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Chapter 1
Device Overview (MC3S12RG128V1)

1.1 Introduction

The MC3S12RG128 microcontroller unit (MCU) is a 16-bit device composed of standard on-chip
peripherals including a 16-bit central processing unit (CPU12), up to 128K bytes of ROM, 8K bytes of
RAM, two asynchronous serial communications interfaces (SCI), two serial peripheral interfaces (SPI),
IIC-bus, an enhanced capture timer (ECT), two 8-channel 10-bit analog-to-digital converters (ADC), an
eight-channel pulse-width modulator (PWM), and up to two CAN 2.0 A, B software compatible modules
(MSCANT12). There is no integrated EEPROM on the MC3S12RG128. The MC3S12RG128 has full
16-bit data paths throughout. However, the external bus can operate in an 8-bit narrow mode so single 8-bit
wide memory can be interfaced for lower cost systems. The inclusion of a PLL circuit allows power
consumption and performance to be adjusted to suit operational requirements.

1.1.1 Features

« HCSI12 Core
— 16-bit HCS12 CPU
— Upward compatible with M68HC11 instruction set
— Interrupt stacking and programmer’s model identical to M68HC11
— 20-bit ALU
— Instruction queue
— Enhanced indexed addressing
— MEBI (Multiplexed External Bus Interface)
— MMC (Module Mapping Control)
— INT (Interrupt control)
— BKP (Breakpoints)
— BDM (Background Debug Module)
* CRG (Clock and Reset Generator)
— Choice of low current Colpitts oscillator or standard Pierce oscillator
— PLL
— COP watchdog
— Real time interrupt
— Clock monitor
» 8-bit and 4-bit ports with interrupt functionality
— Digital filtering

MC3S12RG128 Data Sheet, Rev. 1.05
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— Programmable rising and falling edge trigger

Memory Options:

— 128K Byte or 64K Byte ROM

— 8K Byte RAM

Two 8-channel Analog-to-Digital Converters

— 10-bit resolution

— External conversion trigger capability

Two 1M bit per second, CAN 2.0 A, B software compatible modules
— Five receive and three transmit buffers

— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit or 8 x 8 bit
— Four separate interrupt channels for Rx, Tx, error and wake-up
— Low-pass filter wake-up function

— Loop-back for self test operation

Enhanced Capture Timer

— 16-bit main counter with 7-bit prescaler

— 8 programmable input capture or output compare channels

— Four 8-bit or two 16-bit pulse accumulators

8 PWM channels

— Programmable period and duty cycle

— 8-bit 8-channel or 16-bit 4-channel

— Separate control for each pulse width and duty cycle

— Center-aligned or left-aligned outputs

— Programmable clock select logic with a wide range of frequencies
— Fast emergency shutdown input

— Usable as interrupt inputs

Serial interfaces

— Two asynchronous Serial Communications Interfaces (SCI)

— Two Synchronous Serial Peripheral Interface (SPI)

Inter-IC Bus (IIC)

— Compatible with IC Bus standard

— Multi-master operation

— Software programmable for one of 256 different serial clock frequencies
Internal 2.5V Regulator

— Supports an input voltage range from 2.97V to 5.5V

— Low power mode capability

— Includes low voltage reset (LVR) circuitry

— Includes low voltage interrupt (LVI) circuitry

112-Pin LQFP and 80-Pin QFP package options

— 1/0O lines with 5V input and drive capability

MC3S12RG128 Data Sheet, Rev. 1.05
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— 5V A/D converter inputs
— Operation at 66 MHz equivalent to 33 MHz Bus Speed (single-chip modes only)
— Operation at 50 MHz equivalent to 25 MHz Bus Speed (expanded modes)
* Development support
— Single-wire background debug™ mode (BDM)
— On-chip hardware breakpoints

1.1.2 Modes of Operation

User modes:

» Normal and Emulation Operating Modes
— Normal Single-Chip Mode
— Normal Expanded Wide Mode
— Normal Expanded Narrow Mode
— Emulation Expanded Wide Mode
— Emulation Expanded Narrow Mode
» Special Operating Modes
— Special Single-Chip Mode with active Background Debug Mode
— Special Test Mode (Freescale use only)
— Special Peripheral Mode (Freescale use only)

Low power modes:

» Stop Mode
* Pseudo Stop Mode
»  Wait Mode

1.1.3 Block Diagram
Figure 1-1 shows a block diagram of the MC3S12RG128 device.
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KWHG6 [=> [<>PH6
KWH7 [ > PH7

Figure 1-1. MC3S12RG128 Block Diagram
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114 Device Memory Map

Table 1-1 shows the device register memory map of the MC3S12RG128 after reset. Note that after reset
the bottom 1K Bytes of RAM ($0000 - $03FF) are hidden by the register space.

Table 1-1. Device Memory Map

Address Module (BSyi tz:s)
0x0000-0x0017 | CORE (Ports A, B, E, Modes, Inits, Test) 24

0x0018 Reserved 1

0x0019 Voltage Regulator (VREG3V3) 1
0x001A-0x001B | Device ID register (PARTID) 2
0x001C-0x001F | CORE (MEMSIZ, IRQ, HPRIO) 4
0x0020-0x0027 | Reserved 8
0x0028-0x002F [ CORE (Background Debug Module) 8
0x0030-0x0033 | CORE (PPAGE, Port K) 4
0x0034-0x003F | Clock and Reset Generator (PLL, RTI, COP) 12
0x0040-0x007F | Enhanced Capture Timer 16-bit 8 channels 64
0x0080-0x009F | Analog to Digital Converter 10-bit 8 channels (ATDO) 32
0x00A0-0x00C7 | Pulse Width Modulator 8-bit 8 channels (PWM) 40
0x00C8-0x00CF | Serial Communications Interface (SCI0) 8
0x00D0—-0x00D7 | Serial Communications Interface (SCI1) 8
0x00D8-0x00DF | Serial Peripheral Interface (SPI0) 8
0xO0EO0-O0x00E7 |Inter IC Bus 8
0xO0E8-0x00EF | Reserved 8
0xO0F0—-0x00F7 | Serial Peripheral Interface (SPI1) 8
0x00F8-0x00FF | Reserved 8
0x0100-0x010F | ROM Control/Status Registers 16
0x0110-0x011B | Reserved 12
0x011C-0x011F | Reserved 4
0x0120-0x013F | Analog to Digital Converter 10-bit 8 channels (ATD1) 32
0x0140-0x017F | Freescale Scalable CAN (CANO) 64
0x0180-0x01BF | Reserved 64
0x01C0-0x01FF | Reserved 64
0x0200-0x023F | Reserved 64
0x0240-0x027F | Port Integration Module (PIM) 64
0x0280-0x02BF | Freescale Scalable CAN (CAN4) 64
0x02C0-0x02FF | Reserved 64
0x0300-0x035F | Reserved 96
0x0360-0x03FF | Reserved 160
0x0000-0x1FFF | RAM array 8192
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Table 1-1. Device Memory Map

Address Module (Bs;,itz:s)
0x4000-0x7FFF | Fixed ROM array 16384
0x8000-0xBFFF | ROM Page Window 16384
0xCO000—0xFFFF | Fixed ROM array 16384

incl. 256 bytes of Vector Space at $FF80 — $FFFF

NOTE

Reserved register space shown in Table 1-1 is not allocated to any module.
Writing to these locations has no effect. Read access to these locations
returns zero.

MC3S12RG128 Data Sheet, Rev. 1.05
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$0000
$0400

$2000

$4000

$8000

$C000

$FFO0
$FFFF

Chapter 1 Device Overview (MC3S12RG128V1)

Logical Address Map

| | $0000 | 1K Register Space
X $03FF | Mappable to any 2K Boundary
$2000 | g¢ Bytes RAM
$3FFF Mappable to any 8K Boundary
A

$4000
16K Fixed ROM

$7FFF

$8000
16K Page Window

EXT four * 16K ROM Pages

$BFFF

$C000
16K Fixed ROM

$FFFF

a4 $FF00 BDM
_____ . — 1 _ A (If Active)
VECTORS VECYORS " /NECTORS” / $FFFF
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

The figure shows a useful map, which is not the map out of reset. After reset the map is:

%OOOO - %OSFF: Register Space
0000 - $1FFF: 8K RAM

Figure 1-2. MC3S12RG128 Memory Map (also applies to MC3S12RB128)
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Soo00 [ I $0000 | 1K Register Space
$0400 X $03FF Mappable to any 2K Boundary
$2000
$2000 8K Bytes RAM
$3FFF Mappable to any 8K Boundary
$4000 A
$4000
16K Fixed ROM
$7FFF
$8000 <
$8000
16K Page Window
EXT four * 16K ROM Pages
$BFFF
$Co00 $C000
16K Fixed ROM
SFFFF
/" ‘ $FFO0 BDM
_____ . — L — ] - S If Active;
$EF90 [T “VecToRs VECYORS ECTORY, sere | A
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

The figure shows a useful map, which is not the map out of reset. After reset the map is:

%0000 - %OSFF: Register Space
0000 - $1FFF: 8K RAM

Figure 1-3. MC3S12R64 Memory Map

NOTE

To ensure compatibility with the MC9S12D64 FLASH devices, the internal
RAM should not be remapped to a location outside of the first 16K page
($0000—$3FFF) in the memory map.

The internal RAM of the MC9S12D64 device and the MC3S12R64 device
differ in size (4K vs. 8K). Therefore re-mapping the internal RAM outside
of the first 16K page results in different sizes of visible FLASH or ROM
space: a 4K RAM will leave 12K of a 16K page unmasked while the 8K
RAM will only leave 8K of a 16K page unmasked.
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1.1.6

Device Register Map

Chapter 1 Device Overview (MC3S12RG128V1)

The following tables show the detailed register map of the MC3S12RG128 device.
0x0000-0x000F MEBI map 1 of 3 (HCS12 Multiplexed External Bus Interface

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x0000 PORTA Wi PA7 PAG6 PA5 PA4 PA3 PA2 PA1 PA O
0x0001 PORTB \'7\/ PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
0x0002 DDRA \?v DDRA7 DDRAG6 DDRA5 DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
R
0x0003 DDRB Wi DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
0x0004 Reserved \|7V 0 0 0 0 0 0 0 0
R
0x0005 Reserved Wi 0 0 0 0 0 0 0 0
R
0x0006 Reserved Wi 0 0 0 0 0 0 0 0
0x0007 Reserved \'7\/ 0 0 0 0 0 0 0 0
0x0008 PORTE \?v PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
R 0 0
0x0009 DDRE Wi DDRE7 DDRE®6 DDRE5 DDRE4 DDRE3 DDRE2
R 0 0 0
0x000A PEAR Wi NOACCE PIPOE NECLK LSTRE RDWE
R 0 0
0x000B MODE W MODC MODB MODA VIS EMK EME
R
0x000C PUCR Wi PUPKE 0 0 PUPEE 0 0 PUPBE PUPAE
0x000D RDRIV \'7\/ RDPK 0 0 RDPE 0 0 RDPB RDPA
0x000E EBICTL \?v 0 0 0 0 0 0 0 ESTR
R
0x000F Reserved 0 0 0 0 0 0 0 0
W

0x0010-0x0014 MMC map 1 of 4 (HCS12 Module Mapping Control)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0010 INITRM \'7\/ RAM15 RAM14 RAM13 RAM12 RAM11 0 0 RAMHAL
0x0011 INITRG \?V 0 REG14 REG13 REG12 REG11 0 0 0

MC3S12RG128 Data Sheet, Rev. 1.05
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0x0010-0x0014 MMC map 1 of 4 (HCS12 Module Mapping Control)

0x0012 Reserved R 0 0 0 0 0 0 0 0
W
0x0013 MISC :7\/ 0 0 0 0 EXSTR1 | EXSTRO | ROMHM | ROMON
0x0014 Reserved R 0 0 0 0 0 0 0 0
W
0x0015—-0x0016 INT map 1 of 2 (HCS12 Interrupt)
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0015 ITCR \|7V 0 0 0 WRINT ADRS3 ADR2 ADR1 ADRO
R
0x0016 ITEST Wi INTE INTC INTA INT8 INT6 INT4 INT2 INTO
0x0017-0x0017 MMC map 2 of 4 (HCS12 Module Mapping Control)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
MTSTH1 R Bit 7 6 5 4 3 2 1 Bit 0
X017 tesTONLY W,
0x0018-0x0018 Reserved
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0018 Reserved 0 0 0 0 0 0 0 0
0x0019-0x0019 VREG3V3 (Voltage Regulator)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0019 VREGCTRL R 0 0 0 0 0 LVDS LVIE LVIF
0x001A-0x001B Device ID Register (TABLE1-3)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x001A PARTIDH \I/?v ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
0x001B PARTIDL R ID7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
W
0x001C-0x001D MMC map 3 of 4 (HCS12 Module Mapping Control, TABLE1-4)
Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x001C MEMSIZO \I/Rv reg_swO 0 eep_sw1 | eep_swO 0 ram_sw2 | ram_sw1 | ram_swO
0x001D MEMSIZ1 \I;{V rom_sw1 | rom_swO 0 0 0 0 pag_sw1 | pag_swO
MC3S12RG128 Data Sheet, Rev. 1.05
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0x001E—-0x001E MEBI map 2 of 3 (HCS12 Multiplexed External Bus Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0X001E INTCR IRQE IRQEN 0 0 0 0 0 0

0x001F-0x001F INT map 2 of 2 (HCS12 Interrupt)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x001F HPRIO PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSEL1 0

0x0020-0x0027 Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x0020- q R 0 0 0 0 0 0 0 0
0x0027 eserve Wi

0x0028-0x002F BKP (HCS12 Breakpoint)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

R
0x0028 BKPCTO W BKEN BKFULL | BKBDM | BKTAG 0 0 0 0
0x0029 BKPCT1 \?v BKOMBH | BKOMBL | BK1IMBH | BK1MBL | BKORWE | BKORW | BK1IRWE | BK1RW
R 0 0

0x002A BKPOX W BKOV5 BKOV4 BKOV3 BKOV2 BKOV1 BKOVO

0x002B BKPOH \Tv Bit 15 14 13 12 11 10 9 Bit 8
R . .

0x002C BKPOL W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0

0x002D BKP1X W BK1V5 BK1V4 BK1V3 BK1V2 BK1V1 BK1V0

0X002E BKP1H \Tv Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x002F BKP1L W Bit 7 6 5 4 3 2 1 Bit 0
0x0030-0x0031 MMC map 4 of 4 (HCS12 Module Mapping Control)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0030 PPAGE \?v 0 0 PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
0x0031 Reserved R 0 0 0 0 0 0 0 0

Wi
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0x0032-0x0033 MEBI map 3 of 3 (HCS12 Multiplexed External Bus Interface)

Address

0x0032

0x0033

Name

PORTK

DDRK

R
W
R

0x0034-0x003F CRG (Clock and Reset Generator)

Address

0x0034

0x0035

0x0036

0x0037

0x0038

0x0039

0x003A

0x003B

0x003C

0x003D

0x003E

0x003F

Address

0x0040

0x0041

0x0042

0x0043

Name

SYNR

REFDV

CTFLG
TEST ONLY

CRGFLG

CRGINT

CLKSEL

PLLCTL

RTICTL

COPCTL

FORBYP
TEST ONLY

CTCTL

ARMCOP

Name

TIOS

CFORC

OC7M

OC7D

SISV ISISIISIIIIIIISIIZI=ZD

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PK7 PK6 PK5 PK4 PK3 PK2 PK1 PKO
DDRK7 | DDRK6é | DDRK5 | DDRK4 | DDRK3 | DDRK2 | DDRK1 | DDRKO
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0 0 SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
0 0 0 0 REFDV3 | REFDV2 | REFDV1 | REFDVO
0 0 0 0 0 0 0 0
RTIF PORF 0 LockiF | —=0CK | TRACK | oo ScM
RTIE 0 0 LOCKIE 0 0 SCMIE 0
PLLSEL | PSTP | SYSWAI | ROAWAI | PLLWAI | CWAI | RTIWAI | COPWAI
CME PLLON | AUTO ACQ 0 PRE PCE SCME
0 RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
0 0 0
WCOP | RSBCK CR2 CR1 CRO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit0
0x0040-0x007F ECT (Enhanced Capture Timer 16 Bit 8 Channels)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
l0S7 10S6 10S5 10S4 10S3 l0S2 10S1 10S0
0 0 0 0 0 0 0 0
FOC7 FOC6 FOC5 FOC4 FOC3 FOC2 FOCH1 FOCO
OC7M7 | OC7M6 | OC7M5 | OC7M4 | OC7M3 | OC7M2 | OC7M1 | OC7MO
OC7D7 | OC7D6 | OC7D5 | OC7D4 | OC7D3 | OC7D2 | OC7D1 | OC7DO
Bit 15 14 13 12 11 10 9 Bit8

0x0044

TCNT (hi)

SEP=I=I=IED
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0x0040-0x007F ECT (Enhanced Capture Timer 16 Bit 8 Channels)

R Bit 7 4 2 1 Bit
0x0045  TONT (lo) o it 6 5 8 ito
R
0x0046 TSCR1 W TEN TSWAI TSFRZ TFFCA 0 0 0 0
R
0x0047 TTOV Wi TOV7 TOV6 TOV5 TOV4 TOV3 TOV2 TOV1 TOVO
R
0x0048 TCTLA Wi om7 oL7 OM6 OL6 OM5 OL5 OoM4 oL4
0x0049 TCTL2 \'/qv OM3 OL3 omM2 oL2 OoM1 OoL1 OMO oLo
R
0x004A TCTL3 Wi EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
R
0x004B TCTL4 Wi EDG3B EDG3A EDG2B EDG2A EDG1B EDG1A EDGOB EDGOA
0x004C TIE \'/qv C7I cel Csl C4l Cal c2| Cil col
R
0x004D TSCR2 Wi TOI 0 0 0 TCRE PR2 PR1 PRO
R
0x004E TFLG1 W C7F C6F C5F C4F C3F C2F C1F COF
0x004F TFLG2 \'/qv TOF 0 0 0 0 0 0 0
. R . .
0x0050 TCO (hi) Wi Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0051 TCO (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x0052 TC1 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0053 TC1 (lo) Wi Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0x0054 TC2 (hi) Wi Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0055 TC2 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0x0056 TC3 (hi) Wi Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0057 TC3 (lo) Wi Bit 7 6 5 4 3 2 1 Bit 0
R
0x0058 TC4 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0059 TC4 (lo) Wi Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0x005A TC5 (hi) Wi Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x005B TC5 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
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0x0040-0x007F ECT (Enhanced Capture Timer 16 Bit 8 Channels)

0x005C

0x005D

0x005E

0x005F

0x0060

0x0061

0x0062

0x0063

0x0064

0x0065

0x0066

0x0067

0x0068

0x0069

0x006A

0x006B

0x006C

0x006D

0x006E

0x006F

0x0070

0x0071

0x0072

TC6 (hi)
TC6 (Io)
TC7 (hi)
TC7 (lo)
PACTL
PAFLG
PACNS (hi)
PACN2 (o)
PACN1 (hi)
PACNO (lo)
MCCTL
MCFLG
ICPAR
DLYCT
ICOVW
ICSYS

Reserved

TIMTST
TEST ONLY

Reserved
Reserved
PBCTL
PBFLG

PA3H

Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
0 PAEN PAMOD PEDGE CLKA1 CLKO PAOVI PAI
0 0 0 0 0 0 PAOVF PAIF
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
MCZI MODMC | RDMCL 0 0 MCEN MCPR1 MCPRO
ICLAT FLMC
MCZF 0 0 0 POLF3 POLF2 POLF1 POLFO
0 0 0 0 PA3EN PA2EN PA1EN PAOEN
0 0 0 0 0 0 DLY1 DLYO
NOVW7 | NOVW6 | NOVW5 | NOVW4 | NOVW3 | NOVW2 | NOVWA1 NOVWO
SH37 SH26 SH15 SHO04 TFMOD PACMX BUFEN LATQ
0 0 0 0 0 0 TCBYP 0
0 PBEN 0 0 0 0 PBOVI 0
0 0 0 0 0 0 PBOVF 0
Bit 7 6 5 4 3 2 1 Bit 0

SISV ISIIIIIIIIIIIIIISIIIISIISIIZIIZIISIIZIIZIIZIIZIIZIIZD
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Chapter 1 Device Overview (MC3S12RG128V1)

0x0040-0x007F ECT (Enhanced Capture Timer 16 Bit 8 Channels)

030073 opory  R[_Bit7 6 5 4 3 2 1 Bit 0
W
00074 oary  R[_Bit7 6 5 4 3 2 1 Bit 0
Wi
0x0075 oaon | RL_Bi7 6 5 4 3 2 1 Bit 0
Wi
R
0x0076  MCCNT () (| Bit15 14 13 12 11 10 9 Bit 8
R _ .
0x0077 MCCNT (o) | Bit7 6 5 4 3 2 1 Bit 0
R Bit1 12 1 12 11 1 Bit
0x0078  TCOH (h) | t15 3 0 9 t8
R| Bit7 6 5 4 3 2 1 Bit 0
0x0079  TCOH (lo) : !
R| Bit15 14 13 12 11 10 9 Bit 8
0x007A  TCiH (hi) ! !
Rl Bit7 4 2 1 Bit
0x007B  TCIH (o) : 6 5 S 0
R Bit1 14 1 12 11 1 Bit
0x007C  TC2H(h) t15 8 0 o 8
Rl Bit7 6 5 4 3 2 1 Bit 0
0x007D  TC2H (o) : !
R| Bit1 14 1 12 11 1 Bit
0X007E  TC3H () t15 8 0 S 8
R Bit 7 4 2 1 Bit
0X007F  TC3H (o) it 6 5 8 ito

0x0080-0x009F ATDO (Analog to Digital Converter 10 Bit 8 Channel)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0080  ATDOCTLO \I/?v 0 0 0 0 0 0 0 0
0x0081 ATDOCTLA1 \'7\/ 0 0 0 0 0 0 0 0

R ASCIF
0x0082  ATDOCTL2 W ADPU AFFC AWAI ETRIGLE | ETRIGP ETRIG ASCIE

R 0
0x0083  ATDOCTL3 Wi S8C S4C S2C S1C FIFO FRZ1 FRZ0
0x0084  ATDOCTL4 \'7\/ SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0

R 0
0x0085  ATDOCTL5 W DJM DSGN SCAN MULT cC CB CA
0x0086 ATDOSTATO \I/?v SCF 0 ETORF FIFOR 0 cc2 cCi CcCo
0x0087 Reserved \'7\/ 0 0 0 0 0 0 0 0
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Chapter 1 Device Overview (MC3S12RG128V1)

0x0080—-0x009F ATDO (Analog to Digital Converter 10 Bit 8 Channel)

0x0088 ATDOTESTO

0x0089 ATDOTEST1

0x008A Reserved

0x008B  ATDOSTAT1

0x008C Reserved

0x008D  ATDODIEN

0x008E Reserved

0x008F  PORTADO
0x0090 ATDODROH
0x0091  ATDODROL
0x0092 ATDODR1H
0x0093  ATDODR1L
0x0094  ATDODR2H
0x0095  ATDODR2L
0x0096  ATDODRS3H
0x0097  ATDODR3L
0x0098 ATDODR4H
0x0099  ATDODRA4L

0x009A  ATDODRS5H

ox009B ATDODRsL Bt | ®Bw | o | o | o | o | o | o |
0x009C ATDODReH Rl_Bwts | 14 | 138 | 12 [ 11 | 10 | 9 | B8 |
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0x0080—0x009F ATDO (Analog to Digital Converter 10 Bit 8 Channel)

0x009D

0x009E

0x009F

Address

0x00AO0

O0x00A1

0x00A2

0x00A3

0x00A4

0x00A5

0x00A6

0x00A7

0x00A8

0x00A9

0x00AA

0x00AB

0x00AC

0x00AD

Ox00AE

0x00AF

0x00B0

0x00B1

ATDODR6L

ATDODR7H

ATDODR7L

Name

PWME

PWMPOL

PWMCLK

PWMPRCLK

PWMCAE

PWMCTL

PWMTST
TEST ONLY

PWMPRSC
TEST ONLY

PWMSCLA

PWMSCLB

PWMSCNTA
TEST ONLY

PWMSCNTB
TEST ONLY

PWMCNTO

PWMCNTH1

PWMCNT2

PWMCNT3

PWMCNT4

PWMCNT5

R[  Bit7 Bit6 0 0 0 0 0 0
R| Bit15 14 13 12 11 10 9 Bit8
W
R| Bit7 Bit6 0 0 0 0 0 0
W
0x00A0-0x00C7 PWM (Pulse Width Modulator 8 Bit 8 Channel)

Bit 7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
\?v PWME7 | PWME6 | PWME5 | PWME4 | PWME3 | PWME2 | PWME1 | PWMEQ
R
wl PPOL7 | PPOL6 | PPOLS | PPOL4 | PPOL3 | PPOL2 | PPOL1 | PPOLO
\?v PCLK7 | PCLK6 | PCLK5 | PCLK4 | PCLK3 | PCLK2 | PCLK1 | PCLKO
R o 0
W PCKB2 | PCKB1 | PCKBO PCKA2 | PCKA1 | PCKAO
R
wl  CAE7 CAE6 CAE5 CAE4 CAE3 CAE2 CAET CAEO
R 0 0
w| CON67 | CON45 | CON23 | CONO1 | PSWAI | PFRZ
Rl 0 0 0 0 0 0 0 0
W
R 0 0 0 0 0 0 0 0
W
Rl Btz 6 5 4 3 2 1 Bit 0
W
Rl Btz 6 5 4 3 2 1 Bit 0
W
R 0 0 0 0 0 0 0 0
W
Rl o0 0 0 0 0 0 0 0
W
R| Bit7 6 5 4 3 2 1 Bit0
w o 0 0 0 0 0 0 0
R| Bit7 6 5 4 3 2 1 Bit0
w o 0 0 0 0 0 0 0
R| Bit7 6 5 4 3 2 1 Bit 0
w o 0 0 0 0 0 0 0
R| Bit7 6 5 4 3 2 1 Bit0
w o 0 0 0 0 0 0 0
R[ Bit7 6 5 4 3 2 1 Bit0
w o 0 0 0 0 0 0 0
R| Bit7 6 5 4 3 2 1 Bit 0
w o 0 0 0 0 0 0 0
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Chapter 1 Device Overview (MC3S12RG128V1)

0x00A0-0x00C7 PWM (Pulse Width Modulator 8 Bit 8 Channel)

R Bit 7 6 5 4 3 2 1 Bit 0
B2 PWMCNT
0x00 ONT6 W0 0 0 0 0 0 0 0
R Bit 7 6 5 4 3 2 1 Bit 0
0x00B3 PWMCNT7 Wi 0 0 0 0 0 0 0 0
0x00B4 PWMPERO \?V Bit 7 6 5 4 3 2 1 Bit O
R . ,
0x00B5 PWMPERH1 W Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x00B6 PWMPER2 Wi Bit 7 6 5 4 3 2 1 Bit 0
R . ,
0x00B7 PWMPER3 Wi Bit 7 6 5 4 3 2 1 Bit 0
R . ,
0x00B8 PWMPER4 Wi Bit 7 6 5 4 3 2 1 Bit O
R . .
0x00B9 PWMPER5 Wi Bit 7 6 5 4 3 2 1 Bit 0
R . .
O0x00BA PWMPER6 Wi Bit 7 6 5 4 3 2 1 Bit 0
R . ,
0x00BB PWMPER7 W Bit 7 6 5 4 3 2 1 Bit 0
0x00BC PWMDTYO \‘7\, Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x00BD PWMDTY1 Wi Bit 7 6 5 4 3 2 1 Bit 0
R . ,
0x00BE PWMDTY2 W Bit 7 6 5 4 3 2 1 Bit O
0Ox00BF PWMDTY3 \‘7\, Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x00CO0 PWMDTY4 Wi Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x00CH1 PWMDTY5 " Bit 7 6 5 4 3 2 1 Bit 0
0x00C2 PWMDTY6 \‘7\, Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x00C3 PWMDTY7 Wi Bit 7 6 5 4 3 2 1 Bit 0
0x00C4 PWMSDN \I/?V PWMIF PWMIE PWE/I_?ST PWMLVL 0 PWM7IN PWM7INL PW'\iﬂEN
0x00C5 Reserved \'7\, 0 0 0 0 0 0 0 0
R
0x00C6 Reserved Wi 0 0 0 0 0 0 0 0
R
0x00C7 Reserved Wi 0 0 0 0 0 0 0 0
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0x00C8-0x00CF SCI0 (Asynchronous Serial Interface)

Chapter 1 Device Overview (MC3S12RG128V1)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00C8  SCIOBDH \Tv 0 0 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x00C9  SCIOBDL \?v SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
O0X00CA  SCIOCR1 \?v LOOPS | SCISWAI | RSRC M WAKE ILT PE PT
0x00CB  SCIOCR2 \Tv TIE TCIE RIE ILIE TE RE RWU SBK
0x00CC  SCIOSRH 5{\/ TDRE TC RDRF IDLE OR NF FE PF
0x00CD  SCIOSR2 \?v 0 0 0 0 0 BRK13 TXDIR RAF
OX00CE  SCIODRH \?v R8 T8 0 0 0 0 0 0
R R7 R6 R5 R4 R3 R2 R1 RO
0x00CF  SCIODRL w o T7 T6 T5 T4 T3 T2 T1 T0
0x00D0-0x00D7 SCI1 (Asynchronous Serial Interface)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00DO  SCI1BDH \?v 0 0 0 SBR12 SBR11 SBR10 SBR9 SBR8
0x00D1  SCHBDL \?v SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
R
0x00D2  SCI1CR1 W LOOPS | SCISWAI | RSRC M WAKE ILT PE PT
0x00D3  SCI1CR2 \?v TIE TCIE RIE ILIE TE RE RWU SBK
0x00D4  SCHSRA sz TDRE TC RDRF IDLE OR NF FE PF
0x00D5  SCI1SR2 \Tv 0 0 0 0 0 BRK13 TXDIR RAF
0x00D6  SCIHDRH \?v R8 T8 0 0 0 0 0 0
R R7 R6 R5 R4 R3 R2 R1 RO
0x00D7  SCHDRL i ——= Te T5 T4 T3 T2 T1 To
0x00D8-0x00DF SPI0 (Serial Peripheral Interface)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00D8  SPIOCR1 \?v SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
R 0 0 0 0
0x00D9  SPIOCR2 W MODFEN | BIDIROE SPISWAI | SPCO
R 0 0
0x00DA SPIOBR W SPPR2 | SPPRf SPPRO SPR2 SPR1 SPRO
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Chapter 1 Device Overview (MC3S12RG128V1)

0x00D8-0x00DF SPI0 (Serial Peripheral Interface)

0x00DB

0x00DC

0x00DD

0x00DE

0x00DF

SPIOSR

Reserved

SPIODR

Reserved

Reserved

0x00E0—-0x00E?7 IIC (Inter IC Bus)

Address

0x00EOQ

O0x00E1

0x00E2

0x00E3

0x00E4

0x00E5

0x00E6

0x00E7

Name

IBAD

IBFD

IBCR

IBSR

IBDR

Reserved

Reserved

Reserved

0x00E8-0x00EF Reserved

Address

0x00ES8 -
O0x00EF

Address

0x00FO0

0x00F1

0x00F2

0x00F3

Name

Reserved

Name

SPI1CR1

SPI1CR2

SPI1BR

SPI1SR

R[ SPIF 0 SPTEF MODF 0 0 0 0
W
R 0 0 0 0 0 0 0 0
W
Rl ity 6 5 4 3 2 1 BitO
W
R 0 0 0 0 0 0 0 0
W
R 0 0 0 0 0 0 0 0
W

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
\?v ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR{1 0
5:/ IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO
R IBEN IBIE MS/SL TX/RX TXAK 0 0 IBSWAI
W RSTA
R| TCF IAAS IBB BAL 0 SRW BIF RXAK
W
R
W P7 D6 D5 D4 D3 D2 D1 DO
R 0 0 0 0 0 0 0 0
W
R 0 0 0 0 0 0 0 0
W
R 0 0 0 0 0 0 0 0
W

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 0
W

0x00F0-0x00F7 SPI1(Serial Peripheral Interface)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
5:/ SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
R
W 0 0 0 MODFEN | BIDIROE 0 SPISWAI | SPCO
R 0 0
W SPPR2 | SPPR1 SPPRO SPR2 SPR1 SPRO
R| SPIF 0 SPTEF MODF 0 0 0 0
W
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0x00F0-0x00F7 SPI1(Serial Peripheral Interface)

0x00F4

0x00F5

0x00F6

0x00F7

Reserved

SPI1DR

Reserved

Reserved

Chapter 1 Device Overview (MC3S12RG128V1)

S T=TV=IT=T

0x00F8-0x00FF Reserved

Address

0x00F8 -
O0x00FF

0x0100-0x010F ROM Control/Status Registers

Address

0x0100

0x0101

0x0102

0x0103

0x0104

0x0105

0x0106

0x0107

0x0108

0x0109

0x010A

0x010B

0x010C

Name

Reserved

Name

Reserved

ROPT

Reserved

RCNFG

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

Reserved

RDSCO

R
W

0 0 0 0 0 0 0 0
Bit7 6 5 4 3 2 1 Bit0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
KEYEN1 | KEYENO | NV5 NV4 NV3 NV2 SECT SECO
0 0 0 0 0 0 0 0
0 0 KEYAGC 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
DSCO[7:0]

SISV IVISISIISIISIISIISIISZIIZIISZII=ZD
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0x0100-0x010F ROM Control/Status Registers

ox010D  RDSCi 1 DSC1[7:0]
W | | | | |
0x010E RDSC?2 \'7\/ DSC2[7:0]
R
Ox010F Reserved 0 0 0 0 0 0 0 0
Wi
0x0110-0x011B Reserved
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0110- o q R 0 0 0 0 0 0 0 0
0x011B eserved

0x011C-0x011F Reserved for RAM Control Registers

Address  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x011C- 4 R 0 0 0 0 0 0 0 0
OX011F eserved

0x0120-0x013F ATD1 (Analog to Digital Converter 10 Bit 8 Channel)

Address  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0120  ATD1CTLO 5:/ 0 0 0 SBR12 | SBR11 | SBR10 | SBR9 | SBR8
0x0121  ATDICTL1 \'7\/ SBR7 | SBR6 | SBR5S | SBR4 | SBR3 | SBR2 | SBR1 | SBRO
0x0122  ATD1CTL2 \?v LOOPS | SCISWAI | RSRC M WAKE LT PE PT
0x0123  ATD1CTL3 5:/ TIE TCIE RIE ILIE TE RE RWU SBK
0124 ATDICTLA \l/qv TDRE TC RDRF | IDLE OR NF FE PF
0x0125  ATD1CTL5 \?v 0 0 0 0 0 BRK13 | TXDIR |—1Ar
0x0126  ATD1STATO 5:/ R8 T8 0 0 0 0 0 0

Rl R7 R6 R5 R4 R3 R2 R1 RO
0x0127 Reserved \\——== T6 T5 T4 T3 T2 T To
0x0128  ATD1TESTO \?v 0 0 0 SBR12 | SBR11 | SBR10 | SBR9 | SBR8
0x0129  ATD1TESTH 5:/ SBR7 | SBR6 | SBR5 | SBR4 | SBR3 | SBR2 | SBR1 | SBRO
0x012A  Reserved \'7\/ LOOPS | SCISWAI | RSRC M WAKE LT PE PT
0x012B  ATD1STATA \?v TIE TCIE RIE ILIE TE RE RWU SBK
030126 Reserved \?v TDRE TC RDRF | IDLE OR NF FE PF
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0x0120-0x013F ATD1 (Analog to Digital Converter 10 Bit 8 Channel)

0x012D

0x012E

0x012F

0x0130

0x0131

0x0132

0x0133

0x0134

0x0135

0x0136

0x0137

0x0138

0x0139

0x013A

0x013B

0x013C

0x013D

0x013E

0x013F

Address

0x0140

ATD1DIEN

Reserved

PORTAD1

ATD1DROH

ATD1DROL

ATD1DR1H

ATD1DR1L

ATD1DR2H

ATD1DR2L

ATD1DR3H

ATD1DR3L

ATD1DR4H

ATD1DR4L

ATD1DR5H

ATD1DR5L

ATD1DR6H

ATD1DR6L

ATD1DR7H

ATD1DR7L

Name

CANOCTLO

SPESIIESIIIISIISIISIISIISIIIIIISIIZIIZIISIIZIIZIIZIIZD

0 0 0 0 0 BRK13 | TXDIR RAF
R8 0 0 0 0 0 0
T8
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 TO
0 0 0 SBR12 | SBR11 | SBR10 | SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS | SCISWAI | RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RWU SBK
TDRE TC RDRF IDLE OR NF FE PF
0 0 0 0 0 BRK13 | TXDIR RAF
R
8 T8 0 0 0 0 0 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 TO
0 0 0 SBR12 | SBR11 | SBR10 | SBR9 SBR8
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
LOOPS | SCISWAI | RSRC M WAKE ILT PE PT
TIE TCIE RIE ILIE TE RE RWU SBK
TDRE TC RDRF IDLE OR NF FE PF
0 0 0 0 0 BRK13 | TXDIR RAF
R
8 T8 0 0 0 0 0 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 TO
0x0140-0x017F CANO (Freescale Scalable CAN - MSCAN)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
RXACT YNCH
RXFRM c cswal [SYNC TIME WUPE | SLPRQ | INITRQ
CANE | CLKSRC | LOOPB | LISTEN 0 wupm | SEPAK | INTTAK

0x0141

CANOCTLA

=3I =D
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0x0140-0x017F CANO (Freescale Scalable CAN - MSCAN)

0x0142  CANOBTRO SJWi1 SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO

0x0143 CANOBTR1 SAMP TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10

RSTATA RSTATO | TSTATH TSTATO

0x0144  CANORFLG WUPIF CSCIF OVRIF RXF

0x0145  CANORIER WUPIE CSCIE | RSTATE1 | RSTATEO | TSTATE1 | TSTATEO | OVRIE RXFIE

0x0146  CANOTFLG 0 0 0 0 0 TXE2 TXEA1 TXEO
0x0147  CANOTIER 0 0 0 0 0 TXEIE2 TXEIE1 TXEIEO
0 0 0 0 0
0x0148 CANOTARQ ABTRQ2 | ABTRQ1 | ABTRQO
0x0149  CANOTAAK 0 0 0 0 0 ABTAK2 | ABTAK1 ABTAKO
0x014A CANOTBSEL 0 0 0 0 0 TX2 TX1 TX0
0x014B  CANOIDAC 0 0 IDAMA1 IDAMO 0 IDHIT2 IDHIT! IDHITO
0x014C Reserved 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

0x014D Reserved

0x014E  CANORXERR RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO

0x014F CANOTXERR TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO

0x0150- CANOIDARQO -

T SIS I SITISITISITISITISITISISITISITISITISITISITISITISITSITISITSD

0x0153 CANOIDAR3 AC7 AC6 AC5 AC4 AC3 AC2 ACA1 ACO
0x0154- CANOIDMRO -
0x0157 CANOIDMR3 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0158- CANOIDAR4 -
0x0158 CANOIDAR7 AC7 AC6 AC5 AC4 AC3 AC2 ACA1 ACO
0x015C- CANOIDMR4 -
0x015F CANOIDMR7 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
1 FOREGROUND RECEIVE BUFFER
0(;(30166()!:- CANORXFG (See Detailed MSCAN Foreground Receive and Transmit Buffer Layout)
W,
0x0170 - CANOTXEG R FOREGROUND TRANSMIT BUFFER
0x017F Wi (See Detailed MSCAN Foreground Receive and Transmit Buffer Layout)
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Detailed MSCAN Foreground Receive and Transmit Buffer Layout

Address  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Extended ID R[ 1D28 D27 ID26 ID25 ID24 ID23 D22 ID21
0XXXX0 StandardID R| D10 ID9 ID8 D7 D6 ID5 ID4 ID3
CANXRIDRO W,
Extended ID R[ ID20 ID19 IDI18 | SRR=1 | IDE= D17 D16 ID15
0xXXX1 StandardID R[ ID2 ID1 IDO RTR IDE=0
CANXRIDR1 W,
Extended D R| ID14 D13 ID12 ID11 ID10 ID9 ID8 ID7
OxXXX2 StandardID R
CANXRIDR2 W,
Extended D R| ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
OxXXX3 StandardID R
CANXRIDR3 W,
S Ca—— \?v DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
oxxxxs  CANXRDSR?
00XC  CANFRDLA \I/?V DLC3 DLC2 DLC1 DLCO
R
OxXXXD Reserved
W
. CANxRTSRH\?V TSR15 | TSR14 | TSR13 | TSR12 | TSRi1 | TSR10 | TSR9 TSRS
oOKF CANXATSAL \?v TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
Extended D R, g ID27 ID26 ID25 ID24 ID23 ID22 ID21
ooxxio CANXTIDRO W
Standard 1D \?v ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
Extended ID R
ID2 ID1 ID1 RR=1 | IDE=1 ID17 ID1 ID1
0xXXOx CANXTIDR1 W, 0 9 8 | S 6 5
XX10
Standard 1D \'7\/ ID2 ID1 IDO RTR IDE=0
Extended ID R
i CANTORZ W ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
Standard ID R
Wi
Extended ID R
ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
ooxxia  CANXTIDRS W
Standard ID R
W
0xXX14 R
_ CANXTDSRO- | nps DB6 DB5 DB4 DB3 DB2 DB1 DBO
CANXTDSR7
0XxXX1B
0xXX1C CANXTDLR DLC3 DLC2 DLCH DLCO
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Detailed MSCAN Foreground Receive and Transmit Buffer Layout

0xXX1D CANxTTBPR

0xXX1E CANXTTSRH

0xXX1F CANXTTSRL

R
W
R

0x0180-0x023F Reserved

Address

0x0180 -
0x023F

0x0240-0x027F PIM (Port Integration Module)

Address

0x0240

0x0241

0x0242

0x0243

0x0244

0x0245

0x0246

0x0247

0x0248

0x0249

0x024A

0x024B

0x024C

0x024D

0x024E

0x024F

Name

Reserved

Name

PTT

PTIT

DDRT

RDRT

PERT

PPST

Reserved

Reserved

PTS

PTIS

DDRS

RDRS

PERS

PPSS

WOMS

Reserved

R
W

PRIO7 | PRIO6 | PRIO5 | PRIO4 | PRIO3 | PRIO2 | PRIO1 | PRIOO
TSR15 | TSR14 | TSR13 | TSR12 | TSRi11 | TSR10 | TSR9 TSR8
TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
PTIT7 | PTIT6 | PTIT5 | PTIT4 | PTIT3 | PTIT2 | PTITI PTITO
DDRT7 | DDRT7 | DDRT5 | DDRT4 | DDRT3 | DDRT2 | DDRT1 | DDRTO
RDRT7 | RDRT6 | RDRT5 | RDRT4 | RDRT3 | RDRT2 | RDRT1 | RDRTO
PERT7 | PERT6 | PERT5 | PERT4 | PERT3 | PERT2 | PERT1 | PERTO
PPST7 | PPST6 | PPST5 | PPST4 | PPST3 | PPST2 | PPST1 | PPSTO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO
PTIS7 | PTIS6 | PTIS5 | PTIS4 | PTIS3 | PTIS2 | PTIST PTISO
DDRS7 | DDRS7 | DDRS5 | DDRS4 | DDRS3 | DDRS2 | DDRS1 | DDRSO
RDRS7 | RDRS6 | RDRS5 | RDRS4 | RDRS3 | RDRS2 | RDRS1 | RDRSO
PERS7 | PERS6 | PERS5 | PERS4 | PERS3 | PERS2 | PERS1 | PERSO
PPSS7 | PPSS6 | PPSS5 | PPSS4 | PPSS3 | PPSS2 | PPSS1 | PPSSO
WOMS7 | WOMS6 | WOMS5 | WOMS4 | WOMS3 | WOMS2 | WOMS1 | WOMSO
0 0 0 0 0 0 0 0

SPEZIIIISIISIISIIEIISIISIISIISIISIIZIISZIIZIIZD
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0x0240-0x027F PIM (Port Integration Module)

Chapter 1 Device Overview (MC3S12RG128V1)

0x0250 PTM \I/?v PTM7 PTM6 PTM5 PTM4 PTM3 PTM2 PTMH1 PTMO
0x0251 BTIM R| PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
Wi
0x0252 DDRM \?V DDRM7 DDRM7 DDRM5 DDRM4 DDRM3 DDRM2 DDRM1 DDRMO
0x0253 RDRM \I/?v RDRM7 RDRM6 RDRM5 RDRM4 RDRM3 RDRM2 RDRM1 RDRMO
0x0254 PERM \'7\, PERM7 PERM6 PERMS5 PERM4 PERM3 PERM2 PERM1 PERMO
0x0255 PPSM \?V PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
0x0256 WOMM \I/?v WOMM7 | WOMM6 | WOMM5 | WOMM4 | WOMM3 | WOMM2 | WOMM1 | WOMMO
R 0 0
0x0257 MODRR Wi MODRR5 | MODRR4 | MODRR3 | MODRR2 | MODRR1 | MODRRO
0x0258 PTP \?V PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
0x0259 PTIP R| PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
W
0x025A DDRP \'7\, DDRP7 DDRP7 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
0x025B RDRP \?V RDRP7 RDRP6 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
0x025C PERP \I/?v PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
0x025D PPSP \'7\, PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSS0
0x025E PIEP \?V PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
0x025F PIFP \I/?v PIFP7 PIFP6 PIFP5 PIFP4 PIFP3 PIFP2 PIFP1 PIFPO
0x0260 PTH \'7\, PTH7 PTH6 PTH5 PTH4 PTH3 PTH2 PTHA1 PTHO
0x0261 PTIH R| PTIH7 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIHA PTIHO
Wi
0x0262 DDRH \I/?v DDRH7 DDRH7 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRHO
0x0263 RDRH \'7\, RDRH7 RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRHO
0x0264 PERH \?V PERH7 PERH6 PERH5 PERH4 PERH3 PERH2 PERH1 PERHO
0x0265 PPSH \I/Rv PPSH7 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSHO
0x0266 PIEH \'7\/ PIEH7 PIEH6 PIEH5 PIEH4 PIEH3 PIEH2 PIEH1 PIEHO
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0x0240-0x027F PIM (Port Integration Module)

0Xx0267 PIFH \'7\/ PIFH7 PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFHO
0x0268 PTJ \Tv PTJ7 PTJ6 0 0 0 0 PTJ1 PTJO
X026 - R PTI7 PTIJ6 0 0 0 0 PTIJ1 PTIJO
W
0X026A DDRJ \'7\/ DDRJ7 | DDRJ7 0 0 0 0 DDRJ1 | DDRJO
0x026B RDRJ \?v RDRJ7 | RDRJ6 0 0 0 0 RDRJ1 | RDRJO
0x026C PERJ \?v PERJ7 | PERJ6 0 0 0 0 PERJ1 | PERJO
0x026D PPSJ \'7\/ PPSJ7 | PPSJ6 0 0 0 0 PPSJ1 | PPSJO
0X026E PIEJ \'7\/ PIEJ7 PIEJ6 0 0 0 0 PIEJA PIEJO
0X026F PIFJ \?v PIFJ7 PIFJ6 0 0 0 0 PIFJ1 PIFJO
0x0270- 4 R 0 0 0 0 0 0 0 0
0X027F eserved

0x0280—0x02BF CAN4 (Freescale Scalable CAN - MSCAN)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0x0280 CAN4CTLO RXFRM RXACT CSWAI SYNCH TIME WUPE SLPRQ INITRQ
0x0281  CAN4CTLA CANE CLKSRC | LOOPB LISTEN 0 WUPM SLPAK INITAK
0x0282 CAN4BTRO SJWi1 SJwWo BRP5 BRP4 BRP3 BRP2 BRP1 BRPO

0x0283 CAN4BTR1 SAMP TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10

RSTATA RSTATO | TSTATH TSTATO

0x0284 CAN4RFLG WUPIF CSCIF OVRIF RXF

0x0285 CAN4RIER WUPIE CSCIE | RSTATE1 | RSTATEO | TSTATE1 | TSTATEO | OVRIE RXFIE

0 0 0 0 0

0x0286 CANATFLG TXE2 TXEA1 TXEO
0x0287  CANA4TIER 0 0 0 0 0 TXEIE2 TXEIEA TXEIEO
0 0 0 0 0
0x0288 CAN4TARQ ABTRQ2 | ABTRQ1 | ABTRQO
ABTAK2 | ABTAK1 | ABTAK
0x0289  CAN4TAAK 0 0 0 0 0 0
0 0 0 0 0

S IS IS TS TSITSTSTSTSTSTSTD

0x028A CAN4TBSEL TX2 ™1 TXO0
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Chapter 1 Device Overview (MC3S12RG128V1)

0x0280—0x02BF CAN4 (Freescale Scalable CAN - MSCAN)

0x028B  CAN4IDAC :7\/ 0 0 IDAM1 IDAMO 0 IDHIT2 IDHIT IDHITO
0x028C Reserved \'7\, 0 0 0 0 0 0 0 0
R

0x028D Reserved Wi 0 0 0 0 0 0 0 0
0x028E CANARXERR \I;?V RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
0x028F CANATXERR \I/RV TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
0x0290- CAN4IDARO- R

0x0293 CAN4IDAR3 W AC7 AC6 AC5 AC4 AC3 AC2 ACA1 ACO
0x0294 - CAN4IDMRO - R

0x0297 CAN4IDMR3 W AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0298- CAN4IDAR4 - R

0x029B CAN4IDAR7 W AC7 AC6 AC5 AC4 AC3 AC2 ACA1 ACO
0x029C- CAN4IDMR4 - R

0x029F CAN4IDMR7 W AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO

oA R FOREGROUND RECEIVE BUFFER
0(;()?02A0F- CAN4RXFG (See Detailed MSCAN Foreground Receive and Transmit Buffer Layout)
W,

0x02B0 - CANATXEG R FOREGROUND TRANSMIT BUFFER

0x02BF Wi (See Detailed MSCAN Foreground Receive and Transmit Buffer Layout)
0x02C0-0x03FF Reserved

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x02C0- R d 0 0 0 0 0 0 0 0

OxO3FF ~ oserve
1.1.7 Part ID Assignments

The part ID is located in two 8-bit registers PARTIDH and PARTIDL (addresses 0x001A and 0x001B after
reset). The read-only value is a unique part ID for each revision of the chip. Table 1-2 shows the assigned
part ID number and Mask Set number.

Table 1-2. Assigned Part ID Numbers

Device

Mask Set Number

Part ID'

MC3S12RG128 2M38B 0x0682

' The coding is as follows:
Bit 15-12: Major family identifier
Bit 11-8: Minor family identifier
Bit 7-4: Major mask set revision number including FAB transfers
Bit 3-0: Minor — non full — mask set revision

The device memory sizes are located in two 8-bit registers MEMSIZ0 and MEMSIZ1 (addresses $001C
and $001D after reset). Table 1-3 shows the read-only values of these registers. Refer to HCS12 Module
Mapping Control (MMC) Block Guide for further details.
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Table 1-3. Memory size registers

Register name Constant value
MEMSIZ0 0x03
MEMSIZ1 0x80

1.2  Signal Description

This section describes signals that connect off chip. It includes a pinout diagram, a table of signal
properties, and detailed discussion of signals. It is built from the signal description sections of the Block
Guides of the individual IP Blocks contained in the system.

1.2.1 Device Pinout

The MC3S12RG128 and its derivatives are available in a 112-pin low profile quad flat pack (LQFP) and
in a 80-pin quad flat pack (QFP). Most pins perform two or more functions, as described in the Signal
Descriptions. Figure 1-4 and Figure 1-5 show the pin assignments for different packages. For pins not
available in 80 pin QFP please refer to Table 1-4 in section 1.2.2 Signal Properties Summary.
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Signals shown in Bold are not available on the 80 pin package

Figure 1-4. Pin assignments in 112 LQFP for MC3S12RG128
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Figure 1-5. Pin assignments in 80 QFP for MC3S12RG128

1.2.2 Signal Properties Summary

Table 1-4 summarizes the pin functionality. Pin names printed in bold are not available in the 80 QFP
package.

MC3S12RG128 Data Sheet, Rev. 1.05

50 Freescale Semiconductor



Chapter 1 Device Overview (MC3S12RG128V1)

Table 1-4. Signal Properties Summary (Sheet 1 of 3)

Internal Pull
Pin Pin Pin Pin Pin Power Resistor
Name Name Name Name Name Supol Description
Function 1| Function 2 | Function 3 | Function 4| Function 5 PPy Reset
CTRL
State
EXTAL — — — — VoDPLL NA NA |Oscillator Pins
XTAL — — — — VbDPLL NA NA
RESET — — — — VbbR None None |External Reset
TEST — — — — VbbR None None |Test Input
VREGEN — — — — Vbpx NA NA [Voltage Regulator Enable
Input
XFC — — — — VoDPLL NA NA |PLL Loop Filter
BKGD TAGHI MODC — — Vppr | Always Up Up |Background Debug, Tag
High, Mode Input
PAD[15] AN1[7] ETRIG1 — — Vbpa None None |Port AD Input, Analog
Inputs, External Trigger
Input (ATD1)
PAD[14:8] | AN1[6:0] — — — Vbpa None None (Port AD Input, Analog
Inputs (ATD1)
PADI7] ANO[7] ETRIGO — — Vppa None None |Port AD Input, Analog
Inputs, External Trigger
Input (ATDO)
PAD[6:0] ANO[6:0] — — — Vppa None None |Port AD Input, Analog Inputs
(ATDO)
PA[7:0] [ADDR[15:8] — — — VbbR PUCR/ Disabled|Port A I/O, Multiplexed
/ PUPAE Address/Data
DATA[15:8]
PB[7:0] | ADDR[7:0)/ — — — VbbR PUCR/ Disabled |Port B I/O, Multiplexed
DATA[7:0] PUPBE Address/Data
PE7 NOACC XCLKS — — VbDR PUCR/ Mode |Port E 1/O, Access, Clock
PUPEE depen- |Select
dant
PE6 IPIPE1 MODB — — Vppr | While RESET pin low: |Port E I/O, Pipe Status,
Down Mode Input
PE5 IPIPEO MODA — — VbbR Port E 1/O, Pipe Status,
Mode Input
PE4 ECLK — — — VbbR PUCR/ Mode |Port E I/O, Bus Clock Output
PUPEE depen-
1
PE3 LSTRB | TAGLO — — Vopr | PUCR/ | 9ant [port E1/0, Byte Strobe, Tag
PUPEE Low
PE2 R/W — — — Vopr PUCR/ Port E I/O, R/W in expanded
PUPEE modes
PE1 IRQ — — — VDR PUCR/ Up |Port E Input, Maskable
PUPEE Interrupt
PEO XIRQ — — — Vbpr PUCR/ Port E Input, Non Maskable
PUPEE Interrupt
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Table 1-4. Signal Properties Summary (Sheet 2 of 3)

Internal Pull
Pin Pin Pin Pin Pin Power Resistor
Name Name Name Name Name Subpl Description
Function 1| Function 2 | Function 3 |Function 4| Function 5 | >YPPY Reset
CTRL
State
PH7 KWH7 —_ —_ —_ Vppr PERH/ Disable |Port H I/O, Interrupt
PPSH d
PH6 KWH6 — — — VbbpR PERH/ Disable |Port H I/O, Interrupt
PPSH d
PH5 KWH5 — — — Vpor PERH/ Disable |Port H I/O, Interrupt
PPSH d
PH4 KWH4 — — — VbbR PERH/ Disable |Port H I/O, Interrupt
PPSH d
PH3 KWH3 SS1 — — Vpor PERH/ Disable |Port H I/O, Interrupt, SS of
PPSH d SPI1
PH2 KWH2 SCK1 — — Vbbr PERH/ Disable |Port H I/O, Interrupt, SCK
PPSH d of SPI1
PH1 KWH1 MOSI1 - —_ Vbbr PERH/ Disable |Port H I/O, Interrupt, MOSI
PPSH d of SPI1
PHO KWHO MISO1 — — VbbpR PERH/ Disable |Port H I/O, Interrupt, MISO
PPSH d of SPI1
PJ7 KWJ7 TXCAN4 SCL TXCANO | Vppx PERJ/ Up |PortJ /O, Interrupt, TX of
PPSJ CAN4, SCL of lIC
PJ6 KWJ6 RXCAN4 SDA RXCANO | Vppx PERJ/ Up |PortJ /O, Interrupt, RX of
PPSJ CAN4, SDA of lIC
PJ[1:0] KWJ[1:0] — — — Vppx PERJ/ Up |PortJ /O, Interrupts
PPSJ
PK7 ECS ROMCTL — — Vppx PUCR/ Up |Port KI/O, Emulation Chip
PUPKE Select, ROM Control
PK[5:0] |XADDR[19: — - - Vpbpx PUCR/ Up [|Port KI/O, Extended
14] PUPKE Addresses
PM7 TXCAN4 — — — Vpbpx PERM/ Disable |Port M I/O, BF slot
PPSM d mismatch pulse, TX of
CAN4
PM6 RXCAN4 — — — Vppx PERM/ Disable |Port M I/O, BF illegal
PPSM d pulse/message format
error pulse, RX of CAN4
PM5 TXCANO | TXCAN4 SCKO — Vbbx PERM/  |Disabled|Port M I/O, TX of CANO,
PPSM CAN4, SCK of SPIO
PM4 RXCANO | RXCAN4 MOSIO — Vbpx PERM/ |Disabled|Port M I/O, RX of CANO,
PPSM CAN4, MOSI of SPIO
PM3 TXCAN1 | TXCANO SSOo — Vbpx PERM/ |Disabled |Port M I/O, CANO, SS of
PPSM SPI0
PM2 RXCAN1 | RXCANO MISO0 — Vbbx PERM/  |Disabled|Port M I/O, CANO, MISO of
PPSM SPIO
PM1 TXCANO — — — Vbpx PERM/ |Disabled|Port M I/O, TX of CANO
PPSM
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Table 1-4. Signal Properties Summary (Sheet 3 of 3)

Internal Pull
Pin Pin Pin Pin Pin Power Resistor
Name Name Name Name Name Subpl Description
Function 1| Function 2 | Function 3 | Function 4| Function 5| °"“PPY Reset
CTRL
State
PMO RXCANO — — — Vbpx PERM/ Disabled |Port M I/0, RX of CANO
PPSM
PP7 KWP7 PWM7 — — Vbpx PERP/ Disabled |Port P I/O, Interrupt,
PPSP Channel 7 of PWM
PP6 KWP6 PWM6 — — Vppx PERP/ Disable |Port P I/O, Interrupt,
PPSP d Channel 6 of PWM
PP5 KWP5 PWM5 — — Vbpx PERP/ Disabled |Port P 1/O, Interrupt,
PPSP Channel 5 of PWM
PP4 KWP4 PWM4 — — Vbpx PERP/ Disabled |Port P I/O, Interrupt,
PPSP Channel 4 of PWM
PP3 KWP3 PWM3 SS1 — Vbbx PERP/ Disabled |Port P 1/O, Interrupt,
PPSP Channel 3 of PWM, SS of
SPI1
PP2 KWP2 PWM2 SCK1 — Vbpx PERP/ Disabled |Port P 1/O, Interrupt,
PPSP Channel 2 of PWM, SCK of
SPIH
PP1 KWP1 PWM1 MOSI1 — Vbpx PERP/ Disabled |Port P 1/O, Interrupt,
PPSP Channel 1 of PWM, MOSI of
SPIH
PPO KWPO PWMO MISO1 — Vbpx PERP/ Disabled |Port P I/O, Interrupt,
PPSP Channel 0 of PWM, MISO of
SPI1
PS7 SS0 — — — Vpbpx PERS/ Up |PortS /O, SS of SPI0
PPSS
PS6 SCKO — — — Vppx PERS/ Up |Port S 1/0, SCK of SPI0
PPSS
PS5 MOSIO0 — — — Vppx PERS/ Up |Port S I/O, MOSI of SPIO
PPSS
PS4 MISO0 — — — Vpbpx PERS/ Up |Port S 1/O, MISO of SPIO
PPSS
PS3 TXDA1 — — — Vbpx PERS/ Up [Port S 1/O, TXD of SCI1
PPSS
PS2 RXD1 — — — Vbpx PERS/ Up |Port S 1/O, RXD of SCI1
PPSS
PS1 TXDO — — — Vbpx PERS/ Up |Port S1/O, TXD of SCIO
PPSS
PSO RXDO — — — Vbbx PERS/ Up [Port S 1/0, RXD of SCIO
PPSS
PT[7:0] 10C[7:0] — — — Vppx PERT/ Disabled| Port T I/O, Timer channels
PPST

! Refer to PEAR register description in HCS12 Multiplexed External Bus Interface (MEBI) Block Guide.
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1.2.3 Detailed Signal Descriptions

1.2.3.1 EXTAL, XTAL — Oscillator Pins

EXTAL and XTAL are the crystal driver and external clock pins. On reset all the device clocks are derived
from the EXTAL input frequency. XTAL is the crystal output.

1.2.3.2 RESET — External Reset Pin

An active low bidirectional control signal, it acts as an input to initialize the MCU to a known start-up state,
and an output when an internal MCU function causes a reset.

1.2.3.3 TEST — Test Pin

This input only pin is reserved for test.

NOTE
The TEST pin must be tied to VSS in all applications.

1.2.3.4 XFC — PLL Loop Filter Pin

PLL loop filter. Please ask your Freescale representative for the interactive application note to compute
PLL loop filter elements. Any current leakage on this pin must be avoided.

XFC
R L
__GCp
MCU
T
VoppLL VoppLL

Figure 1-6. PLL Loop Filter Connections

1.2.3.5 BKGD / TAGHI / MODC — Background Debug, Tag High, and Mode Pin

The BKGD/TAGHI/MODC pin is used as a pseudo-open-drain pin for the background debug
communication. In MCU expanded modes of operation when instruction tagging is on, an input low on
this pin during the falling edge of E-clock tags the high half of the instruction word being read into the
instruction queue. It is used as an MCU operating mode select pin during reset. The state of this pin is
latched to the MODC bit at the rising edge of RESET. This pin has a permanently enabled pull-up device.
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1.2.3.6  PAD[15]/ AN1[7]/ ETRIG1 — Port AD Input Pin [15]

PADI15 is a general purpose input pin and analog input of the analog to digital converter ATD1. It can act
as an external trigger input for the ATDI.

1.2.3.7 PAD[14:8] / AN1[6:0] — Port AD Input Pins [14:8]
PAD14 - PADS are general purpose input pins and analog inputs of the analog to digital converter ATDI.

1.2.3.8  PAD[7]/ ANO[7] / ETRIGO — Port AD Input Pin [7]

PAD7 is a general purpose input pin and analog input of the analog to digital converter ATDO. It can act
as an external trigger input for the ATDO.

1.2.3.9 PAD[6:0] / ANO[6:0] — Port AD Input Pins [6:0]
PADG - PADS are general purpose input pins and analog inputs of the analog to digital converter ATDO.

1.2.3.10 PA[7:0]/ ADDR[15:8] / DATA[15:8] — Port A I/O Pins

PA7-PAO are general purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and data bus.

1.2.3.11 PB[7:0]/ ADDR[7:0] / DATA[7:0] — Port B I/O Pins

PB7-PBO0 are general purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and data bus.

1.2.3.12 PE7/NOACC /XCLKS — Port E I/0 Pin 7

PE7 is a general purpose input or output pin. During MCU expanded modes of operation, the NOACC
signal, when enabled, is used to indicate that the current bus cycle is an unused or “free” cycle. This signal
will assert when the CPU is not using the bus.

The XCLKS is an input signal which controls whether a crystal in combination with the internal Colpitts
(low power) oscillator is used or whether Pierce oscillator/external clock circuitry is used. The state of this
pin is latched at the rising edge of RESET. If the input is a logic low the EXTAL pin is configured for an
external clock drive. If input is a logic high an oscillator circuit is configured on EXTAL and XTAL. Since
this pin is an input with a pull-up device during reset, if the pin is left floating, the default configuration is
an oscillator circuit on EXTAL and XTAL.
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EXTAL T

Coc -

MCU - G 1 Crystalor
—T— ceramic resonator

XTAL T

* Due to the nature of a translated ground Colpitts oscillator a
DC voltage bias is applied to the crystal

Please contact the crystal manufacturer for crystal DC
bias conditions and recommended capacitor value Cp.

Figure 1-7. Colpitts Oscillator Connections (PE7=1)

EXTAL . I}
Mcu Rs [ Crystalor
Al —— ceramic resonator
XTAL - i i —

* Rs can be zero (shorted) when used with higher frequency crystals.
Refer to manufacturer’s data.

Figure 1-8. Pierce Oscillator Connections (PE7=0)

EXTAL -¢——— CMOS-COMPATIBLE
EXTERNAL OSCILLATOR
(VDDPLL-Level)
MCU

XTAL not connected

Figure 1-9. External Clock Connections (PE7=0)

1.2.3.13 PE6/MODB /IPIPE1 — Port E I/O Pin 6

PE6 is a general purpose input or output pin. It is used as an MCU operating mode select pin during reset.
The state of this pin is latched to the MODB bit at the rising edge of RESET. This pin is shared with the
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instruction queue tracking signal IPIPE1. This pin is an input with a pull-down device which is only active
when RESET is low.

1.2.3.14 PE5/MODA /IPIPEO — Port E I/0 Pin 5

PES is a general purpose input or output pin. It is used as an MCU operating mode select pin during reset.
The state of this pin is latched to the MODA bit at the rising edge of RESET. This pin is shared with the
instruction queue tracking signal IPIPEQ. This pin is an input with a pull-down device which is only active
when RESET is low.

1.2.3.15 PE4/ECLK — Port E I/O Pin 4

PE4 is a general purpose input or output pin. It can be configured to drive the internal bus clock ECLK.
ECLK can be used as a timing reference.

1.2.3.16 PE3/LSTRB/TAGLO — Port E I/0 Pin 3

PE3 is a general purpose input or output pin. In MCU expanded modes of operation, LSTRB can be used
for the low-byte strobe function to indicate the type of bus access and when instruction tagging is on,
TAGLO is used to tag the low half of the instruction word being read into the instruction queue.

1.2.3.17 PE2/R/W—Port E I/O Pin 2

PE2 is a general purpose input or output pin. In MCU expanded modes of operations, this pin drives the
read/write output signal for the external bus. It indicates the direction of data on the external bus.

1.2.3.18 PE1/IRQ — Port E Input Pin 1

PE1 is a general purpose input pin and the maskable interrupt request input that provides a means of
applying asynchronous interrupt requests. This will wake up the MCU from STOP or WAIT mode.

1.2.3.19 PEO/XIRQ — Port E Input Pin 0

PEO is a general purpose input pin and the non-maskable interrupt request input that provides a means of
applying asynchronous interrupt requests. This will wake up the MCU from STOP or WAIT mode.

1.2.3.20 PH7/KWH7 — Port H I/0 Pin 7

PH?7 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.

1.2.3.21 PH6/KWH6 — Port H I/0 Pin 6

PH6 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.
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1.2.3.22 PH5/KWH5 — Port H I/O Pin 5

PHS is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.

1.2.3.23 PH4/KWH4 — Port H I/O Pin 2

PH4 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode.

1.2.3.24 PH3/KWH3/SS1 — Port H /O Pin 3

PH3 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as slave select pin SS of the Serial Peripheral Interface
1 (SPI1).

1.2.3.25 PH2/KWH2/SCK1 — Port H I/O Pin 2

PH2 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as serial clock pin SCK of the Serial Peripheral Interface
1 (SPI1).

1.2.3.26 PH1/KWH1/MOSI1 — Port H /O Pin 1

PHI1 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master output (during master mode) or slave input
pin (during slave mode) MOSI of the Serial Peripheral Interface 1 (SPI1).

1.2.3.27 PHO/KWHO/MISO1 —PortHI/O Pin 0

PHO is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master input (during master mode) or slave output
(during slave mode) pin MISO of the Serial Peripheral Interface 1 (SPIT).

1.2.3.28 PJ7/KWJ7/TXCAN4/SCL/TXCANO — PORT J I/O Pin7

PJ7 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as the transmit pin TXCAN for the Freescale Scalable
Controller Area Network controller 0 or 4 (CANO, CAN4) or the serial clock pin SCL of the IIC module.

1.2.3.29 PJ6/KWJ6/RXCAN4/SDA /RXCANO — PORT J I/O Pin 6

PJ6 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as the receive pin RXCAN for the Freescale Scalable
Controller Area Network controller 0 or 4 (CANO, CAN4) or the serial data pin SDA of the IIC module.

MC3S12RG128 Data Sheet, Rev. 1.05

58 Freescale Semiconductor



Chapter 1 Device Overview (MC3S12RG128V1)

1.2.3.30 PJ[1:0]/ KWJ[1:0] — Port J I/O Pins [1:0]

PJ1 and PJO are general purpose input or output pins. They can be configured to generate an interrupt
causing the MCU to exit STOP or WAIT mode.

1.2.3.31 PK7/ECS/ROMCTL — Port KI/O Pin7

PKY7 is a general purpose input or output pin. During MCU expanded modes of operation, this pin is used
as the emulation chip select output (ECS). While configurating MCU expanded modes, this pin is used to
enable the ROM memory in the memory map (ROMCTL). At the rising edge of RESET, the state of this
pin is latched to the ROMON bit. For a complete list of modes refer to 1.4 Chip Configuration Summary.

1.2.3.32 PK][5:0] / XADDR[19:14] — Port K I/O Pins [5:0]

PK5-PKO are general purpose input or output pins. In MCU expanded modes of operation, these pins
provide the expanded address XADDR[19:14] for the external bus.

1.2.3.33 PM7/TXCAN4 — Port M I/O Pin 7

PMT7 is a general purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Freescale Scalable Controller Area Network controllers 4 (CAN4).

1.2.3.34 PM6/RXCAN4 — Port M I/O Pin 6

PMB6 is a general purpose input or output pin. It can be configured as the receive pin RXCAN of the
Freescale Scalable Controller Area Network controllers 4 (CAN4).

1.2.3.35 PM5/TXCANO/TXCAN4 /SCKO0O — Port M I/O Pin 5

PMS5 is a general purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Freescale Scalable Controller Area Network controllers 0 or 4 (CANO or CAN4). It can be configured as
the serial clock pin SCK of the Serial Peripheral Interface 0 (SPI0).

1.2.3.36 PM4/RXCANO/RXCAN4/ MOSIO — Port M I/O Pin 4

PM4 is a general purpose input or output pin. It can be configured as the receive pin RXCAN of the
Freescale Scalable Controller Area Network controllers 0 or 4 (CANO or CAN4). It can be configured as

the master output (during master mode) or slave input pin (during slave mode) MOSI for the Serial
Peripheral Interface 0 (SPI0).

1.2.3.37 PM3/TXCANO/SS0 — Port M I/O Pin 3

PM3 is a general purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO). It can be configured as the slave select
pin SS of the Serial Peripheral Interface 0 (SPI0).
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1.2.3.38 PM2/RXCANO /MISO0 — Port M I/O Pin 2

PM?2 is a general purpose input or output pin. It can be configured as the receive pin RXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO). It can be configured as the master input
(during master mode) or slave output pin (during slave mode) MISO for the Serial Peripheral Interface 0

(SPIO).
1.2.3.39 PM1/TXCANO — Port M I/O Pin 1

PMI is a general purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO).

1.2.3.40 PMO/RXCANO — Port MI/O Pin 0

PMO is a general purpose input or output pin. It can be configured as the receive pin RXCAN of the
Freescale Scalable Controller Area Network controller 0 (CANO).

1.2.3.41 PP7/KWP7/PWM7 — Port P I/O Pin 7

PP7 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 7 output.

1.2.3.42 PP6/KWP6/PWM6 — Port P I/O Pin 6

PP6 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 6 output.

1.2.3.43 PP5/KWP5/PWM5 — Port P I/O Pin 5

PP5 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 5 output.

1.2.3.44 PP4/KWP4/PWM4 — Port P I/O Pin 4

PP4 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 4 output.

1.2.3.45 PP3/KWP3/PWM3/SS1— PortP I/O Pin 3

PP3 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can beconfigured as Pulse Width Modulator (PWM) channel 3 output. It
can be configured as slave select pin SS of the Serial Peripheral Interface 1 (SPI1).

1.2.3.46 PP2/KWP2/PWM2/SCK1 — Port P I/O Pin 2

PP2 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 2 output. It
can be configured as serial clock pin SCK of the Serial Peripheral Interface 1 (SPI1).
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1.2.3.47 PP1/KWP1/PWM1/MOSI1 — Port P I/0 Pin 1

PP1 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 1 output. It
can be configured as master output (during master mode) or slave input pin (during slave mode) MOSI of
the Serial Peripheral Interface 1 (SPI1).

1.2.3.48 PPO/KWPO/PWMO/MISO1— Port P I/O Pin 0

PPO is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 0 output. It
can be configured as master input (during master mode) or slave output (during slave mode) pin MISO of
the Serial Peripheral Interface 1 (SPII).

1.2.3.49 PS7/SS0— PortS1/0Pin7

PS7 is a general purpose input or output pin. It can be configured as the slave select pin SS of the Serial
Peripheral Interface 0 (SPI0).

1.2.3.50 PS6/SCKO—PortS1/0Pin6

PS6 is a general purpose input or output pin. It can be configured as the serial clock pin SCK of the Serial
Peripheral Interface 0 (SPI0).

1.2.3.51 PS5/MOSIO0O — Port S I/O Pin 5

PSS is a general purpose input or output pin. It can be configured as master output (during master mode)
or slave input pin (during slave mode) MOSI of the Serial Peripheral Interface 0 (SPIO).

1.2.3.52 PS4/MISO0 — Port S I/O Pin 4

PS4 is a general purpose input or output pin. It can be configured as master input (during master mode) or
slave output pin (during slave mode) MOSI of the Serial Peripheral Interface 0 (SPI0).

1.2.3.53 PS3/TXD1—PortS|1/O Pin 3

PS3 is a general purpose input or output pin. It can be configured as the transmit pin TXD of Serial
Communication Interface 1 (SCI1).

1.2.3.54 PS2/RXD1— Port S I/O Pin 2

PS2 is a general purpose input or output pin. It can be configured as the receive pin RXD of Serial
Communication Interface 1 (SCI1).

1.2.3.55 PS1/TXD0— Port S /O Pin 1

PS1 is a general purpose input or output pin. It can be configured as the transmit pin TXD of Serial
Communication Interface 0 (SCIO).
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1.2.3.56 PS0/RXDO0— PortS 1/0 Pin0

PSO0 is a general purpose input or output pin. It can be configured as the receive pin RXD of Serial
Communication Interface 0 (SCIO).

1.2.3.57 PT[7:0]/10C[7:0] — Port T I/O Pins [7:0]

PT7-PTO are general purpose input or output pins. They can be configured as input capture or output
compare pins IOC7-I0CO of the Enhanced Capture Timer (ECT).

1.2.4 Power Supply Pins

MC3S12RG128 power and ground pins are described below.
Table 1-5. MC3S12RG128 Power and Ground Connection Summary

Pin Number | Nominal
Mnemonic Volt Description
112-pin QFp | Yo'llage
Vb1 2 13, 65 2.5V Internal power and ground generated by internal regulator
Vssi2 14, 66 oV
VbbR 41 5.0V External power and ground, supply to pin drivers and internal voltage
Vssh 40 oV regulator.
Vppx 107 5.0V External power and ground, supply to pin drivers.
Vgsx 106 oV
Vbpa 83 5.0V Operating voltage and ground for the analog-to-digital converters and
v 86 oV the reference for the internal voltage regulator, allows the supply voltage
SSA to the A/D to be bypassed independently.
VgL 85 ov Reference voltages for the analog-to-digital converter.
VRH 84 5.0V
VpppLL 43 2.5V Provides operating voltage and ground for the Phased-Locked Loop.
v 45 oV This allows the supply voltage to the PLL to be bypassed independently.
SSPLL Internal power and ground generated by internal regulator.
VREGEN 97 5V Internal Voltage Regulator enable/disable
NOTE

All VSS pins must be connected together in the application.

1.2.4.1 Vppx:Vssx — Power & Ground Pins for I/O Drivers

External power and ground for I/O drivers. Because fast signal transitions place high, short-duration
current demands on the power supply, use bypass capacitors with high-frequency characteristics and place
them as close to the MCU as possible. Bypass requirements depend on how heavily the MCU pins are
loaded.
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1.2.4.2 Vpprs Vssgr — Power & Ground Pins for I/O Drivers & for Internal Voltage
Regulator

External power and ground for I/O drivers and input to the internal voltage regulator. Because fast signal
transitions place high, short-duration current demands on the power supply, use bypass capacitors with
high-frequency characteristics and place them as close to the MCU as possible. Bypass requirements
depend on how heavily the MCU pins are loaded.

1.2.4.3 Vpbp1: Vpp2: Vss1: Vssa2 — Internal Logic Power Supply Pins

Power is supplied to the MCU by the internal voltage regulator (if enabled) through Vpp/Vpp, and
Vgg1/Vggy. Because fast signal transitions place high, short-duration current demands on the power
supply, use bypass capacitors with high-frequency characteristics and place them as close to the MCU as
possible. This 2.5V supply is derived from the internal voltage regulator. There is no static load on those
pins allowed. The internal voltage regulator is turned off, if VREGEN is tied to ground.

NOTE
No load allowed except for bypass capacitors.

1.2.4.4  Vppa, Vssa — Power Supply Pins for ATD and VREG

Vppa» Vssa are the power supply and ground input pins for the voltage regulator and the analog to digital
converter. It also provides the reference for the internal voltage regulator. This allows the supply voltage
to the ATD and the reference voltage to be bypassed independently.

1.2.4.5 VgrHus VRL — ATD Reference Voltage Input Pins

Vyry and Vi are the reference voltage input pins for the analog to digital converter.

1.2.4.6  VpppLL, VsspLL — Power Supply Pins for PLL

Provides operating voltage and ground for the Oscillator and the Phased-Locked Loop. This allows the
supply voltage to the Oscillator and PLL to be bypassed independently. This 2.5V voltage is generated by
the internal voltage regulator.

NOTE

No load allowed except for bypass capacitors and/or XFC filter components
(please refer A.6.3.1 XFC Component Selection for details).

1.2.4.7 VREGEN — On Chip Voltage Regulator Enable

Enables the internal 5V to 2.5V voltage regulator. If this pin is tied low, Vpp  and Vpppp | must be
supplied externally.

1.3 System Clock Description

The Clock and Reset Generator provides the internal clock signals for the core and all peripheral modules.
Figure 1-10 shows the clock connections from the CRG to all modules.
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Consult the CRG Block User Guide for details on clock generation.

1.4
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ATDO, ATD1
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®

CANO, CAN4

lic
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Figure 1-10. Clock Connections

Chip Configuration Summary

Eight possible modes determine the operating configuration of the MC3S12RG128. Each mode has an
associated default memory map and external bus configuration controlled by a further pin.

Three low power modes exist for the device.

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pins during
reset (Table 1-6). The MODC, MODB, and MODA bits in the MODE register show the current operating
mode and provide limited mode switching during operation. The states of the MODC, MODB, and MODA
pins are latched into these bits on the rising edge of the reset signal. The ROMCTL signal allows the setting
of the ROMON bit in the MISC register thus controlling whether the internal ROM is visible in the
memory map. ROMON = 1 mean the ROM is visible in the memory map. The state of the ROMCTL pin
is latched into the ROMON bit in the MISC register on the rising edge of the reset signal.
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Table 1-6. Mode Selection

BKGD = PE6 = PE5 = PK7 = ROMON Mode Description
MODC MODB MODA ROMCTL' Bit P
0 0 0 X 1 Special Single Chip, BDM allowed and ACTIVE. BDM is
allowed in all other modes but a serial command is
required to make BDM active.
0 0 1 0 1 Emulation Expanded Narrow, BDM allowed
1 0
0 1 0 X 0 Special Test (Expanded Wide), BDM allowed
0 1 1 0 1 Emulation Expanded Wide, BDM allowed
1 0
1 0 0 X 1 Normal Single Chip, BDM allowed
1 0 1 0 0 Normal Expanded Narrow, BDM allowed
1 1
1 1 0 X 1 Special Peripheral; BDM allowed but bus operations
would cause bus conflicts (must not be used)
1 1 1 0 0 Normal Expanded Wide, BDM allowed
1 1

' This pin is not available in the 80 pin package. It is pulled to ‘1’ by an internal pull-up resistor.

For further explanation on the modes refer to the HCS12 Multiplexed External Bus Interface Block Guide.
Table 1-7. Clock Selection Based on PE7

PE7 = XCLKS Description
1 Colpitts Oscillator selected
0 Pierce Oscillator/external clock selected

Table 1-8. Voltage Regulator VREGEN

VREGEN Description
1 Internal Voltage Regulator enabled

Internal Voltage Regulator disabled, Vpp 2 and
VpppLL Must be supplied externally with 2.5V

0

1.4.1 Security
The device will make available a security feature preventing the unauthorized read and write of the
memory contents. This feature allows:

» Protection of the contents of ROM,

» Operation in single-chip mode, No BDM possible

The user must be reminded that part of the security must lie with the user’s code. An extreme example
would be user’s code that dumps the contents of the internal program. This code would defeat the purpose
of security. At the same time the user may also wish to put a back door in the user’s program.
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1.4.1.1 Securing the Microcontroller

The status of security of the part is determined by the security bits located in the ROM module. These
non-volatile bits will keep the part secured through resetting the part and through powering down the part.

The security byte resides in a portion of the ROM array.
Check the ROM Block User Guide for more details on the security configuration.

1.4.1.2 Operation of the Secured Microcontroller

1.4.1.21 Normal Single Chip Mode

This will be the most common usage of the secured part. Everything will appear the same as if the part was
not secured with the exception of BDM operation. The BDM operation will be blocked.

1.4.1.2.2 Executing from External Memory

Disabling the internal ROM will unsecure the microcontroller and will also unblock the BDM. As a
consequence, executing from external space with a secured microcontroller is not possible. Please note that
in the 80 pin package the ROMCTL pin is not accessable externally but is pulled to ‘1’ internally by a
pull-up resistor.

1.4.1.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, the internal ROM must be disabled. This can be done by selecting
expanded mode or by starting in special single chip mode. Unsecuring is also possible via the Backdoor
Key Access. Refer to ROM Block Guide for details.

If a secure part is reset to special single chip mode, BDM firmware will disable the ROM by clearing the
ROMON bit (Bit0 in the MISC register). The BDM software commands are unblocked and the part can be
used in unsecure mode. In this state (secured ROM disabled, part unsecured) setting the ROMON bit again
has no effect on the memory map, i.e. ROM remains disabled until next reset.

1.5 Modes of Operation

1.5.1 User Modes

1.5.1.1 Normal Expanded Wide Mode

Ports A, B and K are configured as a 23-bit address bus during the address phase, port A and B are
configured as 16-bit data bus during the data-phase, and port E provides bus control and status signals. This
mode allows 16-bit external memory and peripheral devices to be interfaced to the system.
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1.5.1.2 Normal Expanded Narrow Mode

Ports A, B and K are configured as a 23-bit address bus during the address phase, port B is configured as
a 8-bit data bus during the data phase, and port E provides bus control and status signals. This mode allows
8-bit external memory and peripheral devices to be interfaced to the system.

1.5.1.3 Normal Single-Chip Mode

There is no external bus in this mode. The processor program is executed from internal memory. Ports A,
B, K, and most pins of port E are available as general-purpose 1/0.

1.5.1.4 Special Single-Chip Mode

This mode is used for debugging single-chip operation, boot-strapping, or security related operations. The
background debug module BDM is active in this mode. The CPU executes a monitor program located in
an on-chip ROM. BDM firmware is waiting for additional serial commands through the BKGD pin. There
is no external bus after reset in this mode.

1.5.1.5 Emulation of Expanded Wide Mode

Developers use this mode for emulation systems in which the users target application is normal expanded
wide mode. Code is executed from external memory or from internal memory depending on the state of
ROMON bit. In this mode the internal operation is visible on external bus interface.

1.5.1.6 Emulation of Expanded Narrow Mode

Developers use this mode for emulation systems in which the users target application is normal expanded
narrow mode. Code is executed from external memory or from internal memory depending on the state of
ROMON bit. In this mode the internal operation is visible on external bus interface.

1.5.1.7 Special Test Mode

Freescale internal use only.

1.5.1.8 Special Peripheral Mode

Freescale internal use only.

1.5.2 Low Power Modes

The microcontroller features three main low power modes. Consult the respective Block User Guide for
information on the module behavior in Stop, Pseudo Stop, and Wait Mode. An important source of
information about the clock system is the Clock and Reset Generator User Guide (CRG).

1.5.2.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator thus putting the chip in fully static
mode. Wake up from this mode can be done via reset or external interrupts.
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1.5.2.2

This mode is entered by executing the CPU STOP instruction. In this mode the oscillator is still running
and the Real Time Interrupt (RTI) or Watchdog (COP) sub module can stay active. Other peripherals are
turned off. This mode consumes more current than the full STOP mode, but the wake up time from this
mode is significantly shorter.

Pseudo Stop

1.5.2.3 Wait

This mode is entered by executing the CPU WAI instruction. In this mode the CPU will not execute
instructions. The internal CPU signals (address and databus) will be fully static. All peripherals stay active.
To further reduce the power consumption the peripherals can turn off their local clocks individually.

1.5.2.4 Run

Although this is not a low power mode, unused peripheral modules should not be enabled in order to save
power.

1.6 Resets and Interrupts

Consult the Exception Processing section of the S12 CPU Reference Manual for information on resets and
interrupts.

1.6.1

Table 1-9 lists interrupt sources and vectors in default order of priority.

Vectors

Table 1-9. Interrupt Vector Locations

Vector Address Interrupt Source CCR Local Enable HPRIO Value
Mask to Elevate

OxFFFE, OXFFFF Reset None None -
OxFFFC, OxFFFD Clock Monitor fail reset None COPCTL (CME, FCME) -
OxFFFA, OXxFFFB COP failure reset None COP rate select -
OxFFF8, OxFFF9 Unimplemented instruction trap None None —
OxFFF6, OXFFF7 Swi None None -
OxFFF4, OXFFF5 XIRQ X-Bit None -
OxFFF2, OXFFF3 IRQ I-Bit INTCR (IRQEN) OxF2
OxFFFO, OXFFF1 Real Time Interrupt I-Bit CRGINT (RTIE) 0xFO
OxFFEE, OXFFEF Enhanced Capture Timer channel 0 I-Bit TIE (COl) OxEE
OxFFEC, OXFFED Enhanced Capture Timer channel 1 I-Bit TIE (C1I) OxEC
OxFFEA, OXFFEB Enhanced Capture Timer channel 2 I-Bit TIE (C2lI) OxEA
OxFFE8, OXFFE9 Enhanced Capture Timer channel 3 I-Bit TIE (C3I) OxE8
OxFFE®6, OXFFE7 Enhanced Capture Timer channel 4 I-Bit TIE (C4l) OxE6
OxFFE4, OXFFE5 Enhanced Capture Timer channel 5 I-Bit TIE (C5I) OxE4
OxFFE2, OxFFE3 Enhanced Capture Timer channel 6 I-Bit TIE (Cé6l) OxE2
OxFFEO, OxFFE1 Enhanced Capture Timer channel 7 I-Bit TIE (C7I) OxEO
OxFFDE, OxFFDF Enhanced Capture Timer overflow I-Bit TSCR2 (TOF) O0xDE
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O0xFFDC, OxFFDD Pulse accumulator A overflow I-Bit PACTL (PAOVI) 0xDC
OxFFDA, OxFFDB Pulse accumulator input edge I-Bit PACTL (PAI) 0xDA
OxFFD8, OxFFD9 SPIO I-Bit SPICR1 (SPIE, SPTIE) 0xD8
OxFFD6, OxFFD7 SCIo I-Bit SCICR2 0xD6
(TIE, TCIE, RIE, ILIE)
0xFFD4, 0xFFD5 SCH I-Bit SCICR2 0xD4
(TIE, TCIE, RIE, ILIE)
0xFFD2, OxFFD3 ATDO I-Bit ATDCTL2 (ASCIE) 0xD2
0xFFDO, 0xFFD1 ATD1 I-Bit ATDCTL2 (ASCIE) 0xD0
OxFFCE, OxFFCF Port J I-Bit PIEJ 0xCE
(PIEJ7, PIEJB, PIEJ1, PIEJO)

0xFFCC, OxFFCD Port H I-Bit PIEH (PIEH7-0) 0xCC
OxFFCA, 0xFFCB Modulus Down Counter underflow I-Bit MCCTL (MCZI) 0xCA
0xFFC8, 0xFFC9 Pulse Accumulator B Overflow I-Bit PBCTL (PBOVI) 0xC8
O0xFFC86, OXFFC7 CRG PLL lock I-Bit PLLCR (LOCKIE) 0xC6
O0xFFC4, OxFFC5 CRG Self Clock Mode I-Bit PLLCR (SCMIE) 0xC4
OxFFC2, OXFFC3 Reserved
0xFFCO0, OxFFC1 IIC Bus I-Bit IBCR (IBIE) 0xCO0
OxFFBE, OxFFBF SPIH I-Bit SPICR1 (SPIE, SPTIE) 0xBE
0xFFBC, OxFFBD Reserved
OxFFBA, OxFFBB Reserved
OxFFB8, OxFFB9 Reserved
OxFFB6, OxFFB7 CANO wake-up I-Bit CANRIER (WUPIE) 0xB6
O0xFFB4, OxFFB5 CANO errors I-Bit CANRIER (CSCIE, OVRIE) 0xB4
0xFFB2, OxFFB3 CANO receive I-Bit CANRIER (RXFIE) 0xB2
0xFFBO, OxFFB1 CANO transmit I-Bit CANTIER (TXEIE[2:0]) 0xBO
OxFFAE, OxFFAF Reserved
O0xFFAC, OxFFAD Reserved
OxFFAA, OxFFAB Reserved
OxFFA8, OxFFA9 Reserved
OxFFA6, OXFFA7 Reserved
OxFFA4, OxFFA5 Reserved
OxFFA2, OxFFA3 Reserved
O0xFFAO, OxFFA1 Reserved
O0xFF98, OxFF9F Reserved
O0xFF96, OxFF97 CAN4 wake-up I-Bit CANRIER (WUPIE) 0x96
0xFF94, OxFF95 CAN4 errors I-Bit CANRIER (CSCIE, OVRIE) 0x94
0xFF92, OxFF93 CAN4 receive I-Bit CANRIER (RXFIE) 0x92
0xFF90, OxFF91 CAN4 transmit I-Bit CANTIER (TXEIE[2:0]) 0x90
OxFF8E, OxFF8F Port P Interrupt I-Bit PIEP (PIEP7-0) 0x8E
0xFF8C, 0xFF8D PWM Emergency Shutdown I-Bit PWMSDN (PWMIE) 0x8C
OxFF8A, OxFF8B VREG Low Voltage Interrupt I-Bit VREGCTRL (LVIE) 0x8A

0xFF80 to Reserved

O0xFF89
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1.6.2 Effects of Reset

When a reset occurs, MCU registers and control bits are changed to known start-up states. Refer to the
respective module Block User Guides for register reset states.

1.6.2.1 I/0 pins

Refer to the HCS12 Multiplexed External Bus Interface (MEBI) Block Guide for mode dependent pin
configuration of port A, B, E and K out of reset.

Refer to the PIM Block User Guide for reset configurations of all peripheral module ports.

NOTE

For devices assembled in 80-pin QFP packages all non-bonded out pins
should be configured as outputs after reset in order to avoid current drawn
from floating inputs. Refer to Table 1-4 for affected pins.

1.6.2.2 Memory

Refer to Figure 1-2 for locations of the memories depending on the operating mode after reset.

The content of the RAM array is not automatically initialized out of reset.
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Port Integration Module (PIM3RG128V1) Block Description

2.1 Introduction

The Port Integration Module establishes the interface between the peripheral modules and the I/O pins for
all ports.
NOTE
Port A, B, E, and K are related to the core logic and multiplexed bus
interface. Refer to the HCS12 Core User Guide for details.
This section covers:
* Port T connected to the timer module
» The serial port S associated with 2 SCI and 1 SPI modules
* Port M associated with 2 CAN and 1 SPI modules

» Port P connected to the PWM and 1 SPI modules, which also can be used as an external interrupt
source

» The standard I/O ports H and J associated with the first and fifth CAN module and the IIC interface.
These ports can also be used as external interrupt sources.

Each I/O pin can be configured by several registers in order to select data direction and drive strength, to
enable and select pull-up or pull-down resistors. On certain pins also interrupts can be enabled which result
in status flags.

The I/O’s of two CAN and all two SPI modules can be routed from their default location to determined
pins.

The implementation of the Port Integration Module is device dependent.

2.1.1 Features

A standard port pin has the following minimum features:
* Input/output selection
* 5-V output drive with two selectable drive strengths
* 5-V digital and analog input
* Input with selectable pull-up or pull-down device
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Optional features:
* Open drain for wired-OR connections
 Interrupt inputs with glitch filtering

2.1.2 Block Diagram
Figure 2-1 is a block diagram of the PIM3RG128.

PORT INTEGRATION MODULE

SDA
scL

RXCAN
TXCAN CAN4

Inc

| 01607 1dnuisu) | | 01607 1dnuisju| |

PTO
PT1
PT2
PT3
PT4
PT5
PT6
PT7

RXCAN
TXCAN CANO

BKGD/MODC/TAGHI
PB0O <> ADDRO/DATAO XIRQ
PB1 <> ADDR1/DATA1 IRQ
PB2 <> m ADDR2/DATA2 R/W
PB3 <> E ADDRB3/DATA3 LSTRB/TAGLO
PB4 «>{ 5 ADDR4/DATA4 ECLK
PB5 «>{ O ADDRS5/DATA5 IPIPEO/MODA
PB6 <> ADDRG6/DATA6 IPIPE1/MODB
PB7 <> ADDR7/DATA7 NOACC/XCLKS

CORE

PAQ <> ADDRB8/DATA8 XADDR14
PA1 <> ADDRY/DATA9 XADDR15
PA2 «>| <« ADDR10/DATA10 XADDR16
PA3 <> = ADDR11/DATA11 XADDR17
PA4 <> % ADDR12/DATA12 XADRR18
PA5 <> O ADDR13/DATA13 XADDR19
PAG <> ADDR14/DATA14
PA7 <> ADDR15/DATA15 ECS/ROMONE

[ INTERRUPT LOGIC |

PPO
PP1
PP2
PP3
PP4
PP5
PP6
PP7

PSO
PS1
PS2
PS3
PS4
PS5
PS6
PS7

<> BKGD

PORT E

<— PEO
<<— PE1
le> PE2
> PE3
e> PE4
> PE5
<> PE6
<> PE7

Figure 2-1. PIM3RG128 Block Diagram
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2.2 External Signal Description

This section lists and describes the signals that do connect off-chip.

2.2.1 Signal Properties

Table 2-1shows all the pins and their functions that are controlled by the PIM3RG128. If there is more than
one function associated with a pin, the priority is indicated by the position in the table from top (highest
priority) to down (lowest priority).

Table 2-1. Pin Functions and Priorities (Sheet 1 of 4)

Port Pin Name Pin FurTcti_on Description Pin Function
and Priority after Reset
Port T PT[7:0] 10C[7:0] Enhanced Capture Timer Channels 7 to 0 GPIO
GPIO General-purpose 1/0
Port S PS7 SS0 Serial Peripheral Interface 0 slave select output in master mode, GPIO
input in slave mode or master mode.
GPIO General-purpose 1/0
PS6 SCKO Serial Peripheral Interface 0 serial clock pin
GPIO General-purpose 1/0
PS5 MOSIO Serial Peripheral Interface 0 master out/slave in pin
GPIO General-purpose 1/0
PS4 MISOO0 Serial Peripheral Interface 0 master in/slave out pin
GPIO General-purpose 1/0
PS3 TXDA1 Serial Communication Interface 1 transmit pin
GPIO General-purpose 1/0
PS2 RXD1 Serial Communication Interface 1 receive pin
GPIO General-purpose 1/0
PS1 TXDO Serial Communication Interface 0 transmit pin
GPIO General-purpose 1/0
PSO RXDO Serial Communication Interface 0 receive pin
GPIO General-purpose 1/0
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Table 2-1.

Pin Functions and Priorities (Sheet 2 of 4)

Pin Function

Pin Function

Port Pin Name and Priority Description after Reset
Port M PM7 TXCAN4 MSCAN4 transmit pin GPIO
GPIO General-purpose 1/0
PM6 RXCAN4 MSCAN4 receive pin
GPIO General-purpose 1/0
PM5 TXCANO MSCANO transmit pin
TXCAN4 MSCAN4 transmit pin
SCKO Serial Peripheral Interface 0 serial clock pin
GPIO General-purpose 1/0
PM4 RXCANO MSCANQO receive pin
RXCAN4 MSCAN4 receive pin
MOSIo Serial Peripheral Interface 0 master out/slave in pin
GPIO General-purpose 1/0
PM3 TXCANO MSCANO transmit pin
Sso! Serial Peripheral Interface 0 slave select output in master mode,
input for slave mode or master mode.
GPIO General-purpose 1/0
PM2 RXCANO MSCANO receive pin
MISOO0<f-helvetica | Serial Peripheral Interface 0 master in/slave out pin
><st-superscript>
GPIO General-purpose 1/0
PMA1 TXCANO MSCANO transmit pin
GPIO General-purpose 1/0
PMO RXCANO MSCANO receive pin
GPIO General-purpose 1/0
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Pin Functions and Priorities (Sheet 3 of 4)

Pin Function

Pin Function

Port Pin Name and Priority Description after Reset
Port P PP7 PWM7 Pulse Width Modulator channel 7 GPIO
GPIO/KWP7 General-purpose /0 with interrupt
PP6 PWM6 Pulse Width Modulator channel 6
GPIO/KWP6 General-purpose 1/O with interrupt
PP5 PWM5 Pulse Width Modulator channel 5
GPIO/KWP5 General-purpose /O with interrupt
PP4 PWM4 Pulse Width Modulator channel 4
GPIO/KWP4 General-purpose /0 with interrupt
PP3 PWMS3 Pulse Width Modulator channel 3
SS1 Serial Peripheral Interface 1 slave select output in master mode,
input for slave mode or master mode.
GPIO/KWP3 General-purpose /O with interrupt
PP2 PWM2 Pulse Width Modulator channel 2
SCK1 Serial Peripheral Interface 1 serial clock pin
GPIO/KWP2 General-purpose /0 with interrupt
PP1 PWM1 Pulse Width Modulator channel 1
MOSIH Serial Peripheral Interface 1 master out/slave in pin
GPIO/KWP1 General-purpose /O with interrupt
PPO PWMO Pulse Width Modulator channel 0
MISO1 Serial Peripheral Interface 1 master in/slave out pin
GPIO/KWPO General-purpose /0O with interrupt
Port H PH7 GPIO/KWH7 General-purpose 1/O with interrupt GPIO
PH6 GPIO/KWH6 General-purpose 1/O with interrupt
PH5 GPIO/KWH5 General-purpose /O with interrupt
PH4 GPIO/KWH4 General-purpose /0 with interrupt
PH3 SS1 Serial Peripheral Interface 1 slave select output in master mode,
input for slave mode or master mode.
GPIO/KWH3 General-purpose 1/O with interrupt
PH2 SCK1 Serial Peripheral Interface 1 serial clock pin
GPIO/KWH2 General-purpose /O with interrupt
PHA1 MOSIH Serial Peripheral Interface 1 master out/slave in pin
GPIO/KWH1 General-purpose /0 with interrupt
PHO MISO1 Serial Peripheral Interface 1 master in/slave out pin
GPIO/KWHO General-purpose 1/O with interrupt
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Table 2-1. Pin Functions and Priorities (Sheet 4 of 4)

Port Pin Name Pin Fun_cti_on Description Pin Function
and Priority after Reset
Port J PJ7 TXCAN4 MSCAN4 transmit pin GPIO
SCL Inter Integrated Circuit serial clock line
TXCANO MSCANO transmit pin
GPIO/KWJ7 General-purpose 1/O with interrupt
PJ6 RXCAN4 MSCAN4 receive pin
SDA Inter Integrated Circuit serial data line
RXCANO MSCANO receive pin
GPIO/KWJ6 General-purpose /0 with interrupt
PJ[1:0] GPIO/KWJ[1:0] | General-purpose I/O with interrupt

T If CANO is routed to PM[3:2] the SPI0 can still be used in bidirectional master mode. Refer to SPI Block Guide for details.

2.3 Memory Map and Registers

This section provides a detailed description of all registers.

2.3.1 Module Memory Map

Figure 2-2 shows the register map of the Port Integration Module.

Address Name Bit 7 6 5 4 3 2 1 Bit 0
0x0000 PTT VT/ PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTTH PTTO
0X0001 PTIT R| PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTITH PTITO

w
0x0002 DDRT VI\?I DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRTH1 DDRTO
0x0003 RDRT VT/ RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRTA1 RDRTO
0x0004 PERT vl?/ PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
0x0005 PPST VI\?I PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
0x0006 Reserved R

w
0x0007 Reserved R

w
0x0008 PTS VI\?I PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO

|:|= Unimplemented or Reserved

Figure 2-2. PIM Register Summary (Sheet 1 of 3)
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Address Name Bit7 6 5 4 3 2 1 Bit 0
0x0009 PTIS R| PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTISA PTISO
W
0x000A DDRS VT/ DDRS7 DDRS6 | DDRS5 | DDRS4 | DDRS3 | DDRS2 DDRSH1 DDRSO0
0x000B RDRS V|\ql RDRS7 RDRS6 | RDRS5 | RDRS4 | RDRS3 | RDRS2 RDRSH1 RDRSO0
0x000C PERS VTI PERS7 PERS6 | PERS5 | PERS4 | PERS3 | PERS2 PERS1 PERSO
R
0x000D PPSS W PPSS7 PPSS6 | PPSS5 | PPSS4 | PPSS3 | PPSS2 PPSS1 PPSSO
R
0x000E WOMS W WOMS7 | WOMS6 | WOMS5 | WOMS4 | WOMS3 | WOMS2 | WOMS1 | WOMSO
0x000F Reserved R
w
0x0010 PTM VT/ PTM7 PTM6 PTM5 PTM4 PTM3 PTM2 PTMA PTMO
0x0011 PTIM R| PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
W
0x0012 DDRM VI\RI DDRM7 | DDRMé | DDRM5 | DDRM4 | DDRM3 | DDRM2 | DDRM1 DDRMO
0x0013 RDRM VT/ RDRM7 | RDRM6 | RDRM5 | RDRM4 | RDRM3 | RDRM2 | RDRM1 RDRMO
0x0014 PERM V|\ql PERM7 PERM6 | PERM5 | PERM4 | PERM3 | PERM2 PERM1 PERMO
0x0015 PPSM VI\RI PPSM7 PPSM6 | PPSM5 | PPSM4 | PPSM3 | PPSM2 PPSM1 PPSMO
0x0016 WOMM VT/ WOMM?7 | WOMM6 | WOMMS5 | WOMM4 | WOMM3 | WOMM2 | WOMM1 | WOMMO
R 0 0
0x0017 MODRR W MODRR5 | MODRR4 | MODRR3 | MODRR2 | MODRR1 | MODRRO
0x0018 PTP VI\RI PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
0x0019 PTIP R| PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
W
0x001A DDRP V|\ql DDRP7 DDRP6 | DDRP5 | DDRP4 | DDRP3 | DDRP2 DDRP1 DDRPO
0x001B RDRP VTI RDRP7 RDRP6 | RDRP5 | RDRP4 | RDRP3 | RDRP2 RDRP1 RDRPO
0x001C PERP VT/ PERP7 PERP6 | PERP5 | PERP4 | PERP3 | PERP2 PERP1 PERPO
0x001D PPSP V|\ql PPSP7 PPSP6 | PPSP5 | PPSP4 | PPSP3 | PPSP2 PPSP1 PPSPO
0x001E PIEP VTI PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
|:|= Unimplemented or Reserved
Figure 2-2. PIM Register Summary (Sheet 2 of 3)
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Address Name Bit7 6 5 4 3 2 1 Bit 0
0x001F PIFP \; PIFP7 PIFP6 | PIFP5 | PIFP4 | PIFP3 | PIFP2 PIFP1 PIFPO
0x0020 PTH VF:/ PTH7 PTH6 | PTH5 | PTH4 | PTH3 | PTH2 PTH1 PTHO
0x0021 STIH VF\; PTIH7 PTIH6 | PTIH5 | PTIH4 | PTIH3 | PTIH2 PTIH1 PTIHO
0x0022 DDRH VTI DDRH7 DDRH6 | DDRH5 | DDRH4 | DDRH3 | DDRH2 DDRH1 DDRHO
0x0023 RDRH Vl?/ RDRH7 RDRH6 | RDRH5 | RDRH4 | RDRH3 | RDRH2 RDRH1 RDRHO
0x0024 PERH vl?/ PERH7 PERH6 PERH5 PERH4 | PERH3 PERH2 PERH1 PERHO
0x0025 PPSH VTI PPSH7 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSHO
0x0026 PIEH VT/ PIEH7 PIEH6 PIEH5 PIEH4 PIEH3 PIEH2 PIEHA PIEHO
0x0027 PIFH v‘\j PIFH7 PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFHO
0x0028 PTJ VTI PTJ7 PTJ6 0 0 0 0 PTJA PTJO
0x0029 PTIJ VI?/ PTIJ7 PTIJ6 0 0 0 0 PTIJ1 PTIJO
0x002A DDRJ vl?/ DDRJ7 DDRJ6 0 0 0 0 DDRJ1 DDRJO
0x002B RDRJ VTI RDRJ7 RDRJ6 0 0 0 0 RDRJ1 RDRJO
0x002C PERJ Vl?/ PERJ7 PERJ6 0 0 0 0 PERJ1 PERJO
0x002D PPSJ vl?/ PPSJ7 PPSJ6 0 0 0 0 PPSJ1 PPSJO
0x002E PIEJ VTI PIEJ7 PIEJ6 0 0 0 0 PIEJ1 PIEJO
0x002F PIFJ Vl?/ PIFJ7 PIFJ6 0 0 0 0 PIFJ1 PIFJO
%XX%%%O; Reserved \;

|:|= Unimplemented or Reserved

Figure 2-2. PIM Register Summary (Sheet 3 of 3)

NOTE

Register Address = Base Address + Address Offset, where the Base Address
is defined at the MCU level and the Address Offset is defined at the module
level.
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Chapter 2 Port Integration Module (PIM3RG128V1) Block Description

Table 2-2 summarizes the effect on the various configuration bits, data direction (DDR), output level (I/O),
reduced drive (RDR), pull enable (PE), pull select (PS) and interrupt enable (IE) for the ports. The
configuration bit PS is used for two purposes:

1. Configure the sensitive interrupt edge (rising or falling), if interrupt is enabled.

2. Select either a pull-up or pull-down device if PE is active.

Table 2-2. Pin Configuration Summary

DDR 10 RDR PE PS IET Function Pull Device Interrupt
0 X X 0 X 0 Input Disabled Disabled
0 X X 1 0 0 Input Pull Up Disabled
0 X X 1 1 0 Input Pull Down Disabled
0 X X 0 0 1 Input Disabled Falling edge
0 X X 0 1 1 Input Disabled Rising edge
0 X X 1 0 1 Input Pull Up Falling edge
0 X X 1 1 1 Input Pull Down Rising edge
1 0 0 X X 0 Output, full drive to 0 Disabled Disabled
1 1 0 X X 0 Output, full drive to 1 Disabled Disabled
1 0 1 X X 0 Output, reduced drive to 0 Disabled Disabled
1 1 1 X X 0 Output, reduced drive to 1 Disabled Disabled
1 0 0 X 0 1 Output, full drive to 0 Disabled Falling edge
1 1 0 X 1 1 Output, full drive to 1 Disabled Rising edge
1 0 1 X 0 1 Output, reduced drive to 0 Disabled Falling edge
1 1 1 X 1 1 Output, reduced drive to 1 Disabled Rising edge

1 Applicable only on port P, H and J.

All bits of all registers in this module are completely synchronous to internal

clocks during a register read.
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2.3.2.1

2.3.2.1.1

Module Base + 0x_0000

Port T Registers

Port T I/O Register (PTT)

7

PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTTH1 PTTO
w
ECT: 10C7 I0C6 I0C5 10C4 I0C3 10C2 I0CA I0CO
Reset 0 0 0 0 0 0 0 0

Figure 2-3. Port T I/O Register (PTT)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

23.2.1.2 Port T Input Register (PTIT)

Module Base + 0x_0001

7 6 5 4 3 2 1 0
R PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTITH PTITO
w
Reset — — — — — — — —

I:I: Unimplemented or Reserved

Figure 2-4. Port T Input Register (PTIT)
Read: Anytime.
Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.
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23.21.3 Port T Data Direction Register (DDRT)

Module Base + 0x_0002

7 6 5 4 3 2 1 0
R
DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-5. Port T Data Direction Register (DDRT)
Read: Anytime.
Write: Anytime.

This register configures each port T pin as either input or output.

» The ECT forces the I/O state to be an output for each timer port associated with an enabled output
compare. In these cases the data direction bits will not change.

» The DDRT bits revert to controlling the I/O direction of a pin when the associated timer output
compare is disabled.

» The timer input capture always monitors the state of the pin.
Table 2-3. DDRT Field Descriptions

Field Description

7-0 Data Direction Port T Bits
DDRT[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
Note: Due to internal synchronization circuits, it can take up to two bus cycles until the correct value is read on
PTT or PTIT registers, when changing the DDRT register.
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23.214 Port T Reduced Drive Register (RDRT)

Module Base + 0x_0003

7 6 5 4 3 2 1 0
R
RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-6. Port T Reduced Drive Register (RDRT)
Read: Anytime.
Write: Anytime.

This register configures the drive strength of each port T output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 2-4. RDRT Field Descriptions

Field Description

7-0 Reduced Drive Port T Bits
RDRT[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

23.2.1.5 Port T Pull Device Enable Register (PERT)

Module Base + 0x_0004

7 6 5 4 3 2 1 0
R
PERT7 PERT6 PERTS5 PERT4 PERT3 PERT2 PERT1 PERTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-7. Port T Pull Device Enable Register (PERT)
Read: Anytime.
Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input.
This bit has no effect if the port is used as output. Out of reset no pull device is enabled.

Table 2-5. PERT Field Descriptions

Field Description

7-0 Pull Device Enable Port T Bits
PERT[7:0] |0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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2.3.2.1.6

Module Base + 0x_0005

Port T Polarity Select Register (PPST)

7

Chapter 2 Port Integration Module (PIM3RG128V1) Block Description

R
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
w
Reset 0 0 0 0 0 0 0 0

Read: Anytime.

Write: Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin.

Figure 2-8. Port T Polarity Select Register (PPST)

Table 2-6. PPST Field Descriptions

Field Description
7-0 Pull Select Port T Bits
PPST[7:0] |0 A pull-up device is connected to the associated port T pin, if enabled by the associated bit in register PERT

and if the port is used as input.
1 A pull-down device is connected to the associated port T pin, if enabled by the associated bit in register PERT
and if the port is used as input.
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2.3.2.2

2.3.2.2.1

Module Base + 0x_0008

Port S Registers

Port S I/0 Register (PTS)

PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTSH1 PTSO
SS0 SCKoO MOSIo MISO0 TXD1 RXD1 TXDO RXDO
Reset 0 0 0 0 0 0 0 0

Figure 2-9. Port S I/O Register (PTS)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

» The SPI pins (PS[7:4]) configuration is determined by several status bits in the SPI module. Refer
to SPI Block Guide for details.

» The SCI ports associated with transmit pins 3 and 1 are configured as outputs if the transmitter is
enabled.

» The SCI ports associated with receive pins 2 and 0 are configured as inputs if the receiver is
enabled. Refer to SCI Block Guide for details.

23.2.2.2 Port S Input Register (PTIS)

Module Base + 0x_0009

7 6 5 4 3 2 1 0
R PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
W
Reset — — — — — — — -

|:‘= Unimplemented or Reserved

Figure 2-10. Port S Input Register (PTIS)
Read: Anytime.
Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This also can be used to detect overload
or short circuit conditions on output pins.
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2.3.2.23 Port S Data Direction Register (DDRS)

Module Base + 0x_000A

7 6 5 4 3 2 1 0
R
DDRS7 DDRS6 DDRS5 DDRS4 DDRSS3 DDRS2 DDRSH1 DDRSO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-11. Port S Data Direction Register (DDRS)
Read: Anytime.
Write: Anytime.

This register configures each port S pin as either input or output.
» If SPIis enabled, the SPI determines the pin direction. Refer to SPI Block Guide for details.

» If the associated SCI transmit or receive channel is enabled this register has no effect on the pins.
The pin is forced to be an output if a SCI transmit channel is enabled, it is forced to be an input if
the SCI receive channel is enabled.

» The DDRS bits revert to controlling the I/O direction of a pin when the associated channel is
disabled.

Table 2-7. DDRS Field Descriptions

Field Description

7-0 Data Direction Port S Bits
DDRS[7:0] [0 Associated pin is configured as input.
1 Associated pin is configured as output.
Note: Due to internal synchronization circuits, it can take up to two bus cycles until the correct value is read on
PTS or PTIS registers, when changing the DDRS register.
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23.2.24 Port S Reduced Drive Register (RDRS)

Module Base + 0x_000B

7 6 5 4 3 2 1 0
R
RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 RDRSO0
w
Reset 0 0 0 0 0 0 0 0

Figure 2-12. Port S Reduced Drive Register (RDRS)
Read: Anytime.
Write: Anytime.

This register configures the drive strength of each port S output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 2-8. RDRS Field Descriptions

Field Description

7-0 Reduced Drive Port S Bits
RDRS[7:0] [0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.2.2.5 Port S Pull Device Enable Register (PERS)

Module Base + 0x_000C

7 6 5 4 3 2 1 0
R
PERS7 PERS6 PERS5 PERS4 PERSS3 PERS2 PERS1 PERSO
w
Reset 1 1 1 1 1 1 1 1

Figure 2-13. Port S Pull Device Enable Register (PERS)
Read: Anytime.
Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
as output in wired-OR (open drain) mode. This bit has no effect if the port is used as push-pull output. Out
of reset a pull-up device is enabled.

Table 2-9. PERS Field Descriptions

Field Description

7-0 Pull Device Enable Port S Bits
PERS[7:0] [0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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Port S Polarity Select Register (PPSS)

Module Base + 0x_000D

7 6 5 4 3 2 1 0
R
PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSSO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-14. Port S Polarity Select Register (PPSS)

Read: Anytime.

Write: Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin.

Table 2-10. PPSS Field Descriptions

Field Description
7-0 Pull Select Port S Bits
PPSS[7:0] |0 A pull-up device is connected to the associated port S pin, if enabled by the associated bit in register PERS
and if the port is used as input or as wired-OR output.
1 A pull-down device is connected to the associated port S pin, if enabled by the associated bit in register PERS
and if the port is used as input.
23.2.2.7 Port S Wire-OR Mode Register (WOMS)

Module Base + 0x_000E

7 6 5 4 3 2 1 0
R
W WOMS7 WOMS6 WOMS5 WOMS4 WOMS3 WOMS2 WOMSH1 WOMSO0
Reset 0 0 0 0 0 0 0 0

Figure 2-15. Port S Wired-OR Mode Register (WOMS)

Read: Anytime.
Write: Anytime.

This register configures the output pins as wired-OR. If enabled the output is driven active low only
(open-drain). A logic level of “1” is not driven. It applies also to the SPI and SCI outputs and allows a
multipoint connection of several serial modules. This bit has no influence on pins used as inputs.

Table 2-11. WOMS Field Descriptions

Field Description
7-0 Wired-OR Mode Port S Bits
WOMSJ7:0] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
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2.3.2.3

2.3.2.3.1

Port M Registers

Port M I/O Register (PTM)

Module Base + 0x_0010

7 6 5 4 3 2 1 0
PTM7 PTM6 PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
W

CAN TXCANO | RXCANO
CANO TXCANO | RXCANO | TXCANO | RXCANO
CAN4| TXCAN4 | RXCAN4 | TXCAN4 | RXCAN4

SPIO SCKO MOSIO SS0 | MISO0 |
Reset 0 0 0 0 0 0 0 0

Figure 2-16. Port M I/0 Register (PTM)

Read: Anytime.

Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

Table 2-12. PTM Field Descriptions

Field Description
7-6 PM[7:6]
PM[7:6} e The CAN4 function (TXCAN4 and RXCAN4) takes precedence over the general purpose /O function if the
CAN4 module is enabled. Refer to MSCAN Block Guide for details.
5-4 PM[5:4]
PM[5:4] * The CANO function (TXCANO and RXCANO) takes precedence over the CAN4, the SPIO and the general
purpose /O function if the CANO module is enabled.
* The CAN4 function (TXCAN4 and RXCAN4) takes precedence over the SPI and general purpose I/O function
if the CAN4 module is enabled. Refer to MSCAN Block Guide for details.
* The SPIO function (SCK0 and MOSIOQ) takes precedence of the general purpose I/O function if the SPIO is
enabled. Refer to SPI Block Guide for details.
3-2 PM[3:2]
PM[3:2] e The CANO function (TXCANO and RXCANO) takes precedence over the SPI0 and the general purpose 1/0O
function if the CANO module is enabled. Refer to MSCAN Block Guide for details.
» The SPIO function (SS0 and MISOO0) takes precedence of the general purpose I/O function if the SPIO is
enabled and not in bidirectional mode. Refer to SPI Block Guide for details.
1-0 PM[1:0]
PM[1:0] * The CANO function (TXCANO and RXCANO) takes precedence over the general purpose /O function if the
CANO module is enabled. Refer to MSCAN Block Guide for details.
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2.3.2.3.2 Port M Input Register (PTIM)

Module Base + 0x_0011

7 6 5 4 3 2 1 0
R PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM2 PTIMA PTIMO
W
Reset — — — — — — — —

I:I: Unimplemented or Reserved

Figure 2-17. Port M Input Register (PTIM)
Read: Anytime.
Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.
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23.233 Port M Data Direction Register (DDRM)

Module Base + 0x_0012

7 6 5 4 3 2 1 0
R
DDRM7 DDRM®6 DDRM5 DDRM4 DDRM3 DDRM2 DDRM1 DDRMO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-18. Port M Data Direction Register (DDRM)
Read: Anytime.
Write: Anytime.

This register configures each port M pin as either input or output.

» The CAN forces the I/O state to be an output for each port line associated with an enabled output
(TXCANO). It also forces the I/O state to be an input for each port line associated with an enabled
input (RXCANO). In those cases the data direction bits will not change.

* The DDRM bits revert to controlling the I/O direction of a pin when the associated peripheral
module is disabled.

Table 2-13. DDRM Field Descriptions

Field Description

7-0 Data Direction Port M Bits
DDRM[7:0] [0 Associated pin is configured as input.
1 Associated pin is configured as output.
Note: Due to internal synchronization circuits, it can take up to two bus cycles until the correct value is read on
PTM or PTIM registers, when changing the DDRM register.
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23.234 Port M Reduced Drive Register (RDRM)

Module Base + 0x_0013

7 6 5 4 3 2 1 0
R
RDRM7 RDRM6 RDRM5 RDRM4 RDRM3 RDRM2 RDRM1 RDRMO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-19. Port M Reduced Drive Register (RDRM)
Read: Anytime.
Write: Anytime.

This register configures the drive strength of each port M output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 2-14. RDRM Field Descriptions

Field Description

7-0 Reduced Drive Port M Bits
RDRM[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

23.23.5 Port M Pull Device Enable Register (PERM)

Module Base + 0x_0014

7 6 5 4 3 2 1 0
R
PERM7 PERM®6 PERM5 PERM4 PERM3 PERM2 PERM1 PERMO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-20. Port M Pull Device Enable Register (PERM)
Read: Anytime.
Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
wired-OR output. This bit has no effect if the port is used as push-pull output. Out of reset no pull device
is enabled.

Table 2-15. PERM Field Descriptions

Field Description

7-0 Pull Device Enable Port M Bits
PERM[7:0] [0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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2.3.2.3.6 Port M Polarity Select Register (PPSM)

Module Base + 0x_0015

7 6 5 4 3 2 1 0
R
PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-21. Port M Polarity Select Register (PPSM)
Read: Anytime.

Write: Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin. If CAN is active a
pull-up device can be activated on the RXCANO input, but not a pull-down.

Table 2-16. PPSM Field Descriptions

Field Description

7-0 Pull Select Port M Bits

PPSM[7:0] |0 A pull-up device is connected to the associated port M pin, if enabled by the associated bit in register PERM
and if the port is used as general purpose or RXCAN input.

1 Apull-down device is connected to the associated port M pin, if enabled by the associated bit in register PERM
and if the port is used as a general purpose but not as RXCAN.

2.3.2.3.7 Port M Wire-OR Mode Register (WOMM)

Module Base + 0x_0016

7 6 5 4 3 2 1 0

WOMM7 WOMM6 WOMM5 WOMM4 WOMM3 WOMM2 WOMM!1 WOMMO

Reset 0 0 0 0 0 0 0 0
Figure 2-22. Port M Wired-OR Mode Register (WOMM)
Read: Anytime.
Write: Anytime.

This register configures the output pins as wired-OR. If enabled the output is driven active low only
(open-drain). A logic level of “1” is not driven. It applies also to the CAN and outputs and allows a
multipoint connection of several serial modules. This bit has no influence on pins used as inputs.

Table 2-17. WOMM Field Descriptions

Field Description

7-0 Wired-OR Mode Port M Bits
WOMM][7:0] [0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
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23.24 Module Routing Register (MODRR)

Module Base + 0x_0017

7 6 5 4 3 2 1 0
R 0 0
W MODRRS5 MODRR4 MODRRS3 MODRR2 MODRR1 MODRRO
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 2-23. Module Routing Register (MODRR)
Read: Anytime.
Write: Anytime.
This register configures the re-routing of CANO, CAN4, SPI0, SPI1, and SPI2 on defined port pins.

Table 2-18. MODRR Field Descriptions

Field Description
5 SPI1 Routing Bit — See Table 2-19.
MODRRS5
4 CANO Routing Bit — See Table 2-22.
MODRR4
3-2 CAN4 Routing Bit — See Table 2-21.
MODRR[3:2]
1-0 SPI0 Routing Bit — See Table 2-20.
MODRR][1:0]

Table 2-19. SPI1 Routing

MODRR[5] MISO1 MOSH SCK1 SS1
0 PPO PP1 PP2 PP3
1 PHO PH1 PH2 PH3
Table 2-20. SPI0 Routing
MODRR[4] MISO0 MOSI0 SCKO SS0
0 PS4 PS5 PS6 PS7
1 PM2 PM4 PM5 PM3
Table 2-21. CAN4 Routing
MODRR[3] MODRR[2] RXCAN4 TXCAN4
0 0 PJ6 PJ7
0 1 PM4 PM5
1 0 PM6 PM7
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Table 2-21. CAN4 Routing
MODRR[3] MODRR[2] RXCAN4 TXCAN4

1 1 Reserved

Table 2-22. CANO Routing

MODRR[1] MODRRJ0] RXCANO TXCANO
0 0 PMO PM1
0 1 PM2 PM3
1 0 PM4 PM5
1 1 PJ6 PJ7

2.3.2.5 Port P Registers

2.3.2.5.1 Port P I/O Register (PTP)

Module Base + 0x_0018

7 6 5 4 3 2 1 0
R
wl PP PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
PWM| PWM7 PWM6 PWMS5 PWM4 PWM3 PWM2 PWM1 PWMO
SPI|  SCK2 552 MOSI2 MISO2 551 SCK1 MOSI1 MISO1
Reset 0 0 0 0 0 0 0 0

Figure 2-24. Port P I/0 Register (PTP)
Read: Anytime.
Write: Anytime.
If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,

otherwise the value at the pins is read.

« The PWM function takes precedence over the general purpose I/O function if the associated PWM
channel is enabled. While channels 6-0 are output only if the respective channel is enabled, channel
7 can be PWM output or input if the shutdown feature is enabled. Refer to PWM Block Guide for
details.

» The SPI function takes precedence over the general purpose I/O function associated with if
enabled. Refer to SPI Block Guide for details.

+ Ifboth PWM and SPI are enabled the PWM functionality takes precedence.
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2.3.2.5.2 Port P Input Register (PTIP)

Module Base + 0x_0019

7 6 5 4 3 2 1 0
R| PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
w
Reset — — — — — — — —

I:I: Unimplemented or Reserved

Figure 2-25. Port P Input Register (PTIP)
Read: Anytime.

Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can be also used to detect overload
or short circuit conditions on output pins.

2.3.2.5.3 Port P Data Direction Register (DDRP)

Module Base + 0x_001A

7 6 5 4 3 2 1 0
R
DDRP7 DDRP6 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
Reset 0 0 0 0 0 0 0 0

Figure 2-26. Port P Data Direction Register (DDRP)
Read: Anytime.

Write: Anytime.

This register configures each port P pin as either input or output.
» If the associated PWM channel or SPI module is enabled this register has no effect on the pins.

» The PWM forces the I/O state to be an output for each port line associated with an enabled
PWM?7-0 channel. Channel 7 can force the pin to input if the shutdown feature is enabled.

» Ifa SPI module is enabled, the SPI determines the pin direction. Refer to SPI Block Guide for
details.

« The DDRM bits revert to controlling the I/O direction of a pin when the associated PWM channel
is disabled.

Table 2-23. DDRP Field Descriptions

Field Description

7-0 Data Direction Port P Bits
DDRP[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
Note: Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTP
or PTIP registers, when changing the DDRP register.
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23.254 Port P Reduced Drive Register (RDRP)

Module Base + 0x_001B

7 6 5 4 3 2 1 0
R
RDRP7 RDRP6 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-27. Port P Reduced Drive Register (RDRP)
Read: Anytime.
Write: Anytime.

This register configures the drive strength of each port P output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 2-24. RDRP Field Descriptions

Field Description

7-0 Reduced Drive Port P Bits
RDRP[7:0] [0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.25.5 Port P Pull Device Enable Register (PERP)

Module Base + 0x_001C

7 6 5 4 3 2 1 0
R
PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-28. Port P Pull Device Enable Register (PERP)
Read: Anytime.
Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input.
This bit has no effect if the port is used as output. Out of reset no pull device is enabled.

Table 2-25. PERP Field Descriptions

Field Description

7-0 Pull Device Enable Port P Bits
PERP[7:0] |0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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2.3.2.5.6 Port P Polarity Select Register (PPSP)

Module Base + 0x_001D

7 6 5 4 3 2 1 0
R
PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-29. Port P Polarity Select Register (PPSP)
Read: Anytime.
Write: Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

Table 2-26. PPSP Field Descriptions

Field Description

7-0 Polarity Select Port P Bits

PPSP[7:0] |0 Falling edge on the associated port P pin sets the associated flag bit in the PIFP register. A pull-up device is
connected to the associated port P pin, if enabled by the associated bit in register PERP and if the port is used
as input.

1 Rising edge on the associated port P pin sets the associated flag bit in the PIFP register. A pull-down device
is connected to the associated port P pin, if enabled by the associated bit in register PERP and if the port is
used as input.

2.3.2.5.7 Port P Interrupt Enable Register (PIEP)

Module Base + 0x_001E

7 6 5 4 3 2 1 0
R
W PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
Reset 0 0 0 0 0 0 0 0

Figure 2-30. Port P Interrupt Enable Register (PIEP)
Read: Anytime.
Write: Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with
port P.

Table 2-27. PIEP Field Descriptions

Field Description

7-0 Interrupt Enable Port P Bits
PIEP[7:0] |0 Interruptis disabled (interrupt flag masked).
1 Interrupt is enabled.
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2.3.25.8 Port P Interrupt Flag Register (PIFP)

Module Base + 0x_001F

7 6 5 4 3 2 1 0
R
PIFP7 PIFP6 PIFP5 PIFP4 PIFP3 PIFP2 PIFP1 PIFPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-31. Port P Interrupt Flag Register (PIFP)
Read: Anytime.
Write: Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based
on the state of the PPSP register. To clear this flag, write “1” to the corresponding bit in the PIFP register.
Writing a “0” has no effect.

Table 2-28. Field PIFP Descriptions

Field Description
7-0 Interrupt Flags Port P Bits
PIFP[7:0] |0 No active edge pending. Writing a “0” has no effect.

1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).
Writing a “1” clears the associated flag.

2.3.2.6 Port H Registers

2.3.2.6.1 Port H I/O Register (PTH)

Module Base + 0x_0020

7 6 5 4 3 2 1 0
R
PTH7 PTH6 PTH5 PTH4 PTH3 PTH2 PTH1 PTHO
w
SPI|  S%2 Sck2 MOSI2 MISO2 SS1 SCKi1 MOSI1 MISO1
Reset 0 0 0 0 0 0 0 0

Figure 2-32. Port H 1/0 Register (PTH)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read. The SPI function takes precedence over the general purpose 1/0
function associated with if enabled. Refer to SPI Block Guide for details.
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2.3.2.6.2 Port H Input Register (PTIH)

Module Base + 0x_0021

7 6 5 4 3 2 1 0
R PTIH7 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 PTIHO
W
Reset — — — — — — — —

I:I: Unimplemented or Reserved

Figure 2-33. Port H Input Register (PTIH)
Read: Anytime.
Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can also be used to detect overload
or short circuit conditions on output pins.

2.3.2.6.3 Port H Data Direction Register (DDRH)

Module Base + 0x_0022

7 6 5 4 3 2 1 0
DDRH7 DDRH6 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRHO
Reset 0 0 0 0 0 0 0 0

Figure 2-34. Port H Data Direction Register (DDRH)
Read: Anytime.
Write: Anytime.

This register configures each port H pin as either input or output.
Table 2-29. DDRH Field Descriptions

Field Description

7-0 Data Direction Port H Bits
DDRH[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
Note: Due to internal synchronization circuits, it can take up to two bus cycles until the correct value is read on
PTH or PTIH registers, when changing the DDRH register.
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23.2.64 Port H Reduced Drive Register (RDRH)

Module Base + 0x_0023

7 6 5 4 3 2 1 0
R
RDRH7 RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRHO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-35. Port H Reduced Drive Register (RDRH)
Read: Anytime.
Write: Anytime.

This register configures the drive strength of each port H output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 2-30. RDRH Field Descriptions

Field Description

7-0 Reduced Drive Port H Bits
RDRH[7:0] [0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.2.6.5 Port H Pull Device Enable Register (PERH)

Module Base + 0x_0024

7 6 5 4 3 2 1 0
R
PERH7 PERH6 PERH5 PERH4 PERH3 PERH2 PERH1 PERHO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-36. Port H Pull Device Enable Register (PERH)
Read: Anytime.
Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input.
This bit has no effect if the port is used as output. Out of reset no pull device is enabled.

Table 2-31. PERH Field Descriptions

Field Description

7-0 Pull Device Enable Port H Bits
PERH[7:0] |0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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2.3.2.6.6 Port H Polarity Select Register (PPSH)

Module Base + 0x_0025

7 6 5 4 3 2 1 0
R
PPSH7 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSHO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-37. Port H Polarity Select Register (PPSH)
Read: Anytime.
Write: Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

Table 2-32. PPSH Field Descriptions

Field Description

7-0 Polarity Select Port H Bits

PPSH[7:0] |0 Falling edge on the associated port H pin sets the associated flag bit in the PIFH register. A pull-up device is
connected to the associated port H pin, if enabled by the associated bit in register PERH and if the port is used
as input.

1 Rising edge on the associated port H pin sets the associated flag bit in the PIFH register. A pull-down device
is connected to the associated port H pin, if enabled by the associated bit in register PERH and if the port is
used as input.

2.3.2.6.7 Port H Interrupt Enable Register (PIEH)

Module Base + 0x_0026

7 6 5 4 3 2 1 0
R
W PIEH7 PIEH6 PIEH5 PIEH4 PIEH3 PIEH2 PIEH1 PIEHO
Reset 0 0 0 0 0 0 0 0

Figure 2-38. Port H Interrupt Enable Register (PIEH)
Read: Anytime.
Write: Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with
port H.

Table 2-33. PIEH Field Descriptions

Field Description

7-0 Interrupt Enable Port H Bits
PIEH[7:0] |0 Interrupt is disabled (interrupt flag masked).
1 Interrupt is enabled.
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2.3.2.6.8 Port H Interrupt Flag Register (PIFH)

Module Base + 0x_0027

7 6 5 4 3 2 1 0
R
PIFH7 PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFHO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-39. Port H Interrupt Flag Register (PIFH)
Read: Anytime.
Write: Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based
on the state of the PPSH register. To clear this flag, write “1” to the corresponding bit in the PIFH register.
Writing a “0” has no effect.

Table 2-34. PIFH Field Descriptions

Field Description

7-0 Interrupt Flags Port H Bits

PIFH[7:0] [0 No active edge pending. Writing a “0” has no effect.

1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).
Writing a “1” clears the associated flag.
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2.3.2.7

2.3.2.7.1

Module Base + 0x_0028

Port J Registers

Port J I/O Register (PTJ)

Chapter 2 Port Integration Module (PIM3RG128V1) Block Description

7 6 3 1 0
0
PTJ7 PTJ6 PTJ1 PTJO
w
CAN4| TXCAN4 RXCAN4
IIC SCL SDA
CANO| TXCANO RXCANO
Reset 0 0 — 0 0

I:I: Unimplemented or Reserved

Figure 2-40. Port J I/O Register (PTJ)
Read: Anytime.

Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.
Table 2-35. PTJ Field Descriptions

Field Description

7-6 PJ7-PJ6

PJ[7:6] e The CAN4 function (TXCAN4 and RXCAN4) takes precedence over the IIC, the CANO and the general
purpose I/O function if the CAN4 module is enabled.

* The IIC function (SCL and SDA) takes precedence over CANO and the general purpose I/O function if the IIC
is enabled. If the 1IC module takes precedence the SDA and SCL outputs are configured as open drain
outputs. Refer to IIC Block Guide for details.

e The CANO function (TXCANO and RXCANO) takes precedence over the general purpose /O function if the
CANO module is enabled.Refer to MSCAN Block Guide for details.
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2.3.2.7.2 Port J Input Register (PTIJ)

Module Base + 0x_0029

7 6 5 4 3 2 1 0
R PTIJ7 PTIJ6 0 0 0 0 PTIJ1 PTIJO
w
Reset — — — — — — — —

I:I: Unimplemented or Reserved

Figure 2-41. Port J Input Register (PTIJ)
Read: Anytime.
Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can be used to detect overload or
short circuit conditions on output pins.

23.2.7.3 Port J Data Direction Register (DDRJ)

Module Base + 0x_002A

7 6 5 4 3 2 1 0
0 0 0 0
DDRJ7 DDRJ6 DDRJ1 DDRJO
Reset 0 0 — — — — 0 0

I:I: Unimplemented or Reserved

Figure 2-42. Port J Data Direction Register (DDRJ))
Read: Anytime.
Write: Anytime.
This register configures each port J pin as either input or output.

The CAN forces the I/O state to be an output on PJ7 (TXCAN4) and an input on pin PJ6 (RXCAN4). The
IIC takes control of the I/O if enabled. In these cases the data direction bits will not change. The DDRJ
bits revert to controlling the I/O direction of a pin when the associated peripheral module is disabled.

Table 2-36. DDRJ Field Descriptions

Field Description

7,6,1,0 |Data Direction Port J Bits

DDRJ[7:6] |0 Associated pin is configured as input.

DDRJ[1:0} |1 Associated pin is configured as output.

Note: Due to internal synchronization circuits, it can take up to two bus cycles until the correct value is read on
PTJ or PTIJ registers, when changing the DDRJ register.
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23.2.7.4 Port J Reduced Drive Register (RDRJ)

Module Base + 0x_002B

7 6 5 4 3 2 1 0
R 0 0 0 0
RDRJ7 RDRJ6 RDRJ1 RDRJO
w
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 2-43. Port J Reduced Drive Register (RDRJ)
Read: Anytime.

Write: Anytime.

This register configures the drive strength of each port J output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 2-37. RDRJ Field Descriptions

Field Description

7,6,1,0 |Reduced Drive Port J Bits
RDRJ[7:6] |0 Full drive strength at output.
RDRJ[1:0] |1 Associated pin drives at about 1/3 of the full drive strength.

2.3.2.7.5 Port J Pull Device Enable Register (PERJ)

Module Base + 0x_002C

7 6 5 4 3 2 1 0
R 0 0 0 0
PERJ7 PERJ6 PERJ1 PERJO
W
Reset 1 1 — — — — 1 1

I:I: Unimplemented or Reserved

Figure 2-44. Port J Pull Device Enable Register (PERJ)
Read: Anytime.

Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
as wired-OR output. This bit has no effect if the port is used as push-pull output. Out of reset a pull-up
device is enabled.

Table 2-38. PERJ Field Descriptions

Field Description

7,6,1,0 |Pull Device Enable Port J Bits
PERJ[7:6] |0 Pull-up or pull-down device is disabled.
PERJ[1:0] |1 Either a pull-up or pull-down device is enabled.
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2.3.2.7.6 Port J Polarity Select Register (PPSJ)

Module Base + 0x_002D

7 6 5 4 3 2 1 0
R 0 0 0 0
PPSJ7 PPSJ6 PPSJ1 PPSJO
W
Reset 0 0 — — — — 0 0

I:I: Unimplemented or Reserved

Figure 2-45. Port J Polarity Select Register (PPSJ)
Read: Anytime.
Write: Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

Table 2-39. PPSJ Field Descriptions

Field Description

7,6,1,0 |Polarity Select Port J Bits

PPSJ[7:6] |0 Falling edge on the associated port J pin sets the associated flag bit in the PIFJ register. A pull-up device is

PPSJ]1:0] connected to the associated port J pin, if enabled by the associated bit in register PERJ and if the port is used
as general purpose input or as IIC port.

1 Rising edge on the associated port J pin sets the associated flag bit in the PIFJ register. A pull-down device
is connected to the associated port J pin, if enabled by the associated bit in register PERJ and if the port is
used as input.
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2.3.2.7.7 Port J Interrupt Enable Register (PIEJ)

Module Base + 0x_002E

7 6 5 4 3 2 1 0
0 0 0 0
PIEJ7 PIEJ6 PIEJ1 PIEJO
Reset 0 0 — — — — 0 0

I:I: Unimplemented or Reserved

Figure 2-46. Port J Interrupt Enable Register (PIEJ)
Read: Anytime.

Write: Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with
port J.

Table 2-40. PIEJ Field Descriptions

Field Description

7,6,1,0 |Interrupt Enable Port J Bits
PIEJ[7:6] |0 Interrupt is disabled (interrupt flag masked).
PIEJ]1:0] |1 Interruptis enabled.

2.3.2.7.8 Port J Interrupt Flag Register (PIFJ)

Module Base + 0x_002F

7 6 5 4 3 2 1 0
0 0 0 0
PIFJ7 PIFJ6 PIFJ1 PIFJO
W
Reset 0 0 — — — — 0 0

I:I: Unimplemented or Reserved

Figure 2-47. Port J Interrupt Flag Register (PIFJ)
Read: Anytime.

Write: Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based

on the state of the PPSJ register. To clear this flag, write “1” to the corresponding bit in the PIFJ register.
Writing a “0” has no effect.

Table 2-41. PIFJ Field Descriptions

Field Description

7,6,1,0 |Interrupt Flags Port J Bits
PIFJ[7:6] |0 No active edge pending. Writing a “0” has no effect.

PIFJ[1:0] |1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).
Writing a “1” clears the associated flag.
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2.4  Functional Description

Each pin can act as general purpose I/0. In addition the pin can act as an output from a peripheral module
or an input to a peripheral module.

A set of configuration registers is common to all ports. All registers can be written at any time; however a
specific configuration might not become active.

Example:

Selecting a pull-up resistor. This resistor does not become active while the port is used as a
push-pull output.

241 I/O Register

This register holds the value driven out to the pin if the port is used as a general purpose 1/O.

Writing to this register has only an effect on the pin if the port is used as general purpose output. When
reading this address, the value of the pins is returned if the data direction register bits are set to 0.

If the data direction register bits are set to 1, the contents of the I/O register is returned. This is independent
of any other configuration (Figure 2-48).

2.4.2 Input Register

This is a read-only register and always returns the value of the pin (Figure 2-48).

243 Data Direction Register
This register defines whether the pin is used as an input or an output.

If a peripheral module controls the pin the contents of the data direction register is ignored (Figure 2-48).

PTI

A

; L.
Y
PT L 55 PAD

DDR 0

DATA OUT
MODULE  F5UTPUT ENABLE
MODULE ENABLE

Figure 2-48. lllustration of I/O Pin Functionality
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24.4 Reduced Drive Register

If the port is used as an output the register allows the configuration of the drive strength.

245 Pull Device Enable Register

This register turns on a pull-up or pull-down device. It becomes active only if the pin is used as an input
or as a wired-OR output.

2.4.6 Polarity Select Register

This register selects either a pull-up or pull-down device if enabled. It becomes active only if the pin is
used as an input. A pull-up device can be activated if the pin is used as a wired-OR output.

2.4.7 Port T
This port is associated with the ECT module.

Port T pins PT[7:0] can be used for either general-purpose I/O, or with the channels of the Enhanced
Capture Timer. During reset, port T pins are configured as high-impedance inputs.

2.4.8 Port S
This port is associated with SCI0, SCI1, and SPI0.

Port S pins PS[7:0] can be used either for general-purpose I/0O, or with the SCI and SPI subsystems. During
reset, port S pins are configured as inputs with pull-up.

The SPIO pins can be re-routed. Refer to Figure 2-23.

249 Port M
This port is associated with the CAN4, CANO, and SPIO.

Port M pins PM[7:0] can be used for either general purpose I/O, or with the CAN and SPI subsystems.
During reset, port M pins are configured as high-impedance inputs.

The CANO, CAN4, and SPIO pins can be re-routed. Refer to Figure 2-23.

2.4.91 Module Routing Register
This register allows to re-route the CANO, CAN4, SPIO0, and SPI1 pins to predefined pins.

NOTE

The purpose of the Module Routing Register is to provide maximum
flexibility for future derivatives of the MC3S12RG 128 with a lower number
of MSCAN and SPI modules.
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Table 2-42. Implemented Modules on Derivatives

MSCAN Modules SPI Modules
Number
of Modules CANO CAN4 SPIO SPH
2 X X X X
1 X — X —

24.10 PortP
This port is associated with the PWM and SPI1.
Port P pins PP[7:0] can be used for either general purpose 1/O, or with the PWM and SPI subsystems.

The pins are shared between the PWM channels and the SPI1 module. If the PWM is enabled the pins
become PWM output channels with the exception of pin 7 which can be PWM input or output. If SPII is
enabled and PWM is disabled, the respective pin configuration is determined by several status bits in the
SPI1 module. During reset, port P pins are configured as high-impedance inputs.

The SPI1 pins can be re-routed. Refer to Figure 2-23.

Port P offers eight I/O pins with edge triggered interrupt capability in wired-OR fashion. The interrupt
enable as well as the sensitivity to rising or falling edges can be individually configured on per pin basis.
All eight bits/pins share the same interrupt vector. Interrupts can be used with the pins configured as inputs
or outputs.

An interrupt is generated when a bit in the port interrupt flag register and its corresponding port interrupt
enable bit are both set. This external interrupt feature is capable to wake up the CPU when it is in Stop or
Wait mode.

A digital filter on each pin prevents pulses (Figure 2-50) shorter than a specified time from generating an
interrupt. The minimum time varies over process conditions, temperature and voltage (Figure 2-49 and
Table 2-43).

GLITCH, FILTERED OUT, NO INTERRUPT FLAG SET

R

VALID PULSE, INTERRUPT FLAG SET

R

|
<— tpign —)I

l: tpvall >
|

|
Figure 2-49. Interrupt Glitch Filter on Port P, H, and J (PPS = 0)

|
I
I
I
I
UNCERTAIN |
I
i
I
I
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Table 2-43. Pulse Detection Criteria

Mode
Pulse STOP sTopP!
Unit
Ignored toulse <3 Bus clocks touse < tpign
Uncertain 3 <tpuse<4 Bus clocks toign < tpuise < toval
Valid toulse 24 Bus clocks toutse 2 toval

' These values include the spread of the oscillator frequency over temperature,
voltage and process.

< tpulse >

Figure 2-50. Pulse lllustration

A valid edge on an input is detected if four consecutive samples of a passive level are followed by four
consecutive samples of an active level directly or indirectly.

The filters are continuously clocked by the bus clock in Run and Wait mode. In Stop mode the clock is
generated by a single RC oscillator in the Port Integration Module. To maximize current saving the RC
oscillator runs only if the following condition is true on any pin:

Sample count <= 4 and port interrupt enabled (PIE = 1) and port interrupt flag not set (PIF = 0).

24.11 PortH
This port is associated with the SPI1.

Port H pins PH[7:0] can be used for either general purpose 1/O, or with the SPI subsystems. During reset,
port H pins are configured as high-impedance inputs.

Port H pins can be used with the routed SPI1 module. Refer to Figure 2-23.

Port H offers eight I/O ports with the same interrupt features as port P.

2412 Portd
This port is associated with the CAN4, CANO, and the IIC.

Port J pins PJ[7:6] and PJ[1:0] can be used for either general purpose 1/O, or with the CAN and IIC
subsystems. During reset, port J pins are configured as inputs with pull-up. If IIC takes precedence the pins
become IIC open-drain output pins.

The CAN4 pins can be re-routed. Refer to Figure 2-23. Port J pins can be used with the routed CANO
modules. Refer to Figure 2-23.

Port J offers four I/O ports with the same interrupt features as port P.
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2.4.13 Port A, B, E, K, and BKGD Pin
All port and pin logic is located in the core module. Refer to MEBI in HCS12 Core User Guide for details.

2.4.14 External Pin Descriptions

All ports start up as general-purpose inputs on reset.

2.4.15 Low-Power Options

2.4.15.1 Run Mode

No low-power options exist for this module in run mode.

2.4.15.2 Wait Mode

No low-power options exist for this module in wait mode.

2.4.15.3 Stop Mode
All clocks are stopped. There are asynchronous paths to generate interrupts from STOP on port P, H, and J.
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Chapter 3
Module Mapping Control (MMCV5) Block Description

3.1 Introduction

This section describes the functionality of the module mapping control (MMC) sub-block of the S12 core
platform.

The block diagram of the MMC is shown in Figure 3-1.

MMC
MMC_SECURE
SECURE _ .
BDM_UNSECURE _ SECURITY
STOP, WAIT _
> A ﬂt
|  ADDRESS DECODE
READ & WRITEENABLES
> REGISTERS
CLOCKS, RESET _ B PORT K INTERFACE
—  INTERNAL MEMORY
MODE INFORMATION EXPANSION MEMORY SPACE SELECT(S)
PERIPHERAL SELECT

EBI ALTERNATE ADDRESS BUS Y CORE SELECT 5) -

EBI ALTERNATE WRITE DATABUS _
_ EBI ALTERNATE READ DATA BUS
_ ALTERNATE ADDRESS BUS (BDM)
CPU ADDRESS BUS BUS CONTROL :ALTERNATE WRITE DATA BUS (BDM)
CPU READ DATA BUS ALTERNATE READ DATA BUS (BDM)
CPU WRITE DATA BUS
CPU CONTROL

Figure 3-1. MMC Block Diagram

The MMC is the sub-module which controls memory map assignment and selection of internal resources
and external space. Internal buses between the core and memories and between the core and peripherals is
controlled in this module. The memory expansion is generated in this module.
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3.1.1 Features

» Registers for mapping of address space for on-chip RAM, EEPROM, and FLASH (or ROM)
memory blocks and associated registers

* Memory mapping control and selection based upon address decode and system operating mode

» Core address bus control

» Core data bus control and multiplexing

» Core security state decoding

«  Emulation chip select signal generation (ECS)

«  External chip select signal generation (XCS)

 Internal memory expansion

» External stretch and ROM mapping control functions via the MISC register

» Reserved registers for test purposes

» Configurable system memory options defined at integration of core into the system-on-a-chip
(SoC).

3.1.2 Modes of Operation

Some of the registers operate differently depending on the mode of operation (i.e., normal expanded wide,
special single chip, etc.). This is best understood from the register descriptions.

3.2 External Signal Description

All interfacing with the MMC sub-block is done within the core, it has no external signals.

3.3 Memory Map and Register Definition

A summary of the registers associated with the MMC sub-block is shown in Figure 3-2. Detailed
descriptions of the registers and bits are given in the subsections that follow.
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3.3.1

Name

0x0010
INITRM

0x0011
INITRG

0x0012
Reserved

0x0013
MISC

0x0014
MTSTO

0x0017
MTST1

0x001C
MEMSIZ0

0x001D
MEMSIZ1

0x0030
PPAGE

0x0031
Reserved

=3 =31 =3 =3

=

=

=

=

0

W

Register Descriptions

Chapter 3 Module Mapping Control (MMCV5) Block Description

Bit7 6 5 4 3 Bit 0
0
RAM15 RAM14 RAM13 RAM12 RAM11 RAMHAL
0 0 0 0
REG14 REG13 REG12 REG11
0 0 0 0 0 0 0 0
0 0 0 0
EXSTR1 EXSTRO | ROMHM | ROMON
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
REG_SWO0 0 EEP_SW1 | EEP_SWO 0 RAM_SW2 | RAM_SW1 | RAM_SWO0
ROM_SW1|ROM_SWO0 0 0 0 0 PAG_SW1 | PAG_SWO0
0 0
PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
0 0 0 0 0 0 0 0

I:I = Unimplemented

Figure 3-2. MMC Register Summary
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3.3.1.1

Module Base + 0x0010

Initialization of Internal RAM Position Register (INITRM)

Starting address location affected by INITRG register setting.

7

6

5

4

R
RAM15 RAM14 RAM13 RAM12 RAM11 RAMHAL
w
Reset 0 0 0 0 1 1

Read: Anytime

Write: Once in normal and emulation modes, anytime in special modes

NOTE
Writes to this register take one cycle to go into effect.

= Unimplemented or Reserved

Figure 3-3. Initialization of Internal RAM Position Register (INITRM)

This register initializes the position of the internal RAM within the on-chip system memory map.

Table 3-1. INITRM Field Descriptions

Field Description
7:3 Internal RAM Map Position — These bits determine the upper five bits of the base address for the system’s
RAM[15:11] | internal RAM array.
0 RAM High-Align — RAMHAL specifies the alignment of the internal RAM array.
RAMHAL |0 Aligns the RAM to the lowest address (0x0000) of the mappable space

1 Aligns the RAM to the higher address (OxFFFF) of the mappable space
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3.3.1.2 Initialization of Internal Registers Position Register (INITRG)

Module Base + 0x0011
Starting address location affected by INITRG register setting.

6 5 4 3 2 1
R 0 0 0 0
REG14 REG13 REG12 REG11
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 3-4. Initialization of Internal Registers Position Register (INITRG)

Read: Anytime
Write: Once in normal and emulation modes and anytime in special modes

This register initializes the position of the internal registers within the on-chip system memory map. The

registers occupy either a 1K byte or 2K byte space and can be mapped to any 2K byte space within the first
32K bytes of the system’s address space.

Table 3-2. INITRG Field Descriptions

Field Description
6:3 Internal Register Map Position — These four bits in combination with the leading zero supplied by bit 7 of
REG[14:11] | INITRG determine the upper five bits of the base address for the system’s internal registers (i.e., the minimum
base address is 0x0000 and the maximum is OX7FFF).
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3.3.1.3

Miscellaneous System Control Register (MISC)

Module Base + 0x0013
Starting address location affected by INITRG register setting.

6 5 3 2 1 0
R 0 0 0 0
EXSTR1 EXSTRO ROMHM ROMON
w
Reset: Expano!ed 0 0 0 0 1 ] 0 4
or Emulation
Reset: Peripheral
or Single Chip 0 0 0 0 1 1 0 1
Reset: Special Test 0 0 0 0 1 1 0 0

1. The reset state of this bit is determined at the chip integration level.

= Unimplemented or Reserved

Figure 3-5. Miscellaneous System Control Register (MISC)

Read: Anytime

Write: As stated in each bit description

NOTE

Writes to this register take one cycle to go into effect.

This register initializes miscellaneous control functions.

Table 3-3. MISC Field Descriptions

Field Description
3:2 External Access Stretch Bits 1 and 0
EXSTR[1:0] | Write: once in normal and emulation modes and anytime in special modes
This two-bit field determines the amount of clock stretch on accesses to the external address space as shown in
Table 3-4. In single chip and peripheral modes these bits have no meaning or effect.
1 FLASH EEPROM or ROM Only in Second Half of Memory Map
ROMHM | Write: once in normal and emulation modes and anytime in special modes
0 The fixed page(s) of FLASH EEPROM or ROM in the lower half of the memory map can be accessed.
1 Disables direct access to the FLASH EEPROM or ROM in the lower half of the memory map. These physical
locations of the FLASH EEPROM or ROM remain accessible through the program page window.
0 ROMON — Enable FLASH EEPROM or ROM
ROMON | Write: once in normal and emulation modes and anytime in special modes

This bit is used to enable the FLASH EEPROM or ROM memory in the memory map.

0 Disables the FLASH EEPROM or ROM from the memory map.

1 Enables the FLASH EEPROM or ROM in the memory map.

Note: Removing the Mask-ROM from the memory map in a secured Mask-ROM device unsecures the device.
This can be either achieved by writing a’0’ to the ROMON bit or by starting up with the Mask-ROM disabled
using the external ROMCTL pin. A secured Mask-ROM cannot be re-enabled once the device was
unsecured using this method. Writing a 1’ to the ROMON bit will not have any effect. Re-enabling a
secured Mask-ROM requires a system reset. Additionally, when starting in special single chip mode, the
BDM firmware in a Mask-ROM device will disable a secured ROM automatically before BDM access to the
device is enabled.
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3.3.14

Table 3-4. External Stretch Bit Definition

Stretch Bit EXSTR1

Stretch Bit EXSTRO

Number of E Clocks Stretched

0

0

0

0
]
]

1
0
1

1
2
3

Module Base + 0x0014

Starting address location affected by INITRG register setting.

5

Reserved Test Register 0 (MTSTO)

Chapter 3 Module Mapping Control (MMCV5) Block Description

R 0 0 0
w
Reset 0 0 0

Read: Anytime

Write: No effect — this register location is used for internal test purposes.

3.3.1.5

Module Base + 0x0017

Starting address location affected by INITRG register setting.

= Unimplemented or Reserved

Figure 3-6. Reserved Test Register 0 (MTSTO)

Reserved Test Register 1 (MTST1)

Reset

0

Read: Anytime

Write: No effect — this register location is used for internal test purposes.

0

= Unimplemented or Reserved

Figure 3-7. Reserved Test Register 1 (MTST1)
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3.3.1.6

Module Base + 0x001C

Memory Size Register 0 (MEMSIZO0)

Starting address location affected by INITRG register setting.

7 5 4 3 2 1 0
R| REG_SWO 0 EEP_SW1 | EEP_SWO 0 RAM_SW2 | RAM_SW1 [ RAM_SWO0
w
Reset — — — — — — — —

Read: Anytime

Write: Writes have no effect

= Unimplemented or Reserved

Figure 3-8. Memory Size Register 0 (MEMSIZO0)

Reset: Defined at chip integration, see device overview section.

The MEMSIZO0 register reflects the state of the register, EEPROM and RAM memory space configuration
switches at the core boundary which are configured at system integration. This register allows read
visibility to the state of these switches.

Table 3-5. MEMSIZO Field Descriptions

Field Description
7 Allocated System Register Space
REG_SWO0O |0 Allocated system register space size is 1K byte
1 Allocated system register space size is 2K byte
5:4 Allocated System EEPROM Memory Space — The allocated system EEPROM memory space size is as
EEP_SWI[1:0] | given in Table 3-6.
2 Allocated System RAM Memory Space — The allocated system RAM memory space size is as given in
RAM_SWI[2:0] | Table 3-7.

Table 3-6. Allocated EEPROM Memory Space

eep_sw1:eep_sw0 Allocated EEPROM Space
00 OK byte
01 2K bytes
10 4K bytes
11 8K bytes

Table 3-7. Allocated RAM Memory Space

ram_sw2:ram_swO Allocated RAM _ I.NITRM RAM Reset ;
RAM Space Mappable Region Bits Used Base Address

000 2K bytes 2K bytes RAM[15:11] 0x0800

001 4K bytes 4K bytes RAM[15:12] 0x0000

010 6K bytes 8K bytes? RAM[15:13] 0x0800
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Table 3-7. Allocated RAM Memory Space (continued)

ram_sw2:ram_swo Allocated RAM . I-NITRM RAM Reset ;
RAM Space Mappable Region Bits Used Base Address

011 8K bytes 8K bytes RAM[15:13] 0x0000

100 10K bytes 16K bytes 2 RAM[15:14] 0x1800

101 12K bytes 16K bytes 2 RAM[15:14] 0x1000

110 14K bytes 16K bytes 2 RAM[15:14] 0x0800

111 16K bytes 16K bytes RAM[15:14] 0x0000

' The RAM Reset BASE Address is based on the reset value of the INITRM register, 0x0009.
2 Alignment of the Allocated RAM space within the RAM mappable region is dependent on the value of RAMHAL.

NOTE

3.3.1.7

As stated, the bits in this register provide read visibility to the system
physical memory space allocations defined at system integration. The actual
array size for any given type of memory block may differ from the allocated
size. Please refer to the device overview chapter for actual sizes.

Memory Size Register 1 (MEMSIZ1)

Module Base + 0x001D
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1

0

ROM_SW1

ROM_SWo0 0 0 0 0 PAG_SW1

PAG_SWO0

= Unimplemented or Reserved

Figure 3-9. Memory Size Register 1 (MEMSIZ1)

Read: Anytime

Write: Writes have no effect

Reset: Defined at chip integration, see device overview section.

The MEMSIZ1 register reflects the state of the FLASH or ROM physical memory space and paging
switches at the core boundary which are configured at system integration. This register allows read
visibility to the state of these switches.
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Table 3-8. MEMSIZO Field Descriptions

Field Description
7:6 Allocated System FLASH or ROM Physical Memory Space — The allocated system FLASH or ROM
ROM_SWI[1:0] | physical memory space is as given in Table 3-9.
1:0 Allocated Off-Chip FLASH or ROM Memory Space — The allocated off-chip FLASH or ROM memory space
PAG_SWI[1:0] |size is as given in Table 3-10.

Table 3-9. Allocated FLASH/ROM Physical Memory Space

rom_sw1:rom_swO0

Allocated FLASH
or ROM Space

00 OK byte
01 16K bytes

10 48K bytes(!)
11 64K bytes(!)

NOTES:

1. The ROMHM software bit in the MISC register determines the accessibility of the

FLASH/ROM memory space. Please refer to Section 3.3.1.7, “Memory Size Register 1

(MEMSIZ1),” for a detailed functional description of the ROMHM bit.

Table 3-10. Allocated Off-Chip Memory Options

pag_sw1:pag_sw0 Off-Chip Space On-Chip Space
00 876K bytes 128K bytes
01 768K bytes 256K bytes
10 512K bytes 512K bytes
11 OK byte 1M byte
NOTE

As stated, the bits in this register provide read visibility to the system
memory space and on-chip/off-chip partitioning allocations defined at
system integration. The actual array size for any given type of memory

block may differ from the allocated size. Please refer to the device overview

chapter for actual sizes.
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3.3.1.8 Program Page Index Register (PPAGE)

Module Base + 0x0030
Starting address location affected by INITRG register setting.

5 4 3 2 1 0
R 0 0
PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
w
Reset! — — — — — — — —

1. The reset state of this register is controlled at chip integration. Please refer to the device overview section to determine the
actual reset state of this register.

= Unimplemented or Reserved

Figure 3-10. Program Page Index Register (PPAGE)
Read: Anytime

Write: Determined at chip integration. Generally it’s: “write anytime in all modes;” on some devices it will
be: “write only in special modes.” Check specific device documentation to determine which applies.

Reset: Defined at chip integration as either 0x00 (paired with write in any mode) or 0x3C (paired with
write only in special modes), see device overview chapter.

The HCS12 core architecture limits the physical address space available to 64K bytes. The program page
index register allows for integrating up to 1M byte of FLASH or ROM into the system by using the six
page index bits to page 16K byte blocks into the program page window located from 0x8000 to OxBFFF
as defined in Table 3-12. CALL and RTC instructions have special access to read and write this register
without using the address bus.

NOTE

Normal writes to this register take one cycle to go into effect. Writes to this
register using the special access of the CALL and RTC instructions will be
complete before the end of the associated instruction.

Table 3-11. MEMSIZO0 Field Descriptions

Field Description
5:0 Program Page Index Bits 5:0 — These page index bits are used to select which of the 64 FLASH or ROM
PIX[5:0] array pages is to be accessed in the program page window as shown in Table 3-12.
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Table 3-12. Program Page Index Register Bits

PIX5 | PIX4 | PIX3 | PIX2 | PIX1 | PIX0 Pr°g;a|::tiza°e

0 0 0 0 0 0 16K page 0

0 0 0 0 0 1 16K page 1

0 0 0 0 1 0 16K page 2
0 0 0 0 1 1 16K page 3
1 1 1 1 0 0 16K page 60
1 1 1 1 0 1 16K page 61
1 1 1 1 1 0 16K page 62
1 1 1 1 1 1 16K page 63

3.4 Functional Description

The MMC sub-block performs four basic functions of the core operation: bus control, address decoding
and select signal generation, memory expansion, and security decoding for the system. Each aspect is
described in the following subsections.

3.4.1 Bus Control

The MMC controls the address bus and data buses that interface the core with the rest of the system. This
includes the multiplexing of the input data buses to the core onto the main CPU read data bus and control
of data flow from the CPU to the output address and data buses of the core. In addition, the MMC manages
all CPU read data bus swapping operations.

3.4.2 Address Decoding

As data flows on the core address bus, the MMC decodes the address information, determines whether the
internal core register or firmware space, the peripheral space or a memory register or array space is being
addressed and generates the correct select signal. This decoding operation also interprets the mode of
operation of the system and the state of the mapping control registers in order to generate the proper select.
The MMC also generates two external chip select signals, emulation chip select (ECS) and external chip
select (XCS).

3.4.2.1 Select Priority and Mode Considerations

Although internal resources such as control registers and on-chip memory have default addresses, each can
be relocated by changing the default values in control registers. Normally, I/O addresses, control registers,
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vector spaces, expansion windows, and on-chip memory are mapped so that their address ranges do not
overlap. The MMC will make only one select signal active at any given time. This activation is based upon
the priority outlined in Table 3-13. If two or more blocks share the same address space, only the select
signal for the block with the highest priority will become active. An example of this is if the registers and
the RAM are mapped to the same space, the registers will have priority over the RAM and the portion of
RAM mapped in this shared space will not be accessible. The expansion windows have the lowest priority.
This means that registers, vectors, and on-chip memory are always visible to a program regardless of the
values in the page select registers.

Table 3-13. Select Signal Priority

Priority Address Space

Highest BDM (internal to core) firmware or register space

Internal register space

RAM memory block

EEPROM memory block
On-chip FLASH or ROM

Lowest Remaining external space

In expanded modes, all address space not used by internal resources is by default external memory space.
The data registers and data direction registers for ports A and B are removed from the on-chip memory
map and become external accesses. If the EME bit in the MODE register (see MEBI block description
chapter) is set, the data and data direction registers for port E are also removed from the on-chip memory
map and become external accesses.

In special peripheral mode, the first 16 registers associated with bus expansion are removed from the
on-chip memory map (PORTA, PORTB, DDRA, DDRB, PORTE, DDRE, PEAR, MODE, PUCR,
RDRIYV, and the EBI reserved registers).

In emulation modes, if the EMK bit in the MODE register (see MEBI block description chapter) is set, the
data and data direction registers for port K are removed from the on-chip memory map and become
external accesses.

3.4.2.2 Emulation Chip Select Signal

When the EMK bit in the MODE register (see MEBI block description chapter) is set, port K bit 7 is used
as an active-low emulation chip select signal, ECS. This signal is active when the system is in emulation
mode, the EMK bit is set and the FLASH or ROM space is being addressed subject to the conditions
outlined in Section 3.4.3.2, “Extended Address (XAB19:14) and ECS Signal Functionality.” When the
EMK bit is clear, this pin is used for general purpose I/O.

3.4.23 External Chip Select Signal

When the EMK bit in the MODE register (see MEBI block description chapter) is set, port K bit 6 is used
as an active-low external chip select signal, XCS. This signal is active only when the ECS signal described
above is not active and when the system is addressing the external address space. Accesses to

MC3S12RG128 Data Sheet, Rev. 1.05

Freescale Semiconductor 125



Chapter 3 Module Mapping Control (MMCV5) Block Description

unimplemented locations within the register space or to locations that are removed from the map (i.e., ports
A and B in expanded modes) will not cause this signal to become active. When the EMK bit is clear, this
pin is used for general purpose I/O.

3.4.3

The HCS12 core architecture limits the physical address space available to 64K bytes. The program page
index register allows for integrating up to 1M byte of FLASH or ROM into the system by using the six
page index bits to page 16K byte blocks into the program page window located from 0x8000 to OxBFFF
in the physical memory space. The paged memory space can consist of solely on-chip memory or a
combination of on-chip and off-chip memory. This partitioning is configured at system integration through
the use of the paging configuration switches (pag_swli:pag_sw0) at the core boundary. The options
available to the integrator are as given in Table 3-14 (this table matches Table 3-10 but is repeated here for
easy reference).

Memory Expansion

Table 3-14. Allocated Off-Chip Memory Options

Based upon the system configuration, the program page window will consider its access to be either

pag_sw1:pag_sw0 Off-Chip Space On-Chip Space
00 876K bytes 128K bytes
01 768K bytes 256K bytes
10 512K bytes 512K bytes
11 OK byte 1M byte

internal or external as defined in Table 3-15.

Table 3-15. External/Internal Page Window Access

) G . Page Window

pag_sw1:pag_sw0 Partitioning PIX5:0 Value Access

00 876K off-Chip, 0x0000-0x0037 External
128K on-Chip

0x0038—-0x003F Internal

01 768K off-chip, 0x0000-0x002F External
256K on-chip

0x0030-0x003F Internal

10 512K off-chip, 0x0000-0x001F External
512K on-chip

0x0020-0x003F Internal

11 0K off-chip, N/A External

1M on-chip
0x0000-0x003F Internal
NOTE

The partitioning as defined in Table 3-15 applies only to the allocated
memory space and the actual on-chip memory sizes implemented in the
system may differ. Please refer to the device overview chapter for actual

sizes.
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The PPAGE register holds the page select value for the program page window. The value of the PPAGE
register can be manipulated by normal read and write (some devices don’t allow writes in some modes)
instructions as well as the CALL and RTC instructions.

Control registers, vector spaces, and a portion of on-chip memory are located in unpaged portions of the
64K byte physical address space. The stack and I/0 addresses should also be in unpaged memory to make
them accessible from any page.

The starting address of a service routine must be located in unpaged memory because the 16-bit exception
vectors cannot point to addresses in paged memory. However, a service routine can call other routines that
are in paged memory. The upper 16K byte block of memory space (0xCO00—0xFFFF) is unpaged. It is
recommended that all reset and interrupt vectors point to locations in this area.

3.4.3.1 CALL and Return from Call Instructions

CALL and RTC are uninterruptable instructions that automate page switching in the program expansion
window. CALL is similar to a JSR instruction, but the subroutine that is called can be located anywhere in
the normal 64K byte address space or on any page of program expansion memory. CALL calculates and
stacks a return address, stacks the current PPAGE value, and writes a new instruction-supplied value to
PPAGE. The PPAGE value controls which of the 64 possible pages is visible through the 16K byte
expansion window in the 64K byte memory map. Execution then begins at the address of the called
subroutine.

During the execution of a CALL instruction, the CPU:

*  Writes the old PPAGE value into an internal temporary register and writes the new
instruction-supplied PPAGE value into the PPAGE register.

» (Calculates the address of the next instruction after the CALL instruction (the return address), and
pushes this 16-bit value onto the stack.

e Pushes the old PPAGE value onto the stack.

» Calculates the effective address of the subroutine, refills the queue, and begins execution at the new
address on the selected page of the expansion window.

This sequence is uninterruptable; there is no need to inhibit interrupts during CALL execution. A CALL
can be performed from any address in memory to any other address.

The PPAGE value supplied by the instruction is part of the effective address. For all addressing mode
variations except indexed-indirect modes, the new page value is provided by an immediate operand in the
instruction. In indexed-indirect variations of CALL, a pointer specifies memory locations where the new
page value and the address of the called subroutine are stored. Using indirect addressing for both the new
page value and the address within the page allows values calculated at run time rather than immediate
values that must be known at the time of assembly.

The RTC instruction terminates subroutines invoked by a CALL instruction. RTC unstacks the PPAGE
value and the return address and refills the queue. Execution resumes with the next instruction after the
CALL.
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During the execution of an RTC instruction, the CPU:
+ Pulls the old PPAGE value from the stack
* Pulls the 16-bit return address from the stack and loads it into the PC
*  Writes the old PPAGE value into the PPAGE register
» Refills the queue and resumes execution at the return address

This sequence is uninterruptable; an RTC can be executed from anywhere in memory, even from a different
page of extended memory in the expansion window.

The CALL and RTC instructions behave like JSR and RTS, except they use more execution cycles.
Therefore, routinely substituting CALL/RTC for JSR/RTS is not recommended. JSR and RTS can be used
to access subroutines that are on the same page in expanded memory. However, a subroutine in expanded
memory that can be called from other pages must be terminated with an RTC. And the RTC unstacks a
PPAGE value. So any access to the subroutine, even from the same page, must use a CALL instruction so
that the correct PPAGE value is in the stack.

3.4.3.2 Extended Address (XAB19:14) and ECS Signal Functionality

If the EMK bit in the MODE register is set (see MEBI block description chapter) the PIX5:0 values will
be output on XAB19:14 respectively (port K bits 5:0) when the system is addressing within the physical
program page window address space (0x8000—0xBFFF) and is in an expanded mode. When addressing
anywhere else within the physical address space (outside of the paging space), the XAB19:14 signals will
be assigned a constant value based upon the physical address space selected. In addition, the active-low
emulation chip select signal, ECS, will likewise function based upon the assigned memory allocation. In
the cases of 48K byte and 64K byte allocated physical FLASH/ROM space, the operation of the ECS
signal will additionally depend upon the state of the ROMHM bit (see Section 3.3.1.3, “Miscellaneous
System Control Register (MISC)”) in the MISC register. Table 3-16, Table 3-17, Table 3-18, and

Table 3-19 summarize the functionality of these signals based upon the allocated memory configuration.
Again, this signal information is only available externally when the EMK bit is set and the system is in an
expanded mode.

Table 3-16. OK Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A N/A 1 0x3E
0x8000-0xBFFF N/A N/A 0 PIX[5:0]
0xC000-0xFFFF N/A N/A 0 O0x3F

Table 3-17. 16K Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000—-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A N/A 1 Ox3E
0x8000—-0xBFFF N/A N/A 1 PIX[5:0]
0xCO000-0xFFFF N/A N/A 0 O0x3F
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Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A 0 0 0x3E
N/A 1 1
0x8000-0xBFFF External N/A 1 PIX[5:0]
Internal N/A 0
0xCO000-0xFFFF N/A N/A 0 0x3F
Table 3-19. 64K Byte Physical FLASH/ROM Allocated
Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A 0 0 0x3D
N/A 1 1
0x4000-0x7FFF N/A 0 0 0x3E
N/A 1 1
0x8000-0xBFFF External N/A 1 PIX[5:0]
Internal N/A 0
0xC000-0xFFFF N/A N/A 0 Ox3F
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A graphical example of a memory paging for a system configured as 1M byte on-chip FLASH/ROM with
64K allocated physical space is given in Figure 3-11.

0x0000
61

16K FLASH
(UNPAGED)

0x4000
X 62

16K FLASH
(UNPAGED) o

ONE 16K FLASH/ROM PAGE ACCESSIBLE AT A TIME
(SELECTED BY PPAGE =0 TO 63)

0x8000 pb——+v fY— e —m—m—  — — — — —

16K FLASH
(PAGED)

0xC000

63

These 16K FLASH/ROM pages accessible from 0x0000 to 0x7FFF if selected
by the ROMHM bit in the MISC register.

16K FLASH
(UNPAGED)

OXFFOO | = = = _ .
VECTORS
OXFFFF

NORMAL
SINGLE CHIP

Figure 3-11. Memory Paging Example: 1M Byte On-Chip FLASH/ROM, 64K Allocation
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Chapter 4
Multiplexed External Bus Interface (MEBIV3)
Block Description

4.1 Introduction

This section describes the functionality of the multiplexed external bus interface (MEBI) sub-block of the
S12 core platform. The functionality of the module is closely coupled with the S12 CPU and the memory
map controller (MMC) sub-blocks.

Figure 4-1 is a block diagram of the MEBI. In Figure 4-1, the signals on the right hand side represent pins
that are accessible externally. On some chips, these may not all be bonded out.

The MEBI sub-block of the core serves to provide access and/or visibility to internal core data
manipulation operations including timing reference information at the external boundary of the core and/or
system. Depending upon the system operating mode and the state of bits within the control registers of the
MEBI, the internal 16-bit read and write data operations will be represented in 8-bit or 16-bit accesses
externally. Using control information from other blocks within the system, the MEBI will determine the
appropriate type of data access to be generated.

411 Features

The block name includes these distinctive features:
» External bus controller with four 8-bit ports A,B, E, and K
» Data and data direction registers for ports A, B, E, and K when used as general-purpose 1/0
» Control register to enable/disable alternate functions on ports E and K
*  Mode control register
» Control register to enable/disable pull-ups on ports A, B, E, and K
» Control register to enable/disable reduced output drive on ports A, B, E, and K
» Control register to configure external clock behavior
«  Control register to configure IRQ pin operation
* Logic to capture and synchronize external interrupt pin inputs
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Figure 4-1. MEBI Block Diagram
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4.1.2 Modes of Operation

* Normal expanded wide mode

Ports A and B are configured as a 16-bit multiplexed address and data bus and port E provides bus
control and status signals. This mode allows 16-bit external memory and peripheral devices to be
interfaced to the system.

* Normal expanded narrow mode

Ports A and B are configured as a 16-bit address bus and port A is multiplexed with 8-bit data.
Port E provides bus control and status signals. This mode allows 8-bit external memory and
peripheral devices to be interfaced to the system.

* Normal single-chip mode

There is no external expansion bus in this mode. The processor program is executed from internal
memory. Ports A, B, K, and most of E are available as general-purpose 1/0.

* Special single-chip mode
This mode is generally used for debugging single-chip operation, boot-strapping, or security
related operations. The active background mode is in control of CPU execution and BDM firmware

is waiting for additional serial commands through the BKGD pin. There is no external expansion
bus after reset in this mode.

* Emulation expanded wide mode

Developers use this mode for emulation systems in which the users target application is normal
expanded wide mode.

* Emulation expanded narrow mode

Developers use this mode for emulation systems in which the users target application is normal
expanded narrow mode.

* Special test mode

Ports A and B are configured as a 16-bit multiplexed address and data bus and port E provides bus
control and status signals. In special test mode, the write protection of many control bits is lifted
so that they can be thoroughly tested without needing to go through reset.

* Special peripheral mode

This mode is intended for Freescale Semiconductor factory testing of the system. The CPU is
inactive and an external (tester) bus master drives address, data, and bus control signals.

4.2 External Signal Description

In typical implementations, the MEBI sub-block of the core interfaces directly with external system pins.
Some pins may not be bonded out in all implementations.

Table 4-1 outlines the pin names and functions and gives a brief description of their operation reset state
of these pins and associated pull-ups or pull-downs is dependent on the mode of operation and on the
integration of this block at the chip level (chip dependent).
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Table 4-1. External System Pins Associated With MEBI

Pin Name Pin Functions Description
BKGD/MODC/ MODC At the rising edge on RESET, the state of this pin is registered into the MODC
TAGHI bit to set the mode. (This pin always has an internal pullup.)
BKGD Pseudo open-drain communication pin for the single-wire background debug
mode. There is an internal pull-up resistor on this pin.
TAGHI When instruction tagging is on, a 0 at the falling edge of E tags the high half of
the instruction word being read into the instruction queue.
PA7/A15/D15/D7 PA7-PAOQ General-purpose /O pins, see PORTA and DDRA registers.
thru
PAQ/A8/DS/DO A15-A8 High-order address lines multiplexed during ECLK low. Outputs except in

special peripheral mode where they are inputs from an external tester system.

D15-D8 High-order bidirectional data lines multiplexed during ECLK high in expanded
wide modes, special peripheral mode, and visible internal accesses (IVIS = 1)
in emulation expanded narrow mode. Direction of data transfer is generally
indicated by R/W.

D15/D7 Alternate high-order and low-order bytes of the bidirectional data lines
thru multiplexed during ECLK high in expanded narrow modes and narrow accesses
D8/D0 in wide modes. Direction of data transfer is generally indicated by R/W.
PB7/A7/D7 PB7-PB0O General-purpose /O pins, see PORTB and DDRB registers.
thru
PBO/A0/DO A7-A0 Low-order address lines multiplexed during ECLK low. Outputs except in
special peripheral mode where they are inputs from an external tester system.
D7-DO Low-order bidirectional data lines multiplexed during ECLK high in expanded
wide modes, special peripheral mode, and visible internal accesses (with
IVIS = 1) in emulation expanded narrow mode. Direction of data transfer is
generally indicated by R/W.
PE7/NOACC PE7 General-purpose /O pin, see PORTE and DDRE registers.
NOACC CPU No Access output. Indicates whether the current cycle is a free cycle. Only
available in expanded modes.
PE6/IPIPE1/ MODB At the rising edge of RESET, the state of this pin is registered into the MODB
MODB/CLKTO bit to set the mode.
PE6 General-purpose /O pin, see PORTE and DDRE registers.
IPIPEA Instruction pipe status bit 1, enabled by PIPOE bit in PEAR.
CLKTO System clock test output. Only available in special modes. PIPOE = 1 overrides
this function. The enable for this function is in the clock module.
PES5/IPIPEO/MODA MODA At the rising edge on RESET, the state of this pin is registered into the MODA
bit to set the mode.
PE5 General-purpose /O pin, see PORTE and DDRE registers.
IPIPEO Instruction pipe status bit 0, enabled by PIPOE bit in PEAR.
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Table 4-1. External System Pins Associated With MEBI (continued)

Pin Name Pin Functions Description
PE4/ECLK PE4 General-purpose /O pin, see PORTE and DDRE registers.

ECLK Bus timing reference clock, can operate as a free-running clock at the system
clock rate or to produce one low-high clock per visible access, with the high
period stretched for slow accesses. ECLK is controlled by the NECLK bit in
PEAR, the IVIS bit in MODE, and the ESTR bit in EBICTL.

PE3/LSTRB/ TAGLO | PE3 General-purpose /O pin, see PORTE and DDRE registers.

LSTRB Low strobe bar, 0 indicates valid data on D7-DO.

SZ8 In special peripheral mode, this pin is an input indicating the size of the data
transfer (0 = 16-bit; 1 = 8-bit).

TAGLO In expanded wide mode or emulation narrow modes, when instruction tagging
is on and low strobe is enabled, a 0 at the falling edge of E tags the low half of
the instruction word being read into the instruction queue.

PE2/R/W PE2 General-purpose /O pin, see PORTE and DDRE registers.

R/W Read/write, indicates the direction of internal data transfers. This is an output
except in special peripheral mode where it is an input.

PE1/IRQ PE1 General-purpose input-only pin, can be read even if IRQ enabled.

IRQ Maskable interrupt request, can be level sensitive or edge sensitive.

PEO/XIRQ PEO General-purpose input-only pin.
XIRQ Non-maskable interrupt input.

PK7/ECS PK7 General-purpose /O pin, see PORTK and DDRK registers.
ECS Emulation chip select

PK6/XCS PK6 General-purpose /O pin, see PORTK and DDRK registers.
XCS External data chip select

PK5/X19 PK5-PKO General-purpose /O pins, see PORTK and DDRK registers.

thru

PKO/X14 X19-X14 Memory expansion addresses

Detailed descriptions of these pins can be found in the device overview chapter.
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4.3

A summary of the registers associated with the MEBI sub-block is shown in Figure 4-2. Detailed
descriptions of the registers and bits are given in the subsections that follow. On most chips the registers
are mappable. Therefore, the upper bits may not be all Os as shown in the table and descriptions.

Memory Map and Register Definition

4.3.1 Module Memory Map
Name Bit 7 6 5 4 3 2 1 Bit0
0x0000 R . .
PORTA W Bit 7 6 5 4 3 2 1 Bit 0
0x0001 Rl gitr 6 5 4 3 2 1 Bit 0
PORTB W
0x0002 Rl gitr 6 5 4 3 2 1 Bit 0
DDRA W
0x0003 Rl gi- 6 5 4 3 2 1 Bit 0
DDRB W
0x0004 R 0 0 0 0 0 0 0 0
Reserved W
0x0005 R 0 0 0 0 0 0 0 0
Reserved W
0x0006 R 0 0 0 0 0 0 0 0
Reserved W
0x0007 R 0 0 0 0 0 0 0 0
Reserved W
0x0008 R ) 1 Bit 0
PORTE W Bit 7 6 5 4 3 2
0x0009 R . 0 0
DDRE W Bit 7 6 5 4 3 2
R 0 0 0
0x000A NOACCE PIPOE NECLK LSTRE RDWE
PEAR W
0x000B R 0 0
MODE W MODC MODB MODA VIS EMK EME
0x000C R 0 0 0 0
PUCR W PUPKE PUPEE PUPBE PUPAE
Figure 4-2. MEBI Register Summary
MC3S12RG128 Data Sheet, Rev. 1.05
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Name Bit7 6 5 4 3 2 1 Bit0
0x000D R 0 0 0 0
RDRIV W RDPK RDPE RDPB RDPA
0x000E R 0 0 0 0 0 0 0
EBICTL W ESTR
0x000F R 0 0 0 0 0 0 0 0
Reserved W
0x001E R 0 0 0 0 0 0
IRQCR W IRQE IRQEN
0x0032 Rl Bty 6 5 4 3 2 1 Bit 0
PORTK W
0x0033 Rl gi- 6 5 4 3 2 1 Bit 0
DDRK W
I:I = Unimplemented or Reserved
Figure 4-2. MEBI Register Summary (continued)
4.3.2 Register Descriptions
4.3.2.1 Port A Data Register (PORTA)
Module Base + 0x0000
Starting address location affected by INITRG register setting.
7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0
Single Chip PA7 PAG6 PA5 PA4 PA3 PA2 PA1 PAO
Expanded Wide,
Emulation Narrow with AB/DB15 AB/DB14 AB/DB13 AB/DB12 | AB/DB11  AB/DB10  AB/DB9 AB/DB8
IVIS, and Peripheral
Expanded Narrow AB15and AB14and AB13and AB12and | AB11and AB10and AB9and AB8and
DB15/DB7 DB14/DB6 DB13/DB5 DB12/DB4 | DB11/DB3 DB10/DB2 DB9/DB1  DB8/DBO
Figure 4-3. Port A Data Register (PORTA)
MC3S12RG128 Data Sheet, Rev. 1.05
Freescale Semiconductor 137



Chapter 4 Multiplexed External Bus Interface (MEBIV3) Block Description

Read: Anytime when register is in the map
Write: Anytime when register is in the map

Port A bits 7 through 0 are associated with address lines A15 through A8 respectively and data lines
D15/D7 through D8/DO0 respectively. When this port is not used for external addresses such as in
single-chip mode, these pins can be used as general-purpose I/0. Data direction register A (DDRA)
determines the primary direction of each pin. DDRA also determines the source of data for a read of
PORTA.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

NOTE

To ensure that you read the value present on the PORTA pins, always wait
at least one cycle after writing to the DDRA register before reading from the
PORTA register.

4.3.2.2 Port B Data Register (PORTB)

Module Base + 0x0001
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0
Single Chip PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

Expanded Wide,
Emulation Narrow with AB/DB7 AB/DB6 AB/DB5 AB/DB4 AB/DB3 AB/DB2 AB/DB1 AB/DBO
IVIS, and Peripheral

Expanded Narrow AB7 AB6 AB5 AB4 AB3 AB2 AB1 ABO
Figure 4-4. Port A Data Register (PORTB)

Read: Anytime when register is in the map
Write: Anytime when register is in the map

Port B bits 7 through 0 are associated with address lines A7 through AO respectively and data lines D7
through DO respectively. When this port is not used for external addresses, such as in single-chip mode,
these pins can be used as general-purpose I/0. Data direction register B (DDRB) determines the primary
direction of each pin. DDRB also determines the source of data for a read of PORTB.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
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NOTE

To ensure that you read the value present on the PORTB pins, always wait
at least one cycle after writing to the DDRB register before reading from the
PORTB register.
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4.3.2.3 Data Direction Register A (DDRA)

Module Base + 0x0002
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 4-5. Data Direction Register A (DDRA)
Read: Anytime when register is in the map

Write: Anytime when register is in the map

This register controls the data direction for port A. When port A is operating as a general-purpose /O port,
DDRA determines the primary direction for each port A pin. A 1 causes the associated port pin to be an
output and a 0 causes the associated pin to be a high-impedance input. The value in a DDR bit also affects
the source of data for reads of the corresponding PORTA register. If the DDR bit is 0 (input) the buffered
pin input state is read. If the DDR bit is 1 (output) the associated port data register bit state is read.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. It is reset to 0x00 so the DDR does not override the three-state control

signals.
Table 4-2. DDRA Field Descriptions
Field Description
7:0 Data Direction Port A

DDRA 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
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4.3.2.4 Data Direction Register B (DDRB)

Module Base + 0x0003
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 4-6. Data Direction Register B (DDRB)
Read: Anytime when register is in the map

Write: Anytime when register is in the map

This register controls the data direction for port B. When port B is operating as a general-purpose 1/O port,
DDRB determines the primary direction for each port B pin. A 1 causes the associated port pin to be an
output and a 0 causes the associated pin to be a high-impedance input. The value in a DDR bit also affects
the source of data for reads of the corresponding PORTB register. If the DDR bit is 0 (input) the buffered
pin input state is read. If the DDR bit is 1 (output) the associated port data register bit state is read.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. It is reset to 0x00 so the DDR does not override the three-state control
signals.

Table 4-3. DDRB Field Descriptions

Field Description

7:0 Data Direction Port B
DDRB 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
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4.3.2.5 Reserved Registers

Module Base + 0x0004
Starting address location affected by INITRG register setting.

5 4 3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-7. Reserved Register
Module Base + 0x0005
Starting address location affected by INITRG register setting.
5 4 3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-8. Reserved Register
Module Base + 0x0006
Starting address location affected by INITRG register setting.
5 4 3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-9. Reserved Register
Module Base + 0x0007
Starting address location affected by INITRG register setting.
3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-10. Reserved Register
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These register locations are not used (reserved). All unused registers and bits in this block return logic 0Os
when read. Writes to these registers have no effect.

These registers are not in the on-chip map in special peripheral mode.

4.3.2.6 Port E Data Register (PORTE)

Module Base + 0x0008
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R Bit 1 Bit 0
Bit 7 6 5 4 3 2
W
Reset 0 0 0 0 0 0 u u
Alternate MODB e
Pin Function NOACC or IPIPE1 MODA ECLK LSTRB R/W IRQ XIRQ
or IPIPEO or TAGLO
or CLKTO
= Unimplemented or Reserved u = Unaffected by reset

Figure 4-11. Port E Data Register (PORTE)
Read: Anytime when register is in the map

Write: Anytime when register is in the map

Port E is associated with external bus control signals and interrupt inputs. These include mode select
(MODB/IPIPE1, MODA/IPIPEO), E clock, size (LSTRB/TAGLO), read/write (R/W), IRQ, and XIRQ.
When not used for one of these specific functions, port E pins 7:2 can be used as general-purpose I/O and
pins 1:0 can be used as general-purpose input. The port E assignment register (PEAR) selects the function
of each pin and DDRE determines whether each pin is an input or output when it is configured to be
general-purpose I/0. DDRE also determines the source of data for a read of PORTE.

Some of these pins have software selectable pull-ups (PE7, ECLK, LSTRB, R/W, IRQ, and XIRQ).
A single control bit enables the pull-ups for all of these pins when they are configured as inputs.

This register is not in the on-chip map in special peripheral mode or in expanded modes when the EME
bit is set. Therefore, these accesses will be echoed externally.

NOTE

It is unwise to write PORTE and DDRE as a word access. If you are
changing port E pins from being inputs to outputs, the data may have extra
transitions during the write. It is best to initialize PORTE before enabling as
outputs.

NOTE

To ensure that you read the value present on the PORTE pins, always wait
at least one cycle after writing to the DDRE register before reading from the
PORTE register.
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4.3.2.7

Data Direction Register E (DDRE)

Module Base + 0x0009
Starting address location affected by INITRG register setting.

Reset

Read: Anytime when register is in the map

Write: Anytime when register is in the map

7 6 5 4 3 2 1
0 0
Bit 7 6 5 4 3 Bit 2
0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-12. Data Direction Register E (DDRE)

Data direction register E is associated with port E. For bits in port E that are configured as general-purpose
I/O lines, DDRE determines the primary direction of each of these pins. A 1 causes the associated bit to
be an output and a 0 causes the associated bit to be an input. Port E bit 1 (associated with IRQ) and bit 0
(associated with XIRQ) cannot be configured as outputs. Port E, bits 1 and 0, can be read regardless of
whether the alternate interrupt function is enabled. The value in a DDR bit also affects the source of data
for reads of the corresponding PORTE register. If the DDR bit is 0 (input) the buffered pin input state is
read. If the DDR bit is 1 (output) the associated port data register bit state is read.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. Also, it is not in the map in expanded modes while the EME control bit

is set.
Table 4-4. DDRE Field Descriptions
Field Description
7:2 Data Direction Port E
DDRE 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
Note: It is unwise to write PORTE and DDRE as a word access. If you are changing port E pins from inputs to
outputs, the data may have extra transitions during the write. It is best to initialize PORTE before enabling
as outputs.
MC3S12RG128 Data Sheet, Rev. 1.05
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4.3.2.8 Port E Assignment Register (PEAR)

Module Base + 0x000A
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1
R 0 0 0
NOACCE PIPOE NECLK LSTRE RDWE
w
Reset
Special Single Chip 0 0 0 0 0 0 0 0
Special Test 0 0 1 0 1 1 0 0
Peripheral 0 0 0 0 0 0 0 0
Emulation Expanded 1 0 1 0 1 1 0 0
Narrow
Emulation Expanded
Wide 1 0 1 0 1 1 0 0
Normal Single Chip 0 0 0 1 0 0 0 0
Normal Expanded 0 0 0 0 0 0 0 0
Narrow
Normal Expanded Wide 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-13. Port E Assignment Register (PEAR)

Read: Anytime (provided this register is in the map).

Write: Each bit has specific write conditions. Please refer to the descriptions of each bit on the following
pages.

Port E serves as general-purpose I/O or as system and bus control signals. The PEAR register is used to
choose between the general-purpose I/O function and the alternate control functions. When an alternate
control function is selected, the associated DDRE bits are overridden.

The reset condition of this register depends on the mode of operation because bus control signals are
needed immediately after reset in some modes. In normal single-chip mode, no external bus control signals
are needed so all of port E is configured for general-purpose I/O. In normal expanded modes, only the E
clock is configured for its alternate bus control function and the other bits of port E are configured for
general-purpose /0. As the reset vector is located in external memory, the E clock is required for this
access. R/W is only needed by the system when there are external writable resources. If the normal
expanded system needs any other bus control signals, PEAR would need to be written before any access
that needed the additional signals. In special test and emulation modes, IPIPE1, IPIPEO, E, LSTRB, and
R/W are configured out of reset as bus control signals.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

MC3S12RG128 Data Sheet, Rev. 1.05

Freescale Semiconductor 145



Chapter 4 Multiplexed External Bus Interface (MEBIV3) Block Description

Table 4-5. PEAR Field Descriptions

Field Description
7 CPU No Access Output Enable
NOACCE | Normal: write once

Emulation: write never

Special: write anytime

1 The associated pin (port E, bit 7) is general-purpose 1/O.

0 The associated pin (port E, bit 7) is output and indicates whether the cycle is a CPU free cycle.

This bit has no effect in single-chip or special peripheral modes.

5 Pipe Status Signal Output Enable
PIPOE Normal: write once

Emulation: write never

Special: write anytime.

0 The associated pins (port E, bits 6:5) are general-purpose I/O.

1 The associated pins (port E, bits 6:5) are outputs and indicate the state of the instruction queue

This bit has no effect in single-chip or special peripheral modes.

4 No External E Clock
NECLK Normal and special: write anytime

Emulation: write never

0 The associated pin (port E, bit 4) is the external E clock pin. External E clock is free-running if ESTR = 0

1 The associated pin (port E, bit 4) is a general-purpose I/O pin.

External E clock is available as an output in all modes.

3 Low Strobe (LSTRB) Enable
LSTRE Normal: write once

Emulation: write never

Special: write anytime.

0 The associated pin (port E, bit 3) is a general-purpose 1/O pin.

1 The associated pin (port E, bit 3) is configured as the LSTRB bus control output. If BDM tagging is enabled,

TAGLO is multiplexed in on the rising edge of ECLK and LSTRB is driven out on the falling edge of ECLK.

This bit has no effect in single-chip, peripheral, or normal expanded narrow modes.

Note: LSTRB is used during external writes. After reset in normal expanded mode, LSTRB is disabled to provide
an extra I/O pin. If LSTRB is needed, it should be enabled before any external writes. External reads do
not normally need LSTRB because all 16 data bits can be driven even if the system only needs 8 bits of
data.

2 Read/Write Enable
RDWE Normal: write once

Emulation: write never

Special: write anytime

0 The associated pin (port E, bit 2) is a general-purpose 1/O pin.

1 The associated pin (port E, bit 2) is configured as the R/W pin

This bit has no effect in single-chip or special peripheral modes.

Note: R/W is used for external writes. After reset in normal expanded mode, R/W is disabled to provide an extra
I/0 pin. If R/W is needed it should be enabled before any external writes.
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4.3.2.9 Mode Register (MODE)

Module Base + 0x000B
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R 0 0
MODC MODB MODA IVIS EMK EME

w
Reset

Special Single Chip 0 0 0 0 0 0 0 0

Emulation Expanded 0 0 1 0 1 0 1 1
Narrow

Special Test 0 1 0 0 1 0 0 0
Emulation Expanded

Wide 0 1 1 0 1 0 1 1

Normal Single Chip 1 0 0 0 0 0 0 0

Normal Expanded 1 0 1 0 0 0 0 0
Narrow

Peripheral 1 1 0 0 0 0 0 0

Normal Expanded Wide 1 1 1 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-14. Mode Register (MODE)

Read: Anytime (provided this register is in the map).

Write: Each bit has specific write conditions. Please refer to the descriptions of each bit on the following
pages.

The MODE register is used to establish the operating mode and other miscellaneous functions (i.e.,
internal visibility and emulation of port E and K).

In special peripheral mode, this register is not accessible but it is reset as shown to system configuration
features. Changes to bits in the MODE register are delayed one cycle after the write.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

MC3S12RG128 Data Sheet, Rev. 1.05

Freescale Semiconductor 147



Chapter 4 Multiplexed External Bus Interface (MEBIV3) Block Description

Table 4-6. MODE Field Descriptions

Field

Description

7:5
MODI[C:A]

Mode Select Bits — These bits indicate the current operating mode.

If MODA = 1, then MODC, MODB, and MODA are write never.

If MODC = MODA = 0, then MODC, MODB, and MODA are writable with the exception that you cannot change
to or from special peripheral mode

If MODC = 1, MODB = 0, and MODA = 0, then MODC is write never. MODB and MODA are write once, except
that you cannot change to special peripheral mode. From normal single-chip, only normal expanded narrow and
normal expanded wide modes are available.

See Table 4-7 and Table 4-15.

VIS

Internal Visibility (for both read and write accesses) — This bit determines whether internal accesses
generate a bus cycle that is visible on the external bus.

Normal: write once

Emulation: write never

Special: write anytime

0 No visibility of internal bus operations on external bus.

1 Internal bus operations are visible on external bus.

EMK

Emulate Port K

Normal: write once

Emulation: write never

Special: write anytime

0 PORTK and DDRK are in the memory map so port K can be used for general-purpose 1/O.

1 If in any expanded mode, PORTK and DDRK are removed from the memory map.

In single-chip modes, PORTK and DDRK are always in the map regardless of the state of this bit.

In special peripheral mode, PORTK and DDRK are never in the map regardless of the state of this bit.

EME

Emulate Port E

Normal and Emulation: write never

Special: write anytime

0 PORTE and DDRE are in the memory map so port E can be used for general-purpose /0.

1 If in any expanded mode or special peripheral mode, PORTE and DDRE are removed from the memory map.
Removing the registers from the map allows the user to emulate the function of these registers externally.

In single-chip modes, PORTE and DDRE are always in the map regardless of the state of this bit.
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Table 4-7. MODC, MODB, and MODA Write Capability1

MODC MODB MODA Mode MODx Write Capability

0 0 0 Special single chip MODC, MODB, and MODA
write anytime but not to 1102

0 0 1 Emulation narrow No write

0 1 0 Special test MODC, MODB, and MODA
write anytime but not to 110@

0 1 1 Emulation wide No write

1 0 0 Normal single chip MODC write never,
MODB and MODA write once

but not to 110

1 0 1 Normal expanded narrow No write

1 1 0 Special peripheral No write

1 1 1 Normal expanded wide No write

T No writes to the MOD bits are allowed while operating in a secure mode. For more details, refer to the device overview chapter.

2 |f you are in a special single-chip or special test mode and you write to this register, changing to normal single-chip mode, then
one allowed write to this register remains. If you write to normal expanded or emulation mode, then no writes remain.

4.3.2.10 Pull-Up Control Register (PUCR)

Module Base + 0x000C
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R 0 0 0 0
PUPKE PUPEE PUPBE PUPAE
w
Reset! 1 0 0 1 0 0 0 0
NOTES:

1. The default value of this parameter is shown. Please refer to the device overview chapter to determine the actual
reset state of this register.

= Unimplemented or Reserved

Figure 4-15. Pullup Control Register (PUCR)

Read: Anytime (provided this register is in the map).

Write: Anytime (provided this register is in the map).

This register is used to select pull resistors for the pins associated with the core ports. Pull resistors are
assigned on a per-port basis and apply to any pin in the corresponding port that is currently configured as
an input. The polarity of these pull resistors is determined by chip integration. Please refer to the device
overview chapter to determine the polarity of these resistors.
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This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

NOTE

These bits have no effect when the associated pin(s) are outputs. (The pull
resistors are inactive.)

Table 4-8. PUCR Field Descriptions

Field Description

7 Pull-Up Port K Enable
PUPKE 0 Port K pull resistors are disabled.
1 Enable pull resistors for port K input pins.

4 Pull-Up Port E Enable
PUPEE 0 Port E pull resistors on bits 7, 4:0 are disabled.
1 Enable pull resistors for port E input pins bits 7, 4:0.
Note: Pins 5 and 6 of port E have pull resistors which are only enabled during reset. This bit has no effect on
these pins.

1 Pull-Up Port B Enable
PUPBE 0 Port B pull resistors are disabled.
1 Enable pull resistors for all port B input pins.

0 Pull-Up Port A Enable
PUPAE 0 Port A pull resistors are disabled.
1 Enable pull resistors for all port A input pins.

4.3.2.11 Reduced Drive Register (RDRIV)

Module Base + 0x000D
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R 0 0 0 0
RDRK RDPE RDPB RDPA
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-16. Reduced Drive Register (RDRIV)
Read: Anytime (provided this register is in the map)

Write: Anytime (provided this register is in the map)

This register is used to select reduced drive for the pins associated with the core ports. This gives reduced
power consumption and reduced RFI with a slight increase in transition time (depending on loading). This
feature would be used on ports which have a light loading. The reduced drive function is independent of
which function is being used on a particular port.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
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Table 4-9. RDRIV Field Descriptions

Field Description

7 Reduced Drive of Port K
RDRK 0 All port K output pins have full drive enabled.
1 All port K output pins have reduced drive enabled.

4 Reduced Drive of Port E
RDPE 0 All port E output pins have full drive enabled.
1 All port E output pins have reduced drive enabled.

1 Reduced Drive of Port B
RDPB 0 All port B output pins have full drive enabled.
1 All port B output pins have reduced drive enabled.

0 Reduced Drive of Ports A
RDPA 0 All port A output pins have full drive enabled.
1 All port A output pins have reduced drive enabled.

4.3.2.12 External Bus Interface Control Register (EBICTL)

Module Base + 0x000E
Starting address location affected by INITRG register setting.

R 0 0 0 0 0 0
ESTR
W
Reset:
Peripheral 0 0 0 0 0 0 0
All other modes 0 0 0 0 0 0 1

= Unimplemented or Reserved

Figure 4-17. External Bus Interface Control Register (EBICTL)

Read: Anytime (provided this register is in the map)

Write: Refer to individual bit descriptions below

The EBICTL register is used to control miscellaneous functions (i.e., stretching of external E clock).

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these

accesses will be echoed externally.
Table 4-10. EBICTL Field Descriptions

Normal and Emulation: write once
Special: write anytime
0 E never stretches (always free running).

This bit has no effect in single-chip modes.

Field Description
0 E Clock Stretches — This control bit determines whether the E clock behaves as a simple free-running clock or
ESTR as a bus control signal that is active only for external bus cycles.

1 E stretches high during stretched external accesses and remains low during non-visible internal accesses.
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4.3.2.13 Reserved Register

Module Base + 0x000F
Starting address location affected by INITRG register setting.

5 4 3 2 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-18. Reserved Register

This register location is not used (reserved). All bits in this register return logic Os when read. Writes to
this register have no effect.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

4.3.2.14

IRQ Control Register (IRQCR)

Module Base + 0x001E
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1
R 0 0 0 0 0 0
IRQE IRQEN
w
Reset 0 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-19. IRQ Control Register (IRQCR)

Read: See individual bit descriptions below

Write: See individual bit descriptions below

Table 4-11. IRQCR Field Descriptions

Field Description
7 IRQ Select Edge Sensitive Only
IRQE Special modes: read or write anytime
Normal and Emulation modes: read anytime, write once
0 IRQ configured for low level recognition.
1 IRQ configured to respond only to falling edges. Falling edges on the IRQ pin will be detected anytime
IRQE = 1 and will be cleared only upon a reset or the servicing of the IRQ interrupt.
6 External IRQ Enable
IRQEN Normal, emulation, and special modes: read or write anytime

0 External IRQ pin is disconnected from interrupt logic.
1 External IRQ pin is connected to interrupt logic.
Note: When IRQEN = 0, the edge detect latch is disabled.
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4.3.2.15 Port K Data Register (PORTK)

Module Base + 0x0032
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0
_Alternate - gq XCS XAB19 XAB18 XAB17 XAB16 XAB15 XAB14
Pin Function

Figure 4-20. Port K Data Register (PORTK)
Read: Anytime
Write: Anytime

This port is associated with the internal memory expansion emulation pins. When the port is not enabled
to emulate the internal memory expansion, the port pins are used as general-purpose I/0. When port K is
operating as a general-purpose I/O port, DDRK determines the primary direction for each port K pin. A 1
causes the associated port pin to be an output and a 0 causes the associated pin to be a high-impedance
input. The value in a DDR bit also affects the source of data for reads of the corresponding PORTK register.
If the DDR bit is 0 (input) the buffered pin input is read. If the DDR bit is 1 (output) the output of the port
data register is read.

This register is not in the map in peripheral or expanded modes while the EMK control bit in MODE
register is set. Therefore, these accesses will be echoed externally.

When inputs, these pins can be selected to be high impedance or pulled up, based upon the state of the
PUPKE bit in the PUCR register.

Table 4-12. PORTK Field Descriptions

Field Description

7 Port K, Bit 7 — This bit is used as an emulation chip select signal for the emulation of the internal memory
Port K, Bit 7 | expansion, or as general-purpose I/O, depending upon the state of the EMK bit in the MODE register. While
this bit is used as a chip select, the external bit will return to its de-asserted state (Vpp) for approximately 1/4
cycle just after the negative edge of ECLK, unless the external access is stretched and ECLK is free-running
(ESTR bit in EBICTL = 0). See the MMC block description chapter for additional details on when this signal
will be active.

6 Port K, Bit 6 — This bit is used as an external chip select signal for most external accesses that are not
Port K, Bit 6 |selected by ECS (see the MMC block description chapter for more details), depending upon the state the of
the EMK bit in the MODE register. While this bit is used as a chip select, the external pin will return to its
de-asserted state (Vpp) for approximately 1/4 cycle just after the negative edge of ECLK, unless the external
access is stretched and ECLK is free-running (ESTR bit in EBICTL = 0).

5:0 Port K, Bits 5:0 — These six bits are used to determine which FLASH/ROM or external memory array page
Port K, Bits 5:0 | is being accessed. They can be viewed as expanded addresses XAB19-XAB14 of the 20-bit address used to
access up to1M byte internal FLASH/ROM or external memory array. Alternatively, these bits can be used for
general-purpose 1/O depending upon the state of the EMK bit in the MODE register.
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4.3.2.16 Port K Data Direction Register (DDRK)

Module Base + 0x0033
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 4-21. Port K Data Direction Register (DDRK)
Read: Anytime
Write: Anytime

This register determines the primary direction for each port K pin configured as general-purpose I/O. This
register is not in the map in peripheral or expanded modes while the EMK control bit in MODE register is
set. Therefore, these accesses will be echoed externally.

Table 4-13. EBICTL Field Descriptions

Field Description

7:0 Data Direction Port K Bits

DDRK 0 Associated pin is a high-impedance input

1 Associated pin is an output

Note: It is unwise to write PORTK and DDRK as a word access. If you are changing port K pins from inputs to
outputs, the data may have extra transitions during the write. It is best to initialize PORTK before enabling
as outputs.

Note: To ensure that you read the correct value from the PORTK pins, always wait at least one cycle after writing
to the DDRK register before reading from the PORTK register.

4.4 Functional Description

4.4.1 Detecting Access Type from External Signals

The external signals LSTRB, R/W, and ABO indicate the type of bus access that is taking place. Accesses
to the internal RAM module are the only type of access that would produce LSTRB = ABO = 1, because
the internal RAM is specifically designed to allow misaligned 16-bit accesses in a single cycle. In these
cases the data for the address that was accessed is on the low half of the data bus and the data for
address + 1 is on the high half of the data bus. This is summarized in Table 4-14.

Table 4-14. Access Type vs. Bus Control Pins

LSTRB ABO R/W Type of Access
1 0 1 8-bit read of an even address
0 1 1 8-bit read of an odd address
1 0 0 8-bit write of an even address
0 1 0 8-bit write of an odd address
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Table 4-14. Access Type vs. Bus Control Pins

LSTRB

ABO

R/W Type of Access

0

1 16-bit read of an even address

1 16-bit read of an odd address

1 1
(low/high data swapped)

16-bit write to an even address

16-bit write to an odd address
(low/high data swapped)

4.4.2

In order to allow fast internal bus cycles to coexist in a system with slower external memory resources, the
HCS12 supports the concept of stretched bus cycles (module timing reference clocks for timers and baud
rate generators are not affected by this stretching). Control bits in the MISC register in the MMC sub-block
of the core specify the amount of stretch (0, 1, 2, or 3 periods of the internal bus-rate clock). While
stretching, the CPU state machines are all held in their current state. At this point in the CPU bus cycle,
write data would already be driven onto the data bus so the length of time write data is valid is extended
in the case of a stretched bus cycle. Read data would not be captured by the system until the E clock falling
edge. In the case of a stretched bus cycle, read data is not required until the specified setup time before the
falling edge of the stretched E clock. The chip selects, and R/W signals remain valid during the period of
stretching (throughout the stretched E high time).

NOTE
The address portion of the bus cycle is not stretched.

Stretched Bus Cycles

4.4.3

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pins during
reset (Table 4-15). The MODC, MODB, and MODA bits in the MODE register show the current operating
mode and provide limited mode switching during operation. The states of the MODC, MODB, and MODA
pins are latched into these bits on the rising edge of the reset signal.

Modes of Operation

Table 4-15. Mode Selection

MODC MODB MODA Mode Description

0 0 0 Special Single Chip, BDM allowed and ACTIVE. BDM is allowed in all
other modes but a serial command is required to make BDM active.

0 0 1 Emulation Expanded Narrow, BDM allowed

0 1 0 Special Test (Expanded Wide), BDM allowed

0 1 1 Emulation Expanded Wide, BDM allowed

1 0 0 Normal Single Chip, BDM allowed

1 0 1 Normal Expanded Narrow, BDM allowed

1 1 0 Peripheral; BDM allowed but bus operations would cause bus conflicts
(must not be used)

1 1 1 Normal Expanded Wide, BDM allowed
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There are two basic types of operating modes:
1. Normal modes: Some registers and bits are protected against accidental changes.

2. Special modes: Allow greater access to protected control registers and bits for special purposes
such as testing.

A system development and debug feature, background debug mode (BDM), is available in all modes. In
special single-chip mode, BDM is active immediately after reset.

Some aspects of Port E are not mode dependent. Bit 1 of Port E is a general purpose input or the IRQ
interrupt input. IRQ can be enabled by bits in the CPU’s condition codes register but it is inhibited at reset
so this pin is initially configured as a simple input with a pull-up. Bit 0 of Port E is a general purpose input
or the XIRQ interrupt input. XIRQ can be enabled by bits in the CPU’s condition codes register but it is
inhibited at reset so this pin is initially configured as a simple input with a pull-up. The ESTR bit in the
EBICTL register is set to one by reset in any user mode. This assures that the reset vector can be fetched
even if it is located in an external slow memory device. The PE6/MODB/IPIPE1 and PES/MODA/IPIPEO
pins act as high-impedance mode select inputs during reset.

The following paragraphs discuss the default bus setup and describe which aspects of the bus can be
changed after reset on a per mode basis.

4431 Normal Operating Modes

These modes provide three operating configurations. Background debug is available in all three modes, but
must first be enabled for some operations by means of a BDM background command, then activated.

44311 Normal Single-Chip Mode

There is no external expansion bus in this mode. All pins of Ports A, B and E are configured as general
purpose I/O pins Port E bits 1 and 0 are available as general purpose input only pins with internal pull-ups
enabled. All other pins of Port E are bidirectional I/O pins that are initially configured as high-impedance
inputs with internal pull-ups enabled. Ports A and B are configured as high-impedance inputs with their
internal pull-ups disabled.

The pins associated with Port E bits 6, 5, 3, and 2 cannot be configured for their alternate functions IPIPE1,
IPIPEO, LSTRB, and R/W while the MCU is in single chip modes. In single chip modes, the associated
control bits PIPOE, LSTRE, and RDWE are reset to zero. Writing the opposite state into them in single
chip mode does not change the operation of the associated Port E pins.

In normal single chip mode, the MODE register is writable one time. This allows a user program to change
the bus mode to narrow or wide expanded mode and/or turn on visibility of internal accesses.

Port E, bit 4 can be configured for a free-running E clock output by clearing NECLK=0. Typically the only
use for an E clock output while the MCU is in single chip modes would be to get a constant speed clock
for use in the external application system.
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44.3.1.2 Normal Expanded Wide Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E bit 4 is configured as the E clock output signal. These signals allow external memory and peripheral
devices to be interfaced to the MCU.

Port E pins other than PE4/ECLK are configured as general purpose I/O pins (initially high-impedance
inputs with internal pull-up resistors enabled). Control bits PIPOE, NECLK, LSTRE, and RDWE in the
PEAR register can be used to configure Port E pins to act as bus control outputs instead of general purpose
I/O pins.

It is possible to enable the pipe status signals on Port E bits 6 and 5 by setting the PIPOE bit in PEAR, but
it would be unusual to do so in this mode. Development systems where pipe status signals are monitored
would typically use the special variation of this mode.

The Port E bit 2 pin can be reconfigured as the R/W bus control signal by writing “1” to the RDWE bit in
PEAR. If the expanded system includes external devices that can be written, such as RAM, the RDWE bit
would need to be set before any attempt to write to an external location. If there are no writable resources
in the external system, PE2 can be left as a general purpose I/O pin.

The Port E bit 3 pin can be reconfigured as the LSTRB bus control signal by writing “1”” to the LSTRE bit
in PEAR. The default condition of this pin is a general purpose input because the LSTRB function is not
needed in all expanded wide applications.

The Port E bit 4 pin is initially configured as ECLK output with stretch. The E clock output function
depends upon the settings of the NECLK bit in the PEAR register, the IVIS bit in the MODE register and
the ESTR bit in the EBICTL register. The E clock is available for use in external select decode logic or as
a constant speed clock for use in the external application system.

44313 Normal Expanded Narrow Mode

This mode is used for lower cost production systems that use 8-bit wide external EPROMs or RAMs. Such
systems take extra bus cycles to access 16-bit locations but this may be preferred over the extra cost of
additional external memory devices.

Ports A and B are configured as a 16-bit address bus and Port A is multiplexed with data. Internal visibility
is not available in this mode because the internal cycles would need to be split into two 8-bit cycles.

Since the PEAR register can only be written one time in this mode, use care to set all bits to the desired
states during the single allowed write.

The PE3/LSTRB pin is always a general purpose I/O pin in normal expanded narrow mode. Although it is
possible to write the LSTRE bit in PEAR to “1” in this mode, the state of LSTRE is overridden and Port
E bit 3 cannot be reconfigured as the LSTRB output.

It is possible to enable the pipe status signals on Port E bits 6 and 5 by setting the PIPOE bit in PEAR, but
it would be unusual to do so in this mode. LSTRB would also be needed to fully understand system
activity. Development systems where pipe status signals are monitored would typically use special
expanded wide mode or occasionally special expanded narrow mode.
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The PE4/ECLK pin is initially configured as ECLK output with stretch. The E clock output function
depends upon the settings of the NECLK bit in the PEAR register, the IVIS bit in the MODE register and
the ESTR bit in the EBICTL register. In normal expanded narrow mode, the E clock is available for use in
external select decode logic or as a constant speed clock for use in the external application system.

The PE2/R/W pin is initially configured as a general purpose input with a pull-up but this pin can be
reconfigured as the R/W bus control signal by writing “1” to the RDWE bit in PEAR. If the expanded
narrow system includes external devices that can be written such as RAM, the RDWE bit would need to
be set before any attempt to write to an external location. If there are no writable resources in the external
system, PE2 can be left as a general purpose /O pin.

4431.4 Emulation Expanded Wide Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E provides bus control and status signals. These signals allow external memory and peripheral devices
to be interfaced to the MCU. These signals can also be used by a logic analyzer to monitor the progress of
application programs.

The bus control related pins in Port E (PE7/NOACC, PE6/MODB/IPIPE1, PES/MODA/IPIPEO,
PE4/ECLK, PE3/LSTRB/TAGLO, and PE2/R/W) are all configured to serve their bus control output
functions rather than general purpose I/0. Notice that writes to the bus control enable bits in the PEAR
register in emulation mode are restricted.

443.1.5 Emulation Expanded Narrow Mode

Expanded narrow modes are intended to allow connection of single 8-bit external memory devices for
lower cost systems that do not need the performance of a full 16-bit external data bus. Accesses to internal
resources that have been mapped external (i.e. PORTA, PORTB, DDRA, DDRB, PORTE, DDRE, PEAR,
PUCR, RDRIV) will be accessed with a 16-bit data bus on Ports A and B. Accesses of 16-bit external
words to addresses which are normally mapped external will be broken into two separate 8-bit accesses
using Port A as an 8-bit data bus. Internal operations continue to use full 16-bit data paths. They are only
visible externally as 16-bit information if IVIS=1.

Ports A and B are configured as multiplexed address and data output ports. During external accesses,
address A15, data D15 and D7 are associated with PA7, address AQ is associated with PBO and data D8
and DO are associated with PAO. During internal visible accesses and accesses to internal resources that
have been mapped external, address A15 and data D15 is associated with PA7 and address A0 and data
DO is associated with PBO.

The bus control related pins in Port E (PE7/NOACC, PE6/MODB/IPIPE1, PES/MODA/IPIPEQ,
PE4/ECLK, PE3/LSTRB/TAGLO, and PE2/R/W) are all configured to serve their bus control output
functions rather than general purpose I/0O. Notice that writes to the bus control enable bits in the PEAR
register in emulation mode are restricted.

The main difference between special modes and normal modes is that some of the bus control and system
control signals cannot be written in emulation modes.
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4.4.3.2 Special Operating Modes

There are two special operating modes that correspond to normal operating modes. These operating modes
are commonly used in factory testing and system development.

44.3.2.1 Special Single-Chip Mode

When the MCU is reset in this mode, the background debug mode is enabled and active. The MCU does
not fetch the reset vector and execute application code as it would in other modes. Instead the active
background mode is in control of CPU execution and BDM firmware is waiting for additional serial
commands through the BKGD pin. When a serial command instructs the MCU to return to normal
execution, the system will be configured as described below unless the reset states of internal control
registers have been changed through background commands after the MCU was reset.

There is no external expansion bus after reset in this mode. Ports A and B are initially simple bidirectional
I/O pins that are configured as high-impedance inputs with internal pull-ups disabled; however, writing to
the mode select bits in the MODE register (which is allowed in special modes) can change this after reset.
All of the Port E pins (except PE4/ECLK) are initially configured as general purpose high-impedance
inputs with pull-ups enabled. PE4/ECLK is configured as the E clock output in this mode.

The pins associated with Port E bits 6, 5, 3, and 2 cannot be configured for their alternate functions IPIPEI,
IPIPEO, LSTRB, and R/W while the MCU is in single chip modes. In single chip modes, the associated
control bits PIPOE, LSTRE and RDWE are reset to zero. Writing the opposite value into these bits in
single chip mode does not change the operation of the associated Port E pins.

Port E, bit 4 can be configured for a free-running E clock output by clearing NECLK=0. Typically the only
use for an E clock output while the MCU is in single chip modes would be to get a constant speed clock
for use in the external application system.

44.3.2.2 Special Test Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E provides bus control and status signals. In special test mode, the write protection of many control
bits is lifted so that they can be thoroughly tested without needing to go through reset.

4.4.3.3 Test Operating Mode

There is a test operating mode in which an external master, such as an I.C. tester, can control the on-chip
peripherals.

4.4.3.3.1 Peripheral Mode

This mode is intended for factory testing of the MCU. In this mode, the CPU is inactive and an external
(tester) bus master drives address, data and bus control signals in through Ports A, B and E. In effect, the
whole MCU acts as if it was a peripheral under control of an external CPU. This allows faster testing of
on-chip memory and peripherals than previous testing methods. Since the mode control register is not
accessible in peripheral mode, the only way to change to another mode is to reset the MCU into a different
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mode. Background debugging should not be used while the MCU is in special peripheral mode as internal
bus conflicts between BDM and the external master can cause improper operation of both functions.

4.4.4 Internal Visibility

Internal visibility is available when the MCU is operating in expanded wide modes or emulation narrow
mode. It is not available in single-chip, peripheral or normal expanded narrow modes. Internal visibility is
enabled by setting the IVIS bit in the MODE register.

If an internal access is made while E, R/W, and LSTRB are (Enﬁgured as bus control outputs and internal
visibility is off (IVIS=0), E will remain low for the cycle, R/W will remain high, and address, data and the
LSTRB pins will remain at their previous state.

When internal visibility is enabled (IVIS=1), certain internal cycles will be blocked from going external.
During cycles when the BDM is selected, R/W will remain high, data will maintain its previous state, and
address and LSTRB pins will be updated with the internal value. During CPU no access cycles when the
BDM is not driving, R/W will remain high, and address, data and the LSTRB pins will remain at their
previous state.

NOTE

When the system is operating in a secure mode, internal visibility is not
available (i.e., IVIS = 1 has no effect). Also, the IPIPE signals will not be
visible, regardless of operating mode. IPIPE1-IPIPEO will display Oes if
they are enabled. In addition, the MOD bits in the MODE control register
cannot be written.

4.4.5 Low-Power Options

The MEBI does not contain any user-controlled options for reducing power consumption. The operation
of the MEBI in low-power modes is discussed in the following subsections.

4451 Operation in Run Mode

The MEBI does not contain any options for reducing power in run mode; however, the external addresses
are conditioned to reduce power in single-chip modes. Expanded bus modes will increase power
consumption.

4.4.5.2 Operation in Wait Mode

The MEBI does not contain any options for reducing power in wait mode.

445.3 Operation in Stop Mode

The MEBI will cease to function after execution of a CPU STOP instruction.

Figure 4-22.
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Chapter 5

Interrupt (INTV1) Block Description

5.1 Introduction

This section describes the functionality of the interrupt (INT) sub-block of the S12 core platform.

A block diagram of the interrupt sub-block is shown in Figure 5-1.

INT

HPRIO (OPTIONAL)

WRITE DATA BUS |
A
HIGHEST PRIORITY
INTERRUPT
INTERRUPTS
INTERRUPT INPUT REGISTERS
XMASK AND CONTROL REGISTERS READDATABUS
IMASK
WAKEUP
> P i}
©
(@]
L
>
o
QUALIFIED T
INTERRUPTS T
INTERRUPT PENDING
RESET FLAGS PRIORITY DECODER

MC3S12RG128 Data Sheet, Rev. 1.05

Figure 5-1. INT Block Diagram

\

Freescale Semiconductor

167



Chapter 5 Interrupt (INTV1) Block Description

The interrupt sub-block decodes the priority of all system exception requests and provides the applicable
vector for processing the exception. The INT supports I-bit maskable and X-bit maskable interrupts, a
non-maskable unimplemented opcode trap, a non-maskable software interrupt (SWI) or background debug
mode request, and three system reset vector requests. All interrupt related exception requests are managed
by the interrupt sub-block (INT).

5.1.1

Features

The INT includes these features:

5.1.2

Provides two to 122 I-bit maskable interrupt vectors (0xFFO0—-0xFFF2)
Provides one X-bit maskable interrupt vector (0xFFF4)

Provides a non-maskable software interrupt (SWI) or background debug mode request vector
(0xFFF6)

Provides a non-maskable unimplemented opcode trap (TRAP) vector (OxFFFg)

Provides three system reset vectors (OXFFFA—OxXFFFE) (reset, CMR, and COP)
Determines the appropriate vector and drives it onto the address bus at the appropriate time
Signals the CPU that interrupts are pending

Provides control registers which allow testing of interrupts

Provides additional input signals which prevents requests for servicing I and X interrupts

Wakes the system from stop or wait mode when an appropriate interrupt occurs or whenever XIRQ
is active, even if XIRQ is masked

Provides asynchronous path for all I and X interrupts, (OxFFO0-0xFFF4)

(Optional) selects and stores the highest priority I interrupt based on the value written into the
HPRIO register

Modes of Operation

The functionality of the INT sub-block in various modes of operation is discussed in the subsections that

follow.

Normal operation

The INT operates the same in all normal modes of operation.

Special operation

Interrupts may be tested in special modes through the use of the interrupt test registers.
Emulation modes

The INT operates the same in emulation modes as in normal modes.

Low power modes

See Section 5.4.1, “Low-Power Modes,” for details
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5.2

Most interfacing with the interrupt sub-block is done within the core. However, the interrupt does receive
direct input from the multiplexed external bus interface (MEBI) sub-block of the core for the IRQ and
XIRQ pin data.

External Signal Description

5.3

Detailed descriptions of the registers and associated bits are given in the subsections that follow.

Memory Map and Register Definition

5.3.1 Module Memory Map
Name Bit 7 6 4 3 2 1 Bit 0
R 0 0 0
0x0015 WRTINT ADR3 ADR2 ADR1 ADRO
ITCR W
R
0x0016 INTE INTC INTA INT8 INT6 INT4 INT2 INTO
ITEST w
0x001F R 0
PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSELA
HPRIO w
I:I = Unimplemented or Reserved
Figure 5-2. INT Register Summary
5.3.2 Register Descriptions
5.3.2.1 Interrupt Test Control Register
Module Base + 0x0015
Starting address location affected by INITRG register setting.
6 5 4 3 2 1 0
R 0 0
WRTINT ADR3 ADR2 ADR1 ADRO
W
Reset 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 5-3. Interrupt Test Control Register (ITCR)

Read: See individual bit descriptions

Write: See individual bit descriptions
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Table 5-1. ITCR Field Descriptions

Field Description
4 Write to the Interrupt Test Registers

WRTINT | Read: anytime
Write: only in special modes and with I-bit mask and X-bit mask set.
0 Disables writes to the test registers; reads of the test registers will return the state of the interrupt inputs.
1 Disconnect the interrupt inputs from the priority decoder and use the values written into the ITEST registers

instead.
Note: Any interrupts which are pending at the time that WRTINT is set will remain until they are overwritten.
3.0 Test Register Select Bits

ADR[3:0] [Read: anytime
Write: anytime
These bits determine which test register is selected on a read or write. The hexadecimal value written here will
be the same as the upper nibble of the lower byte of the vector selects. That is, an “F” written into ADR[3:0] will
select vectors OxFFFE-OxFFFO while a “7” written to ADR[3:0] will select vectors 0xFF7E-OxFF70.

5.3.2.2 Interrupt Test Registers

Module Base + 0x0016
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
INTE INTC INTA INT8 INT6 INT4 INT2 INTO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 5-4. Interrupt TEST Registers (ITEST)

Read: Only in special modes. Reads will return either the state of the interrupt inputs of the interrupt
sub-block (WRTINT = 0) or the values written into the TEST registers (WRTINT = 1). Reads will always
return Os in normal modes.

Write: Only in special modes and with WRTINT = 1 and CCR I mask = 1.
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Table 5-2. ITEST Field Descriptions

Field

Description

7:0
INT[E:0]

Interrupt TEST Bits — These registers are used in special modes for testing the interrupt logic and priority
independent of the system configuration. Each bit is used to force a specific interrupt vector by writing it to a
logic 1 state. Bits are named INTE through INTO to indicate vectors OxFFXE through OxFFx0. These bits can be
written only in special modes and only with the WRTINT bit set (logic 1) in the interrupt test control register
(ITCR). In addition, | interrupts must be masked using the | bit in the CCR. In this state, the interrupt input lines
to the interrupt sub-block will be disconnected and interrupt requests will be generated only by this register.
These bits can also be read in special modes to view that an interrupt requested by a system block (such as a
peripheral block) has reached the INT module.

There is a test register implemented for every eight interrupts in the overall system. All of the test registers share
the same address and are individually selected using the value stored in the ADR[3:0] bits of the interrupt test
control register (ITCR).

Note: When ADR[3:0] have the value of 0x000F, only bits 2:0 in the ITEST register will be accessible. That is,
vectors higher than 0xFFF4 cannot be tested using the test registers and bits 7:3 will always read as a
logic 0. If ADR[3:0] point to an unimplemented test register, writes will have no effect and reads will always
return a logic O value.

5.3.2.3

Highest Priority I Interrupt (Optional)

Module Base + 0x001F
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1
R
PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSEL1
w
Reset 1 1 1 1 0 0 1
= Unimplemented or Reserved

Figure 5-5. Highest Priority | Interrupt Register (HPRIO)

Read: Anytime
Write: Only if I mask in CCR =1

Table 5-3. HPRIO Field Descriptions

Field Description
71 Highest Priority | Interrupt Select Bits — The state of these bits determines which I-bit maskable interrupt will
PSEL[7:1] |be promoted to highest priority (of the I-bit maskable interrupts). To promote an interrupt, the user writes the least
significant byte of the associated interrupt vector address to this register. If an unimplemented vector address or
a non I-bit masked vector address (value higher than 0x00F2) is written, IRQ (0xFFF2) will be the default highest
priority interrupt.
5.4  Functional Description

The interrupt sub-block processes all exception requests made by the CPU. These exceptions include
interrupt vector requests and reset vector requests. Each of these exception types and their overall priority
level is discussed in the subsections below.
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5.4.1 Low-Power Modes

The INT does not contain any user-controlled options for reducing power consumption. The operation of
the INT in low-power modes is discussed in the following subsections.

5.4.1.1 Operation in Run Mode

The INT does not contain any options for reducing power in run mode.

5.4.1.2 Operation in Wait Mode

Clocks to the INT can be shut off during system wait mode and the asynchronous interrupt path will be
used to generate the wake-up signal upon recognition of a valid interrupt or any XIRQ request.

5.4.1.3 Operation in Stop Mode

Clocks to the INT can be shut off during system stop mode and the asynchronous interrupt path will be
used to generate the wake-up signal upon recognition of a valid interrupt or any XIRQ request.

5.5 Resets

The INT supports three system reset exception request types: normal system reset or power-on-reset
request, crystal monitor reset request, and COP watchdog reset request. The type of reset exception request
must be decoded by the system and the proper request made to the core. The INT will then provide the
service routine address for the type of reset requested.

5.6 Interrupts

As shown in the block diagram in Figure 5-1, the INT contains a register block to provide interrupt status
and control, an optional highest priority I interrupt (HPRIO) block, and a priority decoder to evaluate
whether pending interrupts are valid and assess their priority.

5.6.1 Interrupt Registers

The INT registers are accessible only in special modes of operation and function as described in
Section 5.3.2.1, “Interrupt Test Control Register,” and Section 5.3.2.2, “Interrupt Test Registers,”
previously.

5.6.2 Highest Priority I-Bit Maskable Interrupt

When the optional HPRIO block is implemented, the user is allowed to promote a single I-bit maskable
interrupt to be the highest priority I interrupt. The HPRIO evaluates all interrupt exception requests and
passes the HPRIO vector to the priority decoder if the highest priority I interrupt is active. RTI replaces
the promoted interrupt source.

MC3S12RG128 Data Sheet, Rev. 1.05

172 Freescale Semiconductor



Chapter 5 Interrupt (INTV1) Block Description

5.6.3 Interrupt Priority Decoder

The priority decoder evaluates all interrupts pending and determines their validity and priority. When the
CPU requests an interrupt vector, the decoder will provide the vector for the highest priority interrupt
request. Because the vector is not supplied until the CPU requests it, it is possible that a higher priority
interrupt request could override the original exception that caused the CPU to request the vector. In this
case, the CPU will receive the highest priority vector and the system will process this exception instead of
the original request.

NOTE

Care must be taken to ensure that all exception requests remain active until
the system begins execution of the applicable service routine; otherwise, the
exception request may not be processed.

If for any reason the interrupt source is unknown (e.g., an interrupt request becomes inactive after the
interrupt has been recognized but prior to the vector request), the vector address will default to that of the
last valid interrupt that existed during the particular interrupt sequence. If the CPU requests an interrupt
vector when there has never been a pending interrupt request, the INT will provide the software interrupt
(SWI) vector address.

5.7 Exception Priority

The priority (from highest to lowest) and address of all exception vectors issued by the INT upon request
by the CPU is shown in Table 5-4.

Table 5-4. Exception Vector Map and Priority

Vector Address Source

OxFFFE-OxFFFF System reset

OxFFFC—-OxFFFD Crystal monitor reset

O0xFFFA-OxFFFB COP reset

OxFFF8—-0xFFF9 Unimplemented opcode trap

OxFFF6—-0xFFF7 Software interrupt instruction (SWI) or BDM vector request

OxFFF4—-0xFFF5 XIRQ signal

OxFFF2-0xFFF3 IRQ signal

O0xFFFO—-0xFF00 Device-specific I-bit maskable interrupt sources (priority in descending order)
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Chapter 6
Background Debug Module (BDMV4) Block Description

6.1 Introduction

This section describes the functionality of the background debug module (BDM) sub-block of the HCS12
core platform.

A block diagram of the BDM is shown in Figure 6-1.

HOST
SYSTEM *5raD 16-BIT SHIFT REGISTER |

II :‘> ADDRESS
ENTAG |
INSTRUCTION DECODE BUS INTERFACE
BDMACT > D EXECUTION AND DATA
—o = CONTROL LOGIC
: l€«—— CLOCKS
SDV - STANDARD BDM
FIRMWARE | CLKSW |
ENBDM > LOOKUP TABLE

Figure 6-1. BDM Block Diagram

The background debug module (BDM) sub-block is a single-wire, background debug system implemented
in on-chip hardware for minimal CPU intervention. All interfacing with the BDM is done via the BKGD
pin.

BDMV4 has enhanced capability for maintaining synchronization between the target and host while
allowing more flexibility in clock rates. This includes a sync signal to show the clock rate and a handshake
signal to indicate when an operation is complete. The system is backwards compatible with older external
interfaces.

6.1.1 Features

* Single-wire communication with host development system

« BDMV4 (and BDM2): Enhanced capability for allowing more flexibility in clock rates

« BDMV4: SYNC command to determine communication rate

+ BDMV4: GO_UNTIL command

« BDMV4: Hardware handshake protocol to increase the performance of the serial communication
» Active out of reset in special single-chip mode
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* Nine hardware commands using free cycles, if available, for minimal CPU intervention
+ Hardware commands not requiring active BDM

* 15 firmware commands execute from the standard BDM firmware lookup table

» Instruction tagging capability

» Software control of BDM operation during wait mode

» Software selectable clocks

*  When secured, hardware commands are allowed to access the register space in special single-chip
mode, if the FLASH and EEPROM erase tests fail.

6.1.2 Modes of Operation

BDM is available in all operating modes but must be enabled before firmware commands are executed.
Some system peripherals may have a control bit which allows suspending the peripheral function during
background debug mode.

6.1.2.1 Regular Run Modes

All of these operations refer to the part in run mode. The BDM does not provide controls to conserve power
during run mode.

* Normal operation
General operation of the BDM is available and operates the same in all normal modes.

» Special single-chip mode
In special single-chip mode, background operation is enabled and active out of reset. This allows
programming a system with blank memory.

» Special peripheral mode

BDM is enabled and active immediately out of reset. BDM can be disabled
by clearing the BDMACT bit in the BDM status (BDMSTS) register. The
BDM serial system should not be used in special peripheral mode.

e Emulation modes

General operation of the BDM is available and operates the same as in normal modes.

6.1.2.2 Secure Mode Operation

If the part is in secure mode, the operation of the BDM is reduced to a small subset of its regular run mode
operation. Secure operation prevents access to FLASH or EEPROM other than allowing erasure.

6.2 External Signal Description

A single-wire interface pin is used to communicate with the BDM system. Two additional pins are used
for instruction tagging. These pins are part of the multiplexed external bus interface (MEBI) sub-block and
all interfacing between the MEBI and BDM is done within the core interface boundary. Functional
descriptions of the pins are provided below for completeness.
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« BKGD — Background interface pin

« TAGHI — High byte instruction tagging pin
«  TAGLO — Low byte instruction tagging pin
«  BKGD and TAGHI share the same pin.

* TAGLO and LSTRB share the same pin.

NOTE

Generally these pins are shared as described, but it is best to check the
device overview chapter to make certain. All MCUs at the time of this
writing have followed this pin sharing scheme.

6.2.1 BKGD — Background Interface Pin

Debugging control logic communicates with external devices serially via the single-wire background
interface pin (BKGD). During reset, this pin is a mode select input which selects between normal and
special modes of operation. After reset, this pin becomes the dedicated serial interface pin for the
background debug mode.

6.2.2 TAGHI — High Byte Instruction Tagging Pin

This pin is used to tag the high byte of an instruction. When instruction tagging is on, a logic 0 at the falling
edge of the external clock (ECLK) tags the high half of the instruction word being read into the instruction
queue.

6.2.3 TAGLO — Low Byte Instruction Tagging Pin

This pin is used to tag the low byte of an instruction. When instruction tagging is on and low strobe is
enabled, a logic 0 at the falling edge of the external clock (ECLK) tags the low half of the instruction word
being read into the instruction queue.

MC3S12RG128 Data Sheet, Rev. 1.05

Freescale Semiconductor 177



Chapter 6 Background Debug Module (BDMV4) Block Description

6.3 Memory Map and Register Definition

A summary of the registers associated with the BDM is shown in Figure 6-2. Registers are accessed by
host-driven communications to the BDM hardware using READ_BD and WRITE_BD commands.
Detailed descriptions of the registers and associated bits are given in the subsections that follow.
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6.3.1 Register Descriptions

Register Bit 7 6 5 4 3 2 1 Bit 0

Name

O0xFFO00 R X X X X X X 0 0
Reserved w

OxFFO1 R BDMACT Sbv TRACE UNSEC 0
BDMSTS W ENBDM ENTAG CLKSW

OxFF02 R X X X X X X X X
Reserved wW

OxFFO03 R X X X X X X X X
Reserved w

OxFF04 R X X X X X X X X
Reserved w

OxFFO05 R X X X X X X X X
Reserved wW

OxFF06 R
BDMCCR W CCR7 CCRe6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO
OxFF07 R 0 REG14 REG13 REG12 REG11 0 0 0
BDMINR W

OxFFO08 R 0 0 0 0 0 0 0 0
Reserved wW

OxFF09 R 0 0 0 0 0 0 0 0
Reserved w

OxFFOA R X X X X X X X X
Reserved w

OxFFOB R X X X X X X X X
Reserved w

= Unimplemented, Reserved = Implemented (do not alter)
X = Indeterminate = Always read zero
Figure 6-2. BDM Register Summary
MC3S12RG128 Data Sheet, Rev. 1.05
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6.3.1.1 BDM Status Register (BDMSTS)
OxFFO1
7 6 5 4 3 2 1
BDMACT Sbv TRACE UNSEC 0
ENBDM ENTAG CLKSW
Reset:
Special single-chip mode: 11 1 0 0 0 0 02 0
Special peripheral mode: 0 1 0 0 0 0 0 0
All other modes: 0 1 0 0 0 0 0 0
0 0 0 0 0 0 0 0
|:‘= Unimplemented or Reserved -= Implemented (do not alter)
Figure 6-3. BDM Status Register (BDMSTS)
Note:

1

ENBDM is read as "1" by a debugging environment in Special single-chip mode when the device is not secured or secured

but fully erased (Flash and EEPROM).This is because the ENBDM bit is set by the standard firmware before a BDM command

can be fully transmitted and executed.

Read: All modes through BDM operation

Write: All modes but subject to the following:

BDMACT can only be set by BDM hardware upon entry into BDM. It can only be cleared by the
standard BDM firmware lookup table upon exit from BDM active mode.

UNSEC is read as "1" by a debugging environment in Special single-chip mode when the device is secured and fully erased,
else it is "0" and can only be read if not secure (see also bit description).

CLKSW can only be written via BDM hardware or standard BDM firmware write commands.

All other bits, while writable via BDM hardware or standard BDM firmware write commands,
should only be altered by the BDM hardware or standard firmware lookup table as part of BDM

command execution.

ENBDM should only be set via a BDM hardware command if the BDM firmware commands are
needed. (This does not apply in special single-chip mode).
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Table 6-1. BDMSTS Field Descriptions

Field

Description

ENBDM

Enable BDM — This bit controls whether the BDM is enabled or disabled. When enabled, BDM can be made

active to allow firmware commands to be executed. When disabled, BDM cannot be made active but BDM

hardware commands are allowed.

0 BDM disabled

1 BDM enabled

Note: ENBDM is set by the firmware immediately out of reset in special single-chip mode. In secure mode, this
bit will not be set by the firmware until after the EEPROM and FLASH erase verify tests are complete.

6
BDMACT

BDM Active Status — This bit becomes set upon entering BDM. The standard BDM firmware lookup table is
then enabled and put into the memory map. BDMACT is cleared by a carefully timed store instruction in the
standard BDM firmware as part of the exit sequence to return to user code and remove the BDM memory from
the map.

0 BDM not active

1 BDM active

ENTAG

Tagging Enable — This bit indicates whether instruction tagging in enabled or disabled. It is set when the
TAGGO command is executed and cleared when BDM is entered. The serial system is disabled and the tag
function enabled 16 cycles after this bit is written. BDM cannot process serial commands while tagging is active.
0 Tagging not enabled or BDM active

1 Tagging enabled

Shv

Shift Data Valid — This bit is set and cleared by the BDM hardware. It is set after data has been transmitted as
part of a firmware read command or after data has been received as part of a firmware write command. It is
cleared when the next BDM command has been received or BDM is exited. SDV is used by the standard BDM
firmware to control program flow execution.

0 Data phase of command not complete

1 Data phase of command is complete

TRACE

TRACE1 BDM Firmware Command is Being Executed — This bit gets set when a BDM TRACE1 firmware
command is first recognized. It will stay set as long as continuous back-to-back TRACE1 commands are
executed. This bit will get cleared when the next command that is not a TRACE1 command is recognized.

0 TRACE1 command is not being executed

1 TRACE1 command is being executed
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Table 6-1. BDMSTS Field Descriptions (continued)

Field

Description

CLKSW

Clock Switch — The CLKSW bit controls which clock the BDM operates with. It is only writable from a hardware
BDM command. A 150 cycle delay at the clock speed that is active during the data portion of the command will
occur before the new clock source is guaranteed to be active. The start of the next BDM command uses the new
clock for timing subsequent BDM communications.

Table 6-2 shows the resulting BDM clock source based on the CLKSW and the PLLSEL (PII select from the clock

and reset generator) bits.

Note: The BDM alternate clock source can only be selected when CLKSW =0 and PLLSEL = 1. The BDM serial
interface is now fully synchronized to the alternate clock source, when enabled. This eliminates frequency
restriction on the alternate clock which was required on previous versions. Refer to the device overview
section to determine which clock connects to the alternate clock source input.

Note: If the acknowledge function is turned on, changing the CLKSW bit will cause the ACK to be at the new rate
for the write command which changes it.

UNSEC

Unsecure — This bit is only writable in special single-chip mode from the BDM secure firmware and always gets
reset to zero. It is in a zero state as secure mode is entered so that the secure BDM firmware lookup table is
enabled and put into the memory map along with the standard BDM firmware lookup table.

The secure BDM firmware lookup table verifies that the on-chip EEPROM and FLASH EEPROM are erased. This

being the case, the UNSEC bit is set and the BDM program jumps to the start of the standard BDM firmware

lookup table and the secure BDM firmware lookup table is turned off. If the erase test fails, the UNSEC bit will

not be asserted.

0 Systemis in a secured mode

1 System is in a unsecured mode

Note: When UNSEC is set, security is off and the user can change the state of the secure bits in the on-chip
FLASH EEPROM. Note that if the user does not change the state of the bits to “unsecured” mode, the
system will be secured again when it is next taken out of reset.

Table 6-2. BDM Clock Sources

PLLSEL

CLKSW BDMCLK

0 Bus clock

1 Bus clock

0 Alternate clock (refer to the device overview chapter to determine the alternate clock
source)

1 Bus clock dependent on the PLL
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6.3.1.2 BDM CCR Holding Register (BDMCCR)
OxFF06
7 6 5 4 3 2 1 0
Wl CCR7 CCR6 CCR5 CCR4 CCR3 CCR2 CCR1 CCRO
Reset 0 0 0 0 0 0 0 0

Figure 6-4. BDM CCR Holding Register (BDMCCR)
Read: All modes

Write: All modes

NOTE

When BDM is made active, the CPU stores the value of the CCR register in
the BDMCCR register. However, out of special single-chip reset, the
BDMCKCR is set to 0xD8 and not 0xDO which is the reset value of the CCR
register.

When entering background debug mode, the BDM CCR holding register is used to save the contents of the
condition code register of the user’s program. It is also used for temporary storage in the standard BDM
firmware mode. The BDM CCR holding register can be written to modify the CCR value.

6.3.1.3 BDM Internal Register Position Register (BDMINR)
OxFF07
7 6 5 4 3 2 0
R 0 REG14 REG13 REG12 REG11 0 0 0
w
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 6-5. BDM Internal Register Position (BDMINR)
Read: All modes

Write: Never
Table 6-3. BDMINR Field Descriptions

Field Description

6:3 Internal Register Map Position — These four bits show the state of the upper five bits of the base address for
REG[14:11] | the system’s relocatable register block. BDMINR is a shadow of the INITRG register which maps the register
block to any 2K byte space within the first 32K bytes of the 64K byte address space.
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6.4 Functional Description

The BDM receives and executes commands from a host via a single wire serial interface. There are two
types of BDM commands, namely, hardware commands and firmware commands.

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode, see Section 6.4.3, “BDM Hardware Commands.” Target system memory
includes all memory that is accessible by the CPU.

Firmware commands are used to read and write CPU resources and to exit from active background debug
mode, see Section 6.4.4, “Standard BDM Firmware Commands.” The CPU resources referred to are the
accumulator (D), X index register (X), Y index register (Y), stack pointer (SP), and program counter (PC).

Hardware commands can be executed at any time and in any mode excluding a few exceptions as
highlighted, see Section 6.4.3, “BDM Hardware Commands.” Firmware commands can only be executed
when the system is in active background debug mode (BDM).

6.4.1 Security

If the user resets into special single-chip mode with the system secured, a secured mode BDM firmware
lookup table is brought into the map overlapping a portion of the standard BDM firmware lookup table.
The secure BDM firmware verifies that the on-chip EEPROM and FLASH EEPROM are erased. This
being the case, the UNSEC bit will get set. The BDM program jumps to the start of the standard BDM
firmware and the secured mode BDM firmware is turned off and all BDM commands are allowed. If the
EEPROM or FLASH do not verify as erased, the BDM firmware sets the ENBDM bit, without asserting
UNSEQC, and the firmware enters a loop. This causes the BDM hardware commands to become enabled,
but does not enable the firmware commands. This allows the BDM hardware to be used to erase the
EEPROM and FLASH. After execution of the secure firmware, regardless of the results of the erase tests,
the CPU registers and PPAGE will no longer be in their reset state.

6.4.2 Enabling and Activating BDM

The system must be in active BDM to execute standard BDM firmware commands. BDM can be activated
only after being enabled. BDM is enabled by setting the ENBDM bit in the BDM status (BDMSTS)
register. The ENBDM bit is set by writing to the BDM status (BDMSTYS) register, via the single-wire
interface, using a hardware command such as WRITE_BD_BYTE.
After being enabled, BDM is activated by one of the followinglz

* Hardware BACKGROUND command

* BDM external instruction tagging mechanism

« CPU BGND instruction

«  Breakpoint sub-block’s force or tag mechanism?

When BDM is activated, the CPU finishes executing the current instruction and then begins executing the
firmware in the standard BDM firmware lookup table. When BDM is activated by the breakpoint

1. BDM is enabled and active immediately out of special single-chip reset.
2. This method is only available on systems that have a a breakpoint or a debug sub-block.
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sub-block, the type of breakpoint used determines if BDM becomes active before or after execution of the
next instruction.

NOTE

If an attempt is made to activate BDM before being enabled, the CPU
resumes normal instruction execution after a brief delay. If BDM is not
enabled, any hardware BACKGROUND commands issued are ignored by
the BDM and the CPU is not delayed.

In active BDM, the BDM registers and standard BDM firmware lookup table are mapped to addresses
0xFF00 to OxFFFF. BDM registers are mapped to addresses 0OxFF00 to 0xFF07. The BDM uses these
registers which are readable anytime by the BDM. However, these registers are not readable by user
programs.

6.4.3 BDM Hardware Commands

Hardware commands are used to read and write target system memory locations and to enter active
background debug mode. Target system memory includes all memory that is accessible by the CPU such
as on-chip RAM, EEPROM, FLASH EEPROM, I/O and control registers, and all external memory.

Hardware commands are executed with minimal or no CPU intervention and do not require the system to
be in active BDM for execution, although they can continue to be executed in this mode. When executing
a hardware command, the BDM sub-block waits for a free CPU bus cycle so that the background access
does not disturb the running application program. If a free cycle is not found within 128 clock cycles, the
CPU is momentarily frozen so that the BDM can steal a cycle. When the BDM finds a free cycle, the
operation does not intrude on normal CPU operation provided that it can be completed in a single cycle.
However, if an operation requires multiple cycles the CPU is frozen until the operation is complete, even
though the BDM found a free cycle.
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The BDM hardware commands are listed in Table 6-4.

Table 6-4. Hardware Commands

Command Opcode Data Description
(hex)
BACKGROUND 90 None Enter background mode if firmware is enabled. If enabled, an ACK will
be issued when the part enters active background mode.
ACK_ENABLE D5 None Enable handshake. Issues an ACK pulse after the command is
executed.

ACK_DISABLE D6 None Disable handshake. This command does not issue an ACK pulse.

READ_BD_BYTE E4 16-bit address | Read from memory with standard BDM firmware lookup table in map.
16-bit data out | Odd address data on low byte; even address data on high byte.

READ_BD_WORD EC 16-bit address | Read from memory with standard BDM firmware lookup table in map.
16-bit data out | Must be aligned access.

READ_BYTE EO 16-bit address | Read from memory with standard BDM firmware lookup table out of
16-bit data out | map. Odd address data on low byte; even address data on high byte.

READ_WORD E8 16-bit address | Read from memory with standard BDM firmware lookup table out of
16-bit data out | map. Must be aligned access.

WRITE_BD_BYTE C4 16-bit address | Write to memory with standard BDM firmware lookup table in map. Odd
16-bit data in | address data on low byte; even address data on high byte.

WRITE_BD_WORD CcC 16-bit address | Write to memory with standard BDM firmware lookup table in map. Must
16-bit data in | be aligned access.

WRITE_BYTE Co 16-bit address | Write to memory with standard BDM firmware lookup table out of map.
16-bit data in | Odd address data on low byte; even address data on high byte.

WRITE_WORD (OF] 16-bit address | Write to memory with standard BDM firmware lookup table out of map.
16-bit data in | Must be aligned access.

NOTE:

If enabled, ACK will occur when data is ready for transmission for all BDM READ commands and will occur after the write is
complete for all BDM WRITE commands.

The READ_BD and WRITE_BD commands allow access to the BDM register locations. These locations
are not normally in the system memory map but share addresses with the application in memory. To
distinguish between physical memory locations that share the same address, BDM memory resources are
enabled just for the READ_BD and WRITE_BD access cycle. This allows the BDM to access BDM
locations unobtrusively, even if the addresses conflict with the application memory map.

6.4.4 Standard BDM Firmware Commands

Firmware commands are used to access and manipulate CPU resources. The system must be in active
BDM to execute standard BDM firmware commands, see Section 6.4.2, “Enabling and Activating BDM.”
Normal instruction execution is suspended while the CPU executes the firmware located in the standard
BDM firmware lookup table. The hardware command BACKGROUND is the usual way to activate BDM.

As the system enters active BDM, the standard BDM firmware lookup table and BDM registers become
visible in the on-chip memory map at 0xFFO0—-0xFFFF, and the CPU begins executing the standard BDM
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firmware. The standard BDM firmware watches for serial commands and executes them as they are

received.

The firmware commands are shown in Table 6-5.

Table 6-5. Firmware Commands

Command' Opcode (hex) Data Description

READ_NEXT 62 16-bit data out | Increment X by 2 (X = X + 2), then read word X points to.

READ_PC 63 16-bit data out | Read program counter.

READ_D 64 16-bit data out | Read D accumulator.

READ_X 65 16-bit data out | Read X index register.

READ_Y 66 16-bit data out | Read Y index register.

READ_SP 67 16-bit data out | Read stack pointer.

WRITE_NEXT 42 16-bit data in Increment X by 2 (X = X + 2), then write word to location pointed to by X.

WRITE_PC 43 16-bit data in Write program counter.

WRITE_D 44 16-bit data in Write D accumulator.

WRITE_X 45 16-bit data in Write X index register.

WRITE_Y 46 16-bit data in Write Y index register.

WRITE_SP 47 16-bit data in Write stack pointer.

GO 08 None Go to user program. If enabled, ACK will occur when leaving active
background mode.

GO_UNTIL? oC None Go to user program. If enabled, ACK will occur upon returning to active
background mode.

TRACE1 10 None Execute one user instruction then return to active BDM. If enabled, ACK
will occur upon returning to active background mode.

TAGGO 18 None Enable tagging and go to user program. There is no ACK pulse related to

this command.

complete for all BDM WRITE commands.

2 Both WAIT (with clocks to the S12 CPU core disabled) and STOP disable the ACK function. The GO_UNTIL command will not
get an Acknowledge if one of these two CPU instructions occurs before the “UNTIL” instruction. This can be a problem for any
instruction that uses ACK, but GO_UNTIL is a lot more difficult for the development tool to time-out.

6.4.5

If enabled, ACK will occur when data is ready for transmission for all BDM READ commands and will occur after the write is

BDM Command Structure

Hardware and firmware BDM commands start with an 8-bit opcode followed by a 16-bit address and/or a
16-bit data word depending on the command. All the read commands return 16 bits of data despite the byte

or word implication in the command name.

NOTE

8-bit reads return 16-bits of data, of which, only one byte will contain valid
data. If reading an even address, the valid data will appear in the MSB. If
reading an odd address, the valid data will appear in the LSB.
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NOTE

16-bit misaligned reads and writes are not allowed. If attempted, the BDM
will ignore the least significant bit of the address and will assume an even
address from the remaining bits.

For hardware data read commands, the external host must wait 150 bus clock cycles after sending the
address before attempting to obtain the read data. This is to be certain that valid data is available in the
BDM shift register, ready to be shifted out. For hardware write commands, the external host must wait
150 bus clock cycles after sending the data to be written before attempting to send a new command. This
is to avoid disturbing the BDM shift register before the write has been completed. The 150 bus clock cycle
delay in both cases includes the maximum 128 cycle delay that can be incurred as the BDM waits for a
free cycle before stealing a cycle.

For firmware read commands, the external host should wait 44 bus clock cycles after sending the command
opcode and before attempting to obtain the read data. This includes the potential of an extra 7 cycles when
the access is external with a narrow bus access (+1 cycle) and / or a stretch (+1, 2, or 3 cycles), (7 cycles
could be needed if both occur). The 44 cycle wait allows enough time for the requested data to be made
available in the BDM shift register, ready to be shifted out.

NOTE

This timing has increased from previous BDM modules due to the new
capability in which the BDM serial interface can potentially run faster than
the bus. On previous BDM modules this extra time could be hidden within
the serial time.

For firmware write commands, the external host must wait 32 bus clock cycles after sending the data to be
written before attempting to send a new command. This is to avoid disturbing the BDM shift register
before the write has been completed.

The external host should wait 64 bus clock cycles after a TRACEI or GO command before starting any
new serial command. This is to allow the CPU to exit gracefully from the standard BDM firmware lookup
table and resume execution of the user code. Disturbing the BDM shift register prematurely may adversely
affect the exit from the standard BDM firmware lookup table.

NOTE

If the bus rate of the target processor is unknown or could be changing, it is
recommended that the ACK (acknowledge function) be used to indicate
when an operation is complete. When using ACK, the delay times are
automated.

Figure 6-6 represents the BDM command structure. The command blocks illustrate a series of eight bit
times starting with a falling edge. The bar across the top of the blocks indicates that the BKGD line idles
in the high state. The time for an 8-bit command is 8 X 16 target clock cycles.1

1. Target clock cycles are cycles measured using the target MCU's serial clock rate. See Section 6.4.6, “BDM Serial Interface,”
and Section 6.3.1.1, “BDM Status Register (BDMSTS),” for information on how serial clock rate is selected.
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8BITS 16 BITS 150-BC 16 BITS
AT ~16 TC/BIT AT ~16 TC/BIT DELAY AT ~16 TC/BIT
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150-BC
DELAY
HARDWARE T NEXT -
WRITE COMMAND ADDRESS DATA L COMMAND |
44-BC
DELAY
FIRMWARE NEXT
READ COMMAND DATA COMMAND .
32-BC
DELAY
FIRMWARE T NEXT -
WRITE COMMAND DATA ' COMMAND .
64-BC
DELAY
GO, T NEXT -
TRACE COMMAND ' COMMAND . BC = BUS CLOCK CYCLES
---------------- TC = TARGET CLOCK CYCLES

Figure 6-6. BDM Command Structure

6.4.6 BDM Serial Interface

The BDM communicates with external devices serially via the BKGD pin. During reset, this pin is a mode
select input which selects between normal and special modes of operation. After reset, this pin becomes
the dedicated serial interface pin for the BDM.

The BDM serial interface is timed using the clock selected by the CLKSW bit in the status register see
Section 6.3.1.1, “BDM Status Register (BDMSTS).” This clock will be referred to as the target clock in
the following explanation.

The BDM serial interface uses a clocking scheme in which the external host generates a falling edge on
the BKGD pin to indicate the start of each bit time. This falling edge is sent for every bit whether data is
transmitted or received. Data is transferred most significant bit (MSB) first at 16 target clock cycles per
bit. The interface times out if 512 clock cycles occur between falling edges from the host.

The BKGD pin is a pseudo open-drain pin and has an weak on-chip active pull-up that is enabled at all
times. It is assumed that there is an external pull-up and that drivers connected to BKGD do not typically
drive the high level. Because R-C rise time could be unacceptably long, the target system and host provide
brief driven-high (speedup) pulses to drive BKGD to a logic 1. The source of this speedup pulse is the host
for transmit cases and the target for receive cases.

The timing for host-to-target is shown in Figure 6-7 and that of target-to-host in Figure 6-8 and Figure 6-9.
All four cases begin when the host drives the BKGD pin low to generate a falling edge. Because the host
and target are operating from separate clocks, it can take the target system up to one full clock cycle to
recognize this edge. The target measures delays from this perceived start of the bit time while the host
measures delays from the point it actually drove BKGD low to start the bit up to one target clock cycle
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earlier. Synchronization between the host and target is established in this manner at the start of every bit
time.

Figure 6-7 shows an external host transmitting a logic 1 and transmitting a logic 0 to the BKGD pin of a
target system. The host is asynchronous to the target, so there is up to a one clock-cycle delay from the
host-generated falling edge to where the target recognizes this edge as the beginning of the bit time. Ten
target clock cycles later, the target senses the bit level on the BKGD pin. Internal glitch detect logic
requires the pin be driven high no later that eight target clock cycles after the falling edge for a logic 1
transmission.

Because the host drives the high speedup pulses in these two cases, the rising edges look like digitally
driven signals.

CLOCK [ | |
mreeTsystem [ [ 1L L0 L LML Lo e
HOST -+ | T
TRANSMIT1 .
- - | | | | | | | | | | | | | A | - -
HOST -+ | [
TRANSMITO :
- - | | | | | | | | | | | | | A | - -
PERCEIVED TARGET SENSES BIT T
START OF BIT TIME
10 CYCLES EARLIEST
S~ START OF
SYNCHRONIZATION NEXT BIT
UNCERTAINTY

Figure 6-7. BDM Host-to-Target Serial Bit Timing

The receive cases are more complicated. Figure 6-8 shows the host receiving a logic 1 from the target
system. Because the host is asynchronous to the target, there is up to one clock-cycle delay from the
host-generated falling edge on BKGD to the perceived start of the bit time in the target. The host holds the
BKGD pin low long enough for the target to recognize it (at least two target clock cycles). The host must
release the low drive before the target drives a brief high speedup pulse seven target clock cycles after the
perceived start of the bit time. The host should sample the bit level about 10 target clock cycles after it
started the bit time.
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Figure 6-8. BDM Target-to-Host Serial Bit Timing (Logic 1)

Figure 6-9 shows the host receiving a logic 0 from the target. Because the host is asynchronous to the

target, there is up to a one clock-cycle delay from the host-generated falling edge on BKGD to the start of
the bit time as perceived by the target. The host initiates the bit time but the target finishes it. Because the
target wants the host to receive a logic 0, it drives the BKGD pin low for 13 target clock cycles then briefly
drives it high to speed up the rising edge. The host samples the bit level about 10 target clock cycles after

starting the bit time.
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Figure 6-9. BDM Target-to-Host Serial Bit Timing (Logic 0)
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6.4.7 Serial Interface Hardware Handshake Protocol

BDM commands that require CPU execution are ultimately treated at the MCU bus rate. Because the BDM
clock source can be asynchronously related to the bus frequency, when CLKSW = 0, it is very helpful to
provide a handshake protocol in which the host could determine when an issued command is executed by
the CPU. The alternative is to always wait the amount of time equal to the appropriate number of cycles at
the slowest possible rate the clock could be running. This sub-section will describe the hardware
handshake protocol.

The hardware handshake protocol signals to the host controller when an issued command was successfully
executed by the target. This protocol is implemented by a 16 serial clock cycle low pulse followed by a
brief speedup pulse in the BKGD pin. This pulse is generated by the target MCU when a command, issued
by the host, has been successfully executed (see Figure 6-10). This pulse is referred to as the ACK pulse.
After the ACK pulse has finished: the host can start the bit retrieval if the last issued command was a read
command, or start a new command if the last command was a write command or a control command
(BACKGROUND, GO, GO_UNTIL, or TRACE1). The ACK pulse is not issued earlier than 32 serial
clock cycles after the BDM command was issued. The end of the BDM command is assumed to be the
16th tick of the last bit. This minimum delay assures enough time for the host to perceive the ACK pulse.
Note also that, there is no upper limit for the delay between the command and the related ACK pulse,
because the command execution depends upon the CPU bus frequency, which in some cases could be very
slow compared to the serial communication rate. This protocol allows a great flexibility for the POD
designers, because it does not rely on any accurate time measurement or short response time to any event
in the serial communication.

BDM CLOCK ;
(TARGET MCU) J‘|
TARGET 't ~HIGH-IMPEDANCE - - 4 \. . .
TRANSMITS ‘ \ HIGH-IMPEDANCE
ACK  PULSE !
. |, 32CYCLES
C [ SPEEDUP PULSE
' MINIMUM DELAY
1 FROM THE BDM COMMAND N
BKGD PIN ‘
/ \ / ﬂ‘
' EARLIEST
16th TICK OF THE START OF
LAST COMMAD BIT NEXT BIT
Figure 6-10. Target Acknowledge Pulse (ACK)
NOTE

If the ACK pulse was issued by the target, the host assumes the previous
command was executed. If the CPU enters WAIT or STOP prior to
executing a hardware command, the ACK pulse will not be issued meaning
that the BDM command was not executed. After entering wait or stop mode,
the BDM command is no longer pending.
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Figure 6-11 shows the ACK handshake protocol in a command level timing diagram. The READ_BYTE
instruction is used as an example. First, the 8-bit instruction opcode is sent by the host, followed by the

address of the memory location to be read. The target BDM decodes the instruction. A bus cycle is grabbed
(free or stolen) by the BDM and it executes the READ_BYTE operation. Having retrieved the data, the

BDM issues an ACK pulse to the host controller, indicating that the addressed byte is ready to be retrieved.
After detecting the ACK pulse, the host initiates the byte retrieval process. Note that data is sent in the form
of a word and the host needs to determine which is the appropriate byte based on whether the address was

odd or even.
TARGET —» HOST
' 2) BYTES ARE NEW BDM
BKGD PIN READ_BYTE BYTE ADDRESS J ( F){ETRIES;,ED COMMAND
HOST—»= TARGET | HOST—» TARGET
- > > BDM ISSUES THE D —
‘ ACK PULSE (OUT OF SCALE)
BDM DECODES BDM EXECUTES THE
THE COMMAND READ_BYTE COMMAND

Figure 6-11. Handshake Protocol at Command Level

Differently from the normal bit transfer (where the host initiates the transmission), the serial interface ACK
handshake pulse is initiated by the target MCU by issuing a falling edge in the BKGD pin. The hardware
handshake protocol in Figure 6-10 specifies the timing when the BKGD pin is being driven, so the host
should follow this timing constraint in order to avoid the risk of an electrical conflict in the BKGD pin.

NOTE

The only place the BKGD pin can have an electrical conflict is when one
side is driving low and the other side is issuing a speedup pulse (high). Other
“highs” are pulled rather than driven. However, at low rates the time of the
speedup pulse can become lengthy and so the potential conflict time
becomes longer as well.

The ACK handshake protocol does not support nested ACK pulses. If a BDM command is not
acknowledge by an ACK pulse, the host needs to abort the pending command first in order to be able to
issue a new BDM command. When the CPU enters WAIT or STOP while the host issues a command that
requires CPU execution (e.g., WRITE_BYTE), the target discards the incoming command due to the
WAIT or STOP being detected. Therefore, the command is not acknowledged by the target, which means
that the ACK pulse will not be issued in this case. After a certain time the host should decide to abort the
ACK sequence in order to be free to issue a new command. Therefore, the protocol should provide a
mechanism in which a command, and therefore a pending ACK, could be aborted.

NOTE

Differently from a regular BDM command, the ACK pulse does not provide
a time out. This means that in the case of a WAIT or STOP instruction being
executed, the ACK would be prevented from being issued. If not aborted, the
ACK would remain pending indefinitely. See the handshake abort procedure
described in Section 6.4.8, “Hardware Handshake Abort Procedure.”
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6.4.8 Hardware Handshake Abort Procedure

The abort procedure is based on the SYNC command. In order to abort a command, which had not issued
the corresponding ACK pulse, the host controller should generate a low pulse in the BKGD pin by driving
it low for at least 128 serial clock cycles and then driving it high for one serial clock cycle, providing a
speedup pulse. By detecting this long low pulse in the BKGD pin, the target executes the SYNC protocol,
see Section 6.4.9, “SYNC — Request Timed Reference Pulse,” and assumes that the pending command
and therefore the related ACK pulse, are being aborted. Therefore, after the SYNC protocol has been
completed the host is free to issue new BDM commands.

Although it is not recommended, the host could abort a pending BDM command by issuing a low pulse in
the BKGD pin shorter than 128 serial clock cycles, which will not be interpreted as the SYNC command.
The ACK is actually aborted when a falling edge is perceived by the target in the BKGD pin. The short
abort pulse should have at least 4 clock cycles keeping the BKGD pin low, in order to allow the falling
edge to be detected by the target. In this case, the target will not execute the SYNC protocol but the pending
command will be aborted along with the ACK pulse. The potential problem with this abort procedure is
when there is a conflict between the ACK pulse and the short abort pulse. In this case, the target may not
perceive the abort pulse. The worst case is when the pending command is a read command (i.e.,
READ_BYTE). If the abort pulse is not perceived by the target the host will attempt to send a new
command after the abort pulse was issued, while the target expects the host to retrieve the accessed
memory byte. In this case, host and target will run out of synchronism. However, if the command to be
aborted is not a read command the short abort pulse could be used. After a command is aborted the target
assumes the next falling edge, after the abort pulse, is the first bit of a new BDM command.

NOTE

The details about the short abort pulse are being provided only as a reference
for the reader to better understand the BDM internal behavior. It is not
recommended that this procedure be used in a real application.

Because the host knows the target serial clock frequency, the SYNC command (used to abort a command)
does not need to consider the lower possible target frequency. In this case, the host could issue a SYNC
very close to the 128 serial clock cycles length. Providing a small overhead on the pulse length in order to
assure the SYNC pulse will not be misinterpreted by the target. See Section 6.4.9, “SYNC — Request
Timed Reference Pulse.”

Figure 6-12 shows a SYNC command being issued after a READ_BYTE, which aborts the READ_BYTE
command. Note that, after the command is aborted a new command could be issued by the host computer.

NOTE
Figure 6-12 does not represent the signals in a true timing scale
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Figure 6-12. ACK Abort Procedure at the Command Level

Figure 6-13 shows a conflict between the ACK pulse and the SYNC request pulse. This conflict could
occur if a POD device is connected to the target BKGD pin and the target is already in debug active mode.
Consider that the target CPU is executing a pending BDM command at the exact moment the POD is being
connected to the BKGD pin. In this case, an ACK pulse is issued along with the SYNC command. In this
case, there is an electrical conflict between the ACK speedup pulse and the SYNC pulse. Because this is
not a probable situation, the protocol does not prevent this conflict from happening.

- AT LEAST 128 CYCLES :‘

BDM CLOCK
(TARGET MCU)

TARGET MCU

ACK PULSE
DRIVES TO /
BKGDPIN —

_ HOST AND
HOST TARGET DRIVE
DRIVESSYNC == ====""~ '\ TO BKGD PIN

TOBKGDPIN - «__Ll__.

HIGH-IMPEDANCE . - - - -

? ELECTRICAL CONFLICT

HOST SYNC REQUEST PULSE /
BKGD PIN \ J . .

~— 16CYCLES ——

Figure 6-13. ACK Pulse and SYNC Request Conflict

NOTE

This information is being provided so that the MCU integrator will be aware
that such a conflict could eventually occur.

The hardware handshake protocol is enabled by the ACK_ENABLE and disabled by the ACK_DISABLE
BDM commands. This provides backwards compatibility with the existing POD devices which are not
able to execute the hardware handshake protocol. It also allows for new POD devices, that support the
hardware handshake protocol, to freely communicate with the target device. If desired, without the need
for waiting for the ACK pulse.
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The commands are described as follows:

 ACK_ENABLE — enables the hardware handshake protocol. The target will issue the ACK pulse
when a CPU command is executed by the CPU. The ACK_ENABLE command itself also has the
ACK pulse as a response.

 ACK_DISABLE — disables the ACK pulse protocol. In this case, the host needs to use the worst
case delay time at the appropriate places in the protocol.

The default state of the BDM after reset is hardware handshake protocol disabled.

All the read commands will ACK (if enabled) when the data bus cycle has completed and the data is then
ready for reading out by the BKGD serial pin. All the write commands will ACK (if enabled) after the data
has been received by the BDM through the BKGD serial pin and when the data bus cycle is complete. See
Section 6.4.3, “BDM Hardware Commands,” and Section 6.4.4, “Standard BDM Firmware Commands,”
for more information on the BDM commands.

The ACK_ENABLE sends an ACK pulse when the command has been completed. This feature could be
used by the host to evaluate if the target supports the hardware handshake protocol. If an ACK pulse is
issued in response to this command, the host knows that the target supports the hardware handshake
protocol. If the target does not support the hardware handshake protocol the ACK pulse is not issued. In
this case, the ACK_ENABLE command is ignored by the target because it is not recognized as a valid
command.

The BACKGROUND command will issue an ACK pulse when the CPU changes from normal to
background mode. The ACK pulse related to this command could be aborted using the SYNC command.

The GO command will issue an ACK pulse when the CPU exits from background mode. The ACK pulse
related to this command could be aborted using the SYNC command.

The GO_UNTIL command is equivalent to a GO command with exception that the ACK pulse, in this
case, is issued when the CPU enters into background mode. This command is an alternative to the GO
command and should be used when the host wants to trace if a breakpoint match occurs and causes the
CPU to enter active background mode. Note that the ACK is issued whenever the CPU enters BDM, which
could be caused by a breakpoint match or by a BGND instruction being executed. The ACK pulse related
to this command could be aborted using the SYNC command.

The TRACE1 command has the related ACK pulse issued when the CPU enters background active mode
after one instruction of the application program is executed. The ACK pulse related to this command could
be aborted using the SYNC command.

The TAGGO command will not issue an ACK pulse because this would interfere with the tagging function
shared on the same pin.
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6.4.9 SYNC — Request Timed Reference Pulse

The SYNC command is unlike other BDM commands because the host does not necessarily know the
correct communication speed to use for BDM communications until after it has analyzed the response to
the SYNC command. To issue a SYNC command, the host should perform the following steps:

1. Drive the BKGD pin low for at least 128 cycles at the lowest possible BDM serial communication

frequency (the lowest serial communication frequency is determined by the crystal oscillator or the
clock chosen by CLKSW.)

2. Drive BKGD high for a brief speedup pulse to get a fast rise time (this speedup pulse is typically
one cycle of the host clock.)

3. Remove all drive to the BKGD pin so it reverts to high impedance.
4. Listen to the BKGD pin for the sync response pulse.

Upon detecting the SYNC request from the host, the target performs the following steps:
Discards any incomplete command received or bit retrieved.

Waits for BKGD to return to a logic 1.

Delays 16 cycles to allow the host to stop driving the high speedup pulse.

Drives BKGD low for 128 cycles at the current BDM serial communication frequency.
Drives a one-cycle high speedup pulse to force a fast rise time on BKGD.

A e

Removes all drive to the BKGD pin so it reverts to high impedance.

The host measures the low time of this 128 cycle SYNC response pulse and determines the correct speed
for subsequent BDM communications. Typically, the host can determine the correct communication speed
within a few percent of the actual target speed and the communication protocol can easily tolerate speed
errors of several percent.

As soon as the SYNC request is detected by the target, any partially received command or bit retrieved is
discarded. This is referred to as a soft-reset, equivalent to a time-out in the serial communication. After the
SYNC response, the target will consider the next falling edge (issued by the host) as the start of a new
BDM command or the start of new SYNC request.

Another use of the SYNC command pulse is to abort a pending ACK pulse. The behavior is exactly the
same as in a regular SYNC command. Note that one of the possible causes for a command to not be
acknowledged by the target is a host-target synchronization problem. In this case, the command may not
have been understood by the target and so an ACK response pulse will not be issued.

6.4.10 Instruction Tracing

When a TRACE1 command is issued to the BDM in active BDM, the CPU exits the standard BDM
firmware and executes a single instruction in the user code. As soon as this has occurred, the CPU is forced
to return to the standard BDM firmware and the BDM is active and ready to receive a new command. If
the TRACEI command is issued again, the next user instruction will be executed. This facilitates stepping
or tracing through the user code one instruction at a time.
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If an interrupt is pending when a TRACE1 command is issued, the interrupt stacking operation occurs but
no user instruction is executed. Upon return to standard BDM firmware execution, the program counter
points to the first instruction in the interrupt service routine.

6.4.11 Instruction Tagging

The instruction queue and cycle-by-cycle CPU activity are reconstructible in real time or from trace history
that is captured by a logic analyzer. However, the reconstructed queue cannot be used to stop the CPU at
a specific instruction. This is because execution already has begun by the time an operation is visible
outside the system. A separate instruction tagging mechanism is provided for this purpose.

The tag follows program information as it advances through the instruction queue. When a tagged
instruction reaches the head of the queue, the CPU enters active BDM rather than executing the instruction.

NOTE

Tagging is disabled when BDM becomes active and BDM serial commands
are not processed while tagging is active.

Executing the BDM TAGGO command configures two system pins for tagging. The TAGLO signal shares
a pin with the LSTRB signal, and the TAGHI signal shares a pin with the BKGD signal.

Table 6-6 shows the functions of the two tagging pins. The pins operate independently, that is the state of
one pin does not affect the function of the other. The presence of logic level 0 on either pin at the fall of
the external clock (ECLK) performs the indicated function. High tagging is allowed in all modes. Low
tagging is allowed only when low strobe is enabled (LSTRB is allowed only in wide expanded modes and
emulation expanded narrow mode).

Table 6-6. Tag Pin Function

TAGHI TAGLO Tag
1 1 No tag
1 0 Low byte
0 1 High byte
0 0 Both bytes

6.4.12 Serial Communication Time-Out

The host initiates a host-to-target serial transmission by generating a falling edge on the BKGD pin. If
BKGD is kept low for more than 128 target clock cycles, the target understands that a SYNC command
was issued. In this case, the target will keep waiting for a rising edge on BKGD in order to answer the
SYNC request pulse. If the rising edge is not detected, the target will keep waiting forever without any
time-out limit.

Consider now the case where the host returns BKGD to logic one before 128 cycles. This is interpreted as
a valid bit transmission, and not as a SYNC request. The target will keep waiting for another falling edge
marking the start of a new bit. If, however, a new falling edge is not detected by the target within 512 clock
cycles since the last falling edge, a time-out occurs and the current command is discarded without affecting
memory or the operating mode of the MCU. This is referred to as a soft-reset.
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If a read command is issued but the data is not retrieved within 512 serial clock cycles, a soft-reset will
occur causing the command to be disregarded. The data is not available for retrieval after the time-out has
occurred. This is the expected behavior if the handshake protocol is not enabled. However, consider the
behavior where the BDC is running in a frequency much greater than the CPU frequency. In this case, the
command could time out before the data is ready to be retrieved. In order to allow the data to be retrieved
even with a large clock frequency mismatch (between BDC and CPU) when the hardware handshake
protocol is enabled, the time out between a read command and the data retrieval is disabled. Therefore, the
host could wait for more then 512 serial clock cycles and continue to be able to retrieve the data from an
issued read command. However, as soon as the handshake pulse (ACK pulse) is issued, the time-out feature
is re-activated, meaning that the target will time out after 512 clock cycles. Therefore, the host needs to
retrieve the data within a 512 serial clock cycles time frame after the ACK pulse had been issued. After
that period, the read command is discarded and the data is no longer available for retrieval. Any falling
edge of the BKGD pin after the time-out period is considered to be a new command or a SYNC request.

Note that whenever a partially issued command, or partially retrieved data, has occurred the time out in the
serial communication is active. This means that if a time frame higher than 512 serial clock cycles is
observed between two consecutive negative edges and the command being issued or data being retrieved
is not complete, a soft-reset will occur causing the partially received command or data retrieved to be
disregarded. The next falling edge of the BKGD pin, after a soft-reset has occurred, is considered by the
target as the start of a new BDM command, or the start of a SYNC request pulse.

6.4.13 Operation in Wait Mode
The BDM cannot be used in wait mode if the system disables the clocks to the BDM.

There is a clearing mechanism associated with the WAIT instruction when the clocks to the BDM (CPU
core platform) are disabled. As the clocks restart from wait mode, the BDM receives a soft reset (clearing
any command in progress) and the ACK function will be disabled. This is a change from previous BDM
modules.

6.4.14 Operation in Stop Mode

The BDM is completely shutdown in stop mode.

There is a clearing mechanism associated with the STOP instruction. STOP must be enabled and the part
must go into stop mode for this to occur. As the clocks restart from stop mode, the BDM receives a soft
reset (clearing any command in progress) and the ACK function will be disabled. This is a change from
previous BDM modules.
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Breakpoint Module (BKPV1) Block Description

71 Introduction

This block guide describes the functionality of the Breakpoint (BKP) sub-block of the HCS12 Core
Platform.

The Breakpoint contains three main sub-blocks:
* Register Block
* Compare Block
« Control Block

The Register Block consists of the eight registers that make up the Breakpoint register space. The Compare
Block performs all required address and data signal comparisons. The Control Block generates the signals
for the CPU for the tag high, tag low, force SWI, and force BDM functions. In addition, it generates the
register read and write signals and the comparator block enable signals.

NOTE

There is a two-cycle latency for address compares and for forces, a
two-cycle latency for write data compares, and a three-cycle latency for read
data compares.

The Breakpoint sub-block of the Core Platform provides for hardware breakpoints that are used to debug
software on the CPU by comparing actual address and data values to predetermine data in setup registers.
A successful comparison will place the CPU in Background Debug Mode or initiate a software interrupt
(SWI). The choice between Background Debug Mode and SWI is software selectable.

There are two types of breakpoints, forced and tagged. Forced breakpoints occur at the next instruction
boundary if a match occurs and tagged breakpoints allow for breaking just before a specific instruction
executes. Tagged breakpoints will only occur on addresses of program fetches. Tagging on data is not
allowed; however, if this occurs nothing will happen within the BKP.

The range function of the BKP allows breaking within a 256-byte address range. The page function allows
breaking within expanded memory. In data matching operations, 8-bit or 16-bit data can be matched.
Forced breakpoints are mainly used on a read or a write cycle, but can be used on any bus cycle.
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711 Features

* Full or Dual Breakpoint Mode
— Compare on address and data (Full)
— Compare on either of two addresses (Dual)
+ BDM or SWI Breakpoint
— Enter BDM on breakpoint (BDM)
— Execute SWI on breakpoint (SWI)
» Tagged or Forced Breakpoint
— Break just before a specific instruction will begin execution (TAG)
— Break on the first instruction boundary after a match occurs (Force)
» Single, Range, or Page address compares
— Compare on address (Single)
— Compare on address 256 byte (Range)
— Compare on any 16K Page (Page)
* Compare address on read or write on forced breakpoints
» High and/or low byte data compares

7.1.2 Modes of Operation

The Breakpoint sub-block contains two modes of operation:

1. Dual Address Mode, where a match on either of two addresses will cause the system to enter
Background Debug Mode or initiate a Software Interrupt (SWI).

2. Full Breakpoint Mode, where a match on address and data will cause the system to enter
Background Debug Mode or initiate a Software Interrupt (SWI).

7.1.3 Block Diagram
A block diagram of the Breakpoint sub-block is shown in Figure 7-1.

7.2  External Signal Description

The breakpoint sub-module relies on the external bus interface (generally the MEBI) when the breakpoint
is matching on the external bus.

The tag pins in Table 7-1 (part of the MEBI) may also be a part of the breakpoint operation.
Table 7-1. External System Pins Associated With Breakpoint and MEBI

Pin Name Pin Functions Description
BKGD/MODC/ TAGHI When instruction tagging is on, a 0 at the falling edge of PE4/ECLK tags the high
TAGHI half of the instruction word being read into the instruction queue.
PE3/LSTRB/ TAGLO In expanded wide mode or emulation narrow modes, when instruction tagging is
TAGLO on and low strobe is enabled, a 0 at the falling edge of PE4/ECLK tags the low half
of the instruction word being read into the instruction queue.
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7.3

Memory Map and Registers

This section provides a detailed description of all memory and registers.

7.3.1

Module Memory Map

A summary of the registers associated with the Breakpoint sub-block is shown in Figure 7-2. Detailed

descriptions of the registers and bits are given in the subsections that follow.

Address

0x0028

0x0029

0x002A

0x002B

0x002C

0x002D

0x002E

0x002F

Name

BKPCTO

BKPCT1

BKPOX

BKPOH

BKPOL

BKP1X

BKP1H

BKP1L

=S 3 £ 1 £ 3 2 I 2PV =TI ST

Bit7 6 5 4 3 2 1 Bit 0
0 0 0 0
BKEN BKFULL | BKBDM BKTAG
BKOMBH | BKOMBL | BKIMBH | BKIMBL | BKORWE | BKORW | BK1RWE | BK1RW
0 0
BKOV5 BKOV4 BKOV3 BKOV2 BKOV1 BKOVO
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
0 0
BK1V5 BK1V4 BK1V3 BK1V2 BK1V1 BK1V0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

X = Indeterminate

Figure 7-2. BKP Register Summary
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Breakpoint Control Register 0 (BKPCTO)

Module Base + 0x0028

7 6 5 4 3 2 1
R 0 0 0 0
BKEN BKFULL BKBDM BKTAG
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 7-3. Breakpoint Control Register 0 (BKPCTO0)

Read: Anytime

Write: Anytime

This register is used to set the breakpoint modes.

Table 7-2. BKPCTO Field Descriptions

Field Description
7 Breakpoint Enable — This bit enables the module
BKEN 0 Breakpoints disabled
1 Breakpoints enabled, breakpoint mode is determined by bits BKFULL, BKBDM, and BKTAG
6 Full Breakpoint Mode Enable — This bit controls whether the breakpoint module is in Dual Mode or Full Mode
BKFULL |0 Dual Address Mode enabled
1 Full Breakpoint Mode enabled
4 Breakpoint Background Debug Mode Enable — This bit determines if the breakpoint causes the system to
BKBDM | enter Background Debug Mode (BDM) or initiate a Software Interrupt (SWI)
0 Go to Software Interrupt on a compare
1 Go to BDM on a compare
4 Breakpoint on Tag — This bit controls whether the breakpoint will cause a break on the next instruction
BKTAG boundary (force) or on a match that will be an executable opcode (tagged). Non-executed opcodes cannot cause
a tagged breakpoint
0 On match, break at the next instruction boundary (force)
1 On match, break if the match is an instruction that will be executed (tagged)
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7.3.1.2

Breakpoint Control Register 1 (BKPCT1)

Module Base + 0x0029

7 6 5 4 3 2 1 0

BKOMBH BKOMBL BK1MBH BK1MBL BKORWE BKORW BK1RWE BK1RW

Reset

0 0 0 0 0 0 0 0
Figure 7-4. Breakpoint Control Register 1 (BKPCT1)

Read: Anytime

Write: Anytime

This register is used to configure the functionality of the Breakpoint sub-block within the Core.

Table 7-3. BKPCT1 Field Descriptions

Field

Description

7-6
BKOMBH
BKOMBL

Breakpoint Mask High Byte and Low Byte for First Address — In Dual or Full Mode, these bits may be used
to mask (disable) the comparison of the high and low bytes of the first address breakpoint. The functionality is as
given in Table 7-4 below.

The x:0 case is for a Full Address Compare. When a program page is selected, the full address compare will be
based on bits for a 20-bit compare. The registers used for the compare are {BKP0X[5:0], BKPOHI[5:0],
BKPOL[7:0]}. When a program page is not selected, the full address compare will be based on bits for a 16-bit
compare. The registers used for the compare are {BKPOH[7:0], BKPOL[7:0]}.

The 1:0 case is not sensible because it would ignore the high order address and compare the low order and
expansion addresses. Logic forces this case to compare all address lines (effectively ignoring the BKOMBH
control bit).

The 1:1 case is useful for triggering a breakpoint on any access to a particular expansion page. This only makes
sense if a program page is being accessed so that the breakpoint trigger will occur only if BKPOX compares.

5-4
BK1MBH
BK1MBL

Breakpoint Mask High Byte and Low Byte of Data (Second Address) — In Dual Mode, these bits may be
used to mask (disable) the comparison of the high and/or low bytes of the second address breakpoint. The
functionality is as given in Table 7-5.

The x:0 case is for a Full Address Compare. When a program page is selected, the full address compare will be
based on bits for a 20-bit compare. The registers used for the compare are {BKP1X[5:0], BKP1H[5:0],
BKP1L[7:0]}. When a program page is not selected, the full address compare will be based on bits for a 16-bit
compare. The registers used for the compare are {BKP1H[7:0], BKP1L[7:0]}.

The 1:0 case is not sensible because it would ignore the high order address and compare the low order and
expansion addresses. Logic forces this case to compare all address lines (effectively ignoring the BK1MBH
control bit).

The 1:1 case is useful for triggering a breakpoint on any access to a particular expansion page. This only makes
sense if a program page is being accessed so that the breakpoint trigger will occur only if BKP1X compares.

In Full Mode, these bits may be used to mask (disable) the comparison of the high and/or low bytes of the data
breakpoint. The functionality is as given in Table 7-6.

3
BKORWE

R/W Compare Enable — Enables the comparison of the R/W signal for first address breakpoint. This bit is not
useful in tagged breakpoints.

0 R/W is not used in the comparisons

1 R/W is used in comparisons
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Table 7-3. BKPCT1 Field Descriptions (continued)

Field Description
2 R/W Compare Value — When BKORWE = 1, this bit determines the type of bus cycle to match on first address
BKORW breakpoint. When BKORWE = 0, this bit has no effect.
0 Write cycle will be matched
1 Read cycle will be matched
1 R/W Compare Enable — In Dual Mode, this bit enables the comparison of the R/W signal to further specify what
BK1RWE | causes a match for the second address breakpoint. This bit is not useful on tagged breakpoints or in Full Mode
and is therefore a don’t care.
0 R/W is not used in comparisons
1 R/W is used in comparisons
0 R/W Compare Value — When BK1RWE = 1, this bit determines the type of bus cycle to match on the second
BK1RW | address breakpoint.When BK1RWE = 0, this bit has no effect.

0 Write cycle will be matched
1 Read cycle will be matched

Table 7-4. Breakpoint Mask Bits for First Address

BKOMBH:BKOMBL Address Compare BKPOX BKPOH BKPOL
x:0 Full address compare Yes! Yes Yes
0:1 256 byte address range Yes' Yes No
1:1 16K byte address range Yes! No No
' If page is selected.
Table 7-5. Breakpoint Mask Bits for Second Address (Dual Mode)
BK1MBH:BK1MBL Address Compare BKP1X BKP1H BKP1L
x:0 Full address compare Yes! Yes Yes
0:1 256 byte address range Yes' Yes No
111 16K byte address range Yes! No No
1 If page is selected.
Table 7-6. Breakpoint Mask Bits for Data Breakpoints (Full Mode)
BK1MBH:BK1MBL Data Compare BKP1X BKP1H BKP1L
0:0 High and low byte compare No' Yes Yes
0:1 High byte No' Yes No
1:0 Low byte No' No Yes
1:1 No compare No' No No

1 Expansion addresses for breakpoint 1 are not available in this mode.

MC3S12RG128 Data Sheet, Rev. 1.05

Freescale Semiconductor

207



Chapter 7 Breakpoint Module (BKPV1) Block Description

7.3.1.3

Breakpoint First Address Expansion Register (BKP0X)

Module Base + 0x002A

5 4 3 2 1 0
R 0 0
BKOV5 BKOV4 BKOV3 BKOV2 BKOV1 BKOVO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 7-5. Breakpoint First Address Expansion Register (BKP0X)

Read: Anytime

Write: Anytime

This register contains the data to be matched against expansion address lines for the first address
breakpoint when a page is selected.

Table 7-7. BKPOX Field Descriptions

Field Description
5-0 BKOV Bits — Value of first breakpoint address to be matched in memory expansion space.
BKOV[5:0]
7.3.1.4 Breakpoint First Address High Byte Register (BKPOH)

Module Base + 0x002B

7 6 5 4 3 2 1 0
R
Bit 15 14 13 12 11 10 9 Bit 8
W
Reset 0 0 0 0 0 0 0 0

Figure 7-6. Breakpoint First Address High Byte Register (BKPOH)

Read: Anytime

Write: Anytime

This register is used to set the breakpoint when compared against the high byte of the address.
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Module Base + 0x002C

Breakpoint First Address Low Byte Register (BKPOL)

7
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R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0
Figure 7-7. Breakpoint First Address Low Byte Register (BKPOL)
Read: Anytime
Write: Anytime
This register is used to set the breakpoint when compared against the low byte of the address.
7.3.1.6 Breakpoint Second Address Expansion Register (BKP1X)
Module Base + 0x002D
6 5 4 3 2 1 0
R 0 0
BK1V5 BK1V4 BK1V3 BK1Vv2 BK1V1 BK1V0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 7-8. Breakpoint Second Address Expansion Register (BKP1X)
Read: Anytime
Write: Anytime

In Dual Mode, this register contains the data to be matched against expansion address lines for the second
address breakpoint when a page is selected. In Full Mode, this register is not used.

Table 7-8. BXP1X Field Descriptions

Field Description
5-0 BK1V Bits — Value of first breakpoint address to be matched in memory expansion space.
BK1V[5:0]
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7.3.1.7 Breakpoint Data (Second Address) High Byte Register (BKP1H)

Module Base + 0x002E

7 6 5 4 3 2 1 0
R
Bit 15 14 13 12 11 10 9 Bit 8
W
Reset 0 0 0 0 0 0 0 0

Figure 7-9. Breakpoint Data High Byte Register (BKP1H)
Read: Anytime
Write: Anytime

In Dual Mode, this register is used to compare against the high order address lines. In Full Mode, this
register is used to compare against the high order data lines.

7.3.1.8 Breakpoint Data (Second Address) Low Byte Register (BKP1L)

Module Base + 0x002F

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 7-10. Breakpoint Data Low Byte Register (BKP1L)
Read: Anytime
Write: Anytime

In Dual Mode, this register is used to compare against the low order address lines. In Full Mode, this
register is used to compare against the low order data lines.
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7.4  Functional Description

The Breakpoint sub-block supports two modes of operation: Dual Address Mode and Full Breakpoint
Mode. Within each of these modes, forced or tagged breakpoint types can be used. Forced breakpoints
occur at the next instruction boundary if a match occurs and tagged breakpoints allow for breaking just
before a specific instruction executes. The action taken upon a successful match can be to either place the
CPU in Background Debug Mode or to initiate a software interrupt.

741 Modes of Operation

The Breakpoint can operate in Dual Address Mode or Full Breakpoint Mode. Each of these modes is
discussed in the subsections below.

7411 Dual Address Mode

When Dual Address Mode is enabled, two address breakpoints can be set. Each breakpoint can cause the
system to enter Background Debug Mode or to initiate a software interrupt based upon the state of the
BKBDM bit in the BKPCTO Register being logic one or logic zero, respectively. BDM requests have a
higher priority than SWI requests. No data breakpoints are allowed in this mode.

The BKTAG bit in the BKPCTO register selects whether the breakpoint mode is forced or tagged. The
BKxMBH:L bits in the BKPCT]1 register select whether or not the breakpoint is matched exactly or is a
range breakpoint. They also select whether the address is matched on the high byte, low byte, both bytes,
and/or memory expansion. The BKxRW and BKxRWE bits in the BKPCT1 register select whether the
type of bus cycle to match is a read, write, or both when performing forced breakpoints.

7.4.1.2 Full Breakpoint Mode

Full Breakpoint Mode requires a match on address and data for a breakpoint to occur. Upon a successful
match, the system will enter Background Debug Mode or initiate a software interrupt based upon the state
ofthe BKBDM bit in the BKPCTO Register being logic one or logic zero, respectively. BDM requests have
a higher priority than SWI requests. R/W matches are also allowed in this mode.

The BKTAG bit in the BKPCTO register selects whether the breakpoint mode is forced or tagged. If the
BKTAG bit is set in BKPCTO, then only address is matched, and data is ignored. The BROMBH:L bits in
the BKPCT]1 register select whether or not the breakpoint is matched exactly, is a range breakpoint, or is
in page space. The BK1MBH:L bits in the BKPCT1 register select whether the data is matched on the high
byte, low byte, or both bytes. The BKORW and BKORWE bits in the BKPCT1 register select whether the
type of bus cycle to match is a read or a write when performing forced breakpoints. BK1RW and BK1RWE
bits in the BKPCT]1 register are not used in Full Breakpoint Mode.

7.4.2 Breakpoint Priority

Breakpoint operation is first determined by the state of BDM. If BDM is already active, meaning the CPU
is executing out of BDM firmware, Breakpoints are not allowed. In addition, while in BDM trace mode,
tagging into BDM is not allowed. If BDM is not active, the Breakpoint will give priority to BDM requests
over SWI requests. This condition applies to both forced and tagged breakpoints.
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Chapter 7 Breakpoint Module (BKPV1) Block Description

In all cases, BDM related breakpoints will have priority over those generated by the Breakpoint sub-block.
This priority includes breakpoints enabled by the TAGLO and TAGHI external pins of the system that
interface with the BDM directly and whose signal information passes through and is used by the
Breakpoint sub-block.

NOTE

BDM should not be entered from a breakpoint unless the BKEN bit is set in
the BDM. Even if the ENABLE bit in the BDM is negated, the CPU actually
executes the BDM firmware code. It checks the ENABLE and returns if
enable is not set. If the BDM is not serviced by the monitor then the
breakpoint would be re-asserted when the BDM returns to normal CPU
flow.

There is no hardware to enforce restriction of breakpoint operation if the
BDM is not enabled.
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Chapter 8
Analog-to-Digital Converter (ATD10B8CV3)

8.1 Introduction

The ATD10BS8C is an 8-channel, 10-bit, multiplexed input successive approximation analog-to-digital
converter. Refer to device electrical specifications for ATD accuracy.

8.1.1 Features

*  8/10-bit resolution

» 7 usec, 10-bit single conversion time

» Sample buffer amplifier

* Programmable sample time

» Left/right justified, signed/unsigned result data
» External trigger control

* Conversion completion interrupt generation

* Analog input multiplexer for 8 analog input channels
* Analog/digital input pin multiplexing

» 1-to-8 conversion sequence lengths

» Continuous conversion mode

« Multiple channel scans

» Configurable external trigger functionality on any AD channel or any of four additional external
trigger inputs. The four additional trigger inputs can be chip external or internal. Refer to the device
overview chapter for availability and connectivity.

» Configurable location for channel wrap around (when converting multiple channels in a sequence).

8.1.2 Modes of Operation

8.1.2.1 Conversion Modes

There is software programmable selection between performing single or continuous conversion on a single
channel or multiple channels.
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Chapter 8 Analog-to-Digital Converter (ATD10B8CV3)

8.1.2.2 MCU Operating Modes

» Stop mode

Entering stop mode causes all clocks to halt and thus the system is placed in a minimum power
standby mode. This aborts any conversion sequence in progress. During recovery from stop mode,
there must be a minimum delay for the stop recovery time tgg before initiating a new ATD
conversion sequence.

e Wait mode

Entering wait mode the ATD conversion either continues or aborts for low power depending on the
logical value of the AWAIT bit.

* Freeze mode

In freeze mode the ATD will behave according to the logical values of the FRZ1 and FRZO bits.
This is useful for debugging and emulation.

8.1.3 Block Diagram
Figure 8-1 shows a block diagram of the ATD.

8.2 External Signal Description
This section lists all inputs to the ATD block.

8.2.1 ANx(x=7,6,5, 4, 3,2,1,0) — Analog Input Pin

This pin serves as the analog input channel x. It can also be configured as general purpose digital port pin
and/or external trigger for the ATD conversion.

8.2.2 ETRIG3, ETRIG2, ETRIG1, and ETRIG0 — External Trigger Pins

These inputs can be configured to serve as an external trigger for the ATD conversion.

Refer to the device overview chapter for availability and connectivity of these inputs.

8.2.3 VRy and Vi — High and Low Reference Voltage Pins

Vyry is the high reference voltage and Vg is the low reference voltage for ATD conversion.

8.2.4  Vppa and Vggp — Power Supply Pins

These pins are the power supplies for the analog circuitry of the ATD block.
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Bus Clock Clock ATD clock ATD10B8C
Prescaler
F——— — — = — Y
| E;E:g? = : Tlr\lllgu%(er Mode and Sequence Complete
| g~ Timing Control Interrupt
ETRIG2 /’ > -
| ETRIG3 (
- -

(See Device Overview
chapter for availability
and connectivity) ATDCTLA ATDDIEN

PORTAD ¢ Results
Vooa ATD 0
Vssa . ATD 1
y Succgsswg - ATD D
RH Approximation ATD 3

VRL Register (SAR) ATD 4

and DAC ATD 5
ATD 6

ATD 7

AN7
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AN4 /

AN3

>
>

AN2

1
i S
—|— Comparator
A4

AN1
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Figure 8-1. ATD Block Diagram
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Chapter 8 Analog-to-Digital Converter (ATD10B8CV3)

8.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the ATD.

8.3.1 Module Memory Map
Figure 8-2 gives an overview of all ATD registers.

NOTE

Register Address = Base Address + Address Offset, where the Base Address
is defined at the MCU level and the Address Offset is defined at the module
level.

8.3.2 Register Descriptions

This section describes in address order all the ATD registers and their individual bits.

Register
Name

0x0000
ATDCTLO

Bit 7 6 5 4 3 2 1 Bit 0

0 0 0 0 0 WRAP2 WRAP1 WRAPO

0x0001

ATDCTLA ETRIGSEL ETRIGCH2 |ETRIGCH1 |ETRIGCHO

0x0002
ATDCTL2

ADPU AFFC AWAI ETRIGLE | ETRIGP | ETRIGE ASCIE ASCIF

0x0003
ATDCTL3

S8C S4C S2C S1C FIFO FRZ1 FRZ0

0x0004
ATDCTL4

SRES8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0

0x0005
ATDCTL5

DJM DSGN SCAN MULT CC CB CA

0x0006
ATDSTATO

SCF 0 ETORF FIFOR 0 cc2 cct cco

0x0007
Unimplemente
d

=Sy =S3 =233 23 2T =TI =TI =T

0x0008
ATDTESTO

0x0009
ATDTEST1

SC

=3 =3
C
C
o
o
o
o
o

|:| = Unimplemented or Reserved

Figure 8-2. ATD Register Summary (Sheet 1 of 5)
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Register
Name

0x000A

Unimplemente
d

0x000B
ATDSTATH

0x000C
Unimplemente
d

0x000D
ATDDIEN

0x000E
Unimplemente
d

0x000F
PORTAD

=3

=1 =

=1 =

Chapter 8 Analog-to-Digital Converter (ATD10B8CV3)

Bit 7 6 5 4 3 2 1 Bit 0
CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFo

IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IENO
PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO

Left Justified Result Data

Note: The read portion of the left justified result data registers has been divided to show the bit position when reading 10-bit and
8-bit conversion data. For more detailed information refer to Section 8.3.2.13, “ATD Conversion Result Registers

(ATDDRX)”.
0x0010 10-BIT|BIT9MSB| BITS8 BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDDROH 8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
0x0011 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDDROL 8-BIT U U 0 0 0 0 0 0
w
0x0012 10-BIT[BITOMSB| BITS8 BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDDRTH 8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
0x0013 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDDRIL 8-BIT U U 0 0 0 0 0 0
w
0x0014 10-BIT|BIT9MSB| BITS BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDDR2H 8-BIT|BIT7MSB| BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
w
0x0015 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDDR2L 8-BIT U U 0 0 0 0 0 0
w
|:‘ = Unimplemented or Reserved
Figure 8-2. ATD Register Summary (Sheet 2 of 5)
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Register Bit 7 6 5 4 3 2 1 Bit0
Name
0x0016 10-BIT[BITOMSB| BITS8 BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDDR3H 8-BIT|BIT7MSB| BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
w
0x0017 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDDR3L 8-BIT U U 0 0 0 0 0 0
w
0x0018 10-BIT[BITOMSB| BITS8 BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDDR4H 8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
0x0019 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDDR4L 8-BIT u u 0 0 0 0 0 0
w
0x001A 10-BIT[BIT9MSB| BITS8 BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDD45H 8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
0x001B 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDD45L 8-BIT U U 0 0 0 0 0 0
w
0x001C 10-BIT[BITOMSB| BITS8 BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDD46H 8-BIT|BIT7MSB| BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
w
0x001D 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDDR6L 8-BIT U U 0 0 0 0 0 0
w
0x001E 10-BIT[BITOMSB| BITS8 BIT 7 BIT6 BIT5 BIT 4 BIT 3 BIT 2
ATDD47H 8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
0x001F 10-BIT[ BIT1 BITO 0 0 0 0 0 0
ATDD47L 8-BIT u u 0 0 0 0 0 0
w

Right Justified Result Data

Note: The read portion of the right justified result data registers has been divided to show the bit position when reading 10-bit
and 8-bit conversion data. For more detailed information refer to Section 8.3.2.13, “ATD Conversion Result Registers

(ATDDRXx)”.
0x0010 10-BIT 0 0 0 0 0 0 BITOMSB| BIT8
ATDDROH 8-BIT 0 0 0 0 0 0 0 0
w

|:| = Unimplemented or Reserved

Figure 8-2. ATD Register Summary (Sheet 3 of 5)
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Chapter 8 Analog-to-Digital Converter (ATD10B8CV3)

Register Bit 7 6 5 4 3 2 1 Bit0
Name
0x0011 10-BIT BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDDROL 8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
0x0012 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
ATDDRTH 8-BIT 0 0 0 0 0 0 0 0
W
0x0013 10-BIT BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDDRTL 8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
w
0x0014 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
ATDDR2H 8-BIT 0 0 0 0 0 0 0 0
W
0x0015 10-BIT BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDDR2L 8-BIT|BIT7MSB| BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
0x0016 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
ATDDRSH 8-BIT 0 0 0 0 0 0 0 0
w
0x0017 10-BIT BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDDR3L 8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
0x0018 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
ATDDR4H 8-BIT 0 0 0 0 0 0 0 0
W
0x0019 10-BIT BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDDR4L 8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
Ox001A 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
ATDD45H 8-BIT 0 0 0 0 0 0 0 0
W
0x001B 10-BIT BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDD45L 8-BIT|BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
0x001C 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
ATDD46H 8-BIT 0 0 0 0 0 0 0 0
w
|:| = Unimplemented or Reserved
Figure 8-2. ATD Register Summary (Sheet 4 of 5)
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x001D 10-BIT[ BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDDR6L 8-BIT|BIT7MSB| BIT6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
w
0x001E 10-BIT 0 0 0 0 0 0 BITOMSB| BITS8
ATDD47H 8-BIT 0 0 0 0 0 0 0 0
w
0x001F 10-BIT[ BIT7 BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
ATDD471 BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
8-BIT

|:| = Unimplemented or Reserved

Figure 8-2. ATD Register Summary (Sheet 5 of 5)

8.3.2.1 ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.

WVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVWVVVVVVW\E
7 6 5 4 3 2 1 0
R 0 0 0
W WRAP2 WRAP1 WRAPO
Reset 0 0 0 0 0 1 1 1

|:|= Unimplemented or Reserved

Figure 8-3. ATD Control Register 0 (ATDCTLO)
Read: Anytime
Write: Anytime
Table 8-1. ATDCTLO Field Descriptions

Field Description

2-0 Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing
WRAP[2:0] | multi-channel conversions. The coding is summarized in Table 8-2.

Table 8-2. Multi-Channel Wrap Around Coding

WaPz | whaPt | whapo. | Marble Srannel Comersons (WLt~
0 0 0 Reserved
0 0 1 ANA1
0 1 0 AN2
0 1 1 AN3
1 0 0 AN4
1 0 1 AN5
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Table 8-2. Multi-Channel Wrap Around Coding

Multiple Channel Conversions (MULT = 1)

WRAP2 WRAP1 WRAPO Wrap Around to ANO after Converting

1 1 0 ANG6
1 1 1 AN7
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8.3.2.2 ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

W
7 6 5 4 3 2 1 0
0 0 0 0
ETRIGSEL ETRIGCH2 | ETRIGCH1 | ETRIGCHO
Reset 0 0 0 0 0 1 1 1

|:|= Unimplemented or Reserved

Figure 8-4. ATD Control Register 1 (ATDCTL1)

Read: Anytime
Write: Anytime
Table 8-3. ATDCTL1 Field Descriptions

Field Description

7 External Trigger Source Select — This bit selects the external trigger source to be either one of the AD
ETRIGSEL |channels or one of the ETRIG3-0 inputs. See the device overview chapter for availability and connectivity of
ETRIGS3-0 inputs. If ETRIG3-0 input option is not available, writing a 1 to ETRISEL only sets the bit but has
not effect, that means still one of the AD channels (selected by ETRIGCH2-0) is the source for external trigger.
The coding is summarized in Table 8-4.

2-0 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG3-0 inputs
ETRIGCH[2:0] | as source for the external trigger. The coding is summarized in Table 8-4.

Table 8-4. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External trigger source is
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 AN6
0 1 1 1 AN7
1 0 0 0 ETRIGO'
1 0 0 1 ETRIG1’
1 0 1 0 ETRIG2'
1 0 1 1 ETRIG3'
1 1 X X Reserved

1 Only if ETRIG3-0 input option is available (see device overview chapter), else ETRISEL is
ignored, that means external trigger source is still on one of the AD channels selected by
ETRIGCH2-0
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8.3.2.3 ATD Control Register 2 (ATDCTL?2)

This register controls power down, interrupt and external trigger. Writes to this register will abort current
conversion sequence but will not start a new sequence.

W
7 6 5 4 3 2 1 0
R ASCIF
W ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-5. ATD Control Register 2 (ATDCTLZ2)
Read: Anytime
Write: Anytime
Table 8-5. ATDCTL2 Field Descriptions

Field Description
7 ATD Power Up — This bit provides on/off control over the ATD block allowing reduced MCU power
ADPU consumption. Because analog electronic is turned off when powered down, the ATD requires a recovery time

period after ADPU bit is enabled.
0 Power down ATD. Flags (SCF, CCFx, ETORF, FIFOR) can not be cleared.
1 Normal ATD functionality

6 ATD Fast Flag Clear All

AFFC 0 ATD flag clearing operates normally (read the status register ATDSTAT1 before reading the result register to
clear the associate CCF flag).

1 Changes all ATD conversion complete flags to a fast clear sequence. Any access to a result register will
cause the associate CCF flag to clear automatically.

5 ATD Power Down in Wait Mode — When entering wait mode this bit provides on/off control over the ATD block
AWAI allowing reduced MCU power. Because analog electronic is turned off when powered down, the ATD requires
a recovery time period after exit from Wait mode.

0 ATD continues to run in Wait mode
1 Halt conversion and power down ATD during wait mode

After exiting wait mode with an interrupt conversion will resume. But due to the recovery time the result of

this conversion should be ignored.

4 External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See
ETRIGLE |Table 8-6 for details.

3 External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 8-6 for
ETRIGP details.

2 External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of

ETRIGE the ETRIG3-0 inputs as described in Table 8-4. If external trigger source is one of the AD channels, the digital

input buffer of this channel is enabled. The external trigger allows to synchronize sample and ATD conversions

processes with external events.

0 Disable external trigger

1 Enable external trigger

Note: If using one of the AD channel as external trigger (ETRIGSEL = 0) the conversion results for this channel
have no meaning while external trigger mode is enabled.
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Table 8-5. ATDCTL2 Field Descriptions (continued)

Field Description

1 ATD Sequence Complete Interrupt Enable
ASCIE 0 ATD Sequence Complete interrupt requests are disabled.
1 ATD Interrupt will be requested whenever ASCIF = 1 is set.

0 ATD Sequence Complete Interrupt Flag — If ASCIE = 1 the ASCIF flag equals the SCF flag (see
ASCIF Section 8.3.2.7, “ATD Status Register 0 (ATDSTAT0)"), else ASCIF reads zero. Writes have no effect.
0 No ATD interrupt occurred
1 ATD sequence complete interrupt pending

Table 8-6. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity
0 0 Falling edge
0 1 Rising edge
1 0 Low level
1 1 High level

8.3.24 ATD Control Register 3 (ATDCTL3)

This register controls the conversion sequence length, FIFO for results registers and behavior in freeze
mode. Writes to this register will abort current conversion sequence but will not start a new sequence.

MG BALE Y IREUOE N ANANNANNNNNNNNNNNNNININNNINIINININIIINININIIININIIIININININIINNINININ
7 6 5 4 3 2 1 0
R 0
W S8C S4C S2C S1C FIFO FRZ1 FRZ0
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-6. ATD Control Register 3 (ATDCTL3)

Read: Anytime
Write: Anytime
Table 8-7. ATDCTLS3 Field Descriptions

Field Description

6-3 Conversion Sequence Length — These bits control the number of conversions per sequence. Table 8-8 shows
S8C, S4C, |all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
S2C, S1C | Family.

MC3S12RG128 Data Sheet, Rev. 1.05

224 Freescale Semiconductor



Chapter 8 Analog-to-Digital Converter (ATD10B8CV3)

Table 8-7. ATDCTLS3 Field Descriptions (continued)

Field

Description

FIFO

Result Register FIFO Mode — If this bit is zero (non-FIFO mode), the A/D conversion results map into the result
registers based on the conversion sequence; the result of the first conversion appears in the first result register,
the second result in the second result register, and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or ending of a conversion
sequence; sequential conversion results are placed in consecutive result registers. In a continuously scanning
conversion sequence, the result register counter will wrap around when it reaches the end of the result register
file. The conversion counter value (CC2-0 in ATDSTATO) can be used to determine where in the result register
file, the current conversion result will be placed.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1. So the first result of a new conversion sequence, started by writing to
ATDCTLS5, will always be place in the first result register (ATDDDRO). Intended usage of FIFO mode is continuos
conversion (SCAN=1) or triggered conversion (ETRIG=1).

Finally, which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear
mode may or may not be useful in a particular application to track valid data.

0 Conversion results are placed in the corresponding result register up to the selected sequence length.

1 Conversion results are placed in consecutive result registers (wrap around at end).

1-0
FRZ[1:0]

Background Debug Freeze Enable — When debugging an application, it is useful in many cases to have the
ATD pause when a breakpoint (Freeze Mode) is encountered. These 2 bits determine how the ATD will respond
to a breakpoint as shown in Table 8-9. Leakage onto the storage node and comparator reference capacitors may
compromise the accuracy of an immediately frozen conversion depending on the length of the freeze period.

Table 8-8. Conversion Sequence Length Coding

ssC s4c s2C sic N“m';'oirr gfezzg‘r’li';s'ms
0 0 0 0 8
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 i 0 0 2
0 1 0 1 5
0 1 1 0 6
0 i i 1 7
1 X X X 8

Table 8-9. ATD Behavior in Freeze Mode (Breakpoint)

FRZ1 FRZ0 Behavior in Freeze Mode
0 0 Continue conversion
0 1 Reserved
1 0 Finish current conversion, then freeze
1 1 Freeze Immediately
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8.3.2.5 ATD Control Register 4 (ATDCTLA4)

This register selects the conversion clock frequency, the length of the second phase of the sample time and
the resolution of the A/D conversion (i.e.: 8-bits or 10-bits). Writes to this register will abort current
conversion sequence but will not start a new sequence.

MG BAL Y IREUOI N ANANNANANNANNANININNNINININNINIINININIIININIIIININIIIINININIIINNINININ
7 6 5 4 3 2 1 0
R
W SRES8 SMPA1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
Reset 0 0 0 0 0 1 0 1

Figure 8-7. ATD Control Register 4 (ATDCTL4)
Read: Anytime
Write: Anytime
Table 8-10. ATDCTLA4 Field Descriptions

Field Description

7 A/D Resolution Select — This bit selects the resolution of A/D conversion results as either 8 or 10 bits. The
SRES8 A/D converter has an accuracy of 10 bits; however, if low resolution is required, the conversion can be speeded
up by selecting 8-bit resolution.

0 10-bit resolution
8-bit resolution

6-5 Sample Time Select — These two bits select the length of the second phase of the sample time in units of
SMPI[1:0] ATD conversion clock cycles. Note that the ATD conversion clock period is itself a function of the prescaler
value (bits PRS4-0). The sample time consists of two phases. The first phase is two ATD conversion clock
cycles long and transfers the sample quickly (via the buffer amplifier) onto the A/D machine’s storage node.
The second phase attaches the external analog signal directly to the storage node for final charging and high
accuracy. Table 8-11 lists the lengths available for the second sample phase.

4-0 ATD Clock Prescaler — These 5 bits are the binary value prescaler value PRS. The ATD conversion clock
PRS[4:0] frequency is calculated as follows:
_ [BusClock]
ATDclock = TPRS+ 1T x 0.5

Note: The maximum ATD conversion clock frequency is half the bus clock. The default (after reset) prescaler
value is 5 which results in a default ATD conversion clock frequency that is bus clock divided by 12.
Table 8-12 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 8-11. Sample Time Select

SMP1 SMPO Length of 2nd Phase of Sample Time
0 0 2 A/D conversion clock periods
0 1 4 A/D conversion clock periods
1 0 8 A/D conversion clock periods
1 1 16 A/D conversion clock periods
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Chapter 8 Analog-to-Digital Converter (ATD10B8CV3)

Prescale Value Total Divisor Max. Bus Clock’ Min. Bus Clock?
Value

00000 Divide by 2 4 MHz 1 MHz

00001 Divide by 4 8 MHz 2 MHz

00010 Divide by 6 12 MHz 3 MHz

00011 Divide by 8 16 MHz 4 MHz

00100 Divide by 10 20 MHz 5 MHz

00101 Divide by 12 24 MHz 6 MHz

00110 Divide by 14 28 MHz 7 MHz

00111 Divide by 16 32 MHz 8 MHz

01000 Divide by 18 36 MHz 9 MHz

01001 Divide by 20 40 MHz 10 MHz
01010 Divide by 22 44 MHz 11 MHz
01011 Divide by 24 48 MHz 12 MHz
01100 Divide by 26 52 MHz 13 MHz
01101 Divide by 28 56 MHz 14 MHz
01110 Divide by 30 60 MHz 15 MHz
01111 Divide by 32 64 MHz 16 MHz
10000 Divide by 34 68 MHz 17 MHz
10001 Divide by 36 72 MHz 18 MHz
10010 Divide by 38 76 MHz 19 MHz
10011 Divide by 40 80 MHz 20 MHz
10100 Divide by 42 84 MHz 21 MHz
10101 Divide by 44 88 MHz 22 MHz
10110 Divide by 46 92 MHz 23 MHz
10111 Divide by 48 96 MHz 24 MHz
11000 Divide by 50 100 MHz 25 MHz
11001 Divide by 52 104 MHz 26 MHz
11010 Divide by 54 108 MHz 27 MHz
11011 Divide by 56 112 MHz 28 MHz
11100 Divide by 58 116 MHz 29 MHz
11101 Divide by 60 120 MHz 30 MHz
11110 Divide by 62 124 MHz 31 MHz
11111 Divide by 64 128 MHz 32 MHz

T Maximum ATD conversion clock frequency is 2 MHz. The maximum allowed bus clock frequency is

shown in this column.

2 Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is

shown in this column.
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8.3.2.6 ATD Control Register 5 (ATDCTL5)

This register selects the type of conversion sequence and the analog input channels sampled. Writes to this
register will abort current conversion sequence and start a new conversion sequence.

W
7 6 5 4 3 2 1 0
R 0
W DJM DSGN SCAN MULT CcC CB CA
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-8. ATD Control Register 5 (ATDCTLD5)
Read: Anytime
Write: Anytime
Table 8-13. ATDCTLS5 Field Descriptions

Field Description

7 Result Register Data Justification — This bit controls justification of conversion data in the result registers.
DJM See Section 8.3.2.13, “ATD Conversion Result Registers (ATDDRX),” for details.
0 Left justified data in the result registers
1 Right justified data in the result registers

6 Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
DSGN conversion data representation in the result registers. Signed data is represented as 2’s complement. Signed
data is not available in right justification. See Section 8.3.2.13, “ATD Conversion Result Registers (ATDDRXx),”
for details.

0 Unsigned data representation in the result registers

1 Signed data representation in the result registers

Table 8-14 summarizes the result data formats available and how they are set up using the control bits.
Table 8-15 illustrates the difference between the signed and unsigned, left justified output codes for an input
signal range between 0 and 5.12 Volts.

5 Continuous Conversion Sequence Mode — This bit selects whether conversion sequences are performed
SCAN continuously or only once.
0 Single conversion sequence
1 Continuous conversion sequences (scan mode)

4 Multi-Channel Sample Mode — When MULT is 0, the ATD sequence controller samples only from the specified
MULT analog input channel for an entire conversion sequence. The analog channel is selected by channel selection
code (control bits CC/CB/CA located in ATDCTL5). When MULT is 1, the ATD sequence controller samples
across channels. The number of channels sampled is determined by the sequence length value (S8C, S4C,
S2C, S1C). The first analog channel examined is determined by channel selection code (CC, CB, CA control
bits); subsequent channels sampled in the sequence are determined by incrementing the channel selection
code.

0 Sample only one channel
1 Sample across several channels

2-0 Analog Input Channel Select Code — These bits select the analog input channel(s) whose signals are
CC, CB, CA |sampled and converted to digital codes. Table 8-16 lists the coding used to select the various analog input
channels. In the case of single channel scans (MULT = 0), this selection code specified the channel examined.
In the case of multi-channel scans (MULT = 1), this selection code represents the first channel to be examined
in the conversion sequence. Subsequent channels are determined by incrementing channel selection code;
selection codes that reach the maximum value wrap around to the minimum value.
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Table 8-14. Available Result Data Formats

Result Data Formats
SRES8 DJM DSGN Description and Bus Bit Mapping
1 0 0 8-bit / left justified / unsigned — bits 8—15
1 0 1 8-bit / left justified / signed — bits 8—-15
1 1 X 8-bit / right justified / unsigned — bits 0-7
0 0 0 10-bit / left justified / unsigned — bits 6—15
0 0 1 10-bit / left justified / signed — bits 6—15
0 1 X 10-bit / right justified / unsigned — bits 0-9

Table 8-15. Left Justified, Signed, and Unsigned ATD Output Codes

Input Signal Signed Unsigned Signed Unsigned
VgL = 0 Volts 8-Bit 8-Bit 10-Bit 10-Bit
VRH = 5.12 Volts Codes Codes Codes Codes
5.120 Volts 7F FF 7FCO FFCO
5.100 7F FF 7F00 FF0O
5.080 7E FE 7E00 FEOO
2.580 01 81 0100 8100
2.560 00 80 0000 8000
2.540 FF 7F FF0O0 7F00
0.020 81 01 8100 0100
0.000 80 00 8000 0000

Table 8-16. Analog Input Channel Select Coding

co | o | o Araog o
0 0 0 ANO
0 0 1 ANf1
0 1 0 AN2
0 1 1 AN3
1 0 0 AN4
1 0 1 AN5
1 1 0 ANG6
1 1 1 AN7
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8.3.2.7

ATD Status Register 0 (ATDSTATO)

This read-only register contains the sequence complete flag, overrun flags for external trigger and FIFO
mode, and the conversion counter.

WVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVWVVVW\E
7 6 5 4 3 2 1 0
R CC2 CC1 CCo
SCF ETORF FIFOR
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-9. ATD Status Register 0 (ATDSTATO)

Read: Anytime
Write: Anytime (No effect on (CC2, CC1, CC0))

Table 8-17. ATDSTATO Field Descriptions

Field Description
7 Sequence Complete Flag — This flag is set upon completion of a conversion sequence. If conversion
SCF sequences are continuously performed (SCAN = 1), the flag is set after each one is completed. This flag can be
cleared when ADPU=1 and one of the following occurs:
A) Write “1” to SCF
B) Write to ATDCTL5 (a new conversion sequence is started)
C) If AFFC=1 and read of a result register
0 Conversion sequence not completed
1 Conversion sequence has completed
5 External Trigger Overrun Flag — While in edge trigger mode (ETRIGLE = 0), if additional active edges are
ETORF detected while a conversion sequence is in process the overrun flag is set. This flag can be cleared when
ADPU=1 and one of the following occurs:
A) Write “1” to ETORF
B) Write to ATDCTL2, ATDCTL3 or ATDCTL4 (a conversion sequence is aborted)
C) Write to ATDCTL5 (a new conversion sequence is started)
0 No External trigger over run error has occurred
1 External trigger over run error has occurred
4 FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
FIFOR conversion complete flag (CCF) has been cleared. This flag is most useful when using the FIFO mode because
the flag potentially indicates that result registers are out of sync with the input channels. However, it is also
practical for non-FIFO modes, and indicates that a result register has been over written before it has been read
(i.e., the old data has been lost). This flag can be cleared when ADPU=1 and one of the following occurs:
A) Write “1” to FIFOR
B) Start a new conversion sequence (write to ATDCTLS5 or external trigger)
0 No over run has occurred
1 An over run condition exists
2-0 Conversion Counter — These 3 read-only bits are the binary value of the conversion counter. The conversion
CC[2:0] counter points to the result register that will receive the result of the current conversion. E.g. CC2 =1, CC1 =1,

CCO = 0 indicates that the result of the current conversion will be in ATD result register 6. If in non-FIFO mode
(FIFO = 0) the conversion counter is initialized to zero at the begin and end of the conversion sequence. If in
FIFO mode (FIFO = 1) the register counter is not initialized. The conversion counters wraps around when its
maximum value is reached.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1.
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8.3.2.8 Reserved Register (ATDTESTO)
W}VVVVVVVV\AMAAMMWMMMAMMAMMMAMMWMMA@

(VAN ARV AV VAV AV VAV VAV VAV AV VAV AV IVAV VAV AVIVAVAVEVIVAV VAV AV IVEV VAV AV VAV VAV AV AV VAV AV VAV AV AV VAV AV VAV VAV,

7 6 5 4 3 2 1 0
R U U u U u U U U

w
Reset 1 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-10. Reserved Register (ATDTESTO)

Read: Anytime, returns unpredictable values
Write: Anytime in special modes, unimplemented in normal modes

NOTE

Writing to this register when in special modes can alter functionality.

8.3.2.9 ATD Test Register 1 (ATDTEST1)
This register contains the SC bit used to enable special channel conversions.

odule Base + 0x00

o v vV v vV Vv VvV YV Y VY VYV VYV VY Y VY VYV VY VYV VYV VYV VYV VYV VY VYV VY VY Y VY VY Y VY Y v v v v Y

7 6 5 4 3 2 1 0
R u u 0 0 0 0 0
SC
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-11. ATD Test Register 1 (ATDTEST1)
Read: Anytime, returns unpredictable values for Bit7 and Bit6
Write: Anytime
Table 8-18. ATDTEST1 Field Descriptions

Field Description
0 Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using CC,
SC CB and CA of ATDCTL5. Table 8-19 lists the coding.

0 Special channel conversions disabled

1 Special channel conversions enabled

Note: Always write remaining bits of ATDTEST1 (Bit7 to Bit1) zero when writing SC bit. Not doing so might result
in unpredictable ATD behavior.
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Table 8-19. Special Channel Select Coding

SC cC CcB CA Analog Input Channel
1 0 X X Reserved
1 1 0 0 Vin
1 1 0 1 VRL
1 1 1 0 (VRu+VaL) /2
1 1 1 1 Reserved

8.3.2.10 ATD Status Register 1 (ATDSTAT1)

This read-only register contains the conversion complete flags.

N odule Base + Ox

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv V0
7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFo
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-12. ATD Status Register 1 (ATDSTAT1)

Read: Anytime

Write: Anytime, no effect
Table 8-20. ATDSTAT1 Field Descriptions

Field Description

7-0 Conversion Complete Flag x (x =7, 6, 5, 4, 3, 2, 1, 0) — A conversion complete flag is set at the end of each
CCF[7:0] |conversion in a conversion sequence. The flags are associated with the conversion position in a sequence (and
also the result register number). Therefore, CCFO0 is set when the first conversion in a sequence is complete and
the result is available in result register ATDDRO; CCF1 is set when the second conversion in a sequence is
complete and the result is available in ATDDR1, and so forth. A flag CCFx (x =7, 6, 5, 4, 3, 2,1, 70) is cleared
when ADPU=1 and one of the following occurs:

A) Write to ATDCTL5 (a new conversion sequence is started)
B) If AFFC=0 and read of ATDSTAT1 followed by read of result register ATDDRx
C) If AFFC=1 and read of result register ATDDRXx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing by
methods B) or C) will be overwritten by the set.
0 Conversion number x not completed
1 Conversion number x has completed, result ready in ATDDRx
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ATD Input Enable Register (ATDDIEN)

7

6

5

4

3

2

1

0

IEN7

IEN6

IEN5

IEN4

IEN3

IEN2

IEN1

IENO

Reset

0

0

0

0

0

0

0

0

Figure 8-13. ATD Input Enable Register (ATDDIEN)
Read: Anytime

Write: Anytime
Table 8-21. ATDDIEN Field Descriptions

Field Description
7-0 ATD Digital Input Enable on channel x (x =7, 6, 5, 4, 3, 2, 1, 0) — This bit controls the digital input buffer from
IEN[7:0] the analog input pin (ANx) to PTADx data register.

0 Disable digital input buffer to PTADx

1 Enable digital input buffer to PTADx.

Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while
simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.

8.3.2.12 Port Data Register (PORTAD)

The data port associated with the ATD can be configured as general-purpose I/O or input only, as specified
in the device overview. The port pins are shared with the analog A/D inputs AN7-0.

7 6 5 4 3 2 1 0
R PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
W
Reset 1 1 1 1 1 1 1 1
|.3|n AN7 AN6 AN5 AN4 AN3 AN2 AN1 ANO
Function

|:|= Unimplemented or Reserved

Figure 8-14. Port Data Register (PORTAD)
Read: Anytime

Write: Anytime, no effect

The A/D input channels may be used for general purpose digital input.
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Table 8-22. PORTAD Field Descriptions

Field Description

7-0 A/D Channel x (ANx) Digital Input (x=7, 6, 5, 4, 3, 2, 1, 0) — If the digital input buffer on the ANx pin is enabled
PTAD[7:0] |(IENx = 1) or channel x is enabled as external trigger (ETRIGE = 1,ETRIGCH[2-0] = x,ETRIGSEL = 0) read
returns the logic level on ANx pin (signal potentials not meeting V,_or V| specifications will have an
indeterminate value).

If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a“1”.
Reset sets all PORTADO bits to “1”.

8.3.2.13 ATD Conversion Result Registers (ATDDRX)

The A/D conversion results are stored in 8 read-only result registers. The result data is formatted in the
result registers based on two criteria. First there is left and right justification; this selection is made using
the DJM control bit in ATDCTLS. Second there is signed and unsigned data; this selection is made using
the DSGN control bit in ATDCTLS. Signed data is stored in 2’s complement format and only exists in left
justified format. Signed data selected for right justified format is ignored.

Read: Anytime

Write: Anytime in special mode, unimplemented in normal modes

8.3.2.13.1 Left Justified Result Data
Zﬁ/féé‘ule"é‘a’s‘é‘i‘é‘x’éé‘fb"_’%fﬁﬁﬁo’ﬁx6‘x’66‘1’é"_’7x‘ﬁ5|5‘ﬁ‘1’ﬁ"6‘x’66‘1’21" ATDDR2H, 0x0016 = ATDDRaH 7« g rrxxxx ’3

Module Base + 0x0018 = ATODRAH, 0x001A = ATODRSH, 0x001C = ATDDR6H, 0x001E =ATDDRTH S
7 6 5 4 3 2 1 0
R[BITOMSB| BIT8 BIT7 BIT6 BITS BIT 4 BIT 3 BIT2 | 10-bit data
R[BIT7MSB| BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO | 8bit data
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-15. Left Justified, ATD Conversion Result Register, High Byte (ATDDRxH)
Modile Base 3 bxdb1{ = ATDDROL, 0x0013"="ATDORIL, 0x005 = ATDDREL, 0%0017 = ATDDRSL ™ ™ ™ ™ % 7%

Module Base + 0x0019 = ATDDRAL, 00018 = ATDDRSL, 0x001D = ATODR6L 0K001F = ATODRZL & 3
7 6 5 4 3 2 1 0
R[ BIT1 BITO 0 0 0 0 0 0
Rl U u 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-16. Left Justified, ATD Conversion Result Register, Low Byte (ATDDRxL)
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8.3.2.13.2 Right Justified Result Data
Modufe Base + 0x0010’="ATDDROM, 0x0012=’ATDODRTH, 0x0012 = ATDDR2H, 0x0016 =’ ATDDRGH 7 % L7~ ’3

Module Base + 0x0018 = ATODR4H, 0x001A = ATODRSH, 0x001C = ATDDREH, 0x001E =ATDDRTH S
7 6 5 4 3 2 1 0
R[ o 0 0 0 0 0 BITOMSB| BIT8 |10-bitdata
Rl o 0 0 0 0 0 0 0 8-bit data
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-17. Right Justified, ATD Conversion Result Register, High Byte (ATDDRxH)

Modile Base 3 bxdb1{ = ATDDROL, 0x0013"="ATDORIL, 0x005 = ATDDREL, 0x0017 = ATDDRSL ™ ™ ™ ™ 7 % 7%

<Modu|e Base + 0x0019 = ATDDRA4L, 0x001B = ATDDRS5L, 0x001D = ATDDR6L, 0x001F = ATDDR7L

R BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 10-bit data
R| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 8-bit data
w

Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 8-18. Right Justified, ATD Conversion Result Register, Low Byte (ATDDRxL)

8.4  Functional Description

The ATD is structured in an analog and a digital sub-block.

8.4.1 Analog Sub-Block

The analog sub-block contains all analog electronics required to perform a single conversion. Separate
power supplies Vppa and Vgga allow to isolate noise of other MCU circuitry from the analog sub-block.

8.4.1.1

The sample and hold (S/H) machine accepts analog signals from the external surroundings and stores them
as capacitor charge on a storage node.

Sample and Hold Machine

The sample process uses a two stage approach. During the first stage, the sample amplifier is used to
quickly charge the storage node.The second stage connects the input directly to the storage node to
complete the sample for high accuracy.

When not sampling, the sample and hold machine disables its own clocks. The analog electronics still draw
their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks and the
analog power consumption.

The input analog signals are unipolar and must fall within the potential range of Vgga to Vppa.-
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8.4.1.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 8 external analog input channels to the sample and hold
machine.

8.4.1.3 Sample Buffer Amplifier

The sample amplifier is used to buffer the input analog signal so that the storage node can be quickly
charged to the sample potential.

8.4.14 Analog-to-Digital (A/D) Machine

The A/D Machine performs analog to digital conversions. The resolution is program selectable at either 8
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by comparing the
stored analog sample potential with a series of digitally generated analog potentials. By following a binary
search algorithm, the A/D machine locates the approximating potential that is nearest to the sampled
potential.

When not converting the A/D machine disables its own clocks. The analog electronics still draws quiescent
current. The power down (ADPU) bit must be set to disable both the digital clocks and the analog power
consumption.

Only analog input signals within the potential range of Vi to Vi (A/D reference potentials) will result
in a non-railed digital output codes.

8.4.2  Digital Sub-Block

This subsection explains some of the digital features in more detail. See register descriptions for all details.

8.4.2.1 External Trigger Input

The external trigger feature allows the user to synchronize ATD conversions to the external environment
events rather than relying on software to signal the ATD module when ATD conversions are to take place.
The external trigger signal (out of reset ATD channel 7, configurable in ATDCTL1) is programmable to
be edge or level sensitive with polarity control. Table 8-23 gives a brief description of the different
combinations of control bits and their effect on the external trigger function.
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Table 8-23. External Trigger Control Bits

ETRIGLE ETRIGP ETRIGE SCAN Description

X X 0 0 Ignores external trigger. Performs one
conversion sequence and stops.

X X 0 1 Ignores external trigger. Performs
continuous conversion sequences.

0 0 1 X Falling edge triggered. Performs one
conversion sequence per trigger.

0 1 1 X Rising edge triggered. Performs one
conversion sequence per trigger.

1 0 1 X Trigger active low. Performs
continuous conversions while trigger
is active.

1 1 1 X Trigger active high. Performs
continuous conversions while trigger
is active.

During a conversion, if additional active edges are detected the overrun error flag ETORF is set.

In either level or edge triggered modes, the first conversion begins when the trigger is received. In both
cases, the maximum latency time is one bus clock cycle plus any skew or delay introduced by the trigger
circuitry.

NOTE

The conversion results for the external trigger ATD channel 7 have no
meaning while external trigger mode is enabled.

Once ETRIGE is enabled, conversions cannot be started by a write to ATDCTLS, but rather must be
triggered externally.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during a conversion
sequence, this does not constitute an overrun; therefore, the flag is not set. If the trigger is left asserted in
level mode while a sequence is completing, another sequence will be triggered immediately.

8.4.2.2 General Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, they are
multiplexed and sampled to supply signals to the A/D converter. As digital inputs, they supply external
input data that can be accessed through the digital port register PORTAD (input-only).

The analog/digital multiplex operation is performed in the input pads. The input pad is always connected
to the analog inputs of the ATD. The input pad signal is buffered to the digital port registers. This buffer
can be turned on or off with the ATDDIEN register. This is important so that the buffer does not draw
excess current when analog potentials are presented at its input.
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8.4.2.3 Low Power Modes

The ATD can be configured for lower MCU power consumption in 3 different ways:

1. Stop mode: This halts A/D conversion. Exit from stop mode will resume A/D conversion, but due
to the recovery time the result of this conversion should be ignored.

2. Wait mode with AWAI = 1: This halts A/D conversion. Exit from wait mode will resume A/D
conversion, but due to the recovery time the result of this conversion should be ignored.

3. Writing ADPU = 0 (Note that all ATD registers remain accessible.): This aborts any A/D
conversion in progress.

Note that the reset value for the ADPU bit is zero. Therefore, when this module is reset, it is reset into the
power down state.

8.5 Initialization/Application Information

8.5.1 Setting up and starting an A/D conversion

The following describes a typical setup procedure for starting A/D conversions. It is highly recommended
to follow this procedure to avoid common mistakes.

Each step of the procedure will have a general remark and a typical example

8.5.1.1 Step 1

Power up the ATD and concurrently define other settings in ATDCTL2
Example: Write to ATDCTL2: ADPU=1 -> powers up the ATD, ASCIE=1 enable interrupt on finish of a
conversion sequence.

8.5.1.2 Step 2
Wait for the ATD Recovery Time tgec before you proceed with Step 3.

Example: Use the CPU in a branch loop to wait for a defined number of bus clocks.

8.5.1.3 Step 3

Configure how many conversions you want to perform in one sequence and define other settings in
ATDCTL3.

Example: Write S4C=1 to do 4 conversions per sequence.

8.5.1.4 Step 4
Configure resolution, sampling time and ATD clock speed in ATDCTLA4.

Example: Use default for resolution and sampling time by leaving SRES8, SMP1 and SMPO clear. For a
bus clock of 40MHz write 9 to PR4-0, this gives an ATD clock of 0.5*40MHz/(9+1) = 2MHz which is
within the allowed range for fArpc k-
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8.5.1.5 Step 5

Configure starting channel, single/multiple channel, continuous or single sequence and result data format
in ATDCTLS. Writing ATDCTLS will start the conversion, so make sure your write ATDCTLS in the last
step.

Example: Leave CC,CB,CA clear to start on channel ANO. Write MULT=1 to convert channel ANO to
AN3 in a sequence (4 conversion per sequence selected in ATDCTL3).

8.5.2 Aborting an A/D conversion

8.5.2.1 Step 1

Write to ATDCTLA4. This will abort any ongoing conversion sequence.

(Do not use write to other ATDCTL registers to abort, as this under certain circumstances might not work
correctly.)

8.5.2.2 Step 2

Disable the ATD Interrupt by writing ASCIE=0 in ATDCTL2.

It is important to clear the interrupt enable at this point, prior to step 3, as depending on the device clock
gating it may not always be possible to clear it or the SCF flag once the module is disabled (ADPU=0).
8.5.2.3 Step 3

Clear the SCF flag by writing a 1 in ATDSTATO.

(Remaining flags will be cleared with the next start of a conversions, but SCF flag should be cleared to
avoid SCF interrupt.)

8.5.2.4 Step 4

Power down ATD by writing ADPU=0 in ATDCTL2.

8.6 Resets

Atreset the ATD is in a power down state. The reset state of each individual bit is listed within the Register
Description section (see Section 8.3, “Memory Map and Register Definition), which details the registers
and their bit-field.

8.7 Interrupts

The interrupt requested by the ATD is listed in Table 8-24. Refer to the device overview chapter for related
vector address and priority.

MC3S12RG128 Data Sheet, Rev. 1.05

Freescale Semiconductor 239



Chapter 8 Analog-to-Digital Converter (ATD10B8CV3)

See register descriptions for further details.

Table 8-24. ATD Interrupt Vectors

CCR
Interrupt Source Mask Local Enable
Sequence complete | bit ASCIE in ATDCTL2

interrupt
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Clocks and Reset Generator (CRGV4) Block Description

9.1 Introduction

This specification describes the function of the clocks and reset generator (CRG).

9.1.1 Features

The main features of this block are:
* Phase-locked loop (PLL) frequency multiplier
— Reference divider
— Automatic bandwidth control mode for low-jitter operation
— Automatic frequency lock detector
— CPU interrupt on entry or exit from locked condition
— Self-clock mode in absence of reference clock
* System clock generator
— Clock quality check
— Clock switch for either oscillator- or PLL-based system clocks
— User selectable disabling of clocks during wait mode for reduced power consumption
* Computer operating properly (COP) watchdog timer with time-out clear window
* System reset generation from the following possible sources:
— Power-on reset

— Low voltage reset
Refer to the device overview section for availability of this feature.

— COP reset
— Loss of clock reset
— External pin reset

* Real-time interrupt (RTT)
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9.1.2

Modes of Operation

This subsection lists and briefly describes all operating modes supported by the CRG.

9.1.3

Run mode
All functional parts of the CRG are running during normal run mode. If RTI or COP functionality
is required the individual bits of the associated rate select registers (COPCTL, RTICTL) have to be
set to a nonzero value.
Wait mode
This mode allows to disable the system and core clocks depending on the configuration of the
individual bits in the CLKSEL register.
Stop mode
Depending on the setting of the PSTP bit, stop mode can be differentiated between full stop mode
(PSTP = 0) and pseudo-stop mode (PSTP = 1).
— Full stop mode
The oscillator is disabled and thus all system and core clocks are stopped. The COP and the
RTI remain frozen.
— Pseudo-stop mode
The oscillator continues to run and most of the system and core clocks are stopped. If the
respective enable bits are set the COP and RTI will continue to run, else they remain frozen.
Self-clock mode

Self-clock mode will be entered if the clock monitor enable bit (CME) and the self-clock mode
enable bit (SCME) are both asserted and the clock monitor in the oscillator block detects a loss of
clock. As soon as self-clock mode is entered the CRG starts to perform a clock quality check.
Self-clock mode remains active until the clock quality check indicates that the required quality of
the incoming clock signal is met (frequency and amplitude). Self-clock mode should be used for
safety purposes only. It provides reduced functionality to the MCU in case a loss of clock is causing
severe system conditions.

Block Diagram

Figure 9-1 shows a block diagram of the CRG.

MC3S12RG128 Data Sheet, Rev. 1.05

242

Freescale Semiconductor



Chapter 9 Clocks and Reset Generator (CRGV4) Block Description

Power-on Reset

Voltage
ReQUIator Low Voltage Reset !
[«—RESET N Y A4
Reset System Reset >
Clock CM fail Generator
< XCLKS’ Monitor] = .
OSCCLK é Clock Quality
X : Oscil- = Checker
=XTAL | o Bus Clock
ator o) >
m .XTAL N (&)
COP RTI Core Clock >
Oscillator Clock >
Registers
X< XEC > PLLCLK Real-Time |
[ DOPLL ol PLL Clock and Reset eal-Time Interrupt
i VsspLL > Control PLL Lock Interrupt
Self-Clock Mode

Interrupt
! Refer to the device overview section for availability of the low-voltage reset feature.

Figure 9-1. CRG Block Diagram

9.2 External Signal Description

This section lists and describes the signals that connect off chip.

9.2.1 VpppLL: VsspLL — PLL Operating Voltage, PLL Ground

These pins provides operating voltage (Vpppyr ) and ground (Vggpy 1) for the PLL circuitry. This allows
the supply voltage to the PLL to be independently bypassed. Even if PLL usage is not required Vpppy 1.
and Vggpy 1, must be connected properly.

9.2.2 XFC — PLL Loop Filter Pin

A passive external loop filter must be placed on the XFC pin. The filter is a second-order, low-pass filter
to eliminate the VCO input ripple. The value of the external filter network and the reference frequency
determines the speed of the corrections and the stability of the PLL. Refer to the device overview chapter
for calculation of PLL loop filter (XFC) components. If PLL usage is not required the XFC pin must be
tied to VDDPLL'
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VpppLL

T
L

J_ cs ——
MCU
RS
XFC ‘

Figure 9-2. PLL Loop Filter Connections

CP

9.2.3 RESET — Reset Pin

RESET is an active low bidirectional reset pin. As an input it initializes the MCU asynchronously to a
known start-up state. As an open-drain output it indicates that an system reset (internal to MCU) has been
triggered.

9.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the CRG.

9.3.1 Register Descriptions

This section describes in address order all the CRG registers and their individual bits.

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R 0 0
SYNR " SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
0x0001 R 0 0 0 0
REEDV " REFDV3 | REFDV2 | REFDV1 | REFDVO
0Xx0002 R 0 0 0 0 0 0 0 0
CTFLG W
0x0003 R LOCK | TRACK SCM
CRGELG w| FTF PORF LVRF | LOCKIF SCMIF
0Xx0004 R 0 0 0 0 0
CRGINT w| RTE LOCKIE SCMIE

I:I = Unimplemented or Reserved

Figure 9-3. CRG Register Summary
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0005 R

PLLSEL PSTP | SYSWAI | ROAWAI | PLLWAI CWAI RTIWAI | COPWAI
CLKSEL W
0x0006 R 0
PLLCTL W CME PLLON AUTO ACQ PRE PCE SCME
0x0007 R 0
RTICTL W RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
0x0008 R 0 0 0
COPCTL " WCOP | RSBCK CR2 CR1 CRO
0x0009 R 0 0 0 0 0 0 0 0
FORBYP W
0X000A R 0 0 0 0 0 0 0 0
CTCTL W
0x000B R 0 0 0 0 0 0 0 0
ARMCOP W[ Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

I:I = Unimplemented or Reserved
Figure 9-3. CRG Register Summary (continued)
9.3.1.1 CRG Synthesizer Register (SYNR)

The SYNR register controls the multiplication factor of the PLL. If the PLL is on, the count in the loop
divider (SYNR) register effectively multiplies up the PLL clock (PLLCLK) from the reference frequency

by 2 x (SYNR+1). PLLCLK will not be below the minimum VCO frequency (fgcp)-

(SYNR + 1)

PLLCLK = ZXOSCCLme

NOTE

If PLL is selected (PLLSEL=1), Bus Clock = PLLCLK /2
Bus Clock must not exceed the maximum operating system frequency.

Module Base + 0x0000

5 4 3 2 1 0
R 0 0
SYN5 SYNR SYN3 SYN2 SYN1 SYNO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 9-4. CRG Synthesizer Register (SYNR)
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Read: anytime
Write: anytime except if PLLSEL = 1
NOTE

Write to this register initializes the lock detector bit and the track detector
bit.
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9.3.1.2 CRG Reference Divider Register (REFDV)

The REFDYV register provides a finer granularity for the PLL multiplier steps. The count in the reference
divider divides OSCCLK frequency by REFDV + 1.

Module Base + 0x0001

3

0

R 0 0
REFDV3 REFDV2 REFDV1 REFDVO
W
Reset 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 9-5. CRG Reference Divider Register (REFDV)
Read: anytime
Write: anytime except when PLLSEL = 1
NOTE
Write to this register initializes the lock detector bit and the track detector

bit.

9.3.1.3 Reserved Register (CTFLG)

This register is reserved for factory testing of the CRG module and is not available in normal modes.

Module Base + 0x0002

5 3 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-6. CRG Reserved Register (CTFLG)

Read: always reads 0x0000 in normal modes

Write: unimplemented in normal modes

NOTE

Writing to this register when in special mode can alter the CRG
functionality.
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9.3.14

CRG Flags Register (CRGFLG)

This register provides CRG status bits and flags.

Module Base + 0x0003

7 6 5 4 3 2 1 0
R LOCK TRACK SCM
RTIF PORF LVRF LOCKIF SCMIF
w
Reset 0 Note 1 Note 2 0 0 0 0 0

1. PORF is set to 1 when a power-on reset occurs. Unaffected by system reset.
2. LVRF is set to 1 when a low-voltage reset occurs. Unaffected by system reset.

= Unimplemented or Reserved

Figure 9-7. CRG Flag Register (CRGFLG)

Read: anytime

Write: refer to each bit for individual write conditions

Table 9-1. CRGFLG Field Descriptions

Field Description
7 Real-Time Interrupt Flag — RTIF is set to 1 at the end of the RTI period. This flag can only be cleared by writing
RTIF a 1. Writing a 0 has no effect. If enabled (RTIE = 1), RTIF causes an interrupt request.
0 RTI time-out has not yet occurred.
1 RTI time-out has occurred.
6 Power-on Reset Flag — PORF is set to 1 when a power-on reset occurs. This flag can only be cleared by writing
PORF a 1. Writing a 0 has no effect.
0 Power-on reset has not occurred.
1 Power-on reset has occurred.
5 Low-Voltage Reset Flag — If low voltage reset feature is not available (see the device overview chapter), LVRF
LVRF always reads 0. LVRF is set to 1 when a low voltage reset occurs. This flag can only be cleared by writing a 1.
Writing a 0 has no effect.
0 Low voltage reset has not occurred.
1 Low voltage reset has occurred.
4 PLL Lock Interrupt Flag — LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared by
LOCKIF |writing a 1. Writing a 0 has no effect.If enabled (LOCKIE = 1), LOCKIF causes an interrupt request.
0 No change in LOCK bit.
1 LOCK bit has changed.
3 Lock Status Bit — LOCK reflects the current state of PLL lock condition. This bit is cleared in self-clock mode.
LOCK Writes have no effect.
0 PLL VCO is not within the desired tolerance of the target frequency.
1 PLL VCO is within the desired tolerance of the target frequency.
2 Track Status Bit — TRACK reflects the current state of PLL track condition. This bit is cleared in self-clock mode.
TRACK | Writes have no effect.

0 Acquisition mode status.
1 Tracking mode status.
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Table 9-1. CRGFLG Field Descriptions (continued)

Field Description

1 Self-Clock Mode Interrupt Flag — SCMIF is set to 1 when SCM status bit changes. This flag can only be
SCMIF cleared by writing a 1. Writing a 0 has no effect. If enabled (SCMIE=1), SCMIF causes an interrupt request.
0 No change in SCM bit.

1 SCM bit has changed.

0 Self-Clock Mode Status Bit — SCM reflects the current clocking mode. Writes have no effect.

SCM 0 MCU is operating normally with OSCCLK available.

1 MCU is operating in self-clock mode with OSCCLK in an unknown state. All clocks are derived from PLLCLK
running at its minimum frequency fgop-

9.3.1.5 CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.

Module Base + 0x0004

7 6 5 4 3 2 1
R 0 0 0 0 0
RTIE LOCKIE SCMIE
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-8. CRG Interrupt Enable Register (CRGINT)
Read: anytime
Write: anytime
Table 9-2. CRGINT Field Descriptions

Field Description

7 Real-Time Interrupt Enable Bit
RTIE 0 Interrupt requests from RTI are disabled.
1 Interrupt will be requested whenever RTIF is set.

4 Lock Interrupt Enable Bit
LOCKIE |0 LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.

1 Self-Clock Mode Interrupt Enable Bit
SCMIE 0 SCM interrupt requests are disabled.
1 Interrupt will be requested whenever SCMIF is set.
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9.3.1.6 CRG Clock Select Register (CLKSEL)
This register controls CRG clock selection. Refer to Figure 9-17 for details on the effect of each bit.

Module Base + 0x0005

7 6 5 4 3 2 1 0
R
PLLSEL PSTP SYSWAI ROAWAI PLLWAI CWAI RTIWAI COPWAI
w
Reset 0 0 0 0 0 0 0 0

Figure 9-9. CRG Clock Select Register (CLKSEL)

Read: anytime

Write: refer to each bit for individual write conditions
Table 9-3. CLKSEL Field Descriptions

Field Description

7 PLL Select Bit — Write anytime. Writing a 1 when LOCK = 0 and AUTO = 1, or TRACK = 0 and AUTO = 0 has
PLLSEL | no effect. This prevents the selection of an unstable PLLCLK as SYSCLK. PLLSEL bit is cleared when the MCU
enters self-clock mode, stop mode or wait mode with PLLWAI bit set.

0 System clocks are derived from OSCCLK (Bus Clock = OSCCLK / 2).
1 System clocks are derived from PLLCLK (Bus Clock = PLLCLK / 2).

6 Pseudo-Stop Bit — Write: anytime — This bit controls the functionality of the oscillator during stop mode.
PSTP 0 Oscillator is disabled in stop mode.
1 Oscillator continues to run in stop mode (pseudo-stop). The oscillator amplitude is reduced. Refer to oscillator
block description for availability of a reduced oscillator amplitude.
Note: Pseudo-stop allows for faster stop recovery and reduces the mechanical stress and aging of the resonator
in case of frequent stop conditions at the expense of a slightly increased power consumption.
Note: Lower oscillator amplitude exhibits lower power consumption but could have adverse effects during any
electro-magnetic susceptibility (EMS) tests.

5 System Clocks Stop in Wait Mode Bit — Write: anytime
SYSWAI |0 In wait mode, the system clocks continue to run.
1 In wait mode, the system clocks stop.
Note: RTI and COP are not affected by SYSWAI bit.

4 Reduced Oscillator Amplitude in Wait Mode Bit — Write: anytime — Refer to oscillator block description
ROAWAI | chapter for availability of a reduced oscillator amplitude. If no such feature exists in the oscillator block then
setting this bit to 1 will not have any effect on power consumption.

0 Normal oscillator amplitude in wait mode.

1 Reduced oscillator amplitude in wait mode.

Note: Lower oscillator amplitude exhibits lower power consumption but could have adverse effects during any
electro-magnetic susceptibility (EMS) tests.

3 PLL Stops in Wait Mode Bit — Write: anytime — If PLLWAI is set, the CRG will clear the PLLSEL bit before
PLLWAI entering wait mode. The PLLON bit remains set during wait mode but the PLL is powered down. Upon exiting
wait mode, the PLLSEL bit has to be set manually if PLL clock is required.

While the PLLWAI bit is set the AUTO bit is set to 1 in order to allow the PLL to automatically lock on the selected
target frequency after exiting wait mode.

0 PLL keeps running in wait mode.

1 PLL stops in wait mode.
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Table 9-3. CLKSEL Field Descriptions (continued)

Field Description
2 Core Stops in Wait Mode Bit — Write: anytime
CWAI 0 Core clock keeps running in wait mode.
1 Core clock stops in wait mode.
1 RTI Stops in Wait Mode Bit — Write: anytime
RTIWAI 0 RTI keeps running in wait mode.
1 RTI stops and initializes the RTI dividers whenever the part goes into wait mode.
0 COP Stops in Wait Mode Bit — Normal modes: Write once —Special modes: Write anytime
COPWAI |0 COP keeps running in wait mode.
1 COP stops and initializes the COP dividers whenever the part goes into wait mode.
9.3.1.7 CRG PLL Control Register (PLLCTL)

This register controls the PLL functionality.

Module Base + 0x0006

7 6 5 4 3 2 1 0
R 0
CME PLLON AUTO ACQ PRE PCE SCME
w
Reset 1 1 1 1 0 0 0 1
= Unimplemented or Reserved

Figure 9-10. CRG PLL Control Register (PLLCTL)

Read: anytime

Write: refer to each bit for individual write conditions

Table 9-4. PLLCTL Field Descriptions

Field Description
7 Clock Monitor Enable Bit — CME enables the clock monitor. Write anytime except when SCM = 1.
CME 0 Clock monitor is disabled.
1 Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor reset sequence or self-clock
mode.
Note: Operating with CME = 0 will not detect any loss of clock. In case of poor clock quality this could cause
unpredictable operation of the MCU.
Note: In Stop Mode (PSTP = 0) the clock monitor is disabled independently of the CME bit setting and any loss
of clock will not be detected.
6 Phase Lock Loop On Bit — PLLON turns on the PLL circuitry. In self-clock mode, the PLL is turned on, but the
PLLON PLLON bit reads the last latched value. Write anytime except when PLLSEL = 1.

0 PLL is turned off.
1 PLL is turned on. If AUTO bit is set, the PLL will lock automatically.
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Table 9-4. PLLCTL Field Descriptions (continued)

Field Description

5 Automatic Bandwidth Control Bit — AUTO selects either the high bandwidth (acquisition) mode or the low
AUTO bandwidth (tracking) mode depending on how close to the desired frequency the VCO is running. Write anytime
except when PLLWAI=1, because PLLWAI sets the AUTO bit to 1.

0 Automatic mode control is disabled and the PLL is under software control, using ACQ bit.
1 Automatic mode control is enabled and ACQ bit has no effect.

4 Acquisition Bit — Write anytime. If AUTO=1 this bit has no effect.
ACQ 0 Low bandwidth filter is selected.
1 High bandwidth filter is selected.

2 RTI Enable during Pseudo-Stop Bit — PRE enables the RTI during pseudo-stop mode. Write anytime.
PRE 0 RTI stops running during pseudo-stop mode.
1 RTI continues running during pseudo-stop mode.
Note: If the PRE bit is cleared the RTI dividers will go static while pseudo-stop mode is active. The RTI dividers
will not initialize like in wait mode with RTIWAI bit set.

1 COP Enable during Pseudo-Stop Bit — PCE enables the COP during pseudo-stop mode. Write anytime.
PCE 0 COP stops running during pseudo-stop mode
1 COP continues running during pseudo-stop mode
Note: If the PCE bit is cleared the COP dividers will go static while pseudo-stop mode is active. The COP dividers
will not initialize like in wait mode with COPWAI bit set.

0 Self-Clock Mode Enable Bit — Normal modes: Write once —Special modes: Write anytime — SCME can not
SCME be cleared while operating in self-clock mode (SCM=1).
0 Detection of crystal clock failure causes clock monitor reset (see Section 9.5.1, “Clock Monitor Reset”).
1 Detection of crystal clock failure forces the MCU in self-clock mode (see Section 9.4.7.2, “Self-Clock Mode”).

9.3.1.8 CRG RTI Control Register (RTICTL)

This register selects the timeout period for the real-time interrupt.

Module Base + 0x0007

6 5 4 3 2 1 0
R 0
RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-11. CRG RTI Control Register (RTICTL)
Read: anytime
Write: anytime

NOTE
A write to this register initializes the RTI counter.
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Table 9-5. RTICTL Field Descriptions

Field Description
6:4 Real-Time Interrupt Prescale Rate Select Bits — These bits select the prescale rate for the RTI. See Table 9-6.
RTR[6:4]
3.0 Real-Time Interrupt Modulus Counter Select Bits — These bits select the modulus counter target value to
RTR[3:0] |provide additional granularity. Table 9-6 shows all possible divide values selectable by the RTICTL register. The
source clock for the RTl is OSCCLK.

Table 9-6. RTI Frequency Divide Rates

RTR[6:4] =
RTR[3:0] 000 001 010 011 100 101 110 111
(OFF) 2" @ 2" @) @ (2") (2'%)
0000 (+1) OFF* 210 o1 512 513 014 515 516
0001 (+2) OFF* 2x210 2x2'" 2x212 2x213 ox2'14 2x21% 2x216
0010 (+3) OFF* 3x210 3x2'1! 3x212 3x213 3x2'14 3x21% 3x216
0011 (+4) OFF* 4x210 4x211 4x21? 4x213 4x214 4x21° 4x216
0100 (+5) OFF* 5x210 5x211 5x212 5x213 5x214 5x215 5x216
0101 (=6) OFF* ex210 ex2'! ex212 ex213 ex214 ex215 6x216
0110 (+7) OFF* 7x210 7x2! 7x212 7x213 7x214 7x215 7x216
0111 (=8) OFF* 8x210 gx2'1 8x212 8x213 gx2'4 8x21® 8x216
1000 (=9) OFF* 9x210 gxa! gx212 ox213 ox2'14 ox21% ox216
1001 (=10) OFF* 10x210 10x2'! 10x2'2 10x213 10x214 10x2"5 10x216
1010 (+11) OFF* 11x210 11x2t 11x212 11x213 11x214 11x21° 11x2'6
1011 (=12) OFF* 12x210 12x2'! 12x212 12x213 12x214 12x21° 12x216
1100 (= 13) OFF* 13x210 13x2'" 13x212 13x213 13x214 13x21® 13x216
1101 (=14) OFF* 14x210 14x211 14x212 14x213 14x214 14x21° 14x216
1110 (+15) OFF* 15x210 15x211 15x212 15x213 15x214 15x21° 15x216
1111 (= 16) OFF* 16x210 16x211 16x212 16x213 16x214 16x21° 16x2'6

* Denotes the default value out of reset.This value should be used to disable the RTI to ensure future backwards compatibility.
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9.3.1.9

CRG COP Control Register (COPCTL)

This register controls the COP (computer operating properly) watchdog.

Module Base + 0x0008

7 6 5 4 3 2 1 0
R 0 0 0
W WCOP RSBCK CR2 CR1 CRO
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 9-12. CRG COP Control Register (COPCTL)

Read: anytime

Write: WCOP, CR2, CR1, CRO: once in user mode, anytime in special mode
Write: RSBCK: once

Table 9-7. COPCTL Field Descriptions

Field Description
7 Window COP Mode Bit — When set, a write to the ARMCOP register must occur in the last 25% of the selected
WCOP period. A write during the first 75% of the selected period will reset the part. As long as all writes occur during
this window, 0x0055 can be written as often as desired. As soon as 0x00AA is written after the 0x0055, the
time-out logic restarts and the user must wait until the next window before writing to ARMCOP. Table 9-8 shows
the exact duration of this window for the seven available COP rates.
0 Normal COP operation
1 Window COP operation
6 COP and RTI Stop in Active BDM Mode Bit
RSBCK |0 Allows the COP and RTI to keep running in active BDM mode.
1 Stops the COP and RTI counters whenever the part is in active BDM mode.
2.0 COP Watchdog Timer Rate Select — These bits select the COP time-out rate (see Table 9-8). The COP
CR[2:0] time-out period is OSCCLK period divided by CR[2:0] value. Writing a nonzero value to CR[2:0] enables the COP
counter and starts the time-out period. A COP counter time-out causes a system reset. This can be avoided by
periodically (before time-out) reinitializing the COP counter via the ARMCOP register.

Table 9-8. COP Watchdog Rates’

OSCCLK
CR2 CR1 CRO Cycles to Time Out
0 0 0 COP disabled
0 0 1 oT4
0 1 0 216
0 1 1 218
1 0 0 220
1 0 1 222
1 1 0 2%
1 1 1 024

1 0SCCLK cycles are referenced from the previous COP time-out reset
(writing 0x0055/0x00AA to the ARMCOP register)
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9.3.1.10 Reserved Register (FORBYP)
NOTE

This reserved register is designed for factory test purposes only, and is not
intended for general user access. Writing to this register when in special
modes can alter the CRG’s functionality.

Module Base + 0x0009

5 4 3 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-13. Reserved Register (FORBYP)
Read: always read 0x0000 except in special modes

Write: only in special modes

9.3.1.11 Reserved Register (CTCTL)
NOTE

This reserved register is designed for factory test purposes only, and is not
intended for general user access. Writing to this register when in special test
modes can alter the CRG’s functionality.

Module Base + 0x000A

4 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-14. Reserved Register (CTCTL)

Read: always read 0x0080 except in special modes

Write: only in special modes
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9.3.1.12 CRG COP Timer Arm/Reset Register (ARMCOP)
This register is used to restart the COP time-out period.

Module Base + 0x000B

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0

w Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset 0 0 0 0 0 0 0 0

Figure 9-15. ARMCOP Register Diagram
Read: always reads 0x0000
Write: anytime
When the COP is disabled (CR[2:0] = “000”) writing to this register has no effect.
When the COP is enabled by setting CR[2:0] nonzero, the following applies:

Writing any value other than 0x0055 or 0OxO0OAA causes a COP reset. To restart the COP time-out
period you must write 0x0055 followed by a write of 0XO0OAA. Other instructions may be executed
between these writes but the sequence (0x0055, 0x00AA) must be completed prior to COP end of
time-out period to avoid a COP reset. Sequences of 0x0055 writes or sequences of 0XO0AA writes
are allowed. When the WCOP bit is set, 0x0055 and 0x00AA writes must be done in the last 25%
of the selected time-out period; writing any value in the first 75% of the selected period will cause

a COP reset.

9.4 Functional Description

This section gives detailed informations on the internal operation of the design.

9.4.1 Phase Locked Loop (PLL)

The PLL is used to run the MCU from a different time base than the incoming OSCCLK. For increased
flexibility, OSCCLK can be divided in a range of 1 to 16 to generate the reference frequency. This offers
a finer multiplication granularity. The PLL can multiply this reference clock by a multiple of 2, 4, 6,...

126,128 based on the SYNR register.

[SYNR +1]

CAUTION

Although it is possible to set the two dividers to command a very high clock

frequency, do not exceed the specified bus frequency limit for the MCU.
If (PLLSEL = 1), Bus Clock = PLLCLK /2
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The PLL is a frequency generator that operates in either acquisition mode or tracking mode, depending on
the difference between the output frequency and the target frequency. The PLL can change between
acquisition and tracking modes either automatically or manually.

The VCO has a minimum operating frequency, which corresponds to the self-clock mode frequency fgcpy.

REFERENCE
: LOCK  |—3 LOCK
EXTAL REFDV <3:0> FEEDBACK| DETECTOR
—>
REDUCED [ ' Y
OSCILLATOR PROGRAMMABLE VDDPLLIVSSPLL
-] DIVIDER SDET P
XTAL PHASE DOWN | CPUMP VCO
DETECTOR
CRYSTAL VDDPLL
MONITOR LOOP
PROGRAMMABLE L
DIVIDER LOOP
X FILTER
' . XFC
suPplled b'y SYN <5:0> PIN
[ ] voopLLvssPLL | |PLLCLK

|:| VDD/VSS

Figure 9-16. PLL Functional Diagram

9.4.1.1 PLL Operation

The oscillator output clock signal (OSCCLK) is fed through the reference programmable divider and is
divided in arange of 1 to 16 (REFDV+1) to output the reference clock. The VCO output clock, (PLLCLK)
is fed back through the programmable loop divider and is divided in a range of 2 to 128 in increments of
[2 x (SYNR +1)] to output the feedback clock. See Figure 9-16.

The phase detector then compares the feedback clock, with the reference clock. Correction pulses are
generated based on the phase difference between the two signals. The loop filter then slightly alters the DC
voltage on the external filter capacitor connected to XFC pin, based on the width and direction of the
correction pulse. The filter can make fast or slow corrections depending on its mode, as described in the
next subsection. The values of the external filter network and the reference frequency determine the speed
of the corrections and the stability of the PLL.

9.4.1.2 Acquisition and Tracking Modes

The lock detector compares the frequencies of the feedback clock, and the reference clock. Therefore, the
speed of the lock detector is directly proportional to the final reference frequency. The circuit determines
the mode of the PLL and the lock condition based on this comparison.
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The PLL filter can be manually or automatically configured into one of two possible operating modes:
* Acquisition mode
In acquisition mode, the filter can make large frequency corrections to the VCO. This mode is used
at PLL start-up or when the PLL has suffered a severe noise hit and the VCO frequency is far off

the desired frequency. When in acquisition mode, the TRACK status bit is cleared in the CRGFLG
register.

* Tracking mode

In tracking mode, the filter makes only small corrections to the frequency of the VCO. PLL jitter
is much lower in tracking mode, but the response to noise is also slower. The PLL enters tracking
mode when the VCO frequency is nearly correct and the TRACK bit is set in the CRGFLG register.

The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches between
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine when the
PLL clock (PLLCLK) is safe to use as the source for the system and core clocks. If PLL LOCK interrupt
requests are enabled, the software can wait for an interrupt request and then check the LOCK bit. If CPU
interrupts are disabled, software can poll the LOCK bit continuously (during PLL start-up, usually) or at
periodic intervals. In either case, only when the LOCK bit is set, is the PLLCLK clock safe to use as the
source for the system and core clocks. If the PLL is selected as the source for the system and core clocks
and the LOCK bit is clear, the PLL has suffered a severe noise hit and the software must take appropriate
action, depending on the application.

The following conditions apply when the PLL is in automatic bandwidth control mode (AUTO = 1):
* The TRACK bit is a read-only indicator of the mode of the filter.
* The TRACK bitis set when the VCO frequency is within a certain tolerance, Ay, and is clear when
the VCO frequency is out of a certain tolerance, A .
* The LOCK bit is a read-only indicator of the locked state of the PLL.
* The LOCK bit is set when the VCO frequency is within a certain tolerance, Ap .., and is cleared
when the VCO frequency is out of a certain tolerance, A

* CPU interrupts can occur if enabled (LOCKIE = 1) when the lock condition changes, toggling the
LOCK bit.

The PLL can also operate in manual mode (AUTO = 0). Manual mode is used by systems that do not
require an indicator of the lock condition for proper operation. Such systems typically operate well below
the maximum system frequency (fsy) and require fast start-up. The following conditions apply when in
manual mode:

* ACQ is a writable control bit that controls the mode of the filter. Before turning on the PLL in
manual mode, the ACQ bit should be asserted to configure the filter in acquisition mode.

* After turning on the PLL by setting the PLLON bit software must wait a given time (t,.,) before
entering tracking mode (ACQ = 0).

* After entering tracking mode software must wait a given time (t,;) before selecting the PLLCLK
as the source for system and core clocks (PLLSEL = 1).
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9.4.2 System Clocks Generator
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Figure 9-17. System Clocks Generator

The clock generator creates the clocks used in the MCU (see Figure 9-17). The gating condition placed on
top of the individual clock gates indicates the dependencies of different modes (stop, wait) and the setting
of the respective configuration bits.

The peripheral modules use the bus clock. Some peripheral modules also use the oscillator clock. The
memory blocks use the bus clock. If the MCU enters self-clock mode (see Section 9.4.7.2, “Self-Clock
Mode”), oscillator clock source is switched to PLLCLK running at its minimum frequency fgcy,. The bus
clock is used to generate the clock visible at the ECLK pin. The core clock signal is the clock for the CPU.
The core clock is twice the bus clock as shown in Figure 9-18. But note that a CPU cycle corresponds to
one bus clock.

PLL clock mode is selected with PLLSEL bit in the CLKSEL register. When selected, the PLL output
clock drives SYSCLK for the main system including the CPU and peripherals. The PLL cannot be turned
off by clearing the PLLON bit, if the PLL clock is selected. When PLLSEL is changed, it takes a maximum
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of 4 OSCCLK plus 4 PLLCLK cycles to make the transition. During the transition, all clocks freeze and
CPU activity ceases.

BUS CLOCK / ECLK

Figure 9-18. Core Clock and Bus Clock Relationship

9.4.3 Clock Monitor (CM)

If no OSCCLK edges are detected within a certain time, the clock monitor within the oscillator block
generates a clock monitor fail event. The CRG then asserts self-clock mode or generates a system reset
depending on the state of SCME bit. If the clock monitor is disabled or the presence of clocks is detected
no failure is indicated by the oscillator block.The clock monitor function is enabled/disabled by the CME
control bit.

944 Clock Quality Checker

The clock monitor performs a coarse check on the incoming clock signal. The clock quality checker
provides a more accurate check in addition to the clock monitor.

A clock quality check is triggered by any of the following events:
e Power-on reset (POR)
* Low voltage reset (LVR)
*  Wake-up from full stop mode (exit full stop)
*  Clock monitor fail indication (CM fail)

A time window of 50000 VCO clock cycles1 is called check window.

A number greater equal than 4096 rising OSCCLK edges within a check window is called osc ok. Note that
osc ok immediately terminates the current check window. See Figure 9-19 as an example.

1. VCO clock cycles are generated by the PLL when running at minimum frequency fgcp.
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Figure 9-19. Check Window Example

The sequence for clock quality check is shown in Figure 9-20.

< Clodk OK N\ CM fail
OCl /

POR |LVR exit full stop
Clock Monitor Reset
Enter SCM num=50
num=0
yes SCM
active?
check window num=num-+1

Switch to OSCCLK

v
Exit SCM

Figure 9-20. Sequence for Clock Quality Check

NOTE

Remember that in parallel to additional actions caused by self-clock mode
or clock monitor reset! handling the clock quality checker continues to
check the OSCCLK signal.

1. A Clock Monitor Reset will always set the SCME bit to logical’1’
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NOTE

The clock quality checker enables the PLL and the voltage regulator
(VREG) anytime a clock check has to be performed. An ongoing clock
quality check could also cause a running PLL (fg) and an active VREG
during pseudo-stop mode or wait mode

9.4.5 Computer Operating Properly Watchdog (COP)

WAIT(COPWAI), )
STOP(PSTPPCE), CR(2:0]
COP enable 0:0:0 CR[2:0]
0:0:1

OSCCLK

gating condition

|z = Clock Gate

COP TIMEOUT
—— >

Figure 9-21. Clock Chain for COP

The COP (free running watchdog timer) enables the user to check that a program is running and
sequencing properly. The COP is disabled out of reset. When the COP is being used, software is
responsible for keeping the COP from timing out. If the COP times out it is an indication that the software
is no longer being executed in the intended sequence; thus a system reset is initiated (see Section 9.5.2,
“Computer Operating Properly Watchdog (COP) Reset).” The COP runs with a gated OSCCLK (see
Section Figure 9-21., “Clock Chain for COP”). Three control bits in the COPCTL register allow selection
of seven COP time-out periods.

When COP is enabled, the program must write 0x0055 and 0xO0AA (in this order) to the ARMCOP
register during the selected time-out period. As soon as this is done, the COP time-out period is restarted.
If the program fails to do this and the COP times out, the part will reset. Also, if any value other than
0x0055 or 0xO0AA is written, the part is immediately reset.

Windowed COP operation is enabled by setting WCOP in the COPCTL register. In this mode, writes to
the ARMCOP register to clear the COP timer must occur in the last 25% of the selected time-out period.
A premature write will immediately reset the part.

If PCE bit is set, the COP will continue to run in pseudo-stop mode.
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9.4.6 Real-Time Interrupt (RTI)

The RTI can be used to generate a hardware interrupt at a fixed periodic rate. If enabled (by setting
RTIE=1), this interrupt will occur at the rate selected by the RTICTL register. The RTI runs with a gated
OSCCLK (see Section Figure 9-22., “Clock Chain for RTI”). At the end of the RTI time-out period the
RTIF flag is set to 1 and a new RTI time-out period starts immediately.

A write to the RTICTL register restarts the RTI time-out period.

If the PRE bit is set, the RTI will continue to run in pseudo-stop mode.

WAIT(RTIWAI),

STOP(PSTP,PRE),
RTI enable

0SCCLK 2 =+ 1024

RTR[6:4]
0:0:0

gating condition

= Clock Gate

_[+BmmopuLus | AT TIMECUT
>| COUNTER (RTRI3O) [ >

Figure 9-22. Clock Chain for RTI

9.4.7 Modes of Operation

9.4.7.1 Normal Mode

The CRG block behaves as described within this specification in all normal modes.

9.4.7.2 Self-Clock Mode

The VCO has a minimum operating frequency, fgoy. If the external clock frequency is not available due
to a failure or due to long crystal start-up time, the bus clock and the core clock are derived from the VCO

MC3S12RG128 Data Sheet, Rev. 1.05

Freescale Semiconductor 263



Chapter 9 Clocks and Reset Generator (CRGV4) Block Description

running at minimum operating frequency; this mode of operation is called self-clock mode. This requires
CME =1 and SCME = 1. If the MCU was clocked by the PLL clock prior to entering self-clock mode, the
PLLSEL bit will be cleared. If the external clock signal has stabilized again, the CRG will automatically
select OSCCLK to be the system clock and return to normal mode. See Section 9.4.4, “Clock Quality
Checker” for more information on entering and leaving self-clock mode.

NOTE

In order to detect a potential clock loss, the CME bit should be always
enabled (CME=1).

If CME bit is disabled and the MCU is configured to run on PLL clock
(PLLCLK), aloss of external clock (OSCCLK) will not be detected and will
cause the system clock to drift towards the VCO’s minimum frequency
fsom- As soon as the external clock is available again the system clock
ramps up to its PLL target frequency. If the MCU is running on external
clock any loss of clock will cause the system to go static.

9.4.8

The RTI can be stopped by setting the associated rate select bits to 0.

Low-Power Operation in Run Mode

The COP can be stopped by setting the associated rate select bits to 0.

9.4.9

The WAI instruction puts the MCU in a low power consumption stand-by mode depending on setting of
the individual bits in the CLKSEL register. All individual wait mode configuration bits can be superposed.
This provides enhanced granularity in reducing the level of power consumption during wait mode.

Table 9-9 lists the individual configuration bits and the parts of the MCU that are affected in wait mode.

Table 9-9. MCU Configuration During Wait Mode

Low-Power Operation in Wait Mode

PLLWAI CWAI SYSWAI RTIWAI COPWAI | ROAWAI
PLL stopped — — — — —
Core — stopped stopped — — —
System — — stopped — — —
RTI — — — stopped — —
copP — - - — stopped —
Oscillator — — — — — reduced’

' Refer to oscillator block description for availability of a reduced oscillator amplitude.

After executing the WAI instruction the core requests the CRG to switch MCU into wait mode. The CRG
then checks whether the PLLWAI, CWAI and SYSWALI bits are asserted (see Figure 9-23). Depending on
the configuration the CRG switches the system and core clocks to OSCCLK by clearing the PLLSEL bit,
disables the PLL, disables the core clocks and finally disables the remaining system clocks. As soon as all
clocks are switched off wait mode is active.
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Disable

core clocks|
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Disable Enter
system clocks Wait Mode
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due to external
reset

CMRESET

Generate
SCM Interrupt
(Wakeup from Wait)

Exit

Wait Mode

Continue w.
normal OP

Figure 9-23. Wait Mode Entry/Exit Sequence
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There are five different scenarios for the CRG to restart the MCU from wait mode:
* External reset
e Clock monitor reset
*  COP reset
e Self-clock mode interrupt
* Real-time interrupt (RTT)

If the MCU gets an external reset during wait mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and starts the reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Wait mode is exited and the MCU
is in run mode again.

If the clock monitor is enabled (CME=1) the MCU is able to leave wait mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG’s behavior for CMRESET is the same
compared to external reset, but another reset vector is fetched after completion of the reset sequence. If the
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters self-clock mode and starts the clock quality checker (see Section 9.4.4, “Clock
Quality Checker”). Then the MCU continues with normal operation.If the SCM interrupt is blocked by
SCMIE = 0, the SCMIF flag will be asserted and clock quality checks will be performed but the MCU will
not wake-up from wait mode.

If any other interrupt source (e.g. RTI) triggers exit from wait mode the MCU immediately continues with
normal operation. If the PLL has been powered-down during wait mode the PLLSEL bit is cleared and the
MCU runs on OSCCLK after leaving wait mode. The software must manually set the PLLSEL bit again,
in order to switch system and core clocks to the PLLCLK.

If wait mode is entered from self-clock mode, the CRG will continue to check the clock quality until clock
check is successful. The PLL and voltage regulator (VREG) will remain enabled.

Table 9-10 summarizes the outcome of a clock loss while in wait mode.
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Table 9-10. Outcome of Clock Loss in Wait Mode

CME | SCME | SCMIE CRG Actions
0 X X Clock failure -->
No action, clock loss not detected.
1 0 X Clock failure -->

CRG performs Clock Monitor Reset immediately
1 1 0 Clock failure -->

Scenario 1: OSCCLK recovers prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,
— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,
— PLL disabled depending on PLLWAI,
— VREG remains enabled (never gets disabled in Wait Mode).
— MCU remains in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Wait Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Wait Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Wait Mode.
— MCU remains in Wait Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag,
— Keep performing Clock Quality Checks (could continue infinitely)
while in Wait Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Wait Mode in SCM using PLL clock (fsc) as system clock,
— Continue to perform additional Clock Quality Checks until OSCCLK
is 0.k. again.

or an External RESET is applied.

— Exit Wait Mode in SCM using PLL clock (fgcp) as system clock,

— Start reset sequence,

— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Table 9-10. Outcome of Clock Loss in Wait Mode (continued)

CME | SCME | SCMIE CRG Actions
1 1 1 Clock failure -->
— VREG enabled,
— PLL enabled,

— SCM activated,
— Start Clock Quality Check,
— SCMIF set.

SCMIF generates Self-Clock Mode wakeup interrupt.
— Exit Wait Mode in SCM using PLL clock (fgc) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

9.4.10 Low-Power Operation in Stop Mode

All clocks are stopped in STOP mode, dependent of the setting of the PCE, PRE and PSTP bit. The
oscillator is disabled in STOP mode unless the PSTP bit is set. All counters and dividers remain frozen but
do not initialize. If the PRE or PCE bits are set, the RTI or COP continues to run in pseudo-stop mode. In
addition to disabling system and core clocks the CRG requests other functional units of the MCU (e.g.
voltage-regulator) to enter their individual power-saving modes (if available). This is the main difference
between pseudo-stop mode and wait mode.

After executing the STOP instruction the core requests the CRG to switch the MCU into stop mode. If the
PLLSEL bit remains set when entering stop mode, the CRG will switch the system and core clocks to
OSCCLK by clearing the PLLSEL bit. Then the CRG disables the PLL, disables the core clock and finally
disables the remaining system clocks. As soon as all clocks are switched off, stop mode is active.

If pseudo-stop mode (PSTP = 1) is entered from self-clock mode the CRG will continue to check the clock
quality until clock check is successful. The PLL and the voltage regulator (VREG) will remain enabled. If
full stop mode (PSTP = 0) is entered from self-clock mode an ongoing clock quality check will be stopped.
A complete timeout window check will be started when stop mode is exited again.

Wake-up from stop mode also depends on the setting of the PSTP bit.
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Figure 9-24. Stop Mode Entry/Exit Sequence

A

9.4.10.1 Wake-Up from Pseudo-Stop (PSTP=1)

Wake-up from pseudo-stop is the same as wake-up from wait mode. There are also three different scenarios
for the CRG to restart the MCU from pseudo-stop mode:

e External reset
¢ Clock monitor fail

*  Wake-up interrupt
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If the MCU gets an external reset during pseudo-stop mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and starts the reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Pseudo-stop mode is exited and
the MCU is in run mode again.

If the clock monitor is enabled (CME = 1) the MCU is able to leave pseudo-stop mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG’s behavior for CMRESET is the same
compared to external reset, but another reset vector is fetched after completion of the reset sequence. If the
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters self-clock mode and starts the clock quality checker (see Section 9.4.4, “Clock
Quality Checker”). Then the MCU continues with normal operation. If the SCM interrupt is blocked by
SCMIE = 0, the SCMIF flag will be asserted but the CRG will not wake-up from pseudo-stop mode.

If any other interrupt source (e.g. RTI) triggers exit from pseudo-stop mode the MCU immediately
continues with normal operation. Because the PLL has been powered-down during stop mode the PLLSEL
bit is cleared and the MCU runs on OSCCLK after leaving stop mode. The software must set the PLLSEL
bit again, in order to switch system and core clocks to the PLLCLK.

Table 9-11 summarizes the outcome of a clock loss while in pseudo-stop mode.
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Table 9-11. Outcome of Clock Loss in Pseudo-Stop Mode

CME | SCME | SCMIE CRG Actions
0 X X Clock failure -->
No action, clock loss not detected.
1 0 X Clock failure -->

CRG performs Clock Monitor Reset immediately

1 1 0 Clock Monitor failure -->

Scenario 1: OSCCLK recovers prior to exiting Pseudo-Stop Mode.
— MCU remains in Pseudo-Stop Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,

— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,

— PLL disabled,

— VREG disabled.

— MCU remains in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Pseudo-Stop Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Pseudo-Stop Mode.
— MCU remains in Pseudo-Stop Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag,
— Keep performing Clock Quality Checks (could continue infinitely)
while in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode in SCM using PLL clock (fscy) as system clock
— Continue to perform additional Clock Quality Checks until OSCCLK

is 0.k. again.

or an External RESET is applied.
— Exit Pseudo-Stop Mode in SCM using PLL clock (fscy) as system clock
— Start reset sequence,
— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Table 9-11. Outcome of Clock Loss in Pseudo-Stop Mode (continued)

CME | SCME | SCMIE CRG Actions
1 1 1 Clock failure -->
— VREG enabled,
— PLL enabled,

— SCM activated,
— Start Clock Quality Check,
— SCMIF set.

SCMIF generates Self-Clock Mode wakeup interrupt.
— Exit Pseudo-Stop Mode in SCM using PLL clock (fscy) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

9.4.10.2 Wake-up from Full Stop (PSTP=0)
The MCU requires an external interrupt or an external reset in order to wake-up from stop mode.

If the MCU gets an external reset during full stop mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and will perform a maximum of 50 clock
check_windows (see Section 9.4.4, “Clock Quality Checker”). After completing the clock quality check
the CRG starts the reset generator. After completing the reset sequence processing begins by fetching the
normal reset vector. Full stop mode is exited and the MCU is in run mode again.

If the MCU is woken-up by an interrupt, the CRG will also perform a maximum of 50 clock
check_windows (see Section 9.4.4, “Clock Quality Checker”). If the clock quality check is successful, the
CRG will release all system and core clocks and will continue with normal operation. If all clock checks
within the timeout-window are failing, the CRG will switch to self-clock mode or generate a clock monitor
reset (CMRESET) depending on the setting of the SCME bit.

Because the PLL has been powered-down during stop mode the PLLSEL bit is cleared and the MCU runs
on OSCCLK after leaving stop mode. The software must manually set the PLLSEL bit again, in order to
switch system and core clocks to the PLLCLK.

NOTE

In full stop mode, the clock monitor is disabled and any loss of clock will
not be detected.

9.5 Resets

This section describes how to reset the CRG and how the CRG itself controls the reset of the MCU. It
explains all special reset requirements. Because the reset generator for the MCU is part of the CRG, this
section also describes all automatic actions that occur during or as a result of individual reset conditions.
The reset values of registers and signals are provided in Section 9.3, “Memory Map and Register
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Definition.” All reset sources are listed in Table 9-12. Refer to the device overview chapter for related
vector addresses and priorities.
Table 9-12. Reset Summary

Reset Source Local Enable

Power-on Reset None
Low Voltage Reset None

External Reset None

Clock Monitor Reset | PLLCTL (CME=1, SCME=0)
COP Watchdog Reset | COPCTL (CR[2:0] nonzero)

The reset sequence is initiated by any of the following events:
» Low level is detected at the RESET pin (external reset).
* Power on is detected.
* Low voltage is detected.
* COP watchdog times out.
¢ Clock monitor failure is detected and self-clock mode was disabled (SCME = 0).

Upon detection of any reset event, an internal circuit drives the RESET pin low for 128 SYSCLK cycles
(see Figure 9-25). Because entry into reset is asynchronous it does not require a running SYSCLK.
However, the internal reset circuit of the CRG cannot sequence out of current reset condition without a
running SYSCLK. The number of 128 SYSCLK cycles might be increased by n = 3 to 6 additional
SYSCLK cycles depending on the internal synchronization latency. After 128+n SYSCLK cycles the
RESET pin is released. The reset generator of the CRG waits for additional 64 SYSCLK cycles and then
samples the RESET pin to determine the originating source. Table 9-13 shows which vector will be
fetched.

Table 9-13. Reset Vector Selection

Sampled RESET Pin .
(64 Cycles After Clock Monl_tor cop R_e set Vector Fetch
Reset Pending Pending
Release)
1 0 0 POR / LVR / External Reset
1 1 X Clock Monitor Reset
1 0 1 COP Reset
0 X X POR / LVR / External Reset
with rise of RESET pin

NOTE

External circuitry connected to the RESET pin should not include a large
capacitance that would interfere with the ability of this signal to rise to a
valid logic 1 within 64 SYSCLK cycles after the low drive is released.
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The internal reset of the MCU remains asserted while the reset generator completes the 192 SYSCLK long
reset sequence. The reset generator circuitry always makes sure the internal reset is deasserted
synchronously after completion of the 192 SYSCLK cycles. In case the RESET pin is externally driven
low for more than these 192 SYSCLK cycles (external reset), the internal reset remains asserted too.

RESET
Y )¢ //”7222 :Z

CRG &rives RESET pinlow . RESET pin.

: released
)
sYsclk 772777, / /A IILFLF ﬂﬂm JLFLHILI
128+n cycles 64 cycles

' o ith n being ' :

pOSSIb|y wI possibly

syscLk ~ Min3/max6 RESET

not gﬁcis;meaﬁen Ing driven low

running synchronization externally

delay

Figure 9-25. RESET Timing

9.5.1 Clock Monitor Reset

The CRG generates a clock monitor reset in case all of the following conditions are true:
e Clock monitor is enabled (CME=1)
* Loss of clock is detected

e Self-clock mode is disabled (SCME=0)

The reset event asynchronously forces the configuration registers to their default settings (see Section 9.3,
“Memory Map and Register Definition”). In detail the CME and the SCME are reset to logical ‘1’ (which
doesn’t change the state of the CME bit, because it has already been set). As a consequence, the CRG
immediately enters self-clock mode and starts its internal reset sequence. In parallel the clock quality
check starts. As soon as clock quality check indicates a valid oscillator clock the CRG switches to
OSCCLK and leaves self-clock mode. Because the clock quality checker is running in parallel to the reset
generator, the CRG may leave self-clock mode while completing the internal reset sequence. When the
reset sequence is finished the CRG checks the internally latched state of the clock monitor fail circuit. If a
clock monitor fail is indicated processing begins by fetching the clock monitor reset vector.

9.5.2 Computer Operating Properly Watchdog (COP) Reset

When COP is enabled, the CRG expects sequential write of 0x0055 and 0xOOAA (in this order) to the

ARMCOP register during the selected time-out period. As soon as this is done, the COP time-out period
restarts. If the program fails to do this the CRG will generate a reset. Also, if any value other than 0x0055
or 0x00AA is written, the CRG immediately generates a reset. In case windowed COP operation is enabled
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writes (0x0055 or 0xO0AA) to the ARMCOP register must occur in the last 25% of the selected time-out

period. A premature write the CRG will immediately generate a reset.

As soon as the reset sequence is completed the reset generator checks the reset condition. If no clock

monitor failure is indicated and the latched state of the COP timeout is true, processing begins by fetching

the COP vector.

9.5.3 Power-On Reset, Low Voltage Reset

The on-chip voltage regulator detects when Vpp to the MCU has reached a certain level and asserts

power-on reset or low voltage reset or both. As soon as a power-on reset or low voltage reset is triggered
the CRG performs a quality check on the incoming clock signal. As soon as clock quality check indicates
a valid oscillator clock signal the reset sequence starts using the oscillator clock. If after 50 check windows
the clock quality check indicated a non-valid oscillator clock the reset sequence starts using self-clock

mode.

Figure 9-26 and Figure 9-27 show the power-up sequence for cases when the RESET pin is tied to Vpp

and when the RESET pin is held low.

(no Self-

Clock Mode)

- Clock Quality Check —»I

|
[
RESET /i
I

Internal POR

d

Internal RESET

) (
A\

128 SYSCLK — B

) (

64 SYSCLK ——»-

—

I
I
I
I
|
I

Figure 9-26. RESET Pin Tied to Vpp (by a Pull-Up Resistor)

L
b
_ ~—— Clock Quality Check —pm
RESET | (no Sef-Clock Mode) | L /
| Y | | .
T A T T
b
Internal POR | L
) L
JA) | I |
128 SYSCLK—_ g -~
Internal RESET BY! 64 SYSCLK :—>| I<_

Figure 9-27. RESET Pin Held Low Externally
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9.6 Interrupts

The interrupts/reset vectors requested by the CRG are listed in Table 9-14. Refer to the device overview
chapter for related vector addresses and priorities.

Table 9-14. CRG Interrupt Vectors

Interrupt Source I\ﬁ:sﬁ( Local Enable

Real-time interrupt | bit CRGINT (RTIE)
LOCK interrupt | bit CRGINT (LOCKIE)
SCM interrupt I bit CRGINT (SCMIE)

9.6.1 Real-Time Interrupt

The CRG generates a real-time interrupt when the selected interrupt time period elapses. RTT interrupts
are locally disabled by setting the RTIE bit to 0. The real-time interrupt flag (RTIF) is set to 1 when a
timeout occurs, and is cleared to 0 by writing a 1 to the RTIF bit.

The RTI continues to run during pseudo-stop mode if the PRE bit is set to 1. This feature can be used for
periodic wakeup from pseudo-stop if the RTI interrupt is enabled.

9.6.2 PLL Lock Interrupt

The CRG generates a PLL lock interrupt when the LOCK condition of the PLL has changed, either from
a locked state to an unlocked state or vice versa. Lock interrupts are locally disabled by setting the
LOCKIE bit to 0. The PLL Lock interrupt flag (LOCKIF) is set tol when the LOCK condition has
changed, and is cleared to 0 by writing a 1 to the LOCKIF bit.

9.6.3 Self-Clock Mode Interrupt

The CRG generates a self-clock mode interrupt when the SCM condition of the system has changed, either
entered or exited self-clock mode. SCM conditions can only change if the self-clock mode enable bit
(SCME) is set to 1. SCM conditions are caused by a failing clock quality check after power-on reset (POR)
or low voltage reset (LVR) or recovery from full stop mode (PSTP = 0) or clock monitor failure. For details
on the clock quality check refer to Section 9.4.4, “Clock Quality Checker.” If the clock monitor is enabled
(CME =1) aloss of external clock will also cause a SCM condition (SCME = 1).

SCM interrupts are locally disabled by setting the SCMIE bit to 0. The SCM interrupt flag (SCMIF) is set
to 1 when the SCM condition has changed, and is cleared to O by writing a 1 to the SCMIF bit.
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Chapter 10
Enhanced Capture Timer (ECT16B8CV1) Block Description

10.1 Introduction

The HCS12 Enhanced Capture Timer module has the features of the HCS12 Standard Timer module
enhanced by additional features in order to enlarge the field of applications, in particular for automotive
ABS applications.

This design specification describes the standard timer as well as the additional features.

The basic timer consists of a 16-bit, software-programmable counter driven by a prescaler. This timer can
be used for many purposes, including input waveform measurements while simultaneously generating an
output waveform. Pulse widths can vary from microseconds to many seconds.

A full access for the counter registers or the input capture/output compare registers should take place in
one clock cycle. Accessing high byte and low byte separately for all of these registers may not yield the
same result as accessing them in one word.

10.1.1 Features

» 16-bit Buffer Register for four Input Capture (IC) channels.

» Four 8-bit Pulse Accumulators with 8-bit buffer registers associated with the four buffered IC
channels. Configurable also as two 16-bit Pulse Accumulators.

* 16-bit Modulus Down-Counter with 4-bit Prescaler.
» Four user selectable Delay Counters for input noise immunity increase.

10.1.2 Modes of Operation

STOP: Timer and modulus counter are off since clocks are stopped.

FREEZE: Timer and modulus counter keep on running, unless TSFRZ in TSCR (0x0006) is set to one.
WAIT: Counters keep on running, unless TSWAI in TSCR (0x0006) is set to one.

NORMAL: Timer and modulus counter keep on running, unless TEN in TSCR (0x0006) respectively
MCEN in MCCTL (0x0026) are cleared.
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10.1.3 Block Diagram
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Figure 10-1. Timer Block Diagram
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10.2 Signal Description
The ECT16B8C module has a total eight external pins.

10.2.1 10C7 — Input Capture and Output Compare Channel 7

This pin serves as input capture or output compare for channel 7.

10.2.2 10C6 — Input Capture and Output Compare Channel 6

This pin serves as input capture or output compare for channel 6.

10.2.3 10C5 — Input Capture and Output Compare Channel 5

This pin serves as input capture or output compare for channel 7.

10.2.4 10C4 — Input Capture and Output Compare Channel 4

This pin serves as input capture or output compare for channel