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Monitor ROM

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Keyboard Status and Control Ft€ad: 0 0 0 0 KEYF 0 IMASK MODE
$001A Register Write: ACK
(KBSCR) Reset: 0 0 0 0 0 0 0 0
Read:
Keyboard Interrupt ™** KBIE7 | KBIEG | KBIE5 | KBIE4 | KBIE3 | KBIE2 | KBIET KBIEO
$001B Enable Register Write:
(KBIER) Reget: 0 0 0 0 0 0 0 0
IRQ2 Status and Control Reg- Fead: 0 PUCOENB 0 0 IRQ2F 0 IMASK2 | MODE2
$001C ister Write: ACK2
(INTSCR2) Reset: 0 0 0 0 0 0 0 0
_ . Read: | STOP_ | STOP_ | STOP_ 0 0
$001D Configuration Register 2 Write: | ICLKDIS | RCLKEN | XCLKEN OSCCLK1 | OSCCLKO SCIBDSRC
(CONFIG2)T
Reset: 0 0 0 0 0 0 0 0
T One-time writable register after each reset.
IRQ1 Status and Control Reg- Read: 0 0 0 0 IRQ1F 0 IMASK1 | MODE1
$001E ister Write: ACK1
(NTSCR1) Reget: 0 0 0 0 0 0 0 0
Read:
Configuration Register 1 ) COPRS LVISTOP | LVIRSTD | LVIPWRD | LVIREGD | SSREC STOP COPD
$001F + Write:
(CONFIG1)
Reset: 0 0 0 0 0 0 0 0
T One-time writable register after each reset.
: Read: TOF 0 0
Timer 1 Status and = TOE | TSTOP PS2 PSt PSO
$0020 Control Register Write: 0 TRST
(T1SC) Reset: 0 0 1 0 0 0 0 0
Timer 1 Counter Read: | Bit15 14 13 12 11 10 9 Bit 8
$0021 Register High  Write:
(TTIONTH) Reset: 0 0 0 0 0 0 0 0
Timer 1 Counter R€ad: | Bit7 6 5 4 3 2 i Bit 0
$0022 Register Low Write:
(TIONTL) Reset: 0 0 0 0 0 0 0 0
Timer 1 Counter Modulo Reg- F€@d: Bit 15 1 13 1 11 10 9 Bit 8
$0023 ister High  Write:
(TTMODH) Reget: 1 1 1 1 1 1 1 1
Timer 1 Counter Modulo F€ad: Bit7 6 5 4 3 9 1 Bit 0
$0024 Register Low Write:
(TTMODL) Reset: 1 1 1 1 1 1 1 1
Read: CHOF
$0025 Timer 1 Channel 0 Status and Write: 0 CHoOIE MSOB MSO0A ELSOB ELSOA TOVO CHOMAX
Control Register (T1SC0) '
Reset: 0 0 0 0 0 0 0 0

U = Unaffected X = Indeterminate I:I = Unimplemented III = Reserved

Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 9)
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Table 4-1. Instruction Set Summary

Opcode Map

Effect on b ° g T ®

Q

Source Operation Description CCR £ ° 3 2 ls

Form = ey 2| A

H|I|N < © | o |°

PC « (PC) + 2; push (PCL)
. SP « (SP) — 1; push (PCH) R
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 irr 4
CBEQX #opr,rel . PC « (PC) + 3 +rel ? (X) — (M) = $00 HRE IMM 51 Jiirr 4
CBEQ oprX+,rel| COMPare and Branch if Equal PC « (PC) + 3 + rel 2 (A) — (M) = $00 X1+ 61 |fir |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 1X1 6F |ff 3
CLR X M « $00 IX 7F 2
CLR opr,SP M « $00 SP1 9E6F |ff 4
CMP #opr IMM Al i 2
CMP opr DIR B1 |[dd 3
CMP opr EXT C1 |hhil |4
CMP opr,X . IX2 D1 |eeff | 4
CMP oprX Compare A with M (A) — (M) —[=1o IX1 E1 ff 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) o INH 53 1
COM oprX Complement (One’s Complement) M < (M) = $FF — (M) 0 IX1 63 it 4
COM ,X M « @) =$FF — (M) IX 73 3
COM opr,SP M « (M) = $FF — (M) SP1 9EB3 |ff 5
CPHX #opr ~ Y (e o IMM 65 |[iiii+1 | 3
CPHX opr Compare H:X with M (H:X) = (M:M + 1) 0 DIR 75 |ad 4
CPX #opr IMM A3 i 2
CPX opr DIR B3 |dd 3
CPX opr EXT C3 |hhil |4
CPX X . IX2 D3 |eeff |4
CPX oprX Compare X with M (X) — (M) —{=1o 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 —-[-1o INH 72 2
MC68HC908AP Family Data Sheet, Rev. 4
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Functional Description

6.3.5 Manual and Automatic PLL Bandwidth Modes

The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.
Automatic mode is recommended for most users.

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches between
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine when the
VCO clock, CGMVCLK, is safe to use as the source for the base clock, CGMOUT. (See 6.5.2 PLL
Bandwidth Control Register.) If PLL interrupts are enabled, the software can wait for a PLL interrupt
request and then check the LOCK bit. If interrupts are disabled, software can poll the LOCK bit
continuously (during PLL start-up, usually) or at periodic intervals. In either case, when the LOCK bit is
set, the VCO clock is safe to use as the source for the base clock. (See 6.3.8 Base Clock Selector Circuit.)
If the VCO is selected as the source for the base clock and the LOCK bit is clear, the PLL has suffered a
severe noise hit and the software must take appropriate action, depending on the application. (See 6.6
Interrupts for information and precautions on using interrupts.)

The following conditions apply when the PLL is in automatic bandwidth control mode:

« The ACQ bit (See 6.5.2 PLL Bandwidth Control Register.) is a read-only indicator of the mode of
the filter. (See 6.3.4 Acquisition and Tracking Modes.)

e The ACQ bit is set when the VCO frequency is within a certain tolerance and is cleared when the
VCO frequency is out of a certain tolerance. (See 6.8 Acquisition/Lock Time Specifications for
more information.)

* The LOCK bit is a read-only indicator of the locked state of the PLL.

* The LOCK bit is set when the VCO frequency is within a certain tolerance and is cleared when the
VCO frequency is out of a certain tolerance. (See 6.8 Acquisition/Lock Time Specifications for
more information.)

* CPU interrupts can occur if enabled (PLLIE = 1) when the PLL’s lock condition changes, toggling
the LOCK bit. (See 6.5.1 PLL Control Register.)

The PLL also may operate in manual mode (AUTO = 0). Manual mode is used by systems that do not
require an indicator of the lock condition for proper operation. Such systems typically operate well below
fsusmax-
The following conditions apply when in manual mode:
« ACQis a writable control bit that controls the mode of the filter. Before turning on the PLL in manual
mode, the ACQ bit must be clear.
 Before entering tracking mode (ACQ = 1), software must wait a given time, t,oq (See 6.8
Acquisition/Lock Time Specifications.), after turning on the PLL by setting PLLON in the PLL
control register (PCTL).
» Software must wait a given time, t, , after entering tracking mode before selecting the PLL as the
clock source to CGMOUT (BCS = 1).
* The LOCK bit is disabled.
e CPU interrupts from the CGM are disabled.

6.3.6 Programming the PLL

The following procedure shows how to program the PLL.

NOTE
The round function in the following equations means that the real number
should be rounded to the nearest integer number.

MC68HC908AP Family Data Sheet, Rev. 4
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Clock Generator Module (CGM)

VCO clock frequency is corrupt, and appropriate precautions should be taken. If the application is not
frequency sensitive, interrupts should be disabled to prevent PLL interrupt service routines from impeding
software performance or from exceeding stack limitations.

NOTE
Software can select the CGMPCLK divided by two as the CGMOUT source
even ifthe PLL is not locked (LOCK = 0). Therefore, software should make
sure the PLL is locked before setting the BCS bit.

6.7 Special Modes

The WAIT instruction puts the MCU in low power-consumption standby modes.

6.7.1 Wait Mode

The WAIT instruction does not affect the CGM. Before entering wait mode, software can disengage and
turn off the PLL by clearing the BCS and PLLON bits in the PLL control register (PCTL) to save power.
Less power-sensitive applications can disengage the PLL without turning it off, so that the PLL clock is
immediately available at WAIT exit. This would be the case also when the PLL is to wake the MCU from
wait mode, such as when the PLL is first enabled and waiting for LOCK or LOCK s lost.

6.7.2 Stop Mode
The STOP instruction disables the PLL analog circuits and no clock will be driven out of the VCO.
When entering stop mode with the VCO clock (CGMPCLK) selected, before executing the STOP

instruction:

1. Setthe oscillator stop mode enable bit (STOP_XCLKEN in CONFIG2) if continuos clock is required
in stop mode.

2. Clear the BCS bit to select CGMXCLK as CGMOUT.
On exit from stop mode:
1. Setthe PLLON bit if cleared before entering stop mode.

2. Wait for PLL to lock by checking the LOCK bit.
3. Set BCS bit to select CGMPCLK as CGMOUT.

6.7.3 CGM 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 SIM break flag control register (SBFCR) enables software to clear
status bits during the break state. (See 7.7.3 SIM Break Flag Control Register.)

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

To protect the PLLF bit during the break state, write a logic 0 to the BCFE bit. With BCFE at logic 0 (its
default state), software can read and write the PLL control register during the break state without affecting
the PLLF bit.

MC68HC908AP Family Data Sheet, Rev. 4
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System Integration Module (SIM)

» MODULE STOP
| » MODULE WAIT

STOP/WAIT | CPU STOP (FROM CPU)
CONTROL |« CPU WAIT (FROM CPU)
' » SIMOSCEN (TO CGM, OSC)
- SIM
» COUNTER [ COP CLOCK
A
ICLK (FROM OSC)
CGMOUT (FROM CGM)
+2
\ Y
Voo CONTROL | CLOCK GENERATORS [ > INTERNAL CLOCKS
INTERNAL 1
PULLUP
DEVICE
PlﬁEL%EGTlC < - POR CONTROL - <«—— LVI (FROM LVI MODULE)
—————— MRAESSTEETR <«—— ILLEGAL OPCODE (FROM CPU)
> ILLEGAL ADDRESS (FROM ADDRESS
PN CONTROL [*—— \AP DECODERS)
SIM RESET STATUS REGISTER K _ < COP (FROM COP MODULE)
RESET
/1
INTERRUPT CONTROL [N\ INTERRUPT SOURCES
AND PRIORITY DECODE < > CPU INTERFAGE
Figure 7-1. SIM Block Diagram
Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
SIM Break S R Read: R R R R R R SBSW R
reak Status Register -
$FE00 (SBSR) Write: NOTE
Reset: 0 0 0 0 0 0 0 0
Note: Writing a logic 0 clears SBSW.
SMR s R Read: POR PIN COP ILOP ILAD MODRST LVI 0
eset Status Register o
$FEO1 (SRSR) Write:
1 0 0 0 0 0 0 0
SIM Break Flag C I Read: BCFE R R R R R R R
reak Flag Contro -
$FE03 Register (SBFCR) Write:
Reset: 0

Figure 7-2. SIM I/O Register Summary

MC68HC908AP Family Data Sheet, Rev. 4
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System Integration Module (SIM)

At power-on, these events occur:
e A POR pulse is generated.
* The internal reset signal is asserted.
e The SIM enables CGMOUT.

¢ Internal clocks to the CPU and modules are held inactive for 4096 ICLK cycles to allow stabilization
of the oscillator.

* The pin is driven low during the oscillator stabilization time.

* The POR bit of the SIM reset status register (SRSR) is set and all other bits in the register are
cleared.

PORRST (¢ (¢ (¢

4096 32 32
CYCLES CYCLES CYCLES

cawour |l [ kI Lo L L L L
RST . L [_g()

) )
€ ( |

IRST

(( ((
) ) ) )

NP
N

IAB X $FFFE sFFFF

(( ((
) ) ) )

Figure 7-7. POR Recovery

NP
N

7.3.2.2 Computer Operating Properly (COP) Reset

An input to the SIM is reserved for the COP reset signal. The overflow of the COP counter causes an
internal reset and sets the COP bit in the SIM reset status register (SRSR). The SIM actively pulls down
the RST pin for all internal reset sources.

To prevent a COP module timeout, write any value to location $FFFF. Writing to location $FFFF clears

the COP counter and bits 12 through 5 of the SIM counter. The SIM counter output, which occurs at least
every 213 — 24 ICLK cycles, drives the COP counter. The COP should be serviced as soon as possible

out of reset to guarantee the maximum amount of time before the first timeout.

The COP module is disabled if the RST pin or the IRQ1 pin is held at Vg7 while the MCU is in monitor
mode. The COP module can be disabled only through combinational logic conditioned with the high
voltage signal on the RST or the IRQ1 pin. This prevents the COP from becoming disabled as a result of
external noise. During a break state, Vg7 on the RST pin disables the COP module.

7.3.2.3 lllegal Opcode Reset

The SIM decodes signals from the CPU to detect illegal instructions. An illegal instruction sets the ILOP
bit in the SIM reset status register (SRSR) and causes a reset.

MC68HC908AP Family Data Sheet, Rev. 4
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System Integration Module (SIM)

CLI

BACKGROUND
ROUTINE

» LDA #$FF

—> INTH PSHH

l INT1 INTERRUPT SERVICE ROUTINE

PULH
RTI—

L’ INT2 PSHH

l INT2 INTERRUPT SERVICE ROUTINE

PULH
RTI

Figure 7-11. Interrupt Recognition Example

The LDA opcode is prefetched by both the INT1 and INT2 RTI instructions. However, in the case of the
INT1 RTI prefetch, this is a redundant operation.

NOTE
To maintain compatibility with the M6805 Family, the H register is not
pushed on the stack during interrupt entry. If the interrupt service routine
modifies the H register or uses the indexed addressing mode, software
should save the H register and then restore it prior to exiting the routine.

7.5.1.2 SWI Instruction

The SWI instruction is a non-maskable instruction that causes an interrupt regardless of the state of the
interrupt mask (I bit) in the condition code register.

NOTE
A software interrupt pushes PC onto the stack. A software interrupt does
not push PC — 1, as a hardware interrupt does.

7.5.2 Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt sources. Table 7-3 summarizes the
interrupt sources and the interrupt status register flags that they set. The interrupt status registers can be
useful for debugging.

MC68HC908AP Family Data Sheet, Rev. 4
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Monitor ROM (MON)

0.1 uF I
Vi — — HC908AP
} Voo
0.1 uF —L Vopa
I —1 VRern
- o—— Vaes
Fm- - - - oo oo - VRerL
; I Vss
: REG 4.9152MH2/9.8304MHz ! v
| i (50% DUTY) | 1 SSA
I » I e
| e oset, CGMXFC
| _l_ |
, MUST BE USED IF SW2 IS AT POSITION C. |
| CONNECT TO OSC1, WITH OSC2 UNCONNECTED. | 0.033 uF
_____________________ 4
ex10s0 T T =
| . V4 | -
| * *— 0SCt
JUR It .
| 6-30 pF - ™M
MAX232 Vop , I T |
| = T L 0sc2
I
J__1 Ci+ Voo 1 | 6-30 pF |
+ +
1uF 1uF ! I :
| p—
[ Cli- GND%15 1uF et ia i -
L T XTAL CIRCUIT
2 V1t c
H cor Vi . AN o ™2 oeenore )
1uF J_+_ Voo 1k IRQ1
W /-I\_ v 6 85V D
5] Co- 1 1 uF o — Vbp
¥ 10k
DB9 I 74HC125
2 7 10 -
°< 74HC125 PTAO
3 8 Dc 9 VDD VDD
5 1
J_ 10k 10k
= Ao SWI PTA1
(SEE NOTE 2) PTBO
NOTES PTA2
1. Monitor mode entry method:
SW2: Position C — High voltage entry (V1g7); must use external OSC
Bus clock depends on SW1 (note 2).
SW2: Position D — Reset vector must be blank ($FFFE:$FFFF = $FF) = —

Bus clock = 1.2288MHz.
2. Affects high voltage entry to monitor mode only (SW2 at position C):
SW1: Position A — Bus clock = OSC1 4
SW1: Position B — Bus clock = OSC1 2
5. See Table 22-4 for Vg7 voltage level requirements.

Figure 8-1. Monitor Mode Circuit
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I/0 Signals

To allow software to clear status bits during a break interrupt, write a logic 1 to the BCFE bit. 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 logic 0 to the BCFE bit. With BCFE at logic 0 (its
default state), software can read and write I/O registers during the break state without affecting status bits.
Some status bits have a 2-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 at logic 0. After the
break, doing the second step clears the status bit.

9.8 1/0 Signals

Port B shares four of its pins with the TIM. The four TIM channel I/O pins are T1ICHO, T1CH1, T2CHO,
and T2CH1 as described in 9.3 Pin Name Conventions.

Each channel I/O pin is programmable independently as an input capture pin or an output compare pin.
T1CHO and T2CHO can be configured as buffered output compare or buffered PWM pins.

9.9 1/O Registers

NOTE
References to either timer 1 or timer 2 may be made in the following text by
omitting the timer number. For example, TSC may generically refer to both
T1SC AND T2SC.

These /O registers control and monitor operation of the TIM:
* TIM status and control register (TSC)
e TIM counter registers (TCNTH:TCNTL)
e TIM counter modulo registers (TMODH:TMODL)
e TIM channel status and control registers (TSCO, TSC1)
* TIM channel registers (TCHOH:TCHOL, TCH1H:TCH1L)

9.9.1 TIM Status and Control Register

The TIM status and control register (TSC):
e Enables TIM overflow interrupts
* Flags TIM overflows
e Stops the TIM counter
* Resets the TIM counter
* Prescales the TIM counter clock

Address: T1SC, $0020 and T2SC, $002B

Bit 7 6 5 4 3 2 1 Bit 0
Read: TOF 0 0
TOIE TSTOP PS2 PS1 PS0
Write: 0 TRST
Reset: 0 0 1 0 0 0 0 0

|:| = Unimplemented

Figure 9-4. TIM Status and Control Register (TSC)

MC68HC908AP Family Data Sheet, Rev. 4
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Timer Interface Module (TIM)

9.9.4 TIM Channel Status and Control Registers

Each of the TIM channel status and control registers:
* Flags input captures and output compares
* Enables input capture and output compare interrupts
e Selects input capture, output compare, or PWM operation
* Selects high, low, or toggling output on output compare
e Selects rising edge, falling edge, or any edge as the active input capture trigger
e Selects output toggling on TIM overflow
* Selects 0% and 100% PWM duty cycle
* Selects buffered or unbuffered output compare/PWM operation

Address: T1SCO0, $0025 and T2SCO0, $0030

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
) CHOIE MS0B MS0A ELSOB ELSOA TOVO CHOMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Figure 9-9. TIM Channel 0 Status and Control Register (TSCO0)

Address: T1SC1, $0028 and T2SC1, $0033

Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH1F 0
) CH1IE MS1A ELS1B ELS1A TOVA CH1MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0

Figure 9-10. TIM Channel 1 Status and Control Register (TSC1)

CHxF — Channel x Flag Bit

When channel x is an input capture channel, this read/write bit is set when an active edge occurs on
the channel x pin. When channel x is an output compare channel, CHxF is set when the value in the
TIM counter registers matches the value in the TIM channel x registers.
When TIM CPU interrupt requests are enabled (CHXIE = 1), clear CHxF by reading TIM channel x
status and control register with CHxF set and then writing a logic 0 to CHxF. If another interrupt request
occurs before the clearing sequence is complete, then writing logic 0 to CHxF has no effect. Therefore,
an interrupt request cannot be lost due to inadvertent clearing of CHxF.
Reset clears the CHXxF bit. Writing a logic 1 to CHxF has no effect.

1 = Input capture or output compare on channel x

0 = No input capture or output compare on channel x

CHXxIE — Channel x Interrupt Enable Bit
This read/write bit enables TIM CPU interrupt service requests on channel x.
Reset clears the CHXIE bit.
1 = Channel x CPU interrupt requests enabled
0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B
This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the TIM1
channel 0 and TIM2 channel 0 status and control registers.

MC68HC908AP Family Data Sheet, Rev. 4
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I/O Registers

Setting MSOB disables the channel 1 status and control register and reverts TCH1 to general-purpose
I/0O.
Reset clears the MSxB bit.

1 = Buffered output compare/PWM operation enabled

0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A
When ELSxB:ELSxA # 0:0, this read/write bit selects either input capture operation or unbuffered
output compare/PWM operation.
See Table 9-3.
1 = Unbuffered output compare/PWM operation
0 = Input capture operation
When ELSxB:ELSXA = 0:0, this read/write bit selects the initial output level of the TCHx pin. See
Table 9-3. Reset clears the MSxA bit.
1 = Initial output level low
0 = Initial output level high

NOTE
Before changing a channel function by writing to the MSxB or MSxA bit, set
the TSTOP and TRST bits in the TIM status and control register (TSC).

ELSxB and ELSxA — Edge/Level Select Bits
When channel x is an input capture channel, these read/write bits control the active edge-sensing logic
on channel x.
When channel x is an output compare channel, ELSxB and ELSxA control the channel x output
behavior when an output compare occurs.
When ELSxB and ELSxA are both clear, channel x is not connected to an I/O port, and pin TCHx is
available as a general-purpose I/O pin. Table 9-3 shows how ELSxB and ELSxA work. Reset clears
the ELSxB and ELSxA bits.

Table 9-3. Mode, Edge, and Level Selection

MSxB:MSxA ELSxB:ELSxA Mode Configuration

X0 00 P|n under port cont_rol;

initial output level high
Output preset .

X1 00 Fl’lr.1.under port control;
initial output level low

00 01 Capture on rising edge only

00 10 Input capture Capture on falling edge only

00 11 Capturt_a on rising or

falling edge
01 01 Toggle output on compare
Outputcompare

01 10 or PWM Clear output on compare

01 11 Set output on compare

1X 01 Buffered output Toggle output on compare

1X 10 compare or Clear output on compare

1X 11 buffered PWM Set output on compare

MC68HC908AP Family Data Sheet, Rev. 4
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Serial Communications Interface Module (SCI)

Depending on the state of the WAKE bit in SCC1, either of two conditions on the RxD pin can bring the
receiver out of the standby state:

Address mark — An address mark is a logic 1 in the most significant bit position of a received
character. When the WAKE bit is set, an address mark wakes the receiver from the standby state
by clearing the RWU bit. The address mark also sets the SCI receiver full bit, SCRF. Software can
then compare the character containing the address mark to the user-defined address of the
receiver. If they are the same, the receiver remains awake and processes the characters that
follow. If they are not the same, software can set the RWU bit and put the receiver back into the
standby state.

Idle input line condition — When the WAKE bit is clear, an idle character on the RxD pin wakes the
receiver from the standby state by clearing the RWU bit. The idle character that wakes the receiver
does not set the receiver idle bit, IDLE, or the SCI receiver full bit, SCRF. The idle line type bit,
ILTY, determines whether the receiver begins counting logic 1s as idle character bits after the start
bit or after the stop bit.

NOTE
With the WAKE bit clear, setting the RWU bit after the RxD pin has been
idle may cause the receiver to wake up immediately.

11.4.3.7 Receiver Interrupts

The following sources can generate CPU interrupt requests from the SCI receiver:

SClI receiver full (SCRF) — The SCRF bit in SCS1 indicates that the receive shift register has
transferred a character to the SCDR. SCRF can generate a receiver CPU interrupt request. Setting
the SCI receive interrupt enable bit, SCRIE, in SCC2 enables the SCRF bit to generate receiver
CPU interrupts.

Idle input (IDLE) — The IDLE bit in SCS1 indicates that 10 or 11 consecutive logic 1s shifted in
from the RxD pin. The idle line interrupt enable bit, ILIE, in SCC2 enables the IDLE bit to generate
CPU interrupt requests.

11.4.3.8 Error Interrupts

The following receiver error flags in SCS1 can generate CPU interrupt requests:

166

Receiver overrun (OR) — The OR bit indicates that the receive shift register shifted in a new
character before the previous character was read from the SCDR. The previous character remains
in the SCDR, and the new character is lost. The overrun interrupt enable bit, ORIE, in SCC3
enables OR to generate SCI error CPU interrupt requests.

Noise flag (NF) — The NF bit is set when the SCI detects noise on incoming data or break
characters, including start, data, and stop bits. The noise error interrupt enable bit, NEIE, in SCC3
enables NF to generate SCI error CPU interrupt requests.

Framing error (FE) — The FE bit in SCS1 is set when a logic 0 occurs where the receiver expects
a stop bit. The framing error interrupt enable bit, FEIE, in SCC3 enables FE to generate SCI error
CPU interrupt requests.

Parity error (PE) — The PE bitin SCS1 is set when the SCI detects a parity error in incoming data.
The parity error interrupt enable bit, PEIE, in SCC3 enables PE to generate SCI error CPU interrupt
requests.
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Infrared Serial Communications Interface Module (IRSCI)

Table 12-2. Start Bit Verification

RT3, RT5, and RT7 St_a_rt B_it Noise Flag
Samples Verification
011 No 0
100 Yes 1
101 No 0
110 No 0
111 No 0

If start bit verification is not successful, the RT clock is reset and a new search for a start bit begins.

To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 12-3 summarizes the results of the data bit samples.

Table 12-3. Data Bit Recovery

RT8, RT9, and RT10 Data- Bit_ Noise Flag
Samples Determination
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RTS8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit.

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 12-4
summarizes the results of the stop bit samples.

Table 12-4. Stop Bit Recovery

RTS8, RT9, and RT10 Framing Noise Fla
Samples Error Flag 9
000 1 0
001 1 1
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I/O Registers

Table 12-7. SCI Baud Rate Prescaling

SCP1 and SCPO Prescaler Divisor (PD)
00 1
01 3
10 4
11 13

SCR2-SCR0 — SCI Baud Rate Select Bits
These read/write bits select the SCI baud rate divisor as shown in Table 12-8. Reset clears

SCR2-SCRO0.
Table 12-8. IRSCI Baud Rate Selection

SCR2, SCR1, and SCRO Baud Rate Divisor (BD)

000 1

001 2

010 4

011 8

100 16

101 32

110 64

111 128

Use this formula to calculate the SCI baud rate:

SCI clock source
16 x PD xBD

baud rate =

where:
SCI clock source = fgyg or CGMXCLK

(selected by CKS bit)

PD = prescaler divisor

BD = baud rate divisor
Table 12-9 shows the SCI baud rates that can be generated with a 4.9152-MHz bus clock when fgg is
selected as SCI clock source.
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Multi-Master IIC Interface (MMIIC)

14.8.4 Write Byte/Word

(a) Write Byte Protocol

(b) Write Byte Protocol with PEC

(c) Write Word Protocol

ACK

(d) Write Word Protocol with PEC

Figure 14-16. Write Byte/Word

14.8.5 Read Byte/Word

(a) Read Byte Protocol

PEC

(b) Read Byte Protocol with PEC

Data Byte High

(c) Read Word Protocol

ACK ACK

ACK ACK

ACK

ACK

ACK ACK

Data Byte High

PEC

(d) Read Word Protocol with PEC

Figure 14-17. Read Byte/Word
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Analog-to-Digital Converter (ADC)

ADC Data Register Low 2 Read: AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
$005C ala negister oW = \vite: [ R R R R R R R R
(ADRL3)
Reset: 0 0 0 0 0 0 0 0
. Read: AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
$005D ADC Data Register Low 3 Write: R R R R R R R R
(ADRL3)
Reset: 0 0 0 0 0 0 0 0
ADC Auto-scan Control Read: 0 0 0 0 0
$005E Register  Write: AUTO! AUTOO0 | ASCAN
(ADASCR) Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented |I| = Reserved

Figure 15-1. ADC I/O Register Summary

15.3 Functional Description

The ADC provides eight pins for sampling external sources at pins PTAO/ADCO-PTA7/ADC7. An analog
multiplexer allows the single ADC converter to select one of eight ADC channels as ADC voltage in
(Vapin)- Vapin is converted by the successive approximation register-based analog-to-digital converter.
When the conversion is completed, ADC places the result in the ADC data register, high and low byte
(ADRHO and ADRLO), and sets a flag or generates an interrupt.

An additional three ADC data registers (ADRL1-ADRLS3) are available to store the individual converted
data for ADC channels ADC1-ADCS3 when the auto-scan mode is enabled. Data from channel ADCO is
stored in ADRLO in the auto-scan mode.

Figure 15-2 shows the structure of the ADC module.

15.3.1 ADC Port I/O Pins

PTAO-PTA7 are general-purpose I/O pins that are shared with the ADC channels. The channel select
bits, ADCH[4:0], define which ADC channel/port pin will be used as the input signal. The ADC overrides
the port 1/0 logic by forcing that pin as input to the ADC. The remaining ADC channels/port pins are
controlled by the port I/0 logic and can be used as general-purpose 1/0. Writes to the port data register
or data direction register will not have any affect on the port pin that is selected by the ADC. Read of a
port pin which is in use by the ADC will return the pin condition if the corresponding DDR bit is at logic 0.
If the DDR bit is at logic 1, the value in the port data latch is read.

15.3.2 Voltage Conversion

When the input voltage to the ADC equals Vregp, the ADC converts the signal to $3FF (full scale). If the
input voltage equals Vggg(, the ADC converts it to $000. Input voltages between Vgggy and Vgeg, are a
straight-line linear conversion. All other input voltages will result in $3FF if greater than Vg and $000
if less than Vggp,.

NOTE
Input voltage should not exceed the analog supply voltages.
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I/O Registers

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
) ) Read: AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
$0059 ADC Data Register High 0 Write: R R R R R R R
(ADRHO0)
Reset: 0 0 0 0 0 0 0 0
. Read: AD1 ADO 0 0 0 0 0 0
$005A ADC Data Register Low 0 Write: R R R R R R R
(ADRLO)
Reset: 0 0 0 0 0 0 0 0

Figure 15-8 ADRHO and ADRLO in Left Justified Sign Data Mode

15.7.4 ADC Auto-Scan Mode Data Registers (ADRL1-ADRL3)

The ADC data registers 1 to 3 (ADRL1-ADRLS3), are 8-bit registers for conversion results in 8-bit
truncated mode, for channels ADC1 to ADC3, when the ADC is operating in auto-scan mode
(MODE[1:0] = 00).

Address: ADRL1, $005B; ADRL2, $005C; and ADRLS3, $005D

Read: AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

III = Reserved

Figure 15-9. ADC Data Register Low 1 to 3 (ADRL1-ADRL3)

15.7.5 ADC Auto-Scan Control Register (ADASCR)

The ADC auto-scan control register (ADASCR) enables and controls the ADC auto-scan function.

Address:  $005E

Read: 0 0 0 0 0

] AUTO1 AUTOO0 ASCAN
Write:
Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented E = Reserved

Figure 15-10. ADC Scan Control Register (ADASCR)

AUTO[1:0] — Auto-Scan Mode Channel Select Bits
AUTO1 and AUTOO form a 2-bit field which is used to define the number of auto-scan channels used
when in auto-scan mode. Reset clears these bits.

Table 15-4. Auto-scan Mode Channel Select

AUTO1 AUTOO Auto-Scan Channels
0 0 ADCO only
0 1 ADCO to ADC1
1 0 ADCO to ADC2
1 1 ADCO to ADC3
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Analog-to-Digital Converter (ADC)

ASCAN — Auto-scan Mode Enable Bit
This bit enable/disable the auto-scan mode. Reset clears this bit.
1 = Auto-scan mode is enabled
0 = Auto-scan mode is disabled
Auto-scan mode should not be enabled when ADC continuous conversion is enabled; i.e. when
ADCO=1.
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Keyboard Interrupt Module (KBI)

18.4 Functional Description

INTERNAL BUS
< 7 >

KEYBOARD }
INTERRUPT FF IMASKK > ©

L VECTOR FETCH
KBIO DECODER
KEYF
KBIEO - SYNCHRONIZER Keyboard
. Interrupt
TO PULLUP ENABLE - Request

mw;[}o—

KBIE7

TO PULLUP ENABLE

R
[}

Figure 18-2. Keyboard Interrupt Block Diagram

Writing to the KBIE7—KBIEO bits in the keyboard interrupt enable register independently enables or
disables each port D pin as a keyboard interrupt pin. Enabling a keyboard interrupt pin in port D also
enables its internal pull-up device. A logic 0 applied to an enabled keyboard interrupt pin latches a
keyboard interrupt request.

A keyboard interrupt is latched when one or more keyboard pins goes low after all were high. The MODEK
bit in the keyboard status and control register controls the triggering mode of the keyboard interrupt.

* If the keyboard interrupt is edge-sensitive only, a falling edge on a keyboard pin does not latch an
interrupt request if another keyboard pin is already low. To prevent losing an interrupt request on
one pin because another pin is still low, software can disable the latter pin while it is low.

* If the keyboard interrupt is falling edge- and low level-sensitive, an interrupt request is present as
long as any keyboard pin is low.

Ifthe MODEK bit is set, the keyboard interrupt pins are both falling edge- and low level-sensitive, and both
of the following actions must occur to clear a keyboard interrupt request:

* Vector fetch or software clear — A vector fetch generates an interrupt acknowledge signal to clear
the interrupt request. Software may generate the interrupt acknowledge signal by writing a logic 1
to the ACKK bit in the keyboard status and control register KBSCR. The ACKK bit is useful in
applications that poll the keyboard interrupt pins and require software to clear the keyboard
interrupt request. Writing to the ACKK bit prior to leaving an interrupt service routine can also
prevent spurious interrupts due to noise. Setting ACKK does not affect subsequent transitions on
the keyboard interrupt pins. A falling edge that occurs after writing to the ACKK bit latches another
interrupt request. If the keyboard interrupt mask bit, IMASKK, is clear, the CPU loads the program
counter with the vector address at locations $FFEQ and $FFE1.

* Return of all enabled keyboard interrupt pins to logic 1 — As long as any enabled keyboard
interrupt pin is at logic 0, the keyboard interrupt remains set.

The vector fetch or software clear and the return of all enabled keyboard interrupt pins to logic 1 may
occur in any order.
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