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Chapter 2 External Signal Description
Figure 2-4.  Basic System Connections

2.2.1 Power

VDD and VSS are the primary power supply pins for the MCU. This voltage source supplies power to all 
I/O buffer circuitry, ACMP and ADC modules, and to an internal voltage regulator. The internal voltage 
regulator provides a regulated lower-voltage source to the CPU and other internal circuitry of the MCU.

Typically, application systems have two separate capacitors across the power pins: a bulk electrolytic 
capacitor, such as a 10-μF tantalum capacitor, to provide bulk charge storage for the overall system, and a 
bypass capacitor, such as a 0.1-μF ceramic capacitor, located as near to the MCU power pins as practical 
to suppress high-frequency noise. 
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Chapter 2 External Signal Description
2.2.2 Oscillator (XOSC)

Out of reset, the MCU uses an internally generated clock provided by the internal clock source (ICS) 
module. The internal frequency is nominally 16-MHz and the default ICS settings will provide for a 
8-MHz bus out of reset. For more information on the ICS, see Chapter 10, “Internal Clock Source 
(S08ICSV1).”

The oscillator module (XOSC) in this MCU is a Pierce oscillator that can accommodate a crystal or 
ceramic resonator in either of two frequency ranges selected by the RANGE bit in ICSC2. Rather than a 
crystal or ceramic resonator, an external clock source can be connected to the EXTAL input pin.

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

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

C1 and C2 are typically in the 5-pF to 25-pF range and are chosen to match the requirements of a specific 
crystal or resonator. Be sure to take into account printed circuit board (PCB) capacitance and MCU pin 
capacitance when sizing 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). 

2.2.3 Reset (Input Only)

After a power-on reset (POR), the PTA5/IRQ/TCLK/RESET pin defaults to a general-purpose input port 
pin, PTA5. Setting RSTPE in SOPT1 configures the pin to be the RESET input pin. After configured as 
RESET, the pin will remain RESET until the next POR. The RESET pin can be used to reset the MCU 
from an external source when the pin is driven low. When enabled as the RESET pin (RSTPE = 1), an 
internal pullup device is automatically enabled.

NOTE
This pin does not contain a clamp diode to VDD and should not be driven 
above VDD. 

The voltage measured on the internally pulled-up RESET pin will not be 
pulled to VDD. The internal gates connected to this pin are pulled to VDD. 
The RESET pullup should not be used to pull up components external to the 
MCU.

NOTE
In EMC-sensitive applications, an external RC filter is recommended on the 
RESET pin, if enabled. See Figure 2-4 for an example.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 4 Memory Map and Register Definition
must be programmed to logic 0 to enable block protection. Therefore the value 0xF8 must be programmed 
into NVPROT to protect addresses 0xFA00 through 0xFFFF.

Figure 4-4. Block Protection Mechanism

One use for block protection is to block protect an area of FLASH memory for a bootloader program. This 
bootloader program then can be used to erase the rest of the FLASH memory and reprogram it. Because 
the bootloader is protected, it remains intact even if MCU power is lost in the middle of an erase and 
reprogram operation.

4.5.7 Vector Redirection

Whenever any block protection is enabled, the reset and interrupt vectors will be protected. Vector 
redirection allows users to modify interrupt vector information without unprotecting bootloader and reset 
vector space. Vector redirection is enabled by programming the FNORED bit in the NVOPT register 
located at address 0xFFBF to zero. For redirection to occur, at least some portion but not all of the FLASH 
memory must be block protected by programming the NVPROT register located at address 0xFFBD. All 
of the interrupt vectors (memory locations 0xFFC0–0xFFFD) are redirected, though the reset vector 
(0xFFFE:FFFF) is not.

For example, if 512 bytes of FLASH are protected, the protected address region is from 0xFE00 through 
0xFFFF. The interrupt vectors (0xFFC0–0xFFFD) are redirected to the locations 0xFDC0–0xFDFD. Now, 
if an SPI interrupt is taken for instance, the values in the locations 0xFDE0:FDE1 are used for the vector 
instead of the values in the locations 0xFFE0:FFE1. This allows the user to reprogram the unprotected 
portion of the FLASH with new program code including new interrupt vector values while leaving the 
protected area, which includes the default vector locations, unchanged.

4.6 Security
The MC9S08QG8/4 includes circuitry to prevent unauthorized access to the contents of FLASH and RAM 
memory. When security is engaged, FLASH and RAM are considered secure resources. Direct-page 
registers, high-page registers, and the background debug controller are considered unsecured resources. 
Programs executing within secure memory have normal access to any MCU memory locations and 
resources. Attempts to access a secure memory location with a program executing from an unsecured 
memory space or through the background debug interface are blocked (writes are ignored and reads return 
all 0s).

Security is engaged or disengaged based on the state of two nonvolatile register bits (SEC01:SEC00) in 
the FOPT register. During reset, the contents of the nonvolatile location NVOPT are copied from FLASH 
into the working FOPT register in high-page register space. A user engages security by programming the 
NVOPT location which can be done at the same time the FLASH memory is programmed. The 1:0 state 
disengages security and the other three combinations engage security. Notice the erased state (1:1) makes 
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Chapter 5  
Resets, Interrupts, and General System Control

5.1 Introduction
This section discusses basic reset and interrupt mechanisms and the various sources of reset and interrupts 
in the MC9S08QG8/4. Some interrupt sources from peripheral modules are discussed in greater detail 
within other sections of this data sheet. This section gathers basic information about all reset and interrupt 
sources in one place for easy reference. A few reset and interrupt sources, including the computer 
operating properly (COP) watchdog and real-time interrupt (RTI), are not part of on-chip peripheral 
systems with their own chapters but are part of the system control logic.

5.2 Features
Reset and interrupt features include:

• Multiple sources of reset for flexible system configuration and reliable operation
• Reset status register (SRS) to indicate source of most recent reset
• Separate interrupt vectors for each module (reduces polling overhead) (see Table 5-2)

5.3 MCU Reset
Resetting the MCU provides a way to start processing from a known set of initial conditions. During reset, 
most control and status registers are forced to initial values and the program counter is loaded from the 
reset vector (0xFFFE:0xFFFF). On-chip peripheral modules are disabled and I/O pins are initially 
configured as general-purpose, high-impedance inputs with pullup devices disabled. The I bit in the 
condition code register (CCR) is set to block maskable interrupts so the user program has a chance to 
initialize the stack pointer (SP) and system control settings. SP is forced to 0x00FF at reset.

The MC9S08QG8/4 has the following sources for reset:
• External pin reset (PIN) — enabled using RSTPE in SOPT1
• Power-on reset (POR)
• Low-voltage detect (LVD)
• Computer operating properly (COP) timer
• Illegal opcode detect (ILOP)
• Illegal address detect (ILAD)
• Background debug force reset

Each of these sources, with the exception of the background debug force reset, has an associated bit in the 
system reset status register.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 5 Resets, Interrupts, and General System Control
(RANGE = 0). Only the internal 1-kHz clock source can be selected to wake the MCU from stop1 or stop2 
modes. 

The SRTISC register includes a read-only status flag, a write-only acknowledge bit, and a 3-bit control 
value (RTIS) used to select one of seven wakeup periods. The RTI has a local interrupt enable, RTIE, to 
allow masking of the real-time interrupt. The RTI can be disabled by writing each bit of RTIS to 0s, and 
no interrupts will be generated. See Section 5.8.7, “System Real-Time Interrupt Status and Control 
Register (SRTISC),” for detailed information about this register.

5.8 Reset, Interrupt, and System Control Registers and Control Bits
One 8-bit register in the direct page register space and eight 8-bit registers in the high-page register space 
are related to reset and interrupt systems. 

Refer to the direct-page register summary in Chapter 4, “Memory Map and Register Definition,” for the 
absolute address assignments for all registers. This section refers to registers and control bits only by their 
names. A Freescale-provided equate or header file is used to translate these names into the appropriate 
absolute addresses.

Some control bits in the SOPT1, SOPT2, and SPMSC2 registers are related to modes of operation. 
Although brief descriptions of these bits are provided here, the related functions are discussed in greater 
detail in Chapter 3, “Modes of Operation.”
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 5 Resets, Interrupts, and General System Control
5.8.3 System Background Debug Force Reset Register (SBDFR) 

This high page 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. 

 7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W BDFR1

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

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 5-4. System Background Debug Force Reset Register (SBDFR)

Table 5-5. SBDFR Register Field Descriptions

Field Description

0
BDFR

Background Debug Force Reset — A serial background command such as WRITE_BYTE can be used to allow 
an external debug host to force a target system reset. Writing 1 to this bit forces an MCU reset. This bit cannot 
be written from a user program. To enter user mode, PTA4/ACMPO/BKGD/MS must be high immediately after 
issuing WRITE_BYTE command. To enter BDM, PTA4/ACMPO/BKGD/MS must be low immediately after issuing 
WRITE_BYTE command. See Table A-9., “Control Timing,” for more information.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 5 Resets, Interrupts, and General System Control
5.8.5 System Options Register 2 (SOPT2) 

This high page register contains bits to configure MCU specific features on the MC9S08QG8/4 devices.

 7 6 5 4 3 2 1 0

R
COPCLKS1

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

0 0 0 0 0
IICPS ACIC

W

Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 5-6.  System Options Register 2 (SOPT2)

Table 5-7. SOPT2 Register Field Descriptions

Field Description

7
COPCLKS

COP Watchdog Clock Select — This write-once bit selects the clock source of the COP watchdog.
0 Internal 1-kHz clock is source to COP.
1 Bus clock is source to COP.

1
IICPS

IIC Pin Select— This bit selects the location of the SDA and SCL pins of the IIC module.
0 SDA on PTA2, SCL on PTA3.
1 SDA on PTB6, SCL on PTB7.

0
ACIC

Analog Comparator to Input Capture Enable— This bit connects the output of ACMP to TPM input channel 0. 
0 ACMP output not connected to TPM input channel 0.
1 ACMP output connected to TPM input channel 0.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 7 Central Processor Unit (S08CPUV2)
7.2 Programmer’s Model and CPU Registers
Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.

Figure 7-1. CPU Registers

7.2.1 Accumulator (A)

The A accumulator is a general-purpose 8-bit register. One operand input to the arithmetic logic unit 
(ALU) is connected to the accumulator and the ALU results are often stored into the A accumulator after 
arithmetic and logical operations. The accumulator can be loaded from memory using various addressing 
modes to specify the address where the loaded data comes from, or the contents of A can be stored to 
memory using various addressing modes to specify the address where data from A will be stored.

Reset has no effect on the contents of the A accumulator.

7.2.2 Index Register (H:X)

This 16-bit register is actually two separate 8-bit registers (H and X), which often work together as a 16-bit 
address pointer where H holds the upper byte of an address and X holds the lower byte of the address. All 
indexed addressing mode instructions use the full 16-bit value in H:X as an index reference pointer; 
however, for compatibility with the earlier M68HC05 Family, some instructions operate only on the 
low-order 8-bit half (X). 

Many instructions treat X as a second general-purpose 8-bit register that can be used to hold 8-bit data 
values. X can be cleared, incremented, decremented, complemented, negated, shifted, or rotated. Transfer 
instructions allow data to be transferred from A or transferred to A where arithmetic and logical operations 
can then be performed. 

For compatibility with the earlier M68HC05 Family, H is forced to 0x00 during reset. Reset has no effect 
on the contents of X.

SP

PC

CONDITION CODE REGISTER

CARRY
ZERO 
NEGATIVE 
INTERRUPT MASK
HALF-CARRY (FROM BIT 3)
TWO’S COMPLEMENT OVERFLOW

H X

0

0

0

7

15

15

7 0

ACCUMULATOR  A

INDEX REGISTER (LOW)INDEX REGISTER (HIGH)

STACK POINTER

8 7

PROGRAM COUNTER

16-BIT INDEX REGISTER H:X

CCRCV 1 1 H I N Z
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5

88 Freescale Semiconductor
 



Chapter 7 Central Processor Unit (S08CPUV2)
7.3 Addressing Modes
Addressing modes define the way the CPU accesses operands and data. In the HCS08, all memory, status 
and control registers, and input/output (I/O) ports share a single 64-Kbyte linear address space so a 16-bit 
binary address can uniquely identify any memory location. This arrangement means that the same 
instructions that access variables in RAM can also be used to access I/O and control registers or nonvolatile 
program space.

Some instructions use more than one addressing mode. For instance, move instructions use one addressing 
mode to specify the source operand and a second addressing mode to specify the destination address. 
Instructions such as BRCLR, BRSET, CBEQ, and DBNZ use one addressing mode to specify the location 
of an operand for a test and then use relative addressing mode to specify the branch destination address 
when the tested condition is true. For BRCLR, BRSET, CBEQ, and DBNZ, the addressing mode listed in 
the instruction set tables is the addressing mode needed to access the operand to be tested, and relative 
addressing mode is implied for the branch destination.

7.3.1 Inherent Addressing Mode (INH)

In this addressing mode, operands needed to complete the instruction (if any) are located within CPU 
registers so the CPU does not need to access memory to get any operands.

7.3.2 Relative Addressing Mode (REL)

Relative addressing mode is used to specify the destination location for branch instructions. A signed 8-bit 
offset value is located in the memory location immediately following the opcode. During execution, if the 
branch condition is true, the signed offset is sign-extended to a 16-bit value and is added to the current 
contents of the program counter, which causes program execution to continue at the branch destination 
address.

7.3.3 Immediate Addressing Mode (IMM)

In immediate addressing mode, the operand needed to complete the instruction is included in the object 
code immediately following the instruction opcode in memory. In the case of a 16-bit immediate operand, 
the high-order byte is located in the next memory location after the opcode, and the low-order byte is 
located in the next memory location after that.

7.3.4 Direct Addressing Mode (DIR)

In direct addressing mode, the instruction includes the low-order eight bits of an address in the direct page 
(0x0000–0x00FF). During execution a 16-bit address is formed by concatenating an implied 0x00 for the 
high-order half of the address and the direct address from the instruction to get the 16-bit address where 
the desired operand is located. This is faster and more memory efficient than specifying a complete 16-bit 
address for the operand.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Inter-Integrated Circuit (S08IICV1)
11.3.4 IIC Status Register (IICS)

7 6 5 4 3 2 1 0

R TCF
IAAS

BUSY
ARBL

0 SRW
IICIF

RXAK

W

Reset 1 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 11-6. IIC Status Register (IICS)

Table 11-6. IICS Register Field Descriptions

Field Description

7
TCF

Transfer Complete Flag — This bit is set on the completion of a byte transfer. Note that this bit is only valid 
during or immediately following a transfer to the IIC module or from the IIC module.The TCF bit is cleared by 
reading the IICD register in receive mode or writing to the IICD in transmit mode.
0 Transfer in progress.
1 Transfer complete.

6
IAAS

Addressed as a Slave — The IAAS bit is set when the calling address matches the programmed slave address. 
Writing the IICC register clears this bit.
0 Not addressed.
1 Addressed as a slave. 

5
BUSY

Bus Busy — The BUSY bit indicates the status of the bus regardless of slave or master mode. The BUSY bit is 
set when a START signal is detected and cleared when a STOP signal is detected.
0 Bus is idle.
1 Bus is busy. 

4
ARBL

Arbitration Lost — This bit is set by hardware when the arbitration procedure is lost. The ARBL bit must be 
cleared by software, by writing a one to it. 
0 Standard bus operation.
1 Loss of arbitration. 

2
SRW

Slave Read/Write — When addressed as a slave the SRW bit indicates the value of the R/W command bit of 
the calling address sent to the master. 
0 Slave receive, master writing to slave.
1 Slave transmit, master reading from slave. 

1
IICIF

IIC Interrupt Flag — The IICIF bit is set when an interrupt is pending. This bit must be cleared by software, by 
writing a one to it in the interrupt routine. One of the following events can set the IICIF bit: 

• One byte transfer completes
• Match of slave address to calling address
• Arbitration lost

0 No interrupt pending.
1 Interrupt pending. 

0
RXAK

Receive Acknowledge — When the RXAK bit is low, it indicates an acknowledge signal has been received after 
the completion of one byte of data transmission on the bus. If the RXAK bit is high it means that no acknowledge 
signal is detected.
0 Acknowledge received.
1 No acknowledge received. 
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Serial Communications Interface (S08SCIV3) 
14.2.2 SCI Control Register 1 (SCIC1)

This read/write register is used to control various optional features of the SCI system.

Table 14-2. SCIBDL Register Field Descriptions

Field Description

7:0
SBR[7:0]

Baud Rate Modulo Divisor — These 13 bits are referred to collectively as BR, and they set the modulo divide 
rate for the SCI baud rate generator. When BR = 0, the SCI baud rate generator is disabled to reduce supply 
current. When BR = 1 to 8191, the SCI baud rate = BUSCLK/(16×BR). See also BR bits in Table 14-1.

 7 6 5 4 3 2 1 0

R
LOOPS SCISWAI RSRC M WAKE ILT PE PT

W

Reset 0 0 0 0 0 0 0 0

Figure 14-7. SCI Control Register 1 (SCIC1)

Table 14-3. SCIC1 Register Field Descriptions

Field Description

7
LOOPS

Loop Mode Select — Selects between loop back modes and normal 2-pin full-duplex modes. When LOOPS = 1, 
the transmitter output is internally connected to the receiver input.
0 Normal operation — RxD and TxD use separate pins.
1 Loop mode or single-wire mode where transmitter outputs are internally connected to receiver input. (See 

RSRC bit.) RxD pin is not used by SCI.

6
SCISWAI

SCI Stops in Wait Mode
0 SCI clocks continue to run in wait mode so the SCI can be the source of an interrupt that wakes up the CPU.
1 SCI clocks freeze while CPU is in wait mode.

5
RSRC

Receiver Source Select — This bit has no meaning or effect unless the LOOPS bit is set to 1. When 
LOOPS = 1, the receiver input is internally connected to the TxD pin and RSRC determines whether this 
connection is also connected to the transmitter output.
0 Provided LOOPS = 1, RSRC = 0 selects internal loop back mode and the SCI does not use the RxD pins.
1 Single-wire SCI mode where the TxD pin is connected to the transmitter output and receiver input.

4
M

9-Bit or 8-Bit Mode Select
0 Normal — start + 8 data bits (LSB first) + stop.
1 Receiver and transmitter use 9-bit data characters

start + 8 data bits (LSB first) + 9th data bit + stop.

3
WAKE

Receiver Wakeup Method Select — Refer to Section 14.3.3.2, “Receiver Wakeup Operation” for more 
information.
0 Idle-line wakeup.
1 Address-mark wakeup.

2
ILT

Idle Line Type Select — Setting this bit to 1 ensures that the stop bit and logic 1 bits at the end of a character 
do not count toward the 10 or 11 bit times of the logic high level by the idle line detection logic. Refer to 
Section 14.3.3.2.1, “Idle-Line Wakeup” for more information.
0 Idle character bit count starts after start bit.
1 Idle character bit count starts after stop bit.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5

198 Freescale Semiconductor
 



Serial Communications Interface (S08SCIV3) 
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5

210 Freescale Semiconductor
 



Timer/Pulse-Width Modulator (S08TPMV2)
16.4.2.2 Output Compare Mode

With the output compare function, the TPM can generate timed pulses with programmable position, 
polarity, duration, and frequency. When the counter reaches the value in the channel value registers of an 
output compare channel, the TPM can set, clear, or toggle the channel pin.

In output compare mode, values are transferred to the corresponding timer channel value registers only 
after both 8-bit bytes of a 16-bit register have been written. This coherency sequence can be manually reset 
by writing to the channel status/control register (TPMCnSC).

An output compare event sets a flag bit (CHnF) that can optionally generate a CPU interrupt request.

16.4.2.3 Edge-Aligned PWM Mode

This type of PWM output uses the normal up-counting mode of the timer counter (CPWMS = 0) and can 
be used when other channels in the same TPM are configured for input capture or output compare 
functions. The period of this PWM signal is determined by the setting in the modulus register 
(TPMMODH:TPMMODL). The duty cycle is determined by the setting in the timer channel value register 
(TPMCnVH:TPMCnVL). The polarity of this PWM signal is determined by the setting in the ELSnA 
control bit. Duty cycle cases of 0 percent and 100 percent are possible.

As Figure 16-11 shows, the output compare value in the TPM channel registers determines the pulse width 
(duty cycle) of the PWM signal. The time between the modulus overflow and the output compare is the 
pulse width. If ELSnA = 0, the counter overflow forces the PWM signal high and the output compare 
forces the PWM signal low. If ELSnA = 1, the counter overflow forces the PWM signal low and the output 
compare forces the PWM signal high.

Figure 16-11. PWM Period and Pulse Width (ELSnA = 0)

When the channel value register is set to 0x0000, the duty cycle is 0 percent. By setting the timer channel 
value register (TPMCnVH:TPMCnVL) to a value greater than the modulus setting, 100% duty cycle can 
be achieved. This implies that the modulus setting must be less than 0xFFFF to get 100% duty cycle.

Because the HCS08 is a family of 8-bit MCUs, the settings in the timer channel registers are buffered to 
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to either register, 
TPMCnVH or TPMCnVL, write to buffer registers. In edge-PWM mode, values are transferred to the 
corresponding timer channel registers only after both 8-bit bytes of a 16-bit register have been written and 
the value in the TPMCNTH:TPMCNTL counter is 0x0000. (The new duty cycle does not take effect until 
the next full period.)
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Appendix A
Electrical Characteristics

A.1 Introduction
This section contains electrical and timing specifications.

A.2 Absolute Maximum Ratings
Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not 
guaranteed. Stress beyond the limits specified in Table A-1 may affect device reliability or cause 
permanent damage to the device. For functional operating conditions, refer to the remaining tables in this 
section.

This device contains circuitry protecting against damage due to high static voltage or electrical fields; 
however, it is advised that normal precautions be taken to avoid application of any voltages higher than 
maximum-rated voltages to this high-impedance circuit. Reliability of operation is enhanced if unused 
inputs are tied to an appropriate logic voltage level (for instance, either VSS or VDD) or the programmable 
pull-up resistor associated with the pin is enabled.

Table A-1. Absolute Maximum Ratings

Rating Symbol Value Unit

Supply voltage VDD –0.3 to +3.8 V

Maximum current into VDD IDD 120 mA

Digital input voltage VIn –0.3 to VDD + 0.3 V

Instantaneous maximum current 
Single pin limit (applies to all port pins)1, 2, 3

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

2 All functional non-supply pins are internally clamped to VSS and VDD.
3 Power supply must maintain regulation within operating VDD range during instantaneous and 

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

ID ± 25 mA

Storage temperature range Tstg –55 to 150 °C
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Appendix A Electrical Characteristics
Internal pulldown resistor (KBI) RPD 17.5 52.5 kΩ

Output high voltage — low drive (PTxDSn = 0)
IOH = –2 mA (VDD ≥ 1.8 V)

VOH

VDD – 0.5
—

VOutput high voltage — high drive (PTxDSn = 1)
IOH = –10 mA (VDD ≥ 2.7 V)
IOH = –6 mA (VDD ≥ 2.3 V)
IOH = –3 mA (VDD ≥ 1.8 V)

VDD – 0.5
—
—
—

Maximum total IOH for all port pins | IOHT | — 60 mA

Output low voltage — low drive (PTxDSn = 0)
IOL = 2.0 mA (VDD ≥ 1.8 V)

VOL

— 0.5
V

Output low voltage — high drive (PTxDSn = 1) 
   IOL = 10.0 mA (VDD ≥ 2.7 V)

IOL = 6 mA (VDD ≥ 2.3 V)
IOL = 3 mA (VDD ≥ 1.8 V)

—
—
—

0.5
0.5
0.5

Maximum total IOL for all port pins IOLT — 60 mA

DC injection current 2, 5, 6, 7

VIN < VSS, VIN > VDD
Single pin limit
Total MCU limit, includes sum of all stressed pins

IIC –0.2
–5

0.2
5

mA
mA

Input capacitance (all non-supply pins) CIn — 7 pF

1 RAM will retain data down to POR voltage. RAM data not guaranteed to be valid following a POR.
2 This parameter is characterized and not tested on each device. 
3 Measurement condition for pull resistors: VIn = VSS for pullup and VIn = VDD for pulldown.
4 PTA5/IRQ/TCLK/RESET pullup resistor may not pullup to the specified minimum VIH. However, all ports are functionally tested 

to guarantee that a logic 1 will be read on any port input when the pullup is enabled and no DC load is present on the pin.
5 All functional non-supply pins are internally clamped to VSS and VDD.
6 Input must be current limited to the value specified. To determine the value of the required current-limiting resistor, calculate 

resistance values for positive and negative clamp voltages, then use the larger of the two values.
7 Power supply must maintain regulation within operating VDD range during instantaneous and operating maximum current 

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

Table A-6. DC Characteristics  (continued)

Parameter Symbol Min Typical Max Unit
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Appendix A Electrical Characteristics
Figure A-4. Typical High-Side (Source) Characteristics — Low Drive (PTxDSn = 0)

Figure A-5. Typical High-Side (Source) Characteristics — High Drive (PTxDSn = 1)

A.6 Supply Current Characteristics
This section includes information about power supply current in various operating modes.

 

Table A-7.  Supply Current Characteristics

Parameter Symbol VDD (V)1 Typical2 Max T (°C)

Run supply current 3 measured in FBE mode at 
fBus = 8 MHz

RIDD 3 3.5 mA 5mA 125

2 2.5 mA — 125

Run supply current 3 measured in FBE mode at 
fBus = 1 MHz

RIDD 3 490 μA 1mA 125

2 370 μA — 125

Wait mode supply current 4 measured in FBE at 8 MHz WIDD 3 1mA 1.5mA 125

Stop1 mode supply current 
S1I

DD

3
475 nA

10μA
1.2μA

125
85

2 470 nA — 85

Stop2 mode supply current 
S2I

DD

3
600 nA

15 μA
2 μA

125
85

2 550 nA — 85

Stop3 mode supply current
S3I

DD

3
750 nA

35 μA
6 μA

125
85

2 680 nA — 85

TYPICAL VDD – VOH VS IOH AT VDD = 3.0 V

IOH (mA))

0

0.2

0.4

0.6

0.8

1

1.2

–20–15–10–50

TYPICAL VDD – VOH VS VDD AT SPEC IOH

VDD (V)

V D
D 

– 
V O

H 
(V

)

0

0.05

0.1

0.15

0.2

0.25

1 2 3 4

V D
D 

– 
V O

H 
(V

)

 25°C
85°C

 –40°C  25°C, IOH = 2 mA
85°C, IOH = 2 mA

 –40°C, IOH = 2 mA

TYPICAL VDD – VOH VS IOH AT VDD = 3.0 V

IOH (mA)

0

0.2

0.4

0.6

0.8

–30–25–20–15–10–50

TYPICAL VDD – VOH VS VDD AT SPEC IOH

VDD (V)

V D
D 

– 
V O

H 
(V

)

0

0.1

0.2

0.3

0.4

1 2 3 4

IOH = –10 mA

IOH = –6 mA

IOH = –3 mAV D
D 

– 
V O

H 
(V

)  25°C
85°C

–40°C

 25°C
85°C

–40°C
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Appendix A Electrical Characteristics
Figure A-11. Timer External Clock

Figure A-12. Timer Input Capture Pulse

A.8.3 SPI Timing

Table A-11 and Figure A-13 through Figure A-16 describe the timing requirements for the SPI system.

Table A-10. TPM/MTIM Input Timing

Function Symbol Min Max Unit

External clock frequency fTCLK 0 fBus/4 Hz

External clock period tTCLK 4 — tcyc

External clock high time tclkh 1.5 — tcyc

External clock low time tclkl 1.5 — tcyc

Input capture pulse width tICPW 1.5 — tcyc

Table A-11. SPI Timing

No. Function Symbol Min Max Unit

Operating frequency
Master
Slave

fop
fBus/2048

0
fBus/2
fBus/4

Hz

1 SPSCK period
Master
Slave

tSPSCK
2
4

2048
—

tcyc
tcyc

2 Enable lead time
Master
Slave

tLead
1/2
1

—
—

tSPSCK
tcyc

3 Enable lag time
Master
Slave

tLag
1/2
1

—
—

tSPSCK
tcyc

tTCLK

tclkh

tclkl

TCLK 

tICPW

TPMCHn

tICPW

TPMCHn
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