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Memory

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Configuration Register 2 Read: 0 0 0 0 R TMBCLK- | OSCENIN- | ESCIBD-
$001E (CONFIG) e, SEL STOP | SRC
See page 80.
Reset: 0 0 0 0 0 0 0 1
- ; f Read:
Configuration Register 1 "**%| gopps | 1yigToP | LVIRSTD | LviPwRD | WY'°OR3 | sspec | sTop | copo
$001F (CONFIGT)™)  Write: (Note 1)
Seepage 80. peger g 0 0 0 0 0 0 0

1. One-time writable register after each reset, except LVISORS3 bit. LVISOR3 bit is only reset via POR (power-on reset).

Timer 1 Status and Control Read: TOF TOIE TSTOP 0 0 PS2 PS1 PSO
$0020 Register (T1SC)  Write: 0 TRST
Seepage 231. ot 0 0 1 0 0 0 0 0
Timer 1 Counter Read: Bit 15 14 13 12 11 10 9 Bit 8
$0021 Register High (TICNTH) ~ Write:
Seepage232. peget. g 0 0 0 0 0 0 0
Timer 1 Counter P3G Bit7 6 5 4 3 2 1 Bit0
$0022 Register Low (TICNTL)  Write:
Seepage232. peget. g 0 0 0 0 0 0 0
. Read:
Timer 1 Counter Modulo ™™ gt 45 14 13 12 11 10 9 Bit8
$0023 Register High (TIMODH) ~ Write:
Seepage233. poget. 1 1 1 1 1 1 1 1
Timer 1 Counter Modulo Read: Bit 7 6 5 4 3 2 1 Bit 0
$0024 Register Low (TIMODL) ~ Write:
Seepage233. poget. 1 1 1 1 1 1 1
: Read:| CHOF
Timer 1 Channel 0 Status and  *™* CHOIE | MSOB MSOA | ELSOB | ELSOA | TOVO | CHOMAX
$0025 Control Register (T1SC0)  Write: 0
Seepage233. poget. g 0 0 0 0 0 0 0
. Read:
_ Timer 1 Channel 0 "™ gy 45 14 13 12 11 10 9 Bit 8
$0026 Register High (TICHOH) ~ Write:
See page 236. Raget: Indeterminate after reset
Timer 1 Channel 0 Read: Bit 7 6 5 4 3 2 1 Bit 0
$0027 Register Low (T1CHOL) ~ Write:
See page 236. Reset: Indeterminate after reset
. Read:| CHI1F 0
Timer 1 Channel 1 Status and "1 CH1IE MS1A | ELS1B | ELSIA | TOVI | CHIMAX
$0028 Control Register (T1SC1)  Write: 0
Seepage 234. ot 0 0 0 0 0 0 0 0

I:l = Unimplemented Iil = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 4 of 8)
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Memory

2.5 Random-Access Memory (RAM)

Addresses $0040 through $043F are RAM locations. The location of the stack RAM is programmable.
The 16-bit stack pointer allows the stack to be anywhere in the 64-Kbyte memory space.

NOTE
For correct operation, the stack pointer must point only to RAM locations.

Within page zero are 192 bytes of RAM. Because the location of the stack RAM is programmable, all page
zero RAM locations can be used for I/O control and user data or code. When the stack pointer is moved
from its reset location at $00FF out of page zero, direct addressing mode instructions can efficiently
access all page zero RAM locations. Page zero RAM, therefore, provides ideal locations for frequently
accessed global variables.

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.

2.6 FLASH Memory (FLASH)

This subsection describes the operation of the embedded FLASH memory. This memory can be read,
programmed, and erased from a single external supply. The program, erase, and read operations are
enabled through the use of an internal charge pump. It is recommended that the user utilize the FLASH
programming routines provided in the on-chip ROM, which are described more fully in a separate
Freescale application note.

2.6.1 Functional Description

The FLASH memory is an array of 15,872 bytes with an additional 36 bytes of user vectors and one byte
of block protection. An erased bit reads as a 1 and a programmed bit reads as a 0. Memory in the FLASH
array is organized into two rows per page basis. For the 16-K word by 8-bit embedded FLASH memory,
the page size is 64 bytes per page and the row size is 32 bytes per row. Hence the minimum erase page
size is 64 bytes and the minimum program row size is 32 bytes. Program and erase operation operations
are facilitated through control bits in FLASH control register (FLCR). Details for these operations appear
later in this section.

The address ranges for the user memory and vectors are:
e $CO000-$FDFF; user memory
e $FEO08; FLASH control register
e $FF7E; FLASH block protect register
* S$FFDC-$FFFF; these locations are reserved for user-defined interrupt and reset vectors
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Functional Description

4.3.1 Crystal Oscillator Circuit

The crystal oscillator circuit consists of an inverting amplifier and an external crystal. The OSC1 pin is the
input to the amplifier and the OSC2 pin is the output. The SIMOSCEN signal from the system integration
module (SIM) or the OSCSTOPENB bit in the CONFIG register enable the crystal oscillator circuit.

The CGMXCLK signal is the output of the crystal oscillator circuit and runs at a rate equal to the crystal
frequency. CGMXCLK is then buffered to produce CGMRCLK, the PLL reference clock.

CGMXCLK can be used by other modules which require precise timing for operation. The duty cycle of
CGMXCLK is not guaranteed to be 50% and depends on external factors, including the crystal and related
external components. An externally generated clock also can feed the OSC1 pin of the crystal oscillator
circuit. Connect the external clock to the OSC1 pin and let the OSC2 pin float.

4.3.2 Phase-Locked Loop Circuit (PLL)

The PLL is a frequency generator that can operate in either acquisition mode or tracking mode, depending
on the accuracy of the output frequency. The PLL can change between acquisition and tracking modes
either automatically or manually.

4.3.3 PLL Circuits

The PLL consists of these circuits:
* Voltage-controlled oscillator (VCO)
¢ Reference divider
* Frequency prescaler
e Modulo VCO frequency divider
e Phase detector
e Loop filter
e Lock detector

The operating range of the VCO is programmable for a wide range of frequencies and for maximum
immunity to external noise, including supply and CGM/XFC noise. The VCO frequency is bound to a
range from roughly one-half to twice the center-of-range frequency, fyrs. Modulating the voltage on the
CGM/XFC pin changes the frequency within this range. By design, fyrg is equal to the nominal
centerE-of-range frequency, fyowm, (38.4 kHz) times a linear factor, L, and a power-of-two factor, E, or

(L x 2%)tvom-

CGMRCLK is the PLL reference clock, a buffered version of CGMXCLK. CGMRCLK runs at a frequency,
frcLk, @nd is fed to the PLL through a programmable modulo reference divider, which divides frg k by a
factor, R. The divider’'s output is the final reference clock, CGMRDV, running at a frequency,

frov = freLk/R- With an external crystal (30 kHz—100 kHz), always set R = 1 for specified performance.
With an external high-frequency clock source, use R to divide the external frequency to between 30 kHz
and 100 kHz.

The VCO’s output clock, CGMVCLK, running at a frequency, fyc k. is fed back through a programmable
prescale divider and a programmable modulo divider. The prescaler divides the VCO clock by a
power-of-two factor P and the modulo divider reduces the VCO clock by a factor, N. The dividers’ output
is the VCO feedback clock, CGMVDV, running at a frequency, fypy = fycLk/(N x 2P). (See 4.3.6
Programming the PLL for more information.)
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CGM Registers

4.5 CGM Registers

These registers control and monitor operation of the CGM:

PLL control register (PCTL) — see 4.5.1 PLL Control Register.

PLL bandwidth control register (PBWC) — see 4.5.2 PLL Bandwidth Control Register.

PLL multiplier select register high (PMSH) — see 4.5.3 PLL Multiplier Select Register High.

PLL multiplier select register low (PMSL) — see 4.5.4 PLL Multiplier Select Register Low.

PLL VCO range select register (PMRS) — see 4.5.5 PLL VCO Range Select Register.

PLL reference divider select register (PMDS) — see 4.5.6 PLL Reference Divider Select Register.

Figure 4-3 is a summary of the CGM registers.

Addr.

$0036

$0037

$0038

$0039

$003A

$003B

NOTES:

o O s WD =

Register Name Bit7 6 5 4 3 2 1 Bit 0
Read: PLLF
See page 70. '
Reset: 0 0 1 0 0 0 0 0
PLL Bandwidth Control Reg- Read: AUTO LOCK ACQ 0 0 0 0 R
ister (PBWC)  Write:
Seepage72. peet 0 0 0 0 0 0 0
PLL Multiplier Select High Read: 0 0 0 0 MUL11 MUL10 MUL9 MULS8
Register (PMSH) ~ Write:
Seepage73. poger 0 0 0 0 0 0 0 0

" Read:
PLL Multiplier Select Low = ppijy 7 MUL6 MUL5 MUL4 MUL3 MUL2 MUL1 MULO
Register (PMSL)  Write:

Seepage 73 Reset: 0 1 0 0 0 0 0 0

Read:
PLLVCO Select Range "™\ ypg7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS VRSO
Register (PMRS)  Write:

Seepage74. poser: 0 1 0 0 0 0 0 0
PLL Reference Divider Read: 0 0 0 0 RDS3 RDS?2 RDS1 RDS0
Select Register (PMDS)  Write:

Seepage 74. Reget: 0 0 0 0 0 0 0 1

. When AUTO =0, PLLIE is forced clear and is read-only.

. When AUTO =0, PLLF and LOCK read as clear.

. When AUTO = 1, ACQ is read-only.

. When PLLON = 0 or VRS7:VRS0 = $0, BCS is forced clear and is read-only.
. When PLLON = 1, the PLL programming register is read-only.

. When BCS =1, PLLON is forced set and is read-only.

I:l = Unimplemented IIl = Reserved

Figure 4-3. CGM 1/O Register Summary

MC68HC908GR16 Data Sheet, Rev. 5.0

Freescale Semiconductor 69



Clock Generator Module (CGM)

4.7.2 Stop Mode

If the OSCSTOPENRB bit in the CONFIG register is cleared (default), then the STOP instruction disables
the CGM (oscillator and phase locked loop) and holds low all CGM outputs (CGMXCLK, CGMOUT, and
CGMINT).

If the STOP instruction is executed with the VCO clock, CGMVCLK, divided by two driving CGMOUT, the
PLL automatically clears the BCS bit in the PLL control register (PCTL), thereby selecting the crystal
clock, CGMXCLK, divided by two as the source of CGMOUT. When the MCU recovers from STOP, the
crystal clock divided by two drives CGMOUT and BCS remains clear.

If the OSCSTOPENB bit in the CONFIG register is set, then the phase locked loop is shut off but the
oscillator will continue to operate in stop mode.

4.7.3 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 Chapter 15 System Integration Module (SIM).)

To allow software to clear status bits during a break interrupt, write a 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 0 to the BCFE bit. With BCFE at O (its default state),
software can read and write the PLL control register during the break state without affecting the PLLF bit.

4.8 Acquisition/Lock Time Specifications

The acquisition and lock times of the PLL are, in many applications, the most critical PLL design
parameters. Proper design and use of the PLL ensures the highest stability and lowest acquisition/lock
times.

4.8.1 Acquisition/Lock Time Definitions

Typical control systems refer to the acquisition time or lock time as the reaction time, within specified
tolerances, of the system to a step input. In a PLL, the step input occurs when the PLL is turned on or
when it suffers a noise hit. The tolerance is usually specified as a percentage of the step input or when
the output settles to the desired value plus or minus a percentage of the frequency change. Therefore,
the reaction time is constant in this definition, regardless of the size of the step input. For example,
consider a system with a 5 percent acquisition time tolerance. If a command instructs the system to
change from 0 Hz to 1 MHz, the acquisition time is the time taken for the frequency to reach

1 MHz 50 kHz. Fifty kHz = 5% of the 1-MHz step input. If the system is operating at 1 MHz and suffers
a —100-kHz noise hit, the acquisition time is the time taken to return from 900 kHz to 1 MHz +5 kHz.
Five kHz = 5% of the 100-kHz step input.

Other systems refer to acquisition and lock times as the time the system takes to reduce the error between
the actual output and the desired output to within specified tolerances. Therefore, the acquisition or lock
time varies according to the original error in the output. Minor errors may not even be registered. Typical
PLL applications prefer to use this definition because the system requires the output frequency to be
within a certain tolerance of the desired frequency regardless of the size of the initial error.
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Configuration Register (CONFIG)
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Central Processor Unit (CPU)

Table 7-1. Instruction Set Summary (Sheet 5 of 6)

Effect @ o T B
°
Sg:rr:le Operation Description on CCR g g S g S
T O o o >
HI1IN/Z <= (®) O |O
PULA Pull A from Stack SP « (SP + 1); Pull (A) —--1-1- INH 86 2
PULH Pull H from Stack SP « (SP + 1); Pull (H) —|=1T=1-1=|INH 8A 2
PULX Pull X from Stack SP « (SP + 1); Pull (X) —--1-1- INH 88 2
ROL opr DIR 39 |(dd 4
ROLA INH 49 1
ROLX <~ [TTITI T~ INH | 59 1
ROL oprX Rotate Left through Carry -t X a0 | 4
ROL ,X b7 b0 IX 79 3
ROL opr,SP SP1 9E69 | ff 5
ROR opr DIR 36 |dd 4
RORA .J INH 46 1
RORX | e EEEEEREE INH | 56 1
ROR opr,X Rotate Right through Carry --11|? X1 66 |ff 4
ROR ,X b7 bo IX 76 3
ROR opr,SP SP1 9E66 | ff 5
RSP Reset Stack Pointer SP « $FF === INH 9C 1
SP « (SP) + 1; Pull (CCR)
SP « (SP) + 1; Pull (A)
RTI Return from Interrupt SP « (SP) + 1; Pull (X) Tttt INH 80 7
SP « (SP) + 1; Pull (PCH)
SP « (SP) + 1; Pull (PCL)
RTS Return from Subroutine g'; : g'; M 1 }I;Ldllll ((';%T; —|=1=|=|=|INH 81 4
SBC #opr IMM A2 Jii 2
SBC opr DIR B2 |dd 3
SBC opr EXT C2 |hhil | 4
8 gg;))é Subtract with Carry A< (A) = (M) = (C) Sl |2 Dz |eeft |4
SBC ,X IX F2 2
SBC opr,SP SP1 9EE2 | ff 4
SBC opr,SP SP2 9ED2|eeff | 5
SEC Set Carry Bit C«1 —--1-1- INH 929 1
SEI Set Interrupt Mask |« 1 —|1|-|- INH 9B 2
STA opr DIR B7 |dd |3
STA opr EXT C7 |hhill | 4
STA opr,X IX2 D7 |eeff | 4
STA opr,X Store Ain M M « (A) —|—-{t|? IX1 E7 |ff 3
STA X IX F7 2
STA opr,SP SP1 9EE7 |ff 4
STA opr,SP SP2 9ED7 [eeff | 5
STHX opr Store H:X in M (M:M + 1) « (H:X) —|-lt]t][-|DIR 35 |dd 4
Enable Interrupts, Stop Processing, . . _ R
STOP Refer to MCU Documentation | < 0; Stop Processing 0 INH 8E 1
STX opr DIR BF |dd 3
STX opr EXT CF |hhil | 4
STX opr,X IX2 DF |eeff | 4
STX oprX Store X in M M « (X) —|=lt]s]|-|Ix1 EF |ff 3
STX X IX FF 2
STX opr,SP SP1 9EEF |ff 4
STX opr,SP SP2 9EDF |eeff | 5
SUB #opr IMM A0 i 2
SUB opr DIR BO |dd 3
SUB opr EXT CO (hhil |4
SUB opr,X IX2 DO |eeff | 4
SUB oprX Subtract A« (A) - (M) -=11|? X1 E0 |ff 3
SUB X IX FO 2
SUB opr,SP SP1 9EEO | ff 4
SUB opr,SP SP2 9EDO |eeff | 5
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Functional Description

A RESET ‘L‘\
| ACK I
o TO CPU FOR
= —N Tor J—L/ > NETRUCTIONS
@ | DECODER
o
Q Voo
<<
-
2 INTERNAL Voo _-
= PULLUP v L IRQF
i DEVICE
E 5 O
= IRQ
o SYNCHRONIZER [T
4L IRQ p CK | REQUEST
IMASK ’o

G -1

HIGH TO MODE
»| VOLTAGE » SELECT
DETECT LOGIC

Figure 8-2. IRQ Module Block Diagram

When an interrupt pin is both falling-edge and low-level triggered (MODE = 1), the interrupt remains set
until both of these events occur:

e Vector fetch or software clear

* Return of the interrupt pin to 1

The vector fetch or software clear may occur before or after the interrupt pin returns to 1. As long as the
pin is low, the interrupt request remains pending. A reset will clear the latch and the MODE control bit,
thereby clearing the interrupt even if the pin stays low.

When set, the IMASK bit in the INTSCR mask all external interrupt requests. A latched interrupt request
is not presented to the interrupt priority logic unless the IMASK bit is clear.

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

Addr. Register Name Bit7 6 5 4 3 2 1 Bit0
IRQ Status and Control 1€ad: 0 0 0 0 IRQF 0 IMASK MODE
$001D Register (INTSCR)  Write: ACK
Seepage 103. pege g 0 0 0 0 0 0 0

|:| = Unimplemented

Figure 8-3. IRQ I/O Register Summary
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Chapter 11
Low-Voltage Inhibit (LVI)

11.1 Introduction

This section describes the low-voltage inhibit (LVI) module, which monitors the voltage on the Vpp pin
and can force a reset when the Vpp voltage falls below the LVI trip falling voltage, V1rpf-

11.2 Features

Features of the LVI module include:
* Programmable LVI reset
* Selectable LVI trip voltage
e Programmable stop mode operation

11.3 Functional Description

Figure 11-1 shows the structure of the LVI module. The LVI is enabled out of reset. The LVI module
contains a bandgap reference circuit and comparator. Clearing the LVI power disable bit, LVIPWRD,
enables the LVI to monitor Vpp voltage. Clearing the LVI reset disable bit, LVIRSTD, enables the LVI
module to generate a reset when Vpp falls below a voltage, Vtgpg. Setting the LVI enable in stop mode
bit, LVISTOP, enables the LVI to operate in stop mode. Setting the LVI 5-V or 3-V trip point bit, LVISORS3,
enables the trip point voltage, V1rpr, to be configured for 5-V operation. Clearing the LVI5SORS bit
enables the trip point voltage, V1Rripg, to be configured for 3-V operation. The actual trip points are shown
in Chapter 20 Electrical Specifications.

NOTE
After a power-on reset (POR) the LVI’s default mode of operationis 3 V. If a
5-V system is used, the user must set the LVI50OR3 bit to raise the trip point
to 5-V operation. Note that this must be done after every power-on reset
since the default will revert back to 3-V mode after each power-on reset. If
the Vpp supply is below the 5-V mode trip voltage but above the 3-V mode
trip voltage when POR is released, the part will operate because Vg pr
defaults to 3-V mode after a POR. So, in a 5-V system care must be taken
to ensure that Vpp is above the 5-V mode trip voltage after POR is
released.
If the user requires 5-V mode and sets the LVI5ORS3 bit after a power-on
reset while the Vpp supply is not above the Vrgpg for 5-V mode, the
microcontroller unit (MCU) will immediately go into reset. The LVI in this
case will hold the part in reset until either Vpp goes above the rising 5-V trip
point, Vrrpr, which will release reset or Vpp decreases to approximately
0 V which will re-trigger the power-on reset and reset the trip point to 3-V
operation.
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Chapter 12

Input/Output Ports (PORTS)

12.1 Introduction

Bidirectional input-output (I/0) pins form five parallel ports. All I/O pins are programmable as inputs or

outputs. All individual bits within port A, port C, and port D are software configurable with pullup devices
if configured as input port bits. The pullup devices are automatically and dynamically disabled when a port
bit is switched to output mode.

Addr.

$0000

$0001

$0002

$0003

$0004

NOTE
Connect any unused I/O pins to an appropriate logic level, either Vpp or

Vss. Although the I/O ports do not require termination for proper operation,

termination reduces excess current consumption and the possibility of

electrostatic damage.
Not all port pins are bonded out in all packages. Care sure be taken to make
any unbonded port pins an output to reduce them from being floating inputs.

Register Name

Read:

Port A Data Register

(PTA)  Write:

See page 124.

Port B Data Register

(PTB)  Write:

See page 126.

Port C Data Register

(PTC) Write:

See page 128.

Port D Data Register

(PTD)  Write:

See page 130.

Data Direction Register A

See page 124.

Reset:
Read:

Reset:
Read:

Reset:
Read:

Reset:
Read:
(DDRA)  Write:

Reset:

Bit 7 6 5 4 3 2 1 Bit0
PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTAO
Unaffected by reset
PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTBO
Unaffected by reset
0
PTC6 PTC5 PTC4 PTC3 PTC2 PTC1 PTCO
Unaffected by reset
PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTDO
Unaffected by reset
DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
0 0 0 0 0 0 0 0
|:| = Unimplemented
Figure 12-1. I/O Port Register Summary
MC68HC908GR16 Data Sheet, Rev. 5.0
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Port D

Data direction register D (DDRD) does not affect the data direction of port D pins that are being used
by the SPI module. However, the DDRD bits always determine whether reading port D returns the
states of the latches or the states of the pins. See Table 12-5.

SS — Slave Select
The PTDO/SS pin is the slave select input of the SPI module. When the SPE bit is clear, or when the
SPI master bit, SPMSTR, is set, the PTDO0/SS pin is available for general-purpose 1/0. When the SPI
is enabled, the DDRBO bit in data direction register B (DDRB) has no effect on the PTD0/SS pin.

12.5.2 Data Direction Register D

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

Address:  $0007

Bit 7 6 5 4 3 2 1 Bit0
Read:
Wit DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRDO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 12-14. Data Direction Register D (DDRD)

DDRD7-DDRDO0 — Data Direction Register D Bits
These read/write bits control port D data direction. Reset clears DDRD7-DDRDO, configuring all port
D pins as inputs.
1 = Corresponding port D pin configured as output
0 = Corresponding port D pin configured as input

NOTE
Avoid glitches on port D pins by writing to the port D data register before
changing data direction register D bits from 0 to 1.

Figure 12-15 shows the port D I/O logic.

2™\ READ DDRD ($0007)

WRITE DDRD ($0007)
g DDRDx
RESET —»
2
D WRITE PTD ($0003)
2 > FTDx * »—> PTDx
3
:(I p
S VDD
E 4
= PTDPUEX 4l>o—o( -
INTERNAL
PULLUP
READ PTD ($0003) DEVICE
N

Figure 12-15. Port D /O Circuit
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Interrupts

13.3.3.1 Interrupt Status Register 1

Address:  $FE04

Bit 7 6 5 4 3 2 1 Bit 0
Read: IF6 IF5 IF4 IF3 IF2 IF1 0 0
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

Iil = Reserved

Figure 13-6. Interrupt Status Register 1 (INT1)

IF6-IF1 — Interrupt Flags 6-1

These flags indicate the presence of interrupt requests from the sources shown in Table 13-2.
1 = Interrupt request present
0 = No interrupt request present

Bit 1 and Bit 0 — Always read 0
13.3.3.2 Interrupt Status Register 2

Address:  $FE05

Bit 7 6 5 4 3 2 1 Bit 0
Read: IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 13-7. Interrupt Status Register 2 (INT2)

IF14-IF7 — Interrupt Flags 14-7
These flags indicate the presence of interrupt requests from the sources shown in Table 13-2.

1 = Interrupt request present
0 = No interrupt request present
13.3.3.3 Interrupt Status Register 3

Address:  $FE06

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 IF16 IF15
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 13-8. Interrupt Status Register 3 (INT3)

IF16—-IF15 — Interrupt Flags 20-15

This flag indicates the presence of an interrupt request from the source shown in Table 13-2.
1 = Interrupt request present
0 = No interrupt request present

Bits 7-2 — Always read 0
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Functional Description

14.4.3.1 Character Length

The receiver can accommodate either 8-bit or 9-bit data. The state of the M bit in ESCI control register 1
(SCC1) determines character length. When receiving 9-bit data, bit R8 in ESCI control register 3 (SCC3)
is the ninth bit (bit 8). When receiving 8-bit data, bit R8 is a copy of the eighth bit (bit 7).

14.4.3.2 Character Reception

During an ESCI reception, the receive shift register shifts characters in from the RxD pin. The ESCI data
register (SCDR) is the read-only buffer between the internal data bus and the receive shift register.

After a complete character shifts into the receive shift register, the data portion of the character transfers
to the SCDR. The ESCI receiver full bit, SCRF, in ESCI status register 1 (SCS1) becomes set, indicating
that the received byte can be read. If the ESCI receive interrupt enable bit, SCRIE, in SCC2 is also set,
the SCRF bit generates a receiver CPU interrupt request.

14.4.3.3 Data Sampling

The receiver samples the RxD pin at the RT clock rate. The RT clock is an internal signal with a frequency
16 times the baud rate. To adjust for baud rate mismatch, the RT clock is resynchronized at these times
(see Figure 14-7):
* After every start bit
* After the receiver detects a data bit change from 1 to 0 (after the majority of data bit samples at
RT8, RT9, and RT10 returns a valid 1 and the majority of the next RT8, RT9, and RT10 samples
returns a valid 0)

|«—————— STARTBIT ———————»«— LSB —

RxD

PrAy b ot it

START B START BIT DATA
SAMPLES QUALIFICATION VERIFICATION SAMPLING

RN
ecook JUUULLUU UL UL UL Uit

O ~ AN M < 0 ©

- - rm r~  ~ — | AN MY 0O N~NO D T~ v

RT CLOCK mFEEEEEEEEREEREREERRERERE -
STATE 0C C C C C OC C OC C (C @C C (C C C C

EEEEEEEE

OrooorooDorhoo:o
M- ERRR R
RESET

Figure 14-7. Receiver Data Sampling

RT1
RT2
RT3
RT4

To locate the start bit, data recovery logic does an asynchronous search for a logic 0 preceded by three
1s. When the falling edge of a possible start bit occurs, the RT clock begins to count to 16.

To verify the start bit and to detect noise, data recovery logic takes samples at RT3, RT5, and RT7. Table
14-2 summarizes the results of the start bit verification samples.

MC68HC908GR16 Data Sheet, Rev. 5.0

Freescale Semiconductor 155



I/0 Registers

14.8.7 ESCI Baud Rate Register
The ESCI baud rate register (SCBR) together with the ESCI prescaler register selects the baud rate for
both the receiver and the transmitter.

NOTE
There are two prescalers available to adjust the baud rate. One in the ESCI
baud rate register and one in the ESCI prescaler register.

Address:  $0019

Bit 7 6 5 4 3 2 1 Bit0
Read:
. LINT LINR SCP1 SCPO R SCR2 SCR1 SCRO
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented IIl = Reserved

Figure 14-17. ESCI Baud Rate Register (SCBR)

LINT — LIN Transmit Enable
This read/write bit selects the enhanced ESCI features for the local interconnect network (LIN) protocol
as shown in Table 14-6.

LINR — LIN Receiver Bits
This read/write bit selects the enhanced ESCI features for the local interconnect network (LIN) protocol
as shown in Table 14-6.

In LIN (version 1.2 and later) systems, the master node transmits a break character which will appear
as 11.05-14.95 dominant bits to the slave node. A data character of 0x00 sent from the master might
appear as 7.65—10.35 dominant bit times. This is due to the oscillator tolerance requirement that the
slave node must be within +15% of the master node's oscillator. Because a slave node cannot know
if it is running faster or slower than the master node (prior to synchronization), the LINR bit allows the
slave node to differentiate between a 0x00 character of 10.35 bits and a break character of 11.05 bits.
The break symbol length must be verified in software in any case, but the LINR bit serves as a filter,
preventing false detections of break characters that are really 0x00 data characters.

Table 14-6. ESCI LIN Control Bits

LINT LINR Functionality

Normal ESCI functionality

11-bit break detect enabled for LIN receiver

12-bit break detect enabled for LIN receiver

13-bit generation enabled for LIN transmitter

14-bit generation enabled for LIN transmitter
11-bit break detect/13-bit generation enabled for LIN
12-bit break detect/14-bit generation enabled for LIN

aAla|lalalo|l O
s |lo|=|lo|=|Oo|X|=2

alalo|lo| wl =
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Enhanced Serial Communications Interface (ESCI) Module

14.9 ESCI Arbiter

The ESCI module comprises an arbiter module designed to support software for communication tasks as
bus arbitration, baud rate recovery and break time detection. The arbiter module consists of an 9-bit
counter with 1-bit overflow and control logic. The CPU can control operation mode via the ESCI arbiter
control register (SCIACTL).

14.9.1 ESCI Arbiter Control Register
Address:  $000A

Bit7 6 5 4 3 2 1 Bit 0
Read: ALOST AFIN ARUN AROVFL ARDS8
. AM1 AMO ACLK
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 14-19. ESCI Arbiter Control Register (SCIACTL)

AM1 and AMO0 — Arbiter Mode Select Bits
These read/write bits select the mode of the arbiter module as shown in
Table 14-12. Reset clears AM1 and AMO.

Table 14-12. ESCI Arbiter Selectable Modes

AM[1:0] ESCI Arbiter Mode
00 Idle / counter reset
01 Bit time measurement
10 Bus arbitration
11 Reserved / do not use

ALOST — Arbitration Lost Flag
This read-only bit indicates loss of arbitration. Clear ALOST by writing a 0 to AM1. Reset clears

ALOST.

ACLK — Arbiter Counter Clock Select Bit
This read/write bit selects the arbiter counter clock source. Reset clears ACLK.
1 = Arbiter counter is clocked with one half of the ESCI input clock generated by the ESCI prescaler
0 = Arbiter counter is clocked with the bus clock divided by four

NOTE
For ACLK = 1, the arbiter input clock is driven from the ESCI prescaler. The
prescaler can be clocked by either the bus clock or CGMXCLK depending
on the state of the ESCIBDSRC bit in CONFIG2.

AFIN— Arbiter Bit Time Measurement Finish Flag
This read-only bit indicates bit time measurement has finished. Clear AFIN by writing any value to
SCIACTL. Reset clears AFIN.
1 = Bit time measurement has finished
0 = Bit time measurement not yet finished
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) 4

Timer Interface Module (TIM)

INTERNAL BUS
M68HC08 CPU
<:> <:> =|E PTA7/KBD7-
CPU ARITHMETIC/LOGIC <:> PROGRAMMABLE TIMEBASE 8|9 PTAO/KBDO!")
REGISTERS UNIT (ALU) MODULE
SINGLE BREAKPOINT PTE7IADT
CONTROL AND STATUS REGISTERS — 64 BYTES @ <Z> BREAK MODULE l«—> PTB6/ADS
«—» PTB5/AD5
[an]
USER FLASH — 15,872 BYTES - DUAL VOLTAGE (N B [ Prenos
<:> LOW-VOLTAGE INHIBIT S |9 le—» PTBI/AD3
MODULE « >
USER RAM — 1024 BYTES <:> PTB2/AD2
8-BIT KEYBOARD PIBIAT
- «—> PTBO/ADO
MONITOR ROM — 350 BYTES ) INTERRUPT MODULE <::> "
la—>» PTCH
<> (1)
FLASH PROGRAMMING ROUTINES ROM — 406 BYTES ) IN#-EC;'F?::':EE;J%EFE 1 <:> 5 Elgim @
(&)
<:’> T | & s PrC31-@
USER FLASH VECTOR SPACE — 36 BYTES <:> SS—— S| 8 |le—» proah@
INTERFACE MODULE 2 <:> < PTCI@
CLOCK GENERATOR MODULE e« PTCOM @
OCT ™ [ 32-100 kHz OSCILLATOR | ENHANCED SERIAL
08C2 — COMUNICATIONS <Z> <& PTD7T2CH1(Y
INTERFACE MODULE PTD6T2CHO!
S | PHASELOCKED LOOP | <> PTD:%gHgm
1 <;> COMPUTER OPERATING o |2 |l PTDATICHO"
PROPERLY MODULE <Z> 5|5 le—» prozISPSCK
— SYSTEM INTEGRATION o
ASTE == MODULE - ~—> P1D2MOSI"
SERIAL PERIPHERAL <:> <> PTD1/MISOM
INTERFACE MODULE &l
oS SINGLE EXTERNAL <:> +—> PTDO/SS!"
; INTERRUPT MODULE
T MONTORMODULE () w | [ PTES-PTE2
DDAD'VREFH —  10-BIT ANALOG-TO-DIGITAL <:> <:> S| S« PTEVRXD
o
VsspoVegr, —»|  CONVERTER MODULE p— ¢> «—> PTEO/TXD
POWER-ON RESET <:'\> MODULE
MODULE
| CONFIGURATION <:> S&ggf}'&y
Vop ——» REGISTER 1-2 <Z>
Vgs — ™ MODULE
Voo POWER
Vegs —> <:> MONITOR MODE ENTRY
MODULE

1. Ports are software configurable with pullup device if input port.
2. Higher current drive port pins
3. Pin contains integrated pullup device

Figure 18-2. Block Diagram Highlighting TIM Blocks and Pins
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I/0 Registers

18.9.1 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 18-5. TIM Status and Control Register (TSC)

TOF — TIM Overflow Flag Bit

This read/write flag is set when the TIM counter reaches the modulo value programmed in the TIM
counter modulo registers. Clear TOF by reading the TIM status and control register when TOF is set
and then writing a 0 to TOF. If another TIM overflow occurs before the clearing sequence is complete,
then writing 0 to TOF has no effect. Therefore, a TOF interrupt request cannot be lost due to
inadvertent clearing of TOF. Reset clears the TOF bit. Writing a logic 1 to TOF has no effect.

1 = TIM counter has reached modulo value

0 = TIM counter has not reached modulo value

TOIE — TIM Overflow Interrupt Enable Bit
This read/write bit enables TIM overflow interrupts when the TOF bit becomes set. Reset clears the
TOIE bit.
1 = TIM overflow interrupts enabled
0 = TIM overflow interrupts disabled

TSTOP — TIM Stop Bit
This read/write bit stops the TIM counter. Counting resumes when TSTOP is cleared. Reset sets the
TSTOP bit, stopping the TIM counter until software clears the TSTOP bit.
1 = TIM counter stopped
0 = TIM counter active

NOTE
Do not set the TSTORP bit before entering wait mode if the TIM is required
to exit wait mode.

TRST — TIM Reset Bit
Setting this write-only bit resets the TIM counter and the TIM prescaler. Setting TRST has no effect on
any other registers. Counting resumes from $0000. TRST is cleared automatically after the TIM
counter is reset and always reads as 0. Reset clears the TRST bit.
1 = Prescaler and TIM counter cleared
0 = No effect
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Monitor ROM (MON)

Table 19-8. RUN (Run User Program) Command

Description | Executes PULH and RTI instructions
Operand | None
Data Returned | None
Opcode | $28

Command Sequence

FROM HOST

'
,(RUN><RU‘N4>/ \

1

ECHO

The MCU executes the SWI and PSHH instructions when it enters monitor mode. The RUN command
tells the MCU to execute the PULH and RTl instructions. Before sending the RUN command, the host can
modify the stacked CPU registers to prepare to run the host program. The READSP command returns
the incremented stack pointer value, SP + 1. The high and low bytes of the program counter are at
addresses SP + 5 and SP + 6.

SP
HIGH BYTE OF INDEX REGISTER SP +1
CONDITION CODE REGISTER SP+2
ACCUMULATOR SP+3
LOW BYTE OF INDEX REGISTER SP+4

HIGH BYTE OF PROGRAM COUNTER SP+5
LOW BYTE OF PROGRAM COUNTER SP+6
SP+7

Figure 19-17. Stack Pointer at Monitor Mode Entry

19.3.2 Security

A security feature discourages unauthorized reading of FLASH locations while in monitor mode. The host
can bypass the security feature at monitor mode entry by sending eight security bytes that match the
bytes at locations $FFF6—$FFFD. Locations $FFF6—-$FFFD contain user-defined data.

NOTE
Do not leave locations $FFF6—$FFFD blank. For security reasons, program
locations $FFF6—-$FFFD even if they are not used for vectors.

During monitor mode entry, the MCU waits after the power-on reset for the host to send the eight security
bytes on pin PTAO. If the received bytes match those at locations $FFF6—-$FFFD, the host bypasses the
security feature and can read all FLASH locations and execute code from FLASH. Security remains
bypassed until a power-on reset occurs. If the reset was not a power-on reset, security remains bypassed
and security code entry is not required. See Figure 19-18.
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20.6 3.3-Vdc Electrical Characteristics

3.3-Vdc Electrical Characteristics

Characteristic“) Symbol Min Typ(z) Max Unit
Output high voltage
(ILoag = —0.6 mA) all I/0 pins Vou Vpp—0.3 — — \Y
(ILoag = —4.0 mA) all /O pins Vou Vpp—1.0 - - v
(ILoad = —10.0 mA) pins PTC0-PTC4 only VoH Vpp—1.0 - - v
Maximum combined gy for port PTA7-PTAS, loH1 — . 30 mA
port PTCO-PTCH1, port E, port PTDO-PTD3
Maximum combined gy for port PTA2-PTAO, lon2 — _ 30 mA
port B, port PTC2—PTC®6, port PTD4-PTD7
Maximum total Iy for all port pins lonT — — 60 mA
Output low voltage
(ILoag = 1.6 mA) all I/O pins VoL — — 0.3 \
(ILoag = 10 mA) all I/O pins VoL — — 1.0 v
(ILoad = 20 MA) pins PTCO-PTC4 only VoL - - 08 v
Maximum combined Igy for port PTA7-PTA3, loLq - . 30 mA
port PTCO-PTCH1, port E, port PTDO-PTD3
Maximum combined gy for port PTA2-PTAO, loL2 _ _ 30 mA
port B, port PTC2—PTC6, port PTD4-PTD7
Maximum total Ig_for all port pins lout — — 60 mA
Input high voltage v 7%V . Vv
All pOrtS, |RO, RST, OSC1 IH 0.7 x DD DD V
Input low voltage _
All ports, IRQ, RST, OSC1 ViL Vss 0.3 Vop v
Vpp supply current
Run® — 8 12 mA
Wait® — 3 6 mA
Stop®
o I
25°C - ] DD . > . uA
25°C with TBM enabled(®) _ 12 _ uA
25°C with LVI and TBM enabled(® — 200 — WA
-40°C to 125°C with TBM enabled® — 30 — HA
—40°C to 125°C with LVI and TBM enabled(® - 800 - KA
DC injection current, all ports ling -2 — +2 mA
Total dc current injection (sum of all I/O) lingTOT -25 — +25 mA
I/0 ports Hi-Z leakage current(”) e -10 — +10 HA
Input current lin -1 — +1 pA
Pullup resistors (as input only)
Ports PTA7/KBD7-PTA0/KBDO, PTC6-PTCO, Rpu 20 45 65 kQ
PTD7/T2CH1-PTDO0/SS
Capacitance Cout — — 12 E
Ports (as input or output) Cin — — 8 P
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