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Revision History

The following revision history table summarizes changes contained in this document. For your
convenience, the page number designators have been linked to the appropriate location.

Revision History (Sheet 1 of 2)

Date Ri‘;i::lm Description Nu:1abier (s)
I\g%r(():; ’ N/A Original release N/A
7.2 Features — Corrected third bulleted item to reflect +4 percent variability 77
Figure 15-1. Forced Monitor Mode (Low) — Reworked for clarity 211
Figure 15-2. Forced Monitor Mode (High) — Reworked for clarity 211
May, Figure 15-3. Standard Monitor Mode — Reworked for clarity 212
2002 1.0 Table 15-1. Monitor Mode Signal Requirements and Options — Reworked for 014
clarity
Figure 12-4. Port A 1/O Circuit — Reworked to correct pullup resistor 143
Figure 12-11. Port C 1/O Circuit — Reworked to correct pullup resistor 148
Figure 12-15. Port D 1/O Circuit — Reworked to correct pullup resistor 151
Figyre 2-2. Control, Status, and Data Registers — Corrected ESCI arbiter data 50
register (SCIADAT) to reflect read-only status
June, 20 Figur.e 14-19. ESCI Arbiter Control Register (SCIACTL) — Corrected address 170
2002 location designator from $0018 to $000A
Figurle 14-29. ESCI Arbiter Data Register (SCIADAT) — Corrected address 171
location designator from $0019 to $000B
Reformatted to meet current publications standards Throughout
1.5.6 ADC Reference Pins (Vgery and Vyep) — Corrected connections 27
2.6.3 Flash Page Erase Operation — Updated procedure 41
2.6.4 Flash Mass Erase Operation — Updated procedure 42
2.6.5 Flash Program/Read Operation — Updated procedure 43
2.6.6 Flash Block Protection — Description updated for clarity 45
3.3.5 Conversion — Updated for clarity 52
3.6.3 ADC Voltage Reference High Pin (Vggr) — Corrected connections 53
3.6.4 ADC Voltage Reference Low Pin (Vggr ) — Corrected connections 53
September, (Cor?t.igued 3.7.1 ADC Status and Control Register — Updated description of the COCO bit 54
2004 on next Chapter 4 Configuration Register (CONFIG) — Updated COP tmeout selections 57,59
Page) [ Chapter 4 Configuration Register (CONFIG) — Updted SSREC bit usage 60
Chapt_er 5 Computer Operating Properly (COP) Module — Updated timeout 62
selections
Figure 5-1. COP Block Diagram — Updated illustration for clarity 61
Table 6-1. Instruction Set Summary — Updated definitions for STOP and WAIT 70
Figure 7-9. Code Example for Switching Clock Sources — Replaced example 89
code
Figure 7-10. Code Example for Enabling the Clock Monitor — Replaced example 90
code
Figure 14-18. ESCI Prescaler Register (SCPSC) — Corrected address location 172
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1.4 Pin Assignments

Vopa (ADC/ICG) |

Vgga (ADCACG) [ |
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PrE2[ | 3

PTE3OSC2 [ | 4
PTE4/0SCI [ | 5
RST[ | 6
PTCO[ | 7
PTCI[ | 8
PTc2[ | 9
Prca[ | 10
PTC4[ | 11
PTEOTD [ | 12
PTEI/RXD [ | 13
Ra[ | 14
PTDOSS [ | 15
PTDIMISO [ | 16
PTD2MOSI | 17
PTD3/SPSCK [ | 18

Vss [ | 19
Voo |: 20

PTD4/T1CHO [ | 21

a2 [] PTA7/KBD7
41 | ] PTAGKEDS
40 | ] PTASKEDS
30 [ ] PTA4/KBD4
3g | | PTA3KED3
37 || PTA2/KBD2
36 :I PTA1/KBD1
35 || PTAOKBDO
34 [ ] VrerL (ADC)
33 [ ] VrerH (ADC)
32 | ] PTB7/AD7
31 [ | PTBe/ADE
30 | ] PTBS/ADS
29 [ ] PTB4/AD4
28 || PTB3/ADS
27 [ ] PTB2AD2
26 | | PTB1/AD
25 [ ] PTBO/ADO
24 | | PTD7/T2CH1
23 :l PTD6/T2CHO
22 | | PTD5/TICH

Pins Not Available
on 42-Pin Package

Internal
Connection

PTC5

Connected to ground

PTC6

Connected to ground

Figure 1-2. 42-Pin SDIP Pin Assignments

Pin Assignments
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Memory

e $FEOC; LVI status register, LVISR

e $FF7E; Flash block protect register, FLBPR
e $FF80; ICG user trim register 5V ICGTR5

e $FF81; ICG user trim register 3V ICGTR3

e $FFFF; COP control register, COPCTL

Data registers are shown in Figure 2-2. Table 2-1 is a list of vector locations.

$0000
\2
$003F
$0040
\2
$023F
$0240
J
$1B4F
$1B50
\2
$1E1F
$1E20
J
$BFFF
$C000

$FDFF
$FE00
$FEO1
$FE02
$FEO3
$FE04
$FEO05
$FE06
$FE07
$FE08
$FE09
$FEOA
$FEOB

30

I/0 REGISTERS
64 BYTES

RAM
512 BYTES

UNIMPLEMENTED
6416 BYTES

FLASH PROGRAMMING ROUTINES ROM

720 BYTES
UNIMPLEMENTED
41,440 BYTES
$C000
RESERVED(") 1
FLASH MEMORY SOFFF
MC68HC908GT16
15,872 BYTES FLASH MEMORY $E000
’ MC68HCI08GT8 {
7,680 BYTES $FDFF

SIM BREAK STATUS REGISTER (SBSR)

SIM RESET STATUS REGISTER (SRSR)

RESERVED (SUBAR)

SIM BREAK FLAG CONTROL REGISTER (SBFCR)

INTERRUPT STATUS REGISTER 1 (INT1)

INTERRUPT STATUS REGISTER 2 (INT2)

INTERRUPT STATUS REGISTER 3 (INT3)

RESERVED

FLASH CONTROL REGISTER (FLCR)

BREAK ADDRESS REGISTER HIGH (BRKH)

BREAK ADDRESS REGISTER LOW (BRKL)

BREAK STATUS AND CONTROL REGISTER (BRKSCR)

Figure 2-1. Memory Map

1.

Inadvertent access to
these locations will not
cause an illegal address
reset.

Figure is continued on the next page
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Memory

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
, Read:| CH1F 0
Timer 2 Channel 1 Status and  *™* CH1IE MSIA | ELS1B | ELSIA | TOVi | CHIMAX
$0033 Control Register (T25C1)  Write: 0
Seepage234. poget. 0 0 0 0 0 0 0 0
. Read:
 Timer 2 Channel 1 "% gjt 45 14 13 12 11 10 9 Bit 8
$0034 Register High (T2CH1H)  Write:
See page 236. Raget. Indeterminate after reset
Timer 2 Channel 1 Read: Bit7 6 5 4 3 2 1 Bit 0
$0035 Register Low (T2CH1L)  Write:
See page 236. Reset: Indeterminate after reset
. Read: CMF ICGS ECGS
ICG Control Register "™ oy CMON cs ICGON ECGON
$0036 (ICGCR)  Write: 0
Seepage 9. peger 0 0 0 0 1 0 0 0
ICG Muliplier Register ¢2% N6 B N4 N3 N2 N1 NO
$0037 (ICGMR)  Write:
Seepage 99. peser 0 0 0 1 0 1 0 1

; . Read:
ICG Trim Register ™%\ 'ypm7 | TRIM6 | TRIM5 | TRIM4 | TRM3 | TRIM2 | TRIMI | TRIMO
$0038 (ICGTR)  Write:

Seepage 100. Reger 1 0 0 0 0 0 0 0
ICG Divider Control Read: DDIV3 DDIV2 DDIV1 DDIVO
$0039 Register (ICGDVR)  Write:
Seepage 100. Roget. 0 0 0 u u u u
ICG DCO Stage Control Read:| DSTG7 DSTG6 DSTG5 DSTG4 DSTG3 DSTG2 DSTG1 DSTGO
$003A Register ICGDSR)  Write: R R R R R R R R
See page 100. Reset: Unaffected by reset
Read:
. R R R R R R R R
$003B Reserved  Write:
Reset: Indeterminate after reset

Read:| COCO
ADC Status and Control  *™* AIEN ADCO | ADCH4 | ADCH3 | ADCH2 | ADCH1 | ADCHO
$003C Register (ADSCR)  Write: R

Seepage 54. peset g 0 0 1 1 1 1 1
ADG Data Register ead:| AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
$003D (ADR) Write:
Seepage 55. Reget g 0 0 0 0 0 0 0
ADC Clock Register "\ apyvs | apivt | aDvo | ADICLK [ ° ° °
$003E (ADCLK)  Write:
Seepage 56. peset g 0 0 0 0 0 0 0
Read:
$003F Unimplemented ~ Write:
Reset:

I:l = Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 5 of 7)
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Memory
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Computer Operating Properly (COP) Module

5.7.2 Stop Mode

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

To prevent inadvertently turning off the COP with a STOP instruction, a configuration option is available
that disables the STOP instruction. When the STOP bit in the configuration register has the STOP
instruction is disabled, execution of a STOP instruction results in an illegal opcode reset.

5.8 COP Module During Break Mode
The COP is disabled during a break interrupt when Vygt is present on the RST pin.
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Usage Notes

Settling time depends primarily on how many corrections it takes to change the clock period and the
period of each correction. Since the corrections require four periods of the low-frequency base clock
(4*11Base), and since ICLK is N (the ICG multiply factor for the desired frequency) times faster than
IBASE, each correction takes 4*N*1|c k. The period of ICLK, however, will vary as the corrections occur.

7.4.6.1 Settling to Within 15 Percent

When the error is greater than 15 percent, the filter takes eight corrections to double or halve the clock
period. Due to how the DCO increases or decreases the clock period, the total period of these eight
corrections is approximately 11 times the period of the fastest correction. (If the corrections were perfectly
linear, the total period would be 11.5 times the minimum period; however, the ring must be slightly
nonlinear.) Therefore, the total time it takes to double or halve the clock period is 44*N*t|c kFAST-

If the clock period needs more than doubled or halved, the same relationship applies, only for each time
the clock period needs doubled, the total number of cycles doubles. That is, when transitioning from fast
to slow, going from the initial speed to half speed takes 44*N*t,c krasT; from half speed to quarter speed
takes 88*N*1,c krasT: 9oing from quarter speed to eighth speed takes 176*N*t|c kpasT; @nd so on. This
series can be expressed as (2*-1)*44*N*1,c kpasT, Where X is the number of times the speed needs
doubled or halved. Since 2% happens to be equal to tic| ksLow/TIcLKFAST: the equation reduces to

44*N*(t|cLKSLOWTICLKFAST)-

Note that increasing speed takes much longer than decreasing speed since N is higher. This can be
expressed in terms of the initial clock period (t1) minus the final clock period (t5) as such:

7.4.6.2 Settling to Within 5 Percent

Once the clock period is within 15 percent of the desired clock period, the filter starts making smaller
adjustments. When between 15 percent and 5 percent error, each correction will adjust the clock period
between 1.61 percent and 2.94 percent. In this mode, a maximum of eight corrections will be required to
get to less than 5 percent error. Since the clock period is relatively close to desired, each correction takes
approximately the same period of time, or 4*tgagg. At this point, the internal clock stable bit (ICGS) will
be set and the clock frequency is usable, although the error will be as high as 5 percent. The total time to
this point is:

7.4.6.3 Total Settling Time

Once the clock period is within 5 percent of the desired clock period, the filter starts making minimum
adjustments. In this mode, each correction will adjust the frequency between 0.202 percent and 0.368
percent. A maximum of 24 corrections will be required to get to the minimum error. Each correction takes
approximately the same period of time, or 4*tgagg. Added to the corrections for 15 percent to 5 percent,
this makes 32 corrections (128*1,gagg) to get from 15 percent to the minimum error. The total time to the
minimum error is:

The equations for 145, t5, and 1,y are dependent on the actual initial and final clock periods t4 and 15, not
the nominal. This means the variability in the ICLK frequency due to process, temperature, and voltage
must be considered. Additionally, other process factors and noise can affect the actual tolerances of the
points at which the filter changes modes. This means a worst case adjustment of up to 35 percent (ICLK
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Port E

12.6.1 Port E Data Register

The port E data register contains a data latch for each of the five port E pins.

Address:  $0008

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
. PTE4 PTE3 PTE2 PTE1 PTEO
Write:
Reset: Unaffected by reset
Alternative Function: | | | | osct | osc2 | | R0 [ TO |

I:I = Unimplemented

Figure 12-17. Port E Data Register (PTE)

PTE4-PTEO — Port E Data Bits
These read/write bits are software-programmable. Data direction of each port E pin is under the control
of the corresponding bit in data direction register E. Reset has no effect on port Edata.

NOTE
Data direction register E (DDRE) does not affect the data direction of port
E pins that are being used by the SCI module. However, the DDRE bits
always determine whether reading port E returns the states of the latches
or the states of the pins. See Table 12-6.

0SC2 and OSC1 — OSC2 and OSC1 Bits
Under software control, PTE4 and PTE3 can be configured as external clock inputs and outputs. PTE3
will become an output clock, OSC2, if selected in the configuration registers and enabled in the ICG
registers. PTE4 will become an external input clock source, OSC1, if selected in the configuration
registers and enabled in the ICG registers. See Chapter 7 Internal Clock Generator (ICG) Module) and
Chapter 5 Computer Operating Properly (COP) Module. While configured as oscillator pins, writes
have no effect and reads return undefined values.

RxD — SCI Receive Data Input
The PTE1/RxD pin is the receive data input for the SCI module. When the enable SCI bit, ENSCI, is
clear, the SCI module is disabled, and the PTE1/RxD pin is available for general-purpose 1/0. See
Chapter 14 Enhanced Serial Communications Interface (ESCI) Module.

TxD — SCI Transmit Data Output
The PTEO/TxD pin is the transmit data output for the SCI module. When the enable SCI bit, ENSCI, is
clear, the SCI module is disabled, and the PTEOQ/TxD pin is available for general-purpose 1/0O. See
Chapter 14 Enhanced Serial Communications Interface (ESCI) Module.

12.6.2 Data Direction Register E

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

13.2.3.3 Low-Voltage Inhibit Reset

A low-voltage inhibit (LVI) reset is an internal reset caused by a drop in the power supply voltage to the
LVITR|PF voltage.

An LVI reset:

* Holds the clocks to the CPU and modules inactive for an oscillator stabilization delay of 4096
CGMXCLK cycles after the power supply voltage rises to the LVIygpgr voltage

 Drives the RST pin low for as long as Vpp is below the LVIygpg Voltage and during the oscillator
stabilization delay

* Releases the RST pin 32 CGMXCLK cycles after the oscillator stabilization delay

* Releases the CPU to begin the reset vector sequence 64 CGMXCLK cycles after the oscillator
stabilization delay

* Sets the LVI bit in the SIM reset status register

13.2.3.4 lllegal Opcode Reset

An illegal opcode reset is an internal reset caused by an opcode that is not in the instruction set. An illegal
opcode reset sets the ILOP bit in the SIM reset status register.

If the stop enable bit, STOP, in the CONFIG1 register is a 0, the STOP instruction causes an illegal
opcode reset.

13.2.3.5 lllegal Address Reset

Anillegal address reset is an internal reset caused by opcode fetch from an unmapped address. Aniillegal
address reset sets the ILAD bit in the SIM reset status register.

A data fetch from an unmapped address does not generate a reset.

13.2.4 SIM Reset Status Register

This read-only register contains flags to show reset sources. All flag bits are automatically cleared
following a read of the register. Reset service can read the SIM reset status register to clear the register
after power-on reset and to determine the source of any subsequent reset.

The register is initialized on power-up as shown with the POR bit set and all other bits cleared. During a
POR or any other internal reset, the RST pin is pulled low. After the pin is released, it will be sampled 32
CGMXCLK cycles later. If the pin is not above a V|, at that time, then the PIN bit in the SRSR may be set
in addition to whatever other bits are set.

NOTE
Only a read of the SIM reset status register clears all reset flags. After
multiple resets from different sources without reading the register, multiple
flags remain set.
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Enhanced Serial Communications Interface (ESCI) Module

INTERNAL BUS

LINR | SCR1
SCP1 SCR2 ESCI DATA REGISTER
SCPO SCRO
} \ A A ‘
PRE- | BAUD [
™ *4 ™| SCALER | DIVIDER g iling 5 LRI iz
y [ RECEIVE SHIFT REGISTER P
& DATA |
L - [y
A RXO =  pecovery [—1" 8] 7[6[s]4][3]2[1]o]L]
n
ALL ZEROS ]
g BKF |« =
S PDS2 — 34 &
QS = =
3 PDSH
» Ay A
2
o PDS0
M
PB4 | B o>| SCRF [ A ]
> WAKEUP
PSSB3 - » IDLE
ILTY »  LOGIC -
PSSB2 >
PSSB1 PEN > PARITY -t - R8
P - | CHECKING |
IDLE
ILIE :lILIE
SCRF
SCRIE

SCRIE

CPU INTERRUPT
REQUEST

OR OR |
ORIE ORIE
NF
NEIE

NF
NEIE

A

FE
FEIE

FE
FEIE

PE PE
PEIE PEIE

Figure 14-6. ESCI Receiver Block Diagram

A

ERROR CPU
INTERRUPT REQUEST

A
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Enhanced Serial Communications Interface (ESCI) Module

14.6 ESCI During Break Module Interrupts

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

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 status bits during the break state, write a 0 to the BCFE bit. With BCFE at O (its default state),
software can read and write 1/O registers during the break state without affecting status bits. Some status
bits have a two-step read/write clearing procedure. If software does the first step on such a bit before the
break, the bit cannot change during the break state as long as BCFE is at 0. After the break, doing the
second step clears the status bit.

14.7 1/O Signals

Port E shares two of its pins with the ESCI module. The two ESCI I/O pins are:
e PTEO/TxD — transmit data
e PTE1/RxD — receive data

14.7.1 PTEO/TxD (Transmit Data)

The PTEO/TxD pin is the serial data output from the ESCI transmitter. The ESCI shares the PTEO/TxD
pin with port E. When the ESCI is enabled, the PTEO/TxD pin is an output regardless of the state of the
DDREO bit in data direction register E (DDRE).

14.7.2 PTE1/RxD (Receive Data)

The PTE1/RxD pin is the serial data input to the ESCI receiver. The ESCI shares the PTE1/RxD pin with
port E. When the ESCI is enabled, the PTE1/RxD pin is an input regardless of the state of the DDRE1 bit
in data direction register E (DDRE).

14.8 1/O Registers

These 1/O registers control and monitor ESCI operation:
* ESCI control register 1, SCC1
e ESCI control register 2, SCC2
e ESCI control register 3, SCC3
* ESCI status register 1, SCS1
e ESCI status register 2, SCS2
e ESCI data register, SCDR
* ESCI baud rate register, SCBR
» ESCI prescaler register, SCPSC
e ESCI arbiter control register, SCIACTL
» ESCI arbiter data register, SCIADAT
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Chapter 15

System Integration Module (SIM)

15.1 Introduction

This section describes the system integration module (SIM). Together with the central processor unit

(CPU), the SIM controls all microconroller unit (MCU) activities. A block diagram of the SIM is shown in
Figure 15-1. Table 15-1 is a summary of the SIM input/output (I/O) registers. The SIM is a system state
controller that coordinates CPU and exception timing.

The SIM is responsible for:

* Bus clock generation and control for CPU and peripherals:
— Stop/wait/reset/break entry and recovery
— Internal clock control

e Master reset control, including power-on reset (POR) and computer operating properly (COP)

timeout

e Interrupt arbitration

Table 15-1 shows the internal signal names used in this section.

Table 15-1. Signal Name Conventions

Signal Name Description

CGMXCLK Selected clock source from internal clock generator module (ICG)

CaGMOUT gzzkc?ouglsf gcér&lOCUGTrglc\)/cli;(laZ by two)
IAB Internal address bus
IDB Internal data bus

PORRST Signal from the power-on reset module to the SIM
IRST Internal reset signal
RW Read/write signal
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1/0 Signals

To protect status bits during the break state, write a 0 to BCFE. With BCFE at O (its default state), software
can read and write 1/O registers during the break state without affecting status bits. Some status bits have
a 2-step read/write clearing procedure. If software does the first step on such a bit before the break, the
bit cannot change during the break state as long as BCFE is 0. After the break, doing the second step
clears the status bit.

Since the SPTE bit cannot be cleared during a break with BCFE cleared, a write to the transmit data
register in break mode does not initiate a transmission nor is this data transferred into the shift register.
Therefore, a write to the SPDR in break mode with BCFE cleared has no effect.

16.11 1/O Signals

The SPI module has four 1/O pins:
¢  MISO — Master input/slave output
* MOSI — Master output/slave input
e SPSCK — Serial clock
e SS — Slave select

16.11.1 MISO (Master In/Slave Out)

MISO is one of the two SPI module pins that transmits serial data. In full duplex operation, the MISO pin
of the master SPI module is connected to the MISO pin of the slave SPI module. The master SPI
simultaneously receives data on its MISO pin and transmits data from its MOSI pin.

Slave output data on the MISO pin is enabled only when the SPI is configured as a slave. The SPI is
configured as a slave when its SPMSTR bit is 0 and its SS pin is low. To support a multiple-slave system,
a high on the SS pin puts the MISO pin in a high-impedance state.

When enabled, the SPI controls data direction of the MISO pin regardless of the state of the data direction
register of the shared I/O port.

16.11.2 MOSI (Master Out/Slave In)

MOSI is one of the two SPI module pins that transmits serial data. In full-duplex operation, the MOSI pin
of the master SPI module is connected to the MOSI pin of the slave SPI module. The master SPI
simultaneously transmits data from its MOSI pin and receives data on its MISO pin.

When enabled, the SPI controls data direction of the MOSI pin regardless of the state of the data direction
register of the shared I/O port.

16.11.3 SPSCK (Serial Clock)

The serial clock synchronizes data transmission between master and slave devices. In a master MCU,
the SPSCK pin is the clock output. In a slave MCU, the SPSCK pin is the clock input. In full-duplex
operation, the master and slave MCUs exchange a byte of data in eight serial clock cycles.

When enabled, the SPI controls data direction of the SPSCK pin regardless of the state of the data
direction register of the shared I/O port.
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Serial Peripheral Interface (SPI) Module

16.11.4 SS (Slave Select)

The SS pin has various functions depending on the current state of the SPI. For an SPI configured as a
slave, the SS is used to select a slave. For CPHA = 0, the SS is used to define the start of a transmission.
(See 16.4 Transmission Formats.) Since it is used to indicate the start of a transmission, SS must be
toggled high and low between each byte transmitted for the CPHA = 0 format. However, it can remain low
between transmissions for the CPHA = 1 format. See Figure 16-13.

When an SPI is configured as a slave, the SS pin is always configured as an input. It cannot be used as
a general-purpose I/O regardless of the state of the MODFEN control bit. However, the MODFEN bit can
still prevent the state of SS from creating a MODF error. See 16.12.2 SPI Status and Control Register.

msomosi BYTE 1 X BYTE 2 X BYTE 3 |
MASTERSS ] \
MES ) N n =

SLAVE SS
CPHA =1 F

Figure 16-13. CPHA/SS Timing

NOTE
A high on the SS pin of a slave SPI puts the MISO pin in a high-impedance
state. The slave SPI ignores all incoming SPSCK clocks, even if it was
already in the middle of a transmission.

When an SPI is configured as a master, the SS input can be used in conjunction with the MODF flag to
prevent multiple masters from driving MOSI and SPSCK. (See 16.6.2 Mode Fault Error.) For the state of
the SS pin to set the MODF flag, the MODFEN bit in the SPSCK register must be set. If MODFEN is O for
an SPI master, the SS pin can be used as a general-purpose I/O under the control of the data direction
register of the shared I/O port. When MODFEN is 1, SS is an input-only pin to the SPI regardless of the
state of the data direction register of the shared 1/O port.

The CPU can always read the state of the SS pin by configuring the appropriate pin as an input and
reading the port data register. See Table 16-2

Table 16-2. SPI Configuration

SPE SPMSTR MODFEN SPI Configuration Function of SS Pin
) General-purpose 1/O;
0 X X Not enabled SS ignored by SPI
1 0 X Slave Input-only to SPI
1 1 0 Master without MODF General-purpose 1/O;

SS ignored by SPI
1 1 1 Master with MODF Input-only to SPI

1. X =Don’t care
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Chapter 17
Timebase Module (TBM)

17.1 Introduction

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.

17.2 Features

Features of the TBM include:
* 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
e User selectable oscillator clock source enable during stop mode to allow periodic wakeup from stop

17.3 Functional Description

NOTE
This module is designed for a 32.768-kHz oscillator.

This module can generate a periodic interrupt by dividing the clock TBMCLK. The counter is initialized to
all 0s when TBON bit is cleared. The counter, shown in Figure 17-1, starts counting when the TBON bit
is set. When the counter overflows at the tap selected by TBR2:TBRO, the TBIF bit gets set. If the TBIE
bit is set, an interrupt request is sent to the CPU. The TBIF flag is cleared by writing a 1 to the TACK bit.
The first time the TBIF flag is set after enabling the timebase module, the interrupt is generated at
approximately half of the overflow period. Subsequent events occur at the exact period.
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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 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

NOTE
Setting the TSTOP and TRST bits simultaneously stops the TIM counter at
a value of $0000.
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Development Support

FROM
HOST

' v v
ADDRESS\/"\/ADDRESS\ \/ADDRESS\"\/ADDRESS
>/—\< READ Y—\( READ >/_\< HIGH Y—\( HIGH )ﬂ< Low Y_Y Low >/ DATA
4 1 4 1 4 1 A 3,2 4
ECHO RETURN

Notes:
1 = Echo delay, approximately 2 bit times
2 = Data return delay, approximately 2 bit times
3 = Cancel command delay, 11 bit times
4 = Wait 1 bit time before sending next byte.

Figure 19-15. Read Transaction

FROM
HOST

ADDRESSY/ \/ADDRESSY \/ADDRESSY \(ADDRESS
wwwwwmwm T o
3 1 1 3 1

A A 3 A 2,3

ECHO
Notes:
1 = Echo delay, approximately 2 bit times

2 = Cancel command delay, 11 bit times
3 = Wait 1 bit time before sending next byte.

Figure 19-16. Write Transaction

A brief description of each monitor mode command is given in Table 19-3 through Table 19-7.

Table 19-3. READ (Read Memory) Command

Description | Read byte from memory

Operand | 2-byte address in high-byte:low-byte order

Data Returned | Returns contents of specified address
Opcode | $4A
Command Sequence
SENT TO MONITOR
A
W READ W READ WAD,REEHS e ADP(?VE,S APDRES DATA
A A
ECHO RETURN
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Monitor Module (MON)

Table 19-4. WRITE (Write Memory) Command

Description | Write byte to memory
Operand | 2-byte address in high-byte:low-byte order; low byte followed by data byte
Data Returned | None

Opcode | $49

Command Sequence
FROM HOST
Y Y A Y
w WRlTE>f\< WRITE >/—\<ADI_I13|2EHS AD}E:EES ADESVEVSSY'\(ADES\ES DATA >/'\< DATA >/ \(
A A A A
ECHO
Table 19-5. IREAD (Indexed Read) Command
Description | Read next 2 bytes in memory from last address accessed
Operand | None
Data Returned | Returns contents of next wo addresses

Opcode | $1A

Command Sequence
FROM¢HOST
V \ imeap | IREAiy \< DATA Y—Y DATA Y—Y
A A A
ECHO ——— RETURN

A sequence of IREAD or IWRITE commands can access a block of memory sequentially over the full

64-Kbyte memory map.

Table 19-6. READSP (Read Stack Pointer) Command

Description

Reads stack pointer

Operand

None

Data Returned

Returns incremented stack pointer value (SP + 1) in high-byte:low-byte order

Opcode

$oC

Command Sequence

FROM HOST

SP sP
/ \ Reapsp | {READSP | \< HIGH ﬂ LOW >ﬂ<

A A A

ECHO ————— RETURN
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Timer Interface Module Characteristics

20.19 Timer Interface Module Characteristics

Characteristic Symbol Min Max Unit

Input capture pulse width trims L 1 — teye

20.20 Memory Characteristics

Characteristic Symbol Min Typ Max Unit

RAM data retention voltage VRDR 1.3 — — \
Flash program bus clock frequency — 1 — — MHz
Flash read bus clock frequency freag' " 8k — 8M Hz
Flash page erase time

<1 k cycles tErase 0.9 1 1.1 ms

>1 k cycles 3.6 4 5.5
Flash mass erase time tMErase 4 — — ms
Flash PGM/ERASE to HVEN set up time tnvs 10 — — us
Flash high-voltage hold time tNVH 5 — — us
Flash high-voltage hold time (mass erase) tNVHL 100 — — us
Flash program hold time tras 5 — — us
Flash program time tPrOG 30 — 40 us
Flash return to read time tRCV(Z) 1 — — us
Flash cumulative program HV period tHV(3> — — 4 ms
Flash program endurance(®) — 10k 100k — Cycles
Flash data retention time(®) — 15 100 — Years

1. freaq IS defined as the frequency range for which the Flash memory can be read.

2. tgey is defined as the time it needs before the Flash can be read after turning off the high voltage charge pump, by clearing
HVEN to 0.

3. tyy is defined as the cumulative high voltage programming time to the same row before next erase.
tyy must satisfy this condition: t\ys + tnyn + tras + (tProg % 32) <ty maximum.

4. Typical endurance was evaluated for this product family. For additional information on how Freescale defines Typical
Endurance, please refer to Engineering Bulletin EB619.

5. Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated
to 25°C using the Arrhenius equation. For additional information on how Freescale defines Typical Data Retention, please
refer to Engineering Bulletin EB618.
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) 4

NOTES:

DIMENSIONING AND TOLERANCING PER ASME Y14. 5M-1994.

ALL DIMENSIONS IN MILLIMETERS.

DIMENSION TO CENTER OF LEAD WHEN FORMED PARALLEL.

1
2
DIMENSION DOES NOT INCLUDE MOLD FLASH.

MAXIMUM MOLD FLASH 0. 25
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