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Chapter 1
General Description

1.1 Introduction

The MC68HC908QY4A is a member of the low-cost, high-performance M68HC08 Family of 8-bit
microcontroller units (MCUs). All MCUs in the family use the enhanced M68HCO08 central processor unit
(CPUO08) and are available with a variety of modules, memory sizes and types, and package types.

Table 1-1. Summary of Device Variations

Device Merl::;t:f I;ize ADC Czlunnt
MC68HC908QT1A 1536 bytes — 8 pins
MC68HC908QT2A 1536 bytes 6 channel, 10 bit 8 pins
MC68HC908QT4A 4096 bytes 6 channel, 10 bit 8 pins
MC68HC908QY1A 1536 bytes — 16 pins
MC68HC908QY2A 1536 bytes 6 channel, 10 bit 16 pins
MC68HC908QY4A 4096 bytes 6 channel, 10 bit 16 pins

1.2 Features

Features include:
* High-performance M68HC08 CPU core
e Fully upward-compatible object code with M6BHCO05 Family
e 5-V and 3-V operating voltages (Vpp)
e 8-MHz internal bus operation at 5V, 4-MHz at 3V
* Trimmable internal oscillator
Software selectable 1 MHz, 2 MHz, or 3.2 MHz internal bus operation
8-bit trim capability
+25% untrimmed
Trimmable to approximately 0.4%"
e Software selectable crystal oscillator range, 32—100 kHz, 1-8 MHz and 8-32 MHz
* Software configurable input clock from either internal or external source
* Auto wakeup from STOP capability using dedicated internal 32-kHz RC or bus clock source
e On-chip in-application programmable FLASH memory
— Internal program/erase voltage generation
— Monitor ROM containing user callable program/erase routines
—  FLASH security®@

1. See 16.11 Oscillator Characteristics for internal oscillator specifications
2. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or copying the FLASH difficult for
unauthorized users.
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Chapter 3
Analog-to-Digital Converter (ADC10) Module

3.1 Introduction

This section describes the 10-bit successive approximation analog-to-digital converter (ADC10).

The ADC10 module shares its pins with general-purpose input/output (I/O) port pins. See Figure 3-1 for
port location of these shared pins. The ADC10 on this MCU uses Vpp and Vgg as its supply and reference
pins. This MCU uses BUSCLKX4 as its alternate clock source for the ADC. This MCU does not have a
hardware conversion trigger.

3.2 Features

Features of the ADC10 module include:
* Linear successive approximation algorithm with 10-bit resolution
e Output formatted in 10- or 8-bit right-justified format
e Single or continuous conversion (automatic power-down in single conversion mode)
e Configurable sample time and conversion speed (to save power)
* Conversion complete flag and interrupt
* Input clock selectable from up to three sources
e Operation in wait and stop modes for lower noise operation
* Selectable asynchronous hardware conversion trigger

3.3 Functional Description

The ADC10 uses successive approximation to convert the input sample taken from ADVIN to a digital
representation. The approximation is taken and then rounded to the nearest 10- or 8-bit value to provide
greater accuracy and to provide a more robust mechanism for achieving the ideal code-transition voltage.

Figure 3-2 shows a block diagram of the ADC10

For proper conversion, the voltage on ADVIN must fall between Vggpy and Vgep, . If ADVIN is equal to
or exceeds VRggp, the converter circuit converts the signal to $3FF for a 10-bit representation or $FF for
a 8-bit representation. If ADVIN is equal to or less than Vrgf, the converter circuit converts it to $000.
Input voltages between Viyepy and Vgep are straight-line linear conversions.

NOTE
Input voltage must not exceed the analog supply voltages.
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Registers

AWUIE — Auto Wakeup Interrupt Enable Bit
This read/write bit enables the auto wakeup interrupt input to latch interrupt requests. Reset clears
AWUIE.
1 = Auto wakeup enabled as interrupt input
0 = Auto wakeup not enabled as interrupt input

NOTE
KBIE5—KBIEO bits are not used in conjuction with the auto wakeup feature.
To see a description of these bits, see 9.8.2 Keyboard Interrupt Enable
Register (KBIER).

4.6.4 Configuration Register 2

The configuration register 2 (CONFIG2), is used to allow the bus clock source to run in STOP. In this case,
the clock, BUSCLKX2 will be used to drive the AWU request generator.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit IRQPUD IRQEN R R R R OSCENINSTOP | RSTEN
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 4-5. Configuration Register 2 (CONFIG2)

OSCENINSTOP — Oscillator Enable in Stop Mode Bit
OSCENINSTOP, when set, will allow the bus clock source (BUSCLKX2) to generate clocks for the
AWU in stop mode. See 11.8.1 Oscillator Status and Control Register for information on enabling the
external clock sources.
1 = Oscillator enabled to operate during stop mode
0 = Oscillator disabled during stop mode

NOTE
IRQPUD, IRQEN, and RSTEN bits are not used in conjuction with the auto
wakeup feature. To see a description of these bits, see Chapter 5
Configuration Register (CONFIG).

4.6.5 Configuration Register 1

The configuration register 1 (CONFIG1), is used to select the period for the AWU. The timeout will be
based on the COPRS bit along with the clock source for the AWU.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wite,| COPRS | LVISTOP | LVIRSTD | LVIPWRD | LVITRIP | SSREC | STOP | COPD
rite:
0 0 0 0 U 0 0 0
Reset: POR: 0 0 0 0 0 0 0
U = Unaffected

Figure 4-6. Configuration Register 1 (CONFIG1)
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Functional Description

LVIPWRD — LVI Power Disable Bit
LVIPWRD disables the LVI module.

1 = LVI module power disabled

0 = LVI module power enabled

LVITRIP — LVI Trip Point Selection Bit
LVITRIP selects the voltage operating mode of the LVI module. The voltage mode selected for the LVI
should match the operating Vpp for the LVI's voltage trip points for each of the modes.
1 = LVI operates for a 5-V protection
0 = LVI operates for a 3-V protection

NOTE
The LVITRIP bit is cleared by a power-on reset (POR) only. Other resets
will leave this bit unaffected.

SSREC — Short Stop Recovery Bit
SSREC enables the CPU to exit stop mode with a delay of 32 BUSCLKX4 cycles instead of a 4096
BUSCLKX4 cycle delay.
1 = Stop mode recovery after 32 BUSCLKX4 cycles
0 = Stop mode recovery after 4096 BUSCLKX4 cycles

NOTE
Exiting stop mode by an LVI reset will result in the long stop recovery.

When using the LVI during normal operation but disabling during stop mode, the LVI will have an
enable time of tgy. The system stabilization time for power-on reset and long stop recovery (both 4096
BUSCLKX4 cycles) gives a delay longer than the LVI enable time for these startup scenarios. There
is no period where the MCU is not protected from a low-power condition. However, when using the
short stop recovery configuration option, the 32 BUSCLKX4 delay must be greater than the LVI’s turn
on time to avoid a period in startup where the LVI is not protecting the MCU.

STOP — STOP Instruction Enable Bit
STOP enables the STOP instruction.
1 = STOP instruction enabled
0 = STOP instruction treated as illegal opcode

COPD — COP Disable Bit
COPD disables the COP module.
1 = COP module disabled
0 = COP module enabled

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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PR 4

External Interrupt (IRQ)

PTAO/TCHO/ADO/KBIO ~e—»=
PTA1/TCH1/AD1/KBI1 ~t—3> <ﬁ> CLOCK
_ GENERATOR
PTA2/IRQ/KBI2TCLK —
PTA3/RST/KBI3 <—>~|
PTA4/0SC2/AD2/KBI4 ~t—3 @ KEYBOARD INTERRUPT
<> MODULE
PTA5/0SC1/AD3/KBI5

PTA
DDRA

M68HC08 CPU
SINGLE INTERRUPT
c:b MODULE
PTBO/AD4 <—>
PTB%?BS e @ AUTO WAKEUP
PTB3 <> @ | & @ MODULE
PTB4 <«—>| 0| B
PTB5 <—>| @ LOW-VOLTAGE
PTB6 <«—> INHIBIT
PTB7 <—> <

2-CHANNEL 16-BIT

MC68HCI08QY4A MCB8HC908QY4A @ coP

TIMER MODULE

MODULE
128 BYTES <\:l‘> 4096 BYTES

6-CHANNEL
10-BIT ADC

USER RAM USER FLASH

~

DEVELOPMENT SUPPORT

MONITOR ROM
BREAK MODULE

<— Vpp
POWER SUPPLY

l«— Vss

~N

RST, IRQ: Pins have internal pull up device

All port pins have programmable pull up device
PTA[0:5]: Higher current sink and source capability
PTB[0:7]: Not available on 8-pin devices

Figure 8-1. Block Diagram Highlighting IRQ Block and Pin

When set, the IMASK bit in INTSCR masks the IRQ interrupt request. A latched interrupt request is not
presented to the interrupt priority logic unless IMASK is clear.

NOTE
The interrupt mask (1) in the condition code register (CCR) masks all
interrupt requests, including the IRQ interrupt request.

A falling edge on the IRQ pin can latch an interrupt request into the IRQ latch. An IRQ vector fetch,
software clear, or reset clears the IRQ latch.
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External Interrupt (IRQ)

8.4 Interrupts

The following IRQ source can generate interrupt requests: L
* Interrupt flag (IRQF) — The IRQF bit is set when the IRQ pin is asserted based on the IRQ mode.
The IRQ interrupt mask bit, IMASK, is used to enable or disable IRQ interrupt requests.

8.5 Low-Power Modes
The WAIT and STOP instructions put the MCU in low power-consumption standby modes.

8.5.1 Wait Mode

The IRQ module remains active in wait mode. Clearing IMASK in INTSCR enables IRQ interrupt requests
to bring the MCU out of wait mode.

8.5.2 Stop Mode

The IRQ module remains active in stop mode. Clearing IMASK in INTSCR enables IRQ interrupt requests
to bring the MCU out of stop mode.

8.6 IRQ Module During Break Interrupts

The system integration module (SIM) controls whether status bits in other modules can be cleared during
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status
bits during the break state. See BFCR in the SIM section of this data sheet.

To allow software to clear status bits during a break interrupt, write a 1 to BCFE. If a status bit is cleared
during the break state, it remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a 0 to BCFE. With BCFE cleared (its default state),
software can read and write registers during the break state without affecting status bits. Some status bits
have a two-step read/write clearing procedure. If software does the first step on such a bit before the
break, the bit cannot change during the break state as long as BCFE is cleared. After the break, doing the
second step clears the status bit.

8.7 1/0 Signals

The IRQ module does not share its pin with any module on this MCU.

8.7.1 IRQ Input Pins (IRQ)

The IRQ pin provides a maskable external interrupt source. The IRQ pin contains an internal pullup
device.

MC68HC908QYA/QTA Family Data Sheet, Rev. 3
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External Interrupt (IRQ)
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Keyboard Interrupt Module (KBI)

9.3.2 Keyboard Initialization

When a keyboard interrupt pin is enabled, it takes time for the internal pullup or pulldown device to pull
the pin to its deasserted level. Therefore a false interrupt can occur as soon as the pin is enabled.

To prevent a false interrupt on keyboard initialization:
Mask keyboard interrupts by setting IMASKK in KBSCR.
Enable the KBI polarity by setting the appropriate KBIPx bits in KBIPR.
Enable the KBI pins by setting the appropriate KBIEx bits in KBIER.
Write to ACKK in KBSCR to clear any false interrupts.
5. Clear IMASKK.
An interrupt signal on an edge sensitive pin can be acknowledged immediately after enabling the pin. An

interrupt signal on an edge and level sensitive pin must be acknowledged after a delay that depends on
the external load.

Hoon =

9.4 Interrupts

The following KBI source can generate interrupt requests:
* Keyboard flag (KEYF) — The KEYF bit is set when any enabled KBI pin is asserted based on the
KBI mode and pin polarity. The keyboard interrupt mask bit, IMASKK, is used to enable or disable
KBI interrupt requests.

9.5 Low-Power Modes
The WAIT and STOP instructions put the MCU in low power-consumption standby modes.

9.5.1 Wait Mode

The KBI module remains active in wait mode. Clearing IMASKK in KBSCR enables keyboard interrupt
requests to bring the MCU out of wait mode.

9.5.2 Stop Mode

The KBI module remains active in stop mode. Clearing IMASKK in KBSCR enables keyboard interrupt
requests to bring the MCU out of stop mode.

9.6 KBI During Break Interrupts

The system integration module (SIM) controls whether status bits in other modules can be cleared during
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status
bits during the break state. See BFCR in the SIM section of this data sheet.

To allow software to clear status bits during a break interrupt, write a 1 to BCFE. If a status bit is cleared
during the break state, it remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a 0 to BCFE. With BCFE cleared (its default state),
software can read and write registers during the break state without affecting status bits. Some status bits
have a two-step read/write clearing procedure. If software does the first step on such a bit before the
break, the bit cannot change during the break state as long as BCFE is cleared. After the break, doing the
second step clears the status bit.
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Oscillator (OSC) Module
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Port B

12.4.2 Data Direction Register B

Data direction register B (DDRB) determines whether each port B pin is an input or an output. Writing a 1
to a DDRB bit enables the output buffer for the corresponding port B pin; a 0 disables the output buffer.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 12-6. Data Direction Register B (DDRB)

DDRB[7:0] — Data Direction Register B Bits
These read/write bits control port B data direction. Reset clears DDRB[7:0], configuring all port B pins
as inputs.
1 = Corresponding port B pin configured as output
0 = Corresponding port B pin configured as input

NOTE
Avoid glitches on port B pins by writing to the port B data register before
changing data direction register B bits from 0O to 1. Figure 12-7 shows the

port B I/O logic.
4"\ READDDRB T
PTBPUEX ] [:
WRITE DDRB
2 g DDRBX
3 RESET —» U PULLUP
=
<
3 WRITE PTB
= > PTBx * —> PTBx
&
L
E 3
READ PTB }/]
V AN

Figure 12-7. Port B I/O Circuit

When DDRBx is a 1, reading PTB reads the PTBx data latch. When DDRBXx is a 0, reading PTB reads
the logic level on the PTBx pin. The data latch can always be written, regardless of the state of its data
direction bit.
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Freescale Semiconductor 107



Reset and System Initialization

13.3.1 Bus Timing

In user mode, the internal bus frequency is the oscillator frequency (BUSCLKX4) divided by four.

13.3.2 Clock Start-Up from POR

When the power-on reset module generates a reset, the clocks to the CPU and peripherals are inactive
and held in an inactive phase until after the 4096 BUSCLKX4 cycle POR time out has completed. The
IBUS clocks start upon completion of the time out.

13.3.3 Clocks in Stop Mode and Wait Mode

Upon exit from stop mode by an interrupt or reset, the SIM allows BUSCLKX4 to clock the SIM counter.
The CPU and peripheral clocks do not become active until after the stop delay time out. This time out is
selectable as 4096 or 32 BUSCLKX4 cycles. See 13.7.2 Stop Mode.

In wait mode, the CPU clocks are inactive. The SIM also produces two sets of clocks for other modules.
Refer to the wait mode subsection of each module to see if the module is active or inactive in wait mode.
Some modules can be programmed to be active in wait mode.

13.4 Reset and System Initialization

The MCU has these reset sources:
e Power-on reset module (POR)
« External reset pin (RST)
e Computer operating properly module (COP)
* Low-voltage inhibit module (LVI)
* lllegal opcode
* lllegal address

All of these resets produce the vector SFFFE-FFFF (SFEFE—FEFF in monitor mode) and assert the
internal reset signal (IRST). IRST causes all registers to be returned to their default values and all
modules to be returned to their reset states.

An internal reset clears the SIM counter (see 13.5 SIM Counter), but an external reset does not. Each of
the resets sets a corresponding bit in the SIM reset status register (SRSR). See 13.8 SIM Registers.

13.4.1 External Pin Reset

The RST pin circuits include an internal pullup device. Pulling the asynchronous RST pin low halts all
processing. The PIN bit of the SIM reset status register (SRSR) is set as long as RST is held low for at
least the minimum tg,_time. Figure 13-3 shows the relative timing. The RST pin function is only available
if the RSTEN bit is set in the CONFIG2 register.

BUSCLKX2
RST
aporess BUs X PG {000 XA ARRNUARNREK vecT H X veeT Lk \ -

Figure 13-3. External Reset Timing
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SIM Registers

POR — Power-On Reset Bit
1 = Last reset caused by POR circuit
0 = Read of SRSR

PIN — External Reset Bit
1 = Last reset caused by external reset pin (RST)
0 = POR or read of SRSR

COP — Computer Operating Properly Reset Bit
1 = Last reset caused by COP counter
0 = POR or read of SRSR

ILOP — lllegal Opcode Reset Bit
1 = Last reset caused by an illegal opcode
0 = POR or read of SRSR

ILAD — lllegal Address Reset Bit (illegal attempt to fetch an opcode from an unimplemented
address)

1 = Last reset caused by an opcode fetch from an illegal address

0 = POR or read of SRSR

MODRST — Monitor Mode Entry Module Reset bit
1 = Last reset caused by monitor mode entry when vector locations $FFFE and $FFFF are $FF after
POR while IRQ = VTST

0 = POR or read of SRSR

LVI — Low Voltage Inhibit Reset bit
1 = Last reset caused by LVI circuit
0 = POR or read of SRSR

13.8.2 Break Flag Control Register

The break control register (BFCR) contains a bit that enables software to clear status bits while the MCU
is in a break state.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
] BCFE R R R R R R R
Write:
Reset: 0

II, = Reserved

Figure 13-20. Break Flag Control Register (BFCR)

BCFE — Break Clear Flag Enable Bit
This read/write bit enables software to clear status bits by accessing status registers while the MCU is
in a break state. To clear status bits during the break state, the BCFE bit must be set.
1 = Status bits clearable during break
0 = Status bits not clearable during break
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Functional Description

The value in the TIM channel registers determines the pulse width of the PWM output. The pulse width of
an 8-bit PWM signal is variable in 256 increments. Writing $0080 (128) to the TIM channel registers
produces a duty cycle of 128/256 or 50%.

14.3.4.1 Unbuffered PWM Signal Generation

Any output compare channel can generate unbuffered PWM pulses as described in 14.3.4 Pulse Width
Modulation (PWM). The pulses are unbuffered because changing the pulse width requires writing the new
pulse width value over the old value currently in the TIM channel registers.

An unsynchronized write to the TIM channel registers to change a pulse width value could cause incorrect
operation for up to two PWM periods. For example, writing a new value before the counter reaches the
old value but after the counter reaches the new value prevents any compare during that PWM period.
Also, using a TIM overflow interrupt routine to write a new, smaller pulse width value may cause the
compare to be missed. The TIM may pass the new value before it is written to the timer channel
(TCHxH:TCHAxL).

Use the following methods to synchronize unbuffered changes in the PWM pulse width on channel x:

* When changing to a shorter pulse width, enable channel x output compare interrupts and write the
new value in the output compare interrupt routine. The output compare interrupt occurs at the end
of the current pulse. The interrupt routine has until the end of the PWM period to write the new
value.

* When changing to a longer pulse width, enable TIM overflow interrupts and write the new value in
the TIM overflow interrupt routine. The TIM overflow interrupt occurs at the end of the current PWM
period. Writing a larger value in an output compare interrupt routine (at the end of the current pulse)
could cause two output compares to occur in the same PWM period.

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare also can
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

14.3.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the TCHO pin.
The TIM channel registers of the linked pair alternately control the output.

Setting the MSOB bit in TIM channel 0 status and control register (TSCO) links channel 0 and channel 1.
The TIM channel O registers initially control the pulse width on the TCHO pin. Writing to the TIM channel
1 registers enables the TIM channel 1 registers to synchronously control the pulse width at the beginning
of the next PWM period. At each subsequent overflow, the TIM channel registers (0 or 1) that control the
pulse width are the ones written to last. TSCO controls and monitors the buffered PWM function, and TIM
channel 1 status and control register (TSC1) is unused. While the MSOB bit is set, the channel 1 pin,
TCHA1, is available as a general-purpose /O pin.

NOTE
In buffered PWM signal generation, do not write new pulse width values to
the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
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Development Support

Table 15-1. Monitor Mode Signal Requirements and Options

Serial . Mode Communication
IRQ | RST | Reset Communi-| - o0 tion Speed
cation
Mode (PTA2) | (PTA3) | Vector COP — | . —— Comments
xterna us au
PTAO PTA1 | PTA4 Clock | Frequency | Rate
Normal . 9.8304 2.4576 Provide external
\% V,
Monitor | ' TST DD X 1 1 O | Disabled| =y, MHz 9600 | 11ock at OSCA.
$FFFF . 9.8304 2.4576 Provide external
Vv
Forced | 2 | X |(planky| ! X | X |Disabled| "\, MHz | 989 |ciock at OSCH.
Monitor $FFFF . 3.2 MHz Internal clock is
Vss X (blank) 1 X X | Disabled X (Trimmed) 9600 active.
User X X Not X X X Enabled X X X
$FFFF
MOMO8 | vrgr | ST | _ | com |mopo|mopt| _ | osci . _
(PinNoj| 6] | [ 8] | 2 | [o] [13]

1. PTAO must have a pullup resistor to Vpp in monitor mode.

2. Communication speed in the table is an example to obtain a baud rate of 9600. Baud rate using external oscillator is bus
frequency / 256 and baud rate using internal oscillator is bus frequency / 335.

3. External clock is a 9.8304 MHz oscillator on OSC1.

4. Lowering Vg1 once monitor mode is entered allows the clock source to be controlled by the OSCSC register.

5. X =don’t care

6. MONOS8 pin refers to P&E Microcomputer Systems’ MONO08-Cyclone 2 by 8-pin connector.

NC| 1 2 GND
NC| 3 4 RST
NC| 5 6 IRQ

NC| 7 8 PTAO

NC| 9 10 | PTA4

NC| 11 | 12 | PTAf
osci| 13 | 14 |NC

Vpp| 15 | 16 |NC

15.3.1.1 Normal Monitor Mode

RST and OSC1 functions will be active on the PTA3 and PTAS5 pins respectively as long as Vgt is
applied to the IRQ pin. If the IRQ pin is lowered (no longer V1g7) then the chip will still be operating in
monitor mode, but the pin functions will be determined by the settings in the configuration registers (see
Chapter 5 Configuration Register (CONFIG)) when Vgt was lowered. With V1g7 lowered, the BIH and
BIL instructions will read the IRQ pin state only if IRQEN is set in the CONFIG2 register.

If monitor mode was entered with Vgt on IRQ, then the COP is disabled as long as Vg7 is applied to
IRQ.
15.3.1.2 Forced Monitor Mode
If entering monitor mode without high voltage on IRQ, then startup port pin requirements and conditions,
(PTA1/PTA4) are not in effect. This is to reduce circuit requirements when performing in-circuit
programming.
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