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Chapter 1
General Description

1.1 Introduction

The MC68HC908GR60A, MC68HC908GR48A, and MC68HC908GR32A are members of the low-cost,
high-performance M68HCO08 Family of 8-bit microcontroller units (MCUs). All MCUs in the family use the
enhanced M68HCO08 central processor unit (CPU08) and are available with a variety of modules, memory
sizes and types, and package types.

The information contained in this document pertains to all three devices with the exceptions noted in
Appendix A MC68HC908GR48A and Appendix B MC68HC908GR32A.

1.2 Features

For convenience, features have been organized to reflect:
e Standard features
* Features of the CPUO8

1.2.1 Standard Features

Features of the MC68HC908GRG60A include:
e High-performance M68HCO08 architecture optimized for C-compilers
e Fully upward-compatible object code with M6805, M146805, and M68HCO05 Families
e 8-MHz internal bus frequency
* Clock generation module supporting 1-MHz to 8-MHz crystals
» FLASH program memory security(")
*  On-chip programming firmware for use with host personal computer which does not require high
voltage for entry
* In-system programming (ISP)
e System protection features:
— Optional computer operating properly (COP) reset
— Low-voltage detection with optional reset and selectable trip points for 3.3-V and 5.0-V
operation
— lllegal opcode detection with reset
— lllegal address detection with reset
* Low-power design; fully static with stop and wait modes
e Standard low-power modes of operation:
— Wait mode
— Stop mode

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

TIM2 Channel 0 Status and  Fead:
$0030  Control Register (T2SC0)  Write:

See page 237.

TIM2 Channel 0 1iead:
$0031 Register High (T2CHOH) ~ Write:

See page 240.

TIM2 Channel 0 F€2d:
$0032  Register Low (T2CHOL) Write:

See page 240.

TIM2 Channel 1 Status and  ead:
$0033  Control Register (T2SC1)  Write:

See page 237.

TIM2 Channel 1 F€ad:
$0034 Register High (T2CH1H)  Write:

See page 240.

TIM2 Channel 1 Fiead:
$0035 Register Low (T2CH1L)  Write:

See page 240.
PLL Control Register

See page 81.

PLL Bandwidth Control ~ ead:
8007 Register (PBWC) Wiie:

See page 82.

PLL Multiplier Select High Féad:
$0038 Register (PMSH)  Write:

See page 83.

PLL Multiplier Select Low ~Head:
$0039 Register (PMSL) ~ Wiite:

See page 84.

PLL VCO Select Range  iead:
$003A Register (PMRS)  Write:

See page 84.

Read:
$003B Reserved  Write:
Reset:

Figure 2-2. Control, Status, and Data Registers (Sheet 5 of 9)
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Input/Output (I/0) Section

Reset:

Reset:

Reset:

Reset:

Reset:

Reset:

Read:
$0036 (PCTL) Write:

Reset:

Reset:

Reset:

Reset:

Reset:

Bit7 6 5 4 3 2 1 Bit0
CHOF
0 CHOIE MS0B MSO0A ELSOB ELSOA TOVO CHOMAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
CH1F 0
5 CH1IE MS1A ELS1B ELS1A TOVA CH1IMAX
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Indeterminate after reset
Bit 7 6 5 4 3 2 1 Bit 0
Indeterminate after reset
PLLF
PLLIE PLLON BCS R R VPR1 VPRO
0 0 1 0 0 0 0 0
LOCK __ 0 0 0 0
AUTO ACQ R
0 0 0 0 0 0 0 0
0 0 0 0
MUL11 MUL10 MUL9 MUL8
0 0 0 0 0 0 0 0
MUL7 MUL6 MUL5 MUL4 MUL3 MUL2 MUL1 MULO
0 1 0 0 V] U U U
VRS7 VRS6 VRS5 VRS4 VRS3 VRS2 VRS1 VRS0
0 1 0 0 0 0 0 0
0 0 0 0
R R R R
0 0 0 0 0 0 0 1
l:' = Unimplemented R = Reserved U = Unaffected
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Memory

2.7.5 FLASH-2 Page Erase Operation

Use this step-by-step procedure to erase a page (128 bytes) of FLASH-2 memory:
1. Set the ERASE bit and clear the MASS bit in the FLASH-2 control register (FL2CR).
2. Read the FLASH-2 block protect register (FL2BPR).

3. Write any data to any FLASH-2 address within the address range of the page (128 byte block) to
be erased.

4. Wait for time, tyys (Minimum 10 ps).

5. Set the HVEN bit.

6. Wait for time, tegase (Minimum 1 ms or 4 ms).

7. Clear the ERASE bit.

8. Wait for time, tyyy (minimum 5 ps).

9. Clear the HVEN bit.

0. Waitforatime, tggy, (typically 1 us) after which the memory can be accessed in normal read mode.
NOTE

A. Programming and erasing of FLASH locations can not be performed by code being executed from the

same FLASH array.

B. While these operations must be performed in the order shown, other unrelated operations may occur
between the steps. However, care must be taken to ensure that these operations do not access any
address within the FLASH array memory space such as the COP control register (COPCTL) at
$FFFF.

C. Itis highly recommended that interrupts be disabled during program/erase operations.

In applications that require more than 1000 program/erase cycles, use the 4 ms page erase specification
to getimproved long-term reliability. Any application can use this 4 ms page erase specification. However,
in applications where a FLASH location will be erased and reprogrammed less than 1000 times, and
speed is important, use the 1 ms page erase specification to get a shorter cycle time.
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Analog-to-Digital Converter (ADC)

3.3.3 Conversion Time

Conversion starts after a write to the ADC status and control register (ADSCR). One conversion will take
between 16 and 17 ADC clock cycles. The ADIVx and ADICLK bits should be set to provide a 1-MHz ADC
clock frequency.

16 to 17 ADC cycles
ADC frequency

Conversion time =

Number of bus cycles = conversion time x bus frequency

3.3.4 Conversion

In continuous conversion mode, the ADC data register will be filled with new data after each conversion.
Data from the previous conversion will be overwritten whether that data has been read or not.
Conversions will continue until the ADCO bit is cleared. The COCO bit is set after each conversion and
will stay set until the next read of the ADC data register.

In single conversion mode, conversion begins with a write to the ADSCR. Only one conversion occurs
between writes to the ADSCR.

When a conversion is in process and the ADSCR is written, the current conversion data should be
discarded to prevent an incorrect reading.

3.3.5 Accuracy and Precision

The conversion process is monotonic and has no missing codes.

3.3.6 Result Justification

The conversion result may be formatted in four different ways:
1. Left justified
2. Right justified
3. Left Justified sign data mode
4. 8-bit truncation mode

All four of these modes are controlled using MODEO and MODE1 bits located in the ADC clock register
(ADCLK).

Left justification will place the eight most significant bits (MSB) in the corresponding ADC data register
high, ADRH. This may be useful if the result is to be treated as an 8-bit result where the two least
significant bits (LSB), located in the ADC data register low, ADRL, can be ignored. However, ADRL must
be read after ADRH or else the interlocking will prevent all new conversions from being stored.

Right justification will place only the two MSBs in the corresponding ADC data register high, ADRH, and
the eight LSBs in ADC data register low, ADRL. This mode of operation typically is used when a 10-bit
unsigned result is desired.

Left justified sign data mode is similar to left justified mode with one exception. The MSB of the 10-bit
result, AD9 located in ADRH, is complemented. This mode of operation is useful when a result,
represented as a signed magnitude from mid-scale, is needed. Finally, 8-bit truncation mode will place
the eight MSBs in the ADC data register low, ADRL. The two LSBs are dropped. This mode of operation
is used when compatibility with 8-bit ADC designs are required. No interlocking between ADRH and ADRL
is present.
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Analog-to-Digital Converter (ADC)

AIEN — ADC Interrupt Enable Bit
When this bit is set, an interrupt is generated at the end of an ADC conversion. The interrupt signal is
cleared when the data register is read or the status/control register is written. Reset clears the AIEN bit.
1 = ADC interrupt enabled
0 = ADC interrupt disabled

ADCO — ADC Continuous Conversion Bit
When set, the ADC will convert samples continuously and update the ADR register at the end of each
conversion. Only one conversion is completed between writes to the ADSCR when this bit is cleared.
Reset clears the ADCO bit.
1 = Continuous ADC conversion
0 = One ADC conversion

ADCH4-ADCHO — ADC Channel Select Bits
ADCH4-ADCHO form a 5-bit field which is used to select one of 32 ADC channels. Only 24 channels,
AD23-ADO0, are available on this MCU. The channels are detailed in Table 3-1. Care should be taken
when using a port pin as both an analog and digital input simultaneously to prevent switching noise
from corrupting the analog signal. See Table 3-1.

The ADC subsystem is turned off when the channel select bits are all set to 1. This feature allows for
reduced power consumption for the MCU when the ADC is not being used.

NOTE
Recovery from the disabled state requires one conversion cycle to stabilize.

The voltage levels supplied from internal reference nodes, as specified in
Table 3-1, are used to verify the operation of the ADC converter both in production test and for user
applications.

Table 3-1. Mux Channel Select!!)

ADCH4 ADCH3 ADCH2 ADCH1 ADCHO Input Select

0 0 0 0 0 PTBO/ADO

0 0 0 0 1 PTB1/AD1

0 0 0 1 0 PTB2/AD2

0 0 0 1 1 PTB3/AD3

0 0 1 0 0 PTB4/AD4

0 0 1 0 1 PTB5/AD5

0 0 1 1 0 PTB6/AD6

0 0 1 1 1 PTB7/AD7

0 1 0 0 0 PTAO/KBDO/AD8

0 1 0 0 1 PTA1/KBD1/AD9

0 1 0 1 0 PTA2/KBD2/AD10
0 1 0 1 1 PTA3/KBD3/AD11
0 1 1 0 0 PTA4/KBD4/AD12
0 1 1 0 1 PTA5/KBD5/AD13
0 1 1 1 0 PTA6/KBD6/AD14
0 1 1 1 1 PTA7/KBD7/AD15

Continued on next page
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Chapter 5
Configuration Register (CONFIG)

5.1 Introduction

This section describes the configuration registers, CONFIG1 and CONFIG2. The configuration registers
enable or disable these options:

* Stop mode recovery time (32 CGMXCLK cycles or 4096 CGMXCLK cycles)

e COP timeout period (262,128 or 8176 CGMXCLK cycles)

e STOP instruction

e Computer operating properly module (COP)

* Low-voltage inhibit (LVI) module control and voltage trip point selection

* Enable/disable the oscillator (OSC) during stop mode

* Enable/disable an extra divide by 128 prescaler in timebase module

* Selectable clockout (MCLK) feature with divide by 1, 2, and 4 of the bus or crystal frequency

* Timebase clock select

5.2 Functional Description

The configuration registers are used in the initialization of various options. The configuration registers can
be written once after each reset. All of the configuration register bits are cleared during reset. Since the
various options affect the operation of the microcontroller unit (MCU), it is recommended that these
registers be written immediately after reset. The configuration registers are located at $001E and $001F
and may be read at anytime.

NOTE
On a FLASH device, the options except LVI5ORS3 are one-time writable by
the user after each reset. This bit is one-time writable by the user only after
each POR (power-on reset). The CONFIG registers are not in the FLASH
memory but are special registers containing one-time writable latches after
each reset. Upon a reset, the CONFIG registers default to predetermined
settings as shown in Figure 5-1 and Figure 5-2.
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Functional Description

Address:  $001F

Bit 7 6 5 4 3 2 1 Bit 0
Read:
W COPRS | LVISTOP | LVIRSTD | LVIPWRD | LVISOR3 | SSREC STOP COPD
rite:
Reset: 0 0 0 0 See note 0 0 0

Note: LVI50R3 is only reset via POR (power-on reset).
Figure 5-2. Configuration Register 1 (CONFIG1)

COPRS — COP Rate Select Bit
COPRS selects the COP timeout period. Reset clears COPRS. See Chapter 6 Computer Operating
Properly (COP) Module
1 = COP timeout period = 8176 CGMXCLK cycles
0 = COP timeout period = 262,128 CGMXCLK cycles

LVISTOP — LVI Enable in Stop Mode Bit
When the LVIPWRD bit is clear, setting the LVISTOP bit enables the LVI to operate during stop mode.
Reset clears LVISTOP.
1 = LVI enabled during stop mode
0 = LVI disabled during stop mode

LVIRSTD — LVI Reset Disable Bit
LVIRSTD disables the reset signal from the LVI module. See Chapter 11 Low-Voltage Inhibit (LVI).
1 = LVI module resets disabled
0 = LVI module resets enabled

LVIPWRD — LVI Power Disable Bit
LVIPWRD disables the LVI module. See Chapter 11 Low-Voltage Inhibit (LVI).

1 = LVI module power disabled

0 = LVI module power enabled

LVI5S5OR3 — LVI 5-V or 3-V Operating Mode Bit
LVI50ORS3 selects the voltage operating mode of the LVI module (see Chapter 11 Low-Voltage Inhibit
(LVI1)). The voltage mode selected for the LVI should match the operating Vpp (see Chapter 20
Electrical Specifications) for the LVI’s voltage trip points for each of the modes.
1 = LVI operates in 5-V mode
0 = LVI operates in 3-V mode

NOTE
The LVI50OR3 bit is cleared by a power-on reset (POR) only. Other resets
will leave this bit unaffected.

SSREC — Short Stop Recovery Bit
SSREC enables the CPU to exit stop mode with a delay of 32 CGMXCLK cycles instead of a
4096-CGMXCLK cycle delay.
1 = Stop mode recovery after 32 CGMXCLK cycles
0 = Stop mode recovery after 4096 CGMXCLK cycles

NOTE
Exiting stop mode by any reset will result in the long stop recovery.
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Table 7-1. Instruction Set Summary (Sheet 4 of 6)

Instruction Set Summary

Effect @ o T m
°

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

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

10.15 Exiting Stop Mode

These events restart the system clocks and load the program counter with the reset vector or with an
interrupt vector:

External reset — A low on the RST pin resets the MCU and loads the program counter with the
contents of locations $FFFE and $FFFF.

External interrupt — A high-to-low transition on an external interrupt pin loads the program counter
with the contents of locations:

— $FFFA and $FFFB; IRQ pin

— $FFEO and $FFE1; keyboard interrupt pins (low-to-high transition when KBIPx bits are set)
Low-voltage inhibit (LVI) reset — A power supply voltage below the Vg pg voltage resets the MCU
and loads the program counter with the contents of locations $FFFE and $FFFF.

Break interrupt — In emulation mode, a break interrupt loads the program counter with the contents
of locations $FFFC and $FFFD.

Timebase module (TBM) interrupt — A TBM interrupt loads the program counter with the contents
of locations $FFDC and $FFDD when the timebase counter has rolled over. This allows the TBM
to generate a periodic wakeup from stop mode.

Upon exit from stop mode, the system clocks begin running after an oscillator stabilization delay. A 12-bit
stop recovery counter inhibits the system clocks for 4096 CGMXCLK cycles after the reset or external
interrupt.

The short stop recovery bit, SSREC, in the CONFIG1 register controls the oscillator stabilization delay
during stop recovery. Setting SSREC reduces stop recovery time from 4096 CGMXCLK cycles to 32
CGMXCLK cycles.

126

NOTE
Use the full stop recovery time (SSREC = 0) in applications that use an
external crystal unless the OSCENINSTORP bit is set.
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Enhanced Serial Communications Interface (ESCI) Module

INTERNAL BUS

<

{}

A

S

7

ESCI DATA ESCI DATA
REGISTER . REGISTER RxD
Wik = =
4N E5g E%é 53 JL SCLTXD
BxD —o» RECEIVE =ZE aEE 2EE TRANSMIT TxD
X SHIFT REGISTER Zug QWE ) SHIFT REGISTER > >
1 é;o =0 =0 1 «
- BUS CLOCK| &
LINR TXINV —» @
AAA AAAA <
SCTIE } Y s
TCIE - St
s
SCRIE T
ILIE ACLK BIT
TE
_sce IN SCIACTL
RE
— 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
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Figure 13-3. ESCI Module Block Diagram
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I/0 Registers

RE — Receiver Enable Bit
Setting this read/write bit enables the receiver. Clearing the RE bit disables the receiver but does not

affect receiver interrupt flag bits. Reset clears the RE bit.
1 = Receiver enabled
0 = Receiver disabled
NOTE
Writing to the RE bit is not allowed when the enable ESCI bit (ENSCI) is
clear. ENSCI is in ESCI control register 1.

RWU — Receiver Wakeup Bit
This read/write bit puts the receiver in a standby state during which receiver interrupts are disabled.

The WAKE bit in SCC1 determines whether an idle input or an address mark brings the receiver out
of the standby state and clears the RWU bit. Reset clears the RWU bit.
1 = Standby state
0 = Normal operation
SBK — Send Break Bit
Setting and then clearing this read/write bit transmits a break character followed by a 1. The 1 after the
break character guarantees recognition of a valid start bit. If SBK remains set, the transmitter
continuously transmits break characters with no 1s between them. Reset clears the SBK bit.
1 = Transmit break characters
0 = No break characters being transmitted
NOTE
Do not toggle the SBK bit immediately after setting the SCTE bit. Toggling
SBK before the preamble begins causes the ESCI to send a break
character instead of a preamble.

13.8.3 ESCI Control Register 3

ESCI control register 3 (SCC3):
e Stores the ninth ESCI data bit received and the ninth ESCI data bit to be transmitted.
* Enables these interrupts:
— Receiver overrun
— Noise error
— Framing error
— Parity error

Address:  $0015

Bit 7 6 5 4 3 2 1 Bit 0
Read: R8
. T8 R R ORIE NEIE FEIE PEIE
Write:
Reset: U 0 0 0 0 0 0 0

|:| = Unimplemented E =Reserved U = Unaffected

Figure 13-12. ESCI Control Register 3 (SCC3)

R8 — Received Bit 8
When the ESCI is receiving 9-bit characters, R8 is the read-only ninth bit (bit 8) of the received

character. R8 is received at the same time that the SCDR receives the other 8 bits.
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System Integration Module (SIM)

14.2 SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and peripherals on the MCU. The
system clocks are generated from an incoming clock, CGMOUT, as shown in Figure 14-3. This clock
originates from either an external oscillator or from the on-chip PLL.

14.2.1 Bus Timing

In user mode, the internal bus frequency is either the crystal oscillator output (CGMXCLK) divided by four
or the PLL output (CGMVCLK) divided by four.

14.2.2 Clock Startup from POR or LVI Reset

When the power-on reset module or the low-voltage inhibit module generates a reset, the clocks to the
CPU and peripherals are inactive and held in an inactive phase until after the 4096 CGMXCLK cycle POR
timeout has completed. The RST pin is driven low by the SIM during this entire period. The bus clocks
start upon completion of the timeout.

14.2.3 Clocks in Stop Mode and Wait Mode

Upon exit from stop mode by an interrupt or reset, the SIM allows CGMXCLK to clock the SIM counter.
The CPU and peripheral clocks do not become active until after the stop delay timeout. This timeout is
selectable as 4096 or 32 CGMXCLK cycles. See 14.6.2 Stop Mode.

0SC2 |= OSCILLATOR (0SC)

CGMXCLK
» TO TBM,TIM1,TIM2, ADC,

\d

0SCt

SIM

SIMOSCEN

OSCENINSTOP >
FROM

CONFIG CGMRCLK ={ SIM COUNTER | 12
¢ = TO REST
OF CHIP

: » ., | | BUSCLOCK 23
PHASE-LOCKED LOOP (PLL) ! GENERATORS gy

Figure 14-3. System Clock Signals

In wait mode, the CPU clocks are inactive. The SIM also produces two sets of clocks for other modules.
Refer to the wait mode subsection of each module to see if the module is active or inactive in wait mode.
Some modules can be programmed to be active in wait mode.

MC68HC908GR60A « MC68HC908GR48A « MC68HC908GR32A Data Sheet, Rev. 5

186 Freescale Semiconductor



) 4

Serial Peripheral Interface (SPI) Module

M68HC08 CPU
CPU ARITHMETIC/LOGIC
REGISTERS UNIT (ALU)

INTERNAL BUS

CONTROL AND STATUS REGISTERS — 64 BYTES

USER FLASH — 62,078 BYTES

USER RAM — 2048 BYTES

MONITOR ROM

USER FLASH VECTOR SPACE — 52 BYTES

0SC1 —>»
0SC2 —>»

CGMXFC —>

CLOCK GENERATOR MODULE

‘ 1-8 MHz OSCILLATOR ‘

PHASE LOCKED LOOP ‘

SIS U A

A

SYSTEM INTEGRATION

RST() <>

AST MODULE
el SINGLE EXTERNAL
IRQ > INTERRUPT MODULE

Vopap/VRerH —|

10-BIT ANALOG-TO-DIGITAL

SRV

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

SRV

COMPUTER OPERATING
PROPERLY MODULE

SERIAL PERIPHERAL
INTERFACE MODULE

MONITOR MODE ENTRY
MODULE

SECURITY
MODULE

MEMORY MAP
MODULE

Vssan/VRer, — CONVERTER MODULE
POWER-ON RESET
MODULE
VDD —>
Vss — >
Vooa ) POWER
VSSA —>

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

CONFIGURATION REGISTER 1-2
MODULE

T LT UY

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/MISO®
PTDO/SS/MCLK®

DDRE

PTE5-PTE2
PTE1/RxD
PTEO/TXD

PORTE

DDRF
PORTF

PTF7/T2CH5
PTF6/T2CH4
PTF5T2CH3
PTF4/T2CH2
PTF3-PFTO®)

SR L It

DDRG
PORTG

PTG7/AD23-
PTGO/AD16

Figure 15-1. Block Diagram Highlighting SPI Block and Pins
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I/0 Registers

Table 15-2. SPI Configuration

SPE SPMSTR MODFEN SPI Configuration Function of SS Pin

General-purpose 1/O;
SS ignored by SPI

1 0 X Slave Input-only to SPI

General-purpose I/O;
SS ignored by SPI

1 1 1 Master with MODF Input-only to SPI

0 XM X Not enabled

1 1 0 Master without MODF

1. X =Don’t care

15.12 1/O Registers

Three registers control and monitor SPI operation:
e SPI control register (SPCR)
e SPI status and control register (SPSCR)
e SPI data register (SPDR)

15.12.1 SPI Control Register

The SPI control register:
e Enables SPI module interrupt requests
* Configures the SPI module as master or slave
» Selects serial clock polarity and phase
e Configures the SPSCK, MOSI, and MISO pins as open-drain outputs
* Enables the SPI module

Address: $0010

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wi SPRIE R SPMSTR CPOL CPHA SPWOM SPE SPTIE
rite:
Reset: 0 0 1 0 1 0 0 0

IIl = Reserved

Figure 15-14. SPI Control Register (SPCR)

SPRIE — SPI Receiver Interrupt Enable Bit
This read/write bit enables CPU interrupt requests generated by the SPRF bit. The SPRF bit is set
when a byte transfers from the shift register to the receive data register. Reset clears the SPRIE bit.
1 = SPRF CPU interrupt requests enabled
0 = SPRF CPU interrupt requests disabled

SPMSTR — SPI Master Bit
This read/write bit selects master mode operation or slave mode operation. Reset sets the SPMSTR
bit.
1 = Master mode
0 = Slave mode
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I/0 Registers

SPRF — SPI Receiver Full Bit
This clearable, read-only flag is set each time a byte transfers from the shift register to the receive data
register. SPRF generates a CPU interrupt request if the SPRIE bit in the SPI control register is set also.

During an SPRF CPU interrupt, the CPU clears SPRF by reading the SPI status and control register
with SPRF set and then reading the SPI data register.

Reset clears the SPRF bit.
1 = Receive data register full
0 = Receive data register not full

ERRIE — Error Interrupt Enable Bit
This read/write bit enables the MODF and OVRF bits to generate CPU interrupt requests. Reset clears
the ERRIE bit.
1 = MODF and OVRF can generate CPU interrupt requests
0 = MODF and OVRF cannot generate CPU interrupt requests

OVRF — Overflow Bit

This clearable, read-only flag is set if software does not read the byte in the receive data register before
the next full byte enters the shift register. In an overflow condition, the byte already in the receive data
register is unaffected, and the byte that shifted in last is lost. Clear the OVRF bit by reading the SPI
status and control register with OVRF set and then reading the receive data register. Reset clears the
OVREF bit.

1 = Overflow

0 = No overflow

MODF — Mode Fault Bit
This clearable, read-only flag is set in a slave SPI if the SS pin goes high during a transmission with
MODFEN set. In a master SPI, the MODF flag is set if the SS pin goes low at any time with the
MODFEN bit set. Clear MODF by reading the SPI status and control register (SPSCR) with MODF set
and then writing to the SPI control register (SPCR). Reset clears the MODF bit.
1 = SS pin at inappropriate logic level
0 = SS pin at appropriate logic level
SPTE — SPI Transmitter Empty Bit
This clearable, read-only flag is set each time the transmit data register transfers a byte into the shift

register. SPTE generates an SPTE CPU interrupt request if SPTIE in the SPI control register is set
also.

NOTE
Do not write to the SPI data register unless SPTE is high.

During an SPTE CPU interrupt, the CPU clears SPTE by writing to the transmit data register.
Reset sets the SPTE bit.

1 = Transmit data register empty
0 = Transmit data register not empty

MODFEN — Mode Fault Enable Bit
This read/write bit, when set, allows the MODF flag to be set. If the MODF flag is set, clearing MODFEN
does not clear the MODF flag. If the SPI is enabled as a master and the MODFEN bit is 0, then the SS
pin is available as a general-purpose /0.

If the MODFEN bit is 1, then the SS pin is not available as a general-purpose 1/0. When the SPI is
enabled as a slave, the SS pin is not available as a general-purpose I/O regardless of the value of
MODFEN. See 15.11.4 SS (Slave Select).
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Timer Interface Module (TIM1)

Address: $0020

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

I:l = Unimplemented

Figure 17-5. TIM1 Status and Control Register (T1SC)

TOF — TIM1 Overflow Flag Bit

This read/write flag is set when the TIM1 counter reaches the modulo value programmed in the TIM1
counter modulo registers. Clear TOF by reading the TIM1 status and control register when TOF is set
and then writing a 0 to TOF. If another TIM1 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 1 to TOF has no effect.

1 = TIM1 counter has reached modulo value

0 = TIM1 counter has not reached modulo value

TOIE — TIM1 Overflow Interrupt Enable Bit
This read/write bit enables TIM1 overflow interrupts when the TOF bit becomes set. Reset clears the
TOIE bit.
1 = TIM1 overflow interrupts enabled
0 = TIM1 overflow interrupts disabled

TSTOP — TIM1 Stop Bit

This read/write bit stops the TIM1 counter. Counting resumes when TSTOP is cleared. Reset sets the
TSTOP bit, stopping the TIM1 counter until software clears the TSTOP bit.
1 = TIM1 counter stopped

0 = TIM1 counter active

NOTE
Do not set the TSTOP bit before entering wait mode if the TIM1 is required
to exit wait mode. Also, when the TSTOP bit is set and the timer is

configured for input capture operation, input captures are inhibited until the
TSTORP bit is cleared.

TRST — TIM1 Reset Bit

Setting this write-only bit resets the TIM1 counter and the TIM1 prescaler. Setting TRST has no effect
on any other registers. Counting resumes from $0000. TRST is cleared automatically after the TIM1
counter is reset and always reads as 0. Reset clears the TRST bit.

1 = Prescaler and TIM1 counter cleared

0 = No effect

NOTE
Setting the TSTOP and TRST bits simultaneously stops the TIM1 counter
at a value of $0000.
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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 TIM2 overflow interrupts and write the new value
in the TIM2 overflow interrupt routine. The TIM2 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.

18.3.4.2 Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the T2CHO
pin. The TIM2 channel registers of the linked pair alternately control the pulse width of the output.

Setting the MSOB bit in TIM2 channel 0 status and control register (T2SCO) links channel 0 and channel 1.
The TIM2 channel 0 registers initially control the pulse width on the T2CHO pin. Writing to the TIM2
channel 1 registers enables the TIM2 channel 1 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM2 channel registers (0 or 1) that
control the pulse width are the ones written to last. T2SCO controls and monitors the buffered PWM
function, and TIM2 channel 1 status and control register (T2SC1) is unused. While the MSOB bit is set,
the channel 1 pin, T2CH1, is available as a general-purpose 1/O pin.

Channels 2 and 3 can be linked to form a buffered PWM channel whose output appears on the T2CH2
pin. The TIM2 channel registers of the linked pair alternately control the pulse width of the output.

Setting the MS2B bit in TIM2 channel 2 status and control register (T2SC2) links channel 2 and channel 3.
The TIM2 channel 2 registers initially control the pulse width on the T2CH2 pin. Writing to the TIM2
channel 3 registers enables the TIM2 channel 3 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM2 channel registers (2 or 3) that
control the pulse width are the ones written to last. T2SC2 controls and monitors the buffered PWM
function, and TIM2 channel 3 status and control register (T2SC3) is unused. While the MS2B bit is set,
the channel 3 pin, T2CHS3, is available as a general-purpose I/O pin.

Channels 4 and 5 can be linked to form a buffered PWM channel whose output appears on the T2CH4
pin. The TIM2 channel registers of the linked pair alternately control the pulse width of the output.

Setting the MS4B bit in TIM2 channel 4 status and control register (T2SC4) links channel 4 and channel 5.
The TIM2 channel 4 registers initially control the pulse width on the T2CH4 pin. Writing to the TIM2
channel 5 registers enables the TIM2 channel 5 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM2 channel registers (4 or 5) that
control the pulse width are the ones written to last. T2SC4 controls and monitors the buffered PWM
function, and TIM2 channel 5 status and control register (T2SC5) is unused. While the MS4B bit is set,
the channel 5 pin, T2CH5, is available as a general-purpose 1/O pin.
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$°$°° O REGISTERS
$003F 64 BYTES
$0340 RAM-1
$043F 1024 BYTES
$°j4° /O REGISTERS
$0461 34 BYTES
$0462
J RESERVED
$057F
$oiso RAM-2
SO77F 512 BYTES
$0780
J RESERVED
$1DFF
wEOO MONITOR ROM
S1EOF 16 BYTES
$1E10
J RESERVED
$7FFF
$8$°° FLASH-1
SFOFF 32,256 BYTES
$FE00 SIM BREAK STATUS REGISTER (BSR)
$FEO1 SIM RESET STATUS REGISTER (SRSR)
$FE02 RESERVED
$FE03 SIM BREAK FLAG CONTROL REGISTER (7BFCR)

$FE04
$FE05
$FE06
$FE07
$FE08
$FE09
$FEOA
$FEOB
$FEOC
$FEOD
$FEOE
$FEOF
$FE10

\
$FE1F

$FE20
{
SFF7F

$FF80

$FF81
J
$FF87

$FF88

$FF89
\
$FFCB

$FFCC
{
$FFFF(Y

INTERRUPT STATUS REGISTER 1 (INT1

INTERRUPT STATUS REGISTER 3 (INT3

(INTY)
INTERRUPT STATUS REGISTER 2 (INT2)
(INT3)
(INT4)

INTERRUPT STATUS REGISTER 4 (INT4

UNIMPLEMENTED

BREAK ADDRESS REGISTER HIGH (BRKH)

BREAK ADDRESS REGISTER LOW (BRKL)

BREAK STATUS AND CONTROL REGISTER (BRKSCR)

LVI STATUS REGISTER (LVISR)

UNIMPLEMENTED

FLASH-1 TEST CONTROL REGISTER (FLTCR1)

UNIMPLEMENTED

UNIMPLEMENTED
16 BYTES
RESERVED FOR COMPATIBILITY WITH MONITOR CODE
FOR A-FAMILY PART

MONITOR ROM
352 BYTES

FLASH-1 BLOCK PROTECT REGISTER (FL1BPR)

RESERVED

FLASH-1 CONTROL REGISTER (FL1CR)

RESERVED

FLASH-1 VECTORS
52 BYTES

1. $FFF6-$FFFD used for eight security bytes

Figure B-2. MC68HC908GR32A Memory Map
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