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General Description

1.2 Features
Features of the MC68H(R)C908JL3E include the following:

EMC enhanced version of MC68H(R)C908JL3/JK3/JK1
High-performance M68HCO08 architecture
Fully upward-compatible object code with M6805, M146805, and M68HCO05 Families
Low-power design; fully static with stop and wait modes
Maximum internal bus frequency:
— 8-MHz at 5V operating voltage
— 4-MHz at 3V operating voltage
Oscillator options:
— Crystal oscillator for MC68HC908JL3E/JK3E/JK1E
— RC oscillator for MC68HRC908JL3E/JK3E/JK1E
User program Flash memory with security(!) feature
— 4,096 bytes for MC68H(R)C908JL3E/JK3E
— 1,536 bytes for MC68H(R)C908JK1E
128 bytes of on-chip RAM
2-channel, 16-bit timer interface module (TIM)
12-channel, 8-bit analog-to-digital converter (ADC)
23 general purpose /O ports for MC68H(R)C908JL3E:
— 7 keyboard interrupt with internal pull-up
(6 keyboard interrupt for MC68HC908JL3E)
— 10 LED drivers (sink)
— 2 x 25mA open-drain I/O with pull-up
15 general purpose I/O ports for MC68H(R)C908JK3E/JK1E:
1 keyboard interrupt with internal pull-up
(MC68HRC908JK3E/JK1E only)
4 LED drivers (sink)
2 x 25mA open-drain I/O with pull-up
— 10-channel ADC
System protection features:
Optional computer operating properly (COP) reset
Optional low-voltage detection with reset and selectable trip points for 3V and 5V operation
lllegal opcode detection with reset
lllegal address detection with reset
Master reset pin with internal pull-up and power-on reset
IRQ with schmitt-trigger input and programmable pull-up
28-pin PDIP, 28-pin SOIC, and 48-pin LQFP packages for MC68H(R)C908JL3E
20-pin PDIP and 20-pin SOIC packages for MC68H(R)C908JK3E/JK1E

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

16

MC68HC908JL3E Family Data Sheet, Rev. 4

Freescale Semiconductor



Central Processor Unit (CPU)

4.3.5 Condition Code Register

The 8-bit condition code register contains the interrupt mask and five flags that indicate the results of the
instruction just executed. Bits 6 and 5 are set permanently to 1. The following paragraphs describe the
functions of the condition code register.

Bit 7 6 5 4 3 2 1 Bit 0
Read:
] v 1 1 H I N Z C
Write:
Reset: X 1 1 X 1 X X X

X = Indeterminate

Figure 4-6. Condition Code Register (CCR)

V — Overflow Flag
The CPU sets the overflow flag when a two's complement overflow occurs. The signed branch
instructions BGT, BGE, BLE, and BLT use the overflow flag.
1 = Overflow
0 = No overflow

H — Half-Carry Flag
The CPU sets the half-carry flag when a carry occurs between accumulator bits 3 and 4 during an
add-without-carry (ADD) or add-with-carry (ADC) operation. The half-carry flag is required for
binary-coded decimal (BCD) arithmetic operations. The DAA instruction uses the states of the H and
C flags to determine the appropriate correction factor.
1 = Carry between bits 3 and 4
0 = No carry between bits 3 and 4

| — Interrupt Mask
When the interrupt mask is set, all maskable CPU interrupts are disabled. CPU interrupts are enabled
when the interrupt mask is cleared. When a CPU interrupt occurs, the interrupt mask is set
automatically after the CPU registers are saved on the stack, but before the interrupt vector is fetched.
1 = Interrupts disabled
0 = Interrupts enabled

NOTE
To maintain M6805 Family compatibility, the upper byte of the index
register (H) is not stacked automatically. If the interrupt service routine
modifies H, then the user must stack and unstack H using the PSHH and
PULH instructions.

After the | bit is cleared, the highest-priority interrupt request is serviced first.

A return-from-interrupt (RTI) instruction pulls the CPU registers from the stack and restores the
interrupt mask from the stack. After any reset, the interrupt mask is set and can be cleared only by the
clear interrupt mask software instruction (CLI).

N — Negative Flag
The CPU sets the negative flag when an arithmetic operation, logic operation, or data manipulation
produces a negative result, setting bit 7 of the result.
1 = Negative result
0 = Non-negative result

MC68HC908JL3E Family Data Sheet, Rev. 4
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Arithmetic/Logic Unit (ALU)

Z — Zero Flag
The CPU sets the zero flag when an arithmetic operation, logic operation, or data manipulation
produces a result of $00.
1 = Zero result
0 = Non-zero result

C — Carry/Borrow Flag
The CPU sets the carry/borrow flag when an addition operation produces a carry out of bit 7 of the
accumulator or when a subtraction operation requires a borrow. Some instructions — such as bit test
and branch, shift, and rotate — also clear or set the carry/borrow flag.
1 = Carry out of bit 7
0 = No carry out of bit 7

4.4 Arithmetic/Logic Unit (ALU)

The ALU performs the arithmetic and logic operations defined by the instruction set.

Refer to the CPUO08 Reference Manual (document order number CPUO8RM/AD) for a description of the
instructions and addressing modes and more detail about the architecture of the CPU.

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

4.5.1 Wait Mode

The WAIT instruction:
* Clears the interrupt mask (I bit) in the condition code register, enabling interrupts. After exit from
wait mode by interrupt, the | bit remains clear. After exit by reset, the | bit is set.
* Disables the CPU clock

4.5.2 Stop Mode

The STOP instruction:
* Clears the interrupt mask (I bit) in the condition code register, enabling external interrupts. After
exit from stop mode by external interrupt, the | bit remains clear. After exit by reset, the | bit is set.
* Disables the CPU clock

After exiting stop mode, the CPU clock begins running after the oscillator stabilization delay.

4.6 CPU During Break Interrupts

If a break module is present on the MCU, the CPU starts a break interrupt by:
* Loading the instruction register with the SWI instruction
e Loading the program counter with $FFFC:$FFFD or with $FEFC:$FEFD in monitor mode

The break interrupt begins after completion of the CPU instruction in progress. If the break address
register match occurs on the last cycle of a CPU instruction, the break interrupt begins immediately.

A return-from-interrupt instruction (RTI) in the break routine ends the break interrupt and returns the MCU
to normal operation if the break interrupt has been deasserted.
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Table 4-1. Instruction Set Summary (Sheet 4 of 6)

Instruction Set Summary

Effect @ o T m
°

Sg:rr:le Operation Description on CCR g g S g %
H|{I|N|{Z|C 2 § 3— 8- 5*

JMP opr DIR BC |dd 2
JMP opr EXT CC |hhil | 3
JMP opr, X Jump PC « Jump Address === 1=]IX2 DC |eeff | 4
JMP opr,X IX1 EC |[ff 3
JMP X IX FC 2
J3R opr PC (PC) 4 n(n=1,2 0r3) Ext | GD |mhil |5
JSR oer Jump to Subroutine Push (PCL); SP « (SP) —1 ol el el el e DD |eeff | 6
ISR oprX P Push (PCH); SP < (SP) — 1 X1 ED |ff 5
ISR )f PC « Unconditional Address IX FD 4
LDA #opr IMM A6 |ii 2
LDA opr DIR B6 |[dd 3
LDA opr EXT C6 |hhil | 4
LDA opr,X IX2 D6 |eeff | 4
LDA oprX Load A from M A« (M) ——=1t|T |- X1 E6 |ff 3
LDA X IX F6 2
LDA opr,SP SP1 9EE® |ff 4
LDA opr,SP SP2 9EDG6 [eeff | 5
LDHX #opr , , , B _[imm 45 liijj |3
LDHX opr Load H:X from M HX « (MM +1) T|? DIR 55 |dd 4
LDX #opr IMM AE Jii 2
LDX opr DIR BE |dd 3
LDX opr EXT CE |hhil | 4
LDX opr,X IX2 DE |eeff | 4
LDX opr.X Load X from M X« (M) —=1t|T |- X1 EE |ff 3
LDX ,X IX FE 2
LDX opr,SP SP1 9EEE | ff 4
LDX opr,SP SP2 9EDE |eeff | 5
LSL opr DIR 38 |dd |4
LSLA - INH 48 1
LSLX Logical Shift Left Cle{ [T [T ] =0 1 INH 58 1
LSL opr:X (Same as ASL) - bO* ARARAIN 68 |ff 4
LSL ,X IX 78 3
LSL opr,SP SP1 9E68 | ff 5
LSR opr DIR 34 |dd |4
LSRA —_— INH 44 1
Lo oprX Logical Shift Right 0= [T TTTTTH=c ~|-fo]t|z]RH 2l |4
LSR X b7 bo IX 74 3
LSR opr,SP SP1 9E64 |ff 5
mg¥ nggﬁr M (M)Destination <« (M)Source il BB(_,_ gE gg dd ‘51
MOV #opr,opr ove , , |- ~|IMD 6E liidd |4
MOV X+,0pr H:X « (H:X) + 1 (IX+D, DIX+) IX+D 7E |dd 4
MUL Unsigned multiply X:A « (X) x (A) o|-|-]-{o[INH 42 5
NEQA”" M < ~(M) = $00 — () nn | a0 ||
NEGX A < —(A) =300 - (A) INH 50 1
NEG oprX Negate (Two’s Complement) X « —(X) = $00 — (X) -3 [t]|2 X1 60 |ff 4
NEG X M < —(M) = $00 — (M) IX 70 3
NEG 0pr,SP M « ~(M) = $00 — (M) SP1 | 9E60 |ff 5
NOP No Operation None —|=1{=]=1|=|INH 9D 1
NSA Nibble Swap A A « (A[3:0]:A[7:4]) —-1-1-1-]INH 62 3
ORA #opr IMM AA i 2
ORA opr DIR BA |dd 3
ORA opr EXT CA |hhil | 4
ORA opr,X . IX2 DA |eeff | 4
ORA oprX Inclusive OR A and M A« (A) I (M) —=1t|T |- X1 EA |# 3
ORA X IX FA 2
ORA opr,SP SP1 9EEA | ff 4
ORA opr,SP SP2 9EDA |eeff | 5
PSHA Push A onto Stack Push (A); SP « (SP) — 1 -1-1-1-1-|iNH 87 2
PSHH Push H onto Stack Push (H); SP « (SP) — 1 --1-1-1-|iNnH 8B 2
PSHX Push X onto Stack Push (X); SP « (SP) — 1 —=T=1-]=|INH 89 2
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Figure 5-7. POR Recovery

5.3.2.2 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 reset status register (RSR). The SIM actively pulls down the
RST pin for all internal reset sources.

To prevent a COP module time-out, write any value to location $FFFF. Writing to location $FFFF clears
the COP counter and stages 12 through 5 of the SIM counter. The SIM counter output, which occurs at
least every 4080 20SCOUT 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 time-out.

The COP module is disabled if the RST pin or the IRQ pin is held at V1g7 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 IRQ pin. This prevents the COP from becoming disabled as a result of
external noise. During a break state, V1g7 on the RST pin disables the COP module.

5.3.2.3 lllegal Opcode Reset

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

If the stop enable bit, STOP, in the mask option register is zero, the SIM treats the STOP instruction as
an illegal opcode and causes an illegal opcode reset. The SIM actively pulls down the RST pin for all
internal reset sources.

5.3.2.4 lllegal Address Reset

An opcode fetch from an unmapped address generates an illegal address reset. The SIM verifies that the
CPU is fetching an opcode prior to asserting the ILAD bit in the reset status register (RSR) and resetting
the MCU. A data fetch from an unmapped address does not generate a reset. The SIM actively pulls down
the RST pin for all internal reset sources.

MC68HC908JL3E Family Data Sheet, Rev. 4
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Exception Control

At the beginning of an interrupt, the CPU saves the CPU register contents on the stack and sets the
interrupt mask (I bit) to prevent additional interrupts. At the end of an interrupt, the RTl instruction recovers
the CPU register contents from the stack so that normal processing can resume. Figure 5-9 shows
interrupt entry timing. Figure 5-10 shows interrupt recovery timing.

MODULE
INTERRUPT /
IBIT /

IAB Y oummy ¥ sp Y sP-1 Y sp-2 ) SP-3 | SP-4 ) VECTH } VECTL )STARTADDR) X:

o8| { oummy Ypc-trofpc-1msg)  x A X com Yvoatan ) voataL ) opcope )

RW \ / \

Figure 5-9. Interrupt Entry

MODULE
INTERRUPT

| BIT \

1AB X \ sp-4 f sp-3 f sp-2 f sp-1 ¥ sp f pc ) Pcet ) X '
os_ X \ ccr ¥ A ) x  }JPc-1it58)PC-1[7:0f OPCODE } OPERAND | X

RAW / \

Figure 5-10. Interrupt Recovery

5.5.1.1 Hardware Interrupts

A hardware interrupt does not stop the current instruction. Processing of a hardware interrupt begins after
completion of the current instruction. When the current instruction is complete, the SIM checks all pending
hardware interrupts. If interrupts are not masked (1 bit clear in the condition code register), and if the
corresponding interrupt enable bit is set, the SIM proceeds with interrupt processing; otherwise, the next
instruction is fetched and executed.

If more than one interrupt is pending at the end of an instruction execution, the highest priority interrupt is
serviced first. Figure 5-11 demonstrates what happens when two interrupts are pending. If an interrupt is
pending upon exit from the original interrupt service routine, the pending interrupt is serviced before the
LDA instruction is executed.
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System Integration Module (SIM)

IF14 — Interrupt Flags
This flag indicates the presence of interrupt requests from the sources shown in Table 5-3.
1 = Interrupt request present
0 = No interrupt request present

Bit 0 to 6 — Always read 0

5.5.2.3 Interrupt Status Register 3

Address:  $FE06

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0 0 0 0 0 0 IF15
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 5-14. Interrupt Status Register 3 (INT3)

IF15 — Interrupt Flags
These flags indicate the presence of interrupt requests from the sources shown in Table 5-3.
1 = Interrupt request present
0 = No interrupt request present

Bit 1 to 7 — Always read 0

5.5.3 Reset

All reset sources always have equal and highest priority and cannot be arbitrated.

5.5.4 Break Interrupts

The break module can stop normal program flow at a software-programmable break point by asserting its
break interrupt output. (See Chapter 15 Break Module (BREAK).) The SIM puts the CPU into the break
state by forcing it to the SWI vector location. Refer to the break interrupt subsection of each module to
see how each module is affected by the break state.

5.5.5 Status Flag Protection in Break Mode

The SIM controls whether status flags contained in other modules can be cleared during break mode. The
user can select whether flags are protected from being cleared by properly initializing the break clear flag
enable bit (BCFE) in the break flag control register (BFCR).

Protecting flags in break mode ensures that set flags will not be cleared while in break mode. This
protection allows registers to be freely read and written during break mode without losing status flag
information.

Setting the BCFE bit enables the clearing mechanisms. Once cleared in break mode, a flag remains
cleared even when break mode is exited. Status flags with a two-step clearing mechanism — for example,
a read of one register followed by the read or write of another — are protected, even when the first step
is accomplished prior to entering break mode. Upon leaving break mode, execution of the second step
will clear the flag as normal.
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Oscillator (OSC)

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

6.5.1 Wait Mode

The WAIT instruction has no effect on the oscillator logic. OSCOUT and 20SCOUT continues to drive to
the SIM module.

6.5.2 Stop Mode
The STOP instruction disables the XTALCLK or the RCCLK output, hence OSCOUT and 20SCOUT.

6.6 Oscillator During Break Mode
The oscillator continues to drive OSCOUT and 20SCOUT when the device enters the break state.
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I/0 Registers

8.9.2 TIM Counter Registers (TCNTH:TCNTL)

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:  $0021 TCNTH

Bit 7 6 5 4 3 2 1 Bit 0
Read:| Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8
Write:
Reset: 0 0 0 0 0 0 0 0

Address:  $0022 TCNTL

Bit 7 6 5 4 3 2 1 Bit 0
Read: Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 8-5. TIM Counter Registers (TCNTH:TCNTL)

8.9.3 TIM Counter Modulo Registers (TMODH:TMODL)

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.

Address:  $0023 TMODH
Bit 7 6 5 4 3 2 1 Bit 0

Read:
Write:
Reset: 1 1 1 1 1 1 1 1

Bit15 Bit14 Bit13 Bit12 Bit11 Bit10 Bit9 Bit8

Address:  $0024 TMODL
Bit 7 6 5 4 3 2 1 Bit 0

Read:
Write:
Reset: 1 1 1 1 1 1 1 1

Figure 8-6. TIM Counter Modulo Registers (TMODH:TMODL)

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0

NOTE
Reset the TIM counter before writing to the TIM counter modulo registers.

MC68HC908JL3E Family Data Sheet, Rev. 4

Freescale Semiconductor 91



Timer Interface Module (TIM)

8.9.4 TIM Channel Status and Control Registers (TSC0:TSC1)

Each of the TIM channel status and control registers does the following:
* 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
* Selects rising edge, falling edge, or any edge as the active input capture trigger
* Selects output toggling on TIM overflow
* Selects 0% and 100% PWM duty cycle
* Selects buffered or unbuffered output compare/PWM operation

Address:  $0025 TSCO
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
Address:  $0028 TSCH
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

I:l = Unimplemented

Figure 8-7. TIM Channel Status and Control Registers (TSC0: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 the TIM channel x
status and control register with CHxF set and then writing a zero to CHxF. If another interrupt request
occurs before the clearing sequence is complete, then writing zero to CHxF has no effect. Therefore,
an interrupt request cannot be lost due to inadvertent clearing of CHxF.

Reset clears the CHxF bit. Writing a one 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
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Interrupts

9.3.2 Voltage Conversion

When the input voltage to the ADC equals Vpp, the ADC converts the signal to $FF (full scale). If the input
voltage equals Vgg, the ADC converts it to $00. Input voltages between Vpp and Vgg are a straight-line
linear conversion. All other input voltages will result in $FF if greater than Vpp and $00 if less than Vgg.

NOTE
Input voltage should not exceed the analog supply voltages.

9.3.3 Conversion Time

Fourteen ADC internal clocks are required to perform one conversion. The ADC starts a conversion on
the first rising edge of the ADC internal clock immediately following a write to the ADSCR. If the ADC
internal clock is selected to run at 1 MHz, then one conversion will take 14us to complete. With a 1MHz
ADC internal clock the maximum sample rate is 71.43kHz.

14 ADC Clock Cycles
ADC Clock Frequency

Conversion Time =

Number of Bus Cycles = Conversion Time x Bus Frequency

9.3.4 Continuous Conversion

In the continuous conversion mode, the ADC continuously converts the selected channel filling the ADC
data register with new data after each conversion. Data from the previous conversion will be overwritten
whether that data has been read or not. Conversions will continue until the ADCO bit is cleared. The
COCO bit (ADC status and control register, $003C) is set after each conversion and can be cleared by
writing the ADC status and control register or reading of the ADC data register.

9.3.5 Accuracy and Precision

The conversion process is monotonic and has no missing codes.

9.4 Interrupts

When the AIEN bit is set, the ADC module is capable of generating a CPU interrupt after each ADC
conversion. A CPU interrupt is generated if the COCO bit is at 0. The COCO bit is not used as a
conversion complete flag when interrupts are enabled.

9.5 Low-Power Modes

The following subsections describe the ADC in low-power modes.

9.5.1 Wait Mode

The ADC continues normal operation during wait mode. Any enabled CPU interrupt request from the ADC
can bring the MCU out of wait mode. If the ADC is not required to bring the MCU out of wait mode, power
down the ADC by setting the ADCH[4:0] bits in the ADC status and control register to 1’s before executing
the WAIT instruction.
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ADCO — ADC Continuous Conversion Bit
When set, the ADC will convert samples continuously and update the ADR 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

ADCH[4:0] — ADC Channel Select Bits
ADCH]J4:0] form a 5-bit field which is used to select one of the ADC channels. The five channel select
bits are detailed in the following table. 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 signal.

I/0 Registers

The ADC subsystem is turned off when the channel select bits are all set to one. This feature allows
for reduced power consumption for the MCU when the ADC is not used. Reset sets all of these bits to

al.
NOTE
Recovery from the disabled state requires one conversion cycle to stabilize.
Table 9-1. MUX Channel Select
ADCH4 ADCHS3 ADCH2 ADCH1 ADCHO ADC Channel Input Select
0 0 0 0 0 ADCO PTBO
0 0 0 0 1 ADC1 PTB1
0 0 0 1 0 ADC2 PTB2
0 0 0 1 1 ADC3 PTB3
0 0 1 0 0 ADC4 PTB4
0 0 1 0 1 ADC5 PTB5
0 0 1 1 0 ADCS6 PTB6
0 0 1 1 1 ADC7 PTB7
0 1 0 0 0 ADCS8 PTD3
0 1 0 0 1 ADC9 PTD2
0 1 0 1 0 ADC10 PTD1
0 1 0 1 1 ADC11 PTDO
0 1 1 0 0
. Unused
(see Note 1)
1 1 0 1 0
1 1 0 1 — Reserved
1 1 1 0 0 — Unused
v
1 1 1 0 1 (see ﬁz?e 2)
1 1 1 1 0 Vssa

(see Note 2)

1

1

1

1

1

ADC power off

1. If any unused channels are selected, the resulting ADC conversion will be unknown.

2. The voltage levels supplied from internal reference nodes as specified in the table are used to verify the

operation of the ADC converter both in production test and for user applications.
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Input/Output (I/0) Ports

10.2.2 Data Direction Register A (DDRA)

Data direction register A determines whether each port A pin is an input or an output. Writing a one to a
DDRA bit enables the output buffer for the corresponding port A pin; a zero disables the output buffer.

Address: $0004

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
Wit DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
rite:
Reset: 0 0 0 0 0 0 0 0

\:I = Unimplemented

Figure 10-3. Data Direction Register A (DDRA)

DDRA[6:0] — Data Direction Register A Bits
These read/write bits control port A data direction. Reset clears DDRA[6:0], configuring all port A pins
as inputs.
1 = Corresponding port A pin configured as output
0 = Corresponding port A pin configured as input

NOTE
Avoid glitches on port A pins by writing to the port A data register before
changing data direction register A bits from O to 1.

Figure 10-4 shows the port A I/O logic.

2™\ READ DDRA ($0004) 1
PTAPUEX —| [:
WRITE DDRA ($0004)
o o DDRAX
2 RESET —»] |:j| 30k
=
S WRITE PTA ($0000)
= » PTAX 3 —» PTAX
oc
L
E 3
READ PTA ($0000) }’]
v ~
To Keyboard Interrupt Circuit

Figure 10-4. Port A I/O Circuit

When DDRAX is a 1, reading address $0000 reads the PTAx data latch. When DDRAX is a 0, reading
address $0000 reads the voltage level on the pin. The data latch can always be written, regardless of the
state of its data direction bit.
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Chapter 11
External Interrupt (IRQ)

11.1 Introduction

The IRQ (external interrupt) module provides a maskable interrupt input.

11.2 Features

Features of the IRQ module include the following:
» A dedicated external interrupt pin, IRQ
e |IRQ interrupt control bits
e Hysteresis buffer
* Programmable edge-only or edge and level interrupt sensitivity
* Automatic interrupt acknowledge
* Selectable internal pullup resistor

11.3 Functional Description

A logic zero applied to the external interrupt pin can latch a CPU interrupt request. Figure 11-1 shows the
structure of the IRQ module.

Interrupt signals on the IRQ pin are latched into the IRQ latch. An interrupt latch remains set until one of
the following actions occurs:

* Vector fetch — A vector fetch automatically generates an interrupt acknowledge signal that clears
the IRQ latch.

* Software clear — Software can clear the interrupt latch by writing to the acknowledge bit in the
interrupt status and control register (INTSCR). Writing a one to the ACK bit clears the IRQ latch.

* Reset — A reset automatically clears the interrupt latch.

The external interrupt pin is falling-edge-triggered and is software-configurable to be either falling-edge
or falling-edge and low-level-triggered. The MODE bit in the INTSCR controls the triggering sensitivity of
the IRQ pin.

When the interrupt pin is edge-triggered only, the CPU interrupt request remains set until a vector fetch,
software clear, or reset occurs.

When the interrupt pin is both falling-edge and low-level-triggered, the CPU interrupt request remains set
until both of the following occur:

* Vector fetch or software clear

* Return of the interrupt pin to logic one

MC68HC908JL3E Family Data Sheet, Rev. 4

Freescale Semiconductor 113



COP Control Register

13.3.7 COPRS (COP Rate Select)
The COPRS signal reflects the state of the COP rate select bit (COPRS) in the configuration register 1.

Address:  $001F

Bit 7 6 5 4 3 2 1 Bit 0
Read:
] COPRS R R LVID R SSREC STOP COPD
Write:
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 13-2. Configuration Register 1 (CONFIG1)

COPRS — COP Rate Select Bit
COPRS selects the COP timeout period. Reset clears COPRS.
1 = COP timeout period is 8176 x 20SCOUT cycles
0 = COP timeout period is 262,128 x 20SCOUT cycles

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

13.4 COP Control Register

The COP control register is located at address $FFFF and overlaps the reset vector. Writing any value to
$FFFF clears the COP counter and starts a new timeout period. Reading location $FFFF returns the low
byte of the reset vector.

Address:  $FFFF

Bit 7 6 5 4 3 2 1 Bit0
Read: Low byte of reset vector
Write: Clear COP counter
Reset: Unaffected by reset

Figure 13-3. COP Control Register (COPCTL)

13.5 Interrupts
The COP does not generate CPU interrupt requests.

13.6 Monitor Mode

The COP is disabled in monitor mode when Vgt is present on the IRQ pin or on the RST pin.

13.7 Low-Power Modes
The WAIT and STOP instructions put the MCU in low-power consumption standby modes.
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Computer Operating Properly (COP)

13.7.1 Wait Mode

The COP continues to operate during wait mode. To prevent a COP reset during wait mode, periodically
clear the COP counter in a CPU interrupt routine.

13.7.2 Stop Mode

Stop mode turns off the 20SCOUT input to the COP and clears the SIM counter. Service the COP
immediately before entering or after exiting stop mode to ensure a full COP timeout period after entering
or exiting stop mode.

13.8 COP Module During Break Mode
The COP is disabled during a break interrupt when Vgt is present on the RST pin.
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Electrical Specifications

2 T T T

1754—  MC68HRC908JLIE/KIE/IKIE
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fop or fays (MH2)

Figure 16-6. Typical Wait Mode Ipp (MC68HRC908JL3E/JK3E/JK1E),
with All Modules Turned Off (25 °C)

16.12 ADC Characteristics
Table 16-10. ADC Characteristics

Characteristic Symbol Min Max Unit Comments
Supply voltage VbpAD (VDiZnin) (VDgrsn ax) Vv
Input voltages VaDpIN Vgs Vbp Vv
Resolution Bap 8 8 Bits
Absolute accuracy App +0.5 +15 LSB Includes quantization
ADC internal clock faDIC 0.5 1.048 MHz tA'Cozl;/ZiE;'CI\’AtS:ted
Conversion range Rap Vss Vop \
Power-up time taDPU 16 taic cycles
Conversion time tapc 14 15 taic cycles
Sample time(") taDs 5 — taic cycles
Zero input reading® Zap 00 01 Hex Vin = Vss
Full-scale reading® FapI FE FF Hex Vin = Vpp
Input capacitance Capi — (20) 8 pF Not tested

Input leakage®

Port B/port D o o 1 KA

1. Source impedances greater than 10 kQ adversely affect internal RC charging time during input sampling.

2. Zero-input/full-scale reading requires sufficient decoupling measures for accurate conversions.

3. The external system error caused by input leakage current is approximately equal to the product of R source and input
current.
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SSREC — Short Stop Recovery Bit
SSREC enables the CPU to exit stop mode with a delay of 32 x 20SCOUT cycles instead of a
4096 x 20SCOUT cycle delay.
1 = Stop mode recovery after 32 x 20SCOUT cycles
0 = Stop mode recovery after 4096 x 20SCOUT cycles

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

If using an external crystal, do not set the SSREC bit.

STOP — STOP Instruction Enable
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. (See Chapter 13 Computer Operating Properly (COP).)
1 = COP module disabled
0 = COP module enabled

B.5.3 Mask Option Register 2 (MOR2)

Address: $001E

Bit 7 6 5 4 3 2 1 Bit 0
Read: | IRQPUD 0 0 LVITH LVITO 0 0 0
Write:
i Not Not
Reset: 0 0 affected affected 0 0 0
POR: 0 0 0 0 0 0 0 0

|:| = Unimplemented

Figure 18-2. Mask Option Register 2 (MOR2)

IRQPUD — IRQ Pin Pull-up control bit
1 = Internal pull-up is disconnected o
0 = Internal pull-up is connected between IRQ pin and Vpp

LVIT1, LVITO — Low Voltage Inhibit trip voltage selection bits
Detail description of the LVI control signals is given in Chapter 14 Low Voltage Inhibit (LVI)

B.6 Monitor ROM

The monitor program (monitor ROM: $FE10-$FFCF) on the MC68H(R)C08JL3E/JK3E is for device
testing only. $FCO0-$FDFF are unused.
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C.4 Reserved Registers
The following registers are reserved location on the MC68HC908KL3E/KK3E.

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read:
$003C Reserved  Write:
Reset:
Read:
$003D Reserved Write:
Reset:
Read:
$003E Reserved  Write:
Reset:

R R R R R R R R

Figure C-4. Reserved Registers

C.5 Reserved Vectors
The following vectors are reserved interrupt vectors on the MC68HC908KL3E/KK3E.

Table C-2. Reserved Vectors

Vector Priority INT Flag | Address Vector

$FFDE Reserved

— IF15
$FFDF Reserved

C.6 Order Numbers
Table C-3. MC68HC908KL3E/KK3E Order Numbers

. ti
MC order nhumber Package Operating Operating 0SsC Flash Memory
Temperature Vbp
MC68HC908KL3ECP 28-pin PDIP
MC68HC908KL3ECDW 28-pin SOIC
—40to +85°C 3V,5V XTAL 4096 Bytes
MC68HC908KK3ECP 20-pin PDIP
MC68HC908KK3ECDW 20-pin SOIC
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