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Recommended System Connections

debug connector so a development system can directly reset the MCU system. If desired, a manual external
reset can be added by supplying a simple switch to ground (pull reset pin low to force a reset).

Whenever any reset is initiated (whether from an external signal or from an internal system), the reset pin
is driven low for approximately 34 cycles of fgejf reser> Feleased, and sampled again approximately 38
cycles of fqjf reser later. If reset was caused by an internal source such as low-voltage reset or watchdog
timeout, the circuitry expects the reset pin sample to return a logic 1. If the pin is still low at this sample
point, the reset is assumed to be from an external source. The reset circuitry decodes the cause of reset and
records it by setting a corresponding bit in the system control reset status register (SRS).

Never connect any significant capacitance to the reset pin because that would interfere with the circuit and
sequence that detects the source of reset. If an external capacitance prevents the reset pin from rising to a
valid logic 1 before the reset sample point, all resets will appear to be external resets.

2.3.4 Background / Mode Select (PTGO/BKGD/MS)

The background/mode select (BKGD/MS) shares its function with an I/O port pin. While in reset, the pin
functions as a mode select pin. Immediately after reset rises the pin functions as the background pin and
can be used for background debug communication. While functioning as a background/mode select pin,
the pin includes an internal pullup device, input hysteresis, a standard output driver, and no output slew
rate control. When used as an I/O port (PTGO) the pin is limited to output only.

If nothing is connected to this pin, the MCU will enter normal operating mode at the rising edge of reset.
If a debug system is connected to the 6-pin standard background debug header, it can hold BKGD/MS low
during the rising edge of reset which forces the MCU to active background mode.

The BKGD pin is used primarily for background debug controller (BDC) communications using a custom
protocol that uses 16 clock cycles of the target MCU’s BDC clock per bit time. The target MCU’s BDC
clock could be as fast as the bus clock rate, so there should never be any significant capacitance connected
to the BKGD/MS pin that could interfere with background serial communications.

Although the BKGD pin is a pseudo open-drain pin, the background debug communication protocol
provides brief, actively driven, high speedup pulses to ensure fast rise times. Small capacitances from
cables and the absolute value of the internal pullup device play almost no role in determining rise and fall
times on the BKGD pin.

2.3.5 General-Purpose I/0O and Peripheral Ports

The remaining 55 pins are shared among general-purpose I/O and on-chip peripheral functions such as
timers and serial I/O systems. (Sixteen of these pins are not bonded out on the 48-pin package, twenty of
these pins are not bonded out on the 44-pin package, and twenty-two are not bonded out on the 42-pin
package.) Immediately after reset, all 55 of these pins are configured as high-impedance general-purpose
inputs with internal pullup devices disabled.
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Stop Modes

the voltage regulator does not enter its low-power standby state but maintains full internal regulation. If
the user attempts to enter either stopl or stop2 with ENBDM set, the MCU will instead enter stop3.

Most background commands are not available in stop mode. The memory-access-with-status commands
do not allow memory access, but they report an error indicating that the MCU is in either stop or wait
mode. The BACKGROUND command can be used to wake the MCU from stop and enter active
background mode if the ENBDM bit is set. After the device enters background debug mode, all
background commands are available. The table below summarizes the behavior of the MCU in stop when
entry into the background debug mode is enabled.

Table 3-2. BDM Enabled Stop Mode Behavior

CPU, Digital
Mode PDC | PPDC | Peripherals, RAM ICG ATD Regulator I/0 Pins RTI
FLASH
Stop3 Don’t | Don’t Standby Standby Active Disabled" Active States Optionally on
care care held

' Either ATD stop mode or power-down mode depending on the state of ATDPU.

3.6.5 LVD Enabled in Stop Mode

The LVD system is capable of generating either an interrupt or a reset when the supply voltage drops below
the LVD voltage. If the LVD is enabled in stop by setting the LVDE and the LVDSE bits in SPMSC1 when
the CPU executes a STOP instruction, then the voltage regulator remains active during stop mode. If the
user attempts to enter either stop1 or stop2 with the LVD enabled for stop (LVDSE = 1), the MCU will
instead enter stop3. The table below summarizes the behavior of the MCU in stop when the LVD is
enabled.

Table 3-3. LVD Enabled Stop Mode Behavior

CPU, Digital
Mode PDC | PPDC | Peripherals, RAM ICG ATD Regulator | 1/0 Pins RTI
FLASH
Stop3 Don't | Don't Standby Standby Standby | Disabled! Active States Optionally on
care care held

' Either ATD stop mode or power-down mode depending on the state of ATDPU.

3.6.6 On-Chip Peripheral Modules in Stop Modes

When the MCU enters any stop mode, system clocks to the internal peripheral modules are stopped. Even
in the exception case (ENBDM = 1), where clocks to the background debug logic continue to operate,
clocks to the peripheral systems are halted to reduce power consumption. Refer to Section 3.6.1, “Stopl
Mode,” Section 3.6.2, “Stop2 Mode,” and Section 3.6.3, “Stop3 Mode,” for specific information on system
behavior in stop modes.
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FLASH

It is possible to program the entire array through the single-wire background debug interface. Because no
special voltages are needed for FLASH erase and programming operations, in-application programming
is also possible through other software-controlled communication paths. For a more detailed discussion of
in-circuit and in-application programming, refer to the HCSO8 Family Reference Manual, Volume I,
Freescale Semiconductor document order number HCSO8RMv1/D.

4.4.1 Features

Features of the FLASH memory include:

* FLASH Size
— MCI9S08GB60/MCI9S08GT60 — 61268 bytes (120 pages of 512 bytes each)
— MCI9S08GB32/MC9S08GT32— 32768 bytes (64 pages of 512 bytes each)
— MC9S08GT16 — 16384 bytes (32 pages of 512 bytes each)

* Single power supply program and erase

e Command interface for fast program and erase operation

* Up to 100,000 program/erase cycles at typical voltage and temperature

* Flexible block protection

* Security feature for FLASH and RAM

* Auto power-down for low-frequency read accesses

44.2 Program and Erase Times

Before any program or erase command can be accepted, the FLASH clock divider register (FCDIV) must
be written to set the internal clock for the FLASH module to a frequency (fgcp k) between 150 kHz and
200 kHz (see Table 4.6.1). This register can be written only once, so normally this write is done during
reset initialization. FCDIV cannot be written if the access error flag, FACCERR in FSTAT, is set. The user
must ensure that FACCERR is not set before writing to the FCDIV register. One period of the resulting
clock (1/fgcy k) is used by the command processor to time program and erase pulses. An integer number
of these timing pulses is used by the command processor to complete a program or erase command.

Table 4-5 shows program and erase times. The bus clock frequency and FCDIV determine the frequency
of FCLK (fgcy )- The time for one cycle of FCLK is tgcp g = 1/fgcp k. The times are shown as a number
of cycles of FCLK and as an absolute time for the case where tgcp g = 5 Us. Program and erase times
shown include overhead for the command state machine and enabling and disabling of program and erase
voltages.

Table 4-5. Program and Erase Times

Parameter Cycles of FCLK Time if FCLK = 200 kHz
Byte program 9 45 us
Byte program (burst) 4 20 ps’
Page erase 4000 20 ms
Mass erase 20,000 100 ms

' Excluding start/end overhead
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Chapter 4 Memory

SECO01:SEC00 — Security State Code

This 2-bit field determines the security state of the MCU as shown in Table 4-7. When the MCU is
secure, the contents of RAM and FLASH memory cannot be accessed by instructions from any
unsecured source including the background debug interface. For more detailed information about
security, refer to Section 4.5, “Security.”

Table 4-7. Security States

SEC01:SEC00 Description
0:0 secure
0:1 secure
1:0 unsecured
1:1 secure

SECO01:SECO00 changes to 1:0 after successful backdoor key entry or a successful blank check of FLASH.

4.6.3 FLASH Configuration Register (FCNFG)

Bits 7 through 5 may be read or written at any time. Bits 4 through 0 always read 0 and cannot be written.

Bit 7 6 5 4 3 2 1 Bit0
Read: 0 0 0 0 0 0 0
KEYACC
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-6. FLASH Configuration Register (FCNFG)
KEYACC — Enable Writing of Access Key

This bit enables writing of the backdoor comparison key. For more detailed information about the
backdoor key mechanism, refer to Section 4.5, “Security.”
1 = Writes to NVBACKKEY ($FFB0-$FFB7) are interpreted as comparison key writes.
Reads of the FLASH return invalid data.
0 = Writes to SFFBO-$FFB7 are interpreted as the start of a FLASH programming or erase
command.

4.6.4 FLASH Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatile location NVPROT is copied from FLASH into FPROT. Bits 0,
1, and 2 are not used and each always reads as 0. This register may be read at any time, but user program
writes have no meaning or effect. Background debug commands can write to FPROT.
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Chapter 5 Resets, Interrupts, and System Configuration

5.1 Introduction

This section discusses basic reset and interrupt mechanisms and the various sources of reset and interrupts
in the MC9S08GB/GT. Some interrupt sources from peripheral modules are discussed in greater detail
within other sections of this data manual. This section gathers basic information about all reset and
interrupt sources in one place for easy reference. A few reset and interrupt sources, including the computer
operating properly (COP) watchdog and real-time interrupt (RTI), are not part of on-chip peripheral
systems with their own sections but are part of the system control logic.

5.2 Features

Reset and interrupt features include:

*  Multiple sources of reset for flexible system configuration and reliable operation:
— Power-on detection (POR)
— Low voltage detection (LVD) with enable
— External RESET pin with enable
— COP watchdog with enable and two timeout choices
— Illegal opcode
— Serial command from a background debug host

* Reset status register (SRS) to indicate source of most recent reset

* Separate interrupt vectors for each module (reduces polling overhead) (see Table 5-1)

5.3 MCU Reset

Resetting the MCU provides a way to start processing from a known set of initial conditions. During reset,
most control and status registers are forced to initial values and the program counter is loaded from the
reset vector ($FFFE:$FFFF). On-chip peripheral modules are disabled and I/O pins are initially configured
as general-purpose high-impedance inputs with pullup devices disabled. The I bit in the condition code
register (CCR) is set to block maskable interrupts so the user program has a chance to initialize the stack
pointer (SP) and system control settings. SP is forced to $O0FF at reset.
The MC9S08GB/GT has seven sources for reset:

e Power-on reset (POR)

* Low-voltage detect (LVD)

* Computer operating properly (COP) timer

* Illegal opcode detect

* Background debug forced reset

» The reset pin (RESET)

* Clock generator loss of lock and loss of clock reset
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Chapter 6 Parallel Input/Output

6.1 Introduction

This section explains software controls related to parallel input/output (I/O). The MC9S08GBxx has seven
I/0 ports which include a total of 56 general-purpose I/O pins (one of these pins is output only). The
MC9S08GTxx has six I/0 ports which include a total of up to 39 general-purpose I/O pins, depending on
the package (one pin, PTGO, is output only). See Chapter 2, “Pins and Connections,” for more information
about the logic and hardware aspects of these pins.

Many of these pins are shared with on-chip peripherals such as timer systems, external interrupts, or
keyboard interrupts. When these other modules are not controlling the port pins, they revert to
general-purpose I/O control. For each 1/0 pin, a port data bit provides access to input (read) and output
(write) data, a data direction bit controls the direction of the pin, and a pullup enable bit enables an internal
pullup device (provided the pin is configured as an input), and a slew rate control bit controls the rise and
fall times of the pins.

NOTE

Not all general-purpose 1/O pins are available on all packages. To avoid
extra current drain from floating input pins, the user’s reset initialization
routine in the application program should either enable on-chip pullup
devices or change the direction of unconnected pins to outputs so the pins
do not float.
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Parallel I/O Registers and Control Bits

PTAD Bit 7 6 5 4 3 2 1 Bit 0
Read:
PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
Write:
Reset: 0 0 0 0 0 0 0 0
PTAPE
Read:
PTAPE7 | PTAPE6 | PTAPE5 | PTAPE4 | PTAPE3 | PTAPE2 | PTAPE1 | PTAPEO
Write:
Reset: 0 0 0 0 0 0 0 0
PTASE
Read:
PTASE7 | PTASE6 | PTASE5 | PTASE4 | PTASE3 | PTASE2 | PTASE1 | PTASEOQ
Write:
Reset: 0 0 0 0 0 0 0 0
PTADD
Read:
PTADD7 | PTADD6 | PTADD5 | PTADD4 | PTADD3 | PTADD2 | PTADD1 | PTADDO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 6-9. Port A Registers

PTADn — Port A Data Register Bit n (n = 0-7)

For port A pins that are inputs, reads return the logic level on the pin. For port A pins that are
configured as outputs, reads return the last value written to this register.

Writes are latched into all bits of this register. For port A pins that are configured as outputs, the logic
level is driven out the corresponding MCU pin.

Reset forces PTAD to all Os, but these Os are not driven out the corresponding pins because reset also
configures all port pins as high-impedance inputs with pullups disabled.

PTAPEn — Pullup Enable for Port A Bit n (n = 0-7)

For port A pins that are inputs, these read/write control bits determine whether internal pullup devices
are enabled provided the corresponding PTADDn is 0. For port A pins that are configured as outputs,
these bits are ignored and the internal pullup devices are disabled. When any of bits 7 through 4 of port
A are enabled as KBI inputs and are configured to detect rising edges/high levels, the pullup enable
bits enable pulldown rather than pullup devices.

1 = Internal pullup device enabled.

0 = Internal pullup device disabled.
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Internal Clock Generator (ICG) Module

The ICG will remain in this state while the count error (An) is greater than the maximum ny, . or less than
the minimum ny., as required by the lock detector to detect the lock condition.

In this state the output clock signal ICGOUT frequency is given by fjcgpcLk / R-

7.3.3.2 FLL Engaged Internal Locked

FLL engaged internal locked is entered from FEI unlocked when the count error (An), which comes from
the subtractor, is less than nj, (max) and greater than ny,. (min) for a given number of samples, as
required by the lock detector to detect the lock condition. The output clock signal ICGOUT frequency is
given by ficgpcrk / R. In FEI locked, the filter value is only updated once every four comparison cycles.
The update made is an average of the error measurements taken in the four previous comparisons.

7.3.4 FLL Bypassed, External Clock (FBE) Mode

FLL bypassed external (FBE) is entered when any of the following conditions occur:
*  From SCM when CLKS = 10 and ERCS is high
*  When CLKS = 10, ERCS = 1 upon entering off mode, and off is then exited

* From FLL engaged external mode if a loss of DCO clock occurs and the external reference is still
valid (both LOCS =1 and ERCS = 1)

In this state, the DCO and IRG are off and the reference clock is derived from the external reference clock,
ICGERCLK. The output clock signal ICGOUT frequency is given by ficgrrcLk / R. If an external clock
source is used (REFS = 0), then the input frequency on the EXTAL pin can be anywhere in the range

0 MHz to 40 MHz. If a crystal or resonator is used (REFS = 1), then frequency range is either low for
RANGE = 0 or high for RANGE = 1.

7.3.5 FLL Engaged, External Clock (FEE) Mode

The FLL engaged external (FEE) mode is entered when any of the following conditions occur:
* CLKS =11 and ERCS and DCOS are both high.
e The DCO stabilizes (DCOS = 1) while in SCM upon exiting the off state with CLKS = 11.

In FEE mode, the reference clock is derived from the external reference clock ICGERCLK, and the FLL
loop will attempt to lock the ICGDCLK frequency to the desired value, as selected by the MFD bits. To

run in FEE mode, there must be a working 32 kHz—-100 kHz or 2 MHz—-10 MHz external clock source. The
maximum external clock frequency is limited to 10 MHz in FEE mode to prevent over-clocking the DCO.
The minimum multiplier for the FLL, from Table 7-7 is 4. Because 4 X 10 MHz is 40MHz, which is the
operational limit of the DCO, the reference clock cannot be any faster than 10 MHz.

7.3.5.1 FLL Engaged External Unlocked

FEE unlocked is entered when FEE is entered and the count error (An) output from the subtractor is greater
than the maximum ny,,c or less than the minimum n,,ck, as required by the lock detector to detect the
unlock condition.
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ICG Registers and Control Bits

Initial conditions:
1) Clock supplied from ATE has 500 ps duty period
2) ICG configured for internal reference with 4 MHz bus

START TRIM PROCEDURE
ICGTRM = $80,n=1

>y

MEASURE
INCOMING CLOCK WIDTH
(COUNT = # OF BUS CLOCKS / 4)

COUNT < EXPECTED =500

(RUNNING TOO SLOW)
COUNT = EXPECTED = 500
CASE STATEMENT i
COUNT > EXPECTED = 500
) (RUNNING TOO FAST) v
ICGTRM = ICGTRM =
ICGTRM - 128/ (2**n) ICGTRM + 128/ (2**n) STORE ICGTRM VALUE
(DECREASING ICGTRM (INCREASING ICGTRM IN'NON-VOLATILE
INCREASES THE FREQUENCY) | |DECREASES THE FREQUENCY) MEMORY

! Y

y
:
n=n+1

YES

ISn>8?

NO

Figure 7-11. Trim Procedure

In this particular case, the MCU has been attached to a PCB and the entire assembly is undergoing final

test with automated test equipment. A separate signal or message is provided to the MCU operating under
user provided software control. The MCU initiates a trim procedure as outlined in Figure 7-11 while the
tester supplies a precision reference signal.

If the intended bus frequency is near the maximum allowed for the device, it is recommended to trim using
a reduction divisor (R) twice the final value. Once the trim procedure is complete, the reduction divisor
can be restored. This will prevent accidental overshoot of the maximum clock frequency.

7.5 ICG Registers and Control Bits

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address
assignments for all ICG registers. This section refers to registers and control bits only by their names. A
Freescale-provided equate or header file is used to translate these names into the appropriate absolute
addresses.
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Internal Clock Generator (ICG) Module
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Special Operations

interrupt service routine, this would allow nesting of interrupts (which is not recommended because it
leads to programs that are difficult to debug and maintain).

For compatibility with the earlier M68HCO0S5 MCU s, the high-order half of the H:X index register pair (H)
is not saved on the stack as part of the interrupt sequence. The user must use a PSHH instruction at the
beginning of the service routine to save H and then use a PULH instruction just before the RTI that ends
the interrupt service routine. It is not necessary to save H if you are certain that the interrupt service routine
does not use any instructions or auto-increment addressing modes that might change the value of H.

The software interrupt (SWI) instruction is like a hardware interrupt except that it is not masked by the
global I bit in the CCR and it is associated with an instruction opcode within the program so it is not
asynchronous to program execution.

8.5.3 Wait Mode Operation

The WAIT instruction enables interrupts by clearing the I bit in the CCR. It then halts the clocks to the
CPU to reduce overall power consumption while the CPU is waiting for the interrupt or reset event that
will wake the CPU from wait mode. When an interrupt or reset event occurs, the CPU clocks will resume
and the interrupt or reset event will be processed normally.

If a serial BACKGROUND command is issued to the MCU through the background debug interface while
the CPU is in wait mode, CPU clocks will resume and the CPU will enter active background mode where
other serial background commands can be processed. This ensures that a host development system can still
gain access to a target MCU even if it is in wait mode.

8.5.4 Stop Mode Operation

Usually, all system clocks, including the crystal oscillator (when used), are halted during stop mode to
minimize power consumption. In such systems, external circuitry is needed to control the time spent in
stop mode and to issue a signal to wake up the target MCU when it is time to resume processing. Unlike
the earlier M6BHCO05 and M68HC08 MCUs, the HCS08 can be configured to keep a minimum set of
clocks running in stop mode. This optionally allows an internal periodic signal to wake the target MCU
from stop mode.

When a host debug system is connected to the background debug pin (BKGD) and the ENBDM control
bit has been set by a serial command through the background interface (or because the MCU was reset into
active background mode), the oscillator is forced to remain active when the MCU enters stop mode. In this
case, if a serial BACKGROUND command is issued to the MCU through the background debug interface
while the CPU is in stop mode, CPU clocks will resume and the CPU will enter active background mode
where other serial background commands can be processed. This ensures that a host development system
can still gain access to a target MCU even if it is in stop mode.

Recovery from stop mode depends on the particular HCS08 and whether the oscillator was stopped in stop
mode. Refer to the Modes of Operation chapter for more details.
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A

Central Processor Unit (CPU)

Table 8-1. HCSO08 Instruction Set Summary (Sheet 5 of 7)

Effect ° o - F&
Source . - on CCR 28 | 3 & | ¢S
Operation Description =5 o = >
Form 3= 8 g | ©
H|{I[N|Z < (o) o 2
[11]
LDA #opr8i IMM A |ii 2
LDA opr8a DIR B6|dd 3
LDA opri6a EXT C6(hh I 4
LDA oprx16,X Load Accumulator from A (M) |- IX2 D6 |ee ff 4
LDA oprx8,X Memory IX1 E6 |ff 3
LDA X IX F6 3
LDA oprx16,SP SP2 9ED6 |ee ff 5
LDA oprx8,SP SP1 9EE® |ff 4
LDHX #opr16i IMM 45)ji kk| 3
LDHX opr8a DIR 55|dd 4
LDHX opr16a : . EXT 32|hh 1l 5
LDHX X Load Index Register (H:X) H:X < (M:M + $0001) _| - IX 9EAE 5
LDHX oprx16,X ry IX2 9EBE |ee ff 6
LDHX oprx8,X IX1 9ECE |ff 5
LDHX oprx8,SP SP1 9EFE |ff 5
LDX #opr8i IMM AE |ii 2
LDX opr8a DIR BE |dd 3
LDX opri6a EXT CE|hh I 4
LDX oprx16,X Load X (Index Register X (M) IX2 DE |ee ff 4
LDX oprx8,X Low) from Memory R IX1 EE |ff 3
LDX ,X IX FE 3
LDX oprx16,SP SP2 9EDE |ee ff 5
LDX oprx8,SP SP1 9EEE | ff 4
LSL opr8a DIR 38|dd 5
LSLA - INH 48 1
LSLX Logical Shift Left Cle{TTTTTTT[ =0 | INH 58 1
LSL oprx8,X (Same as ASL) b7 bo IX1 68 |ff 5
LSL ,X IX 78 4
LSL oprx8,SP SP1 9EG8 | ff 6
LSR opr8a DIR 34|dd 5
LSRA R INH 44 1
LSRX ical Shift Ri 0 [T T[T} INH 54 1
LSR oprx8X Logical Shift Right - " -9 X1 64 |ff 5
LSR ,X IX 74 4
LSR oprx8,SP SP1 9E64 |ff 6
MOV opr8a,opr8a (M)gestination < (M)source DIR/DIR 4E(dddd| 5
MOV opr8a,X+ Move DIR/IX+ 5E |dd 5
MOV #opr8i,opr8a H:X « (H:X) + $0001 in T IMM/DIR 6E|ii dd| 4
MOV ,X+,0pr8a IX+/DIR and DIR/IX+ Modes IX+/DIR 7E|dd 5
MUL Unsigned multiply X:A « (X) x (A) 0(-|-|- INH 42 5
NEG opr8a M « — (M) = $00 — (M) DIR 30|dd 5
NEGA A « —(A) =$00 - (A) INH 40 1
NEGX Negate X « = (X) = $00 - (X) e INH 50 1
NEG oprx8,X (Two’s Complement) M « — (M) = $00 — (M) IX1 60 |ff 5
NEG X M « — (M) = $00 — (M) IX 70 4
NEG oprx8,SP M « — (M) = $00 — (M) SP1 9E60 | ff 6
NOP No Operation Uses 1 Bus Cycle - =-1-|- INH 9D 1
Nibble Swap .OT-AT7-
NSA Accumulator A « (A[3:0]:A[7:4]) -=-1-1- INH 62 1
ORA #opr8i IMM AA ii 2
ORA opr8a DIR BA|dd 3
ORA opri6a EXT CA|hh I 4
ORA oprx16,X Inclusive OR Accumulator A (A) | (M) e IX2 DAlee ff | 4
ORA o0prx8,X and Memory 1X1 EA|ff 3
ORA X IX FA 3
ORA o0prx16,SP SP2 9EDA |ee ff 5
ORA oprx8,SP SP1 9EEA |ff 4
PSHA gfaschk”‘“”m“'ator onto Push (A); SP « (SP) — $0001 “l=l=]=]= |INH 87 2
Push H (Index Register .
PSHH High) onto Stack Push (H); SP « (SP) — $0001 -=-1-1- INH 8B 2
Push X (Index Register .
PSHX Low) onto Stack Push (X); SP « (SP) - $0001 - =-1{-1- INH 89 2
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TPM Registers and Control Bits

TOF — Timer Overflow Flag

This flag is set when the TPM counter changes to $0000 after reaching the modulo value programmed
in the TPM counter modulo registers. When the TPM is configured for CPWM, TOF is set after the
counter has reached the value in the modulo register, at the transition to the next lower count value.
Clear TOF by reading the TPM status and control register when TOF is set and then writing a 0 to TOF.
If another TPM overflow occurs before the clearing sequence is complete, the sequence is reset so TOF
would remain set after the clear sequence was completed for the earlier TOF. Reset clears the TOF bit.
Writing a 1 to TOF has no effect.

1 = TPM counter has overflowed.

0 = TPM counter has not reached modulo value or overflow.

TOIE — Timer Overflow Interrupt Enable

This read/write bit enables TPM overflow interrupts. If TOIE is set, an interrupt is generated when
TOF equals 1. Reset clears TOIE.

1 = TOF interrupts enabled.

0 = TOF interrupts inhibited (use software polling).

CPWMS — Center-Aligned PWM Select

This read/write bit selects CPWM operating mode. Reset clears this bit so the TPM operates in
up-counting mode for input capture, output compare, and edge-aligned PWM functions. Setting
CPWMS reconfigures the TPM to operate in up-/down-counting mode for CPWM functions. Reset
clears the CPWMS bit.
1 = All TPMx channels operate in center-aligned PWM mode.
0 = All TPMx channels operate as input capture, output compare, or edge-aligned PWM mode as
selected by the MSnB:MSnA control bits in each channel’s status and control register.

CLKSB:CLKSA — Clock Source Select

As shown in Table 10-1, this 2-bit field is used to disable the TPM system or select one of three clock
sources to drive the counter prescaler. The external source and the XCLK are synchronized to the bus
clock by an on-chip synchronization circuit.

Table 10-1. TPM Clock Source Selection

CLKSB:CLKSA TPM Clock Source to Prescaler Input
0:0 No clock selected (TPM disabled)
0:1 Bus rate clock (BUSCLK)
1:0 Fixed system clock (XCLK)
1:1 External source (TPMx Ext Clk)!,2

1. The maximum frequency that is allowed as an external clock is one-fourth of the bus
frequency.

2. When the TPMxCHO pin is selected as the TPM clock source, the corresponding
ELSOB:ELSOA control bits should be set to 0:0 so channel 0 does not try to use the same pin
for a conflicting function.
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TPM Registers and Control Bits

When background mode is active, the timer counter and the coherency mechanism are frozen such that the
buffer latches remain in the state they were in when the background mode became active even if one or

both bytes of the counter are read while background mode is active.

10.7.3 Timer x Counter Modulo Registers (TPMxMODH:TPMxMODL)

The read/write TPM modulo registers contain the modulo value for the TPM counter. After the TPM
counter reaches the modulo value, the TPM counter resumes counting from $0000 at the next clock
(CPWMS = 0) or starts counting down (CPWMS = 1), and the overflow flag (TOF) becomes set. Writing
to TPMxMODH or TPMxMODL inhibits the TOF bit and overflow interrupts until the other byte is
written. Reset sets the TPM counter modulo registers to $0000, which results in a free-running timer

counter (modulo disabled).

Bit 7 6 5 4 3 3 2 Bit 0
Read:

Bit 15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 10-8. Timer x Counter Modulo Register High (TPMxMODH)

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 7 6 5 4 3 2 1 Bit 0
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 10-9. Timer x Counter Modulo Register Low (TPMxMODL)

It is good practice to wait for an overflow interrupt so both bytes of the modulo register can be written well
before a new overflow. An alternative approach is to reset the TPM counter before writing to the TPM
modulo registers to avoid confusion about when the first counter overflow will occur.

10.7.4 Timer x Channel n Status and Control Register (TPMxCnSC)

TPMxCnSC contains the channel interrupt status flag and control bits that are used to configure the
interrupt enable, channel configuration, and pin function.

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
CHnF CHnIE MSnB MSnA ELSnB ELSnA
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 10-10. Timer x Channel n Status and Control Register (TPMxCnSC)
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Timer/PWM (TPM) Module

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 15 14 13 12 11 10 9 Bit 8
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 10-11. Timer x Channel Value Register High (TPMxCnVH)

Bit 7 6 5 4 3 2 1 Bit 0
Read:

Bit 7 6 5 4 3 2 1 Bit 0
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 10-12. Timer x Channel Value Register Low (TPMxCnVL)

In input capture mode, reading either byte (TPMxCnVH or TPMxCnVL) latches the contents of both bytes
into a buffer where they remain latched until the other byte is read. This latching mechanism also resets
(becomes unlatched) when the TPMxCnSC register is written.

In output compare or PWM modes, writing to either byte (TPMxCnVH or TPMxCnVL) latches the value
into a buffer. When both bytes have been written, they are transferred as a coherent 16-bit value into the
timer channel value registers. This latching mechanism may be manually reset by writing to the
TPMxCnSC register.

This latching mechanism allows coherent 16-bit writes in either order, which is friendly to various
compiler implementations.
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Interrupts and Status Flags

inhibits setting of the status flags associated with the receiver, thus eliminating the software overhead for
handling the unimportant message characters. At the end of a message, or at the beginning of the next
message, all receivers automatically force RWU to 0 so all receivers wake up in time to look at the first
character(s) of the next message.

11.6.3.1 Idle-Line Wakeup

When WAKE = 0, the receiver is configured for idle-line wakeup. In this mode, RWU is cleared
automatically when the receiver detects a full character time of the idle-line level. The M control bit selects
8-bit or 9-bit data mode that determines how many bit times of idle are needed to constitute a full character
time (10 or 11 bit times because of the start and stop bits). The idle-line type (ILT) control bit selects one
of two ways to detect an idle line. When ILT = 0, the idle bit counter starts after the start bit so the stop bit
and any logic 1s at the end of a character count toward the full character time of idle. When ILT = 1, the
idle bit counter doesn’t start until after a stop bit time, so the idle detection is not affected by the data in
the last character of the previous message.

11.6.3.2 Address-Mark Wakeup

When WAKE = 1, the receiver is configured for address-mark wakeup. In this mode, RWU is cleared
automatically when the receiver detects a logic 1 in the most significant bit of a received character (eighth
bit in M = 0 mode and ninth bit in M = 1 mode).

11.7 Interrupts and Status Flags

The SCI system has three separate interrupt vectors to reduce the amount of software needed to isolate the
cause of the interrupt. One interrupt vector is associated with the transmitter for TDRE and TC events.
Another interrupt vector is associated with the receiver for RDRF and IDLE events, and a third vector is
used for OR, NF, FE, and PF error conditions. Each of these eight interrupt sources can be separately
masked by local interrupt enable masks. The flags can still be polled by software when the local masks are
cleared to disable generation of hardware interrupt requests.

The SCI transmitter has two status flags that optionally can generate hardware interrupt requests. Transmit
data register empty (TDRE) indicates when there is room in the transmit data buffer to write another
transmit character to SCIXD. If the transmit interrupt enable (TIE) bit is set, a hardware interrupt will be
requested whenever TDRE = 1. Transmit complete (TC) indicates that the transmitter is finished
transmitting all data, preamble, and break characters and is idle with TxD1 high. This flag is often used in
systems with modems to determine when it is safe to turn off the modem. If the transmit complete interrupt
enable (TCIE) bit is set, a hardware interrupt will be requested whenever TC = 1. Instead of hardware
interrupts, software polling may be used to monitor the TDRE and TC status flags if the corresponding TIE
or TCIE local interrupt masks are Os.

When a program detects that the receive data register is full (RDRF = 1), it gets the data from the receive
data register by reading SCIxD. The RDRF flag is cleared by reading SCIxS1 while RDRF =1 and then
reading SCIxD. If the SCI is configured to operate in 9-bit mode, an additional read to the SCIxC3 register
is required to clear RDRF
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Serial Peripheral Interface (SPI) Module

The most common uses of the SPI system include connecting simple shift registers for adding input or
output ports or connecting small peripheral devices such as serial A/D or D/A converters. Although
Figure 12-2 shows a system where data is exchanged between two MCUs, many practical systems involve
simpler connections where data is unidirectionally transferred from the master MCU to a slave or from a
slave to the master MCU.

12.2.2 SPI Module Block Diagram

Figure 12-3 is a block diagram of the SPI module. The central element of the SPI is the SPI shift register.
Data is written to the double-buffered transmitter (write to SPI1D) and gets transferred to the SPI shift
register at the start of a data transfer. After shifting in a byte of data, the data is transferred into the
double-buffered receiver where it can be read (read from SPI1D). Pin multiplexing logic controls
connections between MCU pins and the SPI module.

When the SPI is configured as a master, the clock output is routed to the SPSCKI1 pin, the shifter output is
routed to MOSI|1, and the shifter input is routed from the MISOI1 pin.

When the SPI is configured as a slave, the SPSCK1 pin is routed to the clock input of the SPI, the shifter
output is routed to MISO1, and the shifter input is routed from the MOSI1 pin.

In the external SPI system, simply connect all SPSCK pins to each other, all MISO pins together, and all
MOSI pins together. Peripheral devices often use slightly different names for these pins.
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Block Diagrams
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Figure 12-3. SPI Module Block Diagram
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Electrostatic Discharge (ESD) Protection Characteristics

A.4 Electrostatic Discharge (ESD) Protection Characteristics

Although damage from static discharge is much less common on these devices than on early CMOS
circuits, normal handling precautions should be used to avoid exposure to static discharge. Qualification
tests are performed to ensure that these devices can withstand exposure to reasonable levels of static
without suffering any permanent damage. All ESD testing is in conformity with CDF-AEC-QO00 Stress
Test Qualification for Automotive Grade Integrated Circuits. (http://www.aecouncil.com/) This device was
qualified to AEC-Q100 Rev E. A device is considered to have failed if, after exposure to ESD pulses, the
device no longer meets the device specification requirements. Complete dc parametric and functional
testing is performed per the applicable device specification at room temperature followed by hot
temperature, unless specified otherwise in the device specification.

Table A-3. ESD Protection Characteristics

Parameter Symbol Value Unit

ESD Target for Machine Model (MM)
MM circuit description

ESD Target for Human Body Model (HBM)
HBM circuit description

VTHMM 200 \Y

VrHHem 2000 v

A.5 DC Characteristics

This section includes information about power supply requirements, I/O pin characteristics, and power
supply current in various operating modes.

Table A-4. DC Characteristics (Sheet 1 of 2)
(Temperature Range = —40 to 85°C Ambient)

Parameter Symbol Min Typical1 Max Unit
Supply voltage (run, wait and stop modes.)
0 < fgyus <8 MHz Vop 1.8 3.6 \'
0 < fgyg <20 MHz 2.08 3.6
\I\;Iinimum RAM retention supply voltage applied to Veam 102 . Y
DD
Low-voltage detection threshold — high range
(VDD falling) V\vDH 2.08 2.1 2.2 \Y
(Vpp rising) 2.16 219 2.27
Low-voltage detection threshold — low range
(Vpp falling) VivoL 1.80 1.82 1.91 Vv
(Vpp rising) 1.88 1.90 1.99
Low-voltage warning threshold — high range
(Vpp falling) VivwH 2.35 2.40 25 Y
(Vpp rising) 2.35 2.40
Low-voltage warning threshold — low range
(Vpp falling) VivwiL 2.08 2.1 22 %
(Vpp rising) 2.16 2.19 2.27
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AC Characteristics

Table A-11. TPM Input Timing

Function Symbol Min Max Unit

External clock frequency frPMext dc faus/4 MHz

External clock period trpMext 4 — teye

External clock high time teikh 1.5 — teye

External clock low time to 1.5 — teye

Input capture pulse width ticpw 1.5 — teye
- trext >

<«— tokh —>»

TPMxCHn /

tewi

Figure A-14. Timer External Clock

ICPW

TPMxCHn

TPMxCHn

<—t|opw—>
Figure A-15. Timer Input Capture Pulse

A.9.3 SPI Timing

Table A-12 and Figure A-16 through Figure A-19 describe the timing requirements for the SPI system.
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