 17 Bit 16
0x3062 CRC_D2 Bit 15 14 13 12 11 10 9 Bit 8
0x3063 CRC_D3 Bit 7 6 5 4 3 2 1 Bit 0
0x3064 CRC_PO Bit 31 30 29 28 27 26 25 Bit 24
0x3065 CRC_P1 Bit 23 22 21 20 19 18 17 Bit 16
0x3066 CRC_P2 Bit 15 14 13 12 11 10 9 Bit 8
0x3067 CRC_P3 Bit 7 6 5 4 3 2 1 Bit 0
0x3068 CRC_CTRL TOT TOTR 0 FXOR | WAS | TCRC
0x3069 Reserved — — — — — — — —
0x306A RTC_SC1 RTIF RTIE — RTCO — — — —
0x306B RTC_SC2 RTCLKS — — — RTCPS
0x306C RTC_MODH MODH
0x306D RTC_MODL MODL
0x306E RTC_CNTH CNTH
0x306F RTC_CNTL CNTL
0x3070 12C_A1 AD7 AD6 AD5 AD4 AD3 AD2 AD1 0
0x3071 I2C_F MULT ICR
0x3072 12C_C1 IICEN IICIE MST TX TXAK | RSTA | WUEN —
0x3073 2C_S TCF IAAS BUSY | ARBL RAM SRwW IICIF RXAK
0x3074 12C_D DATA

Table continues on the next page...

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

72

Freescale Semiconductor, Inc.




4
Chapter 4 Memory map

Table 4-4. High-page register allocation (continued)

Address | Register name Bit 7 6 5 4 3 2 1 Bit 0
0x3075 12C_C2 GCAEN | ADEXT | HDRS | SBRC | RMEN | AD10 AD9 AD8
0x3076 I2C_FLT — — — FLT4 FLT3 FLT2 FLTH1 FLTO
0x3077 12C_RA RAD —
0x3078 12C_SMB Fack | ALERT | SICAE 1 TCKSE | g 1 | grry | sHTRe | SHTF?
EN N L E
0x3079 12C_A2 SAD7 | SAD6 | SAD5 SAD4 | SAD3 | SAD2 SAD1 —
0x307A 12C_SLTH SSLT15| SSLT14 | SSLT13 | SSLT12 | SSLT11 | SSLT10 | SSLT9 | SSLT8
0x307B 12C_SLTL SSLT7 | SSLT6 | SSLT5 | SSLT4 | SSLT3' | SSLT2 | SSLT1 | SSLTO
0x307C KBIO_PE KBIPE7 | KBIPE6 | KBIPE5 | KBIPE4 | KBIPE3 | KBIPE2 | KBIPE1 | KBIPEO
0x307D KBIO_ES KBEDG | KBEDG | KBEDG | KBEDG | KBEDG | KBEDG | KBEDG | KBEDG
7 6 5 4 3 2 1 0
0x307E KBI1_PE KBIPE7 | KBIPE6 | KBIPE5 | KBIPE4 | KBIPE3 | KBIPE2 | KBIPE1 | KBIPEO
OX307F KBI1_ES KBEDG | KBEDG | KBEDG | KBEDG | KBEDG | KBEDG | KBEDG | KBEDG
7 6 5 4 3 2 1 0
RXEDG
0x3080 SCI0_BDH LBKDIE IE SBNS | SBR12 | SBR11 | SBR10 | SBR9 SBR8
0x3081 SCIl0_BDL SBR7 | SBR6 | SBR5 SBR4 | SBR3 | SBR2 SBR1 SBRO
0x3082 SCI0_CH1 LOOPS SCASW RSRC M WAKE ILT PE PT
0x3083 SCI0_C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x3084 SCI0_St TDRE TC RDRF IDLE OR NF FE PF
0x3085 SCI0_S2 LBKDIF RXE:DG — RXINV | RWUID | BRK13 | LBKDE RAF
0x3086 SCI0_C3 R8 T8 TXDIR | TXINV | ORIE NEIE FEIE PEIE
0x3087 SCIo_D D7 D6 D5 D4 D3 D2 D1 DO
RXEDG
0x3088 SCI1_BDH LBKDIE IE SBNS | SBR12 | SBR11 | SBR10 | SBR9 SBR8
0x3089 SCI1_BDL SBR7 | SBR6 | SBR5 SBR4 | SBR3 | SBR2 SBR1 SBRO
0x308A SCI1_CH1 LOOPS SC'LSW RSRC M WAKE ILT PE PT
0x308B SCl_C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x308C SCI1_S1 TDRE TC RDRF IDLE OR NF FE PF
0x308D SCI1_82 LBKDIF RXE:DG — RXINV | RWUID | BRK13 | LBKDE RAF
0x308E SCIHH_C3 R8 T8 TXDIR | TXINV | ORIE NEIE FEIE PEIE
0x308F SCH_D D7 D6 D5 D4 D3 D2 D1 DO
RXEDG
0x3090 SCI2_BDH LBKDIE IE SBNS | SBR12 | SBR11 | SBR10 | SBR9 SBR8
0x3091 SCl2_BDL SBR7 | SBR6 | SBR5 SBR4 | SBR3 | SBR2 SBR1 SBRO
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Table 4-4. High-page register allocation (continued)

Address | Register name Bit 7 6 5 4 3 2 1 Bit 0
0x3092 SCl2_C1 LOOPS SCASW RSRC M WAKE ILT PE PT
0x3093 SCl2_C2 TIE TCIE RIE ILIE TE RE RWU SBK
0x3094 SCl2_S1 TDRE TC RDRF IDLE OR NF FE PF
0x3095 SCl2_S2 LBKDIF RXE:DG — RXINV | RWUID | BRK13 | LBKDE RAF
0x3096 SCl2_C3 R8 T8 TXDIR | TXINV | ORIE NEIE FEIE PEIE
0x3097 SCI2_D D7 D6 D5 D4 D3 D2 D1 DO
0x3098 SPI0_CH SPIE SPE SPTIE | MSTR | CPOL | CPHA | SSOE | LSBFE
0x3099 SPI0_C2 SPMIE | — _|MODFE|BIDIRO |- | SPISW | oppy
N E Al
0x309A SPIO_BR — SPPR2 | SPPR1 | SPPRO | SPR3 SPR2 SPR1 SPRO
0x309B SPIO_S SPRF | SPMF | SPTEF | MODF — — — —
0x309C Reserved — — — — — — — —
0x309D SPIO_D Bit 7 6 5 4 3 2 1 Bit 0
0x309E Reserved — — — — — — — —
0x309F SPI0O_MR Bit 7 6 5 4 3 2 1 Bit 0
0x30A0 SPI1_CH1 SPIE SPE SPTIE | MSTR | CPOL | CPHA | SSOE | LSBFE
SPIMO MODFE | BIDIRO SPISW
0x30A1 SPI1_C2 SPMIE DE — N E — Al SPCO
0x30A2 SPI1_BR — SPPR2 | SPPR1 | SPPRO | SPR3 SPR2 SPR1 SPRO
0X30A3 SPI_S sPRF | sPMF | spTEF | mopF | RNFUL | TNEAR | TXFULL | RFIFOE
LF EF F F
0x30A4 SPI1_DH Bit 15 14 13 12 11 10 9 Bit 8
0x30A5 SPI1_DL Bit 7 6 5 4 3 2 1 Bit 0
0x30A6 SPI1_MH Bit 15 14 13 12 11 10 9 Bit 8
0x30A7 SPI1_ML Bit 7 6 5 4 3 2 1 Bit 0
TNEAR | RNFUL
0x30A8 SPI1_C3 — — EF_MA | LF_MA | INTCLR TNEARI | RNFUL | FIFOM
EN LIEN ODE
RK RK
TXFER | RXFER TNEAR | RNFUL | SPTEF
0x30A9 SPI1_CI R R TXFOF | RXFOF EFCI LECI ci SPRFCI
0x30AA-0x30AB Reserved — — — — — — — —
0x30AC ADC_APCTLA1 ADPC7 | ADPC6 | ADPC5 | ADPC4 | ADPC3 | ADPC2 | ADPC1 | ADPCO
OX30AD ADC_APCTL2 ADPC1 | ADPC1 | ADPC1 | ADPC1 | ADPC1 | ADPCH1 ADPCY | ADPCS
5 4 3 2 1 0
Ox30AE Reserved — — — — — — — —
O0x30AF PORT_HDRVE PTH1 PTHO PTE1 PTEO PTD1 PTDO PTB5 PTB4
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Table 4-4. High-page register allocation (continued)

Address | Register name Bit 7 6 5 4 3 2 1 Bit 0
0x30B0 PORT PTAOE PTAOE | PTAOE | PTAOE | PTAOE | PTAOE | PTAOE | PTACE | PTAOE
7 6 5 4 3 2 1 0
0x30B1 PORT PTBOE PTBOE | PTBOE | PTBOE | PTBOE | PTBOE | PTBOE | PTBOE | PTBOE
7 6 5 4 3 2 1 0
OX30B2 PORT_PTCOE PTCOE | PTCOE | PTCOE | PTCOE | PTCOE | PTCOE | PTCOE | PTCOE
7 6 5 4 3 2 1 0
0x30B3 PORT PTDOE PTDOE | PTDOE | PTDOE | PTDOE | PTDOE | PTDOE | PTDOE | PTDOE
7 6 5 4 3 2 1 0
0x30B4 PORT PTEOE PTEOE | PTEOE | PTEOE | PTEOE | PTEOE | PTEOE | PTEOE | PTEOE
7 6 5 4 3 2 1 0
0x30B5 PORT PTFOE PTFOE | PTFOE | PTFOE | PTFOE | PTFOE | PTFOE | PTFOE | PTFOE
7 6 5 4 3 2 1 0
0X30B6 PORT_PTGOE _ _ _ _ PTGOE | PTGOE | PTGOE | PTGOE
3 2 1 0
0x30B7 PORT_PTHOE PTHOE | PTHOE . . . PTHOE | PTHOE | PTHOE
7 6 2 1 0
0x30B8 PORT_PTAIE PTAIE7 | PTAIE6 | PTAIES — PTAIE3 | PTAIE2 | PTAIE1 | PTAIEQ
0x30B9 PORT_PTBIE PTBIE7 | PTBIE6 | PTBIE5 | PTBIE4 | PTBIE3 | PTBIE2 | PTBIE1 | PTBIEO
0x30BA PORT_PTCIE PTCIE7 | PTCIE6 | PTCIES | PTCIE4 | PTCIE3 | PTCIE2 | PTCIE1 | PTCIEO
0x30BB PORT_PTDIE PTDIE7 | PTDIE6 | PTDIES | PTDIE4 | PTDIE3 | PTDIE2 | PTDIE1 | PTDIEO
0x30BC PORT_PTEIE PTEIE7 | PTEIE6 | PTEIE5 | PTEIE4 | PTEIE3 | PTEIE2 | PTEIE1 | PTEIEO
0x30BD PORT_PTFIE PTFIE7 | PTFIE6 | PTFIE5 | PTFIE4 | PTFIE3 | PTFIE2 | PTFIE1 | PTFIEO
0x30BE PORT_PTGIE — — — — PTGIE3 | PTGIE2 | PTGIE1 | PTGIEO
0x30BF PORT_PTHIE PTHIE7 | PTHIE6 — — — PTHIE2 | PTHIE1 | PTHIEO
0x30C0 FTM2_SC TOF TOIE CP;N M CLKSB | CLKSA | PS2 PS1 PSO
0x30CH1 FTM2_CNTH Bit 15 14 13 12 11 10 9 Bit 8
0x30C2 FTM2_CNTL Bit 7 6 5 4 3 2 1 Bit 0
0x30C3 FTM2_MODH Bit 15 14 13 12 11 10 9 Bit 8
0x30C4 FTM2_MODL Bit 7 6 5 4 3 2 1 Bit 0
0x30C5 FTM2_CO0SC CHF CHIE MSB MSA ELSB | ELSA — —
0x30C6 FTM2_COVH Bit 15 14 13 12 11 10 9 Bit 8
0x30C7 FTM2_COVL Bit 7 6 5 4 3 2 1 Bit 0
0x30C8 FTM2_C1SC CHF CHIE MSB MSA ELSB | ELSA — —
0x30C9 FTM2_C1VH Bit 15 14 13 12 11 10 9 Bit 8
0x30CA FTM2_C1VL Bit 7 6 5 4 3 2 1 Bit 0
0x30CB FTM2_C2SC CHF CHIE MSB MSA ELSB | ELSA — —
0x30CC FTM2_C2VH Bit 15 14 13 12 11 10 9 Bit 8
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Table 4-4. High-page register allocation (continued)

Address | Register name Bit 7 6 5 4 3 2 1 Bit 0
0x30CD FTM2_C2VL Bit 7 6 5 4 3 2 1 Bit 0
0x30CE FTM2_C3SC CHF CHIE MSB MSA ELSB ELSA — —
0x30CF FTM2_C3VH Bit 15 14 13 12 11 10 9 Bit 8
0x30D0 FTM2_C3VL Bit 7 6 5 4 3 2 1 Bit 0
0x30D1 FTM2_C4SC CHF CHIE MSB MSA ELSB ELSA — —
0x30D2 FTM2_C4VH Bit 15 14 13 12 11 10 9 Bit 8
0x30D3 FTM2_C4VL Bit 7 6 5 4 3 2 1 Bit 0
0x30D4 FTM2_C5SC CHF CHIE MSB MSA ELSB ELSA — —
0x30D5 FTM2_C5VH Bit 15 14 13 12 11 10 9 Bit 8
0x30D6 FTM2_C5VL Bit 7 6 5 4 3 2 1 Bit 0
0x30D7 FTM2_CNTINH Bit 15 14 13 12 11 10 9 Bit 8
0x30D8 FTM2_CNTINL Bit 7 6 5 4 3 2 1 Bit 0
0x30D9 FTM2_STATUS CH7F | CH6F | CH5F | CH4F | CH3F | CH2F | CH1F | CHOF
0x30DA FTM2_MODE FAULTI FAULTM CAPTE | PWMS WPDIS INIT | FTMEN
E ST YNC
0x30DB FTM2_SYNC SWSYN TRIG2 | TRIG1 | TRIGO SYNCH REINIT CNTMA | CNTMI
C oM X N
0x30DC FTM2_OUTINIT CH70I | CHeOIl | CH50I | CH40I | CH30I | CH20I | CH10Il | CHOOI
0x30DD FTM2_OUTMASK CH70M | CH60OM | CH50M | CH40OM | CH30OM | CH20M | CH10M | CHOOM
0x30DE FTM2_COMBINEO — FAULT | SYNCE DTEN | DECAP DECAP COMP COMBI
EN N EN NE
0x30DF FTM2_COMBINE1 — FAULT | SYNCE DTEN | DECAP DECAP COMP COMBI
EN N EN NE
0x30E0 FTM2_COMBINE2 — FAULT | SYNCE DTEN | DECAP DECAP COMP COMBI
EN N EN NE
0x30E1 FTM2_COMBINE3 — FAULT | SYNCE DTEN | DECAP DECAP COMP COMBI
EN N EN NE
0x30E2 FTM2_DEATIME DTPS DTVAL
INITTRI | CH1TRI | CHOTRI | CH5TRI | CH4TRI | CH3TRI | CH2TRI
0x30E3 FTM2_EXTTRIG TRIGF GEN G G G G G G
0x30E4 FTM2_POL POL7 POL6 POL5 POL4 POL3 POL2 POLA1 POLO
FAULT FAULTI FAULT | FAULT | FAULT
0x30E5 FTM2_FMS r WPEN N — — Fo F1 Fo
0x30E6 FTM2_FILTERO CHoddFVAL CHevenFVAL
0x30E7 FTM2_FILTER1 CHoddFVAL CHevenFVAL
0x30E8 FTM2_FLTFILTER — — — — FFVAL
FFLTR3 | FFLTR2 | FFLTR1 | FFLTRO | FAULT3 | FAULT2 | FAULT1 | FAULTO
0x30E9 FTM2_FLTCTRL EN EN EN EN EN EN EN EN

Table continues on the next page...
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Table 4-4. High-page register allocation (continued)

Address Register name Bit7 6 5 4 3 2 1 Bit 0
0x30EA-Ox30EB Reserved = = = = = = = =
0x30EC PORT_IOFLTO FLTD FLTC FLTB FLTA
0x30ED PORT_IOFLT1 FLTH FLTG FLTF FLTE
O0x30EE PORT_IOFLT2 — — FLTKBI1 FLTKBIO FLTRST
O0x30EF PORT_FCLKDIV FLTDIV3 FLTDIV2 FLTDIVA
Ox30F0 PORT_PTAPE PTAPE | PTAPE | PTAPE . PTAPE | PTAPE | PTAPE | PTAPE
7 6 5 3 2 1 0
OX30F1 PORT_PTBPE PTBPE | PTBPE | PTBPE | PTBPE | PTBPE | PTBPE | PTBPE | PTBPE
7 6 5 4 3 2 1 0
OX30F2 PORT_PTCPE PTCPE | PTCPE | PTCPE | PTCPE | PTCPE | PTCPE | PTCPE | PTCPE
7 6 5 4 3 2 1 0
OX30F3 PORT PTDPE PTDPE | PTDPE | PTDPE | PTDPE | PTDPE | PTDPE | PTDPE | PTDPE
7 6 5 4 3 2 1 0
Ox30F4 PORT_PTEPE PTEPE | PTEPE | PTEPE | PTEPE | PTEPE | PTEPE | PTEPE | PTEPE
7 6 5 4 3 2 1 0
OX30F5 PORT_PTEPE PTFPE | PTFPE | PTFPE | PTFPE | PTFPE | PTFPE | PTFPE | PTFPE
7 6 5 4 3 2 1 0
OX30F6 PORT PTGPE . . . . PTGPE | PTGPE | PTGPE | PTGPE
3 2 1 0
OX30F7 PORT PTHPE PTHPE | PTHPE . . . PTHPE | PTHPE | PTHPE
7 6 2 1 0
0x30F8 SYS_UUID1 ID63 ID62 ID61 ID60 ID59 ID58 ID57 ID56
0x30F9 SYS_UUID2 ID55 ID54 ID53 ID52 ID51 ID50 ID49 ID48
0x30FA SYS_UUID3 ID47 ID46 ID45 ID44 ID43 ID42 ID41 ID40
0x30FB SYS_UUID4 ID39 ID38 ID37 ID36 ID35 ID34 ID33 ID32
0x30FC SYS_UUID5 ID31 ID30 ID29 ID28 ID27 ID26 ID25 ID24
0x30FD SYS_UUID6 ID23 ID22 ID21 ID20 ID19 ID18 ID17 ID16
0x30FE SYS_UUID7 ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
0x30FF SYS_UUID8 ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO

Several reserved flash memory locations, shown in the following table, are used for
storing values used by several registers. These registers include an 8-byte backdoor key,
NV_BACKKEY, which can be used to gain access to secure memory resources. During
reset events, the contents of NVPROT and NVOPT in the reserved flash memory are
transferred into corresponding FPROT and FOPT registers in the high-page registers area
to control security and block protection options.
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Table 4-5. Reserved flash memory addresses

Address | Register Name Bit7 | 6 | 5 | 4 | 3 | 2 | 1 | Bit 0
0xFF70 NV_BACKKEYO BACKKEYO

OxFF71 NV_BACKKEY1 BACKKEY'1

OxFF72 NV_BACKKEY2 BACKKEY2

OxFF73 NV_BACKKEY3 BACKKEY3

OxFF74 NV_BACKKEY4 BACKKEY4

O0xFF75 NV_BACKKEY5 BACKKEY5

O0xFF76 NV_BACKKEY6 BACKKEY6

OxFF77 NV_BACKKEY7 BACKKEY7

OxFF78 Reserved = = — — — — — —
OxFF79 Reserved — — — — — — — —
OxFF7A Reserved — — — — — — — —
O0xFF7B Reserved — — — — — — — —
OxFF7C NV_FPROT FPgPE — FPHDIS FPH FPLDIS FPLS
O0xFF7D NV_EEPROT DPSPE — DPS

OxFF7E NV_FOPT NV

OxFF7F NV_FSEC KEYEN 1 1 1 1 SEC

The 8-byte comparison key can be used to temporarily disengage memory security
provided the key enable field, NV_FSEC[KEYEN], is 10b. This key 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 NV_FSEC[KEYEN] bit to 0. If the security key is
disabled, the only way to disengage security is by mass erasing the flash if needed,
normally through the background debug interface and verifying that flash is blank. To
avoid returning to secure mode after the next reset, program the security bits,

NV_FSEC[SEC], to the unsecured state (10b).

4.4 Flash and EEPROM

4.4.1 Overview

This device includes various configuration of flash and EEPROM. The controller for
flash and EEPROM is ideal for single-supply applications for field programming without
external high voltage sources for program or erase operations.

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

78 Freescale Semiconductor, Inc.




L __________________________________________________________________________________4

Chapter 4 Memory map
The flash memory is ideal for single-supply applications that allow for field
reprogramming without requiring external high voltage sources for program or erase
operations. The flash module includes a memory controller that executes commands to
modify flash memory contents. The user interface to the memory controller consists of
the indexed flash common command object (FCCOB) register, which is written to with
the command, global address, data, and any required command parameters. The memory
controller must complete the execution of a command before the FCCOB register is
written to with a new command.

CAUTION

A flash byte or longword must be in the erased state before
being programmed. Cumulative programming of bits within a
flash byte or longword is not allowed.

The flash memory is read as bytes. Read access time is one bus
cycle for bytes. For flash memory, an erased bit reads 1 and a
programmed bit reads 0. It is possible to read from flash
memory while commands are being executed on EEPROM
memory. It is not possible to read from EEPROM memory
while a command (erase/program) is executing on flash
memory. Simultaneous EEPROM memory are implemented
with error correction codes (ECC) that can resolve single bit
faults and detect double bit faults.

The following figure shows the block diagram of the flash and EEPROM module.

Command Interrupt Request
- Tx FLASH
Error Inteiupt Request Flash 16Kx32
R Interface [N V| ﬁ
Bus CIoc_»k Clock - Sector 0
Dvider Sector 1
Registers | ||  p---------
Protecton | || @ fp---------
Security | ||  p---------
Sector 127
N EEPROM
NVM controller — o56x8
Sector 0
CPU ¢ NE e
> Sector 1
Sector 127

Figure 4-2. Flash and EEPROM block diagram
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Flash features:
* 64 KB of flash memory composed of one 64 KB flash block divided into 128 sectors
of 512 bytes
* Automated program and erase algorithm with verification
* Fast sector erase and longword program operation
* Ability to read the flash memory while programming a word in the EEPROM
memory
* Flexible protection scheme to prevent accidental program or erase of flash memory

EEPROM features:

* 256 bytes of EEPROM memory composed of one 256 byte EEPROM block divided
into 128 sectors of 2 bytes

* Single bit fault correction and double bit fault detection within a word during read
operations

* Automated program and erase algorithm with verification and generation of ECC
parity bits

* Fast sector erase and byte program operation

 Protection scheme to prevent accidental program or erase of EEPROM memory

* Ability to program up to four bytes in a burst sequence

Other features
* No external high-voltage power supply required for flash memory program and erase
operations
* Interrupt generation on flash command completion and flash error detection
* Security mechanism to prevent unauthorized access to the flash memory

4.4.2 Function descriptions

4.4.2.1 Modes of operation

The flash and EEPROM module provides the normal user mode of operation. The
operating mode is determined by module-level inputs and affects the FCLKDIV,
FCNFG, and EEPROT registers.

4.4.2.1.1 Wait mode

The flash and EEPROM module is not affected if the MCU enters wait mode. The flash
module can recover the MCU from wait via the CCIF interrupt. See Flash and EEPROM
interrupts.
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4.4.2.1.2 Stop mode

If a flash and EEPROM command is active, that is, FSTAT[CCIF] = 0, when the MCU
requests stop mode, the current NVM operation will be completed before the MCU is
allowed to enter stop mode.

4.4.2.2 Flash and EEPROM memory map

The MCU places the flash memory between global address 0x0000 and OxFFFF as
shown in the following table. Not all flash are available to users because some addresses
are overlapped with RAM, EEPROM, and registers.

MC9S08PT60 contains a piece of 64 KB flash in which only 60,864 bytes flash are
available for users. This flash block is divided into 128 sectors of 512 bytes.
MCOS08PT32 contains a piece of 32 KB flash that is fully available for users. This flash
block is divided into 64 sectors of 512 bytes.

Table 4-6. Flash memory addressing

Device Global address Size Description User availability
(Bytes)
Sector [0:7]: N/A
Sector [8]: Last 448 bytes available
MC9S08PT60 0X0000 — OXFFFF | 64KB | lashblockcontains oo 0 q.55 fy available
flash configuration field
Sector [24]: N/A
Sector [25:127]: fully available
MC9S08PT32 0x8000 — OxFFFF sokB | Flashblockcontains | o o 164-157]: fully available
flash configuration field

4.4.2.3 Flash and EEPROM initialization after system reset

On each system reset, the flash and EEPROM module executes an initialization sequence
that establishes initial values for the flash and EEPROM block configuration parameters,
the FPROT and EEPROT protection registers, and the FOPT and FSEC registers. The
initialization routine reverts to built-in default values that leave the module in a fully
protected and secured state if errors are encountered during execution of the reset
sequence. If a double bit fault is detected during the reset sequence, both
FSTAT[MGSTAT] bits will be set.
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FSTAT[CCIF] is cleared throughout the initialization sequence. The NVM module holds
off all CPU access for a portion of the initialization sequence. Flash and EEPROM reads
are allowed after the hold is removed. Completion of the initialization sequence is
marked by setting FSTAT[CCIF] high, which enables user commands.

If a reset occurs while any flash or EEPROM command is in progress, that command will
be immediately aborted. The state of the word being programmed or the sector/block
being erased is not guaranteed.

4.4.2.4 Flash and EEPROM command operations

Flash and EEPROM command operations are used to modify flash and EEPROM
memory contents.

The command operations contain three steps:
1. Configure the clock for flash or EEPROM program and erase command operations.

2. Use command write sequence to set flash and EEPROM command parameters and
launch execution.

3. Execute valid flash and EEPROM commands according to MCU functional mode
and MCU security state.

The figure below shows a general flowchart of the flash or EEPROM command write
sequence.
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Clock Divider
Value Check

FCCOB
Availability Check

Access Error and

Protection Violation Check

Read: FCLKDIV
register

FDIV
Correct?

Read: FSTAT
register

Read: FSTAT
register

Write: FCLKDIV
register

No

Results from g

Write: FSTAT register
Clear ACCERR
FPVIOL 0x30

revious Command

Write to FCCOBIX register
to identify specific command
parameter to load

Write to FCCOB register
to load required command
parameter

Chapter 4 Memory map

NOTE: FCLKDIV must be

set after each reset

Write: FSTAT register
(to launch command)
Clear CCIF 0x80

Bit Polling for
Command Completion Check

Read: FSTAT register

Y

No

Yes

Figure 4-3. Generic flash and EEPROM command write sequence flowchart
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4.4.2.4.1 Writing the FCLKDIV register
Prior to issuing any flash and EEPROM program or erase command after a reset, the user
1s required to write the FCLKDIV register to divide BUSCLK down to a target FCLK of

IMHz. The following table shows recommended values for the FDIV field based on
BUSCLK frequency.

Table 4-7. FDIV values for various BUSCLK frequencies

BUSCLK frequency
(MHz) FDIV[5:0]

MIN' MAX?2

1.0 1.6 0x00
1.6 2.6 0x01
2.6 3.6 0x02
3.6 4.6 0x03
4.6 5.6 0x04
5.6 6.6 0x05
6.6 7.6 0x06
7.6 8.6 0x07
8.6 9.6 0x08
9.6 10.6 0x09
10.6 11.6 Ox0A
11.6 12.6 0x0B
12.6 13.6 0x0C
13.6 14.6 0x0D
14.6 15.6 Ox0E
15.6 16.6 OxOF
16.6 17.6 0x10
17.6 18.6 0x11
18.6 19.6 0x12
19.6 20.0 0x13

1. BUSCLK is greater than this value
2. BUSCLK is less than or equal to this value

CAUTION

Programming or erasing the flash and EEPROM memory
cannot be performed if the bus clock runs at less than 0.8 MHz.
Setting FCLKDIV[FDIV] too high can destroy the flash and
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EEPROM memory due to overstress. Setting FCLKDIV[FDIV]
too low can result in incomplete programming or erasure of the
flash and EEPROM memory cells.

When the FCLKDIV register is written, the FCLKDIV[FDIVLD] bit is set automatically.
If the FCLKDIV[FDIVLD] bit is 0, the FCLKDIV register has not been written since the
last reset. If the FCLKDIV register has not been written, any flash and EEPROM

program or erase command loaded during a command write sequence will not execute
and the FSTAT[ACCERR] bit will be set.

4.4.2.4.2 Command write sequence

The memory controller will launch all valid flash and EEPROM commands entered using
a command write sequence.

Before launching a command, the FSTAT[ACCERR] and FSTAT[FPVIOL] bits must be
clear and the FSTAT[CCIF] flag will be tested to determine the status of the current
command write sequence. If FSTAT[CCIF] is 0, indicating that the previous command
write sequence is still active, a new command write sequence cannot be started and all
writes to the FCCOB register are ignored.

The FCCOB parameter fields must be loaded with all required parameters for the flash
and EEPROM command being executed. Access to the FCCOB parameter fields is
controlled via FCCOBIX[CCOBIX] bits.

Flash and EEPROM command mode uses the indexed FCCOB register to provide a
command code and its relevant parameters to the memory controller. First, the user must
set up all required FCCOB field. Then they can initiate the command's execution by
writing a 1 to the FSTAT[CCIF] bit. This action clears the CCIF command completion
flag to 0. When the user clears the FSTAT[CCIF] bit all FCCOB parameter field are
locked and cannot be changed by the user until the command completes (evidenced by
the memory controller returning FSTAT[CCIF] tol). Some commands return information
to the FCCOB register array.

The generic format for the FCCOB parameter fields in flash and EEPROM command
mode is shown in the following table. The return values are available for reading after the
FSTAT[CCIF] flag has been returned to 1 by the memory controller. Writes to the
unimplemented parameter fields, FCCOBIX[CCOBIX] =110b and FCCOBIX[CCOBIX]
= 111b, are ignored with read from these fields returning 0x0000.

The table below shows the generic flash command format. The high byte of the first word
in the CCOB array contains the command code, followed by the parameters for this
specific flash command. For details on the FCCOB settings required by each command,
see the flash command descriptions in Flash and EEPROM command summary .
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Table 4-8. FCCOB - flash and EEPROM command mode typical usage

CCOBIX[2:0] Byte FCCOB parameter fields in flash and EEPROM command mode
HI FCMD[7:0] defining flash command
000
LO Global address [23:16]
HI Global address [15:8]
001
LO Global address [7:0]
HI Data 0 [15:8]
010
LO Data 0 [7:0]
HI Data 1 [15:8]
011
LO Data 1 [7:0]
HI Data 2 [15:8]
100
LO Data 2 [7:0]
HI Data 3 [15:8]
101
LO Data 3 [7:0]

The contents of the FCCOB parameter fields are transferred to the memory controller
when the user clears the FSTAT[CCIF] command completion flag by writing 1. The
CCIF flag will remain clear until the flash and EEPROM command has completed. Upon
completion, the memory controller will return FSTAT[CCIF] to 1 and the FCCOB
register will be used to communicate any results.

The following table presents the valid flash and EEPROM commands, as enabled by the
combination of the functional MCU mode with the MCU security state of unsecured or
secured.

MCU secured state is selected by NVM_FSEC[SEC].
Table 4-9. Flash and EEPROM commands by mode and security state

FCMD Command Unsecured Secured
u’ u?
0x01 Erase verify all blocks * *
0x02 Erase verify block * *
0x03 Erase verify flash section * N/A
0x04 Read once * N/A
0x06 Program flash * N/A
0x07 Program once * N/A
0x08 Erase all block * *
0x09 Erase flash block * *
O0x0A Erase flash sector * N/A

Table continues on the next page...

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

86 Freescale Semiconductor, Inc.




4
Chapter 4 Memory map

Table 4-9. Flash and EEPROM commands by mode and security state (continued)

FCMD Command Unsecured Secured
u' u?
0x0B Unsecure NVM N/A *
0x0C Verify backdoor access key * *
0x0D Set user margin level * N/A
0x10 Erase verify EEPROM section * *
0x11 Program EEPROM * N/A
0x12 Erase EEPROM sector * N/A

1. Unsecured User mode
2. Secured User mode

4.4.2.5 Flash and EEPROM interrupts

The flash and EEPROM module can generate an interrupt when a flash command
operation has completed or when a flash and EEPROM command operation has detected
an ECC fault.

Table 4-10. Flash interrupt source

Interrupt source Interrupt flag Local enable Global (CCR) mask
CCIF CCIE
Flash and EEPROM command complete | Bit
(FSTAT register) (FCNFG register)
DFDIF DFDIE
ECC double bit fault on flash and EEPROM read | Bit
(FERSTAT register) (FERCNFG register)
SFDIF SFDIE
ECC single bit fault on flash and EEPROM read | Bit
(FERSTAT register) (FERCNFG register)

4.4.2.5.1 Description of flash and EEPROM interrupt operation

The flash module uses the FSTAT[CCIF] flag in combination with the FCNFG[CCIE]
interrupt enable bit to generate the flash command interrupt request. The flash module
uses the DFDIF and SFDIF flags in combination with the FERSTAT[DFDIE] and
FERSTAT[SFDIE] interrupt enable bits to generate the flash error interrupt request.

The logic used for generating the flash module interrupts is shown in the following
figure.
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Flash and EEPROM Command
Complete Interrupt Request

CCIE —— \
cclF —___/
DEDIE :D » CPU Interrupt
DFDIF —
Flash and EEPROM
SFDIE —— Error Interrupt Request
SFDIF —

Figure 4-4. Flash and EEPROM modaule interrupts implementation

4.4.2.6 Protection

The FPROT register can be set to protect regions in the flash memory from accidental
programing or erasing. Three separate memory regions, one growing upward from global
address 0x8000 in the flash memory, called the lower region; one growing downward
from global address OXFFFF in the flash memory, called the higher region; and the
remaining addresses in the flash memory, can be activated for protection. The flash
memory addresses covered by these protectable regions are shown in the flash memory
map. The higher address region is mainly targeted to hold the boot loader code because it
covers the vector space.

0x0000

L

r l Flash Protected/Unprotected Region 32 Kbytes

AN
AR}
A\

0x8000 3
0x8400
0x8800

0x9000 > Flash Protected/Unprotected Lower Region 1, 2, 4, 8 Kbytes

Protection Fixed End

0xA000

0xB000 ~ Flash Protected/Unprotected Region 8 Kbytes (up to 29 Kbytes)
Protection Movable End

0xC000 ﬁ

0xD000

0XE000 i > Flash Protected/Unprotected Higher Region 2, 4, 8, 16 Kbytes
Protection Fixed End ———

0xF000

0xF800

QipFFF ~#— Flash Configuration Field 16 bytes (0XFF70 - OxFF7F)

Figure 4-5. Flash protection memory map
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Default protection settings as well as security information that allows the MCU to restrict
access to the flash module are stored in the flash configuration field as described in the
table below.

Table 4-11. Flash configuration field

Global address Size (Bytes) | Description
o510~ o |l compareoiy See e e s oy e
OxFF78 — OxFF7B! 4 Reserved
OxFF7C? 1 Flash protection byte
OxFF7D? 1 EEPROM protection byte
OxFF7E? 1 Flash nonvolatile byte
OXFF7F? 1 Flash security byte

1. OxFF70-0xFF7F for a flash phrase and must be programmed in a single command write sequence. Each byte in the
O0xFF78-0xFF7B reserved field must be programmed to OxFF.

The flash and EEPROM module provides protection to the MCU. During the reset
sequence, the FPROT register is loaded with the contents of the flash protection byte in
the flash configuration field at global address OxFF7C in flash memory. The protection
functions depend on the configuration of bit settings in FPORT register.

Table 4-12. Flash protection function

FPOPEN FPHDIS FPLDIS Function'
1 1 1 No flash protection
1 1 0 Protected low range
1 0 1 Protected high range
1 0 0 Protected high and low ranges
0 1 1 Full p-flash memory protected
0 1 0 Unprotected low range
0 0 1 Unprotected high range
0 0 0 Unprotected high and low ranges

1. Forrange sizes, see Table 4-14 and Table 4-15.

The flash protection scheme can be used by applications requiring reprogramming in
single chip mode while providing as much protection as possible if reprogramming is not
required.
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FPHDIS =1 FPHDIS =1 FPHDIS =0 FPHDIS =0
FPLDIS = 1 FPLDIS =0 FPLDIS =1 FPLDIS=0
Scenario 7 Scenario 6 Scenario 5 Scenario 4
Flash Start Address
FPOPEN = 1 FPOPEN = 1 FPOPEN = 1 FPOPEN = 1

0x8000 FPLS[1:0]

FPHS[1:0]

OXFFFF

Scenario 3 Scenario 2 Scenario 1 Scenario 0

Flash Start Address

0x8000 FPLS[1:0]

FPHS[1:0]

OXFFFF

Protected region with size
defined by FPLS

Unprotected region

Protected region with size
defined by FPHS

. Protected region
not defined by FPLS, FPHS
Figure 4-6. Flash protection scenarios

The general guideline is that flash protection can only be added and not removed. The
following table specifies all valid transitions between flash protection scenarios. Any
attempt to write an invalid scenario to the FPROT register will be ignored. The contents
of the FPROT register reflect the active protection scenario. See the FPROT[FPHS] and
FPROT/[FPLS] bit descriptions for additional restrictions.
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Table 4-13. Flash protection scenario transitions

From protection

To protection scenario

scenario 0 1 2 3 4 5 6 7
0 X X X X
1 X X
2 X X
3 X
4 X X
5 X X X X
6 X X X X
7 X X X X X X X X

The flash protection address range is listed in the following two tables regarding the
scenarios in the table above.

Table 4-14. Flash protection higher address range

FPHS[1:0] Global address range Protected size
00 0xF800 — OxFFFF 2 Kbytes
01 0xF000 — OXFFFF 4 Kbytes
10 0xE000 — OxFFFF 8 Kbytes
11 0xC000 — OxFFFF 16 Kbytes
Table 4-15. Flash protection lower address range
FPLS[1:0] Global address range Protected size
00 0x8000 — 0x83FF 1 Kbytes
01 0x8000 — 0x87FF 2 Kbytes
10 0x8000 — Ox8FFF 4 Kbytes
11 0x8000 — Ox9FFF 8 Kbytes

During the reset sequence, fields NV_EEPROT[DPOPEN] and NV_EEPROT[DPS] are
loaded with the contents of the EEPROM protection byte in the flash configuration field
at global address OxFF7D located in flash memory. EEPROM protection address range is
specified by the NV_EEPROT[DPS].

Table 4-16. EEPROM protection address range

DPS[2:0] Global address range Protected size
000 0x3100 — 0x311F 32 bytes
001 0x3100 — 0x313F 64 bytes

Table continues on the next page...
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Table 4-16. EEPROM protection address range (continued)

DPS[2:0] Global address range Protected size
010 0x3100 — 0x315F 96 bytes
011 0x3100 — Ox317F 128 bytes
100 0x3100 — 0x319F 160 bytes
101 0x3100 — 0x31BF 192 bytes
110 0x3100 — 0x31DF 224 bytes
111 0x3100 — Ox31FF 256 bytes

All possible flash protection scenarios are shown in Figure 4-6. Although the protection
scheme is loaded from the flash memory at global address OxFF7C during the reset
sequence, it can be changed by the user.

4.4.2.7 Security

The flash and EEPROM module provides security information to the MCU. The flash
security state is defined by the NVM_FSEC[SEC] bits. During reset, the flash module
initializes the NVM_FSEC register using data read from the security byte of the flash and
EEPROM configuration field at global address OxFF7F. The security state out of reset
can be permanently changed by programming the security byte, assuming that the MCU
is starting from a mode where the necessary flash and EEPROM erase and program
commands are available and that the upper region of the flash is unprotected. If the flash
security byte is successfully programmed, its new value will take affect after the next
MCU reset.

The following subsections describe these security-related subjects:
* Unsecuring the MCU using backdoor key access
e Unsecuring the MCU using BDM
* Mode and security effects on flash and EEPROM command availability

4.4.2.7.1 Unsecuring the MCU using backdoor key access

The MCU may be unsecured by using the backdoor key access feature which requires
knowledge of the contents of the backdoor keys, which are four 16-bit words
programmed at addresses OxFF70-0xFF77. If the KEYENT[1:0] bits are in the enabled
state, the verify backdoor access key command — see Verify backdoor access key
command, allows the user to present four prospective keys for comparison to the keys
stored in the flash and EEPROM memory via the memory controller. If the keys
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presented in the verify backdoor access key command match the backdoor keys stored in
the flash and EEPROM memory, the FSEC[SEC] bits will be changed to unsecure the
MCU. Key values of 0x0000 and OxFFFF are not permitted as backdoor keys. While the
Verify Backdoor Access Key command is active, flash memory and EEPROM memory
will not be available for read access and will return invalid data.

The user code stored in the flash memory must have a method of receiving the backdoor
keys from an external stimulus. This external stimulus would typically be through one of
the on-chip serial ports.

If the KEYEN([1:0] bits are in the enabled state, the MCU can be unsecured by the
backdoor key access sequence described below:

1. Follow the command sequence for the verify backdoor access key command as
explained in Verify backdoor access key command.

2. If the verify backdoor access key command is successful, the MCU is unsecured and
the FSEC[SEC] bits are forced to the unsecure state of 10.

The verify backdoor access key command is monitored by the memory controller and an
illegal key will prohibit future use of the verify backdoor access key command. A reset of
the MCU is the only method to re-enable the verify backdoor access key command. The
security as defined in the flash and EEPROM security byte (0OXxFF7F) is not changed by
using the verify backdoor access key command sequence. The backdoor keys stored in
addresses OxFF70-0xFF77 are unaffected by the verify backdoor access key command
sequence. The verify backdoor access key command sequence has no effect on the
program and erase protections defined in the flash and EEPROM protection register,
FPORT.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After
the MCU is unsecured, the sector containing the flash and EEPROM security byte can be
erased and the flash and EEPROM security byte can be reprogrammed to the unsecure
state, if desired. In the unsecure state, the user has full control of the contents of the
backdoor keys by programming addresses OxFF70-0xFF77 in the flash configuration
field.

4.4.2.7.2 Unsecuring the MCU using BDM

A secured MCU can be unsecured by using the following method to erase the flash and
EEPROM memory:

1. Reset the MCU.
2. Set FCDIV register as described in Writing the FCLKDIV register.
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3. Configure registers NVM_FERSTAT and NVM_FPROT to disable protection in the
flash and EEPROM memory.

4. Execute the erase all blocks command write sequence to erase the flash and
EEPROM memory. Alternately, the unsecure NVM command can be executed.

If the flash and EEPROM memory are verified as erased, the MCU will be
unsecured. All BDM. commands will now be enabled and the flash security byte may
be programmed to the unsecure state by continuing with the steps that follow.

5. Execute the program flash command write sequence to program the flash security
byte to the unsecured state.

6. Reset the MCU.

4.4.2.7.3 Mode and security effects on flash and EEPROM command
availability

The availability of flash and EEPROM module commands depends on the MCU
operating mode and security state as shown in Table 4-9.

4.4.2.8 Flash and EEPROM commands

4.4.2.8.1 Flash commands

The following table summarizes the valid flash commands as well as the effects of the
commands on the flash block and other resources within the flash and EEPROM module.

Table 4-17. Flash commands

FCMD Command Function on flash memory
0x01 Erase verify all blocks Verify that all flash (and EEPROM) blocks are erased
0x02 Erase verify block Verify that a flash block is erased
0x03 Erase verify flash section | Verify that a given number of words starting at the address provided are erased
Read a dedicated 64 byte field in the nonvolatile information register in flash
0x04 Read Once . .
block that was previously programmed using the program once command
0x06 Program flash Program up to two longwords in a flash block
Program a dedicated 64 byte field in the nonvolatile information register in flash
0x07 Program once .
block that is allowed to be programmed only once
Erase all flash and EEPROM blocks
0x08 Erase all block An erase of all flash blocks is possible only when the FPROT[FPLDIS],

FPROT[FPHDIS], and FPROT[FPOEN] bits and the EEPROT[DPOPEN] bit are
set prior to launching the command

Table continues on the next page...
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Table 4-17. Flash commands (continued)

FCMD Command Function on flash memory
Erase a flash or EEPROM block

0x09 Erase flash block An erase of the full flash block is possible only when FPROT[FPLDIS],
FPROT[FPHDIS], and FPROT[FPOEN] bits are set prior to launching the
command

O0x0A Erase flash sector Erase all bytes in a flash sector

008 Unsecure lash | B locks and vertying hat al fach (and CEPROM) bocks are orased

0x0C Verify backdoor access key | Supports a method of releasing MCU security by verifying a set of security keys

0x0D Set user margin level Specifies a user margin read level for all flash blocks

4.4.2.8.2 EEPROM commands

The following table summarizes the valid EEPROM commands along with the effects of
the commands on the EEPROM block.

Table 4-18. EEPROM commands

FCMD Command Function on flash memory

0x01 Erase verify all blocks Verify that all EEPROM (and flash) blocks are erased.

0x02 Erase verify block Verify that an EEPROM block is erased.
Erase all EEPROM and flash blocks

0x08 Erase all block An erase of all EEPROM blocks is possible only when the FPROT[FPLDIS],
FPROT[FPHDIS], and FPROT[FPOEN] bits and the DPOPEN bit in the
EEPORT register are set prior to launching the command.
Erase a EEPROM and flash block

0x09 Erase EEPROM Block An erase of the full flash block is possible only when FPROT[FPLDIS],
FPROT[FPHDIS] and FPROT[FPOPEN] bits are set prior to launching the
command.
Supports a method of releasing MCU security by erasing all EEPROM and flash

0x0B Unsecure EEPROM blocks and verifying that all EEPROM and flash blocks are erased.

0x0D Set User Margin Level Specifies a user margin read level for all flash blocks.

0x10 Erase Vg;'ziEnEPROM Verify that a given number of bytes starting at the address provided are erased.

0x11 Program EEPROM Program up to four bytes in the EEPROM block.

0x12 Erase EEPROM Sector Erase all bytes in a sector of the EEPROM block.
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4.4.2.8.3 Allowed simultaneous flash and EEPROM operations

Only the operations marked 'OK' in the following table are permitted to be run
simultaneously on the flash and EEPROM blocks. Some operations cannot be executed
simultaneously because certain hardware resources are shared by the two memories. The
priority has been placed on permitting flash reads while program and erase operations
execute on the EEPROM, providing read (flash) while write (EEPROM) functionality.

Table 4-19. Allowed simultaneous flash and EEPROM operations

EEPROM
Program flash
Read Margin read Program Sector erase Mass erase
Read OK OK OK
Margin Read'
Program
Sector Erase
Mass Erase? OK

1. A 'Margin read' is any read after executing the margin setting commands 'Set user margin level' or 'Set field margin level'
with anything but the 'normal’ level specified. See the Note on margin settings in
2. The 'Mass erase' operations are commands 'Erase all blocks' and 'Erase flash block’

4.4.2.9 Flash and EEPROM command summary

This section provides details of all available flash commands launched by a command
write sequence. The FSTAT[ACCERR] bit will be set during the command write
sequence if any of the following illegal steps are performed, causing the command not to
be processed by the memory controller:

e Starting any command write sequence that programs or erases flash memory before
initializing the FLCKDIV register.

* Writing an invalid command as part of the command write sequence.

 For additional possible errors, refer to the error handling table provided for each
command.

If a flash block is read during the execution of an algorithm (FSTAT[CCIF] = 0) on that
same block, the read operation will return invalid data if both flags FERSTAT[SFDIF]
and FERSTAT[DFDIF] are set. If the FERSTAT[SFDIF] or FERSTAT[DFDIF] flags
were not previously set when the invalid read operation occurred, both the
FERSTAT[SFDIF] and FERSTAT[DFDIF] flags will be set.

If the FSTAT[ACCERR] or FSTAT[FPVIOL] bits are set, the user must clear these bits

before starting any command write sequence.
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CAUTION

An EEPROM byte or flash longword must be in the erased state
before being programmed. Cumulative programming of bits
within an EEPROM byte or flash longword is not allowed.

4.4.2.9.1 Erase verify all blocks command

The erase verify all blocks command will verify that all flash and EEPROM blocks have
been erased.

Table 4-20. Erase verify all blocks command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters

000 0x01 Not required

Upon clearing NVM_FSTAT[CCIF] to launch the erase verify all blocks command, the
memory controller will verify that the entire flash memory space is erased. The
NVM_FSTATI[CCIF] flag will set after the erase verify all blocks operation has
completed. If all blocks are not erased, it means blank check failed and both
NVM_FSTAT[MGSTAT] bits will be set.

Table 4-21. Erase verify all blocks command error handling

Register Error bit Error condition
ACCERR Set if CCOBIX[2:0] != 000 at command launch
FPVIOL None
NVM_FSTAT MGSTAT ;cieltei(fj any errors have been encountered during the read! or if blank check
MGSTATO i:aitfifblaarr?ll( r;zr;—(;:;fr;igt:ble errors have been encountered during the read

1. As found in the memory map for NVM

4.4.2.9.2 Erase verify block command

The erase verify block command allows the user to verify that an entire flash or
EEPROM block has been erased. The FCCOB global address [23:0] bits determine which
block must be verified.

Table 4-22. Erase verify block command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x02 Global address [23:16] to identify Flash block®
001 Global address [15:0] in flash block to be verified

1. Global address [23] selects between flash (0) or EEPROM (1) block, that can otherwise eventually share the same
address on the MCU global memory map.
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Upon clearing NVM_FSTAT[CCIF] to launch the erase verify block command, the
memory controller will verify that the selected flash or EEPROM block is erased. The
NVM_FSTAT[CCIF] flag will set after the erase verify block operation has completed. If
the block is not erased, it means blank check failed and both NVM_FSTAT[MGSTAT]
bits will be set.

Table 4-23. Erase verify block command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 000 at command launch
ACCERR
Set if an invalid global address [23:0] is supplied’
FPVIOL None
FSTAT . ; i
Set if any errors have been encountered during the read or if blank check
MGSTAT1 ;
failed
MGSTATO Selt if any non-corrgctable errors have been encountered during the read
or if blank check failed

1. As found in the memory map for NVM

4.4.2.9.3 Erase verify flash section command

The erase verify flash section command will verify that a section of code in the flash
memory is erased. The erase verify flash section command defines the starting point of
the code to be verified and the number of longwords.

Table 4-24. Erase verify flash section command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x03 Global address [23:16] of flash block
001 Global address [15:0] of the first longwords to be verified
010 Number of long words to be verified

Upon clearing NVM_FSTAT[CCIF] to launch the erase verify flash section command,
the memory controller will verify that the selected section of flash memory is erased. The
NVM_FSTATI[CCIF] flag will set after the erase verify flash section operation has
completed. If the section is not erased, it means blank check failed and both
FSTAT[MGSTAT] bits will be set.
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Table 4-25. Erase verify flash section command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 010 at command launch

Set if command not available in current mode (see Table 4-9)

ACCERR Set if an invalid global address [23:0] is supplied (see Table 4-6)

Set if a misaligned long words address is supplied (global address[1:0] !=
00)

FSTAT Set if the requested section crosses flash address boundary

FPVIOL None

Set if any errors have been encountered during the read? or if blank check

MGSTAT1 failed

Set if any non-correctable errors have been encountered during the read?

MGSTATO or if blank check failed

1. As defined by the memory map for NVM
2. As found in the memory map for NVM

4.4.2.9.4 Read once command

The read once command provides read access to a reserved 64 byte field (8 phrase)
located in the nonvolatile information register of flash. The read once field can only be
programmed once and can not be erased. It can be used to store the product ID or any
other information that can be written only once. It is programmed using the program once
command described in Program once command. To avoid code runaway, the read once
command must not be executed from the flash block containing the program once
reserved field.

Table 4-26. Read once command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x04 Not required
001 Read once phrase index (0x0000 — 0x0007)
010 Read once word 0 value
011 Read once word 1 value
100 Read once word 2 value
101 Read once word 3 value

Upon clearing FSTAT[CCIF] to launch the read once command, a read once phrase is
fetched and stored in the FCCOB indexed register. The FSTAT[CCIF] flag will set after
the read once operation has completed. Valid phrase index values for the read once
command range from 0x0000 to 0x0007. During execution of the read once command,
any attempt to read addresses within flash block will return invalid data.
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Table 4-27. Read once command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 001 at command launch

ACCERR Set if command is not available in current mode (see Table 4-9)
Set if an invalid phrase index is supplied
FSTAT
FPVIOL None
MGSTAT1 Set if any errors have been encountered during the read
MGSTATO Set if any non-correctable errors have been encountered during the read

4.4.2.9.5 Program flash command

The program flash operation will program up to two previously erased longwords in the
flash memory using an embedded algorithm.

Note

A flash phrase must be in the erased state before being
programmed. Cumulative programming of bits within a flash
phrase is not allowed.

Table 4-28. Program flash command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x06 Global address [23:16] to identify flash block
001 Global address [15:0] of longwords location to be programmed
010 Word 0 (longword 0) program value
011 Word 1 (longword 0) program value
100 Word 2 (longword 1) program value
101 Word 3 (longword 1) program value

1. Global address [1:0] must be 00.

Upon clearing NVM_FSTAT[CCIF] to launch the program flash command, the memory
controller will program the data words to the supplied global address and will then
proceed to verify the data words read back as expected. The NVM_FSTAT[CCIF] flag

will set after the program flash operation has completed.

MC9S08PT60 Reference Manual, Rev. 3, 4/2012
100 Freescale Semiconductor, Inc.




4
Chapter 4 Memory map

Table 4-29. Program flash command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 011 or 101 at command launch

Set if command not available in current mode (see Table 4-9)

Set if an invalid global address [23:0] is supplied (see Table 4-6)"

ACCERR
Set if a misaligned longword address is supplied (global address [1:0] =
00)

NVM_FSTAT
Set if the requested group of words breaches the end of the flash block.
FPVIOL Set if the global address [23:0] points to a protected data
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any non-correctable errors have been encountered during the verify

operation

1. As defined by the memory map of NVM

4.4.2.9.6 Program once command

The program once command restricts programming to a reserved 64 byte field (8 phrases)
in the nonvolatile information register located in flash. The program once reserved field
can be read using the read once command as described in Read once command. The
program once command must be issued only because the nonvolatile information register
in flash cannot be erased. To avoid code runaway, the read once command must not be
executed from the flash block containing the program once reserved field.

Table 4-30. Program once command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x07 Not required
001 Program Once phrase index (0x000 — 0x0007)
010 Program once Word 0 value
011 Program once Word 1value
100 Program once Word 2 value
101 Program once Word 3 value

Upon clearing FSTAT[CCIF] to launch the program once command, the memory
controller first verifies that the selected phrase is erased. If erased, then the selected

phrase will be programmed and then verified with read back. The FSTAT[CCIF] flag will
remain clear, setting only after the program once operation has completed.
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The reserved nonvolatile information register accessed by the program once command
cannot be erased, and any attempt to program one of these phrases a second time will not
be allowed. Valid phrase index values for the program once command range from 0x0000
to 0x0007. During execution of the program once command, any attempt to read
addresses within flash will return invalid data.

Table 4-31. Program once command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 101 at command launch
Set if command not available in current mode (see Table 4-9)
ACCERR
Set if an invalid phrase index is supplied
i 1
FSTAT Set if the requested phrase has already been programmed
FPVIOL None
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any non-correctable errors have been encountered during the verify
operation

1. If a program once phrase is initially programmed to OxFFFF_FFFF_FFFF_FFFF, the program once command will be
allowed to execute again on that same phrase.

4.4.2.9.7 Erase all blocks command
The erase all blocks operation will erase the entire flash and EEPROM memory space.

Table 4-32. Erase all blocks command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x08 Not required

Upon clearing NVM_FSTAT[CCIF] to launch the erase all blocks command, the
memory controller will erase the entire NVM memory space and verify that it is erased. If
the memory controller verifies that the entire NVM memory space was properly erased,
security will be released. Therefore, the device is in unsecured state. During the execution
of this command (NVM_FSTAT[CCIF] = 0) the user must not write to any NVM module
register. The NVM_FSTAT[CCIF] flag will set after the erase all blocks operation has
completed.
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Table 4-33. Erase all blocks command error handling

Register Error bit Error condition

Set if CCOBIX[2:0] = 000 at command launch

ACCERR
Set if command not available in current mode (see Table 4-9)

NVM_ESTAT FPVIOL Set if any area of the flash or EEPROM memory is protected

MGSTAT1 Set if any errors have been encountered during the verify operation’

MGSTATO Set if gny1non-correctable errors have been encountered during the verify
operation

1. As found in the memory map for NVM

4.4.2.9.8 Erase flash block command
The erase flash block operation will erase all addresses in a flash or EEPROM block.

Table 4-34. Erase flash block command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x09 Global address [23:16] to identify flash block’
001 Global address[15:0] in flash block to be erased

1. Global address [23] selects between flash (0) or EEPROM (1) block, that can otherwise eventually share the same
address on the MCU global memory map.

Upon clearing FSTAT[CCIF] to launch the erase flash block command, the memory
controller will erase the selected flash block and verify that it is erased. The
FSTAT[CCIF] flag will set after the erase flash block operation has completed.

Table 4-35. Erase flash block command error handling

Register Error Bit Error Condition
Set if CCOBIX[2:0] != 001 at command launch

ACCERR Set if command not available in current mode (see Table 4-9)

Set if an invalid global address [23:16] is supplied'

FSTAT FPVIOL Set if an area of the selected flash block is protected

MGSTAT1 Set if any errors have been encountered during the verify operation?

Set if any non-correctable errors have been encountered during the verify

MGSTATO )
operation

1. As defined by the memory map for NVM
2. As found in the memory map for NVM

4.4.2.9.9 Erase flash sector command

The erase flash sector operation will erase all addresses in a flash sector.
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Table 4-36. Erase flash sector command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 O0x0A Global address [23:16] to identify flash block to be erased

Global address [15:0] anywhere within the sector to be erased. Refer to Overview for the flash

001 .
sector size

Upon clearing FSTAT[CCIF] to launch the erase flash sector command, the memory
controller will erase the selected flash sector and then verify that it is erased. The
FSTAT[CCIF] flag will be set after the erase flash sector operation has completed.

Table 4-37. Erase flash sector command error handling

Register Error bit Error condition

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 4-9)

ACCERR Set if an invalid global address [23:16] is supplied.! (see Table 4-6)
Set if a misaligned longword address is supplied (global address [1:0] !=
FSTAT 00)
FPVIOL Set if the selected flash sector is protected
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any non-correctable errors have been encountered during the verify

operation

1. As defined by the memory map for NVM

4.4.2.9.10 Unsecure flash command

The unsecure flash command will erase the entire flash and EEPROM memory space,
and if the erase is successful, will release security.

Table 4-38. Unsecure flash command FCCOB requirements

CCOBIX[2:0] FCCOB parameters
000 0x0B Not required

Upon clearing FSTAT[CCIF] to launch the unsecure flash command, the memory
controller will erase the entire flash and EEPROM memory space and verify that it is
erased. If the memory controller verifies that the entire flash and EEPROM memory
space was properly erased, security will be released. If the erase verify is not successful,
the unsecure flash operation sets FSTAT[MGSTAT1] and terminates without changing
the security state. During the execution of this command (FSTAT[CCIF] = 0), the user
must not write to any flash and EEPROM module register. The FSTAT[CCIF] flag is set
after the unsecure flash operation has completed.
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Table 4-39. Unsecure flash command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 000 at command launch
ACCERR
Set if command is not available in current mode (see Table 4-9)
FSTAT FPVIOL Set if any area of the flash or EEPROM memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation’
MGSTATO Set if gny1non-correctable errors have been encountered during the verify
operation

1. As found in the memory map for NVM

4.4.2.9.11 Verify backdoor access key command

The verify backdoor access key command will execute only if it is enabled by the
NVM_FSEC[KEYEN] bits. The verify backdoor access key command releases security
if user-supplied keys match those stored in the flash security bytes of the flash
configuration field. See Table 4-6 for details. The code that performs verifying backdoor
access command must be running from RAM or EEPROM.

Table 4-40. Verify backdoor access key command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x0C Not required
001 Key 0
010 Key 1
011 Key 2
100 Key 3

Upon clearing NVM_FSTAT[CCIF] to launch the verify backdoor access key command,
the memory controller will check the NVM_FSEC[KEYEN] bits to verify that this
command is enabled. If not enabled, the memory controller sets the
NVM_FSTAT[ACCERR] bit. If the command is enabled, the memory controller
compares the key provided in FCCOB to the backdoor comparison key in the flash
configuration field with Key 0 compared to OxFF70, and so on. If the backdoor keys
match, security will be released. If the backdoor keys do not match, security is not
released and all future attempts to execute the verify backdoor access key command are
aborted (set NVM_FSTAT[ACCERR]) until a reset occurs. The NVM_FSTAT[CCIF]
flag is set after the verify backdoor access key operation has completed.
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Table 4-41. Verify backdoor access key command error handling

Register Error bit Error condition

Set if CCOBIX[2:0] # 100 at command launch

ACCERR Set if an incorrect backdoor key is supplied
Set if backdoor key access has not been enabled (KEYEN[1:0] z 10

NVM_FSTAT Set if the backdoor key has mismatched since the last reset
FPVIOL None
MGSTAT1 None
MGSTATO None

4.4.2.9.12 Set user margin level command

The user margin is a small delta to the normal read reference level and, in effect, is a
minimum safety margin. That is, if the reads pass at the tighter tolerances of the user
margins, the normal reads have at least that much safety margin before users experience
data loss.

The set user margin level command causes the memory controller to set the margin level
for future read operations of the flash or EEPROM block.

Table 4-42. Set user margin level command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x0D Global address [23:16] to identify flash block’
001 Global address [15:0] to identify flash block
010 Margin level setting

1. Global Address [23] selects between flash (0) or EEPROM (1) block, that can otherwise eventually share the same
address on the MCU global memory map.

Upon clearing NVM_FSTAT[CCIF] to launch the set user margin level command, the

memory controller will set the user margin level for the targeted block and then set the
NVM_FSTAT[CCIF] flag.

Note

When the EEPROM block is targeted, the EEPROM user
margin levels are applied only to the EEPROM reads. However,
when the Flash block is targeted, the flash user margin levels
are applied to both Flash and EEPROM reads. It is not possible
to apply user margin levels to the flash block only.

Valid margin level settings for the set user margin level command are defined in the
following tables.
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Table 4-43. Valid set user margin level settings

ccoB

Level description
(CCOBIX =010)

0x0000 Return to normal level
0x0001 User margin-1 level
0x0002 User margin-0 level?

1. Read margin to the erased state
2. Read margin to the programmed state

Table 4-44. Set user margin level command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] != 010 at command launch
AGCERR Set if command is not available in current mode (see Table 4-9)
Set if an invalid global address [23:0] is supplied
NVM_FSTAT Set if an invalid margin level setting is supplied
FPVIOL None
MGSTAT1 None
MGSTATO None

Note

User margin levels can be used to check that NVM memory
contents have adequate margin for normal level read operations.
If unexpected results are encountered when checking NVM
memory contents at user margin levels, a potential loss of
information has been detected.

4.4.2.9.13 Erase verify EEPROM section command

The erase verify EEPROM section command will verify that a section of code in the
EEPROM is erased. The erase verify EEPROM section command defines the starting
point of the data to be verified and the number of bytes.

Table 4-45. Erase verify EEPROM section command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x10 Global address [23:16] to identify the EEPROM block
001 Global address [15:0] of the first byte to be verified
010 Number of bytes to be verified
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Upon clearing NVM_FSTAT[CCIF] to launch the erase verify that EEPROM section
command, the memory controller will verify the selected section of EEPROM memory is
erased. The NVM_FSTAT[CCIF] flag will set after the erase verify EEPROM section
operation has completed. If the section is not erased, which means that blank check
failed, both NVM_FSTAT[MGSTAT] bits will be set.

Table 4-46. Erase verify EEPROM section command error handling

Register Error bit Error condition
Set if CCOBIX[2:0] # 010 at command launch
Set if command is not available in current mode (see Table 4-9)
ACCERR
Set if an invalid global address [23:0] is supplied
Set if the requested section breaches the end of the EEPROM block
FSTAT FPVIOL None
MGSTAT Sz_et if any errors have been encountered during the read or if blank check
failed
MGSTATO Selt if any non-corrgctable errors have been encountered during the read
or it blank check failed.

4.4.2.9.14 Program EEPROM command

The program EEPROM operation programs one to four previously erased bytes in the
EEPROM block. The program EEPROM operation will confirm that the targeted
location(s) were successfully programmed upon completion.

Note

A EEPROM byte must be in the erased state before being
programmed. Cumulative programming of bits within a
EEPROM byte is not allowed.

Table 4-47. Program EEPROM command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 Ox11 Global address [23:16] to identify the EEPROM block
001 Global address [15:0] of the first word to be verified
010 Byte 0 program value
011 Byte 1 program value, if desired
100 Byte 2 program value, if desired
101 Byte 3 program value, if desired
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Upon clearing NVM_FSTAT[CCIF] to launch the program EEPROM command, the
user-supplied words will be transferred to the memory controller and be programmed if
the area is unprotected. The CCOBIX index value at program EEPROM command
launch determines how many bytes will be programmed in the EEPROM block. The
NVM_FSTAT[CCIF] flag is set when the operation has completed.

Table 4-48. Program EEPROM command error handling

Register Error Bit Error condition
Set if CCOBIX[2:0] < 010 at command launch
Set if CCOBIX[2:0] >101 at command launch

Set if command is not available in current mode (see Table 4-9)

ACCERR
Set if an invalid global address [23:0] is supplied
NVM_FSTAT Set if the requested group of words breaches the end of the EEPROM
block
FPVIOL Set if the selected area of the EEPROM memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any non-correctable errors have been encountered during the verify

operation

4.4.2.9.15 Erase EEPROM sector command

The erase EEPROM sector operation will erase all addresses in a sector of the EEPROM
block.

Table 4-49. Erase EEPROM sector command FCCOB requirements

CCOBIX[2:0] NVM_FCCOBHI parameters NVM_FCCOBLO parameters
000 0x12 Global address [23:16] to identify EEPROM block
001 Global address [15:0] anywhere within the sector to be erased. See Overview for EEPROM sector
size

Upon clearing NVM_FSTAT[CCIF] to launch the erase EEPROM sector command, the
memory controller will erase the selected EEPROM sector and verify that it is erased.
The NVM_FSTAT[CCIF] flag will set after the erase EEPROM sector operation has
completed.
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Table 4-50. Erase EEPROM sector command error handling

Register Error bit Error condition

Set if CCOBIX[2:0] = 001 at command launch

ACCERR Set if command is not available in current mode (see Table 4-9)

Set if an invalid global address [23:0] is supplied (see Table 4-6)

NVM_FSTAT FPVIOL Set if the selected area of the EEPROM memory is protected
MGSTAT1 Set if any errors have been encountered during the verify operation
MGSTATO Set if any non-correctable errors have been encountered during the verify

operation

4.5 Flash and EEPROM registers descriptions

The flash module contains a set of 16 user control and status registers located between
0x3020 and 0x302F. In the case of the writable registers, the write accesses are forbidden
during flash command execution. For more details, see Caution note in Flash and
EEPROM memory map. A summary of the flash module registers is given in the
following table with detailed descriptions in the following subsections.

NVM memory map

‘:Zf;:;f Register name (ivr\nli:ittg) Access | Reset value S:‘:;Zn/
(hex)
3020 Flash Clock Divider Register (NVM_FCLKDIV) 8 R/W 00h 4.5.1/111
3021 Flash Security Register (NVM_FSEC) 8 R Undefined 4.5.2/111
3022 Flash CCOB Index Register (NVM_FCCOBIX) 8 R/W 00h 4.5.3/112
3024 Flash Configuration Register (NVM_FCNFG) 8 R/W 00h 4.5.4/113
3025 Flash Error Configuration Register (NVM_FERCNFG) 8 R/W 00h 4.5.5/114
3026 Flash Status Register (NVM_FSTAT) 8 R/W 80h 4.5.6/115
3027 Flash Error Status Register (NVM_FERSTAT) 8 R/W 00h 4.5.7/116
3028 Flash Protection Register (NVM_FPROT) 8 R Undefined 4.5.8/117
3029 EEPROM Protection Register (NVM_EEPROT) 8 R/W Undefined 4.5.9/118
302A lee:/s’\r;l_CFogCrgogHCI))ommand Object Register:High 8 R/W 00h 45.10/119
3028 Z\Ijei;s,\l;l_CFogCrgogL%())mmand Object Register: Low 8 R/W 00h 4.5.11/120
302C Flash Option Register (NVM_FOPT) 8 R Undefined 4.5.12/120
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4.5.1 Flash Clock Divider Register (NVM_FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

NOTE
The FCLKDIV register must not be written while a flash
command is executing (NVM_FSTAT[CCIF] = 0)

Address: 3020h base + Oh offset = 3020h

Bit 7 6 5 4 | 3 2 1 0
Read FDIVLD
FDIVLCK FDIV
Write
Reset 0 0 0 o | o 0 0 0
NVM_FCLKDIV field descriptions
Field Description
7 Clock Divider Loaded
FDIVLD

0 FCLKDIV register has not been written since the last reset.
1 FCLKDIV register has been written since the last reset.

6 Clock Divider Locked
FDIVLCK

0 FDIV field is open for writing.

1 FDIV value is locked and cannot be changed. After the lock bit is set high, only reset can clear this bit
and restore writability to the FDIV field in user mode.

5-0 Clock Divider Bits

FDIV[5:0] must be set to effectively divide BUSCLK down to 1MHz to control timed events during flash
program and erase algorithms. Refer to the table in the Writing the FCLKDIV register for the
recommended values of FDIV based on the BUSCLK frequency.

4.5.2 Flash Security Register (NVM_FSEC)

The FSEC register holds all bits associated with the security of the MCU and NVM
module. All bits in the FSEC register are readable but not writable. During the reset
sequence, the FSEC register is loaded with the contents of the flash security byte in the
flash configuration field at global address OXxFF7F located in flash memory.

See Security for security function.
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Address: 3020h base + 1h offset = 3021h

Bit 7 6 5 4 | 3 2 1 0
Read KEYEN Reserved SEC
Write
Reset x* x* x* x* x* x* x* X*
* Notes:

e x = Undefined at reset.

NVM_FSEC field descriptions

Field Description

7-6 Backdoor Key Security Enable Bits

KEYEN
The KEYEN[1:0] bits define the enabling of backdoor key access to the flash module.

NOTE: 01 is the preferred KEYEN state to disable backdoor key access.

00 Disabled

01 Disabled

10 Enabled

11 Disabled
5-2 This field is reserved.
Reserved
1-0 Flash Security Bits
SEC

The SEC[1:0] bits define the security state of the MCU. If the flash module is unsecured using backdoor
key access, the SEC bits are forced to 10.

NOTE: 01 is the preferred SEC state to set MCU to secured state.

00 Secured
01 Secured
10 Unsecured
11 Secured

4.5.3 Flash CCOB Index Register (NVM_FCCOBIX)

The FCCOBIX register is used to index the FCCOB register for NVM memory
operations.

Address: 3020h base + 2h offset = 3022h

Bit 7 6 5 4 | 3 2 1 0
Read CCOBIX
Write
Reset 0 0 0 0 0 0 0 0
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NVM_FCCOBIX field descriptions

Field Description
7-3 This read-only field is reserved and always has the value 0.
Reserved
2-0 Common Command Register Index
CCOBIX
The CCOBIX bits are used to select which word of the FCCOB register array is being read or written to.

4.5.4 Flash Configuration Register (NVM_FCNFG)

The FCNFG register enables the flash command complete interrupt and forces ECC
faults on flash array read access from the CPU.

Address: 3020h base + 4h offset = 3024h

Bit 7 6 5 4 | 3 2 1 0
Read | oo FDFD FSFD
Write
Reset 0 0 0 0 0 0 0 0

NVM_FCNFG field descriptions
Field Description
7 Command Complete Interrupt Enable
CCIE
The CCIE bit controls interrupt generation when a flash command has completed.
0 Command complete interrupt disabled.
1 Aninterrupt will be requested whenever the CCIF flag in the FSTAT register is set.
6-5 This read-only field is reserved and always has the value 0.
Reserved
4 Ignore Single Bit Fault
IGNSF
The IGNSF controls single bit fault reporting in the FERSTAT register.
0 All single bit faults detected during array reads are reported.
1 Single bit faults detected during array reads are not reported and the single bit fault interrupt will not
be generated.
3-2 This read-only field is reserved and always has the value 0.
Reserved
1 Force Double Bit Fault Detect
FDFD
The FDFD bit allows the user to simulate a double bit fault during flash array read operations and check
the associated interrupt routine. The FDFD bit is cleared by writing a 0 to FDFD.
0 Flash array read operations will set the FERSTAT[DFDIF] flag only if a double bit fault is detected.
1 Any flash array read operation will force the FERSTAT[DFDIF] flag to be set and an interrupt will be
generated as long as the DFDIE interrupt enable in the FERCNFG register is set.

Table continues on the next page...
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NVM_FCNFG field descriptions (continued)

Field Description

0 Force Single Bit Fault Detect

FSFD
The FSFD bit allows the user to simulate a single bit fault during flash array read operations and check

the associated interrupt routine. The FSFD bit is cleared by writing a 0 to FSFD.

0 Flash array read operations will set the SFDIF flag in the FERSTAT register only if a single bit fault is
detected.

1 Flash array read operation will force the SFDIF flag in the FERSTAT register to be set and an
interrupt will be generated as long as the SFDIE interrupt enable in the FERCNFG register is set.

4.5.5 Flash Error Configuration Register (NVM_FERCNFG)
The FERCNFG register enables the flash error interrupts for the FERSTAT flags.

Address: 3020h base + 5h offset = 3025h

Bit 7 6 5 4 | 3 2 1 0
Read DFDIE SFDIE
Write
Reset 0 0 0 0 0 0 0 0

NVM_FERCNFG field descriptions
Field Description
7-2 This read-only field is reserved and always has the value 0.
Reserved
1 Double Bit Fault Detect Interrupt Enable
DFDIE
The DFDIE bit controls interrupt generation when a double bit fault is detected during a flash block read
operation.
0 DFDIF interrupt disabled.
1 Aninterrupt will be requested whenever the DFDIF flag is set.
0 Single Bit Fault Detect Interrupt Enable
SFDIE
The SFDIE bit controls interrupt generation when a single bit fault is detected during a flash block read
operation.
0 SFDIF interrupt disabled whenever the SFDIF flag is set.
1 Aninterrupt will be requested whenever the SFDIF flag is set.
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4.5.6 Flash Status Register (NVM_FSTAT)
The FSTAT register reports the operational status of the flash and EEPROM module.

Address: 3020h base + 6h offset = 3026h

Bit 7 6 5 4 | 3 2 1 0
Read 0 MGBUSY 0 MGSTAT
CCIF ACCERR FPVIOL
Write
Reset 1 0 0 0
NVM_FSTAT field descriptions
Field Description
7 Command Complete Interrupt Flag
CCIF
The CCIF flag indicates that a flash command has completed. The CCIF flag is cleared by writing a 1 to
CCIF to launch a command and CCIF will stay low until command completion or command violation.
0 Flash command in progress.
1 Flash command has completed.
6 This read-only field is reserved and always has the value 0.
Reserved
5 Flash Access Error Flag
ACCERR
The ACCERR bit indicates an illegal access has occurred to the flash memory caused by either a
violation of the command write sequence or issuing an illegal flash command. While ACCERR is set, the
CCIF flag cannot be cleared to launch a command. The ACCERR bit is cleared by writing a 1 to
ACCERR. Writing a 0 to the ACCERR bit has no effect on ACCERR.
0 No access error detected.
1 Access error detected.
4 Flash Protection Violation Flag
FPVIOL
The FPVIOL bit indicates an attempt was made to program or erase an address in a protected area of
flash or EEPROM memory during a command write sequence. The FPVIOL bit is cleared by writing a 1 to
FPVIOL. Writing a 0 to the FPIOL bit has no effect on FPIOL. While FPIOL is set, it is not possible to
launch a command or start a command write sequence.
0 No protection violation detected.
1 Protection violation detected.
3 Memory Controller Busy Flag
MGBUSY
The MGBUSY flag reflects the active state of the memory controller.
0 Memory controller is idle.
1 Memory controller is busy executing a flash command (CCIF = 0).
2 This read-only field is reserved and always has the value 0.
Reserved

Table continues on the next page...
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NVM_FSTAT field descriptions (continued)

Field Description
1-0 Memory Controller Command Completion Status Flag
MGSTAT

One or more MGSTAT flag bits are set if an error is detected during execution of a flash command or
during the flash reset sequence.

NOTE: Reset value can deviate from the value shown if a double bit fault is detected during the reset
sequence.

4.5.7 Flash Error Status Register (NVM_FERSTAT)

The FERSTAT register reflects the error status of internal flash and EEPROM
operations.

Address: 3020h base + 7h offset = 3027h

Bit 7 6 5 4 | 3 2 1 0
Read DFDIF SFDIF
Write
Reset 0 0 0 0 0 0 0 0

NVM_FERSTAT field descriptions
Field Description
72 This read-only field is reserved and always has the value 0.
Reserved
1 Double Bit Fault Detect Interrupt Flag
DFDIF

The setting of the DFDIF flag indicates that a double bit fault was detected in the stored parity and data

bits during a flash array read operation or that a flash array read operation returning invalid data was

attempted on a flash block that was under a flash command operation. The DFDIF flag is cleared by
writing a 1 to DFDIF. Writing a 0 to DFDIF has no effect on DFDIF.

NOTE: The single bit fault and double bit fault flags are mutually exclusive for parity errors, meaning that
an ECC fault occurrence can be either single fault or double fault but never both. A simultaneous
access collision, when the flash array read operation is returning invalid data attempted while a
command is running, is indicated when both SFDIF and DFDIF flags are high.

NOTE: There is a one cycle delay in storing the ECC DFDIF and SFDIF fault flags in the register. At
least one NOP is required after a flash memory read before checking FERSTAT for the
occurrence of EEC errors.

0 No double bit fault detected.

1 Double bit fault detected or a flash array read operation returning invalid data was attempted while

command running.
0 Single Bit Fault Detect Interrupt Flag
SFDIF

With the IGNSF bit in the FCNFG register clear, the SFDIF flag indicates that a single bit fault was

detected in the stored parity and data bits during a flash array read operation or that a flash array read

operation returning invalid data was attempted on a flash block that was under a flash command

Table continues on the next page...
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NVM_FERSTAT field descriptions (continued)

Field Description

operation. The SFDIF flag is cleared by writing a 1 to SFDIF. Writing a 0 to SFDIF has no effect on
SRFDIF.

0 No single bit fault detected.

1 Single bit fault detected and corrected or a flash array read operation returning invalid data was
attempted while command running.

4.5.8 Flash Protection Register (NVM_FPROT)

The FPROT register defines which flash sectors are protected against program and erase
operations.

The unreserved bits of the FPROT register are writable with the restriction that the size of
the protected region can only be increased (see Protection).

During the reset sequence, the FPROT register is loaded with the contents of the flash
protection byte in the flash configuration field at global address OxFF7C located in flash
memory. To change the flash protection that will be loaded during the reset sequence, the
upper sector of the flash memory must be unprotected, then the flash protection byte must
be reprogrammed.

Trying to alter data in any protected area in the flash memory will result in a protection
violation error and the FPVIOL bit will be set in the FSTAT register. The block erase of a
flash block is not possible if any of the flash sectors contained in the same flash block are
protected.

Address: 3020h base + 8h offset = 3028h

Bit 7 6 5 4 | 3 2 1 0
Read | ppopen 1 FPHDIS FPHS FPLDIS FPLS
Write
Reset x* X* x* x* | X* X* X* X*

* Notes:
¢ x = Undefined at reset.

NVM_FPROT field descriptions

Field Description
7 Flash Protection Operation Enable
FPOPEN
The FPOPEN bit determines the protection function for program or erase operations.

Table continues on the next page...
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NVM_FPROT field descriptions (continued)

Field Description
0 When FPOPEN is clear, the FPHDIS and FPLDIS bits define unprotected address ranges as
specified by the corresponding FPHS and FPLS bits.

1 When FPOPEN is set, the FPHDIS and FPLDIS bits enable protection for the address range specified
by the corresponding FPHS and FPLS bits.

6 This read-only field is reserved and always has the value 1.
Reserved

5 Flash Protection Higher Address Range Disable
FPHDIS

The FPHDIS bit determines whether there is a protected/unprotected area in a specific region of the flash
memory ending with global address OxFFFF.

0 Protection/Unprotection enabled.
1 Protection/Unprotection disabled.

4-3 Flash Protection Higher Address Size
FPHS
The FPHS bits determine the size of the protected/unprotected area in flash memory. The FPHS bits can
be written to only while the FPHDIS bit is set.

2 Flash Protection Lower Address Range Disable
FPLDIS
The FPLDIS bit determines whether there is a protected/unprotected area in a specific region of the flash
memory beginning with global address 0x8000.

0 Protection/Unprotection enabled.
1 Protection/Unprotection disabled.

1-0 Flash Protection Lower Address Size
FPLS
The FPLS bits determine the size of the protected/unprotected area in flash memory. The FPLS bits can
only be written to while the FPLIDS bit is set.

4.5.9 EEPROM Protection Register (NVM_EEPROT)

The EEPROT register defines which EEPROM sectors are protected against program and
erase operations.

The unreserved bits of the EEPROT register are writable with the restriction that
protection can be added but not removed. Writes must increase the DPS value and the
DPOPEN bit can only be written from 1, protection disabled, to 0, protection enabled. If
the DPOPEN bit is set, the state of the DPS bits is irrelevant.

During the reset sequence, fields DPOPEN and DPS of the EEPROT register are loaded
with the contents of the EEPROM protection byte in the flash configuration field at
global address OXFF7D located in flash memory. To change the EEPROM protection that
will be loaded during the reset sequence, the flash sector containing the EEPROM
protection byte must be unprotected. Then the EEPROM protection byte must be
programmed.
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Trying to alter data in any protected area in the EEPROM memory will result in a
protection violation error and the FPVIOL bit will be set in the FSTAT register. Block
erase of the EEPROM memory is not possible if any of the EEPROM sectors are
protected.

Address: 3020h base + 9h offset = 3029h

Bit 7 6 5 4 3 2 1 0
Read | ppopeN DPS
Write
Reset X* x* x* x*
* Notes:

¢ x = Undefined at reset.

NVM_EEPROT field descriptions

Field Description

7 EEPROM Protection Control

DPOPEN
0 Enables EEPROM memory protection from program and erase with protected address range defined

by DPS bits.
1 Disables EEPROM memory protection from program and erase.

6-3 This read-only field is reserved and always has the value 0.
Reserved

2-0 EEPROM Protection Size

DPS

These bits determine the size of the protected area in the EEPROM memory.

4.5.10 Flash Common Command Object Register:High
(NVM_FCCOBHI)

The FCCOB is an array of six words addressed via the CCOBIX index found in the
FCCOBIX register. Byte-wide reads and writes are allowed to the FCCOB register.

Address: 3020h base + Ah offset = 302Ah

Bit 7 6 5 4 | 3 2 1 0
Read
Write CccoB
Reset 0 0 0 o | o 0 0 0
NVM_FCCOBHI field descriptions
Field Description
7-0 Common Command Object Bit 15:8
CCcoB
High 8 bits of common command object register
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4.5.11 Flash Common Command Object Register: Low
(NVM_FCCOBLO)

The FCCOB is an array of six words addressed via the CCOBIX index found in the
FCCOBIX register. Byte-wide reads and writes are allowed to the FCCOB register.

Address: 3020h base + Bh offset = 302Bh

Bit 7 6 5 4 | 3 2 1 0
Read
Write ccoB
Reset 0 0 0 o | o 0 0 0
NVM_FCCOBLO field descriptions
Field Description
7-0 Common Command Object Bit 7:0
CcCcoB
Low 8 bits of common command object register

4.5.12 Flash Option Register (NVM_FOPT)
The FOPT register is the flash option register.

During the reset sequence, the FOPT register is loaded from the flash nonvolatile byte in
the flash configuration field at global address OXFF7E located in flash memory as
indicated by reset condition.

Address: 3020h base + Ch offset = 302Ch

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset x* x* x* x* x* X* X* X*

* Notes:
¢ x = Undefined at reset.

NVM_FOPT field descriptions

Field Description

7-0 Nonvolatile Bits

NV
The NVI[7:0] bits are available as nonvolatile bits. During the reset sequence, the FOPT register is loaded

from the flash nonvolatile byte in the flash configuration field at global address OxFF7E located in flash
memory.
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5.1 Interrupts

Interrupts save the current CPU status and registers, execute an interrupt service routine
(ISR), and then restore the CPU status so that processing resumes where it left off before
the interrupt. Other than the software interrupt (SWI), which is a program instruction,
interrupts are caused by hardware events such as an edge on the IRQ pin or a timer-
overflow event. The debug module can also generate an SWI under certain
circumstances.

If an event occurs in an enabled interrupt source, an associated read-only status flag will
be set. The CPU will not respond unless only the local interrupt enable is a logic 1. The I
bit in the CCR is O to allow interrupts. The global interrupt mask (I bit) in the CCR is
initially set after reset that masks (prevents) all maskable interrupt sources. The user
program initializes the stack pointer and performs other system setups before clearing the
I bit to allow the CPU to respond to interrupts.

When the CPU receives a qualified interrupt request, it completes the current instruction
before responding to the interrupt. The interrupt sequence obeys the same cycle-by-cycle
sequence as the SWI instruction and consists of:

» Saving the CPU registers on the stack.
* Setting the I bit in the CCR to mask further interrupts.

* Fetching the interrupt vector for the highest-priority interrupt that is currently
pending.

* Filling the instruction queue with the first three bytes of program information starting
from the address fetched from the interrupt vector locations.

While the CPU is responding to the interrupt, the I bit is automatically set to prevent
another interrupt from interrupting the ISR itself, which is called nesting of interrupts.
Normally, the I bit is restored to O when the CCR is restored from the value stacked on
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entry to the ISR. In rare cases, the I bit may be cleared inside an ISR, after clearing the
status flag that generated the interrupt, so that other interrupts can be serviced without
waiting for the first service routine to finish. This practice is recommended only for the
most experienced programmers because it can lead to subtle program errors that are
difficult to debug.

The interrupt service routine ends with a return-from-interrupt (RTT) instruction that
restores the CCR, A, X, and PC registers to their pre-interrupt values by reading the
previously saved information off the stack.

Note

For compatibility with the M68HCO08, the H register is not
automatically saved and restored. Push H onto the stack at the
start of the interrupt service routine (ISR) and restore it
immediately before the RTI that is used to return from the ISR.

When two or more interrupts are pending when the I bit is cleared, the highest priority
source is serviced first.

5.1.1 Interrupt stack frame

The following figure shows the contents and organization of a stack frame. Before the
interrupt, the stack pointer (SP) points at the next available byte location on the stack.
The current values of CPU registers are stored on the stack, starting with the low-order
byte of the program counter (PC) and ending with the CCR. After stacking, the SP points
at the next available location on the stack, which is the address that is one less than the
address where the CCR was saved. The PC value that is stacked is the address of the
instruction in the main program that would have executed next if the interrupt had not
occurred.
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* High byte (H) of index register is not automatically stacked.

Figure 5-1. Interrupt stack frame

When an RTI instruction executes, these values are recovered from the stack in reverse
order. As part of the RTI sequence, the CPU fills the instruction pipeline by reading three
bytes of program information, starting from the PC address recovered from the stack.

The status flag causing the interrupt must be acknowledged (cleared) before returning
from the ISR. Typically, the flag must be cleared at the beginning of the ISR because if
another interrupt is generated by this source it will be registered so that it can be serviced
after completion of the current ISR.

5.1.2 Interrupt vectors, sources, and local masks

The following table provides a summary of all interrupt sources. High-priority sources
are located toward the bottom of the table. The high-order byte of the address for the
interrupt service routine is located at the first address in the vector address column, and
the low-order byte of the address for the interrupt service routine is located at the next
higher address.

When an interrupt condition occurs, an associated flag bit is set. If the associated local
interrupt enable is 1, an interrupt request is sent to the CPU. If the global interrupt mask
(I bit in the CCR) is 0, the CPU finishes the current instruction, stacks the PCL, PCH, X,
A, and CCR CPU registers, sets the I bit, and then fetches the interrupt vector for the
highest priority pending interrupt. Processing then continues in the interrupt service
routine.

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

Freescale Semiconductor, Inc. 123




Interrupts
Table 5-1. Vector summary (from lowest to highest priority)
Vector Address (high/ Vector name Module Source Local enable Description
number low)
CCIF
39 OXFFBO:FFB1 Vnvm NVM DFDIF CCIE NVM command
complete interrupt
SFDIF
38 OxFFB2:FFB3 Vkeyboard1 KBI1 KBF KBIE Keyboard interrupt 1
37 OxFFB4:FFB5 Vkeyboard0 KBIO KBF KBIE Keyboard interrupt 0
36 O0xFFB6:FFB7 Vtsi TSI EOSF TSIEN TSI interrupt
35 OxFFB8:FFB9 Vrtc RTC RTIF RTIE RTC overflow
34 OxFFBA:FFBB Viic liIC lICIF lICIE liIC
SPRF SPIE SPI1 receive
MODF SPIE SPI1 mode fault
33 0xFFBC:FFBD Vspit SPH
SPTEF SPTIE SPI1 transmit
SPMF SPMIE SPI1 match
SPRF SPIE SPIO receive
MODF SPIE SPIO mode fault
32 OxFFBE:FFBF Vspi0 SPIO
SPTEF SPTIE SPIO transmit
SPMF SPMIE SPI0 match
TRDE TIE
31 OxFFCO:FFCA1 Vsci2tx SCl2 SCI2 transmit
TC TCIE
IDLE ILIE
RDRF RIE
30 OxFFC2:FFC3 Vsci2rx SCI2 SCI2 receive
LBKDIF LBKDIE
RXEDGIF RXEDGIE
OR ORIE
NF NEIE
29 OxFFC4:FFC5 Vsci2err SCI2 SCI2 error
FE FEIE
PF PEIE
TRDE TIE
28 OxFFC6:FFC7 Vscittx SCH SCI1 transmit
TC TCIE
IDLE ILIE
RDRF RIE
27 OxFFCB8:FFC9 Vscitrx SCH SCI1 receive
LBKDIF LBKDIE
RXEDGIF RXEDGIE
OR ORIE
NF NEIE
26 OxFFCA:FFCB Vsciterr SCH SCI1 error
FE FEIE
PF PEIE
Table continues on the next page...
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Table 5-1. Vector summary (from lowest to highest priority) (continued)

Vector Address (high/ Vector name Module Source Local enable Description
number low)
TRDE TIE
25 OxFFCC:FFCD VsciOtx SCI0 SCI0 transmit
TC TCIE
IDLE ILIE
RDRF RIE
24 OxFFCE:FFCF VsciOrx SCI0 SCIO receive
LBKDIF LBKDIE
RXEDGIF RXEDGIE
OR ORIE
NF NEIE
23 OxFFDO:FFD1 VsciOerr SCI0 SCIO error
FE FEIE
PF PEIE
22 OXFFD2:FFD3 Vadc ADC COCO AIEN ADC conversion
complete interrupt
21 OxFFD4:FFD5 Vacmp ACMP ACF ACIE Analog comparator
interrupt
20 OXFFD6:FFD7 Vmtim1 MTIMA TOF TOIE MTIM1 overflow
interrupt
19 OXFFD8:FFD9 Vmtim0 MTIMO TOF TOIE MTIMO overflow
interrupt
18 OXFFDA:FFDB VitmOovf FTMO TOF TOIE FTMO overflow
17 OXFFDC:FFDD VftmOch1 FTMOCH1 CHI1F CH1IE FTMO channel 1
16 OXFFDE:FFDF VftmOchO FTMOCHO CHOF CHOIE FTMO channel 0
15 OXFFEO:FFE1 Vitm1ovf FTMA TOF TOIE FTM1 overflow
14 OXFFE2:FFE3 Vtm1ch1 FTM1CH1 CH1F CH1IE FTM1 channel 1
13 OXFFE4:FFE5 Vitm1chO FTM1CHO CHOF CHOIE FTM1 channel 0
12 OXFFE6:FFE7 Vftm2ovf FTM2 TOF TOIE FTM2 overflow
11 OXFFE8:FFE9 Vftm2ch5 FTM2CH5 CH5F CHSIE FTM2 channel 5
10 OXFFEA:FFEB Vitm2ch4 FTM2CH4 CH4F CH4IE FTM2 channel 4
9 OXFFEC:FFED Vitm2ch3 FTM2CH3 CH3F CH3IE FTM2 channel 3
8 OXFFEE:FFEF Vftm2ch2 FTM2CH2 CH2F CH2IE FTM2 channel 2
7 OXFFFO:FFF1 Vitm2ch1 FTM2CH1 CH1F CH1IE FTM2 channel 1
6 OXFFF2:FFF3 Vitm2chO FTM2CHO CHOF CHOIE FTM2 channel 0
5 OXFFF4:FFF5 Vitm2fault FTM2 FAULTF FAULTIE FTM2 fault
4 OxFFF6:FFF7 Vclk ICS LOLS LOLIE Clock loss of lock
3 OXFFF8:FFF9 Vivw ?:Z?\ttfg LVWF LVWIE Low-voltage warning
Vwdog WDOG WDOGF WDOGI WDOG timeout
2 OXFFFA:FFFB
Virq IRQ IRQF IRQIE IRQ interrupt

Table continues on the next page...
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Table 5-1. Vector summary (from lowest to highest priority) (continued)

r:Len(:rerr Addr?;fv)(highl Vector name Module Source Local enable Description
1 OxFFFC:FFFD Vswi Core SWI Instruction — Software interrupt
WDOG WDOGE Watchdog timer
LVD LVDRE Low-voltage detect
RESET pin RSTPE External pin
0 OXFFFE-FFFF Vreset System lllegal opcode — lllegal opcode
control llegal address — llegal address
POR — Power-on-reset
ICS CME ICS loss of clk reset
BDFR — BDM force reset

5.1.3 Hardware nested interrupt

This device has interrupt priority controller (IPC) module to provide up to four-level
nested interrupt capability. IPC includes the following features:

* Four-level programmable interrupt priority for each interrupt source.
 Support for prioritized preemptive interrupt service routines

* Low-priority interrupt requests are blocked when high-priority interrupt service
routines are being serviced.

 Higher or equal priority level interrupt requests can preempt lower priority
interrupts being serviced.

* Automatic update of interrupt priority mask with being serviced interrupt source
priority level when the interrupt vector is being fetched.

* Interrupt priority mask can be modified during main flow or interrupt service
execution.

 Previous interrupt mask level is automatically stored when interrupt vector is fetched
(four levels of previous values accommodated)
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Figure 5-2. Interrupt priority controller block diagram

The IPC works with the existing HCS08 interrupt mechanism to allow nested interrupts
with programmable priority levels. This module also allows implementation of
preemptive interrupt according to the programmed interrupt priority with minimal
software overhead. The IPC consists of three major functional blocks:

 The interrupt priority level registers
* The interrupt priority level comparator set

* The interrupt mask register update and restore mechanism
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5.1.3.1 Interrupt priority level register

This set of registers is associated with the interrupt sources to the HCS08 CPU. Each
interrupt priority level is a 2-bit value such that a user can program the interrupt priority
level of each source to priority 0, 1, 2, or 3. Level 3 has the highest priority while level O
has the lowest. Software can read or write to these registers at any time. The interrupt
priority level comparator set, interrupt mask register update, and restore mechanism use
this information.

5.1.3.2 Interrupt priority level comparator set

When the module is enabled, an active interrupt request forces a comparison between the
corresponding ILR and the 2-bit interrupt mask IPM[1:0]. In stop3 mode, the IPM[1:0] is
substituted by value 00b. If the ILR value is greater than or equal to the value of the
interrupt priority mask (IPM bits in IPCSC), the corresponding interrupt out INTOUT)
signal will be asserted and signals an interrupt request to the HCS08 CPU.

When the module is disabled, the interrupt request signal from the source is directly
passed to the CPU.

The interrupt priority level programmed in the interrupt priority register will not affect
the inherent interrupt priority arbitration as defined by the HCS08 CPU because the IPC
is an external module. Therefore, if two (or more) interrupts are present in the HCSOS
CPU at the same time, the inherent priority in HCSO8 CPU will perform arbitration by
the inherent interrupt priority.

5.1.3.3 Interrupt priority mask update and restore mechanism

The interrupt priority mask (IPM) is two bits located in the least significant end of IPCSC
register. These two bits control which interrupt is allowed to be presented to the HCSO0S8
CPU. During vector fetch, the interrupt priority mask is updated automatically with the
value of the ILR corresponding to that interrupt source. The original value of the IPM
will be saved onto IPMPS for restoration after the interrupt service routine completes
execution. When the interrupt service routine completes execution, the user restore the
original value of IPM by writing 1 to the IPCSC[PULIPM] bit. In both cases, the IPMPS
is a shift register functioning as a pseudo stack register for storing the IPM. When the
IPM is updated, the original value is shifted into IPMPS. The IPMPS can store four levels
of IPM. If the last position of IPMPS is written, the PSF flag indicates that the IPMPS is
full. If all the values in the IPMPS were read, the PSE flag indicates that the IPMPS is
empty.

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

128 Freescale Semiconductor, Inc.




4
Chapter 5 Interrupt

5.2 IRQ

The IRQ (external interrupt) module provides a maskable interrupt input.

5.2.1 Features
Features of the IRQ module include:
* A Dedicated External Interrupt Pin
* IRQ Interrupt Control Bits
* Programmable Edge-only or Edge and Level Interrupt Sensitivity
* Automatic Interrupt Acknowledge
* Internal pullup device

A low level applied to the external interrupt request (IRQ) pin can latch a CPU interrupt
request. The following figure shows the structure of the IRQ module:

IRQACK
[RESET | TO CPU FOR
RESET BIL/BIH
SYNCHRO- INSTRUCTIONS _
NIZER >
BUSCLK
Vbp
v L ¢ IRQF
CLR
! D Q SYNCHRO-
0 oK NIZER
S
STOP
STOP — pBypass
IRQEDG
To pullup enable logic for IRQ IRQMOD IRQIE }
- [TRQPDD| TO INTERNAL IRQ
MODULES INTERRUPT
» WAKE-UP REQUEST

INPUTS

Figure 5-3. IRQ module block diagram

External interrupts are managed by the IRQSC status and control register. When the IRQ
function is enabled, synchronous logic monitors the pin for edge-only or edge-and-level
events. When the MCU is in stop mode and system clocks are shut down, a separate
asynchronous path is used so that the IRQ, if enabled, can wake the MCU.
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5.2.1.1 Pin configuration options

The IRQ pin enable control bit (IRQSC[IRQPE]) must be 1 for the IRQ pin to act as the
IRQ input. The user can choose the polarity of edges or levels detected (IRQEDG),
whether the pin detects edges-only or edges and levels IRQMOD), or whether an event
causes an interrupt or only sets the IRQF flag, which can be polled by software.

When enabled, the IRQ pin defaults to use an internal pullup device IRQSC[IRQPDD] =
0). If the user uses an external pullup or pulldown, the IRQSC[IRQPDD] can be written
to a 1 to turn off the internal device.

BIH and BIL instructions may be used to detect the level on the IRQ pin when it is
configured to act as the IRQ input.

Note

This pin does not contain a clamp diode to Vpp and must not be
driven above Vpp. The voltage measured on the internally
pullup IRQ pin may be as low as Vpp — 0.7 V. The internal
gates connected to this pin are pulled all the way to Vpp.

When enabling the IRQ pin for use, the IRQF will be set, and
must be cleared prior to enabling the interrupt. When
configuring the pin for falling edge and level sensitivity in a 3V
system, it is necessary to wait at least cycles between clearing
the flag and enabling the interrupt.

5.2.1.2 Edge and level sensitivity

The IRQSC[IRQMOD] control bit reconfigures the detection logic so that it can detect
edge events and pin levels. In this detection mode, the IRQF status flag is set when an
edge is detected, if the IRQ pin changes from the de-asserted to the asserted level, but the
flag 1s continuously set and cannot be cleared as long as the IRQ pin remains at the
asserted level.
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5.3 Interrupt pin request register

IRQ memory map

Absolute . .
address Register name Width | ) ccess | Reset value | Section/
(in bits) page
(hex)
3B Interrupt Pin Request Status and Control Register (IRQ_SC) 8 R/W 00h 5.3.1/131

5.3.1 Interrupt Pin Request Status and Control Register (IRQ_SC)

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

Address: 3Bh base + 0h offset = 3Bh

Bit 7 6 5 4 | 3 2 1 0
Read 0 IRQF
IRQPDD IRQEDG IRQPE IRQIE IRQMOD
Write IRQACK
Reset 0 0 0 0 0 0 0 0
IRQ_SC field descriptions
Field Description
7 This read-only field is reserved and always has the value 0.
Reserved
6 Interrupt Request (IRQ) Pull Device Disable
IRQPDD

This read/write control bit is used to disable the internal pullup 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
IRQEDG
This read/write control bit is used to select the polarity of edges or 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, the
optional pullup resistor is disabled.

0 IRQis falling edge or falling edge/low-level sensitive.
1 IRQ is rising edge or rising edge/high-level sensitive.

4 IRQ Pin Enable
IRQPE

This read/write control bit enables the IRQ pin function. When this bit is set the IRQ pin can be used as an
interrupt request.

Table continues on the next page...
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IRQ_SC field descriptions (continued)

Field Description
0 IRQ pin function is disabled.
1 IRQ pin function is enabled.

3 IRQ Flag
IRQF

This read-only status bit indicates when an interrupt request event has occurred.
0 No IRQ request.
1 IRQ event detected.

2 IRQ Acknowledge
IRQACK

This write-only bit is used to acknowledge interrupt request events (write 1 to clear IRQF). 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
IRQIE
This read/write control bit determines whether IRQ events generate an interrupt request.

0 Interrupt request when IRQF set is disabled (use polling).
1 Interrupt requested whenever IRQF = 1.

0 IRQ Detection Mode
IRQMOD

This read/write control bit selects either edge-only detection or edge-and-level detection.

0 IRQ event on falling/rising edges only.
1 IRQ event on falling/rising edges and low/high levels.

5.4 Interrupt priority control register

IPC memory map

23(51‘:;‘;? Register name (i":i:ittr;) Access | Reset value S:c;t:;n/
(hex)
3E IPC Status and Control Register (IPC_SC) 8 R/W 20h 5.4.1/133
3F Interrupt Priority Mask Pseudo Stack Register (IPC_IPMPS) 8 R 00h 5.4.2/134
3050 Interrupt Level Setting Registers n (IPC_ILRSO0) 8 R/W 00h 5.4.3/135
3051 Interrupt Level Setting Registers n (IPC_ILRS1) 8 R/W 00h 5.4.3/135
3052 Interrupt Level Setting Registers n (IPC_ILRS2) 8 R/W 00h 5.4.3/135
3053 Interrupt Level Setting Registers n (IPC_ILRS3) 8 R/W 00h 5.4.3/135
3054 Interrupt Level Setting Registers n (IPC_ILRS4) 8 R/W 00h 5.4.3/135
3055 Interrupt Level Setting Registers n (IPC_ILRS5) 8 R/W 00h 5.4.3/135
3056 Interrupt Level Setting Registers n (IPC_ILRS6) 8 R/W 00h 5.4.3/135

Table continues on the next page...
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IPC memory map (continued)

Absolute ; i

address Register name (ivr\lhgittg) Access | Reset value Set;uc;n/
(hex) pag
3057 Interrupt Level Setting Registers n (IPC_ILRS7) 8 R/W 00h 5.4.3/135
3058 Interrupt Level Setting Registers n (IPC_ILRS8) 8 R/W 00h 5.4.3/135
3059 Interrupt Level Setting Registers n (IPC_ILRS9) 8 R/W 00h 5.4.3/135

5.4.1 |IPC Status and Control Register (IPC_SC)
This register contains status and control bits for the IPC.

Address: 3Eh base + 0h offset = 3Eh

Bit 7 6 5 4 3 2 1 0
Read
IPCE IPM
Write
Reset 0 0 1 0 0 0 0 0
IPC_SC field descriptions
Field Description
7 Interrupt Priority Controller Enable
IPCE
This bit enables/disables the interrupt priority controller module.
0 Disables IPCE. Interrupt generated from the interrupt source is passed directly to CPU without
processing (bypass mode). The IPMPS register is not updated when the module is disabled.
1 Enables IPCE and interrupt generated from the interrupt source is processed by IPC before passing
to CPU.
6 This read-only field is reserved and always has the value 0.
Reserved
5 Pseudo Stack Empty
PSE
This bit indicates that the pseudo stack has no valid information. This bit is automatically updated after
each IPMPS register push or pull operation.
4 Pseudo Stack Full
PSF
This bit indicates that the pseudo stack register IPMPS register is full. It is automatically updated after
each IPMPS register push or pull operation. If additional interrupt is nested after this bit is set, the earliest
interrupt mask value(IPMO[1:0]) stacked in IPMPS will be lost.
0 IPMPS register is not full.
1 IPMPS register is full.
3 Pull IPM from IPMPS
PULIPM
This bit pulls stacked IPM value from IPMPS register to IPM bits of IPCSC. Zeros are shifted into bit
positions 1 and 0 of IPMPS.

Table continues on the next page...
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IPC_SC field descriptions (continued)

Field Description

0 No operation.
1 Writing 1 to this bit causes a 2-bit value from the interrupt priority mask pseudo stack register to be
pulled to the IPM bits of IPCSC to restore the previous IPM value.

2 This read-only field is reserved and always has the value 0.
Reserved
1-0 Interrupt Priority Mask
IPM

This field sets the mask for the interrupt priority control. If the interrupt priority controller is enabled, the
interrupt source with an interrupt level (ILRxx) value that is greater than or equal to the value of IPM will
be presented to the CPU. Writes to this field are allowed, but doing this will not push information to the
IPMPS register. Writing IPM with PULIPM setting when IPCE is already set, the IPM will restore the value
pulled from the IPMPS register, not the value written to the IPM register.

5.4.2 Interrupt Priority Mask Pseudo Stack Register (IPC_IPMPS)

This register is used to store the previous interrupt priority mask level temporarily when
the currently active interrupt is executed.

Address: 3Eh base + 1h offset = 3Fh

Bit 7 6 5 4 3 2 1 0
Read IPM3 IPM2 IPM1 IPMO
Write
Reset 0 0 0 0 0 0 0 0

IPC_IPMPS field descriptions
Field Description
7-6 Interrupt Priority Mask pseudo stack position 3
P This field is the pseudo stack register for IPM3. The most recent information is stored in IPM3.
5-4 Interrupt Priority Mask pseudo stack position 2
e This field is the pseudo stack register for IPM2. The most recent information is stored in IPM2.
3-2 Interrupt Priority Mask pseudo stack position 1
v This field is the pseudo stack register for IPM1. The most recent information is stored in IPM1.
1-0 Interrupt Priority Mask pseudo stack position 0
IPMO

This field is the pseudo stack register for IPMO. The most recent information is stored in IPMO.
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Chapter 5 Interrupt

This set of registers (ILRSO-ILRS9) contains the user specified interrupt level for each
interrupt source, and indicates the number of the register (ILRSn is ILRSO through

ILRS9).

Address: 3Eh base + (1d x n), where n=0d to 9d

Bit
Read

7

6

5

Write ILRn3 ILRn2 ILRn1 ILRnO
Reset 0 0 0 0 0 0
IPC_ILRSN field descriptions
Field Description
7-6 Interrupt Level Register for Source n*4+3
ILRN3
This field sets the interrupt level for interrupt source n*4+3.
5-4 Interrupt Level Register for Source n*4+2
ILRn2
This field sets the interrupt level for interrupt source n*4+2.
3-2 Interrupt Level Register for Source n*4+1
ILRNn1
This field sets the interrupt level for interrupt source n*4+1.
1-0 Interrupt Level Register for Source n*4+0
ILRnO
This field sets the interrupt level for interrupt source n*4+0.
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Chapter 6
System control

6.1 System device identification (SDID)
This device is hard coded to the value 0x0040 in SDID registers.

6.2 Universally unique identification (UUID)

This device contains up to 64-bit UUID to identify each device in this family. The intent
of UUID is to enable distributed systems to uniquely identify information without
significant central coordination.

6.3 Reset and system initialization

Resetting the MCU provides a way to start processing from a set of known initial
conditions. During reset, most control and status registers are forced to initial values and
the program counter is loaded from the reset vector (OXFFFE:0xFFFF). On-chip
peripheral modules are disabled and I/O pins are initially configured as general-purpose
high-impedance inputs with disabled pullup devices. The CCR[I] bit is set to block
maskable interrupts so that the user program has a chance to initialize the stack pointer
(SP) and system control settings. SP is forced to OxOOFF at reset.

This device has the following sources for reset:
* Power-on reset (POR)
* Low-voltage detect (LVD)
* Watchdog (WDOG) timer
* Illegal opcode detect (ILOP)
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* [llegal address detect (ILAD)
e Background debug forced reset
» External reset pin (RESET)

* Internal clock source module reset (CLK)

Each of these sources, with the exception of the background debug forced reset, has an
associated bit in the system reset status (SRS) register.

When the MCU is reset by ILAD, the address of illegal address is captured in illegal
address register, which is a 16-bit register consisting of ILLAL and ILLAH that contains
the LSB and MSB 8-bit of the address, respectively.

6.4 System options

6.4.1 BKGD pin enable

After POR, PTA4/ACMPO/BKGD/MS pin functions as BKGD output. The
SOPT1[BKGDPE] bit must be set to enable the background debug mode pin enable
function. When this bit is clear, this pin can function as PTA4 or ACMP output.

6.4.2 RESET pin enable

After POR reset, PTA5/IRQ/TCLKO/RESET functions as RESET. The SOPT1[RSTPE]
bit must be set to enable the other functions. When this bit is clear, this pin can function
as PTAS, IRQ, or TCLKO.

6.4.3 SCIO0 pin reassignment

After reset, SCIO module pinouts of RxD and TxD are mapped on PTBO and PTBI,
respectively. SOPTI[SCIOPS] bit enables to reassign SCIO pinouts on PTA2 and PTA3.

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

138 Freescale Semiconductor, Inc.




Chapter 6 System control

6.4.4 SPIO0 pin reassignment

After reset, SPI0 module pinouts of SPSCKO0, MOSIO, MISOO, and SSO are mapped on
PTB2, PTB3, PTB4, and PTBS5. SOPT1[SPIOPS] bit enables to reassign the SPI0 pinouts
on PTEQ, PTE1, PTE2, and PTE3, respectively. Please note PTE1/MOSIO and PTEO/
SPSCKO can provide up to 20 mA sink/source current, which is desirable for high-speed
SPI communication.

6.4.5 IIC pins reassignments

After POR reset, IIC module pinouts of SDA and SCL are mapped on PTA2 and PTA3.
SOPT1[IICPS] bit enables to reassign the IIC pinout pair on PTB6 and PTB7
respectively. Please note the PTA2 and PTA3 operate as true open drain, which can
support different level IIC communication. When PTB6 and PTB7 act as IIC pins, the
remote IIC level is limited to no more than MCU Vpp,.

6.4.6 FTM2 channels pin reassignment

After POR reset, FTM2 channel pinouts of FTM2CHO, FTM2CH1, FTM2CH2, and
FTM2CH3 are default mapped on PTCO, PTC1, PTC2, and PTC3. When set,
SOPT1[FTM2PS] bit enables to reassignment these FTM2 channels on PTHO, PTHI,
PTDO, and PTD1, respectively. As PTHO, PTH1, PTDO, PTD1, PTB4, and PTBS5 can
provide up to 20 mA sink/source current, each FTM2 channel can provide high current
with the same time base when this bit is set.

6.4.7 Bus clock output pin enable

The system bus clock can be outputted on PTH2 when the SOPT3[CLKOE] bits are set
by nonzero. Before mapping on the pinout, the output of bus clock can be pre-divided by
1,2,4,8, 16, 32, 64, or 128 by setting SOPT3[BUSREF].
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6.5 System interconnection

This device contains a set of system-level logics for module-to-module interconnection
for flexible configuration. These interconnections provide the hardware trigger function
between modules with least software configuration, which is ideal for infrared
communication, serial communication baudrate detection, low-end motor control,
metering clock calibration, and other general-purpose applications.

[TSI_CSO[STM]| RTCC | [TSI_CSO[SWTS]] | _Acic | RXDFE |
FTM1 Cho@
TSI trg 0 ch1 T +
1 ovf RTC ] <
xd 0 jPTBO/KBl0P4/RXDO/ADF’4/TS|2
00— SCIo
of  MTIMO xd 0
ADC 19 01 BN ] | 1PTB1/KBIOPS/TXDO/ADP5/TSI3
:?— cho 1 J o
- FTMO chil G_
j: inittrg  faulto
 , ichirg fault [ ]PTA6/FTM2FAULT1/ADP2/TSIO
ovt DELAY — matentg fault2 :] PTA7/FTM2FAULT2/ADP3/TSI1
FTM2 (i3
ICSCLK % ::ggero ]
gger
trigger2
ADHWT | [ BUSREF | [FTMSYNC| RXDCE | TXDME ]

CLKOE [ ]PTH2/BUSOUT

Figure 6-1. System interconnection diagram

6.5.1 ACMP output selection

When set, the SOPT2[ACIC] bit enables the output of ACMP to connect to the
FITM1CHO, the FTM1CHO pin is released to other shared functions.

6.5.2 SCI0 TxD modulation

SCIO TXD can be modulated by FTMO channel 0 output. When SOPT2[TXDME] bit is
set, the TXD output is passed to an AND gate with FTMO channel 0 output before
mapping on TXDO pinout. When this bit is clear, the TXD is directly mapped on the
pinout. To enable IR modulation function, both FTMOCHO and SCI must be active. The
FTMO counter modulo register specifies the period of the PWM, and the FTMO channel 0
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value register specifies the duty cycle of the PWM. Then, when TXDME bit is enabled,
each data transmitted via TXDO from SCIO is modulated by the FTMO channel 0 output,
and the FTMOCHO pin is released to other shared functions.

TXDO _ R
Sclo >0 PTB1/KBIOP5/TXDO/ADP5/TSI3 X
= 4
FTMOCHO D—> 1 -+
PORT LOGIC
TXDME

Figure 6-2. IR modulation diagram

6.5.3 SCI0 RxD capture

RxDO pin is selectable connected to SCIO module directly or tagged to FTMO channel 1.
When SOPT2[RXDCE] bit is set, the RxDO pin is connected to both SCI0 and FTMO
channel 1,and the FTMOCHI1 pin is released to other shared functions. When this bit is
clear, the RxDO pin is connected to SCIO only.

RxDO

scio |« J RXDO
FTMO CH1 <—C

Figure 6-3. RxDO capture function diagram

6.5.4 SCIO0 RxD filter

When SOPT2[RXDFE] bit is clear, the RxDO pin is connected to SCI0 module directly.
When this bit is set, the ACMP output is connected to the receive channel of SCIO. To
enable RxD filter function, both SCIO and ACMP must be active. If this function is
active, the SCIO external RxDO pin is released to other shared functions regardless of the

configuration of SCIO pin reassignment. When SCIO RxD capture function is active, the
ACMP output is injected to FTMOCHI1 as well.
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ACMPO

__ RXDO
i ACMP1

SCI0

%

To SCIO RxD
Capture Function

\\‘—AMA»«/\/—‘

:

From Internal or External
Reference Voltage

Figure 6-4. IR demodulation diagram

6.5.5 RTC capture

RTC overflow may be captured by FTM1 channel 1 by setting SOPT2[RTCC] bit. When
this bit is set, the RTC overflow is connected to FTM1 channel 1 for capture, the
FTMICHI pin is released to other shared functions.

RTC overflow also could be used as TSI hardware trigger by setting TSI_CSO[STM] bit.

6.5.6 FTM2 software synchronization

FTM?2 contains three synchronization input trigger, one of which is a software trigger by
writing 1 to the SOPT2[FTMSYNCT] bit. Writing O to this bit takes no effect. This bit is
always read 0.

6.5.7 ADC hardware trigger

ADC module may initiate a conversion via a hardware trigger. MTIMO overflow, RTC,
FTM2 match trigger with 8-bit programmable delay, and FTM2 init trigger with 8-bit
programmable delay can be enabled as the hardware trigger for the ADC module by

setting the SOPT2[ADHWT] bits. The following table shows the ADC hardware trigger
setting.

Table 6-1. ADC hardware trigger setting

ADHWT ADC hardware trigger
0:0 RTC overflow
0:1 MTIMO overflow

Table continues on the next page...
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Table 6-1. ADC hardware trigger setting (continued)

ADHWT ADC hardware trigger
1:0 FTM2 init trigger with 8-bit programmable delay
1:1 FTM2 match trigger with 8-bit programmable delay

When ADC hardware trigger selects the output of FTM?2 triggers, an 8-bit delay block
will be enabled. This logic delays any trigger from FTM2 with an 8-bit counter whose
value is specified by SYS_SOPT4[DELAY] bit. The reference clock to this module is the
output of ICSCLK with selectable pre-divider specified by SYS_SOPT3[BUSREF].

6.6 System Control Registers

SYS memory map

ggtsi‘:::se Register name (iv:ilgitt';) Access | Reset value S(:;;t;:n/

(hex)

3000 System Reset Status Register (SYS_SRS) 8 R 82h 6.6.1/144
3001 (Ssysge_rréggcl::kg)round Debug Force Reset Register 8 (alv\(/\;ys 00h 6.6.2/145

reads 0)

3002 System Device Identification Register: High (SYS_SDIDH) 8 R 00h 6.6.3/146
3003 System Device Identification Register: Low (SYS_SDIDL) 8 R 40h 6.6.4/147
3004 System Options Register 1 (SYS_SOPT1) 8 R/W 0Ch 6.6.5/147
3005 System Options Register 2 (SYS_SOPT2) 8 R/W 00h 6.6.6/149
3006 System Options Register 3 (SYS_SOPT3) 8 R/W 00h 6.6.7/150
3007 System Options Register 4 (SYS_SOPT4) 8 R/W 00h 6.6.8/151

304A lllegal Address Register: High (SYS_ILLAH) 8 R Undefined 6.6.9/151

304B lllegal Address Register: Low (SYS_ILLAL) 8 R Undefined 6.6.10/152
30F8 Universally Unique Identifier Register 1 (SYS_UUID1) 8 R Undefined 6.6.11/153
30F9 Universally Unique Identifier Register 2 (SYS_UUID2) 8 R Undefined 6.6.12/153
30FA Universally Unique Identifier Register 3 (SYS_UUID3) 8 R Undefined 6.6.13/154
30FB Universally Unique Identifier Register 4 (SYS_UUID4) 8 R Undefined | 6.6.14/154
30FC Universally Unique Identifier Register 5 (SYS_UUID5) 8 R Undefined | 6.6.15/155
30FD Universally Unique Identifier Register 6 (SYS_UUID6) 8 R Undefined | 6.6.16/155
30FE Universally Unique Identifier Register 7 (SYS_UUID7) 8 R Undefined | 6.6.17/156
30FF Universally Unique Identifier Register 8 (SYS_UUID8) 8 R Undefined | 6.6.18/156
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6.6.1 System Reset Status Register (SYS_SRS)

This register includes read-only status flags to indicate the source of the most recent
reset. When a debug host forces reset by writing 1 to the SYS_SBDFR[BDFR] bit, none
of the status bits in SRS will be set. The reset state of these bits depends on what caused
the MCU to reset.

NOTE
For PIN, WDOG, and ILOP, any of these reset sources that are
active at the time of reset (not including POR or LVR) will
cause the corresponding bit(s) to be set; bits corresponding to
sources that are not active at the time of reset will be cleared.

NOTE
The RESET values in the figure are values for power on reset;
for other resets, the values depend on the trigger causes.

Address: 3000h base + Oh offset = 3000h

Bit 7 6 5 4 | 3 2 1
Read
Write
Reset 1 0 0 0 0 0 1 0
SYS_SRS field descriptions
Field Description
7 Power-On Reset
POR

Reset was caused by the power-on detection logic. When the internal supply voltage was ramping up at
the time, the low-voltage reset (LVR) status bit is also set to indicate that the reset occurred while the
internal supply was below the LVR threshold.

NOTE: This bit POR to 1, LVR to uncertain value and reset to 0 at any other conditions.

0 Reset not caused by POR.
1 POR caused reset.

6 External Reset Pin

PIN
Reset was caused by an active low level on the external reset pin.

0 Reset not caused by external reset pin.
1 Reset came from external reset pin.

5 Watchdog (WDOG)

WDOG
Reset was caused by the WDOG timer timing out. This reset source may be blocked by WDOGE = 0.

0 Reset not caused by WDOG timeout.
1 Reset caused by WDOG timeout.

Table continues on the next page...
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SYS_SRS field descriptions (continued)

Field Description

4 lllegal Opcode
ILOP
Reset was caused by an attempt to execute an unimplemented or illegal opcode. The STOP instruction is
considered illegal if stop is disabled by STOPE = 0 in the SOPT register. The BGND instruction is
considered illegal if active background mode is disabled by ENBDM = 0 in the BDCSC register.

0 Reset not caused by an illegal opcode.
1 Reset caused by an illegal opcode.

3 lllegal Address
ILAD
Reset was caused by an attempt to access a illegal address. The illegal address is captured in illegal
address register (ILLAH:ILLAL).

0 Reset not caused by an illegal address.
1 Reset caused by an illegal address.

2 Internal Clock Source Module Reset
LOC
Reset was caused by an ICS module reset.

0 Reset not caused by ICS module.
1 Reset caused by ICS module.

1 Low Voltage Detect
LVD
If the LVDRE bit is set in run mode or both LVDRE and LVDSE bits are set in stop mode, and the supply
drops below the LVD trip voltage, an LVD reset will occur. This bit is also set by POR.

NOTE: This bit reset to 1 on POR and LVR and reset to 0 on other reset.

0 Reset not caused by LVD trip or POR.
1 Reset caused by LVD trip or POR.

0 This read-only field is reserved and always has the value 0.
Reserved

6.6.2 System Background Debug Force Reset Register (SYS_SBDFR)

This register contains a single write-only control bit. A serial background command such
as WRITE_BYTE must be used to write to SBDFR. Attempts to write this register from a
user program are ignored. Reads always return 0x00.

NOTE
This register is the same as the BDC_SBDFR.

Address: 3000h base + 1h offset = 3001h

Bit 7 6 5 4 | 3 2 1 0
Read

Write
Reset 0 0 0 0 0 0 0 0
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SYS_SBDFR field descriptions

Field Description
71 This read-only field is reserved and always has the value 0.
Reserved
0 Background Debug Force Reset
BDFR

A serial background command such as WRITE_BYTE may be used to allow an external debug host to
force a target system reset. Writing logic 1 to this bit forces an MCU reset. This bit cannot be written from
a user program.

NOTE: BDFR is writable only through serial background debug commands, not from user programs.

6.6.3 System Device Identification Register: High (SYS_SDIDH)

This read-only register, together with SDIDL, is included so that host development
systems can identify the HCSOS8 derivative and revision number. This allows the
development software to recognize where specific memory blocks, registers, and control
bits are located in a target MCU.

Address: 3000h base + 2h offset = 3002h

Bit 7 6 5 4 3 2 1 0

Read

Write

Reset 0 0 0 0 0 0 0 0

SYS_SDIDH field descriptions
Field Description
7-4 This field is reserved.
Reserved
3-0 Part Identification Number
ID

These bits, together with the SDIDL, indicate part identification number. Each derivative in the HCS08
family has a unique identification number. This device is hard coded to the value 0x40.
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6.6.4 System Device Identification Register: Low (SYS_SDIDL)

This read-only register, together with SDIDH, is included so host development systems
can identify the HCS08 derivative and revision number. This allows the development
software to recognize where specific memory blocks, registers, and control bits are
located in a target MCU.

Address: 3000h base + 3h offset = 3003h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 1 0 0 0 0 0 0
SYS_SDIDL field descriptions
Field Description
7-0 Part Identification Number
ID

These bits, together with the SDIDH, indicate part identification number. Each derivative in the HCS08
family has a unique identification number. This device is hard coded to the value 0x40.

6.6.5 System Options Register 1 (SYS_SOPT1)

Address: 3000h base + 4h offset = 3004h

Bit 7 6 5 4 3 2 1 0
W’rﬁg SCIOPS SPIOPS IICPS FTM2PS BKGDPE RSTPE FWAKE STOPE
Reset 0 0 0 0 1 1 0 0

SYS_SOPT1 field descriptions
Field Description
7 SCIO Pin Select
SCIOPS

This write-once bit selects the SCIO pinouts.

0 SCI0 RxD and TxD are mapped on PTBO and PTB1.
1 SCI0 RxD and TxD are mapped on PTA2 and PTAS.

6 SPIO Pin Select
SPIOPS

This write-once bit selects the SPI10 Pinouts.

0 SPI0 SPSCKO0, MOSIO, MISO0, and SS0 are mapped on PTB2, PTB3, PTB4, and PTB5.
1 SPIO SPSCKO, MOSIO0, MISO0, and SSO are mapped on PTEOQ, PTE1, PTE2, and PTES.

Table continues on the next page...
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SYS_SOPT1 field descriptions (continued)

Field Description
5 IIC Port Pin Select
IICPS
This write-once bit selects the IIC port pins.
0 1IC SCL and SDA are mapped on PTA3 and PTA2, respectively.
1 1IC SCL and SDA are mapped on PTB7 and PTB6, respectively.
4 FTM2 Port Pin Select
FTM2PS
This write-once bit selects the FTM2 channels port pins.
0 FTM2 channels mapped on PTCO, PTC1, PTC2, PTCS3, PTB4, and PTBS.
1 FTM2 channels mapped on PTHO, PTH1, PTDO, PTD1, PTB4, and PTB5.
3 Background Debug Mode Pin Enable
BKGDPE
This write-once bit when set enables the PTA4/ACMPO/BKGD/MS pin to function as BKGD/MS. When
clear, the pin functions as output only PTA4. This pin defaults to the BKGD/MS function following any
MCU reset.
0 PTA4/ACMPO/BKGD/MS as PTA4 or ACMPO function.
1 PTA4/ACMPO/BKGD/MS as BKGD function.
2 RESET Pin Enable
RSTPE
This write-once bit can be written after any reset. When RSTPE is set, the PTA5/IRQ/TCLKO/RESET pin
functions as RESET. When clear, the pin functions as one of its alternative functions. This pin defaults to
PTAGS following an MCU POR. Other resets will not affect this bit. When RSTPE is set, an internal pullup
device on RESET is enabled.
0 PTA5/IRQ/TCLKO/RESET pin functions as PTAS5, IRQ, or TCLKO.
1 PTA5/IRQ/TCLKO/RESET pin functions as RESET.
1 Fast Wakeup Enable
FWAKE
This write once bit can set CPU wakeup without any interrupt subroutine serviced. This action saved more
than 11 cycles(whole interrupt subroutine time). After wake up CPU continue the address before wait or
stop.
NOTE: When FWAKE is set, user should avoid generating interrupt 0~8 bus clock cycles after issuing
the stop instruction, or the MCU may stuck at stop3 mode and cannot wake up by interrupts.
0 CPU wakes up as normal.
1 CPU wakes up without any interrupt subroutine serviced.
0 Stop Mode Enable
STOPE

This write-once bit defaults to 0 after reset, which disables stop mode. If stop mode is disabled and a user
program attempts to execute a STOP instruction, an illegal opcode reset occurs.

0 Stop mode disabled.
1 Stop mode enabled.
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6.6.6 System Options Register 2 (SYS_SOPT2)

This register may be read/write at any time. SOPT2 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.

Address: 3000h base + 5h offset = 3005h

Bit 7 6 5 4 3 2 1 0
Read
TXDME RXDFE RXDCE ACIC RTCC ADHWTS
Write FTMSYNC
Reset 0 0 0 0 0 0 0 0
SYS_SOPT2 field descriptions
Field Description
7 SCI0 TxD Modulation Select
TXDME

This bit enables the SCI0 TxD output modulated by FTMO channel 0.

0 TxDO output is connected to pinout directly.
1 TxDO output is modulated by FTMO channel 0 before mapped to pinout.

6 FTM2 Synchronization Select
FTMSYNC
Writing a 1 to this bit generates a PWM synchronization trigger to the FTM modules.

0 No synchronization triggered.
1 Generate a PWM synchronization trigger to the FTM2 modules.

5 SCI0 RxD Filter Select
RXDFE

This bit enables the SCI0 RxD input filtered by ACMP. When this function is enabled, any signal tagged
with ACMP inputs can be regarded SCIO0.

0 RXDO input signal is connected to SCI0 module directly.
1 RXDO input signal is filtered by ACMP, then injected to SCIO.

4 SCI0 RxD Capture Select
RXDCE

This bit enables the SCI0 RxD is captured by FTMO channel 1.

0 RXDO input signal is connected to SCI0 module only.
1 RXDO input signal is connected to SCI0 module and FTMO channel 1.

3 Analog Comparator to Input Capture Enable
ACIC
This bit connects the output of ACMP to FTM1 input channel 0.

0 ACMP output not connected to FTM1 input channel 0.
1 ACMP output connected to FTM1 input channel 0.

2 Real-Time Counter Capture
RTCC

This bit allows the Real-time Counter (RTC) overflow to be captured by FTM1 channel 0.

Table continues on the next page...
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SYS_SOPT2 field descriptions (continued)

Field Description
0 RTC overflow is not connected to FTM1 input channel 1.
1 RTC overflow is connected to FTM1 input channel 1.

1-0 ADC Hardware Trigger Source

ADHWTS
These bits select the ADC hardware trigger source. All trigger sources start ADC conversion on rising

edge.

00 RTC overflow as the ADC hardware trigger.

01 MTIMO overflow as the ADC hardware trigger.

10 FTM2 init trigger with 8-bit programmable delay.

11 FTM2 match trigger with 8-bit programmable delay.

6.6.7 System Options Register 3 (SYS_SOPT3)
This register may be read and written at any time.

Address: 3000h base + 6h offset = 3006h

Bit 7 6 5 4 | 3 2 1 0
Read | DLYACT 0
BUSREF
Write
Reset 0 0 0 0 0 0 0 0
SYS_SOPTS field descriptions
Field Description
7 FTM2 Trigger Delay Active
DLYACT
This read-only bit specifies the status if the FTM2 initial or match delay is active. This bit is set when an
FTM2 trigger arrives and the delay counter is ticking. Otherwise, this bit will be clear.
0 The delay inactive.
1 The delay active.
6—4 This read-only field is reserved and always has the value 0.
Reserved
3 CLK Output Enable
CLKOE
This bit enables reference clock output on PTH2
0 ICSCLK output disabled on PTH2.
1 ICSCLK output enabled on PTH2.
2-0 BUS Output select
BUSREF
This bit enables bus clock output on PTH2 via an optional prescalar.
000 Bus.

Table continues on the next page...
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SYS_SOPTS field descriptions (continued)

Field Description

001 Bus divided by 2.
010 Bus divided by 4.
011 Bus divided by 8.
100 Bus divided by 16.
101 Bus divided by 32.
110 Bus divided by 64.
111 Bus divided by 128.

6.6.8 System Options Register 4 (SYS_SOPT4)

Address: 3000h base + 7h offset = 3007h

Bit 7 6 5 4 | 3 2 1 0
Read
Write DELAY
Reset 0 0 0 o | o 0 0 0
SYS_SOPT4 field descriptions
Field Description
7-0 FTM2 Trigger Delay
DELAY

These bits specify the delay from FTM2 initial or match trigger to ADC hardware trigger upon the setting
of ADHWT. The 8-bit modulo value allows the delay from 0 to 255 upon the BUSREFclock settings. This
is a one-shot counter that starts ticking when the trigger arrives and stop ticking when the counter value
reaches the modulo value that is defined.

6.6.9 lllegal Address Register: High (SYS_ILLAH)

The ILLAH is a read-only register containing the high 8-bit of the illegal address of
ILAD reset.

Address: 3000h base + 4Ah offset = 304Ah

Bit 7 6 5 4 | 3 2 1 0
Read ADDR[15:8]
Write
Reset x* x* x* x* x* x* x* X"
* Notes:

¢ x = Undefined at reset.
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SYS_ILLAH field descriptions

Field Description

7-0 High 8-bit of illegal address
ADDRJ[15:8]

NOTE: For ILAD, it reset to the high 8-bit of the illegal address; in other cases, the reset to values are
undetermined.

6.6.10 Illlegal Address Register: Low (SYS_ILLAL)

The ILLAL is a read-only register containing the low 8-bit of the illegal address of ILAD
reset.

Address: 3000h base + 4Bh offset = 304Bh

Bit 7 6 5 4 | 3 2 1 0
Read ADDR([7:0]
Write
Reset x* x* x* x* x* x* x* x*
* Notes:

¢ x = Undefined at reset.

SYS_ILLAL field descriptions

Field Description

7-0 Low 8-bit of illegal address
ADDR[7:0]

NOTE: For ILAD, it resets to the low 8-bit of the illegal address; in other cases, the reset to values are
undetermined.
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6.6.11 Universally Unique Identifier Register 1 (SYS_UUID1)

The read-only UUID registers contain a series of 64-bit number to identify the unique
device in the family.

Address: 3000h base + F8h offset = 30F8h

Bit 7 6 5 4 | 3 2 1 0
Read ID[63:56]
Write
Reset X* X* X* X* X* x* x* X*

* Notes:
¢ x = Undefined at reset.

SYS_UUID1 field descriptions

Field Description

7-0 Universally Unique Identifier
ID[63:56]

6.6.12 Universally Unique ldentifier Register 2 (SYS_UUID2)

The read-only UUID registers contain a series of 63-bit number to identify the unique
device in the family.

Address: 3000h base + F9h offset = 30F9h

Bit 7 6 5 4 | 3 2 1 0
Read ID[55:48]
Write
Reset x* x* x* x* x* x* x* X*
* Notes:

e x = Undefined at reset.

SYS_UUID2 field descriptions

Field Description

7-0 Universally Unique Identifier
ID[55:48]
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6.6.13 Universally Unique Identifier Register 3 (SYS_UUID3)

The read-only UUID registers contain a series of 63-bit number to identify the unique
device in the family.

Address: 3000h base + FAh offset = 30FAh

Bit 7 6 5 4 | 3 2 1 0
Read ID[47:40]
Write
Reset X* X* X* X* X* x* x* X*

* Notes:
¢ x = Undefined at reset.

SYS_UUIDS3 field descriptions

Field Description

7-0 Universally Unique Identifier
ID[47:40]

6.6.14 Universally Unique ldentifier Register 4 (SYS_UUID4)

The read-only UUID registers contain a series of 63-bit number to identify the unique
device in the family.

Address: 3000h base + FBh offset = 30FBh

Bit 7 6 5 4 | 3 2 1 0
Read ID[39:32]
Write
Reset x* x* x* x* x* x* x* X*
* Notes:

¢ x = Undefined at reset.

SYS_UUID4 field descriptions

Field Description

7-0 Universally Unique Identifier
ID[39:32]
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6.6.15 Universally Unique Identifier Register 5 (SYS_UUID5)

The read-only UUID registers contain a series of 64-bit number to identify the unique
device in the family.

Address: 3000h base + FCh offset = 30FCh

Bit 7 6 5 4 | 3 2 1 0
Read ID[31:24]
Write
Reset X* X* X* X* X* x* x* X*

* Notes:
¢ x = Undefined at reset.

SYS_UUIDS5 field descriptions

Field Description

7-0 Universally Unique Identifier
ID[31:24]

6.6.16 Universally Unique Identifier Register 6 (SYS_UUID6)

The read-only UUID registers contain a series of 64-bit number to identify the unique
device in the family.

Address: 3000h base + FDh offset = 30FDh

Bit 7 6 5 4 | 3 2 1 0
Read ID[23:16]
Write
Reset x* x* x* x* x* x* x* X*
* Notes:

¢ x = Undefined at reset.

SYS_UUIDEG field descriptions

Field Description

7-0 Universally Unique Identifier
ID[23:16]
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6.6.17 Universally Unique ldentifier Register 7 (SYS_UUID7)

The read-only UUID registers contain a series of 64-bit number to identify the unique
device in the family.

Address: 3000h base + FEh offset = 30FEh

Bit 7 6 5 4 | 3 2 1 0
Read ID[15:8]
Write
Reset X* X* X* X* X* x* x* X*

* Notes:
¢ x = Undefined at reset.

SYS_UUID?7 field descriptions

Field Description

7-0 Universally Unique Identifier
ID[15:8]

6.6.18 Universally Unique Identifier Register 8 (SYS_UUID8)

The read-only UUID registers contain a series of 64-bit number to identify the unique
device in the family.

Address: 3000h base + FFh offset = 30FFh

Bit 7 6 5 4 | 3 2 1 0
Read ID[7:0]
Write
Reset x* x* x* x* x* X* X* X*
* Notes:

¢ x = Undefined at reset.

SYS_UUIDS field descriptions

Field Description

7-0 Universally Unique Identifier
ID[7:0]
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Chapter 7
Parallel input/output

7.1 Introduction
This device has eight sets of I/O ports, which include up to 57 general-purpose I/O pins.

Not all pins are available on all devices. See Table 2-1 to determine which functions are
available for a specific device.

Many of the I/O pins are shared with on-chip peripheral functions, as shown in Table 2-1.
The peripheral modules have priority over the I/O, so when a peripheral is enabled, the
associated I/O functions are disabled.

After reset, the shared peripheral functions are disabled so that the pins are controlled by
the parallel I/0O except PTA4 and PTAS that are default to BKGD/MS and RESET
function. All of the parallel I/O are configured as high-impedance (Hi-Z). The pin control
functions for each pin are configured as follows:

* input disabled (PTxIEn = 0),
* output disabled (PTxOEn = 0), and
e internal pullups disabled (PTXxPEn = 0).

Additionally, the parallel I/O that support high drive capability are disabled (HDRVE =
0x00) after reset.

The following three figures show the structures of each I/O pin.
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PTXPEn —

PTxOEn——I><»—
PTxDn q\

PTXIEn r
0
CPU read PTxDn
1
Figure 7-1. Normal I/O structure
PTXPEn —
PTXOEn

o)

PTxIEn
PTxDn
0

1

CPU read PTxDn

Figure 7-2. SDA(PTA2)/SCL(PTA3) structure
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PTXPEn —
PTXOEn __l>o_
o

+—

PTxDn

Va

CPU read PTxDn

HDRVE
Figure 7-3. High drive 1/O structure

7.2 Port data and data direction

Reading and writing of parallel I/O is accomplished through the port data registers
(PTxD). The direction, input or output, is controlled through the input enable or output
enable registers.

After reset, all parallel I/O default to the Hi-Z state. The corresponding bit in output
enable register (PTXOE) or input enable register (PTXIE) must be configured for output
or input operation. Each port pin has an input enable bit and an output enable bit. When
PTxIEn = 1, a read from PTxDn returns the input value of the associated pin; when
PTxXIEn = 0, a read from PTxDn returns the last value written to the port data register.

NOTE
The PTXOE must be clear when the corresponding pin is used
as input function to avoid contention. If set the corresponding
PTxOE and PTXIE bits at same time, read from PTxDn will
always return the output data.

When a peripheral module or system function is in control of a port pin, the data direction
register bit still controls what is returned for reads of the port data register, even though
the peripheral system has overriding control of the actual pin direction.
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When a shared analog function is enabled for a pin, all digital pin functions are disabled.
A read of the port data register returns a value of O for any bits that have shared analog
functions enabled. In general, whenever a pin is shared with both an alternate digital
function and an analog function, the analog function has priority such that if both of the
digital and analog functions are enabled, the analog function controls the pin.

A write of valid data to a port data register must occur before setting the output enable bit
of an associated port pin. This ensures that the pin will not be driven with an incorrect
data value.

7.3 Internal pullup enable

An internal pullup device can be enabled for each port pin by setting the corresponding
bit in one of the pullup enable registers (PTXxPEn). The internal pullup device is disabled
if the pin is configured as an output by the parallel I/O control logic, or by any shared
peripheral function, regardless of the state of the corresponding pullup enable register bit.
The internal pullup device is also disabled if the pin is controlled by an analog function.

NOTE
When configuring IIC to use "SDA(PTA2) and SCL(PTA3)"
pins, and if an application uses internal pullups instead of
external pullups, the internal pullups remain present setting
when the pins are configured as outputs, but they are
automatically disabled to save power when the output values
are low.

7.4 Input glitch filter setting

A filter is implemented for each port pin that is configured as a digital input. It can be
used as a simple low-pass filter to filter any glitch that is introduced from the pins of
GPIO, IRQ, RESET, and KBI. The glitch width threshold can be adjusted easily by
setting registers PORT_IOFLTn and PORT_FCLKDIV between 1~4096 BUSCLKSs (or
1~128 LPOCLKSs). This configurable glitch filter can take the place of an on board
external analog filter, and greatly improve the EMC performance.

Setting register PORT_IOFLTn can configure the filter of the whole port, etc. set
PORT_IOFLTO[FLTA] will affect all PTAn pins.
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7.5 High current drive

Output high sink/source current drivecan be enabled by setting the corresponding bit in
the HDRVE register for PTH1, PTHO, PTE1, PTEO, PTD1, PTDO, PTBS5 and PTBA4.
Output high sink/source current when they are operated as output. High current drive
function is disabled if the pin is configured as an input by the parallel I/O control logic.
When configured as any shared peripheral function, high current drive function still
works on these pins, but only when they are configured as outputs.

7.6 Pin behavior in stop mode

In stop3 mode, all I/O is maintained because internal logic circuitry stays powered up.
Upon recovery, normal I/O function is available to the user.

7.7 Port data registers
PORT memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
00 Port A Data Register (PORT_PTAD) 8 R/W 00h 7.7.1/162
01 Port B Data Register (PORT_PTBD) 8 R/W 00h 7.7.2/1163
02 Port C Data Register (PORT_PTCD) 8 R/W 00h 7.7.3/163
03 Port D Data Register (PORT_PTDD) 8 R/W 00h 7.7.4/164
04 Port E Data Register (PORT_PTED) 8 R/W 00h 7.7.5/164
05 Port F Data Register (PORT_PTFD) 8 R/W 00h 7.7.6/165
06 Port G Data Register (PORT_PTGD) 8 R/W 00h 7.7.7/165
07 Port H Data Register (PORT_PTHD) 8 R/W 00h 7.7.8/166
30AF Port High Drive Enable Register (PORT_HDRVE) 8 R/W 00h 7.7.9/167
30B0 Port A Output Enable Register (PORT_PTAOQE) 8 R/W 00h 7.7.10/168
30B1 Port B Output Enable Register (PORT_PTBOE) 8 R/W 00h 7.7.11/169
30B2 Port C Output Enable Register (PORT_PTCOE) 8 R/W 00h 7.7.121171
30B3 Port D Output Enable Register (PORT_PTDOE) 8 R/W 00h 7.7.13/172
30B4 Port E Output Enable Register (PORT_PTEOE) 8 R/W 00h 7.7.14/173
30B5 Port F Output Enable Register (PORT_PTFOE) 8 R/W 00h 7.7.15/174

Table continues on the next page...
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PORT memory map (continued)

22151?:;? Register name (i":ilgitt';) Access | Reset value S(;(;t;c;n/
(hex)
30B6 Port G Output Enable Register (PORT_PTGOE) 8 R/W 00h 7.7.16/176
30B7 Port H Output Enable Register (PORT_PTHOE) 8 R/W 00h 7.717/176
30B8 Port A Input Enable Register (PORT_PTAIE) 8 R/W 00h 7.7.18/177
30B9 Port B Input Enable Register (PORT_PTBIE) 8 R/W 00h 7.7.19/179
30BA Port C Input Enable Register (PORT_PTCIE) 8 R/W 00h 7.7.20/180
30BB Port D Input Enable Register (PORT_PTDIE) 8 R/W 00h 7.7.21/181
30BC Port E Input Enable Register (PORT_PTEIE) 8 R/W 00h 7.7.22/182
30BD Port F Input Enable Register (PORT_PTFIE) 8 R/W 00h 7.7.23/184
30BE Port G Input Enable Register (PORT_PTGIE) 8 R/W 00h 7.7.24/185
30BF Port H Input Enable Register (PORT_PTHIE) 8 R/W 00h 7.7.25/186
30EC Port Filter Register 0 (PORT_IOFLTO) 8 R/W 00h 7.7.26/187
30ED Port Filter Register 1 (PORT_IOFLT1) 8 R/W 00h 7.7.27/188
30EE Port Filter Register 2 (PORT_IOFLT2) 8 R/W 00h 7.7.28/189
30EF Port Clock Division Register (PORT_FCLKDIV) 8 R/W 00h 7.7.29/189
30F0 Port A Pullup Enable Register (PORT_PTAPE) 8 R/W 00h 7.7.30/190
30F1 Port B Pullup Enable Register (PORT_PTBPE) 8 R/W 00h 7.7.31/192
30F2 Port C Pullup Enable Register (PORT_PTCPE) 8 R/W 00h 7.7.32/193
30F3 Port D Pullup Enable Register (PORT_PTDPE) 8 R/W 00h 7.7.33/194
30F4 Port E Pullup Enable Register (PORT_PTEPE) 8 R/W 00h 7.7.34/196
30F5 Port F Pullup Enable Register (PORT_PTFPE) 8 R/W 00h 7.7.35/197
30F6 Port G Pullup Enable Register (PORT_PTGPE) 8 R/W 00h 7.7.36/199
30F7 Port H Pullup Enable Register (PORT_PTHPE) 8 R/W 00h 7.7.37/200
7.7.1 Port A Data Register (PORT_PTAD)
Address: Oh base + 0Oh offset = 00h
Bit 7 6 5 4 | 3 2 1 0
fead PTAD
Reset 0 0 0 o | o 0 0 0
PORT_PTAD field descriptions

Field Description

7-0 Port A Data Register Bits

PTAD For port A pins that are configured as inputs, a read returns the logic level on the pin.
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PORT_PTAD field descriptions (continued)

Field Description
For port A pins that are configured as outputs, a read returns the last value that was written to this
register.

For port A pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port A pins that are configured as outputs, the logic level
is driven out of the corresponding MCU pin.

Reset forces PTAD to all 0s, but these Os are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

7.7.2 Port B Data Register (PORT_PTBD)

Address: Oh base + 1h offset = 01h

Bit 7 6 5 4 | 3 2 1 0

Read

Write PTBD

Reset 0 0 0 o | o 0 0 0

PORT_PTBD field descriptions

Field Description

7-0 Port B Data Register Bits
PTBD

For port B pins that are configured as inputs, a read returns the logic level on the pin.

For port B pins that are configured as outputs, a read returns the last value that was written to this
register.

For port B pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port B pins that are configured as outputs, the logic level
is driven out of the corresponding MCU pin.

Reset forces PTBD to all Os, but these Os are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

7.7.3 Port C Data Register (PORT_PTCD)

Address: Oh base + 2h offset = 02h

Bit 7 6 5 4 | 3 2 1 0
Read
Write PTCD
Reset 0 0 0 o | o 0 0 0
PORT_PTCD field descriptions
Field Description
7-0 Port C Data Register Bits
PTCD
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PORT_PTCD field descriptions (continued)

Field Description
For port C pins that are configured as inputs, a read returns the logic level on the pin.

For port C pins that are configured as outputs, a read returns the last value that was written to this
register.

For port C pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port C pins that are configured as outputs, the logic
level is driven out of the corresponding MCU pin.

Reset forces PTCD to all 0s, but these Os are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

7.7.4 Port D Data Register (PORT_PTDD)

Address: Oh base + 3h offset = 03h

Bit 7 6 5 4 | 3 2 1 0
Read
Write PTDD
Reset 0 0 0 o | o 0 0 0

PORT_PTDD field descriptions

Field Description

7-0 Port D Data Register Bits

PTDD
For port D pins that are configured as inputs, a read returns the logic level on the pin.

For port D pins that are configured as outputs, a read returns the last value that was written to this
register.
For port D pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port D pins that are configured as outputs, the logic
level is driven out of the corresponding MCU pin.

Reset forces PTDD to all Os, but these Os are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

7.7.5 Port E Data Register (PORT_PTED)

Address: Oh base + 4h offset = 04h

Bit 7 6 5 4 | 3 2 1 0
Read
Write PTED
Reset 0 0 0 o | o 0 0 0
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PORT_PTED field descriptions

Field Description

7-0 Port E Data Register Bits

PTED
For port E pins that are configured as inputs, a read returns the logic level on the pin.

For port E pins that are configured as outputs, a read returns the last value that was written to this
register.

For port E pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port E pins that are configured as outputs, the logic level
is driven out of the corresponding MCU pin.

Reset forces PTED to all Os, but these Os are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

7.7.6 Port F Data Register (PORT_PTFD)

Address: Oh base + 5h offset = 05h

Bit 7 6 5 4 | 3 2 1 0
Read
Write PTFD
Reset 0 0 0 o | o 0 0 0
PORT_PTFD field descriptions
Field Description
7-0 Port F Data Register Bits
PTFD

For port F pins that are configured as inputs, a read returns the logic level on the pin.

For port F pins that are configured as outputs, a read returns the last value that was written to this
register.
For port F pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port F pins that are configured as outputs, the logic level
is driven out of the corresponding MCU pin.

Reset forces PTFD to all Os, but these 0s are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

7.7.7 Port G Data Register (PORT_PTGD)

Address: Oh base + 6h offset = 06h

Bit 7 6 5 4 | 3 2 1 0
Read PTGD
Write
Reset 0 0 0 0 0 0 0 0
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PORT_PTGD field descriptions

Field Description
7-4 This read-only field is reserved and always has the value 0.
Reserved
3-0 Port G Data Register Bits
PTGD

For port G pins that are configured as inputs, a read returns the logic level on the pin.

For port G pins that are configured as outputs, a read returns the last value that was written to this
register.

For port G pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port G pins that are configured as outputs, the logic
level is driven out of the corresponding MCU pin.

Reset forces PTGD to all Os, but these 0s are not driven out of the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

7.7.8 Port H Data Register (PORT_PTHD)
For port H pins that are configured as inputs, a read returns the logic level on the pin.

For port H pins that are configured as outputs, a read returns the last value that was
written to this register.

For port H pins that are configured as Hi-Z, a read returns uncertainty data.

Writes are latched into all bits of this register. For port H pins that are configured as
outputs, the logic level is driven out of the corresponding MCU pin.

Reset forces PTHD to all Os, but these Os are not driven out of the corresponding pins
because reset also configures all port pins as high-impedance inputs with pullups
disabled.

Address: Oh base + 7h offset = 07h

Bit 7 6 5 4 | 3 2 1 0
Read | prypy PTHD6 0 PTHD2 PTHD1 PTHDO
Write
Reset 0 0 0 0 0 0 0 0

PORT_PTHD field descriptions
Field Description
7 Port H Data Register Bit 7
PTHD7
6 Port H Data Register Bit 6
PTHD6

Table continues on the next page...
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PORT_PTHD field descriptions (continued)

Field Description
5-3 This read-only field is reserved and always has the value 0.
Reserved
2 Port H Data Register Bit 2
PTHD2
1 Port H Data Register Bit 1
PTHD1
0 Port H Data Register Bit 0
PTHDO

7.7.9 Port High Drive Enable Register (PORT_HDRVE)

Address: Oh base + 30AFh offset = 30AFh

Bit 7 6 5 4 3 2 1 0
mﬁg PTH1 PTHO PTE1 PTEO PTD1 PTDO PTB5 PTB4
Reset 0 0 0 0 0 0 0 0

PORT_HDRVE field descriptions
Field Description
7 PTH1
PTH1
This read/write bit enables the high current drive capability of PTH1
0 PTH1 is disabled to offer high current drive capability.
1 PTH1 is enabled to offer high current drive capability.
6 PTHO
PTHO
This read/write bit enables the high current drive capability of PTHO
0 PTHO is disabled to offer high current drive capability.
1 PTHO is enabled to offer high current drive capability.
5 PTE1
PTE1
This read/write bit enables the high current drive capability of PTE1
0 PTE1 is disabled to offer high current drive capability.
1 PTET1 is enabled to offer high current drive capability.
4 PTEO
PTEO
This read/write bit enables the high current drive capability of PTEQ
0 PTEO is disabled to offer high current drive capability.
1 PTEO is enable to offer high current drive capability.
3 PTD1
PTD1
Table continues on the next page...
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PORT_HDRVE field descriptions (continued)

Field Description
This read/write bit enables the high current drive capability of PTD1

0 PTD1 is disabled to offer high current drive capability.
1 PTD1 is enable to offer high current drive capability.

2 PTDO
PTDO

This read/write bit enables the high current drive capability of PTDO
0 PTDO is disabled to offer high current drive capability.
1 PTDO is enable to offer high current drive capability.

1 PTB5
PTB5

This read/write bit enables the high current drive capability of PTB5
0 PTB5 is disabled to offer high current drive capability.
1 PTBS5 is enable to offer high current drive capability.

0 PTB4
PTB4

This read/write bit enables the high current drive capability of PTB4

0 PTB4 is disabled to offer high current drive capability.
1 PTB4 is enable to offer high current drive capability.

7.7.10 Port A Output Enable Register (PORT_PTAOE)

Address: Oh base + 30B0h offset = 30BOh

Bit 7 6 5 4 3 2 1 0
5Veria;g PTAOE7 PTAOEG6 PTAOES PTAOE4 PTAOE3 PTAOE2 PTAOE1 PTAOEO
Reset 0 0 0 0 0 0 0 0

PORT_PTAOE field descriptions
Field Description
7 Output Enable for Port A Bit 7
PTAOE7

This read/write bit enables the port A pin as an output.

0 Output Disabled for port A bit 7.
1 Output Enabled for port A bit 7.

6 Output Enable for Port A Bit 6
PTAOE6
This read/write bit enables the port A pin as an output.

0 Output Disabled for port A bit 6.
1 Output Enabled for port A bit 6.

Table continues on the next page...
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PORT_PTAOE field descriptions (continued)

Field Description
5 Output Enable for Port A Bit 5
PTAOE5
This read/write bit enables the port A pin as an output.
0 Output Disabled for port A bit 5.
1 Output Enabled for port A bit 5.
4 Output Enable for Port A Bit 4
PTAOE4
This read/write bit enables the port A pin as an output.
0 Output Disabled for port A bit 4.
1 Output Enabled for port A bit 4.
3 Output Enable for Port A Bit 3
PTAOES3
This read/write bit enables the port A pin as an output.
0 Output Disabled for port A bit 3.
1 Output Enabled for port A bit 3.
2 Output Enable for Port A Bit 2
PTAOE2
This read/write bit enables the port A pin as an output.
0 Output Disabled for port A bit 2.
1 Output Enabled for port A bit 2.
1 Output Enable for Port A Bit 1
PTAOEH1
This read/write bit enables the port A pin as an output.
0 Output Disabled for port A bit 1.
1 Output Enabled for port A bit 1.
0 Output Enable for Port A Bit 0
PTAOEO

This read/write bit enables the port A pin as an output.

0 Output Disabled for port A bit 0.
1 Output Enabled for port A bit 0.

7.7.11 Port B Output Enable Register (PORT_PTBOE)

Address: Oh base + 30B1h offset = 30B1h

Bit 7 6 5 4 3 2 1 0
s\ﬁﬁg PTBOE7 PTBOE®6 PTBOE5 PTBOE4 PTBOE3 PTBOE2 PTBOEH1 PTBOEO
Reset 0 0 0 0 0 0 0 0
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PORT_PTBOE field descriptions

Field Description

7 Output Enable for Port B Bit 7
PTBOE7

This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 7.
1 Output Enabled for port B bit 7.

6 Output Enable for Port B Bit 6
PTBOE6
This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 6.
1 Output Enabled for port B bit 6.

5 Output Enable for Port B Bit 5
PTBOES
This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 5.
1 Output Enabled for port B bit 5.

4 Output Enable for Port B Bit 4
PTBOE4
This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 4.
1 Output Enabled for port B bit 4.

3 Output Enable for Port B Bit 3
PTBOE3
This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 3.
1 Output Enabled for port B bit 3.

2 Output Enable for Port B Bit 2
PTBOE2
This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 2.
1 Output Enabled for port B bit 2.

1 Output Enable for Port B Bit 1
PTBOEH1
This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 1.
1 Output Enabled for port B bit 1.

0 Output Enable for Port B Bit 0
PTBOEO
This read/write bit enables the port B pin as an output.

0 Output Disabled for port B bit 0.
1 Output Enabled for port B bit 0.
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7.7.12 Port C Output Enable Register (PORT_PTCOE)

Address: Oh base + 30B2h offset = 30B2h

Bit 7 6 5 4 3 2 1 0
mﬁg PTCOE7 PTCOE6 PTCOES5 PTCOE4 PTCOE3 PTCOE2 PTCOEA1 PTCOEO
Reset 0 0 0 0 0 0 0 0

PORT_PTCOE field descriptions
Field Description
7 Output Enable for Port C Bit 7
PTCOE?
This read/write bit enables the port C pin as an output.
0 Output Disabled for port C bit 7.
1 Output Enabled for port C bit 7.
6 Output Enable for Port C Bit 6
PTCOE®6
This read/write bit enables the port C pin as an output.
0 Output Disabled for port C bit 6.
1 Output Enabled for port C bit 6.
5 Output Enable for Port C Bit 5
PTCOES5
This read/write bit enables the port C pin as an output.
0 Output Disabled for port C bit 5.
1 Output Enabled for port C bit 5.
4 Output Enable for Port C Bit 4
PTCOE4
This read/write bit enables the port C pin as an output.
0 Output Disabled for port C bit 4.
1 Output Enabled for port C bit 4.
3 Output Enable for Port C Bit 3
PTCOES
This read/write bit enables the port C pin as an output.
0 Output Disabled for port C bit 3.
1 Output Enabled for port C bit 3.
2 Output Enable for Port C Bit 2
PTCOE2
This read/write bit enables the port C pin as an output.
0 Output Disabled for port C bit 2.
1 Output Enabled for port C bit 2.
1 Output Enable for Port C Bit 1
PTCOE1
This read/write bit enables the port C pin as an output.
Table continues on the next page...
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PORT_PTCOE field descriptions (continued)

Field Description
0 Output Disabled for port C bit 1.
1 Output Enabled for port C bit 1.
0 Output Enable for Port C Bit 0
PTCOEO

This read/write bit enables the port C pin as an output.

0 Output Disabled for port C bit 0.
1 Output Enabled for port C bit 0.

7.7.13 Port D Output Enable Register (PORT_PTDOE)

Address: Oh base + 30B3h offset = 30B3h

Bit 7 6 5 4 3 2 1 0
aﬁﬁg PTDOE7 PTDOE®6 PTDOES5 PTDOE4 PTDOE3 PTDOE2 PTDOEH1 PTDOEO
Reset 0 0 0 0 0 0 0 0

PORT_PTDOE field descriptions
Field Description
7 Output Enable for Port D Bit 7
PTDOE?7
This read/write bit enables the port D pin as an output.
0 Output Disabled for port D bit 7.
1 Output Enabled for port D bit 7.
6 Output Enable for Port D Bit 6
PTDOE6
This read/write bit enables the port D pin as an output.
0 Output Disabled for port D bit 6.
1 Output Enabled for port D bit 6.
5 Output Enable for Port D Bit 5
PTDOES5
This read/write bit enables the port D pin as an output.
0 Output Disabled for port D bit 5.
1 Output Enabled for port D bit 5.
4 Output Enable for Port D Bit 4
PTDOE4
This read/write bit enables the port D pin as an output.
0 Output Disabled for port D bit 4.
1 Output Enabled for port D bit 4.
3 Output Enable for Port D Bit 3
PTDOES
This read/write bit enables the port D pin as an output.

Table continues on the next page...
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PORT_PTDOE field descriptions (continued)

Field Description
0 Output Disabled for port D bit 3.
1 Output Enabled for port D bit 3.
2 Output Enable for Port D Bit 2
PTDOE2
This read/write bit enables the port D pin as an output.
0 Output Disabled for port D bit 2.
1 Output Enabled for port D bit 2.
1 Output Enable for Port D Bit 1
PTDOE1
This read/write bit enables the port D pin as an output.
0 Output Disabled for port D bit 1.
1 Output Enabled for port D bit 1.
0 Output Enable for Port D Bit 0
PTDOEO

This read/write bit enables the port D pin as an output.

0 Output Disabled for port D bit 0.
1 Output Enabled for port D bit 0.

7.7.14 Port E Output Enable Register (PORT_PTEOE)

Address: Oh base + 30B4h offset = 30B4h

Bit 7 6 5 4 3 2 1 0
v\ﬁﬁg PTEOE7 PTEOE6 PTEOES PTEOE4 PTEOES3 PTEOE2 PTEOEH1 PTEOEO
Reset 0 0 0 0 0 0 0 0

PORT_PTEOE field descriptions
Field Description
7 Output Enable for Port E Bit 7
PTEOE7
This read/write bit enables the port E pin as an output.
0 Output Disabled for port E bit 7.
1 Output Enabled for port E bit 7.
6 Output Enable for Port E Bit 6
PTEOE6
This read/write bit enables the port E pin as an output.
0 Output Disabled for port E bit 6.
1 Output Enabled for port E bit 6.
5 Output Enable for Port E Bit 5
PTEOES

This read/write bit enables the port E pin as an output.

Table continues on the next page...
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PORT_PTEOE field descriptions (continued)

Field Description
0 Output Disabled for port E bit 5.
1 Output Enabled for port E bit 5.

4 Output Enable for Port E Bit 4
PTEOE4
This read/write bit enables the port E pin as an output.

0 Output Disabled for port E bit 4.
1 Output Enabled for port E bit 4.

3 Output Enable for Port E Bit 3
PTEOE3
This read/write bit enables the port E pin as an output.

0 Output Disabled for port E bit 3.
1 Output Enabled for port E bit 3.

2 Output Enable for Port E Bit 2
PTEOE2
This read/write bit enables the port E pin as an output.

0 Output Disabled for port E bit 2.
1 Output Enabled for port E bit 2.

1 Output Enable for Port E Bit 1
PTEOE1
This read/write bit enables the port E pin as an output.

0 Output Disabled for port E bit 1.
1 Output Enabled for port E bit 1.

0 Output Enable for Port E Bit 0
PTEOEO

This read/write bit enables the port E pin as an output.

0 Output Disabled for port E bit 0.
1 Output Enabled for port E bit 0.

7.7.15 Port F Output Enable Register (PORT_PTFOE)

Address: Oh base + 30B5h offset = 30B5h

Bit 7 6 5 4 3 2 1 0
mﬁg PTFOE7 PTFOE6 PTFOES5 PTFOE4 PTFOES PTFOE2 PTFOE1 PTFOEQ
Reset 0 0 0 0 0 0 0 0

PORT_PTFOE field descriptions
Field Description
7 Output Enable for Port F Bit 7
PTFOE7
This read/write bit enables the port F pin as an output.

Table continues on the next page...
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PORT_PTFOE field descriptions (continued)

Field Description
0 Output Disabled for port F bit 7.
1 Output Enabled for port F bit 7.
6 Output Enable for Port F Bit 6
PTFOEG6
This read/write bit enables the port F pin as an output.
0 Output Disabled for port F bit 6.
1 Output Enabled for port F bit 6.
5 Output Enable for Port F Bit 5
PTFOES5
This read/write bit enables the port F pin as an output.
0 Output Disabled for port F bit 5.
1 Output Enabled for port F bit 5.
4 Output Enable for Port F Bit 4
PTFOE4
This read/write bit enables the port F pin as an output.
0 Output Disabled for port F bit 4.
1 Output Enabled for port F bit 4.
3 Output Enable for Port F Bit 3
PTFOES
This read/write bit enables the port F pin as an output.
0 Output Disabled for port F bit 3.
1 Output Enabled for port F bit 3.
2 Output Enable for Port F Bit 2
PTFOE2
This read/write bit enables the port F pin as an output.
0 Output Disabled for port F bit 2.
1 Output Enabled for port F bit 2.
1 Output Enable for Port F Bit 1
PTFOE1
This read/write bit enables the port F pin as an output.
0 Output Disabled for port F bit 1.
1 Output Enabled for port F bit 1.
0 Output Enable for Port F Bit 0
PTFOEO

This read/write bit enables the port F pin as an output.

0 Output Disabled for port F bit 0.
1 Output Enabled for port F bit 0.

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

Freescale Semiconductor, Inc.

175



Port data registers

7.7.16 Port G Output Enable Register (PORT_PTGOE)

Address: Oh base + 30B6h offset = 30B6h

Bit 7 6 5 4 | 3 2 1 0
Read PTGOE3 | PTGOE2 | PTGOE1 | PTGOEO
Write
Reset 0 0 0 0 0 0 0 0
PORT_PTGOE field descriptions
Field Description
7-4 This read-only field is reserved and always has the value 0.
Reserved
3 Output Enable for Port G Bit 3
PTGOES3
This read/write bit enables the port G pin as an output.
0 Output Disabled for port G bit 3.
1 Output Enabled for port G bit 3.
2 Output Enable for Port G Bit 2
PTGOE2
This read/write bit enables the port G pin as an output.
0 Output Disabled for port G bit 2.
1 Output Enabled for port G bit 2.
1 Output Enable for Port G Bit 1
PTGOE1
This read/write bit enables the port G pin as an output.
0 Output Disabled for port G bit 1.
1 Output Enabled for port G bit 1.
0 Output Enable for Port G Bit 0
PTGOEO
This read/write bit enables the port G pin as an output.
0 Output Disabled for port G bit 0.
1 Output Enabled for port G bit 0.
7.7.17 Port H Output Enable Register (PORT_PTHOE)
Address: Oh base + 30B7h offset = 30B7h
Bit 7 6 5 4 | 3 2 1 0
s\f?:d PTHOE7 | PTHOE®6 0 PTHOE2 | PTHOE1 | PTHOEO
rite
Reset 0 0 0 0 0 0 0 0
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PORT_PTHOE field descriptions

Field Description

7 Output Enable for Port H Bit 7
PTHOE?
This read/write bit enables the port H pin as an output.

0 Output Disabled for port H bit 7.
1 Output Enabled for port H bit 7.

6 Output Enable for Port H Bit 6
PTHOE®6
This read/write bit enables the port H pin as an output.

0 Output Disabled for port H bit 6.
1 Output Enabled for port H bit 6.

5-3 This read-only field is reserved and always has the value 0.
Reserved
2 Output Enable for Port H Bit 2
PTHOE2

This read/write bit enables the port H pin as an output.

0 Output Disabled for port H bit 2.
1 Output Enabled for port H bit 2.

1 Output Enable for Port H Bit 1
PTHOE1
This read/write bit enables the port H pin as an output.

0 Output Disabled for port H bit 1.
1 Output Enabled for port H bit 1.

0 Output Enable for Port H Bit 0
PTHOEO
This read/write bit enables the port H pin as an output.

0 Output Disabled for port H bit 0.
1 Output Enabled for port H bit 0.

7.7.18 Port A Input Enable Register (PORT_PTAIE)

Address: Oh base + 30B8h offset = 30B8h

Bit 7 6 5 4 | 3 2 1 0
s\f?:d PTAIE7 PTAIEG PTAIE5 0 PTAIE3 PTAIE2 PTAIE1 PTAIEO
rie
Reset 0 0 0 0 0 0 0 0
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PORT_PTAIE field descriptions

Field Description
7 Input Enable for Port A Bit 7
PTAIE7
This read/write bit enables the port A pin as an input.
0 Input disabled for port A bit 7.
1 Input enabled for port A bit 7.
6 Input Enable for Port A Bit 6
PTAIE6
This read/write bit enables the port A pin as an input.
0 Input disabled for port A bit 6.
1 Input enabled for port A bit 6.
5 Input Enable for Port A Bit 5
PTAIE5
This read/write bit enables the port A pin as an input.
0 Input disabled for port A bit 5.
1 Input enabled for port A bit 5.
4 This read-only field is reserved and always has the value 0.
Reserved
3 Input Enable for Port A Bit 3
PTAIE3
This read/write bit enables the port A pin as an input.
0 Input disabled for port A bit 3.
1 Input enabled for port A bit 3.
2 Input Enable for Port A Bit 2
PTAIE2
This read/write bit enables the port A pin as an input.
0 Input disabled for port A bit 2.
1 Input enabled for port A bit 2.
1 Input Enable for Port A Bit 1
PTAIE1
This read/write bit enables the port A pin as an input.
0 Input disabled for port A bit 1.
1 Input enabled for port A bit 1.
0 Input Enable for Port A Bit 0
PTAIEO

This read/write bit enables the port A pin as an input.

0 Input disabled for port A bit 0.
1 Input enabled for port A bit 0.
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7.7.19 Port B Input Enable Register (PORT_PTBIE)

Address: Oh base + 30B9h offset = 30B9h

Bit 7 6 5 4 3 2 1 0
afrﬁg PTBIE7 PTBIE6 PTBIE5S PTBIE4 PTBIE3 PTBIE2 PTBIE1 PTBIEO
Reset 0 0 0 0 0 0 0 0

PORT_PTBIE field descriptions
Field Description
7 Input Enable for Port B Bit 7
PTBIE7
This read/write bit enables the port B pin as an input.
0 Input disabled for port B bit 7.
1 Input enabled for port B bit 7.
6 Input Enable for Port B Bit 6
PTBIE6
This read/write bit enables the port B pin as an input.
0 Input disabled for port B bit 6.
1 Input enabled for port B bit 6.
5 Input Enable for Port B Bit 5
PTBIE5S
This read/write bit enables the port B pin as an input.
0 Input disabled for port B bit 5.
1 Input enabled for port B bit 5.
4 Input Enable for Port B Bit 4
PTBIE4
This read/write bit enables the port B pin as an input.
0 Input disabled for port B bit 4.
1 Input enabled for port B bit 4.
3 Input Enable for Port B Bit 3
PTBIE3
This read/write bit enables the port B pin as an input.
0 Input disabled for port B bit 3.
1 Input enabled for port B bit 3.
2 Input Enable for Port B Bit 2
PTBIE2
This read/write bit enables the port B pin as an input.
0 Input disabled for port B bit 2.
1 Input enabled for port B bit 2.
1 Input Enable for Port B Bit 1
PTBIE1
This read/write bit enables the port B pin as an input.
Table continues on the next page...
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PORT_PTBIE field descriptions (continued)

Field Description
0 Input disabled for port B bit 1.
1 Input enabled for port B bit 1.

0 Input Enable for Port B Bit 0
PTBIEO

This read/write bit enables the port B pin as an input.

0 Input disabled for port B bit 0.
1 Input enabled for port B bit 0.

7.7.20 Port C Input Enable Register (PORT_PTCIE)

Address: Oh base + 30BAh offset = 30BAh

Bit 7 6 5 4 3 2 1 0
v\ﬁﬁg PTCIE7 PTCIE6 PTCIE5 PTCIE4 PTCIE3 PTCIE2 PTCIE1 PTCIEO
Reset 0 0 0 0 0 0 0 0

PORT_PTCIE field descriptions
Field Description
7 Input Enable for Port C Bit 7
PTCIE7

This read/write bit enables the port C pin as an input.

0 Input disabled for port C bit 7.
1 Input enabled for port C bit 7.

6 Input Enable for Port C Bit 6
PTCIE6
This read/write bit enables the port C pin as an input.

0 Input disabled for port C bit 6.
1 Input enabled for port C bit 6.

5 Input Enable for Port C Bit 5

PTCIE5
This read/write bit enables the port C pin as an input.

0 Input disabled for port C bit 5.
1 Input enabled for port C bit 5.

4 Input Enable for Port C Bit 4

PTCIE4
This read/write bit enables the port C pin as an input.

0 Input disabled for port C bit 4.
1 Input enabled for port C bit 4.

3 Input Enable for Port C Bit 3
PTCIES3

This read/write bit enables the port C pin as an input.

Table continues on the next page...
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PORT_PTCIE field descriptions (continued)

Field Description
0 Input disabled for port C bit 3.
1 Input enabled for port C bit 3.
2 Input Enable for Port C Bit 2
PTCIE2
This read/write bit enables the port C pin as an input.
0 Input disabled for port C bit 2.
1 Input enabled for port C bit 2.
1 Input Enable for Port C Bit 1
PTCIE1
This read/write bit enables the port C pin as an input.
0 Input disabled for port C bit 1.
1 Input enabled for port C bit 1.
0 Input Enable for Port C Bit 0
PTCIEO

This read/write bit enables the port C pin as an input.

0 Input disabled for port C bit 0.
1 Input enabled for port C bit 0.

7.7.21 Port D Input Enable Register (PORT_PTDIE)

Address: Oh base + 30BBh offset = 30BBh

Bit 7 6 5 4 3 2 1 0
v\ﬁﬁg PTDIE7 PTDIE6 PTDIE5 PTDIE4 PTDIES3 PTDIE2 PTDIE1 PTDIEO
Reset 0 0 0 0 0 0 0 0

PORT_PTDIE field descriptions
Field Description
7 Input Enable for Port D Bit 7
PTDIE7
This read/write bit enables the port D pin as an input.
0 Input disabled for port D bit 7.
1 Input enabled for port D bit 7.
6 Input Enable for Port D Bit 6
PTDIE6
This read/write bit enables the port D pin as an input.
0 Input disabled for port D bit 6.
1 Input enabled for port D bit 6.
5 Input Enable for Port D Bit 5
PTDIE5
This read/write bit enables the port D pin as an input.
Table continues on the next page...
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PORT_PTDIE field descriptions (continued)

Field Description
0 Input disabled for port D bit 5.
1 Input enabled for port D bit 5.

4 Input Enable for Port D Bit 4
PTDIE4
This read/write bit enables the port D pin as an input.

0 Input disabled for port D bit 4.
1 Input enabled for port D bit 4.

3 Input Enable for Port D Bit 3
PTDIES3
This read/write bit enables the port D pin as an input.

0 Input disabled for port D bit 3.
1 Input enabled for port D bit 3.

2 Input Enable for Port D Bit 2
PTDIE2
This read/write bit enables the port D pin as an input.

0 Input disabled for port D bit 2.
1 Input enabled for port D bit 2.

1 Input Enable for Port D Bit 1
PTDIEA
This read/write bit enables the port D pin as an input.

0 Input disabled for port D bit 1.
1 Input enabled for port D bit 1.

0 Input Enable for Port D Bit O
PTDIEO

This read/write bit enables the port D pin as an input.

0 Input disabled for port D bit 0.
1 Input enabled for port D bit 0.

7.7.22 Port E Input Enable Register (PORT_PTEIE)

Address: Oh base + 30BCh offset = 30BCh

Bit 7 6 5 4 3 2 1 0
mﬁg PTEIE7 PTEIE6 PTEIE5 PTEIE4 PTEIE3 PTEIE2 PTEIE1 PTEIEO
Reset 0 0 0 0 0 0 0 0

PORT_PTEIE field descriptions
Field Description
7 Input Enable for Port E Bit 7
PTEIE7
This read/write bit enables the port E pin as an input.

Table continues on the next page...
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PORT_PTEIE field descriptions (continued)

Field Description
0 Input disabled for port E bit 7.
1 Input enabled for port E bit 7.
6 Input Enable for Port E Bit 6
PTEIE6
This read/write bit enables the port E pin as an input.
0 Input disabled for port E bit 6.
1 Input enabled for port E bit 6.
5 Input Enable for Port E Bit 5
PTEIE5
This read/write bit enables the port E pin as an input.
0 Input disabled for port E bit 5.
1 Input enabled for port E bit 5.
4 Input Enable for Port E Bit 4
PTEIE4
This read/write bit enables the port E pin as an input.
0 Input disabled for port E bit 4.
1 Input enabled for port E bit 4.
3 Input Enable for Port E Bit 3
PTEIE3
This read/write bit enables the port E pin as an input.
0 Input disabled for port E bit 3.
1 Input enabled for port E bit 3.
2 Input Enable for Port E Bit 2
PTEIE2
This read/write bit enables the port E pin as an input.
0 Input disabled for port E bit 2.
1 Input enabled for port E bit 2.
1 Input Enable for Port E Bit 1
PTEIEA
This read/write bit enables the port E pin as an input.
0 Input disabled for port E bit 1.
1 Input enabled for port E bit 1.
0 Input Enable for Port E Bit 0
PTEIEO

This read/write bit enables the port E pin as an input.

0 Input disabled for port E bit 0.
1 Input enabled for port E bit 0.
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7.7.23 Port F Input Enable Register (PORT_PTFIE)

Address: Oh base + 30BDh offset = 30BDh

Bit 7 6 5 4 3 2 1 0
Werﬁg PTFIE7 PTFIE6 PTFIE5 PTFIE4 PTFIE3 PTFIE2 PTFIE1 PTFIEO
Reset 0 0 0 0 0 0 0 0

PORT_PTFIE field descriptions
Field Description
7 Input Enable for Port F Bit 7
PTFIE7
This read/write bit enables the port F pin as an input.
0 Input disabled for port F bit 7.
1 Input enabled for port F bit 7.
6 Input Enable for Port F Bit 6
PTFIE6
This read/write bit enables the port F pin as an input.
0 Input disabled for port F bit 6.
1 Input enabled for port F bit 6.
5 Input Enable for Port F Bit 5
PTFIE5
This read/write bit enables the port F pin as an input.
0 Input disabled for port F bit 5.
1 Input enabled for port F bit 5.
4 Input Enable for Port F Bit 4
PTFIE4
This read/write bit enables the port F pin as an input.
0 Input disabled for port F bit 4.
1 Input enabled for port F bit 4.
3 Input Enable for Port F Bit 3
PTFIE3
This read/write bit enables the port F pin as an input.
0 Input disabled for port F bit 3.
1 Input enabled for port F bit 3.
2 Input Enable for Port F Bit 2
PTFIE2
This read/write bit enables the port F pin as an input.
0 Input disabled for port F bit 2.
1 Input enabled for port F bit 2.
1 Input Enable for Port F Bit 1
PTFIE1

This read/write bit enables the port F pin as an input.

Table continues on the next page...

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

184

Freescale Semiconductor, Inc.




4
Chapter 7 Parallel input/output

PORT_PTFIE field descriptions (continued)

Field Description
0 Input disabled for port F bit 1.
1 Input enabled for port F bit 1.

0 Input Enable for Port F Bit 0
PTFIEQ
This read/write bit enables the port F pin as an input.

0 Input disabled for port F bit 0.
1 Input enabled for port F bit 0.

7.7.24 Port G Input Enable Register (PORT_PTGIE)

Address: Oh base + 30BEh offset = 30BEh

Bit 7 6 5 4 | 3 2 1 0
Read PTGIE3 | PTGIE2 | PTGIE1 | PTGIEO
Write
Reset 0 0 0 0 0 0 0 0

PORT_PTGIE field descriptions
Field Description
7-4 This read-only field is reserved and always has the value 0.
Reserved
3 Input Enable for Port G Bit 3
PTGIES3
This read/write bit enables the port G pin as an input.
0 Input disabled for port G bit 3.
1 Input enabled for port G bit 3.
2 Input Enable for Port G Bit 2
PTGIE2
This read/write bit enables the port G pin as an input.
0 Input disabled for port G bit 2.
1 Input enabled for port G bit 2.
1 Input Enable for Port G Bit 1
PTGIE1
This read/write bit enables the port G pin as an input.
0 Input disabled for port G bit 1.
1 Input enabled for port G bit 1.
0 Input Enable for Port G Bit 0
PTGIEO
This read/write bit enables the port G pin as an input.
0 Input disabled for port G bit 0.
1 Input enabled for port G bit 0.
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7.7.25 Port H Input Enable Register (PORT_PTHIE)

Address: Oh base + 30BFh offset = 30BFh

Bit 7 6 5 4 | 3 2 1 0
Read | pryE7 | PTHIEG 0 PTHIE2 | PTHIE1 PTHIEO
Write
Reset 0 0 0 0 0 0 0 0

PORT_PTHIE field descriptions
Field Description
7 Input Enable for Port H Bit 7
PTHIE7
This read/write bit enables the port H pin as an input.
0 Input disabled for port H bit 7.
1 Input enabled for port H bit 7.
6 Input Enable for Port H Bit 6
PTHIE6
This read/write bit enables the port H pin as an input.
0 Input disabled for port H bit 6.
1 Input enabled for port H bit 6.
5-3 This read-only field is reserved and always has the value 0.
Reserved
2 Input Enable for Port H Bit 2
PTHIE2
This read/write bit enables the port H pin as an input.
0 Input disabled for port H bit 2.
1 Input enabled for port H bit 2.
1 Input Enable for Port H Bit 1
PTHIEA
This read/write bit enables the port H pin as an input.
0 Input disabled for port H bit 1.
1 Input enabled for port H bit 1.
0 Input Enable for Port H Bit 0
PTHIEOQ

This read/write bit enables the port H pin as an input.

0 Input disabled for port H bit 0.
1 Input enabled for port H bit 0.
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7.7.26 Port Filter Register 0 (PORT_IOFLTO)
This register sets the filters for input from PTA to PTD.

Address: Oh base + 30ECh offset = 30ECh

Bit 7 6 5 4 3 2 1 0
Read
Write FLTD FLTC FLTB FLTA
Reset 0 0 0 0 0 0 0 0
PORT_IOFLTO field descriptions
Field Description
7-6 Filter selection for input from PTD
FLTD
00 BUSCLK
01 FLTDIV1
10 FLTDIV2
11 FLTDIV3
5-4 Filter selection for input from PTC
FLTC
00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3
32 Filter selection for input from PTB
FLTB
00 BUSCLK
01 FLTDIV1
10 FLTDIV2
11 FLTDIV3
1-0 Filter selection for input from PTA
FLTA
00 BUSCLK
01 FLTDIV1
10 FLTDIV2
11 FLTDIV3
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7.7.27 Port Filter Register 1 (PORT_IOFLT1)

This register sets the filters for input from PTE to PTH.

Address: Oh base + 30EDh offset = 30EDh

Bit 7 6 5 4 3 2 1 0
Read
Write FLTH FLTG FLTF FLTE
Reset 0 0 0 0 0 0 0 0
PORT_IOFLT1 field descriptions
Field Description
7-6 Filter selection for input from PTH
FLTH
00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3
5-4 Filter selection for input from PTG
FLTG
00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3
3-2 Filter selection for input from PTF
FLTF
00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3
1-0 Filter selection for input from PTE
FLTE
00 BUSCLK
01 FLTDIVA
10 FLTDIV2
11 FLTDIV3
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7.7.28 Port Filter Register 2 (PORT_IOFLT2)
This register sets the filters for input from RESET AND IRQ.

Address: Oh base + 30EEh offset = 30EEh

Bit 7 6 5 4 3 2
Read 0 FLTKBI1 FLTKBIO FLTRST
Write
Reset 0 0 0 0 0 0

PORT_IOFLT2 field descriptions
Field Description
7-6 This read-only field is reserved and always has the value 0.
Reserved
5-4 Filter selection for input from KBI1
FLTKBIA
00 BUSCLK

01 Select FLTDIV1, and will switch to FLTDIV3 in stop mode automatically.
10 Select FLTDIV2, and will switch to FLTDIV3 in stop mode automatically.

11 FLTDIV3
3-2 Filter selection for input from KBIO
FLTKBIO
00 BUSCLK
01 Select FLTDIV1, and will switch to FLTDIV3 in stop mode automatically.
10 Select FLTDIV2, and will switch to FLTDIV3 in stop mode automatically.
11 FLTDIV3
1-0 Filter selection for input from RESET/IRQ
FLTRST
00 No filter.

01 Select FLTDIV1, and will switch to FLTDIV3 in stop mode automatically.
10 Select FLTDIV2, and will switch to FLTDIV3 in stop mode automatically.
11 FLTDIV3

7.7.29 Port Clock Division Register (PORT_FCLKDIV)

Configure the high/low level glitch width threshold. Glitches that are shorter than the
selected clock width will be filtered out; glitches that are more than twice the selected
clock width will not be filtered out (they will pass to the internal circuitry).

Address: Oh base + 30EFh offset = 30EFh

Bit 7 6 5 4 | 3 2
Read
Write FLTDIV3 FLTDIV2 FLTDIV1
Reset 0 0 0 o | o 0
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PORT_FCLKDIV field descriptions

Field Description

7-5 000 LPOCLK.
FLTDIV3 001 LPOCLK/2.
010 LPOCLK/4.
011 LPOCLK/S.
100 LPOCLK/16.
101 LPOCLK/32.
110 LPOCLK/64.
111 LPOCLK/128.

4-2 000 BUSCLK/32.
FLTDIV2 001 BUSCLK/64.
010 BUSCLK/128.
011 BUSCLK/256.
100 BUSCLK/512.
101  BUSCLK/1024.
110 BUSCLK/2048.
111 BUSCLK/4096.

1-0 00 BUSCLK/2.
FLTDIVA 01 BUSCLK/4.
10 BUSCLK/S.

11 BUSCLK/16.

7.7.30 Port A Pullup Enable Register (PORT_PTAPE)

Address: Oh base + 30F0Oh offset = 30FOh

Bit 7 6 5 4 | 3 2 1 0
cveid PTAPE7 PTAPE6 PTAPES 0 PTAPE3 PTAPE2 PTAPE1 PTAPEO
rite
Reset 0 0 0 0 0 0 0 0
PORT_PTAPE field descriptions
Field Description
7 Pull Enable for Port A Bit 7
PTAPE7
This control bit determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port A bit 7.
1 Pullup enabled for port A bit 7.
6 Pull Enable for Port A Bit 6
PTAPE6
This control bit determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, these bits have no effect.

Table continues on the next page...
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PORT_PTAPE field descriptions (continued)

Field Description
0 Pullup disabled for port A bit 6.
1 Pullup enabled for port A bit 6.

5 Pull Enable for Port A Bit 5
PTAPES
This control bit determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port A bit 5.
1 Pullup enabled for port A bit 5.

4 This read-only field is reserved and always has the value 0.
Reserved

3 Pull Enable for Port A Bit 3
PTAPE3

This control bit determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, these bits have no effect.

NOTE: When configuring to use this pin as output high for 1IC, the internal pullup device remains active
when PTAPES is set. It is automatically disabled to save power when output low.

0 Pullup disabled for port A bit 3.
1 Pullup enabled for port A bit 3.

2 Pull Enable for Port A Bit 2
PTAPE2

This control bit determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, these bits have no effect.

NOTE: When configuring to use this pin as output high for 1IC, the internal pullup device remains active
when PTAPE?2 is set. It is automatically disabled to save power when output low.

0 Pullup disabled for port A bit 2.
1 Pullup enabled for port A bit 2.

1 Pull Enable for Port A Bit 1
PTAPE1

This control bit determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port A bit 1.
1 Pullup enabled for port A bit 1.

0 Pull Enable for Port A Bit 0
PTAPEO

This control bit determines if the internal pullup device is enabled for the associated PTA pin. For port A
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port A bit 0.
1 Pullup enabled for port A bit 0.
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7.7.31 Port B Pullup Enable Register (PORT_PTBPE)

Address: Oh base + 30F1h offset = 30F1h

Bit 7 6 5 4 3 2 1 0
mﬁg PTBPE7 PTBPE6 PTBPES PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPEO
Reset 0 0 0 0 0 0 0 0

PORT_PTBPE field descriptions
Field Description
7 Pull Enable for Port B Bit 7
PTBPE7
This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port B bit 7.
1 Pullup enabled for port B bit 7.
6 Pull Enable for Port B Bit 6
PTBPE6
This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port B bit 6.
1 Pullup enabled for port B bit 6.
5 Pull Enable for Port B Bit 5
PTBPE5S
This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port B bit 5.
1 Pullup enabled for port B bit 5.
4 Pull Enable for Port B Bit 4
PTBPE4
This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port B bit 4.
1 Pullup enabled for port B bit 4.
3 Pull Enable for Port B Bit 3
PTBPE3
This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port B bit 3.
1 Pullup enabled for port B bit 3.
2 Pull Enable for Port B Bit 2
PTBPE2
This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B

pins that are configured as outputs or Hi-Z, these bits have no effect.

Table continues on the next page...
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PORT_PTBPE field descriptions (continued)

Field Description
0 Pullup disabled for port B bit 2.
1 Pullup enabled for port B bit 2.
1 Pull Enable for Port B Bit 1
PTBPE1
This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port B bit 1.
1 Pullup enabled for port B bit 1.
0 Pull Enable for Port B Bit 0
PTBPEO

This control bit determines if the internal pullup device is enabled for the associated PTB pin. For port B
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port B bit 0.
1 Pullup enabled for port B bit 0.

7.7.32 Port C Pullup Enable Register (PORT_PTCPE)

Address: Oh base + 30F2h offset = 30F2h

Bit 7 6 5 4 3 2 1 0
aﬁﬁg PTCPE7 PTCPE6 PTCPES5 PTCPE4 PTCPES3 PTCPE2 PTCPE1 PTCPEO
Reset 0 0 0 0 0 0 0 0

PORT_PTCPE field descriptions
Field Description
7 Pull Enable for Port C Bit 7
PTCPE7
This control bit determines if the internal pullup device is enabled for the associated PTC pin. For port C
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port C bit 7.
1 Pullup enabled for port C bit 7.
6 Pull Enable for Port C Bit 6
PTCPE6
This control bit determines if the internal pullup device is enabled for the associated PTC pin. For port C
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port C bit 6.
1 Pullup enabled for port C bit 6.
5 Pull Enable for Port C Bit 5
PTCPES5

This control bit determines if the internal pullup device is enabled for the associated PTC pin. For port C
pins that are configured as outputs or Hi-Z, these bits have no effect.

Table continues on the next page...
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PORT_PTCPE field descriptions (continued)

Field

Description

0 Pullup disabled for port C bit 5.
1 Pullup enabled for port C bit 5.

4
PTCPE4

Pull Enable for Port C Bit 4

This control bit determines if the internal pullup device is enabled for the associated PTC pin
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port C bit 4.
1 Pullup enabled for port C bit 4.

.Forport C

3
PTCPES

Pull Enable for Port C Bit 3

This control bit determines if the internal pullup device is enabled for the associated PTC pin
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port C bit 3.
1 Pullup enabled for port C bit 3.

.Forport C

2
PTCPE2

Pull Enable for Port C Bit 2

This control bit determines if the internal pullup device is enabled for the associated PTC pin
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port C bit 2.
1 Pullup enabled for port C bit 2.

. Forport C

]
PTCPE1

Pull Enable for Port C Bit 1

This control bit determines if the internal pullup device is enabled for the associated PTC pin
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port C bit 1.
1 Pullup enabled for port C bit 1.

. Forport C

0
PTCPEO

Pull Enable for Port C Bit 0

This control bit determines if the internal pullup device is enabled for the associated PTC pin
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port C bit 0.
1 Pullup enabled for port C bit 0.

. ForportC

7.7.33 Port D Pullup Enable Register (PORT_PTDPE)

Address: Oh base + 30F3h offset = 30F3h

Bit
Read
Write

Reset

MC9S08PT60 Reference Manual, Rev. 3, 4/2012
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PORT_PTDPE field descriptions

Field Description

7 Pull Enable for Port D Bit 7
PTDPE?7

This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port D bit 7.
1 Pullup enabled for port D bit 7.

6 Pull Enable for Port D Bit 6

PTDPE6
This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D

pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port D bit 6.
1 Pullup enabled for port D bit 6.

5 Pull Enable for Port D Bit 5

PTDPE5
This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D

pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port D bit 5.
1 Pullup enabled for port D bit 5.

4 Pull Enable for Port D Bit 4
PTDPE4

This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port D bit 4.
1 Pullup enabled for port D bit 4.

3 Pull Enable for Port D Bit 3
PTDPES

This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port D bit 3.
1 Pullup enabled for port D bit 3.

2 Pull Enable for Port D Bit 2
PTDPE2

This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port D bit 2.
1 Pullup enabled for port D bit 2.

1 Pull Enable for Port D Bit 1
PTDPE1

This control bit determines if the internal pullup device is enabled for the associated PTD pin. For port D
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port D bit 1.
1 Pullup enabled for port D bit 1.

0 Pull Enable for Port D Bit 0
PTDPEO

Table continues on the next page...

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

Freescale Semiconductor, Inc. 195




Port data registers

PORT_PTDPE field descriptions (continued)

Field

Description

This control bit determines if the internal pullup device is enabled for the associated PTD pin
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port D bit 0.
1 Pullup enabled for port D bit 0.

. For port D

7.7.34 Port E Pullup Enable Register (PORT_PTEPE)

Address: Oh base + 30F4h offset = 30F4h

Bit 7 6 5 4 3 2 1 0
v\ﬁﬁg PTEPE7 PTEPE6 PTEPES5 PTEPE4 PTEPE3 PTEPE2 PTEPE1 PTEPEO
Reset 0 0 0 0 0 0 0 0

PORT_PTEPE field descriptions
Field Description
7 Pull Enable for Port E Bit 7
PTEPE7
This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port E bit 7.
1 Pullup enabled for port E bit 7.
6 Pull Enable for Port E Bit 6
PTEPE6
This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port E bit 6.
1 Pullup enabled for port E bit 6.
5 Pull Enable for Port E Bit 5
PTEPES
This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port E bit 5.
1 Pullup enabled for port E bit 5.
4 Pull Enable for Port E Bit 4
PTEPE4
This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port E bit 4.
1 Pullup enabled for port E bit 4.
3 Pull Enable for Port E Bit 3
PTEPE3

Table continues on the next page...

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

196

Freescale Semi

conductor, Inc.



Chapter 7 Parallel input/output
PORT_PTEPE field descriptions (continued)

Field Description

This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port E bit 3.
1 Pullup enabled for port E bit 3.

2 Pull Enable for Port E Bit 2
PTEPE2
This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port E bit 2.
1 Pullup enabled for port E bit 2.

1 Pull Enable for Port E Bit 1
PTEPE1
This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port E bit 1.
1 Pullup enabled for port E bit 1.

0 Pull Enable for Port E Bit 0
PTEPEO
This control bit determines if the internal pullup device is enabled for the associated PTE pin. For port E
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port E bit 0.
1 Pullup enabled for port E bit 0.

7.7.35 Port F Pullup Enable Register (PORT_PTFPE)

Address: Oh base + 30F5h offset = 30F5h

Bit 7 6 5 4 3 2 1 0
s\frﬁg PTFPE7 PTFPEG6 PTFPE5 PTFPE4 PTFPE3 PTFPE2 PTFPE1 PTFPEO
Reset 0 0 0 0 0 0 0 0

PORT_PTFPE field descriptions
Field Description
7 Pull Enable for Port F Bit 7
PTFPE7

This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 7.
1 Pullup enabled for port F bit 7.

6 Pull Enable for Port F Bit 6
PTFPE6

Table continues on the next page...
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PORT_PTFPE field descriptions (continued)

Field Description

This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 6.
1 Pullup enabled for port F bit 6.

5 Pull Enable for Port F Bit 5
PTFPES
This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 5.
1 Pullup enabled for port F bit 5.

4 Pull Enable for Port F Bit 4
PTFPE4
This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 4.
1 Pullup enabled for port F bit 4.

3 Pull Enable for Port F Bit 3
PTFPES3
This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 3.
1 Pullup enabled for port F bit 3.

2 Pull Enable for Port F Bit 2
PTFPE2
This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 2.
1 Pullup enabled for port F bit 2.

1 Pull Enable for Port F Bit 1
PTFPE1
This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 1.
1 Pullup enabled for port F bit 1.

0 Pull Enable for Port F Bit 0
PTFPEO
This control bit determines if the internal pullup device is enabled for the associated PTF pin. For port F
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port F bit 0.
1 Pullup enabled for port F bit 0.
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7.7.36 Port G Pullup Enable Register (PORT_PTGPE)

Address: Oh base + 30F6h offset = 30F6h

Bit 7 6 5 4 | 3 2 1 0
Read PTGPE3 | PTGPE2 | PTGPE1 | PTGPEO
Write
Reset 0 0 0 0 0 0 0 0

PORT_PTGPE field descriptions
Field Description
7-4 This read-only field is reserved and always has the value 0.
Reserved
3 Pull Enable for Port G Bit 3
PTGPE3
This control bit determines if the internal pullup device is enabled for the associated PTG pin. For port G
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port G bit 3.
1 Pullup enabled for port G bit 3.
2 Pull Enable for Port G Bit 2
PTGPE2
This control bit determines if the internal pullup device is enabled for the associated PTG pin. For port G
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port G bit 2.
1 Pullup enabled for port G bit 2.
1 Pull Enable for Port G Bit 1
PTGPE1
This control bit determines if the internal pullup device is enabled for the associated PTG pin. For port G
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port G bit 1.
1 Pullup enabled for port G bit 1.
0 Pull Enable for Port G Bit 0
PTGPEO
This control bit determines if the internal pullup device is enabled for the associated PTG pin. For port G

pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port G bit 0.
1 Pullup enabled for port G bit 0.
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7.7.37 Port H Pullup Enable Register (PORT_PTHPE)

Address: Oh base + 30F7h offset = 30F7h

Bit 7 6 5 4 | 3 2 1 0
Read | prpe7 | PTHPES 0 PTHPE2 | PTHPE1 | PTHPEO
Write
Reset 0 0 0 0 0 0 0 0

PORT_PTHPE field descriptions
Field Description
7 Pull Enable for Port H Bit 7
PTHPE7
This control bit determines if the internal pullup device is enabled for the associated PTH pin. For port H
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port H bit 7.
1 Pullup enabled for port H bit 7.
6 Pull Enable for Port H Bit 6
PTHPEG6
This control bit determines if the internal pullup device is enabled for the associated PTH pin. For port H
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port H bit 6.
1 Pullup enabled for port H bit 6.
5-3 This read-only field is reserved and always has the value 0.
Reserved
2 Pull Enable for Port H Bit 2
PTHPE2
This control bit determines if the internal pullup device is enabled for the associated PTH pin. For port H
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port H bit 2.
1 Pullup enabled for port H bit 2.
1 Pull Enable for Port H Bit 1
PTHPE1
This control bit determines if the internal pullup device is enabled for the associated PTH pin. For port H
pins that are configured as outputs or Hi-Z, these bits have no effect.
0 Pullup disabled for port H bit 1.
1 Pullup enabled for port H bit 1.
0 Pull Enable for Port H Bit 0
PTHPEO

This control bit determines if the internal pullup device is enabled for the associated PTH pin. For port H
pins that are configured as outputs or Hi-Z, these bits have no effect.

0 Pullup disabled for port H bit 0.
1 Pullup enabled for port H bit 0.
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Chapter 8
Clock management

8.1 Clock module
This device has ICS, XOSC, and LPO clock modules.

The internal clock source (ICS) module provides several clock source options for this
device. The module contains a frequency-locked loop (FLL) that is controllable by either
an internal or external reference clock. The module can select clock from the FLL or
bypass the FLL as a source of the MCU system clock. The selected clock source is
passed through a reduced bus divider, which allows a lower output clock frequency to be
derived.

The external oscillator (XOSC) module allows an external crystal, ceramic resonator, or
other external clock source to produce the external reference clock. The output of XOSC
module can be used as the reference of ICS to generate system bus clock, and/or clock
source of watchdog (WDOG), real-time counter (RTC), and analog-to-digital (ADC)
modules.

The low-power oscillator (LPO) module is an on-chip low-power oscillator providing 1
kHz reference clock to RTC and watchdog (WDOG).

The following figures show the block diagram, highlighting the clock modules.

MC9S08PT60 Reference Manual, Rev. 3, 4/2012

Freescale Semiconductor, Inc. 201



Clock module
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1. PTA2 and PTA3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.

3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded
in 32-pin packages.

Figure 8-1. Device block diagram highlighting clock modules and pins
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Chapter 8 Clock management

8.2 Internal clock source (ICS)

The internal clock source (ICS) module provides clock source options for the MCU. The
module contains a frequency-locked loop (FLL) as a clock source that is controllable by
an internal or external reference clock. The module can provide this FLL clock or the
internal reference clock as a source for the MCU system clock, ICSCLK.

Whichever clock source is chosen, ICSCLK is the output from a bus clock divider
(BDIV), which allows a lower clock frequency to be derived.

Key features of the ICS module are:
* Frequency-locked loop (FLL) is trimmable for accuracy
* Internal or external reference clocks can be used to control the FLL
» Reference divider is provided for external clock
* Internal reference clock has nine trim bits available
* Internal or external reference clocks can be selected as the clock source for the MCU

* Whichever clock is selected as the source can be divided down by 1, 2, 4, 8, 16, 32,
64 or 128

* FLL Engaged Internal mode is automatically selected out of reset
* A constant divide by 2 of the DCO output that can be select as BDC clock.

* Digitally-controlled oscillator (DCO) optimized for 16 MHz to 20 MHz frequency
range

e FLL lock detector and external clock monitor
* FLL lock detector with interrupt capability

» External reference clock monitor with reset capability

8.2.1 Function description
The following figure shows the ICS block diagram.
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Internal clock source (ICS)
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Figure 8-2. Internal clock source (ICS)

8.2.1.1 Bus frequency divider

The ICS_C2[BDIV] bits can be changed at anytime and the actual switch to the new
frequency occurs immediately.

8.2.1.2 Low power bit usage

The low power bit (ICS_C2[LP]) is provided to allow the FLL to be disabled and thus
conserve power when it is not used.

However, in some applications it may be desirable to allow the FLL to be enabled and to

lock for maximum accuracy before switching to an FLL engaged mode. To do this, write
the ICS_C2[LP] bit to 0.

8.2.1.3 Internal reference clock (ICSIRCLK)

When ICS_CI1[IRCLKEN] is set the internal reference clock signal is presented as
ICSIRCLK, which can be used as an additional clock source. To re-target the ICSIRCLK
frequency, write a new value to the ICS_C3[SCTRIM] and ICS_C4[SCFTRIM] bits to
trim the period of the internal reference clock:
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* Writing a larger value slows down the ICSIRCLK frequency.
* Writing a smaller value to the ICSTRM register speeds up the ICSIRCLK frequency.

The TRIM bits affect the ICSOUT frequency if the ICS is in FLL engaged internal (FEI),
FLL bypassed internal (FBI), or FLL bypassed internal low power (FBILP) mode.

Until ICSIRCLK is trimmed, programming low reference divider (BDIV) factors may
result in ICSOUT frequencies that exceed the maximum chip-level frequency and violate
the chip-level clock timing specifications.

If ICS_CI[IREFSTEN] is set and the ICS_CI1[IRCLKEN] bit is written to 1, the internal
reference clock keeps running during stop mode in order to provide a fast recovery upon
exiting stop.

All MCU devices are factory programmed with a trim value in a factory reserved
memory location. This value is uploaded to the ICS_C3 register and ICS_C4 register
during any reset initialization. For finer precision, trim the internal oscillator in the
application and set the ICS_C4[SCFTRIM] bit accordingly.

8.2.1.4 Fixed frequency clock (ICSFFCLK)

The ICS presents the divided FLL reference clock as ICSFFCLK for use as an additional
clock source. ICSFFCLK frequency must be no more than 1/4 of the ICSOUT frequency
to be valid. When ICSFFCLK is valid, ICS output signal (ICSFFE) gets asserted high.
Because of this requirement, in bypass modes the ICSFFCLK is valid only in bypass
external modes (FBE and FBELP) for the following combinations of BDIV, RDIV, and
RANGE values:

« RANGE=1

» BDIV=000 (divide by 1), RDIV > 010
* BDIV=001 (divide by 2), RDIV 2 011
« BDIV=010 (divide by 4), RDIV > 100
* BDIV=011 (divide by 8), RDIV > 101
« BDIV=100 (divide by 16), NA

« BDIV=101 (divide by 32), NA

* BDIV=110 (divide by 64), NA
 BDIV=111 (divide by 128), NA
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8.2.1.5 BDC clock

The ICS presents the DCO output clock divided by two as ICSLCLK for use as a clock
source for BDC communications. [CSLCLK is not available in FLL bypassed internal
low power (FBILP) and FLL bypassed external low power (FBELP) modes. The
ICSLCLK can be selected as BDC clock.

8.2.2 Modes of operation

There are seven modes of operation for the ICS: FEI, FEE, FBI, FBILP, FBE, FBELP,
and stop. The following figure shows the seven states of the ICS as a state diagram. The
arrows indicate the allowed movements between the states.

IREFS=1
CLKS=00

FLL Engaged

IREFS=0 Internal (FEI) IREFS=1
CLKS=10 CLKS=01
BDM Enabled BDM Enabled
orLP =0 or LP=0

FLL Bypassed
External Low
Power(FBELP)

FLL Bypassed
Internal Low
Power(FBILP)

FLL Bypassed
External (FBE)

FLL Bypassed
Internal (FBI)

IREFS=0 IREFS=1
CLKS=10 CLKS=01
BDM Disabled BDM Disabled
and LP=1 FLL Engaged and LP=1

External (FEE)

IREFS=0
CLKS=00

Returns to state that was active
vl?/?}tee;el\(/jl(firan;;gsissitoe — before MCU entered stop, unless
P RESET occurs while in stop.

Figure 8-3. ICS clocking switching modes

The ICS_CI[IREFS] bit can be changed at anytime, but the actual switch to the newly
selected clock is shown by the ICS_S[IREFST] bit. When switching between FLL
engaged internal (FEI) and FLL engaged external (FEE) modes, the FLL will lock again
after the switch is completed.
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The ICS_CI[CLKS] bits can also be changed at anytime, but the actual switch to the
newly selected clock is shown by the ICS_S[CLKST] bits. If the newly selected clock is
not available, the previous clock remains selected.

8.2.2.1 FLL engaged internal (FEI)

FLL engaged internal (FEI) is the default mode of operation and is entered when all of
the following conditions occur:

e ICS_CI1[CLKS] bits are written to Ob
e ICS_CI[IREFS] bit is written to 1b

In FLL engaged internal mode, the ICSOUT clock is derived from the FLL clock, which
is controlled by the internal reference clock. The FLL loop locks the frequency to the 512
times the internal reference frequency. The ICSLCLK is available for BDC
communications, and the internal reference clock is enabled.

8.2.2.2 FLL engaged external (FEE)

The FLL engaged external (FEE) mode is entered when all of the following conditions
occur:

e ICS_CI1[CLKS] bits are written to 00b
e ICS_CI1[IREFS] bit written to Ob

e ICS_CI1[RDIV] bits are written to divide external reference clock to be within the
range of 31.25 kHz to 39.0625 kHz

In FLL engaged external mode, the ICSOUT clock is derived from the FLL clock, which
is controlled by the external reference clock source. The FLL loop locks the frequency to
the 512 times the external reference frequency, as selected by the ICS_C1[RDIV] bits.
The ICSLCLK is available for BDC communications, and the external reference clock is
enabled.

8.2.2.3 FLL bypassed internal (FBI)

The FLL bypassed internal (FBI) mode is entered when all of the following conditions
occur:
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* ICS_CI1[CLKS] bits are written to 01
e ICS_CI[IREFS] bit is written to 1
* BDM mode is active or ICS_C2[LP] bit is written to O

In FLL bypassed internal mode, the ICSOUT clock is derived from the internal reference
clock. The FLL clock is controlled by the internal reference clock, and the FLL loop
locks the FLL frequency to the 512 times the internal reference frequency. The ICSLCLK
will be available for BDC communications, and the internal reference clock is enabled.

8.2.2.4 FLL bypassed internal low power (FBILP)

The FLL bypassed internal low power (FBILP) mode is entered when all the following
conditions occur:

* ICS_CI1[CLKS] bits are written to 01
e ICS_CI[IREFS] bit is written to 1
* BDM mode is not active and ICS_C2[LP] bit is written to 1

In FLL bypassed internal low power mode, the ICSOUT clock is derived from the
internal reference clock and the FLL is disabled. The ICSLCLK will be not be available
for BDC communications, and the internal reference clock is enabled.

8.2.2.5 FLL bypassed external (FBE)

The FLL bypassed external (FBE) mode is entered when all of the following conditions
occur:

e ICS_CI1[CLKS] bits are written to 10
* ICS_CI[IREFS] bit is written to 0

e ICS_CI1[RDIV] bits are written to divide external reference clock to be within the
range of 31.25 kHz to 39.0625 kHz

* BDM mode is active or ICS_C2[LP] bit 1s written to O
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In FLL bypassed external mode, the ICSOUT clock is derived from the external reference
clock source. The FLL clock is controlled by the external reference clock, and the FLL
loop locks the FLL frequency to the 512 times the external reference frequency, as
selected by the ICS_CI1[RDIV] bits, so that the ICSLCLK will be available for BDC
communications, and the external reference clock is enabled.

8.2.2.6 FLL bypassed external low power (FBELP)

The FLL bypassed external low power (FBELP) mode is entered when all of the
following conditions occur:

e ICS_CI1[CLKS] bits are written to 10
e ICS_CI1[IREFS] bit is written to 0
* BDM mode is not active and ICS_C2[LP] bit is written to 1

In FLL bypassed external low power mode, the ICSOUT clock is derived from the
external reference clock source and the FLL is disabled. The ICSLCLK will be not
available for BDC communications. The external reference clock source is enabled.

8.2.2.7 Stop (STOP)

In stop mode, the FLL is disabled and the internal clock source can be enabled or
disabled. The BDC clock is not available and the ICS does not provide MCU clock
source.

Stop mode is entered whenever the MCU enters a stop state. In this mode, all ICS clock
signals are static except in the following cases:

* ICSIRCLK will be active in stop mode when all of the following conditions occur:
e ICS_CI[IRCLKEN] bit is written to 1

e ICS_CI[IREFSTEN] bit is written to 1

* OSCOUT will be active in stop mode when all of the following conditions occur:
e ICS_OSCSC[OSCEN] bit is written to 1

e ICS_OSCSC[OSCSTEN] bit is written to 1

NOTE

The DCO frequency changes from the pre-stop value to its reset
value and the FLL need to re-acquire the lock before the
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frequency is stable. Timing sensitive operations must wait for

the FLL acquisition time, taquire, before executing.

8.2.3 FLL lock and clock monitor

8.2.3.1 FLL clock lock

In FBE and FEE modes, the clock detector source uses the external reference as the
reference. When FLL is detected from lock to unlock, the ICS_S[LOLS] bit is set. An
interrupt will be generated if ICS_C4[LOLIE] bit is set. I[CS_S[LOLS] bit is cleared by
reset or by writing a logic 1 to ICS_S[LOLS] when ICS_S[LOLS] is set. Writing a logic
0 to ICS_S[LOLS] has no effect.

In FBI and FEI modes, the lock detector source uses the internal reference as the
reference. When FLL is detected from lock to unlock, the ICS_S[LOLS] bit is set. An
interrupt will be generated if ICS_S[LLOLS] bit is set. ICS_S[LOLS] bit is cleared by
reset or by writing a logic 1 to ICS_S[LOLS] when ICS_S[LOLS] is set. Writing a logic
0 to ICS_S[LOLS] has no effect.

In FBELP and FBILP modes, the FLL is not on, therefore, lock detect function is not
applicable.

8.2.3.2 External reference clock monitor

In FBE, FEE, FEI, or FBI modes, if ICS_C4[CME] bit is written to 1, the clock monitor
is enabled. If the external reference falls below a certain frequency, such as fic_pign Or
floc_1ow depending on the ICS_OSCSC[RANGE] bit, the MCU will reset. The
SYS_SRS[CLK] bit will be set to indicate the error.

In FBELP or FBILP modes, the FLL is not on, so the external reference clock monitor
will not function even if ICS_C4[CME] bit is written to 1.

External reference clock monitor uses FLL as the internal reference clock. The FLL must
be functional before ICS_C4[CME] bit is set.

8.3 Initialization / application information

This section provides example code to give some basic direction to a user on how to
initialize and configure the ICS module. The example software is implemented in C
language.
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8.3.1 External oscillator (OSC)

The oscillator module provides the reference clock for internal reference clock module
(ICS), the real time counter clock module, and other MCU sub-systems.

® > OSCINIT
_ |Initialization >
»1  Oscillator —\_ Y
— High Gain  |— XTLCLK EN
II_RZNGE »| Oscillator
. Low-Pow'r
0SCO0Ss PAN X
» | OSsCcouT

r—
| —
m
x
—
>
-
x
3
>
—

AN

TC1 7
I

Figure 8-4. Oscillator module block diagram

c2

The external oscillator circuit is designed for use with an external crystal or ceramic
resonator to provide an accurate clock source. In its typical configuration, the oscillator is
connected in a Pierce oscillator configuration, as shown in the above figure. This figure
shows only the logical representation of the internal components and may not represent
actual circuitry. The oscillator configuration uses five components:

* Crystal or ceramic, X1
* Fixed capacitor, C1

* Tuning capacitor, C2, which can also be a fixed capacitor
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* Feedback resistor, Rg

* Series resistor, Rg (optional)

8.3.1.1 Bypass mode

In bypass mode (ICS_OSCSC[OSCEN] = 0, ICS_OSCSC[OSCOS] = 0), external clock
module is disabled. EXTAL can be used as the input of external clock source. When
external clock source is not used in this mode, the EXTAL can be used as GPIO or other
function muxed with this pinout. XTAL can be used as GPIO or other function muxed
with its pinout even EXTAL is used as external clock source. The following figure shows
the typical OSC bypass mode connection.

MCU

EXTALLﬁ LﬁXTAL

External Clock Input  GPIO

Figure 8-5. OSC bypass mode connection

8.3.1.2 Low-power configuration

In low-power mode, when ICS_OSCSC[OSCEN] = 1, ICS_OSCSC[OSCOS] =1, and
ICS_OSCSC[HGO] = 0, the series resistor Rg is not used. The feedback resistor Rg must
be carefully selected to get best performance. The figure below shows the typical OSC
low-gain mode connection.

MCU

EXTAL XTAL

T C1 C2
X

Figure 8-6. OSC low-power mode connection
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8.3.1.3 High-gain configuration

In high-gain mode, when ICS_OSCSC[OSCEN] = 1, ICS_OSCSC[OSCOS] =1, and
ICS_OSCSC[HGO] = 1, the series resistor Rg must be used. The series resistor Rg and
feedback resistor Rg must be carefully selected to get best performance. The following
figure shows the typical OSC high-gain mode connection.

MCU
EXTAL XTAL
Rs
* ANV
Re
10 .
X1
| C1 74 C2
T

Figure 8-7. OSC high-gain mode connection

8.4 1 kHz low-power oscillator (LPO)

The 1 kHz low-power oscillator acts as a standalone low-frequency clock source in all
run, wait, and stop3 modes.

8.5 Peripheral clock gating

This device includes a clock gating system to manage the bus clock sources to the
individual peripherals. Using this system, the user can enable or disable the bus clock to
each of the peripherals at the clock source, eliminating unnecessary clocks to peripherals
that are not in use, thereby reducing the overall run and wait mode currents.

Out of reset, all peripheral clocks will be enabled. For lowest possible run wait currents,
user software should disable the clock source to any peripheral not in use. The actual
clock will be enabled or disabled immediately following the write to the Clock Gating
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Control registers (SCG_Cx). Any peripheral with a gated clock cannot be used unless its
clock is enabled. Writing to the registers of a peripheral with a disabled clock has no

effect.

Note

User software should disable the peripheral before disabling the

clocks to the peripheral. When clocks are re-enabled to a

peripheral, the peripheral registers need to be re-initialized by

user software.

In stop modes, the bus clock is disabled for all gated peripherals, regardless of the setting
in SCG_Cx registers.

8.6 ICS control registers

ICS memory map

Absolute

address Register name (ieriIgittr;) Access | Reset value S:(;t:;n/
(hex)
3038 ICS Control Register 1 (ICS_C1) 8 R/W 04h 8.6.1/214
3039 ICS Control Register 2 (ICS_C2) 8 R/W 20h 8.6.2/216
303A ICS Control Register 3 (ICS_C3) 8 R/W Undefined 8.6.3/216
303B ICS Control Register 4 (ICS_C4) 8 R/W 00h 8.6.4/217
303C ICS Status Register (ICS_S) 8 R 10h 8.6.5/218
303E OSC Status and Control Register (ICS_OSCSC) 8 R/W 00h 8.6.6/219
8.6.1 ICS Control Register 1 (ICS_C1)
Address: 3038h base + Oh offset = 3038h
Bit 7 6 5 4 2 1 0
aﬁ,ﬁg CLKS RDIV IREFS IRCLKEN | IREFSTEN
Reset 0 0 0 0 1 0 0
ICS_C1 field descriptions
Field Description
7-6 Clock Source Select
CLKS

of the BDIV bits.

00 Output of FLL is selected.

Table continues on the next page...
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ICS_C1 field descriptions (continued)

Field Description
01 Internal reference clock is selected.
10 External reference clock is selected.
11 Reserved, defaults to 00.
5-3 Reference Divider
RDIV
Selects the amount to divide down the FLL reference clock selected by the IREFS bits. Resulting
frequency must be in the range 31.25 kHz to 39.0625 kHz.
RDIV ICS_OSCSC[RANGE]=0 ICS_OSCSC[RANGE]=1
000 11 32
001 2 64
010 4 128
011 8 256
100 16 512
101 32 1024
110 64 Reserved
111 128 Reserved
1. Reset default
2 Internal Reference Select
IREFS
The IREFS bit selects the reference clock source for the FLL.
0 External reference clock selected.
1 Internal reference clock selected.
1 Internal Reference Clock Enable
IRCLKEN
The IRCLKEN bit enables the internal reference clock for use as ICSIRCLK.
0 ICSIRCLK inactive.
1 ICSIRCLK active.
0 Internal Reference Stop Enable
IREFSTEN
The IREFSTEN bit controls whether or not the internal reference clock remains enabled when the ICS
enters stop mode.
0 Internal reference clock is disabled in stop.
1 Internal reference clock stays enabled in stop if IRCLKEN is set or if ICS is in FEI, FBI, or FBILP
mode before entering stop.

1. Reset default
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8.6.2 ICS Control Register 2 (ICS_C2)

Address: 3038h base + 1h offset = 3039h

Bit 7 6 5 4 | 3 2 1 0

Read BDIV LP

Write

Reset 0 0 1 0

ICS_C2 field descriptions

Field Description

7-5 Bus Frequency Divider

BDIV
Selects the amount to divide down the clock source selected by the CLKS bits. This controls the bus
frequency.
000 Encoding 0 - Divides selected clock by 1.
001 Encoding 1 - Divides selected clock by 2 (reset default).
010 Encoding 2 - Divides selected clock by 4.
011 Encoding 3 - Divides selected clock by 8.
100 Encoding 4 - Divides selected clock by 16.
101 Encoding 5 - Divides selected clock by 32.
110 Encoding 6 - Divides selected clock by 64.
111 Encoding 7 - Divides selected clock by 128.

4 Low Power Select
LP

The LP bit controls whether the FLL is disabled in FLL bypassed modes.
0 FLL is not disabled in bypass mode.
1 FLL is disabled in bypass modes unless BDM is active.

3-0 This read-only field is reserved and always has the value 0.

Reserved

8.6.3 ICS Control Register 3 (ICS_C3)

Address: 3038h base + 2h offset = 303Ah

Bit 7 6 5 4 | 3 2 1 0
Read
Write SCTRIM
Reset x* xX* x* x* | xX* x* x* X*

* Notes:
¢ x = Undefined at reset.
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ICS_C3 field descriptions

Field Description

7-0 Slow Internal Reference Clock Trim Setting

SCTRIM
The SCTRIM bits control the slow internal reference clock frequency by controlling the internal reference

clock period. The bits are binary weighted. In other words, bit 1 adjusts twice as much as bit 0. Increasing
the binary value in TRIM will increase the period, and decreasing the value will decrease the period. An
additional fine trim bit is available in ICSC4 as the SCFTRIM bit.

8.6.4 ICS Control Register 4 (ICS_C4)

Address: 3038h base + 3h offset = 303Bh

Bit 7 6 5 4 | 3 2 1 0
Regd LOLIE SCFTRIM
Write
Reset 0 0 0 0 0 0 0 0
ICS_C4 field descriptions
Field Description
7 Loss of Lock Interrupt
LOLIE
Determines if an interrupt request is made following a loss of lock indication. The LOLIE bit has an effect
only when LOLS is set.
0 No request on loss of lock.
1 Generate an interrupt request on loss of lock.
6 This read-only field is reserved and always has the value 0.
Reserved
5 Clock Monitor Enable
CME
Determines if a reset request is made following a loss of external clock indication. The CME bit should be
set to a logic 1 only when the ICS is in an operational mode that uses the external clock (FEE or FBE).
0 Clock monitor is disabled.
1 Generate a reset request on loss of external clock.
4 This read-only field is reserved and always has the value 0.
Reserved
0 Slow Internal Reference Clock Fine Trim
SCFTRIM
The SCFTRIM bit controls the smallest adjustment of the internal reference clock frequency. Setting
FTRIM will increase the period and clearing SCFTRIM will decrease the period by the smallest amount
possible.
NOTE: FTRIM is loaded during reset from a factory programmed location when not in any BDM mode.
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8.6.5 ICS Status Register (ICS_S)

Address: 3038h base + 4h offset = 303Ch
Bit 7 6 5 4 | 3 2 1 0
Read LOLS LOCK 0 IREFST CLKST 0
Write
Reset 0 0 0 1 0 0 0 0

ICS_S field descriptions

Field Description

7 Loss of Lock Status
LOLS
This bit is a sticky indication of lock status for the FLL. LOLS is set when lock detection is enabled and
after acquiring lock, the FLL output frequency has fallen outside the lock exit frequency tolerance, D
LOLIE determines whether an interrupt request is made when set. LOLS is cleared by reset or by writing
a logic 1 to LOLS when LOLS is set. Writing a logic 0 to LOLS has no effect.

0 FLL has not lost lock since LOLS was last cleared.
1 FLL has lost lock since LOLS was last cleared.

6 Lock Status

LOCK
Indicates whether the FLL has acquired lock. Lock detection is disabled when FLL is disabled. If the lock

status bit is set then changing the value of any of the following bits IREFS, RDIV[2:0], or, if in FEI or FBI
modes, TRIM[7:0] will cause the lock status bit to clear and stay cleared until the FLL has reacquired lock.
Stop mode entry will also cause the lock status bit to clear and stay cleared until the FLL has reacquired
lock.

0 FLL is currently unlocked.
1 FLL is currently locked.

5 This read-only field is reserved and always has the value 0.
Reserved

4 Internal Reference Status
IREFST

The IREFST bit indicates the current source for the reference clock. The IREFST bit does not update
immediately after a write to the IREFS bit due to internal synchronization between clock domains.

0 Source of reference clock is external clock.
1 Source of reference clock is internal clock.

3-2 Clock Mode Status

CLKST
The CLKST bits indicate the current clock mode. The CLKST bits don't update immediately after a write to

the CLKS bits due to internal synchronization between clock domains.

00 Output of FLL is selected.

01 FLL Bypassed, internal reference clock is selected.
10 FLL Bypassed, external reference clock is selected.
11  Reserved.

1-0 This read-only field is reserved and always has the value 0.
Reserved
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8.6.6 OSC Status and Control Register (ICS_OSCSC)

Address: 3038h base + 6h offset = 303Eh

Bit 7 6 5 4 | 3 2 1 0
Read 0 0 OSCINIT
OSCEN OSCSTEN 0OSCOS RANGE HGO
Write
Reset 0 0 0 0 0 0 0 0
ICS_OSCSC field descriptions
Field Description
7 OSC Enable
OSCEN
The OSCEN bit enables the external clock for use as ICSERCLK.
0 OSC module disabled.
1 OSC module enabled.
6 This read-only field is reserved and always has the value 0.
Reserved
5 OSC Enable in Stop mode
OSCSTEN
The OSCSTEN bit controls whether or not the OSC clock remains enabled when MCU enters stop mode.
0 OSC clock is disabled in stop.
1 OSC stays enabled in stop if OSCEN is set or if ICS is set or ICS requests to be active before
entering stop.
4 OSC Output Select
OSCOS
This bit is used to select the output clock of OSC module.
0 External clock source from EXTAL pin is selected.
1 Oscillator clock source is selected.
3 This read-only field is reserved and always has the value 0.
Reserved
2 Frequency Range Select
RANGE
Selects the frequency range for the OSC module.
0 Low frequency range of 31.25kHz - 39.0625kHz.
1 High frequency range of 4 - 20MHz.
1 High Gain Oscillator Select
HGO
The HGO bit controls the OSC mode of operation.
0 Low gain mode.
1 High gain mode.
0 OSC Initialization
OSCINIT

This bit set after the initialization cycles of oscillator completes.

Table continues on the next page...
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ICS_OSCSC field descriptions (continued)

Field Description
0 Oscillator initialization not completes.
1 Oscillator initialization completed.

8.7 System clock gating control registers

SCG memory map

Absolute i i

address Register name (ivryllgitt';) Access | Reset value Se(;t':n/
(hex) pag
300C System Clock Gating Control 1 Register (SCG_C1) 8 R/W E7h 8.7.1/220
300D System Clock Gating Control 2 Register (SCG_C2) 8 R/W 3Ch 8.7.2/221
300E System Clock Gating Control 3 Register (SCG_C3) 8 R/W 7Eh 8.7.3/222
300F System Clock Gating Control 4 Register (SCG_C4) 8 R/W AFh 8.7.4/224

8.7.1 System Clock Gating Control 1 Register (SCG_C1)

This high page register contains control bits to enable or disable the bus clock to the
FTMs, MTIMs, and RTC modules. Gating off the clocks to unused peripherals is used to
reduce the MCU's run and wait currents.

NOTE
User software should disable the peripheral before disabling the
clocks to the peripheral. When clocks are re-enabled to a
peripheral, the peripheral registers need to be re-initialized by
user software.

Address: 300Ch base + 0h offset = 300Ch

Bit 7 6 5 4 | 3 2 1 0
Read | ey FTM1 FTMO 0 MTIM1 MTIMO RTC
Write
Reset 1 1 1 0 0 1 1 1

SCG_C1 field descriptions
Field Description
7 FTM2 Clock Gate Control
FTM2
This bit controls the clock gate to the FTM2 module.

Table continues on the next page...
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Field Description
0 Bus clock to the FTM2 module is disabled.
1 Bus clock to the FTM2 module is enabled.
6 FTM1 Clock Gate Control
FTM1
This bit controls the clock gate to the FTM1 module.
0 Bus clock to the FTM1 module is disabled.
1 Bus clock to the FTM1 module is enabled.
5 FTMO Clock Gate Control
FTMO
This bit controls the clock gate to the FTMO module.
0 Bus clock to the FTMO module is disabled.
1 Bus clock to the FTMO module is enabled.
4-3 This read-only field is reserved and always has the value 0.
Reserved
2 MTIM1 Clock Gate Control
MTIM1
This bit controls the clock gate to the MTIM1 module.
0 Bus clock to the MTIM1 module is disabled.
1 Bus clock to the MTIM1 module is enabled.
1 MTIMO Clock Gate Control
MTIMO
This bit controls the clock gate to the MTIMO module.
0 Bus clock to the MTIMO module is disabled.
1 Bus clock to the MTIMO module is enabled.
0 RTC Clock Gate Control
RTC

This bit controls the clock gate to the RTC module.

0 Bus clock to the MTRTCIM1 module is disabled.
1 Bus clock to the RTC module is enabled.

8.7.2 System Clock Gating Control 2 Register (SCG_C2)

This high-page register contains control bits to enable or disable the bus clock to the
DBG, NVM, CRC, and IPC modules. Gating off the clocks to unused peripherals is used
to reduce the MCU's run and wait currents.

NOTE
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Address: 300Ch base + 1h offset = 300Dh

Bit 7 6 5 4 3 2 1 0
Read 0 DBG NVM IPC CRC 0
Write
Reset 0 0 1 1 1 1 0 0

SCG_C2 field descriptions
Field Description
7-6 This read-only field is reserved and always has the value 0.
Reserved
5 DBG Clock Gate Control
DBG
This bit controls the clock gate to the DBG module.
0 Bus clock to the DBG module is disabled.
1 Bus clock to the DBG module is enabled.
4 NVM Clock Gate Control
NVM
This bit controls the clock gate to the NVM module.
0 Bus clock to the NVM module is disabled.
1 Bus clock to the NVM module is enabled.
3 IPC Clock Gate Control
IPC
This bit controls the clock gate to the IPC module.
0 Bus clock to the IPC module is disabled.
1 Bus clock to the IPC module is enabled.
2 CRC Clock Gate Control
CRC
This bit controls the clock gate to the CRC module.
0 Bus clock to the CRC module is disabled.
1 Bus clock to the CRC module is enabled.
1-0 This read-only field is reserved and always has the value 0.
Reserved

8.7.3 System Clock Gating Control 3 Register (SCG_C3)

This high page register contains control bits to enable or disable the bus clock to the SCI,
SPI, IIC modules. Gating off the clocks to unused peripherals is used to reduce the
MCU's run and wait currents.

NOTE

User software should disable the peripheral before disabling the
clocks to the peripheral. When clocks are re-enabled to a
peripheral, the peripheral registers need to be re-initialized by

user software.
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Bit 7 6 5 4 3 2 1 0
Read 0 sci2 sci sclo SPI1 SPIO lc 0
Write
Reset 0 1 1 1 1 1 1 0

SCG_Ca3 field descriptions
Field Description
7 This read-only field is reserved and always has the value 0.
Reserved
6 SCI2 Clock Gate Control
SCl2
This bit controls the clock gate to the SCI2 module.
0 Bus clock to the SCI2 module is disabled.
1 Bus clock to the SCI2 module is enabled.
5 SCI1 Clock Gate Control
SCit
This bit controls the clock gate to the SCI1 module.
0 Bus clock to the SCI1 module is disabled.
1 Bus clock to the SCI1 module is enabled.
4 SCI0 Clock Gate Control
SCIo
This bit controls the clock gate to the SCI0 module.
0 Bus clock to the SCI0O module is disabled.
1 Bus clock to the SCIO module is enabled.
3 SPI1 Clock Gate Control
SPH
This bit controls the clock gate to the SPI1 module.
0 Bus clock to the SPI1 module is disabled.
1 Bus clock to the SPI1 module is enabled.
2 SPIO Clock Gate Control
SPI0
This bit controls the clock gate to the SPI0 module.
0 Bus clock to the SPI0 module is disabled.
1 Bus clock to the SPI0 module is enabled.
1 IIC Clock Gate Control
lIC
This bit controls the clock gate to the [IC module.
0 Bus clock to the IIC module is disabled.
1 Bus clock to the IIC module is enabled.
0 This read-only field is reserved and always has the value 0.
Reserved
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8.7.4 System Clock Gating Control 4 Register (SCG_C4)

This high page register contains control bits to enable or disable the bus clock to the

ACMP, ADC, IRQ, TSI, and KBI modules. Gating off the clocks to unused peripherals is

used to reduce the MCU's run and wait currents.

NOTE
User software should disable the peripheral before disabling the
clocks to the peripheral. When clocks are re-enabled to a
peripheral, the peripheral registers need to be re-initialized by
user software.

Address: 300Ch base + 3h offset = 300Fh

Bit 7 5 4 | 3 2 1 0
Read | Acmp IRQ TSI KBI1 KBIO
Write
Reset 1 0 1 0 1 1 1 1

SCG_CA4 field descriptions
Field Description
7 ACMP Clock Gate Control
ACMP
This bit controls the clock gate to the ACMP module.
0 Bus clock to the ACMP module is disabled.
1 Bus clock to the ACMP module is enabled.
6 This read-only field is reserved and always has the value 0.
Reserved
5 ADC Clock Gate Control
ADC
This bit controls the clock gate to the ADC module.
0 Bus clock to the ADC module is disabled.
1 Bus clock to the ADC module is enabled.
4 This read-only field is reserved and always has the value 0.
Reserved
3 IRQ Clock Gate Control
IRQ
This bit controls the clock gate to the IRQ module.
0 Bus clock to the IRQ module is disabled.
1 Bus clock to the IRQ module is enabled.
2 TSI Clock Gate Control
TSI

This bit controls the clock gate to the TSI module.

Table continues on the next page...
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SCG_C4 field descriptions (continued)

Chapter 8 Clock management

Field

Description

0 Bus clock to the TSI module is disabled.
1 Bus clock to the TSI module is enabled.

KBI1

KBI1 Clock Gate Control
This bit controls the clock gate to the KBI1 module.

0 Bus clock to the KBI1 module is disabled.
1 Bus clock to the KBI1 module is enabled.

KBIO

KBIO Clock Gate Control
This bit controls the clock gate to the KBIO module.

0 Bus clock to the KBIO module is disabled.
1 Bus clock to the KBIO module is enabled.
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Chapter 9
Chip configurations

9.1 Introduction
This chapter provides details on the individual modules of the device. It includes:
* device block diagrams highlighting the specific modules and pin-outs

* specific module-to-module interactions not necessarily discussed in the individual
module chapters, and

e links for more information

9.2 Core modules

9.2.1 Central processor unit (CPU)

The HCS08 CPU is fully source- and object-code-compatible with the M6SHC08 CPU.
Several instructions and enhanced addressing modes were added to improve C compiler
efficiency and to support a new background debug system which replaces the monitor
mode of earlier M6BHCO8 microcontrollers.

9.2.2 Debug module (DBG)

The DBG module implements an on-chip ICE (in-circuit emulation) system and allows
non-instrusive debug of application software by providing an on-chip trace buffer with
flexible triggering capability. The trigger can also provide extended breakpoint capacity.
The on-chip ICE system is optimized for the HCS08 8-bit architecture and supports 64
KB of memory space.
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9.3 System modules

9.3.1 Watchdog (WDOG)

The watchdog timer (WDOG) module triggers a system reset if it is allowed to time out.
The program is expected to periodically reload the watchdog timer, thereby preventing it
from timing out. However, if a fault occurs that causes the program to stop working, the
timer will not be reloaded and it will time out. The resulting trigger of a system reset
brings the system back from an unresponsive state into a normal state.

9.4 Clock module
This device has ICS, XOSC, and LPO clock modules.

The internal clock source (ICS) module provides several clock source options for this
device. The module contains a frequency-locked loop (FLL) that is controllable by either
an internal or external reference clock. The module can select clock from the FLL or
bypass the FLL as a source of the MCU system clock. The selected clock source is
passed through a reduced bus divider, which allows a lower output clock frequency to be
derived.

The external oscillator (XOSC) module allows an external crystal, ceramic resonator, or
other external clock source to produce the external reference clock. The output of XOSC
module can be used as the reference of ICS to generate system bus clock, and/or clock
source of watchdog (WDOG), real-time counter (RTC), and analog-to-digital (ADC)
modules.

The low-power oscillator (LPO) module is an on-chip low-power oscillator providing 1
kHz reference clock to RTC and watchdog (WDOG).

The following figures show the block diagram, highlighting the clock modules.
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1. PTA2 and PTA3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.
3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded

in 32-pin packages.

-

Port B

Port C

|| PortE

Port F

Chapter 9 Chip configurations

[<—>PTA0/KBIOPO/FTMOCHO/ACMPO/ADPO
<«—>PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1
[<«—>PTA2/KBIOP2/RXxD0/SDA’
[<«—>PTA3/KBIOP3/TxD0/SCL'
[<«—>PTA4/ACMPO/BKGD/MS 2
<«—>PTA5/IRQ/TCLKO/RESET
[<«—>PTA6/FTM2FAULT1/ADP2/TSIO
[<—>PTA7/FTM2FAULT2/ADP3/TSI1

|<—>PTBO/KBIOP4/RXxD0O/ADP4/TSI2
<—>PTB1/KBIOP5/TXDO/ADP5/TSI3
[«—>PTB2/KBIOP6/SPSCKO/ADPE/TSI4
<—>PTB3/KBIOP7/MOSIO/ADP7/TSIS
<—>PTB4/FTM2CH4/MISQ0®
|«<—>PTB5/FTM2CH5/SS0

[<«<—>PTCO0/FTM2CHO/ADP8/TSI6
[<«<—>PTC1/FTM2CH1/ADP9/TSI7
[<«—>PTC2/FTM2CH2/ADP10
[<«—>PTC3/FTM2CH3/ADP11
[<«<—>PTC4/FTM1CHO/RTCO
[<«<—>PTC5/FTM1CH1
[<«—>PTC6/RxD1/TSI8
<<—>PTC7/TxD1/TSI9

<—>PTDO/KBI1PO/FTM2CH2/SPSCK1 3
<«—>PTD1/KBI1P1/FTM2CH3/MOSI1®
[<«<—>PTD2/KBI1P2/MISO1/TSI10
[<«—>PTD3/KBI1P3/SS1/TSI11
[<«<—>PTD4/KBI1P4

[<«<—>PTD5/KBI1P5
[<<—>PTD6/KBI1P6/RxD2
<—>PTD7/KBI1P7/TxD2

«—>PTE0/SPSCKO/TCLK13
<«—>PTE1/MOSI0®
<—>PTE2/MISO0
<«<—>PTE3/SSO
«—>PTE4

<«<—>»PTE5
<«<—>PTE6
<—>PTE7/TCLK2

[<«<—>PTFO/TSI12
[<€<—>PTF1/TSI13
[<€<—>PTF2/TSI14
[<«<—>PTF3/TSI15
[<<—>PTF4/ADP12
[<<—>PTF5/ADP13
[<«<—>PTF6/ADP14
<—>PTF7/ADP15

[<—>PTGO
[<€<—>PTG1
[<«<—>PTG2
[<«<—>PTG3

«—>PTHO/FTM2CHG®
«—>PTH1/FTM2CH13
«—>PTH2/BUSOUT *
«—>PTHg
«—>pTH7

[ PotH | [ Pora ||

Figure 9-1. Device block diagram highlighting clock modules and pins
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Memory

9.5 Memory

9.5.1 Random-access-memory (RAM)

This device contains4,096 byte static RAM and addresses 0x0040 through Ox103F. The
location of the stack RAM is programmable. The 16-bit stack pointer allows the stack to
be anywhere in the 64 KB memory space.

9.5.2 Non-volatile memory (NVM)

The NVM is ideal for single-supply applications allowing for field programming without
requiring external high voltage sources from program or erase operations. The NVM
module includes a memory controller that executes commands to modify NVM contents.

This device contains two types of non-volatile memory: Flash memory and EEPROM.
The Flash is mostly used for the storage of program and constant. The EEPROM is used
for storing frequently modified non-volatile data.

Non-volatile memory (NVM) includes:

* Flash memory

« MC9S08PT60—60,864 bytes: 119 sectors of 512 bytes!
» MC9S08PT32—32,768 bytes: 64 sectors of 512 bytes
 EEPROM memory

* MC9S08PT60—256 bytes: 128 sectors of 2 bytes
* MC9S08PT32—256 bytes: 128 sectors of 2 bytes

9.6 Power modules

This device contains on-chip regulator for various operational power modes of run, wait,
and stop3 modes. The low voltage detect (LVD) system allows the system to protect
against low voltage conditions in order to protect memory contents and control MCU
system states during supply voltage variations. The on-chip bandgap reference (=1.2V),
which is internally connected to ADC channel, provides independent accuracy reference
which will not drop over the full operating voltage even when the operating voltage is
falling.

1. One of the sectors contains 448 bytes.
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9.7 Security

9.7.1 Cyclic redundancy check (CRC)

The CRC generator module uses a programmable polynomial to generate CRC code for
error detection. The 16-bit code is calculated for 8-bit of data at a time, and provides a
simple check for all accessible memory locations in flash and RAM.

The following figure shows the device block diagram highlighting the CRC module.
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1. PTA2 and PTA3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.

3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded
in 32-pin packages.

Figure 9-2. Device block diagram highlighting CRC module
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9.8 Timers

9.8.1 FlexTimer module (FTM)

The FlexTimer module is an up to six-channel timer that supports input capture, output
compare, and the generation of PWM signals to control electric motor and power
management applications. FTM time reference is a 16-bit counter that can be used as an
unsigned or signed counter.

This MCU contains up to three FTM modules with one 6-channel FTM and two 2-
channel FTMs. FTMO and FTM1, each of which has two independent channels, are fully
compatible to the TPM. FTM2, which has six channels, is backward compatible to the
TPM for simple configuration and operation, and features hardware deadtime insertion,
pairs with complementary outputs, generation of triggers, and fault inputs.

Each FTM module has independent external clock input. The following table summarizes
the external signals of FTM modules.

Table 9-1. FTM module external signals

FTM Functions Default | Alternate
channel 0 PTAO/FTMOCHO
FTMO channel 1 PTA1/FTMOCHA1
alternate clock PTA5/TCLKO
channel 0 PTC5/FTM1CHO
FTM1 channel 1 PTC4/FTM1CHA1
alternate clock PTEO/TCLK1
channel 0 PTCO/FTM2CHO PTHO/FTM2CHO
channel 1 PTC1/FTM2CH1 PTH1/FTM2CH1
channel 2 PTC2/FTM2CH2 PTDO/FTM2CH2
channel 3 PTC3/FTM2CH3 PTD1/FTM2CH3
FTM2 channel 4 PTB4/FTM2CH4
channel 5 PTB5/FTM2CH5
fault 1 PTA6/FTM2FAULT1
fault 2 PTA7/FTM2FAULT2
alternate clock PTE7/TCLK2

The following figure shows the device block diagram highlighting FTM modules and
pins.
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1. PTA2 and PTAS3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.

3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded
in 32-pin packages.

Figure 9-3. Device block diagram highlighting FTM modules and pins
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9.8.1.1 FTMO interconnection

SCIO TxD signal can be modulated by FTMO channel 0 PWM output. Please refer to
SCIO TxD modulation.

SCIO RxD signal can be tagged by FTMO channel 1 input capture function. Please refer
to SCIO RxD filter.

9.8.1.2 FTM1 interconnection

ACMP output can be internally connected to FTM1 channel O capture input. See ACMP
output selection for details.

9.8.1.3 FTM2 interconnection
FTM2 supports three PWM synchronization sources:

* TriggerO is connected to the output of ACMP.
* Triggerl is connected to FTMO channel O output.

» Trigger2 is a software trigger by writing 1 to the SYS_SOPT2[FTMSYNC] bit.
Please refer to System interconnection.

FTM2 supports four FTM fault sources:

 Fault 0 is connected to ACMP output.

 Faultl is connected to PTA6.

* Fault 2 is connected to PTA7.

 Fault 3 is not used. Please refer to System interconnection.

FTM2 supports seven FTM triggers including an initialization trigger and six channel
triggers to other modules. The initialization trigger and match trigger are optionally
connected to ADC hardware trigger via an 8-bit delay counter. All other triggers are not
used in this device. Please refer to System interconnection.

9.8.2 8-bit modulo timer (MTIM)

MTIMO and MTIM1 are two 8-bit modulo timer modules that provide a circuit of
selectable clock sources and a programmable interrupt. The MTIM modules contain an 8-
bit modulo counter, which can operate as a free-running counter or a modulo counter. A
timer overflow interrupt can be enabled to generate periodic interrupts for time-based
software events. MTIM modules may also use external clock source.
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The following figure shows the device block diagram highlighting the MTIM modules

and pins.
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MC9S08PT32 = 32,768 bytes SERIAL COMMUNICATION |4
INTERFACE (SCI0) \
USER EEPROM
MC9S08PT60 = 256 bytes \,_"— SERIAL COMMUNICATION |4
MC9S08PT32 = 256 bytes INTERFACE (SCH) |
USER RAM SERIAL COMMUNICATION |,
MC9S08PT60 = 4,096 bytes \,_"— INTERFACE (SCl2) N
MC9S08PT32 = 4,096 bytes
8-BIT SERIAL PERIPHERAL |/
20 MHz INTERNAL CLOCK L/ INTERFACE MODULE(SPI0)
SOURCE (ICS N
(1cs) 16-BIT SERIAL PERIPHERAL |4
EXT. INTERFACE MODULE(SPI1) [N
EXTERNAL OSCILLATOR 1
\)j-r& SOURCE (XOSC) N INTER-INTEGRATED |4
v CIRCUIT(IIC) N
Vﬁis POWER MANAGEMENT
ya—
Ve | CONTROLLER (PMC) (—— | | ANALOG COMPARATOR |,
VSSS. (ACMP) N
v
vJ-EEi 16-CH 12-BIT REAL-TIME COUNTER |1 |
VRerp ANALOG-TO-DIGITAL \,": (RTC) N
Vssay, | CONVERTER(ADC)
TOUCH SENSE A
CYCLIC REDUNDANCY 1 INTERFACE (TS) V
CHECK (CRC) —

1. PTA2 and PTAS3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.

3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded
in 32-pin packages.

I

-

<—>PTA0/KBIOPO/FTMOCHO/ACMPO/ADPO
[<—>PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1
<«—>PTA2/KBIOP2/RxDO/SDA’
[<«—>PTA3/KBIOP3/TxD0/SCL'
[<«—>PTA4/ACMPO/BKGD/MS 2

J<—>PTA6/FTM2FAU LT1/ADP2/TSIO
<—>PTA7/FTM2FAULT2/ADP3/TSI{

[ |<—>PTBO/KBIOP4/RxDO/ADP4/TSI2
<«—>PTB1/KBIOP5/TXDO/ADP5/TSI3
<—>PTB2/KBIOP6/SPSCKO/ADP6/TSI4
<«—>PTB3/KBIOP7/MOSIO/ADP7/TSI5
<—>PTB4/FTM2CH4/MISQ0®
|«—>PTB5/FTM2CH5/SS0
<«—>PTB6/SDA/XTAL
|__l«—>PTB7/SCL/EXTAL

[ | <—>PTCO/FTM2CHO/ADP8/TSI6
[<<—>PTC1/FTM2CH1/ADP9/TSI7
[<«—>PTC2/FTM2CH2/ADP10
[<—>PTC3/FTM2CH3/ADP11
[<«<—>PTC4/FTM1CHO/RTCO
[<<—>PTC5/FTM1CH1
[<€<—>PTC6/RxD1/TSI8
L__<—>PTC7/TxD1/TSI9

[ <—>PTDO/KBI1PO/FTM2CH2/SPSCK13
«—> PTD1/KBI1P1/FTM2CH3/MOSI1®
<> PTD2/KBI1P2/MISO1/TSI10
[<«<—>PTD3/KBI1P3/SS1/TSI11
[<—>PTD4/KBI1P4

[<«<—>PTD5/KBI1P5
[<<—>PTD6/KBI1P6/RxD2
L__<—>»PTD7/KBI1P7/TxD2

<
h =
]
n

Port B

Port D

l«<—>PTE1/MOSI0®
<«—>PTE2/MISO0

<«—>PTE3/SS0
«<—>PTE4

<«<—>PTE5
<«<—>PTE6
L l<€—>PTE7/TCLK2

[ [ <—>PTFO0/TSI12
[<«<—>PTF1/TSI13
[<<—>PTF2/TSI14
[<«<—>PTF3/TSI15
[<«<—>PTF4/ADP12
[<—>PTF5/ADP13
[<€«<—>PTF6/ADP14
—l<€—>PTF7/ADP15

[<«<—>PTGO
[<—>PTG1
[<—>PTG2
[<—>PTG3

Port E

Port F

|l «—>PTHO/FTM2CHO?
| «—>PTH1/FTM2CH1
«—>pTH2/BUSOUT *
<«<—>PTHs
«—>pTH7

[ PotH || PortG |

Figure 9-4. Block diagram highlighting the MTIM modules and pins
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9.8.2.1 MTIMO as ADC hardware trigger

MTIMO overflow can be used as ADC hardware trigger. See ADC hardware trigger for
details.

9.8.3 Real-time counter (RTC)

The real-time counter (RTC) consists of one 16-bit counter, one 16-bit comparator,
several binary-based and decimal-based prescaler dividers, two clock sources, and one
programmable periodic interrupt. This module can be used for time-of-day, calendar or
any task scheduling functions. It can also serve as a cyclic wakeup from low power
modes without external components. RTC overflow trigger can be used as hardware
trigger for ADC and TSI module. Furthermore, when the trigger is enabled, RTC can
toggle external pin function if the counter overflows.

The following figure shows the device block diagram highlighting RTC module and pin.
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Timers

EXT.

HCS08 CORE
(——| | KEYBOARD INTERRUPT |,
MODULE (KBI N
CPU BDC ODULE (KBI0)
KBYBOARD INTERRUPT |,
MODULE (KBI1) \
SYSTEM INTEGRATION
MODULE (81M) 8-BIT MODULO TIMER |,
(MTIMO) N
| WDOG | | IRQ | 8-BIT MODULO TIMER
(—
| 1 kHz OSC | | LVD | (MTIM1)
2.CHFLEXTIMER |,
INTERRUPT PRIORITY A MODULE (FTMo) (——
CONTROLLER(IPC) N
2.CHFLEXTIMER |,
ON-CHIP ICE AND . MODULE (FTM1) (——
DEBUG MODUE (DBG) N—
6-CH FTM TIMER /
USER FLASH MODULE (FTM2) N
MCOS08PTEO = 60,864 bytes  [(——
MC9S08PT32 = 32,768 bytes SERIAL COMMUNICATION |4
INTERFACE (SClo) |V
USER EEPROM
MC9S08PT60 = 256 bytes (—— | | SERIAL COMMUNICATION |
MC9S08PT32 = 256 bytes INTERFACE (SCH) N—]
USER RAM SERIAL COMMUNICATION |,
MCISO0BPTEO = 4,096 bytes  (—— INTERFACE (SCI2) [V
MC9S08PT32 = 4,096 bytes
8-BIT SERIAL PERIPHERAL |,
20 MHz INTERNAL CLOCK | INTERFACE MODULE(SPI0) |V
SOURCE (ICS \
(cs) 16-BIT SERIAL PERIPHERAL |,
INTERFACE MODULE(SPI1) [N
EXTERNAL OSCILLATOR |4
SOURCE (XOSC) \ INTER-INTEGRATED |
CIRCUIT(IC) \
POWER MANAGEMENT
CONTHOLLER (PMC) —— | | ANALOG COMPARATOR |,
(ACMP) N
16-CH 12-BIT V.
To. | N—
ANALOG-TO-DIGITAL (—
CONVERTER(ADC)
TOUCH SENSE 1
CYCLIC REDUNDANCY 1 INTERFACE (TSI) '
CHECK (CRC) N

1. PTA2 and PTA3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.

3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded
in 32-pin packages.
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Port D

[ PortE

Port F

<«—>PTA2/KBIOP2/RxD0/SDA’
<«—>PTA3/KBIOP3/TxD0/SCL'
<«—>PTA4/ACMPO/BKGD/MS 2
<«—>PTA5/IRQ/TCLKO/RESET
[<«—>PTA6/FTM2FAULT1/ADP2/TSIO
<—>PTA7/FTM2FAULT2/ADP3/TSI

|<—>PTBO/KBIOP4/RxDO/ADP4/TSI2
<«—>PTB1/KBIOP5/TXDO/ADP5/TSI3
<—>PTB2/KBIOP6/SPSCKO/ADP6/TSI4
<«—>PTB3/KBIOP7/MOSIO/ADP7/TSIS
<—>PTB4/FTM2CH4/MISQ0®
|«—>PTB5/FTM2CH5/SS0
<«—>PTB6/SDA/XTAL
<—>PTB7/SCL/EXTAL

[<«<—>PTC0/FTM2CHO/ADP8/TSI6
[<«<—>PTC1/FTM2CH1/ADP9/TSI7
[<«—>PTC2/FTM2CH2/ADP10
[<—>PTC3/FTM2CH3/ADP11

[<«<—>PTC5/FTM1CH1
[<€<—>PTC6/RxD1/TSI8
<—>»PTC7/TxD1/TSI9

<—>PTDO/KBI1PO/FTM2CH2/SPSCK1 3
<«—> PTD1/KBI1P1/FTM2CH3/MOSI1®
[<«<—>PTD2/KBI1P2/MISO1/TSI10
[<«—>PTD3/KBI1P3/SS1/TSI11
[<«<—>PTD4/KBI1P4

[<«<—>PTD5/KBI1P5
[<—>PTD6/KBI1P6/RxD2
<—>»PTD7/KBI1P7/TxD2

«—>PTEO/SPSCKO/TCLK13
<«—>PTE1/MOSI0®
<—>PTE2/MISO0
<«<—>PTE3/SSO
«—>PTE4

<«<—>»PTE5
l€«<—>»PTE6
<—>PTE7/TCLK2

[<«<—>PTFO/TSI12
[<€<—>PTF1/TSI13
[<€—>PTF2/TSI14
[<«<—>PTF3/TSI15
[<«<—>PTF4/ADP12
[<«<—>PTF5/ADP13
[<«<—>PTF6/ADP14
<—>»PTF7/ADP15

[<«<—>PTGO
[<€<—>PTG1
[<«<—>PTG2
[<«<—>PTG3

«—>PTHO/FTM2CHO®
«—>PTH1/FTM2CH13
«—>PTH2/BUSOUT *
«—>PTH6
«—>pTH7

[ PotH || PortG | |

Figure 9-5. Device block diagram highlighting RTC module and pin
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9.9 Communication interfaces

9.9.1 Serial communications interface (SCI)

This device includes three independent serial communications interface (SCI) modules.
Typically, these systems are used to connect to the RS232 serial input/output port of a
personal computer or workstation. They can also be used to communicate with other
embedded controllers.

A flexible, 13-bit, modulo-based baud rate generator supports a broad range of standard
baud rates beyond 115.2 kbaud. Transmit and receive within the same SCI use a common
baud rate, and each SCI module has a separate baud rate generator.

This SCI system offers many advanced features not commonly found on other
asynchronous serial I/O peripherals of the embedded controllers. The receiver employs an
advanced data sampling technique that ensures reliable communication and noise
detection. Hardware parity, receiver wakeup, and double buffering on transmit and
receive are also included.

NOTE
2-bit stop bits mode is not supported in SCI2.

The following figure shows the device block diagram highlighting SCI modules and pins.
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Communication interfaces

HCS08 CORE
ra—
(——| | KEYBOARD INTERRUPT |,
MODULE (KBI N
cPU BDC ODULE (KBIO)
KBYBOARD INTERRUPT |,
MODULE (KBI1) N
SYSTEM INTEGRATION
MODULE (811 8-BIT MoerJTLIJ'\LA(Z TIMER |,
" ( ) —'_V‘
| wooe || wma [
8-BIT MODULO TIMER
(—
| 1 kHz 0SC | | LVD | (MTIM1)
2.CHFLEXTIMER |
INTERRUPT PRIORITY A MODULE (FTMO) (——
CONTROLLER(IPC) N
2.CHFLEXTIMER | —V_"
ON-CHIP ICE AND . MODULE (FTM1) ——
DEBUG MODUE (DBG)  f——
6-CHFTMTIMER |y
USER FLASH MODULE (FTM2) N
MCOS08PTEO = 60,864 bytes  (———
MC9S08PT32 = 32,768 bytes
N— LN
USER EEPROM v
MC9S08PT60 = 256 bytes (—— 1
MC9S08PT32 = 256 bytes N—
USER RAM |
MCOSO0BPTEO = 4,096 bytes  (—— \
MCOS08PT32 = 4,096 bytes
8-BIT SERIAL PERIPHERAL | —
20 MHz INTERNAL CLOCK | INTERFACE MODULE(SPI0) [V
SOURCE (ICS N
(1c8) 16-BIT SERIAL PERIPHERAL |,
EXT. INTERFACE MODULE(SPI1) N
EXTERNAL OSCILLATOR |4
Hi(/TAL SOURCE (XOSC) \ INTER-INTEGRATED |
DD N ]
CIRCUIT(IIC LN
Vss_,, (e ]
Voo®,]  POWER MANAGEMENT
Ves® CONTROLLER (PMC) (——| | AnALoG comParATOR |4
Vss5: (ACMP) N
v
Voot 16-CH 12-BIT REAL-TIME COUNTER ||
VReFy, ANALOG-TO-DIGITAL (— (RTC) N L—N
Vssag | CONVERTER(ADC)
TOUCH SENSE 1
CYCLIC REDUNDANCY A INTERFACE (TSI) '
CHECK (CRO) —
V|

1. PTA2 and PTAS3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.
3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded

in 32-pin packages.

Por

Port B

Port C

Port D

[| PorE

Port F

<«—>PTA0/KBIOPO/FTMOCHO/ACMPO/ADPO
PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1

[<—>PTA4/ACMPO/BKGD/MS 2
[<«—>PTA5/IRQ/TCLKO/RESET

[<—>PTAG/FTM2FAULT1/ADP2/TSIO
<—>PTA7/FTM2FAULT2/ADP3/TSI

|«—>PTB2/KBIOP6/SPSCKO/ADP6/TSI4
<«—>PTB3/KBIOP7/MOSIO/ADP7/TSI5
<—>PTB4/FTM2CH4/MISQ0®
|«—>PTB5/FTM2CH5/SS0
<«—>PTB6/SDA/XTAL
<—>PTB7/SCLEXTAL

[<«—>PTC0/FTM2CHO/ADP8/TSI6
[<<—>PTC1/FTM2CH1/ADP9/TSI7
[<«<—>PTC2/FTM2CH2/ADP10
[<—>PTC3/FTM2CH3/ADP11
[<<—>PTC4/FTM1CHO/RTCO
[<«—>PTC5/FTM1CH1

<«—>PTDO/KBI1PO/FTM2CH2/SPSCK1 3
«—> PTD1/KBI1P1/FTM2CH3/MOSI1®
[<«<—>PTD2/KBI1P2/MISO1/TSI10
[<«<—>PTD3/KBI1P3/SS1/TSI11
[<—>PTD4/KBI1P4

[<—>PTD5/KBI1P5

«<—>PTE0/SPSCKO/TCLK13
<«—>PTE1/MOSI0®
<«—>PTE2/MISO0
<«<—>PTE3/SS0O
«—>PTE4

<«<—>PTE5
<«<—>PTE6
<—>PTE7/TCLK2

[<«<—>PTFO/TSI12
[<«<—>PTF1/TSI13
[<<—>PTF2/TSI14
[<«<—>PTF3/TSI15
[<«<—>PTF4/ADP12
[<—>PTF5/ADP13
[<«<—>PTF6/ADP14
<<—>PTF7/ADP15

[<—>PTGO
[<—>PTG1
[<«<—>PTG2
[<—>PTG3

«<—>PTHO/FTM2CHO
«<—>PTH1/FTM2CH13
«—>pTH2/BUSOUT *
<—>PTHs
<«—>pTH7

[ PortH || PortG | |

Figure 9-6. Device block diagram highlighting SCI modules and pins
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9.9.1.1 SCIO0 infrared functions

9.9.1.1.1 SCI0 TxD modulation

SCIO TxD output can be modulated by FTMO channel 0 PWM output. Please refer to
SCIO TxD modulation.

9.9.1.1.2 SCI0 RxD tag

ACMP module output can be directly ejected to SCIO RxD. In this mode, SCIO external
RxD pinout does not work. Any external signal tagged to ACMP inputs can be set as SCI
input. Please refer to SCIO RxD filter.

9.9.2 8-Bit Serial Peripheral Interface (8-bit SPI)

This MCU contains an 8-bit serial peripheral interface (SPI0) module which provides for
full-duplex, synchronous, serial communication between the MCU and peripheral
devices. These peripheral devices can include other microcontrollers, analog-to-digital
converters, shift registers, sensors, memories, etc.

The following figure shows the device block diagram highlighting 8-bit SPI module and
pins.
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SCIO0 infrared functions

[ |<—>PTAO/KBIOPO/FTMOCHO/ACMPO/ADPO
<«—>PTA1/KBIOP1/FTMOCH1/ACMP1/ADP1
HCS08 CORE < <—>PTA2/KBIOP2/F{XDO/SDA1
A LN « [«—PTA3/KBIOP3/TXDO/SCL
K— | | KEYBOARD INTERRUPT V] £ [« —>PTA4/ACMPO/BKGD/MS 2
cPU BDC MODULE (KBIO) [<«—>PTA5/IRQ/TCLKO/RESET
[<«—>PTA6/FTM2FAULT1/ADP2/TSIO
KBYBOARD INTERRUPT | l«—>PTA7/FTM2FAULT2/ADP3/TSI1
MODULE (KBI1) rl:::PTBO/KBIOP4/RxD0/ADP4/TSI2
SYSTEM INTEGRATION v —— PTB1/KBIOP5/TxDO/ADP5/TSI3
MODULE (SIM)
(MTIMO) LN
— —
| WDOG | | IRQ | \
8-BIT MODULO TIMER
TV LI:::PTB&SDA/XTAL
| 1 kHz OSC | | LVD | PTB7/SCL/EXTAL
2-CH FLEX TIMER _HPTgojFTMZSH%ADPngIG
INTERRUPT PRIORITY 1 <«—>PTC1/FTM2CH1/ADPY/TSI7
CONTROLLER(IPC) \— MODULE (FTMO) & [« PTC2/FTM2CH2/ADP10
l—>
e s || ) 5 [ Iperec ey
ON-CHIP ICE AND o
VEmm— MODULE (FTM1) <«—>PTC5/FTM1CH1
DEBUG MODUE (DBG) N— <> PTC6/RXD1/TSIS
6-CH FTM TIMER |__l«—>»PTC7/TXD1/TSI9
USER FLASH 1 MODULE (FTM2) [ [<—>PTDO/KBI1 PO/FTM2CH2/SPSCK1 3
MC9S08PT60 = 60,864 bytes ~ K——, <«—>PTD1/KBI1P1/FTM2CH3/MOSH
MC9S08PT32 = 32,768 bytes SERIAL COMMUNICATION A [«—>PTD2/KBI1P2/MISO1/TSI10
INTERFACE (SCI0) LN « [<«<—>PTD3/KBI1P3/SS1/TSI11
USER EEPROM | © [«—>PTD4/KBI1P4
MC9S08PT60 = 256 bytes \,_"— SERIAL COMMUNICATION <—>PTD5/KBI1P5
MC9S08PT32 = 256 bytes INTERFACE (SCH) HEIB%S” ES;?:S:
USER RAM SERIAL COMMUNICATION
MC9S08PT60 = 4,096 bytes \,_"— INTERFACE (SCI2)
MC9S08PT32 = 4,096 bytes
— E l«—>PTE4
20 MHz INTERNAL CLOCK |, «—>PTE5
SOURCE (ICS) N <«—>PTE6
16-BIT SERIAL PERIPHERAL | le—»PTE7/TCLK2
EXT. X TERNAL OSCILLATOR INTERFACE MODULE(SPI1) —<«—>PTFO/TSI12
1 <«—>PTF1/TSI13
\)j-r& SOURCE (XOSC) N INTER-INTEGRATED L [«—>PTF2/TSI4
R CIRCUIT(IIC) LN ¢ [€<>PTF3/TSI15
VsSca V| £ [—>PTF4/ADP12
VD% POWER MANAGEMENT A ANALOG COMPARATOR <«<—>PTF5/ADP13
885. CONTROLLER (PMC) N ] ACMP l«—>PTF6/ADP14
Vss® | ( ) | l«—>PTF7/ADP15
V S—
v%“‘ 16-CH 12-BIT REAL-TIME COUNTER o) [<—>PTGO
VREFL ANALOG-TO-DIGITAL (— (RTC) LN ¢ [€>PTG1
Vssag ] CONVERTER(ADC) ol Dl EGZ
TOUCH SENSE [__[>PTG3
CYCLIC REDUNDANCY £ INTERFACE (TS1) [ J«—>PTHO/FTM2CH®
CHECK (CRC) - T [«—>PTH1/FTM2CH13
——) & [«—>PTH2/BUSOUT *
o [«—>PTH6
[<«<—>»pTH7

1. PTA2 and PTAS3 operate as true open drain when working as output .

2. PTA4/ACMPO/BKGD/MS is an output-only pin when used as port pin.
3. PTB4, PTB5, PTDO, PTD1, PTEO, PTE1, PTHO, and PTH1 can provide ultra-high source/sink current up to 20 mA.

4. The frequency of the clock from BUSOUT must be equal or less than 10 MHz with 25 pF loading at PAD.

5. The secondary power pair of Vpp and Vgg (pin 41 and pin 40 in 64-pin packages) and the third Vgg (pin 13 in 64-pin packages) are not bonded

in 32-pin packages.

Figure 9-7. Device block diagram highlighting 8-bit SPI module and pins
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9.9.3 16-bit serial peripheral interface (16-bit SPI)

This device contains a 16-bit serial peripheral interface (SPI1) module which provides for
full-duplex, synchronous, serial communication between the MCU and peripheral
devices. These peripheral devices can include other microcontrollers, analog-to-digital
converters, shift registers, sensors, memories, etc.

The following figure shows device block diagram highlighting 16-bit SPI module and
pins.
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MC9S08PT60 = 60,864 bytes
MC9S08PT32 = 32,768 bytes
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HCS08 CORE < <—>PTA2/KBIOP2/F{XDO/SDA1
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[<«—>PTA6/FTM2FAULT1/ADP2/TSIO
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