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Chapter 1
Device Overview

1.1 Introduction

The MC9S12NE64 is a 112-/80-pin cost-effective, low-end connectivity applications MCU family. The
MCO9S12NE64 is composed of standard on-chip peripherals including a 16-bit central processing unit
(HCS12 CPU), 64K bytes of FLASH EEPROM, 8K bytes of RAM, Ethernet media access controller
(EMAC) with integrated 10/100 Mbps Ethernet physical transceiver (EPHY), two asynchronous serial
communications interface modules (SCI), a serial peripheral interface (SPI), one inter-IC bus (IIC), a
4-channel/16-bit timer module (TIM), an 8-channel/10-bit analog-to-digital converter (ATD), up to 21 pins
available as keypad wakeup inputs (KWU), and two additional external asynchronous interrupts. The
inclusion of a PLL circuit allows power consumption and performance to be adjusted to suit operational
requirements. Furthermore, an on-chip bandgap-based voltage regulator (VREG_PHY) generates the
internal digital supply voltage of 2.5 V (VDD) from a 3.15 V to 3.45 V external supply range. The
MCO9S12NE64 has full 16-bit data paths throughout. The 112-pin package version has a total of 70 I/O port
pins and 10 input-only pins available. The 80-pin package version has a total of 38 I/O port pins and 10
input-only pins available.

111 Features

e 16-bit HCS12 core
— HCS12 CPU
Upward compatible with M68HC11 instruction set

Interrupt stacking and programmer’s model identical to M68HC1 1

Instruction queue

Enhanced indexed addressing
— Memory map and interface (MMC)
— Interrupt control (INT)
— Background debug mode (BDM)
— Enhanced debug12 module, including breakpoints and change-of-flow trace buffer (DBG)
— Multiplexed expansion bus interface (MEBI) — available only in 112-pin package version
*  Wakeup interrupt inputs
— Up to 21 port bits available for wakeup interrupt function with digital filtering
*  Memory
— 64K bytes of FLASH EEPROM
— 8K bytes of RAM
* Analog-to-digital converter (ATD)
— One 8-channel module with 10-bit resolution
— External conversion trigger capability
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Chapter 1 Device Overview

e Timer module (TIM)
— 4-channel timer
— Each channel configurable as either input capture or output compare
— Simple PWM mode
— Modulo reset of timer counter
— 16-bit pulse accumulator
— External event counting
— Gated time accumulation
* Serial interfaces
— Two asynchronous serial communications interface (SCI)
— One synchronous serial peripheral interface (SPI)
— One inter-IC bus (IIC)
* Ethernet Media access controller (EMAC)
— IEEE 802.3 compliant
— Medium-independent interface (MII)
— Full-duplex and half-duplex modes
— Flow control using pause frames
— MII management function
— Address recognition
— Frames with broadcast address are always accepted or always rejected
— Exact match for single 48-bit individual (unicast) address
— Hash (64-bit hash) check of group (multicast) addresses
— Promiscuous mode
* Ethertype filter
* Loopback mode
* Two receive and one transmit Ethernet buffer interfaces
* Ethernet 10/100 Mbps transceiver (EPHY)
— IEEE 802.3 compliant
— Digital adaptive equalization
— Half-duplex and full-duplex
— Auto-negotiation next page ability
— Baseline wander (BLW) correction
— 125-MHz clock generator and timing recovery
— Integrated wave-shaping circuitry
— Loopback modes
* CRG (clock and reset generator module)
— Windowed COP watchdog
— Real-time interrupt

MC9S12NE64 Data Sheet, Rev 1.0

46 Freescale Semiconductor



Introduction

— Clock monitor
— Pierce oscillator
— Phase-locked loop clock frequency multiplier
— Limp home mode in absence of external clock
— 25-MHz crystal oscillator reference clock
* Operating frequency
— 50 MHz equivalent to 25 MHz bus speed for single chip
— 32 MHz equivalent to 16 MHz bus speed in expanded bus modes
* Internal 2.5-V regulator
— Supports an input voltage range from 3.3 V £ 5%
— Low-power mode capability
— Includes low-voltage reset (LVR) circuitry
e 80-pin TQFP-EP or 112-pin LQFP package
— Up to 70 I/O pins with 3.3 V input and drive capability (112-pin package)
— Up to two dedicated 3.3 V input only lines (IRQ, XIRQ)
* Development support
— Single-wire background debug™ mode (BDM)
— On-chip hardware breakpoints
— Enhanced DBG debug features

1.1.2 Modes of Operation

* Normal modes
— Normal single-chip mode
— Normal expanded wide mode!
— Normal expanded narrow mode!
— Emulation expanded wide mode!
— Emulation expanded narrow mode!
* Special operating modes
— Special single-chip mode with active background debug mode
* Each of the above modes of operation can be configured for three low-power submodes
— Stop mode
— Pseudo stop mode
— Wait mode

* Secure operation, preventing the unauthorized read and write of the memory contents”

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 Semiconductor’s strategy is to make reading or copying
the FLASH difficult for unauthorized users.
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Block Diagram
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S|
NOUWITONT-O hiiiiﬂv—i ACTLED [=> <> PLO
SEfsSsFss REEREERE LNKLED e} <> PL1
PYIONT 290 rRowT oA O SPDLED0E40PL2
SEEESESS SESEESED prrrd =] 1 i
00800000 88883588858 10BASE-T/ COLLED e O <> PL4
<< IIII<II<I< 100BASE-TX <> PL5
tioiored 22 29T 200 nemsoace | poone <> PL6
«Multiplexed s T 5 2 352322 <<LI<Ix ysica PHY_RBIAS
WideBus Kkl Kkl | Transceiver
' odo0o0o0d O0o00ododo. PHY_VSSA
DL LI ... TT .
' ) - ' (EPHY) —» PHY_VDDA
» Multiplexed E é’ g E g g = ?5’ ' Em{f I))((E* L » PHY_VSSRX
! ! - -
NarrowBUSE S 5SS 555 | PHY_TXN ——> PHY_voDRX
---------------------- PHY RXN—»] — PHY_VSSTX
n > PHY_VDDTX

Signals shown in Bold are not available on the 80-pin package

Figure 1-1. MC9S12NE64 Block Diagram
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1.14

Table 1-1 shows the device register map of the MCIS12NE64 after reset. Figure 1-1 illustrates the full
device memory map with FLASH and RAM.

Device Memory Map

Table 1-1. Device Register Map Overview

Address Module’ (inSBI\z/fes)
$0000 — $0017 :)A(ESII; (Ports A, B, E, Modes, Inits — MMC, INT, o4
$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, RTIl, 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 (SCIO) 8
$00D0 — $00D7 | Serial Communications Interface 1 (SCI1) 8
$00D8 — $00DF | Serial Peripheral Interface (SPI) 8
$00EO0 — $00E7 | Inter IC Bus (lIC) 8
$O0E8 — $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

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.
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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)

/ $0000 | 1K REGISTER SPACE

oo I N LI LT
$0400
$2000

$2000 | 8K BYTES RAM

$3FFF | MAPPABLE TO ANY 8K BOUNDARY
$4000 1

$4000 | g 5K, 1K, 2K, OR 4K PROTECTED SECTOR

16K FIXED FLASH EEPROM

$8000 {

$8000 | 16K PAGE WINDOW
FOUR * 16K FLASH EEPROM PAGES

EXT
$BFFF

$Co00 $C000 | 16K FIXED FLASH EEPROM
SFEFF | 2K 4K, 8K, OR 16K PROTECTED BOOT SECTOR

/ SFFO0 | g
$FFO0 ) c S (IF ACTIVE)
SEX 7 VECTORS 7 VECIGRS VECTOBS /. SPPFF
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

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 register
functions, please see the appropriate block description chapter.
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$0000 - $000F Multiplexed External Bus Interface Module (MEBI) Map 1 of 3

Address  Name Bt7 | Bite6 | Bt5 | Bitd | Bta | Bit2 | Bt Bit0
$0000  PORTA  Headl gy 6 5 4 3 2 1 Bit 0
Write:
so001  PORTB  Headl gy 6 5 4 3 2 1 Bit 0
Write:
so002  DDRA  Headl gy 6 5 4 3 2 1 Bit 0
Write:
so003  DDORB  Lea%l gy 6 5 4 3 2 1 Bit 0
Write:
Read:| 0 0 0 0 0 0 0 0
$0004 Reserved Write:
s0005 o Read| 0 0 0 0 0 0 0 0
-$0007 Write:
s0008  PORTE  Headl g7 6 5 4 3 2 L Bit0
Write:
Read: , 0 0
$0009  DDRE | Bit7 6 5 4 3 2
$000A  PEAR Cveri: NOACCE |- PIPOE | NECLK | LSTRE | RDWE 0 0
$0008  MODE mg MODC | MODB | MODA 0 VIS 0 EMK | EME
$000C  PUCR mg PUPKE |—C 0 | pupee |2 0| pupse | PUPAE
$000D  RDRIV SVeri: RDPK 0 0 RDPE 0 0 RDPB | RDPA
s EpicTL  ead| O 0 0 0 0 0 0 ESTR
Write:
Read:| 0 0 0 0 0 0 0 0
$000F Reserved Write:

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

Address  Name Bit7 | Bit6 | Bt5 | Bit4 | Bt3 | Btz | Btl | Bit

$0010  INITRM Cve:;: RAM15 | RAM14 | RAM13 | RAM12 | RAM11 0 0 RAMHAL

$0011  INITRG Cverig 0 REG14 | REG13 | REG12 | REGI 0 0 0

0012 INITEE Cvenig EE15 | EE14 | EE13 | EE12 | EEif 0 0 EEON

$0013 MISC Cveri: 0 0 0 0 | EXSTR | EXSTRO | ROMHM | ROMON

$0014 MTSTO Regd: Bit 7 6 5 4 3 2 1 Bit 0
Write:

MC9S12NE64 Data Sheet, Rev 1.0
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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 Bit 0
Read: 0 0 0
$0015 ITCR Write: WRTINT | ADR3 ADR2 ADR1 ADRO
Read:
$0016 ITEST Write: INTE INTC INTA INT8 INT6 INT4 INT2 INTO

$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 Bit 0
$0017 MTST1 Regd: 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 Bit 0
$0018 - Reserved Read: 0 0 0 0 0 0 0 0
$0019 Write:

$001A - $001B Miscellaneous Peripherals

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

$001A PARTIDH Regd: ID15 ID14 ID13 ID12 ID11 ID10 D9 D8
Write:

$001B PARTIDL Cvene;g D7 ID6 ID5 D4 ID3 ID2 ID1 IDO

$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 Bit 0
$001C MEMSIZ0 Cvel"i(ei REG_SWO0 0 EEP_SW1 | EEP_SWO 0 RAM_SW2 | RAM_SW1 | RAM_SWO0
$001D MEMSIZ1 svii: ROM_SW1 | ROM_SWO0 0 0 0 0 PAG_SW1 | PAG_SWO0

$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 Bit 0

S001E  IRQCR Cverig RQE | IRQEN |—2 0 0 0 0 0
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$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 Bit 0

$001F HPRIO Cviig PSEL7 | PSEL6 | PSEL5 | PSEL4 | PSEL3 | PSEL2 | PSEL1 0

$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 Bit1 | Bit0
$0020  DBGCT \F/{viig DBGEN | ARM | TRGSEL | BEGIN | DBGBRK — CAPMOD
s0021  DBGSC ~ ead] AP BF CF 0 TRG
Write:
Read:| Bit15 | Bit14 | Bit13 | Biti2 | Bitil | Biti0 | Bit9 Bit 8
S0022  DBGTBH '
s ppgreL | Fead: | Bi7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
Write:
Read:| TBF 0 CNT
S0024  DBGCNT | | | | |
50025  DBGOCX ~ ead PAGSEL EXTCMP
Write:
50026  DBGCCH  1ead| giye 14 13 12 11 10 9 Bit 8
Write:
0027  DBGOOL  Lead| gy 6 5 4 3 2 1 Bit0
Write:
DBGC2 Read:
$0028  godior  witer| BKABEN| FULL | BOM | TAGAB | BKCEN | TAGC | RWGEN | RWC
DBGC3  Read:
$0029 ol Wit | BKAMBH | BKAVBL | BKBMBH | BKBBL | RWAEN | RWA | RWBEN | RWB
DBGCAX  Read:
S0A oo wite PAGSEL EXTCMP
DBGCAH  Read:| _. .
002 ool e | B8 14 13 12 11 10 9 Bit 8
DBGCAL  Read:| _. .
0020 o wite| B 6 5 4 3 2 1 Bit 0
DBGCBX  Read:
02D ponl wite PAGSEL EXTCMP
DBGCBH  Read:| _. .
S02E oot e | P18 14 13 12 11 10 9 Bit8
DBGCBL  Read:| _. .
S02F o wie| B 6 5 4 3 2 1 Bit 0

"Legacy HCS12 MCUs used this name for this register.
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$0030 - $0031 Module Mapping Control Module (MMC) Map 4 of 4

Address  Name Bit7 | Bit6 | Bit5 | Bitd | Bit3 | Bit2 | Bitl Bit0
$0030  PPAGE mg 0 0 PIX5 | PIX4 | PIX3 | PIX2 | PIX1 | PIXO
Read:| 0 0 0 0 0 0 0 0
$0031 Reserved Write:

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

Address  Name Bit7 Bit6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

50032 PORTK  Head| s 6 5 4 3 2 1 Bt 0
Write:

s0033  DDRK  Leadl gy 6 5 4 3 2 1 Bit 0
Write:

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

Address  Name Bit7 | Bit6 | Bt5 | Bit4 | Bits | Btz | Bitl Bit0
$0034 SYNR mg 0 0 SYN5 | SYN4 | SYN3 | SYN2 | SYNT | SYNO
$0035  REFDV mg 0 0 0 O | Rerovs | REFDV2 | REFDV1 | REFDVO
CTFLG  Read:| 0 0 0 0 0 0 0 0
$0036 Reserved Write:
$0037  CRGFLG mg RTIF | PORF | LRF | LockiF —OCK | TRACK ooy | SCM
$0038  CRGINT Cveri: RTIE 0 0 | Lockie |—2 0 SCMIE 0
$0039  CLKSEL Sveri: PLLSEL | PSTP | SYSWAI | ROAWAI | PLLWAI | CWAI | RTIWAI | COPWAI
Read: 0
S008A  PLLCTL /") CME | PLLON | AUTO | ACQ PRE | PCE | SCME
Read: 0
So08  RTCTL RTR6 | RTR5 | RTR4 | RTR3 | RTR2 | RTR1 | RTRO
$003C  COPCTL Cveri: WCOP | RSBCK |— 0 0 CR2 | CRI CRO
FORBYP  Read:| 0 0 0 0 0 0 0 0
$003D Reserved Write:
CTCTL  Read:| 0 0 0 0 0 0 0 0
$003E Reserved Write:
Read:| 0 0 0 0 0 0 0 0
S003F  ARMCOP e Bit7 6 5 4 3 2 1 Bit0
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$0040 - $006F 16-Bit, 4-Channel Timer Module (TIM) (Sheet 1 of 2)

Address
$0040

$0041
$0042
$0043
$0044
$0045
$0046
$0047
$0048
$0049
$004A
$004B
$004C
$004D
$004E

$004F

$0050 —
$0057

$0058
$0059
$005A
$005B

$005C

Name

TIOS
CFORC
OC7M
OC7D
TCNT (hi)
TCNT (lo)
TSCR1
TTOV
TCTLA
Reserved
TCTL3
Reserved
TIE
TSCR2
TFLGT
TFLG2
Reserved
TC4 (hi)
TC4 (lo)
TC5 (hi)
TC5 (lo)

TC6 (hi)

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Introduction

Bt7 | Bte | Bt5 | Bt4 | Bt3 | Btz | Bti | Bito
0s7 | 10s6 | 1085 | 10s4 0 0 0 0
0 0 0 0 0 0 0 0
FOC7 | FOC6 | FOCs | Foca
oC7M7 | oc7Me | ocTMs | ocTM4 2 0 0 0
oc7D7 | oc7oe | ocDs | ocpa —2 0 0 0
Bt15 | 14 3 P 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
TEN | TSWAI | TSFRZ | TFFcA —2 0 0 0
Tov7 | Tove | Tovs | Tova 0 0 0 0
oM | o7 | ows | ow | ows | o5 | oms | oL
0 0 0 0 0 0 0 0
EDG7B | EDG7A | EDG6B | EDG6A | EDGSB | EDGSA | EDG4B | EDG4A
0 0 0 0 0 0 0 0
o7l Col Csl cal 0 0 0 0
TOl 0 0 0 TCRE | PR2 | PRI | PRO
c7E | ceF | csF | oaF 0 0 0 0
o 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit1s | 14 13 12 1 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
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$0040 - $006F 16-Bit, 4-Channel Timer Module (TIM) (Sheet 2 of 2)

Address
$005D

$005E
$005F
$0060
$0061
$0062

$0063

$0064 -
$006F

Address
$0080

$0081
$0082
$0083
$0084
$0085
$0086
$0087
$0088
$0089

$008A

Name

TC6 (lo)
TC7 (i)
TC7 (lo)
PACTL
PAFLG
PACNT (hi)
PACNT (o)

Reserved

Name

ATDCTLO
ATDCTL1

ATDCTL2
ATDCTL3
ATDCTL4
ATDCTL5
ATDSTATO

Reserved

ATDTESTO
Reserved

ATDTESTH

Unimplemented

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
0 PAEN | PAMOD | PEDGE | CLK1 CLKO | PAOVI PAI
0 0 0 0 0 0 PAOVF | PAIF
Bit 15 14 13 12 11 10 9 Bit 8
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0
$0080 - $009F 10-Bit, 8-Channel Analog-to-Digital Converter Module (ATD)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 WRAP2 | WRAP1 | WRAPO
ETRIG 0 0 0 0 ETRIG | ETRIG | ETRIG
SEL CH2 CH1 CHo
ASCIF
ADPU | AFFC | AWAI |ETRIGLE | ETRIGP | ETRIGE | ASCIE
0 S8C s4C S2C siC FIFO FRZ1 FRZ0
SRES8 | SMP1 | SMPO | PRS4 | PRS3 | PRS2 | PRS1 | PRS0
DIM | DSGN | SCAN | MULT 0 cc CB CA
SCF 0 ETORF | FIFOR 0 ce2 cef CCO
0 0 0 0 0 0 0 0
U U U U U U U U
U U 0 0 0 0 0 Sc
U U U U U U U U
CCF7 | CCF6 | CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCF0

$008B

ATDSTAT1

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

Introduction

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
. Read: U U U U U U U U
$008C  Unimplemented Write:
Read:
$008D ATDDIEN Write: IEN7 IENG IEN5 IEN4 IEN3 IEN2 IENT IENO
. Read: U U U U U U U U
$008E  Unimplemented Write:
$008F PORTAD Regd: PTAD7 | PTAD6 | PTAD5 | PTAD4 | PTAD3 | PTAD2 PTAD1 PTADO
Write:
$0090 ATDDROH Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
$0091 ATDDROL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
$0092 ATDDR1H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
$0093 ATDDRIL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
$0094  ATDDRoH  Lead] B 14 13 12 11 10 9 Bitg
Write:
$0095 ATDDROL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
$0096 ATDDR3H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
$0097 ATDDR3L Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
$0098 ATDDR4H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
$0099 ATDDRAL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
$009A  ATDDRsH  ead:| BilfS 14 13 12 11 10 9 Bit8
Write:
$009B ATDDRSL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
$009C ATDDR6H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
s009D  ATDDReL  ead:| B Bit6 0 0 0 0 0 0
Write:
$009E ATDDR7H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
S009F  ATDDR7L  |cadl BU7 | BIO 0 0 0 0 0 0
Write:
$00A0 - $00C7 Reserved
$00A0 Reserved Read: 0 0 0 0 0 0 0 0
- $00C7 Write:
MC9S12NE64 Data Sheet, Rev 1.0
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$00C8 - $00CF Asynchronous Serial Communications Interface Module (SCI0)

Address  Name Bit7 | Bit6 | Bit5 | Bitd | Bit3 | Bit2 | Bitl Bit0
$00C8  SCIBDH Cverig IREN | TNP1 | TNPO | SBR12 | SBR11 | SBRi0 | SBR9 | SBRS
$00C9  SCIBDL Cverig SBR7 | SBR6 | SBR5 | SBR4 | SBR3 | SBR2 | SBR1 | SBRO
$00CA  SCICR1 Cveri: LOOPS | SCISWAI | RSRC M WAKE | ILT PE PT

Read:
S00CB  SCICR2 | TE | TCE | RE ILIE TE RE RWU | SBK
s00c  scisri  Pead| TORE | TC | RDRF | TDLE OR NF FE PF
Write:
$00CD  SCISR2 Cveri: 0 0 0 0 0 | BRKI3 | TXDIR |—0AF
S00CE  SCIDRH  ead:| 8 T8 0 0 0 0 0 0
Write:
Read:| R7 R6 RS Ré R3 R2 R1 RO
$00CF  SCIDRL e 77 76 T5 T4 T3 T2 T T0

$00DO0 - $00D7 Asynchronous Serial Communications Interface Module (SCI1)

Address  Name Bit7 | Bit6 | Bt5 | Bitd | Bits | Btz | Bitf Bit0
$00D0  SCIBDH Cveri: IREN | TNP1 | TNPO | SBR12 | SBR11 | SBR10 | SBR9 | SBRS
$00D1  SCIBDL Cverig SBR7 | SBR6 | SBR5 | SBR4 | SBR3 | SBR2 | SBRi | SBRO
Read:

80002 SCICRt ' | LOOPS | SCISWAI | RSRC M WAKE | ILT PE PT
Read:

S003  sCicR2 . C| TE | TCIE RIE ILIE TE RE RWU | SBK

sops  soigni  Read[ TORE | TC | RDRF | DLE OR NF FE PF
Write:

sooDs  scisre  nead] O 0 0 0 0 BRK13 | TXDIR AT
Write:

so0D6  SCIDRH  ead: R8 T8 0 0 0 0 0 0
Write:
Read:| R7 R6 RS R4 R3 R2 R1 RO

$00D7  SCIDRL e 77 T6 T5 T4 T3 T2 T T0
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$00D8 - $00DF Serial Peripheral Interface Module (SPI)

Introduction

Address  Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 BitO
$00D8  SPICR1 mg SPIE SPE | SPTIE | MSTR | CPOL | CPHA | SSOE | LSBFE
$00D9  SPICR2 Cveri: 0 0 0 mopFeN | BIDIROE 2! spiswal | sPCo
$00DA  SPIBR Cveri: 0 SPPR2 | SPPR1 | SPPRO 0 SPR2 | SPR1 | SPRO
$00DB SPISR Read:|_SPIF 0 SPTEF | MODF 0 0 0 0
Write:
Read:| 0 0 0 0 0 0 0 0
$00DC Reserved Write:
s00D  SPDR  Lead| g 6 5 4 3 2 1 Bit0
Write:
Read:| 0 0 0 0 0 0 0 0
$00DE Reserved Write:
Read:| 0 0 0 0 0 0 0 0
$00DF Reserved Write:
$00EOQ - $O00E7 Inter-IC Bus Module (lIC)
Address  Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
$00EQ IBAD Cve:;: ADR7 | ADR6 | ADR5 | ADR4 | ADR3 | ADR2 | ADRi 0
Read:
$00E1 IBFD wie | 1BE7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO
Read: — — 0 0
$00E2 IBCR Wiie | BEN BE | MSSL | TWRx | TXAK |—gerr IBSWAI
$00E3 BSR Read:|_TCF IAAS IBB BAL 0 SRW B |_XAK
Write:
$00E4 IBDR Read:| D6 D5 D4 D3 D2 D1 DO
Write:
S00E5- . . . Read| 0 0 0 0 0 0 0 0
$00E7 Write:
$00ES8 - $00FF Reserved
Address  Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
S00E8- o . Read| 0 0 0 0 0 0 0 0
$00FF Write:
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$0100 - $010F FLASH Control Register (fts64k)

Address  Name Bit7 | Bit6 | Bit5 | Bitd | Bit3 | Bit2 | Bitf Bit 0
Read: | FDIVLD
S0100  FCLKDV = PRDIV8 | FDIV5 | FDIV4 | FDIV3 | FDIV2 | FDIVi | FDIVO
50101 Fsgc  Pead! KEVEN [ WV6 | WVs | Wva | W3 | Wv2 | SECi | SECO
Write:
Read:| 0 0 0 0 0 0 0 0
$0102 Reserved Write:
$0103  FCNFG mg CBEE | CCE | KEYACC |—C 0 0 0 0
$0104  FPROT mg FPOPEN | NV6 | FPHDIS | FPHS1 | FPHSO | FPLDIS | FPLS1 | FPLSO
$0105  FSTAT Cveri: ceer 29 | pyioL | accemrm O [ BANK | 0 0
$0106 FCMD mg 0 | cwoes | cmpoes —2 0 | cwoee —2 1 cmpBo
sot07- o . Read| 0 0 0 0 0 0 0 0
$010F Write:
$0110 - $011F Reserved
Address  Name Btz | Bit6 | Bits5 | Bit4d | Bit3 | Bit2 | Bitf Bit 0
sot0 . Read| 0 0 0 0 0 0 0 0
-$011F Write:

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

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

$0120 EPHYCTLO Cve::: EPHYEN | ANDIS DIS100 DIS10 LEDEN |EPHYWAI 0 EPHYIEN
Read: 0 0 0

$0121 EPHYCTL1 Write: PHYADD4|PHYADD3|PHYADD2|PHYADD1|PHYADDO

$0122 EPHYSR Regd: 0 0 100DIS 10DIS 0 0 0 EPHYIF
Write:

EPHYTST Read: 0 0 0 0 0 0 0 0
$0123 Reserved Write:

$0124 - $013F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
$0124 Reserved Read: 0 0 0 0 0 0 0 0
- $013F Write:
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$0140 - $016F Ethernet Media Access Controller (EMAC)

Address
$0140

$0141
$0142
$0143
$0144
$0145
$0146
$0147
$0148
$0149
$014A
$014B
$0141C
$014D
$014E
$014F
$0150
$0151
$0152
$0123
$0154

$0155

Name

NETCTL

Reserved

Reserved
RXCTS
TXCTS
ETCTL
ETYPE
ETYPE
PTIME

PTIME

IEVENT
[15:8]
IEVENT
[7:0]
IMASK
[15:8]
IMASK
[7:0]

SWRST
Reserved
MPADR
MRADR
MWDATA
MWDATA
MRDATA

MRDATA

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

ntroduction

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit 1 Bit0
EMACE 0 0 ESWAI | EXTPHY | MLB FDX 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
RXACT 0 0 RFCE 0 PROM | CONMC | BCREJ
TXACT 0 0 0 0
CSLF | PTRC | SSB oD
FPET 0 0 FEMW | FIPV6 | FARP | FIPV4 | FIEEE
ETYPE[15:8]
ETYPE[7:0]
PTIME[15:8]
PTIME[7:0]
RFCIF 0 BREIF | RXEIF | RXAOIF | RXBOIF | RXACIF | RXBCIF
MMCIF 0 LCIF | ECIF 0 0 TXCIF 0
RFCIE 0 BREIE | RXEIE | RXAOIE | RXBOIE | RXACIE | RXBCIE
MMCIE 0 LCIE | ECIE 0 0 TXCIE 0
0 0 0 0 0 0 0 0
MACRST
0 0 0 0 0 0 0 0
0 0 0 PADDR
0 0 0 RADDR
WDATA[15:]
WDATA[7:0]
RDATA[15:8]
RDATA[7:0]
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$0140 - $016F Ethernet Media Access Controller (EMAC) (Continued)

Address
$0156

$0157
$0158
$0159
$015A
$015B
$015C
$015D
$015E
$015F
$0160
$0161
$0162
$0163
$0164
$0165
$0166
$0167
$0168
$0169
$016A
$016B

$016C

Name

MCMST

Reserved

BUFCFG
[15:8]
BUFCFG
[7:0]
RXAEFP
[15:8]
RXAEFP
[7:0]
RXBEFP
[15:8]
RXBEFP
[7:0]
TXEFP
[15:8]

TXEFP
MCHASH
MCHASH
MCHASH
MCHASH
MCHASH
MCHASH
MCHASH
MCHASH
MACAD
MACAD
MACAD
MACAD

MACAD

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Bit 7 Bit 6 Bit 5 Bit 4 Bt3 | Bit2 | Bit1 | Bit0
0 o 0 BUSY | Nopre MDCSEL
0 0 0 0 0 0 0 0
0 BUFMAP 0 MAXFL[10:8]
MAXFL[7:0]
0 0 0 0 0 RXAEFP[10:8]
RXAEFP[7:0]
0 0 0 0 0 RXBEFP[10:8]
RXBEFP[7:0]
0 0 0 0 0 TXEFP[10:8]
TXEFP[7:0]
MCHASH[63:56]
MCHASH][55:48]
MCHASH[47:40]
MCHASH[39:32]

MCHASH[31:24]

MCHASH[23:16]

MCHASH[15:8]

MCHASH[63:56]

MACADO[55:48]

MACAD1[47:32]

MACAD2[31:24]

MACAD3[23:16]

MACADA[15:8]
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$0140 - $016F Ethernet Media Access Controller (EMAC) (Continued)

Address
$016D

$016E

$016F

$0170 - $023F Reserved

Address

$0170
- $023F

Address
$0240

$0241
$0242
$0243
$0244
$0245
$0246
$0247
$0248
$0249
$024A
$024B

$024C

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0
MACAD5[7:0]
INDEX 0 0 MISC[10:8]
MISC[7:0]
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
$0240 - $026F Port Integration Module (PIM) (Sheet 1 of 3)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PTT7 PTT6 PTT5 PTT4 0 0 0 0
PTITZ | PTIT6 | PTIT5 | PTIT4 0 0 0 0
DDRT7 | DDRT6 | DDRT5 | DDRT4 0 0 0 0
RDRT7 | RDRT6 | RDRT5 | RDRT4 0 0 0 0
PERT7 | PERT6 | PERT5 | PERT4 0 0 0 0
PPST7 | PPST6 | PPST5 | PPST4 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTST PTSO
PTIS7 | PTIS6 | PTIS5 | PTIS4 | PTIS3 | PTIS2 | PTISI PTISO
DDRS7 | DDRS6 | DDRS5 | DDRS4 | DDRS3 | DDRS2 | DDRS1 | DDRSO
RDRS7 | RDRS6 | RDRS5 | RDRS4 | RDRS3 | RDRS2 | RDRS1 | RDRSO
PERS7 | PERS6 | PERS5 | PERS4 | PERS3 | PERS2 | PERS1 | PERSO
PPSS7 | PPSS6 | PPSS5 | PPSS4 | PPSS3 | PPSS2 | PPSS1 | PPSSO

$024D

Name

MACAD

EMISC

EMISC

Name

Reserved

Name

PTT

PTIT

DDRT

RDRT

PERT

PPST

Reserved

Reserved

PTS

PTIS

DDRS

RDRS

PERS

PPSS

Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:

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

Address  Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0

SO24E  WOMS Sveri: WOMS? | WOMS6 | WOMS5 | WOMS4 | WOMS3 | WOMS2 | womst | womso
Read:| 0 0 0 0 0 0 0 0

$024F Reserved Write:

$0250 PTG Cveri: PTG7 | PTG6 | PTG5 | PTG4 | PTG3 | PTG2 | PTG1 | PTGO

0251 _— Read:| PTIG7 | PTiGe | PTIG5 | PTiG4 | PTIGS | PTIG2 | PTIGI | PTIGO
Write:

$0252 DDRG Cveri(ej DDRG7 | DDRG6 | DDRG5 | DDRG4 | DDRG3 | DDRG2 | DDRG1 | DDRGO

$0253 RDRG Cverﬁ: RDRG7 | RDRG6 | RDRG5 | RDRG4 | RDRG3 | RDRG2 | RDRG1 | RDRGO

$0254 PERG Cveri: PERG7 | PERG6 | PERG5 | PERG4 | PERG3 | PERG2 | PERG1 | PERGO

$0255 PPSG Cveri(ej PPSG7 | PPSG6 | PPSG5 | PPSG4 | PPSG3 | PPSG2 | PPSG1 | PPSGO

$0256 PIEG Cverﬁ: PIEG7 | PIEG6 | PIEG5 | PIEG4 | PIEG3 | PIEG2 | PIEG1 | PIEGO

$0257 PIFG Cveri: PIFG7 | PIFG6 | PIFG5 | PIFG4 | PIFG3 | PIFG2 | PIFGI | PIFGO
Read: 0

$0258 PTH Wi PTH6 | PTH5 | PTH4 | PTH3 | PTH2 | PTH1 | PTHO

0259 o Reac:| 0 PTIH6 | PTIH5 | PTIH4 | PTIH3 | PTIH2 | PTIH1 | PTIHO
Write:
Read: 0

$025A DDRH e DDRH6 | DDRH5 | DDRH4 | DDRH3 | DDRH2 | DDRH1 | DDRHO
Read: 0

$025B RORH " RDRH6 | RDRH5 | RDRH4 | RDRH3 | RDRH2 | RDRH1 | RDRHO
Read: 0

$025C PERH Wi PERH6 | PERH5 | PERH4 | PERH3 | PERH2 | PERH1 | PERHO
Read: 0

$025D PPSH Wit PPSH6 | PPSH5 | PPSH4 | PPSH3 | PPSH2 | PPSH1 | PPSHO
Read: 0

$025E PIEH Wi, PIEH6 | PIEH5 | PIEH4 | PIEH3 | PIEH2 | PIEH1 | PIEHO
Read: 0

$025F PIFH Wi PIFH6 | PIFH5 | PIFH4 | PIFH3 | PIFH2 | PIFH1 | PIFHO

$0260 PTJ Sveri: PTJ7 | PTJ6 0 0 PTU3 | PTS2 | PTH1 | PTIO

0262 - Reac:| PT7 | PTI 0 0 PTI3 | PTW2 | PTWA | PTIO
Write:
Read: 0 0

$0262 DDRJ Wie.| DDRY7 | DDRJG DDRJ3 | DDRJ2 | DDRJ1 | DDRJO
Read: 0 0

$0263 RDRJ Wie.| FORY7 | RDRJS RDRJ3 | RDRJ2 | RDRJ1 | RDRJO

$0264 PERJ Cveri(ej PERJ7 | PERJ6 0 0 PERJ3 | PERJ2 | PERJ | PERJO
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$0240 - $026F Port Integration Module (PIM) (Sheet 3 of 3)

Address
$0265

$0266
$0267
$0268
$0269
$026A
$026B
$026C
$026D
$026E

$026F

$0270 - $03FF Reserved Space

Address

$0270
- $3FF

Name

PPSJ

PIEJ

PIFJ

PTL

PTIL

DDRL

RDRL

PERL

PPSL

WOML

Reserved

Name

Reserved

Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:
Read:
Write:

Read:
Write:

Introduction

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PPSJ7 | PPSJ6 0 0 PPSJ3 | PPSJ2 | PPSJ1 PPSJO
PIEJ7 PIEJ6 0 0 PIEJ3 PIEJ2 PIEJ1 PIEJO
PIFJ7 PIFJ6 0 0 PIFJ3 PIFJ2 PIFJ1 PIFJO

0 PTL6 PTL5 PTL4 PTL3 PTL2 PTL1 PTLO
0 PTIL6 PTIL5 PTILA PTIL3 PTIL2 PTIL1 PTILO
0 DDRL6 | DDRL5 | DDRL4 | DDRL3 | DDRL2 | DDRL1 | DDRLO
0 RDRL6 | RDRL5 | RDRL4 | RDRL3 | RDRL2 | RDRL1 | RDRLO
0 PERL6 | PERL5 | PERL4 | PERL3 | PERL2 | PERL1 PERLO
0 PPSL6 | PPSL5 | PPSL4 | PPSL3 | PPSL2 | PPSL1 PPSLO
0 WOML6 | WOML5 | WOML4 | WOML3 | WOML2 | WOML1 | WOMLO
0 0 0 0 0 0 0 0

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

0 0 0 0 0 0 0 0

1.1.6 Part ID Assignments

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

Table 1-2. Assigned Part ID Numbers

Device Mask Set Number Part ID?
MC9S12NE64 OL19S $8200
MC9S12NE6G4 1L19S $8201

' 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 Data Sheet, Rev 1.0
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The PRTIDH register is constructed of four hexadecimal digits (OxABCD) as follows:

Digit “A” = Family ID

Digit “B” = Memory ID (flash size)
Digit “C” = Major mask revision
Digit “D” = 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
0Ox1 = 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 $001C
and $001D after reset). Table 1-3 shows the read-only values of these registers. See the module mapping
and control (MMC) block description chapter for further details.

Table 1-3. Memory Size Registers

Register Name Value
MC9S12NE64 MEMSIZ0 $03
MC9S12NE64 MEMSIZA1 $80

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.
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Signal Description

1.2.1 Device Pinout

The MC9S12NE64 is available in a 112-pin low-profile quad flat pack (LQFP) and in an 80-pin quad flat
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
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MII_TXCLK/KWH4/PH4[] 3 821 VDDR
MII_TXD3/KWH3/PH3[] 4 811 PL2/SPDLED
MII_TXD2/KWH2/PH2[] 5 801 PA7/ADDR15/DATA15
MII_TXD1/KWH1/PH1[] 6 791 PA6/ADDR14/DATA14
MII_TXDO/KWHO/PHO] 7 78— PA5/ADDR13/DATA13
MII_MDC/KWJ0/PJO[] 8 77— PA4/ADDR12/DATA12
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ADDR2/DATA2/PB2[] 12 731 PHY_RXP
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VDDX1[] 14 713 PHY_TXN
VSSX1[] 15 112-PIN LQFP 701 PHY_TXP
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Figure 1-3. Pin Assignments in 112-Pin LQFP for MC9S12NE64

MC9S12NE64 Data Sheet, Rev 1.0

Freescale Semiconductor 67



Chapter 1 Device Overview

1.2.1.2

The MEBI is not available in the 80-pin package. The 80-pin package features an exposed tab that is used
for enhanced thermal management. The exposed tab requires special PCB layout considerations as

80-Pin TQFP-EP

described in Appendix B, “Schematic and PCB Layout Design Recommendations.”

MIL_TXER/KWH6/PH6
MII_TXEN/KWH5/PH5
MII_TXCLK/KWH4/PH4
MII_TXD3/KWH3/PH3
MII_TXD2/KWH2/PH2
MII_TXD1/KWH1/PH1
MII_TXDO/KWHO0/PHO
MII_MDC/KWJ0/PJO
MII_MDIO/KWJ1/PJ1
VDDX1

VSSX1
MII_CRS/KWJ2/PJ2
MII_COL/KWJ3/PJ3
MII_RXDO/KWGO0/PGO
MII_RXD1/KWG1/PG1
MII_RXD2/KWG2/PG2
MII_RXD3/KWG3/PG3
MII_RXCLK/KWG4/PG4
MII_RXDV/KWG5/PG5
MII_RXER/KWG6/PG6

ooyt

<<
ao
n
| I 0 © N~
VOO0
==000O0
e50204 5£232958
$EEEEE. . L STITEzs=sg
- N~ © < M - O
sxFpesBR2R2zR08888853
o haSSSSSSEEEsEEEE
aoonooooooora o
O OO MN OUILITO AN~ O DN OW T OAN —
O NMNMNMNNMNMNNMMMNMNMNNMNMNMNMDNMNMNDN O O © © © © © © ©
= 1'e) 60
12 59
13 58
4 57
s 56
= [ 55
—17 54
18 53
= 52
—10 51
1 80-PIN TPFP-EP 50
12 49
—113 48
14 47
—115 46
—116 45
—117 44
—18 43
—119 42
20 41
AN MO TUOUOMNODODO MWL ONOWOWODO
AN AN AN AN NN ANANNODODOOOOOOOmOOMS
ooty uy
Or-rANMTYTHLONTANNFEF IO dd A= —O
NDANDDODNDNDOOWXXWA L I Wuw
goaooaooanondxabwaa
oooooaipigﬂgo BE*FBB
XXXXplond=>rg < @ |
rFrk=20n _10 =<
1 122 g uw X
ecer-rc | g g
oocoxo
Br3osn?

PLO/ACTLED
PL1/LNKLED
VDDR
PL2/SPDLED
PHY_VSSRX
PHY_VDDRX
PHY_RXN
PHY_RXP
PHY_VSSTX
PHY_TXN
PHY_TXP
PHY_VDDTX
PHY_VDDA
PHY_VSSA
PHY_RBIAS
VDD2

VSS2
PL3/DUPLED
PL4/COLLED
BKGD/MODC

Figure 1-4. Pin Assignments in 80-Pin TQFP-EP for MC9S12NE64
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Signal Description

1.2.2 Signal Properties Summary
Table 1-4. Signal Properties (Sheet 1 of 4)
Pin Pin Pin Internal Pull
80 Pin | 112 Pin Name Name Name Power Resistor Descrintion Reset
No. No. Function Function Function | Domain Reset P State
1 2 3 CTRL State
PERH/ Port H 1/O pin;
1 1 PH6 KWH6 MII_TXER | VDDX PPSH Disabled [EMAC MIl transmit Input
error; interrupt
PERH/ Port H 1/O pin;
2 2 PH5 KWHS5 MII_TXEN | VDDX PPSH Disabled [EMAC MIl transmit Input
enable; interrupt
PERH/ Port H 1/O pin;
3 3 PH4 KWH4 MI_TXCLK | VDDX PPSH Disabled |[EMAC MiII transmit Input
clock; interrupt
PERH/ Port H 1/O pin;
4 4 PH3 KWH3 MII_TXD3 | VDDX Disabled [EMAC MIl transmit Input
PPSH .
data; interrupt
PERH/ Port H 1/O pin;
5 5 PH2 KWH2 MII_TXD2 | VDDX Disabled [EMAC MiIl transmit Input
PPSH .
data; interrupt
PERH/ Port H 1/O pin;
6 6 PH1 KWH1 MII_TXD1 | VDDX Disabled [EMAC MiIl transmit Input
PPSH .
data; interrupt
PERH/ Port H 1/O pin;
7 7 PHO KWHO MII_TXDO | VDDX Disabled [EMAC MIl transmit Input
PPSH .
data; interrupt
PERJ/ Port J I/O pin; EMAC
8 8 PJO KWJ0 MII_MDC | VDDX Disabled |MII management Input
PPSJ .
data clock; interrupt
PERJ/ Port J I/O pin; EMAC
9 9 PJ1 KWJ1 MII_MDIO | VDDX Disabled |MII management Input
PPSJ ;
data I/O; interrupt
10-13 ADDR][7:0] Port B I/O pin;
— 16-19 PB[7:0] / — VDDX | PUCR | Disabled |multiplexed Input
DATA[7:0] address/data
10 14 VDDX1 — — See Table 1-5
11 15 VSSXi1 — — See Table 1-5
PERJ/ Port J 1/0 pin; EMAC
12 20 PJ2 KWJ2 MII_CRS VDDX PPSJ Disabled [MII carrier sense; Input
interrupt
PERJ/ Port J 1/0 pin; EMAC
13 21 PJ3 KWJ3 MII_COL | VDDX PPSJ Disabled Ml collision; Input
interrupt
PERG/ Port G 1/O pin;
14 22 PGO KWGO0 MII_RXDO | VDDX Disabled |[EMAC Mil receive Input
PPSG .
data; interrupt
PERG/ Port G 1/O pin;
15 23 PG1 KWGH MII_RXD1 | VDDX Disabled |EMAC Ml receive Input
PPSG o
data; interrupt
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Table 1-4. Signal Properties (Sheet 2 of 4)

Pin Pin Pin Internal Pull
80 Pin | 112 Pin Name Name Name Power Resistor Describtion Reset
No. No. Function Function Function | Domain Reset P State
1 2 3 CTRL State
PERG/ Port G 1/O pin;
16 24 PG2 KWG2 MII_RXD2 | VDDX Disabled |EMAC Ml receive Input
PPSG :
data; interrupt
PERG/ Port G 1/O pin;
17 25 PG3 KWG3 MII_RXD3 | VDDX Disabled |[EMAC Mil receive Input
PPSG :
data; interrupt
PERG/ Port G 1/O pin;
18 26 PG4 KWG4 MII_RXCLK| VDDX PPSG Disabled |EMAC Ml receive Input
clock; interrupt
PERG/ Port G 1/O pin;
19 27 PG5 KWG5 MII_RXDV | VDDX Disabled |EMAC Ml receive Input
PPSG .
data valid; interrupt
PERG/ Port G 1/O pin;
20 28 PG6 KWG6 MII_RXER | VDDX PPSG Disabled |EMAC Ml receive Input
error; interrupt
PERG/ | . Port G I/O pin;
— 29 PG7 KWG7 — VDDX PPSG Disabled interrupt Input
21 30 PSO SCI0_RXD — vDDX | PERS/ | picapleq |POrt S VO pin: SCIO | ¢
PPSS receive signal
22 31 PS1 SCI0_TXD — vopx | PERS | pisapleq [P0t S VO pin: SCIO |
PPSS transmit signal
23 32 PS2 SCI1_RXD — vopx | PERS/ | pisapleq |01t S VO pins SCIT
PPSS receive signal
24 33 PS3 SCH_TXD — vopx | PERS/ | pisapleq |01t S VO pin; SCIT
PPSS transmit signal
PERS/ . Port S 1/0 pin; SPI
25 34 PS4 SPI_MISO — VDDX PPSS Disabled MISO signal Input
PERS/ | . Port S 1/0 pin; SPI
26 35 PS5 SPI_MOSI — VDDX PPSS Disabled MOS! signal Input
PERS/ . Port S I/O pin; SPI
27 36 PS6 SPI_SCK — VDDX PPSS Disabled SCK signal Input
= PERS/ . Port S I/O pin; SPI
28 37 PS7 SPI_SS — VDDX PPSS Disabled SS signal Input
— | 38 PE7 NOACC — voDX |Pucr| up |POrtEVOpin; Input
access
. =—==== |Port E I/O pin; pipe
—_ 39 PE6 IPIPE1 MODB VDDX .W!“Ie RESET status; mode Input
pin is low: Down ;
selection
. ===== |Port E I/O pin; pipe
—_ 40 PES IPIPEO MODA VDDX .W!“Ie RESET status; mode Input
pin is low: Down ;
selection
29 41 PE4 ECLK — VDDX | PUCR| up |POtEVOpInibus |,
clock output
30 42 VSSX2 — — See Table 1-5
31 43 VDDX2 — — See Table 1-5
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Table 1-4. Signal Properties (Sheet 3 of 4)

Signal Description

Pin Pin Pin Intern_al Pull
80 Pin | 112 Pin Name Name Name Power Resistor Describtion Reset
No. No. Function Function Function | Domain Reset P State
1 2 3 CTRL State
32 44 RESET — — VDDX | None None |External reset pin Input
33 45 VDDPLL — — See Table 1-5
34 46 XFC — — VDDPLL| NA NA PLL filter pin
35 47 VSSPLL — — See Table 1-5
36 48 EXTAL — — VDDPLL| NA NA ) ) Input
Oscillator pins
37 49 XTAL — — VDDPLL| NA NA Output
38 50 TEST — — VDDX | None None | Must be grounded Input
— 51 PL6 — — VDDX PERL/ Disabled |Port L I/0 pin Input
PPSL
— 52 PL5 — — VDDX PERL/ Disabled |Port L I/O pin Input
PPSL
Port E 1/O pin; low
— 53 PE3 TAGLO LSTRB VDDX | PUCR Up strobe; tag signal | Input
low
Port E I/O pin; R/W
—_ 54 PE2 R/W —_ VDDX | PUCR Up in expanded Input
modes
39 55 PE1 RQ — VDDX |PUCR| up |PortEinputexternall
interrupt pin
Port E input;
40 56 PEO XIRQ — VDDX | PUCR Up non-maskable Input
interrupt pin
Background debug;
41 57 BKGD MODC TAGHI VDDX | None Up mode pin; tag signal | Input
high
PERL/ | . Port L I/O pin; EPHY
42 58 PL4 COLLED — VDDX PPSL Disabled collision LED Input
PERL/ | . Port L I/O pin; EPHY
43 59 PL3 DUPLED — VDDX PPSL Disabled full duplex LED Input
. Port A 1/O pin;
— 60-63 PA[7:0] ADDRI[15:8 — VDDX | PUCR | Disabled | multiplexed Input
77-80 DATA[15:8]
address/data
44 64 VSS2 — — See Table 1-5
45 65 vVDD2 — — See Table 1-5
Bias control:1.0%
PHY_ external resistor Analog
46 66 | PHY_RBIAS — — vssa | NA NA " |(see the Electricals | Input
Chapter for Rpgias)
47 67 PHY_VSSA — — See Table 1-5
48 68 PHY_VDDA — — See Table 1-5
49 69 PHY_VDDTX — — See Table 1-5
PHY_ . . Analog
50 70 PHY_TXP — — VDDTX NA NA Twisted pair output + Output
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Table 1-4. Signal Properties (Sheet 4 of 4)

Pin Pin Pin Internal Pull
80 Pin | 112 Pin Name Name Name Power Resistor Describtion Reset
No. No. Function Function Function | Domain Reset P State
1 2 3 CTRL State
PHY_ : . Analog
51 71 PHY_TXN — — VDDTX NA NA Twisted pair output — Output
52 72 PHY_VSSTX — — See Table 1-5
PHY_ . _ Analog
53 73 PHY_RXP — — VDDRX NA NA Twisted pair input + Input
PHY_ . - Analog
54 74 PHY_RXN — — VDDRX NA NA Twisted pair input — Input
55 75 PHY_VDDRX — — See Table 1-5
56 76 PHY_VSSRX — — See Table 1-5
PERL/ . Port L I/O pin; EPHY
57 81 PL2 SPDLED — VDDX PPSL Disabled 100 Mbps LED Input
VDDR/
58 82 VREGEN — — See Table 1-5
PERL/ | . Port L I/0O pin; EPHY
59 83 PLA1 LNKLED — VDDX PPSL Disabled valid link LED Input
PERL/ Port L I/0O pin; EPHY
60 84 PLO ACTLED — VDDX Disabled |transmit or receive Input
PPSL
LED
. . . . . Port AD input pins;
61-68 | 85-92 PAD[7:0] AN[7:0] VDDA | None None ATD inputs Input
69 93 VDDA — — See Table 1-5
70 94 VRH — — See Table 1-5
71 95 VRL — — See Table 1-5
72 96 VSSA — — See Table 1-5
Port K I/O pins;
—_ 97-100 PK[5:0] XADDR — VDDX | PUCR Up extended Input
103-104 [19:14]
addresses
73 101 VSS1 — — See Table 1-5
74 102 VDD1 — — See Table 1-5
vAe Port K I/O pin;
— 105 PK][6] XCS — VDDX | PUCR Up external chip select Input
Port K I/O pin;
— 106 PK[7] ECS ROMCTL | VDDX | PUCR Up emulation chip Input
select;
Port T I/O pins; timer
75-78 |107-110 PT[7:4] TIM_-IOC — VDDX PERT/ Disabled |TIM input cap. Input
[7:4] PPST
output compare
PERJ/ . Port J 1/0O pin; IIC
79 111 PJ7 KWJ7 IIC_SCL VDDX PPSJ Disabled SCL: interrupt Input
PERJ/ | . Port J 1/0 pin; 1IC
80 112 PJ6 KWJ6 IIC_SDA | VDDX PPSJ Disabled SDA: interrupt Input
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Signal Description

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

1.2.3.3 XFC — PLL Loop Filter Pin

Dedicated pin used to create the PLL filter. See A.12.3.1, “XFC Component Selection,” 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 is
latched to the MODC bit at the rising edge of RESET. 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 half of
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 for the
multiplexed external address and data bus. PA[7:0] pins are not available in the 80-pin package version.
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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/0 pins. In MCU expanded modes of operation, these pins are used for the
multiplexed external address and data bus. PB[7:0] pins are not available in the 80-pin package version.

1.2.3.7 PE7/NOACC — PortE /O Pin7

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

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

PE®6 is a general-purpose 1/0 pin. It is used as an MCU operating mode select pin during reset. The state
of this pin is latched to the MODB bit at the rising edge of RESET. This pin is shared with the instruction
queue tracking signal IPIPE1. PE6 is an input with a pulldown device that is active only while RESET is
low. PE6 is not available in the 80-pin package version.

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

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

1.2.3.10 PE4/ECLK— Port E I/0 Pin 4/ E-Clock Output

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

PE3 can be used as a general-purpose I/0O in all modes and is an input with an active pull-up out of reset.
The pull-up can be turned off by clearing PUPEE in the PUCR register. PE3 can also be configured as a
Low-Byte Strobe (LSTRB). The LSTRB signal is used in write operations, so external low byte writes will
not be possible until this function is enabled. LSTRB can be enabled by setting the LSTRE bit in the PEAR
register. In expanded wide and emulation narrow modes, and while BDM tagging is enabled, the LSTRB
function is multiplexed with the TAGLO function. While enabled, a logic zero on the TAGLO pin at the
falling edge of ECLK will tag the low byte of an instruction word being read into the instruction queue.
PE3 is not available in the 80-pin package version.

1.2.3.12 PE2/R/W — Port E I/0O Pin 2 / Read/Write

PE2 can be used as a general-purpose I/0 in all modes and is configured as an input with an active pull-up
out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR register. If the read/write
function is required, it must be enabled by setting the RDWE bit in the PEAR register. External writes will
not be possible until the read/write function is enabled. The PE2 pin is not available in the 80-pin package
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 the IRQ input used for requesting an
asynchronous interrupt to the MCU. During reset, the I bit in the condition code register (CCR) is set and
any IRQ interrupt is masked until the I bit is cleared. The IRQ is software programmable to either
falling-edge-sensitive triggering or level-sensitive triggering based on the setting of the IRQE bit in the
IRQCR register. The IRQ is always enabled and configured to level-sensitive triggering out of reset. It can
be disabled by clearing IRQEN bit in the IRQCR register. There is an active pull-up on this pin while in
reset and immediately out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR register.

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

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

1.2.3.15 PK7/ECS/ROMCTL — Port K1/O Pin7

PK7 is a general-purpose I/O pin. During MCU expanded modes of operation, while the EMK bit in the
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 rising
edge of RESET, the state of the PK7 pin is latched to the ROMON bit. There is an active pull-up on this
pin while in reset and immediately out of reset. The pull-up can be turned off by clearing PUPKE in the
PUCR register. PK7 is not available in the 80-pin package version.
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1.2.3.16 PK6/XCS — Port K1/O Pin 6

PKG6 is a general-purpose I/O pin. During MCU expanded modes of operation, while the EMK bit in the
MODE register is set to 1, this pin is used as an external chip select signal for most external accesses that
are not selected by ECS. There is an active pull-up on this pin while in reset and immediately out of reset.
The pull-up can be turned off by clearing PUPKE in the PUCR register. See the multiplexed external bus
interface (MEBI) block description chapter for further details. PK6 is not available in the 80-pin package
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 the
MODE register is set to 1, PK[5:0] provide the expanded address XADDR[19:14] for the external bus.
There are active pull-ups on PK[5:0] pins while in reset and immediately out of reset. The pull-up can be
turned off by clearing PUPKE in the PUCR register. See multiplexed external bus interface (MEBI) block
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 configured as
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 configurations.

1.2.3.19 PG7/KWG7 — Port G 1/0 Pin 7

PG7 is a general-purpose 1/0 pin. It can be configured to generate an interrupt (KWG7) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PG7 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
for information about pin configurations.

1.2.3.20 PG6/KWG6 / MIl_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 the
receive error (MII_RXER) signal. It can be configured to generate an interrupt (KWG6) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PG6 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

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

PGS is a general-purpose I/O pin. When the EMAC MII external interface is enabled, it becomes the
receive data valid (MII_RXDV) signal. It can be configured to generate an interrupt (KWGS) causing the
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PG5 pin is configured as
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.
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1.2.3.22 PG4/KWG4 /MIl_RXCLK — Port G I/O Pin 4

PG4 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
receive clock (MII_RXCLK) signal. It can be configured to generate an interrupt (KWG4) causing the
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PG4 pin is configured as
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

1.2.3.23 PG3/KWG3/MIl_RXD3 — Port G I/O Pin 3

PG3 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
receive data (MII_RXD?3) signal. It can be configured to generate an interrupt (KWG3) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PG3 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

1.2.3.24 PG2/KWG2/MIl_RXD2 — Port G I/0O Pin 2

PG?2 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
receive data (MII_RXD?2) signal. It can be configured to generate an interrupt (KWG2) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PG2 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

1.2.3.25 PG1/KWG1/MIl_RXD1 — Port G I/O Pin 1

PGl is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
receive data (MII_RXD1) signal. It can be configured to generate an interrupt (KWG1) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PG1 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

1.2.3.26 PGO/KWGO /MIl_RXD0 — Port G I/0 Pin 0

PGO is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
receive data (MII_RXDO) signal. It can be configured to generate an interrupt (KWGO) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PGO pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

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

PHG6 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
transmit error (MII_TXER) signal. It can be configured to generate an interrupt (KWHO6) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PH6 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.
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1.2.3.28 PH5/KWHS5 / MII_TXEN — Port H1/O Pin 5

PHS5 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
transmit enabled (MII_TXEN) signal. It can be configured to generate an interrupt (KWHS) causing the
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PHS pin is configured as
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

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

PH4 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
transmit Clock (MII_TXCLK) signal. It can be configured to generate an interrupt (KWH4) causing the
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PH4 pin is configured as
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

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

PH3 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
transmit data (MII_TXD3) signal. It can be configured to generate an interrupt (KWH3) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PH3 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

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 the
transmit data (MII_TXD?2) signal. It can be configured to generate an interrupt (KWH2) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PH2 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

1.2.3.32 PH1/KWH1/MI_TXD1 — Port H I/O Pin 1

PHI1 is a general-purpose I/0O pin. When the EMAC MII external interface is enabled, it becomes the
transmit data (MII_TXD1) signal. It can be configured to generate an interrupt (KWH1) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PH1 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

1.2.3.33 PHO/KWHO /MII_TXD0 — Port H I/O Pin 0

PHO is a general-purpose I/0O pin. When the EMAC MII external interface is enabled, it becomes the
transmit data (MII_TXDO) signal. It can be configured to generate an interrupt (KWHO) causing the MCU
to exit stop or wait mode. While in reset and immediately out of reset, the PHO pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.
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1.2.3.34 PJ7/KWJ7/1IC_SCL — Port J I/0 Pin 7

PJ7 is a general-purpose I/0 pin. When the IIC module is enabled, it becomes the serial clock line
(IIC_SCL) for the IIC module (IIC). It can be configured to generate an interrupt (KWJ7) causing the
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJ7 pin is configured as
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the IIC block description chapter for information about pin configurations.

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

PJ6 is a general-purpose I/0 pin. When the IIC module is enabled, it becomes the serial data line
(IIC_SDL) for the IIC module (IIC). It can be configured to generate an interrupt (KWJ6) causing the
MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJ6 pin is configured as
a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the IIC block description chapter for information about pin configurations.

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

PJ3 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
collision (MII_COL) signal. It can be configured to generate an interrupt (KWJ3) causing the MCU to exit
stop or wait mode. While in reset and immediately out of reset, the PJ3 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the EMAC block description chapter for information about pin configurations.

1.2.3.37 PJ2/KWJ2/ MIl_CRS /— Port J I/0 Pin 2

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

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

PJ1 is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
Management Data I/O (MII_MDIO) signal. It can be configured to generate an interrupt (KWHI) causing
the MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJ1 pin is configured
as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description
chapter and the EMAC block description chapter for information about pin configurations.

1.2.3.39 PJO/KWJO/MIl_MDC — Port J I/0 Pin 0

PJO is a general-purpose I/0 pin. When the EMAC MII external interface is enabled, it becomes the
management data clock (MII_MDC) signal. It can be configured to generate an interrupt (KWJ0) causing
the MCU to exit stop or wait mode. While in reset and immediately out of reset, the PJO pin is configured
as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description
chapter and the EMAC block description chapter for information about pin configurations.
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1.2.3.40 PL6 — PortL I/O Pin 6

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

1.2.3.41 PL5—PortLI/OPin5

PLS5 is a general-purpose I/0 pin. While in reset and immediately out of reset, the PLS pin is configured
as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description
chapter for information about pin configurations.

1.2.3.42 PL4/COLLED — Port L I/0O Pin 4

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

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 enabled with
the EPHYCTLO LEDEN bit set, it becomes the duplex status signal (DUPLED). While in reset and
immediately out of reset, the PL3 pin is configured as a high-impedance input pin. See the port integration
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin configurations.

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 enabled with
the EPHYCTLO LEDEN bit set, it becomes the speed status signal (SPDLED). While in reset and
immediately out of reset, the PL2 pin is configured as a high-impedance input pin. See the port integration
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin configurations.

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 enabled with
the EPHYCTLO LEDEN bit set, it becomes the link status signal (LNKLED). While in reset and
immediately out of reset, the PL1 pin is configured as a high-impedance input pin. See the port integration
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin configurations.
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1.2.3.46 PLO/ACTLED —PortL I/O Pin0

PLO is a general-purpose I/O pin. When the internal Ethernet physical transceiver (EPHY) is enabled with
the EPHYCTLO LEDEN bit set, it becomes the active status signal (ACTLED). While in reset and
immediately out of reset, the PLO pin is configured as a high-impedance input pin. See the port integration
module (PIM) PIM_9NE64 block description chapter and the EPHY block description chapter for
information about pin configurations.

1.2.3.47 PS7/SPI_SS — Port S /0 Pin 7

PS7 is a general-purpose I/0. When the serial peripheral interface (SPI) is enabled, PS7 becomes the slave
select pin SS. While in reset and immediately out of reset, the PS7 pin is configured as a high-impedance
input pin. See the port integration module (PIM) PIM_9NE64 block description chapter and the SPI block
description chapter for information about pin configurations.

1.2.3.48 PS6/SPI_SCK — Port S I/0 Pin 6

PS6 is a general-purpose I/0 pin. When the serial peripheral interface (SPI) is enabled, PS6 becomes the
serial clock pin, SCK. While in reset and immediately out of reset, the PS6 pin is configured as a
high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block description chapter
and the SPI block description chapter for information about pin configurations.

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

PSS is a general-purpose I/O pin. When the serial peripheral interface (SPI) is enabled, PS5 becomes the
master output (during master mode) or slave input (during slave mode) pin. While in reset and immediately
out of reset, the PS5 pin is configured as a high-impedance input pin. See the port integration module
(PIM) PIM_9NE64 block description chapter and the SPI block description chapter for information about
pin configurations.

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 becomes the
master input (during master mode) or slave output (during slave mode) pin. While in reset and immediately
out of reset, the PS4 pin is configured as a high-impedance input pin. See the port integration module
(PIM) PIM_9NE64 block description chapter and the SPI block description chapter for information about
pin configurations.

1.2.3.51 PS3/SCI1_TXD — Port S I/0 Pin 3

PS3 is a general-purpose I/0. When the serial communications interface 1 (SCI1) transmitter is enabled,
PS3 becomes the transmit pin, TXD, of SCI1. While in reset and immediately out of reset, the PS3 pin is
configured as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block
description chapter and the SCI block description chapter for information about pin configurations.
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1.2.3.52 PS2/SCI1_RXD — Port S /O Pin 2

PS2 is a general-purpose I/0. When the serial communications interface 1 (SCI1) receiver is enabled, PS2
becomes the receive pin RXD of SCI1. While in reset and immediately out of reset, the PS2 pin is
configured as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block
description chapter and the SCI block description chapter for information about pin configurations.

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

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

1.2.3.54 PSO0/SCI0_RXD — Port S1/0 Pin 0

PSO0 is a general-purpose I/0. When the serial communications interface 0 (SCIO) receiver is enabled, PSO
becomes the receive pin RXDO0 of SCI0. While in reset and immediately out of reset, the PSO pin is
configured as a high-impedance input pin. See the port integration module (PIM) PIM_9NE64 block
description chapter and the SCI block description chapter for information about pin configurations.

1.2.3.55 PT[7:4]/10C1[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 also be
configured as the TIM1 input capture or output compare pins IOC1[7-4]. While in reset and immediately
out of reset, the PT[7:4] pins are configured as a high-impedance input pins. See the port integration
module (PIM) PIM_9NE64 block description chapter and the TIM_16B4C block description chapter for
information about pin configurations.

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.
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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 must
be placed as near as possible to the chip pin. Stray capacitance must be kept to less than 10 pF (> 50 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  Vppx1» Vpopx2: Vssxi: 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 pins are
loaded.

1.2.4.2 Vppr/Vregen — Power Pin for Internal Voltage Regulator

External power for internal voltage regulator.

1.2.4.3 Vpp1, Vpp2s Vss1, Vgs2 — Core Power Pins

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

1.2.4.4 Vppa, 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 allowed on
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 allowed
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_VDDTX
and PHY_VSSTX. This 2.5 V supply is derived from the internal voltage regulator. No static load is
allowed on these pins. The internal voltage regulator is turned off, if Vppr/VRrgGeN 18 tied to ground.
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1.2.4.8 VRgy, VRL — ATD Reference Voltage Input Pins

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

1.2.4.9 VpppLL: VsspLL — Power Supply Pins for PLL

Provides operating voltage and ground for the oscillator and the phase-locked loop. This allows the supply
voltage to the oscillator and PLL to be bypassed independently. This 2.5 V voltage is generated by the
internal voltage regulator. The internal voltage regulator is turned off, if Vppr/VRggeN 18 tied to ground.

Table 1-5. MC9S12NE64 Power and Ground Connection Summary

Mnemonic '{l,%rl't‘:;l Description
Vopr/VREGEN 33V External power and ground, supply to internal voltage regulator.
’ To disable voltage regulator attach Vyggen 10 Vsgx-
v 33V
External power and ground, supply to pin drivers.
Vssxi oV
Vssxe
Vopa 3.3V Operating voltage and ground for the analog-to-digital converter, the
Vssa reference for the internal voltage regulator and the digital-to-analog
oV converters, allows the supply voltage to the A/D to be bypassed
independently.
VRH 3.3V Reference voltage high for the analog-to-digital converter.
VRL ov Reference voltage low for the analog-to-digital converter.
PHY_VDDTX
PHY_VDDRX 25V Internal power and ground generated by internal regulator for internal
PHY_VDDA Ethernet Physical Transceiver (EPHY). These also allow an external
PHY_VSSTX source to supply the EPHY voltages and bypass the internal voltage
PHY_VSSRX ov regulator.
PHY_VSSA
xDm 25V Internal power and ground generated by internal regulator. These also
pb2 allow an external source to supply the core Vpp/Vgg voltages and
Vssi ov bypass the internal voltage regulator.
Vss2
VbppLL 25V Provide operating voltage and ground for the phase-locked loop. This
VsspLL oV allows the supply voltage to the PLL to be bypassed independently.
Internal power and ground generated by internal regulator.

NOTE

All Vg 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.
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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 modules.
Figure 1-5 shows the clock connections from the CRG to all modules. See the CRG block description
chapter for details on clock generation.

ok S12_CORE
core cloc -
————— P
—
FLASH
— P
] RAM
— TIM
SN ATD
P PIM
EXTAL
Py P SCI
|:|£ CRG bus clock ® SHt
oscillator clock ¢ . EMAC
XTAL -
————
P  EPHY
S ———
VREG_PHY

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 associated
default memory map and external bus configuration.

1.41  Chip Configuration Summary

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

BKGD = PEG6 = PE5 = PP6 = ROMON -
MODC | MODB | MODA | ROMCTL | Bit Mode Description
Special Single Chip, BDM allowed and ACTIVE. BDM
0 0 0 X 1 is allowed in all other modes but a serial command is
required to make BDM active.
0 1
0 0 1 3 0 Emulation Expanded Narrow, BDM allowed.
0 1 0 X 0 Special Test (Expanded Wide), BDM allowed.
0 1
0 1 1 3 0 Emulation Expanded Wide, BDM allowed.
1 0 0 X 1 Normal Single Chip, BDM allowed.
0 0
1 0 1 3 3 Normal Expanded Narrow, BDM allowed.
Peripheral; BDM allowed but bus operations would
1 1 0 X 1 .
cause bus conflicts (must not be used).
0 0
1 1 1 " " Normal Expanded Wide, BDM allowed.

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 the
memory contents'. 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 dumps
the contents of the internal program. This code would defeat the purpose of security. At the same time the
user may also wish to put a back door in the user 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 update
parameters.

1.4.2.1  Securing the Microcontroller

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

1.No security feature is absolutely secure. However, Freescale Semiconductor’s strategy is to make reading or copying
the FLASH difficult for unauthorized users.

MC9S12NE64 Data Sheet, Rev 1.0

86 Freescale Semiconductor



Low-Power Modes

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 MCU
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 accomplished
by resetting directly into expanded mode. The internal FLASH will be disabled. BDM operations will be
blocked.

1.4.2.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, the internal FLASH must be erased. This can be performed
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 invokes a
program that verifies the erasure of the internal FLASH. After this program completes, the user can erase
and program the FLASH security bits to the unsecured state. This is generally performed through the
BDM, but the user could also change to expanded mode (by writing the mode bits through the BDM) and
jumping to an external program (again through BDM commands). Note that if the MCU goes through a
reset before the security bits are reprogrammed to the unsecure state, the MCU will be secured again.

1.5 Low-Power Modes

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

1.5.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator thus putting the chip in fully static
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 running
and the real-time interrupt (RTI) or watchdog (COP) sub module can stay active. Other peripherals are
turned off. This mode consumes more current than the full stop mode, but the wakeup time from this mode
is significantly shorter.
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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 execute
instructions. The internal CPU signals (address and databus) will be fully static. All peripherals stay active.
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 to save
power.

1.6 Resets and Interrupts

See the exception processing section of the CPU12 reference manual for information on resets and
interrupts. System resets can be generated through external control of the RESET pin, through the clock
and reset generator module (CRG), or through the low-voltage reset (LVR) generator of the voltage
regulator module. See the CRG and VREG_PHY block description sections for detailed information on
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 Vector Vector CCR HPRIO Value
No. Address Name Interrupt Source Mask Local Enable to Elevate
External reset, power on reset or
0 |SFFFE, $FFFF Vreset | 'OW Voltage reset (see CRG flags |\ None —
register to determine reset
source)
1 $FFFC, $FFFD Vclkmon Clock monitor fail reset None COPCTL (CME, —
FCME)
2 $FFFA, $FFFB Vcop CORP failure reset None CORP rate select —
3 $FFF8, $FFF9 Vtrap Unimplemented instruction trap | None None —
4 $FFF6, $FFF7 Vswi SWiI None None —
5 $FFF4, $FFF5 Vxirq XIRQ X-Bit None —
6 $FFF2, $FFF3 Virq IRQ I-Bit INTCR (IRQEN) $F2
7 $FFFO, $FFF1 Vrti Real-time interrupt I-Bit CRGINT (RTIE) $FO
8
through | $FFE8 to $FFEF Reserved
11
12 $FFEG6, $FFE7 Vtimch4 Standard timer channel 4 I-Bit TOIE (TOCA4l) $E6
13 |$FFE4, $FFE5 Vtimch5 Standard timer channel 5 I-Bit TOIE (TOC5I) $E4
14 | $FFE2, $FFE3 Vtimch6 Standard timer channel 6 I-Bit TOIE (TOC6I) $E2
15 $FFEOQ, $FFE1 Vtimch7 Standard timer channel 7 |-Bit TOIE (TOC7I) $EO
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Table 1-7. Interrupt Vector Locations (Continued)

V?\l‘g?r A\é?:icr?srs \,(JZCIL%" Interrupt Source l\cll::?sFl‘( Local Enable HE,RIIE%‘\I/:tI:e
16 $FFDE, $FFDF Vtimovf Standard timer overflow I-Bit TOMSK2 (T0OI) $DE
17 $FFDC, $FFDD Vtimpaovf Pulse accumulator overflow I-Bit PACTLO (PAOVI0) $DC
18 $FFDA, $FFDB Vtimpaie Pulse accumulator input edge I-Bit PACTLO (PAIO) $DA
19 $FFD8, $FFD9 Vspi SPI I-Bit | SPCR1 (SPIE, SPTIE) $D8
20  |$FFD6, $FFD7 Vsci0 sClo Bt | e TSC?E?SIZE, LE) $D6
21 $FFD4, $FFD5 Vscii SCH I-Bit (TIE, TSCCI:I;,CF?IzE, ILIE) $D4
22 $FFD2, $FFD3 Vatd ATD I-Bit ATDCTL2 (ASCIE) $D2
23 | $FFDO, $FFD1 Reserved
24 |$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 Vcergpllick 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 $FFCO0, $FFCH Viic [IC bus | I-Bit IBCR (IBIE) $COo
32

through | $FFBA to $FFBF Reserved
34
35 $FFBS8, $FFB9 Vflash FLASH I-Bit | FCNFG (CCIE, CBEIE) $B8
36 |$FFB6, $FFB7 Vephy EPHY interrupt I-Bit | EPHYCTLO (EPHYIE) $B6
37 |$FFB4, $FFB5 Vemacrxbac | EMAC receive buffer A complete | [-Bit IMASK (RXACIE) $B4
38 $FFB2, $FFB3 Vemacrxbbc | EMAC receive buffer B complete | [-Bit IMASK (RXBCIE) $B2
39 |$FFBO, SFFB1 | Vemactxe | CMAC "i(’)“nf;{:tgsmmio” I-Bit IMASK (TXCIE) $B0
40 $FFAE, $FFAF Vemacrxfc EMAC receive flow control |-Bit IMASK (RFCIE) $AE
41 |$FFAC, $FFAD | Vemacmii | EMACMI 'zzr%apﬁggem transfer | git | IMASK (MMCIE) $AC
42 $FFAA, $FFAB Vemacrxerr EMAC receive error I-Bit IMASK (RXAIE) $AA
43 $FFAS8, $FFA9 Vemacrxbao | EMAC receive buffer A overrun |-Bit IMASK (RXAQIE) $A8
44 | $FFA6, $SFFA7 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 | $FFAQ, $FFA1 Vemacec EMAC excessive collision I-Bit IMASK (ECIE) $A0
48

through | $FF80 to $FF9F Reserved
63
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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 in Table 1-8.

1.6.2.1 Reset Summary Table

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

1.6.2.2

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

Effects of Reset

See the PIM block description chapter for reset configurations of all peripheral module ports.
See Table 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 MCI9S12NE64
device.

1.7.1  Vppr/VREGEN

On the MC9S12NE64, the Vppr/VREGEN Pin is used to enable or disable the internal voltage 3.3V to 2.5V
regulator. If this pin is tied low, then Vppy, Vpp2, VpppLL, PHY_VDDRX, PHY_VDDTX, and
PHY_VDDA must be supplied externally.

1.7.2  Vpp1, Vpp2s Vss1s Vss2

In both the 112-pin LQFP and the 80-pin TQFP-EP package versions, both internal Vp and Vg of the
2.5 V domain are bonded out on two sides of the device as two pin pairs (Vpp1/Vsg; and Vppo/Vgso).
Vpp; and Vpp, are connected together internally. Vgg; and Vg, are connected together internally. This
allows systems to employ better supply routing and further decoupling.
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1.7.3 Clock Reset Generator (CRG) Block Description

See the CRG block description chapter for information about the clock and reset generator module. The
CRG is part of the IPBus domain. For the MC9S12NE64, 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 input
to the CRG module. When the regulator output voltage supply to the internal chip logic falls below a
specified threshold, the LVR signal from the VREG_PHY module causes the CRG module to generate a
reset. See the VREG_PHY block description chapter for voltage level specifications.

1.7.3.1 XCLKS

The XCLKS input signal is not available on the MC9S12NE64. The signal is internally tied low to select
the Pierce oscillator or external clock configuration.

1.7.4 Ethernet Media Access Controller (EMAC)

See the EMAC block description chapter for information about the Ethernet media access controller
module. The EMAC is part of the [PBus domain.

1.7.4.1 EMAC MIl External Pin Configuration

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

1.7.4.2 EMAC Internal PHY Configuration

When the EXTPHY bit (in the EMAC NETCTL register) is set to 1, the EMAC is configured to work with
the internal EPHY block. Please see 1.7.5, “Ethernet Physical Transceiver (EPHY),” for more information
regarding the EPHY block.

1.7.4.3 Low-Power Operation

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

1.7.43.1 Wait

Transmit and receive operations are not possible in wait mode if the CWALI bit is set in the CLKSEL
register because the clocks to the transmit and receive buffers are stopped. It is recommended that the
EMAC ESWALI bit be set if wait mode is entered with the CWAI set.
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1.7.43.2 Stop

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

1.7.5 Ethernet Physical Transceiver (EPHY)

See the EPHY block description chapter for information about the Ethernet physical transceiver module.
The EPHY is part of the IPBus domain. The EPHY also has MII register space which is not part of the
MCU address space and not accessible via the IP bus. The MII registers can be accessed using the MDIO
functions of the EMAC when the EMAC is configured for internal PHY operation.

The MII pins of the EPHY are not externally accessible. All communication and management of the EPHY
must be performed using the EMAC.

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

1.7.5.1 Low-Power Operation

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

1.7.5.1.1  Wait

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

1.7.5.1.2 Stop

During system low-power stop mode, the EPHY is immediately reset and powered down. Upon exiting
stop mode, the a start-up delay is required prior to initiating MDIO communications with the EPHY. See
A.14, “EPHY Electrical Characteristics™ for details.

It is not possible to use an EPHY interrupt to wake the system from stop mode.

1.7.6 RAM 8K Block Description

This module supports single-cycle misaligned word accesses without wait states. The RAM is part of the
HCS12 Bus domain.

In addition to operating as the CPU storage, the 8K system RAM also functions as the Ethernet buffer
while the EMAC module is enabled. While the EMAC is enabled, the Ethernet buffer will occupy 0.375K
to 4.5K of RAM with physical addresses starting at $0000 and ending at $017F up to $11FF, depending
on the setting of the BUFMAP bits in the EMAC Ethernet buffer configuration register (BUFCFG). The
relative RAM address, which are controlled by settings in the internal RAM position register (INTRM),
must be tracked in software.
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The Ethernet buffer operation of the RAM is independent of the CPU and allows same cycle read/write
access from the CPU and the EMAC. No hardware blocking mechanism is implemented to prevent the
CPU from accessing the Ethernet RAM space, so care must be taken to ensure that the CPU does not
corrupt the RAM Ethernet contents.
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Chapter 2
64K Byte Flash (FTS64K) Block Description

2.1 Introduction

This document describes the FTS64K module which is a 64K byte Flash (nonvolatile) memory. The Flash
array 1is organized as 1 block of 64K bytes organized as 1024 rows of 64 bytes. The Flash block’s erase
sector size is 8 rows (512 bytes).

The Flash memory may be read as either bytes, aligned words or misaligned words. Read access time is
one bus cycle for byte and aligned word, and two bus cycles for misaligned words.

Program and erase functions are controlled by a command driven interface. Both sector erase and mass
erase of the entire 64K byte Flash block are supported. An erased bit reads 1 and a programmed bit reads 0.
The high voltage required to program and erase is generated internally by on-chip charge pumps.

It is not possible to read from the Flash block while it is being erased or programmed.

The Flash block is ideal for program and data storage for single-supply applications allowing for field
reprogramming without requiring external programming voltage sources.
NOTE

A word must be erased before being programmed. Cumulative
programming of bits within a word is not allowed.

21.1 Glossary

Command Sequence — A three-step MCU instruction sequence to program, erase, or erase verify a Flash
block.

2.1.2 Features

* 64K bytes of Flash memory

* Automated program and erase algorithm

* Interrupts on Flash command completion and command buffer empty

* Fast sector erase and word program operation

» 2-stage command pipeline

* Flexible protection scheme for protection against accidental program or erase
» Single power supply program and erase

e Security feature

2.1.3 Modes of Operation

* Program and erase operation (please refer to Section 2.4.1, “Program and Erase Operation,” for
details).
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21.4

Figure 2-1 shows a block diagram of the FTS64K module.

Block Diagram

Flash Array
32K * 16 Bits

row0

row1

row1023

FTS64K
Command
Interface
r——-=-=- - - = A
Command | Registers l
Complete | |
Interrupt I — I
- | | Command Pipeline ||
I I
Command | cg:jnmz cgrorlwr1n1 |
Buffer Empty addr2  —p{ addr
Interrupt : data2 datai :
- | |
| ] |
| Protection |
I I
S, -
Security
Oscillator
Clock Clock
Divider [ FCLK

Figure 2-1. Module Block Diagram

2.2 External Signal Description

The FTS64K module contains no signals that connect off-chip.

2.3 Memory Map and Register Descriptions

This section describes the FTS64K memory maps and registers.
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2.3.1 Module Memory Map

Figure 2-2 shows the FTS64K memory map. The HCS12 architecture places the Flash memory address
between $4000 and $FFFF, which corresponds to three 16-Kbyte pages. The content of the HCS12 core
PPAGE register is used to map the logical middle page ranging from address $8000 to $BFFF to any
physical 16K byte page in the physical memoryl. Shown within the pages are the Flash protection/options
field, described in Table 2-1, and user defined Flash protected sectors, described in Table 2-2.

The FPOPEN bit in the FPROT register (see Section 2.3.2.5, “Flash Protection Register (FPROT)”) can
globally protect the entire Flash array. However, two protected areas, one starting from the Flash page $3E
starting address (called lower) towards higher addresses and the other one growing downward from the
Flash page $3F end address (called higher) can be activated. The latter is mainly targeted to hold the boot
loader code because it covers the vector space. All the other areas may be used to keep critical parameters.

Security information that allows the MCU to prevent intrusive access to the Flash module is stored in the
Flash protection/options field described in Table 2-1.

Table 2-1. Flash Protection/Options Field

Size -
Array Address (bytes) Description
$FFOO0 - $FF0O7 8 Backdoor comparison keys
$FFO08 - $FFOC 5 Reserved
$FFOD 1 Flash protection byte
Refer to Section 2.3.2.5, “Flash
Protection Register (FPROT)”
$FFOE 1 Reserved
$FFOF 1 Flash Options/Security byte
Refer to Section 2.3.2.2, “Flash
Security Register (FSEC)”

1.By placing $3F/$3E in the HCS12 Core PPAGE register, the bottom /top “fixed” 16-Kbyte pages can be seen twice
in the MCU memory map.
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REGISTER BASE + $100

REGISTER BASE + $10F

FLASHSTART = $4000
$4200
$4400

$4800

$5000

12K

$8000

$C000

$E000

$F000

$F800
FLASH END = $FFFF

(16 bytes)
Flash Registers
Flash Protected Low Sectors
0.5K, 1K, 2K, 4K bytes
(o Jp) =
(o) =
16K PAGED
MEMORY
$3C | $3C | $3E | $3F
CRE Flash Protected High Sectors
POT

(2K, 4K, 8K, 16K bytes

~

™

$FFOO0 - $FFOF, Flash Protection/Security Field

Note: $3C-$3F correspond to the PPAGE register content

Figure

2-2. Flash Memory Map
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Table 2-2. Flash Module Memory Map Summary

MCU Address

Protectable Low

Protectable High

Block Relative

$E000-$FFFF
$C000-$FFFF

Range PPAGE Range Range Address’
$4000-$7FFF | Unpaged | $4000-$41FF N.A. $8000-$BFFF
($3E) $4000-$43FF
$4000-$47FF
$4000-$4FFF
$8000-$BFFF $3C N.A. N.A. $0000-$3FFF
$3D N.A. N.A. $4000-$7FFF
$3E $8000-$81FF N.A. $8000-$BFFF
$8000-$83FF
$8000-$87FF
$8000-$8FFF
$3F N.A. $B800-$BFFF | $CO000-$FFFF
$B000-$BFFF
$A000-$BFFF
$8000-$BFFF
$CO000-$FFFF | Unpaged N.A. $F800-$FFFF $C000-$FFFF
($3F) $F000-$FFFF

1 Inside Flash block.

The Flash module also contains a set of 16 control and status registers located in address space register

base + $100 to register base + $10F. A summary of these registers is given in Table 2-3.
Table 2-3. Flash Module Memory Map

Ag;ifrszsts Use Access
$_00 Flash Clock Divider Register (FCLKDIV) R/W
$_03 Flash Security Register (FSEC) R
$_02 Reservedi’ R
$_03 Flash Configuration Register (FCNFG) R/W
$_04 Flash Protection Register (FPROT) R/W
$_05 Flash Status Register (FSTAT) R/W
$_06 Flash Command Register (FCMD) R/W
$_07 Reserved?2’ R
$_08 Flash High Address Register (FADDRHI) R/W
$_09 Flash Low Address Register (FADDRLO) R/W
$_0A Flash High Data Register (FDATAHI) R/W
$_0B Flash Low Data Register (FDATALO) R/W
$_0C Reserved3’ R
$_0D Reserved4' R
$_OE Reserved5' R
$ OF Reserved6’ R

TIntended for factory test purposes only.
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NOTE

Register address = register base address +$100 + address offset, where the
register base address is defined by the HCS12 core INITRG register and the
address offset is defined by the Flash module.

2.3.2 Register Descriptions

2.3.2.1  Flash Clock Divider Register (FCLKDIV)

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

Module Base + $0

7 6 5 4 3 2 1 0
R FDIVLD
W PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
RESET: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 2-3. Flash Clock Divider Register (FCLKDIV)
All bits in the FCLKDIV register are readable, bits 6-0 are write once and bit 7 is not writable.

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

PRDIV8 — Enable Prescaler by 8.
1 = Enables a prescaler by 8, to divide the Flash module input oscillator clock before feeding into
the CLKDIV divider.
0 = The input oscillator clock is directly fed into the FCLKDIV divider.

FDIV[5:0] — Clock Divider Bits.

The combination of PRDIVS8 and FDIV[5:0] effectively divides the Flash module input 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.

2.3.2.2 Flash Security Register (FSEC)
This FSEC register holds all bits associated with the security of the MCU.
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Module Base + $1

7 6 5 4 3 2 1 0
R KEYEN NV6 NV5 NV4 NV3 NV2 SEC1 SECO
W
Reset: F F F F F F F F

|:| = Unimplemented or Reserved

Figure 2-4. Flash Security Register (FSEC)

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

The FSEC register is loaded from the Flash protection/options field byte at $SFFOF during the reset
sequence, indicated by “F” in Figure 2-4.

KEYEN — Backdoor Key Enable.
1 = Backdoor key access to Flash module is enabled.
0 = Backdoor key access to Flash module is disabled.

NV[6:2] — Nonvolatile Flag Bits.
These 5 bits are available to the user as nonvolatile flags.

SEC[1:0] — Memory Security Bits.

The SEC[1:0] bits define the security state of the MCU as shown in Table 2-4. If the Flash module is
unsecured using the backdoor key access, the SEC bits are forced to “10”.
Table 2-4. Flash Security States

SEC[1:0] Description
00 secured
01 secured
10 unsecured
11 secured

The security function in the Flash module is described in Section 2.4.5, “Flash Security.”

2.3.2.3 RESERVED1

This register is reserved for factory testing and is not accessible to the user.
Module Base + $2

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 2-5. RESERVED1

All bits read 0 and are not writable.
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2.3.2.4 Flash Configuration Register (FCNFQG)

The FCNFG register enables the Flash interrupts and gates the security backdoor writes.
Module Base + $3

7 6 5 4 3 2 1 0

R 0 0 0 0 0
W CBEIE CCIE KEYACC

Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 2-6. Flash Configuration Register (FCNFG)

CBEIE, CCIE and KEYACC are readable and writable. Bits 4-0 read O and are not writable.

CBEIE — Command Buffer Empty Interrupt Enable.

The CBEIE bit enables the interrupts in case of an empty command buffer in the Flash.
1 = An interrupt will be requested whenever the CBEIF flag, Figure 2-8, is set.
0 = Command buffer empty interrupt disabled.

CCIE — Command Complete Interrupt Enable.

The CCIE bit enables the interrupts in case of all commands being completed in the Flash.
1 = An interrupt will be requested whenever the CCIF, Figure 2-8, flag is set.
0 = Command complete interrupt disabled.

KEYACC — Enable Security Key Writing.
1 = Writes to Flash array are interpreted as keys to open the backdoor. Reads of the Flash array
return invalid data.
0 = Flash writes are interpreted as the start of a program or erase sequence.

2.3.2.5 Flash Protection Register (FPROT)

The FPROT register defines which Flash sectors are protected against program or erase.
Module Base + $4

7 6 5 4 3 2 1 0
R
w |FPOPEN | NV6 | FPHDIS | FPHS1 | FPHSO | FPLDIS | FPLS1 | FPLSO
Reset: F F F F F F F F

|:| = Unimplemented or Reserved

Figure 2-7. Flash Protection Register (FPROT)

The FPROT register is readable in normal and special modes. Bit NV6 is not writable in normal mode.
FPOPEN, FPHDIS and FPLDIS bits in the FPROT register can only be written to the protected state (i.e.
“0”). FPLS[1:0] can be written anytime until bit FPLDIS is cleared. FPHS[1:0] bits can be written anytime
until bit FPHDIS is cleared. If the FPOPEN bit is cleared, then the state of the FPHDIS, FPHS[1:0],
FPLDIS and FPLS[1:0] bits is irrelevant. The FPROT register is loaded from Flash address $FFOD during
reset.
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To change the Flash protection that will be loaded on reset, the upper sector of the Flash block must be
unprotected, then the Flash protection byte located as described in Table 2-1 must be written to.

A protected Flash sector is disabled by the bits FPHDIS and FPLDIS while the size of the protected sector
is defined by FPHS[1:0] and FPLS[1:0] in the FPROT register.

Trying to alter any of the protected areas will result in a protect violation error and the PVIOL flag will be
set in the FSTAT register. A mass erase of the whole Flash block is only possible when protection is fully
disabled by setting the FPOPEN, FPLDIS, and FPHDIS bits. An attempt to mass erase the Flash block
while protection is enabled will set the PVIOL flag in the FSTAT register.

FPOPEN — Opens the Flash block for program or erase.
1 = The Flash sectors not protected are enabled for program or erase.
0 = The whole Flash block is protected. In this case the FPHDIS, FPHS[1:0], FPLDIS and
FPLS[1:0] bits within the protection register are don’t care.

FPHDIS — Flash Protection Higher address range Disable.

The FPHDIS bit determines whether there is a protected area in the higher space of the Flash address
map.

1 = Protection disabled.

0 = Protection enabled.

FPHS[1:0] — Flash Protection Higher Address Size.

The FPHS[1:0] bits determine the size of the protected sector. Refer to Table 2-5.
Table 2-5. Flash Higher Address Range Protection

FPHS[1:0] Protected Address Range Protected Size
UNPAGED PPAGE $3F (bytes)
00 $F800-$FFFF $B800-$BFFF 2K
01 $F000-$FFFF $B000-$BFFF 4K
10 $E000-$FFFF $A000-$BFFF 8K
11 $C000-$FFFF $8000-$BFFF 16K

FPLDIS — Flash Protection Lower address range Disable.

The FPLDIS bit determines whether there is a protected sector in the lower space of the Flash address
map.

1 = Protection disabled.

0 = Protection enabled.

FPLS[1:0] — Flash Protection Lower Address Size.
The FPLS[1:0] bits determine the size of the protected sector. Refer to Table 2-6.
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Table 2-6. Flash Lower Address Range Protection

FPLS[1:0] Protected Address Range Protected Size
UNPAGED PPAGE $3E (bytes)
00 $4000-$41FF $8000-$81FF 512
01 $4000-$43FF $8000-$83FF 1K
10 $4000-$47FF $8000-$87FF 2K
11 $4000-$4FFF $8000-$8FFF 4K

NV6 — Nonvolatile Flag Bit.

This bit is available as a nonvolatile flag.

2.3.2.6

Flash Status Register (FSTAT)

The FSTAT register defines the Flash state machine command status and Flash array access, protection and

erase verify status.

Module Base + $5

7 6 5 4 3 2 1 0

R CCIF 0 BLANK 0 0
W CBEIF PVIOL ACCERR

Reset: 1 1 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 2-8. Flash Status Register (FSTAT)

Register bits CBEIF, PVIOL and ACCERR are readable and writable, bits CCIF and BLANK are readable
and not writable, bits 3, 1 and O read O and are not writable.

CBEIF — Command Buffer Empty Interrupt Flag.

The CBEIF flag indicates that the address, data and command buffers are empty so that a new
command 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 sequence and cause the
ACCERR flag in the FSTAT register to be set. Writing a 0 to CBEIF outside of a command 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 also Figure 2-21).

1 = Buffers are ready to accept a new command.

0 = Buffers are full.

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. The CCIF flag is used together with the CCIE
bit in the FCNFG register to generate an interrupt request (see also Figure 2-21).

1 = All commands are completed.

0 = Command in progress.
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PVIOL — Protection Violation.

The PVIOL flag indicates an attempt was made to program or erase an address in a protected Flash
memory area. 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 another command.

1 = A protection violation has occurred.

0 = No failure.

ACCERR — Flash Access Error.

The ACCERR flag indicates an illegal access to the selected Flash array. This can be either a violation
of the command sequence, issuing an illegal command (illegal combination of the CMDBXx bits in the
FCMD register) 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 another command.

1 = Access error has occurred.

0 = No failure.

BLANK — Array has been verified as erased.

The BLANK flag indicates that an erase verify command has checked the Flash block and found it to
be erased. The BLANK flag is cleared by hardware when CBEIF is cleared as part of a new valid
command sequence. Writing to the BLANK flag has no effect on BLANK.
1 = Flash block verifies as erased.
0 = If an erase verify command has been requested, and the CCIF flag is set, then a 0 in BLANK
indicates the Flash block is not erased.

2.3.2.7 Flash Command Register (FCMD)

The FCMD register defines the Flash commands.
Module Base + $106

7 6 5 4 3 2 1 0
R 0 0 0 0
W CMDB6 CMDB5 CMDB2 CMDBO
Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 2-9. Flash Command Register (FCMD)

Bits 7, 4, 3, and 1 read “0” and are not writable. Bits CMDB6, CMDB5, CMDB2, and CMDBO are
readable and writable during a command sequence.

CMDB — Valid normal mode commands are shown in Table 2-7. Any commands other than those
mentioned in Table 2-7 sets the ACCERR flag in the FSTAT register (See Section 2.3.2.6, “Flash Status
Register (FSTAT)”).
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Table 2-7. Flash Normal Mode Commands

Command Meaning
$05 Erase Verify
$20 Word Program
$40 Sector Erase
$41 Mass Erase

2.3.2.8 RESERVED2

This register is reserved for factory testing and is not accessible to the user.

Module Base + $7

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 2-10. RESERVED2

All bits read 0 and are not writable.

2.3.2.9 Flash Address Register (FADDR)

FADDRHI and FADDRLO are the Flash address registers.
Module Base + $108

7 6 5 4 3 2 1 0
R 0
FABHI
w
Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 2-11. Flash Address High Register (FADDRHI)

Module Base + $109

7 6 5 4 3 2 1 0
R
FABLO
w
Reset: 0 0 0 0 0 0 0 0

Figure 2-12. Flash Address Low Register (FADDRLO)

In normal modes, all FADDRHI and FADDRLO bits read O and are not writable.

The FADDRHI and FADDRLO registers can be written in special modes by writing to address register
base + $108 and register base + $109 in the register space.

For sector erase, the MCU address bits AB[8:0] are ignored.
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For mass erase, any address within the Flash block is valid to start the command.

2.3.2.10 Flash Data Register (FDATA)

FDATAHI and FDATALO are the Flash data registers.
Module Base + $A

7 6 5 4 3 2 1 0
R
FDHI
W
Reset: 0 0 0 0 0 0 0 0

Figure 2-13. Flash Data High Register (FDATAHI)

Module Base + $B

7 6 5 4 3 2 1 0
R
FDLO
w
Reset: 0 0 0 0 0 0 0 0

Figure 2-14. Flash Data Low Register (FDATALO)

In normal modes, all FDATAHI and FDATALO bits read O and are not writable.
In special modes, all FDATAHI and FDATALO bits are readable and writable.

2.3.2.11 RESERVED3

This register is IREGISTER BASE +eserved for factory testing and is not accessible to the user.
Module Base + $C

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 2-15. RESERVED3

All bits read 0 and are not writable.

2.3.2.12 RESERVED4

This register is reserved for factory testing and is not accessible to the user.
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Module Base + $D

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 2-16. RESERVED4
All bits read 0 and are not writable.
2.3.2.13 RESERVEDS5
This register is reserved for factory testing and is not accessible to the user.
Module Base + $E
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. RESERVED5
All bits read 0 and are not writable.
2.3.2.14 RESERVED6
This register is reserved for factory testing and is not accessible to the user.
Module Base + $F
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. RESERVED6

All bits read 0 and are not writable.
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Functional Description

2.4  Functional Description

2.4.1 Program and Erase Operation

Write and read operations are both used for the program and erase algorithms described in this section.
These algorithms are controlled by a state machine whose timebase FCLK is derived from the oscillator
clock via a programmable divider. The command register as well as the associated address and data
registers operate as a buffer and a register (2-stage FIFO) so that a new command along with the necessary
data and address can be stored to the buffer while the previous command is still in progress. This pipelined
operation allows a time optimization when programming more than one word on a specific row, as the high
voltage generation can be kept on between two programming commands. The pipelined operation also
allows a simplification of command launching. Buffer empty as well as command completion are signalled
by flags in the FSTAT register. Interrupts for the Flash module will be generated if enabled.
The next four subsections describe:

* How to write the FCLKDIV register

* The write sequences used to program, erase and erase verify the Flash block

* Valid Flash commands

* Errors resulting from illegal Flash operations

2411 Writing the FCLKDIV Register

Prior to issuing any program or erase command, it is first necessary to write the FCLKDIV register to
divide the oscillator down to within the 150 kHz to 200 kHz range. The program and erase timings are also
a function of the bus clock, such that the FCLKDIV determination must take this information into account.
If we define:

* FCLK as the clock of the Flash timing control block

*  tyys as the period of the bus clock
* 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 in Figure 2-19.

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

(200-190)/200x 100 = 5%

NOTE

Command execution time will increase proportionally with the period of
FCLK.
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Chapter 2 64K Byte Flash (FTS64K) Block Description

CAUTION

Because of the impact of clock synchronization on the accuracy of the
functional timings, programming or erasing the Flash cannot be performed
if the bus clock runs at less than 1 MHz. Programming or erasing the Flash
with an input clock < 150 kHz should be avoided. Setting FCLKDIV to a
value such that FCLK < 150 kHz can destroy the Flash due to overstress.
Setting FCLKDIV to a value such that (1/FCLK+t,,) <5 Ws can result in
incomplete programming or erasure of the memory array cells.

If the FCLKDIV register is written, the bit FDIVLD is set automatically. If this bit is O, the register has not
been written since the last reset. Flash commands will not be executed if this register has not been written.
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no

yes

PRDIV8=0 (reset)

oscillator clock
> 12.8MHz?

Functional Description

PROGRAM/ERASE IMPOSSIBLE

PRDIV8=1
PRDCLK=oscillator clock/8

PRDCLK=oscillator clock

no

PRDCLK[MHz]*(5+tp,s[1s])
an integer?

FDIV[5:0]=INT(PRDCLK[MHz]*(5+tys[1LS]))

FDIV[5:0]=PRDCLK[MHz]*(5+t,,s[us])-1

TRY TO DECREASE t,,,¢

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

1/FCLK[MHZ] + t s]>5
[ ALD buslts] >
FCLK 39.15MHZ

yes

FDIV[5:0] > 4?

PROGRAM/ERASE IMPOSSIBLE

Figure 2-19. PRDIV8 and FDIV Bits Determination Procedure
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Chapter 2 64K Byte Flash (FTS64K) Block Description

24.1.2 Program and Erase Sequences in Normal Mode

A command state machine is used to supervise the write sequencing for program and erase. The erase
verify command follows the same flow. Before starting a command sequence, it is necessary to verify that
there is no pending access error or protection violation (the ACCERR and PVIOL flags should be cleared
in the FSTAT register). After this initialization step, the CBEIF flag should be tested to ensure that the
address, data and command buffers are empty. If the CBEIF flag is set, the program/erase command write
sequence can be started. The following 3-step command write sequence must be strictly adhered to and no
intermediate writes to the Flash module are permitted between the steps. However, the user is allowed to
read any Flash register during a command write sequence. The command write sequence is as follows:

1. Write the aligned data word to be programmed to the valid Flash address space. The address and
data will be stored in internal buffers. For program, all address bits are valid. For erase, the value
of the data bytes is ignored. For mass erase, the address can be anywhere in the array address space.
For sector erase, the address bits[8:0] are ignored.

2. Write the program or erase command to the command buffer. These commands are listed in
Table 2-8.

3. Clear the CBEIF flag by writing a 1 to it to launch the command. When the CBEIF flag is cleared,
the CCIF flag is cleared by hardware indicating that the command was successfully launched. The
CBEIF flag will be set again indicating the address, data and command buffers are ready for a new
command sequence to begin.

The completion of the command is indicated by the setting of the CCIF flag. The CCIF flag only sets when
all active and pending commands have been completed.

NOTE

The command state machine will flag errors in program or erase write
sequences by means of the ACCERR (access error) and PVIOL (protection
violation) flags in the FSTAT register. An erroneous command write
sequence will abort and set the appropriate flag. If set, the user must clear
the ACCERR or PVIOL flags before commencing another command write
sequence. By writing a 0 to the CBEIF flag, the command sequence can be
aborted after the word write to the Flash address space or after writing a
command to the FCMD register and before the command is launched.
Writing a O to the CBEIF flag in this way will set the ACCERR flag.

A summary of the program algorithm is shown in Figure 2-20. For the erase algorithm, the user writes
either a mass erase or sector erase command to the FCMD register.

MC9S12NE64 Data Sheet, Rev 1.0

112 Freescale Semiconductor



Functional Description

Read: Register FCLKDIV

Clock Register

Written Bit FDIVLD set?
Check
yes Write: Register FCLKDIV
Writé: Array Address and
1. Program Data <
[
i ; NOTE: command sequence
Write: Register FCMD o
2 Program Command $20 g%%r&-?-dr:giggﬂng $00 to
[
— - NOTE: command sequence
3. | Write: Register FSTAT aborted by writing $00 to
Clear bit CBEIF $80 FSTAT register.
[
Read: Register FSTAT
Protection Write: Register FSTAT | )
Violation Check Clear bit PVIOL $20
Access yes | Write: Register FSTAT
Error Check Clear bit ACCERR $10 >
yes
Address, Data, .
Command Next Write?
Buffer Empty Check
no

Bit Polling for
Command
Completion Check

Read: Register FSTAT

EXIT

Figure 2-20. Example Program Algorithm

2.4.1.3 Valid Flash Commands

Figure 2-19 summarizes the valid Flash commands. Also shown are the effects of the commands on the
Flash array.
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Chapter 2 64K Byte Flash (FTS64K) Block Description

Table 2-8. Valid Flash Commands

FCMD Meaning Function on Flash Array
$05 Erase Verify all memory bytes of the Flash array are erased.
Verify If the array is erased, the BLANK bit will set in the FSTAT register upon command
completion.
$20 Program Program a word (two bytes).
$40 Sector Erase 256 words of Flash array.
Erase
$41 Mass Erase all of the Flash array.
Erase A mass erase of the full array is only possible when FPLDIS, FPHDIS and FPOPEN are set.
NOTE

It is not permitted to program a Flash word without first erasing the sector
in which that word resides.

2.4.1.4 lllegal Flash Operations

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

1.

2.
3.
4

SN

10.

11.

Writing to the Flash address space before initializing FCLKDIV.
Writing a misaligned word or a byte to the valid Flash address space.
Writing to the Flash address space while CBEIF is not set.

Writing a second word to the Flash address space before executing a command on the previously
written word.

Writing to any Flash register other than FCMD after writing a word to the Flash address space.

Writing a second command to the FCMD register before executing the previously written
command.

Writing an invalid command to the FCMD register.

Writing to any Flash register other than FSTAT (to clear CBEIF) after writing to the FCMD
register.

The part enters stop mode and a program or erase command is in progress. The command is
aborted and any pending command is killed.

When security is enabled, a command other than mass erase originating from a non-secure
memory or from the background debug mode is written to the FCMD register.

A 0 is written to the CBEIF bit in the FSTAT register.

The ACCERR flag will not be set if any Flash register is read during the command sequence.

If the Flash array is read during execution of an algorithm (i.e. CCIF bit in the FSTAT register is low) the
read will return invalid data and the ACCERR flag will not be set.

If an ACCERR flag is set in the FSTAT register the command state machine is locked. It is not possible to
launch another command until the ACCERR flag is cleared.
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The PVIOL flag will be set during the command write sequence after the word write to the Flash address
space if any of the following illegal operations are performed, causing the command sequence to
immediately abort:

1. Writing a Flash address to program in a protected area of the Flash array.

2. Writing a Flash address to erase in a protected area of the Flash array.

3. Writing the mass erase command to the FCMD register while any protection is enabled. See
Protection register description in Section 2.3.2.5, “Flash Protection Register (FPROT).”

If the PVIOL flag is set in the FSTAT register, the command state machine is locked. It is not possible to
launch another command until the PVIOL flag is cleared.

2.4.2 Wait Mode

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

The FTS64K module can recover the MCU from wait if the interrupts are enabled (see Section 2.6,
“Interrupts™).

24.3 Stop Mode

If a command is active (CCIF = 0) when the MCU enters the STOP mode, the command will be aborted,
and the data being programmed or erased is lost. The high voltage circuitry to the flash will be switched
off when entering stop mode. CCIF and ACCERR flags will be set. Upon exit from STOP, the CBEIF flag
is set and any pending command will not be executed. The ACCERR flag must be cleared before returning
to normal operation.

CAUTION

Because active commands are immediately aborted when the MCU enters
stop mode, it is strongly recommended that the user does not use the STOP
command during program and erase execution.

24.4 Background Debug Mode

In background debug mode (BDM), the FPROT register is writable. If the MCU is unsecured, then all
Flash commands listed in Table 2-8 can be executed. If the MCU is secured and is in special single chip
mode, the only possible command to execute is mass erase.

2.4.5 Flash Security

The Flash module provides the necessary security information to the MCU. After each reset, the Flash
module determines the security state of the MCU as defined in Section 2.3.2.2, “Flash Security Register
(FSEC).”

The contents of the Flash protection/options byte at $FFOF in the Flash protection/options field must be
changed directly by programming $FFOF when the device is unsecured and the higher address sector is
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Chapter 2 64K Byte Flash (FTS64K) Block Description

unprotected. If the Flash options/security byte is left in the secure state, any reset will cause the MCU to
return to the secure operating mode

2.4.5.1 Unsecuring the Flash via the Backdoor Access Sequence

The MCU may only be unsecured by using the backdoor access sequence which requires knowledge of
the contents of the backdoor key, four 16-bit words programmed in the Flash block at addresses $FFO0O -
$FF07. With the KEYEN and KEYACC bits set, a write to a backdoor key address triggers a comparison
between the written data and the backdoor key data stored in the Flash. If all four words of data are written
to the correct addresses in the correct order and the data matches the backdoor key stored in the Flash
block, the MCU will be unsecured. The data must be written sequentially starting with $FF00-1 and ending
with $FF06-7.When the KEYACC bit is set, reads of the Flash block will return invalid data.

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

If the KEYEN bit is set in the FCNFG register, the MCU can be unsecured by the following backdoor
access sequence:
1. Set the KEYACC bit in the FCNFG register.
2. Write the correct four 16-bit word backdoor key to Flash addresses $FF00 - $FF07 sequentially
starting with $FFO00.
3. Clear the KEYACC bit.

4. 1If all four 16-bit words match the backdoor key stored in Flash addresses $FF00 - $FF07, the
MCU is unsecured and bits SEC[1:0] in the FSEC register are forced to the unsecure state of “10”.

If any of the four 16-bit words does not match the backdoor key programmed in the Flash block, the MCU
remains secured.

After the backdoor key has been correctly matched, the MCU will be unsecured. The Flash security byte
can then be programmed to the unsecure state, if desired.

In the unsecured state, the user has full control of the contents of the backdoor key by programming it in
bytes $SFF0O0 - $FF07 of the Flash protection/options field.

The security of the Flash module as defined in the Flash Options/security byte ($FFOF) is not changed by
unsecuring the Flash module using the backdoor access sequence. The backdoor key stored in $FF0O0 -
$FFO07 is unaffected by the backdoor access sequence. After the next reset sequence, the security state of
the Flash module is determined by the Flash options/security byte (SFFOF). The backdoor access sequence
has no effect on the program and erase protections defined in the FPROT register.

It is not possible to unsecure the MCU in special single chip mode by the backdoor access sequence via
the background debug mode.

2.5 Resets

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

2.6 Interrupts

The FTS64K module can generate an interrupt when all Flash commands are completed or the address,
data and command buffers are empty.

Table 2-9. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable Global (CCR)
Mask
Flash address, data and CBEIF CBEIE | Bit
command buffers empty (FSTAT register)
All commands are CCIF CCIE | Bit
completed on Flash (FSTAT register)
NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

Figure 2-21 shows the logic used for generating interrupts.

This system uses the CBEIF and CCIF flags in combination with the enable bits CBIE and CCIE to
discriminate for the interrupt generation.

CBEIF —
CBEIE —

Flash Interrupt Request

CCIF —
CCIE —

Figure 2-21. Flash Interrupt Implementation

For a detailed description of the register bits refer to the Flash configuration register and Flash status
register sections (respectively Section 2.3.2.4, “Flash Configuration Register (FCNFG),” and
Section 2.3.2.6, “Flash Status Register (FSTAT)”).
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Chapter 3
Port Integration Module (PIM) Block Description

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 pins for
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 interrupt
source.

port L connected to EPHY module

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

The implementation of the port integration module is device dependent.
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3.1.1

A standard port has the following minimum features:

Port Integration Module

<—>PL0

~>p|{

~<»p| o

Port L

<> p|3

~»p|4
<> p| 5
<> PL6

> PT4

> PT5

<> PT6

Port T

<> PT7

<> PSO

< PS1

> PS2

<> PS3

<> PS4

Port S

<> PS5

<> PS6

<> PS7
-«»BKGD

<—PEO0

~——PE1
€>»>PE2

€>»>PE3
€>»>PE4

Port E

<>»PE5

P E6
>PE7

[~€&»PKO

E»>PK1
E»PK2

€ »PK3
€»>PK4

Port K

P K5
«»PK6

PJ6 > le»-|KWJ6 te> IC_SDA nc ACTLED
PJ7 <€  lex|KWJ7 e IC_SCL LNKLED
- SPDLED
PJO <3 L [« KWJO i MII_MDC DUPLED
PI1 < @ [=|KWJliemt MII_MDIO COLLED
PJ2 <] [e{KWJ2 MI_CRS <:I\E:>
e KWJ3 MiIl L
PJ3 > le»} MII_CO EMAC 100Base.TX
PGO <»f <>KWGO [*®1 MII_RXDO 10Base-T
PG1 <> <= KWG1[® MI_RXD1 Physical
PG2 <Py (i |<ZKWG2| =T MILRXD2  Eyhopnet Transceiver(EPHY)
PG3 <>  [<>KWGS|[<] MILRXD3 ot
PG4 <P O |<=KWG4|*PT MILRXCLK  Access TIM_IOC4
PG5 <e» O [«>KWG5 [ MI_RXDV  Controller TIM TIM_IOC5
PG6 <>} KWG6E [T MI_RXER TIM_IOC6
PG7 <> “KWG7 TIM_IOC7
EE? i i Wi M- 00 SCIO_RXD
<> <> | KWH 1< |
PH2 <] T |<nlkwHz ™ i Txoe SCI0SCIO_TXD
PH3 €3 T |e»|KWH SCI1_RXD
PH4 <3 © e  KWHA<> MlHiBﬁK SCI1 SCIHZTXD
PHS 3 <> |KWH5 MILTXEN SPI_MISO
PH6 <t e KWH6 MII_TXER SPI_MOSI
SPl "spi_sck
SPI_SS
BKGD/MODC/TAGH
PBO <> ADDRO/DATAO XIRQ
PB1 <> ADDR1/DATA1 IRQ)
PB2 > ADDR2/DATA2 R/W
PB3 > _e ADDRS3/DATA3 LSTRB/TAGL
PB4 <> 5 ADDR4/DATA4 ECLK
PB5 = O ADDRS5/DATA5S IPIPEO/MODA
PB6 <> ADDRG6/DATA6 IPIPE1/MOD
PB7 <> ADDR7/DATA7 NOAC
CORE
PAQ <> ADDRB8/DATA8 XADDR14;
PA1 <> ADDR9/DATA9 XADDR15
PA2 <> < ADDR10/DATA10 XADDR1
PA3 =»| ADDR11/DATA11 XADDR17]
PA4 «»| S ADDR12/DATA12 XADRR1
PA5 <e»{ O- ADDR13/DATA13 XADDR19
PAG <> ADDR14/DATA14 ___ XCS
PA7 <> ADDR15/DATA15 ECS/ROMCTL
Figure 3-1. PIM_9NE64 Block Diagram
Features

Input/output selection
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External Signal Description

e 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 filtering

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

Table 3-1 shows all pins and their functions that are controlled by the PIM_9NE64 module. If there is more
than one function associated to a pin, the priority is indicated by the position in the table from top (highest
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)/ Refer the MEBI block description chapter.
GPIO
Port B PB[7:0] ADDR[7:0)/
DATA[7:0)/ Refer the MEBI block description chapter.
GPIO
Port E PE7 NOACC/
GPIO
PE6 IPIPE1/
MODB/
GPIO
PE5 IPIPEO/
MODA/
GPIO
PE4 ECLK/GPIO Refer the MEBI block description chapter.
PE3 LSTRB/
TAGLO/
GPIO
PE2 R/W /
GPIO
PE1 IRQ/GPI
PEO XIRQ/GPI
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Table 3-1. Pin Functions and Priorities (Sheet 2 of 4)

Pin Function

Port Pin Name Pin Function Description after Reset
Port K PK7 ECS/
ROMCTL/
GPIO
PK6 XCS Refer to the MEBI block description chapters.
PK[5:0] XADDR[19:14Y/
GPIO
— BKGD BKGD/
MODC/ Refer to the MEBI and BDM block description chapters.
TAGHI
Port G PG[7] KWU/GPIO Key board wake up Interrupt or General-purpose 1/0 GPIO
PG[6] MII_RXER MIl Receive Coding Error
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0
PG[5] MII_RXDV MII Receive Data Valid
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0
PG[4] MII_RXCLK MII Receive Clock
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0
PG[3:0] MII_RXD[3:0] | MIl Receive Data
KWU/GPIO Key board wake up Interrupts or General-purpose /O
Port H PHI[6] MII_TXER MIl Transmit Coding Error GPIO
KWU/GPIO Key board wake up Interrupts or General-purpose /O
PHI[5] MII_TXEN MII Transmit Enable
KWU/GPIO Key board wake up Interrupts or General-purpose /O
PH[4] MII_TXCLK MII Transmit Clock
KWU/GPIO Key board wake up Interrupts or General-purpose /O
PH[3:0] MII_TXD[3:0] |MIl Transmit Data
KWU/GPIO Key board wake up Interrupts or General-purpose /O
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Table 3-1. Pin Functions and Priorities (Sheet 3 of 4)

External Signal Description

Pin Function

Port Pin Name Pin Function Description after Reset
Port J PJ[7] IIC_SCL Serial Clock Line bidirectional pin of 1IC module GPIO
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0O
PJ[6] IIC_SDA Serial Data Line bidirectional pin of IC module
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0O
PJ[3] MII_COL MII Collision
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0O
PJ[2] MII_CRS MIl Carrier Sense
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0O
PJ[1] MII_MDIO MIl Management Data Input/Output
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0O
PJ[0] MII_MDC MIl Management Data Clock
KWU/GPIO Key board wake up Interrupt or General-purpose 1/0
Port L PL[6] GPIO General-purpose 1/0 GPIO
PL[5] GPIO General-purpose 1/0
PL[4] COLLED EPHY Collision LED
GPIO General-purpose 1/0
PL[3] DUPLED EPHY Duplex LED
GPIO General-purpose 1/0
PL[2] SPDLED EPHY Speed LED
GPIO General-purpose 1/0
PL[1] LNKLED EPHY Link LED
GPIO General-purpose 1/0
PL[O] ACTLED EPHY Active LED
GPIO General-purpose 1/0
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Table 3-1. Pin Functions and Priorities (Sheet 4 of 4)

Port Pin Name Pin Function Description P;?t:rl";:tsi:tn
Port S PS[7] SPI_SS Serial E’eripheral Interface slave select output in master GPIO
mode, input in slave mode or master mode.
GPIO General-purpose 1/0
PS[6] SPI_SCK Serial Peripheral Interface serial clock pin
GPIO General-purpose 1/0
PS[5] SPI_MOSI Serial Peripheral Interface master out/slave in pin
GPIO General-purpose 1/0
PS[4] SPI_MISO Serial Peripheral Interface master in/slave out pin
GPIO General-purpose 1/0
PS[3] SCIH_TXD Serial Communication Interface 1 transmit pin
GPIO General-purpose 1/0
PS[2] SCI1_RXD Serial Communication Interface 1 receive pin
GPIO General-purpose 1/0
PS[1] SCIO_TXD Serial Communication Interface 0 transmit pin
GPIO General-purpose 1/0
PS[0] SCIO_RXD Serial Communication Interface 0 receive pin
GPIO General-purpose 1/0
Port T PT[7:4] 10C[7:4] Standard Timer1 Channels 7 to 4 GPIO
GPIO General-purpose 1/0

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.
Table 3-2. PIM Module Memory Map

Ag?f;ists 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

MC9S12NE64 Data Sheet, Rev 1.0

124 Freescale Semiconductor



Memory Map and Register Descriptions

Table 3-2. PIM Module Memory Map (Continued)

$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
$OE Port S Wired-Or Mode Register (WOMS) R/W
$0F Reserved —
$10 Port G I/0O 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/0 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/0 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 —
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NOTE

Register Address = Base Address + Address Offset, where the Base Address
is defined at the MCU level and the Address Offset is defined at the module

level.

3.3.2 Register Descriptions

The following table summarizes the effect on the various configuration bits - data direction (DDR), input
/ output level (I/0), reduced drive (RDR), pull enable (PE), pull select (PS) and interrupt enable (IE) for

the ports. The configuration bit PS is used for two purposes:

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

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

Table 3-3. Pin Configuration Summary

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

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

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

clocks during a register read.
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3.3.2.1 Port T Registers

3.3.2.1.1 I/0 Register (PTT)
Module Base + $0

Bit 7 6 5 4 Bit 0
Read: | prry PTT6 PTTS PTT4 0
Write
TIM 10C7 10C6 I0C5 I0C4
Reset: 0 0 0 0 —
|:| = Reserved or unimplemented
Figure 3-2. Port T I/O Register (PTT)
Read:Anytime.

Write: Anytime.

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

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

3.3.2.1.2 Input Register (PTIT)
Module Base + $1

Bit 7 6 5 4 Bit 0
Read: PTIT7 PTIT6 PTIT5 PTIT4 0
Write:
Reset: — — — — —
[ ]=Reserved or unimplemented
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 overload
or short circuit conditions on output pins.

3.3.2.1.3 Data Direction Register (DDRT)
Module Base + $2

Bit 7 6 5 4 3 2 1 Bit 0
Re?d: DDRT7 DDRT6 DDRT5 DDRT4 0 0 0 0
Write:
Reset: 0 0 0 0 — — — —

[ ] =Reserved or unimplemented

Figure 3-4. Port T Data Direction Register (DDRT)
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Read:Anytime.
Write: Anytime.

This register configures 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 enabled
output compare. When the pin is configured as an output compare the corresponding data direction register
(DDRT) bits do not have any effect on the I/O direction of the pin, and will maintain their previously
latched value. The DDRT bits revert to controlling the I/O direction of a pin when the associated timer
output compare is disabled. If a pin is being used as a timer input capture, the DDRT remains in control of
the pin’s I/O direction and the timer monitors the state of the pin.

DDRT[7:4] — 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 read on
PTT or PTIT registers, when changing the DDRT register.

3.3.2.1.4 Reduced Drive Register (RDRT)
Module Base + $3

Bit 7 6 5 4 3 2 1 Bit 0
Re?d: RDRT7 RDRT6 RDRT5 RDRT4 0 0 0 0
Write:
Reset: 0 0 0 0 — — — —

[ ]=Reserved or unimplemented

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

Read:Anytime.
Write: Anytime.

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

RDRT[7:4] — Reduced Drive Port T

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.
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3.3.2.1.5 Pull Device Enable Register (PERT)
Module Base + $4
Bit 7 6 5 4 3 2

1 Bit 0
Re?d: PERT7 PERT6 PERT5 PERT4 0 0 0 0
Write:
Reset: 0 0 0 0 — —

[ ]=Reserved or unimplemented

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

Write: Anytime.

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

PERT[7:4] — 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)
Module Base + $5

Bit 7 6 5 4 3 2 1 Bit 0
Read: | oost7 | ppsTe | PPSTs | PPST4 0 0 0 0
Write:

Reset: 0 0 0 0 — —

[ ]=Reserved or unimplemented

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] — Pull Select Port T

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

0 = A pull-up device is connected to the associated port T pin, if enabled by the associated bit in
register PERT and if the port is used as input.
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3.3.2.2 Port S Registers
3.3.2.2.1 1/0O Register (PTS)
Module Base + $8
Bit 7 6 5 4 3 2 1 Bit O
\?Veri: PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTST PTSO
SPI SS SCK MOSI MISO — — — —
SCI — — — — SCH_TXD |SCIH_RXD [ SCI0_TXD [ SCI0_RXD
Reset: 0 0 0 0 0 0 0 0
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 register,
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 enabled. If
the SPI is enabled the PS[7:4] pins become SPI_SS, SPI_SCK, SPI_MOSI, and SPI_MISO, and their
configuration is determined by several status bits in the SPI module. Refer to the SPI block description
chapter for details.

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

3.3.2.2.2 Input Register (PTIS)
Module Base + $9
Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTISA PTISO
Write:
Reset: — —_ — — — — — —

[ ] =Reserved or unimplemented

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 overload
or short circuit conditions on output pins.
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3.3.2.2.3 Data Direction Register (DDRS)
Module Base + $A

Bit 7 6 5 4 3 2 1 Bit 0
\F;Verﬁz DDRS7 | DDRS6 | DDRS5 | DDRS4 | DDRS3 | DDRS2 | DDRS1 | DDRSO
Reset: 0 0 0 0 0 0 0 0
Figure 3-10. Port S Data Direction Register (DDRS)
Read: Anytime.

Write: Anytime.
This register configures each port S pin as either input or output.

If the SPI is enabled, the SPI controls the SPI related pins (SPL_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. Refer to
the SPI block description chapter for details.

When the SCIO or SCI1 transmitters are enabled, the corresponding transmit pins, SCIO_TxD and
SCI0_TxD, I/O direction is controlled by the SCIO and SCI1 respectively, and the corresponding DDRS3
and DDRS1 bits have no effect on their I/O direction. When the SCIO or SCI1 receivers are enabled, the
corresponding receive pins, SCIO_RXD and SCI1_RXD, I/O direction is controlled by the SCIO and SCI1
respectively, and the DDRS2 and DDRSO bits have no effect on their I/O direction. Refer to the SCI block
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 SCI
function is disabled.

DDRS[7:0] — 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 on PTS
or PTIS registers, when changing the DDRS register.

3.3.2.24 Reduced Drive Register (RDRS)
Module Base + $B
Bit 7 6 5 4 3 2 1 Bit 0
\Ijvericej': RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 RDRSO0
Reset: 0 0 0 0 0 0 0 0
Figure 3-11. Port S Reduced Drive Register (RDRS)
Read:Anytime.

Write: Anytime.

This register configures the drive strength of each port S output pin as either full or reduced. If the port is
used as input this bit is ignored.
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RDRS[7:0] — 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)
Module Base + $C

Bit 7 6 5 4 3 > 1 Bit 0
\Ijver::.: PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERSH1 PERSO
Reset: 1 1 1 1 ] 3 3 :
Figure 3-12. Port S Pull Device Enable Register (PERS)
Read: Anytime.

Write: Anytime.

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

PERS[7:0] — 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)
Module Base + $D

Bit 7 6 5 4 3 2 1 Bit 0
\?Ving PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSS0
Reset: 0 0 0 0 0 ) 5 5
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] — Pull Select Port S

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

0 = A pull-up device is connected to the associated port S pin, if enabled by the associated bit in
PERS register and if the port is used as input or as wired-or output.
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3.3.2.2.7 Wired-Or Mode Register (WOMS)
Module Base + $E

Bit 7 6 5 4 3 2 1 Bit 0
\Ffverﬁz WOMS7 | WoMS6 | woMmss | woms4 | woms3 | woms2 | womsi | womso
Reset: 0 0 0 0 0 0 0 )
Figure 3-14. Port S Wired-Or Mode Register (WOMS)
Read: Anytime.

Write: Anytime.

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

WOMS|7:0] — 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  1/O Register (PTG)
Module Base + $10

Bit 7 6 5 4 3 2 1 Bit 0
\ljveri: PTG7 PTG6 PTG5 PTG4 PTG3 PTG2 PTG1 PTGO
EMAC [ — | MI_RXER | MI_RXDV [MII_RXCLK | MI_RXD3 | MI_RXD2 | MI_RXD1 | MI_RXDO
KWU KWG
Reset: — 0 0 0 0 0 0 0

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 register,
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 is
enabled PG[6:0] pins become inputs MII_RXER, MII_RXDV, MII_RXCLK, MII_RXD[3:0]. Please refer
to the EMAC block description chapter for details.
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3.3.2.3.2 Input Register (PTIG)
Module Base + $11

Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIG7 PTIG6 PTIG5 PTIG4 PTIG3 PTIG2 PTIG1 PTIGO
Write:
Reset: — — — — — — — —
[ ]=Reserved or unimplemented
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 overload
or short circuit conditions on output pins.

3.3.2.3.3 Data Direction Register (DDRG)
Module Base + $12

Bit 7 6 5 4 3 2 1 Bit 0
\ljviﬁzf DDRG7 DDRG6 DDRG5 DDRG4 DDRG3 DDRG2 DDRG1 DDRGO
Reset: 0 0 0 0 0 0 0 0
Figure 3-17. Port G Data Direction Register (DDRG)
Read:Anytime.

Write: Anytime.
This register configures each port G pin as either input or output.

DDRG([7:0] — 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 has no
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 interface is
disabled.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTG
or PTIG registers, when changing the DDRG register.
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3.3.2.3.4 Reduced Drive Register (RDRG)
Module Base + $13
Bit 7 6 5 4 3 2 1 Bit 0
@eﬁz RDRG7 | RDRG6 | RDRG5 | RDRG4 | RDRG3 | RDRG2 | RDRG1 | RDRGO
Reset: 0 0 0 0 0 0 0 0
Figure 3-18. Port G Reduced Drive Register (RDRG)
Read:Anytime.

Write: Anytime.

This register configures the drive strength of each port G output pin as either full or reduced. If the port is
used as input these bits are ignored.

RDRG][7:0] — 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)
Module Base + $14
Bit 7 6 5 4 3 2 1 Bit O
\?Vi:;jf PERG7 PERG6 PERG5 PERG4 PERGS3 PERG2 PERGH1 PERGO
Reset: 0 0 0 0 0 0 0 0
Figure 3-19. Port G Pull Device Enable Register (PERG)
Read:Anytime.

Write: Anytime.

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

PERG([7:0] — 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)
Module Base + $15
Bit 7 6 5 4 3 5 ’ Bt O
oo | PPSG7 | PPSGe | PPSGS | PPSG4 | PPSG3 | PPSG2 | PPSG1 | PPSGO
Reset: 0 0 0 0 0 ) 5 5

Figure 3-20. Port G Polarity Select Register (PPSG)
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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] — Pull Select Port G

1 = Rising edge on the associated port G pin sets the associated flag bit in the PIFG register. A
pull-down device is connected to the associated port G pin, if enabled by the associated bit in
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 register. A
pull-up device is connected to the associated port G pin, if enabled by the associated bit in
register PERG and if the port is used as input.

3.3.2.3.7 Interrupt Enable Register (PIEG)
Module Base + $16
Bit 7 6 5 4 3 2 1 Bit 0
\?VE:'::': PIEG7 PIEG6 PIEG5 PIEG4 PIEG3 PIEG2 PIEG1 PIEGO
Reset: 0 0 0 0 0 0 0 0
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 with port
G.

PIEG[7:0] — Interrupt Enable Port G

1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

3.3.2.3.8 Interrupt Flag Register (PIFG)
Module Base + $17
Bit 7 6 5 4 3 2 1 Bit 0
CV?::E PIFG7 PIFG6 PIFG5 PIFG4 PIFG3 PIFG2 PIFG1 PIFGO
Reset: 0 0 0 0 0 0 0 0
Figure 3-22. Port G Interrupt Flag Register (PIFG)
Read:Anytime.

Write: Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based
on the state of the PPSG register. To clear this flag, write a “1” to the corresponding bit in the PIFG register.
Writing a “0” has no effect.
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PIFG[7:0] — Interrupt Flags Port G

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

0 = No active edge pending.
Writing a “0” has no effect.

3.3.2.4 Port H Registers

3.3.2.4.1  1/O Register (PTH)
Module Base + $18

Bit 7 6 5 4 3 2 1 Bit0
\ljverig 0 PTH6 PTHS PTH4 PTH3 PTH2 PTH1 PTHO
EMAC MIT_TXER|MI_TXEN|MI_TXCLK| MII_TXD3 | MI_TXD2 | MIL_TXD1 | MIL_TXDO
KWU KWH
Reset:  — 0 0 0 0 0 0 0

|:| = Reserved or unimplemented

Figure 3-23. Port H 1/0 Register (PTH)

Read:Anytime.
Write: Anytime.

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

The 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] pins

become MII_TXER, MII_TXEN, MII_TXCLK, MII_TXD[3:0]. Please refer to the EMAC block
description chapter for details.

3.3.24.2 Input Register (PTIH)
Module Base + $19

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIHA PTIHO
Write:
Reset: — — — — — — — —

|:| = Reserved or unimplemented

Figure 3-24. Port H Input Register (PTIH)

Read:Anytime.

Write:Never, writes to this register have no effect.
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This register always reads back the status of the associated pins. This can be also used to detect overload
or short circuit conditions on output pins.

3.3.2.4.3 Data Direction Register (DDRH)
Module Base + $1A

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
Write: DDRH6 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRHO
Reset: — 0 0 0 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-25. Port H Data Direction Register (DDRH)

Read:Anytime.
Write: Anytime.

This register configures each port H pin as either input or output.
DDRH[6:0] — 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 PTH
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_TXDJ[3:0]. In that case, DDRH[6:0] bits have no effect on their I/O direction.
3.3.24.4 Reduced Drive Register (RDRH)

Module Base + $1B

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
Write: RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRHO
Reset: — 0 0 0 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-26. Port H Reduced Drive Register (RDRH)

Read:Anytime.
Write: Anytime.

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

RDRH]6:0] — Reduced Drive Port H

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.
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3.3.2.4.5 Pull Device Enable Register (PERH)
Module Base + $1C

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
Write: PERH6 PERH5 PERH4 PERHS3 PERH2 PERH1 PERHO
Reset: — 0 0 0 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-27. Port H Pull Device Enable Register (PERH)

Read:Anytime.
Write: Anytime.

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

PERH[6:0] — 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)

Module Base + $1D
Bit 7 6 5 4 3 2 1 Bit 0

\F/{Ver;c::: 0 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSHO
Reset: — 0 0 0 0 ) 5 5

[ ]=Reserved or unimplemented

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 selecting
a pull-up or pull-down device if enabled.

PPSH[6:0] — Pull Select Port H

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

0 = Falling edge on the associated port H pin sets the associated flag bit in the PIFH register.A
pull-up device is connected to the associated port H pin, if enabled by the associated bit in
register PERH and if the port is used as input.
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3.3.2.4.7 Interrupt Enable Register (PIEH)
Module Base + $1E
Bit 7 6 5 4 3 2 1 Bit 0
\F/{viiz 0 PIEH6 | PIEH5 | PIEH4 | PIEH3 | PIEH2 | PIEH1 PIEHO
Reset: — 0 0 0 0 0 0 0
[ ]=Reserved or unimplemented
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 with port H.

PIEH[6:0] — Interrupt Enable Port H

1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

3.3.2.4.8 Interrupt Flag Register (PIFH)
Module Base + $1F
Bit 7 6 5 4 3 2 1 Bit 0
Cvii: 0 PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFHO
Reset: — 0 0 0 0 0 0 0
|:| = Reserved or unimplemented
Figure 3-30. Port H Interrupt Flag Register (PIFH)

Read:Anytime.

Write: Anytime.

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

PIFH[6:0] — Interrupt Flags Port H

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

0 = No active edge pending.
Writing a “0” has no effect.
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3.3.2.5 Port J Registers
3.3.2.5.1  1/0 Register (PTJ)
Module Base + $20
Bit 7 6 5 4 3 2 1 Bit 0
Read: | pr PTJ6 0 0 PTJ3 PTJ2 PTJ1 PTJO
Write:
EMAC — — MII_COL | MI_CRS | MIl_MDIO | MIl_MDC
IIC IIC_SCL IICSDA — — — —
KWU KWJ KWJ
Reset: 0 0 — — 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-31. Port J I/O Register (PTJ)

Read:Anytime.
Write: Anytime.

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

The EMAC MII external interface and IIC take precedence over general-purpose I/O function. If the
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. Please
refer to the EMAC and IIC block description chapters for details.

3.3.2.5.2 Input Register (PTIJ)
Module Base + $21
Bit 7 6 5 4 3 2 1 Bit 0
Read: PTIJ7 PTIJ6 0 0 PTIJ3 PTIJ2 PTIJA PTIJO
Write:
Reset: — — — — — — — —

|:| = Reserved or unimplemented

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 overload or
short circuit conditions on output pins.
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3.3.2.5.3 Data Direction Register (DDRJ)
Module Base + $22
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
Write: DDRJ7 DDRJ6 DDRJ3 DDRJ2 DDRJA1 DDRJO
Reset: 0 0 — — 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-33. Port J Data Direction Register (DDRJ)

Read:Anytime.

Write: Anytime.

This register configures port pins J[7:6]and PJ[3:0] as either input or output.
DDRIJ[7:6][3:0] — 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 on PTJ
or PTI1J 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 have
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 COL
and the corresponding DDRIJ[3:0] bits have no effect on their I/O direction. Refer to the EMAC block
description chapter for details.

3.3.2.5.4 Reduced Drive Register (RDRJ)
Module Base + $23
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
Write: | RDRY7 RDRJ6 RDRJ3 RDRJ2 RDRJ1 RDRJO
Reset: 0 0 — — 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-34. Port J Reduced Drive Register (RDRJ)

Read:Anytime.
Write: Anytime.

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

RDRI[7:6][3:0] — Reduced Drive Port J

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

MC9S12NE64 Data Sheet, Rev 1.0

142 Freescale Semiconductor



Memory Map and Register Descriptions

3.3.2.5.5 Pull Device Enable Register (PERJ)
Module Base + $24
Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
Write: PERJ7 PERJ6 PERJ3 PERJ2 PERJ1 PERJO
Reset: 1 1 — — 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-35. Port J Pull Device Enable Register (PERJ)

Read:Anytime.
Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input.
This bit has no effect if the port is used as output. Out of reset pull-up device is enabled for bits PJ[7:6]
and disabled for bits PJ[3:0].

PERJ[7:6][3:0] — 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)
Module Base + $25

Bit 7 6 5 4 3 2 1 Bit 0
\F;verﬁgf PPSJ7 | PPSJ6 0 0 PPSJ3 | PPSJ2 | PPSJ1 | PPSJO
Reset: 0 0 — — 0 0 0 0

[ ]=Reserved or unimplemented

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 selecting
a pull-up or pull-down device if enabled.

PPSJ[7:6][3:0] — Polarity Select Port J

1 = Rising edge on the associated port J pin sets the associated flag bit in the PIF] register. A
pull-down device is connected to the associated port J pin, if enabled by the associated bit in
register PERJ and if the port is used as input.

0 =Falling edge on the associated port J pin sets the associated flag bit in the PIFJ register. A pull-up
device is connected to the associated port J pin, if enabled by the associated bit in register PERJ
and if the port is used as input.
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3.3.2.5.7 Interrupt Enable Register (PIEJ)
Module Base + $26
Bit 7 6 5 4 3 2 1 Bit 0
Read: | o1 )7 PIEJ6 0 0 PIEJ3 PIEJ2 PIEJ1 PIEJO
Write:
Reset: 0 0 — — 0 0 0 0

[ ]=Reserved or unimplemented

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 associated with
port J.

PIEJ[7:6][3:0]— Interrupt Enable Port J

1 = Interrupt is enabled.
0 = Interrupt is disabled (interrupt flag masked).

3.3.2.5.8 Interrupt Flag Register (PIFJ)
Module Base + $27
Bit 7 6 5 4 3 2 1 Bit 0

Re'ad: PIFJ7 PIFJ6 0 0 PIFJ3 PIFJ2 PIFJ1 PIFJO

Write:

Reset: 0 0 — — 0 0 0 0

|:| = Reserved or unimplemented
Figure 3-38. Port J Interrupt Flag Register (PIFJ)

Read:Anytime.

Write: Anytime.

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

PIFJ[7:6][3:0] — Interrupt Flags Port J

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

0 = No active edge pending.
Writing a “0” has no effect.
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3.3.2.6 Port L Registers
3.3.2.6.1  1/0O Register (PTL)
Module Base + $28
Bit 7 6 5 4 3 2 1 Bit0
\F;Verﬁ: 0 PTL6 PTL5 PTL4 PTL3 PTL2 PTL1 PTLO
PHY COLLED | DUPLED | SPDLED | LNKLED | ACTLED
Reset: 0 0 0 0 0 0 0

|:| = Reserved or unimplemented

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 register,
otherwise the value at the pins is read.

The EPHY LED drive takes precedence over general-purpose 1/0 function if the EPHYCTLO LEDEN bit
is enabled. With the LEDEN bit set, PTL[4:0] become COLLED, DUPLED, SPDLED, LNKLED, and
ACTLED. Refer to EPHY block description chapter for more detail.

3.3.2.6.2 Input Register (PTIL)

Module Base + $29

Bit 7 6 5 4 3 2 1 Bit O
Read: 0 PTIL6 PTIL5 PTIL4 PTIL3 PTIL2 PTIL1 PTILO
Write:
Reset: — — — — — — — —

[ ]=Reserved or unimplemented

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 overload
or short circuit conditions on output pins.
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3.3.2.6.3 Data Direction Register (DDRL)
Module Base + $2A
Bit 7 6 5 4 3 2 1 Bit 0

Read: 0

Write: DDRL6 DDRL5 DDRL4 DDRL3 DDRL2 DDRLA1 DDRLO

Reset: — 0 0 0 0 0 0 0

[ ]=Reserved or unimplemented
Figure 3-41. Port L Data Direction Register (DDRL)

Read:Anytime.

Write: Anytime.
DDRL[6:0] — Data Direction Port L

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

This register configures each port L pin as either input or output. If EPHY port status LEDs are enabled,
pins PL[4:0] are forced to be outputs and this register has no effect on their directions. Refer to the EPHY
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 PTL
or PTIL registers, when changing the DDRL register.

3.3.2.6.4 Reduced Drive Register (RDRL)
Module Base + $2B
Bit 7 6 5 4 3 2 1 Bit 0

Read: 0

Write: RDRL6 RDRL5 RDRL4 RDRL3 RDRL2 RDRLA1 RDRLO

Reset: — 0 0 0 0 0 0 0

[ ]=Reserved or unimplemented
Figure 3-42. Port L Reduced Drive Register (RDRL)

Read:Anytime.

Write: Anytime.

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

RDRL[6:0] — Reduced Drive Port L

1 = Associated pin drives at about 1/3 of the full drive strength.
0 = Full drive strength at output.
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3.3.2.6.5 Pull Device Enable Register (PERL)

Module Base + $2C
Bit 7 6 5 4 3 2 1 Bit 0

\F/{Verzz-: 0 PERL6 PERL5 PERL4 PERL3 PERL2 PERL1 PERLO

Reset:

1 1 1 1 1 1 1

[ ]=Reserved or unimplemented

Figure 3-43. Port L Pull Device Enable Register (PERL)

Read:Anytime.
Write: Anytime.

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

PERL][6:0] — 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)
Module Base + $2D

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
Write: PPSL6 PPSL5 PPSL4 PPSL3 PPSL2 PPSL1 PPSLO
Reset: — 0 0 0 0 ) 5 5

[ ]=Reserved or unimplemented

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] — Pull Select Port L

1 = A pull-down device is connected to the associated port L pin, if enabled by the associated bit in
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 bit in
register PERL and if the port is used as input or as wired-or output.
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3.3.2.6.7 Wired-Or Mode Register (WOML)

Address Offset: $_ 2E
Bit 7 6 5 4 3 2 1 Bit 0

\F/{Ver;c::: 0 WOML6 | WOML5 | WOML4 | WOML3 | WOML2 | WOML1 | WOMLO
Reset: — 0 0 0 0 0 0 0

[ ]=Reserved or unimplemented

Figure 3-45. Port L Wired-Or Mode Register (WONMNIL)

Read:Anytime.
Write: Anytime.

This register configures the output pins as wired-or. If enabled the output is driven active low only
(open-drain). A logic level of “1” is not driven. This bit has no effect on pins used as inputs.

WOML[6:0] — 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 module
or an input to a peripheral module.

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

Example:

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

3.4.1 /O Register

This register holds the value driven out to the pin if the port is used as a general-purpose 1/0.

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

If the data direction register bits are set to 1, the contents of the I/O register is returned. This is independent
of any other configuration (Figure 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
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This register defines whether the pin is used as an input or an output.

If a peripheral module controls the pin the contents of the data direction register is ignored (Figure 3-46).

PTI |-

; Le)
o —‘ . PAD

DDR 0

data out

Module output enable

module enable

Figure 3-46. lllustration of I1/0 Pin Functionality

3.4.3 Reduced Drive Register

If the port is used as an output the register allows the configuration 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 be
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 configured as high-impedance inputs.
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3.7 PortS
This port is associated with the serial SCI and SPI modules.

Port S pins PS[7:0] can be used either for general-purpose /O, or with the SCIO, SCI1, and SPI
subsystems.

During reset, port S pins are configured 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. Further the
Keypad Wake-Up function is implemented on pins G[7:0].

During reset, port G pins are configured 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 fashion.
The interrupt enable as well as the sensitivity to rising or falling edges can be individually configured on
per pin basis. All eight bits/pins share the same interrupt vector. Interrupts can be used with the pins
configured as inputs or outputs.

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

A digital filter on each pin prevents pulses (Figure 3-48) shorter than a specified time from generating an
interrupt. The minimum time varies over process conditions, temperature and voltage (Figure 3-47 and
Table 3-4).

Glitch, filtered out, no interrupt flag set

I A

:4 toval >!

Figure 3-47. Interrupt Glitch Filter on Port G, H, and J (PPS=0)
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Table 3-4. Pulse Detection Criteria

Mode
Pulse STOP sTOP!
Unit Unit
Ignored toign <= 3| bus clocks toign <=3.2| s
Uncertain 3 <tpuse <4| bus clocks 382 <thyse <10| s
Valid toval >=4| bus clocks toval >=10| us

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

—\J \/—
R

Figure 3-48. Pulse lllustration

A valid edge on input is detected if 4 consecutive samples of a passive level are followed by 4 consecutive
samples of an active level directly or indirectly.

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

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

3.49 PortH
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. Further the
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 configured as high-impedance inputs.

3.4.10 PortJ
The EMAC and IIC modules are connected to port J.

Port J pins PJ[7:6] can be used either for general-purpose I/0 or with the IIC subsystem. Port J pins PJ[3:0]
can be used either for general-purpose I/0 or with the EMAC subsystems. Further the Keypad Wake-Up
function is implemented on pins H[6:0].

Port J offers the same interrupt features as on port G.
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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 configured as inputs with pull-ups and pins PJ[3:0] are configured as
high-impedance inputs.

3.4.11 PortlL

In all modes, port L pins PL[6:0] can be used either for general-purpose I/O or with the EPHY subsystem.
During reset, port L pins are configured 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 chapter for
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, and J.

3.5 Initialization/Application Information

The reset values of all registers are given in Section 3.3, “Memory Map and Register Descriptions.”

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

Table 3-5. Port Reset State Summary

Reset States
Port Dill':t)a?:tt?on Pull Mode | Red. Drive Wli\zgccil-eOr 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
B - :
£ Refer to the MEBI block description chapter for details.
K
BKGD pin Refer to the BDM block description chapter for details.
3.6 Interrupts

Port G, H, and J generate a separate edge sensitive interrupt if enabled.

3.6.1 Interrupt Sources
Table 3-6. Port Integration Module Interrupt Sources
Interrupt Source Intﬁlg;pt Local Enable Glolﬁ;g(l:(CR)
Port G PIFG[7:0] PIEG[7:0] | Bit
Port H PIFH[6:0] PIEH[6:0] | Bit
Port J PIFJ[7:61,[3:0] | PIEJ[7:6],[3:0] | Bit
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 sources of
external interrupts please refer to the respective block description chapter.
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Chapter 4
Clocks and Reset Generator (CRG) Block Description

4.1

Introduction

This specification describes the function of the clocks and reset generator (CRG).

4.1.1

Features

The main features of this block are:

4.1.2

Phase-locked loop (PLL) frequency multiplier

— Reference divider

— Automatic bandwidth control mode for low-jitter operation

— Automatic frequency lock detector

— CPU interrupt on entry or exit from locked condition

— Self-clock mode in absence of reference clock

System clock generator

— Clock quality check

— Clock switch for either oscillator- or PLL-based system clocks

— User selectable disabling of clocks during wait mode for reduced power consumption
Computer operating properly (COP) watchdog timer with time-out clear window
System reset generation from the following possible sources:

— Power-on reset

— Low voltage reset
Refer to the device overview section for availability of this feature.

— COP reset

— Loss of clock reset

— External pin reset
Real-Time Interrupt (RTI)

Modes of Operation

This subsection lists and briefly describes all operating modes supported by the CRG.

Run mode

All functional parts of the CRG are running during normal run mode. If RTT or COP functionality
is required the individual bits of the associated rate select registers (COPCTL, RTICTL) have to be

set to a nonzero value.
Wait mode
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4.1.3

This mode allows to disable the system and core clocks depending on the configuration of the
individual bits in the CLKSEL register.

Stop mode
Depending on the setting of the PSTP bit, stop Mode can be differentiated between full stop mode
(PSTP=0) and pseudo-stop mode (PSTP=1).
— Full stop mode
The oscillator is disabled and thus all system and core clocks are stopped. The COP and the
RTI remain frozen.
— Pseudo-stop mode
The oscillator continues to run and most of the system and core clocks are stopped. If the
respective enable bits are set the COP and RTI will continue to run, else they remain frozen.
Self-clock mode
Self-clock mode will be entered if the clock monitor enable bit (CME) and the self-clock mode
enable bit (SCME) are both asserted and the clock monitor in the oscillator block detects a loss of
clock. As soon as self-clock mode is entered the CRG starts to perform a clock quality check.
Self-clock mode remains active until the clock quality check indicates that the required quality of
the incoming clock signal is met (frequency and amplitude). Self-clock mode should be used for

safety purposes only. It provides reduced functionality to the MCU in case a loss of clock is causing
severe system conditions.

Block Diagram

Figure 4-1 shows a block diagram of the CRG.
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Signal Description

Power-on Reset

Voltage
Regulator|  Low Voltage Reset !
RESET CRG o Y
X< q Reset System Reset >
Clock CM falil Generator
XCLKS. | [Monitor 5
4 > oscil OSCCLK é CI%chk Qitlality
EXTAL scil- = ecker
X —P) Bus Clock
XTAL, lator § S >
Xe—>
COP RTI Core Clock >
Oscillator Clock >
Registers
XFC
X< > PLLCLK .
i VbppLL > PLL Clock and Reset Real-Time Interrupt>
\%
e SSPLL R Control PLL Lock Interrupt
Self-Clock Mode
>
Interrupt

1) Refer to the device overview section for availability
of the low voltage reset feature.

Figure 4-1. Block Diagram of CRG

4.2 Signal Description

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

4.21  VpppLL; VsspLL

These pins provides operating voltage (Vpppyr ) and ground (Vggpy 1) for the PLL circuitry. This allows
the supply voltage to the PLL to be independently bypassed. Even if PLL usage is not required Vpppy 1
and Vggpp 1, must be connected properly.

422 XFC

A passive external loop filter must be placed on the XFC pin. The filter is a second-order, low-pass filter
to eliminate the VCO input ripple. The value of the external filter network and the reference frequency
determines the speed of the corrections and the stability of the PLL. Refer to the device overview chapter
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for calculation of PLL Loop Filter (XFC) components. If PLL usage is not required the XFC pin must be
tied to VDDPLL.

VDDPLL

T
L

1 cs -
MCU
Rs
XFC .

Figure 4-2. PLL Loop Filter Connections

4.2.3 RESET

RESET is an active low bidirectional reset pin. As an input it initializes the MCU asynchronously to a
known start-up state. As an open-drain output it indicates that an system reset (internal to MCU) has been
triggered.

4.3 Memory Map and Register Descriptions

This section provides a detailed description of all registers accessible in the CRG.

4.3.1 Module Memory Map

Table 4-1 gives an overview on all CRG registers.
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Memory Map and Register Descriptions

Table 4-1. CRG Module Memory Map

Ag;:ifrseests Use Access
$_00 CRG Synthesizer Register (SYNR) R/W
$_01 CRG Reference Divider Register (REFDV) R/W
$_02 CRG Test Flags Register (CTFLG)' R/W
$_03 CRG Flags Register (CRGFLG) R/W
$_04 CRG Interrupt Enable Register (CRGINT) R/W
$_05 CRG Clock Select Register (CLKSEL) R/W
$_06 CRG PLL Control Register (PLLCTL) R/W
$_07 CRG RTI Control Register (RTICTL) R/W
$_08 CRG COP Control Register (COPCTL) R/W
$_09 CRG Force and Bypass Test Register (FORBYP)? R/W
$_0A CRG Test Control Register (CTCTL)3 R/W
$_0B CRG COP Arm/Timer Reset (ARMCOP) R/W

ICTFLG is intended for factory test purposes only.
2FORBYP is intended for factory test purposes only.
SCTCTL is intended for factory test purposes only.

NOTE

Register address = base address + address offset, where the base address is
defined at the MCU level and the address offset is defined at the module
level.

4.3.2 Register Descriptions

This section describes in address order all the CRG registers and their individual bits.

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 loop
divider (SYNR) register effectively multiplies up the PLL clock (PLLCLK) from the reference frequency
by 2 x (SYNR+1). PLLCLK will not be below the minimum VCO frequency (fgcp)-

(SYNR + 1)

NOTE

If PLL is selected (PLLSEL=1), Bus Clock = PLLCLK /2
Bus Clock must not exceed the maximum operating system frequency.
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Module Base + $0

7 6 5 4 3 2 1 0
VT/ 0 0 SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
RESET: 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 4-3. CRG Synthesizer Register (SYNR)

Read: anytime
Write: anytime except if PLLSEL = 1

NOTE

Write to this register initializes the lock detector bit and the track detector
bit.

4.3.2.2 CRG Reference Divider Register (REFDV)

The REFDYV register provides a finer granularity for the PLL multiplier steps. The count in the reference
divider divides OSCCLK frequency by REFDV+1.
Module Base + $1

VF\%I 0 0 0 0 REFDV3 | REFDV2 | REFDVi | REFDVO
RESET: 0 0 0 0 0 0 0 0

[ ]=Unimplemented or Reserved

Figure 4-4. CRG Reference Divider Register (REFDV)
Read: anytime

Write: anytime except when PLLSEL =1

NOTE

Write to this register initializes the lock detector bit and the track detector
bit.

4.3.2.3 Reserved Register (CTFLG)

This register is reserved for factory testing of the CRG module and is not available in normal modes.
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Module Base + $2

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 4-5. Reserved Register (CTFLG)

Read: always reads $00 in normal modes

Write: unimplemented in normal modes

NOTE

Writing to this register when in special mode can alter the CRG
functionality.

4.3.2.4 CRG Flags Register (CRGFLG)
This register provides CRG status bits and flags.

Module Base + $3

7 6 5 4 3 2 1 0
VF:/ RTIF PORF LVRF LOCKIF LOCK TRACK SCMIF SCM
RESET: 0 1 ‘ 0 0 0 0 0

|:|= Unimplemented or Reserved

' 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.

Figure 4-6. CRG Flags Register (CRGFLG)

Read: anytime
Write: refer to each bit for individual write conditions

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.

1 = RTI time-out has occurred.

0 = RTI time-out has not yet occurred.
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PORF — Power-on Reset Flag

POREF 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.

1 = Power-on reset has occurred.

0 = Power-on reset has not occurred.

LVRF — Low Voltage Reset Flag

If low voltage reset feature is not available (see the device overview chapter), LVRF always reads 0.
LVRFis 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.

1 = Low voltage reset has occurred.

0 = Low voltage reset has not occurred.

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.

1 = LOCK bit has changed.

0 = No change in LOCK bit.

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.

1 = PLL VCO is within the desired tolerance of the target frequency.

0 =PLL VCO is not within the desired tolerance of the target frequency.

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.

1 = Tracking mode status.

0 = Acquisition mode status.

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.
1 = SCM bit has changed.

0 = No change in SCM bit.

SCM — Self-Clock Mode Status Bit

SCM reflects the current clocking mode. Writes have no effect.
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 fgcop.

0 = MCU is operating normally with OSCCLK available.

4.3.2.5 CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.
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Memory Map and Register Descriptions

7 6 5 4 3 2 1 0

oo | RTE 0 0 LOCKIE 0 0 SCMIE 0

RESET: 0 0 0 0 0 0 0 0
[ ] =Unimplemented or Reserved

Figure 4-7. CRG Interrupt Enable Register (CRGINT)
Read: anytime
Write: anytime

RTIE — Real-Time Interrupt Enable Bit.
1 = Interrupt will be requested whenever RTIF is set.
0 = Interrupt requests from RTT are disabled.

LOCKIE — Lock Interrupt Enable Bit
1 = Interrupt will be requested whenever LOCKIF is set.
0 = LOCK interrupt requests are disabled.

SCMIE — Self-Clock Mode Interrupt Enable Bit
1 = Interrupt will be requested whenever SCMIF is set.
0 = SCM interrupt requests are disabled.

4.3.2.6 CRG Clock Select Register (CLKSEL)

This register controls CRG clock selection. Refer to Figure 4-16 for details on the effect of each bit.

Module Base + $5

7 6 5 4 3 2 1 0
VF:/ PLLSEL PSTP SYSWAI | ROAWAI PLLWAI CWAI RTIWAI COPWAI
RESET: 0 0 0 0 0 0 0 0

Figure 4-8. CRG Clock Select Register (CLKSEL)

Read: anytime

Write: refer to each bit for individual write conditions

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 PLLLCLK as SYSCLK. PLLSEL bit is cleared when the
MCU enters self-clock mode, stop mode or wait mode with PLLWALI bit set.

1 = System clocks are derived from PLLCLK (Bus Clock = PLLCLK / 2).

0 = System clocks are derived from OSCCLK (Bus Clock = OSCCLK / 2).
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PSTP — Pseudo-Stop Bit
Write: anytime
This bit controls the functionality of the oscillator during 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.
0 = Oscillator is disabled in stop mode.

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.

Lower oscillator amplitude exhibits lower power consumption but could
have adverse effects during any electro-magnetic susceptibility (EMS) tests.

SYSWAI — System clocks stop in wait mode bit
Write: anytime
1 = In wait mode, the system clocks stop.
0 = In wait mode, the system clocks continue to run.

NOTE
RTT and COP are not affected by SYSWAI bit.

ROAWAI — Reduced Oscillator Amplitude in Wait Mode Bit.

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.
Write: anytime

1 = Reduced oscillator amplitude in wait mode.

0 = Normal 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.

PLLWAI — PLL stops in Wait Mode Bit
Write: anytime
If PLLWALI is set, the CRG 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 PLLWALI 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.

1 = PLL stops in wait mode.

0 = PLL keeps running in wait mode.
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CWAI — Core stops in Wait Mode Bit

Write: anytime
1 = Core clock stops in wait mode.
0 = Core clock keeps running in wait mode.

RTIWAI — RTI stops in Wait Mode Bit

Write: anytime
1 = RTI stops and initializes the RTI dividers whenever the part goes into wait mode.
0 = RTI keeps running in wait mode.

COPWAI — COP stops in Wait Mode Bit
Normal modes: Write once

Special modes: Write anytime
1 = COP stops and initializes the COP dividers whenever the part goes into wait mode.
0 = COP keeps running in wait mode.

4.3.2.7 CRG PLL Control Register (PLLCTL)

This register controls the PLL functionality.

Module Base + $6

7 6 5 4 3 2 1 0
VF:/ CME PLLON AUTO ACQ 0 PRE PCE SCME
RESET: 1 1 1 1 0 0 0 1

|:|= Unimplemented or Reserved

Figure 4-9. CRG PLL Control Register (PLLCTL)

Read: anytime

Write: refer to each bit for individual write conditions

CME — Clock Monitor Enable Bit

CME enables the clock monitor. Write anytime except when SCM = 1.
1 = Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor reset sequence or
self-clock mode.
0 = Clock monitor is disabled.

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.

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.
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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.

1 = PLL is turned on. If AUTO bit is set, the PLL will lock automatically.

0 =PLL is turned off.

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.

1 = Automatic mode control is enabled and ACQ bit has no effect.

0 = Automatic mode control is disabled and the PLL is under software control, using ACQ bit.

ACQ — Acquisition Bit

Write anytime. If AUTO=1 this bit has no effect.
1 = High bandwidth filter is selected.
0 = Low bandwidth filter is selected.

PRE — RTI Enable during Pseudo-Stop Bit

PRE enables the RTI during pseudo-stop mode. Write anytime.
1 = RTI continues running during pseudo-stop mode.
0 = RTI stops 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
RTIWALI bit set.

PCE — COP Enable during Pseudo-Stop Bit

PCE enables the COP during pseudo-stop mode. Write anytime.
1 = COP continues running during pseudo-stop mode
0 = COP stops 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
COPWALI bit set.

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).
1 = Detection of crystal clock failure forces the MCU in self-clock mode (see Section 4.4.2.2,
“Self-Clock Mode”).
0 = Detection of crystal clock failure causes clock monitor reset (see Section 4.5.1, “Clock Monitor
Reset”).
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4.3.2.8 CRG RTI Control Register (RTICTL)

This register selects the timeout period for the real-time interrupt.
Module Base + $7

7 6 5 4 3 2 1 0
VT/ 0 RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
RESET: 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 4-10. CRG RTI Control Register (RTICTL)
Read: anytime
Write: anytime

NOTE

A write to this register initializes the RTI counter.

RTR[6:4] — Real-Time Interrupt Prescale Rate Select Bits
These bits select the prescale rate for the RTI. See Table 4-2.

RTR[3:0] — Real-Time Interrupt Modulus Counter Select Bits

These bits select the modulus counter target value to provide additional granularity. Table 4-2 shows
all possible divide values selectable by the RTICTL register. The source clock for the RTIis OSCCLK.

Table 4-2. RTI Frequency Divide Rates

RTR[3:0] RTR[6:4] =
000 001 010 011 100 101 110 111
OFF) | @9 | @) | @3 | @% | @9 | @ | @9
0000 (1) OFF* 210 011 012 213 014 215 216
0001 (+2) OFF* 2x210 2x2'1 2x212 2x213 2x214 2x21% 2x216
0010 (+3) OFF* 3x210 3x2'1 3x212 3x213 3x214 3x21° 3x216
0011 (+4) OFF* 4x210 4x211 4x212 4x213 4x214 4x21% 4x216
0100 (+5) OFF* 5x210 5x2'1 5x212 5x213 5x214 5x21° 5x216
0101 (+6) OFF* 6x210 ex21 6x2'2 ex2'3 px214 6x21° 6x216
0110 (=7) OFF* 7x210 7x211 7x212 7x213 7x214 7x215 7x216
0111 (+8) OFF* 8x210 gx2'1 8x212 gx2'3 gx214 8x21° 8x216
1000 (+9) OFF* 9x210 ox2'1 ox212 ox213 ox214 ox21® ox216
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Table 4-2. RTI Frequency Divide Rates (Continued)

RTR[3:0] RTR[6:4] =

1001 (+10) OFF* 10x210 | 1ox2™ | 10x22 | 10x2™@ | 10x2' | 10x2'® | 10x216
1010 (+11) OFF* 11x210 | 11x2™ | 11x22 | 11x2’® | 11x2™% | 11x2? | 11x276
1011 (+12) OFF* 12x210 | 12x2™ | 12x212 | 12x2’3 | 12x2™4 | 12x21 | 12x276
1100 (= 13) OFF* 13x210 | 13x2™ | 13x2'2 | 13x2’® | 13x2'* | 13x2'> | 13x2'6
1101 (+14) OFF* 14x210 | 14x2™ | 14x212 | 14x2™8 | 14x2™ | 14x2'® | 14x2'6
1110 (+15) OFF* 15x210 | 15x2™ | 15x212 | 15x2'3 | 15x2' | 15x2'5 | 15x2'6
1111 (= 16) OFF* 16x210 | 16x2' | 16x2'2 | 16x2'3 | 16x2'* | 16x2'° | 16x26

* Denotes the default value out of reset.This value should be used to disable the RTI to ensure future backwards

compatibility.

4.3.29 CRG COP Control Register (COPCTL)

This register controls the COP (computer operating properly) watchdog.

Module Base + $8

7 6 5 4 3 2 1 0
VF:I WCOP RSBCK 0 0 0 CR2 CR1 CRO
RESET: 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 4-11. CRG COP Control Register (COPCTL)

Read: anytime
Write: WCOP, CR2, CR1, CRO: once in user mode, anytime in special mode
Write: RSBCK: once

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, $55 can be written as often as desired. As soon as $AA is written after the $55, the time-out

logic restarts and the user must wait until the next window before writing to ARMCOP. Table 4-3

shows the exact duration of this window for the seven available COP rates.
1 = Window COP operation
0 = Normal COP operation
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RSBCK — COP and RTI stop in Active BDM mode Bit
1 = Stops the COP and RTI counters whenever the part is in active BDM mode.
0 = Allows the COP and RTI to keep running in active BDM mode.

CR[2:0] — COP Watchdog Timer Rate select

These bits select the COP time-out rate (see Table 4-3). 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 4-3. COP Watchdog Rates'

CR2 | CR1 | CRO cycleosstgct:itni-out
0 0 0 COP disabled
0 0 1 014
0 1 0 2 16
0 1 1 218
1 0 0 220
1 0 1 222
1 1 0 223
1 1 1 224

1 0ScCLK cycles are referenced from the previous
COP time-out reset (writing $55/$AA to the ARMCOP
register)

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 CRG’s functionality.
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Module Base + $9

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 4-12. Reserved Register (FORBYP)

Read: always read $00 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 CRG’s functionality.

Module Base + $A

7 6 5 4 3 2 1 0
R 1 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 (CTCTL)

Read: always read $80 except in special modes

Write: only in special modes

4.3.2.12 CRG COP Timer Arm/Reset Register (ARMCOP)

This register is used to restart the COP time-out period.

Module Base + $B

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 4-14. ARMCOP Register Diagram

Read: always reads $00
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Functional Description
Write: anytime
When the COP is disabled (CR[2:0] = “000”) writing to this register has no effect.

When the COP is enabled by setting CR[2:0] nonzero, the following applies:

Writing any value other than $55 or $AA causes a COP reset. To restart the COP time-out period you
must write $55 followed by a write of $AA. Other instructions may be executed between these writes
but the sequence ($55, $AA) must be completed prior to COP end of time-out period to avoid a COP
reset. Sequences of $55 writes or sequences of $AA writes are allowed. When the WCOP bit is set,
$55 and $A A writes must be done in the last 25% of the selected time-out period; writing any value in
the first 75% of the selected period will cause a COP reset.

4.4 Functional Description

This section gives detailed informations on the internal operation of the design.

4.4.1 Functional Blocks

4411 Phase Locked Loop (PLL)

The PLL is used to run the MCU from a different time base than the incoming OSCCLK. For increased
flexibility, OSCCLK can be divided in a range of 1 to 16 to generate the reference frequency. This offers
a finer multiplication granularity. The PLL can multiply this reference clock by a multiple of 2, 4, 6,...
126,128 based on the SYNR register.

[SYNR + 1]

PLLCLK = 2xOSCCLK x [REEDV 7 1]

CAUTION

Although it is possible to set the two dividers to command a very high clock
frequency, do not exceed the specified bus frequency limit for the MCU.
If (PLLSEL=1), Bus Clock = PLLCLK /2

The PLL is a frequency generator that operates in either acquisition mode or tracking mode, depending on
the difference between the output frequency and the target frequency. The PLL can change between
acquisition and tracking modes either automatically or manually.

The VCO has a minimum operating frequency, which corresponds to the self-clock mode frequency fgcp.
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REFERENCE
- LOCK —3 LOCK
EXTAL REFDV <3.0> FEEDBACK| DETECTOR
=
REDUCED | . Y
CONSUMPTION ° REFERENCE VDDPLL/VSSPLL
OSCILLATOR PROGRAMMABLE
DIVIDER PDET uP
XTAL PHASE DOWN | CPUMP VCO
DETECTOR
CRYSTAL VDDPLL
MONITOR LOOP
PROGRAMMABLE fj
DIVIDER LOOP
X FILTER
- - XFC
supplied by: SYN <5:0> PIN
[ ] voopLLvsSPLL | |PLLCLK

|:| VDD/VSS

Figure 4-15. PLL Functional Diagram

44111 PLL Operation

The oscillator output clock signal (OSCCLK) is fed through the reference programmable divider and is
divided in a range of 1 to 16 (REFDV+1) to output the reference clock. The VCO output clock, (PLLCLK)
is fed back through the programmable loop divider and is divided in a range of 2 to 128 in increments of
[2 x (SYNR +1)] to output the feedback clock. See Figure 4-15.

The phase detector then compares the feedback clock, with the reference clock. Correction pulses are
generated based on the phase difference between the two signals. The loop filter then slightly alters the DC
voltage on the external filter capacitor connected to XFC pin, based on the width and direction of the
correction pulse. The filter can make fast or slow corrections depending on its mode, as described in the
next subsection. The values of the external filter network and the reference frequency determine the speed
of the corrections and the stability of the PLL.

44.1.1.2 Acquisition and Tracking Modes

The lock detector compares the frequencies of the feedback clock, and the reference clock. Therefore, the
speed of the lock detector is directly proportional to the final reference frequency. The circuit determines
the mode of the PLL and the lock condition based on this comparison.

The PLL filter can be manually or automatically configured into one of two possible operating modes:

* Acquisition mode

In acquisition mode, the filter can make large frequency corrections to the VCO. This mode is used
at PLL start-up or when the PLL has suffered a severe noise hit and the VCO frequency is far off
the desired frequency. When in acquisition mode, the TRACK status bit is cleared in the CRGFLG
register.
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* Tracking mode

In tracking mode, the filter makes only small corrections to the frequency of the VCO. PLL jitter
is much lower in tracking mode, but the response to noise is also slower. The PLL enters tracking
mode when the VCO frequency is nearly correct and the TRACK bit is set in the CRGFLG register.

The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches between
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine when the
PLL clock (PLLCLK) is safe to use as the source for the system and core clocks. If PLL. LOCK interrupt
requests are enabled, the software can wait for an interrupt request and then check the LOCK bit. If CPU
interrupts are disabled, software can poll the LOCK bit continuously (during PLL start-up, usually) or at
periodic intervals. In either case, only when the LOCK bit is set, is the PLLCLK clock safe to use as the
source for the system and core clocks. If the PLL is selected as the source for the system and core clocks
and the LOCK bit is clear, the PLL has suffered a severe noise hit and the software must take appropriate
action, depending on the application.

The following conditions apply when the PLL is in automatic bandwidth control mode (AUTO = 1):

* The TRACK bit is a read-only indicator of the mode of the filter.

* The TRACK bitis set when the VCO frequency is within a certain tolerance, Ay, and is clear when
the VCO frequency is out of a certain tolerance, A;.

* The LOCK bit is a read-only indicator of the locked state of the PLL.

* The LOCK bit is set when the VCO frequency is within a certain tolerance, Ap .., and is cleared
when the VCO frequency is out of a certain tolerance, A.

* CPU interrupts can occur if enabled (LOCKIE = 1) when the lock condition changes, toggling the
LOCK bit.

The PLL can also operate in manual mode (AUTO = 0). Manual mode is used by systems that do not
require an indicator of the lock condition for proper operation. Such systems typically operate well below
the maximum system frequency (fsy) and require fast start-up. The following conditions apply when in
manual mode:

* ACQ is a writable control bit that controls the mode of the filter. Before turning on the PLL in
manual mode, the ACQ bit should be asserted to configure the filter in acquisition mode.

* After turning on the PLL by setting the PLLON bit software must wait a given time (t,.,) before
entering tracking mode (ACQ = 0).

* After entering tracking mode software must wait a given time (t,;) before selecting the PLLCLK
as the source for system and core clocks (PLLSEL = 1).
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44.1.2 System Clocks Generator

r— = — = — = — - - — — — — — — — — — = — = — = = = = = 1
I PLLSEL or SCM I
| |
| ¢ WAIT(CWAI,SYSWAI), |
STOP
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| ::88'; o | >Core Clock
0
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Figure 4-16. System Clocks Generator

The clock generator creates the clocks used in the MCU (see Figure 4-16). The gating condition placed on
top of the individual clock gates indicates the dependencies of different modes (stop, wait) and the setting
of the respective configuration bits.

The peripheral modules use the bus clock. Some peripheral modules also use the oscillator clock. The
memory blocks use the bus clock. If the MCU enters self-clock mode (see Section 4.4.2.2, “Self-Clock
Mode”), oscillator clock source is switched to PLLCLK running at its minimum frequency fgcy;. The bus
clock is used to generate the clock visible at the ECLK pin. The core clock signal is the clock for the CPU.
The core clock is twice the bus clock as shown in Figure 4-17. But note that a CPU cycle corresponds to
one bus clock.

PLL clock mode is selected with PLLSEL bit in the CLKSEL register. When selected, the PLL output
clock drives SYSCLK for the main system including the CPU and peripherals. The PLL cannot be turned
off by clearing the PLLON bit, if the PLL clock is selected. When PLLSEL is changed, it takes a maximum
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of 4 OSCCLK plus 4 PLLCLK cycles to make the transition. During the transition, all clocks freeze and
CPU activity ceases.

BUS CLOCK/ECLK

Figure 4-17. Core Clock and Bus Clock Relationship

441.3 Clock Monitor (CM)

If no OSCCLK edges are detected within a certain time, the clock monitor within the oscillator block
generates a clock monitor fail event. The CRG then asserts self-clock mode or generates a system reset
depending on the state of SCME bit. If the clock monitor is disabled or the presence of clocks is detected
no failure is indicated by the oscillator block.The clock monitor function is enabled/disabled by the CME
control bit.

441.4 Clock Quality Checker

The clock monitor performs a coarse check on the incoming clock signal. The clock quality checker
provides a more accurate check in addition to the clock monitor.

A clock quality check is triggered by any of the following events:
e Power-on reset (POR)
* Low voltage reset (LVR)
*  Wake-up from Full Stop Mode (exit full stop)
* Clock Monitor fail indication (CM fail)

A time window of 50000 VCO clock cycles1 is called check window.

A number greater equal than 4096 rising OSCCLK edges within a check window is called osc ok. Note that
osc ok immediately terminates the current check window. See Figure 4-18 as an example.

1.VCO clock cycles are generated by the PLL when running at minimum frequency fgcpy.
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| check window |
|- _l

1 2 3 49999 50000
VCO
clock %>J b} |
|
1 234 5 4096 |

4095v

osc ok

Figure 4-18. Check Window Example

The sequence for clock quality check is shown in Figure 4-19.

M fail
{ Clock OK > CM far

POR| LVR exit full stop

Clock Monitor Rese

Enter SCM

yes

num=0

check window|¢ num=num-+1

num=50

Switch to OSCCLK

A 4

Exit SCM

Figure 4-19. Sequence for Clock Quality Check

MC9S12NE64 Data Sheet, Rev 1.0

176

Freescale Semiconductor



Functional Description

NOTE

Remember that in parallel to additional actions caused by self-clock mode
or clock monitor reset! handling the clock quality checker continues to
check the OSCCLK signal.

NOTE

The clock quality checker enables the PLL and the voltage regulator
(VREG) anytime a clock check has to be performed. An ongoing clock
quality check could also cause a running PLL (fg)) and an active VREG
during pseudo-stop mode or wait mode

4.41.5 Computer Operating Properly Watchdog (COP)

WAIT(COPWAI), )
STOP(PSTPPCE), CR[2:0]
COP enable 0:0:0 CR[2:0]

0:0:1

OSCCLK

gating condition

= Clock Gate
COP TIMEOUT

— >

Figure 4-20. Clock Chain for COP

The COP (free running watchdog timer) enables the user to check that a program is running and
sequencing properly. The COP is disabled out of reset. When the COP is being used, software is
responsible for keeping the COP from timing out. If the COP times out it is an indication that the software
is no longer being executed in the intended sequence; thus a system reset is initiated (see Section 4.5.2,
“Computer Operating Properly Watchdog (COP) Reset).” The COP runs with a gated OSCCLK (see
Section Figure 4-20., “Clock Chain for COP”). Three control bits in the COPCTL register allow selection
of seven COP time-out periods.

When COP is enabled, the program must write $55 and $AA (in this order) to the ARMCOP register
during the selected time-out period. As soon as this is done, the COP time-out period is restarted. If the

1.A Clock Monitor Reset will always set the SCME bit to logical’1’
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program fails to do this and the COP times out, the part will reset. Also, if any value other than $55 or $AA
is written, the part is immediately reset.

Windowed COP operation is enabled by setting WCOP in the COPCTL register. In this mode, writes to
the ARMCOP register to clear the COP timer must occur in the last 25% of the selected time-out period.
A premature write will immediately reset the part.

If PCE bit is set, the COP will continue to run in pseudo-stop mode.

44.1.6 Real-Time Interrupt (RTI)

The RTI can be used to generate a hardware interrupt at a fixed periodic rate. If enabled (by setting
RTIE=1), this interrupt will occur at the rate selected by the RTICTL register. The RTI runs with a gated
OSCCLK (see Section Figure 4-21., “Clock Chain for RTI”). At the end of the RTI time-out period the
RTIF flag is set to 1 and a new RTI time-out period starts immediately.

A write to the RTICTL register restarts the RTI time-out period.

If the PRE bit is set, the RTI will continue to run in pseudo-stop mode.

WAIT(RTIWAI),
STOP(PSTPPRE),
RTI enable
RTR[6:4]
0:0:0
0:0:1

gating condition

= Clock Gate

_[+Bmwoputus | RTITMEOUT
>| COUNTER RTRI30) [ >

Figure 4-21. Clock Chain for RTI
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4.4.2 Operation Modes

4.4.21 Normal Mode

The CRG block behaves as described within this specification in all normal modes.

4.4.2.2 Self-Clock Mode

The VCO has a minimum operating frequency, fgoy. If the external clock frequency is not available due
to a failure or due to long crystal start-up time, the bus clock and the core clock are derived from the VCO
running at minimum operating frequency; this mode of operation is called self-clock mode. This requires
CME =1 and SCME = 1. If the MCU was clocked by the PLL clock prior to entering self-clock mode, the
PLLSEL bit will be cleared. If the external clock signal has stabilized again, the CRG will automatically
select OSCCLK to be the system clock and return to normal mode. See Section 4.4.1.4, “Clock Quality
Checker” for more information on entering and leaving self-clock mode.

NOTE

In order to detect a potential clock loss, the CME bit should be always
enabled (CME=1).

If CME bit is disabled and the MCU is configured to run on PLL clock
(PLLCLK), aloss of external clock (OSCCLK) will not be detected and will
cause the system clock to drift towards the VCO’s minimum frequency
fgeom- 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.

4.4.3 Low Power Options

This section summarizes the low power options available in the CRG.

4.43.1 Run Mode
The RTI can be stopped by setting the associated rate select bits to O.

The COP can be stopped by setting the associated rate select bits to 0.

4.4.3.2 Wait Mode

The WAI instruction puts the MCU in a low power consumption stand-by mode depending on setting of
the individual bits in the CLKSEL register. All individual wait mode configuration bits can be superposed.

MC9S12NE64 Data Sheet, Rev 1.0

Freescale Semiconductor 179



Chapter 4 Clocks and Reset Generator (CRG) Block Description

This provides enhanced granularity in reducing the level of power consumption during wait mode.
Table 4-4 lists the individual configuration bits and the parts of the MCU that are affected in wait mode.
Table 4-4. MCU Configuration During Wait Mode

PLLWAI CWAI | SYSWAI | RTIWAI | COPWAI | ROAWAI
PLL| stopped - - - - -
Core - stopped | stopped - - -
System - - stopped - - -
RTI - - - stopped - -
COP - - - - stopped -
Oscillator - - - - - reduced’

"Refer to oscillator block description for availability of a reduced oscillator amplitude.

After executing the WAI instruction the core requests the CRG to switch MCU into wait mode. The CRG
then checks whether the PLLWAI, CWAI and SYSWALI bits are asserted (see Figure 4-22). Depending on
the configuration the CRG switches the system and core clocks to OSCCLK by clearing the PLLSEL bit,
disables the PLL, disables the core clocks and finally disables the remaining system clocks. As soon as all
clocks are switched off wait mode is active.
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Core reg's
Wait Mode.

Clear
PLLSEL,
Disable PLL

Disable

Functional Description

es no
Disable o Enter INT
system clocks " || Wait Mode "
Wait Mode left |
due to external yes
reset X
Exit Wait w.
ext.RESET
[Exit Wait w.
CMRESET
v
Exit
Wait Mode
Generate
SCM Interrupt no
(Wakeup from Wait) Exit
Wait Mode
es
Continue w. <

normal OP

Figure 4-22. Wait Mode Entry/Exit Sequence
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There are five different scenarios for the CRG to restart the MCU from wait mode:
* External reset
*  Clock monitor reset
*  COP reset
e Self-clock mode interrupt
* Real-time interrupt (RTT)

If the MCU gets an external reset during wait mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and starts the reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Wait mode is left and the MCU
is in run mode again.

If the clock monitor is enabled (CME=1) the MCU is able to leave wait mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG’s behavior for CMRESET is the same
compared to external reset, but another reset vector is fetched after completion of the reset sequence. If the
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters self-clock mode and starts the clock quality checker (see Section 4.4.1.4, “Clock
Quality Checker”). Then the MCU continues with normal operation.If the SCM interrupt is blocked by
SCMIE = 0, the SCMIF flag will be asserted and clock quality checks will be performed but the MCU will
not wake-up from wait mode.

If any other interrupt source (e.g. RTI) triggers exit from wait mode the MCU immediately continues with
normal operation. If the PLL has been powered-down during wait mode the PLLSEL bit is cleared and the
MCU runs on OSCCLK after leaving wait mode. The software must manually set the PLLSEL bit again,
in order to switch system and core clocks to the PLLCLK.

If wait mode is entered from self-clock mode, the CRG will continue to check the clock quality until clock
check is successful. The PLL and voltage regulator (VREG) will remain enabled.

Table 4-5 summarizes the outcome of a clock loss while in wait mode.
Table 4-5. Outcome of Clock Loss in Wait Mode (Sheet 1 of 3)

CME | SCME |SCMIE | CRG Actions

Clock failure -->
No action, clock loss not detected.

Clock failure -->
CRG performs Clock Monitor Reset immediately

0 X X

1 0 X
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Table 4-5. Outcome of Clock Loss in Wait Mode (Sheet 2 of 3)

CME

SCME

SCMIE

CRG Actions

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 0.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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Table 4-5. Outcome of Clock Loss in Wait Mode (Sheet 3 of 3)

CME | SCME | SCMIE |CRG Actions

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 (fscy) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

443.3 CPU Stop Mode

All clocks are stopped in STOP mode, dependent of the setting of the PCE, PRE and PSTP bit. The
oscillator is disabled in STOP mode unless the PSTP bit is set. All counters and dividers remain frozen but
do not initialize. If the PRE or PCE bits are set, the RTI or COP continues to run in pseudo-stop mode. In
addition to disabling system and core clocks the CRG requests other functional units of the MCU (e.g.
voltage-regulator) to enter their individual power-saving modes (if available). This is the main difference
between pseudo-stop mode and wait mode.

After executing the STOP instruction the core requests the CRG to switch the MCU into stop mode. If the
PLLSEL bit is still set when entering stop mode, the CRG will switch the system and core clocks to
OSCCLK by clearing the PLLSEL bit. Then the CRG disables the PLL, disables the core clock and finally
disables the remaining system clocks. As soon as all clocks are switched off, stop mode is active.

If pseudo-stop mode (PSTP=1) is entered from self-clock mode the CRG will continue to check the clock
quality until clock check is successful. The PLL and the voltage regulator (VREG) will remain enabled. If
full stop mode (PSTP=0) is entered from self-clock mode an ongoing clock quality check will be stopped.
A complete timeout window check will be started when stop mode is left again.

Wake-up from stop mode also depends on the setting of the PSTP bit.
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CMRESET

4.4.3.3.1

Wait Mode left
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ext. RESET

~ 7 1] Stop Mode

Stop Mode.
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PLLSEL,
Disable PLL

v

Enter

Functional Description

Exit Exit
Stop Mode Stop Mode

A 4

Exit Stop w.
CMRESET

Generate
SCM Interrupt
(Wakeup from Stop)

v
Exit
no Stop Mode

Exit
Stop Mode

no

es

Wake-Up from Pseudo-Stop (PSTP=1)

\ 4
ontinue w."
normal OP /™

Figure 4-23. Stop Mode Entry/Exit Sequence

A

Wake-up from pseudo-stop is the same as wake-up from wait mode. There are also three different scenarios
for the CRG to restart the MCU from pseudo-stop mode:

e External reset

¢ Clock monitor fail

*  Wake-up interrupt
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If the MCU gets an external reset during pseudo-stop mode active, the CRG asynchronously restores all

configuration bits in the register space to its default settings and starts the reset generator. After completing
the reset sequence processing begins by fetching the normal reset vector. Pseudo-stop mode is left and the
MCU is in run mode again.

If the clock monitor is enabled (CME=1) the MCU is able to leave pseudo-stop mode when loss of
oscillator/external clock is detected by a clock monitor fail. If the SCME bit is not asserted the CRG
generates a clock monitor fail reset (CMRESET). The CRG’s behavior for CMRESET is the same
compared to external reset, but another reset vector is fetched after completion of the reset sequence. If the
SCME bit is asserted the CRG generates a SCM interrupt if enabled (SCMIE=1). After generating the
interrupt the CRG enters self-clock mode and starts the clock quality checker (see Section 4.4.1.4, “Clock
Quality Checker”). Then the MCU continues with normal operation. If the SCM interrupt is blocked by
SCMIE=0, the SCMIF flag will be asserted but the CRG will not wake-up from pseudo-stop mode.

If any other interrupt source (e.g. RTI) triggers exit from pseudo-stop mode the MCU immediately
continues with normal operation. Because the PLL has been powered-down during stop mode the PLLSEL
bit is cleared and the MCU runs on OSCCLK after leaving stop mode. The software must set the PLLSEL
bit again, in order to switch system and core clocks to the PLLCLK.

Table 4-6 summarizes the outcome of a clock loss while in pseudo-stop mode.
Table 4-6. Outcome of Clock Loss in Pseudo-Stop Mode (Sheet 1 of 3)

CME | SCME |SCMIE |CRG Actions

Clock failure -->
No action, clock loss not detected.

Clock failure -->
CRG performs Clock Monitor Reset immediately

0 X X

1 0 X
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Table 4-6. Outcome of Clock Loss in Pseudo-Stop Mode (Sheet 2 of 3)

CME

SCME

SCMIE

CRG Actions

Clock Monitor failure -->

Scenario 1: OSCCLK recovers prior to exiting Pseudo-Stop Mode.
— MCU remains in Pseudo-Stop Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag.

Some time later OSCCLK recovers.

— CM no longer indicates a failure,

— 4096 OSCCLK cycles later Clock Quality Check indicates clock o.k.,
— SCM deactivated,

— PLL disabled,

— VREG disabled.

— MCU remains in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode using OSCCLK as system clock (SYSCLK),
— Continue normal operation.

or an External Reset is applied.
— Exit Pseudo-Stop Mode using OSCCLK as system clock,
— Start reset sequence.

Scenario 2: OSCCLK does not recover prior to exiting Pseudo-Stop Mode.
— MCU remains in Pseudo-Stop Mode,
— VREG enabled,
— PLL enabled,
— SCM activated,
— Start Clock Quality Check,
— Set SCMIF interrupt flag,
— Keep performing Clock Quality Checks (could continue infinitely)
while in Pseudo-Stop Mode.

Some time later either a wakeup interrupt occurs (no SCM interrupt)
— Exit Pseudo-Stop Mode in SCM using PLL clock (fscy) as system clock
— Continue to perform additional Clock Quality Checks until OSCCLK

is 0.k. again.

or an External RESET is applied.
— Exit Pseudo-Stop Mode in SCM using PLL clock (fsc)) as system clock
— Start reset sequence,
— Continue to perform additional Clock Quality Checks until OSCCLK
is o.k.again.
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Table 4-6. Outcome of Clock Loss in Pseudo-Stop Mode (Sheet 3 of 3)

CME | SCME |SCMIE |CRG Actions

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 (fgcpy) as system clock,

— Continue to perform a additional Clock Quality Checks until OSCCLK
is 0.k. again.

4.4.3.3.2 Wake-up from Full Stop (PSTP=0)
The MCU requires an external interrupt or an external reset in order to wake-up from stop mode.

If the MCU gets an external reset during full stop mode active, the CRG asynchronously restores all
configuration bits in the register space to its default settings and will perform a maximum of 50 clock
check_windows (see Section 4.4.1.4, “Clock Quality Checker”). After completing the clock quality check
the CRG starts the reset generator. After completing the reset sequence processing begins by fetching the
normal reset vector. Full stop mode is left and the MCU is in run mode again.

If the MCU is woken-up by an interrupt, the CRG will also perform a maximum of 50 clock
check_windows (see Section 4.4.1.4, “Clock Quality Checker”). If the clock quality check is successful,
the CRG will release all system and core clocks and will continue with normal operation. If all clock
checks within the timeout-window are failing, the CRG will switch to self-clock mode or generate a clock
monitor reset (CMRESET) depending on the setting of the SCME bit.

Because the PLL has been powered-down during stop mode the PLLSEL bit is cleared and the MCU runs
on OSCCLK after leaving stop mode. The software must manually set the PLLSEL bit again, in order to
switch system and core clocks to the PLLCLK.

NOTE

In full stop mode, the clock monitor is disabled and any loss of clock will
not be detected.

4.5 Resets

This section describes how to reset the CRG and how the CRG itself controls the reset of the MCU. It
explains all special reset requirements. Because the reset generator for the MCU is part of the CRG, this
section also describes all automatic actions that occur during or as a result of individual reset conditions.
The reset values of registers and signals are provided in Section 4.3, “Memory Map and Register
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Descriptions.” All reset sources are listed in Table 4-7. Refer to the device overview chapter for related
vector addresses and priorities.
Table 4-7. Reset Summary

Reset Source Local Enable
Power-on Reset None

Low Voltage Reset None
External Reset None

Clock Monitor Reset | PLLCTL (CME=1, SCME=0)
COP Watchdog Reset | COPCTL (CR[2:0] nonzero)

The reset sequence is initiated by any of the following events:
» Low level is detected at the RESET pin (external reset).
* Power on is detected.
* Low voltage is detected.
e COP watchdog times out.
* Clock monitor failure is detected and self-clock mode was disabled (SCME=0).

Upon detection of any reset event, an internal circuit drives the RESET pin low for 128 SYSCLK cycles
(see Figure 4-24). Because entry into reset is asynchronous it does not require a running SYSCLK.
However, the internal reset circuit of the CRG cannot sequence out of current reset condition without a
running SYSCLK. The number of 128 SYSCLK cycles might be increased by n = 3 to 6 additional
SYSCLK cycles depending on the internal synchronization latency. After 128+n SYSCLK cycles the
RESET pin is released. The reset generator of the CRG waits for additional 64 SYSCLK cycles and then
samples the RESET pin to determine the originating source. Table 4-8 shows which vector will be fetched.
Table 4-8. Reset Vector Selection

Sampled RESET Pin .
(64 gzlcelgz el-)\fter Isc:cla,?s:'t( Il:\,n:n"(;}g; Cg;daﬁ,'sget Vector Fetch
1 0 0 POR /LVR / External Reset
1 1 X Clock Monitor Reset
1 0 1 COP Reset
0 X X POB / LyR / External Rgset
with rise of RESET pin

NOTE

External circuitry connected to the RESET pin should not include a large
capacitance that would interfere with the ability of this signal to rise to a
valid logic 1 within 64 SYSCLK cycles after the low drive is released.

The internal reset of the MCU remains asserted while the reset generator completes the 192 SYSCLK long
reset sequence. The reset generator circuitry always makes sure the internal reset is deasserted
synchronously after completion of the 192 SYSCLK cycles. In case the RESET pin is externally driven
low for more than these 192 SYSCLK cycles (external reset), the internal reset remains asserted too.
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RESET
Ly )¢ /ZZZZ/‘Z
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not cycllets dep:endlng driven
running oninternal low
synchronization
delay

Figure 4-24. RESET Timing

4.51 Clock Monitor Reset

The CRG 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

e Self-clock mode is disabled (SCME=0)

The reset event asynchronously forces the configuration registers to their default settings (see Section 4.3,
“Memory Map and Register Descriptions”). In detail the CME and the SCME are reset to logical ‘1’
(which doesn’t change the state of the CME bit, because it has already been set). As a consequence, the
CRG immediately enters self-clock mode and starts its internal reset sequence. In parallel the clock quality
check starts. As soon as clock quality check indicates a valid oscillator clock the CRG switches to
OSCCLK and leaves self-clock mode. Because the clock quality checker is running in parallel to the reset
generator, the CRG may leave self-clock mode while still completing the internal reset sequence. When
the reset sequence is finished the CRG checks the internally latched state of the clock monitor fail circuit.
If a clock monitor fail is indicated processing begins by fetching the clock monitor reset vector.

4.5.2 Computer Operating Properly Watchdog (COP) Reset

When COP is enabled, the CRG expects sequential write of $55 and $AA (in this order) to the ARMCOP
register during the selected time-out period. As soon as this is done, the COP time-out period restarts. If
the program fails to do this the CRG will generate a reset. Also, if any value other than $55 or $AA is
written, the CRG immediately generates a reset. In case windowed COP operation is enabled writes ($55
or $AA) to the ARMCOP register must occur in the last 25% of the selected time-out period. A premature
write the CRG will immediately generate a reset.
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As soon as the reset sequence is completed the reset generator checks the reset condition. If no clock
monitor failure is indicated and the latched state of the COP timeout is true, processing begins by fetching
the COP vector.

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 triggered
the CRG performs a quality check on the incoming clock signal. As soon as clock quality check indicates
a valid oscillator clock signal the reset sequence starts using the oscillator clock. If after 50 check windows
the clock quality check indicated a non-valid oscillator clock the reset sequence starts using self-clock
mode.

Figure 4-25 and Figure 4-26 show the power-up sequence for cases when the RESET pin is tied to VDD
and when the RESET pin is held low.

I
I . | |
~—— Clock Quality Check —
RESET /i (no Self-Clock Mode) /
) ¢ |
I

Internal POR

AY4
JA\

I

I

| I
128 SYSCLK ——— B>~ T

|

I

|

Internal RESET y 64 SYSCLK ——»

Figure 4-25. RESET Pin Tied to VDD (by a Pull-Up Resistor)

: |
I
I
_ ~—— Clock Quality Check — -1
RESET I (no Seli-Clock Mode) I L /
| Ay | I 1
T 7€ T T
b
Internal POR | I |
) L
JAY | I |
128 SYSCLK— g - —
Internal RESET 64 SYSCLK |
nterna i |—>| i<—

Figure 4-26. RESET Pin Held Low Externally

MC9S12NE64 Data Sheet, Rev 1.0

Freescale Semiconductor 191



Chapter 4 Clocks and Reset Generator (CRG) Block Description

4.6 Interrupts

The interrupts/reset vectors requested by the CRG are listed in Table 4-9. Refer to the device overview
chapter for related vector addresses and priorities.

Table 4-9. CRG Interrupt Vectors

Interrupt Source “%;:SF;( Local Enable

Real-time interrupt | bit CRGINT (RTIE)
LOCK interrupt | bit CRGINT (LOCKIE)
SCM interrupt | bit CRGINT (SCMIE)

4.6.1 Real-Time Interrupt

The CRG generates a real-time interrupt when the selected interrupt time period elapses. RTT interrupts
are locally disabled by setting the RTIE bit to 0. The real-time interrupt flag (RTIF) is set tol when a
timeout occurs, and is cleared to 0 by writing a 1 to the RTIF bit.

The RTI continues to run during pseudo-stop mode if the PRE bit is set to 1. This feature can be used for
periodic wakeup from pseudo-stop if the RTI interrupt is enabled.

4.6.2 PLL Lock Interrupt

The CRG generates a PLL lock interrupt when the LOCK condition of the PLL has changed, either from
a locked state to an unlocked state or vice versa. Lock interrupts are locally disabled by setting the
LOCKIE bit to 0. The PLL Lock interrupt flag (LOCKIF) is set tol when the LOCK condition has
changed, and is cleared to 0 by writing a 1 to the LOCKIF bit.

4.6.3 Self-Clock Mode Interrupt

The CRG generates a self-clock mode interrupt when the SCM condition of the system has changed, either
entered or exited self-clock mode. SCM conditions can only change if the self-clock mode enable bit
(SCME) is set to 1. SCM conditions are caused by a failing clock quality check after power-on reset (POR)
or low voltage reset (LVR) or recovery from full stop mode (PSTP = 0) or clock monitor failure. For details
on the clock quality check refer to Section 4.4.1.4, “Clock Quality Checker.” 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 flag (SCMIF) is set
to 1 when the SCM condition has changed, and is cleared to O by writing a 1 to the SCMIF bit.
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Chapter 5
Oscillator (OSC) Block Description

5.1 Introduction

The OSC module provides two alternative oscillator concepts:
* alow noise and low power Colpitts oscillator with amplitude limitation control (ALC).
* arobust full swing Pierce oscillator with the possibility to feed in an external square wave.

5.1.1 Features

The Colpitts OSC option provides the following features:
e Amplitude Limitation Control (ALC) Loop:
— low power consumption and low current induced RF emission.
— sinusoidal waveform with low RF emission.
— low crystal stress. An external damping resistor is not required.
— 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:
e clock monitor (CM).
* operation from the Vpppy 1 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 critical
applications.

» full swing Pierce oscillator mode that can also be used to feed in an externally generated square
wave suitable for high frequency operation and harsh environments.

5.2  Signal Description

This section lists and describes the signals that connect off chip.
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5.2.1  VpppLL, VsspLL

These pins provide the operating voltage (Vpppy ) and ground (Vggpy 1) for the OSC circuitry. This
allows the supply voltage to the OSC to be independently bypassed.

5.2.2 EXTAL, XTAL

These pins provide the interface for either a crystal or a CMOS compatible clock to control the internal
clock generator circuitry. EXTAL is the external clock input or the input to the crystal oscillator amplifier.
XTAL is the output of the crystal oscillator amplifier. All the MCU internal system clocks are derived from
the EXTAL input frequency. In full stop mode (PSTP=0) the EXTAL pin is pulled down by an internal
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.
NOTE

Crystal circuit is changed from standard.

Colpitts circuit is not suited for overtone resonators and crystals.

EXTAL T

Cpc 1

MCU T G 1 Crystalor
—T— ceramic resonator

XTAL

O

VSSPLL

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

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

Figure 5-1. Colpitts Oscillator Connections (XCLKS=0)
NOTE

Pierce circuit is not suited for overtone resonators and crystals without a
careful component selection.
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EXTAL . I}
Mcu Rg [ Crstalor
A —— ceramic resonator
XTAL '_$_| . i i
C, =
EE— VSSPLL

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

Figure 5-2. Pierce Oscillator Connections (XCLKS=1)

EXTAL <¢——— CMOS-COMPATIBLE
EXTERNAL OSCILLATOR

Vyqp-LeVel
MCU (Vadpl )

XTAL not connected

Figure 5-3. External Clock Connections (XCLKS=1)

5.2.3 XCLKS

The XCLKS is an input signal which controls whether a crystal in combination with the internal Colpitts
(low power) oscillator is used or whether Pierce oscillator/external clock circuitry is used. The XCLKS
signal is sampled during reset with the rising edge of RESET. 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

5.3 Memory Map and Register Descriptions

The CRG contains the registers and associated bits for controlling and monitoring the OSC module.
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5.4 Functional Description

The OSC block has two external pins, EXTAL and XTAL. The oscillator input pin, EXTAL, is intended
to be connected to either a crystal or an external clock source. The selection of Colpitts oscillator or Pierce
Oscillator/external clock depends on the XCLKS signal which is sampled during reset. The XTAL pin is
an output signal that provides crystal circuit feedback.

A buffered EXTAL signal, OSCCLK, becomes the internal reference clock. To improve noise immunity,
the oscillator is powered by the Vpppp 1 and Vggpy 1. power supply pins.

The Pierce oscillator can be used for higher frequencies compared to the low power Colpitts oscillator.

5.4.1 Amplitude Limitation Control (ALC)

The Colpitts oscillator is equipped with a feedback system which does not waste current by generating
harmonics. Its configuration is “Colpitts oscillator with translated ground”. The transconductor used is
driven by a current source under the control of a peak detector which will measure the amplitude of the
AC signal appearing on EXTAL node in order to implement an Amplitude Limitation Control (ALC) loop.
The ALC loop is in charge of reducing the quiescent current in the transconductor as a result of an increase
in the oscillation amplitude. The oscillation amplitude can be limited to two values. The normal amplitude
which is intended for non power saving modes and a small amplitude which is intended for low power
operation modes. Please refer to the CRG block description chapter for the control and assignment of the
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 operate
without any MCU clocks. If no OSCCLK edges are detected within this RC time delay, the clock monitor
indicates a failure which asserts self clock mode or generates a system reset depending on the state of
SCME bit. If the clock monitor is disabled or the presence of clocks is detected no failure is indicated.The
clock monitor function is enabled/disabled by the CME control bit, described in the CRG block description
chapter.

5.5 Interrupts

OSC contains a clock monitor, which can trigger an interrupt or reset. The control bits and status bits for
the clock monitor are described in the CRG block description chapter.
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Chapter 6
16-Bit, 4-Channel Timer (TIM_16B4C) Block Description

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 simultaneously
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 the time.
The output compare function is used for generating output signals or for timer software delays.The 16-bit
pulse accumulator is used to operate as a simple event counter or a gated time accumulator.The pulse
accumulator shares timer channel 7 pin when in event mode.

A full access for the counter registers or the input capture/output compare registers should take place in
one clock cycle. Accessing high byte and low byte separately for all of these registers may not yield the
same result as accessing them in one word.

6.1.1 Features
The TIM_16B4C 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

e STOP: Timer is off since clocks are stopped.

* FREEZE: Timer counter keeps running, unless TSFRZ in TSCR($06) is set to one.
*  WAIT: Counters keeps running, unless TSWAI in TSCR ($06) is set to one.

* NORMAL: Timer counter keeps running, unless TEN in TSCR($06) is cleared.
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6.1.3 Block Diagrams

Bus clock — = = Prescaler
16-bit Counter
Timer overflow
interrupt ~
Registers Channel 4
Input capture
Timer channel 4 Output compare :|—<—>IOC4
interrupt B R
¢ Channel 5
: | Input capture
I - Output compare :|_ «—10C5
Timer channel 7
interrupt l ' Channel 6
Input capture
Output compare :|_<—>|OCG
_PA overflow Channel 7
interrupt - .
16-bit Input capture :’_ 10C7
PA input Pulse accumulator Output compare :
. -
interrupt

Figure 6-1. Timer Block Diagram

For more information see the respective functional descriptions in Section 6.4, “Functional Description”
of this document.

6.2 Signal Description
The TIM_16B4C module has a total 4 external pins.

6.2.1 I0C7 - Input capture and Output compare channel 7

This pin serves as input capture or output compare for channel 7.This pin can also be configured as pulse
accumulator input.
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6.2.2 10C6 — Input Capture and Output Compare Channel 6

This pin serves as input capture or output compare for channel 6.

6.2.3 10C5 - Input Capture and Output Compare Channel 5

This pin serves as input capture or output compare for channel 5.

6.2.4 10C4 - Input Capture and Output Compare Channel 4
This pin serves as input capture or output compare for channel 4.

NOTE
For the description of interrupts Section 6.6, “Interrupts.”

6.3 Memory Map and Register Descriptions

This section provides a detailed description of all memory and registers.

6.3.1 Module Memory Map

The memory map for the TIM_16B4C module is given below in Table 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 for the
TIM_16B4C module and the address offset for each register.

Table 6-1. TIM Module Memory Map

Ag:if:s;s Use Access

$_00 Timer Input Capture/Output Compare Select (TIOS) R/W

$_01 Timer Compare Force Register (CFORC) R/W?

$_02 Output Compare 7 Mask Register (OC7M) R/W

$_03 Output Compare 7 Data Register (OC7D) R/W

$ 04 Timer Count Register (TCNT(hi)) R/W2

$_05 Timer Count Register (TCNT(I0)) R/W?

$_06 Timer System Control Register1 (TSCR1) R/W

$_07 Timer Toggle Overflow Register (TTOV) R/W

$_08 Timer Control Register1 (TCTL1) R/W

$_09 Reserved Write has no effect
Read returns zero

$_0A Timer Control Register3 (TCTL3) R/W

$_0B Reserved Write has no effect
Read returns zero

$_0C Timer Interrupt Enable Register (TIE) R/W

$_0D Timer System Control Register2 (TSCR2) R/W

$_OE Main Timer Interrupt Flag1 (TFLG1) R/W

$_OF Main Timer Interrupt Flag2 (TFLG2) R/W
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Table 6-1. TIM Module Memory Map (Continued)

Ag:ifrseests Use Access
$ 10-%_17 Reserved Write has no effect
Read returns zero
$_18 Timer Input Capture/Output Compare Register4 (TC4(hi)) R/W3
$_19 Timer Input Capture/Output Compare Register4 (TC4(lo)) RWS
$_1A Timer Input Capture/Output Compare Register5 (TC5(hi)) R/W3
$_1B Timer Input Capture/Output Compare Register5 (TC5(l0)) R/W3
$_1C Timer Input Capture/Output Compare Register6 (TC6(hi)) R/WS
$_1D Timer Input Capture/Output Compare Register6 (TC6(l0)) R/W3
$_1E Timer Input Capture/Output Compare Register7 (TC7(hi)) R/W3
$_1F Timer Input Capture/Output Compare Register7 (TC7(lo)) RW3
$_20 16-Bit Pulse Accumulator Control Register (PACTL) R/W
$_21 Pulse Accumulator Flag Register (PAFLG) R/W
$_22 Pulse Accumulator Count Register R/W
(PACNT (hi))
$_23 Pulse Accumulator Count Register R/W
(PACNT(lo))
$ 24-% 2C Reserved Write has no effect
Read returns zero
$_2D Timer Test Register (TIMTST) Read/Write®
$-2E - $_2F Reserved Write has no effect
Read returns zero

1. Always read $00.

2. Only writable in special modes. (Refer to the Device overview chapter for different modes).

3. Write to these registers have no meaning or effect during input capture.

6.3.2 Register Descriptions

This section consists of register descriptions in address order.Each description includes a standard register
diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.

6.3.2.1  Timer Input Capture/Output Compare Select (TIOS)

Module Base + $0

R
W
RESET:

Bit 7 6 5 4 3 2 1 Bit 0
10S7 10S6 10S5 10S4 0 0 0 0
0 0 0 0 0 0 0

0
E—

Figure 6-2. Timer Input Capture/Output Compare Select (TIOS)

Read or write anytime.
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I0S[7:4] — Input Capture or Output Compare Channel Configuration
1 = The corresponding channel acts as an output compare.
0 = The corresponding channel acts as an input capture.

6.3.2.2 Timer Compare Force Register (CFORC)
Module Base + $1

Bit 7 6 5 4 1 Bit 0
R 0 0 0 0 0
w FOC7 FOC6 FOC5 FOC4
RESET: 0 0 0 0 0

I:I = Reserved

Figure 6-3. Timer Compare Force Register (CFORC)
Read anytime but will always return $00. Write anytime.

FOC[7:4] — Force Output Compare Action for Channel 7-4
1 = Force Output Compare Action enabled
0 = Force Output Compare Action disabled
A write to this register with the corresponding (FOC 7:4) data bit(s) set causes the action programmed
for output compare on channel “n” to occur immediately.The action taken is the same as if a successful
comparison had just taken place with the TCn 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 will not get set.

6.3.2.3 Output Compare 7 Mask Register (OC7M)
Module Base + $2

Bit 7 6 5 4 Bit 0
R 0
W oCc7Mm7 OC7M6 OC7M5 OC7M4
RESET: 0 0 0 0 0

I:I = Reserved

Figure 6-4. Output Compare 7 Mask Register (OC7M)

Read or write anytime.

OC7Mn — Output Compare 7 Mask "n" Channel bit
1 = sets the corresponding port to be an output port when this corresponding TIOS bit is set to be

an output compare
0 = does not set the corresponding port to be an output port
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Setting the OC7Mn (n ranges from 4 to 6) will set the corresponding port to be an output port when
the corresponding TIOSn (n 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.

6.3.2.4 Output Compare 7 Data Register (OC7D)
Module Base + $3

Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0
W OC7D7 OC7D6 OC7D5 OC7D4
RESET: 0 0 0 0 0 0 0 0

|:| = Reserved

Figure 6-5. Output Compare 7 Data Register (OC7D)

Read or write anytime.

OC7Dn — Output Compare 7 Data for Channel "n"

A channel 7 output compare will cause bits in the output compare 7 data register to transfer to the timer
port data register if the corresponding output compare 7 mask register bits are set.

6.3.2.5 Timer Count Register (TCNT)
Module Base + $4 through $5
Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0

R tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tent | tentt
w 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-6. Timer Count Register (TCNT)

Read anytime. Writable only in special mode (refer to the device overview chapter for special modes).

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 for high byte and low byte will give a different result than accessing
them as a word. The period of the first count after a write to the TCNT registers may be a different
length because the write is not synchronized with the prescaler clock.
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6.3.2.6 Timer System Control Register 1 (TSCR1)
Module Base + $6

Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0
W TEN TSWAI TSFRZ TFFCA
RESET: 0 0 0 0 0 0 0 0

\:I = Reserved

Figure 6-7. Timer System Control Register 1 (TSCR1)
Read or write anytime.

TEN — Timer Enable
1 = Enables the timer.
0 = Disables the timer. (Used for reducing power consumption).

If for any reason the timer is not active, there is no divide by 64 clock for the pulse accumulator since
the divide by 64 clock is generated by the timer prescaler.

TSWAI — Timer Module Stops While in Wait
1 = Disables the timer and pulse accumulator when the MCU is in the wait mode. Timer interrupts
cannot be used to get the MCU out of wait mode.
0 = Allows the timer and the pulse accumulator to continue running during the wait mode.

TSFRZ — Timer Stops While in Freeze Mode
1 = Disables the timer counter whenever the MCU is in freeze mode. This is useful for emulation.
0 = Allows the timer counter to continue running while in freeze mode.

TSFRZ does not stop the pulse accumulator.

TFFCA — Timer Fast Flag Clear All

1 = For TFLGI1 register, a read from an input capture or a write to the output compare channel [TC
7:4] causes the corresponding channel flag, CnF, to be cleared.For TFLG2 register, any access
to the TCNT register clears the TOF flag. Any access to the PACNT registers clears the PAOVF
and PAIF bits in the PAFLG register. 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.

0 = Allows the timer flag clearing.
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6.3.2.7 Timer Toggle On Overflow Register 1 (TTOV)
Module Base + $7

Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0
TOV7 TOV6 TOV5 TOV4
w
RESET 0 0 0 0 0 0 0 0
= Reserved

Figure 6-8. Timer Toggle On Overflow Register 1 (TTOV)

Read or write anytime.

TOVn — Toggle On Overflow Bits
1 = Toggle output compare pin on overflow feature enabled.
0 = Toggle output compare pin on overflow feature disabled.

TOVn toggles output compare pin on overflow. This feature only takes effect when the corresponding
channel is configured for an output compare mode. When set, an overflow toggle on the output
compare pin takes precedence over forced output compare but not channel 7 override events.

6.3.2.8 Timer Control Register 1 (TCTL1)
Module Base + $8

Bit 7 6 5 4 3 2 1 Bit 0
R
om7 oL7 OMe6 oLe6 OM5 OL5 Oom4 oL4
w
RESET 0 0 0 0 0 0 0 0

Figure 6-9. Timer Control Register 1 (TCTL1)

Read or write anytime.

OMn — Output Mode bit

OLn — Output Level bit.

These four pairs of control bits are encoded to specify the output action to be taken as a result of a
successful Output Compare on "n" channel. When either OMn or OLn is one, the pin associated with
the corresponding channel becomes an output tied to its IOC. To enable output action by OMn and
OLn bits on timer port, the corresponding bit in OC7M should be cleared.

Table 6-2. Compare Result Output Action

OMn OLn Action
0 0 Timer disconnected from output pin logic
0 1 Toggle OCn output line
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Table 6-2. Compare Result Output Action

Action

OMn

OLn

1

0

Clear OCn output line to zero

1

1

Set OCn output line to one

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 IOSn =1, OMn = 0, OLn = 0 and OC7M7 =0

6.3.2.9 Timer Control Register 3 (TCTL3)
Module Base + $A
Bit 7 6 5 4 3 2 1 Bit 0
R
EDG7B EDG7A EDG6B EDG6A EDG5B EDG5A EDG4B EDG4A
W
RESET 0 0 0 0 0 0 0 0
Figure 6-10. Timer Control Register 3 (TCTL3)
Read or write anytime.
EDGnB, EDGnA — Input Capture Edge Control
These four pairs of control bits configure the input capture edge detector circuits.
Table 6-3. 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)
6.3.2.10 Timer Interrupt Enable Register (TIE)
Module Base + $C
Bit 7 6 5 4 1 Bit 0
R 0 0
C71 cel Csl C4l
w
RESET: 0 0 0 0 0 0 0 0

I:I = Reserved

Figure 6-11. Timer Interrupt Enable Register (TIE)

Read or write anytime.
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C7I-C4I — Input Capture/Output Compare Interrupt Enable.
1 = Enables corresponding Interrupt flag (CnF of TFLGI register) to cause a hardware interrupt
0 = Disables corresponding Interrupt flag (CnF of TFLGI1 register) from causing a hardware
interrupt

6.3.2.11 Timer System Control Register 2 (TSCR2)
Module Base + $D

Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0
W TOI TCRE PR2 PR1 PRO
RESET: 0 0 0 0 0 0 0 0

|:| = Reserved

Figure 6-12. Timer System Control Register 2 (TSCR2)
Read or write anytime.

TOI — Timer Overflow Interrupt Enable
1 = Hardware interrupt requested when TOF flag set in TFLG2 register.
0 = Hardware Interrupt request inhibited.

TCRE — Timer Counter Reset Enable
1 = Enables Timer Counter reset by a successful output compare on channel 7
0 = Inhibits Timer Counter reset and counter continues to run.
This mode of operation is similar to an up-counting modulus counter.
If register TC7 = $0000 and TCRE = 1, the timer counter register (TCNT) will stay at $0000
continuously. If register TC7 = $FFFF and TCRE = 1, TOF will not be set when the timer counter
register (TCNT) is reset from $FFFF to $0000.
PR2, PR1, PRO — Timer Prescaler Select
These three bits select the frequency of the timer prescaler clock derived from the Bus Clock as shown
in Table 6-4.

Table 6-4. Timer Clock Selection

PR2 PR1 PRO 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
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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)
Module Base + $E

Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0
C7F C6F C5F C4F
W
RESET: 0 0 0 0 0 0 0 0

I:I = Reserved

Figure 6-13. Main Timer Interrupt Flag 1 (TFLG1)
Read anytime.

C7F-C4F — Input Capture/Output Compare Channel Flag.
1 = Input Capture or Output Compare event occurred
0 = No event (Input Capture or Output Compare event) occurred.
These flags are set when an input capture or output compare event occurs. Flag set on a particular
channel is cleared by writing a one to that corresponding CnF bit. Writing a zero to CnF bit has no
effect on its status. When TFFCA bit in TSCR register is set, a read from an input capture or a write
into an output compare channel will cause the corresponding channel flag CnF to be cleared.

6.3.2.13 Main Timer Interrupt Flag 2 (TFLG2)
Module Base + $F

Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0
TOF
w
RESET: 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 6-14. Main Timer Interrupt Flag 2 (TFLG2)
Read anytime.

TOF — Timer Overflow Flag
1 = Flag indicates that an Interrupt has occurred (Set when 16-bit free-running timer counter
overflows from $FFFF to $0000)
0 = Flag indicates an Interrupt has not occurred.

The TFLG2 register indicates when an interrupt has occurred. Writing a one to the TOF bit will clear
it. Any access to TCNT will clear TOF bit of TFLG2 register if the TFFCA bit in TSCR register is set.
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6.3.2.14 Timer Input Capture/Output Compare Registers (TC4 — TC7)
C4 — Module Base + $18 through $19
Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0

R tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4 tc4
w 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TC5 — Module Base + $1A through $1B
Bit15 14 13 2 11 10 9 8 7 6 5 4 3 2 1 Bit 0

R tc5 tc5 tc5 tc5 tch tch tch tch tch tch tch tch tch tch tch tch
w 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TC6 — Module Base + $1C through $1D
Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0

R tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6 tc6
w 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TC7 — Module Base + $1E through $1F
Bit15 14 13 2 11 0 9 8 7 6 5 4 3 2 1 Bit 0

R tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7 tc7
w 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-15. Timer Input Capture/Output Compare Registers (TC4 — TC7)

Read anytime. Write anytime for output compare function. Writes to these registers have no effect during
input capture.

Depending on the TIOS bit for the corresponding channel, these registers are used to latch the value
of the free-running counter when a defined transition is sensed by the corresponding input capture edge
detector or to trigger an output action for output compare.

NOTE

Read/Write access in byte mode for high byte should takes place before low
byte otherwise it will give a different result.
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6.3.2.15 16-Bit Pulse Accumulator Control Register (PACTL)
Module Base + $20

BIT 7 6 5 4 3 2 1 BIT O
R 0
W PAEN PAMOD PEDGE CLK1 CLKoO PAOVI PAI
RESET: 0 0 0 0 0 0 0 0

|:| = Reserved

Figure 6-16. 16-Bit Pulse Accumulator Control Register (PACTL)

Read: any time
Write: any time

PAEN — Pulse Accumulator System Enable
1 = Pulse Accumulator system enabled.
0 = Pulse Accumulator system disabled.
PAEN is independent from TEN. With timer disabled, the pulse accumulator can still function unless
pulse accumulator is disabled. When PAEN is set, the PACT is enabled.The PACT shares the input

pin with IOC7.

PAMOD — Pulse Accumulator Mode
This bit is active only when the Pulse Accumulator is enabled (PAEN = 1).
1 = gated time accumulation mode.
0 = event counter mode.

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).
1 =rising edges on IOC7 pin cause the count to be incremented.

0 = falling edges on IOC7 pin cause the count to be incremented.

For PAMOD bit = 1 (gated time accumulation mode).
1 =10C7 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.
0 = IOCT7 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.

Table 6-5. 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

If the timer is not active (TEN = 0 in TSCR), there is no divide-by-64 since the divide by 64 clock is

generated by the timer prescaler.
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CLK1, CLKO — Clock Select Bits

Table 6-6. Timer Clock Selection

CLK1 CLKO 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

For the description of PACLK please refer Figure 6-20.

If the pulse accumulator is disabled (PAEN = 0), the prescaler clock from the timer is always used as an
input clock to the timer counter. The change from one selected clock to the other happens immediately
after these bits are written.

PAOVI — Pulse Accumulator Overflow Interrupt enable
1 = interrupt requested if PAOVF bit of PFLG register is set.
0 = interrupt inhibited.

PAI — Pulse Accumulator Input Interrupt enable
1 = interrupt requested if PAIF bit of PAFLG register is set.
0 = interrupt inhibited.

6.3.2.16 Pulse Accumulator Flag Register (PAFLG)
Module Base + $21

BIT 7 6 5 4 3 2 1 BITO
R 0 0 0 0 0
PAOVF PAIF
w
RESET: 0 0 0 0 0 0 0 0

I:I = Reserved

Figure 6-17. Pulse Accumulator Flag Register (PAFLG)
Read or write anytime.

PAOVF — Pulse Accumulator Overflow Flag
1 = Flag indicates overflow condition of pulse accumulator counter from $FFFF to $0000.
0 = Flag indicates that there is no overflow condition of pulse accumulator counter.

Writing a one to this bit clears it, writing a zero has not effect.

PAIF — Pulse Accumulator Input edge Flag
1 = Flag indicates that the selected edge is detected on the IOC7 input pin.
0 = Flag indicates that no selected edge has been detected on 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. Writing a one to this bit clears it, writing a zero
has not effect. Any access to the PACNT register will clear all the flags in this register when TFFCA
bit of TSCR register is set.
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6.3.2.17 Pulse Accumulators Count Registers (PACNT)
Module Base + $22 through $23
Bit15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Bit 0

R pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt | pacnt
w 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-18. Pulse Accumulators Count Registers (PACNT)

Read or write any time.
When PACNT overflows from $FFFF to $0000, the PAOVF bit of PAFLG register is set.

These registers contain the number of active input edges on TOC7 input pin since the last reset. Full count
register access should take place in one clock cycle. A separate read/write for high byte and low 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 since the
input has to be synchronized with the bus clock first.

6.4  Functional Description

This section provides a complete functional description of the timer TIM_16B4C block. Please refer to the
detailed timer block diagram in Figure 6-20 as necessary.
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Bus Clock
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Figure 6-19. Detailed Timer Block Diagram

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], select
the prescaler divisor. PR[2:0] are in timer system control register 2 (TSCR2).

MC9S12NE64 Data Sheet, Rev 1.0

212 Freescale Semiconductor



Functional Description

6.4.2 Input Capture

Clearing the 1/0 (input/output) select bit, [OSn, configures channel n as an input capture channel. The
input capture function captures the time at which an external event occurs. When an active edge occurs on
the pin of an input capture channel, the timer transfers the value in the timer counter into the timer channel
registers, TCn.

The minimum pulse width for the input capture input is greater than two bus clocks.

An input capture on channel n sets the CnF flag. The Cnl bit enables the CnF flag to generate interrupt
requests.

6.4.3 Output Compare

Setting the 1/O select bit, IOSn, configures channel n as an output compare channel. The output compare
function can generate a periodic pulse with a programmable polarity, duration, and frequency. When the
timer counter reaches the value in the channel registers of an output compare channel, the timer can set,

clear, or toggle the channel pin. An output compare on channel n sets the CnF flag. The Cnl bit enables the
CnF flag to generate interrupt requests.

The output mode and level bits, OMn and OLn, select set, clear, toggle on output compare. Clearing both
OMn and OLn disconnects the pin from the output logic.

Setting a force output compare bit, FOCn, causes an output compare on channel n. A forced output
compare does not set the channel flag.

A successful output compare on channel 7 overrides output compares on all other output compare
channels. The output compare 7 mask register masks the bits in the output compare 7 data register. The
timer counter reset enable bit, TCRE, enables channel 7 output compares to reset the timer counter. A
channel 7 output compare can reset the timer counter even if the [OC7 pin is being used as the pulse
accumulator input.

Writing to the timer port bit of an output compare pin does not affect the pin state. The value written is
stored in an internal latch. When the pin becomes available for general-purpose output, the last value
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 --- Counting edges of selected polarity on the pulse accumulator input pin, IOC7.

Gated time accumulation mode --- Counting pulses from a divide-by-64 clock. The PAMOD bit selects the
mode of operation.

The minimum pulse width for the PAI input is greater than two bus clocks.
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PT7
PIN
PAIF LoGgic [ PIN
16 BIT CNTR I —
[42]
2
m
E ¥ pPA COUNT REG
= DIVIDE BY 64
Y BUS CLOCK PA CNTRL REG

Figure 6-20. Pulse Accumulator System Block Diagram

6.4.4.1 Event Counter Mode

Clearing the PAMOD bit configures the PACNT for event counter operation. An active edge on the IOC7
pin increments the pulse accumulator counter. The PEDGE bit selects falling edges or rising edges to
increment the count.

NOTE

The PACNT input and timer channel 7 use the same pin IOC7. To use the
I0C7, 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 reflect the number of active input edges on the PACNT input pin,
IOC7 since the last reset.

The PAOVF bit is set when the accumulator rolls over from $FFFF to $0000. The pulse accumulator
overflow interrupt enable bit, PAOVI, enables the PAOVF flag to generate interrupt requests.

NOTE

The pulse accumulator counter can operate in event counter mode even
when the timer enable bit, TEN, is clear.
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6.4.4.2 Gated Time Accumulation Mode

Setting the PAMOD bit configures the pulse accumulator for gated time accumulation operation. An active
level on the PACNT input pin enables a divided-by-64 clock to drive the pulse accumulator. The PEDGE
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 flag to
generate interrupt requests.

The pulse accumulator counter register reflect the number of pulses from the divided-by-64 clock since the
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 within the Register Description section Section 6.3, “Memory
Map and Register Descriptions,” which details the registers and their bit-fields.

6.6 Interrupts

This section describes interrupts originated by the TIM_16B4C block. Table 6-7 lists the interrupts
generated by the TIM_16B4C to communicate with the MCU.

Table 6-7. TIM_16BA4C Interrupts

Interrupt Offset' | Vector' | Priority’ Source Description
C[7:4]F — — — Timer Channel 7-4 Active high timer channel interrupts 7-4
PAQVI — — — Pulse Accumulator Active high pulse accumulator input interrupt
Input
PAOVF — — — Pulse Accumulator Pulse accumulator overflow interrupt
Overflow
TOF — — — Timer Overflow Timer Overflow interrupt

! Refer to the Device Overview Chapter for information regarding offset, vector, and priority.

The TIM_16B4C uses a total of 7 interrupt vectors. The interrupt vector offsets and interrupt numbers are
chip dependent. More information on interrupt vector offsets and interrupt numbers can be found in the
device overview chapter.

6.6.1 Channel [7:4] Interrupt

These active high outputs is asserted by the module to request a timer channel 7 — 4 interrupt following an
input capture or output compare event on these channels [7-4]. For the interrupt to be asserted on a specific
channel, the enable, Cnl bit of TIE register should be set. These interrupts are serviced by the system
controller.
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6.6.2 Pulse Accumulator Input Interrupt

This active high output is asserted by the module to request a timer pulse accumulator input interrupt
following the configured event on IOC7 input pin (in either modes, event mode and time accumulation
mode) when pulse accumulator input interrupt enable, PAI bit in PACTL register is set. This interrupt is
serviced by the system controller.

6.6.3 Pulse Accumulator Overflow Interrupt

This active high output will be asserted by the module to request a timer pulse accumulator overflow
interrupt, following the timer pulse accumulator counter overflow, when the pulse accumulator overflow
enable bit, PAOVI of PACTL register is set. This interrupt is 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 overflow interrupt, following the
timer counter overflow when the overflow enable bit (TOI) bit of TFLG2 register is set. This interrupt is
serviced by the system controller.
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Chapter 7
Analog-to-Digital Converter (ATD_10B8C)
Block Description

71 Introduction

The ATD_10B8C is an 8-channel, 10-bit, multiplexed input successive approximation analog-to-digital
converter. Refer to device electrical specifications for ATD accuracy.

711 Features

* 8/10 Bit Resolution.

* 7 usec, 10-Bit Single Conversion Time.

* Sample Buffer Amplifier.

* Programmable Sample Time.

* Left/Right Justified, Signed/Unsigned Result Data.
* External Trigger Control.

* Conversion Completion Interrupt Generation.

* Analog Input Multiplexer for 8 Analog Input Channels.
* Analog/Digital Input Pin Multiplexing.

* 1 to 8 Conversion Sequence Lengths.

* Continuous Conversion Mode.

e Multiple Channel Scans.

* Configurable external trigger functionality on any AD channel or any of four additional external
trigger inputs. The four additional trigger inputs can be chip external or internal. Refer to the device
overview chapter for availability and connectivity.

* Configurable location for channel wrap around (when converting multiple channels in a sequence).

7.1.2 Modes of Operation

7.1.21 Conversion Modes

There is software programmable selection between performing single or continuous conversion on a
single channel or multiple channels.

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 power
standby mode. This aborts any conversion sequence in progress. During recovery from Stop Mode,
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there must be a minimum delay for the Stop Recovery Time tgg before initiating a new ATD
conversion sequence.

*  Wait Mode
Entering Wait Mode the ATD conversion either continues or aborts for low power depending on
the logical value of the AWAIT bit.

*  Freeze Mode
In Freeze Mode the ATD_10B8C will behave according to the logical values of the FRZ1 and
FRZ0 bits. This is useful for debugging and emulation.
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7.1.3 Block Diagram

Bus Clock | Clock |ATD clock ATD_10B8C
Prescaler l
| .
| E;E:g? g Mode and Sequence Complete
: ETRIG2 X Timing Control y Interrupt
_ _ETRIG3 X

chapter for availability
and connectivity)

ATDCTL1 | ATDDIEN

\4

PORTAD
\'} DA X il
X
SSA y| Successive
\\’ﬁH Approximation
RL Register (SAR)
and DAC

AN4 X
AN3 X >

Comparator

Figure 7-1. ATD_10B8C Block Diagram

7.2  Signal Description
This section lists all inputs to the ATD_10B8C block.
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721 ANx(x=7,6,5,4,3,2,1,0)

This pin serves as the analog input Channel x. It can also be configured as general purpose digital input
and/or external trigger for the ATD conversion.

7.2.2 ETRIG3, ETRIG2, ETRIG1, ETRIGO

These inputs can be configured to serve as an external trigger for the ATD conversion.

Refer to the device overview chapter for availability and connectivity of these inputs.

723  Vgp, VAL

Vgy 1s the high reference voltage and Vg is the low reference voltage for ATD conversion.

7.24 Vppa, Vssa
These pins are the power supplies for the analog circuitry of the ATD_10B8C block.

7.3 Memory Map and Register Descriptions

This section provides a detailed description of all registers accessible in the ATD_10B8C.

7.3.1 Module Memory Map

Table 7-1 gives an overview of all ATD_10B8C registers.
Table 7-1. ATD Module Memory Map

Ag:lf;%st,s Use Access
$_00 ATD Control Register 0 (ATDCTLO) R/W
$_01 ATD Control Register 1 (ATDCTL1) R/W
$_02 ATD Control Register 2 (ATDCTL2) R/W
$_03 ATD Control Register 3 (ATDCTLS3) R/W
$_04 ATD Control Register 4 (ATDCTL4) R/W
$_05 ATD Control Register 5 (ATDCTLS5) R/W
$_06 ATD Status Register 0 (ATDSTATO) R/W
$_07 Unimplemented
$_08 ATD Test Register 0 (ATDTESTO)' R
$_09 ATD Test Register 1 (ATDTEST1) R/W
$_0A Unimplemented
$_0B ATD Status Register 1 (ATDSTAT1) | R
$_0C Unimplemented
$_0D ATD Input Enable Register (ATDDIEN) | R/W
$_OE Unimplemented
$_OF Port Data Register (PORTAD) R

$_10,$_11 ATD Result Register 0 (ATDDROH, ATDDROL) R/W
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Table 7-1. ATD Module Memory Map (Continued)

Address

Offset Use Access
$_12,$_13 ATD Result Register 1 (ATDDR1H, ATDDRI1L) R/W
$_14,$_15 ATD Result Register 2 (ATDDR2H, ATDDR2L) R/W
$_16,$_17 ATD Result Register 3 (ATDDR3H, ATDDRS3L) R/W
$_18,%$_19 ATD Result Register 4 (ATDDR4H, ATDDRA4L) R/W
$_1A, $_1B ATD Result Register 5 (ATDDR5H, ATDDR5L) R/W
$_1C,$_1D ATD Result Register 6 (ATDDR6H, ATDDR6L) R/W
$_1E, $_1F ATD Result Register 7 (ATDDR7H, ATDDR7L) R/W

1 ATDTESTO is intended for factory test purposes only.

NOTE

Register Address = Base Address + Address Offset, where the Base Address
is defined at the MCU level and the Address Offset is defined at the module
level.

7.3.2 Register Descriptions

This section describes in address order all the ATD_10B8C registers and their individual bits.

7.3.2.1  ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.
Module Base + $0

BIT 7 6 5 4 3 2 1 0
VF\{I 0 0 0 0 0 WRAP2 WRAP1 WRAPO
RESET: 0 0 0 0 0 1 1 1

|:|= Unimplemented or Reserved

Figure 7-2. ATD Control Register 0 (ATDCTLO)
Read: anytime
Write: anytime

WRAP2, WRAP1, WRAPO — 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.
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Table 7-2. Multi-Channel Wrap Around Coding

Multiple channel conversions
WRAP2 | WRAP1 | WRAPO |(MULT=1)wrap around to ANO
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

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.
Module Base + $1

BIT 7 6 5 4 3 2 1 0

R 0 0 0 0

W ETRIGSEL ETRIGCH2 | ETRIGCH1 | ETRIGCHO
RESET: 0 0 0 0 0 1 1 1

|:|= Unimplemented or Reserved

Figure 7-3. ATD Control Register 1 (ATDCTL1)

Read: anytime
Write: anytime
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 7-3.

ETRIGCH2, ETRIGCH1, ETRIGCHO — 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 7-3.
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Table 7-3. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH2 | ETRIGCH1 | ETRIGCHO | External trigger source is
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 ANG
0 1 1 1 AN7
1 0 0 0 ETRIGO'
! 0 0 1 ETRIG1'
1 0 1 0 ETRIG2'
1 0 1 1 ETRIG3!
1 1 X X Reserved

1 Only if ETRIG3-0 input option is available (see device overview chapter), else ETRISEL is
ignored, that means external trigger source is still on one of the AD channels selected by
ETRIGCH2-0

7.3.2.3 ATD Control Register 2 (ATDCTL2)

This register controls power down, interrupt and external trigger. Writes to this register will abort current
conversion sequence but will not start a new sequence.

Module Base + $2

7 6 5 4 3 2 1 0
VF:/ ADPU AFFC AWAI ETRIGLE | ETRIGP | ETRIGE ASCIE ASCIF
RESET: 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 7-4. ATD Control Register 2 (ATDCTLZ2)

Read: anytime
Write: anytime

ADPU — ATD Power Down
This bit provides on/off control over the ATD_10B8C 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.
1 = Normal ATD functionality
0 = Power down ATD
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AFFC — ATD Fast Flag Clear All
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.
0 = ATD flag clearing operates normally (read the status register ATDSTAT]1 before reading the

result register to clear the associate CCF flag).

AWAI — ATD Power Down in Wait Mode
When entering Wait Mode this bit provides on/off control over the ATD_10B8C 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.
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.
0 = ATD continues to run in Wait mode

ETRIGLE — External Trigger Level/Edge Control
This bit controls the sensitivity of the external trigger signal. See Table 7-4 for details.

ETRIGP — External Trigger Polarity

This bit controls the polarity of the external trigger signal. See Table 7-4 for details.
Table 7-4. External Trigger Configurations

ETRIGLE | ETRIGP | EXgIet [rnoer
0 0 falling edge
0 1 rising edge
1 0 low level
1 1 high level

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 7-3. 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.
1 = Enable external trigger
0 = Disable 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.

ASCIE — ATD Sequence Complete Interrupt Enable
1 = ATD Interrupt will be requested whenever ASCIF=1 is set.
0 = ATD Sequence Complete interrupt requests are disabled.
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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
(ATDSTATO)”), else ASCIF reads zero. Writes have no effect.

1 = ATD sequence complete interrupt pending

0 = No ATD interrupt occurred

7.3.2.4 ATD Control Register 3 (ATDCTL3)

This register controls the conversion sequence length, FIFO for results registers and behavior in Freeze
Mode. Writes to this register will abort current conversion sequence but will not start a new sequence.

Module Base + $3

7 6 5 4 3 2 1 0
VF:/ 0 S8C S4C S2C S1C FIFO FRZ1 FRZ0
RESET: 0 0 1 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 7-5. ATD Control Register 3 (ATDCTL3)
Read: anytime
Write: anytime

S8C, S4C, S2C, S1C — Conversion Sequence Length

These bits control the number of conversions per sequence. Table 7-5 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. Conversion Sequence Length Coding

S1C Number of Conversions
per Sequence

8

S8C $4C S2C

o

=S| 2wl al al Ol Ol Ol O

| 0| O|Of|O|O|O| OO
><_L_LOO_L_AOO
X| =| ol =|O| =| O =
O N[O O »| O DN =

x

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 end of a conversion
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sequence; conversion results are placed in consecutive result registers between sequences. The result
register counter wraps around when it reaches the end of the result register file. The conversion counter
value in ATDSTATO can be used to determine where in the result register file, the current conversion
result will be placed.

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.
1 = Conversion results are placed in consecutive result registers (wrap around at end).
0 = Conversion results are placed in the corresponding result register up to the selected sequence
length.

FRZ1, FRZ0 — 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 7-6. 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 7-6. ATD Behavior in Freeze Mode (breakpoint)

FRZ1 FRZ0 Behavior in Freeze mode
Continue conversion

Reserved

Finish current conversion, then freeze

al a2l ol o
= Ol =| O

Freeze Immediately

7.3.2.5 ATD Control Register 4 (ATDCTLA4)

This register selects the conversion clock frequency, the length of the second phase of the sample time and
the resolution of the A/D conversion (i.e.: 8-bits or 10-bits). Writes to this register will abort current
conversion sequence but will not start a new sequence.

Module Base + $4

7 6 5 4 3 2 1 0
VF:/ SRES8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
RESET: 0 0 0 0 0 1 0 1

Figure 7-6. ATD Control Register 4 (ATDCTLA4)

Read: anytime
Write: anytime

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.

1 = 8 bit resolution

0 = 10 bit resolution
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SMP1, SMPO — 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 7-7 lists the lengths available for the second sample phase.

Memory Map and Register Descriptions

Table 7-7. Sample Time Select

SMP1

SMPO

Length of 2nd phase of sample time

0

0

2 A/D conversion clock periods

4 A/D conversion clock periods

8 A/D conversion clock periods

0
1
1

7
0
1

16 A/D conversion clock periods

PRS4, PRS3, PRS2, PRS1, PRSO — ATD Clock Prescaler

These 5 bits are the binary value prescaler value PRS. The ATD conversion clock frequency is calculated

as follows:

ATDclock =

[BusClock]
PRS+ 1] <07

Note that the maximum