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Addr.

$0018

$0019

$001A

$001B

$001C

$001D

$001E

$001F

Register Name

ESCI Data Register
(SCDR)
See page 173.

ESCI Baud Rate Register
(SCBR)
See page 174.

Keyboard Status and Control

Register (INTKBSCR)
See page 118.

Keyboard Interrupt Enable
Register (INTKBIER)
See page 119.

Timebase Module Control
Register (TBCR)
See page 224.

IRQ Status and Control
Register (INTSCR)
See page 112.

Configuration Register 2
(CONFIG2)™"
See page 90.

Configuration Register 1
(CONFIG1)™
See page 91.

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

Input/Output (I/0) Section

Bit7 6 5 4 3 2 1 Bit 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T T0

Unaffected by reset
LINT LINR SCP1 SCPO R SCR2 SCR1 SCRO
0 0 0 0 0 0 0 0
0 0 0 0 KEYF 0
IMASKK | MODEK
ACKK
0 0 0 0 0 0 0 0
KBIE7 KBIE6 KBIE5 KBIE4 KBIE3 KBIE2 KBIE1 KBIEO
0 0 0 0 0 0 0 0
TBIF 0
TBR2 TBR1 TBRO TBIE TBON R
TACK
0 0 0 0 0 0 0 0
0 0 0 0 IRQF 0
IMASK MODE
ACK
0 0 0 0 0 0 0 0
0 TMBCLK- | OSCENIN-
MCLKSEL | MCLK1 MCLKO R SEL STOP SCIBDSRC
0 0 0 0 0 0 0 1
COPRS | LVISTOP | LVIRSTD | LVIPWRD | LVI5SOR3" | SSREC STOP COPD
0 0 0 0 0 0 0 0

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

$0020

$0021

$0022

$0023

TIM1 Status and Control
Register (T1SC)
See page 234.

TIM1 Counter
Register High (TICNTH)
See page 235.

TIM1 Counter
Register Low (T1CNTL)
See page 235.

TIM1 Counter Modulo
Register High (TTIMODH)
See page 236.

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

TOF 0 0
TOIE TSTOP PS2 PS1 PSO
0 TRST
0 0 1 0 0 0 0
Bit 15 14 13 12 11 10 Bit 8
0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
1 1 1 1 1 1 1 1
I:l = Unimplemented R = Reserved U = Unaffected
Figure 2-2. Control, Status, and Data Registers (Sheet 3 of 9)
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Memory

E. The time between each FLASH address change (step 7 to step 7), or the time between the last FLASH
address programmed to clearing the PGM bit (step 7 to step 10) must not exceed the maximum
programming time, tpgpog Maximum.

F. Be cautious when programming the FLASH-1 array to ensure that non-FLASH locations are not used
as the address that is written to when selecting either the desired row address range in step 3 of the
algorithm or the byte to be programmed in step 7 of the algorithm.

2.6.7 Low-Power Modes

The WAIT and STOP instructions will place the MCU in low power-consumption standby modes.

2.6.7.1 Wait Mode

Putting the MCU into wait mode while the FLASH is in read mode does not affect the operation of the
FLASH memory directly; however, no memory activity will take place since the CPU is inactive.

The WAIT instruction should not be executed while performing a program or erase operation on the
FLASH. Wait mode will suspend any FLASH program/erase operations and leave the memory in a
standby mode.

2.6.7.2 Stop Mode

Putting the MCU into stop mode while the FLASH is in read mode does not affect the operation of the
FLASH memory directly; however, no memory activity will take place since the CPU is inactive.

The STOP instruction should not be executed while performing a program or erase operation on the
FLASH. Stop mode will suspend any FLASH program/erase operations and leave the memory in a
standby mode.

NOTE
Standby mode is the power saving mode of the FLASH module, in which all
internal control signals to the FLASH are inactive and the current
consumption of the FLASH is minimum.
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I/0 Registers

Table 3-1. Mux Channel Select(!) (Continued)

ADCH4 ADCH3 ADCH2 ADCH1 ADCHO Input Select
1 0 0 0 0 PTGO/AD16
1 0 0 0 1 PTG1/AD17
1 0 0 1 0 PTG2/AD18
1 0 0 1 1 PTG3/AD19
1 0 1 0 0 PTG4/AD20
1 0 1 0 1 PTG5/AD21
1 0 1 1 0 PTG6/AD22
1 0 1 1 1 PTG7/AD23
1 1 0 0 0
\’ 2 2 \’ 2 Unused
1 1 1 0 0
1 1 1 0 1 VREFH
1 1 1 1 0 VREFL
1 1 1 1 1 ADC power off

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

3.8.2 ADC Data Register High and Data Register Low

3.8.2.1 Left Justified Mode

In left justified mode, the ADRH register holds the eight MSBs of the

10-bit result. The ADRL register holds the two LSBs of the 10-bit result. All other bits read as 0. ADRH
and ADRL are updated each time an ADC single channel conversion completes. Reading ADRH latches
the contents of ADRL until ADRL is read. All subsequent results will be lost until the ADRH and ADRL
reads are completed.

Address:  $003D ADRH
Bit 7 6 5 4 3 2 1 Bit 0

Read: AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
Write:
Reset: Unaffected by reset

Address:  $003E ADRL
Read: AD1 ADO 0 0 0 0 0 0
Write:
Reset: Unaffected by reset

I:l = Unimplemented

Figure 3-5. ADC Data Register High (ADRH) and Low (ADRL)
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Clock Generator Module (CGM)

4.4.9

CGM Base Clock Output (CGMOUT)

CGMOUT is the clock output of the CGM. This signal goes to the SIM, which generates the MCU clocks.
CGMOUT is a 50 percent duty cycle clock running at twice the bus frequency. CGMOUT is software
programmable to be either the oscillator output, CGMXCLK, divided by two or the VCO clock, CGMVCLK,
divided by two.

4.4.10 CGM CPU Interrupt (CGMINT)
CGMINT is the interrupt signal generated by the PLL lock detector.

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

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

Addr.

$0036

$0037

$0038

$0039

$003A

$003B

NOTES:

o OB W N =

80

Register Name Bit 7 6 5 4 3 2 1 Bit 0
PLL Control Register Read: o | PLLE | o) o 1 gog R R VPR1 | VPRO
(PCTL) Write:
See page 81. Reset: 0 0 1 0 0 0 0 0
PLL Bandwidth Control Read: LOCK A 0 0 0 0
AUT A R
Register (PBWC)  Write: uto ca
See page 82. Reset: 0 0 0 0 0 0 0 0
PLL Multiplier Select High ~Read: 0 0 0 0 MUL11 MUL10 MULS MULS
Register (PMSH) ~ Write:
See page 83. Reset: 0 0 0 0 0 0 0 0

PLL Multiplier Select Low Read:
Register (PMSL)  Write:
See page 84. Reset: 0 1 0 0 0 0 0 0

PLL VCO Select Range Read:
Register (PMRS)  Write:

MUL7 MUL6 MUL5 MuUL4 MUL3 MUL2 MUL1 MULO

VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS1 VRS0

See page 84. Reset: 0 1 0 0 0 0 0 0
Read: 0 0 0 0
R R R R
Reserved Register  Write:
Reset 0 0 0 0 1

: 0 0 0
|:| = Unimplemented |I| = Reserved

. 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.

Figure 4-3. CGM 1/O Register Summary
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IRQ Pin

8.4 IRQ Pin

A falling edge on the IRQ pin can latch an interrupt request into the IRQ latch. A vector fetch, software
clear, or reset clears the IRQ latch.

If the MODE bit is set, the IRQ pin is both falling-edge-sensitive and low-level-sensitive. With MODE set,
both of the following actions must occur to clear IRQ:

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

e Return of the IRQ pin to a high level — As long as the IRQ pin is low, IRQ remains active.

The vector fetch or software clear and the return of the IRQ pin to a high level may occur in any order.
The interrupt request remains pending as long as the IRQ pin is low. A reset will clear the latch and the
MODE control bit, thereby clearing the interrupt even if the pin stays low.

If the MODE bit is clear, the IRQ pin is falling-edge-sensitive only. With MODE clear, a vector fetch or
software clear immediately clears the IRQ latch.

The IRQF bit in the INTSCR register can be used to check for pending interrupts. The IRQF bit is not
affected by the IMASK bit, which makes it useful in applications where polling is preferred.

Use the BIH or BIL instruction to read the logic level on the IRQ pin.

NOTE
When using the level-sensitive interrupt trigger, avoid false interrupts by
masking interrupt requests in the interrupt routine.

8.5 IRQ Module During Break Interrupts

The BCFE bit in the SIM break flag control register (SBFCR) enables software to clear the latch during
the break state. See Chapter 19 Development Support.

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

To protect CPU interrupt flags during the break state, write a 0 to the BCFE bit. With BCFE at O (its default
state), writing to the ACK bit in the IRQ status and control register during the break state has no effect on
the IRQ interrupt flags.
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3
4

y
A

Input/Output (I/0) Ports
Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
) Read:
Port D Data Register PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTDO
$0003 (PTD)  Write:
See page 142.
Reset: Unaffected by reset
o ) Read:
Data Direction Register A DDRA7 | DDRA6 | DDRA5 | DDRA4 | DDRA3 | DDRA2 | DDRAf DDRAO
$0004 (DDRA)  Write:
See page 136.
Reset: 0 0 0 0 0 0 0 0
o ) Read:
Data Direction Register B DDRB7 | DDRB6 | DDRB5 | DDRB4 | DDRB3 | DDRB2 | DDRB{ DDRBO
$0005 (DDRB)  Write:
See page 138.
Reset: 0 0 0 0 0 0 0 0
o ] Read: 0
Data Direction Register C DDRC6 | DDRC5 | DDRC4 | DDRC3 | DDRC2 | DDRCH DDRCO
$0006 (DDRC)  Write:
See page 140.
Reset: 0 0 0 0 0 0 0 0
o ) Read:
Data Direction Register D DDRD7 | DDRD6 | DDRD5 | DDRD4 | DDRD3 | DDRD2 | DDRD1 | DDRDO
$0007 (DDRD)  Write:
See page 143.
Reset: 0 0 0 0 0 0 0 0
) Read: 0 0
Port E Data Register PTE5 PTE4 PTE3 PTE2 PTE1 PTEO
$0008 (PTE)  Write:
See page 145.
Reset: Unaffected by reset
o ) Read: 0 0
Data Direction Register E DDRE5 DDRE4 DDRE3 DDRE2 DDRE1 DDREO
$000C (DDRE)  Write:
See page 146.
Reset: 0 0 0 0 0 0 0 0
Read:
Port A Input Pullup Enable PTAPUE?7 | PTAPUE6 | PTAPUE5 | PTAPUE4 | PTAPUES | PTAPUE2 | PTAPUE1 | PTAPUEO
$000D Register (PTAPUE)  Write:
See page 137.
Reset: 0 0 0 0 0 0 0 0
Read: 0
Port C Input Pullup Enable PTCPUE6 | PTCPUE5 | PTCPUE4 | PTCPUE3 | PTCPUE2 | PTCPUE1 | PTCPUED
$000E Register (PTCPUE)  Write:
See page 142.
Reset: 0 0 0 0 0 0 0 0
Read:
Port D Input Pullup Enable PTDPUE7 | PTDPUE6 | PTDPUE5 | PTDPUE4 | PTDPUES3 | PTDPUE2 | PTDPUE1 | PTDPUEO
$000F Register (PTDPUE)  Write:
See page 145.
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 12-1. I/O Port Register Summary (Sheet 2 of 3)
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Input/Output (I/0) Ports

12.3.2 Data Direction Register A

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

Address:  $0004

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Writ DDRA7 DDRA6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 12-3. Data Direction Register A (DDRA)

DDRA7-DDRAO — Data Direction Register A Bits
These read/write bits control port A data direction. Reset clears DDRA7-DDRAO, 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 12-4 shows the port A I/O logic.

When bit DDRAXx is a 1, reading address $0000 reads the PTAXx data latch. When bit 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. Table 12-2 summarizes the operation of the port A pins.

Vop

AN PTAPUEX _|>o—o([T
READ DDRA ($0004)

WRITE DDRA ($0004) ] lF,’\lJIFLFL{JI\I!’AL
DDRAX DEVICE
RESET —»t
n
2
[an]
= WRITE PTA ($0000)
= PTAX » —> PTAX
= i
<
% b
Y]
—
=
e
READ PTA ($0000)
N

Figure 12-4. Port A /O Circuit
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Enhanced Serial Communications Interface (ESCI) Module

INTERNAL BUS
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1 é;o =0 =0 1 «
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LINR TXINV —» @
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SCTIE } Y s
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s
SCRIE T
ILIE ACLK BIT
TE
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— TC
RWU
| SCRF |— OR M ORIE
SBK X
| IDLE NF NEIE g,
FE [ FEIE 2
PE PEIE
\ LOOPS
! LOOPS 1 ENSCI
1 wakewp | . | meceve | | Fac | | TRANSMIT [
»| CONTROL [ CONTROL [ ™| CONTROL [*™| CONTROL [Ge—
A A A A
M
BUS BKF | UNT |
cLOCK T ENSCI WAKE —
RPF
ENHANCED =
PRESCALER
CGMXCLK -] »| .4 ||| PRE: | BAUDRATE PEN
s > - »( SCALER | GENERATOR BTy
2 T o - 16 DATA SELECTION
Bsi CONTROL
05 =
3 [ES \ / )

SL=1->SCI_CLK = BUSCLK
SL =0 -> SCI_CLK = CGMXCLK

154

Figure 13-3. ESCI Module Block Diagram
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Enhanced Serial Communications Interface (ESCI) Module

PDS2-PDS0 — Prescaler Divisor Select Bits
These read/write bits select the prescaler divisor as shown in Table 13-9. Reset clears PDS2-PDSO0.

NOTE
The setting of ‘000’ will bypass this prescaler. It is not recommended to
bypass the prescaler while ENSCI is set, because the switching is not glitch
free.

Table 13-9. ESCI Prescaler Division Ratio

PDS[2:1:0] Prescaler Divisor (PD)
000 Bypass this prescaler
001 2
010 3
011 4
100 5
101 6
110 7
111 8

PSSB4-PSSB0 — Clock Insertion Select Bits
These read/write bits select the number of clocks inserted in each 32 output cycle frame to achieve
more timing resolution on the average prescaler frequency as shown in Table 13-10. Reset clears
PSSB4-PSSBO.

Table 13-10. ESCI Prescaler Divisor Fine Adjust

PSSBJ[4:3:2:1:0] Prescaler Divisor Fine Adjust (PDFA)
00000 0/32=0
00001 1/32 =0.03125
00010 2/32 = 0.0625
00011 3/32 = 0.09375
00100 4/32 =0.125
00101 5/32 = 0.15625
00110 6/32 = 0.1875
00111 7/32 =0.21875
01000 8/32=0.25
01001 9/32 =0.28125
01010 10/32 = 0.3125
01011 11/32 = 0.34375
01100 12/32 = 0.375
01101 13/32 = 0.40625
01110 14/32 = 0.4375
01111 15/32 = 0.46875

Continued on next page
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h

System Integration Module (SIM)

> MODULE STOP
I » MODULE WAIT

/

STOPWAIT [ CPU STOP (FROM CPU)
CONTROL  |g CPU WAIT (FROM CPU)
[ > SIMOSCEN (TO CGM)
SIM
COUNTER [ CGMXCLK (FROM CGM)
CGMOUT (FROM CGM)
=2
\/ \
Voo KoK CLOCK GENERATORS [ > INTERNAL CLOCKS
INTERNAL \
PULLUP
DEVICE <«—— FORCED MONITOR MODE ENTRY
PIII:\‘IELSOEGTIC . - POR CONTROL - <«—— VI (FROM LVI MODULE)
——— MRAESSTEETR <«—— |LLEGAL OPCODE (FROM CPU)
> ILLEGAL ADDRESS (FROM ADDRESS
CONTROL —— MAP DECODERS)
SIM RESET STATUS REGISTER <Z> <—— COP (FROM COP MODULE)
RESET
INTERRUPT CONTROL < INTERRUPT SOURCES
AND PRIORITY DECODE < > CPU INTERFACE

Figure 14-1. SIM Block Diagram
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Serial Peripheral Interface (SPI) Module

CPOL — Clock Polarity Bit
This read/write bit determines the logic state of the SPSCK pin between transmissions. (See
Figure 15-5 and Figure 15-7.) To transmit data between SPI modules, the SPI modules must have
identical CPOL values. Reset clears the CPOL bit.

CPHA — Clock Phase Bit
This read/write bit controls the timing relationship between the serial clock and SPI data. (See
Figure 15-5 and Figure 15-7.) To transmit data between SPI modules, the SPI modules must have
identical CPHA values. When CPHA = 0, the SS pin of the slave SPI module must be high between
bytes. (See Figure 15-13.) Reset sets the CPHA bit.

SPWOM — SPI Wired-OR Mode Bit
This read/write bit disables the pullup devices on pins SPSCK, MOSI, and MISO so that those pins
become open-drain outputs.
1 = Wired-OR SPSCK, MOSI, and MISO pins
0 = Normal push-pull SPSCK, MOSI, and MISO pins

SPE — SPI Enable
This read/write bit enables the SPI module. Clearing SPE causes a partial reset of the SPI. (See 15.8
Resetting the SPI.) Reset clears the SPE bit.
1 = SPI module enabled
0 = SPI module disabled

SPTIE— SPI Transmit Interrupt Enable
This read/write bit enables CPU interrupt requests generated by the SPTE bit. SPTE is set when a byte
transfers from the transmit data register to the shift register. Reset clears the SPTIE bit.
1 = SPTE CPU interrupt requests enabled
0 = SPTE CPU interrupt requests disabled

15.12.2 SPI Status and Control Register

The SPI status and control register contains flags to signal these conditions:
* Receive data register full
* Failure to clear SPRF bit before next byte is received (overflow error)
 Inconsistent logic level on SS pin (mode fault error)
* Transmit data register empty

The SPI status and control register also contains bits that perform these functions:
e Enable error interrupts
* Enable mode fault error detection
* Select master SPI baud rate

Address: $0011
Bit 7 6 5 4 3 2 1 Bit 0
Read:| SPRF OVRF MODF SPTE
. ERRIE MODFEN SPR1 SPRO
Write:
Reset: 0 0 0 0 1 0 0 0

|:| = Unimplemented

Figure 15-15. SPI Status and Control Register (SPSCR)
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Serial Peripheral Interface (SPI) Module

If the MODFEN bit is 0, the level of the SS pin does not affect the operation of an enabled SPI
configured as a master. For an enabled SPI configured as a slave, having MODFEN low only prevents
the MODF flag from being set. It does not affect any other part of SPI operation. See 15.6.2 Mode Fault
Error.

SPR1 and SPR0O — SPI Baud Rate Select Bits
In master mode, these read/write bits select one of four baud rates as shown in Table 15-3. SPR1 and
SPRO have no effect in slave mode. Reset clears SPR1 and SPRO.

Table 15-3. SPI Master Baud Rate Selection

SPR1 and SPRO Baud Rate Divisor (BD)
00 2
01 8
10 32
11 128

Use this formula to calculate the SPI baud rate:

BUSCLK

Baud rate =
) BD

15.12.3 SPI Data Register

The SPI data register consists of the read-only receive data register and the write-only transmit data
register. Writing to the SPI data register writes data into the transmit data register. Reading the SPI data
register reads data from the receive data register. The transmit data and receive data registers are
separate registers that can contain different values. See Figure 15-2.

Address: $0012

Bit7 6 5 4 3 2 1 Bit0
Read: R7 R6 R5 R4 R3 R2 R1 RO
Write: T7 T6 T5 T4 T3 T2 T T0
Reset: Unaffected by reset

Figure 15-16. SPI Data Register (SPDR)

R7-R0/T7-T0 — Receive/Transmit Data Bits

NOTE
Do not use read-modify-write instructions on the SPI data register since the
register read is not the same as the register written.

MC68HC908GR60A « MC68HC908GR48A « MC68HC908GR32A Data Sheet, Rev. 5

220 Freescale Semiconductor



Chapter 17
Timer Interface Module (TIM1)

17.1 Introduction

This section describes the timer interface module (TIM1). TIM1 is a two-channel timer that provides a
timing reference with input capture, output compare, and pulse-width-modulation functions. Figure 17-2
is a block diagram of the TIM1.

17.2 Features

Features of the TIM1 include the following:
e Two input capture/output compare channels
— Rising-edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action
» Buffered and unbuffered pulse width modulation (PWM) signal generation
e Programmable TIM1 clock input with 7-frequency internal bus clock prescaler selection
e Free-running or modulo up-count operation
* Toggle any channel pin on overflow
e TIM1 counter stop and reset bits

17.3 Functional Description

Figure 17-2 shows the structure of the TIM1. The central component of the TIM1 is the 16-bit TIM1
counter that can operate as a free-running counter or a modulo up-counter. The TIM1 counter provides
the timing reference for the input capture and output compare functions. The TIM1 counter modulo
registers, TIMODH:T1MODL, control the modulo value of the TIM1 counter. Software can read the TIM1
counter value at any time without affecting the counting sequence.

The two TIM1 channels are programmable independently as input capture or output compare channels.
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Functional Description

Use the following methods to synchronize unbuffered changes in the PWM pulse width on channel x:

* When changing to a shorter pulse width, 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 pulse. The interrupt routine has until the end of the PWM period to write the new
value.

* When changing to a longer pulse width, enable TIM1 overflow interrupts and write the new value
in the TIM1 overflow interrupt routine. The TIM1 overflow interrupt occurs at the end of the current
PWM 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 PWM period.

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare also can
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

17.3.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the T1CHO
pin. The TIM1 channel registers of the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIM1 channel 0 status and control register (T1SCO) links channel 0 and channel 1.
The TIM1 channel 0 registers initially control the pulse width on the T1CHO pin. Writing to the TIM1
channel 1 registers enables the TIM1 channel 1 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM1 channel registers (0 or 1) that
control the pulse width are the ones written to last. T1SCO controls and monitors the buffered PWM
function, and TIM1 channel 1 status and control register (T1SC1) is unused. While the MSOB bit is set,
the channel 1 pin, T1ICH1, is available as a general-purpose 1/O pin.

NOTE
In buffered PWM signal generation, do not write new pulse width values to
the currently active channel registers. User software should track the
currently active channel to prevent writing a new value to the active
channel. Writing to the active channel registers is the same as generating
unbuffered PWM signals.

17.3.4.3 PWM Initialization

To ensure correct operation when generating unbuffered or buffered PWM signals, use the following
initialization procedure:
1. Inthe TIM1 status and control register (T1SC):
a. Stop the TIM1 counter by setting the TIM1 stop bit, TSTOP.
b. Resetthe TIM1 counter and prescaler by setting the TIM1 reset bit, TRST.

2. Inthe TIM1 counter modulo registers (TIMODH:T1MODL), write the value for the required PWM
period.

3. Inthe TIM1 channel x registers (T1CHxH:T1CHXxL), write the value for the required pulse width.
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Timer Interface Module (TIM2)

CHxMAX — Channel x Maximum Duty Cycle Bit
When the TOVx bit is at a 1 and clear output on compare is selected, setting the CHxMAX bit forces
the duty cycle of buffered and unbuffered PWM signals to 100%. As Figure 18-9 shows, the CHxMAX
bit takes effect in the cycle after it is set or cleared. The output stays at 100% duty cycle level until the
cycle after CHxMAX is cleared.

NOTE
The 100% PWM duty cycle is defined as a continuous high level if the PWM
polarity is 1 and a continuous low level if the PWM polarity is 0. Conversely,
a 0% PWM duty cycle is defined as a continuous low level if the PWM
polarity is 1 and a continuous high level if the PWM polarity is O.

OVERFLOW OVERFLOW OVERFLOW OVERFLOW OVERFLOW

<«—— PERIOD —»

Y

A T T A

OUTPUT OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE COMPARE

CHXMAX |

Figure 18-9. CHxMAX Latency

\

PTDx/T2CHx

18.8.5 TIM2 Channel Registers

These read/write registers contain the captured TIM2 counter value of the input capture function or the
output compare value of the output compare function. The state of the TIM2 channel registers after reset
is unknown.

In input capture mode (MSxB:MSxA = 0:0), reading the high byte of the TIM2 channel x registers
(T2CHxH) inhibits input captures until the low byte (T2CHxL) is read.

In output compare mode (MSxB:MSxA = 0:0), writing to the high byte of the TIM2 channel x registers
(T2CHxH) inhibits output compares until the low byte (T2CHXxL) is written.

Address: $0031 T2CHOH

Bit 7 6 5 4 3 2 1 Bit 0
Read:
. Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:
Reset: Indeterminate after reset
Address: $0032 T2CHOL
Bit 7 6 5 4 3 2 1 Bit 0
Read: ) ) ) ) ) ) ) )
. Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:
Reset: Indeterminate after reset

Figure 18-10. TIM2 Channel Registers (T2CHOH/L:T2CH5H/L) (Sheet 1 of 3)
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Chapter 19
Development Support

19.1 Introduction

This section describes the break module, the monitor module (MON), and the monitor mode entry
methods.

19.2 Break Module (BRK)

The break module can generate a break interrupt that stops normal program flow at a defined address to
enter a background program.

Features of the break module include:
e Accessible input/output (I/O) registers during the break Interrupt
e Central processor unit (CPU) generated break interrupts
* Software-generated break interrupts
* Computer operating properly (COP) disabling during break interrupts

19.2.1 Functional Description

When the internal address bus matches the value written in the break address registers, the break module
issues a breakpoint signal (BKPT) to the system integration module (SIM). The SIM then causes the CPU
to load the instruction register with a software interrupt instruction (SWI). The program counter vectors to
$FFFC and $FFFD ($FEFC and $FEFD in monitor mode).

The following events can cause a break interrupt to occur:
* A CPU generated address (the address in the program counter) matches the contents of the break
address registers.
» Software writes a 1 to the BRKA bit in the break status and control register.

When a CPU generated address matches the contents of the break address registers, the break interrupt
is generated. A return-from-interrupt instruction (RTI) in the break routine ends the break interrupt and
returns the microcontroller unit (MCU) to normal operation.

Figure 19-2 shows the structure of the break module.

Figure 19-3 provides a summary of the I/O registers.
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Development Support

POR RESET
A
CONDITIONS
FROM Table 19-1 PTAO=1, PTAO =1, PTA1 =0,
PTA1 =0, RESET PTBO =1, AND
VECTOR BLANK? PTB1 =07
YES YES
Y
FORCED NORMAL NORMAL INVALID
Y MONITOR MODE USER MODE MONITOR MODE USER MODE
HOST SENDS
8 SECURITY BYTES
1
IS RESET YES
POR?
NO
ARE ALL
YES SECURITY BYTES
CORRECT?
ENABLE FLASH ‘ | DISABLE FLASH
MONITOR MODE ENTRY I:
DEBUGGING
AND FLASH EXECUTE
PROGRAMMING MONITOR CODE
(IF FLASH
IS ENABLED)
L Y
YES DOES RESET NO
OCCUR?

Figure 19-9. Simplified Monitor Mode Entry Flowchart
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Electrical Specifications

Characteristic(!) Symbol Min Typ®@ Max Unit

Pullup/pulldown resistors (as input only)

Ports PTA7/KBD7—-PTA0/KBDO, PTC6—-PTCO/CAN~y, Rpu 20 45 65 kQ

PTD7/T2CH1-PTDO0/SS
Capacitance Cout — — 12

Ports (as input or output) Cin — — 8 pF
Monitor mode entry voltage Vrst Vpp +2.5 — Vpp +4.0 v
Low-voltage inhibit, trip falling voltage V1RiPF 3.90 4.25 4.50
Low-voltage inhibit, trip rising voltage V1RIPR 4.0 4.35 4.60
e e oy " s | = e |
POR rearm voltage('? VpoR 0 — 100 mV
POR reset voltage('®) VPORRST 0 700 800 mV
POR rise time ramp rate(4 Rpor 0.035 — — V/ms

1. Vpp = 5.0 Vdc £ 10%, Vgg = 0 Vdc, Tp = Tp (min) to T (max), unless otherwise noted

2. Typical values reflect average measurements at midpoint of voltage range, 25°C only.

3. Run (operating) Ipp measured using external square wave clock source (fogc = 32 MHz). All inputs 0.2 V from rail. No dc
loads. Less than 100 pF on all outputs. C; = 20 pF on OSC2. All ports configured as inputs. OSC2 capacitance linearly
affects run Ipp. Measured with all modules enabled.

4. Wait Ipp measured using external square wave clock source (fogc = 32 MHz). All inputs 0.2 V from rail. No dc loads. Less
than 100 pF on all outputs. C_ = 20 pF on OSC2. All ports configured as inputs. OSC2 capacitance linearly affects wait
Ipp- Measured with CGM and LVI enabled.

5. Stop Ipp is measured with OSC1 = Vgg. All inputs 0.2 V from rail. No dc loads. Less than 100 pF on all outputs. All ports
configured as inputs. Typical values at midpoint of voltage range, 25°C only.

6. Stop Ipp with TBM enabled is measured using an external square wave clock source (fogc = 8 MHz). All inputs 0.2 V from
rail. No dc loads. Less than 100 pF on all outputs. All inputs configured as inputs.

7. This parameter is characterized and not tested on each device.

. All functional non-supply pins are internally clamped to Vgg and Vpp.

9. Input must be current limited to the value specified. To determine the value of the required current-limiting resistor,
calculate resistance values for positive and negative clamp voltages, then use the larger of the two values.

10. Power supply must maintain regulation within operating Vpp range during instantaneous and operating maximum current
conditions. If positive injection current (V;, > Vpp) is greater than Ipp, the injection current may flow out of Vpp and could
result in external power supply going out of regulation. Ensure external Vpp load will shunt current greater than maximum
injection current. This will be the greatest risk when the MCU is not consuming power. Examples are: if no system clock is
present, or if clock rate is very low (which would reduce overall power consumption).

11. Pullups and pulldowns are disabled. Port B leakage is specified in 20.10 5.0-Volt ADC Characteristics.

12. Maximum is highest voltage that POR is guaranteed.

13. Maximum is highest voltage that POR is possible.

14. If minimum Vpp is not reached before the internal POR reset is released, RST must be driven low externally until minimum
Vpp is reached.

o]
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3.3-Volt ADC Characteristics

20.11 3.3-Volt ADC Characteristics

Characteristic(" Symbol Min Max Unit Comments
Vppap should be tied to
Supply voltage Vbpab 3.0 3.6 \ the same potential as Vpp
via separate traces.
Input voltages VabIN 0 Vbpap \Y VabiN <= Vbpap
Resolution Bap 10 10 Bits
Absolute accuracy Anp -6 +6 LSB Includes quantization
ADC internal clock fapic 500 k 1.048 M Hz taic = 1/fabic
Conversion range Rap Vssap Vbpap \
Power-up time tappPU 16 — taic cycles
Conversion time tapc 16 17 taic cycles
Sample time taps 5 — taic cycles
Monotonicity Map Guaranteed
Zero input reading Zpp) 000 005 Hex Vapin = Vssa
Full-scale reading Fapi 3FA 3FF Hex Vapin = Vbpa
Input capacitance Capi — 30 pF Not tested
Vppap/VRerH current lvRerF — 1.2 mA
Absolyte aceuracy Aap -1 +1 LSB Includes quantization
(8-bit truncation mode)

Q?;rl;tiizst:ﬁgaiirc:zrmode) o —-1/8 +7/8 LSB

1. VDD = 3.3 Vdc + 10%, VSS =0 Vdc, VDDAD/VREFH =3.3Vdc + 10%, VSSAD/VREFL =0Vdc
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M68HC08 CPU
CPU ARITHMETIC/LOGIC
REGISTERS UNIT (ALU)

INTERNAL BUS

CONTROL AND STATUS REGISTERS — 64 BYTES

USER FLASH — 32,256 BYTES

USER RAM — 1536 BYTES

MONITOR ROM — 304 BYTES

USER FLASH VECTOR SPACE — 52 BYTES

SIS U U

PROGRAMMABLE TIMEBASE
MODULE

SINGLE BREAKPOINT BREAK
MODULE

DUAL VOLTAGE
LOW-VOLTAGE INHIBIT MODULE

8-BIT KEYBOARD
INTERRUPT MODULE

2-CHANNEL TIMER INTERFACE
MODULE

6-CHANNEL TIMER INTERFACE
MODULE

ENHANCED SERIAL
COMMUNICATIONS
INTERFACE MODULE

VR

COMPUTER OPERATING
PROPERLY MODULE

SERIAL PERIPHERAL
INTERFACE MODULE

MONITOR MODE ENTRY
MODULE

SECURITY
MODULE

ST

CLOCK GENERATOR MODULE
0sC1 — | 1-8MHz OSCILLATOR |
0SC2 — >

COMXEC ‘ PHASE LOCKED LOOP ‘
Y
- SYSTEI\KIA g\JDTELGERAHON
=) SINGLE EXTERNAL
IRQ™ —> |NTERRUPT MODULE
Vooap/VRerH —> 10-BIT ANALOG-TO-DIGITAL
VegaoVegr, —|  CONVERTERMODULE
POWER-ON RESET
MODULE
VDD —
VSS —
Voo POWER
Vggp —>

1. Pin contains integrated pullup device.

2. Ports are software configurable with pullup device if input port or pullup/pulldown device for keyboard input.

3. Higher current drive port pins

310

MEMORY MAP
MODULE

CONFIGURATION REGISTER 1-2
MODULE

SRR VIRV

DDRA
PORTA

PTA7/KBD7/AD15-
PTA0/KBDO/AD8®)

DDRB

PORTB

<:> PTB7/AD7-PTBO/ADO

g

DDRC
PORTC

DDRD

PORTD

PTD7/T2CH1®
PTD6/T2CHO®@
PTD5/T1CH1®@
PTD4/T1CHO®
PTD3/SPSCK@
PTD2/MOSI@
PTD1/MISOR
PTDO/SS/MCLK®

DDRE

PORTE

PTE5-PTE2
PTE1/RxD
PTEO/TXD

Figure B-1. MC68HC908GR32A Block Diagram

DDRF

PORTF

PTF7/T2CH5
PTF6/T2CH4
PTF5/T2CH3
PTF4/T2CH2
PTF3-PFTO®)

DDRG
PORTG

PTG7/AD23-
PTGO/AD16
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