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General Description

* Timebase module

* Serial communications interface module 1 (SCI)

e Serial communications interface module 2 (SCI) with
infrared (IR) encoder/decoder

» Serial peripheral interface module (SPI)

e System management bus (SMBus), version 1.0/1.1
(multi-master [IC bus)

e 8-channel, 10-bit analog-to-digital converter (ADC)

« IRQ1 external interrupt pin with integrated pullup

e IRQ2 external interrupt pin with programmable pullup

* 8-bit keyboard wakeup port with integrated pullup

* 32 general-purpose input/output (I/O) pins:
— 31 shared-function I/O pins
— 8 LED drivers (sink)
— 6 x25mA open-drain I/O with pullup

* Low-power design (fully static with stop and wait modes)

* Master reset pin (with integrated pullup) and power-on reset

e System protection features
— Optional computer operating properly (COP) reset, driven by internal RC oscillator
— Low-voltage detection with optional reset or interrupt
— lllegal opcode detection with reset
— lllegal address detection with reset

e 48-pin low quad flat pack (LQFP), 44-pin quad flat pack (QFP), and 42-pin shrink dual-in-line
package (SDIP)

e Specific features of the MC68HC908AP64A in 42-pin SDIP are:
— 30 general-purpose |/Os only
— External interrupt on IRQ1 only

Features of the CPUO08 include the following:
e Enhanced HCO05 programming model
e Extensive loop control functions
e 16 addressing modes (eight more than the HC05)
e 16-bit Index register and stack pointer
¢ Memory-to-memory data transfers
* Fast 8 x 8 multiply instruction
* Fast 16/8 divide instruction
* Binary-coded decimal (BCD) instructions
* Optimization for controller applications
e Efficient C language support

1.3 MCU Block Diagram
Figure 1-1 shows the structure of the MC68HC908AP64A.
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General Description

Table 1-2. Pin Functions

VOLTAGE
PIN NAME PIN DESCRIPTION IN/OUT LEVEL
8-bit general purpose 1/O port; PTBO-PTB3 are open drain when In/Out Vv
configured as output. PTB4—PTB7 have schmitt trigger inputs. b
PTBO as SDA of MMIIC. In/Out Vbp
PTBO/SDA PTB1 as SCL of MMIIC. In/Out )
PTB1/SCL
PTB2/TxD PTB2 as TxD of SCI; open drain output. Out Vbp
PTB3/RxD
PTB4/T1CHO PTB3 as RxD of SCI. In Voo
PTB5/T1CH1
PTB6/T2CHO PTB4 as T1CHO of TIM1. In/Out Vbp
PTB7/T2CHA1
PTB5 as T1CH1 of TIM1. In/Out Vpp
PTB6 as T2CHO of TIM2. In/Out Vpp
PTB7 as T2CH1 of TIM2. In/Out Vb
8-bit general purpose I/O port; PTC6 and PTC7 are open drain In/Out Vo
when configured as output.
PTCO is shared with IRQ2 and has schmitt trigger input. In Vpp
PTCO/IRQ2
PTC1 PTC2 as MISO of SPI. In Vbb
PTC2/MISO
PTC3/MOSI PTC3 as MOSI of SPI. Out Vbp
PTC4/SS —
PTC5/SPSCK PTC4 as SS of SPI. In Vpp
PTC6/SCTxD
PTC7/SCRXD PTC5 as SPSCK of SPI. In/Out Vpp
PTC6 as SCTxD of IRSCI; open drain output. Out Vbp
PTC7 as SCRxD of IRSCI. In Vbp
PTDO/KBIO 8-bit general purpose 1/O port with schmitt trigger inputs. In/Out Vbp
PTD7./KBI7 Pins as keyboard interrupts (with pullup), KBIO-KBI7. In Vb

1. See Chapter 22 Electrical Specifications for Vygg tolerance.

1.6 Power Supply Bypassing (VDD, VDDA, VSS, VSSA)

Vpp and Vgg are the power supply and ground pins, the MCU operates from a single power supply
together with an on chip voltage regulator.

Fast signal transitions on MCU pins place high. short-duration current demands on the power supply. To
prevent noise problems, take special care to provide power supply bypassing at the MCU as Figure 1-5
shows. Place the bypass capacitors as close to the MCU power pins as possible. Use
high-frequency-response ceramic capacitor for Cgypass, CguLk are optional bulk current bypass
capacitors for use in applications that require the port pins to source high current level.
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Addr.

$FE06

$FE07

$FE08

$FE09

$FEOA

$FEOB

$FEOC

$FEOD

$FEOE

$FEOF

$FFCF

$FFFF

Register Name

Interrupt Status Register 3
(INT3)

Reserved

FLASH Control Register
(FLCR)

FLASH Block Protect
Register
(FLBPR)

Reserved

Reserved

Break Address
Register High
(BRKH)

Break Address
Register Low
(BRKL)

Break Status and Control

Register
(BRKSCR)

LVI Status Register (LVISR)

Mask Option Register
(MOR)*

COP Control Register
(COPCTL)

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Reset:
Read:
Write:
Reset:
Read:
Write:

Read:
Write:
Erased:
Reset:

Read:
Write:
Reset:

Monitor ROM

Bit7 6 5 4 3 2 1 Bit 0
0 IF21 IF20 IF19 IF18 IF17 IF16 IF15
R R R R R R R R
0 0 0 0 0 0 0 0
R R R R R R R R
0 0 0 0

HVEN MASS ERASE PGM
0 0 0 0 0 0 0 0

BPR7 BPR6 BPR5 BPR4 BPR3 BPR2 BPR1 BPRO
0 0 0 0 0 0 0 0
R R R R R R R R
R R R R R R R R

Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0

0 0 0 0 0 0

BRKE BRKA

0 0 0 0 0 0 0 0

LviouT 0 0 0 0 0
0 0 0 0 0 0 0 0
OSCSEL1 | OSCSELO R R R R R R
1 1 1 1 1 1

U U U U U U U U

Low byte of reset vector

Writing clears COP counter (any value)

# MOR is a non-volatile FLASH register; write by programming.

U = Unaffected

Freescale Semiconductor

X = Indeterminate

Unaffected by reset

|:| = Unimplemented

Figure 2-2. Control, Status, and Data Registers (Sheet 9 of 9)
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Memory

Before processing an interrupt, the CPU uses five bytes of the stack to save the contents of the CPU
registers.

NOTE
For M6805 compatibility, the H register is not stacked.

During a subroutine call, the CPU uses two bytes of the stack to store the return address. The stack
pointer decrements during pushes and increments during pulls.

NOTE
Be careful when using nested subroutines. The CPU may overwrite data in
the RAM during a subroutine or during the interrupt stacking operation.

2.5 FLASH Memory

This sub-section describes the operation of the embedded FLASH memory. This memory can be read,
programmed, and erased from a single external supply. The program and erase operations are enabled
through the use of an internal charge pump.

Device FLASH(QA;::)W Size Memory Address Range
MC68HC908AP64A 62,368 $0860-$FBFF
MC68HC908AP32A 32,768 $0860-$885F
MC68HC908AP16A 16,384 $0860-$485F
MC68HC908AP8A 8,192 $0860-$285F

2.5.1 Functional Description

The FLASH memory consists of an array of 62,368 bytes for user memory plus a block of 48 bytes for
user interrupt vectors and one byte for the mask option register. An erased bit reads as logic 1 and a
programmed bit reads as a logic 0. The FLASH memory page size is defined as 512 bytes, and is the
minimum size that can be erased in a page erase operation. Program and erase operations are facilitated
through control bits in FLASH control register (FLCR). The address ranges for the FLASH memory are:

* $0860-$FBFF; user memory, 62,368 bytes

* S$FFDO-$FFFF; user interrupt vectors, 48 bytes

e $FFCF; mask option register

Programming tools are available from Freescale. Contact your local Freescale representative for more
information.

NOTE
A security feature prevents viewing of the FLASH contents.(")

1. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or copying the FLASH difficult for
unauthorized users.

MC68HC908AP A-Family Data Sheet, Rev. 3
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Memory

Set PGM bit

Algorithm for programming
a row (64 bytes) of FLASH memory

Y

2 Write any data to any FLASH address
within the row address range desired
3 ) )
Wait for a time, tpys
4 .
Set HVEN bit
5 Wait for a time, t
» 'pgs
A v
6 Write data to the FLASH address
to be programmed
7 Wait for a time, t
 ‘prog
Completed
programming
this row?
Y
NOTE: o Clear PGM bit
The time between each FLASH address change (step 6 to step 6), or +
the time between the last FLASH address programmed 10 - )
to clearing PGM bit (step 6 to step 9) Wait for a time, thyn
must not exceed the maximum programming +
time, tPROG max. 1
Clear HVEN bit
This row program algorithm assumes the row/s
to be programmed are initially erased. +
12 Wait for a time, ty

( End of Programming >

Figure 2-4. FLASH Programming Flowchart
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Table 4-1. Instruction Set Summary

Opcode Map

Effect on b ° 8 T ®

Q

Source Operation Description CCR £ ° 3 2 ls

Form = oy 2| A

H|I|N < © | o |°

PC « (PC) + 2; push (PCL)
. SP « (SP) — 1; push (PCH) RN
BSR rel Branch to Subroutine SP < (SP) - 1 REL AD |rr 4
PC « (PC) + rel
CBEQ opr,rel PC « (PC) + 3 + rel ? (A) — (M) = $00 DIR 31 ddrr | 5
CBEQA #opr,rel PC « (PC) + 3 +rel ? (A) — (M) = $00 IMM 41 i rr 4
CBEQX #opr,rel . PC « (PC) + 3 +rel ? (X) — (M) = $00 HRE IMM 51 [iirr 4
CBEQ oprX+,rel| COMPare and Branch if Equal PC « (PC) + 3 + rel ? (A) — (M) = $00 X1+ 61 |ffrr |5
CBEQ X+,rel PC « (PC) + 2 +rel ? (A) — (M) = $00 IX+ 71 | 4
CBEQ opr,SP,rel PC « (PC) + 4 +rel ? (A) — (M) = $00 SP1 9E61 |ffrr 6
CLC Clear Carry Bit C«0 —-|-1- INH 98 1
CLI Clear Interrupt Mask <0 —-0f- INH 9A 2
CLR opr M « $00 DIR 3F |[dd 3
CLRA A « $00 INH 4F 1
CLRX X « $00 INH 5F 1
CLRH Clear H « $00 —-[-10 INH 8C 1
CLR opr,X M « $00 IX1 6F |ff 3
CLR X M « $00 IX 7F 2
CLR opr,SP M « $00 SP1 9E6F |ff 4
CMP #opr IMM A1 i 2
CMP opr DIR B1 (dd 3
CMP opr EXT C1 |hhil |4
CMP opr,X . R IX2 D1 |eeff | 4
CMP oprX Compare A with M (A) — (M) —(=17 IX1 E1 f 3
CMP X IX F1 2
CMP opr,SP SP1 9EE1 |ff 4
CMP opr,SP SP2 9ED1 |eeff | 5
COM opr M « (M) = $FF — (M) DIR 33 |dd 4
COMA A« (A) = $FF — (M) INH 43 1
COMX , X « (X) = $FF — (M) NP INH 53 1
COM oprX Complement (One’s Complement) M < (M) = $FF — (M) ! X4 63 | 4
COM ,X M « @) =$FF — (M) IX 73 3
COM opr,SP M « (M) = $FF — (M) SP1 9EB3 |ff 5
CPHX #opr ~ Y (M- N IMM 65 |[iiii+1 | 3
CPHX opr Compare H:X with M (H:X) = (M:M + 1) ! DIR 75 |dd 4
CPX #opr IMM A3 i 2
CPX opr DIR B3 |[dd 3
CPX opr EXT C3 |hhll |4
CPX X . 4 IX2 D3 |eeff | 4
CPX oprX Compare X with M (X) — (M) —=17 X1 E3  |ff 3
CPX opr,X IX F3 2
CPX opr,SP SP1 9EE3 |ff 4
CPX opr,SP SP2 9ED3 |eeff | 5
DAA Decimal Adjust A (A)10 —-[-1? INH 72 2
MC68HC908AP A-Family Data Sheet, Rev. 3
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Low Power Modes

5.6.4 CGM Oscillator Clock (CGMXCLK)

The CGMXCLK clock is output from the x-tal oscillator, RC oscillator or the internal oscillator. This clock
drives to CGM and other MCU sub-systems.

5.6.5 CGM Reference Clock (CGMRCLK)

This is buffered signal of CGMXCLK, it is used by the CGM as the phase-locked-loop (PLL) reference
clock.

5.6.6 Oscillator Clock to Time Base Module (OSCCLK)

The OSCCLK is the reference clock that drives the timebase module. See Chapter 10 Timebase Module
(TBM).

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

5.7.1 Wait Mode

The WAIT instruction has no effect on the oscillator module. CGMXCLK continues to drive to the clock
generator module, and OSCCLK continues to drive the timebase module.

5.7.2 Stop Mode

The STOP instruction disables the x-tal or the RC oscillator circuit, and hence the CGMXCLK clock stops
running. For continuous x-tal or RC oscillator operation in stop mode, set the STOP_XCLKEN (for x-tal)
or STOP_RCLKEN (for RC) bit to logic 1 before entering stop mode.

The internal oscillator clock continues operation in stop mode. It can be disabled by setting the
STOP_ICLKDIS bit to logic 1 before entering stop mode.

5.8 Oscillator During Break Mode

The oscillator continues to drive CGMXCLK when the device enters the break state.

MC68HC908AP A-Family Data Sheet, Rev. 3
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Clock Generator Module (CGM)

1.

Choose the desired bus frequency, fgyspgs, of the desired VCO frequency, fycikpes; and then
solve for the other.
The relationship between fgyg and fyc g is governed by the equation:

P P
fyok = 2 Xfoampok = 2 x4 X tgyg

where P is the power of two multiplier, and can be 0, 1, 2, or 3

Choose a practical PLL reference frequency, frcLk, and the reference clock divider, R. Typically,
the reference is 4MHz and
R=1.

Frequency errors to the PLL are corrected at a rate of fgg k/R. For stability and lock time reduction,
this rate must be as fast as possible. The VCO frequency must be an integer multiple of this rate.
The relationship between the VCO frequency, fyc k, and the reference frequency, froLk, is

f 2N

verk = T/ (RoLk)

where N is the integer range multiplier, between 1 and 4095.

In cases where desired bus frequency has some tolerance, choose frg| « to a value determined
either by other module requirements (such as modules which are clocked by CGMXCLK), cost
requirements, or ideally, as high as the specified range allows. See Chapter 22 Electrical
Specifications.

Choose the reference divider, R = 1.

When the tolerance on the bus frequency is tight, choose frg| k to an integer divisor of fgyspes,
and R = 1. If fggk cannot meet this requirement, use the following equation to solve for R with
practical choices of fgg| , and choose the fr i that gives the lowest R.

f f
R = round{RMAxx{ VCLKDES —integer VCLKDES H
freLk freLk

3. Calculate N:

Rxf
N - ,ound(Mj

P
froLk X2

4. Calculate and verify the adequacy of the VCO and bus frequencies fy,c k and fgys.

84

2PN

fveik = T (fRoLk)

1:VCLK
2P x4

fsus =

MC68HC908AP A-Family Data Sheet, Rev. 3
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Clock Generator Module (CGM)

NOTE
PLLON and BCS have built-in protection that prevents the base clock
selector circuit from selecting the VCO clock as the source of the base clock
ifthe PLL is off. Therefore, PLLON cannot be cleared when BCS is set, and
BCS cannot be set when PLLON is clear. If the PLL is off (PLLON = 0),
selecting CGMPCLK requires two writes to the PLL control register. (See
6.3.8 Base Clock Selector Circuit.)

PRE1 and PREQ — Prescaler Program Bits
These read/write bits control a prescaler that selects the prescaler power-of-two multiplier, P. (See
6.3.3 PLL Circuits and 6.3.6 Programming the PLL.) PRE1 and PREO cannot be written when the
PLLON bit is set. Reset clears these bits.
These prescaler bits affects the relationship between the VCO clock and the final system bus clock.

Table 6-2. PRE1 and PREO Programming

PRE1 and PREO P Prescaler Multiplier
00 0 1
01 1 2
10 2 4
11 3 8

VPR1 and VPR0O — VCO Power-of-Two Range Select Bits
These read/write bits control the VCO’s hardware power-of-two range multiplier E that, in conjunction
with L (See 6.3.3 PLL Circuits, 6.3.6 Programming the PLL, and 6.5.4 PLL VCO Range Select
Register.) controls the hardware center-of-range frequency, f,gs. VPR1:VPRO cannot be written when

the PLLON bit is set. Reset clears these bits.
Table 6-3. VPR1 and VPRO Programming

90

VPR1 and VPRO E VES,,ZZ"X,?J.’E:{.T?
00 0 !
01 1 2
10 2 4

NOTE: Do not program E to a value of 3.

MC68HC908AP A-Family Data Sheet, Rev. 3
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Functional Description

9.4.4.2 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 pulse width of 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 1/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
channel. Writing to the active channel registers is the same as generating
unbuffered PWM signals.

9.4.4.3 PWM Initialization

To ensure correct operation when generating unbuffered or buffered PWM signals, use the following
initialization procedure:

1. Inthe TIM status and control register (TSC):
a. Stop the TIM counter by setting the TIM stop bit, TSTOP.
b. Reset the TIM counter and prescaler by setting the TIM reset bit, TRST.
2. Inthe TIM counter modulo registers (TMODH:TMODL), write the value for the required PWM
period.
3. Inthe TIM channel x registers (TCHxH:TCHxL), write the value for the required pulse width.
4. In TIM channel x status and control register (TSCx):
a. Write 0:1 (for unbuffered output compare or PWM signals) or 1:0 (for buffered output compare
or PWM signals) to the mode select bits, MSxB:MSxA. (See Table 9-3.)
b. Write 1 to the toggle-on-overflow bit, TOVx.

Write 1:0 (to clear output on compare) or 1:1 (to set output on compare) to the edge/level
select bits, ELSxB:ELSxA. The output action on compare must force the output to the
complement of the pulse width level. (See Table 9-3.)

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 can also
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

5. Inthe TIM status control register (TSC), clear the TIM stop bit, TSTOP.

MC68HC908AP A-Family Data Sheet, Rev. 3
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I/O Registers

Table 9-2. Prescaler Selection

PS2 PS1 PS0 TIM Clock Source

Internal bus clock + 1

Internal bus clock + 2

Internal bus clock + 4

Internal bus clock + 8

Internal bus clock +~ 16

Internal bus clock + 32

Internal bus clock + 64

0
1
0
1
0
1
0
1

Not available

9.9.2 TIM Counter Registers

The two read-only TIM counter registers contain the high and low bytes of the value in the TIM counter.
Reading the high byte (TCNTH) latches the contents of the low byte (TCNTL) into a buffer. Subsequent
reads of TCNTH do not affect the latched TCNTL value until TCNTL is read. Reset clears the TIM counter
registers. Setting the TIM reset bit (TRST) also clears the TIM counter registers.

NOTE
If you read TCNTH during a break interrupt, be sure to unlatch TCNTL by
reading TCNTL before exiting the break interrupt. Otherwise, TCNTL
retains the value latched during the break.

Address: T1CNTH, $0021 and T2CNTH, $002C

Bit7 6 5 4 3 2 1 Bit 0
Read:| Bit15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 9-5. TIM Counter Registers High (TCNTH)

Address: T1CNTL, $0022 and T2CNTL, $002D

Bit 7 6 5 4 3 2 1 Bit 0
Read: Bit7 6 5 4 3 2 1 Bit0
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 9-6. TIM Counter Registers Low (TCNTL)
9.9.3 TIM Counter Modulo Registers

The read/write TIM modulo registers contain the modulo value for the TIM counter. When the TIM counter
reaches the modulo value, the overflow flag (TOF) becomes set, and the TIM counter resumes counting
from $0000 at the next timer clock. Writing to the high byte (TMODH) inhibits the TOF bit and overflow
interrupts until the low byte (TMODL) is written. Reset sets the TIM counter modulo registers.

MC68HC908AP A-Family Data Sheet, Rev. 3
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Timebase Module (TBM)

10.5 Interrupts

The timebase module can interrupt the CPU on a regular basis with a rate defined by TBR[2:0]. When the
timebase counter chain rolls over, the TBIF flag is set. If the TBIE bit is set, enabling the timebase
interrupt, the counter chain overflow will generate a CPU interrupt request. The interrupt vector is defined
in Table 2-1 . Vector Addresses.

Interrupts must be acknowledged by writing a logic 1 to the TACK bit.

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

10.6.1 Wait Mode

The timebase module remains active after execution of the WAIT instruction. In wait mode, the timebase
register is not accessible by the CPU.

If the timebase functions are not required during wait mode, reduce the power consumption by stopping
the timebase before enabling the WAIT instruction.

10.6.2 Stop Mode

The timebase module may remain active after execution of the STOP instruction if the oscillator has been
enabled to operate during stop mode through the stop mode oscillator enable bit (STOP_ICLKDIS,
STOP_RCLKEN, or STOP_XCLKEN) for the selected oscillator in the CONFIG2 register. The timebase
module can be used in this mode to generate a periodic walk-up from stop mode.

If the oscillator has not been enabled to operate in stop mode, the timebase module will not be active
during stop mode. In stop mode the timebase register is not accessible by the CPU.

If the timebase functions are not required during stop mode, reduce the power consumption by stopping
the timebase before enabling the STOP instruction.

MC68HC908AP A-Family Data Sheet, Rev. 3
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I/O Registers

11.8.1 SCI Control Register 1

SCI control register 1:
e Enables loop mode operation
e Enables the SCI
e Controls output polarity
* Controls character length
e Controls SCI wakeup method
* Controls idle character detection
* Enables parity function
e Controls parity type

Address:  $0013

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. LOOPS ENSCI TXINV M WAKE ILTY PEN PTY
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 11-9. SCI Control Register 1 (SCC1)

LOOPS — Loop Mode Select Bit
This read/write bit enables loop mode operation. In loop mode the RxD pin is disconnected from the
SCI, and the transmitter output goes into the receiver input. Both the transmitter and the receiver must
be enabled to use loop mode. Reset clears the LOOPS bit.
1 = Loop mode enabled
0 = Normal operation enabled

ENSCI — Enable SCI Bit
This read/write bit enables the SCI and the SCI baud rate generator. Clearing ENSCI sets the SCTE
and TC bits in SCI status register 1 and disables transmitter interrupts. Reset clears the ENSCI bit.
1 = SCI enabled
0 = SCI disabled

TXINV — Transmit Inversion Bit
This read/write bit reverses the polarity of transmitted data. Reset clears the TXINV bit.
1 = Transmitter output inverted
0 = Transmitter output not inverted

NOTE
Setting the TXINV bit inverts all transmitted values, including idle, break,
start, and stop bits.

M — Mode (Character Length) Bit
This read/write bit determines whether SCI characters are eight or nine bits long. (See Table 11-5.)
The ninth bit can serve as an extra stop bit, as a receiver wakeup signal, or as a parity bit. Reset clears
the M bit.
1 = 9-bit SCI characters
0 = 8-bit SCI characters

MC68HC908AP A-Family Data Sheet, Rev. 3
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Serial Communications Interface Module (SCI)

WAKE — Wakeup Condition Bit
This read/write bit determines which condition wakes up the SCI: a logic 1 (address mark) in the most
significant bit position of a received character or an idle condition on the RxD pin. Reset clears the

WAKE bit.
1 = Address mark wakeup
0 = Idle line wakeup

ILTY — Idle Line Type Bit

This read/write bit determines when the SCI starts counting logic 1s as idle character bits. The

counting begins either after the start bit or after the stop bit. If the count begins after the start bit, then
a string of logic 1s preceding the stop bit may cause false recognition of an idle character. Beginning
the count after the stop bit avoids false idle character recognition, but requires properly synchronized

transmissions. Reset clears the ILTY bit.
1 = Idle character bit count begins after stop bit
0 = Idle character bit count begins after start bit

PEN — Parity Enable Bit

This read/write bit enables the SCI parity function. (See Table 11-5.) When enabled, the parity function
inserts a parity bit in the most significant bit position. (See Figure 11-3.) Reset clears the PEN bit.

1 = Parity function enabled

0 = Parity function disabled

PTY — Parity Bit

This read/write bit determines whether the SCI generates and checks for odd parity or even parity.

(See Table 11-5.) Reset clears the PTY bit.

1 = Odd parity
0 = Even parity

NOTE

Changing the PTY bit in the middle of a transmission or reception can
generate a patrity error.

Table 11-5. Character Format Selection

Control Bits Character Format
M PEN:PTY ?Bti‘j:;t ';‘:‘t‘: Parity SBtict’: CIC:;Zc:Ler
0 0X 1 8 None 1 10 bits
1 0X 1 9 None 1 11 bits
0 10 1 7 Even 1 10 bits
0 1 1 7 0dd 1 10 bits
1 10 1 8 Even 1 11 bits
1 11 1 8 0dd 1 11 bits
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Serial Communications Interface Module (SCI)

NEIE — Receiver Noise Error Interrupt Enable Bit
This read/write bit enables SCI error CPU interrupt requests generated by the noise error bit, NE.
Reset clears NEIE.
1 = SCI error CPU interrupt requests from NE bit enabled
0 = SCI error CPU interrupt requests from NE bit disabled

FEIE — Receiver Framing Error Interrupt Enable Bit
This read/write bit enables SCI error CPU interrupt requests generated by the framing error bit, FE.
Reset clears FEIE.
1 = SCI error CPU interrupt requests from FE bit enabled
0 = SCI error CPU interrupt requests from FE bit disabled

PEIE — Receiver Parity Error Interrupt Enable Bit
This read/write bit enables SCI error CPU interrupt
requests generated by the parity error bit, PE. (See 11.8.4 SCI Status Register 1.) Reset clears PEIE.
1 = SCI error CPU interrupt requests from PE bit enabled
0 = SCI error CPU interrupt requests from PE bit disabled

11.8.4 SCI Status Register 1

SCI status register 1 (SCS1) contains flags to signal these conditions:
* Transfer of SCDR data to transmit shift register complete
e Transmission complete
* Transfer of receive shift register data to SCDR complete
e Receiver input idle
* Receiver overrun
* Noisy data
* Framing error
* Parity error

Address:  $0016

Bit 7 6 5 4 3 2 1 Bit 0
Read:| SCTE TC SCRF IDLE OR NF FE PE
Write:
Reset: 1 1 0 0 0 0 0 0

|:| = Unimplemented

Figure 11-12. SCI Status Register 1 (SCS1)

SCTE — SCI Transmitter Empty Bit
This clearable, read-only bit is set when the SCDR transfers a character to the transmit shift register.
SCTE can generate an SCI transmitter CPU interrupt request. When the SCTIE bit in SCC2 is set,
SCTE generates an SCI transmitter CPU interrupt request. In normal operation, clear the SCTE bit by
reading SCS1 with SCTE set and then writing to SCDR. Reset sets the SCTE bit.
1 = SCDR data transferred to transmit shift register
0 = SCDR data not transferred to transmit shift register
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Infrared Serial Communications Interface Module (IRSCI)

12.2 Pin Name Conventions

The generic names of the IRSCI I/O pins are:
* RxD (receive data)
e TxD (transmit data)

IRSCI I/O (input/output) lines are implemented by sharing parallel /O port pins. The full name of an IRSCI
input or output reflects the name of the shared port pin. Table 12-1 shows the full names and the generic
names of the IRSCI I/O pins. The generic pin names appear in the text of this section.

Table 12-1. Pin Name Conventions

Generic Pin Names: RxD TxD

Full Pin Names: PTC7/SCRxD PTC6/SCTxD

NOTE
When the IRSCI is enabled, the SCTxD pin is an open-drain output and
requires a pullup resistor to be connected for proper SCI operation.

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
IRSCI Control Register 1 | 20| LOOPS | ENSCI 0 M WAKE ILTY PEN PTY
$0040 (IRSCC1) Write:
Reset: 0 0 0 0 0 0 0 0
IRSCI Control Register2 20| SCTIE | TCIE | SCRIE ILIE TE RE RWU SBK
$0041 (RSCC2) Write:
Reset: 0 0 0 0 0 0 0 0
IRSCI Control Register 3 o018 T8 DMARE | DMATE | ORIE NEIE FEIE PEIE
$0042 (IRSCC3) Write:
Reset: U U 0 0 0 0 0 0
Read: TE T RF IDLE R NF FE PE
IRSCI Status Register 1 e‘.a. SC ¢ SC 0
$0043 (IRSCS1) Write:
Reset: 1 1 0 0 0 0 0 0
Read: BKF RPF
IRSCI Status Register 2 eg .
$0044 (IRSCS?) Write:
Reset: 0 0 0 0 0 0 0 0
. Read: R7 R6 R5 R4 R3 R2 R1 RO
$0045 IRSCI Data Register . 6 T5 T4 T3 T2 T1 70
(IRSCDR)
Reset: Unaffected by reset
IRSCI Baud Rate Register | C20|  CKS 0 SCP1 | SCPO R SCR2 | SCRI | SCRO
$0046 (IRSCEBR) Write:
Reset: 0 0 0 0 0 0 0 0
IRSCI Infrared Control Read: 0 0 0
$0047 Register Write: R R NP1 TNPO IREN
(IRSCIRCR) Reset: 0 0 0 0 0 0 0 0
|:| = Unimplemented R = Reserved U = Unaffected

Figure 12-1. IRSCI I/O Registers Summary
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Serial Peripheral Interface Module (SPI)

Since the SPTE bit cannot be cleared during a break with the BCFE bit cleared, a write to the transmit
data register in break mode does not initiate a transmission nor is this data transferred into the shift
register. Therefore, a write to the SPDR in break mode with the BCFE bit cleared has no effect.

13.12 1/O Signals

The SPI module has five I/O pins and shares four of them with a parallel I/O port. They are:
* MISO — Data received
* MOSI — Data transmitted
* SPSCK — Serial clock
e SS — Slave select
* CGND — Clock ground (internally connected to Vgg)

The SPI has limited inter-integrated circuit (IzC) capability (requiring software support) as a master in a
single-master environment. To communicate with 1°C peripherals, MOSI becomes an open-drain output
when the SPWOM bit in the SPI control register is set. In 12C communication, the MOSI and MISO pins
are connected to a bidirectional pin from the 1°C peripheral and through a pullup resistor to Vpp.

13.12.1 MISO (Master In/Slave Out)

MISO is one of the two SPI module pins that transmits serial data. In full duplex operation, the MISO pin
of the master SPI module is connected to the MISO pin of the slave SPI module. The master SPI
simultaneously receives data on its MISO pin and transmits data from its MOSI pin.

Slave output data on the MISO pin is enabled only when the SPI is configured as a slave. The SPI is
configured as a slave when its SPMSTR bit is logic 0 and its SS pin is at logic 0. To support a
multiple-slave system, a logic 1 on the SS pin puts the MISO pin in a high-impedance state.

When enabled, the SPI controls data direction of the MISO pin regardless of the state of the data direction
register of the shared 1/0O port.

13.12.2 MOSI (Master Out/Slave In)

MOSI is one of the two SPI module pins that transmits serial data. In full-duplex operation, the MOSI pin
of the master SPI module is connected to the MOSI pin of the slave SPI module. The master SPI
simultaneously transmits data from its MOSI pin and receives data on its MISO pin.

When enabled, the SPI controls data direction of the MOSI pin regardless of the state of the data direction
register of the shared 1/0 port.

13.12.3 SPSCK (Serial Clock)

The serial clock synchronizes data transmission between master and slave devices. In a master MCU,
the SPSCK pin is the clock output. In a slave MCU, the SPSCK pin is the clock input. In full-duplex
operation, the master and slave MCUs exchange a byte of data in eight serial clock cycles.

When enabled, the SPI controls data direction of the SPSCK pin regardless of the state of the data
direction register of the shared 1/O port.
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15.7 1/0 Registers

These I/O registers control and monitor ADC operation:
e ADC status and control register (ADSCR) — $0057
e ADC clock control register (ADICLK) — $0058
* ADC data register high:low 0 (ADRH0:ADRL0) — $0059:$005A
e ADC data register low 1-3 (ADRL1-ADRL3) — $005B-$005D
e ADC auto-scan control register (ADASCR) — $005E

15.7.1 ADC Status and Control Register

Function of the ADC status and control register is described here.

Address:  $0057

Read:| COCO

Wit AIEN ADCO ADCH4 ADCH3 ADCH2 ADCH1 ADCHO
rite:

Reset: 0 0 0 1 1 1 1 1

Figure 15-3. ADC Status and Control Register (ADSCR)

COCO — Conversions Complete Bit
In non-interrupt mode (AIEN = 0), COCO is a read-only bit that is set at the end of each conversion.
COCO will stay set until cleared by a read of the ADC data register. Reset clears this bit.

In interrupt mode (AIEN = 1), COCO is a read-only bit that is not set at the end of a conversion. It
always reads as a 0.

1 = Conversion completed (AIEN = 0)

0 = Conversion not completed (AIEN = 0) or CPU interrupt enabled (AIEN = 1)

NOTE
The write function of the COCO bit is reserved. When writing to the ADSCR
register, always have a 0 in the COCO bit position.

AIEN — ADC Interrupt Enable Bit
When this bit is set, an interrupt is generated at the end of an ADC conversion. The interrupt signal is
cleared when the data register, ADRO, is read or the ADSCR is written. Reset clears the AIEN bit.
1 = ADC interrupt enabled
0 = ADC interrupt disabled

ADCO — ADC Continuous Conversion Bit
When set, the ADC will convert samples continuously and update the ADC data register at the end of
each conversion. Only one conversion is allowed when this bit is cleared. Reset clears the ADCO bit.
1 = Continuous ADC conversion
0 = One ADC conversion
This bit should not be set when auto-scan mode is enabled; i.e. when ASCAN=1.

ADCH[4:0] — ADC Channel Select Bits
ADCH][4:0] form a 5-bit field which is used to select one of the ADC channels when not in auto-scan
mode. The five channel select bits are detailed in Table 15-1.

NOTE
Care should be taken when using a port pin as both an analog and a digital
input simultaneously to prevent switching noise from corrupting the analog
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Computer Operating Properly (COP)

NOTE
Service the COP immediately after reset and before entering or after exiting
STOP Mode to guarantee the maximum time before the first COP counter
overflow.

A CORP reset pulls the RST pin low for 32 ICLK cycles and sets the COP bit in the SIM reset status register
(SRSR).

In monitor mode, the COP is disabled if the RST pin or the IRQ1 is held at Vtg1. During the break state,
V11 on the RST pin disables the COP.

NOTE
Place COP clearing instructions in the main program and not in an interrupt
subroutine. Such an interrupt subroutine could keep the COP from
generating a reset even while the main program is not working propetrly.

19.3 1/O Signals

The following paragraphs describe the signals shown in Figure 19-1.

19.3.1 ICLK

ICLK is the internal oscillator output signal. See Chapter 22 Electrical Specifications for ICLK frequency
specification.

19.3.2 STOP Instruction
The STOP instruction clears the COP prescaler.

19.3.3 COPCTL Write

Writing any value to the COP control register (COPCTL) (see 19.4 COP Control Register) clears the COP
counter and clears bits 12 through 5 of the prescaler. Reading the COP control register returns the low
byte of the reset vector.

19.3.4 Power-On Reset
The power-on reset (POR) circuit clears the COP prescaler 4096 ICLK cycles after power-up.

19.3.5 Internal Reset

An internal reset clears the COP prescaler and the COP counter.

19.3.6 Reset Vector Fetch

A reset vector fetch occurs when the vector address appears on the data bus. A reset vector fetch clears
the COP prescaler.

19.3.7 COPD (COP Disable)

The COPD signal reflects the state of the COP disable bit (COPD) in the CONFIG1 register. (See
Figure 19-2 . Configuration Register 1 (CONFIG1).)
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Mechanical Specifications

23.2 48-Pin Low-Profile Quad Flat Pack (LQFP)
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. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994.

. CONTROLLING DIMENSION: MILLIMETER.

. DATUM PLANE AB IS LOCATED AT BOTTOM OF
LEAD AND IS COINCIDENT WITH THE LEAD
WHERE THE LEAD EXITS THE PLASTIC BODY AT
THE BOTTOM OF THE PARTING LINE.

\/f/\ 4. DATUMS T, U, AND Z TO BE DETERMINED AT
\ DATUM PLANE AB.

( ) ; | 5. DIMENSIONS S AND V TO BE DETERMINED AT
1 1

SEATING PLANE AC.

% ) 6. DIMENSIONS A AND B DO NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE PROTRUSION IS
0.250 PER SIDE. DIMENSIONS A AND B DO
INCLUDE MOLD MISMATCH AND ARE
AE

T

DETERMINED AT DATUM PLANE AB.

7. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. DAMBAR PROTRUSION SHALL
NOT CAUSE THE D DIMENSION TO EXCEED
0.350.

8. MINIMUM SOLDER PLATE THICKNESS SHALL BE

_|_
<

0.0076.
A EXACT SHAPE OF EACH CORNER IS OPTIONAL.

MILLIMETERS
MIN_| MAX
7.000 BSC
3,500 BSC
7.000 BSC
3,500 BSC
1.400 | 1.600
0170 | 0.270
1.350 | 1.450
0170 | 0.230
0,500 BSC
0.050 | 0.150
0.090 | 0.200

0500 | 0.700
1° 5°

12° REF

0.090 | 0.160
0.250 BSC

0.150 | 0.250
9.000 BSC
4,500 BSC
9.000 BSC
4,500 BSC
0.200 REF
1.000 REF
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Figure 23-1. 48-Pin LQFP (Case #932)
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