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MC9S08QES8 Series Features

8-Bit HCS08 Central Processor Unit (CPU)

Development Support

Up to 20 MHz CPU at 3.6 V to 1.8 V across temperature
range of —40°C to 85°C

HCO08 instruction set with added BGND instruction
Support for up to 32 interrupt/reset sources

On-Chip Memory

Flash read/program/erase over full operating voltage and
temperature

Random-Access memory (RAM)

Security circuitry to prevent unauthorized access to RAM
and flash contents

Power-Saving Modes

+ Single-Wire background debug interface
» Breakpoint capability to allow single breakpoint setting

during in-circuit debugging (plus two more breakpoints in
on-chip debug module)

On-Chip in-circuit emulator (ICE) debug module
containing three comparators and nine trigger modes. Eight
deep FIFO for storing change-of-flow addresses and
event-only data. Debug module supports both tag and force
breakpoints

Peripherals

Two low power stop modes

Reduced power wait mode

Low power run and wait modes allow peripherals to run
while voltage regulator is in standby

Peripheral clock gating register can disable clocks to unused
modules, thereby reducing currents.

Very low power external oscillator that can be used in stop2
and stop3 modes to provide accurate clock source to real
time counter

6 us typical wake up time from stop3 mode

Clock Source Options

Oscillator (XOSC) — Loop-Control Pierce oscillator;
crystal or ceramic resonator range of 31.25 kHz to

38.4 kHz or 1 MHz to 16 MHz

Internal Clock Source (ICS) — Internal clock source
module containing a frequency-locked-loop (FLL)
controlled by internal or external reference; precision
trimming of internal reference allows 0.2% resolution and
2% deviation over temperature and voltage; supporting bus
frequencies from 1 MHz to 10 MHz.

System Protection

Watchdog computer operating properly (COP) reset with
option to run from dedicated 1 kHz internal clock source or
bus clock

Low-Voltage warning with interrupt

Low-Voltage detection with reset or interrupt

Illegal opcode detection with reset

Illegal address detection with reset

Flash block protection

ADC — 10-channel, 12-bit resolution; 2.5 pus conversion
time; automatic compare function; 1.7 mV/°C temperature
sensor; internal bandgap reference channel; operation in
stop3; fully functional from 3.6 Vto 1.8 V

ACMPx — Two analog comparators with selectable
interrupt on rising, falling, or either edge of comparator
output; compare option to fixed internal bandgap reference
voltage; outputs can be optionally routed to TPM module;
operation in stop3

SCI — Full-Duplex non-return to zero (NRZ); LIN master
extended break generation; LIN slave extended break
detection; wake-up on active edge

SPI — Full-Duplex or single-wire bidirectional;
double-buffered transmit and receive; master or slave mode;
MSB-first or LSB-first shifting

IIC —IIC with up to 100 kbps with maximum bus loading;
multi-master operation; programmable slave address;
interrupt driven byte-by-byte data transfer; supporting
broadcast mode and 10-bit addressing

TPMx — Two 3-channel TPMs (TPM1 and TPM2);
selectable input capture, output compare, or buffered edge-
or center-aligned PWM on each channel

RTC — (Real-Time counter) 8-bit modulus counter with
binary or decimal based prescaler; external clock source for
precise time base, time-of-day, calendar or task scheduling
functions; free running on-chip low power oscillator

(1 kHz) for cyclic wake-up without external components;
runing in all MCU modes

Input/Output

26 GPIOs, one output-only pin and one input-only pin
Eight KBI interrupts with selectable polarity

Hysteresis and configurable pullup device on all input pins;
configurable slew rate and drive strength on all output pins.

Package Options

* 32-pin LQFP, 32-pin QFN, 28-pin SOIC, 20-pin SOIC,

16-pin PDIP, 16-pin TSSOP
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To provide the most up-to-date information, the revision of our documents on the World Wide Web will be
the most current. Your printed copy may be an earlier revision. To verify you have the latest information
available, refer to:

http://freescale.com/

The following revision history table summarizes changes contained in this document.

Revision Revision

Number Date Description of Changes

2 Nov 2007 Initial preliminary release

3 Jan 2008 Initial public release

Changed the ADC conversion time to 2.5 us in the feature page. Changed the
unit in Equation 10-2 to pus.

Added a note to the Section 15.1, “Introduction.”

4 Jan 2009 Fixed the cross reference in Section 12.7, “Initialization/Application Information.”
Added a paragraph before Table 4-4 and added a footnote of IFR at the same
page.

Updated “How to reach us” information.

Updated Section 13.1.5, “RTC Clock Gating”

Updated Figure 4-2 and Figure 4-3.

In Chapter 11, “Internal Clock Source (S08ICSV3),” added a note in

Section 11.1.3.7, “Stop (STOP);” updated Figure 11-2 to reflect ICSERCLK is
gated off when STOP is high or when ERCLKEN is low.

In Chapter 10, “Analog-to-Digital Converter (SOBADC12V1),” Changed Vppap
supply references to Vppa; fixed ADCRH:L description for compare operation,
including an updates of Section 10.4.5, “Automatic Compare Function”
description and ADCRH:L register descriptions (Section 10.3.3, “Data Result
High Register (ADCRH) and Section 10.3.4, “Data Result Low Register
(ADCRL)?)

Reworded Chapter 16, “Timer/Pulse-Width Modulator (SO8TPMV3).”

5 May 19, 2009

Added FLS bit description in the Table 5-15.
6 Sept 2, 2009 | Updated Section 13.1.2, “RTC Clock Sources,” to clarify the clock sources for
the RTC.

7 April 12, 2011 | Added 32-pin QFN package information.
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Chapter 1

Device Overview

The MC9S08QES8 and MCI9S08QE4 are members of the low-cost, low-power, high-performance HCS08
family of 8-bit microcontroller units (MCUs). All MCUs in the family use the enhanced HCSO0S8 core and

are available with a variety of modules, memory sizes, memory types, and package types.

1.1 Devices in the MC9S08QES8 Series

Table 1-1 summarizes the feature set available in the MC9SO8QES series of MCU .
Table 1-1. MC9S08QES Series Features by MCU and Package

Feature MC9S08QES MC9S08QE4
Flash size (bytes) 8192 4096
RAM size (bytes) 512 256
Pin quantity 32 |28 |20 | 16 | 32 |28 | 20 | 16
ACMP1 yes
ACMP2 yes | yes | no no | yes | yes | no no
ADC channels 10 10 8 8 10 10 8 8
ADC Resolution 12 12 10 10 12 12 10 10
DBG yes
ICS yes
IIC yes
IRQ yes
KBI 8
Port 1/0' 26 [ 22 [ 16 [ 12|26 [22] 16 ] 12
RTC yes
SCI yes
SPI yes
TPM1 channels 3 3 3 3 3 3
TPM2 channels 3 3 3 3 3 3
XOSCVLP yes

T Port I/0 count does not include the output-only PTA4 or the input-only

PTAS5 pins.
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Chapter 1 Device Overview

MCU Block Diagram
The block diagram in Figure 1-1 shows the structure of the MC9S08QES series MCU.

1.2

BKGD/MS
B T
HCS08 CORE
DEBUG MODULE (DBG)
CPU BDC
REAL-TIME COUNTER
(RTC)
HCS08 SYSTEM CONTROL sl
>
RESETS AND INTERRUPTS (IC MODULE (IIC) SDA
MODES OF OPERATION -~ >
POWER MANAGEMENT RQ oo
X
SERIAL COMMUNICATIONS |22
[ cop |[ ma ][ wwo | INTERFACE MODULE (SCI) |—P0 5
SS
USER FLASH W
(MC9S08QES = 8192 BYTES) SERIAL PERIPHERAL MOS|
(MC9S08QE4 = 4096 BYTES) INTERFACE MODULE (SPI) [<~ >
R E—
e
(MC9S08QE4 = 256 BYTES) 6 c
MODULE (TPM1) | @ TPM1CH1
TPM1CH2
20 MHz INTERNAL CLOCK TCLK
_ SOURCE(Cs) 16-BITTIMERPWM | 1PM2CHO
LOW-POWER OSCILLATOR | EXTAL MODULE (TPM2) < 1PM2CHT
31.25 kHz to 38.4 kHz ~— TPM2CH2
1 MHz to 16 MHz XTAL < >
(XOSCVLP) v ACMP10
S8 ANALOG COMPARATOR | _ ACMP1-
Vss | Voog | (ACMP1) ACMP1+
Voo VOLTAGE REGULATOR Vees ‘ ACMP20
—> > ANALOG COMPARATOR ACMP2-
Pos (ACMP2) | < ACMP2:
Vssa'VRerL @ o
VooAVREFH @ o 12-BIT
- ADP9-ADPO
VRerL ™ ANALOG-TO-DIGITAL  |e—————
T < CONVERTER (ADG12)

O pins not available on 16-pin packages
@ pins not available on 16-pin or 20-pin packages
m pins not available on 16-pin, 20-pin or 28-pin packages
Notes: When PTA5 is configured as RESET, pin becomes bi-directional with output being open-drain drive containing an internal pullup device.

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

KEYBOARD INTERRUPT
MODULE (KBI)

KBIP7-KBIPO
l————————

PORTC | | PORT B | | PORT A

PORTD

<« ® » PTA7/TPM2CH2/ADP9

<« ® » PTA6/TPM1CH2/ADP8

<«— PTA5/IRQ/TCLK/RESET

L » PTA4/ACMP10/BKGD/MS

<«—>» PTA3/KBIP3/SCL/ADP3

<«—>» PTA2/KBIP2/SDA/ADP2

<«—>» PTA1/KBIP1/TPM2CHO/ADP1/ACMP1-
<«—>» PTAO/KBIPO/TPM1CHO/ADPO/ACMP1+

~«—>» PTB7/SCL/EXTAL
~<—>» PTB6/SDA/XTAL
~«—>» PTB5/TPM1CH1/SS
~—> PTB4/TPM2CH1/MISO
~—>» PTB3/KBIP7/MOSI/ADP7
~—> PTB2/KBIP6/SPSCK/ADP6
~—>» PTB1/KBIP5/TXD/ADP5
~—> PTBO/KBIP4/RxD/ADP4

<«® » PTC7/ACMP2-
<«® > PTCOH/ACMP2+
<«® » PTC5ACMP20
<«®» PTC4
<« » PTC3
<> PTC2
<«C» PTC1/TPM2CH2

<« » PTCOTPMICH2

—>
>
<
-

PTD3
PTD2
PTD1
PTDO

Figure 1-1. MC9S08QES8 Series Block Diagram
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Chapter 1 Device Overview

Table 1-2 provides the functional version of the on-chip modules

Table 1-2. Module Versions

Module Version
Analog Comparator (ACMPVLP) 1
Analog-to-Digital Converter (ADC12) 1
Central Processor Unit (CPU) 4
Inter-Integrated Circuit (nC) 2
Internal Clock Source (ICS) 3
Keyboard Interrupt (KBI) 2
Low Power Oscillator (XOSCVLP) 1
On-Chip In-Circuit Debug/Emulator  (DBG) 3
Real-Time Counter (RTC) 1
Serial Communications Interface (SCI) 4
Serial Peripheral Interface (SPI) 3
Timer Pulse Width Modulator (TPM) 3

1.3  System Clock Distribution

Figure 1-2 shows a simplified clock connection diagram. Some modules in the MCU have selectable clock
inputs as shown. The clock inputs to the modules indicate the clock(s) that are used to drive the module
function. All memory mapped registers associated with the modules are clocked with BUSCLK. The ICS
supplies the clock sources:

» ICSOUT — This clock source is used as the CPU clock and is divided by 2 to generate the
peripheral bus clock, BUSCLK. 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

See Chapter 11, “Internal Clock Source (SO8ICSV3),” for details on configuring the ICSOUT
clock.

* 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.

» ICSERCLK — This is the external reference clock and can be selected as the alternate clock for
the ADC module. The “Optional External Reference Clock™ section in Chapter 11, “Internal Clock
Source (SO8ICSV3),” explains the ICSERCLK in more detail. See Chapter 10, “Analog-to-Digital
Converter (SO8ADC12V1)” for more information regarding the use of ICSERCLK with these
modules.

* ICSIRCLK — This is the internal reference clock and can be selected as the real-time counter clock
source. Chapter 11, “Internal Clock Source (SO8ICSV3)” explains the ICSIRCLK in more detail.
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See Chapter 13, “Real-Time Counter (SO8RTCV1),” for more information regarding the use of
ICSIRCLK.

ICSFFCLK — This generates the fixed frequency clock (FFCLK) after being synchronized to the
bus clock. It can be selected as clock source for the TPM modules. The frequency of the
ICSFFCLK is determined by the settings of the ICS. See the “Fixed Frequency Clock” section in
Chapter 11, “Internal Clock Source (SO8ICSV3),” for details.

LPOCLK — This clock is generated from an internal low power oscillator that is completely
independent of the ICS module. The LPOCLK can be selected as the clock source to the RTC or
COP modules. See Chapter 13, “Real-Time Counter (SO8RTCV1),” and Section 5.4, “Computer
Operating Properly (COP) Watchdog” for details on using the LPOCLK with these modules.
OSCOUT — This is the output of the XOSCVLP module and can be selected as the real-time
counter clock source.

TCLK — TCLK is the optional external clock source for the TPM modules. The TCLK must be
limited to 1/4th the frequency of the bus clock for synchronization. See the “External TPM Clock
Sources” section in Chapter 16, “Timer/Pulse-Width Modulator (SO8TPMV3),” for more details.

TCLK —I—¢

1L';,HOZ LPOCLK RTC COP TPM1 TPM2 scl SPI
ICSIRCLK l L |
ICSERCLK
ICS ICSFFCLK FFCLK!
2] SYNC
ICSOUT |,—2|BUSCLKL‘
| hd
ICSLCLK
0SCOUT
XOSCVLP
* + CPU BDC DBG Ic ADC? FLASH®
EXTAL  XTAL

! The fixed frequency clock (FFCLK) is internally synchronized to the bus clock and must not exceed one half of the bus
clock frequency.

2 ADC has min and max frequency requirements. See the Chapter 10, “Analog-to-Digital Converter (S08ADC12V1) and
MC9S08QES Series Data Sheet for details.

3 Flash has frequency requirements for program and erase operation. See MCISO8QES Series Data Sheet for details.

Figure 1-2. System Clock Distribution Diagram
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Chapter 2
Pins and Connections

This chapter describes signals that connect to package pins. It includes pinout diagrams, recommended
system connections, and detailed discussions of signals.

2.1 Device Pin Assignment

This section shows the pin assignments for MC9S08QES series devices.
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Pins shown in bold type are lost in the next lower pin count package.

Figure 2-1. MC9S08QES8S Series in 32-Pin LQFP/QFN
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PTC5/ACMP20 | |

PTC4[ |
PTAS/IRQ/TCLK/RESET |_|
PTA4/ACMP10/BKGD/MS ||
Voo [

Vopa/VrerH| |
Vssa/VrerL[ |

Vss[ |

PTB7/SCL/EXTAL[ |
PTB6/SDA/XTAL[ |
PTBS/TPM1CH1/SS| |

PTB4/TPM2CH1/MISO[ |

PTC3[ |
pTC2[ |

10

11

12

13

14

28

27

26

25

24

23

22

21

20

19

18

17

16

15

| _|PTCO/ACMP2+

| |pTC7/ACMP2-

| |PTAO/KBIPO/TPM1CHO/ADPO/ACMP1+
| |PTA1/KBIP1/TPM2CHO/ADP1/ACMP1-
| |PTA2/KBIP2/SDA/ADP2

| |PTA3/KBIP3/SCL/ADP3

| |PTA6/TPM1CH2/ADPS

| |PTA7/TPM2CH2/ADPY

|| PTBO/KBIP4/RXD/ADP4

[ |PTB1/KBIP5/TXD/ADPS

|| PTB2/KBIP6/SPSCK/ADPE

| |PTB3/KBIP7/MOSI/ADP7

| ] PTCO/TPM1CH2

|| PTC1/TPM2CH2

Pins shown in bold type are lost in the next lower pin count package.

Figure 2-2. MC9S08QE8 Series in 28-Pin SOIC Package

PTA5/IRQ/TCLK/RESET |_|
PTA4/ACMP10/BKGD/MS [_|
Voo [

Ves[ |

PTB7/SCL/EXTAL[_|
PTB6/SDA/XTAL [ |
PTB5/TPM1CH1/SS[_|
PTB4/TPM2CH1/MISO[_|
pTC3[ |

pTC2[ |

9

10

N

20

19

18

17

16

15

14

13

12

11

] PTAO/KBIPO/TPM1CHO/ADPO/ACMP1+
] PTA1/KBIP1/TPM2CHO/ADP1/ACMP1—
|| PTA2/KBIP2/SDA/ADP2

| ] PTA3/KBIP3/SCL/ADP3

] PTBO/KBIP4/RXD/ADP4

|| PTB1/KBIP5/TXD/ADP5S

|| PTB2/KBIPE/SPSCK/ADPE

|| PTB3/KBIP7/MOSI/ADP7

| |pTcorPmicH2
|| PTC1TPM2CH2

Pins shown in bold type are lost in the next lower pin count package.

Figure 2-3. MC9S08QES8 Series in 20-Pin SOIC Package
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PTA5/IRQ/TCLK/RESET |_|
PTA4/ACMP10/BKGD/MS |_|
Voo [

Vss[_|

PTB7/SCL/EXTAL [ |
PTB6/SDA/XTAL [ |
PTB5/TPM1CH1/SS|_|

PTB4/TPM2CH1/MISO[_|

16

15

14

13

12
11

] PTAO/KBIPO/TPM1CHO/ADPO/ACMP1 +
] PTA1/KBIP1/TPM2CHOADP1/ACMP1—
] PTA2/KBIP2/SDA/ADP2

| | PTA3/KBIP3/SCL/ADP3

| ] PTBO/KBIP4/RXD/ADP4

| | PTB1/KBIP5/TXD/ADPS5

|| PTB2/KBIP6/SPSCK/ADP6

|| PTB3/KBIP7/MOSI/ADP7

Figure 2-4. MC9S08QES8 Series in 16-Pin PDIP and TSSOP Packages

2.2 Recommended System Connections

Figure 2-5 shows pin connections that are common to MC9S08QES series application systems.
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Chapter 2 Pins and Connections

PORT

<«——» PTAO/KBIPO/TPM1CHO/ADPO/ACMP1+
<«—>» PTA1/KBIP1/TPM2CHO/ADP1/ACMP1-
<«——» PTA2/KBIP2/SDA/ADP2
<«——>» PTA3/KBIP3/SCL/ADP3

» PTA4/ACMP10/BKGD/MS
- PTA5/IRQ/TCLK/RESET

<« PTA6/TPM1CH2/ADP8
<«——>» PTA7/TPM2CH2/ADP9

PORT

<«——>» PTBO/KBIP4/RxD/ADP4
<«——>» PTB1/KBIP5/TxD/ADP5
<«——> PTB2/KBIP6/SPSCK/ADP6
<«——» PTB3/KBIP7/MOSI/ADP7
<«——» PTB4/TPM2CH1/MISO
<«——» PTB5/TPM1CH1/SS

» PTB6/SDA/XTAL

A A

» PTB7/SCL/EXTAL

PORT

<«——» PTCO/TPM1CH2
<«——» PTC1/TPM2CH2
<«—>» PTC2
<«—>» PTC3
«—» PTC4
-<«——>» PTC5/ACMP20
<«——» PTC6/ACMP2+
~<«——> PTC7/ACMP2-

OPTIONAL

MANUAL
RESET
: (NOTE 1)

L

C1 f X1 % c2

Rs

L

L
I

| OPTIONAL
EMC

| PROTECTION |

(NOTE 3)

|
|
01uF |
|
|

J

(NOTE 2,4)

XTAL

PORT

<«——» PTD0
<«——>» PTD1
<«—>» PTD2
<«——>» PTD3

EXTAL

OPTIONAL EXTERNAL OSCILLATOR

(NOTE 6)

1. RESET pin can only be used to reset into user mode, you can not enter BDM using RESET pin. BDM can be entered by holding MS low
during POR or writing a 1 to BDFR in SBDFR with MS low after issuing BDM command.

S oA LN

Power

RESET/IRQ features have optional internal pullup device.
RC filter on RESET/IRQ pin_recommended for noisy environments.

When PTAS5 is configured as RESET, pin becomes bi-directional with output being open-drain drive containing an internal pullup device.
When PTA4 is configured as BKGD, pin becomes bi-directional
When using the XOSCVLP module in low range and low power mode, the external components RF, RS, C1 and C2 are not required.

Figure 2-5. Basic System Connections

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 for the CPU and other internal circuitry of the MCU.

MC9S08QE8 Series Reference Manual, Rev. 7

Freescale Semiconductor

27



Chapter 2 Pins and Connections

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

Vppa and Vgga are the analog power supply pins for the MCU. This voltage source supplies power to the
ADC and ACMP modules. A 0.1-pF ceramic bypass capacitor must be located as near to the MCU power
pins as practical to suppress high-frequency noise.

The Vigpy and Vygpp pins are the voltage reference high and voltage reference low inputs, respectively
for the ADC module. For this MCU, V4 shares the Vygpy pin and these pins are available only in the
28-pin and 32-pin packages. In the 16-pin and 20-pin package they are double bonded to the Vpp pin. For
this MCU, Vggp shares the Vygpp pin. These pins are available only in the 28-pin and 32-pin packages.
In the 16-pin and 20-pin package they are double bonded to the Vg pin.

2.2.2 Oscillator

Immediately after reset, the MCU uses an internally generated clock provided by the internal clock source
(ICS) module. The oscillator can be configured to run in stop2 or stop3 modes. For more information on
the ICS, see Chapter 11, “Internal Clock Source (SO8ICSV3).”

The oscillator (XOSCVLP) in this MCU is a Pierce oscillator that can accommodate a crystal or ceramic
resonator. An external clock source can optionally be connected to the EXTAL input pin.

Refer to Figure 2-5 for the following discussion. 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.

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

C1 and C2 are typically in the 5-pF to 25-pF range and are chosen to match the requirements of a specific
crystal or resonator. Be sure to consider 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).

When using the oscillator in low range and low gain mode, the external components Rg, R, C; and C, are
not required.

2.2.3 RESET Pin

After a power-on reset (POR), the PTAS/IRQ/TCLK/RESET pin defaults to a general-purpose input port
pin, PTAS. Setting RSTPE in SOPT1 configures the pin to be the RESET pin with an open-drain drive
containing an internal pullup device. After configured as RESET, the pin will remain in RESET until the
next POR. When enabled, the RESET pin can be used to reset the MCU from an external source when the
pin is driven low.
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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 a development
system can directly reset the MCU system. A manual external reset can be added by supplying a simple
switch to ground (pull reset pin low to force a reset).

Whenever any non-POR reset is initiated (whether from an external signal or from an internal system), the
enabled RESET pin is driven low for about 34 bus cycles. The reset circuitry decodes the cause of reset
and records it by setting a corresponding bit in the system reset status register (SRS).

NOTE
This pin does not contain a clamp diode to Vp and must not be driven
above Vpp.

NOTE

The voltage on the internally pulled up RESET pin when measured will be
below Vpp. The internal gates connected to this pin are pulled to Vpp. If

the RESET pin is required to drive to a Vpp level an external pullup must
be used.

NOTE

In EMC-sensitive applications, an external RC filter is recommended on the
RESET pin, if enabled. See Figure 2-5 for an example.

2.24 Background / Mode Select (BKGD/MS)

During a power-on-reset (POR) or background debug force reset (see Section 5.8.3, “System Background
Debug Force Reset Register (SBDFR),” for more information), the PTA4/ACMPO/BKGD/MS pin
functions as a mode select pin. Immediately after any reset, the pin functions as the background pin and
can be used for background debug communication. When enabled as the BKGD/MS pin (BKGDPE = 1),

an internal pullup device is automatically enabled.

The background debug communication function is enabled when BKGDPE in SOPT1 is set. 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 nothing is connected to this pin, the MCU will enter normal operating mode at the rising edge of the
internal reset after a POR, or force a background debug controller (BDC) reset. If a debug system is
connected to the 6-pin standard background debug header, it can hold BKGD/MS low. It can do this during
a POR or after issuing a background debug force reset. This will force the MCU to active background
mode.

The BKGD/MS pin is used primarily with BDC communications, and features 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 no significant capacitance must be connected to the BKGD/MS pin that could interfere
with background serial communications.

Although the BKGD/MS pin is a pseudo open-drain pin, the background debug communication protocol
provides brief, actively driven, high speedup pulses to ensure fast rise times. Small capacitances from
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cables and the absolute value of the internal pullup device play a minimal role in determining rise and fall
times on the BKGD/MS pin.

2.2.5 General-Purpose I/O (GPIO) and Peripheral Ports

The MC9S08QES series of MCUs support up to 26 general-purpose 1/O pins, 1 input-only pin, and 1
output-only pin, which are shared with on-chip peripheral functions (timers, serial I/O, ADC, ACMP, etc.).
The GPIO output-only (PTA4/ACMPO/BKGD/MS) and input-only (PTAS5/IRQ/TCLK/RESET) pins are
bi-directional when configured as BKGD and RESET, respectively.

When a port pin is configured as a general-purpose output or a peripheral uses the port pin as an output,
software can select one of two drive strengths and enable or disable slew rate control. When a port pin is
configured as a general-purpose input or a peripheral uses the port pin as an input, software can enable a
pullup device.

PTAS is a special case I/O pin. When the PTAS5/IRQ/TCLK/RESET pin is configured as PTAS input with
the pullup enabled, the voltage observed on the pin will not be pulled to Vpp. However, the internal
voltage on the PTAS node will be at V.

When an on-chip peripheral system is controlling a pin, data direction control bits still determine what is
read from port data registers even though the peripheral module controls the pin direction by controlling
the enable for the pin’s output buffer. For information about controlling these pins as general-purpose 1/0
pins, see Chapter 6, “Parallel Input/Output Control.”

NOTE

To avoid extra current drain from floating input pins, the reset initialization
routine in the application program must either enable on-chip pullup devices
or change the direction of unused or non-bonded pins to outputs so they do
not float.

When using the 28-pin device, the user must either enable on-chip pullup
devices or change the direction of non-bonded PTD3-PTDO pins to outputs
so the pins do not float.

When using the 20-pin device, the user must either enable on-chip pullup
devices or change the direction of non-bonded PTD3-PTDO, PTC7-PTC4
and PTA7-PTAG6 pins to outputs so the pins do not float.

When using the 16-pin device, the user must either enable on-chip pullup
devices or change the direction of non-bonded PTD3-PTDO, PTC7-PTCO
and PTA7-PTAG6 pins to outputs so the pins do not float.

Table 2-1. Pin Availability by Package Pin-Count

Pin Number <-- Lowest Priority --> Highest
32 | 28| 20 | 16 | PortPin Alt 1 Alt 2 Alt 3 Alt 4
— | — | — |PTD1
— | — | — |PTDO
5 3 3 Vbp

MC9S08QES8 Series Reference Manual, Rev. 7

30 Freescale Semiconductor



Chapter 2 Pins and Connections

Table 2-1. Pin Availability by Package Pin-Count (continued)

Pin Number <-- Lowest Priority --> Highest
32| 28| 20| 16 | PortPin Alt1 Alt 2 Alt 3 Alt 4
41 6| —| — Vopa/VRerH
S| 7T —| — Vssa/VRerL
6| 8| 4| 4 Vss
7|1 9| 5| 5 |PTB? SCL! EXTAL
8 | 10| 6 | 6 |PTB6 SDA' XTAL
9 | 11| 7| 7 |PTB5 TPM1CH1 |SS
10| 12| 8 | 8 |PTB4 TPM2CH1 | MISO
11| 13| 9 | — |PTC3
12 14| 10| — |PTC2
13| 15| 11 | — |[PTCH TPM2CH2?
14| 16| 12 | — |PTCO TPM1CH23
15| 17| 13| 9 |PTB3 KBIP7 MOSI ADP7
16 | 18| 14 | 10 |PTB2 KBIP6 SPSCK | ADP6
17| 19| 15| 11 |PTB1 KBIP5 TxD ADP5
18| 20| 16 | 12 |PTBO KBIP4 RxD ADP4
19| 21| — | — |PTA7 TPM2CH2? ADP9
20| 22| — | — |PTA6 TPM1CH23 ADP8
21| —| — | — |PTD3
2| —| —| — |PTD2
23| 23| 17 | 13 | PTA3 KBIP3 scL! ADP3
24 | 24 | 18| 14 |PTA2 KBIP2 SDA' ADP2
25| 25| 19| 15 | PTA1 KBIP1 TPM2CHO | ADP14 ACMP1-%
26| 26| 20 | 16 | PTAO KBIPO TPM1CHO | ADP0* ACMP1+4
27| 27| — | — |PTC7 ACMP2-
28| 28| — | — |PTC6 ACMP2+
29| 1| —| — |PTC5 ACMP20
30| 2| —| — |PTC4
31| 3 1 1 | PTA5 IRQ TCLK RESET
32| 4| 2| 2 |PTA4 ACMP10 | BKGD MS

TIc pins, SCL and SDA can be repositioned using IICPS in SOPT2, default reset locations
are PTA3 and PTA2.

2 TPM2CH2 pin can be repositioned using TPM2CH2PS in SOPT2, default reset location is
PTA7.

3 TPM1CH2 pin can be repositioned using TPM1CH2PS in SOPT2, default reset location is
PTAG.

4 |f ADC and ACMP1 are enabled, both modules will have access to the pin.
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Chapter 3
Modes of Operation

3.1 Introduction

The operating modes of the MCIS08QES series 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
* Active background mode for code development
* Run mode — CPU clocks can be run at full speed and the internal supply is fully regulated

* LPRUN mode — CPU and peripheral clocks are restricted to 125 kHz maximum and the internal
voltage regulator is in standby

*  Wait mode — CPU shuts down to conserve power; system clocks are running and full regulation
1s maintained

» LPWAIT mode — CPU shuts down to conserve power; peripheral clocks are restricted to 125 kHz
maximum and the internal voltage regulator is in standby

» Stop modes — System clocks are stopped and voltage regulator is in standby
— Stop3 — All internal circuits are powered for fast recovery
— Stop2 — Partial power down of internal circuits, RAM content is retained, I/O states held

3.3 Run Mode

This is the normal operating mode for the MC9S08QES series. In this mode, the CPU executes code from
internal memory with execution beginning at the address fetched from memory at OxXFFFE-OxFFFF after
reset.

3.3.1 Low Power Run Mode (LPRun)

In the low power run mode, the on-chip voltage regulator is put into its standby state. This state uses the
minimum power consumption necessary for CPU functionality. Power consumption is most reduced by
disabling the clocks to all unused peripherals by clearing the corresponding bits in the SCGC1 and SCGC2
registers.
Before entering this mode, the following conditions must be met:

» FBELP is the selected clock mode for the ICS.

* The HGO bit in the ICSC2 register is clear.

* The bus frequency is less than 125 kHz.

MC9S08QES8 Series Reference Manual, Rev. 7

Freescale Semiconductor 33



|
y

'
A
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» If enabled, the ADC must be configured to use the asynchronous clock source, ADACK, to meet
the ADC minimum frequency requirements. The bandgap channel cannot be converted in low
power run mode.

* The LVDE or LVDSE bit in SPMSCI register must be clear. LVD and LVW will automatically be
disabled.

* Flash programming/erasing is not allowed.
» ACMP option to compare to internal bandgap reference is not allowed in LPRUN and LPWAIT.

Once these conditions are met, low power run mode can be entered by setting the LPR bit in the SPMSC2
register.

To re-enter standard run mode, clear the LPR bit. The LPRS bit in the SPMSC2 register is a read-only
status bit that can be used to determine if the regulator is in full regulation mode or not. When LPRS is ‘0,
the regulator is in full regulation mode and the MCU can run at full speed in any clock mode.

3.3.1.1 Interrupts in Low Power Run Mode

Low power run mode provides the option to return to full regulation if any interrupt occurs. This is done
by setting the LPWUI bit in the SPMSC2 register. The ICS can then be set for full speed immediately in
the interrupt service routine.

If the LPWUI bit is clear, interrupts will be serviced in low power run mode.

If the LPWUI bit is set, LPR and LPRS bits will be cleared and interrupts will be serviced with the
regulator in full regulation.

3.3.1.2 Resets in Low Power Run Mode
Any reset will exit low power run mode, clear the LPR and LPRS bits, and return the device to normal run
mode.

3.3.1.3 BDM in Low Power Run Mode

Low power run mode cannot be entered when the MCU is in active background debug mode.

Ifadevice is in low power run mode, a falling edge on an active BKGD/MS pin exits low power run mode,
clears the LPR and LPRS bits and returns the device to normal run mode.
3.3.1.4 BDM in Low Power Wait Mode

If a device is in low power wait mode, a falling edge on an active BKGD/MS pin exits low power wait
mode, clears the LPR and LPRS bits and returns the device to normal run mode.

3.4 Active Background Mode

The active background mode functions are managed through the BDC in the HCSO08 core. The BDC and
the on-chip debug module (DBG), provide the means for analyzing MCU operation during software
development.
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Active background mode is entered in any of six ways:
*  When the BKGD/MS pin is low during POR

*  When the BKGD/MS pin is low immediately after issuing a background debug force reset (see
Section 5.8.3, “System Background Debug Force Reset Register (SBDFR))

*  When a BACKGROUND command is received through the BKGD/MS pin

*  When a BGND instruction is executed

*  When encountering a BDC breakpoint

*  When encountering a DBG breakpoint
After entering active background mode, the CPU is held in a suspended state while it waits for serial
background commands instead of executing instructions from the user application program.
Background commands are of two types:

» Non-intrusive commands, defined as commands that can be issued while the user program is
running. Non-intrusive commands can be issued through the BKGD pin while the MCU is in run
mode; non-intrusive commands can also be executed when the MCU is in the active background
mode. Non-intrusive commands include:

— Memory access commands

— Memory-access-with-status commands
— BDC register access commands

— The BACKGROUND command

* Active background commands, which can only be executed while the MCU is in active background

mode. Active background commands include commands to:

— Read or write CPU registers

— Trace one user program instruction at a time

— Leave active background mode to return to the user application program (GO)

The active background mode is used to program a bootloader or user application program into the flash
program memory before the MCU is operated in run mode for the first time. When the MC9S08QES series
is shipped from the Freescale Semiconductor factory, the flash program memory is erased by default unless
specifically noted. As a result, no program can be executed in run mode until the flash memory is initially
programmed. The active background mode can also be used to erase and reprogram the flash memory after
it has been previously programmed.

For additional information about the active background mode, refer to Chapter 17, “Development
Support.”

3.5 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 is 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 that lead to the interrupt service routine.
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While the MCU is in wait mode, background debug commands can be used on the following restrictions.

*  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.

3.5.1 Low Power Wait Mode (LPWait)

Low power wait mode is entered by executing a WAIT instruction while the MCU is in low power run
mode. In the low power wait mode, the on-chip voltage regulator remains in its standby state (as in the low
power run mode). This state uses the minimum power consumption necessary for most modules to
maintain functionality. Power consumption is most reduced by disabling the clocks to all unused
peripherals by clearing the corresponding bits in the SCGC register.

The same restrictions on the low power run mode apply to low power wait mode.

3.5.1.1 Interrupts in Low Power Wait Mode

If the LPWUI bit is set when the WAIT instruction is executed, then the voltage regulator will return to
full regulation when wait mode is exited. The ICS can be set for full speed immediately in the interrupt
service routine.

If the LPWUI bit is clear when the WAIT instruction is executed, an interrupt will return the device to low
power run mode.

If the LPWUI bit is set when the WAIT instruction is executed, an interrupt will return the device to normal
run mode with full regulation and the LPR and LPRS bits will be cleared.

3.5.1.2 Resets in Low Power Wait Mode

Any reset will exit low power wait mode, clear the LPR and LPRS bits, and return the device to normal
run mode.

3.6 Stop Modes

One of two stop modes (stop2 or stop3) is entered upon execution of a STOP instruction when the STOPE
bit in the system option 1 register (SOPT1) is set. In both stop modes, the bus and CPU clocks are halted.
In stop3 the voltage regulator is in standby. In stop2 the voltage regulator is in partial powerdown. The ICS
module can be configured to leave the reference clocks running. See Chapter 11, “Internal Clock Source
(SO8ICSV3),” for more information.

If the STOPE bit is not set when the CPU executes a STOP instruction, the MCU will not enter either stop
mode and an illegal opcode reset is forced. The stop modes are selected by setting the appropriate bits in
the system power management status and control 2 register (SPMSC2).
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Table 3-1 shows all of the control bits that affect stop mode selection and the mode selected under various
conditions. The selected mode is entered following the execution of a STOP instruction.
Table 3-1. Stop Mode Selection

Register | SOPT1 | BDCSCR SPMSC1 SPMSC2
Stop Mode
Bit name | STOPE | ENBDM ' | LVDE | LVDSE PPDC
0 X X X Stop modes disabled; illegal opcode reset if STOP
instruction executed
1 1 X X Stop3 with BDM enabled 2
1 0 Both bits must be 1 X Stop3 with voltage regulator active
1 0 Either bita 0 0 Stop3
1 0 Either bita 0 1 Stop2

' ENBDM is located in the BDCSCR which is only accessible through BDC commands, see Chapter 17, “Development
Support”

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

3.6.1 Stop2 Mode

Stop2 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. Most
of the internal circuitry of the MCU is powered off in stop2 with the exception of the RAM and optionally
the RTC and low power oscillator. Upon entering stop2, all I/O pin control signals are latched so that the
pins retain their states during stop?2.

Exit from stop2 is performed by asserting the wake-up pin (PTAS/IRQ/TCLK/RESET) on the MCU.

NOTE

PTA5/IRQ/TCLK/RESET is an active low wake-up and must be configured
as an input prior to executing a STOP instruction to avoid an immediate exit
from stop 2. PTAS/IRQ/TCLK/RESET can be disabled as a wake-up if it is
configured as a high driven output. For lowest power consumption in stop
2, this pin must not be left open if configured as input (enable the internal

pullup or tie an external pullup device or set pin as output).

In addition, the real-time counter (RTC) can wake the MCU from stop2, if enabled.

Upon wake-up from stop2 mode, the MCU starts up as from a power-on reset (POR):

* All module control and status registers are reset, except for SPMSC1-SPMSC3, RTCSC, RTCCNT
and RTCMOD.

* The LVD reset function is enabled and the MCU remains in the reset state if Vp is below the LVD
trip point

e The CPU takes the reset vector
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In addition to the above, upon waking up from stop2, the PPDF bit in SPMSC2 is set. This flag is used to
direct user code to go to a stop2 recovery routine. PPDF remains set and the I/O pin states remain latched
until a 1 is written to PPDACK in SPMSC2.

If using the low power oscillator during stop2, the user must reconfigure the ICSC2 register which contains
oscillator control bits before PPDACK is written.

To maintain I/O states for pins that were configured as GPIO before entering stop2, the user must restore
the contents of the I/O port registers, which have been saved in RAM, to the port registers before writing
to the PPDACK bit. If the port registers are not restored from RAM before writing to PPDACK, then the
pins will switch to their reset states when PPDACK is written.

For pins that were configured as peripheral 1/O, the user must reconfigure the peripheral module that
interfaces to the pin before writing to the PPDACK bit. If the peripheral module is not enabled before
writing to PPDACK, the pins will be controlled by their associated port control registers when the I/O
latches are opened.

3.6.2 Stop3 Mode

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

Stop3 can be exited by asserting RESET, or by an interrupt from one of the following sources: the RTC,
LVD, LVW, ADC, ACMPx, IRQ, SCI or the KBI.

If stop3 is exited by means of the RESET pin, then the MCU is reset and operation will resume after taking
the reset vector. Exit by means of one of the internal interrupt sources results in the MCU taking the
appropriate interrupt vector.

3.6.3 Active BDM Enabled in Stop Mode

Entry into the active background mode from run mode is enabled if the ENBDM bit in BDCSCR is set.
This register is described in Chapter 17, “Development Support.” If 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. Because of this, background debug communication remains possible. In addition,
the voltage regulator does not enter its low-power standby state but maintains full internal regulation. If
the user attempts to enter stop2 with ENBDM set, the MCU will instead enter stop3.

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 stop or wait mode. The
BACKGROUND command can be used to wake the MCU from stop and enter active background mode
if the ENBDM bit is set. After entering background debug mode, all background commands are available.

3.6.4 LVD Enabled in Stop Mode

The LVD system is capable of generating 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 SPMSCI1 both set) the voltage
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regulator remains active during stop mode. If the user attempts to enter stop2 with the LVD enabled for
stop, the MCU will instead enter stop3.

3.6.5 Stop Modes in Low Power Run Mode

Stop2 mode cannot be entered from low power run mode. If the PPDC bit is set, then the LPR bit cannot
be set. Likewise, if the LPR bit is set, the PPDC bit cannot be set.

Stop3 mode can be entered from low power run mode by executing the STOP instruction while in low
power run. Exiting stop3 with a reset will put the device back into normal run mode. If LPWUI is clear,
interrupts will exit stop3 mode, return the device to low power run mode, and then service the interrupt. If
LPWUI is set, interrupts will exit stop3 mode, put the device into normal run mode, clear LPR and LPRS
bits, and then service the interrupt.

3.7 Mode Selection

Several control signals are used to determine the current operating mode of the device. Table 3-2 shows
the conditions for each of the device’s operating modes.
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Table 3-2. Power Mode Selections

BDCSCR SPMSC1 SPMSC2
BDM PMC PMC Affects on Sub-System
Mode of Operation CPU & Periph CLKs
ENBDM ' | LVDE | LVDSE| LPR | PPDC BDM Clock | _'oltage
Regulator
RUN mode 0 X X 0 X on. ICS in any mode. off on
1 1 1
1 X X X on
LPRUN mode 0 0 X 1 0 low freq required. ICS in off standby
1 0 FBELP mode only.
WAIT mode - (Assumes WAIT instruction executed.) 0 X X 0 X CPU clock is off; off on
1 1 1 peripheral clocks on. ICS
state same as RUN mode.
1 X X X on
LPWAIT mode - (Assumes WAIT instruction executed.) 0 0 X 1 0 CPU clock is off; off standby
1 0 peripheral clocks
at low speed. ICS in
FBELP mode.
STOP3 - (Assumes STOPE bit is set and STOP 0 0 X X 0 ICS in STOP. ICSERCLK off standby
instruction executed.) Note that STOP3 is used in 0 1 0 X 0 ICSIRCLK, and OSCOUT off
place of STOP2 if the BDM or LVD is enabled. optionally on?
0 1 1 X X off on — stop
1 X X X X ICSLCLK still active. on currents
will be
increased
STOP2 - (Assumes STOPE bit is set and STOP 0 0 X 0 1 OSCOUT optionally on®3 off partial
instruction executed.) If BDM or LVD is enabled, 1 0 powerdown
STOPS3 will be invoked rather than STOP2.

' ENBDM is located in the BDC status and control register (BDCSCR) which is write accessible only through BDC commands.
2 Configured within the ICS module based on the settings of IREFSTEN, EFRESTEN, IRCLKEN and ERCLKEN.
3 In stop2, CPU, flash, ICS and all peripheral modules are powered down except for the RTC.
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g STOP3|

I | // ! _‘\\ " Mode Regulator State

| RUN l: LPRUN, RUN Full on

T 2 D WAIT | Fullon
r ——{sTOP2

\ p LPRUN Standby

6 - 2 LPWAIT | Standby

5 SEEE STOP3 Standby

LP‘WAITT STOP2 Partial powerdown

Figure 3-1. Allowable Power Mode Transitions for the MC9S08QES Series

Figure 3-1 illustrates mode state transitions allowed between the legal states shown in Table 3-1.
PTAS/IRQ/TCLK/RESET must be asserted low in order to exit STOP2. Interrupts suffice for the other
STOP and WAIT modes.

Table 3-3 defines triggers for the various state transitions shown in Figure 3-1.
Table 3-3. Triggers for Transitions Shown in Figure 3-1.

Transition # From To Trigger
RUN LPRUN Configure settings shown in Table 3-1, switch
LPR=1 last
1 Clear LPR
LPRUN RUN
Interrupt when LPWUI=1
RUN STOP?2 g_rlfeo?mftt:'[jec;?:ngs shown in Table 3-1, issue
2 e e AOTOLRESET .
LPRUN LPWAIT WAIT instruction
° LPWAIT LPRUN Interrupt when LPWUI=0
LPRUN STOP3 STOP instruction
‘ STOP3 LPRUN Interrupt when LPWUI=0
LPWAIT RUN Interrupt when LPWUI=1
° RUN LPWAIT NOT SUPPORTED
RUN WAIT WAIT instruction
° WAIT RUN Interrupt or reset
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Table 3-3. Triggers for Transitions Shown in Figure 3-1. (continued)

Transition # From To Trigger
STOP3 RUN Interrupt (if LPR =0, or LPR =1 and LPWUI =1) or
7 reset
RUN STOP3 STOP instruction

T An analog connection from this pin to the on-chip regulator will wake up the regulator, which will then initiate a power-on-reset

sequence.

3.7.1

On-Chip Peripheral Modules in Stop and Low Power Modes

When the MCU enters any stop mode, system clocks to the internal peripheral modules are stopped. Even
in the exception case (ENBDM = 1), where clocks to the background debug logic continue to operate,
clocks to the peripheral systems are halted to reduce power consumption. Refer to Section 3.6.1, “Stop2
Mode,” and Section 3.6.2, “Stop3 Mode,” for specific information on system behavior in stop modes.

When the MCU enters LPWait or LPRun modes, system clocks to the internal peripheral modules continue
based on the settings of the clock gating control registers (SCGC1 and SCGC2).

Table 3-4. Stop and Low Power Mode Behavior

Mode
Peripheral
Stop2 Stop3 LPWait LPRun

CPU Off Standby Standby On
RAM Standby Standby Standby On
Flash Off Standby Standby On

Port 1/0 Registers Off Standby Standby On
ADC Off Optionally On' Optionally On' Optionally On'
ACMPx Off Optionally On® Optionally On Optionally On
BDM Off3 Optionally On Off* Off*
COP Off Off Optionally On Optionally On
ICS Off Optionally On® On® On®

IIC Off Standby Optionally On Optionally On
IRQ Wake Up Optionally On Optionally On Optionally On
KBI Off Optionally On Optionally On Optionally On
LVD/LVW Off” Optionally On Off® Off®
RTC Optionally On Optionally On Optionally On Optionally On
SClI Off Standby Optionally On Optionally On
SPI Off Standby Optionally On Optionally On
TPMx Off Standby Optionally On Optionally On
Voltage Regulator Partial Powerdown Optionally On® Standby Standby
XOSCVLP Optionally On'? Optionally On'? Optionally On Optionally On
I/0O Pins States Held Peripheral Control Peripheral Control On

1 Requires the asynchronous ADC clock. For stop3, LVD must be enabled to run in stop if converting the bandgap channel.
2 LVD must be enabled to run in stop if using the bandgap as a reference.
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If ENBDM is set when entering stop2, the MCU will actually enter stop3.

If ENBDM is set when entering LPRun or LPWait, the MCU will actually stay in run mode or enter wait mode, respectively.
IRCLKEN and IREFSTEN set in ICSC1, else in standby.

ICS must be configured for FBELP, bus frequency limited to 125 kHz in LPRUN or LPWAIT.

If LVDSE is set when entering stop2, the MCU will actually enter stop3.

If LVDSE is set when entering LPRun or LPWait, the MCU will actually enter run or wait mode, respectively.

Requires the LVD to be enabled, else in standby. See Section 3.6.4, “LVD Enabled in Stop Mode.”

10 ERCLKEN and EREFSTEN set in ICSC2, else in standby.
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Chapter 4
Memory

4.1 MC9S08QES8 Series Memory Map

As shown in Figure 4-1, on-chip memory in the MCIS08QES series of MCUs consists of RAM, flash
program memory for nonvolatile data storage, and I/O and control/status registers. The registers are
divided into three groups:

» Direct-page registers (0x0000 through 0x005F)
» High-page registers (0x1800 through 0x184F)
» Nonvolatile registers (0xFFBO through 0xFFBF)

0x0000 0x0000

DIRECT PAGE REGISTERS DIRECT PAGE REGISTERS
0x005F 0X005F
0x0060 0x0060 RAM
RAM 0x015F 256 BYTES
512 BYTES 0x0160
0x025F UNIMPLEMENTED
0x0260 UNIMPLEMENTED 5792 BYTES
Ox17FF 5536 BYTES Ox17FF
0x1800 0x1800
HIGH PAGE REGISTERS HIGH PAGE REGISTERS
0x184F Ox184F
0x1850 0x1850
UNIMPLEMENTED
51,120 BYTES
UNIMPLEMENTED
55,216 BYTES
OXDFFF
0XEQ00
FLASH OXEFFF
8192 BYTES 0xF000
FLASH
4096 BYTES
OXFFFF OXFFFF
9S08QE8 9S08QE4

Figure 4-1. MC9S08QES8 Series Memory Maps
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4.2 Reset and Interrupt Vector Assignments

Table 4-1 shows address assignments for reset and interrupt vectors. The vector names shown in this table
are the labels used in the Freescale Semiconductor provided equate file for the MCISO8QES series.

Table 4-1. Reset and Interrupt Vectors

(I-Il\ig(:l;izjv) Vector Vector Name
O0xFFCO:FFCH
# U_nused Vector Space
(available for user program)
OxFFCC:FFCD
OxFFCE:OxFFCF RTC Vrtc
0xFFDO0:0xFFD1 Reserved —
OxFFD2:0xFFD3 Reserved —
0xFFD4:0xFFD5 Reserved —
0xFFD6:0xFFD7 ACMPx ' Vacmpx
0xFFD8:0xFFD9 ADC Conversion Vadc
OxFFDA:0xFFDB KBI Interrupt Vkeyboard
0xFFDC:0xFFDD Inc Viic
OxFFDE:OxFFDF SCI Transmit Vscitx
OxFFEO:0xFFE1 SCI Receive Vscirx
OxFFE2:0xFFE3 SCI Error Vscierr
OxFFE4:0xFFE5 SPI Vspi
OxFFE6:0xFFE7 Reserved —
OxFFE8:0xFFE9 TPM2 Overflow Vtpm2ovf
OxFFEA:OxFFEB TPM2 Channel 2 Vtpm2ch2
OxFFEC:0xFFED TPM2 Channel 1 Vipm2ch1
OxFFEE:OxFFEF TPM2 Channel 0 Vitpm2chO
OxFFFO0:0xFFF1 TPM1 Overflow Vipm1ovf
OxFFF2:0xFFF3 TPM1 Channel 2 Vipmich2
OxFFF4:0xFFF5 TPM1 Channel 1 Vipmich1
OxFFF6:0xFFF7 TPM1 Channel 0 Vtpm1chO
OxFFF8:0xFFF9 Low Voltage Detect or Low Voltage Warning Vivd
OxFFFA:0xFFFB IRQ Virq
OxFFFC:0xFFFD Swi Vswi
OxFFFE:OxFFFF Reset Vreset

T ACMP1 and ACMP2 share this vector, if both modules are enabled user must poll each flag to

determine pending interrupt.
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4.3 Register Addresses and Bit Assighments
The registers in the MCISO08QES series are divided into these groups:

» Direct-page registers are the ones located in the first 256 locations in the memory map; these are
accessible with efficient direct addressing mode instructions.

» High-page registers are used much less often, so they are located above 0x1800 in the memory
map. This leaves more room in the direct page for more frequently used registers and RAM.

» The nonvolatile register area consists of a block of 16 locations in flash memory at
0xFFBO—OxFFBF. Nonvolatile register locations include:

— NVPROT and NVOPT are loaded into working registers at reset

— An 8-byte backdoor comparison key that optionally allows a user to gain controlled access to
secure memory

Because the nonvolatile register locations are flash memory, they must be erased and programmed
like other flash memory locations.

Direct-page registers can be accessed with efficient direct addressing mode instructions. Bit manipulation
instructions can be used to access any bit in any direct-page register. Table 4-2 is a summary of all
user-accessible direct-page registers and control bits.

The direct page registers in Table 4-2 can use the more efficient direct addressing mode, which requires
only the lower byte of the address. Because of this, the lower byte of the address in column one is shown
in bold text. In Table 4-3 and Table 4-4, the whole address in column one is shown in bold. In Table 4-2,
Table 4-3, and Table 4-4, the register names in column two are shown in bold to set them apart from the
bit names to the right. Cells that are not associated with named bits are shaded. A shaded cell with a 0
indicates this unused bit always reads as a 0. Shaded cells with dashes indicate unused or reserved bit
locations that could read as 1s or 0s. When writing to these bits, write a 0 unless otherwise specified.
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Address

0x0000
0x0001
0x0002
0x0003
0x0004
0x0005
0x0006
0x0007

0x0008 -
0x000B

0x000C
0x000D
0x000E
0x000F
0x0010
0x0011
0x0012
0x0013
0x0014
0x0015
0x0016
0x0017
0x0018
0x0019
0x001A
0x001B

0x001C -
0x001F

0x0020
0x0021

0x0022
0x0023
0x0024
0x0025
0x0026
0x0027
0x0028
0x0029
0x002A

Register
Name

PTAD
PTADD
PTBD
PTBDD
PTCD
PTCDD
PTDD
PTDDD

Reserved

KBISC
KBIPE
KBIES
IRQSC
ADCSC1
ADCSC2
ADCRH
ADCRL
ADCCVH
ADCCVL
ADCCFG
APCTL1
APCTL2
Reserved
ACMP1SC
ACMP2SC

Reserved

SCIBDH
SCIBDL
SCIC1
SCIC2
SCIs1
SCIS2
SCIC3
SCID
SPIC1
SPIC2
SPIBR

Table 4-2. Direct-Page Register Summary (Sheet 1 of 3)

Bit 7 6 5 4 3 2 1 Bit 0
PTAD7 | PTAD6 | PTAD5 | PTAD4 | PTAD3 | PTAD2 | PTAD1 PTADO
PTADD?7 | PTADD6 | PTADD5 | PTADD4 | PTADD3 | PTADD2 | PTADD1 | PTADDO
PTBD7 | PTBD6 | PTBD5 | PTBD4 | PTBD3 | PTBD2 | PTBD1 | PTBDO
PTBDD7 | PTBDD6 | PTBDD5 | PTBDD4 | PTBDD3 | PTBDD2 | PTBDD1 | PTBDDO
PTCD7 | PTCD6 | PTCD5 | PTCD4 | PTCD3 | PTCD2 | PTCD1 | PTCDO
PTCDD7 | PTCDD6 | PTCDD5 | PTCDD4 | PTCDD3 | PTCDD2 | PTCDD1 | PTCDDO

0 0 0 0 PTDD3 | PTDD2 | PTDD1 | PTDDO
0 0 0 0 PTDDD3 | PTDDD2 | PTDDD1 | PTDDDO
0 0 0 0 KBF KBACK KBIE | KBIMOD
KBIPE7 | KBIPE6 | KBIPE5 | KBIPE4 | KBIPE3 | KBIPE2 | KBIPE1 | KBIPEO
KBEDG7 | KBEDG6 | KBEDG5 | KBEDG4 | KB1EDGS3 | KB1EDG2 | KBIEDG1 | KB1EDGO
0 IRQPDD | IRQEDG | IRQPE IRQF | IRQACK | IRQIE | IRQMOD
coCco AIEN ADCO ADCH
ADACT | ADTRG | ACFE | ACFGT 0 0 — —
0 0 0 0 ADR11 | ADR10 ADR9 ADR8
ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1 ADRO
0 0 0 0 ADCV11 | ADCV10 | ADCV9 | ADCV8
ADCV7 | ADCV6 | ADCV5 | ADCV4 | ADCV3 | ADCV2 | ADCVi | ADCVO
ADLPC ADIV ADLSMP MODE ADICLK
ADPC7 | ADPCé | ADPC5 | ADPC4 | ADPC3 | ADPC2 | ADPC1 | ADPCO
— — — — — — ADPC9 | ADPC8
ACME | ACBGS ACF ACIE ACO ACOPE | ACMOD1 | ACMODO
ACME | ACBGS ACF ACIE ACO AC