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General Description

| MCU
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NOTE: Component values shown represent typical applications.

Figure 1-4. Power Supply Bypassing

1.6.2 Oscillator Pins (OSC1 and OSC?2)

The OSC1 and OSC2 pins are the connections for the on-chip oscillator
circuit. See Clock Generator Module (CGMC).

1.6.3 External Reset Pin (RST)

A logic 0 on the RST pin forces the MCU to a known startup state. RST
is bidirectional, allowing a reset of the entire system. It is driven low when
any internal reset source is asserted. This pin contains an internal pullup
resistor that is always activated, even when the reset pin is pulled low.
See Resets and Interrupts.

1.6.4 External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. This pin contains an
internal pullup resistor that is always activated, even when the reset pin
is pulled low. See External Interrupt (IRQ).

1.6.5 CGM Power Supply Pins (Vppa and Vggp)

Vppa and Vggp are the power supply pins for the analog portion of the
clock generator module (CGM). Decoupling of these pins should be as
per the digital supply. See Clock Generator Module (CGMC).

Technical Data MCGB68HC908GR8 — Rev 4.0
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Resets and Interrupts

4.4.2 Sources

The sources in Table 4-1 can generate CPU interrupt requests.

Table 4-1. Interrupt Sources

Source Flag Mask® T E&%ismr Priority® A\g?jcrfsrs

Reset None None None 0 $FFFE—$FFFF
SWI instruction None None None 0 $FFFC—$FFFD
IRQ pin IRQF IMASK1 IF1 1 $FFFA—$FFFB
CGM (PLL) PLLF PLLIE IF2 2 $FFF8-$FFF9
TIM1 channel O CHOF CHOIE IF3 3 $FFF6-$FFF7
TIM1 channel 1 CH1F CH1IE IF4 4 $FFF4A-$FFF5
TIM1 overflow TOF TOIE IF5 5 $FFF2-$FFF3
TIM2 channel O CHOF CHOIE IF6 6 $FFFO-$FFF1
TIM2 overflow TOF TOIE IF8 8 $FFEC-$FFED
SPI receiver full SPRF SPRIE

SPI overflow OVRF ERRIE IF9 9 $FFEA-$FFEB
SPI mode fault MODF ERRIE

SPI transmitter empty SPTE SPTIE IF10 10 $FFE8—$FFE9
SCl receiver overrun OR ORIE

SCI noise fag NF NEIE

SCI framing error FE FEIE i H SFREG-SFFEY
SCI parity error PE PEIE

SCl receiver full SCRF SCRIE

SClinput idle IDLE ILIE 2 12 SFRE4-SFFES
SCI transmitter empty SCTE SCTIE

SCI transmission complete TC TCIE 13 13 SFRE2-SFFES
Keyboard pin KEYF IMASKK IF14 14 $FFDE-$FFDF
ADC conversion complete COCO AIEN IF15 15 $FFDE-$FFDF
Timebase TBIF TBIE IF16 16 $FFDC-$FFDD

Note:

1. The I bit in the condition code register is a global mask for all interrupt sources except the SWI instruction.
2. 0 = highest priority

Technical Data MCGB68HC908GR8 — Rev 4.0
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Analog-to-Digital Converter (ADC)
I/O Registers

5.8 1/0 Registers

These 1/0O registers control and monitor ADC operation:

e ADC status and control register (ADSCR)
* ADC data register (ADR)
* ADC clock register (ADCLK)

5.8.1 ADC Status and Control Register

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

Address:  $0003C

Bit 7 6 5 4 3 2 1 Bit 0
Read: CoCco/
AIEN ADCO ADCH4 | ADCH3 | ADCH2 | ADCH1 | ADCHO
Write: | IDMAS

Reset: 0 0 0 1 1 1 1 1
Figure 5-2. ADC Status and Control Register (ADSCR)

COCO/IDMAS — Conversions Complete/Interrupt DMA Select Bit

When the AIEN bit is a logic 0, the COCO/IDMAS is a read-only bit
which is set each time a conversion is completed except in the
continuous conversion mode where it is set after the first conversion.
This bit is cleared whenever the ADSCR is written or whenever the
ADR is read.

If the AIEN bit is a logic 1, the COCO/IDMAS is a read/write bit which
selects either CPU or DMA to service the ADC interrupt request.
Reset clears this bit.

1 = Conversion completed (AIEN = 0)/DMA interrupt (AIEN = 1)

0 = Conversion not completed (AIEN = 0)/CPU interrupt (AIEN = 1)

CAUTION:  Because the MC68HC908GRS8 does NOT have a DMA module, the
IDMAS bit should NEVER be set when AIEN is set. Doing so will mask
ADC interrupts and cause unwanted results.

MC68HC908GR8 — Rev 4.0 Technical Data
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Clock Generator Module (CGMC)

7.6 CGMC Registers
These registers control and monitor operation of the CGMC:

e PLL control register (PCTL)
(See PLL Control Register.)

* PLL bandwidth control register (PBWC)
(See PLL Bandwidth Control Register.)

* PLL multiplier select register high (PMSH)
(See PLL Multiplier Select Register High.)

e PLL multiplier select register low (PMSL)
(See PLL Multiplier Select Register Low.)

e PLL VCO range select register (PMRS)
(See PLL VCO Range Select Register.)

* PLL reference divider select register (PMDS)
(See PLL Reference Divider Select Register.)

Figure 7-3 is a summary of the CGMC registers.

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0
Read PLLIE PLLF PLLON BCS PRE1 PREO VPR1 VPRO
$0036 PLL Control Register Wiite:
(PCTL)
Reset: 0 0 1 0 0 0 0 0
Read: AUTO LOCK ACO 0 0 0 0 R
PLL Bandwidth Control -
S0037 Register (PBWC) "1
Reset: 0 0 0 0 0 0 0 0
Read: 0 0 0 0 MUL11 MUL10 MUL9 MULS
PLL Multiplier Select High ,, . .
$0038 Register (PMSH) /e
Reset: 0 0 0 0 0 0 0 0
Read MUL7 MUL6 MULS MUL4 MUL3 MUL2 MUL1 MULO
$0039 PLL Mult|pI|e.r Select Low Write:
Register (PMSL)
Reset: 0 1 0 0 0 0 0 0

Figure 7-3. CGMC 1/O Register Summary
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Central Processing Unit (CPU)

10.4.3 Stack pointer (SP)

SP

NOTE:

The stack pointer is a 16-bit register that contains the address of the next
location on the stack. During a reset, the stack pointer is preset to
$00FF. The reset stack pointer (RSP) instruction sets the least
significant byte to $FF and does not affect the most significant byte. The
stack pointer decrements as data is pushed onto the stack and
increments as data is pulled from the stack.

In the stack pointer 8-bit offset and 16-bit offset addressing modes, the
stack pointer can function as an index register to access data on the
stack. The CPU uses the contents of the stack pointer to determine the
conditional address of the operand.

Bit Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Read:

Write:

Reset: 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1
Figure 10-4. Stack pointer (SP)

The location of the stack is arbitrary and may be relocated anywhere in
RAM. Moving the SP out of page zero ($0000 to $00FF) frees direct
address (page zero) space. For correct operation, the stack pointer must
point only to RAM locations.

10.4.4 Program counter (PC)

Technical Data

The program counter is a 16-bit register that contains the address of the
next instruction or operand to be fetched.

Normally, the program counter automatically increments to the next
sequential memory location every time an instruction or operand is
fetched. Jump, branch, and interrupt operations load the program
counter with an address other than that of the next sequential location.

MC68HC908GR8 — Rev 4.0
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Flash Memory

PGM — Program Control Bit

This read/write bit configures the memory for program operation.
PGM is interlocked with the ERASE bit such that both bits cannot be
equal to 1 or set to 1 at the same time.

1 = Program operation selected

0 = Program operation unselected

11.5 FLASH Page Erase Operation

Use this step-by-step procedure to erase a page (64 bytes) of FLASH
memory to read as logic 1:

1. Setthe ERASE bit, and clear the MASS bit in the FLASH control
register.

2. Read the FLASH block protect register.

w

Write any data to any FLASH address within the page address
range desired.

Wait for a time, t,,,s (min. 10us)
Set the HVEN bit.

Wait for a time, tg,aqe (MIiN. 1MS)
Clear the ERASE bit.

Wait for a time, t,,, (Min. 5us)
Clear the HVEN bit.

© © N o 0 b

10. After atime, t,, (typ. 1us), the memory can be accessed again in
read mode.

NOTE: While these operations must be performed in the order shown, other
unrelated operations may occur between the steps.

Technical Data MCGB68HC908GR8 — Rev 4.0
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Technical Data — MC68HC908GRS8

14.1 Contents

14.2 Introduction

14.3 Features

Section 14. Low-Voltage Inhibit (LVI)

14.2 Introduction............ ...,
143 Features . ........ ...
14.4 Functional Description .. ...................
145 LVIStatusRegister. .. ............. ...
14.6 LViInterrupts ........ ..

14.7 Low-PowerModes . .......... ... .. ...

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

voltage falls below the LVI trip falling voltage, V1rpg-

Features of the LVI module include:

* Programmable LVI reset
e Selectable LVI trip voltage

e Programmable stop mode operation

MC68HC908GR8 — Rev 4.0
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Low-Voltage Inhibit (LVI)

LVI Status Register
14.4.4 LVI Trip Selection

The LVI5ORS3 bit in the configuration register selects whether the LVI is
configured for 5V or 3V protection.

NOTE: The microcontroller is guaranteed to operate at a minimum supply
voltage. The trip point (V1r;pg [5 V] or V1ripe [3 V]) may be lower than
this. (See Electrical Specifications for the actual trip point voltages.)

14.5 LVI Status Register

The LVI status register (LVISR) indicates if the Vpp voltage was
detected below the Vtg,pg level.

Address: $FEOC

Bit 7 6 5 4 3 2 1 Bit0
Read:| LVIOUT 0 0 0 0 0 0 0
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 14-3. LVI Status Register (LVISR)

LVIOUT — LVI Output Bit

This read-only flag becomes set when the Vpp voltage falls below the
V1ripr trip voltage. See Table 14-1. Reset clears the LVIOUT bit.

Table 14-1. LVIOUT Bit Indication

Vop LVIOUT
Vbp > V1riPR 0
Vbp < VT1RIPE 1
V1riPE < Vob < VTRIPR Previous value
MC68HC908GR8 — Rev 4.0 Technical Data
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Monitor ROM (MON)

NOTE:

Technical Data

requirements and conditions, are not in effect. This is to reduce circuit
requirements when performing in-circuit programming.

If the reset vector is blank and monitor mode is entered, the chip will see
an additional reset cycle after the initial POR reset. Once the part has
been programmed, the traditional method of applying a voltage, V1T, to
@ must be used to enter monitor mode.

The COP module is disabled in monitor mode based on these
conditions:

* If monitor mode was entered as a result of the reset vector being
blank (condition set 2 or 3), the COP is always disabled regardless
of the state of IRQ or RST.

« If monitor mode was entered with Vg1 on IRQ (condition set 1),
then the COP is disabled as long as Vtg7 is applied to either IRQ
or RST.

The second condition states that as long as V1gt is maintained on the
IRQ pin after entering monitor mode, or if V1st is applied to RST after
the initial reset to get into monitor mode (when Vg1 was applied to @),
then the COP will be disabled. In the latter situation, after Vg7 is applied
to the RST pin, Vgt can be removed from the IRQ pin in the interest of
freeing the IRQ for normal functionality in monitor mode.

Figure 15-2 shows a simplified diagram of the monitor mode entry when
the reset vector is blank and just 1 x Vpp voltage is applied to the IRQ

pin. An external oscillator of 9.8304 MHz is required for a baud rate of

9600, as the internal bus frequency is automatically set to the external

frequency divided by four.

MC68HC908GR8 — Rev 4.0
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Input/Output Ports (1/0)

16.5 Port C

Port C is a 2-bit, general-purpose bidirectional I/O port. Port C also has
software configurable pullup devices if configured as an input port.

16.5.1 Port C Data Register

The port C data register (PTC) contains a data latch for each of the two
port C pins.

Address:  $0002

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0
PTC1 PTCO
Write:
Reset: Unaffected by reset
= Unimplemented

Figure 16-9. Port C Data Register (PTC)

PTC1-PTCO — Port C Data Bits

These read/write bits are software-programmable. Data direction of
each port C pin is under the control of the corresponding bit in data
direction register C. Reset has no effect on port C data.

NOTE: PTC is not available in a 28-pin DIP and SOIC package

Technical Data MCGB68HC908GR8 — Rev 4.0

216 Input/Output Ports (1/0) MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Serial Communications Interface (SCI)

tolerance is much more than the degree of misalignment that is likely to
occur.

As the receiver samples an incoming character, it resynchronizes the RT
clock on any valid falling edge within the character. Resynchronization
within characters corrects misalignments between transmitter bit times
and receiver bit times.

18.5.3.6 Slow Data Tolerance

Technical Data

Figure 18-7 shows how much a slow received character can be
misaligned without causing a noise error or a framing error. The slow
stop bit begins at RT8 instead of RT1 but arrives in time for the stop bit
data samples at RT8, RT9, and RT10.

MSB >/ STOP
RECE"’“M&A&W
RT CLOCK

- N M < 1O © N~ o o O HG N ™o < un o
I—I—I—I—I—I—I—I—I—"j"j"j"j"j"j"j
0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:0:
DATA
SAMPLES

Figure 18-7. Slow Data

For an 8-bit character, data sampling of the stop bit takes the receiver
9 bit times x 16 RT cycles + 10 RT cycles = 154 RT cycles.

With the misaligned character shown in Figure 18-7, the receiver counts
154 RT cycles at the point when the count of the transmitting device is
9 bit times x 16 RT cycles + 3 RT cycles = 147 RT cycles.

The maximum percent difference between the receiver count and the
transmitter count of a slow 8-bit character with no errors is

154 - 147
154

x 100 = 4.54%

For a 9-bit character, data sampling of the stop bit takes the receiver
10 bit times x 16 RT cycles + 10 RT cycles = 170 RT cycles.

MC68HC908GR8 — Rev 4.0

246

Serial Communications Interface (SCI) MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Serial Communications Interface (SCI)
Functional Description

With the misaligned character shown in Figure 18-7, the receiver counts
170 RT cycles at the point when the count of the transmitting device is
10 bit times x 16 RT cycles + 3 RT cycles = 163 RT cycles.

The maximum percent difference between the receiver count and the
transmitter count of a slow 9-bit character with no errors is

’w x 100 = 4.12%
170

18.5.3.7 Fast Data Tolerance

Figure 18-8 shows how much a fast received character can be
misaligned without causing a noise error or a framing error. The fast stop
bit ends at RT10 instead of RT16 but is still there for the stop bit data
samples at RT8, RT9, and RT10.

STOP IDLE OR NEXT CHARACTER

RECEIVER
RT CLOCK
N M T D © ~ O o O +H N ™M < un o
E £ E £ E E E E E 2 2 22 2P ¢
x ox x x x x o x x x £ B B B B BB
DATA
SAMPLES

Figure 18-8. Fast Data

For an 8-bit character, data sampling of the stop bit takes the receiver
9 bit times x 16 RT cycles + 10 RT cycles = 154 RT cycles.

With the misaligned character shown in Figure 18-8, the receiver counts
154 RT cycles at the point when the count of the transmitting device is
10 bit times x 16 RT cycles = 160 RT cycles.

The maximum percent difference between the receiver count and the
transmitter count of a fast 8-bit character with no errors is

’L—lﬁo x 100 = 3.90%
154

MC68HC908GR8 — Rev 4.0 Technical Data
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Serial Communications Interface (SCI)

Table 18-8. SCI Baud Rate Selection Examples

SCP1 and Prescaler SCR2, SCR1, Baud Rate Baud Rate
SCPO Divisor (PD) and SCRO Divisor (BD) (feus = 4.9152 MHz)

11 13 010 4 1477

11 13 011 8 739

11 13 100 16 369

11 13 101 32 185

11 13 110 64 92

11 13 111 128 46
Technical Data MC68HC908GR8 — Rev 4.0
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System Integration Module (SIM)
Low-Power Modes

wait mode. Some modules can be programmed to be active in wait
mode.

Wait mode also can be exited by a reset or break. A break interrupt
during wait mode sets the SIM break stop/wait bit, SBSW, in the SIM
break status register (SBSR). If the COP disable bit, COPD, in the mask
option register is logic 0, then the computer operating properly module
(COP) is enabled and remains active in wait mode.

IAB WAIT ADDR X WAIT ADDR + 1 X SAME X SAME X
IDB >< PREVIOUS DATA >< NEXT OPCODE >< SAME >< SAME
R/W y

Note: Previous data can be operand data or the WAIT opcode, depending on the
last instruction.

Figure 19-15. Wait Mode Entry Timing

Figure 19-16 and Figure 19-17 show the timing for WAIT recovery.

IAB $6E0B | seeoc ) sooFF ) soore ) sooFD | sooFc )
DB $A6) $A6 ) $A6 ) $01 | soB | S$6E | ) X:
EXITSTOPWAIT |

Note: EXITSTOPWAIT = RST pin, CPU interrupt, or break interrupt

Figure 19-16. Wait Recovery from Interrupt or Break

MC68HC908GR8 — Rev 4.0 Technical Data
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System Integration Module (SIM)

DEC HI BYTE, SP ; El se deal with high byte, too.
DOLO DEC LOBYTE, SP ; Point to WAIT/ STOP opcode.
RETURN  PULH ; Restore H register.

RTI

19.8.2 SIM Reset Status Register

This register contains six flags that show the source of the last reset
provided all previous reset status bits have been cleared. Clear the SIM
reset status register by reading it. A power-on reset sets the POR bit and
clears all other bits in the register.

Address:  $FE01

Bit 7 6 5 4 3 2 1 Bit 0
Read:| POR PIN CoP ILOP ILAD | MODRST LV 0
Write:
Reset: 1 0 0 0 0 0 0 0
= Unimplemented

Figure 19-21. SIM Reset Status Register (SRSR)

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

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

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

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

Technical Data MCGB68HC908GR8 — Rev 4.0
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Technical Data — MC68HC908GRS8

21.1 Contents

21.2
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21.4
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Section 21. Timebase Module (TBM)
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Features . . ... ... . 329
Functional Description .. ... ... 330
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Low-Power Modes . ........... .. . . i 333

This section describes the timebase module (TBM). The TBM will
generate periodic interrupts at user selectable rates using a counter
clocked by the external crystal clock. This TBM version uses 15 divider
stages, eight of which are user selectable.

For further information regarding timers on M68HCO08 family devices,
please consult the HCO8 Timer Reference Manual, TIMOS8RM/AD.

21.3 Features

Features of the TBM module include:

MC68HC908GR8 — Rev 4.0

Software programmable 1 Hz, 4 Hz, 16 Hz, 256 Hz, 512 Hz, 1024
Hz, 2048 Hz, and 4096 Hz periodic interrupt using external 32.768
kHz crystal

User selectable oscillator clock source enable during stop mode to
allow periodic wakeup from stop

Technical Data
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22.2 Introduction

This section describes the timer interface (TIM) module. The TIM on this
partis a 2-channel and al-channel timer that provides a timing reference
with input capture, output compare, and pulse-width-modulation

functions. Figure 22-1 is a block diagram of the TIM. This particular MCU
has two timer interface modules which are denoted as TIM1 and TIMZ2.

For further information regarding timers on M68HCO08 family devices,
please consult the HCO8 Timer Reference Manual, TIMOSRM/AD.
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* When changing to a smaller value, enable channel x output
compare interrupts and write the new value in the output compare
interrupt routine. The output compare interrupt occurs at the end
of the current output compare pulse. The interrupt routine has until
the end of the counter overflow period to write the new value.

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

22.5.5 Buffered Output Compare

Technical Data

NOTE:

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

Setting the MSOB bitin TIM channel O status and control register (TSCO)
links channel 0 and channel 1. The output compare value in the TIM
channel O registers initially controls the output on the TCHO pin. Writing
to the TIM channel 1 registers enables the TIM channel 1 registers to
synchronously control the output after the TIM overflows. At each
subsequent overflow, the TIM channel registers (0 or 1) that control the
output are the ones written to last. TSCO controls and monitors the
buffered output compare function, and TIM channel 1 status and control
register (TSC1) is unused. While the MSOB bit is set, the channel 1 pin,
TCH1, is available as a general-purpose I/O pin.

In buffered output compare operation, do not write new output compare
values to the currently active channel registers. User software should
track the currently active channel to prevent writing a new value to the
active channel. Writing to the active channel registers is the same as
generating unbuffered output compares.
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