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Memory

Provided the key enable (KEYEN) bit is 1, the 8-byte comparison key can be used to temporarily
disengage memory security. This key mechanism can be accessed only through user code running in secure
memory. (A security key cannot be entered directly through background debug commands.) This security
key can be disabled completely by programming the KEYEN bit to 0. If the security key is disabled, the
only way to disengage security is by mass erasing the FLASH if needed (normally through the background
debug interface) and verifying that FLASH is blank. To avoid returning to secure mode after the next reset,
program the security bits (SEC01:SECO00) to the unsecured state (1:0).

4.3 RAM

The MC9S08RC/RD/RE/RG includes static RAM. The locations in RAM below $0100 can be accessed
using the more efficient direct addressing mode, and any single bit in this area can be accessed with the
bit-manipulation instructions (BCLR, BSET, BRCLR, and BRSET). Locating the most frequently
accessed program variables in this area of RAM is preferred.

The RAM retains data when the MCU is in low-power wait, stop2, or stop3 mode. At power-on or after
wakeup from stop1, the contents of RAM are uninitialized. RAM data is unaffected by any reset provided
that the supply voltage does not drop below the minimum value for RAM retention.

For compatibility with older M68BHCO0S5 MCUs, the HCSO08 resets the stack pointer to $OOFF. In the
MCI9S08RC/RD/RE/RG, it is usually best to reinitialize the stack pointer to the top of the RAM so the
direct page RAM can be used for frequently accessed RAM variables and bit-addressable program
variables. Include the following 2-instruction sequence in your reset initialization routine (where RamLast
is equated to the highest address of the RAM in the Freescale-provided equate file).

LDHX #RamLast+1 ;point one past RAM
TXS ;SP<-(H:X-1)

When security is enabled, the RAM is considered a secure memory resource and is not accessible through
BDM or through code executing from non-secure memory. See Section 4.5, “Security,” for a detailed
description of the security feature.

44 FLASH

The FLASH memory is intended primarily for program storage. In-circuit programming allows the
operating program to be loaded into the FLASH memory after final assembly of the application product.
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.
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Resets, Interrupts, and System Configuration

as an edge on the IRQ pin or a timer-overflow event. The debug module can also generate an SWI under
certain circumstances.

If an event occurs in an enabled interrupt source, an associated read-only status flag will become set. The
CPU will not respond until and unless the local interrupt enable is a logic 1 to enable the interrupt. The I
bit in the CCR is logic 0 to allow interrupts. The global interrupt mask (I bit) in the CCR is initially set

after reset, which masks (prevents) all maskable interrupt sources. The user program initializes the stack
pointer and performs other system setup before clearing the I bit to allow the CPU to respond to interrupts.

When the CPU receives a qualified interrupt request, it completes the current instruction before responding
to the interrupt. The interrupt sequence uses the same cycle-by-cycle sequence as the SWI instruction and
consists of:

* Saving the CPU registers on the stack
* Setting the I bit in the CCR to mask further interrupts
* Fetching the interrupt vector for the highest-priority interrupt that is currently pending

* Filling the instruction queue with the first three bytes of program information starting from the
address fetched from the interrupt vector locations

While the CPU is responding to the interrupt, the I bit is automatically set to avoid the possibility of another
interrupt interrupting the ISR itself (this is called nesting of interrupts). Normally, the I bit is restored to 0
when the CCR is restored from the value stacked on entry to the ISR. In rare cases, the I bit may be cleared
inside an ISR (after clearing the status flag that generated the interrupt) so that other interrupts can be
serviced without waiting for the first service routine to finish. This practice is not recommended for anyone
other than the most experienced programmers because it can lead to subtle program errors that are difficult
to debug.

The interrupt service routine ends with a return-from-interrupt (RTI) instruction that restores the CCR, A,
X, and PC registers to their pre-interrupt values by reading the previously saved information off the stack.

NOTE

For compatibility with the M68HCOS8 Family, the H register is not
automatically saved and restored. It is good programming practice to push
H onto the stack at the start of the interrupt service routine (ISR) and restore
it just before the RTI that is used to return from the ISR.

If two or more interrupts are pending when the I bit is cleared, the highest priority source is serviced first
(see Table 5-1).

5.5.1 Interrupt Stack Frame

Figure 5-1 shows the contents and organization of a stack frame. Before the interrupt, the stack pointer
(SP) points at the next available byte location on the stack. The current values of CPU registers are stored
on the stack starting with the low-order byte of the program counter (PCL) and ending with the CCR. After
stacking, the SP points at the next available location on the stack, which is the address that is one less than
the address where the CCR was saved. The PC value that is stacked is the address of the instruction in the
main program that would have executed next if the interrupt had not occurred.

MC9S08RC/RD/RE/RG Data Sheet, Rev. 1.11

Freescale Semiconductor 59



Resets, Interrupts, and System Configuration

5.5.2.2 Edge and Level Sensitivity

The IRQMOD control bit reconfigures the detection logic so it detects edge events and pin levels. In this
edge detection mode, the IRQF status flag becomes set when an edge is detected (when the IRQ pin
changes from the deasserted to the asserted level), but the flag is continuously set (and cannot be cleared)
as long as the IRQ pin remains at the asserted level.

5.5.3 Interrupt Vectors, Sources, and Local Masks

Table 5-1 provides a summary of all interrupt sources. Higher-priority sources are located towards the
bottom of the table. The high-order byte of the address for the interrupt service routine is located at the
first address in the vector address column, and the low-order byte of the address for the interrupt service
routine is located at the next higher address.

When an interrupt condition occurs, an associated flag bit becomes set. If the associated local interrupt
enable is 1, an interrupt request is sent to the CPU. Within the CPU, if the global interrupt mask (I bit in
the CCR) is 0, the CPU will finish the current instruction; stack the PCL, PCH, X, A, and CCR CPU
registers; set the I bit; and then fetch the interrupt vector for the highest priority pending interrupt.
Processing then continues in the interrupt service routine.
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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 MC9S08RC/RD/RE/RG
has five I/O ports that include a total of 39 general-purpose I/O pins (two of these pins are output only and
one pin is input only). Not all of the ports are available in all packages. 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 I/O 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 (if the pin is configured as an input).

NOTE

Not all general-purpose 1I/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.

6.2 Features

Parallel I/0O features for the MC9SO8RC/RD/RE/RG MCUs, depending on specific device and package
choice, include:

* A total of 39 general-purpose 1/O pins in five ports (two pins are output only, one is input only)
* High-current drivers on port B pins

* Hysteresis input buffers on all inputs

* Software-controlled pullups on each input pin

* Eight port A pins shared with KBI1

* Eight port B pins shared with SCI and TPMCH1

* Eight port C pins shared with KBI2 and SPI

« Seven port D pins shared with TPMCHO, ACMP, IRQ, RESET, and BKGD/MS

* Eight port E pins

MC9S08RC/RD/RE/RG Data Sheet, Rev. 1.11
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Parallel Input/Output

7 6 5 4 3 2 1 0
PTBPE7 PTBPE6 PTBPES5 PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPEO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-10. Pullup Enable for Port B (PTBPE)
Table 6-5. PTBPE Field Descriptions
Field Description
7:0 Pullup Enable for Port B Bits — For port B pins that are inputs, these read/write control bits determine whether
PTBPE[7:0] | internal pullup devices are enabled. For port B pins that are configured as outputs, these bits are ignored and
the internal pullup devices are disabled.
0 Internal pullup device disabled.
1 Internal pullup device enabled.
7 6 5 4 3 2 1 0
R
PTBDD7 PTBDD6 PTBDD5 PTBDD4 PTBDD3 PTBDD2 PTBDD1 PTBDDO
w
Reset 0 0 0 0 0 0 0 0
Figure 6-11. Data Direction for Port B (PTBDD)
Table 6-6. PTBDD Field Descriptions
Field Description
7.0 Data Direction for Port B Bits — These read/write bits control the direction of port B pins and what is read for
PTBDD[7:0] | PTBD reads.
0 Input (output driver disabled) and reads return the pin value.
1 Output driver enabled for port B bit n and PTBD reads return the contents of PTBDn.

MC9S08RC/RD/RE/RG Data Sheet, Rev. 1.11
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Central Processor Unit (S08CPUV2)Central Processor Unit (S08CPUV2)

7.4.3  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.

74.4 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 M6BHCO5 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.

7.4.5 BGND Instruction

The BGND instruction is new to the HCS08 compared to the M68HC08. BGND would not be used in
normal user programs because it forces the CPU to stop processing user instructions and enter the active
background mode. The only way to resume execution of the user program is through reset or by a host
debug system issuing a GO, TRACEI, or TAGGO serial command through the background debug
interface.

Software-based breakpoints can be set by replacing an opcode at the desired breakpoint address with the
BGND opcode. When the program reaches this breakpoint address, the CPU is forced to active background
mode rather than continuing the user program.

MC9S08RC/RD/RE/RG Data Sheet, Rev. 1.11
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Central Processor Unit (S08CPUV2)Central Processor Unit (S08CPUV2)

Table 7-3. Opcode Map (Sheet 1 of 2)
Bit-Manipulation Branch Read-Modify-Write Control Regl Yy
00 5110 5120 30 5140 1150 1160 5170 80 0 0 2 |BO 0 0 4 |EO FO 3
BRSETO| BSETO BRA NEG NEGA NEGX NEG NEG RTI BGE SUB SUB SUB SUB SUB SuUB
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 1X1 IX
01 5|11 5|21 3 5 |41 4 |51 4 161 5|71 5 181 6 |91 Al B1 C1 4 |D1 4 |E1 3 |F1 3
BRCLRO| BCLRO BRN CBEQ | CBEQA | CBEQX | CBEQ CBEQ RTS BLT CMP CMP CMP CMP CMP CMP
3 DIR |2 DIR |2 REL |3 DIR |3 IMM |3 IMM |3 IX1+ |2 IX+ |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
02 5112 5|22 3132 5 |42 5|52 6 |62 1|72 182 5+ 192 A2 2 |B2 [07] 4 |D2 4 |E2 F2
BRSET1| BSET1 BHI LDHX MUL DIV NSA DAA BGND BGT SBC SBC SBC SBC SBC SBC
3 DIR |2 DIR |2 REL |3 EXT |1 INH |1 INH |1 INH |1 INH |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
03 5113 5123 3 5143 1153 1163 5173 83 11 |93 A3 2 |B3 C3 4 |D E3 3 |F3 3
BRCLR1| BCLR1 BLS COM COMA | COMX COM COM SwWiI BLE CPX CPX CPX CPX CPX CPX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |2 REL |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
04 5|14 5124 34 5 |44 1 (54 1 (64 5 (74 4 (84 1 (94 A4 2 |B4 3 |C4 4 |D 4 |E4 3 |F4 3
BRSET2| BSET2 BCC LSR LSRA LSRX LSR LSR TAP TXS AND AND AND AND AND AND
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
05 5|15 5|25 5 4 145 3|55 4 165 3175 5185 1195 A5 2 |B5 C5 4 |D5 E5 3 |F5 3
BRCLR2| BCLR2 BCS STHX LDHX LDHX CPHX CPHX TPA TSX BIT BIT BIT BIT BIT BIT
3 DIR |2 DIR |2 REL |2 DIR |3 IMM |2 DIR |3 IMM |2 DIR |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
06 5116 5|26 36 5 |46 1156 1166 5176 4186 3 |96 5 | A6 2 |B6 3 |C6 4 |D6 4 |E6 3 [F6 3
BRSET3| BSET3 BNE ROR RORA RORX ROR ROR PULA STHX LDA LDA LDA LDA LDA LDA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |3 EXT |2 IMM |2 DIR |3 EXT |3 IX2 |2 IX1 |1 IX
07 5|17 5|27 37 5 |47 1157 1167 5|77 4187 2197 1 |A7 2 |B7 C7 4 |D7 4 |E7 F7 2
BRCLR3| BCLR3 BEQ ASR ASRA ASRX ASR ASR PSHA TAX AIS STA STA STA STA STA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
08 5118 5128 38 48 1158 1168 5178 4188 3 |98 1 |A8 2 |B8 3 |C8 4 |D8 4 |E8 3 [F8
BRSET4| BSET4 | BHCC LSL LSLA LSLX LSL LSL PULX CLC EOR EOR EOR EOR EOR EOR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
09 5119 5129 3139 1 1169 5179 4189 2199 1 A9 2 |1B9 C9 4 | D9 4 |E9 F9 3
BRCLR4| BCLR4 | BHCS ROL ROLA ROLX ROL ROL PSHX SEC ADC ADC ADC ADC ADC ADC
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
0A 5 [1A 5 |2A 3A 4A 1 |5A 1 |6A 5 |7A 4 |8A 3 |9A 1 |AA 2 |BA 3 |CA 4 | DA 4 |EA 3 |FA 3
BRSET5| BSET5 BPL DEC DECA DECX DEC DEC PULH CLI ORA ORA ORA ORA ORA ORA
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
0B 5|1B 5 12B 3B 7 4 4 16B 7 17B 8B 2 |19B 1 |AB 2 |BB 3 [CB 4 |DB 4 |EB 3 |FB 3
BRCLR5| BCLR5 BMI DBNZ | DBNZA | DBNZX | DBNZ DBNZ PSHH SEI ADD ADD ADD ADD ADD ADD
3 DIR |2 DIR |2 REL |3 DIR |2 INH |2 INH |3 IX1 |2 IX |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
oc 5 (1C 5 |2C 3C 4C 115C 1]6C 5 |7C 4 |8C 1]9C 1 BC 3 (CcC 4 [DC 4 [EC 3 |FC 3
BRSET6 | BSET6 BMC INC INCA INCX INC INC CLRH RSP JMP JMP JMP JMP JMP
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |1 INH 2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
oD 511D 512D 313D 4 14D 1 |5D 1 |6D 4 17D 3 9D 1 |AD 5 |BD CD 6 |DD 6 |ED FD 5
BRCLR6| BCLR6 BMS TST TSTA TSTX TST TST NOP BSR JSR SR JSR JSR JSR
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX 1 INH |2 REL |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
OE 5 [1E 5 |2E 3 |3E 6 |4E 5 |5E 5 |6E 4 |7E 8E 2+ |9E AE 2 |BE CE 4 [DE 4 |EE FE 3
BRSET7 | BSET7 BIL CPHX MOV MOV MOV MOV STOP Page 2 LDX LDX LDX LDX LDX LDX
3 DIR |2 DIR |2 REL |3 EXT |3 DD [2 DIX+ |3 IMD |2 IX+D |1 INH 2 IMM | 2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
OF 5 |1F 5 3F 5 |4F 1 |5F 1 |6F 5 |7F 4 |8F 2+ [9F 1 |AF 2 |BF CF 4 |DF 4 |EF FF 2
BRCLR7| BCLR7 BIH CLR CLRA CLRX CLR CLR WAIT TXA AIX STX STX STX STX STX
3 DIR |2 DIR |2 REL |2 DIR |1 INH |1 INH |2 IX1 |1 IX |1 INH |1 INH |2 IMM |2 DIR |3 EXT |3 IX2 [2 IX1 |1 IX
INH Inherent REL Relative SP1 Stack Pointer, 8-Bit Offset
IMM  Immediate IX Indexed, No Offset SP2  Stack Pointer, 16-Bit Offset
DIR Direct 1X1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with
EXT Extended IX2 Indexed, 16-Bit Offset Post Increment
DD DIR to DIR IMD IMM to DIR IX1+ Indexed, 1-Byte Offset with
IX+D IX+to DIR DIX+ DIR to IX+ Post Increment o f
pcode in
Hexadecimal | FO 3 |HCSO08 Cycles

Number of Bytes
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Chapter 8
Carrier Modulator Timer (SO8CMTV1)

8.1 Introduction

HCS08 CORE INTERNAL BUS -
< 7
N = 7 FAThaie
BDC CPU ¢ y DEBUG <::> <:> S NOTEST, 2,6
MODULE (DBG) O | «—— PTAQO/KBI1PO
HCS08 SYSTEM CONTROL 8-BIT KEYBOARD [ |<«—> PTB7/TPM1CH1
INTERRUPT MODULE (KBI1) <::> <> PTE6
RESETS AND INTERRUPTS o [<«—> PTB5
MODES OF OPERATION = (<«—>» PTB4
POWER MANAGEMENT \_I//'_'\ % |<«—» PTB3 NOTES 1,5
4-BIT KEYBOARD & l«—>PTB2
INTERRUPT MODULE (KBI2) <::|> ~«—>» PTB1/RxD1
| mm || ocop | <~—> PTBOTO!
| mr || o |
SERIAL COMMUNICATIONS [ J«—> PTC7/551 \
INTERFACE MODULE (SCI1) <,‘:> «—> PTC6/SPSCK1
USER FLASH o € PTC5MISO1
= —» PTC4/MOSI1
(RCRD/RE/RGS0 = 63,364 BYTES) | 4| <4I::> 5 | «—» PTCIKBI2P3 } NOTE 1
(RC/RDIRE/RG32 = 32,768 BYTES) ( > ANALOG COMPARATOR | — PTO2/KBIZP2
(RC/RD/RE16 = 16,384 BYTES)
(RC/RD/RES = 8192 BYTES) MODULE (ACMP1) ~—> PTC1/KBI2P1
| [—>PTCOKBI2PO
USER RAM 2-CHANNEL TIMER/PWM <> PTD6/TPM1CHO\
N MODULE (TPM1) ﬁ> <«—>» PTD5/ACMP1+
(RC/RD/RE/RG32/60 = 2048 BYTES) K y
(RC/RD/RE8/16 = 1024 BYTES) NP [ PTDYACMP1- |
o |<«—>» PTD2/IRQ o
SERIAL PERIPHERAL — PTD1/RESET
EXTAL — | OW-POWER OSCILLATOR INTERFACE MODULE (SPI1) <i> |__|——> PTDO/BKGD/MS
XTAL <&—
- 8
P
Vop —» VOLTAGE | ® Iz [« PTE7-PTEO NOTE 1
Vs —»] REGULATOR CARRIER MODULATOR (::> &
TIMER MODULE (CMT) || |
» |RO NOTES5
NOTES:
1. Port pins are software configurable with pullup device if input port
2. PTAO does not have a clamp diode to VDD. PTAO should not be driven above VDD. Also, PTAO does not pullup to VDD when internal
pullup is enabled.
3. IRQ pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1)
4. The RESET pin contains integrated pullup device enabled if reset enabled (RSTPE = 1)
5. High current drive
6. Pins PTA[7:4] contain both pullup and pulldown devices. Pulldown enabled when KBl is enabled (KBIPEn = 1) and rising edge is

selected (KBEDGn = 1).

Figure 8-1. MC9S08RC/RD/RE/RG Block Diagram
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N

Keyboard Interrupt (S08KBIV1)

EXTAL —»
XTAL <€—

HCS08 CORE

BDC CPU

i

HCS08 SYSTEM CONTROL

RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT

| R

cop |

| IRa

LVD |

USER FLASH

(RC/RD/RE/RG60 = 63,364 BYTES)
(RC/RD/RE/RG32 = 32,768 BYTES)
(RC/RD/RE16 = 16,384 BYTES)

(RC/RD/RES = 8192 BYTES)

{l

USER RAM

(RC/RD/RES8/16 = 1024 BYTES)

(RC/RD/RE/RG32/60 = 2048 BYTES)

1

LOW-POWER OSCILLATOR

Voo — VOLTAGE

Ves —p REGULATOR

NOTES:
7. Port pins are software configurable with pullup device if input port
8. PTAO does not have a clamp diode to Vpp. PTAO should not be driven above Vpp. Also, PTAO does not pullup to Vpp when internal

pullup is enabled.

INTERNAL BUS

DEBUG
MODULE (DBG)

8-BIT KEYBOARD
INTERRUPT MODULE (KBI1)

4-BIT KEYBOARD
INTERRUPT MODULE (KBI2)

SERIAL COMMUNICATIONS
INTERFACE MODULE (SCI1)

ANALOG COMPARATOR
MODULE (ACMP1)

2-CHANNEL TIMER/PWM
MODULE (TPM1)

SERIAL PERIPHERAL
INTERFACE MODULE (SPI1)

(DS S |

CARRIER MODULATOR
TIMER MODULE (CMT)

U

U

PORT B

i

PORT D

(=

PORTA |

PORT C |

| PTDO/BKGDIMS

PORT E |

7
</ PTAT/KBI1P7-
PTA1/KBI1P1 NOTEST, 2

<€ PTA0/KBI1P0

~«—>» PTB7/TPM1CH1
~«—>» PTE6

-«—>» PTB5

~<«—>» PTB4

~«—> PTB3

<«—>» PTB2

~«—>» PTB1/RxD1
<«—>» PTBO/TxD1

NOTES 1,5

l«—> PTC7/5S1 3
«—> PTC6/SPSCK1
l«—> PTC5/MISO1
«—> PTC4/MOSIH
—> PTC3/KBI2P3
<€—> PTC2/KBI2P2
<t—> PTC1/KBI2P1
<€—> PTCO/KBI2P0

} NOTE 1

J
<> PTD6/TPM1CHO\
~«—>» PTD5/ACMP1+
~«—>» PTD4/ACMP1-
~«—>» PTD3 }
-«—>» PTD2/IRQ
— PTD1/RESET

NOTES
1,3,4

8
<«—/» PTE7-PTE0  NOTE 1

9. IRQ pin contains software configurable pullup/pulldown device if IRQ enabled (IRQPE = 1)
10.The RESET pin contains integrated pullup device enabled if reset enabled (RSTPE = 1)

11.High current drive

» RO NOTE5

12.Pins PTA[7:4] contain both pullup and pulldown devices. Pulldown enabled when KBl is enabled (KBIPEn = 1) and rising edge is

selected (KBEDGn = 1).

Figure 9-1. MC9S08RC/RD/RE/RG Block Diagram
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Timer/PWM (TPM)

output compare, and edge-aligned PWM functions. The timer counter modulo registers,
TPM1IMODH:TPM1MODL, control the modulo value of the counter. (The values $0000 or $FFFF
effectively make the counter free running.) Software can read the counter value at any time without
affecting the counting sequence. Any write to either byte of the TPM1CNT counter resets the counter
regardless of the data value written.

All TPM channels are programmable independently as input capture, output compare, or buffered
edge-aligned PWM channels.

10.4 Pin Descriptions

Table 10-2 shows the MCU pins related to the TPM module. When TPM1CHO is used as an external clock
input, the associated TPM channel O can not use the pin. (Channel O can still be used in output compare
mode as a software timer.) When any of the pins associated with the timer is configured as a timer input,
a passive pullup can be enabled. After reset, the TPM modules are disabled and all pins default to
general-purpose inputs with the passive pullups disabled.

10.4.1 External TPM Clock Sources

When control bits CLKSB:CLKSA in the timer status and control register are set to 1:1, the prescaler and
consequently the 16-bit counter for TPM1 are driven by an external clock source connected to the
TPMICHO pin. A synchronizer is needed between the external clock and the rest of the TPM. This
synchronizer is clocked by the bus clock so the frequency of the external source must be less than one-half
the frequency of the bus rate clock. The upper frequency limit for this external clock source is specified to
be one-fourth the bus frequency to conservatively accommodate duty cycle and phase-locked loop (PLL)
or frequency-locked loop (FLL) frequency jitter effects.

When the TPM is using the channel O pin for an external clock, the corresponding ELSOB:ELSOA control
bits should be set to 0:0 so channel 0 is not trying to use the same pin.

10.4.2 TPM1CHn — TPM1 Channel n I/0 Pins

Each TPM channel is associated with an I/O pin on the MCU. The function of this pin depends on the
configuration of the channel. In some cases, no pin function is needed so the pin reverts to being controlled
by general-purpose I/O controls. When a timer has control of a port pin, the port data and data direction
registers do not affect the related pin(s). See the Pins and Connections chapter for additional information
about shared pin functions.

10.5 Functional Description

All TPM functions are associated with a main 16-bit counter that allows flexible selection of the clock
source and prescale divisor. A 16-bit modulo register also is associated with the main 16-bit counter in the
TPM. Each TPM channel is optionally associated with an MCU pin and a maskable interrupt function.

The TPM has center-aligned PWM capabilities controlled by the CPWMS control bit in TPM1SC. When
CPWMS is set to 1, timer counter TPM1CNT changes to an up-/down-counter and all channels in the
associated TPM act as center-aligned PWM channels. When CPWMS = 0, each channel can
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Timer/PWM (TPM)

Table 10-2. 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 (TPM1 Ext Clk\!.2

1. The maximum frequency that is allowed as an external clock is one-fourth of the bus frequency.
2. When the TPM1CHO 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.

Table 10-3. Prescale Divisor Selection

PS2:PS1:PS0 TPM Clock Source Divided-By
0:0:0 1
0:0:1 2
0:1:0 4
0:1:1 8
1:0:0 16
1:0:1 32
1:1:0 64
1:1:1 128

10.7.2 Timer Counter Registers (TPM1CNTH:TPM1CNTL)

The two read-only TPM counter registers contain the high and low bytes of the value in the TPM counter.
Reading either byte (TPM1CNTH or TPM1CNTL) latches the contents of both bytes into a buffer where
they remain latched until the other byte is read. This allows coherent 16-bit reads in either order. The
coherency mechanism is automatically restarted by an MCU reset, a write of any value to TPM1CNTH or
TPMICNTL, or any write to the timer status/control register (TPM1SC).

Reset clears the TPM counter registers.

7 6 5 4 3 2 1 0
R Bit 15 14 13 12 11 10 9 Bit 8
w Any write to TPM1CNTH clears the 16-bit counter.
Reset 0 0 0 0 0 0 0 0

Figure 10-6. Timer Counter Register High (TPM1CNTH)

7 6 5 4 3 2 1 0
R Bit 7 6 5 4 3 2 1 Bit 0
w Any write to TPM1CNTL clears the 16-bit counter.
Reset 0 0 0 0 0 0 0 0

Figure 10-7. Timer Counter Register Low (TPM1CNTL)
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Chapter 11
Serial Communications Interface (S08SCIV1)

11.1 Introduction

The MC9S08RDxx, MC9S08RExx, and MC9S08RGxx devices include a serial communications interface
(SCI) module, which is sometimes called a universal asynchronous receiver/transmitters (UART). The SCI
module shares pins with PTBO and PTB1 port pins. When the SCI is enabled, the pins are controlled by
the SCI module.

Figure 11-1 is a device-level block diagram with the SCI highlighted.
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Serial Peripheral Interface (SPI) Module

13.2.3 SPI Baud Rate Generation

As shown in Figure 13-4, the clock source for the SPI baud rate generator is the bus clock. The three
prescale bits (SPPR2:SPPR1:SPPRO) choose a prescale divisor of 1, 2, 3, 4, 5, 6, 7, or 8. The three rate
select bits (SPR2:SPR1:SPRO) divide the output of the prescaler stage by 2, 4, 8, 16, 32, 64, 128, or 256
to get the internal SPI master mode bit-rate clock.

PRESCALER CLOCK RATE DIVIDER
BUS CLOCK DIVIDE BY o DIVIDE BY ‘ g/llé\lSTER
’ 1,2,3,4,5,6,7,0r8 2,4,8,16,32,64,128,0r256 | > piloic
A A
| speR2sPPRi:sPPRO | | SPR2:SPR1:SPRO

Figure 13-4. SPI Baud Rate Generation

13.3 Functional Description

An SPI transfer is initiated by checking for the SPI transmit buffer empty flag (SPTEF = 1) and then

writing a byte of data to the SPI data register (SPI1D) in the master SPI device. When the SPI shift register
is available, this byte of data is moved from the transmit data buffer to the shifter, SPTEF is set to indicate
there is room in the buffer to queue another transmit character if desired, and the SPI serial transfer starts.

During the SPI transfer, data is sampled (read) on the MISO1 pin at one SPSCK edge and shifted, changing
the bit value on the MOSI1 pin, one-half SPSCK cycle later. After eight SPSCK cycles, the data that was
in the shift register of the master has been shifted out the MOSI1 pin to the slave while eight bits of data
were shifted in the MISOI1 pin into the master’s shift register. At the end of this transfer, the received data
byte is moved from the shifter into the receive data buffer and SPRF is set to indicate the data can be read
by reading SPI1D. If another byte of data is waiting in the transmit buffer at the end of a transfer, it is
moved into the shifter, SPTEF is set, and a new transfer is started.

Normally, SPI data is transferred most significant bit (MSB) first. If the least significant bit first enable
(LSBFE) bit is set, SPI data is shifted LSB first.

When the SPI is configured as a slave, its SS1 pin must be driven low before a transfer starts and SS1 must
stay low throughout the transfer. If a clock format where CPHA = 0 is selected, SST must be driven to a
logic 1 between successive transfers. If CPHA =1, SS1 may remain low between successive transfers. See
Section 13.3.1, “SPI Clock Formats,” for more details.

Because the transmitter and receiver are double buffered, a second byte, in addition to the byte currently
being shifted out, can be queued into the transmit data buffer, and a previously received character can be
in the receive data buffer while a new character is being shifted in. The SPTEF flag indicates when the
transmit buffer has room for a new character. The SPRF flag indicates when a received character is
available in the receive data buffer. The received character must be read out of the receive buffer (read
SPI1D) before the next transfer is finished or a receive overrun error results.

In the case of a receive overrun, the new data is lost because the receive buffer still held the previous
character and was not ready to accept the new data. There is no indication for such an overrun condition
so the application system designer must ensure that previous data has been read from the receive buffer
before a new transfer is initiated.
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Serial Peripheral Interface (SPI) Module

When CPHA = 0, the slave begins to drive its MISO output with the first data bit value (MSB or LSB
depending on LSBFE) when SS1 goes to active low. The first SPSCK edge causes both the master and the
slave to sample the data bit values on their MISO and MOSI inputs, respectively. At the second SPSCK
edge, the SPI shifter shifts one bit position which shifts in the bit value that was just sampled and shifts the
second data bit value out the other end of the shifter to the MOSI and MISO outputs of the master and
slave, respectively. When CPHA = 0, the slave’s SS input must go to its inactive high level between
transfers.

13.3.2 SPI Pin Controls

The SPI optionally shares four port pins. The function of these pins depends on the settings of SPI control
bits. When the SPI is disabled (SPE = 0), these four pins revert to being general-purpose port I/O pins that
are not controlled by the SPI.

13.3.2.1 SPSCK1 — SPI Serial Clock

When the SPI is enabled as a slave, this pin is the serial clock input. When the SPI is enabled as a master,
this pin is the serial clock output.

13.3.2.2 MOSI1 — Master Data Out, Slave Data In

When the SPI is enabled as a master and SPI pin control zero (SPCO) is O (not bidirectional mode), this
pin is the serial data output. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
input. If SPCO = 1 to select single-wire bidirectional mode, and master mode is selected, this pin becomes
the bidirectional data I/O pin (MOMI). Also, the bidirectional mode output enable bit determines whether
the pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and slave mode is
selected, this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

13.3.2.3 MISO1 — Master Data In, Slave Data Out

When the SPI is enabled as a master and SPI pin control zero (SPCO) is O (not bidirectional mode), this
pin is the serial data input. When the SPI is enabled as a slave and SPCO = 0, this pin is the serial data
output. If SPCO = 1 to select single-wire bidirectional mode, and slave mode is selected, this pin becomes
the bidirectional data I/O pin (SISO) and the bidirectional mode output enable bit determines whether the
pin acts as an input (BIDIROE = 0) or an output (BIDIROE = 1). If SPCO = 1 and master mode is selected,
this pin is not used by the SPI and reverts to being a general-purpose port I/O pin.

13.3.2.4 SS1 — Slave Select

When the SPI is enabled as a slave, this pin is the low-true slave select input. When the SPI is enabled as
a master and mode fault enable is off (MODFEN = 0), this pin is not used by the SPI and reverts to being
a general-purpose port I/O pin. When the SPI is enabled as a master and MODFEN = 1, the slave select
output enable bit determines whether this pin acts as the mode fault input (SSOE = 0) or as the slave select
output (SSOE = 1).
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Serial Peripheral Interface (SPI) Module

13.4.5 SPI Data Register (SPI1D)

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 13-11. SPI Data Register (SPI1D)

Reads of this register return the data read from the receive data buffer. Writes to this register write data
to the transmit data buffer. When the SPI is configured as a master, writing data to the transmit data
buffer initiates an SPI transfer.

Data should not be written to the transmit data buffer unless the SPI transmit buffer empty flag
(SPTEEF) is set, indicating there is room in the transmit buffer to queue a new transmit byte.

Data may be read from SPI1D any time after SPRF is set and before another transfer is finished. Failure
to read the data out of the receive data buffer before a new transfer ends causes a receive overrun
condition and the data from the new transfer is lost.
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Development Support

BDC serial communications use a custom serial protocol first introduced on the M68HC12 Family of
microcontrollers. This protocol assumes the host knows the communication clock rate that is determined
by the target BDC clock rate. All communication is initiated and controlled by the host that drives a
high-to-low edge to signal the beginning of each bit time. Commands and data are sent most significant bit
first (MSB first). For a detailed description of the communications protocol, refer to Section 15.2.2,
“Communication Details.”

If a host is attempting to communicate with a target MCU that has an unknown BDC clock rate, a SYNC
command may be sent to the target MCU to request a timed sync response signal from which the host can
determine the correct communication speed.

BKGD is a pseudo-open-drain pin and there is an on-chip pullup so no external pullup resistor is required.
Unlike typical open-drain pins, the external RC time constant on this pin, which is influenced by external
capacitance, plays almost no role in signal rise time. The custom protocol provides for brief, actively
driven speedup pulses to force rapid rise times on this pin without risking harmful drive level conflicts.
Refer to Section 15.2.2, “Communication Details,” for more detail.

When no debugger pod is connected to the 6-pin BDM interface connector, the internal pullup on BKGD
chooses normal operating mode. When a development system is connected, it can pull both BKGD and
RESET low, release RESET to select active background mode rather than normal operating mode, then
release BKGD. It is not necessary to reset the target MCU to communicate with it through the background
debug interface.

15.2.2 Communication Details

The BDC serial interface requires the external controller to generate a falling edge on the BKGD pin to
indicate the start of each bit time. The external controller provides this falling edge whether data is
transmitted or received.

BKGD is a pseudo-open-drain pin that can be driven either by an external controller or by the MCU. Data
is transferred MSB first at 16 BDC clock cycles per bit (nominal speed). The interface times out if

512 BDC clock cycles occur between falling edges from the host. Any BDC command that was in progress
when this timeout occurs is aborted without affecting the memory or operating mode of the target MCU
system.

The custom serial protocol requires the debug pod to know the target BDC communication clock speed.

The clock switch (CLKSW) control bit in the BDC status and control register allows the user to select the
BDC clock source. The BDC clock source can either be the bus or the alternate BDC clock source.

The BKGD pin can receive a high or low level or transmit a high or low level. The following diagrams
show timing for each of these cases. Interface timing is synchronous to clocks in the target BDC, but
asynchronous to the external host. The internal BDC clock signal is shown for reference in counting cycles.
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Development Support

15.3 On-Chip Debug System (DBG)

Because HCSO08 devices do not have external address and data buses, the most important functions of an
in-circuit emulator have been built onto the chip with the MCU. The debug system consists of an 8-stage
FIFO that can store address or data bus information, and a flexible trigger system to decide when to capture
bus information and what information to capture. The system relies on the single-wire background debug
system to access debug control registers and to read results out of the eight stage FIFO.

The debug module includes control and status registers that are accessible in the user’s memory map.
These registers are located in the high register space to avoid using valuable direct page memory space.

Most of the debug module’s functions are used during development, and user programs rarely access any
of the control and status registers for the debug module. The one exception is that the debug system can
provide the means to implement a form of ROM patching. This topic is discussed in greater detail in
Section 15.3.6, “Hardware Breakpoints.”

15.3.1 Comparators A and B

Two 16-bit comparators (A and B) can optionally be qualified with the R/W signal and an opcode tracking
circuit. Separate control bits allow you to ignore R/W for each comparator. The opcode tracking circuitry
optionally allows you to specify that a trigger will occur only if the opcode at the specified address is
actually executed as opposed to only being read from memory into the instruction queue. The comparators
are also capable of magnitude comparisons to support the inside range and outside range trigger modes.
Comparators are disabled temporarily during all BDC accesses.

The A comparator is always associated with the 16-bit CPU address. The B comparator compares to the
CPU address or the 8-bit CPU data bus, depending on the trigger mode selected. Because the CPU data
bus is separated into a read data bus and a write data bus, the RWAEN and RWA control bits have an
additional purpose, in full address plus data comparisons they are used to decide which of these buses to
use in the comparator B data bus comparisons. [f RWAEN = 1 (enabled) and RWA = 0 (write), the CPU’s
write data bus is used. Otherwise, the CPU’s read data bus is used.

The currently selected trigger mode determines what the debugger logic does when a comparator detects
a qualified match condition. A match can cause:

* Generation of a breakpoint to the CPU

* Storage of data bus values into the FIFO

* Starting to store change-of-flow addresses into the FIFO (begin type trace)

* Stopping the storage of change-of-flow addresses into the FIFO (end type trace)

15.3.2 Bus Capture Information and FIFO Operation

The usual way to use the FIFO is to setup the trigger mode and other control options, then arm the
debugger. When the FIFO has filled or the debugger has stopped storing data into the FIFO, you would
read the information out of it in the order it was stored into the FIFO. Status bits indicate the number of
words of valid information that are in the FIFO as data is stored into it. If a trace run is manually halted by
writing 0 to ARM before the FIFO is full (CNT = 1:0:0:0), the information is shifted by one position and

MC9S08RC/RD/RE/RG Data Sheet, Rev. 1.11

192 Freescale Semiconductor



Electrical Characteristics

A.6  Supply Current Characteristics
Table A-6. Supply Current Characteristics
Parameter Symbol Vpp (V)M | Typical® Max Temp. (°C)
Run supply current measured at Rlpp 3 500 pA 1.525 mA 70
(CPU clock = 2 MHz, fg s = 1 MHz) 1.525 mA 85
2 450 pA 1.475 mA 70
1.475 mA 85
Run supply current ’ measured at Rlpp 3 3.8 mA 4.8 mA 70
(CPU clock = 16 MHz, g, = 8 MHz) 4.8 mA 85
2 2.6 mA 3.6 mA 70
3.6 mA 85
Stop1 mode supply current 3 100 nA 350 nA 70
Sl 736 nA 85
2 100 nA 150 nA 70
450 nA 85
Stop2 mode supply current 3 500 nA 1.20 pA 70
s21,, 1.90 uA 85
2 500 nA 1.00 pA 70
1.70 uA 85
Stop3 mode supply current 3 600 nA 2.65 pA 70
S3l,p 4.65 uA 85
2 500 nA 2.30 uA 70
4.30 uA 85
RTI adder from stop2 or stop3 3 300 nA
2 300 nA
Adder for LVD reset enabled in stop3 3 70 A
2 60 pA

1. 3 V values are 100% tested; 2 V values are characterized but not tested.

2. Typicals are measured at 25°C.
3. Does not include any dc loads on port pins

A7

Table A-7. ACMP Electrical Specifications (Temp Range = -40 to 85° C Ambient)

Analog Comparator (ACMP) Electricals

Characteristic Symbol Min Typical Max Unit
Analog input voltage VAIN Vgs—0.3 — Vbb \
Analog input offset voltage VAIO — 40 mV
Analog Comparator initialization delay taNIT — 1 us
Analog Comparator bandgap reference voltage Veg 1.208 1.218 1.228 \Y
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