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Chapter 1
MC9S12NE64 Device Overview

1.1 Introduction
The MC9S12NE64 is a 112-/80-pin cost-effective, low-end connectivity applications MCU family. T
MC9S12NE64 is composed of standard on-chip peripherals including a 16-bit central processing 
(HCS12 CPU), 64K bytes of FLASH EEPROM, 8K bytes of RAM, Ethernet media access controll
(EMAC) with integrated 10/100 Mbps Ethernet physical transceiver (EPHY), two asynchronous se
communications interface modules (SCI), a serial peripheral interface (SPI), one inter-IC bus (IIC)
4-channel/16-bit timer module (TIM), an 8-channel/10-bit analog-to-digital converter (ATD), up to 21
available as keypad wakeup inputs (KWU), and two additional external asynchronous interrupts. T
inclusion of a PLL circuit allows power consumption and performance to be adjusted to suit opera
requirements. Furthermore, an on-chip bandgap-based voltage regulator (VREG_PHY) generates
internal digital supply voltage of 2.5 V (VDD) from a 3.15 V to 3.45 V external supply range. The
MC9S12NE64 has full 16-bit data paths throughout. The 112-pin package version has a total of 70 I/
pins and 10 input-only pins available. The 80-pin package version has a total of 38 I/O port pins a
input-only pins available.

1.1.1 Features
¥ 16-bit HCS12 core

Ñ HCS12 CPU
Ð Upward compatible with M68HC11 instruction set
Ð Interrupt stacking and programmerÕs model identical to M68HC11
Ð Instruction queue
Ð Enhanced indexed addressing

Ñ Memory map and interface (MMC)
Ñ Interrupt control (INT)
Ñ Background debug mode (BDM)
Ñ Enhanced debug12 module, including breakpoints and change-of-ßow trace buffer (DBG
Ñ Multiplexed expansion bus interface (MEBI) Ñ available only in 112-pin package version

¥ Wakeup interrupt inputs
Ñ Up to 21 port bits available for wakeup interrupt function with digital Þltering

¥ Memory
Ñ 64K bytes of FLASH EEPROM
Ñ 8K bytes of RAM

¥ Analog-to-digital converter (ATD)
Ñ One 8-channel module with 10-bit resolution
Ñ External conversion trigger capability
MC9S12NE64 Data Sheet, Rev 1.0
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¥ Timer module (TIM)
Ñ 4-channel timer
Ñ Each channel conÞgurable as either input capture or output compare
Ñ Simple PWM mode
Ñ Modulo reset of timer counter
Ñ 16-bit pulse accumulator
Ñ External event counting
Ñ Gated time accumulation

¥ Serial interfaces
Ñ Two asynchronous serial communications interface (SCI)
Ñ One synchronous serial peripheral interface (SPI)
Ñ One inter-IC bus (IIC)

¥ Ethernet Media access controller (EMAC)
Ñ IEEE 802.3 compliant
Ñ Medium-independent interface (MII)
Ñ Full-duplex and half-duplex modes
Ñ Flow control using pause frames
Ñ MII management function
Ñ Address recognition

Ð Frames with broadcast address are always accepted or always rejected
Ð Exact match for single 48-bit individual (unicast) address
Ð Hash (64-bit hash) check of group (multicast) addresses
Ð Promiscuous mode

¥ Ethertype Þlter
¥ Loopback mode
¥ Two receive and one transmit Ethernet buffer interfaces
¥ Ethernet 10/100 Mbps transceiver (EPHY)

Ñ IEEE 802.3 compliant
Ñ Digital adaptive equalization
Ñ Half-duplex and full-duplex
Ñ Auto-negotiation next page ability
Ñ Baseline wander (BLW) correction
Ñ 125-MHz clock generator and timing recovery
Ñ Integrated wave-shaping circuitry
Ñ Loopback modes

¥ CRG (clock and reset generator module)
Ñ Windowed COP watchdog
Ñ Real-time interrupt
MC9S12NE64 Data Sheet, Rev 1.0
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pying
Ñ Clock monitor
Ñ Pierce oscillator
Ñ Phase-locked loop clock frequency multiplier
Ñ Limp home mode in absence of external clock
Ñ 25-MHz crystal oscillator reference clock

¥ Operating frequency
Ñ 50 MHz equivalent to 25 MHz bus speed for single chip
Ñ 32 MHz equivalent to 16 MHz bus speed in expanded bus modes

¥ Internal 2.5-V regulator
Ñ Supports an input voltage range from 3.3 V± 5%
Ñ Low-power mode capability
Ñ Includes low-voltage reset (LVR) circuitry

¥ 80-pin TQFP-EP or 112-pin LQFP package
Ñ Up to 70 I/O pins with 3.3 V input and drive capability (112-pin package)
Ñ Up to two dedicated 3.3 V input only lines (IRQ, XIRQ)

¥ Development support
Ñ Single-wire background debugª mode (BDM)
Ñ On-chip hardware breakpoints
Ñ Enhanced DBG debug features

1.1.2 Modes of Operation
¥ Normal modes

Ñ Normal single-chip mode
Ñ Normal expanded wide mode1

Ñ Normal expanded narrow mode1

Ñ Emulation expanded wide mode1

Ñ Emulation expanded narrow mode1

¥ Special operating modes
Ñ Special single-chip mode with active background debug mode

¥ Each of the above modes of operation can be configured for three low-power submodes
Ñ Stop mode
Ñ Pseudo stop mode
Ñ Wait mode

¥ Secure operation, preventing the unauthorized read and write of the memory contents2

1.MEBI is available only in the 112-pin package and specified at a maximum speed of 16 MHz. If using MEBI from
2.5 MHz to 16 MHz, only 10BASE-T communication is available.

2.No security feature is absolutely secure. However, Freescale SemiconductorÕs strategy is to make reading or co
the FLASH difficult for unauthorized users.
MC9S12NE64 Data Sheet, Rev 1.0
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1.1.3 Block Diagram

Figure 1-1. MC9S12NE64 Block Diagram
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A
5

D
AT

A
4

D
AT

A
3

D
AT

A
2

D
AT

A
1

D
AT

A
0

D
AT

A
7

D
AT

A
6

D
AT

A
5

PE3
PE4
PE5
PE6
PE7

PE0
PE1
PE2

IOC6
IOC7

IOC4
IOC5

PT4
PT5
PT6
PT7

VRH
VRL

VDDA
VSSA

VRH
VRL

AN2

AN6

AN0

AN7

AN1

AN3
AN4
AN5

PAD3

PAD0
PAD1
PAD2

VDDA
VSSA

RXD
TXD

MISO
MOSI

PS3
PS4
PS5

PS0
PS1
PS2RXD

TXD

PG3
PG4
PG5
PG6

PG0
PG1
PG2

SCK
SS

PS6
PS7

Serial Peripheral

MII_CRS
MII_COL

PJ2
PJ3

KWH2

KWH6

KWH0
KWH1

KWH3
KWH4
KWH5

PH3
PH4
PH5
PH6

PH0
PH1

KWJ0
KWJ1

PJ0
PJ1

DDRA DDRB

PTA PTB

D
D

R
E

P
T

E

P
A

D
P

T
T

D
D

R
T

P
T

G

D
D

R
G

P
T

S

D
D

R
S

P
T

H

D
D

R
H

P
T

J

D
D

R
J

Voltage Regulator

Debug Module

VDD1,2
VSS1,2

MII_TXCLK
MII_TXEN
MII_TXER

MII_TXD0
MII_TXD1
MII_TXD2
MII_TXD3

KWG2

KWG6

KWG0
KWG1

KWG3
KWG4
KWG5

KWJ2
KWJ3

Timer

Signals shown inBold are not available on the 80-pin package

MII_RXD2

MII_RXER

MII_RXD0
MII_RXD1

MII_RXD3
MII_RXCLK
MII_RXDV

XADDR16

XADDR14
XADDR15

XADDR17PK3

PK0
PK1
PK2

XADDR18PK4

D
D

R
E

P
T

K

ECS/ROMCTLPK7

Debugger
Breakpoints

Clock and Reset
Generator

Expanded Bus
Interface

Converter

Interface

Interface 0
Serial Communication
Interface 1

MII_MDC
MII_MDIO

PH2

M
II

PL3
PL4

PL0
PL1

P
T

L

D
D

R
L PL2

LNKLED
SPDLED

ACTLED

PHY_TXP
PHY_TXN
PHY_RXP
PHY_RXN

10BASE-T/

Physical
Transceiver

PHY_VDDA
PHY_VSSA

PHY_RBIAS

PAD5
PAD4

PAD7
PAD6

EXTAL
XTAL

VDDPLL
VSSPLL

XFC

DUPLED

PG7KWG7

PL5
COLLED

PL6

(EPHY)

EMAC

PHY_VDDRX
PHY_VSSRX

PHY_VDDTX
PHY_VSSTX

KWJ7 PJ7
KWJ6 PJ6SDA

SCL
IIC

XADDR19PK5
XCSPK6

VDDX1,2

100BASE-TX
Ethernet

TEST

VREGEN
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1.1.4 Device Memory Map

Table 1-1 shows the device register map of the MC9S12NE64 after reset.Figure 1-1 illustrates the full
device memory map with FLASH and RAM.

Table 1-1. Device Register Map Overview

Address Module1

1 Information about the HCS12 core can be found in the MMC, INT, MEBI, BDM, and DBG
block description chapters in this data sheet, and also in the HCS12 CPU Reference
Manual, S12CPUV2/D.

Size
(in Bytes)

$0000 – $0017
CORE (Ports A, B, E, Modes, Inits — MMC, INT,
MEBI)

24

$0018 – $0019 Reserved 2

$001A – $001B Device ID register (PARTID) 2

$001C – $001F CORE (MEMSIZ, IRQ, HPRIO — INT, MMC) 4

$0020 – $002F CORE (DBG) 16

$0030 – $0033 CORE (PPAGE, Port K — MEBI, MMC) 4

$0034 – $003F Clock and Reset Generator (PLL, RTI, COP) 12

$0040 – $006F Standard Timer 16-bit 4 channels (TIM) 48

$0070 – $007F Reserved 16

$0080 – $009F Analog-to-Digital Converter 10-bit, 8-channel (ATD) 32

$00A0 – $00C7 Reserved 40

$00C8 – $00CF Serial Communications Interface 0 (SCI0) 8

$00D0 – $00D7 Serial Communications Interface 1 (SCI1) 8

$00D8 – $00DF Serial Peripheral Interface (SPI) 8

$00E0 – $00E7 Inter IC Bus (IIC) 8

$00E8 – $00FF Reserved 24

$0100 – $010F FLASH Control Register 16

$0110 – $011F Reserved 16

$0120 – $0123 Ethernet Physical Interface (EPHY) 4

$0124 – $013F Reserved 28

$0140 – $016F Ethernet Media Access Controller (EMAC) 48

$0170 – $023F Reserved 208

$0240 – $026F Port Integration Module (PIM) 48

$0270 – $03FF Reserved 400
MC9S12NE64 Data Sheet, Rev 1.0
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gister
Figure 1-2. MC9S12NE64 User Configurable Memory Map

1.1.5 Detailed Register Map

The following tables show the register maps of the MC9S12NE64. For detailed information about re
functions, please see the appropriate block description chapter.

$0000

$FFFF

$C000

$8000

$4000

$0400

$2000

$FF00

EXT

NORMAL
SINGLE CHIP

EXPANDED SPECIAL
SINGLE CHIP

$FF00

$FFFF

BDM
(IF ACTIVE)

$C000

$FFFF

16K FIXED FLASH EEPROM

2K, 4K, 8K, OR 16K PROTECTED BOOT SECTOR

$8000

$BFFF

16K PAGE WINDOW
FOUR * 16K FLASH EEPROM PAGES

$4000

$7FFF
16K FIXED FLASH EEPROM

0.5K, 1K, 2K, OR 4K PROTECTED SECTOR

$2000

$3FFF

8K BYTES RAM

MAPPABLE TO ANY 8K BOUNDARY

$0000

$03FF

1K REGISTER SPACE

MAPPABLE TO ANY 2K BOUNDARY

This figure shows a suggested map, which is not the map out of reset. After reset the map is:
$0000 – $03FF: register space
$0000 – $1FFF: 7K RAM (1K RAM hidden behind register space)

VECTORS VECTORS VECTORS
MC9S12NE64 Data Sheet, Rev 1.0
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it 0

it 0

N

$0000 - $000F Multiplexed External Bus Interface Module (MEBI) Map 1 of 3

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

$0000 PORTA
Read:

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

$0001 PORTB
Read:

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

$0002 DDRA
Read:

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

$0003 DDRB
Read:

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

$0004 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0005
Ð$0007

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0008 PORTE
Read:

Bit 7 6 5 4 3 2
1 Bit 0

Write:

$0009 DDRE
Read:

Bit 7 6 5 4 3 2
0 0

Write:

$000A PEAR
Read:

NOACCE
0

PIPOE NECLK LSTRE RDWE
0 0

Write:

$000B MODE
Read:

MODC MODB MODA
0

IVIS
0

EMK EME
Write:

$000C PUCR
Read:

PUPKE
0 0

PUPEE
0 0

PUPBE PUPAE
Write:

$000D RDRIV
Read:

RDPK
0 0

RDPE
0 0

RDPB RDPA
Write:

$000E EBICTL
Read: 0 0 0 0 0 0 0

ESTR
Write:

$000F Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0010 - $0014 Module Mapping Control Module (MMC) Map 1 of 4

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

$0010 INITRM
Read:

RAM15 RAM14 RAM13 RAM12 RAM11
0 0

RAMHAL
Write:

$0011 INITRG
Read: 0

REG14 REG13 REG12 REG11
0 0 0

Write:

$0012 INITEE
Read:

EE15 EE14 EE13 EE12 EE11
0 0

EEON
Write:

$0013 MISC
Read: 0 0 0 0

EXSTR1 EXSTR0 ROMHM ROMO
Write:

$0014 MTST0
Read: Bit 7 6 5 4 3 2 1 Bit 0
Write:
MC9S12NE64 Data Sheet, Rev 1.0
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8
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M_SW0
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$0015 - $0016 Interrupt Module (INT) Map 1 of 2

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

$0015 ITCR
Read: 0 0 0

WRTINT ADR3 ADR2 ADR1 ADR
Write:

$0016 ITEST
Read:

INTE INTC INTA INT8 INT6 INT4 INT2 INT
Write:

$0017 - $0017 Module Mapping Control Module (MMC) Map 2 of 4

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

$0017 MTST1
Read: Bit 7 6 5 4 3 2 1 Bit 0
Write:

$0018 - $0019 Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
$0018 Ð
$0019

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$001A - $001B Miscellaneous Peripherals

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

$001A PARTIDH
Read: ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID
Write:

$001B PARTIDL
Read: ID7 ID6 ID5 ID4 ID3 ID2 ID1 ID0
Write:

$001C - $001D Module Mapping Control Module (MMC) Map 3 of 4

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

$001C MEMSIZ0
Read:REG_SW0 0 EEP_SW1 EEP_SW0 0 RAM_SW2 RAM_SW1 RA

Write:

$001D MEMSIZ1
Read:ROM_SW1 ROM_SW0 0 0 0 0 PAG_SW1 PAG_SW0

Write:

$001E - $001E Multiplexed External Bus Interface Module (MEBI) Map 2 of 3

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

$001E IRQCR
Read:

IRQE IRQEN
0 0 0 0 0 0

Write:
MC9S12NE64 Data Sheet, Rev 1.0
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WC

RWB
$001F - $001F Interrupt Module (INT) Map 2 of 2

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

$001F HPRIO
Read:

PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSEL1
0

Write:

$0020 - $002F Debug Module (DBG) Including BKP Map 1 of 1

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

$0020 DBGC1
Read:

DBGEN ARM TRGSEL BEGIN DBGBRK
0

CAPMOD
Write:

$0021 DBGSC
Read: AF BF CF 0

TRG
Write:

$0022 DBGTBH
Read: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 B
Write:

$0023 DBGTBL
Read: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bi
Write:

$0024 DBGCNT
Read: TBF 0 CNT
Write:

$0025 DBGCCX
Read:

PAGSEL EXTCMP
Write:

$0026 DBGCCH
Read:

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

$0027 DBGCCL
Read:

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

$0028
DBGC2 Read:

BKABEN FULL BDM TAGAB BKCEN TAGC RWCEN R
(BKPCT0)1

1Legacy HCS12 MCUs used this name for this register.

Write:

$0029
DBGC3 Read:

BKAMBH BKAMBL BKBMBH BKBMBL RWAEN RWA RWBEN
(BKPCT1)1 Write:

$002A
DBGCAX Read:

PAGSEL EXTCMP
(BKP0X)1 Write:

$002B
DBGCAH Read:

Bit 15 14 13 12 11 10 9 Bit 8
(BKP0H)1 Write:

$002C
DBGCAL Read:

Bit 7 6 5 4 3 2 1 Bit 0
(BKP0L)1 Write:

$002D
DBGCBX Read:

PAGSEL EXTCMP
(BKP1X)1 Write:

$002E
DBGCBH Read:

Bit 15 14 13 12 11 10 9 Bit 8
(BKP1H)1 Write:

$002F
DBGCBL Read:

Bit 7 6 5 4 3 2 1 Bit 0
(BKP1L)1 Write:
MC9S12NE64 Data Sheet, Rev 1.0
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$0030 - $0031 Module Mapping Control Module (MMC) Map 4 of 4

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

$0030 PPAGE
Read: 0 0

PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
Write:

$0031 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0032 - $0033 Multiplexed External Bus Interface Module (MEBI) Map 3 of 3

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

$0032 PORTK
Read:

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

$0033 DDRK
Read:

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

$0034 - $003F Clock and Reset Generator (CRG)

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

$0034 SYNR
Read: 0 0

SYN5 SYN4 SYN3 SYN2 SYN1 SYN
Write:

$0035 REFDV
Read: 0 0 0 0

REFDV3 REFDV2 REFDV1 REFD
Write:

$0036
CTFLG

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0037 CRGFLG
Read:

RTIF PORF LVRF LOCKIF
LOCK TRACK

SCMIF
SCM

Write:

$0038 CRGINT
Read:

RTIE
0 0

LOCKIE
0 0

SCMIE
0

Write:

$0039 CLKSEL
Read:

PLLSEL PSTP SYSWAI ROAWAI PLLWAI CWAI RTIWAI C
Write:

$003A PLLCTL
Read:

CME PLLON AUTO ACQ
0

PRE PCE SCME
Write:

$003B RTICTL
Read: 0

RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RT
Write:

$003C COPCTL
Read:

WCOP RSBCK
0 0 0

CR2 CR1 CR0
Write:

$003D
FORBYP
Reserved

Read: 0 0 0 0 0 0 0 0
Write:

$003E
CTCTL

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$003F ARMCOP
Read: 0 0 0 0 0 0 0 0
Write: Bit 7 6 5 4 3 2 1 Bit 0
MC9S12NE64 Data Sheet, Rev 1.0
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$0040 - $006F 16-Bit, 4-Channel Timer Module (TIM) (Sheet 1 of 2)

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

$0040 TIOS
Read:

IOS7 IOS6 IOS5 IOS4
0 0 0 0

Write:

$0041 CFORC
Read: 0 0 0 0 0 0 0 0
Write: FOC7 FOC6 FOC5 FOC4

$0042 OC7M
Read:

OC7M7 OC7M6 OC7M5 OC7M4
0 0 0 0

Write:

$0043 OC7D
Read:

OC7D7 OC7D6 OC7D5 OC7D4
0 0 0 0

Write:

$0044 TCNT (hi)
Read: Bit 15 14 13 12 11 10 9 Bit 8
Write:

$0045 TCNT (lo)
Read: Bit 7 6 5 4 3 2 1 Bit 0
Write:

$0046 TSCR1
Read:

TEN TSWAI TSFRZ TFFCA
0 0 0 0

Write:

$0047 TTOV
Read:

TOV7 TOV6 TOV5 TOV4
0 0 0 0

Write:

$0048 TCTL1
Read:

OM7 OL7 OM6 OL6 OM5 OL5 OM4 OL
Write:

$0049 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$004A TCTL3
Read:

EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B E
Write:

$004B Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$004C TIE
Read:

C7I C6I C5I C4I
0 0 0 0

Write:

$004D TSCR2
Read:

TOI
0 0 0

TCRE PR2 PR1 PR0
Write:

$004E TFLG1
Read:

C7F C6F C5F C4F
0 0 0 0

Write:

$004F TFLG2
Read:

TOF
0 0 0 0 0 0 0

Write:
$0050 Ð
$0057

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0058 TC4 (hi)
Read:

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

$0059 TC4 (lo)
Read:

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

$005A TC5 (hi)
Read:

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

$005B TC5 (lo)
Read:

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

$005C TC6 (hi)
Read:

Bit 15 14 13 12 11 10 9 Bit 8
Write:
MC9S12NE64 Data Sheet, Rev 1.0
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$005D TC6 (lo)
Read:

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

$005E TC7 (hi)
Read:

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

$005F TC7 (lo)
Read:

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

$0060 PACTL
Read: 0

PAEN PAMOD PEDGE CLK1 CLK0 PAOVI P
Write:

$0061 PAFLG
Read: 0 0 0 0 0 0

PAOVF PAIF
Write:

$0062 PACNT (hi)
Read:

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

$0063 PACNT (lo)
Read:

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

$0064 Ð
$006F

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0080 - $009F 10-Bit, 8-Channel Analog-to-Digital Converter Module (ATD)

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

$0080 ATDCTL0
Read: 0 0 0 0 0

WRAP2 WRAP1 WRAP0
Write:

$0081 ATDCTL1
Read: ETRIG

SEL
0 0 0 0 ETRIG

CH2
ETRIG
CH1

ETRIG
CH0Write:

$0082 ATDCTL2
Read:

ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
ASCIF

Write:

$0083 ATDCTL3
Read: 0

S8C S4C S2C S1C FIFO FRZ1 FRZ
Write:

$0084 ATDCTL4
Read:

SRES8 SMP1 SMP0 PRS4 PRS3 PRS2 PRS1 PR
Write:

$0085 ATDCTL5
Read:

DJM DSGN SCAN MULT
0

CC CB CA
Write:

$0086 ATDSTAT0
Read:

SCF
0

ETORF FIFOR
0 CC2 CC1 CC0

Write:

$0087 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0088
ATDTEST0
Reserved

Read: U U U U U U U U
Write:

$0089 ATDTEST1
Read: U U 0 0 0 0 0

SC
Write:

$008A Unimplemented
Read: U U U U U U U U
Write:

$008B ATDSTAT1
Read: CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 C
Write:

$0040 - $006F 16-Bit, 4-Channel Timer Module (TIM) (Sheet 2 of 2)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
MC9S12NE64 Data Sheet, Rev 1.0
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$008C Unimplemented
Read: U U U U U U U U
Write:

$008D ATDDIEN
Read:

IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IEN
Write:

$008E Unimplemented
Read: U U U U U U U U
Write:

$008F PORTAD
Read: PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1
Write:

$0090 ATDDR0H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$0091 ATDDR0L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$0092 ATDDR1H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$0093 ATDDR1L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$0094 ATDDR2H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$0095 ATDDR2L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$0096 ATDDR3H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$0097 ATDDR3L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$0098 ATDDR4H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$0099 ATDDR4L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$009A ATDDR5H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$009B ATDDR5L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$009C ATDDR6H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$009D ATDDR6L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$009E ATDDR7H
Read: Bit15 14 13 12 11 10 9 Bit8
Write:

$009F ATDDR7L
Read: Bit7 Bit6 0 0 0 0 0 0
Write:

$00A0 - $00C7 Reserved

$00A0
Ð $00C7

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0080 - $009F 10-Bit, 8-Channel Analog-to-Digital Converter Module (ATD)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
MC9S12NE64 Data Sheet, Rev 1.0
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$00C8 - $00CF Asynchronous Serial Communications Interface Module (SCI0)

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

$00C8 SCIBDH
Read:

IREN TNP1 TNP0 SBR12 SBR11 SBR10 SBR9 S
Write:

$00C9 SCIBDL
Read:

SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SB
Write:

$00CA SCICR1
Read:

LOOPS SCISWAI RSRC M WAKE ILT PE P
Write:

$00CB SCICR2
Read:

TIE TCIE RIE ILIE TE RE RWU SBK
Write:

$00CC SCISR1
Read: TDRE TC RDRF IDLE OR NF FE PF
Write:

$00CD SCISR2
Read: 0 0 0 0 0

BRK13 TXDIR
RAF

Write:

$00CE SCIDRH
Read: R8

T8
0 0 0 0 0 0

Write:

$00CF SCIDRL
Read: R7 R6 R5 R4 R3 R2 R1 R0
Write: T7 T6 T5 T4 T3 T2 T1 T0

$00D0 - $00D7 Asynchronous Serial Communications Interface Module (SCI1)

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

$00D0 SCIBDH
Read:

IREN TNP1 TNP0 SBR12 SBR11 SBR10 SBR9 S
Write:

$00D1 SCIBDL
Read:

SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SB
Write:

$00D2 SCICR1
Read:

LOOPS SCISWAI RSRC M WAKE ILT PE P
Write:

$00D3 SCICR2
Read:

TIE TCIE RIE ILIE TE RE RWU SBK
Write:

$00D4 SCISR1
Read: TDRE TC RDRF IDLE OR NF FE PF
Write:

$00D5 SCISR2
Read: 0 0 0 0 0

BRK13 TXDIR
RAF

Write:

$00D6 SCIDRH
Read: R8

T8
0 0 0 0 0 0

Write:

$00D7 SCIDRL
Read: R7 R6 R5 R4 R3 R2 R1 R0
Write: T7 T6 T5 T4 T3 T2 T1 T0
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$00D8 - $00DF Serial Peripheral Interface Module (SPI)

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

$00D8 SPICR1
Read:

SPIE SPE SPTIE MSTR CPOL CPHA SSOE LS
Write:

$00D9 SPICR2
Read: 0 0 0

MODFEN BIDIROE
0

SPISWAI SPC0
Write:

$00DA SPIBR
Read: 0

SPPR2 SPPR1 SPPR0
0

SPR2 SPR1 SPR0
Write:

$00DB SPISR
Read: SPIF 0 SPTEF MODF 0 0 0 0
Write:

$00DC Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$00DD SPIDR
Read:

Bit7 6 5 4 3 2 1 Bit0
Write:

$00DE Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$00DF Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$00E0 - $00E7 Inter-IC Bus Module (IIC)

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

$00E0 IBAD
Read:

ADR7 ADR6 ADR5 ADR4 ADR3 ADR2 ADR1
0

Write:

$00E1 IBFD
Read:

IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBC
Write:

$00E2 IBCR
Read:

IBEN IBIE MS/SL Tx/Rx TXAK
0 0

IBSWAI
Write: RSTA

$00E3 IBSR
Read: TCF IAAS IBB

IBAL
0 SRW

IBIF
RXAK

Write:

$00E4 IBDR
Read:

D7 D6 D5 D4 D3 D2 D1 D0
Write:

$00E5 Ð
$00E7

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$00E8 - $00FF Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
$00E8-
$00FF

Reserved
Read: 0 0 0 0 0 0 0 0
Write:
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IV0

C0
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it 0

it 0

ADD0

it 0
$0100 - $010F FLASH Control Register (fts64k)

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

$0100 FCLKDIV
Read: FDIVLD

PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FD
Write:

$0101 FSEC
Read: KEYEN NV6 NV5 NV4 NV3 NV2 SEC1 SE
Write:

$0102 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0103 FCNFG
Read:

CBEIE CCIE KEYACC
0 0 0 0 0

Write:

$0104 FPROT
Read:

FPOPEN NV6 FPHDIS FPHS1 FPHS0 FPLDIS FPLS1 F
Write:

$0105 FSTAT
Read:

CBEIF
CCIF

PVIOL ACCERR
0 BLANK 0 0

Write:

$0106 FCMD
Read: 0

CMDB6 CMDB5
0 0

CMDB2
0

CMDB0
Write:

$0107 Ð
$010F

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0110 - $011F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
$0110

Ð $011F
Reserved

Read: 0 0 0 0 0 0 0 0
Write:

$0120 - $0123 Ethernet Physical Transceiver Module (EPHY)

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

$0120 EPHYCTL0
Read:

EPHYEN ANDIS DIS100 DIS10 LEDEN EPHYWAI
0

EPHYIEN
Write:

$0121 EPHYCTL1
Read: 0 0 0

PHYADD4 PHYADD3 PHYADD2 PHYADD1 PHY
Write:

$0122 EPHYSR
Read: 0 0 100DIS 10DIS 0 0 0

EPHYIF
Write:

$0123
EPHYTST
Reserved

Read: 0 0 0 0 0 0 0 0
Write:

$0124 - $013F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
$0124

Ð $013F
Reserved

Read: 0 0 0 0 0 0 0 0
Write:
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E

CIF

CIE
$0140 - $016F Ethernet Media Access Controller (EMAC)

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

$0140 NETCTL
Read:

EMACE
0 0

ESWAI EXTPHY MLB FDX
0

Write:

$0141 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0142 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0143 RXCTS
Read: RXACT 0 0

RFCE
0

PROM CONMC BCREJ
Write:

$0144 TXCTS
Read: TXACT 0

CSLF PTRC SSB
0 0 0

Write: TCMD

$0145 ETCTL
Read:

FPET
0 0

FEMW FIPV6 FARP FIPV4 FIEE
Write:

$0146 ETYPE
Read:

ETYPE[15:8]
Write:

$0147 ETYPE
Read:

ETYPE[7:0]
Write:

$0148 PTIME
Read:

PTIME[15:8]
Write:

$0149 PTIME
Read:

PTIME[7:0]
Write:

$014A
IEVENT
[15:8]

Read:
RFCIF

0
BREIF RXEIF RXAOIF RXBOIF RXACIF RXB

Write:

$014B
IEVENT

[7:0]
Read:

MMCIF
0

LCIF ECIF
0 0

TXCIF
0

Write:

$0141C
IMASK
[15:8]

Read:
RFCIE

0
BREIE RXEIE RXAOIE RXBOIE RXACIE RXB

Write:

$014D
IMASK
[7:0]

Read:
MMCIE

0
LCIE ECIE

0 0
TXCIE

0
Write:

$014E SWRST
Read: 0 0 0 0 0 0 0 0
Write: MACRST

$014F Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0150 MPADR
Read: 0 0 0

PADDR
Write:

$0151 MRADR
Read: 0 0 0

RADDR
Write:

$0152 MWDATA
Read:

WDATA[15:8]
Write:

$0123 MWDATA
Read:

WDATA[7:0]
Write:

$0154 MRDATA
Read: RDATA[15:8]
Write:

$0155 MRDATA
Read: RDATA[7:0]
Write:
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$0156 MCMST
Read: 0 0 BUSY

NOPRE MDCSEL
Write: OP

$0157 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0158
BUFCFG

[15:8]
Read: 0

BUFMAP
0

MAXFL[10:8]
Write:

$0159
BUFCFG

[7:0]
Read:

MAXFL[7:0]
Write:

$015A
RXAEFP

[15:8]
Read: 0 0 0 0 0

RXAEFP[10:8]
Write:

$015B
RXAEFP

[7:0]
Read:

RXAEFP[7:0]
Write:

$015C
RXBEFP

[15:8]
Read: 0 0 0 0 0

RXBEFP[10:8]
Write:

$015D
RXBEFP

[7:0]
Read:

RXBEFP[7:0]
Write:

$015E
TXEFP
[15:8]

Read: 0 0 0 0 0
TXEFP[10:8]

Write:

$015F TXEFP
Read:

TXEFP[7:0]
Write:

$0160 MCHASH
Read:

MCHASH[63:56]
Write:

$0161 MCHASH
Read:

MCHASH[55:48]
Write:

$0162 MCHASH
Read:

MCHASH[47:40]
Write:

$0163 MCHASH
Read:

MCHASH[39:32]
Write:

$0164 MCHASH
Read:

MCHASH[31:24]
Write:

$0165 MCHASH
Read:

MCHASH[23:16]
Write:

$0166 MCHASH
Read:

MCHASH[15:8]
Write:

$0167 MCHASH
Read:

MCHASH[7:0]
Write:

$0168 MACAD
Read:

MACAD[47:40]
Write:

$0169 MACAD
Read:

MACAD[39:32]
Write:

$016A MACAD
Read:

MACAD[31:24]
Write:

$016B MACAD
Read:

MACAD[23:16]
Write:

$016C MACAD
Read:

MACAD[15:8]
Write:

$0140 - $016F Ethernet Media Access Controller (EMAC) (Continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
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S0

TIS0

DRS0

DRS0

ERS0

PSS0

it 0
$016D MACAD
Read:

MACAD[7:0]
Write:

$016E EMISC
Read:

INDEX
0 0 MISC[10:8]

Write:

$016F EMISC
Read: MISC[7:0]
Write:

$0170 - $023F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
$0170
- $023F

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0240 - $026F Port Integration Module (PIM) (Sheet 1 of 3)

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

$0240 PTT
Read:

PTT7 PTT6 PTT5 PTT4
0 0 0 0

Write:

$0241 PTIT
Read: PTIT7 PTIT6 PTIT5 PTIT4 0 0 0 0
Write:

$0242 DDRT
Read:

DDRT7 DDRT6 DDRT5 DDRT4
0 0 0 0

Write:

$0243 RDRT
Read:

RDRT7 RDRT6 RDRT5 RDRT4
0 0 0 0

Write:

$0244 PERT
Read:

PERT7 PERT6 PERT5 PERT4
0 0 0 0

Write:

$0245 PPST
Read:

PPST7 PPST6 PPST5 PPST4
0 0 0 0

Write:

$0246 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0247 Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0248 PTS
Read:

PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PT
Write:

$0249 PTIS
Read: PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 P
Write:

$024A DDRS
Read:

DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRS1 D
Write:

$024B RDRS
Read:

RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 R
Write:

$024C PERS
Read:

PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERS1 P
Write:

$024D PPSS
Read:

PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 P
Write:

$0140 - $016F Ethernet Media Access Controller (EMAC) (Continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
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WOMS0

G0

TIG0

DRG0

DRG0

ERG0

PSG0

IEG0

IFG0

0

TIH0

RH0

RH0

RH0

SH0

H0

H0

IJ0

0

0

it 0
$024E WOMS
Read:

WOMS7 WOMS6 WOMS5 WOMS4 WOMS3 WOMS2 WOMS1
Write:

$024F Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0250 PTG
Read:

PTG7 PTG6 PTG5 PTG4 PTG3 PTG2 PTG1 PT
Write:

$0251 PTIG
Read: PTIG7 PTIG6 PTIG5 PTIG4 PTIG3 PTIG2 PTIG1 P
Write:

$0252 DDRG
Read:

DDRG7 DDRG6 DDRG5 DDRG4 DDRG3 DDRG2 DDRG1 D
Write:

$0253 RDRG
Read:

RDRG7 RDRG6 RDRG5 RDRG4 RDRG3 RDRG2 RDRG1 R
Write:

$0254 PERG
Read:

PERG7 PERG6 PERG5 PERG4 PERG3 PERG2 PERG1 P
Write:

$0255 PPSG
Read:

PPSG7 PPSG6 PPSG5 PPSG4 PPSG3 PPSG2 PPSG1 P
Write:

$0256 PIEG
Read:

PIEG7 PIEG6 PIEG5 PIEG4 PIEG3 PIEG2 PIEG1 P
Write:

$0257 PIFG
Read:

PIFG7 PIFG6 PIFG5 PIFG4 PIFG3 PIFG2 PIFG1 P
Write:

$0258 PTH
Read: 0

PTH6 PTH5 PTH4 PTH3 PTH2 PTH1 PTH
Write:

$0259 PTIH
Read: 0 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 P
Write:

$025A DDRH
Read: 0

DDRH6 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DD
Write:

$025B RDRH
Read: 0

RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RD
Write:

$025C PERH
Read: 0

PERH6 PERH5 PERH4 PERH3 PERH2 PERH1 PE
Write:

$025D PPSH
Read: 0

PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PP
Write:

$025E PIEH
Read: 0

PIEH6 PIEH5 PIEH4 PIEH3 PIEH2 PIEH1 PIE
Write:

$025F PIFH
Read: 0

PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIF
Write:

$0260 PTJ
Read:

PTJ7 PTJ6
0 0

PTJ3 PTJ2 PTJ1 PTJ0
Write:

$0262 PTIJ
Read: PTIJ7 PTIJ6 0 0 PTIJ3 PTIJ2 PTIJ1 PT
Write:

$0262 DDRJ
Read:

DDRJ7 DDRJ6
0 0

DDRJ3 DDRJ2 DDRJ1 DDRJ
Write:

$0263 RDRJ
Read:

RDRJ7 RDRJ6
0 0

RDRJ3 RDRJ2 RDRJ1 RDRJ
Write:

$0264 PERJ
Read:

PERJ7 PERJ6
0 0

PERJ3 PERJ2 PERJ1 PERJ0
Write:

$0240 - $026F Port Integration Module (PIM) (Sheet 2 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
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1.1.6 Part ID Assignments

The part ID is located in two 8-bit registers PARTIDH and PARTIDL (addresses $001A and $001B
reset). The read-only value is a unique part ID for each revision of the MCU.Table 1-2shows the assigned
part ID number.

$0265 PPSJ
Read:

PPSJ7 PPSJ6
0 0

PPSJ3 PPSJ2 PPSJ1 PPSJ0
Write:

$0266 PIEJ
Read:

PIEJ7 PIEJ6
0 0

PIEJ3 PIEJ2 PIEJ1 PIEJ0
Write:

$0267 PIFJ
Read:

PIFJ7 PIFJ6
0 0

PIFJ3 PIFJ2 PIFJ1 PIFJ0
Write:

$0268 PTL
Read: 0

PTL6 PTL5 PTL4 PTL3 PTL2 PTL1 PTL
Write:

$0269 PTIL
Read: 0 PTIL6 PTIL5 PTIL4 PTIL3 PTIL2 PTIL1 PT
Write:

$026A DDRL
Read: 0

DDRL6 DDRL5 DDRL4 DDRL3 DDRL2 DDRL1 DD
Write:

$026B RDRL
Read: 0

RDRL6 RDRL5 RDRL4 RDRL3 RDRL2 RDRL1 RD
Write:

$026C PERL
Read: 0

PERL6 PERL5 PERL4 PERL3 PERL2 PERL1 PE
Write:

$026D PPSL
Read: 0

PPSL6 PPSL5 PPSL4 PPSL3 PPSL2 PPSL1 PP
Write:

$026E WOML
Read: 0

WOML6 WOML5 WOML4 WOML3 WOML2 WOML1 W
Write:

$026F Reserved
Read: 0 0 0 0 0 0 0 0
Write:

$0270 - $03FF Reserved Space

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
$0270
Ð $3FF

Reserved
Read: 0 0 0 0 0 0 0 0
Write:

Table 1-2. Assigned Part ID Numbers

Device Mask Set Number Part ID1

1 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 (or non full) mask set revision

MC9S12NE64 0L19S $8200

MC9S12NE64 1L19S $8201

$0240 - $026F Port Integration Module (PIM) (Sheet 3 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 B
MC9S12NE64 Data Sheet, Rev 1.0
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001C
pping
The PRTIDH register is constructed of four hexadecimal digits (0xABCD) as follows:

Digit ÒAÓ = Family ID
Digit ÒBÓ = Memory ID (ßash size)
Digit ÒCÓ = Major mask revision
Digit ÒDÓ = Minor mask revision

Currently, family IDs are:

0x0 = D family
0x1 = H family
0x2 = B family
0x3 = C family
0x4 = T family
0x5 = E family
0x6 = reserved
0x7 = reserved
0x8 = NE family

Current memory IDs are:

0x0 = 256K
0x1 = 128K
0x2 = 64K
0x3 = 32K
0x4 = 512K

The major and minor mask revision increments from 0x0 as follows:

¥ Major mask increments on a complete (full/all layer) mask change.
¥ Minor mask increments on a single or smaller than full mask change.

The device memory sizes are located in two 8-bit registers MEMSIZ0 and MEMSIZ1 (addresses $
and $001D after reset).Table 1-3 shows the read-only values of these registers. See the module ma
and control (MMC) block description chapter for further details.

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.

Table 1-3. Memory Size Registers

Register Name Value

MC9S12NE64 MEMSIZ0 $03

MC9S12NE64 MEMSIZ1 $80
MC9S12NE64 Data Sheet, Rev 1.0
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d ßat
1.2.1 Device Pinout

The MC9S12NE64 is available in a 112-pin low-proÞle quad ßat pack (LQFP) and in an 80-pin qua
pack (TQFP-EP). Most pins perform two or more functions, as described in this section.Figure 1-3 and
Figure 1-4 show the pin assignments.

1.2.1.1 112-Pin LQFP

Figure 1-3. Pin Assignments in 112-Pin LQFP for MC9S12NE64
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is used
 as
1.2.1.2 80-Pin TQFP-EP

The MEBI is not available in the 80-pin package. The 80-pin package features an exposed tab that
for enhanced thermal management. The exposed tab requires special PCB layout considerations
described inAppendix B, ÒSchematic and PCB Layout Design Recommendations.Ó

Figure 1-4. Pin Assignments in 80-Pin TQFP-EP for MC9S12NE64
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1.2.2 Signal Properties Summary

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

 order
80 Pin

No.
112 Pin

No.

Pin
Name

Function
1

Pin
Name

Function
2

Pin
Name

Function
3

Power
Domain

Internal Pull
Resistor

Description
Reset
State

CTRL
Reset
State

28 1 1 PH6 KWH6 MII_TXER VDDX
PERH/
PPSH

Disabled
Port H I/O pin;
EMAC MII transmit
error; interrupt

Input

29 2 2 PH5 KWH5 MII_TXEN VDDX
PERH/
PPSH

Disabled
Port H I/O pin;
EMAC MII transmit
enable; interrupt

Input

30 3 3 PH4 KWH4 MII_TXCLK VDDX
PERH/
PPSH

Disabled
Port H I/O pin;
EMAC MII transmit
clock; interrupt

Input

31 4 4 PH3 KWH3 MII_TXD3 VDDX
PERH/
PPSH

Disabled
Port H I/O pin;
EMAC MII transmit
data; interrupt

Input

32 5 5 PH2 KWH2 MII_TXD2 VDDX
PERH/
PPSH

Disabled
Port H I/O pin;
EMAC MII transmit
data; interrupt

Input

33 6 6 PH1 KWH1 MII_TXD1 VDDX
PERH/
PPSH

Disabled
Port H I/O pin;
EMAC MII transmit
data; interrupt

Input

34 7 7 PH0 KWH0 MII_TXD0 VDDX
PERH/
PPSH

Disabled
Port H I/O pin;
EMAC MII transmit
data; interrupt

Input

40 8 8 PJ0 KWJ0 MII_MDC VDDX
PERJ/
PPSJ

Disabled
Port J I/O pin; EMAC
MII management
data clock; interrupt

Input

39 9 9 PJ1 KWJ1 MII_MDIO VDDX
PERJ/
PPSJ

Disabled
Port J I/O pin; EMAC
MII management
data I/O; interrupt

Input

15 —
10–13
16–19

PB[7:0]
ADDR[7:0]

/
DATA[7:0]

— VDDX PUCR Disabled
Port B I/O pin;
multiplexed
address/data

Input

62 10 14 VDDX1 — — See Table 1-5

63 11 15 VSSX1 — — See Table 1-5

38 12 20 PJ2 KWJ2 MII_CRS VDDX
PERJ/
PPSJ

Disabled
Port J I/O pin; EMAC
MII carrier sense;
interrupt

Input

37 13 21 PJ3 KWJ3 MII_COL VDDX
PERJ/
PPSJ

Disabled
Port J I/O pin; EMAC
MII collision;
interrupt

Input

27 14 22 PG0 KWG0 MII_RXD0 VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
EMAC MII receive
data; interrupt

Input

26 15 23 PG1 KWG1 MII_RXD1 VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
EMAC MII receive
data; interrupt

Input
MC9S12NE64 Data Sheet, Rev 1.0
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25 16 24 PG2 KWG2 MII_RXD2 VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
EMAC MII receive
data; interrupt

Input

24 17 25 PG3 KWG3 MII_RXD3 VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
EMAC MII receive
data; interrupt

Input

23 18 26 PG4 KWG4 MII_RXCLK VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
EMAC MII receive
clock; interrupt

Input

22 19 27 PG5 KWG5 MII_RXDV VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
EMAC MII receive
data valid; interrupt

Input

21 20 28 PG6 KWG6 MII_RXER VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
EMAC MII receive
error; interrupt

Input

20 — 29 PG7 KWG7 — VDDX
PERG/
PPSG

Disabled
Port G I/O pin;
interrupt

Input

55 21 30 PS0 SCI0_RXD — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SCI0
receive signal

Input

54 22 31 PS1 SCI0_TXD — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SCI0
transmit signal

Input

53 23 32 PS2 SCI1_RXD — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SCI1
receive signal

Input

52 24 33 PS3 SCI1_TXD — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SCI1
transmit signal

Input

51 25 34 PS4 SPI_MISO — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SPI
MISO signal

Input

50 26 35 PS5 SPI_MOSI — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SPI
MOSI signal

Input

49 27 36 PS6 SPI_SCK — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SPI
SCK signal

Input

48 28 37 PS7 SPI_SS — VDDX
PERS/
PPSS

Disabled
Port S I/O pin; SPI
SS signal

Input

6 — 38 PE7 NOACC — VDDX PUCR Up
Port E I/O pin;
access

Input

7 — 39 PE6 IPIPE1 MODB VDDX
While RESET

pin is low: Down

Port E I/O pin; pipe
status; mode
selection

Input

8 — 40 PE5 IPIPE0 MODA VDDX
While RESET

pin is low: Down

Port E I/O pin; pipe
status; mode
selection

Input

9 29 41 PE4 ECLK — VDDX PUCR Up
Port E I/O pin; bus
clock output

Input

64 30 42 VSSX2 — — See Table 1-5

65 31 43 VDDX2 — — See Table 1-5

Table 1-4. Signal Properties (Sheet 2 of 4)

 order
80 Pin

No.
112 Pin

No.

Pin
Name

Function
1

Pin
Name

Function
2

Pin
Name

Function
3

Power
Domain

Internal Pull
Resistor

Description
Reset
State

CTRL
Reset
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4 32 44 RESET — — VDDX None None External reset pin Input

66 33 45 VDDPLL — — See Table 1-5

3 34 46 XFC — — VDDPLL NA NA PLL filter pin

67 35 47 VSSPLL — — See Table 1-5

1 36 48 EXTAL — — VDDPLL NA NA
Oscillator pins

Input

2 37 49 XTAL — — VDDPLL NA NA Output

68 38 50 TEST — — VDDX None None  Must be grounded Input

41 — 51 PL6 — — VDDX
PERL/
PPSL

Disabled Port L I/O pin Input

42 — 52 PL5 — — VDDX
PERL/
PPSL

Disabled Port L I/O pin Input

10 — 53 PE3 TAGLO LSTRB VDDX PUCR Up
Port E I/O pin; low
strobe; tag signal
low

Input

11 — 54 PE2 R/W — VDDX PUCR Up
Port E I/O pin; R/W
in expanded
modes

Input

12 39 55 PE1 IRQ — VDDX PUCR Up
Port E input; external
interrupt pin

Input

13 40 56 PE0 XIRQ — VDDX PUCR Up
Port E input;
non-maskable
interrupt pin

Input

5 41 57 BKGD MODC TAGHI VDDX None Up
Background debug;
mode pin; tag signal
high

Input

43 42 58 PL4 COLLED — VDDX
PERL/
PPSL

Disabled
Port L I/O pin; EPHY
collision LED

Input

44 43 59 PL3 DUPLED — VDDX
PERL/
PPSL

Disabled
Port L I/O pin; EPHY
full duplex LED

Input

14 —
60–63
77–80

PA[7:0]
ADDR[15:8]/
DATA[15:8]

— VDDX PUCR Disabled
Port A I/O pin;
multiplexed
address/data

Input

69 44 64 VSS2 — — See Table 1-5

70 45 65 VDD2 — — See Table 1-5

61 46 66 PHY_RBIAS — —
PHY_
VSSA

NA NA

Bias control:1.0%
external resistor
(see the Electricals
Chapter for RBias)

Analog
Input

71 47 67 PHY_VSSA — — See Table 1-5

72 48 68 PHY_VDDA — — See Table 1-5

73 49 69 PHY_VDDTX — — See Table 1-5

58 50 70 PHY_TXP — —
PHY_

VDDTX
NA NA Twisted pair output +

Analog
Output

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

 order
80 Pin
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57 51 71 PHY_TXN — —
PHY_

VDDTX
NA NA Twisted pair output –

Analog
Output

74 52 72 PHY_VSSTX — — See Table 1-5

60 53 73 PHY_RXP — —
PHY_

VDDRX
NA NA Twisted pair input +

Analog
Input

59 54 74 PHY_RXN — —
PHY_

VDDRX
NA NA Twisted pair input –

Analog
Input

75 55 75 PHY_VDDRX — — See Table 1-5

76 56 76 PHY_VSSRX — — See Table 1-5

45 57 81 PL2 SPDLED — VDDX
PERL/
PPSL

Disabled
Port L I/O pin; EPHY
100 Mbps LED

Input

77 58 82
VDDR/

VREGEN
— — See Table 1-5

46 59 83 PL1 LNKLED — VDDX
PERL/
PPSL

Disabled
Port L I/O pin; EPHY
valid link LED

Input

47 60 84 PL0 ACTLED — VDDX
PERL/
PPSL

Disabled
Port L I/O pin; EPHY
transmit or receive
LED

Input

16 61–68 85–92 PAD[7:0] AN[7:0] — VDDA None None
Port AD input pins;
ATD inputs

Input

78 69 93 VDDA — — See Table 1-5

79 70 94 VRH — — See Table 1-5

80 71 95 VRL — — See Table 1-5

81 72 96 VSSA — — See Table 1-5

19 —
97–100
103–104

PK[5:0]
XADDR
[19:14]

— VDDX PUCR Up
Port K I/O pins;
extended
addresses

Input

82 73 101 VSS1 — — See Table 1-5

83 74 102 VDD1 — — See Table 1-5

18 — 105 PK[6] XCS — VDDX PUCR Up
Port K I/O pin;
external chip select

Input

17 — 106 PK[7] ECS ROMCTL VDDX PUCR Up
Port K I/O pin;
emulation chip
select;

Input

56 75–78 107–110 PT[7:4]
TIM_IOC

[7:4]
— VDDX

PERT/
PPST

Disabled
Port T I/O pins; timer
TIM input cap.
output compare

Input

35 79 111 PJ7 KWJ7 IIC_SCL VDDX
PERJ/
PPSJ

Disabled
Port J I/O pin; IIC
SCL; interrupt

Input

36 80 112 PJ6 KWJ6 IIC_SDA VDDX
PERJ/
PPSJ

Disabled
Port J I/O pin; IIC
SDA; interrupt

Input

Table 1-4. Signal Properties (Sheet 4 of 4)
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NOTE
Signals shown in bold are not available in the 80-pin package.

NOTE
If the port pins are not bonded out in the chosen package, the user must
initialize the registers to be inputs with enabled pull resistance to avoid
excess current consumption. This applies to the following pins:

(80-Pin TQFP-EP): Port A[7:0], Port B[7:0], Port E[7,6,5,3,2], Port K[7:0];
Port G[7]; Port L[6:5]

1.2.3 Detailed Signal Descriptions

1.2.3.1 EXTAL, XTAL — Oscillator Pins

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

1.2.3.2 RESET — External Reset Pin

RESET is an active-low bidirectional control signal that acts as an input to initialize the MCU to a kn
start-up state. It also acts as an open-drain output to indicate that an internal failure has been det
either the clock monitor or COP watchdog circuit. External circuitry connected to theRESET pin must not
include a large capacitance that would interfere with the ability of this signal to rise to a valid logic
within 32 ECLK cycles after the low drive is released. Upon detection of any reset, an internal circ
drives theRESET pin low and a clocked reset sequence controls when the MCU can begin norma
processing. TheRESET pin includes an internal pull-up device.

1.2.3.3 XFC — PLL Loop Filter Pin

Dedicated pin used to create the PLL Þlter. SeeA.12.3.1, ÒXFC Component Selection,Ó and the CRG block
description chapter for more detailed information.

1.2.3.4 BKGD / MODC / TAGHI — Background Debug / Tag High / Mode Pin

The BKGD / MODC /TAGHI pin is used as a pseudo-open-drain pin for background debug
communication. It is used as an MCU operating mode select pin during reset. The state of this pin
latched to the MODC bit at the rising edge ofRESET. In MCU expanded modes of operation, while
instruction tagging is on, an input low on this pin during the falling edge of E-clock tags the high h
the instruction word being read into the instruction queue. This pin always has an internal pull-up.

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

PA[7:0] are general-purpose I/O pins. In MCU expanded modes of operation, these pins are used
multiplexed external address and data bus. PA[7:0] pins are not available in the 80-pin package ve
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.6 PB[7:0] / ADDR[7:0] / DATA[7:0] — Port B I/O Pins

PB[7:0] are general-purpose I/O pins. In MCU expanded modes of operation, these pins are used
multiplexed external address and data bus. PB[7:0] pins are not available in the 80-pin package v

1.2.3.7 PE7 / NOACC  — Port E I/O Pin 7

PE7 is a general-purpose I/O pin. During MCU expanded modes of operation, the NOACC signal,
enabled, is used to indicate that the current bus cycle is an unused or free cycle. This signal will asse
the CPU is not using the bus.

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

PE6 is a general-purpose I/O pin. It is used as an MCU operating mode select pin during reset. T
of this pin is latched to the MODB bit at the rising edge ofRESET. This pin is shared with the instruction
queue tracking signal IPIPE1. PE6 is an input with a pulldown device that is active only whileRESET is
low. PE6 is not available in the 80-pin package version.

1.2.3.9 PE5 / IPIPE0 / MODA — Port E I/O Pin 5

PE5 is a general-purpose I/O pin. It is used as an MCU operating mode select pin during reset. T
of this pin is latched to the MODA bit at the rising edge ofRESET. This pin is shared with the instruction
queue tracking signal IPIPE0. This pin is an input with a pull-down device that is only active whileRESET
is low. PE5 is not available in the 80-pin package version.

1.2.3.10 PE4 / ECLK— Port E I/O Pin 4 / E-Clock Output

PE4 is a general-purpose I/O pin. In normal single chip mode, PE4 is conÞgured with an active pu
while in reset and immediately out of reset. The pull-up can be turned off by clearing PUPEE in the P
register. In all modes except normal single chip mode, the PE4 pin is initially conÞgured as the ou
connection for the internal bus clock (ECLK). ECLK is used as a timing reference and to demultiple
address and data in expanded modes. The ECLK frequency is equal to 1/2 the crystal frequency 
reset. The ECLK output function depends upon the settings of the NECLK bit in the PEAR registe
IVIS bit in the MODE register, and the ESTR bit in the EBICTL register. All clocks, including the ECL
are halted while the MCU is in stop mode. It is possible to conÞgure the MCU to interface to slow ext
memory. ECLK can be stretched for such accesses. The PE4 pin is initially conÞgured as ECLK o
with stretch in all expanded modes. See the MISC register (EXSTR[1:0] bits) for more information
normal expanded narrow mode, the ECLK is available for use in external select decode logic or a
constant speed clock for use in the external application system.
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.11 PE3 / TAGLO / LSTRB — Port E I/O Pin 3 / Low-Byte Strobe (LSTRB)

PE3 can be used as a general-purpose I/O in all modes and is an input with an active pull-up out o
The pull-up can be turned off by clearing PUPEE in the PUCR register. PE3 can also be conÞgur
Low-Byte Strobe (LSTRB). TheLSTRB signal is used in write operations, so external low byte writes w
not be possible until this function is enabled.LSTRB can be enabled by setting the LSTRE bit in the PEA
register. In expanded wide and emulation narrow modes, and while BDM tagging is enabled, theLSTRB
function is multiplexed with theTAGLO function. While enabled, a logic zero on theTAGLO pin at the
falling edge of ECLK will tag the low byte of an instruction word being read into the instruction que
PE3 is not available in the 80-pin package version.

1.2.3.12 PE2 / R/W — Port E I/O Pin 2 / Read/Write

PE2 can be used as a general-purpose I/O in all modes and is conÞgured as an input with an active
out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR register. If the read/wr
function is required, it must be enabled by setting the RDWE bit in the PEAR register. External writes
not be possible until the read/write function is enabled. The PE2 pin is not available in the 80-pin pa
version.

1.2.3.13 PE1 / IRQ — Port E Input Pin 1 / Maskable Interrupt Pin

PE1 is always an input and can be read anytime. The PE1 pin is also theIRQ input used for requesting an
asynchronous interrupt to the MCU. During reset, the I bit in the condition code register (CCR) is se
anyIRQ interrupt is masked until the I bit is cleared. TheIRQ is software programmable to either
falling-edge-sensitive triggering or level-sensitive triggering based on the setting of the IRQE bit in
IRQCR register. TheIRQ is always enabled and conÞgured to level-sensitive triggering out of reset. It
be disabled by clearing IRQEN bit in the IRQCR register. There is an active pull-up on this pin wh
reset and immediately out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR re

1.2.3.14 PE0 / XIRQ — Port E input Pin 0 / Non-Maskable Interrupt Pin

PE0 is always an input and can be read anytime. The PE0 pin is also theXIRQ input for requesting a
non-maskable asynchronous interrupt to the MCU. During reset, the X bit in the condition code re
(CCR) is set and anyXIRQ interrupt is masked until the X bit is cleared. Because theXIRQ input is level
sensitive triggered, it can be connected to a multiple-source wired-OR network. There is an active p
on this pin while in reset and immediately out of reset. The pull-up can be turned off by clearing PU
in the PUCR register.

1.2.3.15 PK7 / ECS / ROMCTL — Port K I/O Pin 7

PK7 is a general-purpose I/O pin. During MCU expanded modes of operation, while the EMK bit i
MODE register is set to 1, this pin is used as the emulation chip select output (ECS). In expanded modes,
the PK7 pin can be used to determine the reset state of the ROMON bit in the MISC register. At the
edge ofRESET, the state of the PK7 pin is latched to the ROMON bit. There is an active pull-up on
pin while in reset and immediately out of reset. The pull-up can be turned off by clearing PUPKE i
PUCR register. PK7 is not available in the 80-pin package version.
MC9S12NE64 Data Sheet, Rev 1.0

Freescale Semiconductor 49



Chapter 1 MC9S12NE64 Device Overview

n the
es that
reset.
l bus
age

 the
us.
n be
lock

ed as

MCU
s a
pter

he
MCU
s a
pter

he
g the
ed as
apter
1.2.3.16 PK6 / XCS — Port K I/O Pin 6

PK6 is a general-purpose I/O pin. During MCU expanded modes of operation, while the EMK bit i
MODE register is set to 1, this pin is used as an external chip select signal for most external access
are not selected by ECS. There is an active pull-up on this pin while in reset and immediately out of
The pull-up can be turned off by clearing PUPKE in the PUCR register. See the multiplexed externa
interface (MEBI) block description chapter for further details. PK6 is not available in the 80-pin pack
version.

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

PK[5:0] are general-purpose I/O pins. In MCU expanded modes of operation, when the EMK bit in
MODE register is set to 1, PK[5:0] provide the expanded address XADDR[19:14] for the external b
There are active pull-ups on PK[5:0] pins while in reset and immediately out of reset. The pull-up ca
turned off by clearing PUPKE in the PUCR register. See multiplexed external bus interface (MEBI) b
description chapter for further details. PK[5:0] are not available in the 80-pin package version.

1.2.3.18 PAD[7:0] / AN[7:0]  — Port AD Input Pins [7:0]

PAD[7:0] are the analog inputs for the analog-to-digital converter (ATD). They can also be conÞgur
general-purpose digital input. See the port integration module (PIM) PIM_9NE64 block description
chapter and the ATD_10B8C block description chapter for information about pin conÞgurations.

1.2.3.19 PG7 / KWG7 — Port G I/O Pin 7

PG7 is a general-purpose I/O pin. It can be conÞgured to generate an interrupt (KWG7) causing the
to exit stop or wait mode. While in reset and immediately out of reset, the PG7 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
for information about pin conÞgurations.

1.2.3.20 PG6 / KWG6 / MII_RXER — Port G I/O Pin 6

PG6 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
receive error (MII_RXER) signal. It can be conÞgured to generate an interrupt (KWG6) causing the
to exit stop or wait mode. While in reset and immediately out of reset, the PG6 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.21 PG5 / KWG5 / MII_RXDV — Port G I/O Pin 5

PG5 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
receive data valid (MII_RXDV) signal. It can be conÞgured to generate an interrupt (KWG5) causin
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PG5 pin is conÞgur
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description ch
and the EMAC block description chapter for information about pin conÞgurations.
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.22 PG4 / KWG4 / MII_RXCLK — Port G I/O Pin 4

PG4 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
receive clock (MII_RXCLK) signal. It can be conÞgured to generate an interrupt (KWG4) causing 
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PG4 pin is conÞgur
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description ch
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.23 PG3 / KWG3 / MII_RXD3 — Port G I/O Pin 3

PG3 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
receive data (MII_RXD3) signal. It can be conÞgured to generate an interrupt (KWG3) causing the
to exit stop or wait mode. While in reset and immediately out of reset, the PG3 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.24 PG2 / KWG2 / MII_RXD2 — Port G I/O Pin 2

PG2 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
receive data (MII_RXD2) signal. It can be conÞgured to generate an interrupt (KWG2) causing the
to exit stop or wait mode. While in reset and immediately out of reset, the PG2 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.25 PG1 / KWG1 / MII_RXD1 — Port G I/O Pin 1

PG1 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
receive data (MII_RXD1) signal. It can be conÞgured to generate an interrupt (KWG1) causing the
to exit stop or wait mode. While in reset and immediately out of reset, the PG1 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.26 PG0 / KWG0 / MII_RXD0 — Port G I/O Pin 0

PG0 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
receive data (MII_RXD0) signal. It can be conÞgured to generate an interrupt (KWG0) causing the
to exit stop or wait mode. While in reset and immediately out of reset, the PG0 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.27 PH6 / KWH6 / MII_TXER — Port H I/O Pin 6

PH6 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
transmit error (MII_TXER) signal. It can be conÞgured to generate an interrupt (KWH6) causing the M
to exit stop or wait mode. While in reset and immediately out of reset, the PH6 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.28 PH5 / KWH5 / MII_TXEN — Port H I/O Pin 5

PH5 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
transmit enabled (MII_TXEN) signal. It can be conÞgured to generate an interrupt (KWH5) causin
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PH5 pin is conÞgur
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description ch
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.29 PH4 / KWH4 / MII_TXCLK — Port H I/O Pin 4

PH4 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
transmit Clock (MII_TXCLK) signal. It can be conÞgured to generate an interrupt (KWH4) causing
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PH4 pin is conÞgur
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description ch
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.30 PH3 / KWH3 / MII_TXD3 — Port H I/O Pin 3

PH3 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
transmit data (MII_TXD3) signal. It can be conÞgured to generate an interrupt (KWH3) causing the M
to exit stop or wait mode. While in reset and immediately out of reset, the PH3 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.31 PH2 / KWH2 / MII_TXD2 — Port H I/O Pin 2

PH2 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
transmit data (MII_TXD2) signal. It can be conÞgured to generate an interrupt (KWH2) causing the M
to exit stop or wait mode. While in reset and immediately out of reset, the PH2 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.32 PH1 / KWH1 / MII_TXD1 — Port H I/O Pin 1

PH1 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
transmit data (MII_TXD1) signal. It can be conÞgured to generate an interrupt (KWH1) causing the M
to exit stop or wait mode. While in reset and immediately out of reset, the PH1 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.33 PH0 / KWH0 / MII_TXD0 — Port H I/O Pin 0

PH0 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes t
transmit data (MII_TXD0) signal. It can be conÞgured to generate an interrupt (KWH0) causing the M
to exit stop or wait mode. While in reset and immediately out of reset, the PH0 pin is conÞgured a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.34 PJ7 / KWJ7 / IIC_SCL — Port J I/O Pin 7

PJ7 is a general-purpose I/O pin. When the IIC module is enabled, it becomes the serial clock line
(IIC_SCL) for the IIC module (IIC). It can be conÞgured to generate an interrupt (KWJ7) causing t
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJ7 pin is conÞgu
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description ch
and the IIC block description chapter for information about pin conÞgurations.

1.2.3.35 PJ6 / KWJ6 / IIC_SDA — Port J I/O Pin 6

PJ6 is a general-purpose I/O pin. When the IIC module is enabled, it becomes the serial data line
(IIC_SDL) for the IIC module (IIC). It can be conÞgured to generate an interrupt (KWJ6) causing t
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJ6 pin is conÞgu
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description ch
and the IIC block description chapter for information about pin conÞgurations.

1.2.3.36 PJ3 / KWJ3 / MII_COL — Port J I/O Pin 3

PJ3 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes th
collision (MII_COL) signal. It can be conÞgured to generate an interrupt (KWJ3) causing the MCU to
stop or wait mode. While in reset and immediately out of reset, the PJ3 pin is conÞgured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.37 PJ2 / KWJ2 / MII_CRS /— Port J I/O Pin 2

PJ2 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes the c
sense (MII_CRS) signal. It can be conÞgured to generate an interrupt (KWJ2) causing the MCU t
stop or wait mode. While in reset and immediately out of reset, the PJ2 pin is conÞgured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.38 PJ1 / KWJ1 / MII_MDIO — Port J I/O Pin 1

PJ1 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes th
Management Data I/O (MII_MDIO) signal. It can be conÞgured to generate an interrupt (KWH1) cau
the MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJ1 pin is conÞg
as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block descripti
chapter and the EMAC block description chapter for information about pin conÞgurations.

1.2.3.39 PJ0 / KWJ0 / MII_MDC — Port J I/O Pin 0

PJ0 is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes th
management data clock (MII_MDC) signal. It can be conÞgured to generate an interrupt (KWJ0) ca
the MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJ0 pin is conÞg
as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block descripti
chapter and the EMAC block description chapter for information about pin conÞgurations.
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1.2.3.40 PL6 — Port L I/O Pin 6

PL6 is a general-purpose I/O pin. While in reset and immediately out of reset, the PL6 pin is conÞ
as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block descripti
chapter for information about pin conÞgurations.

1.2.3.41 PL5 — Port L I/O Pin 5

PL5 is a general-purpose I/O pin. While in reset and immediately out of reset, the PL5 pin is conÞ
as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block descripti
chapter for information about pin conÞgurations.

1.2.3.42 PL4 / COLLED — Port L I/O Pin 4

PL4 is a general-purpose I/O pin. When the internal Ethernet physical transceiver (EPHY) is enable
the EPHYCTL0 LEDEN bit set, it becomes the collision status signal (COLLED). While in reset an
immediately out of reset the PL4 pin is conÞgured as a high-impedance input pin. See the port integ
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin conÞgurations.

1.2.3.43 PL3 / DUPLED — Port L I/O Pin 3

PL3 is a general-purpose I/O pin. When the internal Ethernet physical transceiver (EPHY) is enable
the EPHYCTL0 LEDEN bit set, it becomes the duplex status signal (DUPLED). While in reset and
immediately out of reset, the PL3 pin is conÞgured as a high-impedance input pin. See the port integ
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin conÞgurations.

1.2.3.44 PL2 / SPDLED — Port L I/O Pin 2

PL2 is a general-purpose I/O pin. When the internal Ethernet physical transceiver (EPHY) is enable
the EPHYCTL0 LEDEN bit set, it becomes the speed status signal (SPDLED). While in reset and
immediately out of reset, the PL2 pin is conÞgured as a high-impedance input pin. See the port integ
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin conÞgurations.

1.2.3.45 PL1 / LNKLED — Port L I/O Pin 1

PL1 is a general-purpose I/O pin. When the internal Ethernet physical transceiver (EPHY) is enable
the EPHYCTL0 LEDEN bit set, it becomes the link status signal (LNKLED). While in reset and
immediately out of reset, the PL1 pin is conÞgured as a high-impedance input pin. See the port integ
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin conÞgurations.
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.46 PL0 / ACTLED — Port L I/O Pin 0

PL0 is a general-purpose I/O pin. When the internal Ethernet physical transceiver (EPHY) is enable
the EPHYCTL0 LEDEN bit set, it becomes theactive status signal (ACTLED). While in reset and
immediately out of reset, the PL0 pin is conÞgured as a high-impedance input pin. See the port integ
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin conÞgurations.

1.2.3.47 PS7 / SPI_SS — Port S I/O Pin 7

PS7 is a general-purpose I/O. When the serial peripheral interface (SPI) is enabled, PS7 becomes t
select pinSS. While in reset and immediately out of reset, the PS7 pin is conÞgured as a high-impe
input pin. See the port integration module (PIM) PIM_9NE64 block description chapter and the SPI b
description chapter for information about pin conÞgurations.

1.2.3.48 PS6 / SPI_SCK — Port S I/O Pin 6

PS6 is a general-purpose I/O pin. When the serial peripheral interface (SPI) is enabled, PS6 becom
serial clock pin, SCK. While in reset and immediately out of reset, the PS6 pin is conÞgured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description cha
and the SPI block description chapter for information about pin conÞgurations.

1.2.3.49 PS5 / SPI_MOSI — Port S I/O Pin 5

PS5 is a general-purpose I/O pin. When the serial peripheral interface (SPI) is enabled, PS5 becom
master output (during master mode) or slave input (during slave mode) pin. While in reset and immed
out of reset, the PS5 pin is conÞgured as a high-impedance input pin. See the port integration mo
(PIM) PIM_9NE64 block description chapter and the SPI block description chapter for information a
pin conÞgurations.

1.2.3.50 PS4 / SPI_MISO — Port S I/O Pin 4

PS4 is a general-purpose I/O pin. When the serial peripheral interface (SPI) is enabled, PS4 becom
master input (during master mode) or slave output (during slave mode) pin. While in reset and immed
out of reset, the PS4 pin is conÞgured as a high-impedance input pin. See the port integration mo
(PIM) PIM_9NE64 block description chapter and the SPI block description chapter for information a
pin conÞgurations.

1.2.3.51 PS3 / SCI1_TXD — Port S I/O Pin 3

PS3 is a general-purpose I/O. When the serial communications interface 1 (SCI1) transmitter is e
PS3 becomes the transmit pin, TXD, of SCI1. While in reset and immediately out of reset, the PS3
conÞgured as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 blo
description chapter and the SCI block description chapter for information about pin conÞgurations
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.52 PS2 / SCI1_RXD — Port S I/O Pin 2

PS2 is a general-purpose I/O. When the serial communications interface 1 (SCI1) receiver is enable
becomes the receive pin RXD of SCI1. While in reset and immediately out of reset, the PS2 pin is
conÞgured as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 blo
description chapter and the SCI block description chapter for information about pin conÞgurations

1.2.3.53 PS1 / SCI0_TXD — Port S I/O Pin 1

PS1 is a general-purpose I/O. When the serial communications interface 0 (SCI0) transmitter is e
PS1 becomes the transmit pin, TXD, of SCI0. While in reset and immediately out of reset, the PS1
conÞgured as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 blo
description chapter and the SCI block description chapter for information about pin conÞgurations

1.2.3.54 PS0 / SCI0_RXD — Port S I/O Pin 0

PS0 is a general-purpose I/O. When the serial communications interface 0 (SCI0) receiver is enable
becomes the receive pin RXD0 of SCI0. While in reset and immediately out of reset, the PS0 pin 
conÞgured as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 blo
description chapter and the SCI block description chapter for information about pin conÞgurations

1.2.3.55 PT[7:4] / IOC1[7:4] — Port T I/O Pins [7:4]

PT[7:4] are general-purpose I/O pins. While the timer system 1 (TIM1) is enabled, these pins can a
conÞgured as the TIM1 input capture or output compare pins IOC1[7-4]. While in reset and immed
out of reset, the PT[7:4] pins are conÞgured as a high-impedance input pins. See the port integra
module (PIM) PIM_9NE64 block description chapter and the TIM_16B4C block description chapte
information about pin conÞgurations.

1.2.3.56 PHY_TXP — EPHY Twisted Pair Output +

Ethernet twisted pair output pin. This pin is hi-z out of reset.

1.2.3.57 PHY_TXN — EPHY Twisted Pair Output –

Ethernet twisted pair output pin. This pin is hi-z out of reset.

1.2.3.58 PHY_RXP — EPHY Twisted Pair Input +

Ethernet twisted pair input pin. This pin is hi-z out of reset.

1.2.3.59 PHY_RXN — EPHY Twisted Pair Input –

Ethernet twisted pair input pin. This pin is hi-z out of reset.
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.3.60 PHY_RBIAS — EPHY Bias Control Resistor

Connect a 1.0% external resistor, RBIAS, between PHY_RBIAS pin and PHY_VSSA. This resistor
be placed as near as possible to the chip pin. Stray capacitance must be kept to less than 10 pF (
may cause instability). No high-speed signals are allowed in the region of RBIAS.

1.2.4 Power Supply Pins

1.2.4.1 VDDX1, VDDX2, VSSX1, VSSX2 — Power & Ground Pins for I/O & Internal
Voltage Regulator

External power and ground for I/O drivers. Bypass requirements depend on how heavily the MCU pi
loaded.

1.2.4.2 VDDR/VREGEN — Power Pin for Internal Voltage Regulator

External power for internal voltage regulator.

1.2.4.3 VDD1, VDD2, VSS1, VSS2 — Core Power Pins

Power is supplied to the MCU through VDD and VSS. This 2.5V supply is derived from the interna
voltage regulator. No static load is allowed on these pins. The internal voltage regulator is turned 
VDDR/VREGEN is tied to ground.

1.2.4.4 VDDA, VSSA — Power Supply Pins for ATD and VREG_PHY

VDDA and VSSA are the power supply and ground input pins for the voltage regulator and the
analog-to-digital converter.

1.2.4.5 PHY_VDDA, PHY_VSSA — Power Supply Pins for EPHY Analog

Power is supplied to the Ethernet physical transceiver (EPHY) PLLs through PHY_VDDA and
PHY_VSSA. This 2.5V supply is derived from the internal voltage regulator. No static load is allowe
these pins. The internal voltage regulator is turned off, if VDDR/VREGEN is tied to ground.

1.2.4.6 PHY_VDDRX, PHY_VSSRX — Power Supply Pins for EPHY Receiver

Power is supplied to the Ethernet physical transceiver (EPHY) receiver through PHY_VDDRX and
PHY_VSSRX. This 2.5V supply is derived from the internal voltage regulator. No static load is allo
on these pins. The internal voltage regulator is turned off, if VDDR/VREGEN is tied to ground.

1.2.4.7 PHY_VDDTX, PHY_VSSTX — Power Supply Pins for EPHY Transmitter

External power is supplied to the Ethernet physical transceiver (EPHY) transmitter through PHY_VD
and PHY_VSSTX. This 2.5 V supply is derived from the internal voltage regulator. No static load i
allowed on these pins. The internal voltage regulator is turned off, if VDDR/VREGEN is tied to ground.
MC9S12NE64 Data Sheet, Rev 1.0
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1.2.4.8 VRH, VRL — ATD Reference Voltage Input Pins

VRH and VRL are the reference voltage input pins for the analog-to-digital converter.

1.2.4.9 VDDPLL, VSSPLL — Power Supply Pins for PLL

Provides operating voltage and ground for the oscillator and the phase-locked loop. This allows the s
voltage to the oscillator and PLL to be bypassed independently. This 2.5 V voltage is generated b
internal voltage regulator. The internal voltage regulator is turned off, if VDDR/VREGEN is tied to ground.

NOTE
All V SS pins must be connected together in the application. 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 near to the MCU as possible. Bypass requirements depend on MCU
pin load.

Table 1-5. MC9S12NE64 Power and Ground Connection Summary

Mnemonic Nominal
Voltage Description

VDDR/VREGEN 3.3 V
External power and ground, supply to internal voltage regulator.
To disable voltage regulator attach VREGEN to VSSX.

VDDX1
VDDX2

3.3 V
External power and ground, supply to pin drivers.

VSSX1
VSSX2

0 V

VDDA 3.3 V Operating voltage and ground for the analog-to-digital converter, the
reference for the internal voltage regulator and the digital-to-analog
converters, allows the supply voltage to the A/D to be bypassed
independently.

VSSA
0 V

VRH 3.3 V Reference voltage high for the analog-to-digital converter.

VRL 0 V Reference voltage low for the analog-to-digital converter.

PHY_VDDTX
PHY_VDDRX
PHY_VDDA

2.5 V Internal power and ground generated by internal regulator for internal
Ethernet Physical Transceiver (EPHY). These also allow an external
source to supply the EPHY voltages and bypass the internal voltage
regulator.

PHY_VSSTX
PHY_VSSRX
PHY_VSSA

0V

VDD1
VDD2

2.5 V Internal power and ground generated by internal regulator. These also
allow an external source to supply the core VDD/VSS voltages and
bypass the internal voltage regulator.VSS1

 VSS2
0 V

VDDPLL 2.5 V Provide operating voltage and ground for the phase-locked loop. This
allows the supply voltage to the PLL to be bypassed independently.
Internal power and ground generated by internal regulator.

VSSPLL 0 V
MC9S12NE64 Data Sheet, Rev 1.0
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1.3 System Clock Description
The clock and reset generator provides the internal clock signals for the core and all peripheral m
Figure 1-5 shows the clock connections from the CRG to all modules. See the CRG block descript
chapter for details on clock generation.

Figure 1-5. Clock Connections

1.4 Modes of Operation
There are eight possible modes of operation available on the MC9S12NE64. Each mode has an ass
default memory map and external bus conÞguration.

1.4.1 Chip Configuration Summary

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pins d
reset. The MODC, MODB, and MODA bits in the MODE register show the current operating mode
provide limited mode switching during operation. The states of the MODC, MODB, and MODA pins
latched into these bits on the rising edge of theRESET signal. The ROMCTL signal allows the setting o
the ROMON bit in the MISC register thus controlling whether the internal FLASH is visible in the mem
map. ROMON = 1 means the FLASH is visible in the memory map. The state of the ROMCTL pin
latched into the ROMON bit in the MISC register on the rising edge of theRESET signal.

CRG bus clock

core clock

EXTAL

XTAL

oscillator clock

S12_CORE

EPHY

RAM

SCI

ATD

FLASH

TIM

VREG_PHY

SPI

PIM

EMAC

IIC
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For further explanation on the modes, see the MEBI block description chapter.

1.4.2 Security

The MC9S12NE64 provides a security feature that prevents the unauthorized read and write of th
memory contents1. This feature allows:

¥ Protection of the contents of FLASH
¥ Operation in single-chip mode
¥ Operation from external memory with internal FLASH disabled

On-chip security can be compromised by user code. An extreme example would be user code that
the contents of the internal program. This code would defeat the purpose of security. At the same tim
user may also wish to put a back door in the user program. An example of this would be the user
downloading a key through the SCI, which would allow access to a programming routine that could u
parameters.

1.4.2.1 Securing the Microcontroller

After the user has programmed the FLASH, the MCU can be secured by programming the securit
located in the FLASH module. These nonvolatile bits will keep the MCU secured through resetting
MCU and through powering down the MCU.

The security byte resides in a portion of the FLASH array.

See the FLASH block description chapter for more details on the security conÞguration.

Table 1-6. Mode Selection

BKGD =
MODC

PE6 =
MODB

PE5 =
MODA

PP6 =
ROMCTL

ROMON
Bit Mode Description

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
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

1.No security feature is absolutely secure. However, Freescale SemiconductorÕs strategy is to make reading or co
the FLASH difficult for unauthorized users.
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1.4.2.2 Operation of the Secured Microcontroller

1.4.2.2.1 Normal Single Chip Mode

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

1.4.2.2.2 Executing from External Memory

The user may wish to execute from external memory with a secured microcontroller. This is accomp
by resetting directly into expanded mode. The internal FLASH will be disabled. BDM operations wi
blocked.

1.4.2.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, the internal FLASH must be erased. This can be perform
through an external program in expanded mode.

After the user has erased the FLASH, the MCU can be reset into special single chip mode. This inv
program that veriÞes the erasure of the internal FLASH. After this program completes, the user can
and program the FLASH security bits to the unsecured state. This is generally performed through
BDM, but the user could also change to expanded mode (by writing the mode bits through the BDM
jumping to an external program (again through BDM commands). Note that if the MCU goes throu
reset before the security bits are reprogrammed to the unsecure state, the MCU will be secured a

1.5 Low-Power Modes
The microcontroller features three main low-power modes. See the respective block description c
for information on the module behavior in stop, pseudo stop, and wait mode. An important source
information about the clock system is the clock and reset generator (CRG) block description chap

1.5.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator thus putting the chip in fully s
mode. Wakeup from this mode can be performed via reset or external interrupts.

1.5.2 Pseudo Stop

This mode is entered by executing the CPU STOP instruction. In this mode, the oscillator stays ru
and the real-time interrupt (RTI) or watchdog (COP) sub module can stay active. Other peripheral
turned off. This mode consumes more current than the full stop mode, but the wakeup time from this
is signiÞcantly shorter.
MC9S12NE64 Data Sheet, Rev 1.0
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1.5.3 Wait

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

1.5.4 Run

Although this is not a low-power mode, unused peripheral modules must not be enabled in order t
power.

1.6 Resets and Interrupts
See the exception processing section of the CPU12 reference manual for information on resets a
interrupts. System resets can be generated through external control of theRESET pin, through the clock
and reset generator module (CRG), or through the low-voltage reset (LVR) generator of the voltag
regulator module. See the CRG and VREG_PHY block description sections for detailed informatio
reset generation.

1.6.1 Vectors

Table 1-7 lists interrupt sources and vectors in default order of priority.

Table 1-7. Interrupt Vector Locations

Vector
No.

Vector
Address

Vector
Name Interrupt Source CCR

Mask Local Enable HPRIO Value
to Elevate

0 $FFFE, $FFFF Vreset

External reset, power on reset or
low voltage reset (see CRG flags

register to determine reset
source)

None None —

1 $FFFC, $FFFD Vclkmon Clock monitor fail reset None
COPCTL (CME,

FCME)
—

2 $FFFA, $FFFB Vcop COP failure reset None COP rate select —

3 $FFF8, $FFF9 Vtrap Unimplemented instruction trap None None —

4 $FFF6, $FFF7 Vswi SWI None None —

5 $FFF4, $FFF5 Vxirq XIRQ X-Bit None —

6 $FFF2, $FFF3 Virq IRQ I-Bit INTCR (IRQEN) $F2

7 $FFF0, $FFF1 Vrti Real-time interrupt I-Bit CRGINT (RTIE) $F0

8
through

11
$FFE8 to $FFEF Reserved

12 $FFE6, $FFE7 Vtimch4 Standard timer channel 4 I-Bit T0IE (T0C4I) $E6

13 $FFE4, $FFE5 Vtimch5 Standard timer channel 5 I-Bit T0IE (T0C5I) $E4

14 $FFE2, $FFE3 Vtimch6 Standard timer channel 6 I-Bit T0IE (T0C6I) $E2

15 $FFE0, $FFE1 Vtimch7 Standard timer channel 7 I-Bit T0IE (T0C7I) $E0
MC9S12NE64 Data Sheet, Rev 1.0
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16 $FFDE, $FFDF Vtimovf Standard timer overflow I-Bit T0MSK2 (T0OI) $DE

17 $FFDC, $FFDD Vtimpaovf Pulse accumulator overflow I-Bit PACTL0 (PAOVI0) $DC

18 $FFDA, $FFDB Vtimpaie Pulse accumulator input edge I-Bit PACTL0 (PAI0) $DA

19 $FFD8, $FFD9 Vspi SPI I-Bit SPCR1 (SPIE, SPTIE) $D8

20 $FFD6, $FFD7 Vsci0 SCI0 I-Bit
SC0CR2

(TIE, TCIE, RIE, ILIE)
$D6

21 $FFD4, $FFD5 Vsci1 SCI1 I-Bit
SC1CR2

(TIE, TCIE, RIE, ILIE)
$D4

22 $FFD2, $FFD3 Vatd ATD I-Bit ATDCTL2 (ASCIE) $D2

23 $FFD0, $FFD1 Reserved

24 $FFCE, $FFCF Vportj Port J I-Bit PTJIF (PTJIE) $CE

25 $FFCC, $FFCD Vporth Port H I-Bit PTHIF (PTHIE) $CC

26 $FFCA, $FFCB Vportg Port G I-Bit PTGIF (PTGIE) $CA

27 $FFC8, $FFC9 Reserved

28 $FFC6, $FFC7 Vcrgplllck CRG PLL lock I-Bit PLLCR (LOCKIE) $C6

29 $FFC4, $FFC5 Vcrgscm CRG self clock mode I-Bit PLLCR (SCMIE) $C4

30 $FFC2, $FFC3 Reserved

31 $FFC0, $FFC1 Viic IIC bus I-Bit IBCR (IBIE) $C0

32
through

34
$FFBA to $FFBF Reserved

35 $FFB8, $FFB9 Vflash FLASH I-Bit FCNFG (CCIE, CBEIE) $B8

36 $FFB6, $FFB7 Vephy EPHY interrupt I-Bit EPHYCTL0 (EPHYIE) $B6

37 $FFB4, $FFB5 Vemacrxbac EMAC receive buffer A complete I-Bit IMASK (RXACIE) $B4

38 $FFB2, $FFB3 Vemacrxbbc EMAC receive buffer B complete I-Bit IMASK (RXBCIE) $B2

39 $FFB0, $FFB1 Vemactxc
EMAC frame transmission

complete
I-Bit IMASK (TXCIE) $B0

40 $FFAE, $FFAF Vemacrxfc EMAC receive flow control I-Bit IMASK (RFCIE) $AE

41 $FFAC, $FFAD Vemacmii
EMAC MII management transfer

complete
I-Bit IMASK (MMCIE) $AC

42 $FFAA, $FFAB Vemacrxerr EMAC receive error I-Bit IMASK (RXAIE) $AA

43 $FFA8, $FFA9 Vemacrxbao EMAC receive buffer A overrun I-Bit IMASK (RXAOIE) $A8

44 $FFA6, $FFA7 Vemacrxbbo EMAC receive buffer B overrun I-Bit IMASK (RXBOIE) $A6

45 $FFA4, $FFA5 Vemacbrxerr EMAC babbling receive error I-Bit IMASK (BREIE) $A4

46 $FFA2, $FFA3 Vemaclc EMAC late collision I-Bit IMASK (LCIE) $A2

47 $FFA0, $FFA1 Vemacec EMAC excessive collision I-Bit IMASK (ECIE) $A0

48
through

63
$FF80 to $FF9F Reserved

Table 1-7. Interrupt Vector Locations (Continued)

Vector
No.

Vector
Address

Vector
Name Interrupt Source CCR

Mask Local Enable HPRIO Value
to Elevate
MC9S12NE64 Data Sheet, Rev 1.0
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1.6.2 Resets

Resets are a subset of the interrupts featured inTable 1-7. The different sources capable of generating a
system reset are summarized inTable 1-8.

1.6.2.1 Reset Summary Table

1.6.2.2 Effects of Reset

When a reset occurs, MCU registers and control bits are changed to known start-up states. See t
respective module block description chapter for register reset states. See the MEBI block descript
chapter for mode-dependent pin conÞguration of port A, B, E, and K out of reset.

See the PIM block description chapter for reset conÞgurations of all peripheral module ports.

SeeTable 1-1 for locations of the memories depending on the operating mode after reset.

The RAM array is not automatically initialized out of reset.

1.7 Block Configuration for MC9S12NE64
This section contains information regarding how the modules are implemented on the MC9S12NE
device.

1.7.1 VDDR/VREGEN

On the MC9S12NE64, the VDDR/VREGENpin is used to enable or disable the internal voltage 3.3V to 2.
regulator. If this pin is tied low, then VDD1, VDD2, VDDPLL, PHY_VDDRX, PHY_VDDTX, and
PHY_VDDA must be supplied externally.

1.7.2 VDD1, VDD2, VSS1, VSS2

In both the 112-pin LQFP and the 80-pin TQFP-EP package versions, both internal VDD and VSS of the
2.5 V domain are bonded out on two sides of the device as two pin pairs (VDD1/VSS1 and VDD2/VSS2).
VDD1 and VDD2 are connected together internally. VSS1and VSS2are connected together internally. This
allows systems to employ better supply routing and further decoupling.

Table 1-8. Reset Summary

Reset Priority Source Vector

Power-on reset 1 CRG module $FFFE, $FFFF

External reset 1 RESET pin $FFFE, $FFFF

Low-voltage reset 1 VREG_PHY module $FFFE, $FFFF

Clock monitor reset 2 CRG module $FFFC, $FFFD

COP watchdog reset 3 CRG module $FFFA, $FFFB
MC9S12NE64 Data Sheet, Rev 1.0
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1.7.3 Clock Reset Generator (CRG)

See the CRG chapter for information about the clock and reset generator module. For the MC9S12
only the Pierce circuitry is available for the oscillator.

The low-voltage reset feature uses the low-voltage reset signal from the VREG_PHY module as an
to the CRG module. When the regulator output voltage supply to the internal chip logic falls below
speciÞed threshold, the LVR signal from the VREG_PHY module causes the CRG module to gen
reset. See the VREG_PHY block description chapter for voltage level speciÞcations.

1.7.4 Oscillator (OSC)

See the OSC chapter for information about the oscillator module. The XCLKS input signal is not ava
on the MC9S12NE64. The signal is internally tied low to select the Pierce oscillator or external clo
conÞguration.

1.7.5 Ethernet Media Access Controller (EMAC)

See the EMAC chapter for information about the Ethernet media access controller module. The EM
part of the IPBus domain.

1.7.5.1 EMAC MII External Pin Configuration

When the EMAC is conÞgured for and external Ethernet physical transceiver internal pull-ups and
pull-downs are not automatically conÞgured on the MII inputs. Any internal pull-up or pull-down resis
which may be required, must be conÞgured by setting the appropriate pull control registers in the
integration module (PIM). This implementation allows the use of external pull-up and pull-down resis

1.7.5.2 EMAC Internal PHY Configuration

When the EXTPHY bit (in the EMAC NETCTL register) is set to 1, the EMAC is conÞgured to work w
the internal EPHY block. Please see1.7.6, ÒEthernet Physical Transceiver (EPHY),Ó for more information
regarding the EPHY block.

1.7.5.3 Low-Power Operation

Special care must be taken when executing STOP and WAIT instructions while using the EMAC, o
undesired operation may result.

1.7.5.3.1 Wait

Transmit and receive operations are not possible in wait mode if the CWAI bit is set in the CLKSE
register because the clocks to the transmit and receive buffers are stopped. It is recommended th
EMAC ESWAI bit be set if wait mode is entered with the CWAI set.
MC9S12NE64 Data Sheet, Rev 1.0
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1.7.5.3.2 Stop

During system low-power stop mode, the EMAC is immediately disabled. Any receive in progress
dropped and any PAUSE time-out is cleared. The user must not to enter low-power stop mode wh
TXACT or BUSY are set.

1.7.6  Ethernet Physical Transceiver (EPHY)

See the EPHY chapter for information about the Ethernet physical transceiver module. The EPHY al
MII register space which is not part of the MCU address space and not accessible via the IP bus. Th
registers can be accessed using the MDIO functions of the EMAC when the EMAC is conÞgured 
internal PHY operation. The MII pins of the EPHY are not externally accessible. All communication
management of the EPHY must be performed using the EMAC.

The organization unique identiÞer (OUI) for the MC9S12NE64 is 00-60-11 (hex).

1.7.6.1 Low-Power Operation

Special care must be taken when executing STOP and WAIT instructions while using the EPHY o
undesired operation may result.

1.7.6.1.1 Wait

Transmit and receive operations are not possible in wait mode if the CWAI bit is set in the CLKSE
register because the clocks to the internal MII interface are stopped.

1.7.6.1.2 Stop

During system low-power stop mode, the EPHY is immediately reset and powered down. Upon ex
stop mode, the a start-up delay is required prior to initiating MDIO communications with the EPHY.
A.14, ÒEPHY Electrical CharacteristicsÓ for details. It is not possible to use an EPHY interrupt to wa
the system from stop mode.

1.7.7 RAM 8K Block Description

This module supports single-cycle misaligned word accesses without wait states.

In addition to operating as the CPU storage, the 8K system RAM also functions as the Ethernet b
while the EMAC module is enabled. While the EMAC is enabled, the Ethernet buffer will occupy 0.3
to 4.5K of RAM with physical addresses starting at $0000 and ending at $017F up to $11FF, depe
on the setting of the BUFMAP bits in the EMAC Ethernet buffer conÞguration register (BUFCFG).
relative RAM address, which are controlled by settings in the internal RAM position register (INTR
must be tracked in software.

The Ethernet buffer operation of the RAM is independent of the CPU and allows same cycle read
access from the CPU and the EMAC. No hardware blocking mechanism is implemented to preven
CPU from accessing the Ethernet RAM space, so care must be taken to ensure that the CPU doe
corrupt the RAM Ethernet contents.
MC9S12NE64 Data Sheet, Rev 1.0
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Chapter 2
64 Kbyte Flash Module (S12FTS64KV3)

2.1 Introduction
This document describes the FTS64K module that includes a 64Kbyte Flash (nonvolatile) memory
Flash memory may be read as either bytes, aligned words, or misaligned words. Read access tim
bus cycle for bytes and aligned words, and two bus cycles for misaligned words.

The Flash memory is ideal for program and data storage for single-supply applications allowing for
reprogramming without requiring external voltage sources for program or erase. Program and era
functions are controlled by a command driven interface. The Flash module supports both block era
sector erase. An erased bit reads 1 and a programmed bit reads 0. The high voltage required to p
and erase the Flash memory is generated internally. It is not possible to read from a Flash block wh
being erased or programmed.

CAUTION
A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.

2.1.1 Glossary

Command Write Sequence Ñ A three-step MCU instruction sequence to execute built-in algorithms
(including program and erase) on the Flash memory.

2.1.2 Features
¥ 64 Kbytes of Flash memory comprised of one 64 Kbyte block divided into 128 sectors of 512
¥ Automated program and erase algorithm
¥ Interrupts on Flash command completion, command buffer empty
¥ Fast sector erase and word program operation
¥ 2-stage command pipeline for faster multi-word program times
¥ Sector erase abort feature for critical interrupt response
¥ Flexible protection scheme to prevent accidental program or erase
¥ Single power supply for all Flash operations including program and erase
¥ Security feature to prevent unauthorized access to the Flash memory
¥ Code integrity check using built-in data compression

2.1.3 Modes of Operation

Program, erase, erase verify, and data compress operations (please refer toSection 2.4.1 for details).
MC9S12NE64 Data Sheet, Rev. 1.1
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t of the
2.1.4 Block Diagram

A block diagram of the Flash module is shown inFigure 2-1.

Figure 2-1. FTS64K Block Diagram

2.2 External Signal Description
The Flash module contains no signals that connect off-chip.

2.3 Memory Map and Register Definition
This subsection describes the memory map and registers for the Flash module.

2.3.1 Module Memory Map

The Flash memory map is shown inFigure 2-2. The HCS12 architecture places the Flash memory
addresses between 0x4000 and 0xFFFF which corresponds to three 16-Kbyte pages. The conten

FTS64K

Flash Block
32K * 16 Bits

Oscillator
Clock
Divider

Clock

Command
Interface

Command Pipeline

comm2
Command
Interrupt
Request

FCLK

addr2
data2

comm1
addr1
data1

Protection

Security

sector 0
sector 1

sector 127
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HCS12 core PPAGE register is used to map the logical middle page ranging from address 0x8000
0xBFFF to any physical 16 Kbyte page in the Flash memory. By placing 0x3E or 0x3F in the HCS12
PPAGE register, the associated 16 Kbyte pages appear twice in the MCU memory map.

The FPROT register, described inSection 2.3.2.5, ÒFlash Protection Register (FPROT)Ó, can be set to
globally protect a Flash block. However, three separate memory regions, one growing upward from
Þrst address in the next-to-last page in the Flash block (called the lower region), one growing dow
from the last address in the last page in the Flash block (called the higher region), and the remain
addresses in the Flash block, can be activated for protection. The Flash locations of these protect
regions are shown inTable 2-2. The higher address region is mainly targeted to hold the boot loader c
because it covers the vector space. The lower address region can be used for EEPROM emulatio
MCU without an EEPROM module because it can remain unprotected while the remaining address
protected from program or erase.

Security information that allows the MCU to restrict access to the Flash module is stored in the Fl
conÞguration Þeld, described inTable 2-1.

Table 2-1. Flash Configuration Field

Unpaged Flash
Address

Paged Flash Address
(PPAGE 0x3F)

Size
(bytes)

Description

0xFF00 - 0xFF07 0xBF00-0xBF07 8 Backdoor Comparison Key
Refer to Section Section 2.6.1,

“Unsecuring the MCU using
Backdoor Key Access”

0xFF08 - 0xFF0C 0xBF08-0xBF0C 5 Reserved

0xFF0D 0xBF0D 1 Flash Protection byte
Refer to Section 2.3.2.5, “Flash
Protection Register (FPROT)”

0xFF0E 0xBF0E 1 Flash Nonvolatile byte
Refer to Section 2.3.2.9, “Flash

Control Register (FCTL)”

0xFF0F 0xBF0F 1 Flash Security byte
Refer to Section 2.3.2.2, “Flash

Security Register (FSEC)”
MC9S12NE64 Data Sheet, Rev. 1.1
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Figure 2-2. Flash Memory Map

0xFF00 - 0xFF0F, Flash Configuration Field

0x8000

Flash Protected Low Sectors
0.5, 1, 2, 4 Kbytes

FLASH_START = 0x4000

0x4800

0x4200
0x4400

0x5000

16K PAGED

MEMORY

0x3C 0x3D 0x3E 0x3F

0x3E

Note: 0x3C-0x3F correspond to the PPAGE register content

FLASH_END = 0xFFFF

0xF800

0xF000

0xC000

0xE000 Flash Protected High Sectors
2, 4, 8, 16 Kbytes0x3F

Flash Registers

MODULE BASE + 0x0000

MODULE BASE + 0x000F

(16 bytes)

Flash Block
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module
The Flash module also contains a set of 16 control and status registers located in address space 
base + 0x0000 to module base + 0x000F. A summary of these registers is given inTable 2-3 while their
accessibility in normal and special modes is detailed inSection 2.3.2, ÒRegister DescriptionsÓ.

Table 2-2. Detailed Flash Memory Map Summary

MCU Address
Range

PPAGE
Protectable Lower

Range
Protectable

Higher Range
Block Relative

Address1

1 Block Relative Address for 64 Kbyte Flash block consists of 16 address bits.

0x4000-0x7FFF Unpaged
(0x3E)

0x4000-0x41FF N.A. 0x8000-0xBFFF

0x4000-0x43FF

0x4000-0x47FF

0x4000-0x4FFF

0x8000-0xBFFF 0x3C N.A. N.A. 0x0000-0x3FFF

0x3D N.A. N.A. 0x4000-0x7FFF

0x3E 0x8000-0x81FF N.A. 0x8000-0xBFFF

0x8000-0x83FF

0x8000-0x87FF

0x8000-0x8FFF

0x3F N.A. 0xB800-0xBFFF 0xC000-0xFFFF

0xB000-0xBFFF

0xA000-0xBFFF

0x8000-0xBFFF

0xC000-0xFFFF Unpaged
(0x3F)

N.A. 0xF800-0xFFFF 0xC000-0xFFFF

0xF000-0xFFFF

0xE000-0xFFFF

0xC000-0xFFFF

Table 2-3. Flash Register Map

Module
Base +

Register Name
Normal Mode

Access

0x0000 Flash Clock Divider Register (FCLKDIV) R/W

0x0001 Flash Security Register (FSEC) R

0x0002 RESERVED11 R

0x0003 Flash Configuration Register (FCNFG) R/W

0x0004 Flash Protection Register (FPROT) R/W

0x0005 Flash Status Register (FSTAT) R/W

0x0006 Flash Command Register (FCMD) R/W

0x0007 Flash Control Register (FCTL) R

0x0008 Flash High Address Register (FADDRHI)1 R

0x0009 Flash Low Address Register (FADDRLO)1 R
MC9S12NE64 Data Sheet, Rev. 1.1
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0x000A Flash High Data Register (FDATAHI) R

0x000B Flash Low Data Register (FDATALO) R

0x000C RESERVED21 R

0x000D RESERVED31 R

0x000E RESERVED41 R

0x000F RESERVED51 R
1  Intended for factory test purposes only.

Table 2-3. Flash Register Map
MC9S12NE64 Data Sheet, Rev. 1.1
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2.3.2 Register Descriptions

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

FCLKDIV R FDIVLD
PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIV0

W

FSEC R KEYEN RNV5 RNV4 RNV3 RNV2 SEC

W

FTSTMOD R 0 0 0 0 0 0 0 0

W

FCNFG R
CBEIE CCIE KEYACC

0 0 0 0 0

W

FPROT R
FPOPEN

RNV6
FPHDIS FPHS FPLDIS FPLS

W

FSTAT R
CBEIF

CCIF
PVIOL ACCERR

0 BLANK 0 0

W

FCMD R 0
CMDB

W

FCTL R NV7 NV6 NV5 NV4 NV3 NV2 NV1 NV0

W

FADDRHI R 0 FADDRHI

W

FADDRLO R FADDRLO

W

FDATAHI R FDATAHI

W

FDATALO R FDATALO

W

RESERVED1 R 0 0 0 0 0 0 0 0

W

= Unimplemented or Reserved

Figure 2-3. FTS64K Register Summary
MC9S12NE64 Data Sheet, Rev. 1.1
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2.3.2.1 Flash Clock Divider Register (FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

All bits in the FCLKDIV register are readable, bits 6-0 are write once and bit 7 is not writable.

2.3.2.2 Flash Security Register (FSEC)

The FSEC register holds all bits associated with the security of the MCU and Flash module.

RESERVED2 R 0 0 0 0 0 0 0 0

W

RESERVED3 R 0 0 0 0 0 0 0 0

W

RESERVED4 R 0 0 0 0 0 0 0 0

W

7 6 5 4 3 2 1 0

R FDIVLD
PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIV0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-4. Flash Clock Divider Register (FCLKDIV)

Table 2-4. FCLKDIV Field Descriptions

Field Description

7
FDIVLD

Clock Divider Loaded.
0 Register has not been written.
1 Register has been written to since the last reset.

6
PRDIV8

Enable Prescalar by 8.
0 The oscillator clock is directly fed into the clock divider.
1 The oscillator clock is divided by 8 before feeding into the clock divider.

5-0
FDIV[5:0]

Clock Divider Bits — The combination of PRDIV8 and FDIV[5:0] must divide the oscillator clock down to a
frequency of 150 kHz–200 kHz. The maximum divide ratio is 512. Please refer to Section 2.4.1.1, “Writing the
FCLKDIV Register” for more information.

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 2-3. FTS64K Register Summary (continued)
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t

All bits in the FSEC register are readable but are not writable.

The FSEC register is loaded from the Flash Configuration Field at address $FF0F during the rese
sequence, indicated by F inFigure 2-5.

The security function in the Flash module is described inSection 2.6, ÒFlash Module SecurityÓ.

7 6 5 4 3 2 1 0

R KEYEN RNV5 RNV4 RNV3 RNV2 SEC

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 2-5. Flash Security Register (FSEC)

Table 2-5. FSEC Field Descriptions

Field Description

1-0
KEYEN[1:0]

Backdoor Key Security Enable Bits —The KEYEN[1:0] bits define the enabling of backdoor key access to the
Flash module as shown in Table 2-6.

5-2
RNV[5:2]

Reserved Nonvolatile Bits — The RNV[5:2] bits must remain in the erased 1 state for future enhancements.

1-0
SEC[1:0]

Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 2-7. If the Flash
module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 2-6. Flash KEYEN States

KEYEN[1:0] Status of Backdoor Key Access

00 DISABLED

011

1 Preferred KEYEN state to disable Backdoor Key Access.

DISABLED

10 ENABLED

11 DISABLED

Table 2-7. Flash Security States

SEC[1:0] Status of Security

00 SECURED

011

1 Preferred SEC state to set MCU to secured state.

SECURED

10 UNSECURED

11 SECURED
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 not
2.3.2.3 RESERVED1

This register is reserved for factory testing and is not accessible.

All bits read 0 and are not writable in normal mode.

2.3.2.4 Flash Configuration Register (FCNFG)

The FCNFG register enables the Flash interrupts and gates the security backdoor writes.

CBEIE, CCIE and KEYACC bits are readable and writable while all remaining bits read 0 and are
writable. KEYACC is only writable if KEYEN (seeSection 2.3.2.2) is set to the enabled state.

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-6. RESERVED1

7 6 5 4 3 2 1 0

R
CBEIE CCIE KEYACC

0 0 0 0
BKSEL

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-7. Flash Configuration Register (FCNFG)

Table 2-8. FCNFG Field Descriptions

Field Description

7
CBEIE

Command Buffer Empty Interrupt Enable — The CBEIE bit enables an interrupt in case of an empty command
buffer in the Flash module.
0 Command buffer empty interrupt disabled.
1 An interrupt will be requested whenever the CBEIF flag (see Section 2.3.2.7, “Flash Status Register (FSTAT)”)

is set.
MC9S12NE64 Data Sheet, Rev. 1.1
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2.3.2.5 Flash Protection Register (FPROT)

The FPROT register defines which Flash sectors are protected against program or erase operatio

All bits in the FPROT register are readable and writable with restrictions except for RNV[6] which is o
readable (seeSection 2.3.2.6, ÒFlash Protection RestrictionsÓ).

During reset, the FPROT register is loaded from the Flash ConÞguration Field at address 0xFF0D
change the Flash protection that will be loaded during the reset sequence, the upper sector of the
memory must be unprotected, then the Flash Protect/Security byte located as described inTable 2-1must
be reprogrammed.

Trying to alter data in any of the protected areas in the Flash block will result in a protection violation
and the PVIOL flag will be set in the FSTAT register. A mass erase of the Flash block is not possi
any of the contained Flash sectors are protected.

6
CCIE

Command Complete Interrupt Enable — The CCIE bit enables an interrupt in case all commands have been
completed in the Flash module.
0 Command complete interrupt disabled.
1 An interrupt will be requested whenever the CCIF flag (see Section 2.3.2.7, “Flash Status Register (FSTAT)”)

is set.

5
KEYACC

Enable Security Key Writing
0 Flash writes are interpreted as the start of a command write sequence.
1 Writes to Flash array are interpreted as keys to open the backdoor. Reads of the Flash array return invalid

data.

Table 2-9. FPROT Field Descriptions

Field Description

7
FPOPEN

Protection Function Bit — The FPOPEN bit determines the protection function for program or erase as shown
in Table 2-10.
0 FPHDIS and FPLDIS bits define unprotected address ranges as specified by the corresponding FPHS[1:0]

and FPLS[1:0] bits. For an MCU without an EEPROM module, the FPOPEN clear state allows the main part
of the Flash block to be protected while a small address range can remain unprotected for EEPROM
emulation.

1 FPHDIS and FPLDIS bits enable protection for the address range specified by the corresponding FPHS[1:0]
and FPLS[1:0] bits.

6
RNV[6]

Reserved Nonvolatile Bit — The RNV[6] bit must remain in the erased state 1 for future enhancements.

5
FPHDIS

Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
protected/unprotected area in the higher address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

4:3
FPHS[1:0]

Flash Protection Higher Address Size — The FPHS[1:0] bits determine the size of the protected/unprotected
area as shown in Table 2-11. The FPHS[1:0] bits can only be written to while the FPHDIS bit is set.

Table 2-8. FCNFG Field Descriptions (continued)

Field Description
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2
FPLDIS

Flash Protection Lower address range Disable — The FPLDIS bit determines whether there is a
protected/unprotected area in the lower address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

1:0
FPLS[1:0]

Flash Protection Lower Address Size — The FPLS[1:0] bits determine the size of the protected/unprotected
area as shown in Table 2-12. The FPLS[1:0] bits can only be written to while the FPLDIS bit is set.

Table 2-10. Flash Protection Function

FPOPEN FPHDIS FPLDIS Function1

1 For range sizes, refer to  and .

1 1 1 No Protection

1 1 0 Protected Low Range

1 0 1 Protected High Range

1 0 0 Protected High and Low Ranges

0 1 1 Full Block Protected

0 1 0 Unprotected Low Range

0 0 1 Unprotected High Range

0 0 0 Unprotected High and Low Ranges

Table 2-11. Flash Protection Higher Address Range

FPHS[1:0]
 Unpaged

Address Range
Paged

Address Range
Protected Size

00 0xF800-0xFFFF 0x3F: 0xC800-0xCFFF 2 Kbytes

01 0xF000-0xFFFF 0x3F: 0xC000-0xCFFF 4 Kbytes

10 0xE000-0xFFFF 0x3F: 0xB000-0xCFFF 8 Kbytes

11 0xC000-0xFFFF 0x3F: 0x8000-0xCFFF 16 Kbytes

Table 2-12. Flash Protection Lower Address Range

FPLS[1:0]
 Unpaged

Address Range
Paged

Address Range
Protected Size

00 0x4000-0x41FF 0x3E: 0x8000-0x81FF 512 bytes

01 0x4000-0x43FF 0x3E: 0x8000-0x83FF 1 Kbyte

10 0x4000-0x47FF 0x3E: 0x8000-0x87FF 2 Kbytes

11 0x4000-0x4FFF 0x3E: 0x8000-0x8FFF 4 Kbytes

Table 2-9. FPROT Field Descriptions

Field Description
MC9S12NE64 Data Sheet, Rev. 1.1
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All possible Flash protection scenarios are illustrated inFigure 2-8. Although the protection scheme is
loaded from the Flash array after reset, it can be changed by the user. This protection scheme can
by applications requiring re-programming in single-chip mode while providing as much protection 
possible if re-programming is not required.
MC9S12NE64 Data Sheet, Rev. 1.1

Freescale Semiconductor 79



Chapter 2 64 Kbyte Flash Module (S12FTS64KV3)
Figure 2-8. Flash Protection Scenarios
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2.3.2.6 Flash Protection Restrictions

The general guideline is that Flash protection can only be added and not removed.Table 2-13speciÞes all
valid transitions between Flash protection scenarios. Any attempt to write an invalid scenario to th
FPROT register will be ignored and the FPROT register will remain unchanged. The contents of th
FPROT register reßect the active protection scenario. See the FPHS and FPLS descriptions for ad
restrictions.

2.3.2.7 Flash Status Register (FSTAT)

The FSTAT register defines the operational status of the module.

Table 2-13. Flash Protection Scenario Transitions

From
Protection
Scenario

To Protection Scenario1

1 Allowed transitions marked with X.

0 1 2 3 4 5 6 7

0 X X X X

1 X X

2 X X

3 X

4 X X

5 X X X X

6 X X X X

7 X X X X X X X X

7 6 5 4 3 2 1 0

R
CBEIF

CCIF
PVIOL ACCERR

0 BLANK 0 0

W

Reset 1 1 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-9. Flash Status Register (FSTAT - Normal Mode)

7 6 5 4 3 2 1 0

R
CBEIF

CCIF
PVIOL ACCERR

0 BLANK
FAIL

0

W

Reset 1 1 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-10. Flash Status Register (FSTAT - Special Mode)
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able,
ode.
CBEIF, PVIOL, and ACCERR are readable and writable, CCIF and BLANK are readable and not writ
remaining bits read 0and are not writable in normal mode. FAIL is readable and writable in special m
FAIL must be clear when starting a command write sequence.

Table 2-14. FSTAT Field Descriptions

Field Description

7
CBEIF

Command Buffer Empty Interrupt Flag — The CBEIF flag indicates that the address, data and command
buffers are empty so that a new command write sequence can be started. The CBEIF flag is cleared by writing
a 1 to CBEIF. Writing a 0 to the CBEIF flag has no effect on CBEIF. Writing a 0 to CBEIF after writing an aligned
word to the Flash address space but before CBEIF is cleared will abort a command write sequence and cause
the ACCERR flag to be set. Writing a 0 to CBEIF outside of a command write sequence will not set the ACCERR
flag. The CBEIF flag is used together with the CBEIE bit in the FCNFG register to generate an interrupt request
(see Figure 2-28).
0 Buffers are full.
1 Buffers are ready to accept a new command.

6
CCIF

Command Complete Interrupt Flag — The CCIF flag indicates that there are no more commands pending. The
CCIF flag is cleared when CBEIF is clear and sets automatically upon completion of all active and pending
commands. The CCIF flag does not set when an active commands completes and a pending command is
fetched from the command buffer. Writing to the CCIF flag has no effect on CCIF. The CCIF flag is used together
with the CCIE bit in the FCNFG register to generate an interrupt request (see Figure 2-28).
0 Command in progress.
1 All commands are completed.

5
PVIOL

Protection Violation Flag — The PVIOL flag indicates an attempt was made to program or erase an address
in a protected area of the Flash block during a command write sequence. The PVIOL flag is cleared by writing a
1 to PVIOL. Writing a 0 to the PVIOL flag has no effect on PVIOL. While PVIOL is set, it is not possible to launch
a command or start a command write sequence.
0 No failure.
1 A protection violation has occurred.

4
ACCERR

Access Error Flag — The ACCERR flag indicates an illegal access to the Flash array caused by either a
violation of the command write sequence, issuing an illegal command (illegal combination of the CMDBx bits in
the FCMD register), launching the sector erase abort command terminating a sector erase operation early or the
execution of a CPU STOP instruction while a command is executing (CCIF = 0). The ACCERR flag is cleared by
writing a 1 to ACCERR. Writing a 0 to the ACCERR flag has no effect on ACCERR. While ACCERR is set, it is
not possible to launch a command or start a command write sequence. If ACCERR is set by an erase verify
operation or a data compress operation, any buffered command will not launch.
0 No access error detected.
1 Access error has occurred.

2
BLANK

Erase Verify Operation Status Flag — When the CCIF flag is set after completion of an erase verify command,
the BLANK flag indicates the result of the erase verify operation. The BLANK flag is cleared by the Flash module
when CBEIF is cleared as part of a new valid command write sequence. Writing to the BLANK flag has no effect
on BLANK.
0 Flash block verified as not erased.
1 Flash block verified as erased.

1
FAIL

Flag Indicating a Failed Flash Operation — The FAIL flag will set if the erase verify operation fails (Flash block
verified as not erased). The FAIL flag is cleared by writing a 1 to FAIL. Writing a 0 to the FAIL flag has no effect
on FAIL.
0 Flash operation completed without error.
1 Flash operation failed.
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2.3.2.8 Flash Command Register (FCMD)

The FCMD register is the Flash command register.

All CMDB bits are readable and writable during a command write sequence while bit 7 reads 0 and
writable.

2.3.2.9 Flash Control Register (FCTL)

The FCTL register is the Flash control register.

All bits in the FCTL register are readable but are not writable.

The FCTL register is loaded from the Flash ConÞguration Field byte at $FF0E during the reset seq
indicated by F inFigure 2-12.

7 6 5 4 3 2 1 0

R 0
CMDB

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-11. Flash Command Register (FCMD - NVM User Mode)

Table 2-15. FCMD Field Descriptions

Field Description

6-0
CMDB[6:0]

Flash Command — Valid Flash commands are shown in Table 2-16. Writing any command other than those
listed in Table 2-16 sets the ACCERR flag in the FSTAT register.

Table 2-16. Valid Flash Command List

CMDB[6:0] NVM Command

0x05 Erase Verify
0x06 Data Compress
0x20 Word Program
0x40 Sector Erase
0x41 Mass Erase
0x47 Sector Erase Abort

7 6 5 4 3 2 1 0

R NV7 NV6 NV5 NV4 NV3 NV2 NV1 NV0

W

Reset F F F F F F F F

= Unimplemented or Reserved

Figure 2-12. Flash Control Register (FCTL)
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a

2.3.2.10 Flash Address Registers (FADDR)

The FADDRHI and FADDRLO registers are the Flash address registers.

All FADDRHI and FADDRLO bits are readable but are not writable. After an array write as part of 
command write sequence, the FADDR registers will contain the mapped MCU address written.

2.3.2.11 Flash Data Registers (FDATA)

The FDATAHI and FDATALO registers are the Flash data registers.

Table 2-17. FCTL Field Descriptions

Field Description

7-0
NV[7:0]

Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the Device User Guide for proper
use of the NV bits.

7 6 5 4 3 2 1 0

R 0 FADDRHI

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-13. Flash Address High Register (FADDRHI)

7 6 5 4 3 2 1 0

R FADDRLO

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-14. Flash Address Low Register (FADDRLO)

7 6 5 4 3 2 1 0

R FDATAHI

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-15. Flash Data High Register (FDATAHI)
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All FDATAHI and FDATALO bits are readable but are not writable. After an array write as part of a
command write sequence, the FDATA registers will contain the data written. At the completion of a
compress operation, the resulting 16-bit signature is stored in the FDATA registers. The data compr
signature is readable in the FDATA registers until a new command write sequence is started.

2.3.2.12 RESERVED2

This register is reserved for factory testing and is not accessible.

All bits read 0 and are not writable.

2.3.2.13 RESERVED3

This register is reserved for factory testing and is not accessible.

All bits read 0 and are not writable.

2.3.2.14 RESERVED4

This register is reserved for factory testing and is not accessible.

7 6 5 4 3 2 1 0

R FDATALO

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-16. Flash Data Low Register (FDATALO)

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-17. RESERVED2

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-18. RESERVED3
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All bits read 0 and are not writable.

2.3.2.15 RESERVED5

This register is reserved for factory testing and is not accessible.

All bits read 0 and are not writable.

2.4 Functional Description

2.4.1 Flash Command Operations

Write and read operations are both used for the program, erase, erase verify, and data compress alg
described in this subsection. The program and erase algorithms are time controlled by a state ma
whose timebase, FCLK, is derived from the oscillator clock via a programmable divider. The comm
register as well as the associated address and data registers operate as a buffer and a register (2-sta
so that a second command along with the necessary data and address can be stored to the buffer w
Þrst command remains in progress. This pipelined operation allows a time optimization when
programming more than one word on a speciÞc row in the Flash block as the high voltage generati
be kept active in between two programming commands. The pipelined operation also allows a
simpliÞcation of command launching. Buffer empty as well as command completion are signalled by
in the Flash status register with interrupts generated, if enabled.

The next paragraphs describe:

1. How to write the FCLKDIV register.
2. Command write sequences used to program, erase, and verify the Flash memory.
3. Valid Flash commands.
4. Effects resulting from illegal Flash command write sequences or aborting Flash operations

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-19. RESERVED4

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 2-20. RESERVED5
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2.4.1.1 Writing the FCLKDIV Register

Prior to issuing any program, erase, erase verify, or data compress command, it is first necessary t
the FCLKDIV register to divide the oscillator clock down to within the 150 kHz to 200 kHz range.
Because the program and erase timings are also a function of the bus clock, the FCLKDIV determi
must take this information into account.

If we deÞne:

¥ FCLK as the clock of the Flash timing control block,
¥ Tbus as the period of the bus clock, and
¥ INT(x) as taking the integer part of x (e.g. INT(4.323)=4).

Then, FCLKDIV register bits PRDIV8 and FDIV[5:0] are to be set as described inFigure 2-21.

For example, if the oscillator clock frequency is 950 kHz and the bus clock frequency is 10 MHz,
FCLKDIV bits FDIV[5:0] must be set to 4 (000100) and bit PRDIV8 set to 0. The resulting FCLK
frequency is then 190 kHz. As a result, the Flash program and erase algorithm timings are increase
the optimum target by:

CAUTION
Program and erase command execution time will increase proportionally
with the period of FCLK. Because of the impact of clock synchronization
on the accuracy of the functional timings, programming or erasing the Flash
memory cannot be performed if the bus clock runs at less than 1 MHz.
Programming or erasing the Flash memory with FCLK < 150 kHz must be
avoided. Setting FCLKDIV to a value such that FCLK < 150 kHz can
destroy the Flash memory due to overstress. Setting FCLKDIV to a value
such that (1/FCLK + Tbus) < 5µs can result in incomplete programming or
erasure of the Flash memory cells.

If the FCLKDIV register is written, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, the
FCLKDIV register has not been written since the last reset. Flash commands will not be executed
FCLKDIV register has not been written to.

200 190Ð( ) 200Ú 100× 5%=
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Figure 2-21. Determination Procedure for PRDIV8 and FDIV Bits

PRDIV8=1

YES

NO

PRDIV8=0 (reset)

FCLK=(PRDCLK)/(1+FDIV[5:0])

PRDCLK=oscillator_clockPRDCLK=oscillator_clock/8

PRDCLK[MHz]*(5+Tbus[µs])
NO

FDIV[5:0]=PRDCLK[MHz]*(5+Tbus[µs])-1

YES

START

Tbus < 1µs?

an integer?

FDIV[5:0]=INT(PRDCLK[MHz]*(5+Tbus[µs]))

1/FCLK[MHz] + Tbus[µs] > 5
AND

FCLK > 0.15 MHz
?

END
YES

NO

FDIV[5:0] > 4?

ALL COMMANDS IMPOSSIBLE

YES

NO

ALL COMMANDS IMPOSSIBLE

NO

TRY TO DECREASE Tbus

YES

OSCILLATOR
CLOCK

> 12.8 MHZ?
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2.4.1.2 Command Write Sequence

The Flash command controller is used to supervise the command write sequence to execute prog
erase, erase verify, and data compress algorithms.

Before starting a command write sequence, the ACCERR and PVIOL flags in the FSTAT register m
clear (seeSection 2.3.2.7, ÒFlash Status Register (FSTAT)Ó) and the CBEIF flag must be tested to
determine the state of the address, data, and command buffers. If the CBEIF flag is set, indicating
buffers are empty, a new command write sequence can be started. If the CBEIF flag is clear, indicat
buffers are not available, a new command write sequence will overwrite the contents of the address
and command buffers.

A command write sequence consists of three steps which must be strictly adhered to with writes t
Flash module not permitted between the steps. However, Flash register and array reads are allowed
a command write sequence. A command write sequence consists of the following steps:

1. Write an aligned data word to a valid Flash array address. The address and data will be sto
the address and data buffers, respectively. If the CBEIF ßag is clear when the Flash array 
occurs, the contents of the address and data buffers will be overwritten and the CBEIF ßag w
set.

2. Write a valid command to the FCMD register.
a) For the erase verify command (seeSection 2.4.1.3.1, ÒErase Verify CommandÓ), the contents

of the data buffer are ignored and all address bits in the address buffer are ignored.
b) For the data compress command (seeSection 2.4.1.3.2, ÒData Compress CommandÓ), the

contents of the data buffer represents the number of consecutive words to read for data
compression and the contents of the address buffer represents the starting address.

c) For the program command (seeSection 2.4.1.3.3, ÒProgram CommandÓ), the contents of the
data buffer will be programmed to the address speciÞed in the address buffer with all a
bits valid.

d) For the sector erase command (seeSection 2.4.1.3.4, ÒSector Erase CommandÓ), the contents
of the data buffer are ignored and address bits [9:0] contained in the address buffer are ig

e) For the mass erase command (seeSection 2.4.1.3.5, ÒMass Erase CommandÓ), the contents of
the data buffer and address buffer are ignored.

f) For the sector erase abort command (seeSection 2.4.1.3.6, ÒSector Erase Abort Command),
the contents of the data buffer and address buffer are ignored.

3. Clear the CBEIF ßag by writing a 1 to CBEIF to launch the command. When the CBEIF ßa
cleared, the CCIF ßag is cleared on the same bus cycle by internal hardware indicating tha
command was successfully launched. For all command write sequences except data compr
sector erase abort, the CBEIF ßag will set four bus cycles after the CCIF ßag is cleared indic
that the address, data, and command buffers are ready for a new command write sequence to
For data compress and sector erase abort operations, the CBEIF ßag will remain clear unt
operation completes.

A command write sequence can be aborted prior to clearing the CBEIF ßag by writing a 0 to the C
ßag and will result in the ACCERR ßag being set.
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Except for the sector erase abort command, a buffered command will wait for the active operation
completed before being launched. The sector erase abort command is launched when the CBEIF
cleared as part of a sector erase abort command write sequence. After a command is launched, t
completion of the command operation is indicated by the setting of the CCIF ßag. The CCIF ßag onl
when all active and buffered commands have been completed.

2.4.1.3 Valid Flash Commands

Table 2-18 summarizes the valid Flash commands along with the effects of the commands on the F
block.

CAUTION
A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.

Table 2-18. Valid Flash Command Description

FCMDB
NVM

Command
Function on Flash Memory

0x05 Erase
Verify

Verify all memory bytes in the Flash block are erased. If the Flash block is erased, the BLANK
flag in the FSTAT register will set upon command completion.

0x06 Data
Compress

Compress data from a selected portion of the Flash block. The resulting signature is stored in
the FDATA register.

0x20 Program Program a word (two bytes) in the Flash block.

0x40 Sector
Erase

Erase all memory bytes in a sector of the Flash block.

0x41 Mass
Erase

Erase all memory bytes in the Flash block. A mass erase of the full Flash block is only possible
when FPLDIS, FPHDIS, and FPOPEN bits in the FPROT register are set prior to launching the
command.

0x47 Sector
Erase
Abort

Abort the sector erase operation. The sector erase operation will terminate according to a set
procedure. The Flash sector must not be considered erased if the ACCERR flag is set upon
command completion.
MC9S12NE64 Data Sheet, Rev. 1.1
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2.4.1.3.1 Erase Verify Command

The erase verify operation is used to confirm that a Flash block is erased. After launching the erase
command, the CCIF flag in the FSTAT register will set after the operation has completed unless a s
command has been buffered. The number of bus cycles required to execute the erase verify oper
equal to the number of addresses in the Flash block plus 12 bus cycles as measured from the tim
CBEIF flag is cleared until the CCIF flag is set. The result of the erase verify operation is reflected i
state of the BLANK flag in the FSTAT register. If the BLANK flag is set in the FSTAT register, the Fla
memory is erased.

Figure 2-22. Example Erase Verify Command Flow

Write: Register FCLKDIV

Read: Register FCLKDIV

Bit FDIVLD set?

Write: Flash Block Address

Write: Register FCMD
Erase Verify Command 0x05

Write: Register FSTAT
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no
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Clock Register
Loaded
Check

1.

2.

3.

Clear bit ACCERR 0x10
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Read: Register FSTAT

no

no
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FSTAT register.
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2.4.1.3.2 Data Compress Command

The data compress command is used to check Flash code integrity by compressing data from a s
portion of the Flash block into a signature analyzer. The starting address for the data compress op
is defined by the address written during the command write sequence. The number of consecutiv
addresses compressed is defined by the data written during the command write sequence. The nu
words that can be compressed in a single data compress operation ranges from 1 to 16,384. After lau
the data compress command, the CCIF flag in the FSTAT register will set after the data compress
operation has completed. The number of bus cycles required to execute the data compress opera
equal to two times the number of addresses read plus 20 bus cycles as measured from the time the
flag is cleared until the CCIF flag is set. After the CCIF flag is set, the signature generated by the 
compress operation is available in the FDATA register. The signature in the FDATA register can b
compared to the expected signature to determine the integrity of the selected data stored in the Flas
If the last address of the Flash block is reached during the data compress operation, data compress
continue with the starting address of the Flash block.

NOTE
Since the FDATA register (or data buffer) is written to as part of the data
compress operation, a command write sequence is not allowed to be
buffered behind a data compress command write sequence. The CBEIF ßag
will not set after launching the data compress command to indicate that a
command must not be buffered behind it. If an attempt is made to start a new
command write sequence with a data compress operation active, the
ACCERR ßag in the FSTAT register will be set. A new command write
sequence must only be started after reading the signature stored in the
FDATA register.

In order to take corrective action, it is recommended that the data compress command be execute
Flash sector or subset of a Flash sector. If the data compress operation on a Flash sector returns an
signature, the Flash sector must be erased using the sector erase command and then reprogramm
the program command.

The data compress command can be used to verify that a sector or sequential set of sectors are e
MC9S12NE64 Data Sheet, Rev. 1.1
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Functional Description
Figure 2-23. Example Data Compress Command Flow
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2.4.1.3.3 Program Command

The program command is used to program a previously erased word in the Flash memory using a
embedded algorithm. If the word to be programmed is in a protected area of the Flash block, the P
flag in the FSTAT register will set and the program command will not launch. After the program comm
has successfully launched, the CCIF flag in the FSTAT register will set after the program operatio
completed unless a second command has been buffered.

A summary of the launching of a program operation is shown inFigure 2-24.

Figure 2-24. Example Program Command Flow
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Read: Register FSTAT
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2.4.1.3.4 Sector Erase Command

The sector erase command is used to erase the addressed sector in the Flash memory using an e
algorithm. If the Flash sector to be erased is in a protected area of the Flash block, the PVIOL flag
FSTAT register will set and the sector erase command will not launch. After the sector erase com
has successfully launched, the CCIF flag in the FSTAT register will set after the sector erase operati
completed unless a second command has been buffered.

Figure 2-25. Example Sector Erase Command Flow
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2.4.1.3.5 Mass Erase Command

The mass erase command is used to erase a Flash memory block using an embedded algorithm. If t
block to be erased contains any protected area, the PVIOL flag in the FSTAT register will set and the
erase command will not launch. After the mass erase command has successfully launched, the CC
in the FSTAT register will set after the mass erase operation has completed unless a second comm
been buffered.

Figure 2-26. Example Mass Erase Command Flow
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2.4.1.3.6 Sector Erase Abort Command

The sector erase abort command is used to terminate the sector erase operation so that other secto
Flash block are available for read and program operations without waiting for the sector erase ope
to complete. If the sector erase abort command is launched resulting in the early termination of an
sector erase operation, the ACCERR flag will set after the operation completes as indicated by th
flag being set. The ACCERR flag sets to inform the user that the sector may not be fully erased and
sector erase command must be launched before programming any location in that specific sector
sector erase abort command is launched but the active sector erase operation completes normall
ACCERR flag will not set upon completion of the operation as indicated by the CCIF flag being se
Therefore, if the ACCERR flag is not set after the sector erase abort command has completed, th
being erased when the abort command was launched is fully erased. The maximum number of cy
required to abort a sector erase operation is equal to four FCLK periods (seeSection 2.4.1.1, ÒWriting the
FCLKDIV RegisterÓ) plus five bus cycles as measured from the time the CBEIF flag is cleared unt
CCIF flag is set.

NOTE
Since the ACCERR bit in the FSTAT register may be set at the completion
of the sector erase abort operation, a command write sequence is not
allowed to be buffered behind a sector erase abort command write sequence.
The CBEIF ßag will not set after launching the sector erase abort command
to indicate that a command must not be buffered behind it. If an attempt is
made to start a new command write sequence with a sector erase abort
operation active, the ACCERR ßag in the FSTAT register will be set. A new
command write sequence may be started after clearing the ACCERR ßag, if
set.

NOTE
The sector erase abort command must be used sparingly because a sector
erase operation that is aborted counts as a complete program/erase cycle.
MC9S12NE64 Data Sheet, Rev. 1.1
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Figure 2-27. Example Sector Erase Abort Command Flow
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2.4.1.4 Illegal Flash Operations

The ACCERR flag will be set during the command write sequence if any of the following illegal steps
performed, causing the command write sequence to immediately abort:

1. Writing to a Flash address before initializing the FCLKDIV register.
2. Writing a byte or misaligned word to a valid Flash address.
3. Starting a command write sequence while a data compress operation is active.
4. Starting a command write sequence while a sector erase abort operation is active.
5. Writing a second word to a Flash address in the same command write sequence.
6. Writing to any Flash register other than FCMD after writing a word to a Flash address.
7. Writing a second command to the FCMD register in the same command write sequence.
8. Writing an invalid command to the FCMD register.
9. When security is enabled, writing a command other than mass erase to the FCMD register

the write originates from a non-secure memory location or from the Background Debug Mo
10. Writing to any Flash register other than FSTAT (to clear CBEIF) after writing to the FCMD

register.
11. Writing a 0 to the CBEIF ßag in the FSTAT register to abort a command write sequence.

The ACCERR flag will not be set if any Flash register is read during a valid command write seque

The ACCERR ßag will also be set if any of the following events occur:

1. Launching the sector erase abort command while a sector erase operation is active which re
the early termination of the sector erase operation (seeSection 2.4.1.3.6, ÒSector Erase Abort
CommandÓ)

2. The MCU enters stop mode and a program or erase operation is in progress. The operatio
aborted immediately and any pending command is purged (seeSection 2.5.2, ÒStop ModeÓ).

If the Flash memory is read during execution of an algorithm (i.e., CCIF flag in the FSTAT register is l
the read operation will return invalid data and the ACCERR flag will not be set.

If the ACCERR flag is set in the FSTAT register, the user must clear the ACCERR flag before sta
another command write sequence (seeSection 2.3.2.7, ÒFlash Status Register (FSTAT)Ó).

The PVIOL flag will be set after the command is written to the FCMD register during a command w
sequence if any of the following illegal operations are attempted, causing the command write seque
immediately abort:

1. Writing the program command if the address written in the command write sequence was 
protected area of the Flash memory.

2. Writing the sector erase command if the address written in the command write sequence w
protected area of the Flash memory.

3. Writing the mass erase command while any Flash protection is enabled.

If the PVIOL flag is set in the FSTAT register, the user must clear the PVIOL flag before starting ano
command write sequence (seeSection 2.3.2.7, ÒFlash Status Register (FSTAT)Ó).
MC9S12NE64 Data Sheet, Rev. 1.1
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2.5 Operating Modes

2.5.1 Wait Mode

If a command is active (CCIF = 0) when the MCU enters wait mode, the active command and any bu
command will be completed.

The Flash module can recover the MCU from wait mode if the CBEIF and CCIF interrupts are ena
(Section 2.8, ÒInterruptsÓ).

2.5.2 Stop Mode

If a command is active (CCIF = 0) when the MCU enters stop mode, the operation will be aborted a
the operation is program or erase, the Flash array data being programmed or erased may be corrup
the CCIF and ACCERR flags will be set. If active, the high voltage circuitry to the Flash memory w
immediately be switched off when entering stop mode. Upon exit from stop mode, the CBEIF flag
and any buffered command will not be launched. The ACCERR flag must be cleared before starti
command write sequence (seeSection 2.4.1.2, ÒCommand Write SequenceÓ).

NOTE
As active commands are immediately aborted when the MCU enters stop
mode, it is strongly recommended that the user does not use the STOP
instruction during program or erase operations.

2.5.3 Background Debug Mode

In background debug mode (BDM), the FPROT register is writable. If the MCU is unsecured, then
Flash commands listed inTable 2-18 can be executed.

2.6 Flash Module Security
The Flash module provides the necessary security information to the MCU. After each reset, the F
module determines the security state of the MCU as deÞned inSection 2.3.2.2, ÒFlash Security Registe
(FSEC)Ó.

The contents of the Flash security byte at 0xFF0F in the Flash conÞguration Þeld must be changed
by programming 0xFF0F when the MCU is unsecured and the higher address sector is unprotected
Flash security byte remains in a secured state, any reset will cause the MCU to initialize to a secu
operating mode.

2.6.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge
contents of the backdoor keys (four 16-bit words programmed at addresses 0xFF00Ð0xFF07). If 
KEYEN[1:0] bits are in the enabled state (seeSection 2.3.2.2, ÒFlash Security Register (FSEC)Ó) and the
MC9S12NE64 Data Sheet, Rev. 1.1
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KEYACC bit is set, a write to a backdoor key address in the Flash memory triggers a comparison be
the written data and the backdoor key data stored in the Flash memory. If all four words of data are w
to the correct addresses in the correct order and the data matches the backdoor keys stored in th
memory, the MCU will be unsecured. The data must be written to the backdoor keys sequentially st
with 0xFF00Ð0xFF01 and ending with 0xFF06Ð0xFF07. 0x0000 and 0xFFFF are not permitted a
backdoor keys. While the KEYACC bit is set, reads of the Flash memory will return invalid data.

The user code stored in the Flash memory must have a method of receiving the backdoor key fro
external stimulus. This external stimulus would typically be through one of the on-chip serial ports

If the KEYEN[1:0] bits are in the enabled state (seeSection 2.3.2.2, ÒFlash Security Register (FSEC)),
the MCU can be unsecured by the backdoor access sequence described below:

1. Set the KEYACC bit in the Flash conÞguration register (FCNFG).
2. Write the correct four 16-bit words to Flash addresses 0xFF00Ð0xFF07 sequentially startin

0xFF00.
3. Clear the KEYACC bit.
4. If all four 16-bit words match the backdoor keys stored in Flash addresses 0xFF00Ð0xFF0

MCU is unsecured and the SEC[1:0] bits in the FSEC register are forced to the unsecure s
1:0.

The backdoor key access sequence is monitored by an internal security state machine. An illegal op
during the backdoor key access sequence will cause the security state machine to lock, leaving the
in the secured state. A reset of the MCU will cause the security state machine to exit the lock stat
allow a new backdoor key access sequence to be attempted. The following operations during the ba
key access sequence will lock the security state machine:

1. If any of the four 16-bit words does not match the backdoor keys programmed in the Flash
2. If the four 16-bit words are written in the wrong sequence.
3. If more than four 16-bit words are written.
4. If any of the four 16-bit words written are 0x0000 or 0xFFFF.
5. If the KEYACC bit does not remain set while the four 16-bit words are written.
6. If any two of the four 16-bit words are written on successive MCU clock cycles.

After the backdoor keys have been correctly matched, the MCU will be unsecured. After the MCU
unsecured, the Flash security byte can be programmed to the unsecure state, if desired.

In the unsecure state, the user has full control of the contents of the backdoor keys by programmi
addresses 0xFF00Ð0xFF07 in the Flash conÞguration Þeld.

The security as deÞned in the Flash security byte (0xFF0F) is not changed by using the backdoor
access sequence to unsecure. The backdoor keys stored in addresses 0xFF00Ð0xFF07 are unaf
the backdoor key access sequence. After the next reset of the MCU, the security state of the Flash
is determined by the Flash security byte (0xFF0F). The backdoor key access sequence has no effec
program and erase protections deÞned in the Flash protection register.

It is not possible to unsecure the MCU in special single-chip mode by using the backdoor key acc
sequence via the background debug mode (BDM).
MC9S12NE64 Data Sheet, Rev. 1.1
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2.6.2 Unsecuring the Flash Module in Special Single-Chip Mode using
BDM

The MCU can be unsecured in special single-chip mode by erasing the Flash module by the follow
method :

¥ Reset the MCU into special single-chip mode, delay while the erase test is performed by the
secure ROM, send BDM commands to disable protection in the Flash module, and execute a
erase command write sequence to erase the Flash memory.

After the CCIF ßag sets to indicate that the mass operation has completed, reset the MCU into sp
single-chip mode. The BDM secure ROM will verify that the Flash memory is erased and will asse
UNSEC bit in the BDM status register. This BDM action will cause the MCU to override the Flash sec
state and the MCU will be unsecured. All BDM commands will be enabled and the Flash security 
may be programmed to the unsecure state by the following method:

¥ Send BDM commands to execute a word program sequence to program the Flash security
the unsecured state and reset the MCU.

2.7 Resets

2.7.1 Flash Reset Sequence

On each reset, the Flash module executes a reset sequence to hold CPU activity while loading the fo
registers from the Flash memory according toTable 2-1:

¥ FPROT Ñ Flash Protection Register (seeSection 2.3.2.5).
¥ FCTL Ñ Flash Control Register (seeSection 2.3.2.9).
¥ FSEC Ñ Flash Security Register (seeSection 2.3.2.2).

2.7.2 Reset While Flash Command Active

If a reset occurs while any Flash command is in progress, that command will be immediately aborte
state of the word being programmed or the sector / block being erased is not guaranteed.

2.8 Interrupts
The Flash module can generate an interrupt when all Flash command operations have completed, w
Flash address, data, and command buffers are empty.

Table 2-19. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable Global (CCR) Mask

Flash address, data and command buffers empty CBEIF (FSTAT register) CBEIE (FCNFG register) I Bit

All Flash commands completed CCIF (FSTAT register) CCIE (FCNFG register) I Bit
MC9S12NE64 Data Sheet, Rev. 1.1
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NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

2.8.1 Description of Flash Interrupt Operation

The logic used for generating interrupts is shown inFigure 2-28.

The Flash module uses the CBEIF and CCIF ßags in combination with the CBIE and CCIE enable b
generate the Flash command interrupt request.

Figure 2-28. Flash Interrupt Implementation

For a detailed description of the register bits, refer toSection 2.3.2.4, ÒFlash ConÞguration Register
(FCNFG)Ó andSection 2.3.2.7, ÒFlash Status Register (FSTAT)Ó.

Flash Command Interrupt Request

CBEIE
CBEIF

CCIE
CCIF
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Chapter 3
Port Integration Module (PIM9NE64V1)

3.1 Introduction
Figure 3-1 is a block diagram of the PIM_9NE64.

The port integration module establishes the interface between the peripheral modules and the I/O p
all ports.

¥ This section covers:
¥ port A, B, E, and K related to the core logic and multiplexed bus interface
¥ port T connected to the timer module
¥ port S associated with 2 SCI and 1 SPI modules
¥ port G, H, and J connected to EMAC module, each of them also can be used as an external in

source.
¥ port L connected to EPHY module

Each I/O pin can be conÞgured by several registers: Input/output selection, drive strength reduction,
and select of pull resistors, interrupt enable and status ßags.

The implementation of the port integration module is device dependent.
MC9S12NE64 Data Sheet, Rev. 1.1
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Figure 3-1. PIM_9NE64 Block Diagram

3.1.1 Features

A standard port has the following minimum features:
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¥ 3.3 V output drive with two selectable drive strength
¥ 3.3 V digital and analog input
¥ Input with selectable pull-up or pull-down device

Optional features:

¥ Open drain for wired-or connections
¥ Interrupt inputs with glitch Þltering

3.2 External Signal Description
This section lists and describes the signals that connect off-chip.

Table 3-1shows all pins and their functions that are controlled by the PIM_9NE64 module. If there is m
than one function associated to a pin, the priority is indicated by the position in the table from top (hi
priority) to bottom (lowest priority).

Table 3-1. Pin Functions and Priorities (Sheet 1 of 4)

Port  Pin Name Pin Function Description
Pin Function
after Reset

Port A PA[7:0] ADDR[15:8]/
DATA[15:8]/

GPIO
Refer the MEBI block description chapter.

Port B PB[7:0] ADDR[7:0]/
DATA[7:0]/

GPIO
Refer the MEBI block description chapter.

Port E PE7 NOACC/
GPIO

Refer the MEBI block description chapter.

PE6 IPIPE1/
MODB/
GPIO

PE5 IPIPE0/
MODA/
GPIO

PE4 ECLK/GPIO

PE3 LSTRB/
TAGLO/
GPIO

PE2 R/W /
GPIO

PE1 IRQ/GPI

PE0 XIRQ/GPI
MC9S12NE64 Data Sheet, Rev. 1.1
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Chapter 3 Port Integration Module (PIM9NE64V1)
Port K PK7 ECS/
ROMCTL/

GPIO
Refer to the MEBI block description chapters.

PK6 XCS

PK[5:0] XADDR[19:14]/
GPIO

— BKGD BKGD/
MODC/
TAGHI

Refer to the MEBI and BDM block description chapters.

Port G PG[7] KWU/GPIO Key board wake up Interrupt or General-purpose I/O GPIO

PG[6] MII_RXER MII Receive Coding Error

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PG[5] MII_RXDV MII Receive Data Valid

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PG[4] MII_RXCLK MII Receive Clock

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PG[3:0] MII_RXD[3:0] MII Receive Data

KWU/GPIO Key board wake up Interrupts or General-purpose I/O

Port H PH[6] MII_TXER MII Transmit Coding Error GPIO

KWU/GPIO Key board wake up Interrupts or General-purpose I/O

PH[5] MII_TXEN MII Transmit Enable

KWU/GPIO Key board wake up Interrupts or General-purpose I/O

PH[4] MII_TXCLK MII Transmit Clock

KWU/GPIO Key board wake up Interrupts or General-purpose I/O

PH[3:0] MII_TXD[3:0] MII Transmit Data

KWU/GPIO Key board wake up Interrupts or General-purpose I/O

Table 3-1. Pin Functions and Priorities (Sheet 2 of 4)

Port  Pin Name Pin Function Description
Pin Function
after Reset
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External Signal Description
Port J PJ[7] IIC_SCL Serial Clock Line bidirectional pin of IIC module GPIO

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PJ[6] IIC_SDA Serial Data Line bidirectional pin of IIC module

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PJ[3] MII_COL MII Collision

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PJ[2] MII_CRS MII Carrier Sense

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PJ[1] MII_MDIO MII Management Data Input/Output

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

PJ[0] MII_MDC MII Management Data Clock

KWU/GPIO Key board wake up Interrupt or General-purpose I/O

Port L PL[6] GPIO General-purpose I/O GPIO

PL[5] GPIO General-purpose I/O

PL[4] COLLED EPHY Collision LED

GPIO General-purpose I/O

PL[3] DUPLED EPHY Duplex LED

GPIO General-purpose I/O

PL[2] SPDLED EPHY Speed LED

GPIO General-purpose I/O

PL[1] LNKLED EPHY Link LED

GPIO General-purpose I/O

PL[0] ACTLED EPHY Active LED

GPIO General-purpose I/O

Table 3-1. Pin Functions and Priorities (Sheet 3 of 4)

Port  Pin Name Pin Function Description
Pin Function
after Reset
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3.3 Memory Map and Register Descriptions
This section provides a detailed description of all registers.

3.3.1 Module Memory Map

Table 3-2 shows the memory map of the port integration module.

Port S PS[7]
SPI_SS

Serial Peripheral Interface slave select output in master
mode, input in slave mode or master mode.

GPIO

GPIO General-purpose I/O

PS[6] SPI_SCK Serial Peripheral Interface serial clock pin

GPIO General-purpose I/O

PS[5] SPI_MOSI Serial Peripheral Interface master out/slave in pin

GPIO General-purpose I/O

PS[4] SPI_MISO Serial Peripheral Interface master in/slave out pin

GPIO General-purpose I/O

PS[3] SCI1_TXD Serial Communication Interface 1 transmit pin

GPIO General-purpose I/O

PS[2] SCI1_RXD Serial Communication Interface 1 receive pin

GPIO General-purpose I/O

PS[1] SCI0_TXD Serial Communication Interface 0 transmit pin

GPIO General-purpose I/O

PS[0] SCI0_RXD Serial Communication Interface 0 receive pin

GPIO General-purpose I/O

Port T PT[7:4] IOC[7:4] Standard Timer1 Channels 7 to 4 GPIO

GPIO General-purpose I/O

Table 3-2. PIM Module Memory Map

Address
Offset Use Access

$00 Port T I/O Register (PTT) R/W

$01 Port T Input Register (PTIT) R

$02 Port T Data Direction Register (DDRT) R/W

$03 Port T Reduced Drive Register (RDRT) R/W

$04 Port T Pull Device Enable Register (PERT) R/W

$05 Port T Polarity Select Register (PPST) R/W

Table 3-1. Pin Functions and Priorities (Sheet 4 of 4)

Port  Pin Name Pin Function Description
Pin Function
after Reset
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Memory Map and Register Descriptions
$06-07 Reserved —

$08 Port S I/O Register (PTS) R/W

$09 Port S Input Register (PTIS) R

$0A Port S Data Direction Register (DDRS) R/W

$0B Port S Reduced Drive Register (RDRS) R/W

$0C Port S Pull Device Enable Register (PERS) R/W

$0D Port S Polarity Select Register (PPSS) R/W

$0E Port S Wired-Or Mode Register (WOMS) R/W

$0F Reserved —

$10 Port G I/O Register (PTG) R/W

$11 Port G Input Register (PTIG) R

$12 Port G Data Direction Register (DDRG) R/W

$13 Port G Reduced Drive Register (RDRG) R/W

$14 Port G Pull Device Enable Register (PERG) R/W

$15 Port G Polarity Select Register (PPSG) R/W

$16 Port G Interrupt Enable Register (PIEG) R/W

$17 Port G Interrupt Flag Register (PIFG) R/W

$18 Port H I/O Register (PTH) R/W

$19 Port H Input Register (PTIH) R

$1A Port H Data Direction Register (DDRH) R/W

$1B Port H Reduced Drive Register (RDRH) R/W

$1C Port H Pull Device Enable Register (PERH) R/W

$1D Port H Polarity Select Register (PPSH) R/W

$1E Port H Interrupt Enable Register (PIEH) R/W

$1F Port H Interrupt Flag Register (PIFH) R/W

$20 Port J I/O Register (PTJ) R/W

$21 Port J Input Register (PTIJ) R

$22 Port J Data Direction Register (DDRJ) R/W

$23 Port J Reduced Drive Register (RDRJ) RW

$24 Port J Pull Device Enable Register (PERJ) R/W

$25 Port J Polarity Select Register (PPSJ) R/W

$26 Port J Interrupt Enable Register (PIEJ) R/W

$27 Port J Interrupt Flag Register (PIFJ) R/W

$28 Port L I/O Register (PTL) R/W

$29 Port L Input Register (PTIL) R

$2A Port L Data Direction Register (DDRL) R/W

$2B Port L Reduced Drive Register (RDRL) R/W

$2C Port L Pull Device Enable Register (PERL) R/W

$2D Port L Polarity Select Register (PPSL) R/W

$2E Port L Wired-Or Mode Register (WOML) RW

$2F-$3F Reserved —

Table 3-2. PIM Module Memory Map (continued)
MC9S12NE64 Data Sheet, Rev. 1.1
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input
) for
NOTE
Register Address = Base Address + Address Offset, where the Base Address
is deÞned at the MCU level and the Address Offset is deÞned at the module
level.

3.3.2 Register Descriptions

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

1. ConÞgure 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.

NOTE
All bits of all registers in this module are completely synchronous to internal
clocks during a register read.

Table 3-3. Pin Configuration Summary

DDR IO RDR PE PS IE1

1 Applicable only on ports G, H, and J.

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
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.1 Port T Registers

3.3.2.1.1 I/O Register (PTT)

Figure 3-2. 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 re
otherwise the value at the pins is read.

The standard timer module (TIM) can be conÞgured to use the PT[7:4] as timer input capture/outp
compare pins. If IOC[7:4]-channel is deÞned as output, the related port T is assigned to IOC func

3.3.2.1.2 Input Register (PTIT)

Figure 3-3. 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 o
or short circuit conditions on output pins.

3.3.2.1.3 Data Direction Register (DDRT)

Figure 3-4. Port T Data Direction Register (DDRT)

Module Base + $0

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

PTT7 PTT6 PTT5 PTT4
0 0 0 0

Write
TIM IOC7 IOC6 IOC5 IOC4

Reset: 0 0 0 0 — — — —

= Reserved or unimplemented

Module Base + $1

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIT7 PTIT6 PTIT5 PTIT4 0 0 0 0
Write:
Reset: — — — — — — — —

= Reserved or unimplemented

Module Base + $2

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

DDRT7 DDRT6 DDRT5 DDRT4
0 0 0 0

Write:
Reset: 0 0 0 0 — — — —

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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Read:Anytime.

Write:Anytime.

This register conÞgures each port T pin as either input or output.
The standard TIM module forces the I/O state to be an output for each port pin associated with an e
output compare. When the pin is conÞgured as an output compare the corresponding data direction
(DDRT) bits do not have any effect on the I/O direction of the pin, and will maintain their previousl
latched value. The DDRT bits revert to controlling the I/O direction of a pin when the associated ti
output compare is disabled. If a pin is being used as a timer input capture, the DDRT remains in con
the pinÕs I/O direction and the timer monitors the state of the pin.

DDRT[7:4] Ñ Data Direction Port T

1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is re
PTT or PTIT registers, when changing the DDRT register.

3.3.2.1.4 Reduced Drive Register (RDRT)

Figure 3-5. Port T Reduced Drive Register (RDRT)

Read:Anytime.

Write:Anytime.

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

RDRT[7:4] Ñ Reduced Drive Port T

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.

Module Base + $3

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

RDRT7 RDRT6 RDRT5 RDRT4
0 0 0 0

Write:
Reset: 0 0 0 0 — — — —

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.1.5 Pull Device Enable Register (PERT)

Figure 3-6. Port T Pull Device Enable Register (PERT)

Read:Anytime.

Write:Anytime.

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

PERT[7:4] Ñ Pull Device Enable Port T

1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

3.3.2.1.6 Polarity Select Register (PPST)

Figure 3-7. Port T Polarity Select Register (PPST)

Read:Anytime.

Write:Anytime.

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

PPST[7:4] Ñ Pull Select Port T

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

0 = A pull-up device is connected to the associated port T pin, if enabled by the associated 
register PERT and if the port is used as input.

Module Base + $4

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

PERT7 PERT6 PERT5 PERT4
0 0 0 0

Write:
Reset: 0 0 0 0 — — — —

= Reserved or unimplemented

Module Base + $5

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

PPST7 PPST6 PPST5 PPST4
0 0 0 0

Write:
Reset: 0 0 0 0 — — — —

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.2 Port S Registers

3.3.2.2.1 I/O Register (PTS)

Figure 3-8. 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 re
otherwise the value at the pins is read.

The SPI function takes precedence over the general-purpose I/O function if the SPI module is enab
the SPI is enabled the PS[7:4] pins become SPI_SS, SPI_SCK, SPI_MOSI, and SPI_MISO, and their
conÞguration is determined by several status bits in the SPI module. Refer to the SPI block descr
chapter for details.

The SCI1 and SCI0 function take precedence over the general-purpose I/O function on pins PS[3:0]
SCI1 or SCI0 transmitters or receivers are enabled, the SCI1 and SCI0 transmit pins, SCI1_TXD 
SCI0_TXD, are conÞgured as outputs if the corresponding transmitter is enabled. The SCI1 and S
receive pins, SCI1_RXD and SCI0_RXD, are conÞgured as inputs if the corresponding receiver is en
Refer to the SCI block description chapter for details.

3.3.2.2.2 Input Register (PTIS)

Figure 3-9. Port S Input Register (PTIS)

Read:Anytime.

Write: 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 o
or short circuit conditions on output pins.

Module Base + $8

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

PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTS0
Write:
SPI SS SCK MOSI MISO — — — —
SCI — — — — SCI1_TXD SCI1_RXD SCI0_TXD SCI0_RXD

Reset: 0 0 0 0 0 0 0 0

Module Base + $9

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTIS0
Write:
Reset: — — — — — — — —

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.2.3 Data Direction Register (DDRS)

Figure 3-10. Port S Data Direction Register (DDRS)

Read:Anytime.

Write:Anytime.

This register conÞgures each port S pin as either input or output.

If the SPI is enabled, the SPI controls the SPI related pins (SPI_SS, SPI_SCK, SPI_MOSI, SPI_MISO)
I/O direction, and the corresponding DDRS[7:4] bits have no effect on the SPI pins I/O direction. Re
the SPI block description chapter for details.

When the SCI0 or SCI1 transmitters are enabled, the corresponding transmit pins, SCI0_TxD and
SCI0_TxD, I/O direction is controlled by the SCI0 and SCI1 respectively, and the corresponding DD
and DDRS1 bits have no effect on their I/O direction. When the SCI0 or SCI1 receivers are enable
corresponding receive pins, SCI0_RXD and SCI1_RXD, I/O direction is controlled by the SCI0 and
respectively, and the DDRS2 and DDRS0 bits have no effect on their I/O direction. Refer to the SCI
description chapter for further details.

The DDRS[7:0] bits revert to controlling the I/O direction of the pins when the associated SPI or S
function is disabled.

DDRS[7:0] Ñ Data Direction Port S

1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read o
or PTIS registers, when changing the DDRS register.

3.3.2.2.4 Reduced Drive Register (RDRS)

Figure 3-11. Port S Reduced Drive Register (RDRS)

Read:Anytime.

Write:Anytime.

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

Module Base + $A

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

DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRS1 DDRS0
Write:
Reset: 0 0 0 0 0 0 0 0

Module Base + $B

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

RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 RDRS0
Write:
Reset: 0 0 0 0 0 0 0 0
MC9S12NE64 Data Sheet, Rev. 1.1
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RDRS[7:0] Ñ Reduced Drive Port S

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.

3.3.2.2.5 Pull Device Enable Register (PERS)

Figure 3-12. Port S Pull Device Enable Register (PERS)

Read:Anytime.

Write:Anytime.

This register conÞgures whether a pull-up or a pull-down device is activated, if the port is used as in
as output in wired-or (open drain) mode. These bits have no effect if the port is used as push-pull o
Out of reset a pull-up device is enabled.

PERS[7:0] Ñ Pull Device Enable Port S

1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

3.3.2.2.6 Polarity Select Register (PPSS)

Figure 3-13. 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.

PPSS[7:0] Ñ Pull Select Port S

1 = A pull-down device is connected to the associated port S pin, if enabled by the associated
register PERS and if the port is used as input.

0 = A pull-up device is connected to the associated port S pin, if enabled by the associated 
PERS register and if the port is used as input or as wired-or output.

Module Base + $C

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

PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERS1 PERS0
Write:
Reset: 1 1 1 1 1 1 1 1

Module Base + $D

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

PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSS0
Write:
Reset: 0 0 0 0 0 0 0 0
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.2.7 Wired-Or Mode Register (WOMS)

Figure 3-14. Port S Wired-Or Mode Register (WOMS)

Read:Anytime.

Write:Anytime.

This register conÞgures the output pins as wired-or. If enabled the output is driven active low only
(open-drain). A logic level of Ò1Ó is not driven. It applies also to the SPI and SCI outputs and allo
multipoint connection of several serial modules. These bits have no inßuence on pins used as inp

WOMS[7:0] Ñ Wired-Or Mode Port S

1 = Open-drain mode enabled for output buffers.
0 = Open-drain mode disabled for output buffers.

3.3.2.3 Port G Registers

3.3.2.3.1 I/O Register (PTG)

Figure 3-15. Port G I/O Register (PTG)

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 re
otherwise the value at the pins is read. The EMAC MII external interface takes precedence over
general-purpose I/O function if the EMAC module is enabled in external PHY mode. If the EMAC 
enabled PG[6:0] pins become inputs MII_RXER, MII_RXDV, MII_RXCLK, MII_RXD[3:0]. Please refe
to the EMAC block description chapter for details.

Module Base + $E

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

WOMS7 WOMS6 WOMS5 WOMS4 WOMS3 WOMS2 WOMS1 WOMS0
Write:
Reset: 0 0 0 0 0 0 0 0

Module Base + $10

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

PTG7 PTG6 PTG5 PTG4 PTG3 PTG2 PTG1 PTG0
Write:
EMAC — MII_RXER MII_RXDV MII_RXCLK MII_RXD3 MII_RXD2 MII_RXD1 MII_RXD0
KWU KWG

Reset: — 0 0 0 0 0 0 0
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.3.2 Input Register (PTIG)

Figure 3-16. Port G Input Register (PTIG)

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 o
or short circuit conditions on output pins.

3.3.2.3.3 Data Direction Register (DDRG)

Figure 3-17. Port G Data Direction Register (DDRG)

Read:Anytime.

Write:Anytime.

This register conÞgures each port G pin as either input or output.

DDRG[7:0] Ñ Data Direction Port G

1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

If the EMAC MII external interface is enabled, the pins G[6:0] are forced to be inputs and DDRG ha
effect on the them. Please refer to the EMAC block description chapter for details.

The DDRG bits revert to controlling the I/O direction of a pin when the EMAC MII external interfac
disabled.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on
or PTIG registers, when changing the DDRG register.

Module Base + $11

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIG7 PTIG6 PTIG5 PTIG4 PTIG3 PTIG2 PTIG1 PTIG0
Write:
Reset: — — — — — — — —

= Reserved or unimplemented

Module Base + $12

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

DDRG7 DDRG6 DDRG5 DDRG4 DDRG3 DDRG2 DDRG1 DDRG0
Write:
Reset: 0 0 0 0 0 0 0 0
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.3.4 Reduced Drive Register (RDRG)

Figure 3-18. Port G Reduced Drive Register (RDRG)

Read:Anytime.

Write:Anytime.

This register conÞgures the drive strength of each port G output pin as either full or reduced. If the p
used as input these bits are ignored.

RDRG[7:0] Ñ Reduced Drive Port G

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.

3.3.2.3.5 Pull Device Enable Register (PERG)

Figure 3-19. Port G Pull Device Enable Register (PERG)

Read:Anytime.

Write:Anytime.

This register conÞgures whether a pull-up or a pull-down device is activated, if the port is used as
These bits have no effect if the port is used as output. Out of reset no pull device is enabled.

PERG[7:0] Ñ Pull Device Enable Port G

1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

3.3.2.3.6 Polarity Select Register (PPSG)

Figure 3-20. Port G Polarity Select Register (PPSG)

Module Base + $13

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

RDRG7 RDRG6 RDRG5 RDRG4 RDRG3 RDRG2 RDRG1 RDRG0
Write:
Reset: 0 0 0 0 0 0 0 0

Module Base + $14

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

PERG7 PERG6 PERG5 PERG4 PERG3 PERG2 PERG1 PERG0
Write:
Reset: 0 0 0 0 0 0 0 0

Module Base + $15

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

PPSG7 PPSG6 PPSG5 PPSG4 PPSG3 PPSG2 PPSG1 PPSG0
Write:
Reset: 0 0 0 0 0 0 0 0
MC9S12NE64 Data Sheet, Rev. 1.1
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Read:Anytime.

Write:Anytime.

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

PPSG[7:0] Ñ Pull Select Port G

1 = Rising edge on the associated port G pin sets the associated flag bit in the PIFG registe
pull-down device is connected to the associated port G pin, if enabled by the associated
register PERG and if the port is used as input.

0 = Falling edge on the associated port G pin sets the associated flag bit in the PIFG registe
pull-up device is connected to the associated port G pin, if enabled by the associated b
register PERG and if the port is used as input.

3.3.2.3.7 Interrupt Enable Register (PIEG)

Figure 3-21. Port G Interrupt Enable Register (PIEG)

Read:Anytime.

Write:Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated w
G.

PIEG[7:0] Ñ Interrupt Enable Port G

1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

3.3.2.3.8 Interrupt Flag Register (PIFG)

Figure 3-22. Port G Interrupt Flag Register (PIFG)

Read:Anytime.

Write:Anytime.

Each ßag is set by an active edge on the associated input pin. This could be a rising or a falling edge
on the state of the PPSG register. To clear this ßag, write a Ò1Ó to the corresponding bit in the PIFG
Writing a Ò0Ó has no effect.

Module Base + $16

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

PIEG7 PIEG6 PIEG5 PIEG4 PIEG3 PIEG2 PIEG1 PIEG0
Write:
Reset: 0 0 0 0 0 0 0 0

Module Base + $17

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

PIFG7 PIFG6 PIFG5 PIFG4 PIFG3 PIFG2 PIFG1 PIFG0
Write:
Reset: 0 0 0 0 0 0 0 0
MC9S12NE64 Data Sheet, Rev. 1.1
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PIFG[7:0] Ñ Interrupt Flags Port G

1 = Active edge on the associated bit has occurred (an interrupt will occur if the associated e
bit is set).
Writing a Ò1Ó clears the associated flag.

0 = No active edge pending.
Writing a Ò0Ó has no effect.

3.3.2.4 Port H Registers

3.3.2.4.1 I/O Register (PTH)

Figure 3-23. Port H I/O 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 re
otherwise the value at the pins is read.

The EMAC MII external interface takes precedence over general-purpose I/O function if the EMAC
module is enabled in external PHY mode. If the EMAC MII external interface is enabled PH[6:0] p
become MII_TXER, MII_TXEN, MII_TXCLK, MII_TXD[3:0]. Please refer to the EMAC block
description chapter for details.

3.3.2.4.2 Input Register (PTIH)

Figure 3-24. Port H Input Register (PTIH)

Read:Anytime.

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

Module Base + $18

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

PTH6 PTH5 PTH4 PTH3 PTH2 PTH1 PTH0
Write:
EMAC MII_TXER MII_TXEN MII_TXCLK MII_TXD3 MII_TXD2 MII_TXD1 MII_TXD0
KWU KWH
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented

Module Base + $19

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 PTIH0
Write:
Reset: — — — — — — — —

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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This register always reads back the status of the associated pins. This can be also used to detect o
or short circuit conditions on output pins.

3.3.2.4.3 Data Direction Register (DDRH)

Figure 3-25. Port H Data Direction Register (DDRH)

Read:Anytime.

Write:Anytime.

This register conÞgures each port H pin as either input or output.
DDRH[6:0] Ñ Data Direction Port H

1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on
or PTIH registers, when changing the DDRH register.

If the EMAC MII external interface is enabled, pins PH[6:0] become MII_TXER, MII_TXEN,
MII_TXCLK, MII_TXD[3:0]. In that case, DDRH[6:0] bits have no effect on their I/O direction.

3.3.2.4.4 Reduced Drive Register (RDRH)

Figure 3-26. Port H Reduced Drive Register (RDRH)

Read:Anytime.

Write:Anytime.

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

RDRH[6:0] Ñ Reduced Drive Port H

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.

Module Base + $1A

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

DDRH6 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRH0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented

Module Base + $1B

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

RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRH0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.4.5 Pull Device Enable Register (PERH)

Figure 3-27. Port H Pull Device Enable Register (PERH)

Read:Anytime.

Write:Anytime.

This register conÞgures whether a pull-up or a pull-down device is activated, if the port is used as
These bits have no effect if the port is used as output. Out of reset no pull device is enabled.

PERH[6:0] Ñ Pull Device Enable Port H

1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

3.3.2.4.6 Polarity Select Register (PPSH)

Figure 3-28. 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 se
a pull-up or pull-down device if enabled.

PPSH[6:0] Ñ Pull Select Port H

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

0 = Falling edge on the associated port H pin sets the associated flag bit in the PIFH registe
pull-up device is connected to the associated port H pin, if enabled by the associated b
register PERH and if the port is used as input.

Module Base + $1C

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

PERH6 PERH5 PERH4 PERH3 PERH2 PERH1 PERH0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented

Module Base + $1D

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

PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSH0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.4.7 Interrupt Enable Register (PIEH)

Figure 3-29. 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 wit

PIEH[6:0] Ñ Interrupt Enable Port H

1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

3.3.2.4.8 Interrupt Flag Register (PIFH)

Figure 3-30. Port H Interrupt Flag Register (PIFH)

Read:Anytime.

Write:Anytime.

Each ßag is set by an active edge on the associated input pin. This could be a rising or a falling edge
on the state of the PPSH register. To clear this ßag, write a Ò1Ó to the corresponding bit in the PIFH r
Writing a Ò0Ó has no effect.

PIFH[6:0] Ñ Interrupt Flags Port H

1 = Active edge on the associated bit has occurred (an interrupt will occur if the associated e
bit is set).
Writing a Ò1Ó clears the associated flag.

0 = No active edge pending.
Writing a Ò0Ó has no effect.

Module Base + $1E

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

PIEH6 PIEH5 PIEH4 PIEH3 PIEH2 PIEH1 PIEH0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented

Module Base + $1F

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

PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFH0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.5 Port J Registers

3.3.2.5.1 I/O Register (PTJ)

Figure 3-31. 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 re
otherwise the value at the pins is read.

The EMAC MII external interface and IIC take precedence over general-purpose I/O function. If th
EMAC MII external interface is enabled in external PHY mode, PJ[3:0] pins become MII_MDC,
MII_MDIO, MII_CRS, MII_COL. If IIC is enabled, PJ[7:6] pins become IIC_SDA and IIC_SCL. Plea
refer to the EMAC and IIC block description chapters for details.

3.3.2.5.2 Input Register (PTIJ)

Figure 3-32. Port J Input Register (PTIJ)

Read:Anytime.

Write: writes to this register have no effect.

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

Module Base + $20

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

PTJ7 PTJ6
0 0

PTJ3 PTJ2 PTJ1 PTJ0
Write:
EMAC — — MII_COL MII_CRS MII_MDIO MII_MDC

IIC IIC_SCL IICSDA — — — —
KWU KWJ KWJ
Reset: 0 0 — — 0 0 0 0

= Reserved or unimplemented

Module Base + $21

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIJ7 PTIJ6 0 0 PTIJ3 PTIJ2 PTIJ1 PTIJ0
Write:
Reset: — — — — — — — —

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.5.3 Data Direction Register (DDRJ)

Figure 3-33. Port J Data Direction Register (DDRJ)

Read:Anytime.

Write:Anytime.

This register conÞgures port pins J[7:6]and PJ[3:0] as either input or output.

DDRJ[7:6][3:0] Ñ Data Direction Port J

1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read o
or PTIJ registers, when changing the DDRJ register.

If the IIC is enabled, It controls the direction of SCL and SDA and the corresponding DDRJ[7:6] bits
no effect on their I/O direction. Refer to the IIC block description chapter for details.

If the EMAC MII external interface is enabled, It controls the direction of MDC, MDIO, CRS and C
and the corresponding DDRJ[3:0] bits have no effect on their I/O direction. Refer to the EMAC blo
description chapter for details.

3.3.2.5.4 Reduced Drive Register (RDRJ)

Figure 3-34. Port J Reduced Drive Register (RDRJ)

Read:Anytime.

Write:Anytime.

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

RDRJ[7:6][3:0] Ñ Reduced Drive Port J

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.

Module Base + $22

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

DDRJ7 DDRJ6
0 0

DDRJ3 DDRJ2 DDRJ1 DDRJ0
Write:
Reset: 0 0 — — 0 0 0 0

= Reserved or unimplemented

Module Base + $23

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

RDRJ7 RDRJ6
0 0

RDRJ3 RDRJ2 RDRJ1 RDRJ0
Write:
Reset: 0 0 — — 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.5.5 Pull Device Enable Register (PERJ)

Figure 3-35. Port J Pull Device Enable Register (PERJ)

Read:Anytime.

Write:Anytime.

This register conÞgures whether a pull-up or a pull-down device is activated, if the port is used as
This bit has no effect if the port is used as output. Out of reset pull-up device is enabled for bits PJ
and disabled for bits PJ[3:0].

PERJ[7:6][3:0] Ñ Pull Device Enable Port J

1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

3.3.2.5.6 Polarity Select Register (PPSJ)

Figure 3-36. 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 se
a pull-up or pull-down device if enabled.

PPSJ[7:6][3:0] Ñ Polarity Select Port J

1 = Rising edge on the associated port J pin sets the associated flag bit in the PIFJ register
pull-down device is connected to the associated port J pin, if enabled by the associated
register PERJ and if the port is used as input.

0 = Falling edge on the associated port J pin sets the associated flag bit in the PIFJ register. A p
device is connected to the associated port J pin, if enabled by the associated bit in register
and if the port is used as input.

Module Base + $24

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

PERJ7 PERJ6
0 0

PERJ3 PERJ2 PERJ1 PERJ0
Write:
Reset: 1 1 — — 0 0 0 0

= Reserved or unimplemented

Module Base + $25

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

PPSJ7 PPSJ6
0 0

PPSJ3 PPSJ2 PPSJ1 PPSJ0
Write:
Reset: 0 0 — — 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.5.7 Interrupt Enable Register (PIEJ)

Figure 3-37. 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 associate
port J.

PIEJ[7:6][3:0]Ñ Interrupt Enable Port J

1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

3.3.2.5.8 Interrupt Flag Register (PIFJ)

Figure 3-38. Port J Interrupt Flag Register (PIFJ)

Read:Anytime.

Write:Anytime.

Each ßag is set by an active edge on the associated input pin. This could be a rising or a falling edge
on the state of the PPSJ register. To clear this ßag, write Ò1Ó to the corresponding bit in the PIFJ
Writing a Ò0Ó has no effect.

PIFJ[7:6][3:0] Ñ Interrupt Flags Port J

1 = Active edge on the associated bit has occurred (an interrupt will occur if the associated e
bit is set).
Writing a Ò1Ó clears the associated flag.

0 = No active edge pending.
Writing a Ò0Ó has no effect.

Module Base + $26

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

PIEJ7 PIEJ6
0 0

PIEJ3 PIEJ2 PIEJ1 PIEJ0
Write:
Reset: 0 0 — — 0 0 0 0

= Reserved or unimplemented

Module Base + $27

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

PIFJ7 PIFJ6
0 0

PIFJ3 PIFJ2 PIFJ1 PIFJ0
Write:
Reset: 0 0 — — 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.6 Port L Registers

3.3.2.6.1 I/O Register (PTL)

Figure 3-39. Port L I/O Register (PTL)

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 re
otherwise the value at the pins is read.

The EPHY LED drive takes precedence over general-purpose I/O function if the EPHYCTL0 LEDEN
is enabled. With the LEDEN bit set, PTL[4:0] become COLLED, DUPLED, SPDLED, LNKLED, an
ACTLED. Refer to EPHY block description chapter for more detail.

3.3.2.6.2 Input Register (PTIL)

Figure 3-40. Port L Input Register (PTIL)

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 o
or short circuit conditions on output pins.

Module Base + $28

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

PTL6 PTL5 PTL4 PTL3 PTL2 PTL1 PTL0
Write:
PHY COLLED DUPLED SPDLED LNKLED ACTLED

Reset: — 0 0 0 0 0 0 0
= Reserved or unimplemented

Module Base + $29

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 PTIL6 PTIL5 PTIL4 PTIL3 PTIL2 PTIL1 PTIL0
Write:
Reset: — — — — — — — —

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.6.3 Data Direction Register (DDRL)

Figure 3-41. Port L Data Direction Register (DDRL)

Read:Anytime.

Write:Anytime.

DDRL[6:0] Ñ Data Direction Port L

1 = Associated pin is configured as output.
0 = Associated pin is configured as input.

This register conÞgures each port L pin as either input or output. If EPHY port status LEDs are en
pins PL[4:0] are forced to be outputs and this register has no effect on their directions. Refer to the E
block description chapter for more information.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on
or PTIL registers, when changing the DDRL register.

3.3.2.6.4 Reduced Drive Register (RDRL)

Figure 3-42. Port L Reduced Drive Register (RDRL)

Read:Anytime.

Write:Anytime.

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

RDRL[6:0] Ñ Reduced Drive Port L

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.

Module Base + $2A

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

DDRL6 DDRL5 DDRL4 DDRL3 DDRL2 DDRL1 DDRL0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented

Module Base + $2B

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

RDRL6 RDRL5 RDRL4 RDRL3 RDRL2 RDRL1 RDRL0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.6.5 Pull Device Enable Register (PERL)

Figure 3-43. Port L Pull Device Enable Register (PERL)

Read:Anytime.

Write:Anytime.

This register conÞgures whether a pull-up or a pull-down device is activated, if the port is used as in
as output in wired-or (open drain) mode. These bits have no effect if the port is used as push-pull o
Out of reset a pull-up device is enabled.

PERL[6:0] Ñ Pull Device Enable Port L

1 = Either a pull-up or pull-down device is enabled.
0 = Pull-up or pull-down device is disabled.

3.3.2.6.6 Polarity Select Register (PPSL)

Figure 3-44. Port L Polarity Select Register (PPSL)

Read:Anytime.

Write:Anytime.

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

PPSL[6:0] Ñ Pull Select Port L

1 = A pull-down device is connected to the associated port L pin, if enabled by the associated
register PERL and if the port is used as input.

0 = A pull-up device is connected to the associated port L pin, if enabled by the associated 
register PERL and if the port is used as input or as wired-or output.

Module Base + $2C

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

PERL6 PERL5 PERL4 PERL3 PERL2 PERL1 PERL0
Write:
Reset: — 1 1 1 1 1 1 1

= Reserved or unimplemented

Module Base + $2D

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

PPSL6 PPSL5 PPSL4 PPSL3 PPSL2 PPSL1 PPSL0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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3.3.2.6.7 Wired-Or Mode Register (WOML)

Figure 3-45. Port L Wired-Or Mode Register (WOML)

Read:Anytime.

Write:Anytime.

This register conÞgures the output pins as wired-or. If enabled the output is driven active low only
(open-drain). A logic level of Ò1Ó is not driven. This bit has no effect on pins used as inputs.

WOML[6:0] Ñ Wired-Or Mode Port L

1 = Open-drain mode enabled for output buffers.
0 = Open-drain mode disabled for output buffers.

3.4 Functional Description
Each pin can act as general-purpose I/O. In addition the pin can act as an output from a peripheral m
or an input to a peripheral module.

A set of conÞguration registers is common to all ports. All registers can be written at any time, howe
speciÞc conÞguration might not become active.

Example:

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

3.4.1 I/O Register

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

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

If the data direction register bits are set to 1, the contents of the I/O register is returned. This is indepe
of any other conÞguration (Figure 3-46).

3.4.2 Input Register

This is a read-only register and always returns the value of the pin (Figure 3-46).

Data direction register

Address Offset: $__2E

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

WOML6 WOML5 WOML4 WOML3 WOML2 WOML1 WOML0
Write:
Reset: — 0 0 0 0 0 0 0

= Reserved or unimplemented
MC9S12NE64 Data Sheet, Rev. 1.1
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This register deÞnes 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 3-46).

Figure 3-46. Illustration of I/O Pin Functionality

3.4.3 Reduced Drive Register

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

3.4.4 Pull Device Enable Register

This register turns on a pull-up or pull-down device.

It becomes only active if the pin is used as an input or as a wired-or output.

3.4.5 Polarity Select Register

This register selects either a pull-up or pull-down device if enabled.

It becomes only active if the pin is used as an input or wired-or output. A pull-up device can also b
activated if the pin is used as a wired-or output.

3.4.6 Port T

This port is associated with the standard Timer.

In all modes, port T pins PT[7:4] can be used for either general-purpose I/O or standard timer I/O.

During reset, port T pins are conÞgured as high-impedance inputs.

PT

DDR

output enable

module enable

1

0

1

1

0

0

PAD

PTI

data out

Module
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3.4.7 Port S

This port is associated with the serial SCI and SPI modules.

Port S pins PS[7:0] can be used either for general-purpose I/O, or with the SCI0, SCI1, and SPI
subsystems.

During reset, port S pins are conÞgured as inputs with pull-up.

3.4.8 Port G

This port is associated with the EMAC module.

Port G pins PG[7:0] can be used either for general-purpose I/O or with the EMAC subsystems. Furth
Keypad Wake-Up function is implemented on pins G[7:0].

During reset, port G pins are conÞgured as high-impedance inputs.

3.4.8.1 Interrupts

Port G offers eight general-purpose I/O pins with edge triggered interrupt capability in wired-or fas
The interrupt enable as well as the sensitivity to rising or falling edges can be individually conÞgu
per pin basis. All eight bits/pins share the same interrupt vector. Interrupts can be used with the p
conÞgured as inputs or outputs.

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

A digital Þlter on each pin prevents pulses (Figure 3-48) shorter than a speciÞed time from generating a
interrupt. The minimum time varies over process conditions, temperature and voltage (Figure 3-47 and
Table 3-4).

Figure 3-47. Interrupt Glitch Filter on Port G, H, and J (PPS=0)

Glitch, filtered out, no interrupt flag set

Valid pulse, interrupt flag set

tpign

tpval
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Figure 3-48. Pulse Illustration

A valid edge on input is detected if 4 consecutive samples of a passive level are followed by 4 conse
samples of an active level directly or indirectly.

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

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

3.4.9 Port H

The EMAC module is connected to port H.

Port H pins PH[6:0] can be used either for general-purpose I/O or with the EMAC subsystems. Furth
keypad wake-up function is implemented on pins H[6:0].

Port H offers the same interrupt features as on port G.

During reset, port H pins are conÞgured as high-impedance inputs.

3.4.10 Port J

The EMAC and IIC modules are connected to port J.

Port J pins PJ[7:6] can be used either for general-purpose I/O or with the IIC subsystem. Port J pins P
can be used either for general-purpose I/O or with the EMAC subsystems. Further the Keypad Wa
function is implemented on pins H[6:0].

Port J offers the same interrupt features as on port G.

Table 3-4. Pulse Detection Criteria

Pulse

Mode

STOP STOP1

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

Unit Unit

Ignored tpign <= 3 bus clocks tpign <= 3.2 µs

Uncertain 3 < tpulse < 4 bus clocks 3.2 < tpulse < 10 µs

Valid tpval >= 4 bus clocks  tpval >= 10 µs

tpulse
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If IIC takes precedence thePJ[7:6] pins become IIC open drain output pins.

During reset, pins PJ[7:6] are conÞgured as inputs with pull-ups and pins PJ[3:0] are conÞgured a
high-impedance inputs.

3.4.11 Port L

In all modes, port L pins PL[6:0] can be used either for general-purpose I/O or with the EPHY subsy
During reset, port L pins are conÞgured as inputs with pull-ups.

3.4.12 Port A, B, E and BKGD Pin

All port and pin logic is located in the core module. Please refer to MEBI block description chapte
details.

3.4.13 External Pin Descriptions

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

3.4.14 Low Power Options

3.4.14.1 Run Mode

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

3.4.14.2 Wait Mode

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

3.4.14.3 Stop Mode

All clocks are stopped. There are asynchronous paths to generate interrupts from STOP on port G, H

3.5 Initialization/Application Information
The reset values of all registers are given inSection 3.3, ÒMemory Map and Register Descriptions.Ó

3.5.1 Reset Initialization

All registers including the data registers get set/reset asynchronously.Table 3-5 summarizes the port
properties after reset initialization.
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Interrupts

s of
3.6 Interrupts
Port G, H, and J generate a separate edge sensitive interrupt if enabled.

3.6.1 Interrupt Sources

NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

3.6.2 Recovery from Stop

The PIM_9NE64 can generate wake-up interrupts from stop on port G, H, and J. For other source
external interrupts please refer to the respective block description chapter.

Table 3-5. Port Reset State Summary

Port
Reset States

Data
Direction Pull Mode Red. Drive Wired-Or

Mode Interrupt

T input hiz disabled n/a n/a

S input pull-up disabled disabled n/a

G input hiz disabled n/a disabled

H input hiz disabled n/a disabled

J[7:6] input pull-up disabled n/a disabled

J[3:0] input hiz disabled n/a disabled

L input pull-up disabled disabled n/a

A

Refer to the MEBI block description chapter for details.
B

E

K

BKGD pin Refer to the BDM block description chapter for details.

Table 3-6. Port Integration Module Interrupt Sources

Interrupt Source Interrupt
Flag Local Enable Global (CCR)

Mask

Port G PIFG[7:0] PIEG[7:0] I Bit

Port H PIFH[6:0] PIEH[6:0] I Bit

Port J PIFJ[7:6],[3:0] PIEJ[7:6],[3:0] I Bit
MC9S12NE64 Data Sheet, Rev. 1.1
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Chapter 4
Clocks and Reset Generator (CRGV4)

4.1 Introduction
This speciÞcation describes the function of the clocks and reset generator (CRGV4).

4.1.1 Features

The main features of this block are:

¥ Phase-locked loop (PLL) frequency multiplier
Ñ Reference divider
Ñ Automatic bandwidth control mode for low-jitter operation
Ñ Automatic frequency lock detector
Ñ CPU interrupt on entry or exit from locked condition
Ñ Self-clock mode in absence of reference clock

¥ System clock generator
Ñ Clock quality check
Ñ Clock switch for either oscillator- or PLL-based system clocks
Ñ 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:

Ñ Power-on reset
Ñ Low voltage reset

Refer to the device overview section for availability of this feature.
Ñ COP reset
Ñ Loss of clock reset
Ñ External pin reset

¥ Real-time interrupt (RTI)
MC9S12NE64 Data Sheet, Rev. 1.1
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4.1.2 Modes of Operation

This subsection lists and brießy describes all operating modes supported by the CRG.

¥ Run mode
All functional parts of the CRG are running during normal run mode. If RTI or COP functiona
is required the individual bits of the associated rate select registers (COPCTL, RTICTL) have
set to a nonzero value.

¥ Wait mode
This mode allows to disable the system and core clocks depending on the conÞguration of
individual bits in the CLKSEL register.

¥ Stop mode
Depending on the setting of the PSTP bit, stop mode can be differentiated between full stop
(PSTP = 0) and pseudo-stop mode (PSTP = 1).
Ñ Full stop mode

The oscillator is disabled and thus all system and core clocks are stopped. The COP an
RTI remain frozen.

Ñ Pseudo-stop mode
The oscillator continues to run and most of the system and core clocks are stopped. If t
respective enable bits are set the COP and RTI will continue to run, else they remain fro

¥ Self-clock mode
Self-clock mode will be entered if the clock monitor enable bit (CME) and the self-clock mo
enable bit (SCME) are both asserted and the clock monitor in the oscillator block detects a lo
clock. As soon as self-clock mode is entered the CRGV4 starts to perform a clock quality c
Self-clock mode remains active until the clock quality check indicates that the required quali
the incoming clock signal is met (frequency and amplitude). Self-clock mode should be use
safety purposes only. It provides reduced functionality to the MCU in case a loss of clock is ca
severe system conditions.

4.1.3 Block Diagram

Figure 4-1 shows a block diagram of the CRGV4.
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142 Freescale Semiconductor



External Signal Description
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Figure 4-1. CRG Block Diagram

4.2 External Signal Description
This section lists and describes the signals that connect off chip.

4.2.1 VDDPLL, VSSPLL — PLL Operating Voltage, PLL Ground

These pins provides operating voltage (VDDPLL) and ground (VSSPLL) for the PLL circuitry. This allows
the supply voltage to the PLL to be independently bypassed. Even if PLL usage is not required VDDPLL
and VSSPLL must be connected properly.

4.2.2 XFC — PLL Loop Filter Pin

A passive external loop Þlter must be placed on the XFC pin. The Þlter is a second-order, low-pas
to eliminate the VCO input ripple. The value of the external Þlter network and the reference freque
determines the speed of the corrections and the stability of the PLL. Refer to the device overview c
for calculation of PLL loop Þlter (XFC) components. If PLL usage is not required the XFC pin mus
tied to VDDPLL.

CRG

Registers

Clock and Reset

COP

RESET

RTI

PLL

XFC

VDDPLL

VSSPLL

Oscil-EXTAL

XTAL

 Control

Bus Clock

System Reset

Oscillator Clock

PLLCLK

OSCCLK

Core Clock

Clock
Monitor

CM fail

Clock Quality
Checker

Reset
Generator

XCLKS

Power-on Reset

Low Voltage Reset 1

C
O

P
 T

im
eo

ut

Real-Time Interrupt

PLL Lock Interrupt

Self-Clock Mode
Interrupt

lator

Voltage
Regulator

1 Refer to the device overview section for availability of the low-voltage reset feature.
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Figure 4-2. PLL Loop Filter Connections

4.2.3 RESET — Reset Pin

RESET is an active low bidirectional reset pin. As an input it initializes the MCU asynchronously to
known start-up state. As an open-drain output it indicates that an system reset (internal to MCU) ha
triggered.

4.3 Memory Map and Register Definition
This section provides a detailed description of all registers accessible in the CRGV4.

4.3.1 Module Memory Map

Table 4-1 gives an overview on all CRGV4 registers.

Table 4-1. CRGV4 Memory Map

Address
Offset

Use Access

0x0000 CRG Synthesizer Register (SYNR) R/W

0x0001 CRG Reference Divider Register (REFDV) R/W

0x0002 CRG Test Flags Register (CTFLG)1

1 CTFLG is intended for factory test purposes only.

R/W

0x0003 CRG Flags Register (CRGFLG) R/W

0x0004 CRG Interrupt Enable Register (CRGINT) R/W

0x0005 CRG Clock Select Register (CLKSEL) R/W

0x0006 CRG PLL Control Register (PLLCTL) R/W

0x0007 CRG RTI Control Register (RTICTL) R/W

0x0008 CRG COP Control Register (COPCTL) R/W

0x0009 CRG Force and Bypass Test Register (FORBYP)2

2 FORBYP is intended for factory test purposes only.

R/W

0x000A CRG Test Control Register (CTCTL)3

3 CTCTL is intended for factory test purposes only.

R/W

0x000B CRG COP Arm/Timer Reset (ARMCOP) R/W

MCU

XFC

RS

CS

VDDPLL

CP
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Memory Map and Register Definition
NOTE
Register address = base address + address offset, where the base address is
deÞned at the MCU level and the address offset is deÞned at the module
level.

4.3.2 Register Descriptions

This section describes in address order all the CRGV4 registers and their individual bits.

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

SYNR R 0 0
SYN5 SYN4 SYN3 SYN2 SYN1 SYN0

W

REFDV R 0 0 0 0
REFDV3 REFDV2 REFDV1 REFDV0

W

CTFLG R 0 0 0 0 0 0 0 0

W

CRGFLG R
RTIF PORF LVRF LOCKIF

LOCK TRACK
SCMIF

SCM

W

CRGINT R
RTIE

0 0
LOCKIE

0 0
SCMIE

0

W

CLKSEL R
PLLSEL PSTP SYSWAI ROAWAI PLLWAI CWAI RTIWAI COPWAI

W

PLLCTL R
CME PLLON AUTO ACQ

0
PRE PCE SCME

W

RTICTL R 0
RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTR0

W

COPCTL R
WCOP RSBCK

0 0 0
CR2 CR1 CR0

W

FORBYP R 0 0 0 0 0 0 0 0

W

CTCTL R 0 0 0 0 0 0 0 0

W

= Unimplemented or Reserved

Figure 4-3. CRG Register Summary
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4.3.2.1 CRG Synthesizer Register (SYNR)

The SYNR register controls the multiplication factor of the PLL. If the PLL is on, the count in the lo
divider (SYNR) register effectively multiplies up the PLL clock (PLLCLK) from the reference frequen
by 2 x (SYNR+1). PLLCLK will not be below the minimum VCO frequency (fSCM).

NOTE
If PLL is selected (PLLSEL=1), Bus Clock = PLLCLK / 2
Bus Clock must not exceed the maximum operating system frequency.

Read: anytime

Write: anytime except if PLLSEL = 1

NOTE
Write to this register initializes the lock detector bit and the track detector
bit.

ARMCOP 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

7 6 5 4 3 2 1 0

R 0 0
SYN5 SYNR SYN3 SYN2 SYN1 SYN0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-4. CRG Synthesizer Register (SYNR)

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 4-3. CRG Register Summary (continued)

PLLCLK 2xOSCCLKx SYNR 1+( )
REFDV 1+( )

-----------------------------------=
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odes.
4.3.2.2 CRG Reference Divider Register (REFDV)

The REFDV register provides a Þner granularity for the PLL multiplier steps. The count in the refe
divider divides OSCCLK frequency by REFDV + 1.

Read: anytime

Write: anytime except when PLLSEL = 1

NOTE
Write to this register initializes the lock detector bit and the track detector
bit.

4.3.2.3 Reserved Register (CTFLG)

This register is reserved for factory testing of the CRGV4 module and is not available in normal m

Read: always reads 0x0000 in normal modes

Write: unimplemented in normal modes

NOTE
Writing to this register when in special mode can alter the CRGV4
functionality.

7 6 5 4 3 2 1 0

R 0 0 0 0
REFDV3 REFDV2 REFDV1 REFDV0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-5. CRG Reference Divider Register (REFDV)

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-6. CRG Reserved Register (CTFLG)
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4.3.2.4 CRG Flags Register (CRGFLG)

This register provides CRG status bits and ßags.

Read: anytime

Write: refer to each bit for individual write conditions

7 6 5 4 3 2 1 0

R
RTIF PORF LVRF LOCKIF

LOCK TRACK
SCMIF

SCM

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 4-7. CRG Flag Register (CRGFLG)

Table 4-2. CRGFLG Field Descriptions

Field Description

7
RTIF

Real-Time Interrupt Flag — RTIF is set to 1 at the end of the RTI period. This flag can only be cleared by writing
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
PORF

Power-on Reset Flag — PORF is set to 1 when a power-on reset occurs. This flag can only be cleared by writing
a 1. Writing a 0 has no effect.
0 Power-on reset has not occurred.
1 Power-on reset has occurred.

5
LVRF

Low-Voltage Reset Flag — If low voltage reset feature is not available (see the device overview chapter), 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
LOCKIF

PLL Lock Interrupt Flag — LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared by
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

Lock Status Bit — LOCK reflects the current state of PLL lock condition. This bit is cleared in self-clock mode.
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

Track Status Bit — TRACK reflects the current state of PLL track condition. This bit is cleared in self-clock mode.
Writes have no effect.
0 Acquisition mode status.
1 Tracking mode status.
MC9S12NE64 Data Sheet, Rev. 1.1
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4.3.2.5 CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.

Read: anytime

Write: anytime

1
SCMIF

Self-Clock Mode Interrupt Flag — SCMIF is set to 1 when SCM status bit changes. This flag can only be
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
SCM

Self-Clock Mode Status Bit — SCM reflects the current clocking mode. Writes have no effect.
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 fSCM.

7 6 5 4 3 2 1 0

R
RTIE

0 0
LOCKIE

0 0
SCMIE

0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-8. CRG Interrupt Enable Register (CRGINT)

Table 4-3. CRGINT Field Descriptions

Field Description

7
RTIE

Real-Time Interrupt Enable Bit
0 Interrupt requests from RTI are disabled.
1 Interrupt will be requested whenever RTIF is set.

4
LOCKIE

Lock Interrupt Enable Bit
0 LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.

1
SCMIE

Self-Clock Mode Interrupt Enable Bit
0 SCM interrupt requests are disabled.
1 Interrupt will be requested whenever SCMIF is set.

Table 4-2. CRGFLG Field Descriptions (continued)

Field Description
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4.3.2.6 CRG Clock Select Register (CLKSEL)

This register controls CRG clock selection. Refer toFigure 4-17 for details on the effect of each bit.

Read: anytime

Write: refer to each bit for individual write conditions

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 4-9. CRG Clock Select Register (CLKSEL)

Table 4-4. CLKSEL Field Descriptions

Field Description

7
PLLSEL

PLL Select Bit — Write anytime. Writing a 1 when LOCK = 0 and AUTO = 1, or TRACK = 0 and AUTO = 0 has
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
PSTP

Pseudo-Stop Bit — Write: anytime — This bit controls the functionality of the oscillator during stop mode.
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
SYSWAI

System Clocks Stop in Wait Mode Bit — Write: anytime
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
ROAWAI

Reduced Oscillator Amplitude in Wait Mode Bit — Write: anytime — Refer to oscillator block description
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
PLLWAI

PLL Stops in Wait Mode Bit — Write: anytime — If PLLWAI is set, the CRGV4 will clear the PLLSEL bit before
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.

2
CWAI

Core Stops in Wait Mode Bit — Write: anytime
0 Core clock keeps running in wait mode.
1 Core clock stops in wait mode.
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4.3.2.7 CRG PLL Control Register (PLLCTL)

This register controls the PLL functionality.

Read: anytime

Write: refer to each bit for individual write conditions

1
RTIWAI

RTI Stops in Wait Mode Bit — Write: anytime
0 RTI keeps running in wait mode.
1 RTI stops and initializes the RTI dividers whenever the part goes into wait mode.

0
COPWAI

COP Stops in Wait Mode Bit — Normal modes: Write once —Special modes: Write anytime
0 COP keeps running in wait mode.
1 COP stops and initializes the COP dividers whenever the part goes into wait mode.

7 6 5 4 3 2 1 0

R
CME PLLON AUTO ACQ

0
PRE PCE SCME

W

Reset 1 1 1 1 0 0 0 1

= Unimplemented or Reserved

Figure 4-10. CRG PLL Control Register (PLLCTL)

Table 4-5. PLLCTL Field Descriptions

Field Description

7
CME

Clock Monitor Enable Bit — CME enables the clock monitor. Write anytime except when SCM = 1.
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
PLLON

Phase Lock Loop On Bit — PLLON turns on the PLL circuitry. In self-clock mode, the PLL is turned on, but the
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.

5
AUTO

Automatic Bandwidth Control Bit — AUTO selects either the high bandwidth (acquisition) mode or the low
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
ACQ

Acquisition Bit — Write anytime. If AUTO=1 this bit has no effect.
0 Low bandwidth filter is selected.
1 High bandwidth filter is selected.

Table 4-4. CLKSEL Field Descriptions (continued)

Field Description
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4.3.2.8 CRG RTI Control Register (RTICTL)

This register selects the timeout period for the real-time interrupt.

Read: anytime

Write: anytime

NOTE
A write to this register initializes the RTI counter.

2
PRE

RTI Enable during Pseudo-Stop Bit — PRE enables the RTI during pseudo-stop mode. Write anytime.
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
PCE

COP Enable during Pseudo-Stop Bit — PCE enables the COP during pseudo-stop mode. Write anytime.
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
SCME

Self-Clock Mode Enable Bit — Normal modes: Write once —Special modes: Write anytime — SCME can not
be cleared while operating in self-clock mode (SCM=1).
0 Detection of crystal clock failure causes clock monitor reset (see Section 4.5.1, “Clock Monitor Reset”).
1 Detection of crystal clock failure forces the MCU in self-clock mode (see Section 4.4.7.2, “Self-Clock Mode”).

7 6 5 4 3 2 1 0

R 0
RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTR0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-11. CRG RTI Control Register (RTICTL)

Table 4-6. RTICTL Field Descriptions

Field Description

6:4
RTR[6:4]

Real-Time Interrupt Prescale Rate Select Bits — These bits select the prescale rate for the RTI. See Table 4-7.

3:0
RTR[3:0]

Real-Time Interrupt Modulus Counter Select Bits — These bits select the modulus counter target value to
provide additional granularity. Table 4-7 shows all possible divide values selectable by the RTICTL register. The
source clock for the RTI is OSCCLK.

Table 4-5. PLLCTL Field Descriptions (continued)

Field Description
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Table 4-7. RTI Frequency Divide Rates

RTR[3:0]

RTR[6:4] =

000
(OFF)

001
(210)

010
(211)

011
(212)

100
(213)

101
(214)

110
(215)

111
(216)

0000 (Ö1) OFF* 210 211 212 213 214 215 216

0001 (Ö2) OFF* 2x210 2x211 2x212 2x213 2x214 2x215 2x216

0010 (Ö3) OFF* 3x210 3x211 3x212 3x213 3x214 3x215 3x216

0011 (Ö4) OFF* 4x210 4x211 4x212 4x213 4x214 4x215 4x216

0100 (Ö5) OFF* 5x210 5x211 5x212 5x213 5x214 5x215 5x216

0101 (Ö6) OFF* 6x210 6x211 6x212 6x213 6x214 6x215 6x216

0110 (Ö7) OFF* 7x210 7x211 7x212 7x213 7x214 7x215 7x216

0111 (Ö8) OFF* 8x210 8x211 8x212 8x213 8x214 8x215 8x216

1000 (Ö9) OFF* 9x210 9x211 9x212 9x213 9x214 9x215 9x216

1001 (Ö10) OFF* 10x210 10x211 10x212 10x213 10x214 10x215 10x216

1010 (Ö11) OFF* 11x210 11x211 11x212 11x213 11x214 11x215 11x216

1011 (Ö12) OFF* 12x210 12x211 12x212 12x213 12x214 12x215 12x216

1100 (Ö13) OFF* 13x210 13x211 13x212 13x213 13x214 13x215 13x216

1101 (Ö14) OFF* 14x210 14x211 14x212 14x213 14x214 14x215 14x216

1110 (Ö15) OFF* 15x210 15x211 15x212 15x213 15x214 15x215 15x216

1111 (Ö16) OFF* 16x210 16x211 16x212 16x213 16x214 16x215 16x216

* 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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4.3.2.9 CRG COP Control Register (COPCTL)

This register controls the COP (computer operating properly) watchdog.

Read:   anytime

Write: WCOP, CR2, CR1, CR0: once in user mode, anytime in special mode

Write: RSBCK: once

7 6 5 4 3 2 1 0

R
WCOP RSBCK

0 0 0
CR2 CR1 CR0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-12. CRG COP Control Register (COPCTL)

Table 4-8. COPCTL Field Descriptions

Field Description

7
WCOP

Window COP Mode Bit — When set, a write to the ARMCOP register must occur in the last 25% of the selected
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 4-9 shows
the exact duration of this window for the seven available COP rates.
0 Normal COP operation
1 Window COP operation

6
RSBCK

COP and RTI Stop in Active BDM Mode Bit
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
CR[2:0]

COP Watchdog Timer Rate Select — These bits select the COP time-out rate (see Table 4-9). The COP
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 4-9. COP Watchdog Rates1

1 OSCCLK cycles are referenced from the previous COP time-out reset
(writing 0x0055/0x00AA to the ARMCOP register)

CR2 CR1 CR0
OSCCLK

Cycles to Time Out

0 0 0 COP disabled
0 0 1 214

0 1 0 216

0 1 1 218

1 0 0 220

1 0 1 222

1 1 0 223

1 1 1 224
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Memory Map and Register Definition
4.3.2.10 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 CRGÕs functionality.

Read: always read 0x0000 except in special modes

Write: only in special modes

4.3.2.11 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 CRGÕs functionality.

Read: always read 0x0080 except in special modes

Write: only in special modes

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-13. Reserved Register (FORBYP)

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-14. Reserved Register (CTCTL)
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4.3.2.12 CRG COP Timer Arm/Reset Register (ARMCOP)

This register is used to restart the COP time-out period.

Read: always reads 0x0000

Write: anytime

When the COP is disabled (CR[2:0] = Ò000Ó) 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 0x00AA causes a COP reset. To restart the COP tim
period you must write 0x0055 followed by a write of 0x00AA. Other instructions may be execu
between these writes but the sequence (0x0055, 0x00AA) must be completed prior to COP
time-out period to avoid a COP reset. Sequences of 0x0055 writes or sequences of 0x00AA
are allowed. When the WCOP bit is set, 0x0055 and 0x00AA writes must be done in the last
of the selected time-out period; writing any value in the Þrst 75% of the selected period will c
a COP reset.

4.4 Functional Description
This section gives detailed informations on the internal operation of the design.

4.4.1 Phase Locked Loop (PLL)

The PLL is used to run the MCU from a different time base than the incoming OSCCLK. For incre
ßexibility, OSCCLK can be divided in a range of 1 to 16 to generate the reference frequency. This o
a Þner multiplication granularity. The PLL can multiply this reference clock by a multiple of 2, 4, 6
126,128 based on the SYNR register.

CAUTION
Although it is possible to set the two dividers to command a very high clock
frequency, do not exceed the speciÞed bus frequency limit for the MCU.
If (PLLSEL = 1), Bus Clock = PLLCLK / 2

The PLL is a frequency generator that operates in either acquisition mode or tracking mode, depend
the difference between the output frequency and the target frequency. The PLL can change betwe
acquisition and tracking modes either automatically or manually.

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 4-15. ARMCOP Register Diagram

PLLCLK 2 OSCCLK
SYNR 1+[ ]

REFDV 1+[ ]
-----------------------------------××=
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The VCO has a minimum operating frequency, which corresponds to the self-clock mode frequencySCM.

Figure 4-16. PLL Functional Diagram

4.4.1.1 PLL Operation

The oscillator output clock signal (OSCCLK) is fed through the reference programmable divider a
divided in a range of 1 to 16 (REFDV+1) to output the reference clock. The VCO output clock, (PLLC
is fed back through the programmable loop divider and is divided in a range of 2 to 128 in increme
[2 x (SYNR +1)] to output the feedback clock. SeeFigure 4-16.

The phase detector then compares the feedback clock, with the reference clock. Correction pulse
generated based on the phase difference between the two signals. The loop Þlter then slightly alters
voltage on the external Þlter capacitor connected to XFC pin, based on the width and direction of 
correction pulse. The Þlter can make fast or slow corrections depending on its mode, as describe
next subsection. The values of the external Þlter network and the reference frequency determine th
of the corrections and the stability of the PLL.

4.4.1.2 Acquisition and Tracking Modes

The lock detector compares the frequencies of the feedback clock, and the reference clock. Therefo
speed of the lock detector is directly proportional to the Þnal reference frequency. The circuit deter
the mode of the PLL and the lock condition based on this comparison.

REDUCED
CONSUMPTION
OSCILLATOR

EXTAL

XTAL

OSCCLK

PLLCLK

REFERENCE
PROGRAMMABLE

DIVIDER PDET
PHASE

DETECTOR

REFDV <3:0>

LOOP
PROGRAMMABLE

DIVIDER

SYN <5:0>

CPUMP VCO

LOCK

LOOP
FILTER

XFC
PIN

UP

DOWN

LOCK
DETECTOR

REFERENCE

FEEDBACK

VDDPLL

VDDPLL/VSSPLL

CRYSTAL
MONITOR

VDDPLL/VSSPLL

VDD/VSS

supplied by:
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The PLL Þlter can be manually or automatically conÞgured into one of two possible operating mo

¥ Acquisition mode
In acquisition mode, the Þlter can make large frequency corrections to the VCO. This mode is
at PLL start-up or when the PLL has suffered a severe noise hit and the VCO frequency is 
the desired frequency. When in acquisition mode, the TRACK status bit is cleared in the CRG
register.

¥ Tracking mode
In tracking mode, the Þlter makes only small corrections to the frequency of the VCO. PLL
is much lower in tracking mode, but the response to noise is also slower. The PLL enters tra
mode when the VCO frequency is nearly correct and the TRACK bit is set in the CRGFLG regi

The PLL can change the bandwidth or operational mode of the loop Þlter manually or automatica

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches betwee
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine whe
PLL clock (PLLCLK) is safe to use as the source for the system and core clocks. If PLL LOCK inter
requests are enabled, the software can wait for an interrupt request and then check the LOCK bit. I
interrupts are disabled, software can poll the LOCK bit continuously (during PLL start-up, usually)
periodic intervals. In either case, only when the LOCK bit is set, is the PLLCLK clock safe to use a
source for the system and core clocks. If the PLL is selected as the source for the system and core
and the LOCK bit is clear, the PLL has suffered a severe noise hit and the software must take appro
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 Þlter.
¥ The TRACK bit is set when the VCO frequency is within a certain tolerance,� trk, and is clear when

the VCO frequency is out of a certain tolerance,� unt.
¥ 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,� Lock, and is cleared

when the VCO frequency is out of a certain tolerance,� unl.
¥ CPU interrupts can occur if enabled (LOCKIE = 1) when the lock condition changes, togglin

LOCK bit.

The PLL can also operate in manual mode (AUTO = 0). Manual mode is used by systems that do
require an indicator of the lock condition for proper operation. Such systems typically operate well b
the maximum system frequency (fsys) and require fast start-up. The following conditions apply when i
manual mode:

¥ ACQ is a writable control bit that controls the mode of the Þlter. Before turning on the PLL 
manual mode, the ACQ bit should be asserted to conÞgure the Þlter in acquisition mode.

¥ After turning on the PLL by setting the PLLON bit software must wait a given time (tacq) before
entering tracking mode (ACQ = 0).

¥ After entering tracking mode software must wait a given time (tal) before selecting the PLLCLK
as the source for system and core clocks (PLLSEL = 1).
MC9S12NE64 Data Sheet, Rev. 1.1

158 Freescale Semiconductor



Functional Description

etting

. The

PU.
o

ut
rned
um
4.4.2 System Clocks Generator

Figure 4-17. System Clocks Generator

The clock generator creates the clocks used in the MCU (seeFigure 4-17). The gating condition placed on
top of the individual clock gates indicates the dependencies of different modes (stop, wait) and the s
of the respective conÞguration bits.

The peripheral modules use the bus clock. Some peripheral modules also use the oscillator clock
memory blocks use the bus clock. If the MCU enters self-clock mode (seeSection 4.4.7.2, ÒSelf-Clock
ModeÓ), oscillator clock source is switched to PLLCLK running at its minimum frequency fSCM. The bus
clock is used to generate the clock visible at the ECLK pin. The core clock signal is the clock for the C
The core clock is twice the bus clock as shown inFigure 4-18. But note that a CPU cycle corresponds t
one bus clock.

PLL clock mode is selected with PLLSEL bit in the CLKSEL register. When selected, the PLL outp
clock drives SYSCLK for the main system including the CPU and peripherals. The PLL cannot be tu
off by clearing the PLLON bit, if the PLL clock is selected. When PLLSEL is changed, it takes a maxim

OSCILLATOR

PHASE
LOCK
LOOP

EXTAL

XTAL

SYSCLK

RTIOSCCLK

PLLCLK

CLOCK PHASE
GENERATOR

Bus Clock

Clock
Monitor

1

0

PLLSEL or SCM

Ö2

Core Clock

COP

Oscillator

Oscillator

= Clock Gate

Gating
Condition

WAIT(CWAI,SYSWAI),
STOP

WAIT(RTIWAI),
STOP(PSTP,PRE),

RTI enable

WAIT(COPWAI),
STOP(PSTP,PCE),

COP enable

WAIT(SYSWAI),
STOP

STOP(PSTP)

1

0

SCM

WAIT(SYSWAI),
STOP

Clock

Clock
(running during

Pseudo-Stop Mode
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of 4 OSCCLK plus 4 PLLCLK cycles to make the transition. During the transition, all clocks freeze
CPU activity ceases.

Figure 4-18. Core Clock and Bus Clock Relationship

4.4.3 Clock Monitor (CM)

If no OSCCLK edges are detected within a certain time, the clock monitor within the oscillator bloc
generates a clock monitor fail event. The CRGV4 then asserts self-clock mode or generates a syste
depending on the state of SCME bit. If the clock monitor is disabled or the presence of clocks is de
no failure is indicated by the oscillator block.The clock monitor function is enabled/disabled by the C
control bit.

4.4.4 Clock Quality Checker

The clock monitor performs a coarse check on the incoming clock signal. The clock quality check
provides a more accurate check in addition to the clock monitor.

A clock quality check is triggered by any of the following events:

¥ 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 calledcheck window.

A number greater equal than 4096 rising OSCCLK edges within acheck windowis calledosc ok. Note that
osc ok immediately terminates the currentcheck window. SeeFigure 4-19 as an example.

1. VCO clock cycles are generated by the PLL when running at minimum frequency fSCM.

CORE CLOCK:

BUS CLOCK / ECLK
MC9S12NE64 Data Sheet, Rev. 1.1
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Functional Description
Figure 4-19. Check Window Example

The sequence for clock quality check is shown inFigure 4-20.

Figure 4-20. Sequence for Clock Quality Check

NOTE
Remember that in parallel to additional actions caused by self-clock mode
or clock monitor reset1 handling the clock quality checkercontinues to
check the OSCCLK signal.

1. A Clock Monitor Reset will always set the SCME bit to logical’1’

1 2 49999 50000
VCO
clock

check window

1 2 3 4 5

4095

4096

3

OSCCLK

osc ok

check window

osc ok

?

SCM
active?

Switch to OSCCLK

Exit SCM

Clock OK

num=0

num<50

?

num=num+1

yes

no

yes

SCME=1
?

no

Enter SCM

SCM
active?

yes

Clock Monitor Reset

no

yes

no

num=50

yes

no

POR exit full stop

CM fail

LVR
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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 (fSCM) and an active VREG
during pseudo-stop mode or wait mode

4.4.5 Computer Operating Properly Watchdog (COP)

Figure 4-21. 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 soft
is no longer being executed in the intended sequence; thus a system reset is initiated (seeSection 4.5.2,
ÒComputer Operating Properly Watchdog (COP) Reset).Ó The COP runs with a gated OSCCLK (see
Section Figure 4-21., ÒClock Chain for COPÓ). Three control bits in the COPCTL register allow selecti
of seven COP time-out periods.

When COP is enabled, the program must write 0x0055 and 0x00AA (in this order) to the ARMCO
register during the selected time-out period. As soon as this is done, the COP time-out period is res
If the program fails to do this and the COP times out, the part will reset. Also, if any value other th
0x0055 or 0x00AA is written, the part is immediately reset.

Windowed COP operation is enabled by setting WCOP in the COPCTL register. In this mode, wri
the ARMCOP register to clear the COP timer must occur in the last 25% of the selected time-out p
A premature write will immediately reset the part.

If PCE bit is set, the COP will continue to run in pseudo-stop mode.

OSCCLK

CR[2:0]

COP TIMEOUT

0:0:0
0:0:1

0:1:0

0:1:1

1:0:0

1:0:1

1:1:0

1:1:1

Ö 4

Ö 4

Ö 2

Ö 4

Ö 2

Ö 16384

Ö 4

CR[2:0]

= Clock Gate

WAIT(COPWAI),
STOP(PSTP,PCE),

COP enable

gating condition
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4.4.6 Real-Time Interrupt (RTI)

The RTI can be used to generate a hardware interrupt at a Þxed periodic rate. If enabled (by setti
RTIE=1), this interrupt will occur at the rate selected by the RTICTL register. The RTI runs with a g
OSCCLK (seeSection Figure 4-22., ÒClock Chain for RTIÓ). At the end of the RTI time-out period the
RTIF ßag 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.
.

Figure 4-22. Clock Chain for RTI

4.4.7 Modes of Operation

4.4.7.1 Normal Mode

The CRGV4 block behaves as described within this speciÞcation in all normal modes.

4.4.7.2 Self-Clock Mode

The VCO has a minimum operating frequency, fSCM. If the external clock frequency is not available du
to a failure or due to long crystal start-up time, the bus clock and the core clock are derived from the

OSCCLK

 RTR[6:4]
0:0:0

0:0:1

0:1:0

0:1:1

1:0:0

1:0:1

1:1:0

1:1:1

Ö 2

Ö 2

Ö 2

Ö 2

Ö 2

Ö 2

COUNTER (RTR[3:0])
4-BIT MODULUS

Ö 1024

RTI TIMEOUT= Clock Gate

WAIT(RTIWAI),
STOP(PSTP,PRE),

RTI enable

gating condition
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running at minimum operating frequency; this mode of operation is called self-clock mode. This req
CME = 1 and SCME = 1. If the MCU was clocked by the PLL clock prior to entering self-clock mode,
PLLSEL bit will be cleared. If the external clock signal has stabilized again, the CRG will automatic
select OSCCLK to be the system clock and return to normal mode. SeeSection 4.4.4, ÒClock Quality
CheckerÓ 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 conÞgured to run on PLL clock
(PLLCLK), a loss of external clock (OSCCLK) will not be detected and will
cause the system clock to drift towards the VCOÕs minimum frequency
fSCM. 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.

4.4.8 Low-Power Operation in Run Mode

The RTI can be stopped by setting the associated rate select bits to 0.

The COP can be stopped by setting the associated rate select bits to 0.

4.4.9 Low-Power Operation in Wait Mode

The WAI instruction puts the MCU in a low power consumption stand-by mode depending on setti
the individual bits in the CLKSEL register. All individual wait mode conÞguration bits can be superpo
This provides enhanced granularity in reducing the level of power consumption during wait mode.
Table 4-10 lists the individual conÞguration bits and the parts of the MCU that are affected in wait m

After executing the WAI instruction the core requests the CRG to switch MCU into wait mode. The C
then checks whether the PLLWAI, CWAI and SYSWAI bits are asserted (seeFigure 4-23). Depending on
the conÞguration the CRG switches the system and core clocks to OSCCLK by clearing the PLLSE
disables the PLL, disables the core clocks and Þnally disables the remaining system clocks. As soo
clocks are switched off wait mode is active.

Table 4-10. MCU Configuration During Wait Mode

PLLWAI CWAI SYSWAI RTIWAI COPWAI ROAWAI

PLL stopped — — — — —

Core — stopped stopped — — —

System — — stopped — — —

RTI — — — stopped — —

COP — — — — stopped —

Oscillator — — — — — reduced1

1 Refer to oscillator block description for availability of a reduced oscillator amplitude.
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Functional Description
Figure 4-23. Wait Mode Entry/Exit Sequence
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There are Þve different scenarios for the CRG to restart the MCU from wait mode:

¥ External reset
¥ Clock monitor reset
¥ COP reset
¥ Self-clock mode interrupt
¥ Real-time interrupt (RTI)

If the MCU gets an external reset during wait mode active, the CRG asynchronously restores all
conÞguration bits in the register space to its default settings and starts the reset generator. After com
the reset sequence processing begins by fetching the normal reset vector. Wait mode is exited and th
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 CR
generates a clock monitor fail reset (CMRESET). The CRGÕs behavior for CMRESET is the sam
compared to external reset, but another reset vector is fetched after completion of the reset sequenc
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating
interrupt the CRG enters self-clock mode and starts the clock quality checker (seeSection 4.4.4, ÒClock
Quality CheckerÓ). Then the MCU continues with normal operation.If the SCM interrupt is blocked
SCMIE = 0, the SCMIF ßag will be asserted and clock quality checks will be performed but the MCU
not wake-up from wait mode.

If any other interrupt source (e.g. RTI) triggers exit from wait mode the MCU immediately continues
normal operation. If the PLL has been powered-down during wait mode the PLLSEL bit is cleared an
MCU runs on OSCCLK after leaving wait mode. The software must manually set the PLLSEL bit ag
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 cl
check is successful. The PLL and voltage regulator (VREG) will remain enabled.

Table 4-11 summarizes the outcome of a clock loss while in wait mode.
MC9S12NE64 Data Sheet, Rev. 1.1
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Functional Description
Table 4-11. 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 (fSCM) as system clock,
      – Continue to perform additional Clock Quality Checks until OSCCLK
           is o.k. again.

      or an External RESET is applied.
      – Exit Wait Mode in SCM using PLL clock (fSCM) as system clock,
      – Start reset sequence,
      – Continue to perform additional Clock Quality Checks until OSCCLK
           is o.k.again.
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4.4.10 Low-Power Operation in Stop Mode

All clocks are stopped in STOP mode, dependent of the setting of the PCE, PRE and PSTP bit. T
oscillator is disabled in STOP mode unless the PSTP bit is set. All counters and dividers remain froz
do not initialize. If the PRE or PCE bits are set, the RTI or COP continues to run in pseudo-stop mo
addition to disabling system and core clocks the CRG requests other functional units of the MCU 
voltage-regulator) to enter their individual power-saving modes (if available). This is the main differe
between pseudo-stop mode and wait mode.

After executing the STOP instruction the core requests the CRG to switch the MCU into stop mode.
PLLSEL bit remains set when entering stop mode, the CRG will switch the system and core clock
OSCCLK by clearing the PLLSEL bit. Then the CRG disables the PLL, disables the core clock and Þ
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
quality until clock check is successful. The PLL and the voltage regulator (VREG) will remain enable
full stop mode (PSTP = 0) is entered from self-clock mode an ongoing clock quality check will be stop
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.

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 (fSCM) as system clock,
   – Continue to perform a additional Clock Quality Checks until OSCCLK
         is o.k. again.

Table 4-11. Outcome of Clock Loss in Wait Mode (continued)

CME SCME SCMIE CRG Actions
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Functional Description

enarios
Figure 4-24. Stop Mode Entry/Exit Sequence

4.4.10.1 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 sc
for the CRG to restart the MCU from pseudo-stop mode:

¥ 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 resto
conÞguration bits in the register space to its default settings and starts the reset generator. After com
the reset sequence processing begins by fetching the normal reset vector. Pseudo-stop mode is ex
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 
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CR
generates a clock monitor fail reset (CMRESET). The CRGÕs behavior for CMRESET is the sam
compared to external reset, but another reset vector is fetched after completion of the reset sequenc
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating
interrupt the CRG enters self-clock mode and starts the clock quality checker (seeSection 4.4.4, ÒClock
Quality CheckerÓ). Then the MCU continues with normal operation. If the SCM interrupt is blocked
SCMIE = 0, the SCMIF ßag will be asserted but the CRG will not wake-up from pseudo-stop mod

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 P
bit is cleared and the MCU runs on OSCCLK after leaving stop mode. The software must set the PL
bit again, in order to switch system and core clocks to the PLLCLK.

Table 4-12 summarizes the outcome of a clock loss while in pseudo-stop mode.
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Functional Description
Table 4-12. 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 (fSCM) as system clock
      – Continue to perform additional Clock Quality Checks until OSCCLK
           is o.k. again.

      or an External RESET is applied.
      – Exit Pseudo-Stop Mode in SCM using PLL clock (fSCM) as system clock
      – Start reset sequence,
      – Continue to perform additional Clock Quality Checks until OSCCLK
           is o.k.again.
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4.4.10.2 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 
conÞguration bits in the register space to its default settings and will perform a maximum of 50 clo
check_windows (seeSection 4.4.4, ÒClock Quality CheckerÓ). After completing the clock quality check
the CRG starts the reset generator. After completing the reset sequence processing begins by fetc
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 (seeSection 4.4.4, ÒClock Quality CheckerÓ). If the clock quality check is successful, th
CRG will release all system and core clocks and will continue with normal operation. If all clock che
within the timeout-window are failing, the CRG will switch to self-clock mode or generate a clock mon
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 MC
on OSCCLK after leaving stop mode. The software must manually set the PLLSEL bit again, in ord
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.

4.5 Resets
This section describes how to reset the CRGV4 and how the CRGV4 itself controls the reset of the
It explains all special reset requirements. Because the reset generator for the MCU is part of the CR
section also describes all automatic actions that occur during or as a result of individual reset cond
The reset values of registers and signals are provided inSection 4.3, ÒMemory Map and Register

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 (fSCM) as system clock,
   – Continue to perform a additional Clock Quality Checks until OSCCLK
         is o.k. again.

Table 4-12. Outcome of Clock Loss in Pseudo-Stop Mode (continued)

CME SCME SCMIE CRG Actions
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DeÞnition.Ó All reset sources are listed inTable 4-13. Refer to the device overview chapter for related
vector addresses and priorities.

The reset sequence is initiated by any of the following events:

¥ Low level is detected at theRESET 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 theRESET pin low for 128 SYSCLK cycles
(seeFigure 4-25). Because entry into reset is asynchronous it does not require a running SYSCLK.
However, the internal reset circuit of the CRGV4 cannot sequence out of current reset condition with
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 t
RESET pin is released. The reset generator of the CRGV4 waits for additional 64 SYSCLK cycles
then samples the RESET pin to determine the originating source.Table 4-14 shows which vector will be
fetched.

NOTE
External circuitry connected to theRESET 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.

Table 4-13. 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)

Table 4-14. Reset Vector Selection

Sampled RESET Pin
(64 Cycles After

Release)

Clock Monitor
Reset Pending

COP Reset
Pending

Vector Fetch

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
MC9S12NE64 Data Sheet, Rev. 1.1

Freescale Semiconductor 173



Chapter 4 Clocks and Reset Generator (CRGV4)

K long

too.

hich
e CRG
lity

reset
en the
it. If a

 the
 period
0055
abled
The internal reset of the MCU remains asserted while the reset generator completes the 192 SYSCL
reset sequence. The reset generator circuitry always makes sure the internal reset is deasserted
synchronously after completion of the 192 SYSCLK cycles. In case theRESET pin is externally driven
low for more than these 192 SYSCLK cycles (external reset), the internal reset remains asserted 

Figure 4-25. RESET Timing

4.5.1 Clock Monitor Reset

The CRGV4 generates a clock monitor reset in case all of the following conditions are true:

¥ Clock monitor is enabled (CME=1)

¥ Loss of clock is detected

¥ Self-clock mode is disabled (SCME=0)

The reset event asynchronously forces the conÞguration registers to their default settings (seeSection 4.3,
ÒMemory Map and Register DeÞnitionÓ). In detail the CME and the SCME are reset to logical Ô1Õ (w
doesnÕt change the state of the CME bit, because it has already been set). As a consequence, th
immediately enters self-clock mode and starts its internal reset sequence. In parallel the clock qua
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
generator, the CRG may leave self-clock mode while completing the internal reset sequence. Wh
reset sequence is Þnished the CRG checks the internally latched state of the clock monitor fail circu
clock monitor fail is indicated processing begins by fetching the clock monitor reset vector.

4.5.2 Computer Operating Properly Watchdog (COP) Reset

When COP is enabled, the CRG expects sequential write of 0x0055 and 0x00AA (in this order) to
ARMCOP register during the selected time-out period. As soon as this is done, the COP time-out
restarts. If the program fails to do this the CRG will generate a reset. Also, if any value other than 0x
or 0x00AA is written, the CRG immediately generates a reset. In case windowed COP operation is en

) ( ) (

)

(

)
SYSCLK

128+n cycles 64 cycles
with n being
min 3 / max 6
cycles depending
on internal
synchronization
delay

CRG drives RESET pin low

possibly
SYSCLK
not
running

possibly
RESET
driven low
externally

)
((

RESET

RESET pin
released
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writes (0x0055 or 0x00AA) to the ARMCOP register must occur in the last 25% of the selected time
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 
monitor failure is indicated and the latched state of the COP timeout is true, processing begins by fe
the COP vector.

4.5.3 Power-On Reset, Low Voltage Reset

The on-chip voltage regulator detects when VDD 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 trig
the CRG performs a quality check on the incoming clock signal. As soon as clock quality check indi
a valid oscillator clock signal the reset sequence starts using the oscillator clock. If after 50 check win
the clock quality check indicated a non-valid oscillator clock the reset sequence starts using self-c
mode.

Figure 4-26 andFigure 4-27 show the power-up sequence for cases when theRESET pin is tied to VDD
and when theRESET pin is held low.

Figure 4-26. RESET Pin Tied to VDD (by a Pull-Up Resistor)

Figure 4-27. RESET Pin Held Low Externally
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4.6 Interrupts
The interrupts/reset vectors requested by the CRG are listed inTable 4-15. Refer to the device overview
chapter for related vector addresses and priorities.

4.6.1 Real-Time Interrupt

The CRGV4 generates a real-time interrupt when the selected interrupt time period elapses. RTI inte
are locally disabled by setting the RTIE bit to 0. The real-time interrupt ßag (RTIF) is set to 1 when
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 us
periodic wakeup from pseudo-stop if the RTI interrupt is enabled.

4.6.2 PLL Lock Interrupt

The CRGV4 generates a PLL lock interrupt when the LOCK condition of the PLL has changed, ei
from a locked state to an unlocked state or vice versa. Lock interrupts are locally disabled by setti
LOCKIE bit to 0. The PLL Lock interrupt ßag (LOCKIF) is set to1 when the LOCK condition has
changed, and is cleared to 0 by writing a 1 to the LOCKIF bit.

4.6.3 Self-Clock Mode Interrupt

The CRGV4 generates a self-clock mode interrupt when the SCM condition of the system has cha
either entered or exited self-clock mode. SCM conditions can only change if the self-clock mode e
bit (SCME) is set to 1. SCM conditions are caused by a failing clock quality check after power-on 
(POR) or low voltage reset (LVR) or recovery from full stop mode (PSTP = 0) or clock monitor failu
For details on the clock quality check refer toSection 4.4.4, ÒClock Quality Checker.Ó If the clock monitor
is enabled (CME = 1) a loss 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 ßag (SCMIF) is
to 1 when the SCM condition has changed, and is cleared to 0 by writing a 1 to the SCMIF bit.

Table 4-15. CRG Interrupt Vectors

Interrupt Source
CCR
Mask

Local Enable

Real-time interrupt I bit CRGINT (RTIE)

LOCK interrupt I bit CRGINT (LOCKIE)

SCM interrupt I bit CRGINT (SCMIE)
MC9S12NE64 Data Sheet, Rev. 1.1

176 Freescale Semiconductor



ical

square
Chapter 5
Oscillator (OSCV2)

5.1 Introduction
The OSCV2 module provides two alternative oscillator concepts:

¥ A low noise and low power Colpitts oscillator with amplitude limitation control (ALC)
¥ A robust full swing Pierce oscillator with the possibility to feed in an external square wave

5.1.1 Features

The Colpitts OSCV2 option provides the following features:

¥ Amplitude limitation control (ALC) loop:
Ñ Low power consumption and low current induced RF emission
Ñ Sinusoidal waveform with low RF emission
Ñ Low crystal stress (an external damping resistor is not required)
Ñ Normal and low amplitude mode for further reduction of power and emission

¥ An external biasing resistor is not required

The Pierce OSC option provides the following features:

¥ Wider high frequency operation range
¥ No DC voltage applied across the crystal
¥ Full rail-to-rail (2.5 V nominal) swing oscillation with low EM susceptibility
¥ Fast start up

Common features:

¥ Clock monitor (CM)
¥ Operation from the VDDPLL 2.5 V (nominal) supply rail

5.1.2 Modes of Operation

Two modes of operation exist:

¥ Amplitude limitation controlled Colpitts oscillator mode suitable for power and emission crit
applications

¥ Full swing Pierce oscillator mode that can also be used to feed in an externally generated 
wave suitable for high frequency operation and harsh environments

5.2 External Signal Description
This section lists and describes the signals that connect off chip.
MC9S12NE64 Data Sheet, Rev. 1.1
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5.2.1 VDDPLL and VSSPLL — PLL Operating Voltage, PLL Ground

These pins provide the operating voltage (VDDPLL) and ground (VSSPLL) for the OSCV2 circuitry. This
allows the supply voltage to the OSCV2 to be independently bypassed.

5.2.2 EXTAL and XTAL — Clock/Crystal Source Pins

These pins provide the interface for either a crystal or a CMOS compatible clock to control the int
clock generator circuitry. EXTAL is the external clock input or the input to the crystal oscillator ampliÞ
XTAL is the output of the crystal oscillator ampliÞer. All the MCU internal system clocks are derived fr
the EXTAL input frequency. In full stop mode (PSTP = 0) the EXTAL pin is pulled down by an inte
resistor of typical 200 k� .

NOTE
Freescale Semiconductor recommends an evaluation of the application
board and chosen resonator or crystal by the resonator or crystal supplier.

The Crystal circuit is changed from standard.

The Colpitts circuit is not suited for overtone resonators and crystals.

Figure 5-1. Colpitts Oscillator Connections (XCLKS = 0)

NOTE
The Pierce circuit is not suited for overtone resonators and crystals without
a careful component selection.

MCU

C2

EXTAL

XTAL

VSSPLL

C1
CDC*

Crystal or Ceramic
Resonator

* 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 CDC.
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itts
LKS
Figure 5-2. Pierce Oscillator Connections (XCLKS = 1)

Figure 5-3. External Clock Connections (XCLKS = 1)

5.2.3 XCLKS — Colpitts/Pierce Oscillator Selection Signal

The XCLKS is an input signal which controls whether a crystal in combination with the internal Colp
(low power) oscillator is used or whether the Pierce oscillator/external clock circuitry is used. The XC
signal is sampled during reset with the rising edge ofRESET.Table 5-1 lists the state coding of the
sampled XCLKS signal. Refer to the device overview chapter for polarity of the XCLKS pin.

Table 5-1. Clock Selection Based on XCLKS

XCLKS Description

0 Colpitts oscillator selected

1 Pierce oscillator/external clock selected

MCU

EXTAL

XTAL
RS*

RB

VSSPLL

Crystal or Ceramic
Resonator

C4

C3

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

MCU

EXTAL

XTAL

CMOS-Compatible
External Oscillator

Not Connected

(VDDPLL Level)
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5.3 Memory Map and Register Definition
The CRG contains the registers and associated bits for controlling and monitoring the OSCV2 mo

5.4 Functional Description
The OSCV2 block has two external pins, EXTAL and XTAL. The oscillator input pin, EXTAL, is intend
to be connected to either a crystal or an external clock source. The selection of Colpitts oscillator or
oscillator/external clock depends on the XCLKS signal which is sampled during reset. The XTAL p
an output signal that provides crystal circuit feedback.

A buffered EXTAL signal, OSCCLK, becomes the internal reference clock. To improve noise immu
the oscillator is powered by the VDDPLL and VSSPLL power supply pins.

The Pierce oscillator can be used for higher frequencies compared to the low power Colpitts oscil

5.4.1 Amplitude Limitation Control (ALC)

The Colpitts oscillator is equipped with a feedback system which does not waste current by gener
harmonics. Its conÞguration is ÒColpitts oscillator with translated ground.Ó The transconductor u
driven by a current source under the control of a peak detector which will measure the amplitude 
AC signal appearing on EXTAL node in order to implement an amplitude limitation control (ALC) lo
The ALC loop is in charge of reducing the quiescent current in the transconductor as a result of an in
in the oscillation amplitude. The oscillation amplitude can be limited to two values. The normal ampl
which is intended for non power saving modes and a small amplitude which is intended for low po
operation modes. Please refer to the CRG block description chapter for the control and assignmen
amplitude value to operation modes.

5.4.2 Clock Monitor (CM)

The clock monitor circuit is based on an internal resistor-capacitor (RC) time delay so that it can op
without any MCU clocks. If no OSCCLK edges are detected within this RC time delay, the clock mon
indicates a failure which asserts self clock mode or generates a system reset depending on the st
SCME bit. If the clock monitor is disabled or the presence of clocks is detected no failure is indicated
clock monitor function is enabled/disabled by the CME control bit, described in the CRG block descri
chapter.

5.5 Interrupts
OSCV2 contains a clock monitor, which can trigger an interrupt or reset. The control bits and statu
for the clock monitor are described in the CRG block description chapter.
MC9S12NE64 Data Sheet, Rev. 1.1
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Chapter 6
Timer Module (TIM16B4CV1)

6.1 Introduction
The basic timer consists of a 16-bit, software-programmable counter driven by a seven-stage
programmable prescaler.

This timer can be used for many purposes, including input waveform measurements while simultane
generating an output waveform. Pulse widths can vary from microseconds to many seconds.

This timer contains 4 complete input capture/output compare channels IOC[7:4] and one pulse
accumulator. The input capture function is used to detect a selected transition edge and record th
The output compare function is used for generating output signals or for timer software delays. The
pulse accumulator is used to operate as a simple event counter or a gated time accumulator. The
accumulator shares timer channel 7 when in event mode.

A full access for the counter registers or the input capture/output compare registers should take p
one clock cycle. Accessing high byte and low byte separately for all of these registers may not yie
same result as accessing them in one word.

6.1.1 Features

The TIM16B4CV1 includes these distinctive features:

¥ Four input capture/output compare channels.
¥ Clock prescaling.
¥ 16-bit counter.
¥ 16-bit pulse accumulator.

6.1.2 Modes of Operation

Stop: Timer is off because clocks are stopped.

Freeze: Timer counter keep on running, unless TSFRZ in TSCR (0x0006) is set to 1.

Wait: Counters keep on running, unless TSWAI in TSCR (0x0006) is set to 1.

Normal: Timer counter keep on running, unless TEN in TSCR (0x0006) is cleared to 0.
MC9S12NE64 Data Sheet, Rev. 1.1
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6.1.3 Block Diagrams

Figure 6-1. TIM16B4CV1 Block Diagram
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16-bit Counter

16-bit
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PA input
interrupt

PA overflow
interrupt

Timer overflow
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interrupt
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interrupt

Registers

Bus clock
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Input capture
Output compare

Input capture
Output compare

Input capture
Output compare

Channel 4
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Channel 6

Channel 7
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Figure 6-2. 16-Bit Pulse Accumulator Block Diagram

Figure 6-3. Interrupt Flag Setting
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 pulse
Figure 6-4. Channel 7 Output Compare/Pulse Accumulator Logic

NOTE
For more information see the respective functional descriptions in
Section 6.4, ÒFunctional Description,Ó of this document.

6.2 External Signal Description
The TIM16B4CV1 module has a total of four external pins.

6.2.1 IOC7 — Input Capture and Output Compare Channel 7 Pin

This pin serves as input capture or output compare for channel 7. This can also be conÞgured as
accumulator input.

6.2.2 IOC6 — Input Capture and Output Compare Channel 6 Pin

This pin serves as input capture or output compare for channel 6.

6.2.3 IOC5 — Input Capture and Output Compare Channel 5 Pin

This pin serves as input capture or output compare for channel 5.

6.2.4 IOC4 — Input Capture and Output Compare Channel 4 Pin

This pin serves as input capture or output compare for channel 4.

NOTE
 For the description of interrupts seeSection 6.6, ÒInterruptsÓ.

PULSE
ACCUMULATOR PAD

OM7
OL7

OC7M7

CHANNEL 7 OUTPUT COMPARE
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6.3 Memory Map and Register Definition
This section provides a detailed description of all memory and registers.

6.3.1 Module Memory Map

The memory map for the TIM16B4CV1 module is given below inTable 6-1. The address listed for each
register is the address offset. The total address for each register is the sum of the base address fo
TIM16B4CV1 module and the address offset for each register.

Table 6-1. TIM16B4CV1 Memory Map

Address Offset Use Access

0x0000 Timer Input Capture/Output Compare Select (TIOS) R/W

0x0001 Timer Compare Force Register (CFORC) R/W1

1  Always read 0x0000.

0x0002 Output Compare 7 Mask Register (OC7M) R/W

0x0003 Output Compare 7 Data Register (OC7D) R/W

0x0004 Timer Count Register (TCNT(hi)) R/W2

0x0005 Timer Count Register (TCNT(lo)) R/W2

0x0006 Timer System Control Register1 (TSCR1) R/W

0x0007 Timer Toggle Overflow Register (TTOV) R/W

0x0008 Timer Control Register1 (TCTL1) R/W

0x0009 Reserved — 3

0x000A Timer Control Register3 (TCTL3) R/W

0x000B Reserved — 3

0x000C Timer Interrupt Enable Register (TIE) R/W

0x000D Timer System Control Register2 (TSCR2) R/W

0x000E Main Timer Interrupt Flag1 (TFLG1) R/W

0x000F Main Timer Interrupt Flag2 (TFLG2) R/W

0x0010 - 0x0017 Reserved — 3

0x0018 Timer Input Capture/Output Compare Register4 (TC4(hi)) R/W4

0x0019 Timer Input Capture/Output Compare Register 4 (TC4(lo)) R/W4

0x001A Timer Input Capture/Output Compare Register 5 (TC5(hi)) R/W4

0x001B Timer Input Capture/Output Compare Register 5 (TC5(lo)) R/W4

0x001C Timer Input Capture/Output Compare Register 6 (TC6(hi)) R/W4

0x001D Timer Input Capture/Output Compare Register 6 (TC6(lo)) R/W4

0x001E Timer Input Capture/Output Compare Register 7 (TC7(hi)) R/W4

0x001F Timer Input Capture/Output Compare Register 7 (TC7(lo)) R/W4

0x0020 16-Bit Pulse Accumulator Control Register (PACTL) R/W

0x0021 Pulse Accumulator Flag Register (PAFLG) R/W

0x0022 Pulse Accumulator Count Register (PACNT(hi)) R/W

0x0023 Pulse Accumulator Count Register (PACNT(lo)) R/W

0x0024 – 0x002C Reserved — 3

0x002D Timer Test Register (TIMTST) R/W2

0x002E – 0x002F Reserved — 3
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6.3.2 Register Descriptions
This section consists of register descriptions in address order. Each description includes a stand
register diagram with an associated Þgure number. Details of register bit and Þeld function follo
register diagrams, in bit order.

2 Only writable in special modes (test_mode = 1).
3 Write has no effect; return 0 on read
4 Write to these registers have no meaning or effect during input capture.

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

0x0000
TIOS

R
IOS7 IOS6 IOS5 IOS4 IOS3 IOS2 IOS1 IOS0

W

0x0001
CFORC

R 0 0 0 0 0 0 0 0

W FOC7 FOC6 FOC5 FOC4 FOC3 FOC2 FOC1 FOC0

0x0002
OC7M

R
OC7M7 OC7M6 OC7M5 OC7M4 OC7M3 OC7M2 OC7M1 OC7M0

W

0x0003
OC7D

R
OC7D7 OC7D6 OC7D5 OC7D4 OC7D3 OC7D2 OC7D1 OC7D0

W

0x0004
TCNTH

R
TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNT8

W

0x0005
TCNTL

R
TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNT0

W

0x0006
TSCR2

R
TEN TSWAI TSFRZ TFFCA

0 0 0 0

W

0x0007
TTOV

R
TOV7 TOV6 TOV5 TOV4 TOV3 TOV2 TOV1 TOV0

W

0x0008
TCTL1

R
OM7 OL7 OM6 OL6 OM5 OL5 OM4 OL4

W

0x0009
Reserved

R 0 0 0 0 0 0 0 0

W

0x000A
TCTL3

R
EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A

W

= Unimplemented or Reserved

Figure 6-5. TIM16B4CV1 Register Summary
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0x000B
Reserved

R 0 0 0 0 0 0 0 0

W

0x000C
TIE

R
C7I C6I C5I C4I C3I C2I C1I C0I

W

0x000D
TSCR2

R
TOI

0 0 0
TCRE PR2 PR1 PR0

W

0x000E
TFLG1

R
C7F C6F C5F C4F C3F C2F C1F C0F

W

0x000F
TFLG2

R
TOF

0 0 0 0 0 0 0

W

0x0010–0x0017
Reserved

R 0 0 0 0 0 0 0 0

W

0x0018–0x001F
TCxH–TCxL

R
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

W

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

W

0x0020
PACTL

R 0
PAEN PAMOD PEDGE CLK1 CLK0 PAOVI PAI

W

0x0021
PAFLG

R 0 0 0 0 0 0
PAOVF PAIF

W

0x0022
PACNTH

R
PACNT15 PACNT14 PACNT13 PACNT12 PACNT11 PACNT10 PACNT9 PACNT8

W

0x0023
PACNTL

R
PACNT7 PACNT6 PACNT5 PACNT4 PACNT3 PACNT2 PACNT1 PACNT0

W

0x0024–0x002F
Reserved

R

W

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 6-5. TIM16B4CV1 Register Summary (continued)
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6.3.2.1 Timer Input Capture/Output Compare Select (TIOS)

Read: Anytime

Write: Anytime

6.3.2.2 Timer Compare Force Register (CFORC)

Read: Anytime but will always return 0x0000 (1 state is transient)

Write: Anytime

7 6 5 4 3 2 1 0

R
IOS7 IOS6 IOS5 IOS4

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-6. Timer Input Capture/Output Compare Select (TIOS)

Table 6-2. TIOS Field Descriptions

Field Description

7:4
IOS[7:4]

Input Capture or Output Compare Channel Configuration
0 The corresponding channel acts as an input capture.
1 The corresponding channel acts as an output compare.

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0 0 0

W FOC7 FOC6 FOC5 FOC4

Reset 0 0 0 0 0 0 0 0

Figure 6-7. Timer Compare Force Register (CFORC)

Table 6-3. CFORC Field Descriptions

Field Description

7:4
FOC[7:4]

Force Output Compare Action for Channel 7:4 — A write to this register with the corresponding data bit(s) set
causes the action which is programmed for output compare “x” to occur immediately. The action taken is the
same as if a successful comparison had just taken place with the TCx register except the interrupt flag does not
get set.
Note: A successful channel 7 output compare overrides any channel 6:4 compares. If forced output compare on

any channel occurs at the same time as the successful output compare then forced output compare action
will take precedence and interrupt flag won’t get set.
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6.3.2.3 Output Compare 7 Mask Register (OC7M)

Read: Anytime

Write: Anytime

6.3.2.4 Output Compare 7 Data Register (OC7D)

Read: Anytime

Write: Anytime

6.3.2.5 Timer Count Register (TCNT)

7 6 5 4 3 2 1 0

R
OC7M7 OC7M6 OC7M5 OC7M4

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-8. Output Compare 7 Mask Register (OC7M)

Table 6-4. OC7M Field Descriptions

Field Description

7:4
OC7M[7:4]

Output Compare 7 Mask — Setting the OC7Mx (x ranges from 4 to 6) will set the corresponding port to be an
output port when the corresponding TIOSx (x ranges from 4 to 6) bit is set to be an output compare.
Note: A successful channel 7 output compare overrides any channel 6:4 compares. For each OC7M bit that is

set, the output compare action reflects the corresponding OC7D bit.

7 6 5 4 3 2 1 0

R
OC7D7 OC7D6 OC7D5 OC7D4

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-9. Output Compare 7 Data Register (OC7D)

Table 6-5. OC7D Field Descriptions

Field Description

7:4
OC7D[7:4]

Output Compare 7 Data — A channel 7 output compare can cause bits in the output compare 7 data register
to transfer to the timer port data register depending on the output compare 7 mask register.

15 14 13 12 11 10 9 9

R
TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNT8

W

Reset 0 0 0 0 0 0 0 0

Figure 6-10. Timer Count Register High (TCNTH)
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The 16-bit main timer is an up counter.

A full access for the counter register should take place in one clock cycle. A separate read/write fo
byte and low byte will give a different result than accessing them as a word.

Read: Anytime

Write: Has no meaning or effect in the normal mode; only writable in special modes (test_mode =

The period of the Þrst count after a write to the TCNT registers may be a different size because the
is not synchronized with the prescaler clock.

6.3.2.6 Timer System Control Register 1 (TSCR1)

Read: Anytime

Write: Anytime

7 6 5 4 3 2 1 0

R
TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNT0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-11. Timer Count Register Low (TCNTL)

7 6 5 4 3 2 1 0

R
TEN TSWAI TSFRZ TFFCA

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-12. Timer System Control Register 1 (TSCR2)

Table 6-6. TSCR1 Field Descriptions

Field Description

7
TEN

Timer Enable
0 Disables the main timer, including the counter. Can be used for reducing power consumption.
1 Allows the timer to function normally.
If for any reason the timer is not active, there is no Ö64 clock for the pulse accumulator because the Ö64 is
generated by the timer prescaler.

6
TSWAI

Timer Module Stops While in Wait
0 Allows the timer module to continue running during wait.
1 Disables the timer module when the MCU is in the wait mode. Timer interrupts cannot be used to get the MCU

out of wait.
TSWAI also affects pulse accumulator.
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6.3.2.7 Timer Toggle On Overflow Register 1 (TTOV)

Read: Anytime

Write: Anytime

6.3.2.8 Timer Control Register 1 (TCTL1)

Read: Anytime

Write: Anytime

5
TSFRZ

Timer Stops While in Freeze Mode
0 Allows the timer counter to continue running while in freeze mode.
1 Disables the timer counter whenever the MCU is in freeze mode. This is useful for emulation.
TSFRZ does not stop the pulse accumulator.

4
TFFCA

Timer Fast Flag Clear All
0 Allows the timer flag clearing to function normally.
1 For TFLG1(0x000E), a read from an input capture or a write to the output compare channel (0x0010–0x001F)

causes the corresponding channel flag, CnF, to be cleared. For TFLG2 (0x000F), any access to the TCNT
register (0x0004, 0x0005) clears the TOF flag. Any access to the PACNT registers (0x0022, 0x0023) clears
the PAOVF and PAIF flags in the PAFLG register (0x0021). This has the advantage of eliminating software
overhead in a separate clear sequence. Extra care is required to avoid accidental flag clearing due to
unintended accesses.

7 6 5 4 3 2 1 0

R
TOV7 TOV6 TOV5 TOV4

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-13. Timer Toggle On Overflow Register 1 (TTOV)

Table 6-7. TTOV Field Descriptions

Field Description

7:4
TOV[7:4]

Toggle On Overflow Bits — TOVx toggles output compare pin on overflow. This feature only takes effect when
in output compare mode. When set, it takes precedence over forced output compare but not channel 7 override
events.
0 Toggle output compare pin on overflow feature disabled.
1 Toggle output compare pin on overflow feature enabled.

7 6 5 4 3 2 1 0

R
OM7 OL7 OM6 OL6 OM5 OL5 OM4 OL4

W

Reset 0 0 0 0 0 0 0 0

Figure 6-14. Timer Control Register 1 (TCTL1)

Table 6-6. TSCR1 Field Descriptions (continued)

Field Description
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To operate the 16-bit pulse accumulator independently of input capture or output compare 7 and 4
respectively the user must set the corresponding bits IOSx = 1, OMx = 0 and OLx = 0. OC7M7 in 
OC7M register must also be cleared.

Table 6-8. TCTL1/TCTL2 Field Descriptions

Field Description

7:4
OMx

Output Mode — These four pairs of control bits are encoded to specify the output action to be taken as a result
of a successful OCx compare. When either OMx or OLx is 1, the pin associated with OCx becomes an output
tied to OCx.
Note: To enable output action by OMx bits on timer port, the corresponding bit in OC7M should be cleared.

7:4
OLx

Output Level — These four pairs of control bits are encoded to specify the output action to be taken as a result
of a successful OCx compare. When either OMx or OLx is 1, the pin associated with OCx becomes an output
tied to OCx.
Note: To enable output action by OLx bits on timer port, the corresponding bit in OC7M should be cleared.

Table 6-9. Compare Result Output Action

OMx OLx Action

0 0 Timer disconnected from output pin logic

0 1 Toggle OCx output line

1 0 Clear OCx output line to zero

1 1 Set OCx output line to one
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6.3.2.9 Timer Control Register 3 (TCTL3)

Read: Anytime

Write: Anytime.

7 6 5 4 3 2 1 0

R
EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A

W

Reset 0 0 0 0 0 0 0 0

Figure 6-15. Timer Control Register 3 (TCTL3)

Table 6-10. TCTL3/TCTL4 Field Descriptions

Field Description

7:0
EDGnB
EDGnA

Input Capture Edge Control — These eight pairs of control bits configure the input capture edge detector
circuits.

Table 6-11. Edge Detector Circuit Configuration

EDGnB EDGnA Configuration

0 0 Capture disabled

0 1 Capture on rising edges only

1 0 Capture on falling edges only

1 1 Capture on any edge (rising or falling)
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6.3.2.10 Timer Interrupt Enable Register (TIE)

Read: Anytime

Write: Anytime.

6.3.2.11 Timer System Control Register 2 (TSCR2)

Read: Anytime

Write: Anytime.

7 6 5 4 3 2 1 0

R
C7I C6I C5I C4I

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-16. Timer Interrupt Enable Register (TIE)

Table 6-12. TIE Field Descriptions

Field Description

7:4
C7I:C0I

Input Capture/Output Compare “x” Interrupt Enable — The bits in TIE correspond bit-for-bit with the bits in
the TFLG1 status register. If cleared, the corresponding flag is disabled from causing a hardware interrupt. If set,
the corresponding flag is enabled to cause a interrupt.

7 6 5 4 3 2 1 0

R
TOI

0 0 0
TCRE PR2 PR1 PR0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 6-17. Timer System Control Register 2 (TSCR2)

Table 6-13. TSCR2 Field Descriptions

Field Description

7
TOI

Timer Overflow Interrupt Enable
0 Interrupt inhibited.
1 Hardware interrupt requested when TOF flag set.

3
TCRE

Timer Counter Reset Enable — This bit allows the timer counter to be reset by a successful output compare 7
event. This mode of operation is similar to an up-counting modulus counter.
0 Counter reset inhibited and counter free runs.
1 Counter reset by a successful output compare 7.
If TC7 = 0x0000 and TCRE = 1, TCNT will stay at 0x0000 continuously. If TC7 = 0xFFFF and TCRE = 1, TOF
will never be set when TCNT is reset from 0xFFFF to 0x0000.

2
PR[2:0]

Timer Prescaler Select — These three bits select the frequency of the timer prescaler clock derived from the
Bus Clock as shown in Table 6-14.
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 zero
NOTE
The newly selected prescale factor will not take effect until the next
synchronized edge where all prescale counter stages equal zero.

6.3.2.12 Main Timer Interrupt Flag 1 (TFLG1)

Read: Anytime

Write: Used in the clearing mechanism (set bits cause corresponding bits to be cleared). Writing a
will not affect current status of the bit.

Table 6-14. Timer Clock Selection

PR2 PR1 PR0 Timer Clock

0 0 0 Bus Clock / 1

0 0 1 Bus Clock / 2

0 1 0 Bus Clock / 4

0 1 1 Bus Clock / 8

1 0 0 Bus Clock / 16

1 0 1 Bus Clock / 32

1 1 0 Bus Clock / 64

1 1 1 Bus Clock / 128

7 6 5 4 3 2 1 0

R
C7F C6F C5F C4F

0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-18. Main Timer Interrupt Flag 1 (TFLG1)

Table 6-15. TRLG1 Field Descriptions

Field Description

7:4
C[7:4]F

Input Capture/Output Compare Channel “x” Flag — These flags are set when an input capture or output
compare event occurs. Clear a channel flag by writing one to it.

When TFFCA bit in TSCR register is set, a read from an input capture or a write into an output compare channel
(0x0010–0x001F) will cause the corresponding channel flag CxF to be cleared.
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6.3.2.13 Main Timer Interrupt Flag 2 (TFLG2)

TFLG2 indicates when interrupt conditions have occurred. To clear a bit in the ßag register, write 
to one.

Read: Anytime

Write: Used in clearing mechanism (set bits cause corresponding bits to be cleared).

Any access to TCNT will clear TFLG2 register if the TFFCA bit in TSCR register is set.

6.3.2.14 Timer Input Capture/Output Compare Registers High and Low 4–7
(TCxH and TCxL)

Depending on the TIOS bit for the corresponding channel, these registers are used to latch the valu
free-running counter when a deÞned transition is sensed by the corresponding input capture edge d
or to trigger an output action for output compare.

Read: Anytime

7 6 5 4 3 2 1 0

R
TOF

0 0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

Unimplemented or Reserved

Figure 6-19. Main Timer Interrupt Flag 2 (TFLG2)

Table 6-16. TRLG2 Field Descriptions

Field Description

7
TOF

Timer Overflow Flag — Set when 16-bit free-running timer overflows from 0xFFFF to 0x0000. This bit is cleared
automatically by a write to the TFLG2 register with bit 7 set.   (See also TCRE control bit explanation.)

15 14 11 12 11 10 9 0

R
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

W

Reset 0 0 0 0 0 0 0 0

Figure 6-20. Timer Input Capture/Output Compare Register x High (TCxH)

7 6 5 4 3 2 1 0

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

W

Reset 0 0 0 0 0 0 0 0

Figure 6-21. Timer Input Capture/Output Compare Register x Low (TCxL)
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ring
Write: Anytime for output compare function.Writes to these registers have no meaning or effect du
input capture. All timer input capture/output compare registers are reset to 0x0000.

NOTE
Read/Write access in byte mode for high byte should takes place before low
byte otherwise it will give a different result.

6.3.2.15 16-Bit Pulse Accumulator Control Register (PACTL)

When PAEN is set, the PACT is enabled.The PACT shares the input pin with IOC7.

Read: Any time

Write: Any time

7 6 5 4 3 2 1 0

R 0
PAEN PAMOD PEDGE CLK1 CLK0 PAOVI PAI

W

Reset 0 0 0 0 0 0 0 0

Unimplemented or Reserved

Figure 6-22. 16-Bit Pulse Accumulator Control Register (PACTL)

Table 6-17. PACTL Field Descriptions

Field Description

6
PAEN

Pulse Accumulator System Enable — PAEN is independent from TEN. With timer disabled, the pulse
accumulator can function unless pulse accumulator is disabled.
0 16-Bit Pulse Accumulator system disabled.
1 Pulse Accumulator system enabled.

5
PAMOD

Pulse Accumulator Mode — This bit is active only when the Pulse Accumulator is enabled (PAEN = 1). See
Table 6-18.
0 Event counter mode.
1 Gated time accumulation mode.

4
PEDGE

Pulse Accumulator Edge Control — This bit is active only when the Pulse Accumulator is enabled (PAEN = 1).
For PAMOD bit = 0 (event counter mode). See Table 6-18.
0 Falling edges on IOC7 pin cause the count to be incremented.
1 Rising edges on IOC7 pin cause the count to be incremented.
For PAMOD bit = 1 (gated time accumulation mode).
0 IOC7 input pin high enables M (bus clock) divided by 64 clock to Pulse Accumulator and the trailing falling

edge on IOC7 sets the PAIF flag.
1 IOC7 input pin low enables M (bus clock) divided by 64 clock to Pulse Accumulator and the trailing rising edge

on IOC7 sets the PAIF flag.

3:2
CLK[1:0]

Clock Select Bits — Refer to Table 6-19.
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iately
NOTE
If the timer is not active (TEN = 0 in TSCR), there is no divide-by-64
because theÖ64 clock is generated by the timer prescaler.

For the description of PACLK please referFigure 6-22.

If the pulse accumulator is disabled (PAEN = 0), the prescaler clock from the timer is always used
input clock to the timer counter. The change from one selected clock to the other happens immed
after these bits are written.

1
PAOVI

Pulse Accumulator Overflow Interrupt Enable
0 Interrupt inhibited.
1 Interrupt requested if PAOVF is set.

0
PAI

Pulse Accumulator Input Interrupt Enable
0 Interrupt inhibited.
1 Interrupt requested if PAIF is set.

Table 6-18. Pin Action

PAMOD PEDGE Pin Action

0 0 Falling edge

0 1 Rising edge

1 0 Div. by 64 clock enabled with pin high level

1 1 Div. by 64 clock enabled with pin low level

Table 6-19. Timer Clock Selection

CLK1 CLK0 Timer Clock

0 0 Use timer prescaler clock as timer counter clock

0 1 Use PACLK as input to timer counter clock

1 0 Use PACLK/256 as timer counter clock frequency

1 1 Use PACLK/65536 as timer counter clock frequency

Table 6-17. PACTL Field Descriptions (continued)

Field Description
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6.3.2.16 Pulse Accumulator Flag Register (PAFLG)

Read: Anytime

Write: Anytime

When the TFFCA bit in the TSCR register is set, any access to the PACNT register will clear all the
in the PAFLG register.

7 6 5 4 3 2 1 0

R 0 0 0 0 0 0
PAOVF PAIF

W

Reset 0 0 0 0 0 0 0 0

Unimplemented or Reserved

Figure 6-23. Pulse Accumulator Flag Register (PAFLG)

Table 6-20. PAFLG Field Descriptions

Field Description

1
PAOVF

Pulse Accumulator Overflow Flag — Set when the 16-bit pulse accumulator overflows from 0xFFFF to 0x0000.
This bit is cleared automatically by a write to the PAFLG register with bit 1 set.

0
PAIF

Pulse Accumulator Input edge Flag — Set when the selected edge is detected at the IOC7 input pin.In event
mode the event edge triggers PAIF and in gated time accumulation mode the trailing edge of the gate signal at
the IOC7 input pin triggers PAIF.
This bit is cleared by a write to the PAFLG register with bit 0 set.
Any access to the PACNT register will clear all the flags in this register when TFFCA bit in register TSCR(0x0006)
is set.
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6.3.2.17 Pulse Accumulators Count Registers (PACNT)

Read: Anytime

Write: Anytime

These registers contain the number of active input edges on its input pin since the last reset.

When PACNT overßows from 0xFFFF to 0x0000, the Interrupt ßag PAOVF in PAFLG (0x0021) is 

Full count register access should take place in one clock cycle. A separate read/write for high byte a
byte will give a different result than accessing them as a word.

NOTE
Reading the pulse accumulator counter registers immediately after an active
edge on the pulse accumulator input pin may miss the last count because the
input has to be synchronized with the bus clock Þrst.

15 14 13 12 11 10 9 0

R
PACNT15 PACNT14 PACNT13 PACNT12 PACNT11 PACNT10 PACNT9 PACNT8

W

Reset 0 0 0 0 0 0 0 0

Figure 6-24. Pulse Accumulator Count Register High (PACNTH)

7 6 5 4 3 2 1 0

R
PACNT7 PACNT6 PACNT5 PACNT4 PACNT3 PACNT2 PACNT1 PACNT0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-25. Pulse Accumulator Count Register Low (PACNTL)
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6.4 Functional Description
This section provides a complete functional description of the timer TIM16B4CV1 block. Please ref
the detailed timer block diagram inFigure 6-26 as necessary.

Figure 6-26. Detailed Timer Block Diagram
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CHANNEL 4

IOC4 PIN

16-BIT COUNTER

LOGIC

PR[2:1:0]

DIVIDE-BY-64

TC4

EDGE
DETECT
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PAMOD
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LOGIC
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TOI
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CH. 4 CAPTURE

PA INPUT

EDG4A

channel 7 output
compare

IOC4

IOC7

Bus Clock

Bus Clock

PAOVF

PAOVI

TOF

C4F

C7F
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6.4.1 Prescaler

The prescaler divides the bus clock by 1,2,4,8,16,32,64 or 128. The prescaler select bits, PR[2:0]
the prescaler divisor. PR[2:0] are in timer system control register 2 (TSCR2).

6.4.2 Input Capture

Clearing the I/O (input/output) select bit, IOSx, conÞgures channel x as an input capture channel.
input capture function captures the time at which an external event occurs. When an active edge oc
the pin of an input capture channel, the timer transfers the value in the timer counter into the timer ch
registers, TCx.

The minimum pulse width for the input capture input is greater than two bus clocks.

An input capture on channel x sets the CxF ßag. The CxI bit enables the CxF ßag to generate inte
requests.

6.4.3 Output Compare

Setting the I/O select bit, IOSx, conÞgures channel x as an output compare channel. The output co
function can generate a periodic pulse with a programmable polarity, duration, and frequency. Wh
timer counter reaches the value in the channel registers of an output compare channel, the timer 
clear, or toggle the channel pin. An output compare on channel x sets the CxF ßag. The CxI bit enab
CxF ßag to generate interrupt requests.

The output mode and level bits, OMx and OLx, select set, clear, toggle on output compare. Clearing
OMx and OLx disconnects the pin from the output logic.

Setting a force output compare bit, FOCx, causes an output compare on channel x. A forced outp
compare does not set the channel ßag.

A successful output compare on channel 7 overrides output compares on all other output compar
channels. The output compare 7 mask register masks the bits in the output compare 7 data regist
timer counter reset enable bit, TCRE, enables channel 7 output compares to reset the timer coun
channel 7 output compare can reset the timer counter even if the IOC7 pin is being used as the p
accumulator input.

Writing to the timer port bit of an output compare pin does not affect the pin state. The value writte
stored in an internal latch. When the pin becomes available for general-purpose output, the last va
written to the bit appears at the pin.

6.4.4 Pulse Accumulator

The pulse accumulator (PACNT) is a 16-bit counter that can operate in two modes:

Event counter mode Ñ Counting edges of selected polarity on the pulse accumulator input pin, PA

Gated time accumulation mode Ñ Counting pulses from a divide-by-64 clock. The PAMOD bit select
mode of operation.
MC9S12NE64 Data Sheet, Rev. 1.1
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The minimum pulse width for the PAI input is greater than two bus clocks.

6.4.5 Event Counter Mode

Clearing the PAMOD bit conÞgures the PACNT for event counter operation. An active edge on the
pin increments the pulse accumulator counter. The PEDGE bit selects falling edges or rising edge
increment the count.

NOTE
The PACNT input and timer channel 7 use the same pin IOC7. To use the
IOC7, disconnect it from the output logic by clearing the channel 7 output
mode and output level bits, OM7 and OL7. Also clear the channel 7 output
compare 7 mask bit, OC7M7.

The Pulse Accumulator counter register reßect the number of active input edges on the PACNT inp
since the last reset.

The PAOVF bit is set when the accumulator rolls over from 0xFFFF to 0x0000. The pulse accumu
overßow interrupt enable bit, PAOVI, enables the PAOVF ßag to generate interrupt requests.

NOTE
The pulse accumulator counter can operate in event counter mode even
when the timer enable bit, TEN, is clear.

6.4.6 Gated Time Accumulation Mode

Setting the PAMOD bit conÞgures the pulse accumulator for gated time accumulation operation. An
level on the PACNT input pin enables a divided-by-64 clock to drive the pulse accumulator. The PE
bit selects low levels or high levels to enable the divided-by-64 clock.

The trailing edge of the active level at the IOC7 pin sets the PAIF. The PAI bit enables the PAIF ßa
generate interrupt requests.

The pulse accumulator counter register reßect the number of pulses from the divided-by-64 clock sin
last reset.

NOTE
The timer prescaler generates the divided-by-64 clock. If the timer is not
active, there is no divided-by-64 clock.

6.5 Resets
The reset state of each individual bit is listed withinSection 6.3, ÒMemory Map and Register DeÞnitio
which details the registers and their bit Þelds.
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6.6 Interrupts
This section describes interrupts originated by the TIM16B4CV1 block.Table 6-21 lists the interrupts
generated by the TIM16B4CV1 to communicate with the MCU.

The TIM16B4CV1 uses a total of 7 interrupt vectors. The interrupt vector offsets and interrupt num
are chip dependent.

6.6.1 Channel [7:4] Interrupt (C[7:4]F)

This active high outputs will be asserted by the module to request a timer channel 7 Ð 4 interrupt 
serviced by the system controller.

6.6.2 Pulse Accumulator Input Interrupt (PAOVI)

This active high output will be asserted by the module to request a timer pulse accumulator input int
to be serviced by the system controller.

6.6.3 Pulse Accumulator Overflow Interrupt (PAOVF)

This active high output will be asserted by the module to request a timer pulse accumulator overß
interrupt to be serviced by the system controller.

6.6.4 Timer Overflow Interrupt (TOF)

This active high output will be asserted by the module to request a timer overßow interrupt to be ser
by the system controller.

Table 6-21. TIM16B8CV1 Interrupts

Interrupt Offset1

1 Chip Dependent.

Vector1 Priority1 Source Description

C[7:4]F — — — Timer Channel 7–4 Active high timer channel interrupts 7–4

PAOVI — — — Pulse Accumulator
Input

Active high pulse accumulator input interrupt

PAOVF — — — Pulse Accumulator
Overflow

Pulse accumulator overflow interrupt

TOF — — — Timer Overflow Timer Overflow interrupt
MC9S12NE64 Data Sheet, Rev. 1.1
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Chapter 7
Analog-to-Digital Converter (ATD10B8CV3)

7.1 Introduction
The ATD10B8C is an 8-channel, 10-bit, multiplexed input successive approximation analog-to-dig
converter. Refer to device electrical speciÞcations for ATD accuracy.

7.1.1 Features
¥ 8/10-bit resolution
¥ 7µsec, 10-bit single conversion time
¥ Sample buffer ampliÞer
¥ Programmable sample time
¥ Left/right justiÞed, 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
¥ ConÞgurable external trigger functionality on any AD channel or any of four additional exte

trigger inputs. The four additional trigger inputs can be chip external or internal. Refer to the de
overview chapter for availability and connectivity.

¥ ConÞgurable location for channel wrap around (when converting multiple channels in a sequ

7.1.2 Modes of Operation

7.1.2.1 Conversion Modes

There is software programmable selection between performing single or continuous conversion on a
channel or multiple channels.
MC9S12NE64 Data Sheet, Rev. 1.1
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7.1.2.2 MCU Operating Modes

¥ Stop mode
Entering stop mode causes all clocks to halt and thus the system is placed in a minimum p
standby mode. This aborts any conversion sequence in progress. During recovery from stop
there must be a minimum delay for the stop recovery time tSR before initiating a new ATD
conversion sequence.

¥ Wait mode
Entering wait mode the ATD conversion either continues or aborts for low power depending o
logical value of the AWAIT bit.

¥ Freeze mode
In freeze mode the ATD will behave according to the logical values of the FRZ1 and FRZ0 
This is useful for debugging and emulation.

7.1.3 Block Diagram

Figure 7-1 shows a block diagram of the ATD.

7.2 External Signal Description
This section lists all inputs to the ATD block.

7.2.1 ANx (x = 7, 6, 5, 4, 3, 2, 1, 0) — Analog Input Pin

This pin serves as the analog input channelx. It can also be conÞgured as general purpose digital port
and/or external trigger for the ATD conversion.

7.2.2 ETRIG3, ETRIG2, ETRIG1, and ETRIG0 — External Trigger Pins

These inputs can be conÞgured to serve as an external trigger for the ATD conversion.

Refer to the device overview chapter for availability and connectivity of these inputs.

7.2.3 VRH and VRL — High and Low Reference Voltage Pins

VRH is the high reference voltage and VRL is the low reference voltage for ATD conversion.

7.2.4 VDDA and VSSA — Power Supply Pins

These pins are the power supplies for the analog circuitry of the ATD block.
MC9S12NE64 Data Sheet, Rev. 1.1
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External Signal Description
Figure 7-1. ATD Block Diagram
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Chapter 7 Analog-to-Digital Converter (ATD10B8CV3)
7.3 Memory Map and Register Definition
This section provides a detailed description of all registers accessible in the ATD.

7.3.1 Module Memory Map

Figure 7-2 gives an overview of all ATD registers.

NOTE
Register Address = Base Address + Address Offset, where the Base Address
is deÞned at the MCU level and the Address Offset is deÞned at the module
level.

7.3.2 Register Descriptions

This section describes in address order all the ATD registers and their individual bits.

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

ATDCTL0 R 0 0 0 0 0
WRAP2 WRAP1 WRAP0

W

ATDCTL1 R
ETRIGSEL

0 0 0 0
ETRIGCH2 ETRIGCH1 ETRIGCH0

W

ATDCTL2 R
ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE

ASCIF
W

ATDCTL3 R 0
S8C S4C S2C S1C FIFO FRZ1 FRZ0

W

ATDCTL4 R
SRES8 SMP1 SMP0 PRS4 PRS3 PRS2 PRS1 PRS0

W

ATDCTL5 R
DJM DSGN SCAN MULT

0
CC CB CA

W

ATDSTAT0 R
SCF

0
ETORF FIFOR

0 CC2 CC1 CC0
W

Unimplemente
d

R
W

ATDTEST0 R U U U U U U U U
W

ATDTEST1 R U U 0 0 0 0 0
SC

W

= Unimplemented or Reserved

Figure 7-2. ATD Register Summary (Sheet 1 of 5)
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Unimplemente
d

R
W

ATDSTAT1 R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCF0
W

Unimplemente
d

R
W

ATDDIEN R
IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IEN0

W

Unimplemente
d

R
W

PORTAD R PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTAD0
W

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 7.3.2.13, “ATD Conversion Result Registers
(ATDDRx)”.

ATDDR0H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

ATDDR0L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

W

ATDDR1H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

ATDDR1L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

W

ATDDR2H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

ATDDR2L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

W

ATDDR3H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 7-2. ATD Register Summary (Sheet 2 of 5)
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ATDDR3L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

W

ATDDR4H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

ATDDR4L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

W

ATDD45H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

ATDD45L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

W

ATDD46H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

ATDDR6L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

W

ATDD47H 10-BIT BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 08-BIT

W

ATDD47L 10-BIT BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
08-BIT

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 7.3.2.13, “ATD Conversion Result Registers
(ATDDRx)”.

ATDDR0H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDDR0L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 08-BIT

W

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 7-2. ATD Register Summary (Sheet 3 of 5)
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ATDDR1H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDDR1L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 08-BIT

W

ATDDR2H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDDR2L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 08-BIT

W

ATDDR3H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDDR3L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 08-BIT

W

ATDDR4H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDDR4L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 08-BIT

W

ATDD45H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDD45L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 08-BIT

W

ATDD46H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDDR6L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 08-BIT

W

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 7-2. ATD Register Summary (Sheet 4 of 5)
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7.3.2.1 ATD Control Register 0 (ATDCTL0)

Writes to this register will abort current conversion sequence but will not start a new sequence.

Read: Anytime

Write: Anytime

ATDD47H 10-BIT 0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
08-BIT

W

ATDD47L 10-BIT BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 0

8-BIT

7 6 5 4 3 2 1 0

R 0 0 0 0 0
WRAP2 WRAP1 WRAP0

W

Reset 0 0 0 0 0 1 1 1

= Unimplemented or Reserved

Figure 7-3. ATD Control Register 0 (ATDCTL0)

Table 7-1. ATDCTL0 Field Descriptions

Field Description

2–0
WRAP[2:0]

Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing
multi-channel conversions. The coding is summarized in Table 7-2.

Table 7-2. Multi-Channel Wrap Around Coding

WRAP2 WRAP1 WRAP0
Multiple Channel Conversions (MULT = 1)

Wrap Around to AN0 after Converting

0 0 0 Reserved

0 0 1 AN1

0 1 0 AN2

0 1 1 AN3

1 0 0 AN4

1 0 1 AN5

1 1 0 AN6

1 1 1 AN7

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 7-2. ATD Register Summary (Sheet 5 of 5)
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7.3.2.2 ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

Read: Anytime

Write: Anytime

7 6 5 4 3 2 1 0

R
ETRIGSEL

0 0 0 0
ETRIGCH2 ETRIGCH1 ETRIGCH0

W

Reset 0 0 0 0 0 1 1 1

= Unimplemented or Reserved

Figure 7-4. ATD Control Register 1 (ATDCTL1)

Table 7-3. ATDCTL1 Field Descriptions

Field Description

7
ETRIGSEL

External Trigger Source Select — This bit selects the external trigger source to be either one of the AD
channels or one of the ETRIG3–0 inputs. See the device overview chapter for availability and connectivity of
ETRIG3–0 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 7-4.

2–0
ETRIGCH[2:0]

External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG3–0 inputs
as source for the external trigger. The coding is summarized in Table 7-4.

Table 7-4. External Trigger Channel Select Coding

ETRIGSEL ETRIGCH2 ETRIGCH1 ETRIGCH0 External trigger source is

0 0 0 0 AN0

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 ETRIG01

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

1 0 0 1 ETRIG11

1 0 1 0 ETRIG21

1 0 1 1 ETRIG31

1 1 X X Reserved
MC9S12NE64 Data Sheet, Rev. 1.1
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rrent
7.3.2.3 ATD Control Register 2 (ATDCTL2)

This register controls power down, interrupt and external trigger. Writes to this register will abort cu
conversion sequence but will not start a new sequence.

Read: Anytime

Write: Anytime

7 6 5 4 3 2 1 0

R
ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE

ASCIF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-5. ATD Control Register 2 (ATDCTL2)

Table 7-5. ATDCTL2 Field Descriptions

Field Description

7
ADPU

ATD Power Up — This bit provides on/off control over the ATD block allowing reduced MCU power
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
1 Normal ATD functionality

6
AFFC

ATD Fast Flag Clear All
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
AWAI

ATD Power Down in Wait Mode — When entering wait mode this bit provides on/off control over the ATD block
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
ETRIGLE

External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See
Table 7-6 for details.

3
ETRIGP

External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 7-6 for
details.

2
ETRIGE

External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of
the ETRIG3–0 inputs as described in Table 7-4. 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.
MC9S12NE64 Data Sheet, Rev. 1.1
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7.3.2.4 ATD Control Register 3 (ATDCTL3)

This register controls the conversion sequence length, FIFO for results registers and behavior in f
mode. Writes to this register will abort current conversion sequence but will not start a new seque

Read: Anytime

Write: Anytime

1
ASCIE

ATD Sequence Complete Interrupt Enable
0 ATD Sequence Complete interrupt requests are disabled.
1 ATD Interrupt will be requested whenever ASCIF = 1 is set.

0
ASCIF

ATD Sequence Complete Interrupt Flag — If ASCIE = 1 the ASCIF flag equals the SCF flag (see
Section 7.3.2.7, “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 7-6. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity

0 0 Falling edge

0 1 Rising edge

1 0 Low level

1 1 High level

7 6 5 4 3 2 1 0

R 0
S8C S4C S2C S1C FIFO FRZ1 FRZ0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-6. ATD Control Register 3 (ATDCTL3)

Table 7-7. ATDCTL3 Field Descriptions

Field Description

6–3
S8C, S4C,
S2C, S1C

Conversion Sequence Length — These bits control the number of conversions per sequence. Table 7-8 shows
all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.

Table 7-5. ATDCTL2 Field Descriptions (continued)

Field Description
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2
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 ATDSTAT0) 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
ATDCTL5, will always be place in the first result register (ATDDDR0). 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 7-9. 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 7-8. Conversion Sequence Length Coding

S8C S4C S2C S1C
Number of Conversions

per Sequence

0 0 0 0 8

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 X X X 8

Table 7-9. 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

Table 7-7. ATDCTL3 Field Descriptions (continued)

Field Description
MC9S12NE64 Data Sheet, Rev. 1.1
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7.3.2.5 ATD Control Register 4 (ATDCTL4)

This register selects the conversion clock frequency, the length of the second phase of the sample ti
the resolution of the A/D conversion (i.e.: 8-bits or 10-bits). Writes to this register will abort curren
conversion sequence but will not start a new sequence.

Read: Anytime

Write: Anytime

7 6 5 4 3 2 1 0

R
SRES8 SMP1 SMP0 PRS4 PRS3 PRS2 PRS1 PRS0

W

Reset 0 0 0 0 0 1 0 1

Figure 7-7. ATD Control Register 4 (ATDCTL4)

Table 7-10. ATDCTL4 Field Descriptions

Field Description

7
SRES8

A/D Resolution Select — This bit selects the resolution of A/D conversion results as either 8 or 10 bits. The
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
SMP[1:0]

Sample Time Select — These two bits select the length of the second phase of the sample time in units of
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 7-11 lists the lengths available for the second sample phase.

4–0
PRS[4:0]

ATD Clock Prescaler — These 5 bits are the binary value prescaler value PRS. The ATD conversion clock
frequency is calculated as follows:

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 7-12 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 7-11. Sample Time Select

SMP1 SMP0 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

ATDclock BusClock[ ]
PRS 1+[ ]

--------------------------------- 0.5×=
MC9S12NE64 Data Sheet, Rev. 1.1
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Table 7-12. Clock Prescaler Values

Prescale Value
Total Divisor

 Value
Max. Bus Clock1

1 Maximum ATD conversion clock frequency is 2 MHz. The maximum allowed bus clock frequency is
shown in this column.

Min. Bus Clock2

2 Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is
shown in this column.

00000
00001
00010
00011
00100
00101
00110
00111
01000
01001
01010
01011
01100
01101
01110
01111
10000
10001
10010
10011
10100
10101
10110
10111
11000
11001
11010
11011
11100
11101
11110
11111

Divide by 2
Divide by 4
Divide by 6
Divide by 8
Divide by 10
Divide by 12
Divide by 14
Divide by 16
Divide by 18
Divide by 20
Divide by 22
Divide by 24
Divide by 26
Divide by 28
Divide by 30
Divide by 32
Divide by 34
Divide by 36
Divide by 38
Divide by 40
Divide by 42
Divide by 44
Divide by 46
Divide by 48
Divide by 50
Divide by 52
Divide by 54
Divide by 56
Divide by 58
Divide by 60
Divide by 62
Divide by 64

4 MHz
8 MHz
12 MHz
16 MHz
20 MHz
24 MHz
28 MHz
32 MHz
36 MHz
40 MHz
44 MHz
48 MHz
52 MHz
56 MHz
60 MHz
64 MHz
68 MHz
72 MHz
76 MHz
80 MHz
84 MHz
88 MHz
92 MHz
96 MHz
100 MHz
104 MHz
108 MHz
112 MHz
116 MHz
120 MHz
124 MHz
128 MHz

1 MHz
2 MHz
3 MHz
4 MHz
5 MHz
6 MHz
7 MHz
8 MHz
9 MHz
10 MHz
11 MHz
12 MHz
13 MHz
14 MHz
15 MHz
16 MHz
17 MHz
18 MHz
19 MHz
20 MHz
21 MHz
22 MHz
23 MHz
24 MHz
25 MHz
26 MHz
27 MHz
28 MHz
29 MHz
30 MHz
31 MHz
32 MHz
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7.3.2.6 ATD Control Register 5 (ATDCTL5)

This register selects the type of conversion sequence and the analog input channels sampled. Write
register will abort current conversion sequence and start a new conversion sequence.

Read: Anytime

Write: Anytime

7 6 5 4 3 2 1 0

R
DJM DSGN SCAN MULT

0
CC CB CA

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-8. ATD Control Register 5 (ATDCTL5)

Table 7-13. ATDCTL5 Field Descriptions

Field Description

7
DJM

Result Register Data Justification — This bit controls justification of conversion data in the result registers.
See Section 7.3.2.13, “ATD Conversion Result Registers (ATDDRx),” for details.
0 Left justified data in the result registers
1 Right justified data in the result registers

6
DSGN

Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
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 7.3.2.13, “ATD Conversion Result Registers (ATDDRx),”
for details.
0 Unsigned data representation in the result registers
1 Signed data representation in the result registers
Table 7-14 summarizes the result data formats available and how they are set up using the control bits.
Table 7-15 illustrates the difference between the signed and unsigned, left justified output codes for an input
signal range between 0 and 5.12 Volts.

5
SCAN

Continuous Conversion Sequence Mode — This bit selects whether conversion sequences are performed
continuously or only once.
0 Single conversion sequence
1 Continuous conversion sequences (scan mode)

4
MULT

Multi-Channel Sample Mode — When MULT is 0, the ATD sequence controller samples only from the specified
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
CC, CB, CA

Analog Input Channel Select Code — These bits select the analog input channel(s) whose signals are
sampled and converted to digital codes. Table 7-16 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.
MC9S12NE64 Data Sheet, Rev. 1.1
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Table 7-14. Available Result Data Formats

SRES8 DJM DSGN
Result Data Formats

Description and Bus Bit Mapping

1
1
1
0
0
0

0
0
1
0
0
1

0
1
X
0
1
X

8-bit / left justified / unsigned — bits 8–15
8-bit / left justified / signed — bits 8–15

8-bit / right justified / unsigned — bits 0–7
10-bit / left justified / unsigned — bits 6–15

10-bit / left justified / signed — bits 6–15
10-bit / right justified / unsigned — bits 0–9

Table 7-15. Left Justified, Signed, and Unsigned ATD Output Codes

Input Signal
VRL = 0 Volts

VRH = 5.12 Volts

Signed
8-Bit

 Codes

Unsigned
8-Bit

 Codes

Signed
10-Bit
Codes

Unsigned
10-Bit
Codes

5.120 Volts
5.100
5.080

2.580
2.560
2.540

0.020
0.000

7F
7F
7E

01
00
FF

81
80

FF
FF
FE

81
80
7F

01
00

7FC0
7F00
7E00

0100
0000
FF00

8100
8000

FFC0
FF00
FE00

8100
8000
7F00

0100
0000

Table 7-16. Analog Input Channel Select Coding

CC CB CA
Analog Input

Channel

0 0 0 AN0

0 0 1 AN1

0 1 0 AN2

0 1 1 AN3

1 0 0 AN4

1 0 1 AN5

1 1 0 AN6

1 1 1 AN7
MC9S12NE64 Data Sheet, Rev. 1.1
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 FIFO
7.3.2.7 ATD Status Register 0 (ATDSTAT0)

This read-only register contains the sequence complete ßag, overrun ßags for external trigger and
mode, and the conversion counter.

Read: Anytime

Write: Anytime (No effect on (CC2, CC1, CC0))

7 6 5 4 3 2 1 0

R
SCF

0
ETORF FIFOR

0 CC2 CC1 CC0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-9. ATD Status Register 0 (ATDSTAT0)

Table 7-17. ATDSTAT0 Field Descriptions

Field Description

7
SCF

Sequence Complete Flag — This flag is set upon completion of a conversion sequence. If conversion
sequences are continuously performed (SCAN = 1), the flag is set after each one is completed. This flag is
cleared when 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
ETORF

External Trigger Overrun Flag — While in edge trigger mode (ETRIGLE = 0), if additional active edges are
detected while a conversion sequence is in process the overrun flag is set. This flag is cleared when 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
FIFOR

FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
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 is cleared when one of the following occurs:

A) Write “1” to FIFOR
B) Start a new conversion sequence (write to ATDCTL5 or external trigger)

0 No over run has occurred
1 An over run condition exists

2–0
CC[2:0]

Conversion Counter — These 3 read-only bits are the binary value of the conversion counter. The conversion
counter points to the result register that will receive the result of the current conversion. E.g. CC2 = 1, CC1 = 1,
CC0 = 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.
MC9S12NE64 Data Sheet, Rev. 1.1
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7.3.2.8 Reserved Register (ATDTEST0)

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.

7.3.2.9 ATD Test Register 1 (ATDTEST1)

This register contains the SC bit used to enable special channel conversions.

Read: Anytime, returns unpredictable values for Bit7 and Bit6

Write: Anytime

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 7-10. Reserved Register (ATDTEST0)

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 7-11. ATD Test Register 1 (ATDTEST1)

Table 7-18. ATDTEST1 Field Descriptions

Field Description

0
SC

Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using CC,
CB and CA of ATDCTL5. Table 7-19 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.

Table 7-19. Special Channel Select Coding

SC CC CB CA Analog Input Channel

1 0 X X Reserved

1 1 0 0 VRH

1 1 0 1 VRL

1 1 1 0 (VRH+VRL) / 2

1 1 1 1 Reserved
MC9S12NE64 Data Sheet, Rev. 1.1
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7.3.2.10 ATD Status Register 1 (ATDSTAT1)

This read-only register contains the conversion complete ßags.

Read: Anytime

Write: Anytime, no effect

7 6 5 4 3 2 1 0

R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCF0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-12. ATD Status Register 1 (ATDSTAT1)

Table 7-20. ATDSTAT1 Field Descriptions

Field Description

7–0
CCF[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
conversion in a conversion sequence. The flags are associated with the conversion position in a sequence (and
also the result register number). Therefore, CCF0 is set when the first conversion in a sequence is complete and
the result is available in result register ATDDR0; 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 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 ATDDRx

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
MC9S12NE64 Data Sheet, Rev. 1.1
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eciÞed
7.3.2.11 ATD Input Enable Register (ATDDIEN)

Read: Anytime

Write: Anytime

7.3.2.12 Port Data Register (PORTAD)

The data port associated with the ATD can be conÞgured as general-purpose I/O or input only, as sp
in the device overview. The port pins are shared with the analog A/D inputs AN7Ð0.

Read: Anytime

Write: Anytime, no effect

The A/D input channels may be used for general purpose digital input.

7 6 5 4 3 2 1 0

R
IEN7 IEN6 IEN5 IEN4 IEN3 IEN2 IEN1 IEN0

W

Reset 0 0 0 0 0 0 0 0

Figure 7-13. ATD Input Enable Register (ATDDIEN)

Table 7-21. ATDDIEN Field Descriptions

Field Description

7–0
IEN[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
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.

7 6 5 4 3 2 1 0

R PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTAD0

W

Reset 1 1 1 1 1 1 1 1

Pin
Function

AN7 AN6 AN5 AN4 AN3 AN2 AN1 AN0

= Unimplemented or Reserved

Figure 7-14. Port Data Register (PORTAD)

Table 7-22. PORTAD Field Descriptions

Field Description

7–0
PTAD[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
(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 VIL or VIH 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 PORTAD0 bits to “1”.
MC9S12NE64 Data Sheet, Rev. 1.1

224 Freescale Semiconductor



Memory Map and Register Definition

in the
using
using
in left
7.3.2.13 ATD Conversion Result Registers (ATDDRx)

The A/D conversion results are stored in 8 read-only result registers. The result data is formatted 
result registers based on two criteria. First there is left and right justiÞcation; this selection is made
the DJM control bit in ATDCTL5. Second there is signed and unsigned data; this selection is made
the DSGN control bit in ATDCTL5. Signed data is stored in 2Õs complement format and only exists
justiÞed format. Signed data selected for right justiÞed format is ignored.

Read: Anytime

Write: Anytime in special mode, unimplemented in normal modes

7.3.2.13.1 Left Justified Result Data

7.3.2.13.2 Right Justified Result Data

7 6 5 4 3 2 1 0

R
R

BIT 9 MSB
BIT 7 MSB

BIT 8
BIT 6

BIT 7
BIT 5

BIT 6
BIT 4

BIT 5
BIT 3

BIT 4
BIT 2

BIT 3
BIT 1

BIT 2
BIT 0

10-bit data
8-bit data

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-15. Left Justified, ATD Conversion Result Register, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0

R
R

BIT 1
U

BIT 0
U

0
0

0
0

0
0

0
0

0
0

0
0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-16. Left Justified, ATD Conversion Result Register, Low Byte (ATDDRxL)

7 6 5 4 3 2 1 0

R
R

0
0

0
0

0
0

0
0

0
0

0
0

BIT 9 MSB
0

BIT 8
0

10-bit data
8-bit data

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-17. Right Justified, ATD Conversion Result Register, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0

R
R

BIT 7
BIT 7 MSB

BIT 6
BIT 6

BIT 5
BIT 5

BIT 4
BIT 4

BIT 3
BIT 3

BIT 2
BIT 2

BIT 1
BIT 1

BIT 0
BIT 0

10-bit data
8-bit data

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 7-18. Right Justified, ATD Conversion Result Register, Low Byte (ATDDRxL)
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7.4 Functional Description
The ATD is structured in an analog and a digital sub-block.

7.4.1 Analog Sub-Block

The analog sub-block contains all analog electronics required to perform a single conversion. Sep
power supplies VDDA and VSSAallow to isolate noise of other MCU circuitry from the analog sub-bloc

7.4.1.1 Sample and Hold Machine

The sample and hold (S/H) machine accepts analog signals from the external surroundings and stor
as capacitor charge on a storage node.

The sample process uses a two stage approach. During the Þrst stage, the sample ampliÞer is us
quickly charge the storage node.The second stage connects the input directly to the storage node
complete the sample for high accuracy.

When not sampling, the sample and hold machine disables its own clocks. The analog electronics sti
their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks an
analog power consumption.

The input analog signals are unipolar and must fall within the potential range of VSSA to VDDA.

7.4.1.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 8 external analog input channels to the sample an
machine.

7.4.1.3 Sample Buffer Amplifier

The sample ampliÞer is used to buffer the input analog signal so that the storage node can be qu
charged to the sample potential.

7.4.1.4 Analog-to-Digital (A/D) Machine

The A/D Machine performs analog to digital conversions. The resolution is program selectable at ei
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by compari
stored analog sample potential with a series of digitally generated analog potentials. By following a b
search algorithm, the A/D machine locates the approximating potential that is nearest to the samp
potential.

When not converting the A/D machine disables its own clocks. The analog electronics still draws quie
current. The power down (ADPU) bit must be set to disable both the digital clocks and the analog p
consumption.

Only analog input signals within the potential range of VRL to VRH (A/D reference potentials) will result
in a non-railed digital output codes.
MC9S12NE64 Data Sheet, Rev. 1.1
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7.4.2 Digital Sub-Block

This subsection explains some of the digital features in more detail. See register descriptions for all d

7.4.2.1 External Trigger Input

The external trigger feature allows the user to synchronize ATD conversions to the external enviro
events rather than relying on software to signal the ATD module when ATD conversions are to take
The external trigger signal (out of reset ATD channel 7, conÞgurable in ATDCTL1) is programmab
be edge or level sensitive with polarity control.Table 7-23 gives a brief description of the different
combinations of control bits and their effect on the external trigger function.

During a conversion, if additional active edges are detected the overrun error ßag ETORF is set.

In either level or edge triggered modes, the Þrst conversion begins when the trigger is received. In
cases, the maximum latency time is one bus clock cycle plus any skew or delay introduced by the t
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 ATDCTL5, but rather must 
triggered externally.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during a con
sequence, this does not constitute an overrun; therefore, the ßag is not set. If the trigger is left asse
level mode while a sequence is completing, another sequence will be triggered immediately.

Table 7-23. 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.
MC9S12NE64 Data Sheet, Rev. 1.1
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7.4.2.2 General Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, the
multiplexed and sampled to supply signals to the A/D converter. As digital inputs, they supply exte
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 conn
to the analog inputs of the ATD. The input pad signal is buffered to the digital port registers. This b
can be turned on or off with the ATDDIEN register. This is important so that the buffer does not dr
excess current when analog potentials are presented at its input.

7.4.2.3 Low Power Modes

The ATD can be conÞgured 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
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 in
power down state.

7.5 Resets
At reset the ATD is in a power down state. The reset state of each individual bit is listed within the Reg
Description section (seeSection 7.3, ÒMemory Map and Register DeÞnitionÓ), which details the registers
and their bit-Þeld.

7.6 Interrupts
The interrupt requested by the ATD is listed inTable 7-24. Refer to the device overview chapter for relate
vector address and priority.

See register descriptions for further details.

Table 7-24. ATD Interrupt Vectors

Interrupt Source
CCR
Mask

Local Enable

Sequence complete
interrupt

I bit ASCIE in ATDCTL2
MC9S12NE64 Data Sheet, Rev. 1.1
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Chapter 8
Serial Communication Interface (SCIV3)

8.1 Introduction
This block description chapter provides an overview of serial communication interface (SCI) modu

The SCI allows full duplex, asynchronous, serial communication between the CPU and remote de
including other CPUs. The SCI transmitter and receiver operate independently, although they use th
baud rate generator. The CPU monitors the status of the SCI, writes the data to be transmitted, an
processes received data.

8.1.1 Glossary

IR: infrared

IrDA: Infrared Design Association

IRQ: interrupt request

LSB: least signiÞcant bit

MSB: most signiÞcant bit

NRZ: non-return-to-Zero

RZI: return-to-zero-inverted

RXD: receive pin

SCI: serial communication interface

TXD: transmit pin

8.1.2 Features

The SCI includes these distinctive features:

¥ Full-duplex or single-wire operation
¥ Standard mark/space non-return-to-zero (NRZ) format
¥ Selectable IrDA 1.4 return-to-zero-inverted (RZI) format with programmable pulse widths
¥ 13-bit baud rate selection
¥ Programmable 8-bit or 9-bit data format
¥ Separately enabled transmitter and receiver
¥ Programmable transmitter output parity
¥ Two receiver wakeup methods:

Ñ Idle line wakeup
Ñ Address mark wakeup
MC9S12NE64 Data Sheet, Rev. 1.1
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¥ Interrupt-driven operation with eight flags:
Ñ Transmitter empty
Ñ Transmission complete
Ñ Receiver full
Ñ Idle receiver input
Ñ Receiver overrun
Ñ Noise error
Ñ Framing error
Ñ Parity error

¥ Receiver framing error detection
¥ Hardware parity checking
¥ 1/16 bit-time noise detection

8.1.3 Modes of Operation

The SCI functions the same in normal, special, and emulation modes. It has two low-power mode
and stop modes.

8.1.3.1 Run Mode

Normal mode of operation.

8.1.3.2 Wait Mode

SCI operation in wait mode depends on the state of the SCISWAI bit in the SCI control register 1
(SCICR1).

¥ If SCISWAI is clear, the SCI operates normally when the CPU is in wait mode.
¥ If SCISWAI is set, SCI clock generation ceases and the SCI module enters a power-conse

state when the CPU is in wait mode. Setting SCISWAI does not affect the state of the rece
enable bit, RE, or the transmitter enable bit, TE.
If SCISWAI is set, any transmission or reception in progress stops at wait mode entry. The
transmission or reception resumes when either an internal or external interrupt brings the CP
of wait mode. Exiting wait mode by reset aborts any transmission or reception in progress 
resets the SCI.

8.1.3.3 Stop Mode

The SCI is inactive during stop mode for reduced power consumption. The STOP instruction does
affect the SCI register states, but the SCI bus clock will be disabled. The SCI operation resumes a
external interrupt brings the CPU out of stop mode. Exiting stop mode by reset aborts any transmiss
reception in progress and resets the SCI.
MC9S12NE64 Data Sheet, Rev. 1.1
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8.1.4 Block Diagram

Figure 8-1 is a high level block diagram of the SCI module, showing the interaction of various func
blocks.

Figure 8-1. SCI Block Diagram

SCI Data Register

Receive Shift Register

Receive & Wakeup Control
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Transmit Shift Register

 SCI Data Register

BAUD
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      IRQ
Generation
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Bus Clk

Encoder

Infrared Data Out     TXD

Decoder

Infrared

TC Interrupt Request

IDLE Interrupt Request

SCI
Interrupt
Request
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Interrupt
Request
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Interrupt
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8.2 External Signal Descriptions
The SCI module has a total of two external pins.

8.2.1 TXD — SCI Transmit Pin

The TXD pin transmits SCI (standard or infrared) data. It will idle high in either mode and is high
impedance anytime the transmitter is disabled.

8.2.2 RXD — SCI Receive Pin

The RXD pin receives SCI (standard or infrared) data. An idle line is detected as a line high. This in
ignored when the receiver is disabled and should be terminated to a known voltage.

8.3 Memory Map and Register Definition
This subsection provides a detailed description of all the SCI registers.

8.3.1 Module Memory Map

The memory map for the SCI module is given inFigure 8-2. The address listed for each register is the
address offset. The total address for each register is the sum of the base address for the SCI mod
the address offset for each register.

8.3.2 Register Descriptions

This subsection consists of register descriptions in address order. Each description includes a sta
register diagram with an associated Þgure number. Writes to reserved register locations do not ha
effect and reads of these locations return a 0. Details of register bit and Þeld function follow the re
diagrams, in bit order.

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

SCIBDH R
IREN TNP1 TNP0 SBR12 SBR11 SBR10 SBR9 SBR8

W

SCIBDL R
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBR0

W

SCICR1 R
LOOPS SCISWAI RSRC M WAKE ILT PE PT

W

= Unimplemented or Reserved

Figure 8-2. SCI Registers Summary
MC9S12NE64 Data Sheet, Rev. 1.1
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SCICR2 R
TIE TCIE RIE ILIE TE RE RWU SBK

W

SCISR1 R TDRE TC RDRF IDLE OR NF FE PF

W

SCISR2 R 0 0 0 0 0
BRK13 TXDIR

RAF

W

SCIDRH R R8
T8

0 0 0 0 0 0

W

SCIDRL R R7 R6 R5 R4 R3 R2 R1 R0

W T7 T6 T5 T4 T3 T2 T1 T0

Register
Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved

Figure 8-2. SCI Registers Summary
MC9S12NE64 Data Sheet, Rev. 1.1
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8.3.2.1 SCI Baud Rate Registers (SCIBDH and SCIBDL)

Read: anytime

7 6 5 4 3 2 1 0

R
IREN TNP1 TNP0 SBR12 SBR11 SBR10 SBR9 SBR8

W

Reset 0 0 0 0 0 0 0 0

Figure 8-3. SCI Baud Rate Register High (SCIBDH)

Table 8-1. SCIBDH Field Descriptions

Field Description

7
IREN

Infrared Enable Bit — This bit enables/disables the infrared modulation/demodulation submodule.
0 IR disabled
1 IR enabled

6:5
TNP[1:0]

Transmitter Narrow Pulse Bits — These bits determine if the SCI will transmit a 1/16, 3/16 or 1/32 narrow pulse.
Refer to Table 8-3.

4:0
SBR[11:8]

SCI Baud Rate Bits — The baud rate for the SCI is determined by the bits in this register. The baud rate is
calculated two different ways depending on the state of the IREN bit.

The formulas for calculating the baud rate are:
When IREN = 0 then,

SCI baud rate = SCI module clock / (16 x SBR[12:0])
When IREN = 1 then,

SCI baud rate = SCI module clock / (32 x SBR[12:1])

7 6 5 4 3 2 1 0

R
SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBR0

W

Reset 0 0 0 0 0 1 0 0

Figure 8-4. SCI Baud Rate Register Low (SCIBDL)

Table 8-2. SCIBDL Field Descriptions

Field Description

7:0
SBR[7:0]

SCI Baud Rate Bits — The baud rate for the SCI is determined by the bits in this register. The baud rate is
calculated two different ways depending on the state of the IREN bit.

The formulas for calculating the baud rate are:
When IREN = 0 then,

SCI baud rate = SCI module clock / (16 x SBR[12:0])
When IREN = 1 then,

SCI baud rate = SCI module clock / (32 x SBR[12:1])
MC9S12NE64 Data Sheet, Rev. 1.1
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d

NOTE
If only SCIBDH is written to, a read will not return the correct data until
SCIBDL is written to as well, following a write to SCIBDH.

Write: anytime

The SCI baud rate register is used to determine the baud rate of the SCI and to control the infrare
modulation/demodulation submodule.

NOTE
The baud rate generator is disabled after reset and not started until the TE
bit or the RE bit is set for the Þrst time. The baud rate generator is disabled
when (SBR[12:0] = 0 and IREN = 0) or (SBR[12:1] = 0 and IREN = 1).

Writing to SCIBDH has no effect without writing to SCIBDL, because
writing to SCIBDH puts the data in a temporary location until SCIBDL is
written to.

8.3.2.2 SCI Control Register 1 (SCICR1)

Read: anytime

Write: anytime

Table 8-3. IRSCI Transmit Pulse Width

TNP[1:0] Narrow Pulse Width

11 Reserved

10 1/32

01 1/16

00 3/16

7 6 5 4 3 2 1 0

R
LOOPS SCISWAI RSRC M WAKE ILT PE PT

W

Reset 0 0 0 0 0 0 0 0

Figure 8-5. SCI Control Register 1 (SCICR1)
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Table 8-4. SCICR1 Field Descriptions

Field Description

7
LOOPS

Loop Select Bit — LOOPS enables loop operation. In loop operation, the RXD pin is disconnected from the SCI
and the transmitter output is internally connected to the receiver input. Both the transmitter and the receiver must
be enabled to use the loop function.
0 Normal operation enabled
1 Loop operation enabled
The receiver input is determined by the RSRC bit.

6
SCISWAI

SCI Stop in Wait Mode Bit — SCISWAI disables the SCI in wait mode.
0 SCI enabled in wait mode
1 SCI disabled in wait mode

5
RSRC

Receiver Source Bit — When LOOPS = 1, the RSRC bit determines the source for the receiver shift register
input.
0 Receiver input internally connected to transmitter output
1 Receiver input connected externally to transmitter
Refer to Table 8-5.

4
M

Data Format Mode Bit — MODE determines whether data characters are eight or nine bits long.
0 One start bit, eight data bits, one stop bit
1 One start bit, nine data bits, one stop bit

3
WAKE

Wakeup Condition Bit — WAKE determines which condition wakes up the SCI: a logic 1 (address mark) in the
most significant bit position of a received data character or an idle condition on the RXD pin.
0 Idle line wakeup
1 Address mark wakeup

2
ILT

Idle Line Type Bit — ILT determines when the receiver starts counting logic 1s as idle character bits. The
counting begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string of
logic 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count after the
stop bit avoids false idle character recognition, but requires properly synchronized transmissions.
0 Idle character bit count begins after start bit
1 Idle character bit count begins after stop bit

1
PE

Parity Enable Bit — PE enables the parity function. When enabled, the parity function inserts a parity bit in the
most significant bit position.
0 Parity function disabled
1 Parity function enabled

0
PT

Parity Type Bit — PT determines whether the SCI generates and checks for even parity or odd parity. With even
parity, an even number of 1s clears the parity bit and an odd number of 1s sets the parity bit. With odd parity, an
odd number of 1s clears the parity bit and an even number of 1s sets the parity bit.
0 Even parity
1 Odd parity

Table 8-5. Loop Functions

LOOPS RSRC Function

0 x Normal operation

1 0 Loop mode with transmitter output internally connected to receiver input

1 1 Single-wire mode with TXD pin connected to receiver input
MC9S12NE64 Data Sheet, Rev. 1.1
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8.3.2.3 SCI Control Register 2 (SCICR2)

Read: anytime

Write: anytime

7 6 5 4 3 2 1 0

R
TIE TCIE RIE ILIE TE RE RWU SBK

W

Reset 0 0 0 0 0 0 0 0

Figure 8-6. SCI Control Register 2 (SCICR2)

Table 8-6. SCICR2 Field Descriptions

Field Description

7
TIE

Transmitter Interrupt Enable Bit —TIE enables the transmit data register empty flag, TDRE, to generate
interrupt requests.
0 TDRE interrupt requests disabled
1 TDRE interrupt requests enabled

6
TCIE

Transmission Complete Interrupt Enable Bit — TCIE enables the transmission complete flag, TC, to generate
interrupt requests.
0 TC interrupt requests disabled
1 TC interrupt requests enabled

5
RIE

Receiver Full Interrupt Enable Bit — RIE enables the receive data register full flag, RDRF, or the overrun flag,
OR, to generate interrupt requests.
0 RDRF and OR interrupt requests disabled
1 RDRF and OR interrupt requests enabled

4
ILIE

Idle Line Interrupt Enable Bit — ILIE enables the idle line flag, IDLE, to generate interrupt requests.
0 IDLE interrupt requests disabled
1 IDLE interrupt requests enabled

3
TE

Transmitter Enable Bit — TE enables the SCI transmitter and configures the TXD pin as being controlled by
the SCI. The TE bit can be used to queue an idle preamble.
0 Transmitter disabled
1 Transmitter enabled

2
RE

Receiver Enable Bit — RE enables the SCI receiver.
0 Receiver disabled
1 Receiver enabled

1
RWU

Receiver Wakeup Bit — Standby state
0 Normal operation.
1 RWU enables the wakeup function and inhibits further receiver interrupt requests. Normally, hardware wakes

the receiver by automatically clearing RWU.

0
SBK

Send Break Bit — Toggling SBK sends one break character (10 or 11 logic 0s, respectively 13 or 14 logics 0s
if BRK13 is set). Toggling implies clearing the SBK bit before the break character has finished transmitting. As
long as SBK is set, the transmitter continues to send complete break characters (10 or 11 bits, respectively 13
or 14 bits).
0 No break characters
1 Transmit break characters
MC9S12NE64 Data Sheet, Rev. 1.1
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8.3.2.4 SCI Status Register 1 (SCISR1)

The SCISR1 and SCISR2 registers provide inputs to the MCU for generation of SCI interrupts. Also,
registers can be polled by the MCU to check the status of these bits. The flag-clearing procedures r
that the status register be read followed by a read or write to the SCI data register. It is permissibl
execute other instructions between the two steps as long as it does not compromise the handling
Note that the order of operations is important for flag clearing.

Read: anytime

Write: has no meaning or effect

7 6 5 4 3 2 1 0

R TDRE TC RDRF IDLE OR NF FE PF

W

Reset 1 1 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-7. SCI Status Register 1 (SCISR1)

Table 8-7. SCISR1 Field Descriptions

Field Description

7
TDRE

Transmit Data Register Empty Flag — TDRE is set when the transmit shift register receives a byte from the
SCI data register. When TDRE is 1, the transmit data register (SCIDRH/L) is empty and can receive a new value
to transmit.Clear TDRE by reading SCI status register 1 (SCISR1), with TDRE set and then writing to SCI data
register low (SCIDRL).
0 No byte transferred to transmit shift register
1 Byte transferred to transmit shift register; transmit data register empty

6
TC

Transmit Complete Flag — TC is set low when there is a transmission in progress or when a preamble or break
character is loaded. TC is set high when the TDRE flag is set and no data, preamble, or break character is being
transmitted.When TC is set, the TXD pin becomes idle (logic 1). Clear TC by reading SCI status register 1
(SCISR1) with TC set and then writing to SCI data register low (SCIDRL). TC is cleared automatically when data,
preamble, or break is queued and ready to be sent. TC is cleared in the event of a simultaneous set and clear of
the TC flag (transmission not complete).
0 Transmission in progress
1 No transmission in progress

5
RDRF

Receive Data Register Full Flag — RDRF is set when the data in the receive shift register transfers to the SCI
data register. Clear RDRF by reading SCI status register 1 (SCISR1) with RDRF set and then reading SCI data
register low (SCIDRL).
0 Data not available in SCI data register
1 Received data available in SCI data register

4
IDLE

Idle Line Flag1 — IDLE is set when 10 consecutive logic 1s (if M = 0) or 11 consecutive logic 1s (if M = 1) appear
on the receiver input. After the IDLE flag is cleared, a valid frame must again set the RDRF flag before an idle
condition can set the IDLE flag.Clear IDLE by reading SCI status register 1 (SCISR1) with IDLE set and then
reading SCI data register low (SCIDRL).
0 Receiver input is either active now or has never become active since the IDLE flag was last cleared
1 Receiver input has become idle
MC9S12NE64 Data Sheet, Rev. 1.1
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3
OR

Overrun Flag2 — OR is set when software fails to read the SCI data register before the receive shift register
receives the next frame. The OR bit is set immediately after the stop bit has been completely received for the
second frame. The data in the shift register is lost, but the data already in the SCI data registers is not affected.
Clear OR by reading SCI status register 1 (SCISR1) with OR set and then reading SCI data register low
(SCIDRL).
0 No overrun
1 Overrun

2
NF

Noise Flag — NF is set when the SCI detects noise on the receiver input. NF bit is set during the same cycle as
the RDRF flag but does not get set in the case of an overrun. Clear NF by reading SCI status register 1(SCISR1),
and then reading SCI data register low (SCIDRL).
0 No noise
1 Noise

1
FE

Framing Error Flag — FE is set when a logic 0 is accepted as the stop bit. FE bit is set during the same cycle
as the RDRF flag but does not get set in the case of an overrun. FE inhibits further data reception until it is
cleared. Clear FE by reading SCI status register 1 (SCISR1) with FE set and then reading the SCI data register
low (SCIDRL).
0 No framing error
1 Framing error

0
PF

Parity Error Flag — PF is set when the parity enable bit (PE) is set and the parity of the received data does not
match the parity type bit (PT). PF bit is set during the same cycle as the RDRF flag but does not get set in the
case of an overrun. Clear PF by reading SCI status register 1 (SCISR1), and then reading SCI data register low
(SCIDRL).
0 No parity error
1 Parity error

1 When the receiver wakeup bit (RWU) is set, an idle line condition does not set the IDLE flag.
2 The OR flag may read back as set when RDRF flag is clear. This may happen if the following sequence of events occurs:

1. After the first frame is received, read status register SCISR1 (returns RDRF set and OR flag clear);
2. Receive second frame without reading the first frame in the data register (the second frame is not received and OR flag

is set);
3. Read data register SCIDRL (returns first frame and clears RDRF flag in the status register);
4. Read status register SCISR1 (returns RDRF clear and OR set).

Event 3 may be at exactly the same time as event 2 or any time after. When this happens, a dummy SCIDRL read following
event 4 will be required to clear the OR flag if further frames are to be received.

Table 8-7. SCISR1 Field Descriptions (continued)

Field Description
MC9S12NE64 Data Sheet, Rev. 1.1
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8.3.2.5 SCI Status Register 2 (SCISR2)

Read: anytime

Write: anytime

7 6 5 4 3 2 1 0

R 0 0 0 0 0
BRK13 TXDIR

RAF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-8. SCI Status Register 2 (SCISR2)

Table 8-8. SCISR2 Field Descriptions

Field Description

2
BRK13

Break Transmit Character Length — This bit determines whether the transmit break character is 10 or 11 bit
respectively 13 or 14 bits long. The detection of a framing error is not affected by this bit.
0 Break character is 10 or 11 bit long
1 Break character is 13 or 14 bit long

1
TXDIR

Transmitter Pin Data Direction in Single-Wire Mode — This bit determines whether the TXD pin is going to
be used as an input or output, in the single-wire mode of operation. This bit is only relevant in the single-wire
mode of operation.
0 TXD pin to be used as an input in single-wire mode
1 TXD pin to be used as an output in single-wire mode

0
RAF

Receiver Active Flag — RAF is set when the receiver detects a logic 0 during the RT1 time period of the start
bit search. RAF is cleared when the receiver detects an idle character.
0 No reception in progress
1 Reception in progress
MC9S12NE64 Data Sheet, Rev. 1.1
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8.3.2.6 SCI Data Registers (SCIDRH and SCIDRL)

Read: anytime; reading accesses SCI receive data register

Write: anytime; writing accesses SCI transmit data register; writing to R8 has no effect

NOTE
If the value of T8 is the same as in the previous transmission, T8 does not
have to be rewritten.The same value is transmitted until T8 is rewritten

In 8-bit data format, only SCI data register low (SCIDRL) needs to be
accessed.

When transmitting in 9-bit data format and using 8-bit write instructions,
write Þrst to SCI data register high (SCIDRH) then to SCIDRL.

7 6 5 4 3 2 1 0

R R8
T8

0 0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 8-9. SCI Data Register High (SCIDRH)

Table 8-9. SCIDRH Field Descriptions

Field Description

7
R8

Received Bit 8 — R8 is the ninth data bit received when the SCI is configured for 9-bit data format (M = 1).

6
T8

Transmit Bit 8 — T8 is the ninth data bit transmitted when the SCI is configured for 9-bit data format (M = 1).

7 6 5 4 3 2 1 0

R R7 R6 R5 R4 R3 R2 R1 R0

W T7 T6 T5 T4 T3 T2 T1 T0

Reset 0 0 0 0 0 0 0 0

Figure 8-10. SCI Data Register Low (SCIDRL)

Table 8-10. SCIDRL Field Descriptions

Field Description

7:0
R[7:0]
T[7:0}

Received bits 7 through 0 — For 9-bit or 8-bit data formats

Transmit bits 7 through 0 — For 9-bit or 8-bit formats
MC9S12NE64 Data Sheet, Rev. 1.1
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8.4 Functional Description
This subsection provides a complete functional description of the SCI block, detailing the operation
design from the end userÕs perspective in a number of descriptions.

Figure 8-11 shows the structure of the SCI module. The SCI allows full duplex, asynchronous, seri
communication between the CPU and remote devices, including other CPUs. The SCI transmitter
receiver operate independently, although they use the same baud rate generator. The CPU monit
status of the SCI, writes the data to be transmitted, and processes received data.

Figure 8-11. Detailed SCI Block Diagram
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8.4.1 Infrared Interface Submodule

This module provides the capability of transmitting narrow pulses to an IR LED and receiving narr
pulses and transforming them to serial bits, which are sent to the SCI. The IrDA physical layer
specification defines a half-duplex infrared communication link for exchange data. The full standa
includes data rates up to 16 Mbits/s. This design covers only data rates between 2.4 kbits/s and
115.2 kbits/s.

The infrared submodule consists of two major blocks: the transmit encoder and the receive decode
SCI transmits serial bits of data which are encoded by the infrared submodule to transmit a narrow
for every 0 bit. No pulse is transmitted for every 1 bit. When receiving data, the IR pulses should b
detected using an IR photo diode and transformed to CMOS levels by the IR receive decoder (ex
from the MCU). The narrow pulses are then stretched by the infrared submodule to get back to a se
stream to be received by the SCI. The polarity of transmitted pulses and expected receive pulses
inverted so that a direct connection can be made to external IrDA transceiver modules that uses act
pulses.

The infrared submodule receives its clock sources from the SCI. One of these two clocks are sele
the infrared submodule in order to generate either 3/16, 1/16, or 1/32 narrow pulses during transm
The infrared block receives two clock sources from the SCI, R16XCLK, and R32XCLK, which are
configured to generate the narrow pulse width during transmission. The R16XCLK and R32XCLK
internal clocks with frequencies 16 and 32 times the baud rate respectively. Both R16XCLK and
R32XCLK clocks are used for transmitting data. The receive decoder uses only the R16XCLK clo

8.4.1.1 Infrared Transmit Encoder

The infrared transmit encoder converts serial bits of data from transmit shift register to the TXD pi
narrow pulse is transmitted for a 0 bit and no pulse for a 1 bit. The narrow pulse is sent in the mid
the bit with a duration of 1/32, 1/16, or 3/16 of a bit time.

8.4.1.2 Infrared Receive Decoder

The infrared receive block converts data from the RXD pin to the receive shift register. A narrow pu
expected for each 0 received and no pulse is expected for each 1 received. This receive decoder m
edge jitter requirement as defined by the IrDA serial infrared physical layer specification.

8.4.2 Data Format

The SCI uses the standard NRZ mark/space data format. When Infrared is enabled, the SCI uses R
format where 0s are represented by light pulses and 1s remain low. SeeFigure 8-12.
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Figure 8-12. SCI Data Formats

Each data character is contained in a frame that includes a start bit, eight or nine data bits, and a s
Clearing the M bit in SCI control register 1 configures the SCI for 8-bit data characters. A frame with e
data bits has a total of 10 bits. Setting the M bit configures the SCI for nine-bit data characters. A 
with nine data bits has a total of 11 bits

When the SCI is configured for 9-bit data characters, the ninth data bit is the T8 bit in SCI data re
high (SCIDRH). It remains unchanged after transmission and can be used repeatedly without rewri
A frame with nine data bits has a total of 11 bits.

Table 8-12. Example of 9-Bit Data Formats

Table 8-11. Example of 8-bit Data Formats

Start
Bit

Data
Bits

Address
Bits

Parity
Bits

Stop
Bit

1 8 0 0 1

1 7 0 1 1

1 7 11

1 The address bit identifies the frame as an address
character. See Section 8.4.5.6, “Receiver Wakeup”.

0 1

Start
Bit

Data
Bits

Address
Bits

Parity
Bits

Stop
Bit

1 9 0 0 1

1 8 0 1 1

1 8 11

1 The address bit identifies the frame as an address
character. See Section 8.4.5.6, “Receiver Wakeup”.

0 1

BIT 5
START

BIT BIT 0 BIT 1

NEXT

STOP
BIT

START
BIT

8-BIT DATA FORMAT
(BIT M IN SCICR1 CLEAR)

START
BIT BIT 0

NEXT

STOP
BIT

START
BIT

9-BIT DATA FORMAT
(BIT M IN SCICR1 SET)

BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8

BIT 2 BIT 3 BIT 4 BIT 6 BIT 7

POSSIBLE
PARITY

BIT

POSSIBLE
PARITY

BIT
STANDARD
SCI DATA

INFRARED
SCI DATA

STANDARD
SCI DATA

INFRARED
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8.4.3 Baud Rate Generation

A 13-bit modulus counter in the baud rate generator derives the baud rate for both the receiver an
transmitter. The value from 0 to 8191 written to the SBR[12:0] bits determines the module clock div
The SBR bits are in the SCI baud rate registers (SCIBDH and SCIBDL). The baud rate clock is
synchronized with the bus clock and drives the receiver. The baud rate clock divided by 16 drives
transmitter. The receiver has an acquisition rate of 16 samples per bit time.

Baud rate generation is subject to one source of error:

¥ Integer division of the module clock may not give the exact target frequency.

Table 8-13lists some examples of achieving target baud rates with a module clock frequency of 10.2

When IREN = 0 then,

SCI baud rate = SCI module clock / (16 * SCIBR[12:0])

Table 8-13. Baud Rates (Example: Module Clock = 10.2 MHz)

Bits
SBR[12–0]

Receiver
Clock (Hz)

Transmitter
Clock (Hz)

Target Baud
Rate

Error
(%)

17 600,000.0 37,500.0 38,400 2.3

33 309,090.9 19,318.2 19,200 .62

66 154,545.5 9659.1 9600 .62

133 76,691.7 4793.2 4800 .14

266 38,345.9 2396.6 2400 .14

531 19,209.0 1200.6 1200 .11

1062 9604.5 600.3 600 .05

2125 4800.0 300.0 300 .00

4250 2400.0 150.0 150 .00

5795 1760.1 110.0 110 .00
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8.4.4 Transmitter

Figure 8-13. Transmitter Block Diagram

8.4.4.1 Transmitter Character Length

The SCI transmitter can accommodate either 8-bit or 9-bit data characters. The state of the M bit 
control register 1 (SCICR1) determines the length of data characters. When transmitting 9-bit data,
in SCI data register high (SCIDRH) is the ninth bit (bit 8).

8.4.4.2 Character Transmission

To transmit data, the MCU writes the data bits to the SCI data registers (SCIDRH/SCIDRL), which in
are transferred to the transmitter shift register. The transmit shift register then shifts a frame out th
the TXD pin, after it has prefaced them with a start bit and appended them with a stop bit. The SC
registers (SCIDRH and SCIDRL) are the write-only buffers between the internal data bus and the tra
shift register.

The SCI also sets a flag, the transmit data register empty flag (TDRE), every time it transfers data
the buffer (SCIDRH/L) to the transmitter shift register. The transmit driver routine may respond to 

PE

PT

H 8 7 6 5 4 3 2 1 0 L

11-BIT TRANSMIT SHIFT REGISTERS
T

O
P

S
T

A
R

T

T8

TDRE

TIE

TCIE

SBK

TC

PARITY
GENERATION

M
S

B

SCI DATA REGISTERS

LO
A

D
 F

R
O

M
 S

C
ID

R

S
H

IF
T

 E
N

A
B

LE

P
R

E
A

M
B

LE
 (

A
LL

 O
N

E
S

)

B
R

E
A

K
 (

A
LL

 0
s)

TRANSMITTER CONTROL

M

INTERNAL BUS

SBR12–SBR0

BAUD DIVIDER Ö16

TDRE INTERRUPT REQUEST

TC INTERRUPT REQUEST

BUS
CLOCK

TE

SCTXD

LOOPS

LOOP

RSRC

CONTROL
TO RECEIVER
MC9S12NE64 Data Sheet, Rev. 1.1

246 Freescale Semiconductor



Functional Description

aud
 is 0.

,

ICR2
er

ind

it is
ot

0
ata
 the
ant

data

he SCI
ata
 SCI

ic 1.
ignal
flag by writing another byte to the transmitter buffer (SCIDRH/SCIDRL), while the shift register is
shifting out the first byte.

To initiate an SCI transmission:

1. ConÞgure the SCI:
a) Select a baud rate. Write this value to the SCI baud registers (SCIBDH/L) to begin the b

rate generator. Remember that the baud rate generator is disabled when the baud rate
Writing to the SCIBDH has no effect without also writing to SCIBDL.

b) Write to SCICR1 to conÞgure word length, parity, and other conÞguration bits (LOOPS
RSRC, M, WAKE, ILT, PE, and PT).

c) Enable the transmitter, interrupts, receive, and wake up as required, by writing to the SC
register bits (TIE, TCIE, RIE, ILIE, TE, RE, RWU, and SBK). A preamble or idle charact
will now be shifted out of the transmitter shift register.

2. Transmit procedure for each byte:
a) Poll the TDRE ßag by reading the SCISR1 or responding to the TDRE interrupt. Keep in m

that the TDRE bit resets to 1.
b) If the TDRE ßag is set, write the data to be transmitted to SCIDRH/L, where the ninth b

written to the T8 bit in SCIDRH if the SCI is in 9-bit data format. A new transmission will n
result until the TDRE ßag has been cleared.

3. Repeat step 2 for each subsequent transmission.

NOTE
The TDRE ßag is set when the shift register is loaded with the next data to
be transmitted from SCIDRH/L, which happens, generally speaking, a little
over half-way through the stop bit of the previous frame. SpeciÞcally, this
transfer occurs 9/16ths of a bit time AFTER the start of the stop bit of the
previous frame.

Writing the TE bit from 0 to a 1 automatically loads the transmit shift register with a preamble of 1
logic 1s (if M = 0) or 11 logic 1s (if M = 1). After the preamble shifts out, control logic transfers the d
from the SCI data register into the transmit shift register. A logic 0 start bit automatically goes into
least significant bit position of the transmit shift register. A logic 1 stop bit goes into the most signific
bit position.

Hardware supports odd or even parity. When parity is enabled, the most significant bit (MSB) of the
character is the parity bit.

The transmit data register empty flag, TDRE, in SCI status register 1 (SCISR1) becomes set when t
data register transfers a byte to the transmit shift register. The TDRE flag indicates that the SCI d
register can accept new data from the internal data bus. If the transmit interrupt enable bit, TIE, in
control register 2 (SCICR2) is also set, the TDRE flag generates a transmitter interrupt request.

When the transmit shift register is not transmitting a frame, the TXD pin goes to the idle condition, log
If at any time software clears the TE bit in SCI control register 2 (SCICR2), the transmitter enable s
goes low and the transmit signal goes idle.
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If software clears TE while a transmission is in progress (TC = 0), the frame in the transmit shift reg
continues to shift out. To avoid accidentally cutting off the last frame in a message, always wait for T
to go high after the last frame before clearing TE.

To separate messages with preambles with minimum idle line time, use this sequence between me

1. Write the last byte of the Þrst message to SCIDRH/L.
2. Wait for the TDRE ßag to go high, indicating the transfer of the last frame to the transmit sh

register.
3. Queue a preamble by clearing and then setting the TE bit.
4. Write the Þrst byte of the second message to SCIDRH/L.

8.4.4.3 Break Characters

Writing a logic 1 to the send break bit, SBK, in SCI control register 2 (SCICR2) loads the transmit
register with a break character. A break character contains all logic 0s and has no start, stop, or pa
Break character length depends on the M bit in SCI control register 1 (SCICR1). As long as SBK 
logic 1, transmitter logic continuously loads break characters into the transmit shift register. After sof
clears the SBK bit, the shift register finishes transmitting the last break character and then transmits
one logic 1. The automatic logic 1 at the end of a break character guarantees the recognition of the s
of the next frame.

The SCI recognizes a break character when a start bit is followed by eight or nine logic 0 data bits
logic 0 where the stop bit should be. Receiving a break character has these effects on SCI registe

¥ Sets the framing error ßag, FE
¥ Sets the receive data register full ßag, RDRF
¥ Clears the SCI data registers (SCIDRH/L)
¥ May set the overrun ßag, OR, noise ßag, NF, parity error ßag, PE, or the receiver active ßag

(seeSection 8.3.2.4, ÒSCI Status Register 1 (SCISR1)Ó andSection 8.3.2.5, ÒSCI Status Regist
2 (SCISR2)Ó).

8.4.4.4 Idle Characters

An idle character (or preamble) contains all logic 1s and has no start, stop, or parity bit. Idle chara
length depends on the M bit in SCI control register 1 (SCICR1). The preamble is a synchronizing 
character that begins the first transmission initiated after writing the TE bit from 0 to 1.

If the TE bit is cleared during a transmission, the TXD pin becomes idle after completion of the
transmission in progress. Clearing and then setting the TE bit during a transmission queues an id
character to be sent after the frame currently being transmitted.

NOTE
When queueing an idle character, return the TE bit to logic 1 before the stop
bit of the current frame shifts out through the TXD pin. Setting TE after the
stop bit appears on TXD causes data previously written to the SCI data
register to be lost. Toggle the TE bit for a queued idle character while the
MC9S12NE64 Data Sheet, Rev. 1.1
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TDRE ßag is set and immediately before writing the next byte to the SCI
data register.

If the TE bit is clear and the transmission is complete, the SCI is not the
master of the TXD pin

8.4.5 Receiver

Figure 8-14. SCI Receiver Block Diagram

8.4.5.1 Receiver Character Length

The SCI receiver can accommodate either 8-bit or 9-bit data characters. The state of the M bit in 
control register 1 (SCICR1) determines the length of data characters. When receiving 9-bit data, bit
SCI data register high (SCIDRH) is the ninth bit (bit 8).

8.4.5.2 Character Reception

During an SCI reception, the receive shift register shifts a frame in from the RXD pin. The SCI dat
register is the read-only buffer between the internal data bus and the receive shift register.

After a complete frame shifts into the receive shift register, the data portion of the frame transfers
SCI data register. The receive data register full flag, RDRF, in SCI status register 1 (SCISR1) becom
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indicating that the received byte can be read. If the receive interrupt enable bit, RIE, in SCI control re
2 (SCICR2) is also set, the RDRF flag generates an RDRF interrupt request.

8.4.5.3 Data Sampling

The receiver samples the RXD pin at the RT clock rate. The RT clock is an internal signal with a frequ
16 times the baud rate. To adjust for baud rate mismatch, the RT clock (seeFigure 8-15) is
re-synchronized:

¥ After every start bit
¥ After the receiver detects a data bit change from logic 1 to logic 0 (after the majority of dat

samples at RT8, RT9, and RT10 returns a valid logic 1 and the majority of the next RT8, RT9
RT10 samples returns a valid logic 0)

To locate the start bit, data recovery logic does an asynchronous search for a logic 0 preceded by
logic 1s. When the falling edge of a possible start bit occurs, the RT clock begins to count to 16.

Figure 8-15. Receiver Data Sampling

To verify the start bit and to detect noise, data recovery logic takes samples at RT3, RT5, and RT
Table 8-14 summarizes the results of the start bit verification samples.

If start bit verification is not successful, the RT clock is reset and a new search for a start bit begin

Table 8-14. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag

000 Yes 0

001 Yes 1

010 Yes 1

011 No 0

100 Yes 1

101 No 0

110 No 0

111 No 0
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9, and
To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT
RT10.Table 8-15 summarizes the results of the data bit samples.

NOTE
The RT8, RT9, and RT10 samples do not affect start bit veriÞcation. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit veriÞcation, the noise ßag (NF) is set and the receiver
assumes that the bit is a start bit (logic 0).

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10.Table 8-16
summarizes the results of the stop bit samples.

Table 8-15. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag

000 0 0

001 0 1

010 0 1

011 1 1

100 0 1

101 1 1

110 1 1

111 1 0

Table 8-16. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag

000 1 0

001 1 1

010 1 1

011 0 1

100 1 1

101 0 1

110 0 1

111 0 0
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In Figure 8-16the verification samples RT3 and RT5 determine that the first low detected was noise
not the beginning of a start bit. The RT clock is reset and the start bit search begins again. The noi
is not set because the noise occurred before the start bit was found.

Figure 8-16. Start Bit Search Example 1

In Figure 8-17, verification sample at RT3 is high. The RT3 sample sets the noise flag. Although th
perceived bit time is misaligned, the data samples RT8, RT9, and RT10 are within the bit time and
recovery is successful.

Figure 8-17. Start Bit Search Example 2
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In Figure 8-18, a large burst of noise is perceived as the beginning of a start bit, although the test sa
at RT5 is high. The RT5 sample sets the noise flag. Although this is a worst-case misalignment of
perceived bit time, the data samples RT8, RT9, and RT10 are within the bit time and data recover
successful.

Figure 8-18. Start Bit Search Example 3

Figure 8-19shows the effect of noise early in the start bit time. Although this noise does not affect pr
synchronization with the start bit time, it does set the noise flag.

Figure 8-19. Start Bit Search Example 4
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Figure 8-20shows a burst of noise near the beginning of the start bit that resets the RT clock. The sa
after the reset is low but is not preceded by three high samples that would qualify as a falling edg
Depending on the timing of the start bit search and on the data, the frame may be missed entirely or
set the framing error flag.

Figure 8-20. Start Bit Search Example 5

In Figure 8-21, a noise burst makes the majority of data samples RT8, RT9, and RT10 high. This se
noise ßag but does not reset the RT clock. In start bits only, the RT8, RT9, and RT10 data sample
ignored.

Figure 8-21. Start Bit Search Example 6
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If the data recovery logic does not detect a logic 1 where the stop bit should be in an incoming fra
sets the framing error flag, FE, in SCI status register 1 (SCISR1). A break character also sets the F
because a break character has no stop bit. The FE flag is set at the same time that the RDRF flag
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8.4.5.5 Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above the receiver baud rate. Accum
bit time misalignment can cause one of the three stop bit data samples (RT8, RT9, and RT10) to 
outside the actual stop bit. A noise error will occur if the RT8, RT9, and RT10 samples are not all the
logical values. A framing error will occur if the receiver clock is misaligned in such a way that the majo
of the RT8, RT9, and RT10 stop bit samples are a logic 0.

As the receiver samples an incoming frame, it re-synchronizes the RT clock on any valid falling ed
within the frame. Re synchronization within frames will correct a misalignment between transmitte
times and receiver bit times.

8.4.5.5.1 Slow Data Tolerance

Figure 8-22shows how much a slow received frame can be misaligned without causing a noise erro
framing error. The slow stop bit begins at RT8 instead of RT1 but arrives in time for the stop bit da
samples at RT8, RT9, and RT10.

Figure 8-22. Slow Data

LetÕs take RTr as receiver RT clock and RTt as transmitter RT clock.

For an 8-bit data character, it takes the receiver 9 bit times x 16 RTr cycles +7 RTr cycles =151 RTr c
to start data sampling of the stop bit.

With the misaligned character shown inFigure 8-22, the receiver counts 151 RTr cycles at the point whe
the count of the transmitting device is 9 bit times x 16 RTt cycles = 144 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 8-b
character with no errors is:

((151 Ð 144) / 151) x 100 = 4.63%

For a 9-bit data character, it takes the receiver 10 bit times x 16 RTr cycles + 7 RTr cycles = 167 RTr c
to start data sampling of the stop bit.

With the misaligned character shown inFigure 8-22, the receiver counts 167 RTr cycles at the point whe
the count of the transmitting device is 10 bit times x 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 9
character with no errors is:

((167 Ð 160) / 167) X 100 = 4.19%
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8.4.5.5.2  Fast Data Tolerance

Figure 8-23 shows how much a fast received frame can be misaligned. The fast stop bit ends at R
instead of RT16 but continues to be sampled at RT8, RT9, and RT10.

Figure 8-23. Fast Data

For an 8-bit data character, it takes the receiver 9 bit times x 16 RTr cycles + 10 RTr cycles = 154
cycles to finish data sampling of the stop bit.

With the misaligned character shown inFigure 8-23, the receiver counts 154 RTr cycles at the point whe
the count of the transmitting device is 10 bit times x 16 RTt cycles = 160 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a fast 8
character with no errors is:

((160 Ð 154) / 160) x 100 = 3.75%

For a 9-bit data character, it takes the receiver 10 bit times x 16 RTr cycles + 10 RTr cycles = 170
cycles to finish data sampling of the stop bit.

With the misaligned character shown inFigure 8-23, the receiver counts 170 RTr cycles at the point whe
the count of the transmitting device is 11 bit times x 16 RTt cycles = 176 RTt cycles.

The maximum percent difference between the receiver count and the transmitter count of a fast 9
character with no errors is:

((176 Ð 170) / 176) x 100 = 3.40%

8.4.5.6 Receiver Wakeup

To enable the SCI to ignore transmissions intended only for other receivers in multiple-receiver sys
the receiver can be put into a standby state. Setting the receiver wakeup bit, RWU, in SCI control reg
(SCICR2) puts the receiver into standby state during which receiver interrupts are disabled.The S
continue to load the receive data into the SCIDRH/L registers, but it will not set the RDRF flag.

The transmitting device can address messages to selected receivers by including addressing info
in the initial frame or frames of each message.

The WAKE bit in SCI control register 1 (SCICR1) determines how the SCI is brought out of the stan
state to process an incoming message. The WAKE bit enables either idle line wakeup or address
wakeup.
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8.4.5.6.1 Idle Input Line Wakeup (WAKE = 0)

In this wakeup method, an idle condition on the RXD pin clears the RWU bit and wakes up the SCI
initial frame or frames of every message contain addressing information. All receivers evaluate the
addressing information, and receivers for which the message is addressed process the frames tha
Any receiver for which a message is not addressed can set its RWU bit and return to the standby sta
RWU bit remains set and the receiver remains on standby until another idle character appears on th
pin.

Idle line wakeup requires that messages be separated by at least one idle character and that no m
contains idle characters.

The idle character that wakes a receiver does not set the receiver idle bit, IDLE, or the receive data r
full ßag, RDRF.

The idle line type bit, ILT, determines whether the receiver begins counting logic 1s as idle characte
after the start bit or after the stop bit. ILT is in SCI control register 1 (SCICR1).

8.4.5.6.2 Address Mark Wakeup (WAKE = 1)

In this wakeup method, a logic 1 in the most signiÞcant bit (MSB) position of a frame clears the RW
and wakes up the SCI. The logic 1 in the MSB position marks a frame as an address frame that c
addressing information. All receivers evaluate the addressing information, and the receivers for whi
message is addressed process the frames that follow. Any receiver for which a message is not ad
can set its RWU bit and return to the standby state. The RWU bit remains set and the receiver rema
standby until another address frame appears on the RXD pin.

The logic 1 MSB of an address frame clears the receiverÕs RWU bit before the stop bit is received a
the RDRF ßag.

Address mark wakeup allows messages to contain idle characters but requires that the MSB be re
for use in address frames.

NOTE
With the WAKE bit clear, setting the RWU bit after the RXD pin has been
idle can cause the receiver to wake up immediately.

8.4.6 Single-Wire Operation

Normally, the SCI uses two pins for transmitting and receiving. In single-wire operation, the RXD p
disconnected from the SCI. The SCI uses the TXD pin for both receiving and transmitting.

Figure 8-24. Single-Wire Operation (LOOPS = 1, RSRC = 1)
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RECEIVER

TXD
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Enable single-wire operation by setting the LOOPS bit and the receiver source bit, RSRC, in SCI c
register 1 (SCICR1). Setting the LOOPS bit disables the path from the RXD pin to the receiver. S
the RSRC bit connects the TXD pin to the receiver. Both the transmitter and receiver must be ena
(TE = 1 and RE = 1).The TXDIR bit (SCISR2[1]) determines whether the TXD pin is going to be use
an input (TXDIR = 0) or an output (TXDIR = 1) in this mode of operation.

8.4.7 Loop Operation

In loop operation the transmitter output goes to the receiver input. The RXD pin is disconnected fro
SCI

.

Figure 8-25. Loop Operation (LOOPS = 1, RSRC = 0)

Enable loop operation by setting the LOOPS bit and clearing the RSRC bit in SCI control register 
(SCICR1). Setting the LOOPS bit disables the path from the RXD pin to the receiver. Clearing the R
bit connects the transmitter output to the receiver input. Both the transmitter and receiver must be e
(TE = 1 and RE = 1).

8.5 Interrupts
This section describes the interrupt originated by the SCI block.The MCU must service the interru
requests.Table 8-17 lists the five interrupt sources of the SCI.

8.5.1 Description of Interrupt Operation

The SCI only originates interrupt requests. The following is a description of how the SCI makes a re
and how the MCU should acknowledge that request. The interrupt vector offset and interrupt numb

Table 8-17. SCI Interrupt Sources

Interrupt Source Local Enable Description

TDRE SCISR1[7] TIE Active high level. Indicates that a byte was
transferred from SCIDRH/L to the transmit
shift register.

TC SCISR1[6] TCIE Active high level. Indicates that a transmit is
complete.

RDRF SCISR1[5] RIE Active high level. The RDRF interrupt indicates
that received data is available in the SCI data
register.

OR SCISR1[3] Active high level. This interrupt indicates that
an overrun condition has occurred.

IDLE SCISR1[4] ILIE Active high level. Indicates that receiver input
has become idle.

RXD

TRANSMITTER

RECEIVER

TXD
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chip dependent. The SCI only has a single interrupt line (SCI interrupt signal, active high operation
all the following interrupts, when generated, are ORed together and issued through that port.

8.5.1.1 TDRE Description

The TDRE interrupt is set high by the SCI when the transmit shift register receives a byte from the
data register. A TDRE interrupt indicates that the transmit data register (SCIDRH/L) is empty and
new byte can be written to the SCIDRH/L for transmission.Clear TDRE by reading SCI status reg
with TDRE set and then writing to SCI data register low (SCIDRL).

8.5.1.2 TC Description

The TC interrupt is set by the SCI when a transmission has been completed.A TC interrupt indicate
there is no transmission in progress. TC is set high when the TDRE flag is set and no data, pream
break character is being transmitted. When TC is set, the TXD pin becomes idle (logic 1). Clear T
reading SCI status register 1 (SCISR1) with TC set and then writing to SCI data register low (SCIDRL
is cleared automatically when data, preamble, or break is queued and ready to be sent.

8.5.1.3 RDRF Description

The RDRF interrupt is set when the data in the receive shift register transfers to the SCI data regi
RDRF interrupt indicates that the received data has been transferred to the SCI data register and
byte can now be read by the MCU. The RDRF interrupt is cleared by reading the SCI status regis
(SCISR1) and then reading SCI data register low (SCIDRL).

8.5.1.4 OR Description

The OR interrupt is set when software fails to read the SCI data register before the receive shift re
receives the next frame. The newly acquired data in the shift register will be lost in this case, but th
already in the SCI data registers is not affected. The OR interrupt is cleared by reading the SCI st
register one (SCISR1) and then reading SCI data register low (SCIDRL).

8.5.1.5 IDLE Description

The IDLE interrupt is set when 10 consecutive logic 1s (if M = 0) or 11 consecutive logic 1s (if M =
appear on the receiver input. After the IDLE is cleared, a valid frame must again set the RDRF flag b
an idle condition can set the IDLE flag. Clear IDLE by reading SCI status register 1 (SCISR1) with ID
set and then reading SCI data register low (SCIDRL).

8.5.2 Recovery from Wait Mode

The SCI interrupt request can be used to bring the CPU out of wait mode.
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Freescale Semiconductor 259



Chapter 8 Serial Communication Interface (SCIV3)
MC9S12NE64 Data Sheet, Rev. 1.1

260 Freescale Semiconductor



heral

it
ike in
 SPI
stops,
n and

s a
he SPI
stays
Chapter 9
Serial Peripheral Interface (SPIV3)

9.1 Introduction
The SPI module allows a duplex, synchronous, serial communication between the MCU and perip
devices. Software can poll the SPI status ßags or the SPI operation can be interrupt driven.

9.1.1 Features

The SPIV3 includes these distinctive features:

¥ Master mode and slave mode
¥ Bidirectional mode
¥ Slave select output
¥ Mode fault error ßag with CPU interrupt capability
¥ Double-buffered data register
¥ Serial clock with programmable polarity and phase
¥ Control of SPI operation during wait mode

9.1.2 Modes of Operation

The SPI functions in three modes, run, wait, and stop.

¥ Run Mode
This is the basic mode of operation.

¥ Wait Mode
SPI operation in wait mode is a conÞgurable low power mode, controlled by the SPISWAI b
located in the SPICR2 register. In wait mode, if the SPISWAI bit is clear, the SPI operates l
Run Mode. If the SPISWAI bit is set, the SPI goes into a power conservative state, with the
clock generation turned off. If the SPI is conÞgured as a master, any transmission in progress
but is resumed after CPU goes into Run Mode. If the SPI is conÞgured as a slave, receptio
transmission of a byte continues, so that the slave stays synchronized to the master.

¥ Stop Mode
The SPI is inactive in stop mode for reduced power consumption. If the SPI is conÞgured a
master, any transmission in progress stops, but is resumed after CPU goes into run mode. If t
is conÞgured as a slave, reception and transmission of a byte continues, so that the slave 
synchronized to the master.

This is a high level description only, detailed descriptions of operating modes are contained inSection 9.4,
ÒFunctional Description.Ó
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9.1.3 Block Diagram

Figure 9-1gives an overview on the SPI architecture. The main parts of the SPI are status, control, an
registers, shifter logic, baud rate generator, master/slave control logic, and port control logic.

Figure 9-1. SPI Block Diagram

9.2 External Signal Description
This section lists the name and description of all ports including inputs and outputs that do, or may, co
off chip. The SPIV3 module has a total of four external pins.

9.2.1 MOSI — Master Out/Slave In Pin

This pin is used to transmit data out of the SPI module when it is conÞgured as a master and recei
when it is conÞgured as slave.
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SPI Control Register 2

SPI Baud Rate Register
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9.2.2 MISO — Master In/Slave Out Pin

This pin is used to transmit data out of the SPI module when it is conÞgured as a slave and receiv
when it is conÞgured as master.

9.2.3 SS — Slave Select Pin

This pin is used to output the select signal from the SPI module to another peripheral with which a
transfer is to take place when its conÞgured as a master and its used as an input to receive the slav
signal when the SPI is conÞgured as slave.

9.2.4 SCK — Serial Clock Pin

This pin is used to output the clock with respect to which the SPI transfers data or receive clock in c
slave.

9.3 Memory Map and Register Definition
This section provides a detailed description of address space and registers used by the SPI.

The memory map for the SPIV3 is given below inTable 9-1. The address listed for each register is the su
of a base address and an address offset. The base address is deÞned at the SoC level and the add
is deÞned at the module level. Reads from the reserved bits return zeros and writes to the reserved b
no effect.

9.3.1 Module Memory Map

Table 9-1. SPIV3 Memory Map

Address Use Access

0x0000 SPI Control Register 1 (SPICR1) R/W
0x0001 SPI Control Register 2 (SPICR2) R/W1

1 Certain bits are non-writable.

0x0002 SPI Baud Rate Register (SPIBR) R/W1

0x0003 SPI Status Register (SPISR) R2

2 Writes to this register are ignored.

0x0004 Reserved — 2,3

3 Reading from this register returns all zeros.

0x0005 SPI Data Register (SPIDR) R/W
0x0006 Reserved — 2,3

0x0007 Reserved — 2,3
MC9S12NE64 Data Sheet, Rev. 1.1

Freescale Semiconductor 263



Chapter 9 Serial Peripheral Interface (SPIV3)

register
ster
9.3.2 Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard
diagram with an associated Þgure number. Details of register bit and Þeld function follow the regi
diagrams, in bit order.

9.3.2.1 SPI Control Register 1 (SPICR1)

Read: anytime

Write: anytime

Name 7 6 5 4 3 2 1 0

SPICR1
R

SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
W

SPICR2
R 0 0 0

MODFEN BIDIROE
0

SPISWAI SPC0
W

SPIBR
R 0

SPPR2 SPPR1 SPPR0
0

SPR2 SPR1 SPR0
W

SPISR
R SPIF 0 SPTEF MODF 0 0 0 0

W

Reserved
R

W

SPIDR
R

Bit 7 6 5 4 3 2 2 Bit 0
W

Reserved
R

W

Reserved
R

W

= Unimplemented or Reserved

Figure 9-2. SPI Register Summary

7 6 5 4 3 2 1 0

R
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE

W

Reset 0 0 0 0 0 1 0 0

Figure 9-3. SPI Control Register 1 (SPICR1)
MC9S12NE64 Data Sheet, Rev. 1.1

264 Freescale Semiconductor



Memory Map and Register Definition
Table 9-2. SPICR1 Field Descriptions

Field Description

7
SPIE

SPI Interrupt Enable Bit — This bit enables SPI interrupt requests, if SPIF or MODF status flag is set.
0 SPI interrupts disabled.
1 SPI interrupts enabled.

6
SPE

SPI System Enable Bit — This bit enables the SPI system and dedicates the SPI port pins to SPI system
functions. If SPE is cleared, SPI is disabled and forced into idle state, status bits in SPISR register are reset.
0 SPI disabled (lower power consumption).
1 SPI enabled, port pins are dedicated to SPI functions.

5
SPTIE

SPI Transmit Interrupt Enable — This bit enables SPI interrupt requests, if SPTEF flag is set.
0 SPTEF interrupt disabled.
1 SPTEF interrupt enabled.

4
MSTR

SPI Master/Slave Mode Select Bit — This bit selects, if the SPI operates in master or slave mode. Switching
the SPI from master to slave or vice versa forces the SPI system into idle state.
0 SPI is in slave mode
1 SPI is in master mode

3
CPOL

SPI Clock Polarity Bit — This bit selects an inverted or non-inverted SPI clock. To transmit data between SPI
modules, the SPI modules must have identical CPOL values. In master mode, a change of this bit will abort a
transmission in progress and force the SPI system into idle state.
0 Active-high clocks selected. In idle state SCK is low.
1 Active-low clocks selected. In idle state SCK is high.

2
CPHA

SPI Clock Phase Bit — This bit is used to select the SPI clock format. In master mode, a change of this bit will
abort a transmission in progress and force the SPI system into idle state.
0 Sampling of data occurs at odd edges (1,3,5,...,15) of the SCK clock
1 Sampling of data occurs at even edges (2,4,6,...,16) of the SCK clock

1
SSOE

Slave Select Output Enable — The SS output feature is enabled only in master mode, if MODFEN is set, by
asserting the SSOE as shown in Table 9-3. In master mode, a change of this bit will abort a transmission in
progress and force the SPI system into idle state.

0
LSBFE

LSB-First Enable — This bit does not affect the position of the MSB and LSB in the data register. Reads and
writes of the data register always have the MSB in bit 7. In master mode, a change of this bit will abort a
transmission in progress and force the SPI system into idle state.
0 Data is transferred most significant bit first.
1 Data is transferred least significant bit first.

Table 9-3. SS Input / Output Selection

MODFEN SSOE Master Mode Slave Mode

0 0 SS not used by SPI SS input

0 1 SS not used by SPI SS input

1 0 SS input with MODF feature SS input

1 1 SS is slave select output SS input
MC9S12NE64 Data Sheet, Rev. 1.1
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9.3.2.2 SPI Control Register 2 (SPICR2)

Read: anytime

Write: anytime; writes to the reserved bits have no effect

7 6 5 4 3 2 1 0

R 0 0 0
MODFEN BIDIROE

0
SPISWAI SPC0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-4. SPI Control Register 2 (SPICR2)

Table 9-4. SPICR2 Field Descriptions

Field Description

4
MODFEN

Mode Fault Enable Bit — This bit allows the MODF failure being detected. If the SPI is in master mode and
MODFEN is cleared, then the SS port pin is not used by the SPI. In slave mode, the SS is available only as an
input regardless of the value of MODFEN. For an overview on the impact of the MODFEN bit on the SS port pin
configuration refer to Table 9-3. In master mode, a change of this bit will abort a transmission in progress and
force the SPI system into idle state.
0 SS port pin is not used by the SPI
1 SS port pin with MODF feature

3
BIDIROE

Output Enable in the Bidirectional Mode of Operation — This bit controls the MOSI and MISO output buffer
of the SPI, when in bidirectional mode of operation (SPC0 is set). In master mode this bit controls the output
buffer of the MOSI port, in slave mode it controls the output buffer of the MISO port. In master mode, with SPC0
set, a change of this bit will abort a transmission in progress and force the SPI into idle state.
0 Output buffer disabled
1 Output buffer enabled

1
SPISWAI

SPI Stop in Wait Mode Bit — This bit is used for power conservation while in wait mode.
0 SPI clock operates normally in wait mode
1 Stop SPI clock generation when in wait mode

0
SPC0

Serial Pin Control Bit 0 — This bit enables bidirectional pin configurations as shown in Table 9-5. In master
mode, a change of this bit will abort a transmission in progress and force the SPI system into idle state

Table 9-5. Bidirectional Pin Configurations

Pin Mode SPC0 BIDIROE MISO MOSI

Master Mode of Operation

Normal 0 X Master In Master Out

Bidirectional 1 0 MISO not used by SPI Master In

1 Master I/O

Slave Mode of Operation

Normal 0 X Slave Out Slave In

Bidirectional 1 0 Slave In MOSI not used by SPI

1 Slave I/O
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9.3.2.3 SPI Baud Rate Register (SPIBR)

Read: anytime

Write: anytime; writes to the reserved bits have no effect

The baud rate divisor equation is as follows:

The baud rate can be calculated with the following equation:

7 6 5 4 3 2 1 0

R 0
SPPR2 SPPR1 SPPR0

0
SPR2 SPR1 SPR0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-5. SPI Baud Rate Register (SPIBR)

Table 9-6. SPIBR Field Descriptions

Field Description

6:4
SPPR[2:0]

SPI Baud Rate Preselection Bits — These bits specify the SPI baud rates as shown in Table 9-7. In master
mode, a change of these bits will abort a transmission in progress and force the SPI system into idle state.

2:0
SPR[2:0}

SPI Baud Rate Selection Bits — These bits specify the SPI baud rates as shown in Table 9-7. In master mode,
a change of these bits will abort a transmission in progress and force the SPI system into idle state.

BaudRateDivisor SPPR 1+( ) 2€
SPR 1+( )

=

Baud Rate BusClock BaudRateDivisorÚ=
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Table 9-7. Example SPI Baud Rate Selection (25 MHz Bus Clock)

SPPR2 SPPR1 SPPR0 SPR2 SPR1 SPR0
Baud Rate

Divisor
Baud Rate

0 0 0 0 0 0 2 12.5 MHz

0 0 0 0 0 1 4 6.25 MHz

0 0 0 0 1 0 8 3.125 MHz

0 0 0 0 1 1 16 1.5625 MHz

0 0 0 1 0 0 32 781.25 kHz

0 0 0 1 0 1 64 390.63 kHz

0 0 0 1 1 0 128 195.31 kHz

0 0 0 1 1 1 256 97.66 kHz

0 0 1 0 0 0 4 6.25 MHz

0 0 1 0 0 1 8 3.125 MHz

0 0 1 0 1 0 16 1.5625 MHz

0 0 1 0 1 1 32 781.25 kHz

0 0 1 1 0 0 64 390.63 kHz

0 0 1 1 0 1 128 195.31 kHz

0 0 1 1 1 0 256 97.66 kHz

0 0 1 1 1 1 512 48.83 kHz

0 1 0 0 0 0 6 4.16667 MHz

0 1 0 0 0 1 12 2.08333 MHz

0 1 0 0 1 0 24 1.04167 MHz

0 1 0 0 1 1 48 520.83 kHz

0 1 0 1 0 0 96 260.42 kHz

0 1 0 1 0 1 192 130.21 kHz

0 1 0 1 1 0 384 65.10 kHz

0 1 0 1 1 1 768 32.55 kHz

0 1 1 0 0 0 8 3.125 MHz

0 1 1 0 0 1 16 1.5625 MHz

0 1 1 0 1 0 32 781.25 kHz

0 1 1 0 1 1 64 390.63 kHz

0 1 1 1 0 0 128 195.31 kHz

0 1 1 1 0 1 256 97.66 kHz

0 1 1 1 1 0 512 48.83 kHz

0 1 1 1 1 1 1024 24.41 kHz

1 0 0 0 0 0 10 2.5 MHz

1 0 0 0 0 1 20 1.25 MHz

1 0 0 0 1 0 40 625 kHz

1 0 0 0 1 1 80 312.5 kHz

1 0 0 1 0 0 160 156.25 kHz

1 0 0 1 0 1 320 78.13 kHz

1 0 0 1 1 0 640 39.06 kHz
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NOTE
In slave mode of SPI S-clock speed DIV2 is not supported.

1 0 0 1 1 1 1280 19.53 kHz

1 0 1 0 0 0 12 2.08333 MHz

1 0 1 0 0 1 24 1.04167 MHz

1 0 1 0 1 0 48 520.83 kHz

1 0 1 0 1 1 96 260.42 kHz

1 0 1 1 0 0 192 130.21 kHz

1 0 1 1 0 1 384 65.10 kHz

1 0 1 1 1 0 768 32.55 kHz

1 0 1 1 1 1 1536 16.28 kHz

1 1 0 0 0 0 14 1.78571 MHz

1 1 0 0 0 1 28 892.86 kHz

1 1 0 0 1 0 56 446.43 kHz

1 1 0 0 1 1 112 223.21 kHz

1 1 0 1 0 0 224 111.61 kHz

1 1 0 1 0 1 448 55.80 kHz

1 1 0 1 1 0 896 27.90 kHz

1 1 0 1 1 1 1792 13.95 kHz

1 1 1 0 0 0 16 1.5625 MHz

1 1 1 0 0 1 32 781.25 kHz

1 1 1 0 1 0 64 390.63 kHz

1 1 1 0 1 1 128 195.31 kHz

1 1 1 1 0 0 256 97.66 kHz

1 1 1 1 0 1 512 48.83 kHz

1 1 1 1 1 0 1024 24.41 kHz

1 1 1 1 1 1 2048 12.21 kHz

Table 9-7. Example SPI Baud Rate Selection (25 MHz Bus Clock) (continued)

SPPR2 SPPR1 SPPR0 SPR2 SPR1 SPR0
Baud Rate

Divisor
Baud Rate
MC9S12NE64 Data Sheet, Rev. 1.1
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9.3.2.4 SPI Status Register (SPISR)

Read: anytime

Write: has no effect

9.3.2.5 SPI Data Register (SPIDR)

Read: anytime; normally read only after SPIF is set

Write: anytime

7 6 5 4 3 2 1 0

R SPIF 0 SPTEF MODF 0 0 0 0

W

Reset 0 0 1 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-6. SPI Status Register (SPISR)

Table 9-8. SPISR Field Descriptions

Field Description

7
SPIF

SPIF Interrupt Flag — This bit is set after a received data byte has been transferred into the SPI Data Register.
This bit is cleared by reading the SPISR register (with SPIF set) followed by a read access to the SPI Data
Register.
0 Transfer not yet complete
1 New data copied to SPIDR

5
SPTEF

SPI Transmit Empty Interrupt Flag — If set, this bit indicates that the transmit data register is empty. To clear
this bit and place data into the transmit data register, SPISR has to be read with SPTEF = 1, followed by a write
to SPIDR. Any write to the SPI Data Register without reading SPTEF = 1, is effectively ignored.
0 SPI Data register not empty
1 SPI Data register empty

4
MODF

Mode Fault Flag — This bit is set if the SS input becomes low while the SPI is configured as a master and mode
fault detection is enabled, MODFEN bit of SPICR2 register is set. Refer to MODFEN bit description in
Section 9.3.2.2, “SPI Control Register 2 (SPICR2).” The flag is cleared automatically by a read of the SPI Status
Register (with MODF set) followed by a write to the SPI Control Register 1.
0 Mode fault has not occurred.
1 Mode fault has occurred.

7 6 5 4 3 2 1 0

R
Bit 7 6 5 4 3 2 2 Bit 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 9-7. SPI Data Register (SPIDR)
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The SPI Data Register is both the input and output register for SPI data. A write to this register all
data byte to be queued and transmitted. For a SPI conÞgured as a master, a queued data byte is tra
immediately after the previous transmission has completed. The SPI Transmitter Empty Flag SPT
the SPISR register indicates when the SPI Data Register is ready to accept new data.

Reading the data can occur anytime from after the SPIF is set to before the end of the next transfer
SPIF is not serviced by the end of the successive transfers, those data bytes are lost and the data w
SPIDR retains the Þrst byte until SPIF is serviced.

9.4 Functional Description
The SPI module allows a duplex, synchronous, serial communication between the MCU and perip
devices. Software can poll the SPI status ßags or SPI operation can be interrupt driven.

The SPI system is enabled by setting the SPI enable (SPE) bit in SPI Control Register 1. While SPE
set, the four associated SPI port pins are dedicated to the SPI function as:

¥ Slave select (SS)
¥ Serial clock (SCK)
¥ Master out/slave in (MOSI)
¥ Master in/slave out (MISO)

The main element of the SPI system is the SPI Data Register. The 8-bit data register in the master
8-bit data register in the slave are linked by the MOSI and MISO pins to form a distributed 16-bit reg
When a data transfer operation is performed, this 16-bit register is serially shifted eight bit positions b
S-clock from the master, so data is exchanged between the master and the slave. Data written to the
SPI Data Register becomes the output data for the slave, and data read from the master SPI Data R
after a transfer operation is the input data from the slave.

A read of SPISR with SPTEF = 1 followed by a write to SPIDR puts data into the transmit data reg
When a transfer is complete, received data is moved into the receive data register. Data may be rea
this double-buffered system any time before the next transfer has completed. This 8-bit data regis
as the SPI receive data register for reads and as the SPI transmit data register for writes. A single
register address is used for reading data from the read data buffer and for writing data to the transm
register.

The clock phase control bit (CPHA) and a clock polarity control bit (CPOL) in the SPI Control Regist
(SPICR1) select one of four possible clock formats to be used by the SPI system. The CPOL bit s
selects a non-inverted or inverted clock. The CPHA bit is used to accommodate two fundamentall
different protocols by sampling data on odd numbered SCK edges or on even numbered SCK edg
Section 9.4.3, ÒTransmission FormatsÓ).

The SPI can be conÞgured to operate as a master or as a slave. When the MSTR bit in SPI Cont
Register1 is set, master mode is selected, when the MSTR bit is clear, slave mode is selected.
MC9S12NE64 Data Sheet, Rev. 1.1
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9.4.1 Master Mode

The SPI operates in master mode when the MSTR bit is set. Only a master SPI module can initia
transmissions. A transmission begins by writing to the master SPI Data Register. If the shift regist
empty, the byte immediately transfers to the shift register. The byte begins shifting out on the MO
under the control of the serial clock.

¥ S-clock
The SPR2, SPR1, and SPR0 baud rate selection bits in conjunction with the SPPR2, SPPR
SPPR0 baud rate preselection bits in the SPI Baud Rate register control the baud rate genera
determine the speed of the transmission. The SCK pin is the SPI clock output. Through the
pin, the baud rate generator of the master controls the shift register of the slave peripheral.

¥ MOSI and MISO Pins
In master mode, the function of the serial data output pin (MOSI) and the serial data input p
(MISO) is determined by the SPC0 and BIDIROE control bits.

¥ SS Pin
If MODFEN and SSOE bit are set, theSS pin is conÞgured as slave select output. TheSS output
becomes low during each transmission and is high when the SPI is in idle state.
If MODFEN is set and SSOE is cleared, theSS pin is conÞgured as input for detecting mode fau
error. If theSS input becomes low this indicates a mode fault error where another master tr
drive the MOSI and SCK lines. In this case, the SPI immediately switches to slave mode, b
clearing the MSTR bit and also disables the slave output buffer MISO (or SISO in bidirectio
mode). So the result is that all outputs are disabled and SCK, MOSI and MISO are inputs. 
transmission is in progress when the mode fault occurs, the transmission is aborted and the
forced into idle state.

This mode fault error also sets the mode fault (MODF) ßag in the SPI Status Register (SPISR). If th
interrupt enable bit (SPIE) is set when the MODF ßag gets set, then an SPI interrupt sequence is
requested.

When a write to the SPI Data Register in the master occurs, there is a half SCK-cycle delay. After the
SCK is started within the master. The rest of the transfer operation differs slightly, depending on the
format speciÞed by the SPI clock phase bit, CPHA, in SPI Control Register 1 (seeSection 9.4.3,
ÒTransmission FormatsÓ).

NOTE
A change of the bits CPOL, CPHA, SSOE, LSBFE, MODFEN, SPC0,
BIDIROE with SPC0 set, SPPR2ÐSPPR0 and SPR2ÐSPR0 in master mode
will abort a transmission in progress and force the SPI into idle state. The
remote slave cannot detect this, therefore the master has to ensure that the
remote slave is set back to idle state.
MC9S12NE64 Data Sheet, Rev. 1.1
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9.4.2 Slave Mode

The SPI operates in slave mode when the MSTR bit in SPI Control Register1 is clear.

¥ SCK Clock
In slave mode, SCK is the SPI clock input from the master.

¥ MISO and MOSI Pins
In slave mode, the function of the serial data output pin (MISO) and serial data input pin (MO
is determined by the SPC0 bit and BIDIROE bit in SPI Control Register 2.

¥ SS Pin
TheSS pin is the slave select input. Before a data transmission occurs, theSS pin of the slave SPI
must be low.SS must remain low until the transmission is complete. IfSS goes high, the SPI is
forced into idle state.
 TheSS input also controls the serial data output pin, ifSS is high (not selected), the serial data
output pin is high impedance, and, ifSS is low the Þrst bit in the SPI Data Register is driven out
the serial data output pin. Also, if the slave is not selected (SS is high), then the SCK input is
ignored and no internal shifting of the SPI shift register takes place.

Although the SPI is capable of duplex operation, some SPI peripherals are capable of only receivin
data in a slave mode. For these simpler devices, there is no serial data out pin.

NOTE
When peripherals with duplex capability are used, take care not to
simultaneously enable two receivers whose serial outputs drive the same
system slaveÕs serial data output line.

As long as no more than one slave device drives the system slaveÕs serial data output line, it is pos
several slaves to receive the same transmission from a master, although the master would not receiv
information from all of the receiving slaves.

If the CPHA bit in SPI Control Register 1 is clear, odd numbered edges on the SCK input cause th
at the serial data input pin to be latched. Even numbered edges cause the value previously latched f
serial data input pin to shift into the LSB or MSB of the SPI shift register, depending on the LSBFE

If the CPHA bit is set, even numbered edges on the SCK input cause the data at the serial data inpu
be latched. Odd numbered edges cause the value previously latched from the serial data input pin
into the LSB or MSB of the SPI shift register, depending on the LSBFE bit.

When CPHA is set, the Þrst edge is used to get the Þrst data bit onto the serial data output pin. When
is clear and theSS input is low (slave selected), the Þrst bit of the SPI data is driven out of the serial
output pin. After the eighth shift, the transfer is considered complete and the received data is tran
into the SPI Data Register. To indicate transfer is complete, the SPIF ßag in the SPI Status Registe

NOTE
A change of the bits CPOL, CPHA, SSOE, LSBFE, MODFEN, SPC0 and
BIDIROE with SPC0 set in slave mode will corrupt a transmission in
progress and has to be avoided.
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9.4.3 Transmission Formats

During an SPI transmission, data is transmitted (shifted out serially) and received (shifted in seria
simultaneously. The serial clock (SCK) synchronizes shifting and sampling of the information on the
serial data lines. A slave select line allows selection of an individual slave SPI device, slave device
are not selected do not interfere with SPI bus activities. Optionally, on a master SPI device, the slave
line can be used to indicate multiple-master bus contention.

Figure 9-8. Master/Slave Transfer Block Diagram

9.4.3.1 Clock Phase and Polarity Controls

Using two bits in the SPI Control Register1, software selects one of four combinations of serial clock
and polarity.

The CPOL clock polarity control bit speciÞes an active high or low clock and has no signiÞcant effe
the transmission format.

The CPHA clock phase control bit selects one of two fundamentally different transmission formats

Clock phase and polarity should be identical for the master SPI device and the communicating sla
device. In some cases, the phase and polarity are changed between transmissions to allow a maste
to communicate with peripheral slaves having different requirements.

9.4.3.2 CPHA = 0 Transfer Format

The Þrst edge on the SCK line is used to clock the Þrst data bit of the slave into the master and th
data bit of the master into the slave. In some peripherals, the Þrst bit of the slaveÕs data is availab
slaveÕs data out pin as soon as the slave is selected. In this format, the Þrst SCK edge is issued a h
afterSS has become low.

A half SCK cycle later, the second edge appears on the SCK line. When this second edge occurs, th
previously latched from the serial data input pin is shifted into the LSB or MSB of the shift register
depending on LSBFE bit.

After this second edge, the next bit of the SPI master data is transmitted out of the serial data output
the master to the serial input pin on the slave. This process continues for a total of 16 edges on th
line, with data being latched on odd numbered edges and shifted on even numbered edges.

 SHIFT REGISTER

 SHIFT REGISTER

BAUD RATE
GENERATOR

MASTER SPI SLAVE SPI

MOSI MOSI

MISO MISO

SCK SCK

SS SS
VDD
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Data reception is double buffered. Data is shifted serially into the SPI shift register during the transfe
is transferred to the parallel SPI Data Register after the last bit is shifted in.

After the 16th (last) SCK edge:

¥ Data that was previously in the master SPI Data Register should now be in the slave data 
and the data that was in the slave data register should be in the master.

¥ The SPIF ßag in the SPI Status Register is set indicating that the transfer is complete.

Figure 9-9 is a timing diagram of an SPI transfer where CPHA = 0. SCK waveforms are shown for
CPOL = 0 and CPOL = 1. The diagram may be interpreted as a master or slave timing diagram be
the SCK, MISO, and MOSI pins are connected directly between the master and the slave. The MISO
is the output from the slave and the MOSI signal is the output from the master. TheSS pin of the master
must be either high or reconÞgured as a general-purpose output not affecting the SPI.

Figure 9-9. SPI Clock Format 0 (CPHA = 0)

In slave mode, if theSS line is not deasserted between the successive transmissions then the conten
SPI Data Register is not transmitted, instead the last received byte is transmitted. If theSS line is deasserted
for at least minimum idle time (half SCK cycle) between successive transmissions then the content
SPI Data Register is transmitted.

tL

Begin End

SCK (CPOL = 0)
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CHANGE O

SEL SS (O)
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SCK (CPOL = 1)
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tL = Minimum leading time before the first SCK edge
tT = Minimum trailing time after the last SCK edge
tI = Minimum idling time between transfers (minimum SS high time)
tL, tT, and tI are guaranteed for the master mode and required for the slave mode.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16SCK Edge Nr.

End of Idle State Begin of Idle State
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In master mode, with slave select output enabled theSS line is always deasserted and reasserted betw
successive transfers for at least minimum idle time.

9.4.3.3 CPHA = 1 Transfer Format

Some peripherals require the Þrst SCK edge before the Þrst data bit becomes available at the data
the second edge clocks data into the system. In this format, the Þrst SCK edge is issued by settin
CPHA bit at the beginning of the 8-cycle transfer operation.

The Þrst edge of SCK occurs immediately after the half SCK clock cycle synchronization delay. This
edge commands the slave to transfer its Þrst data bit to the serial data input pin of the master.

A half SCK cycle later, the second edge appears on the SCK pin. This is the latching edge for bot
master and slave.

When the third edge occurs, the value previously latched from the serial data input pin is shifted in
LSB or MSB of the SPI shift register, depending on LSBFE bit. After this edge, the next bit of the ma
data is coupled out of the serial data output pin of the master to the serial input pin on the slave.

This process continues for a total of 16 edges on the SCK line with data being latched on even num
edges and shifting taking place on odd numbered edges.

Data reception is double buffered, data is serially shifted into the SPI shift register during the transfe
is transferred to the parallel SPI Data Register after the last bit is shifted in.

After the 16th SCK edge:

¥ Data that was previously in the SPI Data Register of the master is now in the data register
slave, and data that was in the data register of the slave is in the master.

¥ The SPIF ßag bit in SPISR is set indicating that the transfer is complete.

Figure 9-10shows two clocking variations for CPHA = 1. The diagram may be interpreted as a mast
slave timing diagram because the SCK, MISO, and MOSI pins are connected directly between the m
and the slave. The MISO signal is the output from the slave, and the MOSI signal is the output fro
master. TheSS line is the slave select input to the slave. TheSS pin of the master must be either high o
reconÞgured as a general-purpose output not affecting the SPI.

TheSS line can remain active low between successive transfers (can be tied low at all times). This f
is sometimes preferred in systems having a single Þxed master and a single slave that drive the MIS
line.

¥ Back-to-back transfers in master mode

In master mode, if a transmission has completed and a new data byte is available in the SPI Data R
this byte is send out immediately without a trailing and minimum idle time.

The SPI interrupt request ßag (SPIF) is common to both the master and slave modes. SPIF gets 
half SCK cycle after the last SCK edge.
MC9S12NE64 Data Sheet, Rev. 1.1
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