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Chapter 1
MC9S12XHZ Family Device Overview

1.1 Introduction

Targeted at automotive instrumentation applications, the MC912XHZ family of microcontrollers is a fully
pin-compatible extension to the existing MC9S12HZ family. It offers not only a larger memory but also
incorporates all the architectural benefits of the new S12X-based family to deliver significantly higher
performance. The MC9S12XHZ family retains the low cost, power consumption, EMC and code-size
efficiency advantages currently associated with the MC9S12 products.

Based around S12X core, the MC912XHZ family runs 16-bit wide accesses without wait states for all
peripherals and memories. The MC912XHZ family also features a new flexible interrupt handler, which
allows multilevel nested interrupts.

The MC912XHZ family features the performance boosting XGATE co-processor. The XGATE is
programmable in “C” language and runs at twice the bus frequency of the S12. Its instruction set is
optimized for data movement, logic and bit manipulation instructions. Any peripheral module can be
serviced by the XGATE.

The MC912XHZ family contains up to 512K bytes of Freescale Semiconductor’s industry leading, full
automotive qualified Split-Gate Flash memory, with 4K bytes of additional integrated data EEPROM and
up to 32K bytes of static RAM.

The MC912XHZ family features a 32x4 liquid crystal display (LCD) controller/driver and a motor pulse
width modulator (MC) consisting of up to 24 high current outputs suited to drive six stepper motors with
stall detectors (SSD) to simultaneously calibrate the pointer reset position of each motor. It also features
two MSCAN modules, each with a FIFO receiver buffer arrangement, and input filters optimized for
Gateway applications handling numerous message identifiers.

In addition, the MC912XHZ family is composed of standard on-chip peripherals including two
asynchronous serial communications interfaces (SCI0 and SCI1), one serial peripheral interface (SPI), two
IIC-bus interface (IICO and IIC1), an 8-channel 16-bit enhanced capture timer (ECT), a 16-channel, 10-bit
analog-to-digital converter (ADC), and one §8-channel pulse width modulator (PWM).

The inclusion of a PLL circuit allows power consumption and performance to be adjusted to suit
operational requirements. The new fast-exit from STOP mode feature can further improve system power
consumption. In addition to the I/O ports available in each module, 8 general-purpose 1/O pins are
available with interrupt and wake-up capability from stop or wait mode.

The MC912XHZ family is available in 112-pin LQFP and 144-pin LQFP packages. The 144-pin LQFP
package option provides a full 16-bit wide non-multiplexed external bus interface.

MC9S12XHZ512 Data Sheet, Rev. 1.06
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Features

HCS12X Core

16-bit HCS12X CPU
— Upward compatible with MC9S12 instruction set
— Interrupt stacking and programmer’s model identical to MC9S12

Instruction queue
— Enhanced indexed addressing
Enhanced instruction set

EBI (external bus interface)
MMC (module mapping control)
INT (interrupt controller)

DBG (debug module to monitor HCS12X CPU and XGATE bus activity)

BDM (background debug mode)

XGATE (peripheral coprocessor)
— Parallel processing module off loads the CPU by providing high-speed data processing and

transfer

— Data transfer between Flash EEPROM, RAM, peripheral modules, and I/O ports
Memory

512K, 384K, 256K byte Flash EEPROM
4K byte EEPROM
32K, 28K, 16K byte RAM

CRG (clock and reset generator)

Low noise/low power Pierce oscillator
PLL

COP watchdog

Real time interrupt

Clock monitor

Fast wake-up from stop mode

Analog-to-digital converter

16 channels, 10-bit resolution
External conversion trigger capability

ECT (enhanced capture timer)

16-bit main counter with 8-bit prescaler
8 programmable input capture or output compare channels
Four 8-bit or two 16-bit pulse accumulators

PIT (periodic interrupt timer)

Four timers with independent time-out periods
Time-out periods selectable between 1 and 224 bus clock cycles

MC9S12XHZ512 Data Sheet, Rev. 1.06
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8 PWM (pulse-width modulator) channels
— Programmable period and duty cycle
— 8-bit 8-channel or 16-bit 4-channel
— Separate control for each pulse width and duty cycle
— Center-aligned or left-aligned outputs
— Programmable clock select logic with a wide range of frequencies
— Fast emergency shutdown input
 Two 1-Mbps, CAN 2.0 A, B software compatible modules
— Five receive and three transmit buffers
— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit, or 8 x 8 bit
— Four separate interrupt channels for Rx, Tx, error, and wake-up
— Low-pass filter wake-up function
— Loop-back for self-test operation
*  Two IIC (Inter-IC bus) Modules
— Compatible with IIC bus standard
— Multi-master operation
— Broadcast mode
» Serial interfaces

— Two asynchronous serial communication interfaces (SCI) with additional LIN support and
selectable IrDA 1.4 return-to-zero-inverted (RZI) format with programmable pulse width

— Synchronous Serial Peripheral Interface (SPI)
* Liquid crystal display (LCD) driver with variable input voltage
— Configurable for up to 32 frontplanes and 4 backplanes or general-purpose input or output
— 5 modes of operation allow for different display sizes to meet application requirements
— Unused frontplane and backplane pins can be used as general-purpose 1/0
*  PWM motor controller (MC) with 24 high current drivers
— Each PWM channel switchable between two drivers in an H-bridge configuration
— Left, right and center aligned outputs
— Support for sine and cosine drive
— Dithering
— Output slew rate control
» Six stepper stall detectors (SSD)
— Full step control during return to zero
— Voltage detector and integrator / sigma delta converter circuit
— 16-bit accumulator register
— 16-bit modulus down counter

MC9S12XHZ512 Data Sheet, Rev. 1.06
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*  On-Chip Voltage Regulator
— Two parallel, linear voltage regulators with bandgap reference
— Low-voltage detect (LVD) with low-voltage interrupt (LVI)
— Power-on reset (POR) circuit
— 3.3-V-5.5-V operation
— Low-voltage reset (LVR)
— Ultra low-power wake-up timer
* 144-pin LQFP and 112-pin LQFP packages
— 1/0 lines with 5-V input and drive capability
— Input threshold on external bus interface inputs switchable for 3.3-V or 5-V operation
— 5-V A/D converter inputs
— 8 key wake up interrupts with digital filtering and programmable rising/falling edge trigger
* Operation at 80 MHz equivalent to 40-MHz bus speed
* Development support
— Single-wire background debug™ mode (BDM)
— Four on-chip hardware breakpoints

1.1.2 Modes of Operation

User modes:

* Normal and emulation operating modes
— Normal single-chip mode
— Normal expanded mode
— Emulation of single-chip mode
— Emulation of expanded mode

» Special Operating Modes
— Special single-chip mode with active background debug mode
— Special test mode (Freescale use only)

Low-power modes:

» System stop modes
— Pseudo stop mode
— Full stop mode

* System wait mode

1.1.3 Block Diagram
Figure 1-1 shows a block diagram of the MC912XHZ family.

MC9S12XHZ512 Data Sheet, Rev. 1.06

24 Freescale Semiconductor



P

Chapter 1 MC9S12XHZ Family Device Overview

512K, 384K, 256K Bytes Flash EEPROM Pins and signals shown in BOLD
4k Bytes EEPROM are not available in the 112 QFP package
32K, 28K, 16K Bytes RAM XGATE pw——
TEST . - eriphera = annel
> Single-Wire Background Co-Processor Programmable
BKGD === Debug Module CPU12X Interrupt Timer (PIT)
XEC <] for internal timebases
VDDPLL ~e— Clock and Periodic Interrupt B
VSSPLL -« PLL Reset COP Watchdog | Enhanced [ | opoioqto VDDA VDDA
EXTAL —>] Generation Clook Mot Multilevel o VSSA [ VSSA
XTAL ~—| Module ock Monitor Interrupt Digital VRH | VRH
RESET <o Breakpoints Module Converter VRL [ VRL
Pl > 516 2":5 »| Ang ANO |« kwaDo] < <> PADO
pL1 | - > FP17 »| AN9 AN1| «— KWAD 1| e <> PAD1
PL2 > N ) »| FP18 ANTT »{AN10 AN2 | «—KWAD2| = O o <> PAD2
PL3 < | |« > FP19 o > AN11 AN3 | «—KwAD3| <= 35 < |<> PAD3
PL4 <o |G |« > FP28  [7ros »{AN12 AN4 [<«—|KWAD4| <— 5 | i[> PAD4
PL5 > - > FP20  [rres »{AN13 AN5 |<«—{KWAD5| <€ O | ™ | <> PAD5
PL6 > - > FP30  [oros »|AN14 ANG |<e—| KWAD6 | < <> PADS
PL7 <>l | FP31 »{AN15 AN7 |<e—] KWAD7| <] <> PAD7
PE0 —3 > XIRQ
PE1 —> | »|iRa MOCOSM[ a1 MOCOM i > PUO
PE2 <> |W > RW/WE l<>»] FP20 SSDO MOCOSP MOCOP |=> > PU1
PE3 - % [<>|LSTRB/LDS/EROMCTL=»| FP21 MOSINM MOC1M || le> PU2
PEs <7 oA fe B A GLOIRE MosiNe] PWMT wocip jem]2 o [« PU3
i TACn M1COSM M1COM |==|2 o |« Pu4
PEG <> l<>| MODB/TAGHI Micosp| PWM2 &)
PE7 > XCLKS/ECLKX2 le>| FP22 SSD1 M1COP <> <> PUS
PKO =o= <>|ADDR16/IQSTATO |« BPO MISINMI oy MICTM [l > PU6
PK1 <»| |  [<>]ADDR17/IQSTAT «>{ BP1 M1SINP M1C1P || > PU7
PK2 <o\ [ X |« ADDR18/IQSTAT2  |«>{ BP2 M2COSM <> o
Pk3 <l | & [«>|ADDR19/QSTATS  [«>] BP3 Vocoap| PWMa 2COM = = o
PK4 <> 0O |=>{ ADDR20/ACCO SSD2
PK5 <> l<>| ADDR21/ACC1 M2SINM PWM5 M2C1M > > > PV2
PK6 <> l<>| ADDR22/ACC2 M2SINP M2C1P je>{ E <> PV3
PK7 <> WAIT/ROMCTL | FP23 M3COSM M3COM [« |o |« PV4
PD0 > <>| DATAO ssp3  MacosP PWME  \3cop | <> PV5
PD1 = -] DATA1 . M3SINM M3CM >} <> PV6
PD2 = g [ bATA2 ] o] M3siINP| PWM7  piacip - PV7
PD3 <] E  |<>|DATA3 S £
PD4 <o 8 <> DATA4 b= a M4COSM PWMS M4COM =] <> PWO
PD5 <>} l<>| DATAS 2 a 3SD4 M4COSP MA4COP |=>] > PW1
PD6 > [<<>| DATA6 - 9 MASINMI 5y 1o MACTM [t z <> PW2
PD7 > [<«>| DATA7 2 M4SINP MAC1P [>T | = [ PW3
PCO => <> |DATA8 - M5COSM PWMA1 M5COM |2 E > PW4
PC1 > <>| DATA9 2 ssps  M5COSP 0 wmscop fex|2 |~ | Pws
P2 o |2 Rxloaman £ MESINM[™ D MECTM [ <> PW6
pos =k S [<~{oatatz g M5SINP M5C1P || > PW7
PC5 > l«>»|DATA13 2 VLCD | == VLCD
PC6 > <> DATA14 3 <> PM1 CST
PC7 —> [<>| DATA1S & r——————- = [ cano RXCANO |- S|s e Pm2
PB0 > <> ADDRO § le>| FPO | Motor Supplies | TXCANO : ’JD: ~ |<= PM3
PB1 == <> | ADDR1 T le>»| FP1 | VDDM1,23 — CANT RXCAN1 |- =] bl P PM4
ggg id Q ‘*ﬁgggg S <> FP2 1VSSM1,23——] | TXCAN1 |———» > PM5
big= pid <> FP3 L
PB4 <o 8 <> ADDR4 > FP2 ! = | sclo RXDO | le> Pso
PB5 > l«>| ADDR5 l>| FP5 | A/D Converter & 1 TXDO » le> Ps1
PB6 - l<>| ADDR6 > FPs | Voltage Regulator 5V | » RXD1 a Ps2 CS3
PB7 > [<>| ADDR7 > FP7 | VDDA —» | |SC D1 -4 > 9 o [«> Ps3
PAQ <> <>| ADDRS8 l«>»>] FP8 | VSSA | <>
PA1 o] <>{ ADDR9 > FPo L MISO =2 8|> PS4
| = | MOS| |[ <S> <> PS5
PA2 <] <>| ADDR10 le>»| FP10 SPI ScK |3} >
pas << | % [« ADDR11 <] FP11 I PLL Supply 2.5V 1 L plll-] e Pse
Pa4 <=h |Q <> ADDR12 <> Fp12 | ! VDDPLL — | SS < “> PS7
PA5 <> <> ADDR13 le>{ FP13 I VSSPLL I <{6|» >
PAG > <> ADDR14 «<>| FP14 | _—L— I | puise EW? | > EE?
Pa7 <»=| | |<>=|ADDR15 le>| FP15 | /O Supply 5V | X w2 | > Pp2
—— DDXT D Width ™o
PTO <> 1 10C0 [<>| FP24 1 “= 1 | Modulator PW3 |<5—>]x & <> PP3
PT1 <> > |0C1 | FP25 | VSSX1,2 | PW4 <_'07> Qla e pps
FP26 L1 2 o
PT2 <> | [<*>10C2 Enghanced |*~ I =1 PW5 | €= 5 <> PP5
PT3 <om|1- |oc [*»10C3  Captyre > FP27 , Internal 2.5V | Pwe | B> <> PPG CSO
PT4 == |5 |==|10C4 Timer 2 VDD1 — W7 || <> Ppp7 052
PT5 o> <>{10C5 SCLO I Ves12 ! =
e 3 | e = I
PT7 —o [<>LlocT : Voltage Regulator 5v: SCLO
VDDR —» POVDDR — oy SDA1
VDD1 € Voltage Regulator SCL1
VSS1,2 -

Figure 1-1. MC9S12XHZ Family Block Diagram
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Device Memory Map

Table 1-1 shows the device memory map for the MC912XHZ family.

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

Table 1-1. Device Register Memory Map

Address Module Size
Offset (Bytes)

0x0000-0x0009 PIM (port integration module) 10
0x000A-0x000B [ MMC (memory map control) 2
0x000C—-0x000D | PIM (port integration module) 2
0x000E-Ox000F | EBI (external bus interface) 2
0x0010-0x0017 MMC (memory map control) 8
0x0018-0x0019 Unimplemented 2
0x001A-0x001B | Device ID register 2
0x001C—-0x001F [PIM (port integration module) 4
0x0020-0x002F | DBG (debug module) 16
0x0030-0x0031 MMC (memory map control) 2
0x0032-0x0033 PIM (port integration module)
0x0034-0x003F | CRG (clock and reset generator) 12
0x0040-0x007F | ECT (enhanced capture timer 16-bit 8-channel) 64
0x0080-0x00AF | ATD (analog-to-digital converter 10-bit 16-channel) 48
0x00B0-0x00BF | INT (interrupt module) 16
0x00C0-0x00C7 | ICO (inter IC bus)
0x00C8-0x00CF | SCIO (serial communications interface)
0x00D0-0x00D7 | SCI1 (serial communications interface)
0x00D8-0x00DF | SPI (serial peripheral interface)
0xX00EO-Ox00FF [ Unimplemented 32
0x0100-0x010F | Flash control registers 16
0x0110-0x011B EEPROM control registers 12
0x011C-0x011F [MMC (memory map control) 4
0x0120-0x0137 Liquid Crystal Display Driver 32x4 (LCD) 24
0x0138-0x013F | IIC1 (inter IC bus) 8
0x0140-0x017F | CANO (scalable CAN) 64
0x0180-0x01BF | CANL1 (scalable CAN) 64
0x01CO0-0x01FF | MC (motor controller) 64
0x0200-0x027F | PIM (port integration module) 128
0x0280-0x0287 | SSD4 (stepper stall detector) 8
0x0288-0x028F | SSDO (stepper stall detector) 8
0x0290-0x0297 | SSD1 (stepper stall detector) 8
0x0298-0x029F | SSD2 (stepper stall detector) 8
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Table 1-1. Device Register Memory Map

Address Module Size
Offset (Bytes)

0x02A0-0x02A7 | SSD3 (stepper stall detector) 8
0x02A8-0x02AF | SSD5 (stepper stall detector) 8
0x02B0-0x02EF | Unimplemented 64
0x02F0—0x02F7 | Voltage regulator
0x02F8—-0x02FF | Unimplemented
0x0300-0x0327 PWM (pulse-width modulator 8 channels) 40
0x0328-0x033F | Unimplemented 24
0x0340-0x0367 PIT (periodic interrupt timer) 40
0x0368-0x037F | Unimplemented 24
0x0380-0x03BF | XGATE 64
0x03C0-0x03FF | Unimplemented 64
0x0400-0x07FF Unimplemented 1024

Figure 1-2 shows the CPU & BDM local address translation to the global memory map. It indicates also
the location of the internal resources in the memory map.

Table 1-2. Device Internal Resources

Device RAMSIZE / EEPROMSIZE / FLASHSIZEO / FLASHSIZE1/
RAM_LOW EEPROM_LOW FLASHO_LOW FLASH1_HIGH
MC9S12XHZ512 32K / 0xOF_8000 4K / 0x13_F000 256K / Ox7B_FFFF | 256K/ 0x7C_0000
MC9S12XHZ384 28K / 0xOF_9000 4K / 0x13_F000 128K / Ox79_FFFF | 256K /0x7C_0000
MC9S12XHZ256 16K / OxOF_C000 4K / 0x13_F000 128K/ 0x79_FFFF | 128K/ 0x7E_0000

Figure 1-3 shows XGATE local address translation to the global memory map. It indicates also the location
of used internal resources in the memory map.
Table 1-3. XGATE Resources

Device XGRAMSIZE | XGRAMLOW XGFLASHSIZE / XGFLASH_HIGH
MC9S12XHZ512 32K / 0xOF_8000 30K! / 0x78_7FFF
MC9S12XHZ384 28K / OxOF_9000
MC9S12XHZ256 16K / OxOF_C000

1 This value is calculated by the following formula: (64K - 2K - XGRAMSIZE)
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1.1.5 Part ID Assignments

The part ID is located in two 8-bit registers PARTIDH and PARTIDL (addresses 0x001A and 0X001B).
The read-only value is a unique part ID for each revision of the chip. Table 1-4 shows the assigned part ID
number and mask set number.

Table 1-4. Assigned Part ID Numbers

1
Device Mask Set Number Part ID
MC9S12XHZ512
MCOS12XHZ384 OM80F OXE400
1M8OF OXE401
MC9S12XHZ256

1 The coding is as follows:

Bit 15-12: Major family identifier

Bit 11-8: Minor family identifier

Bit 7-4: Major mask set revision including fab transfers
Bit 3-0: Minor non-full mask set revision

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.

1.2.1 Device Pinout

The MC912XHZ family is offered in the following package options:
* 144-pin LQFP with an external bus interface (address/data bus)
* 112-pin LQFP without an external bus interface

Figure 1-4 and Figure 1-5 show the pin assignments.
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1.2.2

Signal Properties Summary

Table 1-5 summarizes all pin functions.

Chapter 1 MC9S12XHZ Family Device Overview

Table 1-5. Signal Properties

Internal Pull Up

Pin Pin Pin Pin Pin Resistor
Name Name Name Name Name Povl\:/)ered Description
Function 1| Function 2| Function 3 | Function 4 | Function 5 y Reset
CTRL
State
EXTAL — — — — VbppPLL NA NA Oscillator pins
XTAL — — — — VbppLL NA NA
RESET — — — — Vppx2 PULL UP External reset
TEST — — — — NA NA NA Test input - must be tied to
VSS in all applications
XFC — — — — VbpPLL NA NA PLL loop Filter
BKGD MODC — — — Vppxz | Always on Up Background debug, mode
input
PAD[7:0] AN[7:0] KWAD[7:0] — — Vbpa PERAD/ | Disabled |Port AD I/O, Analog inputs
PPSAD (ATD), interrupts
PA[7:0] FP[15:8] | ADDR[15:8] | IVD[15:8] — Vppx1 PUCR Down | Port A I/O, address bus,
internal visibility data
PB[7:1] FP[7:1] ADDRJ[7:1] IVD[7:1] — Vppxi PUCR Down | Port B I/O, address bus,
internal visibility data
PBO FPO ADDRO IVDO ubDS Vppxi PUCR Down | Port B I/O, address bus,
internal visibility data,
upper data strobe
PCI[7:0] — DATA[15:8] — — Vppx1 PUCR Disabled | Port C I/O, data bus
PD[7:0] — DATA[7:0] — — Vppx1 PUCR Disabled | Port D I/O, data bus
PE7 FP22 ECLKX2 XCLKS — Vppxi PUCR Down | Port E I/O, LCD driver,
system clock output,
clock select
PE6 TAGHI MODB — — Vppx2 While RESET Port E 1/0, tag high, mode
pin is low: Down input
PE5 TAGLO MODA RE — Vpbx2 While RESET Port E I/O, tag low, mode input,
pin is low: Down read enable
PE4 ECLK — — — Vppx2 PUCR Down | Port E I/O, bus clock output
PE3 FP21 LSTRB LDS EROMCTL | Vppx1 PUCR Down | PortE /O, LCD driver, low byte
strobe, EROMON control
PE2 FP20 R/W WE — Vpbxi PUCR Down | Port E I/O, read/write, write
enable
PE1 IRQ — — — Vppx2 PUCR U Port E input, maskable
P interrupt
PEO XIRQ — — — Vppx2 PUCR Up Port E input, non-maskable

interrupt

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor

33




Chapter 1 MC9S12XHZ Family Device Overview

Table 1-5. Signal Properties

Internal Pull Up

Pin Pin Pin Pin Pin Resistor
Name Name Name Name Name Povgered Description
Function 1| Function 2| Function 3 | Function 4 | Function 5 y CTRL Reset
State
PK7 FP23 ECS ROMCTL | ROMCTL | Vppxi PUCR Down | Port K I/O, emulation chip
select, ROM on enable
PK[6:4] — ADDRJ[22:20] | ACC[2:0] — Vppx2 Port K I/O, extended address,
access source
PKI[3:0] BP[3:0] | ADDR[19:16] | IQSTAT[3:0] — Vbpx1 Port K 1/0O, LCD driver,
extended address, pipe status
PL[7:4] FP[31:28] | AN[15:12] — — Vppa PERL/ Down | PortL I/O, LCD drivers, analog
PPSL inputs (ATD)
PL[3:0] FP[19:16] ANJ[11:8] — — Vppxi Port L I/0, LCD drivers, analog
inputs (ATD)
PM5 TXCAN1 — — — Vppx2 PERM/ | Disabled | Port M I/O, TX of CAN1
PM4 RXCAN1 — — — Vopxe | PPSM Port M 1/0, RX of CAN1
PM3 TXCANO — — — Vppx2 Port M 1/O, TX of CANO
PM2 RXCANO — — — Vbpx2 Port M 1/0, RX of CANO
PM1 — — Cs1 — Vppx2 Port M 1/O, chip select 1
PP7 PWM7 SCL1 CS2 — Vppx2 PERP/ | Disabled |Port P I/O, PWM channel,
PPSP SCL of lIC1, chip select 2
PP6 PWM6 SDA1 CSOo — Vbpx2 Port P I/O, PWM channel, SDA
of 1IC1, chip select 0
PP5 PWM5 SCLO — — Vppx2 Port P 1/0, PWM channel,
SCL of lICO
PP4 PWM4 SDAO — — Vppx2 Port P 1/0, PWM channel,
SDA of 11ICO
PP3 PWM3 — — — Vppx2 Port P 1/0, PWM channel
PP2 PWM2 RXD1 — — Vbpx2 Port P 1/0, PWM channel,
RXD of SCI1
PP1 PWM1 — — — Vppx2 Port P 1/0, PWM channel
PPO PWMO TXD1 — — Vppx2 Port P I/O, PWM channel, TXD
of SCI1
PS7 SS — — — Vppx2 PERS/ | Disabled | Port S I/O, SS of SPI
PS6 SCK — — — VA PPSS Port S 1/0, SCK of SPI
PS5 MOSI — — — Vbpx2 Port S 1/0, MOSI of SPI
PS4 MISO — — — Vppx2 Port S 1/0, MISO of SPI
PS3 TXD1 — — — Vppx2 Port S 1/0, TXD of SCI1
PS2 RXD1 — CS3 — Vbpx2 Port S I/0, RXD of SCI1, chip
select 3
PS1 TXDO — — — Vppx2 Port S 1/0, TXD of SCIO
PSO RXDO — — — Vppx2 Port S 1/0, RXD of SCIO
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Chapter 1 MC9S12XHZ Family Device Overview
Table 1-5. Signal Properties
oi oi o oi oi Internal Pull Up
Nalr:e Nalr::e Nalr:e Nalr:e Nalr:e Povgered Reststor Description
Function 1| Function 2| Function 3 | Function 4 | Function 5 y CTRL Reset
State
PT7 I0C7 SCL1 — — Vppxi PERT/ Disabled | Port T I/O, Timer channels,
PPST SCL of lIC1
PT6 I0C6 SDA1l — — Vppx1 Port T I/O, Timer channels,
SDA of lIC1
PTS5 I0C5 SCLO — — Vppx1 Port T I/O, Timer channels,
SCL of ICO
PT4 I0C4 SDAO — — Vppxi Port T I/O, Timer channels,
SDA of 1ICO
PT[3:0] I0CJ[3:0] FP[27:24] — — Vppxi PERT/ Down |[Port T I/O, Timer channels,
PPST LCD driver
PU7 M1C1P M1SINP — — Vppmi12,3| PERU/ Disabled | Port U I/0O, motorl coil nodes
PU6 MICIM | MI1SINM — —  |Voowmizs| PPSY of MC or SSD1
PU5 M1COP M1COSP — — VbDM1,2.3
PU4 M1COM | M1COSM — — VbDM1.2.3
PU3 MOC1P MOSINP — — Vbbmi,2,3 Port U 1/O, motor O coil nodes
PU2 MOCIM | MOSINM — — VoDML2.3 of MC or SSDO
PU1 MOCOP MOCOSP — — Vbbm1,2,3
PUO MOCOM MOCOSM — — VbDM1,2.3
PV7 M3C1P M3SINP — — Vbopmi2,3| PERV/ Disabled | Port V I/O, motor 3 coil nodes
PV6 M3CIM | M3SINM — — [ Voomizs| FPPSV of MC or SSD3
PV5 M3COP M3COSP — — VbDM1.2.3
PV4 M3COM M3COSM — — VbDM1,2.3
PV3 M2C1P M2SINP — — VbpMm1,2.3 Port V 1/0, motor 2 coil nodes
PV2 M2CIM | M2SINM — — [ Voowizs of MC or SSD2
PV1 M2COP M2COSP — — VbDM1.2.3
PVO M2COM | M2COSM — — VbDM1.2.3
PW7 M5C1P M5SINP — — Vobwmi2,3| PERW/ | Disabled | Port W I/O, motor 5 coil nodes
PW6 M5CIM | M5SINM — — Voomizs| FPSW of MC or SSD5
PW5 M5COP M5COSP — — VbpMm1,2,3
PW4 M5COM M5COSM — — VbDM1.2.3
PW3 M4C1P M4SINP — — VbpMm1,2.3 Port W I/O, motor 4 coil nodes
PW2 M4CIM | M4SINM — — [ Voomizs of MC or SSD4
PW1 M4COP M4COSP — — VpDM1.2.3
PWO M4COM M4COSM — — VbpMm1.2,3
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Table 1-6. Power and Ground

Mnemonic ':l/g?:;gzl Description
Vicp 5.0V Voltage reference pin for the LCD driver.
Vpp1 25V Internal power and ground generated by internal regulator. These also allow an external source
Vssy oV to supply the core Vpp/Vgg voltages and bypass the internal voltage regulator.
Vss2
VDR 50V External power and ground, supply to pin drivers and internal voltage regulator.
Vssr ov
Vppx1 50V External power and ground, supply to pin drivers.
Vbpx2
Vssx1 ov
Vssx2
Vppa 50V Operating voltage and ground for the analog-to-digital converter and the reference for the internal
Vssa oV voltage regulator, allows the supply voltage to the A/D to be bypassed independently.
VRH 5.0V Reference voltage high for the ATD converter.
VgL ov Reference voltage low for the ATD converter.
VppPLL 25V Provides operating voltage and ground for the phased-locked Loop. This allows the supply
VsspLL oV yoltage to the PLL to be bypassed independently. Internal power and ground generated by
internal regulator.
VbbM1,2,3 50V Provides operating voltage and ground for motor 0, 1, 2 and 3.
Vssmi,2,3 ov

NOTE

All Vgg 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 close to the MCU as possible. Bypass requirements depend on
MCU pin load.

1.2.3 Detailed Signal Descriptions

1.2.3.1 EXTAL, XTAL — Oscillator Pins

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

1.2.3.2 RESET — External Reset Pin

The RESET pin is an active low bidirectional control signal. It acts as an input to initialize the MCU to a
known start-up state, and an output when an internal MCU function causes a reset.The RESET pin has an
internal pullup device.

MC9S12XHZ512 Data Sheet, Rev. 1.06

36 Freescale Semiconductor




Chapter 1 MC9S12XHZ Family Device Overview

1.2.3.3 TEST — Test Pin
This input only pin is reserved for test. This pin has a pulldown device.

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

1.2.34 XFC — PLL Loop Filter Pin

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

VpppLL VpppLL

1

Cs
MCU

Ro T

XFC

Figure 1-6. PLL Loop Filter Connections

1.2.3.5 BKGD / MODC — Background Debug and Mode Pin

The BKGD/MODC pin is used as a pseudo-open-drain pin for the background debug communication. It
is used as a MCU operating mode select pin during reset. The state of this pin is latched to the MODC bit
at the rising edge of RESET. The BKGD pin has a pullup device.

1.2.3.6 PAD[7:0] / AN[7:0] / KWADI[7:0] — Port AD I/O Pins [7:0]

PAD7-PADO are general-purpose input or output pins and analog inputs for the analog-to-digital
converter. They can be configured to generate an interrupt causing the MCU to exit STOP or WAIT mode.
1.2.3.7 PA[7:0] / ADDRJ[15:8] / IVD[15:8] — Port A I/O Pins

PA[7:0] are general-purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the external address bus. In MCU emulation modes of operation, these pins are used for external
address bus and internal visibility read data.

1.2.3.8  PB[7:1]/ ADDR[7:1] / IVD[7:1] — Port B I/O Pins

PB[7:1] are general-purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the external address bus. In MCU emulation modes of operation, these pins are used for external
address bus and internal visibility read data.
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1.2.3.9 PBO/ADDRO/UDS /IVD[O] — Port BI/OPIin 0

PBO is a general-purpose input or output pin. In MCU expanded modes of operation, this pin is used for
the external address bus ADDRO or as upper data strobe signal. In MCU emulation modes of operation,
this pin is used for external address bus ADDRO and internal visibility read data IVDO.

1.2.3.10 PC[7:0] / DATA [15:8] — Port C 1/O Pins

PC[7:0] are general-purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the external data bus.

The input voltage thresholds for PC[7:0] can be configured to reduced levels, to allow data from an external
3.3-V peripheral to be read by the MCU operating at 5.0 V. The input voltage thresholds for PC[7:0] are
configured to reduced levels out of reset in expanded and emulation modes. The input voltage thresholds
for PC[7:0] are configured to 5-V levels out of reset in normal modes.

1.2.3.11 PD[7:0] / DATA [7:0] — Port D I/O Pins

PD[7:0] are general-purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the external data bus.

The input voltage thresholds for PD[7:0] can be configured to reduced levels, to allow data from an
external 3.3-V peripheral to be read by the MCU operating at 5.0 V. The input voltage thresholds for
PD[7:0] are configured to reduced levels out of reset in expanded and emulation modes. The input voltage
thresholds for PC[7:0] are configured to 5-V levels out of reset in normal modes.

1.2.3.12 PE7/FP22/ ECLKX2 / XCLKS — Port E I/O Pin 7

PE7 is a general-purpose input or output pin. The pin can be configured as frontplane segment driver output
FP22 of the LCD module or as the internal system clock ECLKX2.

The XCLKS is an input signal which controls whether a crystal in combination with the internal loop
controlled (low power) Pierce oscillator is used or whether full swing Pierce oscillator/external clock
circuitry is used.

The XCLKS signal selects the oscillator configuration during reset low phase while a clock quality check
is ongoing. This is the case for:

»  Power on reset or low-voltage reset
*  Clock monitor reset
*  Any reset while in self-clock mode or full stop mode

The selected oscillator configuration is frozen with the rising edge of reset.
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Figure 1-7. Loop Controlled Pierce Oscillator Connections (PE7 = 0)
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Figure 1-8. Full Swing Pierce Oscillator Connections (PE7 = 1)
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Figure 1-9. External Clock Connections (PE7 = 1)

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

PE®6 is a general-purpose input or output pin. It is used as a 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 an input with a
pull-down device which is only active when RESET is low. TAGHI is used to tag the high half of the
instruction word being read into the instruction queue.

The input voltage threshold for PE6 can be configured to reduced levels, to allow data from an external
3.3-V peripheral to be read by the MCU operating at 5.0 V. The input voltage threshold for PE6 is
configured to reduced levels out of reset in expanded and emulation modes.
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1.2.3.14 PE5/MODA /TAGLO/RE — Port EI/OPin 5

PES is a general-purpose input or output pin. It is used as a 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
read enable RE output. This pin is an input with a pull-down device which is only active when RESET is
low. TAGLO is used to tag the low half of the instruction word being read into the instruction queue.

The input voltage threshold for PES can be configured to reduced levels, to allow data from an external
3.3-V peripheral to be read by the MCU operating at 5.0 V. The input voltage threshold for PES is
configured to reduced levels out of reset in expanded and emulation modes.

1.2.3.15 PE4/ECLK — Port E I/O Pin 4

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

1.2.3.16 PE3/FP21/LSTRB/LDS/EROMCTL— Port E I/O Pin 3

PE3 is a general-purpose input or output pin. It can be configured as frontplane segment driver output FP21
of the LCD module. In MCU expanded modes of operation, LSTRB or LDS can be used for the low byte
strobe function to indicate the type of bus access. At the rising edge of RESET the state of this pin is
latched to the EROMON bit.

1.2.3.17 PE2/FP20/R/W / WE—Port E I/O Pin 2

PE2 is a general-purpose input or output pin. It can be configured as frontplane segment driver output FP20
of the LCD module. In MCU expanded modes of operations, this pin drives the read/write output signal or
write enable output signal for the external bus. It indicates the direction of data on the external bus.

1.2.3.18 PE1/IRQ — Port E Input Pin 1

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

1.2.3.19 PEO/XIRQ — Port E Input Pin O

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

1.2.3.20 PK7/FP23/EWAIT/ROMCTL — Port K I/0 Pin 7

PK7 is a general-purpose input or output pin. It can be configured as frontplane segment driver output
FP23 of the LCD module. During MCU emulation modes and normal expanded modes of operation, this
pin is used to enable the Flash EEPROM memory in the memory map (ROMCTL). At the rising edge of
RESET, the state of this pin is latched to the ROMON bit. The EWAIT input signal maintains the external
bus access until the external device is ready to capture data (write) or provide data (read).

MC9S12XHZ512 Data Sheet, Rev. 1.06

40 Freescale Semiconductor



Chapter 1 MC9S12XHZ Family Device Overview

The input voltage threshold for PK7 can be configured to reduced levels, to allow data from an external
3.3-V peripheral to be read by the MCU operating at 5.0 V. The input voltage threshold for PK7 is
configured to reduced levels out of reset in expanded and emulation modes.

1.2.3.21 PK[6:4] / ADDR[22:20] / ACC[2:0] — Port K 1/O Pin [6:4]

PK[6:4] are general-purpose input or output pins. During MCU expanded modes of operation, the
ACC]J2:0] signals are used to indicate the access source of the bus cycle. This pins also provide the
expanded addresses ADDR[22:20] for the external bus. In Emulation modes ACC[2:0] is available and is
time multiplexed with the high addresses

1.2.3.22 PK[3:0] / BP[3:0] / ADDR[19:16] / IQSTAT[3:0] — Port K 1/0 Pins [3:0]

PK3-PKO are general-purpose input or output pins. The pins can be configured as backplane segment
driver outputs BP3—BP0 of the LCD module. In MCU expanded modes of operation, these pins provide
the expanded address ADDR[19:16] for the external bus and carry instruction pipe information.

1.2.3.23  PL[7:4] / FP[31:28] / AN[15:12] — Port L /O Pins [7:4]

PL7-PL4 are general-purpose input or output pins. They can be configured as frontplane segment driver
outputs FP31-FP28 of the LCD module or analog inputs for the analog-to-digital converter.

1.2.3.24 PL[3:0] / FP[19:16] / AN[11:8] — Port L I/O Pins [3:0]

PL3-PLO are general-purpose input or output pins. They can be configured as frontplane segment driver
outputs FP19-FP16 of the LCD module or analog inputs for the analog-to-digital converter.

1.2.3.25 PM5/TXCAN1— Port MI/O Pin 5

PMS5 is a general-purpose input or output pin. It can be configured as the transmit pin TXCANI of the
scalable controller area network controller 1 (CAN1)

1.2.3.26 PM4/RXCAN1 — Port M1/O Pin 4

PM4 is a general-purpose input or output pin. It can be configured as the receive pin RXCANT1 of the
scalable controller area network controller 1 (CAN1)

1.2.3.27 PM3/TXCANO — Port M I/O Pin 3

PM3 is a general-purpose input or output pin. It can be configured as the transmit pin TXCANO of the
scalable controller area network controller 0 (CANO)

1.2.3.28 PM2/RXCANO — Port M I/O Pin 2

PM2 is a general-purpose input or output pin. It can be configured as the receive pin RXCANO of the
scalable controller area network controller 0 (CANO).
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1.2.3.29 PM1/CS1— Port MI/O Pin1

PM1 is a general-purpose input or output pin. It can be configured to provide a chip-select output.

1.2.3.30 PP7/PWM7/SCL1/CS2—Port P 1/O Pin 7

PP7 is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWM?7 or the serial clock pin SCL1 of the inter-IC bus interface 1 (IIC1). It can be
configured to provide a chip-select output.

1.2.3.31 PP6/PWM6/SDA1/CS0O—PortP I/O Pin 6

PP6 is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWMS6 or the serial data pin SDAT1 of the inter-IC bus interface 1 (IIC1). It can be
configured to provide a chip-select output.

1.2.3.32 PP5/PWM5/SCLO—Port P I/O Pin 5

PPS5 is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWMS or the serial clock pin SCLO of the inter-IC bus interface 0 (IICO).

1.2.3.33 PP4/PWM4 /SDAO —Port P I/O Pin 4

PP4 is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWM4 or the serial data pin SDAO of the inter-IC bus interface 0 (IICO).

1.2.3.34 PP3/PWM3—Port P 1/O Pin 3

PP3 is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWM3.

1.2.3.35 PP2/PWM2/RXD1 —Port P 1/O Pin 2

PP2 is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWM?2 or the receive pin RXD1 of the serial communication interface 1 (SCI1).

1.2.3.36 PP1/PWM1—PortPI/OPin1

PP1 is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWMI.

1.2.3.37 PPO/PWMO/TXD1 —Port P 1/O Pin 0

PPO is a general-purpose input or output pin. It can be configured as pulse width modulator (PWM)
channel output PWMO or the transmit pin TXD1 of the serial communication interface 1 (SCI1).
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1.2.3.38 PS7/SS—Port SI/OPin7

PS7 is a general-purpose input or output pin. It can be configured as slave select pin SS of the serial
peripheral interface (SPI).

1.2.3.39 PS6/SCK —Port S1/0Pin 6

PS6 is a general-purpose input or output pin. It can be configured as serial clock pin SCK of the serial
peripheral interface (SPI).

1.2.3.40 PS5/MOSI— Port SI1/0O Pin 5

PS5 is a general-purpose input or output pin. It can be configured as the master output (during master
mode) or slave input (during slave mode) pin MOSI of the serial peripheral interface (SPI).

1.2.3.41 PS4/MISO — Port S1/0O Pin 4

PS4 is a general-purpose input or output pin. It can be configured as master input (during master mode) or
slave output (during slave mode) pin MISO for the serial peripheral interface (SPI).

1.2.3.42 PS3/TXD1— Port SI1/O Pin 3

PS3 is a general-purpose input or output pin. It can be configured as transmit pin TXDI1 of the serial
communication interface 1 (SCI1).

1.2.3.43 PS2/RXD1/CS2 — Port S I/0O Pin 2

PS2 is a general-purpose input or output pin. It can be configured as receive pin RXDI1 of the serial
communication interface 1 (SCI1). It can be configured to provide a chip-select output.

1.2.3.44 PS1/TXDO — Port SI1/O Pin 1

PS1 is a general-purpose input or output pin. It can be configured as transmit pin TXDO of the serial
communication interface 0 (SCIO).

1.2.3.45 PSO/RXDO—PortS1/OPin0

PSO0 is a general-purpose input or output pin. It can be configured as receive pin RXDO of the serial
communication interface 0 (SCIO).
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1.2.3.46 PT7/10C7/SCL1—PortTI/OPin7

PT7 is a general-purpose input or output pin. It can be configured as input capture or output compare pin
IOC7 of the enhanced capture timer (ECT) or the serial clock pin SCL1 of the inter-IC bus interface 1
(IIC1).

1.2.3.47 PT6/10C6/SDA1 — Port T I/O Pin 6

PT6 is a general-purpose input or output pin. It can be configured as input capture or output compare pin
I0C6 of the enhanced capture timer (ECT) or the serial data pin SDA1 of the inter-IC bus interface 1
(IIC1).

1.2.3.48 PT5/10C5/SCLO— Port TI1/OPin5

PTS5 is a general-purpose input or output pin. It can be configured as input capture or output compare pin
IOCS5 of the enhanced capture timer (ECT) or the serial clock pin SCLO of the inter-IC bus interface 0
(IICO).

1.2.3.49 PT4/10C4/SDAO — Port T I/0O Pin 4

PT4 is a general-purpose input or output pin. It can be configured as input capture or output compare pin
I0C4 of the enhanced capture timer (ECT) or the serial data pin SDAO of the inter-IC bus interface 0
(I1CO).

1.2.3.50 PT[3:0] /10C[3:0] / FP[27:24] — Port T I/O Pins [3:0]

PT3-PTO are general-purpose input or output pins. They can be configured as input capture or output
compare pins IOC3-IOCO of the enhanced capture timer (ECT). They can be configured as frontplane
segment driver outputs FP27-FP24 of the LCD module.

1.2.3.51 PU[7:4]/ M1C1(SIN)P, M1C1(SIN)M, M1CO(COS)P, M1CO(COS)M — Port U
I/O Pins [7:4]

PU7-PU4 are general-purpose input or output pins. They can be configured as high current PWM output
pins which can be used for motor drive or to measure the back EMF to calibrate the pointer reset position.
These pins interface to the coils of motor 1.

1.2.3.52 PU[3:0]/ MOC1(SIN)P, MOC1(SIN)M, MOCO(COS)P, MOCO(COS)M — Port U
I/0 Pins [3:0]

PU3-PUO are general-purpose input or output pins. They can be configured as high current PWM output
pins which can be used for motor drive or to measure the back EMF to calibrate the pointer reset position.
These pins interface to the coils of motor 0.
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1.2.3.53 PV[7:4] / M3C1(SIN)P, M3C1(SIN)M, M3CO(COS)P, M3CO(COS)M — Port V
I/O Pins [7:4]

PV7-PV4 are general-purpose input or output pins. They can be configured as high current PWM output
pins which can be used for motor drive or to measure the back EMF to calibrate the pointer reset position.
These pins interface to the coils of motor 3.

1.2.3.54 PV[3:0] / M2C1(SIN)P, M2C1(SIN)M, M2CO(COS)P, M2CO(COS)M — Port V
I/0O Pins [3:0]

PV3-PV0 are general-purpose input or output pins. They can be configured as high current PWM output
pins which can be used for motor drive or to measure the back EMF to calibrate the pointer reset position.
These pins interface to the coils of motor 2.

1.2.3.55 PW]J7:4] / M5C1(SIN)P, M5C1(SIN)M, M5C0O(COS)P, M5C0O(COS)M — Port
W 1/O Pins [7:4]

PW7-PW4 are general-purpose input or output pins. They can be configured as high current PWM output
pins which can be used for motor drive or to measure the back EMF to calibrate the pointer reset position.
These pins interface to the coils of motor 5.

1.2.3.56  PW[3:0] / M4C1(SIN)P, MAC1(SIN)M, M4CO(COS)P, M4CO(COS)M — Port
W 1/0 Pins [3:0]

PW3-PWO are general-purpose input or output pins. They can be configured as high current PWM output
pins which can be used for motor drive or to measure the back EMF to calibrate the pointer reset position.
These pins interface to the coils of motor 4.

1.2.4 Power Supply Pins
Power and ground pins are described below.

NOTE
All Vg pins must be connected together in the application.

1241 Vppr — External Power Pin

Vppr 1s the power supply pin for the internal voltage regulator.

1.2.4.2  Vppxi Vopxe: Vssxi: Vssxe — External Power and Ground Pins

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

Vppxi and Vppxo as well as Vggx and Vggyp are not internally connected.
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1.2.4.3 Vpp1, Vssi, Vsso — Internal Logic Power Pins

Power is supplied to the MCU through Vp and Vgg. Because fast signal transitions place high,
short-duration current demands on the power supply, use bypass capacitors with high-frequency
characteristics and place them as close to the MCU as possible. This 2.5-V supply is derived from the
internal voltage regulator. There is no static load on those pins allowed.

Vg1 and Vgg) are internally connected.

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

Vppas Vssa are the power supply and ground pins for the voltage regulator and the analog-to-digital
converter.

1.2.45 Vrh: VR — ATD Reference Voltage Input Pins

Vyry and Vg are the voltage reference pins for the analog-to-digital converter.

1.2.4.6 VDDPLL’ VSSPLL — Power Supply Pins for PLL

Provides operating voltage and ground for the oscillator and the phased-locked loop. This allows the
supply voltage to the oscillator and PLL to be bypassed independently. This 2.5-V voltage is generated by
the internal voltage regulator.

1.2.4.7 Vopom1: Vobwmz: Vopomz — Power Supply Pins for Motor O to 3

Vopumi> Vopmz and Vppys are the supply pins for the ports U, V and W. Vppavt, Vopwz and Vppws
are internally connected.

1.2.4.8 VSSMl’ VSSMZ’ VSSM3 — Ground Pins for Motor 0to 3

Vgsmi» Vssve and Vggy3 are the ground pins for the ports U, V and W. Vggumi, Vssvn and Vggys are
internally connected.

1.2.4.9 V| cp — Power Supply Reference Pin for LCD driver

V1 cp is the voltage reference pin for the LCD driver. Adjusting the voltage on this pin will change the
display contrast.
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1.3  System Clock Description

The clock and reset generator module (CRG) provides the internal clock signals for the core and all
peripheral modules. Figure 1-10 shows the clock connections from the CRG to all modules.

Consult the CRG block description chapter for details on clock generation.

SSDO .. SSD5

CANO & CAN1  1ICO & 1IC1  SCI0 & SCI1

MC LCD SPI

Low [ IV ] [ !

®e—>» ECT
Oscillator Clock
— CRG L @
XTAL ® > PIM
Core Clock
l [ _
Y Y l
RAM S12X XGATE FLASH EEPROM

Figure 1-10. Clock Connections

The MCU’s system clock can be supplied in several ways enabling a range of system operating frequencies
to be supported:

* The on-chip phase locked loop (PLL)
» the PLL self clocking
 the oscillator

The clock generated by the PLL or oscillator provides the main system clock frequencies core clock and
bus clock. As shown in Figure 1-10, this system clocks are used throughout the MCU to drive the core, the

memories, and the peripherals.
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The program Flash memory and the EEPROM are supplied by the bus clock and the oscillator clock.The
oscillator clock is used as a time base to derive the program and erase times for the NVM’s. Consult the
FTX512k4 and EETX4K block description chapters for more details on the operation of the NVM’s.

The CAN modules may be configured to have their clock sources derived either from the bus clock or
directly from the oscillator clock. This allows the user to select its clock based on the required jitter
performance. Consult MSCAN block description for more details on the operation and configuration of
the CAN blocks.

In order to ensure the presence of the clock the MCU includes an on-chip clock monitor connected to the
output of the oscillator. The clock monitor can be configured to invoke the PLL self-clocking mode or to
generate a system reset if it is allowed to time out as a result of no oscillator clock being present.

In addition to the clock monitor, the MCU also provides a clock quality checker which performs a more
accurate check of the clock. The clock quality checker counts a predetermined number of clock edges
within a defined time window to insure that the clock is running. The checker can be invoked following
specific events such as on wake-up or clock monitor failure.

1.4  Chip Configuration Summary

The MCU can operate in six different modes. The different modes, the state of ROMCTL and EROMCTL
signal on rising edge of RESET, and the security state of the MCU affects the following device
characteristics:

» External bus interface configuration

* Flash in memory map, or not

* Debug features enabled or disabled

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA signals
during reset (see Table 1-7). 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 signals are latched into these bits on the rising edge of RESET.

In normal expanded mode and in emulation modes the ROMON bit and the EROMON bit in the
MMCCTLI register defines if the on chip flash memory is the memory map, or not. (See Table 1-7.) For
a detailed description of the ROMON and EROMON bits refer to the S12X_MMC Bblock description
chapter.

The state of the ROMCTL signal is latched into the ROMON bit in the MMCCTLI1 register on the rising
edge of RESET. The state of the EROMCTL signal is latched into the EROMON bit in the MISC register
on the rising edge of RESET.
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Table 1-7. Chip Modes and Data Sources

Chip Modes Bl\?ggcz hjg?a; I\Té?); Rgllf/rc;L ERFZ)EraczTL Data Source

Normal single chip 1 0 0 X X Internal

Special single chip

Emulation single chip X 0 Emulation memory
X 1 Internal Flash

Normal expanded 1 0 1 0 X External application
1 X Internal Flash

Emulation expanded 0 1 1 0 X External application
1 0 Emulation memory
1 1 Internal Flash

Special test 0 1 0 0 X External application
1 X Internal Flash

Internal means resources inside the MCU are read/written.

Internal Flash means Flash resources inside the MCU are read/written.

Emulation memory means resources inside the emulator are read/written (PRU registers, Flash replacement, RAM, EEPROM,
and register space are always considered internal).

External application means resources residing outside the MCU are read/written.

The configuration of the oscillator can be selected using the XCLKS signal (see Table 1-8). For a detailed
description please refer to the CRG block description chapter.

Table 1-8. Clock Selection Based on PE7

PE7 = XCLKS Description
0 Loop controlled Pierce oscillator selected
1 Full swing Pierce oscillator or external clock source selected

1.5 Modes of Operation

151 User Modes

1511 Normal Expanded Mode

Ports K, A, and B are configured as a 23-bit address bus, ports C and D are configured as a 16-bit data bus,
and port E provides bus control and status signals. This mode allows 16-bit external memory and
peripheral devices to be interfaced to the system. The fastest external bus rate is divide by 2 from the
internal bus rate.

1.5.1.2 Normal Single-Chip Mode

There is no external bus in this mode. The processor program is executed from internal memory. Ports A,
B,C,D, K, and most pins of port E are available as general-purpose 1/O.
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1.5.1.3 Special Single-Chip Mode

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

1514 Emulation of Expanded Mode

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

1.5.15 Emulation of Single-Chip Mode

Developers use this mode for emulation systems in which the user’s target application is normal
single-chip mode. Code is executed from external memory or from internal memory depending on the state
of ROMON and EROMON bit. In this mode the internal operation is visible on external bus interface.

1.5.1.6 Special Test Mode

Freescale internal use only.

15.2 Low-Power Modes

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

1521 System Stop Modes

The system stop modes are entered if the CPU executes the STOP instruction and the XGATE doesn’t
execute a thread and the XGFACT bit in the XGMCTL register is cleared. Depending on the state of the
PSTP bit in the CLKSEL register the MCU goes into pseudo stop mode or full stop mode. Please refer to
CRG block description chapter. Asserting RESET, XIRQ, IRQ or any other interrupt ends the system stop
modes.

1.5.2.2 Pseudo Stop Mode

In this mode the clocks are stopped but the oscillator is still running and the real time interrupt (RTI) or
watchdog (COP) submodule can stay active. Other peripherals are turned off. This mode consumes more
current than the system stop mode, but the wake up time from this mode is significantly shorter.

1.5.2.3 Full Stop Mode

The oscillator is stopped in this mode. All clocks are switched off. All counters and dividers remain frozen.
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1524 System Wait Mode

This mode is entered when the CPU executes the WAI instruction. In this mode the CPU will not execute
instructions. The internal CPU clock is switched off. All peripherals and the XGATE can be active in
system wait mode. For further power consumption savings, the peripherals can individually turn off their
local clocks. Asserting RESET, XIRQ, IRQ or any other interrupt that has not been masked ends system
wait mode.

1.5.3 Freeze Mode

The enhanced capture timer, pulse width modulator, analog-to-digital converter, the periodic interrupt
timer and the XGATE module provide a software programmable option to freeze the module status during
the background debug module is active. This is useful when debugging application software. For detailed
description of the behavior of the ATD, ECT, PWM, XGATE and PIT when the background debug module
is active consult the corresponding module block description chapters.

1.6  Resets and Interrupts

Consult the S12XCPU block description chapter for information on exception processing.

1.6.1 Vectors

Table 1-9 lists all interrupt sources and vectors in the default order of priority. The interrupt module
(S12XINT) provides an interrupt vector base register (IVBR) to relocate the vectors. Associated with each
I-bit maskable service request is a configuration register. It selects if the service request is enabled, the
service request priority level and whether the service request is handled either by the S12X CPU or by the
XGATE module.
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Table 1-9. Interrupt Vector Locations (Sheet 1 of 3)

Vector Address? Chﬁgﬁ\;—lElDz Interrupt Source l\cll:aCsFli Local Enable
OxFFFE — System reset or illegal access reset None None
OXFFFC — Clock monitor reset None PLLCTL (CME, SCME)
OxFFFA — COP watchdog reset None COP rate select

Vector base + OxF8 — Unimplemented instruction trap None None

Vector base+ OxF6 — SWwi None None

Vector base+ OxF4 — XIRQ X Bit None

Vector base+ OxF2 — IRQ | bit IRQCR (IRQEN)

Vector base+ 0xFO 0x78 Real time interrupt | bit CRGINT (RTIE)

Vector base+ OXEE ox77 Enhanced capture timer channel O | bit TIE (COl)

Vector base + OXEC 0x76 Enhanced capture timer channel 1 | bit TIE (C1lI)

Vector base+ OxEA 0x75 Enhanced capture timer channel 2 | bit TIE (C2I)

Vector base+ OXE8 0x74 Enhanced capture timer channel 3 I bit TIE (C3I)

Vector base+ OxE6 0x73 Enhanced capture timer channel 4 | bit TIE (CA4l)

Vector base+ OxE4 0x72 Enhanced capture timer channel 5 | bit TIE (C5I)

Vector base + OXE2 0x71 Enhanced capture timer channel 6 | bit TIE (C6l)
Vector base+ O0XEO 0x70 Enhanced capture timer channel 7 | bit TIE (C7I)
Vector base+ OxDE Ox6F Enhanced capture timer overflow | bit TSRC2 (TOF)
Vector base+ OxDC Ox6E Pulse accumulator A overflow | bit PACTL (PAQVI)
Vector base + OxDA 0x6D Pulse accumulator input edge I bit PACTL (PAI)
Vector base + 0xD8 0x6C SPI | bit SPCR1 (SPIE, SPTIE)
Vector base+ 0xD6 0x6B SCI0 | bit SCIOCR2

(TIE, TCIE, RIE, ILIE)
Vector base + 0xD4 Ox6A SCi1 | bit SCI1CR2

(TIE, TCIE, RIE, ILIE)
Vector base + 0xD2 0x69 ATD | bit ATDCTL2 (ASCIE)
Vector base + 0xDO 0x68 Reserved | bit Reserved
Vector base + OXCE 0x67 Port AD | bit PIEAD (PIEADY - PIEADO)
Vector base + 0xCC 0x66 Reserved | bit Reserved
Vector base + OXCA 0x65 Modulus down counter underflow | bit MCCTL(MCZI)
Vector base + 0xC8 0x64 Pulse accumulator B overflow | bit PBCTL(PBOVI)
Vector base + 0xC6 0x63 CRG PLL lock | bit CRGINT(LOCKIE)
Vector base + 0xC4 0x62 CRG self-clock mode | bit CRGINT (SCMIE)
Vector base + 0xC2 0x61 Reserved | bit Reserved
Vector base + 0xCO 0x60 1ICO bus I bit IBOCR (IBIE)
Vector base + OxBE Ox5F Reserved | bit Reserved
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Table 1-9. Interrupt Vector Locations (Sheet 2 of 3)

Vector Address?! Chéfr?;EIDz Interrupt Source I\C/I:stFli Local Enable
Vector base + 0xBC Ox5E Reserved | bit Reserved

Vector base + OxBA 0x5D EEPROM | bit ECNFG (CCIE, CBEIE)
Vector base + OxB8 0x5C FLASH | bit FCNFG (CCIE, CBEIE)
Vector base + OxB6 0x5B CANO wake-up | bit CANORIER (WUPIE)
Vector base + 0xB4 O0x5A CANO errors | bit CANORIER (CSCIE, OVRIE)
Vector base + 0xB2 0x59 CANO receive | bit CANORIER (RXFIE)
Vector base + 0xB0O 0x58 CANO transmit | bit CANOTIER (TXEIE[2:0])
Vector base + OXAE 0x57 CAN1 wake-up I bit CAN1RIER (WUPIE)
Vector base + OxAC 0x56 CAN1 errors | bit CAN1RIER (CSCIE, OVRIE)
Vector base + OXAA 0x55 CANL1 receive | bit CANI1RIER (RXFIE)
Vector base + 0xA8 0x54 CANL1 transmit I bit CANL1TIER (TXEIE[2:0])
Vector base + OxA6 0x53 Reserved | bit Reserved

Vector base + 0xA4 0x52 Reserved | bit Reserved

Vector base + 0xA2 0x51 SSD4 | bit MDCA4CTL (MCZIE, AOVIE)
Vector base + OxAO 0x50 SSDO | bit MDCOCTL (MCZIE, AOVIE)
Vector base + Ox9E Ox4F SSD1 | bit MDC1CTL (MCZIE, AOVIE)
Vector base+ 0x9C Ox4E SSD2 I bit MDC2CTL (MCZIE, AOVIE)
Vector base+ 0x9A 0x4D SSD3 I bit MDC3CTL (MCZIE, AOVIE)
Vector base + 0x98 0x4C SSD5 | bit MDC5CTL (MCZIE, AOVIE)
Vector base + 0x96 0x4B Motor Control Timer Overflow | bit MCCTL1 (MCOCIE)
Vector base + 0x94 O0x4A Reserved | bit Reserved

Vector base + 0x92 0x49 Reserved | bit Reserved

Vector base + 0x90 0x48 Reserved | bit Reserved

Vector base + Ox8E 0x47 Reserved | bit Reserved

Vector base+ 0x8C 0x46 PWM emergency shutdown | bit PWMSDN (PWMIE)
Vector base + 0x8A 0x45 Reserved | bit Reserved

Vector base + 0x88 0x44 Reserved | bit Reserved

Vector base + 0x86 0x43 Reserved | bit Reserved

Vector base + 0x84 0x42 Reserved | bit Reserved

Vector base + 0x82 0x41 IIC1 Bus | bit IB1CR (IBIE)

Vector base + 0x80 0x40 Low-voltage interrupt (LVI) | bit VREGCTRL (LVIE)
Vector base + Ox7E O0x3F Autonomous periodical interrupt (API) | bit VREGAPICTRL (APIE)
Vector base + 0x7C O0x3E Reserved | bit Reserved

Vector base + Ox7A 0x3D Periodic interrupt timer channel 0 | bit PITINTE (PINTEO)
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Table 1-9. Interrupt Vector Locations (Sheet 3 of 3)

Vector Address?! Ch);fwar?;EIDz Interrupt Source I\C/I:zg:sFli Local Enable
Vector base + 0x78 0x3C Periodic interrupt timer channel 1 | bit PITINTE (PINTE1)
Vector base + 0x76 0x3B Periodic interrupt timer channel 2 I bit PITINTE (PINTE2)
Vector base + 0x74 0x3A Periodic interrupt timer channel 3 | bit PITINTE (PINTE3)
Vector base + 0x72 0x39 XGATE software trigger 0 | bit XGMCTL (XGIE)
Vector base + 0x70 0x38 XGATE software trigger 1 I bit XGMCTL (XGIE)
Vector base + Ox6E 0x37 XGATE software trigger 2 | bit XGMCTL (XGIE)
Vector base + 0x6C 0x36 XGATE software trigger 3 | bit XGMCTL (XGIE)
Vector base + Ox6A 0x35 XGATE software trigger 4 | bit XGMCTL (XGIE)
Vector base + 0x68 0x34 XGATE software trigger 5 | bit XGMCTL (XGIE)
Vector base + 0x66 0x33 XGATE software trigger 6 | bit XGMCTL (XGIE)
Vector base + 0x64 0x32 XGATE software trigger 7 I bit XGMCTL (XGIE)
Vector base + 0x62 — XGATE software error interrupt | bit XGMCTL (XGIE)
Vector base + 0x60 — S12XCPU RAM access violation | bit RAMWPC (AVIE)
Vector base+ 0x12

to — Reserved — Reserved
Vector base + Ox5E
Vector base + 0x10 — Spurious interrupt — None

1 16 bits vector address based
2 For detailed description of XGATE channel ID refer to XGATE block description chapter

1.6.2 Effects of Reset

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

1.6.2.1 I/O Pins
Refer to the PIM block description chapter for reset configurations of all peripheral module ports.

1.6.2.2 Memory

The RAM array is not initialized out of reset.

1.7 COP Configuration

The COP timeout rate bits CR[2:0] and the WCOP bit in the COPCTL register are loaded on rising edge
of RESET from the Flash control register FCTL (0x0107) located in the Flash EEPROM block. See
Table 1-10 and Table 1-11 for coding. The FCTL register is loaded from the Flash configuration field byte
at global address Ox7FFFOE during the reset sequence
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NOTE

If the MCU is secured the COP timeout rate is always set to the longest
period (CR[2:0] = 111) after COP reset.

Table 1-10. Initial COP Rate Configuration

NV[2:0] in CR[2:0] in
FCTL Register COPCTL Register
000 111
001 110
010 101
011 100
100 011
101 010
110 001
111 000

Table 1-11. Initial WCOP Configuration

NV[3] in WCOP in
FCTL Register COPCTL Register
1
0

1.8  ATD External Trigger Input Connection

The ATD_10B16C module includes four external trigger inputs ETRIG0O, ETRIG1, ETRIG2, and
ETRIG3. The external trigger feature allows the user to synchronize ATD conversion to external trigger
events. Table 1-12 shows the connection of the external trigger inputs on MC9S12XHZ Family.

Table 1-12. ATD External Trigger Sources

Exter?naFI)I:igger Connectivity
ETRIGO Pulse width modulator channel 1
ETRIG1 Pulse width modulator channel 3
ETRIG2 Periodic interrupt timer hardware trigger O
ETRIG3 Periodic interrupt timer hardware trigger 1

Consult the ATD_10B16C block description chapter for information about the analog-to-digital converter
module.
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Chapter 2
Port Integration Module (S12XHZPIMV1)

2.1 Introduction

The port integration module establishes the interface between the peripheral modules including the
non-multiplexed external bus interface module (S12X_EBI) and the I/O pins for all ports. It controls the
electrical pin properties as well as the signal prioritization and multiplexing on shared pins.
This section covers:
* Port A, B and K associated with S12X_EBI module and the LCD driver
e Port C and D associated with S12X_EBI module
» Port E associated with S12X_EBI module, the IRQ, XIRQ interrupt inputs, and the LCD driver
* Port AD associated with ATD module (channels 7 through 0) and keyboard wake-up interrupts
* Port L connected to the LCD driver and ATD (channels 15 through 8) modules
* Port M connected to 2 CAN modules
* Port P connected to 1 SCI, 2 IIC and PWM modules
* Port S connected to 2 SCI and 1 SPI modules
» Port T connected to 2 IIC, 1 ECT and LCD driver modules
* Port U, V and W associated with PWM motor control and stepper stall detect modules

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

2.1.1 Features

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

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor 57



g |

Chapter 2 Port Integration Module (S12XHZPIMV1)

2.1.2

Block Diagram

Figure 2-1 is a block diagram of the S12XHZPIM
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Figure 2-1. S12XHZPIM Block Diagram
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External Signal Description

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

Table 2-1 shows all the pins and their functions that are controlled by the SI2XHZPIM. The order in which |
the pin functions are listed represents the functions priority (top — highest priority, bottom — lowest

priority).
Table 2-1. Detailed Signal Descriptions (Sheet 1 of 6)
. Pin Function - Pin Function
Port Pin Name and Priority 1/0 Description after Reset

— BKGD |MODC I MODC input during RESET BKGD
BKGD 1/0 | S12X_BDM communication pin

A PA[7:0] |[ADDR[15:8] O | High-order external bus address output Mode dependent
mux IVD[15:8] (multiplexed with VIS data)
FP[15:8] O | LCD frontplane driver
GPIO I/0 | General-purpose 1/0

B PB[7:1] |ADDR[7:1] O | Low-order external bus address output Mode dependent
mux IVD[7:1] (multiplexed with VIS data)
FP[7:1] O | LCD frontplane driver
GPIO I/0 | General-purpose I/0

PBI0] ADDRO O | Low-order external bus address output

mux VDO (multiplexed with VIS data)
ubSs O | Upper data strobe
FP[0] O | LCD frontplane driver
GPIO I/0 | General-purpose I/0

C PC[7:0] |DATA[15:8] I/0 | High-order bidirectional data input/output Mode dependent

Configurable for reduced input threshold

GPIO I/0 | General-purpose 1/0

D PD[7:0] |DATA[7:0] I/0O | Low-order bidirectional data input/output Mode dependent

Configurable for reduced input threshold

GPIO /O | General-purpose /O
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Table 2-1. Detailed Signal Descriptions (Sheet 2 of 6)

Pin Function

Pin Function

Port Pin Name and Priority 110 Description after Reset
E PE[7] XCLKS | External clock selection input during RESET Mode dependent
ECLKX2 O | Free-running clock output at Core Clock rate (ECLK x 2)
FP[22] O | LCD frontplane driver
GPIO /O | General-purpose 1/0
PE[6] MODB | MODB input during RESET
TAGHI | Instruction tagging low pin
Configurable for reduced input threshold
GPIO I/0 | General-purpose 1/0
PE[5] MODA | MODA input during RESET
RE O [Read enable signal
TAGLO | Instruction tagging low pin
Configurable for reduced input threshold
GPIO I/0 | General-purpose 1/0
PE[4] ECLK O | Free-running clock output at the Bus Clock rate or
programmable divided in normal modes
GPIO 1/0 | General-purpose I/O
PE[3] EROMCTL | EROMON bit control input during RESET
LSTRB O | Low strobe bar output
LDS O |Lower data strobe
FP[21] O | LCD frontplane driver
GPIO 1/0 | General-purpose 1/0
PE[2] R/W O | Read/write output for external bus
WE O | Write enable
FP[20] O | LCD frontplane driver
GPIO 1/0 | General-purpose 1/0
PE[1] IRQ | Maskable level or falling edge-sensitive interrupt input
GPIO 1/0 | General-purpose I/O
PEJ[0] XIRQ | Non-maskable level-sensitive interrupt input
GPIO 1/0 | General-purpose I/O
K PKI[7] ROMCTL | ROMON bit control input during RESET Mode dependent
EWAIT | External Wait signal
Configurable for reduced input threshold
FP[23] O | LCD frontplane driver
GPIO I/0 | General-purpose 1/0
PK[6:4] | ADDR[22:20] O | Extended external bus address output
mux ACCJ[2:0] (multiplexed with master access output)
GPIO I/0 | General-purpose 1/0
PK[3:0] |ADDR[19:16] O | Extended external bus address output
mux IQSTAT[3:0] (multiplexed with instruction pipe status bits)
BP[3:0] O | LCD backplane driver
GPIO I/O | General-purpose /0
AD PAD[7:0] | AN[7:0] | Analog-to-digital converter input channel GPIO
KWAD[7:0] | Keyboard wake-up interrupt
GPIO I/0 | General-purpose 1/0O
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Table 2-1. Detailed Signal Descriptions (Sheet 3 of 6)
. Pin Function I Pin Function
Port Pin Name and Priority 110 Description after Reset
L PL[7:4] |FP[31:28] O | LCD frontplane driver GPIO
AN[15:12] | Analog-to-digital converter input channel
GPIO /O | General-purpose /0
PL[3:0] [FP[19:16] O | LCD frontplane driver
AN[11:8] | Analog-to-digital converter input channel
GPIO I/O | General-purpose /O
M PM[5] |TXCAN1 O | MSCANL1 transmit pin GPIO
GPIO /O | General-purpose /O
PM[4] RXCAN1 | MSCANL1 receive pin
GPIO /O | General-purpose /0
PM[3] TXCANO O | MSCANQO transmit pin
GPIO I/0 | General-purpose 1/0O
PM[2] RXCANO | MSCANO receive pin
GPIO O | General-purpose I/O
PM[1] ([CS1 O |[Chipselect 1
GPIO I/O | General-purpose /0
P PP[7] |CS2 O |[Chip select 2 GPIO
PWM7 /O | Pulse-width modulator channel 7
and emergency shutdown input
SCL1 /0 | Inter-integrated circuit 1 serial clock line
GPIO I/0 | General-purpose 1/0O
PP[6] |[CSO O |[Chipselect0
PWM6 O | Pulse-width modulator channel 6
SDA1 I/0 | Inter-integrated circuit 1 serial data line
GPIO I/0 | General-purpose 1/0
PP[5] PWM5 1/0 | Pulse-width modulator channel 5
and emergency shutdown input
SCLO /0 | Inter-integrated circuit O serial clock line
GPIO I/0 | General-purpose 1/0
PP[4] PWM4 O | Pulse-width modulator channel 4
SDAO I/0 | Inter-integrated circuit O serial data line
GPIO I/0 | General-purpose 1/0
PP[3] PWM3 O | Pulse-width modulator channel 3
GPIO /O | General-purpose I/O
PP[2] PWM2 O | Pulse-width modulator channel 2
RXD1 I Serial communication interface 1 receive pin
GPIO /O | General-purpose I/O
PP[1] PWM1 O | Pulse-width modulator channel 1
GPIO /O | General-purpose I/O
PP[O] PWMO O | Pulse-width modulator channel O
TXD1 O | Serial communication interface 1 transmit pin
GPIO /O | General-purpose I/O
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Table 2-1. Detailed Signal Descriptions (Sheet 4 of 6)

. Pin Function I Pin Function
Port Pin Name and Priority 110 Description after Reset
S PS[7] SS I/O | Serial peripheral interface slave select input/output in GPIO
master mode, input in slave mode
GPIO I/0 | General-purpose 1/0
PSI[6] SCK I/0 | Serial peripheral interface serial clock pin
GPIO I/0 | General-purpose 1/0
PSI[5] MOSI I/0 | Serial peripheral interface master out/slave in pin
GPIO I/0 | General-purpose 1/0
PS[4] MISO I/0 | Serial peripheral interface master in/slave out pin
GPIO I/0 | General-purpose 1/0
PSI[3] TXD1 O | Serial communication interface 1 transmit pin
GPIO I/0 | General-purpose /0
PS[2] |[CS3 O |[Chip select 3
RXD1 | Serial communication interface 1 receive pin
GPIO I/0 | General-purpose 1/0
PS[1] TXDO O | Serial communication interface 0 transmit pin
GPIO I/0 | General-purpose 1/0
PSI[0] RXDO | Serial communication interface O receive pin
GPIO I/0 | General-purpose 1/0
T PT[7] 10C7 I/O | Timer channel GPIO
SCL1 I/0 | Inter-integrated circuit 1 serial clock line
GPIO I/0 | General-purpose 1/0
PT[6] 10C7 I/0 | Timer channel
SDA1 I/0O | Inter-integrated circuit 1 serial data line
GPIO I/0 | General-purpose 1/0
PT[5] 10C5 I/0 | Timer channel
SCLO 1/0 | Inter-integrated circuit O serial clock line
GPIO I/0 | General-purpose 1/0
PT[4] 10C4 I/0 | Timer channel
SDAO I/0O | Inter-integrated circuit O serial data line
GPIO I/0 | General-purpose 1/0
PT[3:0] |FP[27:24] I/0 | LCD frontplane driver
10C[3:0] I/0 | Timer channel
GPIO I/0 | General-purpose 1/0
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Table 2-1. Detailed Signal Descriptions (Sheet 5 of 6)
. Pin Function - Pin Function
Port Pin Name and Priority 110 Description after Reset
U PU[7] M1SINP O |SSD1 Sine+ Node GPIO

M1C1P O | PWM motor controller channel 3
GPIO I/O | General-purpose /O

PU[6] M1SINM O |SSD1 Sine- Node
M1C1iM O | PWM motor controller channel 3
GPIO /O | General-purpose I/O

PUI[5] M1COSP O |SSD1 Cosine+ Node
M1COP O | PWM motor controller channel 2
GPIO /O | General-purpose /0

PU[4] M1COSM O |SSD1 Cosine- Node
M1COM O | PWM motor controller channel 2
GPIO I/0 | General-purpose 1/O

PUI[3] MOSINP O |SSDO Sine+ Node
MOC1P O | PWM motor controller channel 1
GPIO I/0 | General-purpose /0

PU[2] MOSINM O |SSDO Sine- Node
MOC1M O | PWM motor controller channel 1
GPIO I/0 | General-purpose /O

PU[1] MOCOSP O | SSDO Cosine+ Node
MOCOP O | PWM motor controller channel 0
GPIO I/0 | General-purpose /0

PUI[O0] MOCOSM O | SSDO Cosine- Node
MOCOM O | PWM motor controller channel 0
GPIO I/0 | General-purpose 1/0O

\% PV[7] M3SINP O |SSD3 sine+ node GPIO

M3C1P O | PWM motor controller channel 7
GPIO I/0 | General-purpose 1/0

PVI[6] M3SINM O |SSD3 sine- node
M3C1M O | PWM motor controller channel 7
GPIO I/0 | General-purpose /0O

PV[5] M3COSP O | SSD3 cosine+ node
M3COP O | PWM motor controller channel 6
GPIO I/0 | General-purpose /0

PV[4] M3COSM O | SSD3 cosine- node
M3COM O | PWM motor controller channel 6
GPIO I/0 | General-purpose /0

PV[3] M2SINP O |SSD2 sine+ node
M2C1P O | PWM motor controller channel 5
GPIO I/0 | General-purpose /0

PV[2] M2SINM O |SSD2 sine- node
M2C1M O | PWM motor controller channel 5
GPIO I/0 | General-purpose 1/0O

PV[1] M2COSP O | SSD2 cosine+ node
M2COP O | PWM motor controller channel 4
GPIO I/0 | General-purpose 1/0

PVI[O0] M2COSM O | SSD2 cosine- node
M2COM O | PWM motor controller channel 4
GPIO I/0 | General-purpose /0
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Table 2-1. Detailed Signal Descriptions (Sheet 6 of 6)

Pin Function

Pin Function

Port Pin Name and Priority 110 Description after Reset
w PW[7] M5SINP O | SSD5 sine+ node GPIO
M5C1P O | PWM motor controller channel 11
GPIO I/O | General-purpose /O
PWI[6] M5SINM O | SSD5 sine- node
M5C1M O | PWM motor controller channel 11
GPIO I/O | General-purpose /O
PW[5] M5COSP O | SSD5 cosine+ node
M5COP O | PWM motor controller channel 10
GPIO /O | General-purpose /0
PW[4] M5COSM O | SSD5 cosine- node
M5COM O | PWM motor controller channel 10
GPIO I/0 | General-purpose 1/0
PWI[3] MA4SINP O | SSD4 sine+ node
M4C1P O | PWM motor controller channel 9
GPIO I/0 | General-purpose 1/0O
PW[2] MA4SINM O | SSD4 sine- node
M4C1M O | PWM motor controller channel 9
GPIO I/0 | General-purpose /0O
PWI[1] M4COSP O | SSD4 cosine+ node
M4COP O | PWM motor controller channel 8
GPIO I/0 | General-purpose /0O
PWI[0] M4COSM O | SSD4 cosine- node
M4COM O | PWM motor controller channel 8
GPIO I/0 | General-purpose /0
MC9S12XHZ512 Data Sheet, Rev. 1.06
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2.3 Memory Map and Register Definition

Chapter 2 Port Integration Module (S12XHZPIMV1)

This section provides a detailed description of all registers. Table 2-2 is a standard memory map of port

integration module.

Table 2-2. S12XHZPIM Memory Map

Address Offset Use Access
0x0000 Port A 1/0 Register (PTA) R/W
0x0001 Port B 1/0 Register (PTB) R/W
0x0002 Port A Data Direction Register (DDRA) R/W
0x0003 Port B Data Direction Register (DDRB) R/W
0x0004 Port C I/O Register (PTC) R/W
0x0005 Port D 1/0O Register (PTD) R/W
0x0006 Port C Data Direction Register (DDRC) R/W
0x0007 Port D Data Direction Register (DDRD) R/W
0x0008 Port E 1/0 Register (PTE) R/W
0x0009 Port E Data Direction Register (DDRE) R/W

0x000A - 0x000B | Non-PIM address range —
0x000C Pull Up/Down Control Register (PUCR) R/W
0x000D Reduced Drive Register (RDRIV) R/W

Ox000E - 0x001B | Non-PIM address range —
0x001C ECLK Control Register (ECLKCR) R/W
0x001D Reserved =
0x001E IRQ Control Register (IRQCR) R/W
0x001F Slew Rate Control Register (SRCR) R/W

0x0020 - 0x0031 | Non-PIM address range —
0x0032 Port K 1/0 Register (PTK) R/W
0x0033 Port K Data Direction Register (DDRK) R/W

0x0034 - OX01FF | Non-PIM address range —
0x0200 Port T I/0 Register (PTT) R/W
0x0201 Port T Input Register (PTIT) R
0x0202 Port T Data Direction Register (DDRT) R/W
0x0203 Port T Reduced Drive Register (RDRT) R/W
0x0204 Port T Pull Device Enable Register (PERT) R/W
0x0205 Port T Polarity Select Register (PPST) R/W
0x0206 Port T Wired-OR Mode Register (WOMT) R/W
0x0207 Port T Slew Rate Register (SRRT) R/W
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Chapter 2 Port Integration Module (S12XHZPIMV1)

Table 2-2. S12XHZPIM Memory Map (continued)

Address Offset Use Access
0x0208 Port S 1/0 Register (PTS) R/W
0x0209 Port S Input Register (PTIS) R
0x020A Port S Data Direction Register (DDRS) R/W
0x020B Port S Reduced Drive Register (RDRS) R/W
0x020C Port S Pull Device Enable Register (PERS) R/W
0x020D Port S Polarity Select Register (PPSS) R/W
0x020E Port S Wired-OR Mode Register (WOMS) R/W
0x020F Port S Slew Rate Register (SRRS) R/W
0x0210 Port M I/O Register (PTM) R/W
0x0211 Port M Input Register (PTIM) R
0x0212 Port M Data Direction Register (DDRM) R/W
0x0213 Port M Reduced Drive Register (RDRM) R/W
0x0214 Port M Pull Device Enable Register (PERM) R/W
0x0215 Port M Polarity Select Register (PPSM) R/W
0x0216 Port M Wired-OR Mode Register (WOMM) R/W
0x0217 Port M Slew Rate Register (SRRM) R/W
0x0218 Port P 1/0 Register (PTP) R/W
0x0219 Port P Input Register (PTIP) R
0x021A Port P Data Direction Register (DDRP) R/W
0x021B Port P Reduced Drive Register (RDRP) R/W
0x021C Port P Pull Device Enable Register (PERP) R/W
0x021D Port P Polarity Select Register (PPSP) R/W
0x021E Port P Wired-OR Mode Register (WOMP) R/W
0x021F Port P Slew Rate Register (SRRP) R/W

0x0220 - 0x022F Reserved —
0x0230 Port L I/O Register (PTL) R/W
0x0231 Port L Input Register (PTIL) R
0x0232 Port L Data Direction Register (DDRL) R/W
0x0233 Port L Reduced Drive Register (RDRL) R/W
0x0234 Port L Pull Device Enable Register (PERL) R/W
0x0235 Port L Polarity Select Register (PPSL) R/W
0x0236 Reserved —
0x0237 Port L Slew Rate Register (SRRL) R/W
0x0238 Port U I/O Register (PTU) R/W
0x0239 Port U Input Register (PTIU) R
0x023A Port U Data Direction Register (DDRU) R/W
0x023B Port U Slew Rate Register (SRRU) R/W
0x023C Port U Pull Device Enable Register (PERU) R/W
0x023D Port U Polarity Select Register (PPSU) R/W

0x023E - 0x023F | Reserved —
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Table 2-2. S12XHZPIM Memory Map (continued)

Address Offset Use Access
0x0240 Port V 1/0 Register (PTV) R/W
0x0241 Port V Input Register (PTIV) R
0x0242 Port V Data Direction Register (DDRV) R/W
0x0243 Port V Slew Rate Register (SRRV) R/W
0x0244 Port V Pull Device Enable Register (PERV) R/W
0x0245 Port V Polarity Select Register (PPSV) R/W

0x0246 - 0x0247 Reserved —
0x0248 Port W 1/O Register (PTW) R/W
0x0249 Port W Input Register (PTIW) R
0x024A Port W Data Direction Register (DDRW) R/W
0x024B Port W Slew Rate Register (SRRW) R/W
0x024C Port W Pull Device Enable Register (PERW) R/W
0x024D Port W Polarity Select Register (PPSW) R/W

0x024E - 0x0250 | Reserved —
0x0251 Port AD I/O Register (PTAD) R/W
0x0252 Reserved —
0x0253 Port AD Input Register (PTIAD) R
0x0254 Reserved —
0x0255 Port AD Data Direction Register (DDRAD) R/W
0x0256 Reserved —
0x0257 Port AD Reduced Drive Register (RDRAD) R/W
0x0258 Reserved —
0x0259 Port AD Pull Device Enable Register (PERAD) R/W
0x025A Reserved —
0x025B Port AD Polarity Select Register (PPSAD) R/W
0x025C Reserved —
0x025D Port AD Interrupt Enable Register (PIEAD) R/W
0x025E Reserved —
0x025F Port AD Interrupt Flag Register (PIFAD) R/W

0x0260 - 0x027F | Reserved —
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2.3.1 Port A and Port B

Port A and port B are associated with the external address bus outputs ADDR15-ADDRO, the external read
visibility IVD15-IVDO and the liquid crystal display (LCD) driver. Each pin is assigned to these functions
according to the following priority: LCD Driver > XEBI > general-purpose 1/O.

If the corresponding LCD frontplane drivers are enabled (and LCD module is enabled), the FP[15:0]
outputs of the LCD module are available on port B and port A pins.

Refer to the LCD block description chapter for information on enabling and disabling the LCD and its
frontplane drivers.Refer to the S12X_EBI block description chapter for information on external bus.

During reset, port A and port B pins are configured as inputs with pull down.

2311

Module Base + 0x0051

Port A 1/0 Register (PTA)

7

6

5

4

3

2

R
PTA7 PTAG PTAS PTA4 PTA3 PTA2 PTA1 PTAO
w
XEBI:| ADDR15 ADDR14 ADDR13 ADDR12 ADDR11 ADDR10 ADDR9 ADDRS8
mux mux mux mux mux mux mux mux
IVD15 VD14 VD13 VD12 VD11 IVD10 IVD9 VD8
LCD: FP15 FP14 FP13 FP12 FP11 FP10 FP9 FP8
Reset 0 0 0 0 0 0 0 0

Figure 2-2. Port A 1/0 Register (PTA)

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRAX) is set to 1 (output), a read returns the value of the I/O register
bit.

If the associated data direction bit (DDRAX) is set to 0 (input) and the LCD frontplane driver is enabled
(and LCD module is enabled), the associated I/O register bit (PTAx) reads “1”.

If the associated data direction bit (DDRAX) is set to 0 (input) and the LCD frontplane driver is disabled
(or LCD module is disabled), a read returns the value of the pin.
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23.1.2

Module Base + 0x0051

Port B I/O Register (PTB)

7

Chapter 2 Port Integration Module (S12XHZPIMV1)

R
PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTBO
w
XEBI: ADDR7 ADDRG6 ADDR5 ADDR4 ADDR3 ADDR2 ADDR1 AEESO
mux mux mux mux mux mux mux VDO
VD7 IVD6 IVD5 VD4 VD3 VD2 VD1 —_
or UDS
LCD: FP7 FP6 FP5 FP4 FP3 FP2 FP1 FPO
Reset 0 0 0 0 0 0 0 0

Figure 2-3. Port B 1/0 Register (PTB)

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRBX) is set to 1 (output), a read returns the value of the I/O register

bit.

If the associated data direction bit (DDRBX) is set to 0 (input) and the LCD frontplane driver is enabled

(and LCD module is enabled), the associated I/O register bit (PTBx) reads “1”.

If the associated data direction bit (DDRBX) is set to 0 (input) and the LCD frontplane driver is disabled

(or LCD module is disabled), a read returns the value of the pin.

2.3.1.3 Port A Data Direction Register (DDRA)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R
DDRA7 DDRAG DDRA5S DDRA4 DDRA3 DDRA2 DDRA1 DDRAO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-4. Port A Data Direction Register (DDRA)

Read: Anytime. Write: Anytime.

This register configures port pins PA[7:0] as either input or output.If a LCD frontplane driver is enabled
(and LCD module is enabled), it outputs an analog signal to the corresponding pin and the associated Data
Direction Register bit has no effect. If a LCD frontplane driver is disabled (or LCD module is disabled),
the corresponding Data Direction Register bit reverts to control the I/O direction of the associated pin.
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Table 2-3. DDRA Field Descriptions

Field Description

7:0 Data Direction Port A
DDRA[7:0] [0 Associated pin is configured as input.
1 Associated pin is configured as output.

2314 Port B Data Direction Register (DDRB)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R
DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-5. Port B Data Direction Register (DDRB)

Read: Anytime. Write: Anytime.

This register configures port pins PB[7:0] as either input or output.If a LCD frontplane driver is enabled
(and LCD module is enabled), it outputs an analog signal to the corresponding pin and the associated Data
Direction Register bit has no effect. If a LCD frontplane driver is disabled (or LCD module is disabled),
the corresponding Data Direction Register bit reverts to control the I/O direction of the associated pin.

Table 2-4. DDRB Field Descriptions

Field Description

7:0 Data Direction Port B
DDRB[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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2.3.2 Port C and Port D

Port C and port D pins can be used for either general-purpose I/O or the external data bus input/outputs
DATA15-DATAO. Refer to the S12X_EBI block description chapter for information on external bus.

2.3.2.1 Port C I/O Register (PTC)

Module Base + 0x0051

7 6 5 4 3 2 1 0
R
PTC7 PTC6 PTCS5 PTC4 PTC3 PTC2 PTC1 PTCO
w
XEBI:| DATA15 DATA14 DATA13 DATA12 DATA11 DATA10 DATA9 DATA8
Reset 0 0 0 0 0 0 0 0

Figure 2-6. Port C I/0O Register (PTC)

Read: Anytime. Write: Anytime.

If the data direction bit of the associated I/O pin (DDRCX) is set to 1 (output), a write to the corresponding
I/O Register bit sets the value to be driven to the Port C pin. If the data direction bit of the associated I/O
pin (DDRCX) is set to 0 (input), a write to the corresponding I/O Register bit takes place but has no effect
on the Port C pin.

If the associated data direction bit (DDRCx) is set to 1 (output), a read returns the value of the I/O register
bit. If the associated data direction bit (DDRCXx) is set to 0 (input), a read returns the value of the pin.

2.3.2.2 Port D I/O Register (PTD)

Module Base + 0x0051

7 6 5 4 3 2 1 0
R
PTD7 PTD6 PTDS PTD4 PTD3 PTD2 PTD1 PTDO
w
XEBI: DATA7 DATAG DATAS DATA4 DATA3 DATA2 DATA1 DATAO
Reset 0 0 0 0 0 0 0 0

Figure 2-7. Port D 1/O Register (PTD)

Read: Anytime. Write: Anytime.

If the data direction bit of the associated I/O pin (DDRDx) is set to 1 (output), a write to the corresponding
I/O Register bit sets the value to be driven to the Port D pin. If the data direction bit of the associated I/O
pin (DDRDx) is set to 0 (input), a write to the corresponding I/O Register bit takes place but has no effect
on the Port D pin.

If the associated data direction bit (DDRDX) is set to 1 (output), a read returns the value of the I/O register
bit. If the associated data direction bit (DDRDx) is set to 0 (input), a read returns the value of the pin.
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2.3.2.3 Port C Data Direction Register (DDRC)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R
DDRC7 DDRC6 DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRCO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-8. Port C Data Direction Register (DDRC)
Read: Anytime. Write: Anytime.

This register configures port pins PC[7:0] as either input or output.
Table 2-5. DDRC Field Descriptions

Field Description

7:0 Data Direction Port C
DDRCJ7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

2.3.24 Port D Data Direction Register (DDRD)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R
DDRD7 DDRD6 DDRD5 DDRD4 DDRD3 DDRD2 DDRD1 DDRDO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-9. Port D Data Direction Register (DDRD)
Read: Anytime. Write: Anytime.

This register configures port pins PD[7:0] as either input or output.
Table 2-6. DDRD Field Descriptions

Field Description

7:0 Data Direction Port D
DDRD[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

MC9S12XHZ512 Data Sheet, Rev. 1.06

72 Freescale Semiconductor



Chapter 2 Port Integration Module (S12XHZPIMV1)

2.3.3 Port E

Port E pins can be used for either general-purpose /O, or the liquid crystal display (LCD) driver, or the
external bus control outputs R/W, WE, LSTRB, LDS and RE, the free running clock outputs ECLK and
ECLKX2, or the inputs TAGHI, TAGLO, MODA, MODB, EROMCTL, XCLKS and interrupts IRQ and
XIRQ. Refer to the LCD block description chapter for information on enabling and disabling the LCD and
its frontplane drivers. Refer to the S12X_EBI block description chapter for information on external bus.

Port E pin PE[7] can be used for either general-purpose I/O, or as the free-running clock ECLKX2 output
running at the core clock rate, or the frontplane driver FP22. The clock ECLKX2 output is always enabled
in emulation modes.

Port E pin PE[4] can be used for either general-purpose 1/O or as the free-running clock ECLK output
running at the bus clock rate or at the programmed divided clock rate. The clock output is always enabled
in emulation modes.

Port E pin PE[1] can be used for either general-purpose input or as the level- or falling edge-sensitive IRQ
interrupt inpu. IRQ will be enabled by setting the IRQEN configuration bit and clearing the I-bit in the
CPU’s condition code register. It is inhibited at reset so this pin is initially configured as a simple input
with a pull-up.

Port E pin PE[0] can be used for either general-purpose input or as the level-sensitive XIRQ interrupt
input. XIRQ can be enabled by clearing the X-bit in the CPU’s condition code register. It is inhibited at
reset so this pin is initially configured as a high-impedance input with a pull-up.

2.3.3.1 Port E I/0O Register (PTE)

Module Base + 0x0051

7 6 5 4 3 2 1 0
R
PTE? PTE6 PTES PTE4 PTE3 PTE2 PTE1 PTEO
W
XEBI:| XCLKS! MoDB! MODA! EROMCTL!
or or or or o
ECLKX2 TAGHI TAGLO ECLK LSTRB R/W IRQ XIRQ
or or or
RE LDS WE
LCD: FP22 FP21 FP20
Reset 0 0 0 0 0 0 2 2

Figure 2-10. Port E I/O Register (PTE)

1 Function active when RESET asserted.

2 These registers are reset to zero. Two bus clock cycles after reset release the register values are updated with the associated
pin values.

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDREX) is set to 1 (output), a read returns the value of the I/O register
bit.
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If the associated data direction bit (DDREX) is set to 0 (input) and the LCD frontplane driver is enabled
(and LCD module is enabled), the associated I/O register bit (PTEx) reads “1”.

If the associated data direction bit (DDREX) is set to 0 (input) and the LCD frontplane driver is disabled
(or LCD module is disabled), a read returns the value of the pin.

2.3.3.2 Port E Data Direction Register (DDRE)

Module Base + 0x0055

7 6 5 4 3 2 1
R 0 0
DDRE7 DDREG6 DDRES DDRE4 DDRE3 DDRE2
W
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-11. Port E Data Direction Register (DDRE)

Read: Anytime. Write: Anytime.

This register configures port pins PE[7:0] as either input or output.If a LCD frontplane driver is enabled
(and LCD module is enabled), it outputs an analog signal to the corresponding pin and the associated Data
Direction Register bit has no effect. If a LCD frontplane driver is disabled (or LCD module is disabled),
the corresponding Data Direction Register bit reverts to control the I/O direction of the associated pin.

Table 2-7. DDRE Field Descriptions

Field Description

7:2 Data Direction Port E
DDRE[7:2] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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2.3.4

Port K

Chapter 2 Port Integration Module (S12XHZPIMV1)

Port K pins can be used for either general-purpose 1/O, or the liquid crystal display (LCD) driver, or the
external address bus outputs ADDR22-ADDR16 muxed with master access output ACC2-ACCO0 and
instruction pipe signals IQSTAT3-IQSTATO, or inputs EWAIT and ROMCTL. Refer to the LCD block
description chapter for information on enabling and disabling the LCD and its frontplane drivers. Refer to
the S12X_EBI block description chapter for information on external bus.

2341

Module Base + 0x0051

XEBI:

LCD:

Reset

Read: Anytime. Write: Anytime.

Port K I/O Register (PTK)

7

6

5

4

3

2

1

0

PTK7 PTK6 PTKS PTK4 PTK3 PTK2 PTK1 PTKO
ROMCTL?! ADDR22 ADDR21 ADDR20 ADDR19 ADDR18 ADDR17 ADDR16
or or or or or or or or
EWAIT ACC2 ACC1 ACCO IQSTAT3 IQSTAT2 IQSTAT1 IQSTATO

FP23 BP3 BP2 BP1 BPO
0 0 0 0 0 0 0 0

Figure 2-12. Port K 1/0O Register (PTK)
1 Function active when RESET asserted.

If the associated data direction bit (DDRKXx) is set to 1 (output), a read returns the value of the I/O register

bit.

If the associated data direction bit (DDRKX) is set to 0 (input) and the LCD frontplane driver is enabled

(and LCD module is enabled), the associated I/O register bit (PTKx) reads “1”.

If the associated data direction bit (DDRKX) is set to 0 (input) and the LCD frontplane driver is disabled
(or LCD module is disabled), a read returns the value of the pin.

2.3.4.2

Module Base + 0x0055

Port K Data Direction Register (DDRK)

7

R
DDRK7 DDRK6 DDRK5 DDRK4 DDRK3 DDRK2 DDRK1 DDRKO
W
Reset 0 0 0 0 0 0 0 0
Figure 2-13. Port K Data Direction Register (DDRK)
Read: Anytime. Write: Anytime.
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This register configures port pins PK[7:0] as either input or output.If a LCD frontplane driver is enabled
(and LCD module is enabled), it outputs an analog signal to the corresponding pin and the associated Data
Direction Register bit has no effect. If a LCD frontplane driver is disabled (or LCD module is disabled),
the corresponding Data Direction Register bit reverts to control the I/O direction of the associated pin.

Table 2-8. DDRK Field Descriptions

Field Description
7:0 Data Direction Port K
DDRK[7:0] [0 Associated pin is configured as input.
1 Associated pin is configured as output.
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2.3.5 Miscellaneous registers

2.35.1 Pull Up/Down Control Register (PUCR)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R 0
PUPKE BKGPE PUPEE PUPDE PUPCE PUPBE PUPAE
w
Reset 1 1 0 1 0 0 1 1

Figure 2-14. Pull Up/Down Control Register (PUCR)

Read: Anytime. Write: Anytime except BKPUE which is writable in special test mode only.

This register is used to enable pull up/down devices for the associated ports A, B, C, D, E and K. Pull
up/down devices are assigned on a per-port basis and apply to any pin in the corresponding port currently
configured as an input.

Table 2-9. PUCR Field Descriptions

Field Description

7 Pull-down Port K Enable
PUPKE |0 Port K pull-down devices are disabled.
1 Enable pull-down devices for Port K input pins.

6 BKGD Pin Pull-up Enable
BKPUE [0 BKGD pull-up device is disabled.
1 Enable pull-up device on BKGD pin.

4 Pull Port E Enable
PUPEE |0 Port E pull-down devices on pins 7, 4-2 are disabled. Port E pull-up devices on pins 1-0 are disabled.
1 Enable pull-down devices for Port E input pins 7, 4-2. Enable pull-up devices for Port E input pins 1-0.
Note: Bits 5 and 6 of Port E have pull-down devices which are only enabled during reset. This bit has no effect
on these pins.

3 Pull-up Port D Enable
PUPDE 0 Port D pull-up devices are disabled.
1 Enable pull-up devices for all Port D input pins.

2 Pull-up Port C Enable
PUPCE 0 Port C pull-up devices are disabled.
1 Enable pull-up devices for all Port C.

1 Pull-down Port B Enable
PUPBE 0 Port B pull-down devices are disabled.
1 Enable pull-down devices for all Port B input pins.

0 Pull-down Port A Enable
PUPAE 0 Port A pull-down devices are disabled.
1 Enable pull-down devices for all Port A input pins.
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2.3.5.2

Reduced Drive Register (RDRIV)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R 0 0
RDPK RDPE RDPD RDPC RDPB RDPA
w
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-15. Reduced Drive Register (RDRIV)

Read: Anytime. Write: Anytime.

This register is used to select reduced drive for the pins associated with ports A, B, C, D, E, and K. If
enabled, the pins drive at about 1/6 of the full drive strength. The reduced drive function is independent of
which function is being used on a particular pin.

The reduced drive functionality does not take effect on the pins in emulation modes.

Table 2-10. RDRIV Field Descriptions

Field Description
7 Reduced Drive of Port K
RDPK 0 All port K output pins have full drive enabled.
1 All port K output pins have reduced drive enabled.
4 Reduced Drive of Port E
RDPE 0 All port E output pins have full drive enabled.
1 All port E output pins have reduced drive enabled.
3 Reduced Drive of Port D
RDPD 0 All port D output pins have full drive enabled.
1 All port D output pins have reduced drive enabled.
2 Reduced Drive of Port C
RDPC 0 All Port C output pins have full drive enabled.
1 All port C output pins have reduced drive enabled.
1 Reduced Drive of Port B
RDPB 0 All port B output pins have full drive enabled.
1 All port B output pins have reduced drive enabled.
0 Reduced Drive of Port A
RDPA 0 All Port A output pins have full drive enabled.
1 All port A output pins have reduced drive enabled.
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2.3.5.3 ECLK Control Register (ECLKCR)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R 0 0 0 0
NECLK NCLKX2 EDIV1 EDIVO
w
Reset ot 1 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-16. ECLK Control Register (ECLKCR)
1 NECLK reset value is 1 in emulation single-chip and normal single-chip modes.
Read: Anytime. Write: Anytime.

The ECLKCTL register is used to control the availability of the free-running clocks and the free-running
clock divider.

Table 2-11. ECLKCTL Field Descriptions

Field Description

7 No ECLK — This bit controls the availability of a free-running clock on the ECLK pin. Clock output is always
NECLK |active in emulation modes and if enabled in all other operating modes.
0 ECLK enabled
1 ECLK disabled

6 No ECLKX2 — This bit controls the availability of a free-running clock on the ECLKX2 pin. This clock has a fixed
NCLKX2 | rate of twice the internal bus clock. Clock output is always active in emulation modes and if enabled in all other
operating modes.

0 ECLKX2 is enabled
1 ECLKX2 is disabled

1-0 Free-Running ECLK Divider — These bits determine the rate of the free-running clock on the ECLK pinr. The
EDIV[1:0] |usage of the bits is shown in Table 2-12. Divider is always disabled in emulation modes and active as
programmed in all other operating modes.

Table 2-12. Free-Running ECLK Clock Rate

EDIV[1:0] Rate of Free-Running ECLK
00 ECLK = Bus clock rate
01 ECLK = Bus clock rate divided by 2
10 ECLK = Bus clock rate divided by 3
11 ECLK = Bus clock rate divided by 4
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2354

Module Base + 0x0055

IRQ Control Register (IRQCR)

7 6 5 4 3 1
R 0 0 0 0 0
IRQE IRQEN
W
Reset 0 1 0 0 0 0 0

= Reserved or Unimplemented

Figure 2-17. Port E Data Direction Register (DDRE)

Read: See individual bit descriptions below.

Write: See individual bit descriptions below.

Table 2-13. IRQCR Field Descriptions

Field Description
7 IRQ Select Edge Sensitive Only
IRQE Special modes: Read or write anytime.
Normal and emulation modes: Read anytime, write once.
0 IRQ configured for low level recognition.
1 IRQ configured to respond only to falling edges. Falling edges on the IRQ pin will be detected anytime
IRQE = 1. The edge detector is cleared only upon the servicing of the IRQ interrupt or a reset .
6 External IRQ Enable
IRQEN Read or write anytime.
0 External IRQ pin is disconnected from interrupt logic.
1 External IRQ pin is connected to interrupt logic.
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Slew Rate Control Register (SRCR)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R 0 0
SRRK SRRE SRRD SRRC SRRB SRRA
w
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-18. Slew Rate Control Register (SRCR)

Read: Anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for the pins associated with
ports A, B, C, D, E, and K.

Table 2-14. SRCR Field Descriptions

Field Description
7 Slew Rate of Port K
SRRK 0 Disables slew rate control and enables digital input buffer for all port K pins.
1 Enables slew rate control and disables digital input buffer for all port K pins.
4 Slew Rate of Port E
SRRE 0 Disables slew rate control and enables digital input buffer for all port E pins.
1 Enables slew rate control and disables digital input buffer for all port E pins.
3 Slew Rate of Port D
SRRD 0 Disables slew rate control and enables digital input buffer for all port D pins.
1 Enables slew rate control and disables digital input buffer for all port D pins.
2 Slew Rate of Port C
SRRC 0 Disables slew rate control and enables digital input buffer for all port C pins.
1 Enables slew rate control and disables digital input buffer for all port C pins.
1 Slew Rate of Port B
SRRB 0 Disables slew rate control and enables digital input buffer for all port B pins.
1 Enables slew rate control and disables digital input buffer for all port B pins.
0 Slew Rate of Port A
SRRA 0 Disables slew rate control and enables digital input buffer for all port A pins.

1 Enables slew rate control and disables digital input buffer for all port A pins.
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2.3.6 Port AD

Port AD is associated with the analog-to-digital converter (ATD) and keyboard wake-up (KWU) interrupts
. Each pin is assigned to these modules according to the following priority: ATD > KWU >
general-purpose I/O.

For the pins of port AD to be used as inputs, the corresponding bits of the ATDDIEN1 register in the ATD
module must be set to 1 (digital input buffer is enabled). The ATDDIENI register does not affect the port
AD pins when they are configured as outputs.

Refer to the ATD block description chapter for information on the ATDDIENI1 register.
During reset, port AD pins are configured as high-impedance analog inputs (digital input buffer is
disabled).

2.3.6.1  Port AD I/O Register (PTAD)

Module Base + 0x0051

7 6 5 4 3 2 1 0
R
w PTAD7 PTADG6 PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO
KWU:| KWAD7 KWADG6 KWAD5 KWADA4 KWAD3 KWAD2 KWAD1 KWADO
ATD: AN7 ANG6 AN55 AN4 AN3 AN2 AN1 ANO
Reset 0 0 0 0 0 0 0 0

Figure 2-19. Port AD I/O Register (PTAD)
Read: Anytime. Write: Anytime.

If the data direction bit of the associated I/O pin (DDRADX) is set to 1 (output), a write to the
corresponding I/O Register bit sets the value to be driven to the Port AD pin. If the data direction bit of the
associated I/O pin (DDRADX) is set to 0 (input), a write to the corresponding I/O Register bit takes place
but has no effect on the Port AD pin.

Ifthe associated data direction bit (DDRADx) is set to 1 (output), a read returns the value of the I/O register
bit.

If the associated data direction bit (DDRADX) is set to 0 (input) and the associated ATDDIENT1 bits is set
to 0 (digital input buffer is disabled), the associated I/O register bit (PTADx) reads “1”.

If the associated data direction bit (DDRADX) is set to 0 (input) and the associated ATDDIENT1 bits is set
to 1 (digital input buffer is enabled), a read returns the value of the pin.
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2.3.6.2 Port AD Input Register (PTIAD)

Module Base + 0x0053

7 6 5 4 3 2 1 0
R PTIAD7 PTIADG6 PTIADS PTIAD4 PTIAD3 PTIAD2 PTIAD1 PTIADO
W
Reset 1 1 1 1 1 1 1 1
= Reserved or Unimplemented

Figure 2-20. Port AD Input Register (PTIAD)
Read: Anytime. Write: Never; writes to these registers have no effect.

If the ATDDIENTI1 bit of the associated I/O pin is set to 0 (digital input buffer is disabled), a read returns a
1. If the ATDDIENTI bit of the associated I/O pin is set to 1 (digital input buffer is enabled), a read returns
the status of the associated pin.

2.3.6.3 Port AD Data Direction Register (DDRAD)

Module Base + 0x0055

7 6 5 4 3 2 1 0
R
DDRAD7 DDRAD6 DDRADS DDRAD4 DDRAD3 DDRAD2 DDRAD1 DDRADO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-21. Port AD Data Direction Register (DDRAD)
Read: Anytime. Write: Anytime.
This register configures port pins PAD[7:0] as either input or output.

If a data direction bit is 0 (pin configured as input), then a read value on PTADx depends on the associated
ATDDIENTI bit. If the associated ATDDIENI1 bit is set to 1 (digital input buffer is enabled), a read on
PTADx returns the value on port AD pin. If the associated ATDDIENT1 bit is set to 0 (digital input buffer
is disabled), a read on PTADx returns a 1.

Table 2-15. DDRAD Field Descriptions

Field Description

7:0 Data Direction Port AD
DDRADI[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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2.3.6.4 Port AD Reduced Drive Register (RDRAD)

Module Base + 0x0057

7 6 5 4 3 2 1 0
R
RDRAD7 RDRAD6 RDRADS RDRAD4 RDRAD3 RDRAD2 RDRAD1 RDRADO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-22. Port AD Reduced Drive Register (RDRAD)
Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If a pin is
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 2-16. RDRAD Field Descriptions

Field Description

7:0 Reduced Drive Port A
RDRADI7:0] [0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.6.5 Port AD Pull Device Enable Register (PERAD)

Module Base + 0x0059

7 6 5 4 3 2 1 0
R
PERAD7 PERADG6 PERADS5 PERAD4 PERAD3 PERAD2 PERAD1 PERADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-23. Port AD Pull Device Enable Register (PERAD)
Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If
a pin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 2-17. PERAD Field Descriptions

Field Description

7:0 Pull Device Enable Port AD
PERAD[7:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
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2.3.6.6 Port AD Polarity Select Register (PPSAD)

Module Base + 0x005B

7 6 5 4 3 2 1 0
R
PPSAD7 PPSADG6 PPSAD5 PPSAD4 PPSAD3 PPSAD2 PPSAD1 PPSADO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-24. Port AD Polarity Select Register (PPSAD)
Read: Anytime. Write: Anytime.
The Port AD Polarity Select 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 (PERADx = 1). The Port AD Polarity
Select Register is effective only when the corresponding Data Direction Register bit is set to 0 (input).

In pull-down mode (PPSADx = 1), a rising edge on a port AD pin sets the corresponding PIFADXx bit. In
pull-up mode (PPSADx = 0), a falling edge on a port AD pin sets the corresponding PIFADx bit.

Table 2-18. PPSAD Field Descriptions

Field Description

7.0 Polarity Select Port AD
PPSADI[7:0] |0 A pull-up device is connected to the associated port AD pin, and detects falling edge for interrupt generation.
1 A pull-down device is connected to the associated port AD pin, and detects rising edge for interrupt
generation.

2.3.6.7 Port AD Interrupt Enable Register (PIEAD)

Module Base + 0x005D

7 6 5 4 3 2 1 0
R
PIEAD7 PIEADG PIEADS PIEAD4 PIEAD3 PIEAD2 PIEAD1 PIEADO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-25. Port AD Interrupt Enable Register (PIEAD)
Read: Anytime. Write: Anytime.

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

Table 2-19. PIEAD Field Descriptions

Field Description

7:0 Interrupt Enable Port AD
PIEAD[7:0] |0 Interrupt is disabled (interrupt flag masked).
1 Interruptis enabled.
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2.3.6.8

Port AD Interrupt Flag Register (PIFAD)

Module Base + 0x005F

7 6 5 4 3 2 1 0
R
PIFAD7 PIFAD6 PIFADS PIFAD4 PIFAD3 PIFAD2 PIFAD1 PIFADO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-26. Port AD Interrupt Flag Register (PIFAD)

Read: Anytime. Write: Anytime.

Each flag is set by an active edge on the associated input pin. The active edge could be rising or falling
based on the state of the corresponding PPSADx bit. To clear each flag, write “1” to the corresponding
PIFADx bit. Writing a “0” has no effect.

NOTE

If the ATDDIENI1 bit of the associated pin is set to 0 (digital input buffer is
disabled), active edges can not be detected.

Table 2-20. PIFAD Field Descriptions

Field Description
7:0 Interrupt Flags Port AD
PIFAD[7:0] [0 No active edge pending. Writing a “0” has no effect.

1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).
Writing a “1” clears the associated flag.
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2.3.7 Port L
Port L is associated with the analog-to-digital converter (ATD) and the liquid crystal display (LCD) driver.
If the ATD module is enabled, the AN[15:8] inputs of ATD module are available on port L pins PL[7:0].

If the corresponding LCD frontplane drivers are enabled, the FP[31:28] and FP[19:16] outputs of LCD
module are available on port L pins PL[7:0] and the general purpose I/Os are disabled.

For the pins of port L to be used as inputs, the corresponding LCD frontplane drivers must be disabled and
the associated ATDDIENO register in the ATD module must be set to 1 (digital input buffer is enabled).
The ATDDIENO register does not affect the port L pins when they are configured as outputs.

Refer to the LCD block description chapter for information on enabling and disabling the LCD and its
frontplane drivers. Refer to the ATD block description chapter for information on the ATDDIENO register.

During reset, port L pins are configured as inputs with pull down.

23.7.1 Port L I/O Register (PTL)

Module Base + 0x0030

7 6 5 4 3 2 1 0
R
W PTL7 PTL6 PTLS PTL4 PTL3 PTL2 PTL1 PTLO
ATD: AN15 AN14 AN13 AN12 AN11 AN10 AN9 AN8
LCD: 1 1 1 1 1 1 1 1
Reset 0 0 0 0 0 0 0 0

Figure 2-27. Port L 1/0O Register (PTL)

Read: Anytime. Write: Anytime.

If the data direction bit of the associated I/O pin (DDRLX) is set to 1 (output), a write to the corresponding
I/O Register bit sets the value to be driven to the Port L pin. If the data direction bit of the associated I/O
pin (DDRLXx) is set to O (input), a write to the corresponding I/O Register bit takes place but has no effect
on the Port L pin.

If the associated data direction bit (DDRLX) is set to 1 (output), a read returns the value of the I/O register
bit.

If the associated data direction bit (DDRLX) is set to 0 (input) and the associated ATDDIENO bits is set to
0 (digital input buffer is disabled), the associated I/O register bit (PTLx) reads “1”.

If the associated data direction bit (DDRLX) is set to 0 (input), the associated ATDDIENO bit is set to 1
(digital input buffer is enabled), and the LCD frontplane driver is enabled (and LCD module is enabled),
the associated I/O register bit (PTLx) reads “1”.

If the associated data direction bit (DDRLX) is set to 0 (input), the associated ATDDIENO bit is set to 1
(digital input buffer is enabled), and the LCD frontplane driver is disabled (or LCD module is disabled),
a read returns the value of the pin.
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2.3.7.2 Port L Input Register (PTIL)

Module Base + 0x0031

7 6 5 4 3 2 1 0
R PTIL7 PTIL6 PTIL5 PTIL4 PTIL3 PTIL2 PTIL1 PTILO
W
Reset 1 1 1 1 1 1 1 1
= Reserved or Unimplemented

Figure 2-28. Port L Input Register (PTIL)
Read: Anytime. Write: Never, writes to this register have no effect.

If the LCD frontplane driver of an associated I/O pin is enabled (and LCD module is enabled) or the
associated ATDDIENO bit is set to 0 (digital input buffer is disabled), a read returns a 1.

If the LCD frontplane driver of an associated I/O pin is disabled (or LCD module is disabled) and the
associated ATDDIENO bit is set to 1 (digital input buffer is enabled), a read returns the status of the
associated pin.

2.3.7.3 Port L Data Direction Register (DDRL)

Module Base + 0x0032

7 6 5 4 3 2 1 0
R
DDRL7 DDRL6 DDRL5 DDRL4 DDRL3 DDRL2 DDRL1 DDRLO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-29. Port L Data Direction Register (DDRL)
Read: Anytime. Write: Anytime.
This register configures port pins PL[7:0] as either input or output.

If a LCD frontplane driver is enabled (and LCD module is enabled), it outputs an analog signal to the
corresponding pin and the associated Data Direction Register bit has no effect. If a LCD frontplane driver
is disabled (or LCD module is disabled), the corresponding Data Direction Register bit reverts to control
the I/O direction of the associated pin.

Table 2-21. DDRL Field Descriptions

Field Description

7:0 Data Direction Port L
DDRL[7:0] [0 Associated pin is configured as input.
1 Associated pin is configured as output.
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2.3.74 Port L Reduced Drive Register (RDRL)

Module Base + 0x0033

7 6 5 4 3 2 1 0
R
RDRL7 RDRL6 RDRL5 RDRL4 RDRL3 RDRL2 RDRL1 RDRLO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-30. Port L Reduced Drive Register (RDRL)
Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If a pin is
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 2-22. RDRL Field Descriptions

Field Description

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

2.3.7.5 Port L Pull Device Enable Register (PERL)

Module Base + 0x0034

7 6 5 4 3 2 1 0
R
PERL7 PERL6 PERL5 PERL4 PERL3 PERL2 PERL1 PERLO
W
Reset 1 1 1 1 1 1 1 1

Figure 2-31. 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 on configured input pins. If
a pin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 2-23. PERL Field Descriptions

Field Description

7:0 Pull Device Enable Port L
PERL[7:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
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2.3.7.6 Port L Polarity Select Register (PPSL)

Module Base + 0x0035

7 6 5 4 3 2 1 0
R
PPSL7 PPSL6 PPSL5 PPSL4 PPSL3 PPSL2 PPSL1 PPSLO
W
Reset 1 1 1 1 1 1 1 1

Figure 2-32. Port L Polarity Select Register (PPSL)
Read: Anytime. Write: Anytime.
The Port L Polarity Select Register selects whether a pull-down or a pull-up device is connected to the pin.

The Port L Polarity Select Register is effective only when the corresponding Data Direction Register bit
is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 2-24. PPSL Field Descriptions

Field Description

7:0 Pull Select Port L
PPSL[7:0] |0 A pull-up device is connected to the associated port L pin.
1 A pull-down device is connected to the associated port L pin.

2.3.7.7 Port L Slew Rate Register (SRRL)

Module Base + 0x003B

7 6 5 4 3 2 1 0
R
SRRL7 SRRL6 SRRL5 SRRL4 SRRL3 SRRL2 SRRL1 SRRLO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-33. Port L Slew Rate Register (SRRL)
Read: Anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PL[7:0].
Table 2-25. SRRL Field Descriptions

Field Description

7:0 Slew Rate Port L
SRRL[7:0] |0 Disables slew rate control and enables digital input buffer.
1 Enables slew rate control and disables digital input buffer.
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2.3.8 Port M

Port M is associated with the chip select 1 and the Freescale’s scalable controller area network (CANT and

CANO0) modules. Each pin is assigned to these modules according to the following priority:
CS1/CAN1/CANO > general-purpose 1/0.

When the CAN1 module is enabled, PM[5:4] pins become TXCANI1 (transmitter) and RXCAN1

(receiver) pins for the CAN1 module. When the CANO module is enabled, PM[3:2] pins become TXCANO
(transmitter) and RXCANQO (receiver) pins for the CANO module. Refer to the MSCAN block description

chapter for information on enabling and disabling the CAN module.

During reset, port M pins are configured as high-impedance inputs.

2.3.8.1 Port M I/O Register (PTM)

Module Base + 0x0010

6 5 4 3 2 1
R 0 0
W PTMS5 PTM4 PTM3 PTM2 PTM1
CANO/CANL1: TXCAN1 RXCAN1 TXCANO RXCANO
Chip Select: cS1
Reset 0 0 0 0 0 0 0

= Reserved or Unimplemented

Figure 2-34. Port M I/O Register (PTM)

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRMx) is set to 1 (output), a read returns the value of the I/O register

bit. If the associated data direction bit (DDRMXx) is set to O (input), a read returns the value of the pin.

2.3.8.2 Port M Input Register (PTIM)

Module Base + 0x0011

5 4 3 2 1
R 0 0 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1
W
Reset 0 0 u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 2-35. Port M Input Register (PTIM)

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

This register always reads back the status of the associated pins.
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2.3.8.3 Port M Data Direction Register (DDRM)

Module Base + 0x0012

5 4 3 2 1
R 0 0 0
DDRM5 DDRM4 DDRM3 DDRM2 DDRM1
w
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-36. Port M Data Direction Register (DDRM)
Read: Anytime. Write: Anytime.
This register configures port pins PM[5:1] as either input or output.

When a CAN module is enabled, the corresponding transmitter (TXCANXx) pin becomes an output, the
corresponding receiver (RXCANX) pin becomes an input, and the associated Data Direction Register bits
have no effect. If a CAN module is disabled, the corresponding Data Direction Register bit reverts to
control the I/O direction of the associated pin.

Table 2-26. DDRM Field Descriptions

Field Description

5:1 Data Direction Port M
DDRM[5:1] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

2.3.84 Port M Reduced Drive Register (RDRM)

Module Base + 0x0013

5 4 3 2 1
R 0 0 0
RDRM5 RDRM4 RDRM3 RDRM2 RDRM1
w
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-37. Port M Reduced Drive Register (RDRM)
Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If a pin is
configured as input, the corresponding Reduced Drive Register bit has no effect.
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Table 2-27. RDRM Field Descriptions

Field Description

5:1 Reduced Drive Port M
RDRM[5:1] [0 Full drive strength at output
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.8.5 Port M Pull Device Enable Register (PERM)

Module Base + 0x0014

5 4 3 2 1
R 0 0 0
PERM5 PERM4 PERM3 PERM2 PERM1
w
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-38. Port M Pull Device Enable Register (PERM)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input or
wired-or output pins. If a pin is configured as push-pull output, the corresponding Pull Device Enable
Register bit has no effect.

Table 2-28. PERM Field Descriptions

Field Description

5:1 Pull Device Enable Port M
PERM[5:1] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.

2.3.8.6 Port M Polarity Select Register (PPSM)

Module Base + 0x0015

5 4 3 2 1
R 0 0 0
PPSM5 PPSM4 PPSM3 PPSM2 PPSM1
w
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-39. Port M Polarity Select Register (PPSM)

Read: Anytime. Write: Anytime.
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The Port M Polarity Select Register selects whether a pull-down or a pull-up device is connected to the
pin. The Port M Polarity Select Register is effective only when the corresponding Data Direction Register
bit is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

If a CAN module is enabled, a pull-up device can be activated on the receiver pin, and on the transmitter
pin if the corresponding wired-OR mode bit is set. Pull-down devices can not be activated on CAN pins.

Table 2-29. PPSM Field Descriptions

Field Description

5:1 Pull Select Port M
PPSM[5:1] |0 A pull-up device is connected to the associated port M pin.
1 A pull-down device is connected to the associated port M pin.

2.3.8.7 Port M Wired-OR Mode Register (WOMM)

Module Base + 0x0016

5 4 3 2 1
R 0 0 0
WOMMS WOMM4 WOMMS3 WOMM2 WOMM1
w
Reset 0 0 0 0 0 0 0 0

= Reserved or Unimplemented

Figure 2-40. Port M Wired-OR Mode Register (WOMM)

Read: Anytime. Write: Anytime.

This register selects whether a port M output is configured as push-pull or wired-or. When a Wired-OR
Mode Register bit is set to 1, the corresponding output pin is driven active low only (open drain) and a
high level is not driven. A Wired-OR Mode Register bit has no effect if the corresponding pin is configured
as an input.

These bits apply also to the CAN transmitter and allow a multipoint connection of several serial modules.
Table 2-30. WOMM Field Descriptions

Field Description

5:1 Wired-OR Mode Port M
WOMM[5:1] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
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Port M Slew Rate Register (SRRM)

Module Base + 0x003B

Chapter 2 Port Integration Module (S12XHZPIMV1)

R 0 0
SRRM5 SRRM4 SRRM3 SRRM2 SRRM1
W
Reset 0 0 0 0 0 0 0

Read: Anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PM[5:1].
Table 2-31. SRRM Field Descriptions

= Reserved or Unimplemented

Figure 2-41. Port M Slew Rate Register (SRRM)

Field Description
5:1 Slew Rate Port M
SRRM[5:1] [0 Disables slew rate control and enables digital input buffer.

1 Enables slew rate control and disables digital input buffer.

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor

95



Chapter 2 Port Integration Module (S12XHZPIMV1)

2.3.9 Port P

Port P is associated with the chip selects 0 and 2, the Pulse Width Modulator (PWM), the serial
communication interface (SCI1) and the Inter-IC bus (IIC0O and IIC1) modules. Each pin is assigned to
these modules according to the following priority: CS0/CS2 > PWM > SCI1/IIC1/I1CO > general-purpose
/0.

When a PWM channel is enabled, the corresponding pin becomes a PWM output with the exception of
PP[5] which can be PWM input or output. Refer to the PWM block description chapter for information on
enabling and disabling the PWM channels.

When the IIC1 module is enabled and MODRRI is clear, PP[7:6] pins become SCL1 and SDAI
respectively as long as the corresponding PWM channels are disabled. When the IICO module is enabled
and MODRRO is clear, PP[5:4] pins become SCLO and SDAO respectively as long as the corresponding
PWM channels are disabled. Refer to the IIC block description chapter for information on enabling and
disabling the IIC bus.

When the SCII receiver and transmitter are enabled and MODRR?2 is clear, the PP[2] and PP[0] pins
become RXD1 and TXD1 respectively as long as the corresponding PWM channels are disabled. Refer to
the SCI block description chapter for information on enabling and disabling the SCI receiver and
transmitter.

During reset, port P pins are configured as high-impedance inputs.

2.3.9.1 Port P I/0O Register (PTP)

Module Base + 0x0018

7 6 5 4 3 2 1 0
R
PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
W
SCl1/
IICL/1CO: SCLA1 SDAT1 SCLO SDAO RXD1 TXD1
PWM: PWM7 PWM6 PWM5 PWM4 PWM3 PWM2 PWM1 PWMO
Chip ===
Select: CS2 Cs0
Reset 0 0 0 0 0 0 0 0

Figure 2-42. Port P I/O Register (PTP)
Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRPx) is set to 1 (output), a read returns the value of the I/O register
bit. If the associated data direction bit (DDRPX) is set to 0 (input), a read returns the value of the pin.

The PWM function takes precedence over the general-purpose I/O function if the associated PWM
channel is enabled. The PWM channels 6-0 are outputs if the respective channels are enabled. PWM
channel 7 can be an output, or an input if the shutdown feature is enabled.
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The IIC function takes precedence over the general-purpose I/O function if the IIC bus is enabled and the
corresponding PWM channels remain disabled. The SDA and SCL pins are bidirectional with outputs
configured as open-drain.

If enabled, the SCI1 transmitter takes precedence over the general-purpose I/O function, and the
corresponding TXDI1 pin is configured as an output. If enabled, the SCI1 receiver takes precedence over
the general-purpose I/O function, and the corresponding RXD1 pin is configured as an input.

2.3.9.2 Port P Input Register (PTIP)

Module Base + 0x0019

7 6 5 4 3 2 1 0
R| PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
W
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 2-43. Port P I/O Register (PTP)
Read: Anytime. Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins.

2.3.9.3 Port P Data Direction Register (DDRP)

Module Base + 0x001A

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

Figure 2-44. Port P Data Direction Register (DDRP)
Read: Anytime. Write: Anytime.
This register configures port pins PP[7:0] as either input or output.

If a PWM channel is enabled, the corresponding pin is forced to be an output and the associated Data
Direction Register bit has no effect. Channel 5 can also force the corresponding pin to be an input if the
shutdown feature is enabled.

When an IIC bus is enabled, the corresponding pins become the SCL and SDA bidirectional pins
respectively as long as the corresponding PWM channels are disabled. The associated Data Direction
Register bits have no effect.
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When the SCI1 transmitter is enabled, the PP[0] pin becomes the TXD1 output pin and the associated Data
Direction Register bit has no effect. When the SCI1 receiver is enabled, the PP[2] pin becomes the RXD1
input pin and the associated Data Direction Register bit has no effect.

If the PWM, 11CO0, IIC1 and SCI1 functions are disabled, the corresponding Data Direction Register bit
reverts to control the I/O direction of the associated pin.

Table 2-32. DDRP Field Descriptions

Field Description

70 Data Direction Port P
DDRP[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

2394 Port P Reduced Drive Register (RDRP)

Module Base + 0x001B

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

Figure 2-45. Port P Reduced Drive Register (RDRP)

Read:Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If a pin is
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 2-33. RDRP Field Descriptions

Field Description

7:0 Reduced Drive Port P
RDRP[7:0] [0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
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2.3.95 Port P Pull Device Enable Register (PERP)

Module Base + 0x001C

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

Figure 2-46. Port P Pull Device Enable Register (PERP)
Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input or
wired-or (open drain) output pins. If a pin is configured as push-pull output, the corresponding Pull Device
Enable Register bit has no effect.

Table 2-34. PERP Field Descriptions

Field Description

70 Pull Device Enable Port P
PERP[7:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.

2.3.9.6 Port P Polarity Select Register (PPSP)

Module Base + 0x001D

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

Figure 2-47. Port P Polarity Select Register (PPSP)
Read: Anytime. Write: Anytime.

The Port P Polarity Select Register selects whether a pull-down or a pull-up device is connected to the pin.
The Port P Polarity Select Register is effective only when the corresponding Data Direction Register bit
is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

If an IIC module is enabled, a pull-up device can be activated on either the SCL or SDA pins. Pull-down
devices can not be activated on IIC pins.

Table 2-35. PPSP Field Descriptions

Field Description

7:0 Polarity Select Port P
PPSP[7:0] |0 A pull-up device is connected to the associated port P pin.
1 A pull-down device is connected to the associated port P pin.
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2.3.9.7

Module Base + 0x001E

Port P Wired-OR Mode Register (WOMP)

7 6 5 4 3 2 1 0
R 0 0
WOMP7 WOMP6 WOMP5 WOMP4 WOMP2 WOMPO
w
Reset 0 0 0 0 0 0 0 0

Read: Anytime. Write: Anytime.

= Reserved or Unimplemented

Figure 2-48. Port P Wired-OR Mode Register (WOMP)

This register selects whether a port P output is configured as push-pull or wired-or. When a Wired-OR
Mode Register bit is set to 1, the corresponding output pin is driven active low only (open drain) and a
high level is not driven. A Wired-OR Mode Register bit has no effect if the corresponding pin is configured
as an input.

If IIC is enabled and the corresponding PWM channels are disabled, the pins are configured as wired-or
and the corresponding Wired-OR Mode Register bits have no effect.

Table 2-36. WOMP Field Descriptions

Field Description
7:4 Wired-OR Mode Port P
WOMPJ[7:4] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
2 Wired-OR Mode Port P
WOMP2 |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
0 Wired-OR Mode Port P
WOMPO |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
MC9S12XHZ512 Data Sheet, Rev. 1.06
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2.3.9.8 Port P Slew Rate Register (SRRP)

Module Base + 0x003B

7 6 5 4 3 2 1 0
R
SRRP7 SRRP6 SRRP5 SRRP4 SRRP3 SRRP2 SRRP1 SRRPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-49. Port P Slew Rate Register (SRRP)
Read: Anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PP[7:0].
Table 2-37. SRRP Field Descriptions

Field Description

7:0 Slew Rate Port P
SRRP[7:0] |0 Disables slew rate control and enables digital input buffer.
1 Enables slew rate control and disables digital input buffer.
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2.3.10 Port S

Port S is associated with the chip select 3, the serial peripheral interface (SPI) and the serial
communication interface (SCI0). Each pin is assigned to these modules according to the following
priority: CS3 > SPI/SCI1/SCIO0 > general-purpose 1/0.

When the SPI is enabled, the PS[7:4] pins become SS, SCK, MOSI, and MISO respectively. Refer to the
SPI block description chapter for information on enabling and disabling the SPI.

When the SCIO receiver and transmitter are enabled, the PS[1:0] pins become TXD0 and RXDO0
respectively. When the SCI1 receiver and transmitter are enabled and MODRR2 is set, the PS[3:2] pins
become TXD1 and RXD1 respectively. Refer to the SCI block description chapter for information on
enabling and disabling the SCI receiver and transmitter.

During reset, port S pins are configured as high-impedance inputs.

2.3.10.1 Port S I/O Register (PTS)

Module Base + 0x0008

7 6 5 4 3 2 1 0
R
PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO
W
SPII 55 SCK MOSI MISO TXD1 RXD1 TXDO RXDO
SCI1/SCIO:
Chip N
Select: CS3
Reset 0 0 0 0 0 0 0 0

= Reserved or Unimplemented

Figure 2-50. Port S I/O Register (PTS)

Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRSXx) is set to 1 (output), a read returns the value of the I/0 register
bit. If the associated data direction bit (DDRSx) is set to 0 (input), a read returns the value of the pin.

The SPI function takes precedence over the general-purpose I/O function if the SPI is enabled.

If enabled, the SCIO(1) transmitter takes precedence over the general-purpose 1/O function, and the
corresponding TXDO(1) pin is configured as an output. If enabled, the SCIO(1) receiver takes precedence
over the general-purpose I/O function, and the corresponding RXDO(1) pin is configured as an input.
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2.3.10.2 Port S Input Register (PTIS)

Module Base + 0x0009

7 6 5 4 3 2 1 0
R PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
W
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 2-51. Port S Input Register (PTIS)
Read: Anytime. Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins.

2.3.10.3 Port S Data Direction Register (DDRS)

Module Base + 0x000A

7 6 5 4 3 2 1 0
R
DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRS1 DDRSO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-52. Port S Data Direction Register (DDRS)
Read: Anytime. Write: Anytime.
This register configures port pins PS[7:0] as either input or output.

When the SPI is enabled, the PS[7:4] pins become the SPI bidirectional pins. The associated Data
Direction Register bits have no effect.

When the SCI1 transmitter is enabled, the PS[3] pin becomes the TXD1 output pin and the associated Data
Direction Register bit has no effect. When the SCI1 receiver is enabled, the PS[2] pin becomes the RXD1
input pin and the associated Data Direction Register bit has no effect.

When the SCIO transmitter is enabled, the PS[1] pin becomes the TXDO0 output pin and the associated Data
Direction Register bit has no effect. When the SCIO0 receiver is enabled, the PS[0] pin becomes the RXD0
input pin and the associated Data Direction Register bit has no effect.

If the SPI, SCI1 and SCIO functions are disabled, the corresponding Data Direction Register bit reverts to
control the I/O direction of the associated pin.

Table 2-38. DDRS Field Descriptions

Field Description

7:0 Data Direction Port S
DDRS[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor 103



Chapter 2 Port Integration Module (S12XHZPIMV1)
2.3.10.4 Port S Reduced Drive Register (RDRS)

Module Base + 0x000B

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

Figure 2-53. Port S Reduced Drive Register (RDRS)
Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If a pin is
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 2-39. RDRS Field Descriptions

Field Description

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

2.3.10.5 Port S Pull Device Enable Register (PERS)

Module Base + 0x000C

7 6 5 4 3 2 1 0
R
PERS7 PERSG6 PERS5 PERS4 PERS3 PERS2 PERS1 PERSO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-54. 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 on configured input or
wired-or (open drain) output pins. If a pin is configured as push-pull output, the corresponding Pull Device
Enable Register bit has no effect.

Table 2-40. PERS Field Descriptions

Field Description

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

Module Base + 0x000D

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

Figure 2-55. Port S Polarity Select Register (PPSS)
Read: Anytime. Write: Anytime.

The Port S Polarity Select Register selects whether a pull-down or a pull-up device is connected to the pin.
The Port S Polarity Select Register is effective only when the corresponding Data Direction Register bit
is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 2-41. PPSS Field Descriptions

Field Description

7:0 Pull Select Port S
PPSS[7:0] |0 A pull-up device is connected to the associated port S pin.
1 A pull-down device is connected to the associated port S pin.

2.3.10.7 Port S Wired-OR Mode Register (WOMS)

Module Base + 0x000E

7 6 5 4 3 2 1 0
R
WOMS7 WOMS6 WOMS5 WOMS4 WOMS3 WOMS2 WOMS1 WOMSO0
w
Reset 0 0 0 0 0 0 0 0

Figure 2-56. Port S Wired-OR Mode Register (WOMS)
Read: Anytime. Write: Anytime.

This register selects whether a port S output is configured as push-pull or wired-or. When a Wired-OR
Mode Register bit is set to 1, the corresponding output pin is driven active low only (open drain) and a
high level is not driven. A Wired-OR Mode Register bit has no effect if the corresponding pin is configured
as an input.

Table 2-42. WOMS Field Descriptions

Field Description

7:0 Wired-OR Mode Port S
WOMSJ7:0] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
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2.3.10.8 Port S Slew Rate Register (SRRS)

Module Base + 0x003B

7 6 5 4 3 2 1 0
R
SRRS7 SRRS6 SRRS5 SRRS4 SRRS3 SRRS2 SRRS1 SRRSO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-57. Port S Slew Rate Register (SRRS)
Read: Anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PS[7:0].
Table 2-43. SRRS Field Descriptions

Field Description

7:0 Slew Rate Port S
SRRS[7:0] |0 Disables slew rate control and enables digital input buffer.
1 Enables slew rate control and disables digital input buffer.
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2311 PortT

Port T is associated with the 8-channel enhanced capture timer (ECT), the Inter-IC (IICO and IIC1)
modules and the liquid crystal display (LCD) driver. Each pin is assigned to these modules according to
the following priority: LCD Driver > IIC1/IIC0O > ECT > general-purpose 1/O.

When the IIC1 module is enabled and MODRRI is set, PT[7:6] pins become SCL1 and SDA1 pins
respectively. When the IICO module is enabled and MODRRO is set, PT[5:4] pins become SCLO and
SDAO respectively. Refer to the IIC block description chapter for information on enabling and disabling
the IIC bus.

If the corresponding LCD frontplane drivers are enabled (and LCD module is enabled), the FP[27:24]
outputs of the LCD module are available on port T pins PT[3:0].

If the corresponding LCD frontplane drivers are disabled (or LCD module is disabled) and the ECT is
enabled, the timer channels configured for output compare are available on port T pins PT[3:0].

Refer to the LCD block description chapter for information on enabling and disabling the LCD and its
frontplane drivers.Refer to the ECT block description chapter for information on enabling and disabling
the ECT module.

During reset, port T pins are configured as inputs with pull down.

2.3.11.1 Port T I/O Register (PTT)

Module Base + 0x0000

7 6 5 4 3 2 1 0
R
W PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
ECT: 0c7 0C6 0C5 0C4 0C3 0C2 0C1 0Co
[C1/11Co: SCL1 SDAT1 SCLO SDAO
LCD: 1 1 1 1
Reset 0 0 0 0 0 0 0 0

Figure 2-58. Port T I/O Register (PTT)
Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRTX) is set to 1 (output), a read returns the value of the I/O register
bit.

If the associated data direction bit (DDRTX) is set to 0 (input) and the LCD frontplane driver is enabled
(and LCD module is enabled), the associated I/O register bit (PTTx) reads “1”.

If the associated data direction bit (DDRTX) is set to 0 (input) and the LCD frontplane driver is disabled
(or LCD module is disabled), a read returns the value of the pin.

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor 107



V¥ ¢
i

Chapter 2 Port Integration Module (S12XHZPIMV1)

2.3.11.2 Port T Input Register (PTIT)

Module Base + 0x0001

7 6 5 4 3 2 1 0
R PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTIT1 PTITO
W
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 2-59. Port T Input Register (PTIT)
Read: Anytime. Write: Never, writes to this register have no effect.

If the LCD frontplane driver of an associated I/O pin is enabled (and LCD module is enabled), a read
returns a 1.

If the LCD frontplane driver of the associated I/O pin is disabled (or LCD module is disabled), a read
returns the status of the associated pin.

2.3.11.3 Port T Data Direction Register (DDRT)

Module Base + 0x0002

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

Figure 2-60. Port T Data Direction Register (DDRT)
Read: Anytime. Write: Anytime.
This register configures port pins PT[7:0] as either input or output.

If a LCD frontplane driver is enabled (and LCD module is enabled), it outputs an analog signal to the
corresponding pin and the associated Data Direction Register bit has no effect. If a LCD frontplane driver
is disabled (or LCD module is disabled), the corresponding Data Direction Register bit reverts to control
the I/O direction of the associated pin.

If the ECT module is enabled, each port pin configured for output compare is forced to be an output and
the associated Data Direction Register bit has no effect. If the associated timer output compare is disabled,
the corresponding Data Direction Register bit reverts to control the I/O direction of the associated pin.

If the ECT module is enabled, each port pin configured as an input capture has the corresponding Data
Direction Register bit controlling the I/O direction of the associated pin.
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Table 2-44. DDRT Field Descriptions

Field Description

7:0 Data Direction Port T
DDRT[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

2.3.11.4 Port T Reduced Drive Register (RDRT)

Module Base + 0x0003

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

Figure 2-61. Port T Reduced Drive Register (RDRT)

Read: Anytime. Write: Anytime.

This register configures the drive strength of configured output pins as either full or reduced. If a pin is
configured as input, the corresponding Reduced Drive Register bit has no effect.

Table 2-45. RDRT Field Descriptions

Field Description

7:0 Reduced Drive Port T
RDRT[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
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2.3.11.5 Port T Pull Device Enable Register (PERT)

Module Base + 0x0004

7 6 5 4 3 2 1 0
R
PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
W
Reset 0 0 0 0 1 1 1 1

Figure 2-62. 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 on configured input pins. If
a pin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

For port pins PT[7:4], a pull-up device can be activated on wired-or (open drain) output pins. If the pin is
configured as push-pull output, the corresponding Pull Device Enable Register bit has no effect.

Table 2-46. PERT Field Descriptions

Field Description

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

2.3.11.6 Port T Polarity Select Register (PPST)

Module Base + 0x0005

7 6 5 4 3 2 1 0
R
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
W
Reset 0 0 0 0 1 1 1 1

Figure 2-63. Port T Polarity Select Register (PPST)
Read: Anytime. Write: Anytime.

The Port T Polarity Select Register selects whether a pull-down or a pull-up device is connected to the pin.
The Port T Polarity Select Register is effective only when the corresponding Data Direction Register bit
is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

If an IIC module is enabled, a pull-up device can be activated on either the SCL or SDA pins. Pull-down
devices can not be activated on IIC pins.
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Table 2-47. PPST Field Descriptions

Field Description

7:0 Pull Select Port T
PPST[7:0] |0 A pull-up device is connected to the associated port T pin.
1 A pull-down device is connected to the associated port T pin.

2.3.11.7 Port T Wired-OR Mode Register (WOMT)

Module Base + 0x003B

7 6 5 4 3 2 1 0
R 0
WOMT7 WOMT6 WOMTS WOMT4 MODRR2 MODRR1 MODRRO
W
Reset 0 0 0 0 0 0 0 0
= Reserved or Unimplemented

Figure 2-64. Port T Wired-OR Mode Register (WOMT)
Read: Anytime. Write: Anytime.

This register selects whether a port T output is configured as push-pull or wired-or. When a Wired-OR
Mode Register bit is set to 1, the corresponding output pin is driven active low only (open drain) and a
high level is not driven. A Wired-OR Mode Register bit has no effect if the corresponding pin is configured
as an input.

IfIIC is enabled, the pins are configured as wired-or and the corresponding Wired-OR Mode Register bits
have no effect.

This register also configures the re-routing of I1C0, IIC1 and SCI1 on alternative ports.
Table 2-48. WOMT Field Descriptions

Field Description

74 Wired-OR Mode Port T
WOMT[7:4] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.

2 SCI1 Routing Bit — See Table 2-49..
MODRR2

1 IIC1 Routing Bit — See Table 2-50..
MODRR1

0 IICO Routing Bit — See Table 2-51..
MODRRO

Table 2-49. SCI1 Routing

MODRRI2] TXD1 RXD1
0 PPO PP2
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Table 2-49. SCI1 Routing

MODRR[2] TXD1 RXD1
1 PS3 PS2

Table 2-50. lIC1 Routing

MODRRI[1] SDA1 scL1
0 PP6 PP7
1 PT6 PT7

Table 2-51. 1ICO Routing

MODRRI0] SDAO SCLO
0 PP4 PP5
1 PT4 PT5

2.3.11.8 Port T Slew Rate Register (SRRT)

Module Base + 0x003B

7 6 5 4 3 2 1 0
R
SRRT7 SRRT6 SRRT5 SRRT4 SRRT3 SRRT2 SRRT1 SRRTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-65. Port T Slew Rate Register (SRRT)
Read: Anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PT[7:0].
Table 2-52. SRRT Field Descriptions

Field Description

7:0 Slew Rate Port T
SRRT[7:0] |0 Disables slew rate control and enables digital input buffer.
1 Enables slew rate control and disables digital input buffer.
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2.3.12 Port U

Port U is associated with the stepper stall detect (SSD1 and SSD0) and motor controller (MC1 and MCO0)
modules. Each pin is assigned to these modules according to the following priority: SSD1/SSDO >

MC1/MCO0 > general-purpose 1/0.

If SSD1 module is enabled, the PU[7:4] pins are controlled by the SSD1 module. If SSD1 module is

disabled, the PU[7:4] pins are controlled by the motor control PWM channels 3 and 2 (MC1).

If SSDO module is enabled, the PU[3:0] pins are controlled by the SSD0O module. If SSD0O module is

disabled, the PU[3:0] pins are controlled by the motor control PWM channels 1 and 0 (MCO).

Refer to the SSD and MC block description chapters for information on enabling and disabling the SSD

module and the motor control PWM channels respectively.

During reset, port U pins are configured as high-impedance inputs.

2.3.12.1 Port U I/O Register (PTU)

Module Base + 0x0038

7

6

5

4

3

2

1

0

R
PTU7 PTUG PTUS PTU4 PTU3 PTU2 PTU1 PTUO
W
MC: M1C1P M1C1M M1COP M1COM MOC1P MOC1M MOCOP MOCOM
SSD1/
SSDO: M1SINP M1SINM M1COSP M1COSM MOSINP MOSINM M1COSP MOCOSM
Reset 0 0 0 0 0 0 0 0

Figure 2-66. Port U I/O Register (PTU)
Read: Anytime. Write: Anytime.

If the associated data direction bit (DDRUX) is set to 1 (output), a read returns the value of the I/O register

bit.

If the associated data direction bit (DDRUX) is set to 0 (input) and the slew rate is enabled, the associated

I/O register bit (PTUx) reads “1”.

If the associated data direction bit (DDRUX) is set to 0 (input) and the slew rate is disabled, a read returns

the value of the pin.
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2.3.12.2 Port U Input Register (PTIV)

Module Base + 0x0039

7 6 5 4 3 2 1 0
R PTIU7 PTIU6 PTIUS PTIU4 PTIU3 PTIU2 PTIU1 PTIUO
W
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 2-67. Port U Input Register (PTIU)
Read: Anytime. Write: Never, writes to this register have no effect.

If the associated slew rate control is enabled (digital input buffer is disabled), a read returns a “1”. If the
associated slew rate control is disabled (digital input buffer is enabled), a read returns the status of the
associated pin.

2.3.12.3 Port U Data Direction Register (DDRU)

Module Base + 0x003A

7 6 5 4 3 2 1 0
R
DDRU7 DDRUG6 DDRUS DDRU4 DDRU3 DDRU2 DDRU1 DDRUO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-68. Port U Data Direction Register (DDRU)
Read: Anytime. Write: Anytime.
This register configures port pins PU[7:0] as either input or output.

When enabled, the SSD or MC modules force the I/O state to be an output for each associated pin and the
associated Data Direction Register bit has no effect. If the SSD and MC modules are disabled, the
corresponding Data Direction Register bits revert to control the I/O direction of the associated pins.

Table 2-53. DDRU Field Descriptions

Field Description
7:0 Data Direction Port U
DDRU[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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2.3.12.4 Port U Slew Rate Register (SRRU)

Module Base + 0x003B

7 6 5 4 3 2 1 0
R
SRRU7 SRRUG6 SRRU5 SRRU4 SRRU3 SRRU2 SRRU1 SRRUO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-69. Port U Slew Rate Register (SRRU)

Read: Anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PU[7:0].

Table 2-54. SRRU Field Descriptions

Field Description
7:0 Slew Rate Port U
SRRUJ[7:0] |0 Disables slew rate control and enables digital input buffer.
1 Enables slew rate control and disables digital input buffer.

2.3.12.5 Port U Pull Device Enable Register (PERU)

Module Base + 0x003C

7 6 5 4 3 2 1 0
R
PERU7 PERUG6 PERU5S PERU4 PERU3 PERU2 PERU1 PERUO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-70. Port U Pull Device Enable Register (PERU)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If

a pin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 2-55. PERU Field Descriptions

Field Description
7:0 Pull Device Enable Port U
PERU[7:0] |0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
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2.3.12.6

Module Base + 0x003D

Port U Polarity Select Register (PPSU)

7 6 5 4 3 2 1 0
R
PPSU7 PPSU6 PPSU5 PPSU4 PPSU3 PPSU2 PPSU1 PPSUO
w
Reset 0 0 0 0 0 0 0 0

Read: Anytime. Write: Anytime.

Figure 2-71. Port U Polarity Select Register (PPSU)

The Port U Polarity Select Register selects whether a pull-down or a pull-up device is connected to the pin.
The Port U Polarity Select Register is effective only when the corresponding Data Direction Register bit
is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 2-56. PPSU Field Descriptions

Field Description
7.0 Pull Select Port U
PPSU[7:0] [0 A pull-up device is connected to the associated port U pin.

1 A pull-down device is connected to the associated port U pin.
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2.3.13 PortV

Port V is associated with the stepper stall detect (SSD3 and SSD2) and motor controller (MC3 and MC2)
modules. Each pin is assigned to these modules according to the following priority: SSD3/SSD2 >

MC3/MC2 > general-purpose 1/0.

If SSD3 module is enabled, the PV[7:4] pins are controlled by the SSD3 module. If SSD3 module is

disabled, the PV[7:4] pins are controlled by the motor control PWM channels 7 and 6 (MC3).

If SSD2 module is enabled, the PV[3:0] pins are controlled by the SSD2 module. If SSD2 module is

disabled, the PV[3:0] pins are controlled by the motor control PWM channels 5 and 4 (MC2).

Refer to the SSD and MC block description chapters for information on enabling and disabling the SSD

module and the motor control PWM channels respectively.

During reset, port V pins are configured as high-impedance inputs.

2.3.13.1 Port V I/O Register (PTV)

Module Base + 0x0040

7 6 5 4 3 2 1 0
R
PTV7 PTV6 PTV5 PTV4 PTV3 PTV2 PTV1 PTVO
W
MC: M3C1P M3C1M M3COP M3COM M2C1P M2C1M M2COP M2COM
SSD3/
SSD2 M3SINP M3SINM M3COSP M3COSM M2SINP M2SINM M2COSP M2COSM
Reset 0 0 0 0 0 0 0 0

Figure 2-72. Port V I/O Register (PTV)

Read: Anytime. Write: anytime.

If the associated data direction bit (DDRVX) is set to 1 (output), a read returns the value of the I/O register

bit.

If the associated data direction bit (DDRVX) is set to O (input) and the slew rate is enabled, the associated

I/O register bit (PTVx) reads “1”.

If the associated data direction bit (DDRVX) is set to 0 (input) and the slew rate is disabled, a read returns

the value of the pin.
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2.3.13.2 Port V Input Register (PTIV)

Module Base + 0x0041

7 6 5 4 3 2 1 0
R PTIV7 PTIV6 PTIV5 PTIV4 PTIV3 PTIV2 PTIV1 PTIVO
W
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 2-73. Port V Input Register (PTIV)
Read: Anytime. Write: Never, writes to this register have no effect.

If the associated slew rate control is enabled (digital input buffer is disabled), a read returns a “1”. If the
associated slew rate control is disabled (digital input buffer is enabled), a read returns the status of the
associated pin.

2.3.13.3 Port V Data Direction Register (DDRV)

Module Base + 0x0042

7 6 5 4 3 2 1 0
R
DDRV7 DDRV6 DDRVS DDRV4 DDRV3 DDRV2 DDRV1 DDRVO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-74. Port V Data Direction Register (DDRV)
Read: Anytime. Write: Anytime.
This register configures port pins PV[7:0] as either input or output.

When enabled, the SSD or MC modules force the I/O state to be an output for each associated pin and the
associated Data Direction Register bit has no effect. If the SSD and MC modules are disabled, the
corresponding Data Direction Register bits revert to control the I/O direction of the associated pins.

Table 2-57. DDRV Field Descriptions

Field Description
7:0 Data Direction Port V
DDRVJ[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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Port V Slew Rate Register (SRRV)

Module Base + 0x0043

7 6 5 4 3 2 1 0
R
SRRV7 SRRV6 SRRV5 SRRV4 SRRV3 SRRV2 SRRV1 SRRVO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-75. Port V Slew Rate Register (SRRV)

Read: anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PV[7:0].

Table 2-58. SRRV Field Descriptions

Field Description
7:0 Slew Rate Port V
SRRV[7:0] |0 Disables slew rate control and enables digital input buffer.
1 Enables slew rate control and disables digital input buffer.
2.3.13.5 Port V Pull Device Enable Register (PERV)

Module Base + 0x0044

7 6 5 4 3 2 1 0
R
PERV7 PERV6 PERVS PERV4 PERV3 PERV2 PERV1 PERVO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-76. Port V Pull Device Enable Register (PERV)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If

a pin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 2-59. PERV Field Descriptions

Field Description
7:0 Pull Device Enable Port V
PERV[7:0] |0 Pull-up or pull-down device is disabled.

1 Pull-up or pull-down device is enabled.
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2.3.13.6

Module Base + 0x0045

Port V Polarity Select Register (PPSV)

7 6 5 4 3 2 1 0
R
PPSV7 PPSV6 PPSV5 PPSV4 PPSV3 PPSV2 PPSV1 PPSVO
w
Reset 0 0 0 0 0 0 0 0

Read: Anytime. Write: Anytime.

Figure 2-77. Port V Polarity Select Register (PPSV)

The Port V Polarity Select Register selects whether a pull-down or a pull-up device is connected to the pin.
The Port V Polarity Select Register is effective only when the corresponding Data Direction Register bit
is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 2-60. PPSV Field Descriptions

Field Description
7.0 Pull Select Port V
PPSV[7:0] |0 A pull-up device is connected to the associated port V pin.

1 A pull-down device is connected to the associated port V pin.
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2.3.14 PortW

Port W is associated with the stepper stall detect (SSD5 and SSD4) and motor controller (MC5 and MC4)
modules. Each pin is assigned to these modules according to the following priority: SSD5/SSD4 >

MC5/MC4 > general-purpose 1/0.

If SSD5 module is enabled, the PW[7:4] pins are controlled by the SSD5 module. If SSD5 module is
disabled, the PW[7:4] pins are controlled by the motor control PWM channels 11 and 10 (MCS5).

If SSD4 module is enabled, the PW[3:0] pins are controlled by the SSD4 module. If SSD4 module is

disabled, the PW[3:0] pins are controlled by the motor control PWM channels 9 and 8 (MC4).

Refer to the SSD and MC block description chapters for information on enabling and disabling the SSD

module and the motor control PWM channels respectively.

During reset, port W pins are configured as high-impedance inputs.

2.3.14.1 Port W I/O Register (PTW)

Module Base + 0x0040

7 6 5 4 3 2 1 0
R
PTW7 PTW6 PTW5 PTW4 PTW3 PTW2 PTW1 PTWO
W
MC: M5C1P M3C1M M5COP M5COM M4C1P M4C1M M4COP M4COM
SSD5/
SSD4 M5SINP M3SINM M5COSP M5COSM MA4SINP MA4SINM M4COSP M4COSM
Reset 0 0 0 0 0 0 0 0

Figure 2-78. Port W I/O Register (PTW)

Read: Anytime. Write: anytime.

If the associated data direction bit (DDRWX) is set to 1 (output), a read returns the value of the I/O register

bit.

If the associated data direction bit (DDRWX) is set to 0 (input) and the slew rate is enabled, the associated

I/O register bit (PTWx) reads “1”.

If the associated data direction bit (DDRWX) is set to 0 (input) and the slew rate is disabled, a read returns

the value of the pin.
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2.3.14.2 Port W Input Register (PTIW)

Module Base + 0x0041

7 6 5 4 3 2 1 0
R PTIW7 PTIW6 PTIW5S PTIW4 PTIW3 PTIW2 PTIW1 PTIWO
W
Reset u u u u u u u u
= Reserved or Unimplemented u = Unaffected by reset

Figure 2-79. Port W Input Register (PTIW)
Read: Anytime. Write: Never, writes to this register have no effect.

If the associated slew rate control is enabled (digital input buffer is disabled), a read returns a “1”. If the
associated slew rate control is disabled (digital input buffer is enabled), a read returns the status of the
associated pin.

2.3.14.3 Port W Data Direction Register (DDRW)

Module Base + 0x0042

7 6 5 4 3 2 1 0
R
DDRW7 DDRW6 DDRW5 DDRW4 DDRW3 DDRW2 DDRW1 DDRWO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-80. Port W Data Direction Register (DDRW)
Read: Anytime. Write: Anytime.
This register configures port pins PW[7:0] as either input or output.

When enabled, the SSD or MC modules force the I/O state to be an output for each associated pin and the
associated Data Direction Register bit has no effect. If the SSD and MC modules are disabled, the
corresponding Data Direction Register bits revert to control the I/O direction of the associated pins.

Table 2-61. DDRW Field Descriptions

Field Description
7:0 Data Direction Port W
DDRW][7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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2.3.14.4 Port W Slew Rate Register (SRRW)

Module Base + 0x0043

7 6 5 4 3 2 1 0
R
SRRW7 SRRW6 SRRWS5 SRRW4 SRRW3 SRRW2 SRRW1 SRRWO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-81. Port W Slew Rate Register (SRRW)

Read: anytime. Write: Anytime.

This register enables the slew rate control and disables the digital input buffer for port pins PW[7:0].

Table 2-62. SRRW Field Descriptions

Field Description
7:0 Slew Rate Port W
SRRWI[7:0] |0 Disables slew rate control and enables digital input buffer.
1 Enables slew rate control and disables digital input buffer.

2.3.14.5 Port W Pull Device Enable Register (PERW)

Module Base + 0x0044

7 6 5 4 3 2 1 0
R
PERW7 PERW6 PERWS PERW4 PERW3 PERW?2 PERW1 PERWO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-82. Port W Pull Device Enable Register (PERW)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated on configured input pins. If

a pin is configured as output, the corresponding Pull Device Enable Register bit has no effect.

Table 2-63. PERW Field Descriptions

Field Description
7:0 Pull Device Enable Port W
PERWI[7:0] [0 Pull-up or pull-down device is disabled.
1 Pull-up or pull-down device is enabled.
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2.3.14.6 Port W Polarity Select Register (PPSW)

Module Base + 0x0045

7 6 5 4 3 2 1 0
R
PPSW7 PPSW6 PPSW5 PPSWA4 PPSW3 PPSW2 PPSW1 PPSWO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-83. Port W Polarity Select Register (PPSW)

Read: Anytime. Write: Anytime.

The Port W Polarity Select Register selects whether a pull-down or a pull-up device is connected to the
pin. The Port W Polarity Select Register is effective only when the corresponding Data Direction Register
bit is set to 0 (input) and the corresponding Pull Device Enable Register bit is set to 1.

Table 2-64. PPSW Field Descriptions

Field Description

7:0 Pull Select Port W
PPSW][7:0] [0 A pull-up device is connected to the associated port W pin.
1 A pull-down device is connected to the associated port W pin.
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2.4

Each pin except PEO, PE1, and BKGD 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.

Functional Description

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.

Table 2-65. Register Availability per Port!

cort | om0 | g | Rgest | PO TS | W OR | s e TRt | e
A yes yes — yes yes — — yes — —
B yes yes — — — — —
C yes yes — — — — —
D yes yes — — — — —
E yes yes — — — — —
K yes yes — — — — —
AD yes yes yes yes yes yes — — yes yes
L yes yes yes yes yes yes — yes — —
M yes yes yes yes yes yes yes yes — —
P yes yes yes yes yes yes yes yes — —
S yes yes yes yes yes yes yes yes — —
T yes yes yes yes yes yes yes yes — —
U yes yes yes — yes yes — yes — —
Y yes yes yes — yes yes — yes — —
W yes yes yes — yes yes — yes — —

Each cell represents one register with individual configuration bits

24.1

The I/0 Register holds the value driven out to the pin if the port is used as a general-purpose I/O. Writing
to the I/O Register only has an effect on the pin if the port is used as general-purpose output.

I/O Register

When reading the I/0 Register, the value of each pin is returned if the corresponding Data Direction
Register bit is set to 0 (pin configured as input). If the data direction register bits is set to 1, the content of
the I/O Register bit is returned. This is independent of any other configuration (Figure 2-84).

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on the
I/O Register when changing the data direction register.

2.4.2

The Input Register is a read-only register and generally returns the value of the pin (Figure 2-84).It can be
used to detect overload or short circuit conditions.

Input Register
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Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on the
Input Register when changing the Data Direction Register.

2.4.3 Data Direction Register
The Data Direction Register defines whether the pin is used as an input or an output.

. A Data Direction Register bit set to 0 configures the pin as an input. A Data Direction Register bit set to
1 configures the pin as an output. If a peripheral module controls the pin the contents of the data direction
register is ignored (Figure 2-84).

PTIX

o L]
|
PAD
PTx P

DDRx 0

D|g |ta| data out
Mod ule output enable

module enable

Figure 2-84. lllustration of 1/0 Pin Functionality

Figure 2-85 shows the state of digital inputs and outputs when an analog module drives the port. When the
analog module is enabled all associated digital output ports are disabled and all associated digital input
ports read “1”’t.

Analog
Module 5itput

W
L — PIMBoundary __ ,
Figure 2-85. Digital Ports and Analog Module

r—-———-——-—-- A
I I
| Digital q 1 |
Input :
P |
I I
Module l I
Enable | |
| Digital | PAD
Analog | Output —#0 |
T
I I
I I
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If the port is used as an output the Reduced Drive Register allows the configuration of the drive strength.

2.4.5 Pull Device Enable Register

The Pull Device Enable Register turns on a pull-up or pull-down device. The pull device becomes active
only if the pin is used as an input or as a wired-or output.

2.4.6 Polarity Select Register

The Polarity Select Register selects either a pull-up or pull-down device if enabled. The pull device
becomes active only if the pin is used as an input or as a wired-or output.

2.4.7 Pin Configuration Summary

The following table summarizes the effect of various configuration in the Data Direction (DDR),
Input/Output (I/O), reduced drive (RDR), Pull Enable (PE), Pull Select (PS) and Interrupt Enable (IE)
register bits. The PS configuration bit 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 set to “1”.

Table 2-66. Pin Configuration Summary

DDR 10 RDR PE PS IEL 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 to 0, Full Drive Disabled Disabled
1 1 0 X X 0 Output to 1, Full Drive Disabled Disabled
1 0 1 X X 0 Output to 0, Reduced Drive Disabled Disabled
1 1 1 X X 0 Output to 1, Reduced Drive Disabled Disabled
1 0 0 X 0 1 Output to 0, Full Drive Disabled Falling Edge
1 1 0 X 1 1 Output to 1, Full Drive Disabled Rising Edge
1 0 1 X 0 1 Output to 0, Reduced Drive Disabled Falling Edge
1 1 1 X 1 1 Output to 1, Reduced Drive Disabled Rising Edge

1 Applicable only on Port AD.

2 Digital outputs are disabled and digital input logic is forced to “1” when an analog module associated with the port is enabled.
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2.5 Resets

The reset values of all registers are given in the register description in Section 2.3, “Memory Map and
Register Definition”.

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

251 Reset Initialization

All registers including the data registers get set/reset asynchronously. Table 2-67 summarizes the port
properties after reset initialization.

Table 2-67. Port Reset State Summary

Reset States

Port Dirljezacl:i?on Pull Mode R%drtjvceed Slew Rate Wi,\r/l‘“:)dd_eOR Interrupt
A Input Pull Down Disabled Disabled N/A N/A
B Input Pull Down Disabled Disabled N/A N/A
C Input Hi-z Disabled Disabled N/A N/A
D Input Hi-z Disabled Disabled N/A N/A
E Input Pull Down?! Disabled Disabled N/A N/A
K Input Pull Down Disabled Disabled N/A N/A

AD Input Hi-z Disabled N/A N/A Disabled
L Input Pull Down Disabled Disabled N/A N/A
M Input Hi-z Disabled Disabled Disabled N/A
P Input Hi-z Disabled Disabled Disabled N/A
S Input Hi-z Disabled Disabled Disabled N/A
T[7:4] Input Hi-z Disabled Disabled Disabled N/A
T[3:0] Input Pull Down Disabled Disabled Disabled N/A
U Input Hi-z Disabled Disabled N/A N/A
\Y, Input Hi-z Disabled Disabled N/A N/A
w Input Hi-z Disabled Disabled N/A N/A

1 PE[1:0] pins have pull-ups instead of pull-downs.
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2.6 Interrupts

2.6.1 General

Port AD generates an edge sensitive interrupt if enabled. It offers eight I/O pins with edge triggered
interrupt capability in wired-or fashion. The interrupt enable as well as the sensitivity to rising or falling
edges can be individually configured on per pin basis. All eight bits/pins share the same interrupt vector.
Interrupts can be used with the pins configured as inputs (with the corresponding ATDDIENT bit set to
1)or outputs.

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

A digital filter on each pin prevents pulses (Figure 2-87) shorter than a specified time from generating an
interrupt. The minimum time varies over process conditions, temperature and voltage (Figure 2-86 and
Table 2-68).

Glitch, filtered out, no interrupt flag set

Y

|

I

I

I

I

I

v I

|

' € ifmin : |

!4 titmax »I
Figure 2-86. Interrupt Glitch Filter on Port AD (PPS = 0)

|
I
I
I
I
Valid pulse, interrupt flag set |
I
|
I
|

Table 2-68. Pulse Detection Criteria

Mode
Pulse STOP sTop!
Unit Unit
Ignored toulse <=3 Bus Clock toulse <= 3.2 us
Uncertain 3<thyse <4 Bus Clock 3.2 <tyyse <10 us
Valid toulse >= 4 Bus Clock touise >= 10 us

1 These values include the spread of the oscillator frequency over temperature,
voltage and process.
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—\J \/—
-

Figure 2-87. Pulse Illustration

A valid edge on an 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).

2.6.2 Interrupt Sources

Table 2-69. Port Integration Module Interrupt Sources

Interrupt Interrupt Local Global (CCR)
Source Flag Enable Mask
Port AD PIFAD[7:0] PIEAD[7:0] | Bit
NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

2.6.3 Operation in Stop Mode

All clocks are stopped in STOP mode. The port integration module has asynchronous paths on port AD to
generate wake-up interrupts from stop mode. For other sources of external interrupts refer to the respective
block description chapters.
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Chapter 3
512 Kbyte Flash Module (S12XFTX512K4V3)

3.1 Introduction

This document describes the FTX512K4 module that includes a 512 Kbyte Flash (nonvolatile) memory.
The Flash memory may be read as either bytes, aligned words or misaligned words. Read access time is
one bus cycle for bytes and aligned words, and two bus cycles for misaligned words.

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

CAUTION

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

3.1.1 Glossary

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

Multiple-Input Signature Register (MISR) — A Multiple-Input Signature Register is an output
response analyzer implemented using a linear feedback shift-register (LFSR). A 16-bit MISR is used to
compress data and generate a signature that is particular to the data read from a Flash block.

3.1.2 Features
* 512 Kbytes of Flash memory comprised of four 128 Kbyte blocks with each block divided into
128 sectors of 1024 bytes
» Automated program and erase algorithm
* Interrupts on Flash command completion, command buffer empty
» Fast sector erase and word program operation
» 2-stage command pipeline for faster multi-word program times
* Sector erase abort feature for critical interrupt response
* Flexible protection scheme to prevent accidental program or erase
+ Single power supply for all Flash operations including program and erase
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» Security feature to prevent unauthorized access to the Flash memory
* Code integrity check using built-in data compression

3.1.3 Modes of Operation

Program, erase, erase verify, and data compress operations (please refer to Section 3.4.1, “Flash Command
Operations” for details).

3.14 Block Diagram
A block diagram of the Flash module is shown in Figure 3-1.
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FTX512K4 Flash Block O
64K * 16 Bits
gl sector 0
sector 1
Flash f
Interface sector 127
Command Command Pipeline
gﬂerrup}_ cmad2 cmd1 Flash Block 1
egues addr2 addrl .
- | data2_0f | datal_O 64K * 16 Bits
data2_1 datal_1]
data2_2 datal 2 sector O
data2_3 datal_3 sector 1
Registers 1 sector 127
Flash Block 2
Protection 64K * 16 Bits
el sector 0
sector 1
Security :
sector 127
Oscillator
Clock > Clock Flash Block 3
Divider ['FCLK 64K * 16 Bits
R sector 0
sector 1
sector 127

Figure 3-1. FTX512K4 Block Diagram

3.2 External Signal Description

The Flash module contains no signals that connect off-chip.
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3.3 Memory Map and Register Definition

This section describes the memory map and registers for the Flash module.

3.3.1 Module Memory Map

The Flash memory map is shown in Figure 3-2. The HCS12X architecture places the Flash memory
addresses between global addresses 0x78_0000 and 0x7F_FFFF. The FPROT register, described in
Section 3.3.2.5, “Flash Protection Register (FPROT)”, can be set to protect regions in the Flash memory
from accidental program or erase. Three separate memory regions, one growing upward from global
address 0x7F_8000 in the Flash memory (called the lower region), one growing downward from global
address Ox7F_FFFF in the Flash memory (called the higher region), and the remaining addresses in the
Flash memory, can be activated for protection. The Flash memory addresses covered by these protectable
regions are shown in the Flash memory map. The higher address region is mainly targeted to hold the boot
loader code since it covers the vector space. The lower address region can be used for EEPROM emulation
in an MCU without an EEPROM module since it can be left unprotected while the remaining addresses
are protected from program or erase. Default protection settings as well as security information that allows
the MCU to restrict access to the Flash module are stored in the Flash configuration field as described in

Table 3-1.

Table 3-1. Flash Configuration Field

Size

Global Address (Bytes) Description
0x7F_FF00 — Ox7F_FF07 8 Backdoor Comparison Key
Refer to Section 3.6.1, “Unsecuring the MCU using Backdoor Key Access”
0x7F_FF08 — Ox7F_FFOC 5 Reserved
Ox7F_FFOD 1 Flash Protection byte
Refer to Section 3.3.2.5, “Flash Protection Register (FPROT)”
0x7F_FFOE 1 Flash Nonvolatile byte
Refer to Section 3.3.2.8, “Flash Control Register (FCTL)”
O0x7F_FFOF 1 Flash Security byte

Refer to Section 3.3.2.2, “Flash Security Register (FSEC)”
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O0X7F_A000

Ox7F_C000

0x7F_EO00

0x7F_F000
0x7F_F800
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Flash Registers
16 bytes

> Flash Protected/Unprotected Region

480 Kbytes

Flash Protected/Unprotected Lower Region
" 1,2, 4,8Kbytes

L Flash Protected/Unprotected Region
8 Kbytes (up to 29 Kbytes)

| Flash Protected/Unprotected Higher Region
2, 4, 8, 16 Kbytes

FLASH END = Ox7F_FFFF

-« Flash Configuration Field
16 bytes (0x7F_FF00 - 0x7F_FFOF)

Figure 3-2. Flash Memory Map
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3.3.2 Register Descriptions

The Flash module contains a set of 16 control and status registers located between module base + 0x0000
and 0x000F. A summary of the Flash module registers is given in Figure 3-3. Detailed descriptions of each
register bit are provided.

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R| FDIVLD
ECLKDIV W PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
0x0001 R KEYEN RNV5 RNV4 RNV3 RNV2 SEC
FSEC W
0x0002 R 0 0 0 0 0 0
FTSTMOD MRDS
W
0x0003 R 0 0 0 0 0
ECNEG CBEIE CCIE KEYACC
W
0x0004 R RNV6
FPROT FPOPEN FPHDIS FPHS FPLDIS FPLS
W
0x0005 R CCIF 0 BLANK 0 0
ESTAT W CBEIF PVIOL ACCERR
0x0006 R 0
CMDB
FCMD W
0x0007 R 0 NV6 NV5 NV4 NV3 NV2 NV1 NVO
FCTL W
0x0008 R FADDRHI
FADDRHI W | | | | | | |
0x0009 R FADDRLO
FADDRLO W | | | | | | |
0x000A R FDATAHI
FDATAHI W | | | | | | |
0x000B R FDATALO
FDATALO W | | | | | | |

Figure 3-3. FTX512K4 Register Summary
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name

0x000C R 0 0 0 0 0 0 0 0
RESERVED1 W

0x000D R 0 0 0 0 0 0 0 0
RESERVED?2 W

0x000E R 0 0 0 0 0 0 0 0
RESERVED3 W

0x000F R 0 0 0 0 0 0 0 0
RESERVED4

Figure 3-3. FTX512K4 Register Summary (continued)

3.3.2.1 Flash Clock Divider Register (FCLKDIV)
The FCLKDIV register is used to control timed events in program and erase algorithms.

Module Base + 0x0000

7 6 5 4 3 2 1 0
R| FDIVLD
PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
w
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 3-4. 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.

Table 3-2. FCLKDIV Field Descriptions

Field Description

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

6 Enable Prescalar by 8.
PRDIV8 [0 The oscillator clock is directly fed into the clock divider.
1 The oscillator clock is divided by 8 before feeding into the clock divider.

5:0 Clock Divider Bits — The combination of PRDIV8 and FDIV[5:0] must divide the oscillator clock down to a
FDIV[5:0] |frequency of 150 kHz—200 kHz. The maximum divide ratio is 512. Please refer to Section 3.4.1.1, “Writing the
FCLKDIV Register” for more information.
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3.3.2.2 Flash Security Register (FSEC)
The FSEC register holds all bits associated with the security of the MCU and Flash module.

Module Base + 0x0001

7 6 5 4 3 2 1 0
R KEYEN RNV5 RNV4 RNV3 RNV2 SEC
W |
Reset F F F F F F F F

I:I = Unimplemented or Reserved

Figure 3-5. Flash Security Register (FSEC)

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

The FSEC register is loaded from the Flash Configuration Field at address 0x7F_FFOF during the reset
sequence, indicated by F in Figure 3-5.

Table 3-3. FSEC Field Descriptions

Field Description
7:6 Backdoor Key Security Enable Bits — The KEYEN[1:0] bits define the enabling of backdoor key access to the
KEYENI1:0] | Flash module as shown in Table 3-4.
5:2 Reserved Nonvolatile Bits — The RNV[5:2] bits should remain in the erased state for future enhancements.
RNV[5:2]
1:0 Flash Security Bits — The SECJ[1:0] bits define the security state of the MCU as shown in Table 3-5. If the Flash
SEC[1:0] |module is unsecured using backdoor key access, the SEC[1:0] bits are forced to 1:0.

Table 3-4. Flash KEYEN States

KEYENT[1:0] Status of Backdoor Key Access
00 DISABLED
01! DISABLED
10 ENABLED
11 DISABLED

1 Preferred KEYEN state to disable Backdoor Key Access.

Table 3-5. Flash Security States

SEC[1:0] Status of Security
00 SECURED
01! SECURED
10 UNSECURED
11 SECURED

1 Preferred SEC state to set MCU to secured state.

The security function in the Flash module is described in Section 3.6, “Flash Module Security”.
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3.3.2.3 Flash Test Mode Register (FTSTMOD)
The FTSTMOD register is used to control Flash test features.

Module Base + 0x0002

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
MRDS
w
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 3-6. Flash Test Mode Register (FTSTMOD —Normal Mode)

Module Base + 0x0002

6 5 4 0
R 0 0 0 0 0
MRDS WRALL
w
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 3-7. Flash Test Mode Register (FTSTMOD — Special Mode)

MRDS bits are readable and writable while all remaining bits read 0 and are not writable in normal mode.
The WRALL bit is writable only in special mode to simplify mass erase and erase verify operations. When
writing to the FTSTMOD register in special mode, all unimplemented/reserved bits must be written to 0.

Table 3-6. FTSTMOD Field Descriptions

Field Description

6:5 Margin Read Setting — The MRDS[1:0] bits are used to set the sense-amp margin level for reads of the Flash
MRDSJ1:0] |array as shown in Table 3-7.

4 Write to all Register Banks — If the WRALL bit is set, all banked FDATA registers sharing the same register
WRALL address will be written simultaneously during a register write.
0 Write only to the FDATA register bank selected using BKSEL.
1 Write to all FDATA register banks.

Table 3-7. FTSTMOD Margin Read Settings

MRDS[1:0] Margin Read Setting
00 Normal
01 Program Margin®
10 Erase Margin®
11 Normal

1 Flash array reads will be sensitive to program margin.
2 Flash array reads will be sensitive to erase margin.
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3.3.2.4

Flash Configuration Register (FCNFG)

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

Module Base + 0x0003

7 6 5 4 3 2 1 0
R 0 0 0 0 0
CBEIE CCIE KEYACC
w
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 3-8. Flash Configuration Register (FCNFG — Normal Mode)

Module Base + 0x0003

7 6 5 4 3 2 1 0
R 0 0 0
CBEIE CCIE KEYACC BKSEL
w
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 3-9. Flash Configuration Register (FCNFG — Special Mode)

CBEIE, CCIE and KEYACC bits are readable and writable while all remaining bits read 0 and are not
writable in normal mode. KEYACC is only writable if KEYEN (see Section 3.3.2.2, “Flash Security
Register (FSEC)” is set to the enabled state. BKSEL is readable and writable in special mode to simplify
mass erase and erase verify operations. When writing to the FCNFG register in special mode, all
unimplemented/ reserved bits must be written to 0.

Table 3-8. FCNFG Field Descriptions

Field Description
7 Command Buffer Empty Interrupt Enable — The CBEIE bit enables an interrupt in case of an empty command
CBEIE buffer in the Flash module.
0 Command buffer empty interrupt disabled.
1 Aninterrupt will be requested whenever the CBEIF flag (see Section 3.3.2.6, “Flash Status Register (FSTAT)")
is set.
6 Command Complete Interrupt Enable — The CCIE bit enables an interrupt in case all commands have been
CCIE completed in the Flash module.
0 Command complete interrupt disabled.
1 Aninterrupt will be requested whenever the CCIF flag (see Section 3.3.2.6, “Flash Status Register (FSTAT)")
is set.
5 Enable Security Key Writing
KEYACC |0 Flash writes are interpreted as the start of a command write sequence.
1 Writes to Flash array are interpreted as keys to open the backdoor. Reads of the Flash array return invalid
data.
1:0 Block Select — The BKSEL[1:0] bits indicates which register bank is active according to Table 3-9.
BKSEL[1:0]
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Chapter 3 512 Kbyte Flash Module (S12XFTX512K4V3)

Table 3-9. Flash Register Bank Selects

BKSEL[1:0] Selected Block
00 Flash Block 0
01 Flash Block 1
10 Flash Block 2
11 Flash Block 3

3.3.25 Flash Protection Register (FPROT)
The FPROT register defines which Flash sectors are protected against program or erase operations.

Module Base + 0x0004

7 6 5 4 3 2 1 0
RNV6
FPOPEN FPHDIS FPHS FPLDIS FPLS
W
Reset F F F F F F F F

I:I: Unimplemented or Reserved

Figure 3-10. Flash Protection Register (FPROT)

All bits in the FPROT register are readable and writable with restrictions (see Section 3.3.2.5.1, “Flash
Protection Restrictions™) except for RNV[6] which is only readable.

During the reset sequence, the FPROT register is loaded from the Flash Configuration Field at global
address 0x7F_FFOD. To change the Flash protection that will be loaded during the reset sequence, the
upper sector of the Flash memory must be unprotected, then the Flash Protect/Security byte located as
described in Table 3-1 must be reprogrammed.

Trying to alter data in any protected area in the Flash memory will result in a protection violation error and
the PVIOL flag will be set in the FSTAT register. The mass erase of a Flash block is not possible if any of
the Flash sectors contained in the Flash block are protected.

Table 3-10. FPROT Field Descriptions

Field Description

7 Flash Protection Open — The FPOPEN bit determines the protection function for program or erase as shown

FPOPEN |in Table 3-11.

0 The FPHDIS and FPLDIS bits define unprotected address ranges as specified by the corresponding
FPHS[1:0] and FPLS[1:0] bits. For an MCU without an EEPROM module, the FPOPEN clear state allows the
main part of the Flash block to be protected while a small address range can remain unprotected for EEPROM
emulation.

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

6 Reserved Nonvolatile Bit — The RNV[6] bit should remain in the erased state for future enhancements.
RNV6
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Table 3-10. FPROT Field Descriptions (continued)

Field Description
5 Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
FPHDIS | protected/unprotected area in a specific region of the Flash memory ending with global address Ox7F_FFFF.
0 Protection/Unprotection enabled.
1 Protection/Unprotection disabled.
4:3 Flash Protection Higher Address Size — The FPHS[1:0] bits determine the size of the protected/unprotected
FPHS[1:0] |area as shown inTable 3-12. The FPHS[1:0] bits can only be written to while the FPHDIS bit is set.
2 Flash Protection Lower Address Range Disable — The FPLDIS bit determines whether there is a
FPLDIS protected/unprotected area in a specific region of the Flash memory beginning with global address 0x7F_8000.
0 Protection/Unprotection enabled.
1 Protection/Unprotection disabled.
1:0 Flash Protection Lower Address Size — The FPLS[1:0] bits determine the size of the protected/unprotected
FPLS[1:0] |area as shown in Table 3-13. The FPLS[1:0] bits can only be written to while the FPLDIS bit is set.

Table 3-11. Flash Protection Function

FPOPEN FPHDIS FPLDIS Function®
1 1 1 No Protection
1 1 0 Protected Low Range
1 0 1 Protected High Range
1 0 0 Protected High and Low Ranges
0 1 1 Full Flash memory Protected
0 1 0 Unprotected Low Range
0 0 1 Unprotected High Range
0 0 0 Unprotected High and Low Ranges

1 For range sizes, refer to Table 3-12 and Table 3-13.

Table 3-12. Flash Protection Higher Address Range

FPHS[1:0] AddrS;c;bR?;nge Protected Size
00 0x7F_F800-0x7F_FFFF 2 Kbytes
01 0x7F_F000-0x7F_FFFF 4 Kbytes
10 0x7F_E000-0x7F_FFFF 8 Kbytes
11 0x7F_C000-0x7F_FFFF 16 Kbytes

Table 3-13. Flash Protection Lower Address Range

FPLS[1:0] Addr(?els(;bg;nge Protected Size
00 0x7F_8000-0x7F_83FF 1 Kbytes
01 0x7F_8000-0x7F_87FF 2 Kbytes
10 0x7F_8000-0x7F_8FFF 4 Kbytes
11 0x7F_8000-0x7F_9FFF 8 Kbytes
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Chapter 3 512 Kbyte Flash Module (S12XFTX512K4V3)

All possible Flash protection scenarios are shown in Figure 3-11. Although the protection scheme is
loaded from the Flash array at global address 0x7F_FFOD during the reset sequence, it can be changed by
the user. This protection scheme can be used by applications requiring re-programming in single chip
mode while providing as much protection as possible if re-programming is not required.
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FPHDIS=1 FPHDIS=1 FPHDIS=0 FPHDIS=0
FPLDIS=1 FPLDIS=0 FPLDIS=1 FPLDIS=0

7 6 Scenario 5 4

0x78_0000

0x7F_8000 - - FPLS[1:0]

FPOPEN=1

FPHS[1:0]

O0x7F_FFFF

3
0x78_0000
0x7F_8000 I
0x7F_FFFF

2 Scenario 1

FPLS[1:0]
FPOPEN=0
FPHS[1:0]

Unprotected region . (I;’é%tneé:éegyrle:glc_)g with size
. Protected region Protected region with size
not defined by FPLS, FPHS defined by FPHS

Figure 3-11. Flash Protection Scenarios
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3.3.251 Flash Protection Restrictions

The general guideline is that Flash protection can only be added and not removed. Table 3-14 specifies all
valid transitions between Flash protection scenarios. Any attempt to write an invalid scenario to the
FPROT register will be ignored and the FPROT register will remain unchanged. The contents of the
FPROT register reflect the active protection scenario. See the FPHS and FPLS descriptions for additional
restrictions.

Table 3-14. Flash Protection Scenario Transitions

From To Protection Scenario®
Protection Scenario 0 1 2 3 4 5 6 7
0 X X X X
1 X X
2 X X
3 X
4 X X
5 X X X X
6 X X X X
7 X X X X X X X X
1 Allowed transitions marked with X.
3.3.2.6 Flash Status Register (FSTAT)
The FSTAT register defines the operational status of the module.
Module Base + 0x0005
7 6 5 4 2 1
R CCIF BLANK 0
CBEIF PVIOL ACCERR
W
Reset 1 1 0 0 0 0
I:Iz Unimplemented or Reserved
Figure 3-12. Flash Status Register (FSTAT — Normal Mode)
Module Base + 0x0005
7 6 5 4 2 1
R CCIF BLANK
W CBEIF PVIOL ACCERR FAIL
Reset 1 1 0 0 0 0

I:I: Unimplemented or Reserved

Figure 3-13. Flash Status Register (FSTAT — Special Mode)
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CBEIF, PVIOL, and ACCERR are readable and writable, CCIF and BLANK are readable and not writable,
remaining bits read 0 and are not writable in normal mode. FAIL is readable and writable in special mode.
FAIL must be clear in special mode when starting a command write sequence.

Table 3-15. FSTAT Field Descriptions

Field

Description

CBEIF

Command Buffer Empty Interrupt Flag — The CBEIF flag indicates that the address, data and command
buffers are empty so that a new command write sequence can be started. Writing a 0 to the CBEIF flag has no
effect on CBEIF. Writing a 0 to CBEIF after writing an aligned word to the Flash address space, but before CBEIF
is cleared, will abort a command write sequence and cause the ACCERR flag to be set. Writing a 0 to CBEIF
outside of a command write sequence will not set the ACCERR flag. The CBEIF flag is cleared by writing a 1 to
CBEIF. The CBEIF flag is used together with the CBEIE bit in the FCNFG register to generate an interrupt
request (see Figure 3-32).

0 Command buffers are full.

1 Command buffers are ready to accept a new command.

CCIF

Command Complete Interrupt Flag — The CCIF flag indicates that there are no more commands pending. The
CCIF flag is cleared when CBEIF is cleared and sets automatically upon completion of all active and pending
commands. The CCIF flag does not set when an active commands completes and a pending command is
fetched from the command buffer. Writing to the CCIF flag has no effect on CCIF. The CCIF flag is used together
with the CCIE bit in the FCNFG register to generate an interrupt request (see Figure 3-32).

0 Command in progress.

1 All commands are completed.

PVIOL

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

0 No protection violation detected.

1 Protection violation has occurred.

4
ACCERR

Access Error Flag — The ACCERR flag indicates an illegal access has occurred to the Flash memory caused
by either a violation of the command write sequence (see Section 3.4.1.2, “Command Write Sequence”), issuing
an illegal Flash command (see Table 3-17), launching the sector erase abort command terminating a sector
erase operation early (see Section 3.4.2.6, “Sector Erase Abort Command”) or the execution of a CPU STOP
instruction while a command is executing (CCIF = 0). Writing a 0 to the ACCERR flag has no effect on ACCERR.
The ACCERR flag is cleared by writing a 1 to ACCERR.While ACCERR is set, it is not possible to launch a
command or start a command write sequence. If ACCERR is set by an erase verify operation or a data compress
operation, any buffered command will not launch.

0 No access error detected.

1 Access error has occurred.

BLANK

Flag Indicating the Erase Verify Operation Status — When the CCIF flag is set after completion of an erase
verify command, the BLANK flag indicates the result of the erase verify operation. The BLANK flag is cleared by
the Flash module when CBEIF is cleared as part of a new valid command write sequence. Writing to the BLANK
flag has no effect on BLANK.

0 Flash block verified as not erased.

1 Flash block verified as erased.

FAIL

Flag Indicating a Failed Flash Operation — The FAIL flag will set if the erase verify operation fails (selected
Flash block verified as not erased). Writing a O to the FAIL flag has no effect on FAIL. The FAIL flag is cleared by
writing a 1 to FAIL.

0 Flash operation completed without error.

1 Flash operation failed.
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3.3.2.7 Flash Command Register (FCMD)
The FCMD register is the Flash command register.

Module Base + 0x0006

7 6 5 4 3 2 1 0
R 0
CMDB
w
Reset 1 1 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 3-14. Flash Command Register (FCMD)

All CMDB bits are readable and writable during a command write sequence while bit 7 reads 0 and is not

writable.
Table 3-16. FCMD Field Descriptions
Field Description
6:0 Flash Command — Valid Flash commands are shown in Table 3-17. Writing any command other than those
CMDBJ6:0] |listed in Table 3-17 sets the ACCERR flag in the FSTAT register.

Table 3-17. Valid Flash Command List

CMDB[6:0] NVM Command
0x05 Erase Verify
0x06 Data Compress
0x20 Word Program
0x40 Sector Erase
0x41 Mass Erase
0x47 Sector Erase Abort

3.3.2.8 Flash Control Register (FCTL)
The FCTL register is the Flash control register.

Module Base + 0x0007

6 5 4 3 2 1 0
R 0 NV6 NV5 NV4 NV3 NV2 NV1 NVO
w
Reset 0 F F F F F F F
I:I: Unimplemented or Reserved
Figure 3-15. Flash Control Register (FCTL)
All bits in the FCTL register are readable but are not writable.
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The FCTL NV bits are loaded from the Flash nonvolatile byte located at global address 0x7F_FFOE during
the reset sequence, indicated by F in Figure 3-15.

Table 3-18. FCTL Field Descriptions

Field Description

6:0 Nonvolatile Bits — The NV[6:0] bits are available as nonvolatile bits. Refer to the Device User Guide for proper
NV[6:0] use of the NV bits.

3.3.2.9 Flash Address Registers (FADDR)
The FADDRHI and FADDRLO registers are the Flash address registers.

Module Base + 0x0008

7 6 5 4 3 2 1 0
R FADDRHI
W | | |
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 3-16. Flash Address High Register (FADDRHI)

Module Base + 0x0009

7 6 5 4 3 2 1 0
R FADDRLO
W | | |
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 3-17. Flash Address Low Register (FADDRLO)
All FADDRHI and FADDRLO bits are readable but are not writable. After an array write as part of a
command write sequence, the FADDR registers will contain the mapped MCU address written.
3.3.2.10 Flash Data Registers (FDATA)
The FDATAHI and FDATALO registers are the Flash data registers.

Module Base + 0x000A

7 6 5 4 3 2 1 0
R FDATAHI
W |

Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 3-18. Flash Data High Register (FDATAHI)
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Module Base + 0x000B

7 6 5 4 3 2 1 0
R FDATALO
W | | | |
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 3-19. Flash Data Low Register (FDATALO)

All FDATAHI and FDATALO bits are readable but are not writable. At the completion of a data compress
operation, the resulting 16-bit signature is stored in the FDATA registers. The data compression signature
is readable in the FDATA registers until a new command write sequence is started.

3.3.2.11 RESERVED1
This register is reserved for factory testing and is not accessible.

Module Base + 0x000C

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 3-20. RESERVED1

All bits read 0 and are not writable.

3.3.2.12 RESERVED2
This register is reserved for factory testing and is not accessible.

Module Base + 0x000D

R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 3-21. RESERVED2

All bits read 0 and are not writable.

3.3.2.13 RESERVED3

This register is reserved for factory testing and is not accessible.
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Module Base + 0x000E

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 3-22. RESERVED3

All bits read 0 and are not writable.

3.3.2.14 RESERVED4

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

Module Base + 0x000F

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 3-23. RESERVED4

All bits read 0 and are not writable.

3.4  Functional Description

34.1 Flash Command Operations

Write operations are used to execute program, erase, erase verify, erase abort, and data compress
algorithms described in this section. The program and erase 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 second command along with the necessary data and address can be stored to the buffer
while the first command is still in progress. This pipelined operation allows a time optimization when
programming more than one word on a specific row in the Flash block as the high voltage generation can
be kept active in 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 Flash status register with corresponding interrupts generated, if enabled.

The next sections describe:
1. How to write the FCLKDIV register

2. Command write sequences to program, erase, erase verify, erase abort, and data compress
operations on the Flash memory
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3. Valid Flash commands
4. Effects resulting from illegal Flash command write sequences or aborting Flash operations

34.1.1 Writing the FCLKDIV Register

Prior to issuing any Flash command after a reset, the user is required to write the FCLKDIV register to
divide the oscillator clock down to within the 150 kHz to 200 kHz range. Since the program and erase
timings are also a function of the bus clock, the FCLKDIV determination must take this information into
account.

If we define:
* FCLK as the clock of the Flash timing control block

» Tbus 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 PRDIVS and FDIV[5:0] are to be set as described in Figure 3-24.

For example, if the oscillator clock frequency is 950kHz and the bus clock frequency is 10MHz,
FCLKDIV bits FDIV[5:0] should be set to 0x04 (000100) and bit PRDIVS8 set to 0. The resulting FCLK
frequency is then 190kHz. As a result, the Flash program and erase algorithm timings are increased over
the optimum target by:

(200 —190)/200 x 100 = 5%

If the oscillator clock frequency is 16MHz and the bus clock frequency is 40MHz, FCLKDIV bits
FDIV[5:0] should be set to 0x0A (001010) and bit PRDIV8 set to 1. The resulting FCLK frequency is then
182kHz. In this case, the Flash program and erase algorithm timings are increased over the optimum target
by:

(200 —182)/200 x 100 = 9%

CAUTION

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

If the FCLKDIV register is written, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, the
FCLKDIV register has not been written since the last reset. If the FCLKDIV register has not been written
to, the Flash command loaded during a command write sequence will not execute and the ACCERR flag
in the FSTAT register will set.
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START

no

yes

PRDIV8=0 (reset)

oscillator_clock
>12.8MHz?

ALL COMMANDS IMPOSSIBLE

PRDIV8=1
PRDCLK=oscillator_clock/8

PRDCLK=oscillator_clock

no

PRDCLK[MHZz]*(5+Tbus[us])
an integer?

Y

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

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

<

TRY TO DECREASE Tbus

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

A

1/FCLK[MHZ] + Tbus[us] > 5
[ AND [us]
FCLK >9.15MH2

yes

ALL COMMANDS IMPOSSIBLE

yes
END

Figure 3-24. Determination Procedure for PRDIV8 and FDIV Bits
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3.4.1.2 Command Write Sequence

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

Before starting a command write sequence, the ACCERR and PVIOL flags in the FSTAT register must be
clear (see Section 3.3.2.6, “Flash Status Register (FSTAT)”’) and the CBEIF flag should be tested to
determine the state of the address, data and command buffers. If the CBEIF flag is set, indicating the
buffers are empty, a new command write sequence can be started. If the CBEIF flag is clear, indicating the
buffers are not available, a new command write sequence will overwrite the contents of the address, data
and command buffers.

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

1. Write to a valid address in the Flash memory. Addresses in multiple Flash blocks can be written to
as long as the location is at the same relative address in each available Flash block. Multiple
addresses must be written in Flash block order starting with the lower Flash block.

. Write a valid command to the FCMD register.
3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the command.

The address written in step 1 will be stored in the FADDR registers and the data will be stored in the
FDATA registers. If the CBEIF flag in the FSTAT register is clear when the first Flash array write occurs,
the contents of the address and data buffers will be overwritten and the CBEIF flag will be set. When the
CBEIF flag is cleared, the CCIF flag is cleared on the same bus cycle by the Flash command controller
indicating that the command was successfully launched. For all command write sequences except data
compress and sector erase abort, the CBEIF flag will set four bus cycles after the CCIF flag is cleared
indicating that the address, data, and command buffers are ready for a new command write sequence to
begin. For data compress and sector erase abort operations, the CBEIF flag will remain clear until the
operation completes. Except for the sector erase abort command, a buffered command will wait for the
active operation to be completed before being launched. The sector erase abort command is launched when
the CBEIF flag is cleared as part of a sector erase abort command write sequence. Once a command is
launched, the completion of the command operation is indicated by the setting of the CCIF flag in the
FSTAT register. The CCIF flag will set upon completion of all active and buffered commands.

3.4.2 Flash Commands

Table 3-19 summarizes the valid Flash commands along with the effects of the commands on the Flash
block.

Table 3-19. Flash Command Description

FCMDB NVM Function on Flash Memory
Command
0x05 Erase Verify all memory bytes in the Flash block are erased.
Verify If the Flash block is erased, the BLANK flag in the FSTAT register will set upon command
completion.

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor 153



Chapter 3 512 Kbyte Flash Module (S12XFTX512K4V3)

Table 3-19. Flash Command Description

NVM

FCMDB Function on Flash Memory

Command

0x06 Data Compress data from a selected portion of the Flash block.
Compress | The resulting signature is stored in the FDATA register.

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

0x40 Sector Erase all memory bytes in a sector of the Flash block.

Erase
0x41 Mass Erase all memory bytes in the Flash block.

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

0x47 Sector Abort the sector erase operation.
Erase The sector erase operation will terminate according to a set procedure. The Flash sector
Abort should not be considered erased if the ACCERR flag is set upon command completion.
CAUTION

A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed.
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3.4.2.1 Erase Verify Command
The erase verify operation will verify that a Flash block is erased.

An example flow to execute the erase verify operation is shown in Figure 3-25. The erase verify command
write sequence is as follows:

1. Write an aligned word to a valid address in the Flash array memory to start the command write
sequence for the erase verify command. The address and data written will be ignored. Multiple
Flash blocks can be simultaneously erase verified by writing to the same relative address in each
Flash block.

Write the erase verify command, 0x05, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the erase verify
command.

After launching the erase verify command, the CCIF flag in the FSTAT register will set after the operation
has completed unless a new command write sequence has been buffered. The number of bus cycles
required to execute the erase verify operation is equal to the number of addresses in a Flash block plus 14
bus cycles as measured from the time the CBEIF flag is cleared until the CCIF flag is set. Upon completion
of the erase verify operation, the BLANK flag in the FSTAT register will be set if all addresses in the
selected Flash blocks are verified to be erased. If any address in a selected Flash block is not erased, the
erase verify operation will terminate and the BLANK flag in the FSTAT register will remain clear. The
MRDS bits in the FTSTMOD register will determine the sense-amp margin setting during the erase verify
operation.
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Read: FCLKDIV register

Clock Register
Written
Check

no

NOTE: FCLKDIV needs to
be set once after each reset.

yes

Write: FCLKDIV register |

Read: FSTAT register

i‘_

Address, Data,
Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear ACCERR/PVIOL 0x30

Write: Flash Block Address
1.1 ‘and Dummy Data

-
-

Simultaneous
Multiple Flash Block
Decision

yes

Decrement Global Address
> 8K

by 12

2 Write: FCMD register
*| Erase Verify Command 0x05

3 Write: FSTAT register
*| Clear CBEIF 0x80

Read: FSTAT register

Bit Polling for
Command Completion
Check
yes
Erase Verify no
Status

no

Erased

Flash Block

Flash Block
Not Erased

Figure 3-25. Example Erase Verify Command Flow
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3.4.2.2 Data Compress Command

The data compress operation will check Flash code integrity by compressing data from a selected portion
of the Flash memory into a signature analyzer.

An example flow to execute the data compress operation is shown in Figure 3-26. The data compress
command write sequence is as follows:

1. Write an aligned word to a valid address in the Flash array memory to start the command write
sequence for the data compress command. The address written determines the starting address for
the data compress operation and the data written determines the number of consecutive words to
compress with an upper limit of 16,384. Multiple Flash blocks can be simultaneously compressed
by writing to the same relative address in each Flash block. If more than one Flash block is written
to in this step, the first data written will determine the number of consecutive words to compress in
each selected Flash block.

Write the data compress command, 0x06, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the data compress
command.

After launching the data compress command, the CCIF flag in the FSTAT register will set after the data
compress operation has completed. The number of bus cycles required to execute the data compress
operation is equal to two times the number of consecutive words to compress plus the number of Flash
blocks simultaneously compressed plus 18 bus cycles as measured from the time the CBEIF flag is cleared
until the CCIF flag is set. Once the CCIF flag is set, the signature generated by the data compress operation
is available in the FDATA registers. The signature in the FDATA registers can be compared to the expected
signature to determine the integrity of the selected data stored in the selected Flash memory. If the last
address of a Flash block is reached during the data compress operation, data compression will continue
with the starting address of the same Flash block. The MRDS bits in the FTSTMOD register will determine
the sense-amp margin setting during the data compress operation.

NOTE

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

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

The data compress command can be used to verify that a sector or sequential set of sectors are erased.
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Read: FCLKDIV register

Clock Register no NOTE: FCLKDIV needs to
\C/:Vggtcekn be set once after each reset.

yes Write: FCLKDIV register |

Read: FSTAT register 1(—

Address, Data,
Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear ACCERR/PVIOL 0x30

Write: Flash Address to start -
1.| compression and number of word
addresses to compress (max 16,384)

€NOTE: address used fo select
Flash block; data ignored.

Simultaneous
Multiple Flash Block
Decision

yes
» Decrement Global Address

by 128K

2 Write: FCMD register
*| Data Compress Command 0x06
I
3. | Write: FSTAT register
| Clear CBEIF 0x80

Read: FSTAT register 1(—

Bit Polling for
Command Completion
Check

no

yes

Read: FDATA registers
Data Compress Signature

Signature

i Erase and Reprogram
Valid?

Flash Sector(s) Compressed

yes

Figure 3-26. Example Data Compress Command Flow
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3.4.2.2.1 Data Compress Operation

The Flash module contains a 16-bit multiple-input signature register (MISR) for each Flash block to
generate a 16-bit signature based on selected Flash array data. If multiple Flash blocks are selected for
simultaneous compression, then the signature from each Flash block is further compressed to generate a
single 16-bit signature. The final 16-bit signature, found in the FDATA registers after the data compress
operation has completed, is based on the following logic equation which is executed on every data
compression cycle during the operation:

MISR[15:0] = {MISR[14:0], "MISR[15,4,2,1]} » DATA[15:0] Eqn. 3-1

where MISR is the content of the internal signature register associated with each Flash block and DATA
is the data to be compressed as shown in Figure 3-27.

DATA[0] DATA[1] DATA[2] DATA[3] DATA[4] DATA[5] DATA[15]
®—D Q>®—D Q —>D Q D Q—>(®—DQ —>D Q> ~ —>@—DQ
MO M1 M2 M3 M4 M5 M15
> > > > > > >
+ (D +

@ = Exclusive-OR
MISR[15:0] = Q[15:0]
Figure 3-27. 16-Bit MISR Diagram

During the data compress operation, the following steps are executed:
1. MISR for each Flash block is reset to OXFFFF.

2. Initialized DATA equal to OxFFFF is compressed into the MISR for each selected Flash block
which results in the MISR containing 0x0001.

3. DATA equal to the selected Flash array data range is read and compressed into the MISR for each
selected Flash block with addresses incrementing.

4. DATA equal to the selected Flash array data range is read and compressed into the MISR for each
selected Flash block with addresses decrementing.

5. If Flash block 0 is selected for compression, DATA equal to the contents of the MISR for Flash
block 0 is compressed into the MISR for Flash block 0. If data in Flash block 0 was not selected
for compression, the MISR for Flash block 0 contains OxFFFF.

6. If Flash block 1 is selected for compression, DATA equal to the contents of the MISR for Flash
block 1 is compressed into the MISR for Flash block 0.

7. 1If Flash block 2 is selected for compression, DATA equal to the contents of the MISR for Flash
block 2 is compressed into the MISR for Flash block 0.

8. [If Flash block 3 is selected for compression, DATA equal to the contents of the MISR for Flash
block 3 is compressed into the MISR for Flash block 0.

9. If Flash block 4 is selected for compression, DATA equal to the contents of the MISR for Flash
block 4 is compressed into the MISR for Flash block 0.
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10. If Flash block 5 is selected for compression, DATA equal to the contents of the MISR for Flash
block 5 is compressed into the MISR for Flash block 0.

11. If Flash block 6 is selected for compression, DATA equal to the contents of the MISR for Flash
block 6 is compressed into the MISR for Flash block 0.

12. If Flash block 7 is selected for compression, DATA equal to the contents of the MISR for Flash
block 7 is compressed into the MISR for Flash block 0.

13. The contents of the MISR for Flash block 0 are written to the FDATA registers.
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3.4.2.3 Program Command

The program operation will program a previously erased word in the Flash memory using an embedded
algorithm.

An example flow to execute the program operation is shown in Figure 3-28. The program command write
sequence is as follows:

1. Write an aligned word to a valid address in the Flash array memory to start the command write
sequence for the program command. The data written will be programmed to the address written.
Multiple Flash blocks can be simultaneously programmed by writing to the same relative address
in each Flash block.

2. Write the program command, 0x20, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the program
command.

If a word to be programmed is in a protected area of the Flash block, the PVIOL flag in the FSTAT register
will set and the program command will not launch. Once the program command has successfully launched,
the CCIF flag in the FSTAT register will set after the program operation has completed unless a new
command write sequence has been buffered. By executing a new program command write sequence on
sequential words after the CBEIF flag in the FSTAT register has been set, up to 55% faster programming
time per word can be effectively achieved than by waiting for the CCIF flag to set after each program
operation.
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Read: FSTAT register ld—

Bit Polling for no
Command Completion
Check

yes

Figure 3-28. Example Program Command Flow
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3.4.24 Sector Erase Command

The sector erase operation will erase all addresses in a 1 Kbyte sector of Flash memory using an embedded
algorithm.

An example flow to execute the sector erase operation is shown in Figure 3-29. The sector erase command
write sequence is as follows:

1. Write an aligned word to a valid address in the Flash array memory to start the command write
sequence for the sector erase command. The Flash address written determines the sector to be
erased while global address bits [9:0] and the data written are ignored. Multiple Flash sectors can
be simultaneously erased by writing to the same relative address in each Flash block.

Write the sector erase command, 0x40, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the sector erase
command.

If a Flash sector to be erased is in a protected area of the Flash block, the PVIOL flag in the FSTAT register
will set and the sector erase command will not launch. Once the sector erase command has successfully
launched, the CCIF flag in the FSTAT register will set after the sector erase operation has completed unless
a new command write sequence has been buffered.
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Read: FCLKDIV register

Clock Register
Written
Check

no NOTE: FCLKDIV needs to
be set once after each reset.

yes Write: FCLKDIV register |

|
Read: FSTAT register i(—

Address, Data,
Command
Buffer Empty Check

Access Error and

2 ranc Write: FSTAT register
Protection Violation

Check Clear ACCERR/PVIOL 0x30
Write: Flash Sector Address -
1.1 and Dummy Data -

Simultaneous

Multiple Flash Block Decrement Global Address
Decision by 128K
2 Write: FCMD register
*| Sector Erase Command 0x40
[
3 Write: FSTAT register
*| Clear CBEIF 0x80
[
Read: FSTAT register |<—
Bit Polling for no
Command Completion
Check

yes

Figure 3-29. Example Sector Erase Command Flow
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3.4.25 Mass Erase Command
The mass erase operation will erase all addresses in a Flash block using an embedded algorithm.

An example flow to execute the mass erase operation is shown in Figure 3-30. The mass erase command
write sequence is as follows:

1. Write an aligned word to any valid address in a Flash block to start the command write sequence
for the mass erase command. The data written will be ignored while the address written determines
which Flash block is erased. Multiple Flash blocks can be simultaneously mass erased by writing
to the same relative address in each Flash block.

Write the mass erase command, 0x41, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the mass erase
command.

If a Flash block to be erased contains any protected area, the PVIOL flag in the FSTAT register will set and
the mass erase command will not launch. Once the mass erase command has successfully launched, the
CCIF flag in the FSTAT register will set after the mass erase operation has completed unless a new
command write sequence has been buffered.
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Read: FCLKDIV register

Clock Register no NOTE: FCLKDIV needs to
\évr:gt&n be set once after each reset.

yes Write: FCLKDIV register |

|
Read: FSTAT register i(—

Address, Data,
Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear ACCERR/PVIOL 0x30

Write: Flash Block Address )
1.1 ‘and Dummy Data -t

Simultaneous
Multiple Flash Block

Decrement Global Address

Decision by 128K
2 Write: FCMD register
*| Mass Erase Command 0x41
[
3 Write: FSTAT register
*| Clear CBEIF 0x80
[
Read: FSTAT register |<—
Bit Polling for no
Command Completion
Check

yes

Figure 3-30. Example Mass Erase Command Flow
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3.4.2.6 Sector Erase Abort Command

The sector erase abort operation will terminate the active sector erase operation so that other sectors in a
Flash block are available for read and program operations without waiting for the sector erase operation to
complete.

An example flow to execute the sector erase abort operation is shown in Figure 3-31. The sector erase abort
command write sequence is as follows:

1. Write an aligned word to any valid address in the Flash array memory to start the command write
sequence for the sector erase abort command. The address and data written are ignored.

Write the sector erase abort command, 0x47, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the sector erase abort
command.

If the sector erase abort command is launched resulting in the early termination of an active sector erase
operation, the ACCERR flag will set once the operation completes as indicated by the CCIF flag being set.
The ACCERR flag sets to inform the user that the Flash sector may not be fully erased and a new sector
erase command must be launched before programming any location in that specific sector. If the sector
erase abort command is launched but the active sector erase operation completes normally, the ACCERR
flag will not set upon completion of the operation as indicated by the CCIF flag being set. Therefore, if the
ACCERR flag is not set after the sector erase abort command has completed, a Flash sector being erased
when the abort command was launched will be fully erased. The maximum number of cycles required to
abort a sector erase operation is equal to four FCLK periods (see Section 3.4.1.1, “Writing the FCLKDIV
Register”) plus five bus cycles as measured from the time the CBEIF flag is cleared until the CCIF flag is
set. If sectors in multiple Flash blocks are being simultaneously erased, the sector erase abort operation
will be applied to all active Flash blocks without writing to each Flash block in the sector erase abort
command write sequence.

NOTE

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

NOTE

The sector erase abort command should be used sparingly since a sector
erase operation that is aborted counts as a complete program/erase cycle.
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| Execute Sector Erase Command Flow |

| Read: FSTAT register |<

Bit Polling for
Command
Completion Check

Sector Erase
Completed

1 Write: Dummy Flash Address
*| and Dummy Data

2 Write: FCMD register
*| Sector Erase Abort Cmd 0x47

3 Write: FSTAT register
*| Clear CBEIF 0x80

Read: FSTAT register id—

Bit Polling for no
Command

Completion Check

ACCERR
Set?

Access

Error Check | Write: FSTAT register

Clear ACCERR 0x10

Sector Erase
Completed

Sector Erase
Aborted

Figure 3-31. Example Sector Erase Abort Command Flow
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3.4.3 lllegal Flash Operations

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

1. Writing to a Flash address before initializing the FCLKDIV register.

Writing a byte or misaligned word to a valid Flash address.

Starting a command write sequence while a data compress operation is active.
Starting a command write sequence while a sector erase abort operation is active.

A

Writing a Flash address in step 1 of a command write sequence that is not the same relative address
as the first one written in the same command write sequence.

Writing to any Flash register other than FCMD after writing to a Flash address.
Writing a second command to the FCMD register in the same command write sequence.
Writing an invalid command to the FCMD register.

o o R

When security is enabled, writing a command other than mass erase to the FCMD register when
the write originates from a non-secure memory location or from the Background Debug Mode.

10. Writing to a Flash address after writing to the FCMD register.

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

12. Writing a 0 to the CBEIF flag in the FSTAT register to abort a command write sequence.
The ACCERR flag will not be set if any Flash register is read during a valid command write sequence.

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

1. Launching the sector erase abort command while a sector erase operation is active which results in
the early termination of the sector erase operation (see Section 3.4.2.6, “Sector Erase Abort
Command”).

2. The MCU enters stop mode and a program or erase operation is in progress. The operation is
aborted immediately and any pending command is purged (see Section 3.5.2, “Stop Mode”).

If the Flash memory is read during execution of an algorithm (CCIF = 0), the read operation will return
invalid data and the ACCERR flag will not be set.

If the ACCERR flag is set in the FSTAT register, the user must clear the ACCERR flag before starting
another command write sequence (see Section 3.3.2.6, “Flash Status Register (FSTAT)”).

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

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

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

3. Writing the mass erase command to a Flash block while any Flash protection is enabled in the
block
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If the PVIOL flag is set in the FSTAT register, the user must clear the PVIOL flag before starting another
command write sequence (see Section 3.3.2.6, “Flash Status Register (FSTAT)”).

3.5 Operating Modes

351 Wait Mode

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

The Flash module can recover the MCU from wait mode if the CBEIF and CCIF interrupts are enabled
(see Section 3.8, “Interrupts™).

3.5.2 Stop Mode

If a command is active (CCIF = 0) when the MCU enters stop mode, the operation will be aborted and, if
the operation is program or erase, the Flash array data being programmed or erased may be corrupted and
the CCIF and ACCERR flags will be set. If active, the high voltage circuitry to the Flash memory will
immediately be switched off when entering stop mode. Upon exit from stop mode, the CBEIF flag is set
and any buffered command will not be launched. The ACCERR flag must be cleared before starting a
command write sequence (see Section 3.4.1.2, “Command Write Sequence”).

NOTE

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

3.5.3 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 3-19 can be executed. If the MCU is secured and is in special single chip
mode, only mass erase can be executed.

3.6  Flash Module 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 3.3.2.2, “Flash Security Register
(FSEC)”.

The contents of the Flash security byte at 0x7F_FFOF in the Flash Configuration Field must be changed
directly by programming 0x7F_FFOF when the MCU is unsecured and the higher address sector is
unprotected. If the Flash security byte is left in a secured state, any reset will cause the MCU to initialize
to a secure operating mode.
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3.6.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge of the
contents of the backdoor keys (four 16-bit words programmed at addresses 0x7F_FF00-0x7F_FF07). If
the KEYENTJ1:0] bits are in the enabled state (see Section 3.3.2.2, “Flash Security Register (FSEC)”) and
the KEYACC bit is set, a write to a backdoor key address in the Flash memory triggers a comparison
between the written data and the backdoor key data stored in the Flash memory. If all four words of data
are written to the correct addresses in the correct order and the data matches the backdoor keys stored in
the Flash memory, the MCU will be unsecured. The data must be written to the backdoor keys sequentially
starting with 0x7F_FF00—-1 and ending with 0x7F_FF06—7. 0x0000 and OxFFFF are not permitted as
backdoor keys. While the KEYACC bit is set, reads of the Flash memory will return invalid data.

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

If the KEYEN][1:0] bits are in the enabled state (see Section 3.3.2.2, “Flash Security Register (FSEC)”),
the MCU can be unsecured by the backdoor key access sequence described below:
1. Set the KEYACC bit in the Flash Configuration Register (FCNFG).

2. Write the correct four 16-bit words to Flash addresses 0xFFO0—0xFF07 sequentially starting with
0x7F_FF00.

3. Clear the KEYACC bit. Depending on the user code used to write the backdoor keys, a wait cycle
(NOP) may be required before clearing the KEYACC bit.

4. TIfall four 16-bit words match the backdoor keys stored in Flash addresses
0x7F_FF00-0x7F_FF07, the MCU is unsecured and the SEC[1:0] bits in the FSEC register are
forced to the unsecure state of 1:0.

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

1. Ifany of the four 16-bit words does not match the backdoor keys programmed in the Flash array.
If the four 16-bit words are written in the wrong sequence.

If more than four 16-bit words are written.

If any of the four 16-bit words written are 0x0000 or OxFFFF.

If the KEYACC bit does not remain set while the four 16-bit words are written.

6. If any two of the four 16-bit words are written on successive MCU clock cycles.

e

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

In the unsecure state, the user has full control of the contents of the backdoor keys by programming
addresses 0x7F_FF00—0x7F_FF07 in the Flash Configuration Field.

The security as defined in the Flash security byte (0x7F_FFOF) is not changed by using the backdoor key
access sequence to unsecure. The backdoor keys stored in addresses 0x7F_FF00-0x7F_FFO07 are
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unaffected by the backdoor key access sequence. After the next reset of the MCU, the security state of the
Flash module is determined by the Flash security byte (0x7F_FFOF). The backdoor key access sequence
has no effect on the program and erase protections defined in the Flash protection register.

It is not possible to unsecure the MCU in special single chip mode by using the backdoor key access
sequence in background debug mode (BDM).

3.6.2 Unsecuring the MCU in Special Single Chip Mode using BDM
The MCU can be unsecured in special single chip mode by erasing the Flash module by the following
method:

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

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

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

3.7 Resets

3.7.1 Flash Reset Sequence

On each reset, the Flash module executes a reset sequence to hold CPU activity while loading the following
registers from the Flash memory according to Table 3-1:

« FPROT — Flash Protection Register (see Section 3.3.2.5).
* FCTL - Flash Control Register (see Section 3.3.2.8).
» FSEC — Flash Security Register (see Section 3.3.2.2).

3.7.2 Reset While Flash Command Active

If a reset occurs while any Flash 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.

3.8 Interrupts

The Flash module can generate an interrupt when all Flash command operations have completed, when the
Flash address, data and command buffers are empty.
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Table 3-20. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable Global (CCR) Mask
Flash Address, Data and Command Buffers empty CBEIF CBEIE | Bit
(FSTAT register) (FCNFG register)
All Flash commands completed CCIF CCIE | Bit
(FSTAT register) (FCNFG register)
NOTE
Vector addresses and their relative interrupt priority are determined at the

MCU level.

3.8.1 Description of Flash Interrupt Operation
The logic used for generating interrupts is shown in Figure 3-32.

The Flash module uses the CBEIF and CCIF flags in combination with the CBIE and CCIE enable bits to
generate the Flash command interrupt request.

CBEIF —
CBEIE —

Flash Command Interrupt Request

CCIF —
CCIE —

Figure 3-32. Flash Interrupt Implementation

For a detailed description of the register bits, refer to Section 3.3.2.4, “Flash Configuration Register
(FCNFG)” and Section 3.3.2.6, “Flash Status Register (FSTAT)”.
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4 Kbyte EEPROM Module (S12XEETX4KV2)

4.1 Introduction

This document describes the EETX4K module which includes a 4 Kbyte EEPROM (nonvolatile) memory.
The EEPROM memory may be read as either bytes, aligned words, or misaligned words. Read access time
is one bus cycle for bytes and aligned words, and two bus cycles for misaligned words.

The EEPROM memory is ideal for data storage for single-supply applications allowing for field
reprogramming without requiring external voltage sources for program or erase. Program and erase
functions are controlled by a command driven interface. The EEPROM module supports both block erase
(all memory bytes) and sector erase (4 memory bytes). An erased bit reads 1 and a programmed bit reads
0. The high voltage required to program and erase the EEPROM memory is generated internally. It is not
possible to read from the EEPROM block while it is being erased or programmed.

CAUTION

An EEPROM word (2 bytes) must be in the erased state before being
programmed. Cumulative programming of bits within a word is not allowed.

4.1.1 Glossary

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

4.1.2 Features

* 4 Kbytes of EEPROM memory divided into 1024 sectors of 4 bytes

* Automated program and erase algorithm

* Interrupts on EEPROM command completion and command buffer empty

» Fast sector erase and word program operation

» 2-stage command pipeline

+ Sector erase abort feature for critical interrupt response

» Flexible protection scheme to prevent accidental program or erase

» Single power supply for all EEPROM operations including program and erase

4.1.3 Modes of Operation

Program, erase and erase verify operations (please refer to Section 4.4.1, “EEPROM Command
Operations” for details).
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4.1.4 Block Diagram
A block diagram of the EEPROM module is shown in Figure 4-1.

EETX4K
EEPROM
Interface
Command
Interrupt Command Pipeline
Request EEPROM
- cmd2 cmdl )
addr2 }—|addrl 2K * 16 Bits
data2 datal
sector 0
) sector 1
Registers .
—
Protection ,
sector 1023
Oscillator
Clock Clock
® Divider [EECLK

Figure 4-1. EETX4K Block Diagram

4.2  External Signal Description
The EEPROM module contains no signals that connect off-chip.

4.3 Memory Map and Register Definition

This section describes the memory map and registers for the EEPROM module.

4.3.1 Module Memory Map

The EEPROM memory map is shown in Figure 4-2. The HCS12X architecture places the EEPROM

memory addresses between global addresses 0x13_F000 and 0x13_FFFF. The EPROT register, described
in Section 4.3.2.5, “EEPROM Protection Register (EPROT)”, can be set to protect the upper region in the
EEPROM memory from accidental program or erase. The EEPROM addresses covered by this protectable
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region are shown in the EEPROM memory map. The default protection setting is stored in the EEPROM
configuration field as described in Table 4-1.

Table 4-1. EEPROM Configuration Field

Global Address (bSyItZees) Description
0x13_FFFC 1 Reserved
0x13_FFFD 1 EEPROM Protection byte
Refer to Section 4.3.2.5, “EEPROM Protection Register (EPROT)”
0x13_FFFE — 0x13_FFFF 2 Reserved
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MODULE BASE+ 0x0000

MODULE BASE + 0x000B

EEPROM START = 0x13_F000

0x13_FEO00

0x13_FE40

0x13_FE80

0x13_FECO

0x13_FFO00

0x13_FF40

0x13_FF80

0x13_FFCO

EEPROM Registers
12 bytes

\ EEPROM Memory
[ 3584 bytes (up to 4032 bytes)

L EEPROM Memory Protected Region
64, 128, 192, 256, 320, 384, 448, 512 bytes

EEPROM END = 0x13_FFFF

EEPROM Configuration Field
4 bytes (0x13_FFFC — 0x13_FFFF)

Figure 4-2. EEPROM Memory Map
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4.3.2 Register Descriptions

The EEPROM module also contains a set of 12 control and status registers located between EEPROM
module base + 0x0000 and 0x000B. A summary of the EEPROM module registers is given in Figure 4-3.
Detailed descriptions of each register bit are provided.

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R| EDIVLD
ECLKDIV W PRDIV8 EDIV5 EDIV4 EDIV3 EDIV2 EDIV1 EDIVO
0x0001 R 0 0 0 0 0 0 0 0
RESERVED1 W
0x0002 R 0 0 0 0 0 0 0 0
RESERVED2 W
0x0003 R 0 0 0 0 0 0
ECNFG W CBEIE CCIE
0x0004 R RNV6 RNV5 RNV4
EPROT W EPOPEN EPDIS EPS2 EPS1 EPSO
0x0005 R CCIF 0 BLANK 0 0
ESTAT W CBEIF PVIOL ACCERR
0x0006 R 0 CMDB
ECMD W
0x0007 R 0 0 0 0 0 0 0 0
RESERVED3 W
0x0008 R 0 0 0 0 0 EABHI
EADDRHI W | |
0x0009 R EABLO
EADDRLO W | | | | | | |
0x000A R EDHI
EDATAHI W | | | | | | |
0x000B R EDLO
EDATALO W | | | | | | |

|:| = Unimplemented or Reserved

Figure 4-3. EETX4K Register Summary
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43.2.1

EEPROM Clock Divider Register (ECLKDIV)

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

Module Base + 0x0000

7

6

R| EDIVLD
PRDIV8 EDIVS EDIV4 EDIV3 EDIV2 EDIV1 EDIVO
W
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 4-4. EEPROM Clock Divider Register (ECLKDIV)

All bits in the ECLKDIV register are readable, bits 60 are write once and bit 7 is not writable.

Table 4-2. ECLKDIV Field Descriptions

Field Description
7 Clock Divider Loaded
EDIVLD [0 Register has not been written.
1 Register has been written to since the last reset.
6 Enable Prescalar by 8
PRDIV8 |0 The oscillator clock is directly fed into the ECLKDIV divider.
1 Enables a Prescalar by 8, to divide the oscillator clock before feeding into the clock divider.
5:0 Clock Divider Bits — The combination of PRDIV8 and EDIV[5:0] effectively divides the EEPROM module input
EDIV[5:0] |oscillator clock down to a frequency of 150 kHz — 200 kHz. The maximum divide ratio is 512. Please refer to
Section 4.4.1.1, “Writing the ECLKDIV Register” for more information.
4.3.2.2 RESERVED1

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

Module Base + 0x0001

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 4-5. RESERVED1

All bits read 0 and are not writable.

4.3.2.3

RESERVED2

This register is reserved for factory testing and is not accessible.
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Module Base + 0x0002

R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 4-6. RESERVED2

All bits read 0 and are not writable.

4.3.2.4

EEPROM Configuration Register (ECNFG)

The ECNFG register enables the EEPROM interrupts.

Module Base + 0x0003

7 6
R 0 0 0 0 0 0
CBEIE CCIE
w
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 4-7. EEPROM Configuration Register (ECNFG)

CBEIE and CCIE bits are readable and writable while all remaining bits read 0 and are not writable.

Table 4-3. ECNFG Field Descriptions

Field Description
7 Command Buffer Empty Interrupt Enable — The CBEIE bit enables an interrupt in case of an empty command
CBEIE buffer in the EEPROM module.
0 Command Buffer Empty interrupt disabled.
1 An interrupt will be requested whenever the CBEIF flag (see Section 4.3.2.6, “EEPROM Status Register
(ESTAT)") is set.
6 Command Complete Interrupt Enable — The CCIE bit enables an interrupt in case all commands have been
CCIE completed in the EEPROM module.

0 Command Complete interrupt disabled.
1 An interrupt will be requested whenever the CCIF flag (see Section 4.3.2.6, “EEPROM Status Register
(ESTAT)") is set.
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4.3.2.5 EEPROM Protection Register (EPROT)
The EPROT register defines which EEPROM sectors are protected against program or erase operations.

Module Base + 0x0004

7 6 5 4 3 2 1 0
RNV6 RNV5 RNV4
EPOPEN EPDIS EPS2 EPS1 EPSO
w
Reset F F F F F F F F

I:I = Unimplemented or Reserved

Figure 4-8. EEPROM Protection Register (EPROT)

During the reset sequence, the EPROT register is loaded from the EEPROM Protection byte at address
offset 0XxOFFD (see Table 4-1).All bits in the EPROT register are readable and writable except for
RNV[6:4] which are only readable. The EPOPEN and EPDIS bits can only be written to the protected
state. The EPS bits can be written anytime until bit EPDIS is cleared. If the EPOPEN bit is cleared, the
state of the EPDIS and EPS bits is irrelevant.

To change the EEPROM protection that will be loaded during the reset sequence, the EEPROM memory
must be unprotected, then the EEPROM Protection byte must be reprogrammed. Trying to alter data in any
protected area in the EEPROM memory will result in a protection violation error and the PVIOL flag will

be set in the ESTAT register. The mass erase of an EEPROM block is possible only when protection is
fully disabled by setting the EPOPEN and EPDIS bits.

Table 4-4. EPROT Field Descriptions

Field Description

7 Opens the EEPROM for Program or Erase
EPOPEN |0 The entire EEPROM memory is protected from program and erase.
1 The EEPROM sectors not protected are enabled for program or erase.

6:4 Reserved Nonvolatile Bits — The RNV[6:4] bits should remain in the erased state “1” for future enhancements.
RNV[6:4]
3 EEPROM Protection Address Range Disable — The EPDIS bit determines whether there is a protected area

EPDIS in a specific region of the EEPROM memory ending with address offset OXOFFF.
0 Protection enabled.
1 Protection disabled.

2.0 EEPROM Protection Address Size — The EPS[2:0] bits determine the size of the protected area as shown
EPS[2:0] [inTable 4-5. The EPS bits can only be written to while the EPDIS bit is set.
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Table 4-5. EEPROM Protection Address Range

EPS[2:0] Address Offset Range Protected Size
000 0xOFCO — OxOFFF 64 bytes
001 0xOF80 — OXOFFF 128 bytes
010 0x0F40 — OXOFFF 192 bytes
011 0x0F00 — OXOFFF 256 bytes
100 Ox0ECO — OXOFFF 320 bytes
101 O0xOE80 — OxOFFF 384 bytes
110 0xOE40 — OxOFFF 448 bytes
111 O0xOEO0O0 — OxOFFF 512 bytes

4.3.2.6 EEPROM Status Register (ESTAT)
The ESTAT register defines the operational status of the module.

Module Base + 0x0005

7 6 5 4 3 2 1 0
R CCIF 0 BLANK 0 0
CBEIF PVIOL ACCERR
w
Reset 1 1 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 4-9. EEPROM Status Register (ESTAT — Normal Mode)

Module Base + 0x0005

7 6 5 4 3 2 1
R CCIF 0 BLANK 0
CBEIF PVIOL ACCERR FAIL
w
Reset 1 1 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 4-10. EEPROM Status Register (ESTAT — Special Mode)

CBEIF, PVIOL, and ACCERR are readable and writable, CCIF and BLANK are readable and not writable,
remaining bits read 0 and are not writable in normal mode. FAIL is readable and writable in special mode.
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Table 4-6. ESTAT Field Descriptions

Field

Description

CBEIF

Command Buffer Empty Interrupt Flag — The CBEIF flag indicates that the address, data, and command
buffers are empty so that a new command write sequence can be started. The CBEIF flag is cleared by writing
a 1 to CBEIF. Writing a 0 to the CBEIF flag has no effect on CBEIF. Writing a 0 to CBEIF after writing an aligned
word to the EEPROM address space but before CBEIF is cleared will abort a command write sequence and
cause the ACCERR flag to be set. Writing a 0 to CBEIF outside of a command write sequence will not set the
ACCERR flag. The CBEIF flag is used together with the CBEIE bit in the ECNFG register to generate an interrupt
request (see Figure 4-24).

0 Buffers are full.

1 Buffers are ready to accept a new command.

CCIF

Command Complete Interrupt Flag — The CCIF flag indicates that there are no more commands pending. The
CCIF flag is cleared when CBEIF is clear and sets automatically upon completion of all active and pending
commands. The CCIF flag does not set when an active commands completes and a pending command is
fetched from the command buffer. Writing to the CCIF flag has no effect on CCIF. The CCIF flag is used together
with the CCIE bit in the ECNFG register to generate an interrupt request (see Figure 4-24).

0 Command in progress.

1 All commands are completed.

PVIOL

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

0 No failure.

1 A protection violation has occurred.

4
ACCERR

Access Error Flag — The ACCERR flag indicates an illegal access has occurred to the EEPROM memory
caused by either a violation of the command write sequence (see Section 4.4.1.2, “Command Write Sequence”),
issuing an illegal EEPROM command (see Table 4-8), launching the sector erase abort command terminating a
sector erase operation early (see Section 4.4.2.5, “Sector Erase Abort Command”) or the execution of a CPU
STOP instruction while a command is executing (CCIF = 0). The ACCERR flag is cleared by writing a 1 to
ACCERR. Writing a 0 to the ACCERR flag has no effect on ACCERR. While ACCERR is set, it is not possible to
launch a command or start a command write sequence. If ACCERR is set by an erase verify operation, any
buffered command will not launch.

0 No access error detected.

1 Access error has occurred.

BLANK

Flag Indicating the Erase Verify Operation Status — When the CCIF flag is set after completion of an erase
verify command, the BLANK flag indicates the result of the erase verify operation. The BLANK flag is cleared by
the EEPROM module when CBEIF is cleared as part of a new valid command write sequence. Writing to the
BLANK flag has no effect on BLANK.

0 EEPROM block verified as not erased.

1 EEPROM block verified as erased.

FAIL

Flag Indicating a Failed EEPROM Operation — The FAIL flag will set if the erase verify operation fails
(EEPROM block verified as not erased). The FAIL flag is cleared by writing a 1 to FAIL. Writing a O to the FAIL
flag has no effect on FAIL.

0 EEPROM operation completed without error.

1 EEPROM operation failed.
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EEPROM Command Register (ECMD)

The ECMD register is the EEPROM command register.

Module Base + 0x0006

7 6 5 4 3 2 1 0
R 0
CMDB
w
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 4-11. EEPROM Command Register (ECMD)

All CMDB bits are readable and writable during a command write sequence while bit 7 reads 0 and is not

writable.
Table 4-7. ECMD Field Descriptions
Field Description
6:0 EEPROM Command Bits — Valid EEPROM commands are shown in Table 4-8. Writing any command other
CMDBJ6:0] |than those listed in Table 4-8 sets the ACCERR flag in the ESTAT register.
Table 4-8. Valid EEPROM Command List
CMDB|[6:0] Command
0x05 Erase Verify
0x20 Word Program
0x40 Sector Erase
0x41 Mass Erase
0x47 Sector Erase Abort
0x60 Sector Modify
4.3.2.8 RESERVED3

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

Module Base + 0x0007

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

I:I = Unimplemented or Reserved

Figure 4-12. RESERVED3
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All bits read 0 and are not writable.

The EADDRHI and EADDRLO registers are the EEPROM address registers.

Module Base + 0x0008

2 1 0
R 0 0 0 0 0 EABHI
W
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 4-13. EEPROM Address High Register (EADDRHI)

Module Base + 0x0009

7 6 5 4 3 2 1 0
R EABLO
W |
Reset 0 0 0 0 0 0 0 0

I:I: Unimplemented or Reserved

Figure 4-14. EEPROM Address Low Register (EADDRLO)

All EABHI and EABLO bits read 0 and are not writable in normal modes.

All EABHI and EABLO bits are readable and writable in special modes.

The MCU address bit ABO is not stored in the EADDR registers since the EEPROM block is not byte
addressable.

4.3.2.9 EEPROM Data Registers (EDATA)

The EDATAHI and EDATALO registers are the EEPROM data registers.

Module Base + 0x000A

7 6 5 4 3 2 1 0
R EDHI
W | | |
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 4-15. EEPROM Data High Register (EDATAHI)
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Module Base + 0x000B

7 6 5 4 3 2 1 0
R EDLO
W | | |
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 4-16. EEPROM Data Low Register (EDATALO)

All EDHI and EDLO bits read 0 and are not writable in normal modes.
All EDHI and EDLO bits are readable and writable in special modes.

4.4  Functional Description

4.4.1 EEPROM Command Operations

Write operations are used to execute program, erase, erase verify, sector erase abort, and sector modify
algorithms described in this section. The program, erase, and sector modify algorithms are controlled by
a state machine whose timebase, EECLK, 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 second command along with the necessary data and address can be stored to the
buffer while the first command is still in progress. Buffer empty as well as command completion are
signalled by flags in the EEPROM status register with interrupts generated, if enabled.

The next sections describe:

1. How to write the ECLKDIV register

2. Command write sequences to program, erase, erase verify, sector erase abort, and sector modify
operations on the EEPROM memory

3. Valid EEPROM commands

4. Effects resulting from illegal EEPROM command write sequences or aborting EEPROM
operations

44.1.1 Writing the ECLKDIV Register

Prior to issuing any EEPROM command after a reset, the user is required to write the ECLKDIV register
to divide the oscillator clock down to within the 150 kHz to 200 kHz range. Since the program and erase
timings are also a function of the bus clock, the ECLKDIV determination must take this information into
account.

If we define:
* ECLK as the clock of the EEPROM timing control block

» Thbus as the period of the bus clock
» INT(x) as taking the integer part of x (e.g., INT(4.323)=4)
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then ECLKDIV register bits PRDIV8 and EDIV[5:0] are to be set as described in Figure 4-17.

For example, if the oscillator clock frequency is 950 kHz and the bus clock frequency is 10 MHz,
ECLKDIV bits EDIV[5:0] should be set to 0x04 (000100) and bit PRDIVS set to 0. The resulting EECLK
frequency is then 190 kHz. As a result, the EEPROM program and erase algorithm timings are increased
over the optimum target by:

(200 —190)/200 X 100 = 5%

If the oscillator clock frequency is 16 MHz and the bus clock frequency is 40 MHz, ECLKDIV bits
EDIV[5:0] should be set to 0x0A (001010) and bit PRDIVS set to 1. The resulting EECLK frequency is
then 182 kHz. In this case, the EEPROM program and erase algorithm timings are increased over the
optimum target by:

(200 —182)/200 x 100 = 9%

CAUTION

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

If the ECLKDIV register is written, the EDIVLD bit is set automatically. If the EDIVLD bit is 0, the
ECLKDIV register has not been written since the last reset. [f the ECLKDIV register has not been written
to, the EEPROM command loaded during a command write sequence will not execute and the ACCERR
flag in the ESTAT register will set.
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START

no
ALL COMMANDS IMPOSSIBLE

yes

PRDIV8 = 0 (reset)

oscillator_clock
>12.8 MHz?

PRDIV8 =1 .
PRDCLK = oscillator_clock/g|F[RDCLK = oscillator_clock

>’< |

no

PRDCLK[MHz]*(5+Tbus[us])
an integer?

Y

EDIV[5:0]=INT(PRDCLK[MHz]*(5+Tbus[us]))

EDIV[5:0]=PRDCLK[MHz]*(5+Tbus[us])-1

<

TRY TO DECREASE Tbus| [EECLK = (PRDCLK)/(1+EDIV[5:0]

A

1/EECLK[MHZz] + Tbus[ms] >
AND

ECLK > 0.15 MH

yes

ALL COMMANDS IMPOSSIBLE

Figure 4-17. Determination Procedure for PRDIV8 and EDIV Bits
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4.4.1.2 Command Write Sequence

The EEPROM command controller is used to supervise the command write sequence to execute program,
erase, erase verify, sector erase abort, and sector modify algorithms.

Before starting a command write sequence, the ACCERR and PVIOL flags in the ESTAT register must be
clear (see Section 4.3.2.6, “EEPROM Status Register (ESTAT)”’) and the CBEIF flag should be tested to
determine the state of the address, data and command buffers. If the CBEIF flag is set, indicating the
buffers are empty, a new command write sequence can be started. If the CBEIF flag is clear, indicating the
buffers are not available, a new command write sequence will overwrite the contents of the address, data
and command buffers.

A command write sequence consists of three steps which must be strictly adhered to with writes to the
EEPROM module not permitted between the steps. However, EEPROM register and array reads are
allowed during a command write sequence. The basic command write sequence is as follows:

1. Write to one address in the EEPROM memory.
2. Write a valid command to the ECMD register.
3. Clear the CBEIF flag in the ESTAT register by writing a 1 to CBEIF to launch the command.

The address written in step 1 will be stored in the EADDR registers and the data will be stored in the
EDATA registers. If the CBEIF flag in the ESTAT register is clear when the first EEPROM array write
occurs, the contents of the address and data buffers will be overwritten and the CBEIF flag will be set.
When the CBEIF flag is cleared, the CCIF flag is cleared on the same bus cycle by the EEPROM command
controller indicating that the command was successfully launched. For all command write sequences
except sector erase abort, the CBEIF flag will set four bus cycles after the CCIF flag is cleared indicating
that the address, data, and command buffers are ready for a new command write sequence to begin. For
sector erase abort operations, the CBEIF flag will remain clear until the operation completes. Except for
the sector erase abort command, a buffered command will wait for the active operation to be completed
before being launched. The sector erase abort command is launched when the CBEIF flag is cleared as part
of a sector erase abort command write sequence. Once a command is launched, the completion of the
command operation is indicated by the setting of the CCIF flag in the ESTAT register. The CCIF flag will
set upon completion of all active and buffered commands.

4.4.2 EEPROM Commands

Table 4-9 summarizes the valid EEPROM commands along with the effects of the commands on the
EEPROM block.
Table 4-9. EEPROM Command Description

ECMDB Command Function on EEPROM Memory
0x05 Erase Verify all memory bytes in the EEPROM block are erased. If the EEPROM block is erased, the
Verify BLANK flag in the ESTAT register will set upon command completion.
0x20 Program Program a word (two bytes) in the EEPROM block.
0x40 Sector Erase all four memory bytes in a sector of the EEPROM block.
Erase
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Table 4-9. EEPROM Command Description

ECMDB Command Function on EEPROM Memory
0x41 Mass Erase all memory bytes in the EEPROM block. A mass erase of the full EEPROM block is only
Erase possible when EPOPEN and EPDIS bits in the EPROT register are set prior to launching the
command.
0x47 Sector Erase | Abort the sector erase operation. The sector erase operation will terminate according to a set
Abort procedure. The EEPROM sector should not be considered erased if the ACCERR flag is set
upon command completion.
0x60 Sector Erase all four memory bytes in a sector of the EEPROM block and reprogram the addressed
Modify word.

CAUTION

An EEPROM word (2 bytes) must be in the erased state before being
programmed. Cumulative programming of bits within a word is not allowed.
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4.4.2.1 Erase Verify Command
The erase verify operation will verify that the EEPROM memory is erased.

An example flow to execute the erase verify operation is shown in Figure 4-18. The erase verify command
write sequence is as follows:

1. Write to an EEPROM address to start the command write sequence for the erase verify command.
The address and data written will be ignored.

2. Write the erase verify command, 0x05, to the ECMD register.

3. Clear the CBEIF flag in the ESTAT register by writing a 1 to CBEIF to launch the erase verify
command.

After launching the erase verify command, the CCIF flag in the ESTAT register will set after the operation
has completed unless a new command write sequence has been buffered. The number of bus cycles
required to execute the erase verify operation is equal to the number of words in the EEPROM memory
plus 14 bus cycles as measured from the time the CBEIF flag is cleared until the CCIF flag is set. Upon
completion of the erase verify operation, the BLANK flag in the ESTAT register will be set if all addresses
in the EEPROM memory are verified to be erased. If any address in the EEPROM memory is not erased,
the erase verify operation will terminate and the BLANK flag in the ESTAT register will remain clear.
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NOTE: ECLKDIV needs to
be set once after each reset.

yes

Write: ECLKDIV register |

Read: ESTAT register

i‘_

Address, Data,
Command
Buffer Empty Check

Access Error and
Protection Violation

Write: ESTAT register
Clear ACCERR/PVIOL 0x30

-

NOTE: command write sequence
aborted by writing 0x00 to
ESTAT register.

NOTE: command write sequence
aborted by writing 0x00 to
ESTAT reqister.

e«

Check
Write: EEPROM Address
1.1 ‘and Dummy Data
|
2 | Write: ECMD register
| Erase Verify Command 0x05
I
3 | Write: ESTAT register
| Clear CBEIF 0x80
|
Read: ESTAT register
Bit Polling for no
Command Completion
Check
Erase Verify no
Status

Erased

EEPROM Memory

EEPROM Memory
Not Erased

Figure 4-18. Example Erase Verify Command Flow
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4.4.2.2 Program Command

The program operation will program a previously erased word in the EEPROM memory using an
embedded algorithm.

An example flow to execute the program operation is shown in Figure 4-19. The program command write
sequence is as follows:
1. Write to an EEPROM block address to start the command write sequence for the program
command. The data written will be programmed to the address written.
2. Write the program command, 0x20, to the ECMD register.

3. Clear the CBEIF flag in the ESTAT register by writing a 1 to CBEIF to launch the program
command.

If a word to be programmed is in a protected area of the EEPROM memory, the PVIOL flag in the ESTAT
register will set and the program command will not launch. Once the program command has successfully
launched, the CCIF flag in the ESTAT register will set after the program operation has completed unless a
new command write sequence has been buffered.
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Read: ECLKDIV register

Clock Register
Written
Check

no NOTE: ECLKDIV needs to
be set once after each reset.

yes Write: ECLKDIV register |

Read: ESTAT register 1(—

Address, Data,
Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: ESTAT register
Clear ACCERR/PVIOL 0x30

Write: EEPROM Address -
1.| ‘and program Data -
I
[ ; NOTE: command write sequence
Write: ECMD register <
2. | Program Command 0x20 %%Qll',&?rdrggi\sﬂtlgﬂng 0x00 to
I .
P ; NOTE: command write sequence
Write: ESTAT register i
3.| Clear CBEIF 0x80 e o atiting 0x00 to

Read: ESTAT register 1(—

Bit Polling for
Buffer Empty
Check

no

Sequential

Programming yes

Decision

Read: ESTAT register I(—

Bit Polling for
Command Completion
Check

no

Figure 4-19. Example Program Command Flow
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4.4.2.3 Sector Erase Command

The sector erase operation will erase both words in a sector of EEPROM memory using an embedded
algorithm.

An example flow to execute the sector erase operation is shown in Figure 4-20. The sector erase command
write sequence is as follows:

1. Write to an EEPROM memory address to start the command write sequence for the sector erase
command. The EEPROM address written determines the sector to be erased while global address
bits [1:0] and the data written are ignored.

Write the sector erase command, 0x40, to the ECMD register.

3. Clear the CBEIF flag in the ESTAT register by writing a 1 to CBEIF to launch the sector erase
command.

If an EEPROM sector to be erased is in a protected area of the EEPROM memory, the PVIOL flag in the
ESTAT register will set and the sector erase command will not launch. Once the sector erase command has
successfully launched, the CCIF flag in the ESTAT register will set after the sector erase operation has
completed unless a new command write sequence has been buffered.
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Figure 4-20. Example Sector Erase Command Flow
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4424 Mass Erase Command

The mass erase operation will erase all addresses in an EEPROM block using an embedded algorithm.
An example flow to execute the mass erase operation is shown in Figure 4-21. The mass erase command
write sequence is as follows:

1. Write to an EEPROM memory address to start the command write sequence for the mass erase
command. The address and data written will be ignored.
2. Write the mass erase command, 0x41, to the ECMD register.

3. Clear the CBEIF flag in the ESTAT register by writing a 1 to CBEIF to launch the mass erase
command.

If the EEPROM memory to be erased contains any protected area, the PVIOL flag in the ESTAT register
will set and the mass erase command will not launch. Once the mass erase command has successfully
launched, the CCIF flag in the ESTAT register will set after the mass erase operation has completed unless
a new command write sequence has been buffered.
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Figure 4-21. Example Mass Erase Command Flow

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor

199



Chapter 4 4 Kbyte EEPROM Module (S12XEETX4KV2)

4425 Sector Erase Abort Command

The sector erase abort operation will terminate the active sector erase or sector modify operation so that
other sectors in an EEPROM block are available for read and program operations without waiting for the
sector erase or sector modify operation to complete.

An example flow to execute the sector erase abort operation is shown in Figure 4-22. The sector erase abort
command write sequence is as follows:

1. Write to any EEPROM memory address to start the command write sequence for the sector erase
abort command. The address and data written are ignored.

Write the sector erase abort command, 0x47, to the ECMD register.

3. Clear the CBEIF flag in the ESTAT register by writing a 1 to CBEIF to launch the sector erase abort
command.

If the sector erase abort command is launched resulting in the early termination of an active sector erase
or sector modify operation, the ACCERR flag will set once the operation completes as indicated by the
CCIF flag being set. The ACCERR flag sets to inform the user that the EEPROM sector may not be fully
erased and a new sector erase or sector modify command must be launched before programming any
location in that specific sector. If the sector erase abort command is launched but the active sector erase or
sector modify operation completes normally, the ACCERR flag will not set upon completion of the
operation as indicated by the CCIF flag being set. If the sector erase abort command is launched after the
sector modify operation has completed the sector erase step, the program step will be allowed to complete.
The maximum number of cycles required to abort a sector erase or sector modify operation is equal to four
EECLK periods (see Section 4.4.1.1, “Writing the ECLKDIV Register”) plus five bus cycles as measured
from the time the CBEIF flag is cleared until the CCIF flag is set.

NOTE

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

NOTE

The sector erase abort command should be used sparingly since a sector
erase operation that is aborted counts as a complete program/erase cycle.
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Execute Sector Erase/Modify Command Flow |

Read: ESTAT register |<

Bit Polling for
Command
Completion Check

Sector Erase

Completed
1 Write: Dummy EEPROM Address
*| and Dummy Data
. [
NOTE: command write sequence — -
aborted by writing 0x00 to 2| Stctor Erase Abrt Cmd 0xa7
ESTAT register.
: [
NOTE: command write sequence — -
aborted by writing 0x00 to 3 | Write: ESTAT register
ESTAT register. Clear CBEIF 0x80
|
Read: ESTAT register
Bit Polling for no
Command

Completion Check

ACCERR
Set?

Access

Error Check | Write: ESTAT register

Clear ACCERR 0x10

Sector Erase

or Modify
Aborted

Sector Erase
or Modify
Completed

Figure 4-22. Example Sector Erase Abort Command Flow
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4.4.2.6 Sector Modify Command

The sector modify operation will erase both words in a sector of EEPROM memory followed by a
reprogram of the addressed word using an embedded algorithm.

An example flow to execute the sector modify operation is shown in Figure 4-23. The sector modify
command write sequence is as follows:

1. Write to an EEPROM memory address to start the command write sequence for the sector modify
command. The EEPROM address written determines the sector to be erased and word to be
reprogrammed while byte address bit 0 is ignored.

Write the sector modify command, 0x60, to the ECMD register.

3. Clear the CBEIF flag in the ESTAT register by writing a 1 to CBEIF to launch the sector erase
command.

If an EEPROM sector to be modified is in a protected area of the EEPROM memory, the PVIOL flag in
the ESTAT register will set and the sector modify command will not launch. Once the sector modify
command has successfully launched, the CCIF flag in the ESTAT register will set after the sector modify
operation has completed unless a new command write sequence has been buffered.
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Check

no
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NOTE: ECLKDIV needs to
be set once after each reset.

yes

Write: ECLKDIV register |

Read: ESTAT register

i‘_

Address, Data,
Command
Buffer Empty Check

Access Error and
Protection Violation

Write: ESTAT register
Clear ACCERR/PVIOL 0x30

-

NOTE: command write sequence
aborted by writing 0x00 to
ESTAT register.

NOTE: command write sequence
aborted by writing 0x00 to
ESTAT register.

|<_

Check
Write: EEPROM Word Address
1.| and program Data
[
2 Write: ECMD register
*| Sector Modify Command 0x60
I
3 Write: ESTAT register
*| Clear CBEIF 0x80
[
Read: ESTAT register
Bit Polling for no
Command Completion
Check

yes

Figure 4-23. Example Sector Modify Command Flow
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4.4.3 lllegal EEPROM Operations

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

1. Writing to an EEPROM address before initializing the ECLKDIV register.

Writing a byte or misaligned word to a valid EEPROM address.

Starting a command write sequence while a sector erase abort operation is active.

Writing to any EEPROM register other than ECMD after writing to an EEPROM address.
Writing a second command to the ECMD register in the same command write sequence.
Writing an invalid command to the ECMD register.

Writing to an EEPROM address after writing to the ECMD register.

Writing to any EEPROM register other than ESTAT (to clear CBEIF) after writing to the ECMD
register.

© N kA WD

9. Writing a 0 to the CBEIF flag in the ESTAT register to abort a command write sequence.
The ACCERR flag will not be set if any EEPROM register is read during a valid command write sequence.
The ACCERR flag will also be set if any of the following events occur:

1. Launching the sector erase abort command while a sector erase or sector modify operation is active
which results in the early termination of the sector erase or sector modify operation (see
Section 4.4.2.5, “Sector Erase Abort Command”).

2. The MCU enters stop mode and a command operation is in progress. The operation is aborted
immediately and any pending command is purged (see Section 4.5.2, “Stop Mode”).

If the EEPROM memory is read during execution of an algorithm (CCIF = 0), the read operation will
return invalid data and the ACCERR flag will not be set.

If the ACCERR flag is set in the ESTAT register, the user must clear the ACCERR flag before starting
another command write sequence (see Section 4.3.2.6, “EEPROM Status Register (ESTAT)”).

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

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

2. Writing the sector erase command if the address written in the command write sequence was in a
protected area of the EEPROM memory.

3. Writing the mass erase command to the EEPROM memory while any EEPROM protection is
enabled.

4. Writing the sector modify command if the address written in the command write sequence was in
a protected area of the EEPROM memory.

If the PVIOL flag is set in the ESTAT register, the user must clear the PVIOL flag before starting another
command write sequence (see Section 4.3.2.6, “EEPROM Status Register (ESTAT)”).
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45  Operating Modes

45.1 Wait Mode

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

The EEPROM module can recover the MCU from wait mode if the CBEIF and CCIF interrupts are enabled
(see Section 4.8, “Interrupts”).

45.2 Stop Mode

If a command is active (CCIF = 0) when the MCU enters the stop mode, the operation will be aborted and,
if the operation is program, sector erase, mass erase, or sector modify, the EEPROM array data being
programmed or erased may be corrupted and the CCIF and ACCERR flags will be set. If active, the high
voltage circuitry to the EEPROM memory will immediately be switched off when entering stop mode.
Upon exit from stop mode, the CBEIF flag is set and any buffered command will not be launched. The
ACCERR flag must be cleared before starting a command write sequence (see Section 4.4.1.2, “Command
Write Sequence”).

NOTE

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

45.3 Background Debug Mode

In background debug mode (BDM), the EPROT register is writable. If the MCU is unsecured, then all
EEPROM commands listed in Table 4-9 can be executed. If the MCU is secured and is in special single
chip mode, the only command available to execute is mass erase.

4.6 EEPROM Module Security

The EEPROM module does not provide any security information to the MCU. After each reset, the
security state of the MCU is a function of information provided by the Flash module (see the specific FTX
Block Guide).
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4.6.1 Unsecuring the MCU in Special Single Chip Mode using BDM
Before the MCU can be unsecured in special single chip mode, the EEPROM memory must be erased
using the following method :

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

After the CCIF flag sets to indicate that the EEPROM mass operation has completed and assuming that the
Flash memory has also been erased, reset the MCU into special single chip mode. The BDM secure ROM
will verify that the Flash and EEPROM memory are erased and will assert the UNSEC bit in the BDM
status register. This BDM action will cause the MCU to override the Flash security state and the MCU will
be unsecured. Once the MCU is unsecured, BDM commands will be enabled and the Flash security byte
may be programmed to the unsecure state.

4.7 Resets

4.7.1 EEPROM Reset Sequence

On each reset, the EEPROM module executes a reset sequence to hold CPU activity while loading the
EPROT register from the EEPROM memory according to Table 4-1.

4.7.2 Reset While EEPROM Command Active
If a reset occurs while any EEPROM command is in progress, that command will be immediately aborted.
The state of a word being programmed or the sector / block being erased is not guaranteed.

4.8 Interrupts

The EEPROM module can generate an interrupt when all EEPROM command operations have completed,
when the EEPROM address, data, and command buffers are empty.

Table 4-10. EEPROM Interrupt Sources

Interrupt Source Interrupt Flag Local Enable Global (CCR) Mask
EEPROM address, data, and command buffers empty CBEIF CBEIE | Bit
(ESTAT register) (ECNFG register)
All EEPROM commands completed CCIF CCIE | Bit
(ESTAT register) (ECNFG register)

NOTE

Vector addresses and their relative interrupt priority are determined at the
MCU level.
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4.8.1 Description of EEPROM Interrupt Operation
The logic used for generating interrupts is shown in Figure 4-24.

The EEPROM module uses the CBEIF and CCIF flags in combination with the CBIE and CCIE enable
bits to generate the EEPROM command interrupt request.

CBEIF ——
CBEIE —

j EEPROM Command Interrupt Request

CCIF —
CCIE ——

Figure 4-24. EEPROM Interrupt Implementation

For a detailed description of the register bits, refer to Section 4.3.2.4, “EEPROM Configuration Register
(ECNFG)” and Section 4.3.2.6, “EEPROM Status Register (ESTAT)” .
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XGATE (S12XGATEV?2)

Revision History

Version N
Number Date Author Description of Changes
14 Dec
02.22 2005 Updated code example
19 Mar
02.23 2007 Internal updates
V03.24 13 Feb - Minor corrections (5.3.1.4/5-220)
2009
5.1 Introduction

The XGATE module is a peripheral co-processor that allows autonomous data transfers between the

MCU’s peripherals and the internal memories. It has a built in RISC core that is able to pre-process the
transferred data and perform complex communication protocols.

The XGATE module is intended to increase the MCU’s data throughput by lowering the S12X_CPU’s
interrupt load.

Figure 5-1 gives an overview on the XGATE architecture.

This document describes the functionality of the XGATE module, including:
*  XGATE registers (Section 5.3, “Memory Map and Register Definition™)
*  XGATE RISC core (Section 5.4.1, “XGATE RISC Core”)
» Hardware semaphores (Section 5.4.4, “Semaphores”)

* Interrupt handling (Section 5.5, “Interrupts™)
» Debug features (Section 5.6, “Debug Mode™)
» Security (Section 5.7, “Security”)

» Instruction set (Section 5.8, “Instruction Set”)

5.1.1

Glossary of Terms

XGATE Request

Freescale Semiconductor
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A service request from a peripheral module which is directed to the XGATE by the SI2X_INT
module (see Figure 5-1).

XGATE Channel

The resources in the XGATE module (i.e. Channel ID number, Priority level, Service Request
Vector, Interrupt Flag) which are associated with a particular XGATE Request.

XGATE Channel ID

A 7-bit identifier associated with an XGATE channel. In S12X designs valid Channel IDs range
from $78 to $09.

XGATE Channel Interrupt
An S12X_CPU interrupt that is triggered by a code sequence running on the XGATE module.

XGATE Software Channel

Special XGATE channel that is not associated with any peripheral service request. A Software
Channel is triggered by its Software Trigger Bit which is implemented in the XGATE module.

XGATE Semaphore
A set of hardware flip-flops that can be exclusively set by either the S12X_CPU or the XGATE.
(see 5.4.4/5-231)

XGATE Thread
A code sequence which is executed by the XGATE’s RISC core after receiving an XGATE request.

XGATE Debug Mode
A special mode in which the XGATE’s RISC core is halted for debug purposes. This mode enables
the XGATE’s debug features (see 5.6/5-233).

XGATE Software Error
The XGATE is able to detect a number of error conditions caused by erratic software (see
5.4.5/5-232). These error conditions will cause the XGATE to seize program execution and flag an
Interrupt to the S12X_CPU.

Word
A 16 bit entity.

Byte
An 8 bit entity.

51.2 Features
The XGATE module includes these features:

« Data movement between various targets (i.e Flash, RAM, and peripheral modules)

» Data manipulation through built in RISC core
* Provides up to 112 XGATE channels

MC9S12XHZ512 Data Sheet, Rev. 1.06
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— 104 hardware triggered channels

— 8 software triggered channels
» Hardware semaphores which are shared between the S12X_CPU and the XGATE module
» Able to trigger S12X_CPU interrupts upon completion of an XGATE transfer
» Software error detection to catch erratic application code

5.1.3 Modes of Operation

There are four run modes on S12X devices.

* Run mode, wait mode, stop mode
The XGATE is able to operate in all of these three system modes. Clock activity will be
automatically stopped when the XGATE module is idle.

* Freeze mode (BDM active)

In freeze mode all clocks of the XGATE module may be stopped, depending on the module
configuration (see Section 5.3.1.1, “XGATE Control Register (XGMCTL)”).

514 Block Diagram
Figure Figure 5-1 shows a block diagram of the XGATE.

Peripheral Interrupts
S12X_INT
0 n
Ez e w
XGATE ‘ <z lo 2
3 ||-|_J Xm
z [a
Interrupt Flags |mmm—
Semaphores RISC Core
Software
Triggers

m— Software Triggers

s

Data/Code

S12X_DBG

Peripherals S12X_MMC

Figure 5-1. XGATE Block Diagram
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5.2  External Signal Description
The XGATE module has no external pins.
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5.3 Memory Map and Register Definition
This section provides a detailed description of address space and registers used by the XGATE module.

The memory map for the XGATE module is given below in Figure 5-2.The address listed for each register
is the sum of a base address and an address offset. The base address is defined at the SoC level and the
address offset is defined at the module level. Reserved registers read zero. Write accesses to the reserved
registers have no effect.

5.3.1 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.

Register 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Name
0x0000 R O 0 0 0 0 0 0 0 XG 0 %G
XGMCTL
XG | XG XG G XGE |XGFRZ[XGDBG| XGSS | £y <1 swelF| XGIE
w *CEM erzn | peam XG5 MEacT swerem [ XGIEM
0x0002 R 0 XGCHIDI[6:0]
XGMCHID W | | | | | |
0x0003 R
Reserved W
0x0004 R
Reserved W
0x0005 R
Reserved W
0x0006 R 0

I:I = Unimplemented or Reserved

Figure 5-2. XGATE Register Summary (Sheet 1 of 3)
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127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112

0x0008 R O 0 0 0 0 0 0
XGIF XGIF_78 | XGF_77 | XGIF_76 | XGIF_75 | XGIF_74 | XGIF_73 | XGIF_72 | XGIF_71 [ XGIF_70

111 110 109 108 107 106 105 104 103 102 101 100 99 98 97 96

O0x000A R
XGIE WXGIF_6F XGIF_6E [ XGIF_6D | XGIF_6C | XGIF_6B [ XGIF_6A | XGIF_69 | XGIF_68 | XGF_67 | XGIF_66 | XGIF_65 | XGIF_64 [ XGIF_63 | XGIF_62 | XGIF_61 | XGIF_60

95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80

0x000C R
XGIE WXGIF?SF XGIF_5E [ XGIF_5D | XGIF_5C | XGIF_5B [ XGIF_5A | XGIF_59 | XGIF_58 | XGF_57 | XGIF_56 | XGIF_55 | XGIF_54 | XGIF_53 | XGIF_52 | XGIF_51 [ XGIF_50

79 78 7 76 75 74 73 72 71 70 69 68 67 66 65 64

Ox000E R
XGIFE XGIF_4F [ XGIF_4E | XGIF_4D | XGIF_4C [ XGIF_4B | XGIF_4A | XGIF_49 | XGIF_48 | XGF _47 | XGIF_46 | XGIF_45 [ XGIF_44 | XGIF_43 | XGIF_42 | XGIF_41 | XGIF_40
W

Register
Name

0x0010 R
XGIFE WXGIF_SF XGIF_3E | XGIF_3D [ XGIF_3C | XGIF_3B | XGIF_3A [ XGIF_39 | XGIF_38 | XGF _37 | XGIF_36 | XGIF_35 | XGIF_34 | XGIF_33 [ XGIF_32 | XGIF_31 [ XGIF_30

63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48

47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32

0x0012 R
XGIE WXGIF72F XGIF_2E [ XGIF_2D | XGIF_2C | XGIF_2B [ XGIF_2A | XGIF_29 | XGIF_28 | XGF _27 | XGIF_26 | XGIF_25 | XGIF_24 | XGIF_23 | XGIF_22 | XGIF_21 [ XGIF_20

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

0x0014 R
XGIFE XGIF_1F [ XGIF_1E | XGIF_1D | XGIF_1C [ XGIF_1B | XGIF_1A | XGIF_19 | XGIF_18 [ XGF _17 | XGIF_16 | XGIF_15 [ XGIF_14 | XGIF_13 | XGIF_12 | XGIF_11 | XGIF_10
W

15 14 13 12 11 10 9

0x0016 R 0 0 0 0 0
XGIF XGIF_OF | XGIF_OE | XGIF_0D | XGIF_0C | XGIF_0B | XGIF_0A | XGIF_09

|:| = Unimplemented or Reserved

Figure 5-2. XGATE Register Summary (Sheet 2 of 3)
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0x0018
XGSWTM

0x001A
XGSEMM

0x001C
Reserved

0x001D
XGCCR

0x001E
XGPC

0x0020
Reserved

0x0021
Reserved

0x0022
XGR1

0x0024
XGR2

0x0026
XGR3

0x0028
XGR4

0x002A
XGR5

0x002C
XGR6

0x002E
XGR7

15 14 13 12 11 10 9 8 7

Chapter 5 XGATE (S12XGATEV2)

4 3 2 1 0

0|o|o|o|o|o|o|o

= x

XGSWTM[7:0]

XGSWTI[7:0]

0|o|o|o|o|o|o|o

= x

XGSEMM[7:0]

XGSEM[7:0]

= x>

= x>

XGN | XGZ | XGV | XGC

= x

XGPC

= x>

= x>

= x

XGR1

= x

XGR2

= x

XGR3

= x

XGR4

= x

XGR5

= x

XGR6

)

W

XGR7

I:I = Unimplemented or Reserved

Figure 5-2. XGATE Register Summary (Sheet 3 of 3)
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5.3.1.1

XGATE Control Register (XGMCTL)

All module level switches and flags are located in the module control register Figure 5-3.

Module Base +0x00000

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R oJ]oJ]o]J]o]oJoJ]ol]o 0 T 15
XGE |XGFRZ|XGDBG| XGSS XGFACT] XGIE
W yeen| X6 | X6 | X6 | xa X6 |yaiem SWEIF
FRZM | DBGM | SSM [FACTM SWEIFM
Rest 0 O o0 O0 O O O ©O0 0 ©O0 ©O0 ©O0 0 ©0 0 0

L]

= Unimplemented or Reserved

Figure 5-3. XGATE Control Register (XGMCTL)

Read: Anytime

Write: Anytime

Table 5-1. XGMCTL Field Descriptions (Sheet 1 of 3)

Field

Description

15
XGEM

XGE Mask — This bit controls the write access to the XGE bit. The XGE bit can only be set or cleared if a "1" is
written to the XGEM bit in the same register access.
Read:
This bit will always read "0".
Write:
0 Disable write access to the XGE in the same bus cycle
1 Enable write access to the XGE in the same bus cycle

14
XGFRZM

XGFRZ Mask — This bit controls the write access to the XGFRZ bit. The XGFRZ bit can only be set or cleared
if a "1" is written to the XGFRZM bit in the same register access.
Read:
This bit will always read "0".
Write:
0 Disable write access to the XGFRZ in the same bus cycle
1 Enable write access to the XGFRZ in the same bus cycle

13
XGDBGM

XGDBG Mask — This bit controls the write access to the XGDBG bit. The XGDBG bit can only be set or cleared
if a "1" is written to the XGDBGM bit in the same register access.
Read:
This bit will always read "0".
Write:
0 Disable write access to the XGDBG in the same bus cycle
1 Enable write access to the XGDBG in the same bus cycle

12
XGSSM

XGSS Mask — This bit controls the write access to the XGSS bit. The XGSS hit can only be set or cleared if a
"1" is written to the XGSSM bit in the same register access.
Read:
This bit will always read "0".
Write:
0 Disable write access to the XGSS in the same bus cycle
1 Enable write access to the XGSS in the same bus cycle
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Table 5-1. XGMCTL Field Descriptions (Sheet 2 of 3)

Field Description
11 XGFACT Mask — This bit controls the write access to the XGFACT bit. The XGFACT bit can only be set or
XGFACTM |cleared if a "1" is written to the XGFACTM bit in the same register access.
Read:
This bit will always read "0".
Write:
0 Disable write access to the XGFACT in the same bus cycle
1 Enable write access to the XGFACT in the same bus cycle
9 XGSWEIF Mask — This bit controls the write access to the XGSWEIF bit. The XGSWEIF bit can only be cleared
XGSWEIFM | if a "1" is written to the XGSWEIFM bit in the same register access.
Read:
This bit will always read "0".
Write:
0 Disable write access to the XGSWEIF in the same bus cycle
1 Enable write access to the XGSWEIF in the same bus cycle
8 XGIE Mask — This bit controls the write access to the XGIE bit. The XGIE bit can only be set or cleared if a "1"
XGIEM is written to the XGIEM bit in the same register access.
Read:
This bit will always read "0".
Write:
0 Disable write access to the XGIE in the same bus cycle
1 Enable write access to the XGIE in the same bus cycle
7 XGATE Module Enable — This bit enables the XGATE module. If the XGATE module is disabled, pending
XGE XGATE requests will be ignored. The thread that is executed by the RISC core while the XGE bit is cleared will
continue to run.
Read:
0 XGATE module is disabled
1 XGATE module is enabled
Write:
0 Disable XGATE module
1 Enable XGATE module
6 Halt XGATE in Freeze Mode — The XGFRZ bit controls the XGATE operation in Freeze Mode (BDM active).
XGFRZzZ Read:
0 RISC core operates normally in Freeze (BDM active)
1 RISC core stops in Freeze Mode (BDM active)
Write:
0 Don't stop RISC core in Freeze Mode (BDM active)
1 Stop RISC core in Freeze Mode (BDM active)
5 XGATE Debug Mode — This bit indicates that the XGATE is in Debug Mode (see Section 5.6, “Debug Mode”).
XGDBG Debug Mode can be entered by Software Breakpoints (BRK instruction), Tagged or Forced Breakpoints (see

S12X_DBG Section), or by writing a "1" to this bit.

Read:

0 RISC core is not in Debug Mode

1 RISC core is in Debug Mode

Write:

0 Leave Debug Mode

1 Enter Debug Mode

Note: Freeze Mode and Software Error Interrupts have no effect on the XGDBG bit.
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Table 5-1. XGMCTL Field Descriptions (Sheet 3 of 3)

Field Description
4 XGATE Single Step — This bit forces the execution of a single instruction if the XGATE is in DEBUG Mode and
XGSS no software error has occurred (XGSWEIF cleared).
Read:
0 No single step in progress
1 Single step in progress
Write
0 No effect
1 Execute a single RISC instruction
Note: Invoking a Single Step will cause the XGATE to temporarily leave Debug Mode until the instruction has
been executed.
3 Fake XGATE Activity — This bit forces the XGATE to flag activity to the MCU even when it is idle. When it is set
XGFACT | the MCU will never enter system stop mode which assures that peripheral modules will be clocked during XGATE
idle periods
Read:
0 XGATE will only flag activity if it is not idle or in debug mode.
1 XGATE will always signal activity to the MCU.
Write:
0 Only flag activity if not idle or in debug mode.
1 Always signal XGATE activity.
1 XGATE Software Error Interrupt Flag — This bit signals a pending Software Error Interrupt. It is set if the RISC
XGSWEIF | core detects an error condition (see Section 5.4.5, “Software Error Detection”). The RISC core is stopped while
this bit is set. Clearing this bit will terminate the current thread and cause the XGATE to become idle.
Read:
0 Software Error Interrupt is not pending
1 Software Error Interrupt is pending if XGIE is set
Write:
0 No effect
1 Clears the XGSWEIF bit
0 XGATE Interrupt Enable — This bit acts as a global interrupt enable for the XGATE module
XGIE Read:

0 All XGATE interrupts disabled
1 All XGATE interrupts enabled
Write:

0 Disable all XGATE interrupts

1 Enable all XGATE interrupts
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5.3.1.2 XGATE Channel ID Register (XGCHID)

The XGATE channel ID register (Figure 5-4) shows the identifier of the XGATE channel that is currently
active. This register will read “$00” if the XGATE module is idle. In debug mode this register can be used
to start and terminate threads (see Section 5.6.1, “Debug Features”).

Module Base +0x0002

7 6 5 4 3 2 1 0
R 0 XGCHID[6:0]
w | | |
Reset 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 5-4. XGATE Channel ID Register (XGCHID)

Read: Anytime

Write: In Debug Mode
Table 5-2. XGCHID Field Descriptions

Field Description
6-0 Request Identifier — ID of the currently active channel
XGCHID[6:0]

5.3.1.3 XGATE Vector Base Address Register (XGVBR)

The vector base address register (Figure 5-5 and Figure 5-6) determines the location of the XGATE vector
block.

Module Base +0x0006

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0
XGVBRI[15:1]
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I:I = Unimplemented or Reserved

Figure 5-5. XGATE Vector Base Address Register (XGVBR)

Read: Anytime

Write: Only if the module is disabled (XGE = 0) and idle (XGCHID = $00))
Table 5-3. XGVBR Field Descriptions

Field Description

15-1 Vector Base Address — The XGVBR register holds the start address of the vector block in the XGATE
XBVBR[15:1] | memory map.
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5.3.1.4 XGATE Channel Interrupt Flag Vector (XGIF)

The interrupt flag vector (Figure 5-6) provides access to the interrupt flags bits of each channel. Each flag
may be cleared by writing a "1" to its bit location.

Module Base +0x0008

127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112
R O 0 0 0 0 0 0
W XGIF_78 | XGF_77 | XGIF_76 | XGIF_75 | XGIF_74 | XGIF_73 | XGIF_72 | XGIF_71 | XGIF_70
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
111 110 109 108 107 106 105 104 103 102 101 100 99 98 97 96
XGIF_6F | XGIF_6E | XGIF_6D | XGIF_6C | XGIF_6B | XGIF_6A | XGIF_69 | XGIF_68 | XGF_67 | XGIF_66 | XGIF_65 | XGIF_64 | XGIF_63 | XGIF_62 | XGIF_61 | XGIF_60
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80
XGIF_5F | XGIF_5E | XGIF_5D | XGIF_5C | XGIF_5B | XGIF_5A | XGIF_59 | XGIF_58 | XGF_57 | XGIF_56 | XGIF_55 | XGIF_54 | XGIF_53 | XGIF_52 | XGIF_51 | XGIF_50
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
79 78 77 76 75 74 73 72 71 70 69 68 67 66 65 64
XGIF_4F | XGIF_4E | XGIF_4D | XGIF_4C | XGIF_4B | XGIF_4A | XGIF_49 | XGIF_48 | XGF _47 | XGIF_46 | XGIF_45 | XGIF_44 | XGIF_43 | XGIF_42 | XGIF_41 | XGIF_40
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
R
XGIF_3F | XGIF_3E | XGIF_3D | XGIF_3C | XGIF_3B | XGIF_3A | XGIF_39 | XGIF_38 | XGF _37 | XGIF_36 | XGIF_35 | XGIF_34 | XGIF_33 | XGIF_32 | XGIF_31 | XGIF_30
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
XGIF_2F | XGIF_2E | XGIF_2D | XGIF_2C | XGIF_2B | XGIF_2A | XGIF_29 | XGIF_28 | XGF _27 | XGIF_26 | XGIF_25 | XGIF_24 | XGIF_23 | XGIF_22 | XGIF_21 | XGIF_20
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
XGIF_1F | XGIF_1E | XGIF_1D | XGIF_1C | XGIF_1B | XGIF_1A | XGIF_19 | XGIF_18 | XGF _17 | XGIF_16 | XGIF_15 | XGIF_14 | XGIF_13 | XGIF_12 | XGIF_11 | XGIF_10
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0
XGIF_OF | XGIF_OE [ XGIF_0D | XGIF_0C | XGIF_0B | XGIF_0A | XGIF_09
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

[ ]

= Unimplemented or Reserved

Figure 5-6. XGATE Channel Interrupt Flag Vector (XGIF)
Read: Anytime
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Write: Anytime

Table 5-4. XGIV Field Descriptions

Field Description
120-9 Channel Interrupt Flags — These bits signal pending channel interrupts. They can only be set by the RISC
XGIF_78 core. Each flag can be cleared by writing a "1" to its bit location. Unimplemented interrupt flags will always read
- "0". Refer to Section “Interrupts” of the SoC Guide for a list of implemented Interrupts.
XGIF_09 Read:

0 Channel interrupt is not pending

1 Channel interrupt is pending if XGIE is set
Write:

0 No effect

1 Clears the interrupt flag

NOTE

Suggested Mnemonics for accessing the interrupt flag vector on a word
basis are:

XGIF_7F_70 (XGIF[127:112]),

XGIF_6F_60 (XGIF[111:96]),

XGIF_5F_50 (XGIF[95:80]),

XGIF_4F_40 (XGIF[79:64]),

XGIF_3F_30 (XGIF[63:48]),

XGIF_2F_20 (XGIF[47:32)),

XGIF_1F_10 (XGIF[31:16]),

XGIF_0F_00 (XGIF[15:0])
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5.3.1.5 XGATE Software Trigger Register (XGSWT)

The eight software triggers of the XGATE module can be set and cleared through the XGATE software
trigger register (Figure 5-7). The upper byte of this register, the software trigger mask, controls the write
access to the lower byte, the software trigger bits. These bits can be set or cleared if a "1" is written to the
associated mask in the same bus cycle.

Module Base +0x00018

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R| 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 N p—
W XGSWTM[7:0]

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-7. XGATE Software Trigger Register (XGSWT)
Read: Anytime
Write: Anytime
Table 5-5. XGSWT Field Descriptions

Field Description
15-8 Software Trigger Mask — These bits control the write access to the XGSWT bits. Each XGSWT bit can only
XGSWTMI[7:0] | be written if a "1" is written to the corresponding XGSWTM bit in the same access.
Read:
These bits will always read "0".
Write:

0 Disable write access to the XGSWT in the same bus cycle
1 Enable write access to the corresponding XGSWT bit in the same bus cycle

7-0 Software Trigger Bits — These bits act as interrupt flags that are able to trigger XGATE software channels.
XGSWT[7:0] |They can only be set and cleared by software.
Read:

0 No software trigger pending

1 Software trigger pending if the XGIE bit is set
Write:

0 Clear Software Trigger

1 Set Software Trigger

NOTE

The XGATE channel IDs that are associated with the eight software triggers
are determined on chip integration level. (see Section “Interrupts” of the Soc
Guide)

XGATE software triggers work like any peripheral interrupt. They can be
used as XGATE requests as well as S12X_CPU interrupts. The target of the
software trigger must be selected in the S12X_INT module.
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5.3.1.6 XGATE Semaphore Register (XGSEM)

The XGATE provides a set of eight hardware semaphores that can be shared between the S12X_CPU and
the XGATE RISC core. Each semaphore can either be unlocked, locked by the S12X_CPU or locked by

the RISC core. The RISC core is able to lock and unlock a semaphore through its SSEM and CSEM
instructions. The S12X_CPU has access to the semaphores through the XGATE semaphore register

(Figure 5-8). Refer to section Section 5.4.4, “Semaphores” for details.

Module Base +0x0001A

15 14 13 12 11 10 9 8 7 6 5 4 3 0
Rl o[ o] o] o] o]o]o]o
XGSEM[7:0]
w XGSEMM[7:0]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-8. XGATE Semaphore Register (XGSEM)
Read: Anytime
Write: Anytime (see Section 5.4.4, “Semaphores”)
Table 5-6. XGSEM Field Descriptions
Field Description
15-8 Semaphore Mask — These bits control the write access to the XGSEM bits.
XGSEMM[7:0] | Read:
These bits will always read "0".
Write:
0 Disable write access to the XGSEM in the same bus cycle
1 Enable write access to the XGSEM in the same bus cycle
7-0 Semaphore Bits — These bits indicate whether a semaphore is locked by the S12X_CPU. A semaphore can

XGSEM bit and a "1" to the corresponding XGSEMM bit in the same write access.
Read:

0 Semaphore is unlocked or locked by the RISC core

1 Semaphore is locked by the S12X_CPU

Write:

0 Clear semaphore if it was locked by the S12X_CPU

1 Attempt to lock semaphore by the S12X_CPU

XGSEMJ[7:0] |[be attempted to be set by writing a "1" to the XGSEM bit and to the corresponding XGSEMM bit in the same
write access. Only unlocked semaphores can be set. A semaphore can be cleared by writing a "0" to the
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5.3.1.7 XGATE Condition Code Register (XGCCR)
The XGCCR register (Figure 5-9) provides access to the RISC core’s condition code register.

Module Base +0x001D

7 6 5 4 3 2 1 0
R 0 0 0 0
XGN XGZ XGV XGC
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 5-9. XGATE Condition Code Register (XGCCR)

Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 5-7. XGCCR Field Descriptions

Field Description

3 Sign Flag — The RISC core’s Sign flag
XGN

2 Zero Flag — The RISC core’s Zero flag
XGZ

1 Overflow Flag — The RISC core’s Overflow flag
XGV

0 Carry Flag — The RISC core’s Carry flag
XGC
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5.3.1.8 XGATE Program Counter Register (XGPC)

The XGPC register (Figure 5-10) provides access to the RISC core’s program counter.

Module Base +0x0001E

15 14 13 12 1 10 9 8 7 6 5 4 3 0
R
XGPC
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-10. XGATE Program Counter Register (XGPC)
Figure 5-11.
Read: In debug mode if unsecured
Write: In debug mode if unsecured
Table 5-8. XGPC Field Descriptions
Field Description
15-0 Program Counter — The RISC core’s program counter
XGPCJ[15:0]
5.3.1.9  XGATE Register 1 (XGR1)
The XGRI1 register (Figure 5-12) provides access to the RISC core’s register 1.
Module Base +0x00022
15 14 13 12 11 10 9 8 7 6 5 4 3 0
R
XGR1
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-12. XGATE Register 1 (XGR1)
Read: In debug mode if unsecured
Write: In debug mode if unsecured
Table 5-9. XGR1 Field Descriptions
Field Description
15-0 XGATE Register 1 — The RISC core’s register 1
XGR1[15:0]
MC9S12XHZ512 Data Sheet, Rev. 1.06
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5.3.1.10 XGATE Register 2 (XGR2)
The XGR2 register (Figure 5-13) provides access to the RISC core’s register 2.

Module Base +0x00024

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR2

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-13. XGATE Register 2 (XGR2)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 5-10. XGR2 Field Descriptions

Field Description
15-0 XGATE Register 2 — The RISC core’s register 2
XGR2[15:0]

5.3.1.11 XGATE Register 3 (XGR3)
The XGR3 register (Figure 5-14) provides access to the RISC core’s register 3.

Module Base +0x00026

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR3

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-14. XGATE Register 3 (XGR3)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 5-11. XGR3 Field Descriptions

Field Description
15-0 XGATE Register 3 — The RISC core’s register 3
XGR3[15:0]
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5.3.1.12 XGATE Register 4 (XGR4)
The XGR4 register (Figure 5-15) provides access to the RISC core’s register 4.

Module Base +0x00028

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR4

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-15. XGATE Register 4 (XGR4)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 5-12. XGR4 Field Descriptions

Field Description
15-0 XGATE Register 4 — The RISC core’s register 4
XGRA4[15:0]

5.3.1.13 XGATE Register 5 (XGR5)
The XGRS register (Figure 5-16) provides access to the RISC core’s register 5.

Module Base +0x0002A

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR5

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-16. XGATE Register 5 (XGR5)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 5-13. XGRS Field Descriptions

Field Description
15-0 XGATE Register 5 — The RISC core’s register 5
XGR5[15:0]
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5.3.1.14 XGATE Register 6 (XGR6)
The XGR6 register (Figure 5-17) provides access to the RISC core’s register 6.

Module Base +0x0002C

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR6

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-17. XGATE Register 6 (XGR6)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 5-14. XGR6 Field Descriptions

Field Description
15-0 XGATE Register 6 — The RISC core’s register 6
XGR6[15:0]

5.3.1.15 XGATE Register 7 (XGR7)
The XGR7 register (Figure 5-18) provides access to the RISC core’s register 7.

Module Base +0x0002E

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR7

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 5-18. XGATE Register 7 (XGR7)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 5-15. XGR7 Field Descriptions

Field Description
15-0 XGATE Register 7 — The RISC core’s register 7
XGR7[15:0]
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5.4  Functional Description

The core of the XGATE module is a RISC processor which is able to access the MCU’s internal memories
and peripherals (see Figure 5-1). The RISC processor always remains in an idle state until it is triggered
by an XGATE request. Then it executes a code sequence that is associated with the request and optionally
triggers an interrupt to the S12X_CPU upon completion. Code sequences are not interruptible. A new

XGATE request can only be serviced when the previous sequence is finished and the RISC core becomes
idle.

The XGATE module also provides a set of hardware semaphores which are necessary to ensure data
consistency whenever RAM locations or peripherals are shared with the S12X_CPU.

The following sections describe the components of the XGATE module in further detail.

5.4.1 XGATE RISC Core

The RISC core is a 16 bit processor with an instruction set that is well suited for data transfers, bit
manipulations, and simple arithmetic operations (see Section 5.8, “Instruction Set”).

It is able to access the MCU’s internal memories and peripherals without blocking these resources from
the S12X_CPU!. Whenever the S12X_CPU and the RISC core access the same resource, the RISC core
will be stalled until the resource becomes available againl.

The XGATE offers a high access rate to the MCU’s internal RAM. Depending on the bus load, the RISC
core can perform up to two RAM accesses per S12X_CPU bus cycle.

Bus accesses to peripheral registers or flash are slower. A transfer rate of one bus access per S12X_CPU
cycle can not be exceeded.

The XGATE module is intended to execute short interrupt service routines that are triggered by peripheral
modules or by software.

54.2 Programmer’s Model

Register Block Program Counter
15 R7 0 15 PC 0
15 R6 0 Condition
12 RS 0 Rggidsteer
15 R4 0 N[z|v|c
15 R3 0 3210
15 R2 0
15 Rl(VariabIe Pointer)O
15 RO =0 0

Figure 5-19. Programmer’s Model

1. With the exception of PRR registers (see Section “S12X_MMC").
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The programmer’s model of the XGATE RISC core is shown in Figure 5-19. The processor offers a set of
seven general purpose registers (R1 - R7), which serve as accumulators and index registers. An additional
eighth register (RO) is tied to the value “$0000. Register R1 has an additional functionality. It is preloaded
with the initial variable pointer of the channel’s service request vector (see Figure 5-20). The initial content
of the remaining general purpose registers is undefined.

The 16 bit program counter allows the addressing of a 64 kbyte address space.

The condition code register contains four bits: the sign bit (S), the zero flag (Z), the overflow flag (V), and
the carry bit (C). The initial content of the condition code register is undefined.

5.4.3 Memory Map

The XGATE’s RISC core is able to access an address space of 64K bytes. The allocation of memory blocks
within this address space is determined on chip level. Refer to the S12X_MMC Section for a detailed
information.

The XGATE vector block assigns a start address and a variable pointer to each XGATE channel. Its
position in the XGATE memory map can be adjusted through the XGVBR register (see Section 5.3.1.3,
“XGATE Vector Base Address Register (XGVBR)”). Figure 5-20 shows the layout of the vector block.
Each vector consists of two 16 bit words. The first contains the start address of the service routine. This
value will be loaded into the program counter before a service routine is executed. The second word is a
pointer to the service routine’s variable space. This value will be loaded into register R1 before a service
routine is executed.

XGVBR
+$0000 — T~
unused
N Code
+30024 Channel $09 Initial Program Counter
Channel $09 Initial Variable Pointer \&
+30028 Channel $0A Initial Program Counter Variables
Channel $0A Initial Variable Pointer
+$002C Channel $0B Initial Program Counter &
Channel $0B Initial Variable Pointer
+$0030 Channel $0C Initial Program Counter Code
Channel $0C Initial Variable Pointer
= o~ &/\_&
+$01E0 Channel $78 Initial Program Counter Variables
Channel $78 Initial Variable Pointer /\/

Figure 5-20. XGATE Vector Block
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544 Semaphores

The XGATE module offers a set of eight hardware semaphores. These semaphores provide a mechanism
to protect system resources that are shared between two concurrent threads of program execution; one
thread running on the S12X_CPU and one running on the XGATE RISC core.

Each semaphore can only be in one of the three states: “Unlocked”, “Locked by S12X_CPU”, and “Locked
by XGATE”. The S12X_CPU can check and change a semaphore’s state through the XGATE semaphore
register (XGSEM, see Section 5.3.1.6, “XGATE Semaphore Register (XGSEM)”). The RISC core does
this through its SSEM and CSEM instructions.

Figure 5-21 illustrates the valid state transitions.

%1 = XGSEM %1 = XGSEM
SSEM Instruction %0 = XGSEM
CSEM Instruction SSEM Instruction

LOCKED BY LOCKED BY
S12X_CPU

%0 = XGSEM
CSEM Instruction

Figure 5-21. Semaphore State Transitions
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Figure 5-22 gives an example of the typical usage of the XGATE hardware semaphores.

Two concurrent threads are running on the system. One is running on the S12X_CPU and the other is
running on the RISC core. They both have a critical section of code that accesses the same system resource.
To guarantee that the system resource is only accessed by one thread at a time, the critical code sequence
must be embedded in a semaphore lock/release sequence as shown.

S12X_CPU XGATE

%1 = XGSEMX [« SSEM -«
critical critical
code code
sequence sequence
Y Y
XGSEM = %0 CSEM

Figure 5-22. Algorithm for Locking and Releasing Semaphores

5.4.5 Software Error Detection
The XGATE module will immediately terminate program execution after detecting an error condition
caused by erratic application code. There are three error conditions:
» Execution of an illegal opcode
+ Illegal vector or opcode fetches
 Illegal load or store accesses
All opcodes which are not listed in section Section 5.8, “Instruction Set” are illegal opcodes. Illegal vector

and opcode fetches as well as illegal load and store accesses are defined on chip level. Refer to the
S12X_MMUC Section for a detailed information.
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5.5 Interrupts

55.1 Incoming Interrupt Requests

XGATE threads are triggered by interrupt requests which are routed to the XGATE module (see
S12X_INT Section). Only a subset of the MCU’s interrupt requests can be routed to the XGATE. Which
specific interrupt requests these are and which channel ID they are assigned to is documented in Section
“Interrupts” of the SoC Guide.

5.5.2 Outgoing Interrupt Requests
There are three types of interrupt requests which can be triggered by the XGATE module:

5. Channel interrupts

For each XGATE channel there is an associated interrupt flag in the XGATE interrupt flag vector
(XGIF, see Section 5.3.1.4, “XGATE Channel Interrupt Flag Vector (XGIF)”). These flags can be
set through the "SIF" instruction by the RISC core. They are typically used to flag an interrupt to
the S12X_CPU when the XGATE has completed one of its tasks.

6. Software triggers

Software triggers are interrupt flags, which can be set and cleared by software (see Section 5.3.1.5,
“XGATE Software Trigger Register (XGSWT)”). They are typically used to trigger XGATE tasks
by the S12X_CPU software. However these interrupts can also be routed to the S12X_CPU (see
S12X_INT Section) and triggered by the XGATE software.

7. Software error interrupt

The software error interrupt signals to the S12X_CPU the detection of an error condition in the
XGATE application code (see Section 5.4.5, “Software Error Detection™).

All XGATE interrupts can be disabled by the XGIE bit in the XGATE module control register (XGMCTL,
see Section 5.3.1.1, “XGATE Control Register (XGMCTL)”).

5.6 Debug Mode
The XGATE debug mode is a feature to allow debugging of application code.

5.6.1 Debug Features

In debug mode the RISC core will be halted and the following debug features will be enabled:
» Read and Write accesses to RISC core registers (XGCCR, XGPC, XGRI—XGR7)1

AIIRISC core registers can be modified. Leaving debug mode will cause the RISC core to continue
program execution with the modified register values.

1. Only possible if MCU is unsecured
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5.6.2

Single Stepping
Writing a "1" to the XGSS bit will call the RISC core to execute a single instruction. All RISC core
registers will be updated accordingly.
Write accesses to the XGCHID register
Three operations can be performed by writing to the XGCHID register:
— Change of channel ID

If a non-zero value is written to the XGCHID while a thread is active (XGCHID # $00), then
the current channel ID will be changed without any influence on the program counter or the
other RISC core registers.

— Start of a thread

If a non-zero value is written to the XGCHID while the XGATE is idle (XGCHID = $00),
then the thread that is associated with the new channel ID will be executed upon leaving
debug mode.

— Termination of a thread

If zero is written to the XGCHID while a thread is active (XGCHID # $00), then the current
thread will be terminated and the XGATE will become idle.

Entering Debug Mode

Debug mode can be entered in four ways:

234

1.

Setting XGDBG to "1"

Writing a "1" to XGDBG and XGDBGM in the same write access causes the XGATE to enter
debug mode upon completion of the current instruction.

NOTE

After writing to the XGDBG bit the XGATE will not immediately enter
debug mode. Depending on the instruction that is executed at this time there
may be a delay of several clock cycles. The XGDBG will read "0" until
debug mode is entered.

Software breakpoints

XGATE programs which are stored in the internal RAM allow the use of software breakpoints. A
software breakpoint is set by replacing an instruction of the program code with the "BRK"
instruction.

As soon as the program execution reaches the "BRK" instruction, the XGATE enters debug mode.
Additionally a software breakpoint request is sent to the S12X_DBG module (see section 4.9 of
the S12X_DBG Section).

Upon entering debug mode, the program counter will point to the "BRK" instruction. The other
RISC core registers will hold the result of the previous instruction.

To resume program execution, the "BRK" instruction must be replaced by the original instruction
before leaving debug mode.
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3. Tagged Breakpoints

The S12X_DBG module is able to place tags on fetched opcodes. The XGATE is able to enter
debug mode right before a tagged opcode is executed (see section 4.9 of the S12X_DBG Section).
Upon entering debug mode, the program counter will point to the tagged instruction. The other
RISC core registers will hold the result of the previous instruction.

4. Forced Breakpoints

Forced breakpoints are triggered by the S12X_DBG module (see section 4.9 of the S12X_DBG
Section). When a forced breakpoint occurs, the XGATE will enter debug mode upon completion
of the current instruction.

5.6.3 Leaving Debug Mode

Debug mode can only be left by setting the XGDBG bit to "0". If a thread is active (XGCHID has not been
cleared in debug mode), program execution will resume at the value of XGPC.

5.7  Security

In order to protect XGATE application code on secured S12X devices, a few restrictions in the debug
features have been made. These are:

* Registers XGCCR, XGPC, and XGR1-XGR7 will read zero on a secured device

* Registers XGCCR, XGPC, and XGR1-XGR7 can not be written on a secured device

» Single stepping is not possible on a secured device

5.8 Instruction Set

5.8.1 Addressing Modes

For the ease of implementation the architecture is a strict Load/Store RISC machine, which means all
operations must have one of the eight general purpose registers RO ... R7 as their source as well their
destination.

All word accesses must work with a word aligned address, that is A[0] = 0!
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5.8.1.1 Naming Conventions

RD Destination register, allowed range is RO—R7
RD.L Low byte of the destination register, bits [7:0]
RD.H High byte of the destination register, bits [15:8]
RS, RS1, RS2 Source register, allowed range is RO-R7

RS.L, RS1.L, RS2.L Low byte of the source register, bits [7:0]
RS.H, RS1.H, RS2.H High byte of the source register, bits[15:8]

RB Base register for indexed addressing modes, allowed
range is RO-R7
RI Offset register for indexed addressing modes with

register offset, allowed range is RO—R7

RI+ Offset register for indexed addressing modes with
register offset and post-increment,
Allowed range is RO—R7 (RO+ is equivalent to R0)

—RI Offset register for indexed addressing modes with
register offset and pre-decrement,
Allowed range is RO—R7 (RO is equivalent to R0)

NOTE
Even though register R1 is intended to be used as a pointer to the variable
segment, it may be used as a general purpose data register as well.

Selecting RO as destination register will discard the result of the instruction.
Only the condition code register will be updated

5.8.1.2 Inherent Addressing Mode (INH)

Instructions that use this addressing mode either have no operands or all operands are in internal XGATE
registers:.
Examples

BRK
RTS

5.8.1.3 Immediate 3-Bit Wide (IMM3)

Operands for immediate mode instructions are included in the instruction stream and are fetched into the
instruction queue along with the rest of the 16 bit instruction. The *# symbol is used to indicate an
immediate addressing mode operand. This address mode is used for semaphore instructions.

Examples:

CSEM #1 ; Unlock semaphore 1
SSEM #3 ; Lock Semaphore 3
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5.8.1.4 Immediate 4 Bit Wide (IMM4)
The 4 bit wide immediate addressing mode is supported by all shift instructions.
RD =RD * imm4

Examples:

LSL R4, #1 ; R4
LSR R4, #3 ; R4

R4 << 1; shift register R4 by 1 bit to the left
R4 >> 3; shift register R4 by 3 bits to the right

5.8.1.5 Immediate 8 Bit Wide (IMM8)
The 8 bit wide immediate addressing mode is supported by four major commands (ADD, SUB, LD, CMP).
RD =RD * imm§

Examples:
ADDL R1,#1 ; adds an 8 bit value to register R1
SUBL R2, #2 ; subtracts an 8 bit value from register R2
LDH R3,#3 ; loads an 8 bit immediate into the high byte of Register R3
CMPL R4, #4 ; compares the low byte of register R4 with an immediate value

5.8.1.6 Immediate 16 Bit Wide (IMM16)

The 16 bit wide immediate addressing mode is a construct to simplify assembler code. Instructions which
offer this mode are translated into two opcodes using the eight bit wide immediate addressing mode.

RD =RD * imm16

Examples:

LDW R4,#$1234 ; translated to LDL R4, #$34; LDH R4, #S$12
ADD R4, #$5678 ; translated to ADDL R4, #$78; ADDH R4, #S$56

5.8.1.7 Monadic Addressing (MON)

In this addressing mode only one operand is explicitly given. This operand can either be the source ({RD)),
the target (RD = f{)), or both source and target of the operation (RD = f{RD)).

Examples:

JAL R1 ; PC = R1, R1 = PC+2
SIF R2 ; Trigger IRQ associated with the channel number in R2.L
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5.8.1.8 Dyadic Addressing (DYA)

In this mode the result of an operation between two registers is stored in one of the registers used as
operands.

RD = RD =* RS is the general register to register format, with register RD being the first operand and RS
the second. RD and RS can be any of the 8 general purpose registers RO ... R7. If RO is used as the
destination register, only the condition code flags are updated. This addressing mode is used only for shift
operations with a variable shift value

Examples:

R4 << R5
R4 >> R5

LSL R4,R5 ; R4
LSR R4,R5 ; R4

5.8.19 Triadic Addressing (TRI)

In this mode the result of an operation between two or three registers is stored into a third one.

RD = RS1 * RS2 is the general format used in the order RD, RS1, RS1. RD, RS1, RS2 can be any of the
8 general purpose registers RO ... R7. If R0 is used as the destination register RD, only the condition code
flags are updated. This addressing mode is used for all arithmetic and logical operations.

Examples:

ADC R5,R6,R7 ; R5
SUB R5,R6,R7 ; RS

R6 + R7 + Carry
R6 - R7

5.8.1.10 Relative Addressing 9-Bit Wide (REL9)

A 9-bit signed word address offset is included in the instruction word. This addressing mode is used for
conditional branch instructions.

Examples:

BCC REL9 ; PC
BEQ REL9 ; PC

PC + 2 + (REL9 << 1)
PC + 2 + (REL9 << 1)

5.8.1.11 Relative Addressing 10-Bit Wide (REL10)

An 11-bit signed word address offset is included in the instruction word. This addressing mode is used for
the unconditional branch instruction.

Examples:

BRA REL10 ; PC = PC + 2 + (REL10 << 1)

5.8.1.12 Index Register plus Immediate Offset (IDO5)
(RS, #offset5) provides an unsigned offset from the base register.

Examples:

LDB R4, (R1, #offset) ; loads a byte from Rl+offset into R4
STW R4, (R1, #offset) ; stores R4 as a word to Rl+offset
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5.8.1.13 Index Register plus Register Offset (IDR)
For load and store instructions (RS, RI) provides a variable offset in a register.

Examples:

LDB R4, (R1,R2) ; loads a byte from R1+R2 into R4
STW R4, (R1,R2) ; stores R4 as a word to R1+R2

5.8.1.14 Index Register plus Register Offset with Post-increment (IDR+)

[RS, RI+] provides a variable offset in a register, which is incremented after accessing the memory. In case
of a byte access the index register will be incremented by one. In case of a word access it will be
incremented by two.

Examples:

LDB R4, (R1,R2+) ; loads a byte from R1+R2 into R4, R2+=1
STW R4, (R1,R2+) ; stores R4 as a word to R1+R2, R2+=2

5.8.1.15 Index Register plus Register Offset with Pre-decrement (-IDR)

[RS, -RI] provides a variable offset in a register, which is decremented before accessing the memory. In
case of a byte access the index register will be decremented by one. In case of a word access it will be
decremented by two.

Examples:
LDB R4, (R1,-R2) ; R2 -=1, loads a byte from R1+R2 into R4
STW R4, (R1,-R2) ; R2 -=2, stores R4 as a word to R1+R2
5.8.2 Instruction Summary and Usage

58.2.1 Load & Store Instructions

Any register can be loaded either with an immediate or from the address space using indexed addressing
modes.

LDL RD, #IMM8 ; loads an immediate 8 bit value to the lower byte of RD
LDW RD, (RB,RI) ; loads data using RB+RI as effective address
LDB RD, (RB, RI+) ; loads data using RB+RI as effective address

; followed by an increment of RI depending on
; the size of the operation

The same set of modes is available for the store instructions
STB RS, (RB, RI) ; stores data using RB+RI as effective address
STW RS, (RB, RI+) ; stores data using RB+RI as effective address

; followed by an increment of RI depending on
; the size of the operation.
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5.8.2.2 Logic and Arithmetic Instructions

All logic and arithmetic instructions support the 8 bit immediate addressing mode (IMMS: RD = RD
#IMMS) and the triadic addressing mode (TRI: RD = RS1 * RS2).

All arithmetic is considered as signed, sign, overflow, zero and carry flag will be updated. The carry will
not be affected for logical operations.

ADDL R2, #1 ; increment R2

ANDH R4, #SFE ; RA.H = R4.H & SFE, clear lower bit of higher byte
ADD R3,R4,R5 ; R3 = R4 + Rb5

SUB R3,R4,R5 ; R3 = R4 - R5

AND R3,R4,R5 ; R3 R4 & R5 logical AND on the whole word

OR R3,R4,R5 i R3 = R4 | RS

5.8.2.3 Register — Register Transfers

This group comprises transfers from and to some special registers

TFR R3,CCR ; transfers the condition code register to the low byte of
; register R3
Branch Instructions

The branch offset is +255 words or -256 words counted from the beginning of the next instruction. Since
instructions have a fixed 16 bit width, the branch offsets are word aligned by shifting the offset value by 2.

BEQ label ; 1f Z flag = 1 branch to label

An unconditional branch allows a +511 words or -512 words branch distance.

BRA label

58.24 Shift Instructions

Shift operations allow the use of a 4 bit wide immediate value to identify a shift width within a 16 bit word.
For shift operations a value of 0 does not shift at all, while a value of 15 shifts the register RD by 15 bits.
In a second form the shift value is contained in the bits 3:0 of the register RS.

Examples:
LSL R4, #1 ; R4 = R4 << 1; shift register R4 by 1 bit to the left
LSR R4, #3 ; R4 = R4 >> 3; shift register R4 by 3 bits to the right
= R4 >> R2;arithmetic shift register R4 right by the amount

ASR R4, R2 . R4
; of bits contained in R2[3:0].
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5.8.2.5 Bit Field Operations

This addressing mode is used to identify the position and size of a bit field for insertion or extraction. The
width and offset are coded in the lower byte of the source register 2, RS2. The content of the upper byte is
ignored. An offset of 0 denotes the right most position and a width of 0 denotes 1 bit. These instructions
are very useful to extract, insert, clear, set or toggle portions of a 16 bit word.

5.8.2.6
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RS2

RS1

W4 04
15 5 2 0
Bit Field Extract
Bit Field Insert
15

Figure 5-23. Bit Field Addressing

3 0
[ o

BFEXT R3,R4,R5 ; R5: W4 bits offset 04, will be extracted from R4 into R3

Special Instructions for DMA Usage

The XGATE offers a number of additional instructions for flag manipulation, program flow control and
debugging:

l.

A

SIF: Set a channel interrupt flag

SSEM: Test and set a hardware semaphore
CSEM: Clear a hardware semaphore
BRK: Software breakpoint

NOP: No Operation

RTS: Terminate the current thread
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5.8.3 Cycle Notation

Table 5-16 show the XGATE access detail notation. Each code letter equals one XGATE cycle. Each letter
implies additional wait cycles if memories or peripherals are not accessible. Memories or peripherals are
not accessible if they are blocked by the S12X_CPU. In addition to this Peripherals are only accessible
every other XGATE cycle. Uppercase letters denote 16 bit operations. Lowercase letters denote 8 bit
operations. The XGATE is able to perform two bus or wait cycles per S12X_CPU cycle.

Table 5-16. Access Detail Notation

v — Vector fetch: always an aligned word read, lasts for at least one RISC core cycle

P — Program word fetch: always an aligned word read, lasts for at least one RISC core cycle
r — 8 bit data read: lasts for at least one RISC core cycle

R — 16 bit data read: lasts for at least one RISC core cycle

w — 8 bit data write: lasts for at least one RISC core cycle

W — 16 bit data write: lasts for at least one RISC core cycle

A — Alignment cycle: no read or write, lasts for zero or one RISC core cycles

£ — Free cycle: no read or write, lasts for one RISC core cycles

Special Cases

PP/P — Branch: pp if branch taken, P if not

5.84 Thread Execution

When the RISC core is triggered by an interrupt request (see Figure 5-1) it first executes a vector fetch
sequence which performs three bus accesses:

1. A v-cycle to fetch the initial content of the program counter.
2. A V-cycle to fetch the initial content of the data segment pointer (R1).
3. A P-cycle to load the initial opcode.

Afterwards a sequence of instructions (thread) is executed which is terminated by an "RTS" instruction. If
further interrupt requests are pending after a thread has been terminated, a new vector fetch will be
performed. Otherwise the RISC core will idle until a new interrupt request is received. A thread can not be
interrupted by an interrupt request.

5.8.5 Instruction Glossary

This section describes the XGATE instruction set in alphabetical order.
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ADC

A DC Add with Carry

Operation

RS1+RS2+C=RD

Adds the content of register RS1, the content of register RS2 and the value of the Carry bit using binary
addition and stores the result in the destination register RD. The Zero Flag is also carried forward from the

previous operation allowing 32 and more bit additions.

Example:
ADC R6,R2,R2
ADC R7,R3,R3 ; R7:R6 = R5:R4 + R3:R2
BCC ; conditional branch on 32 bit addition

CCR Effects

N Z V C

Al A A|A

N: Setif bit 15 of the result is set; cleared otherwise.

N

Set if the result is $0000 and Z was set before this operation; cleared otherwise.

V: Setif atwo’s complement overflow resulted from the operation; cleared otherwise.

RS1[15] & RS2[15] & RD[15]ney | RS1[15] & RS2[15] & RD[15],ey

C. Setif thereis a carry from bit 15 of the result; cleared otherwise.
RS1[15] & RS2[15] | RS1[15] & RD[15]new | RS2[15] & RD[15]hew

Code and CPU Cycles

Source Form Aﬁ/locl)r;:s Machine Code Cycles
ADC RD, RS1, RS2 TRI 0‘0‘0‘1‘1‘ RD ‘ RS1 ‘ RS2 ‘1‘1 P
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ADD

Operation

RS1+RS2 = RD

Add without Carry

ADD

RD +IMM16 = RD (translates to ADDL RD, #IMM16[7:0]; ADDH RD, #[15:8])

Performs a 16 bit addition and stores the result in the destination register RD.

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the operation; cleared otherwise.

RS1[15] & RS2[15] & RD[15],,y, | RS1[15] & RS2[15] & RD[15]ney

Refer to ADDH instruction for #iMM16 operations.
C:. Setif there is a carry from bit 15 of the result; cleared otherwise.

RS1[15] & RS2[15] | RS1[15] & RD[15],,y | RS2[15] & RD[15]ey

Refer to ADDH instruction for #iMM16 operations.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ADD RD, RS1, RS2 TRI RD RS1 ‘ RS2 ‘ 1 ‘ 0 P
ADD RD, #IMM16 IMM8 RD IMM16[7:0]
IMM8 RD IMM16[15:8] P
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A D D H Add Imme(ﬂ:gtheBSyt:Lt)Constant A D D H

Operation
RD + IMM8:500 = RD

Adds the content of high byte of register RD and a signed immediate 8 bit constant using binary addition
and stores the result in the high byte of the destination register RD. This instruction can be used after an
ADDL for a 16 bit immediate addition.

Example:

ADDL R2, #LOWBYTE
ADDH R2, #HIGHBYTE ; R2 = R2 + 16 bit immediate

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

V: Setif a two’s complement overflow resulted from the operation; cleared otherwise.
RD[15]yq & IMM8[7] & RD[15],ew | RD[15]g,q & IMM8[7] & RD[15],ew

C. Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RD[15]q & IMM8[7] | RD[15]yq & RD[15]pew | IMM8[7] & RD[15],ew

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ADDH RD, #IMM8 MM8 | 1 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ RD ‘ IMMS8 P
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A D D L Add Immezﬁioavtvesytt)(iet) Constant A D D L

Operation
RD + $00:IMM8 = RD

Adds the content of register RD and an unsigned immediate 8 bit constant using binary addition and stores
the result in the destination register RD. This instruction must be used first for a 16 bit immediate addition
in conjunction with the ADDH instruction.

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.
Set if the result is $0000; cleared otherwise.

V: Setif a two’s complement overflow resulted from the 8 bit operation; cleared otherwise.
RD[15]6ig & RD[15]hew

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RD[15]6ig & RD[15]hew

N

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ADDL RD, #IMM8 MM8 | 1 ‘ 1 ‘ 1 ‘ 0 ‘ 0 ‘ RD ‘ IMM8 P
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AND Logical AND AND

Operation

RS1 & RS2 = RD
RD & IMM16 = RD (translates to ANDL RD, #IMM16[7:0]; ANDH RD, #IMM16[15:8])

Performs a bit wise logical AND of two 16 bit values and stores the result in the destination register RD.
Remark: There is no complement to the BITH and BITL functions. This can be imitated by using RO as a
destination register. AND R0, RS1, RS2 performs a bit wise test without storing a result.

CCR Effects

N Z V C
A|lA]|O

Z

Set if bit 15 of the result is set; cleared otherwise.

Z: Setif the result is $0000; cleared otherwise.
Refer to ANDH instruction for #iMM16 operations.

V: 0O; cleared.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
AND RD, RS1, RS2 TRI olo[o[1]0] RD RS1 ‘ RS2 ‘o‘o P
AND RD, #IMM16 mve |1]olololo| RD IMM16[7:0]
mvs  [1]ololol1] RD IMM16[15:8] P
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A N D H Logical AND Immediate 8 bit Constant A N D H
(High Byte)

Operation
RD.H & IMM8 = RD.H

Performs a bit wise logical AND between the high byte of register RD and an immediate 8 bit constant and
stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

N Z V C

Al A|O|—

N: Setif bit 15 of the result is set; cleared otherwise.
Z: Setif the 8 bit result is $00; cleared otherwise.

V. 0; cleared.

C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ANDH RD, #IMM8 MMs |1 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 p
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A N D L Logical AND Immediate 8 bit Constant A N D L
(Low Byte)

Operation
RD.L & IMMS8 = RD.L

Performs a bit wise logical AND between the low byte of register RD and an immediate 8 bit constant and
stores the result in the destination register RD.L. The high byte of RD is not affected.

CCR Effects

N Z V C

A|lA |0 | —

N: Setif bit 7 of the result is set; cleared otherwise.
Z. Setif the 8 bit result is $00; cleared otherwise.
V. 0; cleared.

C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ANDL RD, #IMM8 MM8 | 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ RD ‘ IMM8 p
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A S R Arithmetic Shift Right A S R

Operation

Y

>b15 RD > C

n=RS or IMM4

Shifts the bits in register RD n positions to the right. The higher » bits of the register RD become filled
with the sign bit (RD[15]). The carry flag will be updated to the bit contained in RD[n-1] before the shift
forn>0.

n can range from 0 to 16.

In immediate address mode, 7 is determined by the operand IMMA4. # is considered to be 16 in IMM4 is
equal to 0.

In dyadic address mode, n is determined by the content of RS. » is considered to be 16 if the content of RS
is greater than 15.

CCR Effects

N Z V C

Al A|O|A

<

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RD[ls]oId n RD[]-S]new

C: Setif n>0 and RD[n-1] = 1; if n = 0 unaffected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ASR RD, #IMM4 IMM4 0|0|0|0|1 RD IMM4 1/0(0]|1 P
ASR RD, RS DYA 0|0|0|0|1 RD RS 1/0|0|0]|1 P
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B ‘ ( Branch if Carry Cleared
(Same as BHS)
Operation

If C =0, then PC + $0002 + (REL9 << 1) = PC
Tests the Carry flag and branches if C = 0.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Chapter 5 XGATE (S12XGATEV2)

BCC

Source Form Address Machine Code Cycles
Mode
BCC RELO9 RELO |0 \ 0 \ 1 \ 0 \ 0 \ 0 \ 0 \ REL9 PP/P
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BCS

Operation

Branch if Carry Set

(Same as BLO)

If C =1, then PC + $0002 + (REL9 << 1) = PC
Tests the Carry flag and branches if C = 1.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

BCS

Source Form Address Machine Code Cycles
Mode
BCS REL9 RELO |0 \ 0 \ 1 \ 0 \ 0 \ 0 \ 1 \ REL9 PP/P
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B EQ Branch if Equal

Operation

If Z=1, then PC + $0002 + (REL9 << 1) = PC
Tests the Zero flag and branches if Z = 1.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles
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BEQ

Source Form Address Machine Code Cycles
Mode
BEQ RELO RELO |0 \ 0 \ 1 \ 0 \ 0 \ 1 \ 1 \ RELO PP/P
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B F EXT Bit Field Extract B F EXT

Operation

RS1[(o+w):0] = RD[w:0]; 0 = RD[15:(w+1)]
w = (RS2[7:4])
o =(RS2[3:0])

Extracts w+1 bits from register RS1 starting at position o and writes them right aligned into register RD.
The remaining bits in RD will be cleared. If (o+w) > 15 only bits [15:0] get extracted.

15 7 4 3 0
w4 04 RS2

15 5 2 0

\\Eit Field Extract

3 0
: - <o

15

A

CCR Effects

N Z V C
O A|]O|A

Set if bit 15 of the result is set; cleared otherwise.
Set if the result is $0000; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Asﬂc:)rgss Machine Code Cycles
BFEXT RD, RS1, RS2 TRI 0‘1‘1‘0‘0‘ RD ‘ RS1 ‘ RS2 ‘1‘1 P
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BFFO

Operation

FirstOne (RS) = RD;

Bit Field Find First One

Chapter 5 XGATE (S12XGATEV2)

BFFO

Searches the first “1” in register RS (from MSB to LSB) and writes the bit position into the destination
register RD. The upper bits of RD are cleared. In case the content of RS is equal to $0000, RD will be
cleared and the carry flag will be set. This is used to distinguish a “1”” in position 0 versus no “1” in the

whole RS register at all.

CCR Effects

N Z V C

Set if the result is $0000; cleared otherwise.

O |A |0 |A
N: O; cleared.
Z:
V: 0; cleared.
C: Setif RS = $0000%: cleared otherwise.
1

Code and CPU Cycles

Before executing the instruction

Source Form Address Machine Code Cycles
Mode
BFFO RD, RS DYA 0‘0‘0‘0‘1‘ RD ‘ RS ‘1‘0\0‘0‘0 P
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Chapter 5 XGATE (S12XGATEV?2)

BFINS Bit Field Inser BFINS

Operation

RS1[w:0] = RD[(w+0):0];
w = (RS2[7:4])
o = (RS2[3:0])

Extracts w+1 bits from register RS1 starting at position 0 and writes them into register RD starting at
position o. The remaining bits in RD are not affected. If (o+w) > 15 the upper bits are ignored. Using RO
as a RS1, this command can be used to clear bits.

15 7 4 3 0
w4 04 RS2

3 0
[ <s:

/Bit Field Insert
15 5 2 0

o] |«

15

CCR Effects

N Z V C
A|lA]|O

Set if bit 15 of the result is set; cleared otherwise.
Set if the result is $0000; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BFINS RD, RS1, RS2 TRI 0 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ RD ‘ RS1 ‘ RS2 ‘ 1 ‘ 1 p
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BFINSI

Operation

'RS1[w:0] = RD[w+o0:0];
w = (RS2[7:4])
o = (RS2[3:0])

Bit Field Insert and Invert

Chapter 5 XGATE (S12XGATEV2)

BFINSI

Extracts w+1 bits from register RS1 starting at position 0, inverts them and writes into register RD starting
at position o. The remaining bits in RD are not affected. If (o+w) > 15 the upper bits are ignored. Using
RO as a RS1, this command can be used to set bits.

15 7 3 0
W4 04 RS2
15 3 0
/Inverted Bit Field Insert
15 5 2 0

CCR Effects

N Z V C

Al A|O | —

Set if the result is $0000; cleared otherwise.
0; cleared.
Not affected.

Code and CPU Cycles

Set if bit 15 of the result is set; cleared otherwise.

o] |«

Source Form Aﬁ/ldress Machine Code Cycles
ode
BFINSI RD, RS1, RS2 TRI 0 ‘ 1 ‘ 1 ‘ 1 ‘ 0 ‘ RD ‘ RS1 ‘ RS2 ‘ 1 ‘ 1 P

MC9S12XHZ512 Data Sheet, Rev. 1.06
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Chapter 5 XGATE (S12XGATEV?2)

BFINSX  sitreomnsetaaxor  BFINSX

Operation

!(RS1[w:0] » RD[w+o0:0]) = RD[w+o0:0];
w = (RS2[7:4])
o = (RS2[3:0])
Extracts w+1 bits from register RS1 starting at position 0, performs an XNOR with RD[w+o0:0] and writes

the bits back io RD. The remaining bits in RD are not affected. If (o+w) > 15 the upper bits are ignored.
Using R0 as a RS1, this command can be used to toggle bits.

15 7 4 3 0
W4 04 RS2

15 3 0
[ -s:

Bit Field Insert XNOR

N

15 5 0
[wasosz [ o

CCR Effects

N Z V C

A A 0| —
N: Setif bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.
V: 0O; cleared.
C: Not affected.
Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BFINSX RD, RS1, RS2 TRI 0‘1‘1‘1‘1‘ RD ‘ RS1 ‘ RS2 ‘1‘1 P
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Chapter 5 XGATE (S12XGATEV2)

B G E Branch if Greater than or Equal to Zero B G E

Operation

If N~V =0, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare signed numbers.

Branch if RS1 > RS2:

SUB RO,RS1,RS2
BGE REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BGE REL9 REL9 0\0\1\1\0\1\0\ REL9 PP/P
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Chapter 5 XGATE (S12XGATEV?2)

B GT Branch if Greater than Zero B GT

Operation

IfZ|(N"V)=0, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare signed numbers.

Branch if RS1 > RS2:

SUB RO,RS1,RS2
BGE REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BGT REL9 RELO |0 \ 0 \ 1 \ 1 \ 1 \ 0 \ 0 \ REL9 PP/P
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Chapter 5 XGATE (S12XGATEV2)

B H I Branch if Higher B H I

Operation

If C|Z =0, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare unsigned numbers.

Branch if RS1 > RS2:

SUB RO,RS1,RS2
BHI REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BHI REL9 REL9 0\0\1\1\0\0\0\ REL9 PP/P
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Chapter 5 XGATE (S12XGATEV?2)

BHS

Operation

Branch if Higher or Same

(Same as BCC)

If C =0, then PC + $0002 + (REL9 << 1) = PC

Branch instruction to compare unsigned numbers.

Branch if RS1 > RS2:

SUB RO,RS1,RS2

BHS REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

BHS

Source Form Address Machine Code Cycles
Mode
BHS REL9 RELO |0 \ 0 \ 1 \ 0 \ 0 \ 0 \ 0 \ REL9 PP/P
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BITH

Operation

RD.H & IMMS8 = NONE

(High Byte)

Bit Test Immediate 8 bit Constant

Chapter 5 XGATE (S12XGATEV2)

BITH

Performs a bit wise logical AND between the high byte of register RD and an immediate 8 bit constant.
Only the condition code flags get updated, but no result is written back

CCR Effects

N Z V C

Al A|O|—

0; cleared.
Not affected.

Code and CPU Cycles

Set if bit 15 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.

Source Form Address Machine Code Cycles
Mode
BITH RD, #IMM8 MMs |1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ RD ‘ IMM8 P

Freescale Semiconductor
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Chapter 5 XGATE (S12XGATEV?2)

B IT L Bit Test Immediate 8 bit Constant B IT L
(Low Byte)

Operation

RD.L & IMM8 = NONE

Performs a bit wise logical AND between the low byte of register RD and an immediate 8 bit constant.
Only the condition code flags get updated, but no result is written back.

CCR Effects

N Z V C

A A 0 —
N: Set if bit 7 of the result is set; cleared otherwise.
Z: Setif the 8 bit result is $00; cleared otherwise.
V: 0O; cleared.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BITL RD, #IMM8 MMs |1 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ RD ‘ IMM8 p
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Chapter 5 XGATE (S12XGATEV2)

B L E Branch if Less or Equal to Zero B L E

Operation

IfZ|(N"V) =1, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare signed numbers.

Branch if RS1 < RS2:

SUB RO,RS1,RS2
BLE REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BLE RELO RELO |0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ RELO PP/P

MC9S12XHZ512 Data Sheet, Rev. 1.06
Freescale Semiconductor 265



A 4
4\

Chapter 5 XGATE (S12XGATEV?2)

BLO

Operation

Branch if Carry Set

(Same as BCS)

If C =1, then PC + $0002 + (REL9 << 1) = PC

Branch instruction to compare unsigned numbers.

Branch if RS1 < RS2:

SUB RO,RS1,RS2

BLO REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

BLO

Source Form Address Machine Code Cycles
Mode
BLO RELO9 RELO |0 \ 0 \ 1 \ 0 \ 0 \ 0 \ 1 \ REL9 PP/P
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Chapter 5 XGATE (S12XGATEV2)

B L S Branch if Lower or Same B L S

Operation

If C|Z =1, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare unsigned numbers.

Branch if RS1 < RS2:

SUB RO,RS1,RS2
BLS REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BLS REL9 RELO |0 \ 0 \ 1 \ 1 \ 0 \ 0 \ 1 \ REL9 PP/P
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Chapter 5 XGATE (S12XGATEV?2)

B LT Branch if Lower than Zero B L T

Operation

If N~V =1, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare signed numbers.

Branch if RS1 < RS2:

SUB RO,RS1,RS2
BLT REL9

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
BLT REL9 RELO 0‘0‘1‘1\0‘1‘1‘ RELO PP/P
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BMI

Operation

Branch if Minus

If N =1, then PC + $0002 + (REL9 << 1) = PC
Tests the Sign flag and branches if N = 1.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Chapter 5 XGATE (S12XGATEV2)

BMI

Source Form Address Machine Code Cycles
Mode
BMI REL9 RELO 0‘0‘1‘0\1‘0‘1‘ RELO PP/P
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Chapter 5 XGATE (S12XGATEV?2)

BNE

Operation

Branch if Not Equal

If Z =0, then PC + $0002 + (REL9 << 1) = PC
Tests the Zero flag and branches if Z = 0.

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

BNE

Source Form Address Machine Code Cycles
Mode
BNE RELO9 REL9 0‘0‘1‘0\0‘1‘0‘ REL9 PP/P
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BPL

Operation

Branch if Plus

If N =0, then PC + $0002 + (REL9 << 1) = PC
Tests the Sign flag and branches if N = 0.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Chapter 5 XGATE (S12XGATEV2)

BPL

Source Form Address Machine Code Cycles
Mode
BPL REL9 RELO |0 \ 0 \ 1 \ 0 \ 1 \ 0 \ 0 \ REL9 PP/P
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Chapter 5 XGATE (S12XGATEV?2)

BRA

Operation

PC + $0002 + (REL10 << 1) = PC

Branches always

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Branch Always

BRA

Source Form Address Machine Code Cycles
Mode
BRA REL10 REL10 |0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ REL10 PP
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BRK

Operation

Chapter 5 XGATE (S12XGATEV2)

Break BRK

Put XGATE into Debug Mode (see Section 5.6.2, “Entering Debug Mode”)and signals a Software
breakpoint to the S12X_DBG module (see section 4.9 of the S12X_DBG Section).

NOTE

It is not possible to single step over a BRK instruction. This instruction does
not advance the program counter.

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Aﬁ/ldress Machine Code Cycles
ode
BRK INH o/ofofofofofofofojojojojoofo]o] Pan

Freescale Semiconductor
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Chapter 5 XGATE (S12XGATEV?2)

BVC

Operation

Branch if Overflow Cleared

If V =0, then PC + $0002 + (REL9 << 1) = PC

Tests the Overflow flag and branches if V = 0.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

BVC

Source Form Address Machine Code Cycles
Mode
BVC RELO RELO |0 \ 0 \ 1 \ 0 \ 1 \ 1 \ 0 \ REL9 PP/P
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BVS

Operation

Branch if Overflow Set

If V =1, then PC + $0002 + (REL9 << 1) = PC

Tests the Overflow flag and branches if V = 1.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Chapter 5 XGATE (S12XGATEV2)

BVS

Source Form Address Machine Code Cycles
Mode
BVS RELO RELO |0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ RELO PP/P
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Chapter 5 XGATE (S12XGATEV?2)

CMP Compare CMP

Operation

RS1—-RS2 = NONE (translates to SUB R0, RS1, RS2)
RD - IMM16 = NONE (translates to CMPL RD, #IMM16[7:0]; CPCH RD, #IMM16[15:8])

Subtracts two 16 bit values and discards the result.

CCR Effects

N Z V C
Al A A|A

N: Setif bit 15 of the result is set; cleared otherwise.
Z: Setif the result is $0000; cleared otherwise.
V: Setif a two’s complement overflow resulted from the operation; cleared otherwise.
RS1[15] & RS2[15] & result[15] | RS1[15] & RS2[15] & result[15]
RD[15] & IMM16[15] & result[15] | RD[15] & IMM16[15] & result[15]
C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RS1[15] & RS2[15] | RS1[15] & result[15] | RS2[15] & result[15]
RD[15] & IMM16[15] | RD[15] & result[15] | IMM16[15] & result[15]

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
CMP RS1, RS2 TRI o/ofo[1][1]0 0 o] rRs1 | Rs2 o]0 P
CMP RS, #IMM16 IMM8 1711010 RS IMM16[7:0]
IMM8 1711011 RS IMM16[15:8] P
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Chapter 5 XGATE (S12XGATEV2)

C M P L Compare Immediate 8 bit Constant ‘ M P L
(Low Byte)

Operation

RS.L — IMMS8 = NONE, only condition code flags get updated

Subtracts the 8 bit constant IMMS contained in the instruction code from the low byte of the source register
RS.L using binary subtraction and updates the condition code register accordingly.

Remark: There is no equivalent operation using triadic addressing. Comparing the values of two registers
can be performed by using the subtract instruction with RO as destination register.

CCR Effects

N Z V C

Al A A]A

Z

Set if bit 7 of the result is set; cleared otherwise.
Z: Set if the 8 bit result is $00; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the 8 bit operation; cleared otherwise.
RS[7] & IMM8[7] & result[7] | RS[7] & IMM8[7] & result[7]

C: Setif there is a carry from the Bit 7 to Bit 8 of the result; cleared otherwise.
RS[7] & IMM8[7] | RS[7] & result[7] | IMM8[7] & result[7]

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
CMPL RS, #IMM8 MM8 | 1 ‘ 1 ‘ 0 ‘ 1 ‘ 0 ‘ RS ‘ IMM8 p
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Chapter 5 XGATE (S12XGATEV?2)

COM One's Complement COM

Operation

~RS = RD (translates to XNOR RD, RO, RS)
~RD = RD (translates to XNOR RD, R0, RD)

Performs a one’s complement on a general purpose register.

CCR Effects

N Z V C

Al A|O|—

Set if bit 15 of the result is set; cleared otherwise.
Set if the result is $0000; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
COM RD, RS TRI o|0o|0|1|0 RD 0 0O RS 11 P
COM RD TRI o|o0o|0|1|0 RD 0 0 O RD 11 P
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CPC

Operation

Chapter 5 XGATE (S12XGATEV2)

CPC

Compare with Carry

RS2 — RS1 - C = NONE (translates to SBC R0, RS1, RS2)

Subtracts the carry bit and the content of register RS2 from the content of register RS1 using binary

subtraction and discards the result.

CCR Effects

Set if bit 15 of the result is set; cleared otherwise.

Set if the result is $0000; cleared otherwise.

Set if a two’s complement overflow resulted from the operation; cleared otherwise.

RS1[15] & RS2[15] & result[15] | RS1[15] & RS2[15] & result[15]

N Z V C
Al A|A]A
N:
Z:
V:
C:

Code and CPU Cycles

Set if there is a carry from the bit 15 of the result; cleared otherwise.
RS1[15] & RS2[15] | RS1[15] & result[15] | RS2[15] & result[15]

Source Form Address Machine Code Cycles
Mode
CPC RS1, RS2 TRI 0‘0‘0‘1‘1‘000‘ RS1 ‘ RS2 ‘0‘1 P
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Chapter 5 XGATE (S12XGATEV?2)

( P( H Compare Immediate 8 bit Constant with ‘ P < H
Carry (High Byte)

Operation

RS.H - IMMS - C = NONE, only condition code flags get updated

Subtracts the carry bit and the 8 bit constant IMMS8 contained in the instruction code from the high byte of
the source register RD using binary subtraction and updates the condition code register accordingly. The
carry bit and Zero bits are taken into account to allow a 16 bit compare in the form of

CMPL R2, #LOWBYTE
CPCH R2, #HIGHBYTE
BCC ; branch condition

Remark: There is no equivalent operation using triadic addressing. Comparing the values of two registers
can be performed by using the subtract instruction with RO as destination register.

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.

Set if the result is $00 and Z was set before this operation; cleared otherwise.

V: Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RS[15] & IMMS8[7] & result[15] | RS[15] & IMM8[7] & result[15]

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.

RS[15] & IMM8[7] | RS[15] & result[15] | IMM8[7] & result[15]

N

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
CPCH RD, #IMM8 MMs |1 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ RS ‘ IMM8 P
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CSEM

Operation

Unlocks a semaphore that was locked by the RISC core.

Clear Semaphore

In monadic address mode, bits RS[2:0] select the semaphore to be cleared.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Chapter 5 XGATE (S12XGATEV2)

CSEM

Source Form Address Machine Code Cycles

Mode
CSEM #IMM3 IMM3 IMM3 | 1|1 1/0|0|0|0 PA
CSEM RS MON RS 1)1 110001 PA

Freescale Semiconductor
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Chapter 5 XGATE (S12XGATEV?2)

CS L Logical Shift Left with Carry CS L

Operation

A

n bits

n = RS or IMM4

Shifts the bits in register RD n positions to the left. The lower 7 bits of the register RD become filled with
the carry flag. The carry flag will be updated to the bit contained in RD[16-n] before the shift for n > 0.
n can range from 0 to 16.

In immediate address mode, 7 is determined by the operand IMMA4. 7 is considered to be 16 in IMM4 is
equal to 0.

In dyadic address mode, n is determined by the content of RS. # is considered to be 16 if the content of RS
is greater than 15.

CCR Effects

N Z V C

Al A A|A

Z

Set if bit 15 of the result is set; cleared otherwise.
Set if the result is $0000; cleared otherwise.

V: Setif a two’s complement overflow resulted from the operation; cleared otherwise.
RD[15]5/g * RD[15]new

C:. Setif n>0and RD[16-n] = 1; if n = 0 unaffected.

N

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
CSL RD, #IMM4 IMM4 0/0j0]|0|1 RD IMM4 1{011/(0 P
CSL RD, RS DYA 0|{0|0|O0|1 RD RS 110010 P
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Chapter 5 XGATE (S12XGATEV2)

CS R Logical Shift Right with Carry CS R

Operation
n »
“clclc]cl= RD > C
‘W
n =RS or IMM4

Shifts the bits in register RD n positions to the right. The higher » bits of the register RD become filled
with the carry flag. The carry flag will be updated to the bit contained in RD[n-1] before the shift for n > 0.
n can range from 0 to 16.

In immediate address mode, 7 is determined by the operand IMMA4. 7 is considered to be 16 in IMM4 is
equal to 0.

In dyadic address mode, » is determined by the content of RS. # is considered to be 16 if the content of RS
is greater than 15.

CCR Effects

N Z V C

Al A|A|A

<

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

V: Setif a two’s complement overflow resulted from the operation; cleared otherwise.
RD[15]5/g * RD[15]new

C: Setifn>0and RD[n-1] = 1; if n = 0 unaffected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
CSR RD, #IMM4 IMM4 0|{0|0|0|1 RD IMM4 1/0(1(1 P
CSR RD, RS DYA 0|{0|0|O0|1 RD RS 110011
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Chapter 5 XGATE (S12XGATEV?2)

JAL Jump and Link JAL

Operation

PC +$0002 = RD; RD = PC

Jumps to the address stored in RD and saves the return address in RD.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Source Form Alt\j/lcér;ess Machine Code Cycles
JAL RD MON o\o\o\o\o\ RD \1\1\1\1\0\1\1\0 PP
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LDB

Operation

Load Byte from Memory

M[RB, #OFFS5 = RD.L; $00 = RD.H

M[RB, RI] = RD.L; $00 = RD.H

(Low Byte)

M[RB, RI] = RD.L; $00 = RD.H; RI+1 = RI;!
RI-1 = RI; M[RS, RI] = RD.L; $00 = RD.H

Chapter 5 XGATE (S12XGATEV2)

LDB

Loads a byte from memory into the low byte of register RD. The high byte is cleared.

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
LDB RD, (RB, #OFFS5) IDO5 0j1/0/0]O0 RD RB OFFS5 Pr
LDB RD, (RS, RI) IDR 0j1/1/0]0 RD RB RI 0 Pr
LDB RD, (RS, RI+) IDR+ 0({1(1|0(0 RD RB RI 0 Pr
LDB RD, (RS, -RI) -IDR 0({1(1|0(0 RD RB RI 1 Pr

1.If the same general purpose register is used as index (RI) and destination register (RD), the content of the register will not

be incremented after the data move: M[RB, RI] = RD.L; $00 = RD.H

Freescale Semiconductor
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Chapter 5 XGATE (S12XGATEV?2)

LDH

Operation

IMMS = RD.H;

Load Immediate 8 bit Constant

(High Byte)

LDH

Loads an eight bit immediate constant into the high byte of register RD. The low byte is not affected.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
LDH RD, #IMM8 MM8 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ RD ‘ IMM8 P
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Chapter 5 XGATE (S12XGATEV2)

L D L Load Immediate 8 bit Constant L D L
(Low Byte)

Operation

IMM8 = RD.L; $00 = RD.H
Loads an eight bit immediate constant into the low byte of register RD. The high byte is cleared.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
LDL RD, #IMM8 MM8 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 0 ‘ RD ‘ IMM8 P
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Chapter 5 XGATE (S12XGATEV?2)

L DW Load Word from Memory L DW

Operation

M[RB, #OFFS5] = RD

M[RB, RI] = RD

M[RB, RI] = RD; RI+2 = RI!

RI-2 = RI; M[RS, RI] = RD

IMM16 = RD (translates to LDL RD, #IMM16[7:0]; LDH RD, #IMM16[15:8])

Loads a 16 bit value into the register RD.

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
LDW RD, (RB, #OFFS5) IDO5 0[{1|0|0(1 RD RB OFFS5 PR
LDW RD, (RB, RI) IDR 0({1|1|0(1 RD RB RI 0|0 PR
LDW RD, (RB, RI+) IDR+ 0/1|1/0]|1 RD RB RI 01 PR
LDW RD, (RB, -RI) -IDR 0/1|1/0]|1 RD RB RI 1|0 PR
LDW RD, #IMM16 IMM8 1717110 RD IMM16[7:0]
IMM8 171111 RD IMM16[15:8] P

1. If the same general purpose register is used as index (RI) and destination register (RD), the content of the register will not be
incremented after the data move: M[RB, RI] = RD
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Chapter 5 XGATE (S12XGATEV2)

L S L Logical Shift Left L S L

Operation

A

n bits
n=RS or IMM4

Shifts the bits in register RD # positions to the left. The lower n bits of the register RD become filled with
zeros. The carry flag will be updated to the bit contained in RD[16-n] before the shift for n > 0.

n can range from 0 to 16.

In immediate address mode, 7 is determined by the operand IMM4. 7 is considered to be 16 in IMM4 is
equal to 0.

In dyadic address mode, 7 is determined by the content of RS. 7 is considered to be 16 if the content of RS
is greater than 15.

CCR Effects

N Z V C

Al A A]A

Z

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

V: Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RD[15]oId n RD[15]new

C: Setifn>0and RD[16-n] = 1; if n = 0 unaffected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
LSL RD, #IMM4 IMM4 0|0|0|0|1 RD IMM4 1/1/0]|0 P
LSL RD, RS DYA 0/|0|0|0|1 RD RS 1/0(1(0]|0
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Chapter 5 XGATE (S12XGATEV?2)

L S R Logical Shift Right L S R

Operation
n -
_ >
0[{0]|0]0O RD > C
S —
n bits

n=RS or IMM4

Shifts the bits in register RD n positions to the right. The higher #n bits of the register RD become filled
with zeros. The carry flag will be updated to the bit contained in RD[n-1] before the shift for n > 0.

n can range from 0 to 16.

In immediate address mode, # is determined by the operand IMMA4. 7 is considered to be 16 in IMM4 is
equal to 0.

In dyadic address mode, 7 is determined by the content of RS. # is considered to be 16 if the content of RS
is greater than 15.

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

V: Setif a two’s complement overflow resulted from the operation; cleared otherwise.
RD[15]oiq * RD[15]new

C: Setif n>0 and RD[n-1] = 1; if n = 0 unaffected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
LSR RD, #IMM4 IMM4 0j0j0|0]1 RD IMM4 1|1/0]|1 P
LSR RD, RS DYA 0|0|0|0|1 RD RS 1/0(1|0]|1
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Chapter 5 XGATE (S12XGATEV2)

M OV Move Register Content M OV

Operation

RS = RD (translates to OR RD, R0, RS)
Copies the content of RS to RD.

CCR Effects

N Z V C

A A 0 | —
N: Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.
V: 0; cleared.
C: Not affected.

Code and CPU Cycles

Source Form A:\j/l%r;ess Machine Code Cycles
MOV RD, RS TRI 0\0\0\1\0\ RD \ooo\ RS \1\0 P
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Chapter 5 XGATE (S12XGATEV?2)

NEG Two's Complement NEG

Operation

—RS = RD (translates to SUB RD, R0, RS)
—RD = RD (translates to SUB RD, R0, RD)

Performs a two’s complement on a general purpose register.

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RS[15] & RD[15]pew

C:. Setif there is a carry from the bit 15 of the result; cleared otherwise
RS[15] | RD[15]new

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
NEG RD, RS TRI 0|0|0|1|12 RD 0 0O RS 00
NEG RD TRI 0|0|0|1|12 RD 0 0O RD
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Chapter 5 XGATE (S12XGATEV2)

NOP No Operation NOP

Operation

No Operation for one cycle.

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Aﬁ/ldress Machine Code Cycles
ode
NOP INH o\o\o\o\o\o\o\1\0\0\0\0\0\0\0\0 P
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Chapter 5 XGATE (S12XGATEV?2)

OR

Operation

RSI|RS2 = RD

Logical OR

RD | IMM16= RD (translates to ORL RD, #IMM16[7:0]; ORH RD, #IMM16[15:8]

OR

Performs a bit wise logical OR between two 16 bit values and stores the result in the destination

register RD.

CCR Effects

N Z V C

Al A|O|—

<

Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.

Refer to ORH instruction for #iMM16 operations.

V: 0; cleared.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
OR RD, RS1, RS2 TRI olojol1]o| RD RS1 ‘ RS2 ‘1‘0 P
OR RD, #IMM16 mvs  |1]/ol1]olo| RD IMM16[7:0]
mvs  |1]ol1]o[1] RD IMM16[15:8] P
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Chapter 5 XGATE (S12XGATEV2)

O R H Logical OR Immediate 8 bit Constant O R H
(High Byte)

Operation
RD.H | IMM8 = RD.H

Performs a bit wise logical OR between the high byte of register RD and an immediate 8 bit constant and
stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

N Z V C

Al A|O|—

Set if bit 15 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ORH RD, #IMM8 MMs |1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 p
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Chapter 5 XGATE (S12XGATEV?2)

O R L Logical OR Immediate 8 bit Constant O R L
(Low Byte)

Operation
RD.L | IMMS8 = RD.L

Performs a bit wise logical OR between the low byte of register RD and an immediate 8§ bit constant and
stores the result in the destination register RD.L. The high byte of RD is not affected.

CCR Effects

N Z V C

Al A|O|—

Set if bit 7 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.
0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ORL RD, #IMM8 MMs |1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ RD ‘ IMM8 P
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PAR

Operation

Calculate Parity

Chapter 5 XGATE (S12XGATEV2)

PAR

Calculates the number of ones in the register RD. The Carry flag will be set if the number is odd, otherwise

it will be cleared.

CCR Effects

N Z V C

O A|]O|A

0; cleared.

0; cleared.

Code and CPU Cycles

Set if RD is $0000; cleared otherwise.

Set if there the number of ones in the register RD is odd; cleared otherwise.

Source Form As/ldress Machine Code Cycles
ode
PAR, RD MON o\o\o\o\o\ RD \1\1\1\1\0\1\0\1 P
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Chapter 5 XGATE (S12XGATEV?2)

ROL

Operation

n = RS or IMM4

Rotate Left

A

RD

n bits

ROL

Rotates the bits in register RD z positions to the left. The lower 7 bits of the register RD are filled with the
upper n bits. Two source forms are available. In the first form, the parameter 7 is contained in the

instruction code as an immediate operand. In the second form, the parameter is contained in the lower bits
of the source register RS[3:0]. All other bits in RS are ignored. If n is zero, no shift will take place and the

register RD will be unaffected; however, the condition code flags will be updated.

CCR Effects

N Z V C

Al A|O|—

0; cleared.
Not affected.

Code and CPU Cycles

Set if bit 15 of the result is set; cleared otherwise.
Set if the result is $0000; cleared otherwise.

Source Form Address Machine Code Cycles
Mode
ROL RD, #IMM4 IMM4 0O|0|0|O0|1 RD IMM4 1/1]1/|0
ROL RD, RS DYA 0/0|0|0]|1 RD RS oj1|11|0
MC9S12XHZ512 Data Sheet, Rev. 1.06
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RO R Rotate Right

Operation

|

|> RD

n bits

n=RS or IMM4

Chapter 5 XGATE (S12XGATEV2)

ROR

Rotates the bits in register RD n positions to the right. The upper # bits of the register RD are filled with
the lower n bits. Two source forms are available. In the first form, the parameter # is contained in the
instruction code as an immediate operand. In the second form, the parameter is contained in the lower bits
of the source register RS[3:0]. All other bits in RS are ignored. If » is zero no shift will take place and the
register RD will be unaffected; however, the condition code flags will be updated.

CCR Effects

N Z V C
0

A A —
N: Set if bit 15 of the result is set; cleared otherwise.
Z: Set if the result is $0000; cleared otherwise.
V: 0; cleared.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ROR RD, #IMM4 IMM4 0O|0|0|O0|1 RD IMM4 1111 P
ROR RD, RS DYA 0|0|0|O0|1 RD RS 1/0(1]1(1 P
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Chapter 5 XGATE (S12XGATEV?2)

RTS

Operation

Return to Scheduler

RTS

Terminates the current thread of program execution and remains idle until a new thread is started by the

hardware scheduler.

CCR Effects

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form As/lc:)r;ess Machine Code Cycles
RTS INH o/ofofofofof1]o]olo|ojojo[o]ofo] Pa
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Chapter 5 XGATE (S12XGATEV2)

SBC Subtract with Carry SBC

Operation

RS1-RS2-C=RD

Subtracts the content of register RS2 and the value of the Carry bit from the content of register RS1 using
binary subtraction and stores the result in the destination register RD. Also the zero flag is carried forward
from the previous operation allowing 32 and more bit subtractions.

Example:
SUB R6,R4,R2
SBC R7,R5,R3 ; R7:R6 = R5:R4 - R3:R2
BCC ; conditional branch on 32 bit subtraction

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.

Z: Setif the result is $0000 and Z was set before this operation; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RS1[15] & RS2[15] & RD[15],ew | RS1[15] & RS2[15] & RD[15]hew

C. Setifthereis a carry from bit 15 of the result; cleared otherwise.

RS1[15] & RS2[15] | RS1[15] & RD[15],,y | RS2[15] & RD[15], 16w

Code and CPU Cycles

Source Form Aﬁ/ldress Machine Code Cycles
ode
SBC RD, RS1, RS2 TRI 0 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ RD ‘ RS1 ‘ RS2 ‘ 0 ‘ 1 P
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Chapter 5 XGATE (S12XGATEV?2)

SEX

Operation

Sign Extend Byte to Word

SEX

The result in RD is the 16 bit sign extended representation of the original two’s complement number in the

low byte of RD.L.

CCR Effects

N Z V C

Al A|O|—

0; cleared.
Not affected.

Code and CPU Cycles

Set if bit 15 of the result is set; cleared otherwise.
Set if the result is $0000; cleared otherwise.

Source Form As/lc:)r;ess Machine Code Cycles
SEX RD MON [o]ojojolo| Ro [1f[1[1][1]o]1]0]0 P
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SIF

Operation

Set Interrupt Flag

Chapter 5 XGATE (S12XGATEV2)

SIF

Sets the Interrupt Flag of an XGATE Channel. This instruction supports two source forms. If inherent

address mode is used, then the interrupt flag of the current channel (XGCHID) will be set. If the monadic
address form is used, the interrupt flag associated with the channel id number contained in RS[6:0] is set.
The content of RS[15:7] is ignored.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SIF INH 0‘1‘100 PA
SIF RS MON RS 1)1 PA

Freescale Semiconductor
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Chapter 5 XGATE (S12XGATEV?2)

SSEM Set Semaphore SSEM

Operation

Attempts to set a semaphore. The state of the semaphore will be stored in the Carry-Flag:
1 = Semaphore is locked by the RISC core
0 = Semaphore is locked by the S12X_CPU

In monadic address mode, bits RS[2:0] select the semaphore to be set.

CCR Effects

N Z V C

— == A

Not affected.
Not affected.
Not affected.
Set if semaphore is locked by the RISC core; cleared otherwise.

Code and CPU Cycles

Source Form Address Machine Code Cycles

Mode
SSEM #IMM3 IMM3 0/0(0|0|0O| IMM3 [1|1|1(1]|0|0|1 PA
SSEM RS MON o|jo|0|0|O RS 1111001 PA
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Chapter 5 XGATE (S12XGATEV2)

ST B Store Byte to Memory ST B
(Low Byte)
Operation

RS.L = M[RB, #OFFS5]

RS.L = M[RB, RI]

RS.L = M[RB, RI]; RI+1 = RI;
RI-1 = RI; RS.L = M[RB, RI]!

Stores the low byte of register RD to memory.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
STB RS, (RB, #OFFS5), IDO5 oj110/1|o0 RS RB OFFS5 Pw
STB RS, (RB, RI) IDR oj1|11/1|0 RS RB RI 0|0 Pw
STB RS, (RB, RI+) IDR+ 0({1(1|1(0 RS RB RI 0|1 Pw
STB RS, (RB, -RI) -IDR 0({1(1|1(0 RS RB RI 10 Pw

1. If the same general purpose register is used as index (RI) and source register (RS), the unmodified content of the source
register is written to the memory: RS.L = M[RB, RS-1]; RS-1 = RS
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STW Store Word to Memory STW

Operation

RS = M[RB, #OFFS5]

RS = M[RB, RI]

RS = M[RB, RI]; RI+2 = RI;
RI-2 = RI; RS = M[RB, RI]!

Stores the content of register RS to memory.

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C:. Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
STW RS, (RB, #OFFS5) IDO5 0j1|0|1]|1 RS RB OFFS5 PW
STW RS, (RB, RI) IDR oOj1|11/1|1 RS RB RI 0|0 PW
STW RS, (RB, RI+) IDR+ 0O|{1(1|11 RS RB RI 0|1 PW
STW RS, (RB, -RI) -IDR 0O|{1(1|11 RS RB RI 10 PW

1. If the same general purpose register is used as index (RI) and source register (RS), the unmodified content of the source
register is written to the memory: RS = M[RB, RS-2]; RS-2 = RS
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Chapter 5 XGATE (S12XGATEV2)

S U B Subtract without Carry S U B

Operation

RS1-RS2 =RD
RD - IMM16 = RD (translates to SUBL RD, #IMM16[7:0]; SUBH RD, #IMM16{15:8])

Subtracts two 16 bit values and stores the result in the destination register RD.

CCR Effects

N Z V C

Al A A|A

<

Set if bit 15 of the result is set; cleared otherwise.

Z: Setif the result is $0000; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the operation; cleared otherwise.
RS1[15] & RS2[15] & RD[15],ew | RS1[15] & RS2[15] & RD[15]hew
Refer to SUBH instruction for #iMM16 operations.

C:. Setif there is a carry from the bit 15 of the result; cleared otherwise.

RS1[15] & RS2[15] | RS1[15] & RD[15],,y | RS2[15] & RD[15], 16w

Refer to SUBH instruction for #iMM16 operations.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SUB RD, RS1, RS2 TRI ololof1][2] RD RS1 ‘ RS2 ‘ 0 ‘ 0
SUB RD, #IMM16 MM8 |1|1]0|0|0| RD IMM16[7:0] P
MM8 |1|1]0|0|1| RD IMM16[15:8]
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SUBH

Operation

RD — IMMS8:$00 = RD

Subtract Immediate 8 bit Constant
(High Byte)

SUBH

Subtracts a signed immediate 8 bit constant from the content of high byte of register RD and using binary
subtraction and stores the result in the high byte of destination register RD. This instruction can be used
after an SUBL for a 16 bit immediate subtraction.

Example:

SUBL R2, #LOWBYTE
SUBH R2, #HIGHBYTE

CCR Effects

N Z V C

Al A A|A

<

; R2 = R2 - 16 bit immediate

Set if bit 15 of the result is set; cleared otherwise.

Z: Setif the result is $0000; cleared otherwise.
V: Setif a two’s complement overflow resulted from the operation; cleared otherwise.

RD[15]01q & IMMB8[7] & RD[15]e,, | RD[15]0q & IMM8[7] & RD[15],e

C. Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RDI[15]yq & IMM8[7] | RD[15]p1q & RD[15]ew | IMM8[7] & RD[15],ew

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SUBH RD, #IMM8 MMs | 1 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ RD ‘ IMMS8 P
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Chapter 5 XGATE (S12XGATEV2)

S U B L Subtract Immediate 8 bit Constant S U B L
(Low Byte)

Operation
RD - $00:IMM8 = RD

Subtracts an immediate 8 bit constant from the content of register RD using binary subtraction and stores
the result in the destination register RD.

CCR Effects

N Z V C

Al A A|A

N: Setif bit 15 of the result is set; cleared otherwise.

Z: Setif the result is $0000; cleared otherwise.

V. Setif atwo’s complement overflow resulted from the 8 bit operation; cleared otherwise.
RD[15]5/g & RD[15]neyy

C:. Setif there is a carry from the bit 15 of the result; cleared otherwise.
RD[15]o1q & RD[15]ney

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SUBL RD, #IMM8 MMs |1 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ RD ‘ IMM8 p
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TFR

Operation

TFR RD,CCR: CCR = RD[3:0]; 0 = RD[15:4]

TFR CCR,RD: RD[3:0] = CCR

TFR RD,PC:

PC+4 = RD

Transfer from and to Special Registers

Transfers the content of one RISC core register to another.
The TFR RD,PC instruction can be used to implement relative subroutine calls.

Example:
TFR R7,PC
BRA SUBR
RETADDR
SUBR
JAL R7

CCR Effects
TFR RD,CCR, TFR RD,PC:

N Z V C
N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

;Return address

(RETADDR) is stored in R7

;Relative branch to subroutine (SUBR)

;Jump to return address (RETADDR)

TFR CCR,RS:

N Z V C

Al A|A|A

N: RS[3].
Z: RS[2].
V:  RS[1].
C: RS|0].

TFR

Source Form Address Machine Code Cycles
Mode
TFR RD,CCR CCR = RD MON 0j0|0 RD 111]1 1/0(0/|0
TFR CCR,RS RS = CCR MON 0/0]|0 RS 111]1 11001 P
TFR RD,PCPC+4 = RD MON 0|00 RD 1111 110110
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ST

Operation

Test Register

Chapter 5 XGATE (S12XGATEV2)

RS — 0 = NONE (translates to SUB RO, RS, R0)

Subtracts zero from the content of register RS using binary subtraction and discards the result.

CCR Effects

N Z V C

Al A|A|A

N: Set if bit 15 of the result is set; cleared otherwise.

Z: Set if the result is $0000; cleared otherwise.

V: Setif a two’s complement overflow resulted from the operation; cleared otherwise.

RS[15] & result[15]

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.

RSI[15] & result[15]

Code and CPU Cycles

ST

Source Form Address Machine Code Cycles
Mode
TSTRS TRI 0\0\0\1\1\000\ RS1 \ooo\o\o P
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XNOR Logical Exclusive NOR XNOR

Operation

~(RS17RS2) = RD
~RD *IMM16)= RD
(translates to XNOR RD, #IMM16{15:8]; XNOR RD, #IMM16[7:0])

Performs a bit wise logical exclusive NOR between two 16 bit values and stores the result in the destination
register RD.

Remark: Using RO as a source registers will calculate the one’s complement of the other source register.
Using RO as both source operands will fill RD with $FFFF.

CCR Effects

N Z V C
Al A|O|—
N: Set if bit 15 of the result is set; cleared otherwise.

Z: Setif the result is $0000; cleared otherwise.
Refer to XNORH instruction for #iMM16 operations.

V: 0; cleared.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
XNOR RD, RS1, RS2 TRI olo[o[1]0] RD RS1 \ RS2 \1\1 P
XNOR RD, #IMM16 mvs  |1]ol1][1/0o] RD IMM16[7:0]
mvs  |1]ol1][1[1] RD IMM16[15:8] P
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X N O R H Logical Exclusive NOR Immediate X N O R H
8 bit Constant (High Byte)

Operation

~(RD.H » IMMS8) = RD.H

Performs a bit wise logical exclusive NOR between the high byte of register RD and an immediate 8 bit
constant and stores the result in the destination register RD.H. The low byte of RD is not affected.

CCR Effects

N Z V C

Al A|O|—

Set if bit 15 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.

0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
XNORH RD, #IMM8 MMs |1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ RD ‘ IMM8 p
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X N O R L Logical Exclusive NOR Immediate X N O R L
8 bit Constant (Low Byte)

Operation

~RD.L » IMMS8) = RD.L

Performs a bit wise logical exclusive NOR between the low byte of register RD and an immediate 8 bit
constant and stores the result in the destination register RD.L. The high byte of RD is not affected.

CCR Effects

N Z V C

Al A|O|—

Set if bit 7 of the result is set; cleared otherwise.
Set if the 8 bit result is $00; cleared otherwise.
0; cleared.

Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
XNORL RD, #IMM8 MMs |1 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ RD ‘ IMM8 P
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5.8.6 Instruction Coding

Table 5-17 summarizes all XGATE instructions in the order of their machine coding.

Table 5-17. Instruction Set Summary (Sheet 1 of 3)

Functionality 15|14|13|12|11|1o| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Return to Scheduler and Others
BRK ojolo|jO0O|lO|jOfO|]O|lO]J]O|O]|O|O]|]O|O]O
NOP ojolo|jOoO|lO|jOfO|]1|0]|]O|lO]|JO|O]|]O|O]O
RTS ojoflo|j]O0O|lOjOf2|]0|l0O0O]J]O|O]|O|O]|]O|O]O
SIF ojolo|jO|lOjOf2]|]12(0]|]0|O0O|JO|O]|]O|O]O
Semaphore Instructions
CSEM IMM3 o|jo0O|lO0O]|O]|O IMM3 i1({1|1(1|0|0]|O0f|O
CSEM RS o|jo|lO0O]|O]|O RS 1({1|1(1|]0|0]|0]|1
SSEM IMM3 0 0 0 0 0 IMM3 1 1 1 1 0 0 1 0
SSEM RS o|jo|jo|o0|oO RS 1|]1(1}]1|0(|0|1]|12
Single Register Instructions
SEX RD 0 0 0 0 0 RD 1 1 1 1 0 1 0 0
PAR RD 0 0 0 0 0 RD 1 1 1 1 0 1 0 1
JAL RD 0 0 0 0 0 RD 1 1 1 1 0 1 1 0
SIF RS 0 0 0 0 0 RS 1 1 1 1 0 1 1 1
Special Move instructions
TFR RD,CCR 0 0 0 0 0 RD 1 1 0 0 0
TFR CCR,RS 0 0 0 0 0 RS 1 1 1 1 1 0 0 1
TFR RD,PC 0 0 0 0 0 RD 1 1 1 1 0 1
Shift instructions Dyadic
BFFO RD, RS 0 0 0 0 1 RD RS 1 0 0 0 0
ASR RD, RS 0 0 0 0 1 RD RS 1 0 0 0 1
CSL RD, RS 0 0 0 0 1 RD RS 1 0 0 1 0
CSR RD, RS 0 0 0 0 1 RD RS 1 0 0 1 1
LSL RD, RS 0 0 0 0 1 RD RS 1 0 1 0 0
LSR RD, RS 0 0 0 0 1 RD RS 1 0 1 0 1
ROL RD, RS 0 0 0 0 1 RD RS 1 0 1 1 0
ROR RD, RS 0 0 0 0 1 RD RS 1 0 1 1 1
Shift instructions immediate
ASR RD, #IMM4 0 0 0 0 1 RD IMM4 1 0 0 1
CSL RD, #IMM4 0 0 0 0 1 RD IMM4 1 0 1 0
CSR RD, #IMM4 0 0 0 0 1 RD IMM4 1 0 1 1
LSL RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 0 0
LSR RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 0 1
ROL RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 1 0
ROR RD, #IMM4 0 0 0 0 1 RD IMM4 1 1 1 1
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Table 5-17. Instruction Set Summary (Sheet 2 of 3)

Functionality 15|14|13|12|11|10| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0

Logical Triadic

AND RD, RS1, RS2 o|loj|jof|1]|0o0 RD RS1 RS2 o|oO0

OR RD, RS1, RS2 o|lo|jof|1]|0O0 RD RS1 RS2 110

XNOR RD, RS1, RS2 o|l0|O 0 RD RS1 RS2 111
Arithmetic Triadic For compare use SUB RO,Rs1,Rs2

SUB RD, RS1, RS2 o|O0|O0]|1]|1 RD RS1 RS2 o0

SBC RD, RS1, RS2 o|O0|O0]|1]|1 RD RS1 RS2 0|1

ADD RD, RS1, RS2 o|O0|O0]|1]|1 RD RS1 RS2 1|0

ADC RD, RS1, RS2 oOo|O0|O0]|1]|1 RD RS1 RS2 1|1
Branches

BCC REL9 o|jo|j1(0|0]|J0]|O REL9

BCS REL9 o|jo|j1(0|0]|]0]|1 REL9

BNE REL9 o|jo|l1|]0fl0]1f0O REL9

BEQ REL9 o|jo|j1(0|0]|1]|1 REL9

BPL REL9 o|jo|j1(0|1)0]|0O0 REL9

BMI REL9 o|lo|j1(0|1]|0]|1 REL9

BVC REL9 o|joj1(0|1212|1]|0 REL9

BVS REL9 o|joj1(0|1]|1]|1 REL9

BHI REL9 o|lo|j1(1|0]|]0]|O REL9

BLS REL9 o|lo|1(1|0]0]|1 REL9

BGE REL9 o|lo|j1(12|10|1]|0O0 REL9

BLT REL9 o|lo|j1(12|0]|1]|1 REL9

BGT REL9 o|lo|1(12|1)0/|0O0 REL9

BLE REL9 o|lo|1(1|1]|0]|1 REL9

BRA REL10 ojo|1(1|1]|12 REL10
Load and Store Instructions

LDB RD, (RB, #OFFS5) o|l12|l0(|0|O RD RB OFFS5

LDW RD, (RB, #OFFS5) o|l1|0|0]1 RD RB OFFS5

STB RS, (RB, #OFFS5) o|f12|10|121|0O0 RS RB OFFS5

STW RS, (RB, #OFFS5) o|1|0]|1]|1 RS RB OFFS5

LDB RD, (RB, RI) o|1|1|0]|0O RD RB RI o0

LDW RD, (RB, RI) o|1|1|0]1 RD RB RI 0|0

STB RS, (RB, RI) o|1|1|1]|0 RS RB RI 0|0

STW RS, (RB, RI) o|1 (1|11 RS RB RI 0|0

LDB RD, (RB, RI+) o|1|1|]0]|0O RD RB RI 0|1

LDW RD, (RB, RI+) 0 1 1 0 1 RD RB RI 0 1

STB RS, (RB, RI+) 0 1 1 1 0 RS RB RI 0 1

STW RS, (RB, RI+) o111 |11 RS RB RI 0|1

LDB RD, (RB, —RI) o|l1|1|0/|0O0 RD RB RI 110

LDW RD, (RB, —RlI) o|l1|1|0]|1 RD RB RI 110

STB RS, (RB, —RlI) o|1|1(11|0 RS RB RI 110

STW RS, (RB, -RI) o111 |11 RS RB RI 110
Bit Field Instructions

BFEXT RD, RS1, RS2 o|l1|1(0/|0O0 RD RS1 RS2 111

BFINS RD, RS1, RS2 o|l1|1|0]|1 RD RS1 RS2 111

BFINSI RD, RS1, RS2 o111 1|0 RD RS1 RS2 111

BFINSX RD, RS1, RS2 o111 |11 RD RS1 RS2 111
Logic Immediate Instructions

ANDL RD, #IMM8 1]o[ofo]o] RD IMM8
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Table 5-17. Instruction Set Summary (Sheet 3 of 3)

Functionality 1514 13]12] 12 10|9|8 7|6|5|4|3|2|1|0
ANDH RD, #IMM8 1lo0]lo0]o]1 RD IMM8
BITL RD, #IMM8 1l0]o0l1]o0 RD IMM8
BITH RD, #IMM8 1lolo1]1 RD IMM8
ORL RD, #IMM8 10100 RD IMM8
ORH RD, #IMM8 1lol1]o]1 RD IMM8
XNORL RD, #IMM8 1lo]l1l1]o0 RD IMM8
XNORH RD, #IMM8 1lol1]1]1 RD IMM8
Arithmetic Immediate Instructions
SUBL RD, #IMM8 1]1]0]o0]o0 RD IMM8
SUBH RD, #IMM8 1l1]0]o]1 RD IMM8
CMPL RS, #IMM8 1l1]0]1]o0 RS IMM8
CPCH RS, #IMM8 11011 RS IMM8
ADDL RD, #IMM8 11100 RD IMM8
ADDH RD, #IMM8 Il1]1]o0]1 RD IMM8
LDL RD, #IMM8 111110 RD IMM8
LDH RD, #IMM8 I11]1]1]1 RD IMM8
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5.9

5.9.1

Initialization and Application Information

Initialization

The recommended initialization of the XGATE is as follows:

1.
2.

A A

Clear the XGE bit to suppress any incoming service requests.
Make sure that no thread is running on the XGATE. This can be done in several ways:

a) Poll the XGCHID register until it reads $00. Also poll XGDBG and XGSWEIF to make sure
that the XGATE has not been stopped.

b) Enter Debug Mode by setting the XGDBG bit. Clear the XGCHID register. Clear the XGDBG
bit.

The recommended method is a).

Set the XGVBR register to the lowest address of the XGATE vector space.
Clear all Channel ID flags.

Copy XGATE vectors and code into the RAM.

Initialize the SI12X_INT module.

Enable the XGATE by setting the XGE bit.

The following code example implements the XGATE initialization sequence.

5.9.2 Code Example (Transmit "Hello World!" on SCI)
CPU S12X
GHBHAHSHA S H AR H AR H AR RS H AR
P # SYMBOLS #
FHEHFHFHAHSH AR S H AR SRS SH SRS H SRS H A SH AR H S
SCI_REGS EQU $00C8 ;SCI register space
SCIBDH EQU SCI_REGS+500 ;SCI Baud Rate Register
SCIBDL EQU SCI_REGS+$00 ;SCI Baud Rate Register
SCICR2 EQU SCI_REGS+503 ;SCI Control Register 2
SCISR1 EQU SCI_REGS+s04 ;SCI Status Register 1
SCIDRL EQU SCI_REGS+$07 ;SCI Control Register 2
TIE EQU $80 ;TIE bit mask
TE EQU $08 ;TE bit mask
RE EQU $04 ;RE bit mask
SCI_VEC EQU $D6 ;SCI vector number
INT_REGS EQU $0120 ;S12X_INT register space
INT_CFADDR EQU INT_REGS+$07 ;Interrupt Configuration Address Register
INT_CFDATA EQU INT_REGS+$08 ;Interrupt Configuration Data Registers
RQST EQU $80 ;RQOST bit mask
XGATE_REGS EQU $0380 ;XGATE register space
XGMCTL EQU XGATE_REGS+$00 ;XGATE Module Control Register
XGMCTL_CLEAR EQU SFAOQ02 ;Clear all XGMCTL bits
XGMCTL_ENABLE EQU $8282 ;Enable XGATE
XGCHID EQU XGATE_REGS+$02 ;XGATE Channel ID Register
XGVBR EQU XGATE_REGS+$06 ;XGATE ISP Select Register
XGIF EQU XGATE_REGS+$08 ;XGATE Interrupt Flag Vector
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XGSWT
XGSEM

RPAGE
RAM_SIZE
RAM_START
RAM_START_XG

RAM_START_GLOB

XGATE_VECTORS
XGATE_VECTORS_XG

XGATE_DATA
XGATE_DATA_XG

XGATE_CODE
XGATE_CODE_XG

BUS_FREQ_HZ

START_OF_CODE

INIT_SCI

INIT_INT

Freescale Semiconductor

Chapter 5 XGATE (S12XGATEV2)

EQU XGATE_REGS+$18 ;XGATE Software Trigger Register

EQU XGATE_REGS+$1A ;XGATE Semaphore Register

EQU $0016
EQU 32*$400 ; 32k RAM
EQU $1000

EQU $10000-RAM_SIZE
EQU $100000-RAM_SIZE

EQU RAM_START
EQU RAM_START_XG

EQU RAM_ START+ (4*128)
EQU RAM_START_XG+(4*128)

EQU XGATE_DATA+ (XGATE_CODE_FLASH-XGATE_DATA_FLASH)
EQU XGATE_DATA_XG+ (XGATE_CODE_FLASH-XGATE_DATA_FLASH)

EQU 40000000

HHHA RS HHHHHAA ARG HHHHHHAA A SRS HHHHFAAHH
T # S12XE VECTOR TABLE #
FHEHFHFHAHSHAHSH A S H AR H AR H AR H SRS H SRS H A S
ORG $FF10 ;non-maskable interrupts

DW DUMMY_ISR DUMMY_ISR DUMMY_ ISR DUMMY_ ISR

ORG S$FFF4 ;non-maskable interrupts
DW DUMMY_ISR DUMMY_ ISR DUMMY_ ISR

FHEHHHAHH AR AR AR R R

P # DISABLE COP #
FHAHSH AR AR AR AR R A
ORG SFFOE
DwW SFFFE
ORG  $C000

FHAHSH AR AR AR R
P # INITIALIZE S12XE CORE #
FHEHHEH AR
SET

MOVB # (RAM_START GLOB>>12), RPAGE;set RAM page

FHAHSH AR AR AR R R
P # INITIALIZE SCI #
FHEHHEH AR

MOVW # (BUS_FREQ_HZ/ (16*9600)), SCIBDH;set baud rate
MOVB #(TIE|TE), SCICR2;enable tx buffer empty interrupt

FHAHSH AR AR R A
P # INITIALIZE S12X_INT #
FHEHHEH AR

MOVB # (SCI_VEC&SFO0), INT_CFADDR ;switch SCI interrupts to XGATE

MOVB #RQST|$01, INT CFDATA+ ((SCI_VEC&$0F)>>1)
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INIT_XGATE

INIT_XGATE_BUSY_LOOP

INIT_XGATE_VECTAB_LOOP

COPY_XGATE_CODE
COPY_XGATE_CODE_LOOP

START_XGATE

DUMMY_ISR

320

FHEHHHAHHH A H SRR
P # INITIALIZE XGATE #
FHAHSHS SRR AR A

MOVW #XGMCTL_CLEAR , XGMCTL;clear all XGMCTL bits

TST XGCHID ;walt until current thread is finished

BNE INIT_XGATE_BUSY_LOOP

LDX #XGIF ;clear all channel interrupt flags
LDD #SFFFF

STD 2,X+

STD 2,X+

STD 2,X+

STD 2,X+

STD 2, X+

STD 2, X+

STD 2,X+

STD 2,X+

MOVW #XGATE_VECTORS_XG, XGVBR;set vector base register

MOVW #S$FF00, XGSWT ;clear all software triggers

FHEHSHEH AR
P # INITIALIZE XGATE VECTOR TABLE #
FHESHHHA AR HH AR AR R R R

LDAA #128 ;build XGATE vector table

LDY #XGATE_VECTORS
MOVW #XGATE_DUMMY_ ISR _XG, 4,Y+
DBNE A, INIT_XGATE_VECTAB_LOOP

MOVW #XGATE_CODE_XG, RAM START+ (2*SCI_VEC)
MOVW #XGATE_DATA_ XG, RAM START+ (2*SCI_VEC)+2

HHAHA RS HHHH A A A AR HHHHAAA AR SHHHHFFHHH
T # COPY XGATE CODE #
FHEHFHSHAHSHAHSH A S H AR S H AR H A S H AR H SRS H S S
LDX #XGATE_DATA_ FLASH

MOVW 2,X+, 2,Y+

MOVW 2,X+, 2,Y+

MOVW 2,X+, 2,Y+

MOVW 2,X+, 2,Y+

CPX #XGATE_CODE_FLASH_END

BLS COPY_XGATE_CODE_LOOP

FHAHHH AR A
P # START XGATE #
FHEHHEH A
MOVW #XGMCTL_ENABLE, XGMCTL;enable XGATE
BRA *

FHAHHH AR AR R
P # DUMMY INTERRUPT SERVICE ROUTINE #
FHEHHEH AR
RTI

CPU XGATE
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FHEHHHAHHH A H SRR

s # XGATE DATA #
HAHA SRS HHHHFF AR R R HH A R HH A H S
ALIGN 1
XGATE_DATA_FLASH EQU *
XGATE_DATA_SCI EQU *-XGATE_DATA_FLASH
DW SCI_REGS ;pointer to SCI register space
XGATE_DATA_IDX EQU *-XGATE_DATA_FLASH
DB XGATE_DATA_MSG ;string pointer
XGATE_DATA_MSG EQU *-XGATE_DATA_FLASH
FCC "Hello World! ;ASCII string
DB $0D ;CR

FHESHHHAH AR HH A HH AR AR R R

P # XGATE CODE #
HHHA SRS HHHHFF A AR R HHHHF AR RSB HHHFFAHH
ALIGN 1

XGATE_CODE_FLASH LDW R2, (R1, #XGATE_DATA_SCI) ;SCI -> R2
LDB R3, (R1,#XGATE_DATA_IDX) ;msg -> R3
LDB R4, (R1,R3+) ;curr. char -> R4

STB R3, (R1, #XGATE_DATA_IDX);R3 -> idx
ILDB RO, (R2,#(SCISR1-SCI_REGS));initiate SCI transmit
STB R4, (R2, #(SCIDRL-SCI_REGS));initiate SCI transmit
CMPL R4, #3$0D
BEQ XGATE_CODE_DONE
RTS
XGATE_CODE_DONE LDL R4, #S$00 ;disable SCI interrupts
STB R4, (R2,#(SCICR2-SCI_REGS))
LDL R3, #XGATE_DATA_MSG; reset R3
STB R3, (R1, #XGATE_DATA_IDX)
XGATE_CODE_FLASH_END RTS
XGATE_DUMMY_ISR_XG EQU (XGATE_CODE_FLASH_END-XGATE_CODE_FLASH) +XGATE_CODE_XG
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Security (S12X9SECV?2)

Table 6-1. Revision History

Revision Revision Sections Description of Changes
Number Date Affected
02.00 27 Aug 2004 reviewed and updated for S12XD architecture
02.01 21 Feb 2007 added S12XE, S12XF and S12XS architectures
02.02 19 Apr 2007 corrected statement about Backdoor key access via BDM on XE, XF, XS

6.1 Introduction
This specification describes the function of the security mechanism in the S12XD chip family (9SEC).

NOTE

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

6.1.1 Features

The user must be reminded that part of the security must lie with the application code. An extreme example
would be application code that dumps the contents of the internal memory. This would defeat the purpose
of security. At the same time, the user may also wish to put a backdoor in the application program. An
example of this is the user downloads a security key through the SCI, which allows access to a
programming routine that updates parameters stored in another section of the Flash memory.
The security features of the S12X chip family (in secure mode) are:

* Protect the content of non-volatile memories (Flash, EEPROM)

* Execution of NVM commands is restricted

» Disable access to internal memory via background debug module (BDM)

» Disable access to internal Flash/EEPROM in expanded modes

» Disable debugging features for the CPU and XGATE

6.1.2 Modes of Operation

Table 6-2 gives an overview over availability of security relevant features in unsecure and secure modes.
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Table 6-2. Feature Availability in Unsecure and Secure Modes on S12XD

Unsecure Mode Secure Mode

NS SS NX ES EX ST NS SS NX ES EX ST

Flash Array Access v v |[vO | v v vl v v | — | - | - | =

EEPROM Array Access 4 4 4 4 4 4 4 4 — — — —

NVM Commands vO | v | V2| 2 | 2| v | V22 v v | v | V2

BDM v v v v v v | — | vO | — | — | — | —

DBG Module Trace v v v v v v — — — — — —

XGATE Debugging 4 4 4 4 4 v — — — — — —

External Bus Interface — — v v v v — — v v v v

Internal status visible — — — v v — — — — v v —
multiplexed on

external bus

Internal accesses visible — — — — — v — — — — — v

on external bus
T. Availability of Flash arrays in the memory map depends on ROMCTL/EROMCTL pins and/or the state of the

ROMON/EROMON bits in the MMCCTLL register. Please refer to the S12X_MMC block guide for detailed
information.
2. Restricted NVM command set only. Please refer to the NVM wrapper block guides for detailed information.
3. BDM hardware commands restricted to peripheral registers only.

6.1.3 Securing the Microcontroller

Once the user has programmed the Flash and EEPROM, the chip can be secured by programming the
security bits located in the options/security byte in the Flash memory array. These non-volatile bits will
keep the device secured through reset and power-down.

The options/security byte is located at address OxFFOF (= global address 0x7F_FFOF) in the Flash memory
array. This byte can be erased and programmed like any other Flash location. Two bits of this byte are used
for security (SEC[1:0]). On devices which have a memory page window, the Flash options/security byte
is also available at address 0xBFOF by selecting page 0x3F with the PPAGE register. The contents of this
byte are copied into the Flash security register (FSEC) during a reset sequence.

7 6 5 4 3 2 1 0
OXFFOF| KEYEN1 | KEYENO| NV5 | NV4 | NV3 | NV2 | SEC1 | SECO |

Figure 6-1. Flash Options/Security Byte

The meaning of the bits KEYEN[1:0] is shown in Table 6-3. Please refer to Section 6.1.5.1, “Unsecuring
the MCU Using the Backdoor Key Access” for more information.
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Table 6-3. Backdoor Key Access Enable Bits

KEYEN[L:0] Access Enablec
00 0 (disabled)
01 0 (disabled)
10 1 (enabled)
11 0 (disabled)

The meaning of the security bits SEC[1:0] is shown in Table 6-4. For security reasons, the state of device
security is controlled by two bits. To put the device in unsecured mode, these bits must be programmed to
SEC[1:0]=“10". All other combinations put the device in a secured mode. The recommended value to put
the device in secured state is the inverse of the unsecured state, i.e. SEC[1:0] = ‘01".

Table 6-4. Security Bits

SEC[1:0] Security State
00 1 (secured)
01 1 (secured)
10 0 (unsecured)
11 1 (secured)
NOTE

Please refer to the Flash block guide for actual security configuration (in
section “Flash Module Security”).

6.1.4 Operation of the Secured Microcontroller

By securing the device, unauthorized access to the EEPROM and Flash memory contents can be prevented.
However, it must be understood that the security of the EEPROM and Flash memory contents also depends
on the design of the application program. For example, if the application has the capability of downloading
code through a serial port and then executing that code (e.g. an application containing bootloader code),
then this capability could potentially be used to read the EEPROM and Flash memory contents even when
the microcontroller is in the secure state. In this example, the security of the application could be enhanced
by requiring a challenge/response authentication before any code can be downloaded.

Secured operation has the following effects on the microcontroller:

6.1.4.1 Normal Single Chip Mode (NS)

» Background debug module (BDM) operation is completely disabled.

» Execution of Flash and EEPROM commands is restricted. Please refer to the NVM block guide for
details.

» Tracing code execution using the DBG module is disabled.
* Debugging XGATE code (breakpoints, single-stepping) is disabled.
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6.1.4.2 Special Single Chip Mode (SS)

« BDM firmware commands are disabled.
* BDM hardware commands are restricted to the register space.

* Execution of Flash and EEPROM commands is restricted. Please refer to the NVM block guide for
details.

* Tracing code execution using the DBG module is disabled.

» Debugging XGATE code (breakpoints, single-stepping) is disabled.
Special single chip mode means BDM is active after reset. The availability of BDM firmware commands
depends on the security state of the device. The BDM secure firmware first performs a blank check of both
the Flash memory and the EEPROM. If the blank check succeeds, security will be temporarily turned off
and the state of the security bits in the appropriate Flash memory location can be changed If the blank
check fails, security will remain active, only the BDM hardware commands will be enabled, and the
accessible memory space is restricted to the peripheral register area. This will allow the BDM to be used
to erase the EEPROM and Flash memory without giving access to their contents. After erasing both Flash
memory and EEPROM, another reset into special single chip mode will cause the blank check to succeed
and the options/security byte can be programmed to “unsecured” state via BDM.

While the BDM is executing the blank check, the BDM interface is completely blocked, which means that
all BDM commands are temporarily blocked.

6.1.4.3 Expanded Modes (NX, ES, EX, and ST)

»  BDM operation is completely disabled.
* Internal Flash memory and EEPROM are disabled.

» Execution of Flash and EEPROM commands is restricted. Please refer to the NVM block guide for
details.

« Tracing code execution using the DBG module is disabled.
» Debugging XGATE code (breakpoints, single-stepping) is disabled

6.1.5 Unsecuring the Microcontroller

Unsecuring the microcontroller can be done by three different methods:
1. Backdoor key access
2. Reprogramming the security bits
3. Complete memory erase (special modes)

6.1.5.1 Unsecuring the MCU Using the Backdoor Key Access

In normal modes (single chip and expanded), security can be temporarily disabled using the backdoor key
access method. This method requires that:

» The backdoor key at 0xFFO0—0xFFO07 (= global addresses 0x7F_FF00-0x7F_FF07) has been
programmed to a valid value.
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« The KEYENTJ1:0] bits within the Flash options/security byte select ‘enabled’.
» In single chip mode, the application program programmed into the microcontroller must be
designed to have the capability to write to the backdoor key locations.

The backdoor key values themselves would not normally be stored within the application data, which
means the application program would have to be designed to receive the backdoor key values from an
external source (e.g. through a serial port). It is not possible to download the backdoor keys using
background debug mode.

The backdoor key access method allows debugging of a secured microcontroller without having to erase
the Flash. This is particularly useful for failure analysis.
NOTE

No word of the backdoor key is allowed to have the value 0x0000 or
OxFFFF.

6.1.5.2 Backdoor Key Access Sequence

These are the necessary steps for a successful backdoor key access sequence:

1. Set the KEYACC bit in the Flash configuration register FCNFG.
Write the first 16-bit word of the backdoor key to 0OxFF00 (0x7F_FF00).
Write the second 16-bit word of the backdoor key to 0xFF02 (0x7F_FF02).
Write the third 16-bit word of the backdoor key to 0xFF04 (0x7F_FF04).
Write the fourth 16-bit word of the backdoor key to 0xFF06 (0x7F_FF06).
Clear the KEYACC bit in the Flash Configuration register FCNFG.

NOTE

Flash cannot be read while KEYACC is set. Therefore the code for the
backdoor key access sequence must execute from RAM.

If all four 16-bit words match the Flash contents at 0XFFOO0—OxFF07 (0x7F_FF00—0x7F_FF07), the
microcontroller will be unsecured and the security bits SEC[1:0] in the Flash Security register FSEC will
be forced to the unsecured state (‘10”). The contents of the Flash options/security byte are not changed by
this procedure, and so the microcontroller will revert to the secure state after the next reset unless further
action is taken as detailed below.

A

If any of the four 16-bit words does not match the Flash contents at 0xFF00—-0xFFO07
(0x7F_FF00-0x7F_FF07), the microcontroller will remain secured.

6.1.6 Reprogramming the Security Bits

In normal single chip mode (NS), security can also be disabled by erasing and reprogramming the security
bits within Flash options/security byte to the unsecured value. Because the erase operation will erase the
entire sector from OxFEOO—-OxFFFF (0x7F_FE00-0x7F_FFFF), the backdoor key and the interrupt vectors
will also be erased; this method is not recommended for normal single chip mode. The application

software can only erase and program the Flash options/security byte if the Flash sector containing the Flash
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options/security byte is not protected (see Flash protection). Thus Flash protection is a useful means of
preventing this method. The microcontroller will enter the unsecured state after the next reset following
the programming of the security bits to the unsecured value.

This method requires that:

* The application software previously programmed into the microcontroller has been designed to
have the capability to erase and program the Flash options/security byte, or security is first disabled
using the backdoor key method, allowing BDM to be used to issue commands to erase and program
the Flash options/security byte.

» The Flash sector containing the Flash options/security byte is not protected.

6.1.7 Complete Memory Erase (Special Modes)

The microcontroller can be unsecured in special modes by erasing the entire EEPROM and Flash memory
contents.

When a secure microcontroller is reset into special single chip mode (SS), the BDM firmware verifies
whether the EEPROM and Flash memory are erased. If any EEPROM or Flash memory address is not
erased, only BDM hardware commands are enabled. BDM hardware commands can then be used to write
to the EEPROM and Flash registers to mass erase the EEPROM and all Flash memory blocks.

When next reset into special single chip mode, the BDM firmware will again verify whether all EEPROM
and Flash memory are erased, and this being the case, will enable all BDM commands, allowing the Flash
options/security byte to be programmed to the unsecured value. The security bits SEC[1:0] in the Flash
security register will indicate the unsecure state following the next reset.
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Special single chip erase and unsecure sequence:

1.

A A o

—_ =
—_ O

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.

Reset into special single chip mode.

Write an appropriate value to the ECLKDIV register for correct timing.
Write OxFF to the EPROT register to disable protection.

Write 0x30 to the ESTAT register to clear the PVIOL and ACCERR bits.
Write 0x0000 to the EDATA register (0x011A—-0x011B).

Write 0x0000 to the EADDR register (0x0118—0x0119).

Write 0x41 (mass erase) to the ECMD register.

Write 0x80 to the ESTAT register to clear CBEIF.

Write an appropriate value to the FCLKDIV register for correct timing.

. Write 0x00 to the FCNFG register to select Flash block 0.
. Write 0x10 to the FTSTMOD register (0x0102) to set the WRALL bit, so the following writes

affect all Flash blocks.

Write OxFF to the FPROT register to disable protection.

Write 0x30 to the FSTAT register to clear the PVIOL and ACCERR bits.
Write 0x0000 to the FDATA register (0x010A—-0x010B).

Write 0x0000 to the FADDR register (0x0108—-0x0109).

Write 0x41 (mass erase) to the FCMD register.

Write 0x80 to the FSTAT register to clear CBEIF.

Wait until all CCIF flags are set.

Reset back into special single chip mode.

Write an appropriate value to the FCLKDIV register for correct timing.
Write 0x00 to the FCNFG register to select Flash block 0.

Write OxFF to the FPROT register to disable protection.

Write OxFFBE to Flash address OxFFOE.

Write 0x20 (program) to the FCMD register.

Write 0x80 to the FSTAT register to clear CBEIF.

Wait until the CCIF flag in FSTAT is are set.

Reset into any mode.
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Chapter 7
Clocks and Reset Generator (S12CRGV6)

7.1 Introduction

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

7.1.1 Features

The main features of this block are:

» Phase locked loop (PLL) frequency multiplier
— Reference divider
— Automatic bandwidth control mode for low-jitter operation
— Automatic frequency lock detector
— Interrupt request on entry or exit from locked condition
— Self clock mode in absence of reference clock

+ System clock generator
— Clock quality check

— User selectable fast wake-up from Stop in self-clock mode for power saving and immediate
program execution

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

— Illegal address reset

— COP reset

— Loss of clock reset

— External pin reset
* Real-time interrupt (RTI)
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7.1.2

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 RTI or COP functionality
is required, the individual bits of the associated rate select registers (COPCTL, RTICTL) have to
be set to a nonzero value.

Wait mode

In this mode, the PLL can be disabled automatically depending on the PLLSEL bit 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, or 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.
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Block Diagram

Figure 7-1 shows a block diagram of the CRG.

lllegal Address Reset
S12X_MMC |2
Power on Reset
Voltage
Regulator | Low Voltage Reset
RESET
X« q Reset System Reset >
- Generator
Clock CM fall
< XCLKS Monitor g
> OSCCLK g C'%Chk Q;ality
i = ecker
< EXTAL | Oscillator 5 Bus Clock
@]
XTAL O
(Xl > CcCoP RTI Core Clock >
Oscillator Clock >
Registers
XFC
X< > PLLCLK T
e ://DDPLL o pLL Cloc(lé antd Il?eset Real Time Interrupt,
i SSPLL > ontro PLL Lock Interrupt>
Self Clock Mode
Interrupt
Figure 7-1. CRG Block Diagram
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7.2  External Signal Description

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

7.2.1  VpppLL and Vggp | — Operating and Ground Voltage Pins

These pins provide operating voltage (Vpppr 1) and ground (Vggpr ) for the PLL circuitry. This allows
the supply voltage to the PLL to be independently bypassed. Even if PLL usage is not required, Vpppr L
and Vggpr 1 must be connected to properly.

7.2.2 XFC — External Loop Filter Pin

A passive external loop filter must be placed on the XFC pin. The filter is a second-order, low-pass filter
that eliminates 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 specification for
calculation of PLL Loop Filter (XFC) components. If PLL usage is not required, the XFC pin must be tied

to VpppLL-

VoppLL

T
RN

1 cs -
MCU
Rs
XFC .

Figure 7-2. PLL Loop Filter Connections

7.2.3 RESET — Reset Pin

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

7.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the CRG.
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7.3.1 Module Memory Map

Table 7-1 gives an overview on all CRG registers.

Table 7-1. CRG Memory Map

Ag?f;ees{s Use Access
0x_00 CRG Synthesizer Register (SYNR) R/W
0x_01 CRG Reference Divider Register (REFDV) R/W
0x_02 CRG Test Flags Register (CTFLG)1 R/W
0x_03 CRG Flags Register (CRGFLG) R/W
0x_04 CRG Interrupt Enable Register (CRGINT) R/W
0x_05 CRG Clock Select Register (CLKSEL) R/W
0x_06 CRG PLL Control Register (PLLCTL) R/W
0x_07 CRG RTI Control Register (RTICTL) R/W
0x_08 CRG COP Control Register (COPCTL) R/W
0x_09 CRG Force and Bypass Test Register (FORBYP)2 R/W
0x_O0A CRG Test Control Register (CTCTL)3 R/W
0x_0B CRG COP Arm/Timer Reset (ARMCOP) R/W

1 CTFLG is intended for factory test purposes only.
2 FORBYP is intended for factory test purposes only.
3 CTCTL is intended for factory test purposes only.

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.

NOTE
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7.3.2 Register Descriptions
This section describes in address order all the CRG registers and their individual bits.

Register

Name Bit 7 6 5 4 3 2 1 Bit 0
0x_00 R 0 0
SYNR w SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
0x_01 R 0 0
REFDV REFDV5 | REFDV4 | REFDV3 | REFDV2 | REFDV1 | REFDVO
0x_02 R 0 0 0 0 0 0 0 0
CTFLG
0x_03 R LOCK TRACK SCM
CRGFLG | RIF PORF LVRF LOCKIF SCMIF
0x_04 R 0 0 0 0
CRGINT | RTE ILAF LOCKIE SCMIE
0x_05 R 0 0 0
CLKSEL | PLLSEL PSTP PLLWAI RTIWAI | COPWAI
0x_06 R
pLLCTL | CME PLLON AUTO ACQ FSTWKP PRE PCE SCME
0x_07 R
RTICTL | RTDEC RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
0x_08 Rl weop RSBCK 0 0 0 CR2 CR1 CRO
COPCTL WRTMASK
0x_09 R 0 0 0 0 0 0 0 0
FORBYP
0x_OA R 1 0 0 0 0 0 0 0
CTCTL
0x_OB R 0 0 0 0 0 0 0 0
ARMCOP Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

I:I = Unimplemented or Reserved

Figure 7-3. S12CRGV6 Register Summary
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7.3.2.1 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.

Module Base +0x_00

7 6 5 4 3 2 1 0
R
W SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 7-4. 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.

7.3.2.2 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 +0x_01

7 6 5 4 3 2 1 0
R 0 0
W REFDV5 REFDV4 REFDV3 REFDV2 REFDV1 REFDVO
Reset 0 0 0 0 0 0 0 0

: = Unimplemented or Reserved

Figure 7-5. CRG Reference Divider Register (REFDV)

Read: Anytime
Write: Anytime except when PLLSEL = 1
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NOTE

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

bit.

7.3.2.3 Reserved Register (CTFLG)

This register is reserved for factory testing of the CRG module and is not available in normal modes.

Module Base +0x_02

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
|:|= Unimplemented or Reserved
Figure 7-6. Reserved Register (CTFLG)
Read: Always reads 0x_00 in normal modes
Write: Unimplemented in normal modes
NOTE
Writing to this register when in special mode can alter the CRG
fucntionality.
7.3.2.4 CRG Flags Register (CRGFLG)
This register provides CRG status bits and flags.
Module Base +0x_03
7 6 5 4 3 2 1 0
LOCK TRACK SCM
wl  RTF PORF LVRF LOCKIF SCMIF
Reset 0 1 2 0 0 0 0 0

1. PORF is set to 1 when a power on reset occurs. Unaffected by system reset.
2. LVRF is set to 1 when a low-voltage reset occurs. Unaffected by system reset.

|:|: Unimplemented or Reserved

Figure 7-7. CRG Flags Register (CRGFLG)

Read: Anytime

Write: Refer to each bit for individual write conditions

MC9S12XHZ512 Data Sheet, Rev. 1.06

338

Freescale Semiconductor




Chapter 7 Clocks and Reset Generator (S12CRGV6)

Table 7-2. CRGFLG Field Descriptions

Field Description

7 Real Time Interrupt Flag — RTIF is set to 1 at the end of the RTI period. This flag can only be cleared by writing
RTIF a 1. Writing a 0 has no effect. If enabled (RTIE = 1), RTIF causes an interrupt request.
0 RTI time-out has not yet occurred.
1 RTI time-out has occurred.

6 Power on Reset Flag — PORF is set to 1 when a power on reset occurs. This flag can only be cleared by writing
PORF a 1. Writing a 0 has no effect.
0 Power on reset has not occurred.
1 Power on reset has occurred.

5 Low Voltage Reset Flag — If low voltage reset feature is not available (see device specification) LVRF always
LVRF reads 0. LVRF is set to 1 when a low voltage reset occurs. This flag can only be cleared by writing a 1. Writing
a 0 has no effect.

0 Low voltage reset has not occurred.
1 Low voltage reset has occurred.

4 PLL Lock Interrupt Flag — LOCKIF is set to 1 when LOCK status bit changes. This flag can only be cleared
LOCKIF by writing a 1. Writing a 0 has no effect.If enabled (LOCKIE = 1), LOCKIF causes an interrupt request.
0 No change in LOCK bit.
1 LOCK bit has changed.

3 Lock Status Bit — LOCK reflects the current state of PLL lock condition. This bit is cleared in self clock mode.
LOCK Writes have no effect.
0 PLL VCO is not within the desired tolerance of the target frequency.
1 PLL VCO is within the desired tolerance of the target frequency.

2 Track Status Bit — TRACK reflects the current state of PLL track condition. This bit is cleared in self clock
TRACK mode. Writes have no effect.
0 Acquisition mode status.
1Tracking mode status.

1 Self Clock Mode Interrupt Flag — SCMIF is set to 1 when SCM status bit changes. This flag can only be
SCMIF cleared by writing a 1. Writing a 0 has no effect. If enabled (SCMIE = 1), SCMIF causes an interrupt request.
0 No change in SCM bit.

1 SCM bit has changed.

0 Self Clock Mode Status Bit — SCM reflects the current clocking mode. Writes have no effect.
SCM 0 MCU is operating normally with OSCCLK available.
1 MCU is operating in self clock mode with OSCCLK in an unknown state. All clocks are derived from PLLCLK
running at its minimum frequency fgcpy.

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor 339



Chapter 7 Clocks and Reset Generator (S12CRGV6)

7.3.2.5

CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.

Module Base +0x_04

7 6 5 4 3 2 1 0
0 0

" RTIE ILAF LOCKIE SCMIE
Reset 0 1 0 0 0 0 0 0

1. ILAF is set to 1 when an illegal address reset occurs. Unaffected by system reset. Cleared by power on or low

voltage reset.

|:|= Unimplemented or Reserved

Figure 7-8. CRG Interrupt Enable Register (CRGINT)

Read: Anytime

Write: Anytime

Table 7-3. CRGINT Field Descriptions

Field Description
7 Real Time Interrupt Enable Bit
RTIE 0 Interrupt requests from RTI are disabled.
1 Interrupt will be requested whenever RTIF is set.
6 lllegal Address Reset Flag — ILAF is set to 1 when an illegal address reset occurs. Refer to S12XMMC Block
ILAF Guide for details. This flag can only be cleared by writing a 1. Writing a 0 has no effect.
0 lllegal address reset has not occurred.
1 lllegal address reset has occurred.
4 Lock Interrupt Enable Bit
LOCKIE 0 LOCK interrupt requests are disabled.
1 Interrupt will be requested whenever LOCKIF is set.
1 Self Clock Mode Interrupt Enable Bit
SCMIE 0 SCM interrupt requests are disabled.
1 Interrupt will be requested whenever SCMIF is set.
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7.3.2.6 CRG Clock Select Register (CLKSEL)
This register controls CRG clock selection. Refer to Figure 7-17 for more details on the effect of each bit.

Module Base +0x_05

7 6 5 4 3 2 1 0
0 0 0
W PLLSEL PSTP PLLWAI RTIWAI COPWAI
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 7-9. CRG Clock Select Register (CLKSEL)

Read: Anytime

Write: Refer to each bit for individual write conditions
Table 7-4. CLKSEL Field Descriptions

Field Description

7 PLL Select Bit — Write anytime. Writing al when LOCK =0 and AUTO =1, or TRACK =0 and AUTO = 0 has
PLLSEL |no effect This prevents the selection of an unstable PLLCLK as SYSCLK. PLLSEL bit is cleared when the MCU
enters self clock mode, Stop mode or wait mode with PLLWAI bit set.

It is recommended to read back the PLLSEL bit to make sure PLLCLK has really been selected as
SYSCLK, as LOCK status bit could theoretically change at the very moment writing the PLLSEL bit.
0 System clocks are derived from OSCCLK (fgys = fosc / 2).

1 System clocks are derived from PLLCLK (fgys = fp / 2).

6 Pseudo Stop Bit
PSTP Write: Anytime
This bit controls the functionality of the oscillator during stop mode.
0 Oscillator is disabled in stop mode.
1 Oscillator continues to run in stop mode (pseudo stop).
Note: Pseudo stop mode 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.

3 PLL Stops in Wait Mode Bit
PLLWAI Write: Anytime
If PLLWAI 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 PLLWAI bit is set, the AUTO bitis set to 1 in order to allow the PLL to automatically lock on the selected
target frequency after exiting wait mode.
0 PLL keeps running in wait mode.
1 PLL stops in wait mode.

1 RTI Stops in Wait Mode Bit
RTIWAI Write: Anytime
0 RTI keeps running in wait mode.
1 RTI stops and initializes the RTI dividers whenever the part goes into wait mode.

0 COP Stops in Wait Mode Bit
COPWAI | Normal modes: Write once
Special modes: Write anytime
0 COP keeps running in wait mode.
1 COP stops and initializes the COP counter whenever the part goes into wait mode.
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71.3.2.7 CRG PLL Control Register (PLLCTL)
This register controls the PLL functionality.

Module Base +0x_06

7 6 5 4 3 2 1 0
R
W CME PLLON AUTO ACQ FSTWKP PRE PCE SCME
Reset 1 1 1 1 0 0 0 1

Figure 7-10. CRG PLL Control Register (PLLCTL)
Read: Anytime

Write: Refer to each bit for individual write conditions
Table 7-5. PLLCTL Field Descriptions

Field Description

7 Clock Monitor Enable Bit — CME enables the clock monitor. Write anytime except when SCM = 1.

CME 0 Clock monitor is disabled.

1 Clock monitor is enabled. Slow or stopped clocks will cause a clock monitor reset sequence or self clock

mode.

Note: Operating with CME = 0 will not detect any loss of clock. In case of poor clock quality, this could cause
unpredictable operation of the MCU!

Note: In stop mode (PSTP = 0) the clock monitor is disabled independently of the CME bit setting and any loss
of external clock will not be detected. Also after wake-up from stop mode (PSTP = 0) with fast wake-up
enabled (FSTWKP = 1) the clock monitor is disabled independently of the CME bit setting and any loss
of external clock will not be detected.

6 Phase Lock Loop On Bit — PLLON turns on the PLL circuitry. In self clock mode, the PLL is turned on, but the
PLLON PLLON bit reads the last latched value. Write anytime except when PLLSEL = 1.
0 PLL is turned off.
1 PLL is turned on. If AUTO bit is set, the PLL will lock automatically.

5 Automatic Bandwidth Control Bit — AUTO selects either the high bandwidth (acquisition) mode or the low
AUTO bandwidth (tracking) mode depending on how close to the desired frequency the VCO is running. Write anytime
except when PLLWAI = 1, because PLLWAI sets the AUTO bit to 1.

0 Automatic mode control is disabled and the PLL is under software control, using ACQ bit.
1 Automatic mode control is enabled and ACQ bit has no effect.

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

3 Fast Wake-up from Full Stop Bit — FSTWKP enables fast wake-up from full stop mode. Write anytime. If

FSTWKP | self-clock mode is disabled (SCME = 0) this bit has no effect.

0 Fast wake-up from full stop mode is disabled.

1 Fast wake-up from full stop mode is enabled.
When waking up from full stop mode the system will inmediately resume operation i self-clock mode (see
Section 7.4.1.4, “Clock Quality Checker”). The SCMIF flag will not be set. The system will remain in self-clock
mode with oscillator and clock monitor disabled until FSTWKP bit is cleared. The clearing of FSTWKP will
start the oscillator, the clock monitor and the clock quality check. If the clock quality check is successful, the
CRG will switch all system clocks to OSCCLK. The SCMIF flag will be set. See application examples in
Figure 7-23 and Figure 7-24.
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Table 7-5. PLLCTL Field Descriptions (continued)

Field Description
2 RTI Enable during Pseudo Stop Bit — PRE enables the RTI during pseudo stop mode. Write anytime.
PRE 0 RTI stops running during pseudo stop mode.
1 RTI continues running during pseudo stop mode.
Note: If the PRE bit is cleared the RTI dividers will go static while pseudo stop mode is active. The RTI dividers
will not initialize like in wait mode with RTIWAI bit set.
1 COP Enable during Pseudo Stop Bit — PCE enables the COP during pseudo stop mode. Write anytime.
PCE 0 COP stops running during pseudo stop mode
1 COP continues running during pseudo stop mode
Note: If the PCE bit is cleared, the COP dividers will go static while pseudo stop mode is active. The COP
dividers will not initialize like in wait mode with COPWAI bit set.
0 Self Clock Mode Enable Bit
SCME Normal modes: Write once
Special modes: Write anytime
SCME can not be cleared while operating in self clock mode (SCM = 1).
0 Detection of crystal clock failure causes clock monitor reset (see Section 7.5.2, “Clock Monitor Reset”).
1 Detection of crystal clock failure forces the MCU in self clock mode (see Section 7.4.2.2, “Self Clock Mode”).
7.3.2.8  CRG RTI Control Register (RTICTL)

This register selects the timeout period for the real time interrupt.

Module Base +0x_07

7 6 5 4 3 2 1 0
R
W RTDEC RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
Reset 0 0 0 0 0 0 0 0

Figure 7-11. CRG RTI Control Register (RTICTL)

Read: Anytime

Write: Anytime

NOTE
A write to this register initializes the RTI counter.

Table 7-6. RTICTL Field Descriptions

Field Description
7 Decimal or Binary Divider Select Bit — RTDEC selects decimal or binary based prescaler values.
RTDEC 0 Binary based divider value. See Table 7-7
1 Decimal based divider value. See Table 7-8

6—4 Real Time Interrupt Prescale Rate Select Bits — These bits select the prescale rate for the RTI. See Table 7-7
RTR[6:4] |and Table 7-8.

3-0 Real Time Interrupt Modulus Counter Select Bits — These bits select the modulus counter target value to
RTR[3:0] |provide additional granularity.Table 7-7 and Table 7-8 show all possible divide values selectable by the RTICTL

register. The source clock for the RTIl is OSCCLK.
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Table 7-7. RTI Frequency Divide Rates for RTDEC =0

RTR[6:4] =

RTR[3:0] 000 001 010 011 100 101 110 111

(OFF) (2% @M ") 25) ) @) (%)
0000 (+1) OFF* 210 211 212 213 214 215 216
0001 (+2) OFF 2x210 2x211 2x212 2x213 2x2t4 2x21° 2x216
0010 (+3) OFF 3x210 3x211 3x212 3x213 3x214 3x21® 3x216
0011 (+4) OFF 4x210 4x211 4x21? 4x213 4x214 4x215 4x216
0100 (+5) OFF 5x210 5x211 5x212 5x213 5x214 5x21° 5x216
0101 (+6) OFF 6x210 ex211 6x212 6x213 6x214 6x215 6x216
0110 (+7) OFF 7x210 7x211 7x212 7x213 7x214 7x215 7x216
0111 (+8) OFF 8x210 8x211 8x212 8x213 gx214 8x21® 8x216
1000 (+9) OFF 9x210 ox211 ox212 ox213 ox214 ox21° ox216
1001 (+10) OFF 10x210 10x211 10x212 10x213 10x214 10x21% 10x216
1010 (+11) OFF 11x210 11x2t 11x212 11x213 11x214 11x215 11x216
1011 (+12) OFF 12x210 12x211 12x212 12x213 12x214 12x215 12x216
1100 (+13) OFF 13x210 13x211 13x212 13x213 13x214 13x215 13x216
1101 (+14) OFF 14x210 14x211 14x212 14x213 14x214 14x215 14x216
1110 (+15) OFF 15x210 15x211 15x212 15x213 15x214 15x215 15x216
1111 (+16) OFF 16x210 16x211 16x212 16x213 16x214 16x215 16x216

* Denotes the default value out of reset.This value should be used to disable the RTI to ensure future backwards compatibility.
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RTR[6:4] =

RTR[3:0] 000 001 010 011 100 101 110 111

(1x103) (2x10%) | (5x10%) | (10x10%) (20x10%) (50x103) (100x10%) (200x103)
0000 (+1) 1x108 2x10°8 5x10° 10x103 20x10° 50x10° 100x10° 200x10°
0001 (+2) 2x103 4x108 10x10° 20x10° 40x103 100x10° 200x10° 400x10°
0010 (+3) 3x10° 6x10° 15x103 30x10° 60x10°3 150x10° 300x10° 600x103
0011 (+4) 4x108 8x10° 20x10° 40x103 80x10° 200x10° 400x10° 800x10°
0100 (+5) 5x103 10x10° 25x10°3 50x10°3 100x10° 250x10° 500x10°3 1x10°
0101 (+6) 6x10° 12x10° 30x10° 60x10° 120x10° 300x10° 600x10° 1.2x10°
0110 (+7) 7x10°8 14x10° 35x10° 70x10° 140x10° 350x10° 700x10° 1.4x10°
0111 (+8) 8x10° 16x10° | 40x10° 80x10° 160x10° 400x10° 800x10° 1.6x108
1000 (+9) 9x10° 18x10° | 45x10° 90x10° 180x10° 450x10° 900x10° 1.8x108
1001 (+10) 10x10% | 20x10° 50x10°3 100x10° 200x10° 500x10° 1x10° 2x10°
1010 (+11) 11x10% | 22x10° 55x103 110x10° 220x10° 550x10° 1.1x10° 2.2x108
1011 (+12) 12x10° 24x10° 60x10° 120x10° 240x10° 600x10° 1.2x10° 2.4x10°
1100 (+13) 13x10° 26x10° 65x10° 130x10° 260x10° 650x10° 1.3x10° 2.6x10°
1101 (+14) 14x10° 28x10° 70x10°3 140x10° 280x10° 700x103 1.4x108 2.8x108
1110 (+15) 15x10° 30x10° 75x10° 150x10° 300x10° 750x103 1.5x108 3x108
1111 (+16) 16x10° 32x10° 80x10° 160x10° 320x10° 800x103 1.6x108 3.2x10°
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7.3.2.9 CRG COP Control Register (COPCTL)
This register controls the COP (computer operating properly) watchdog.

Module Base +0x_08

7 6 5 4 3 2 1 0
0 0 0
WCOP RSBCK CR2 CR1 CRO
W WRTMASK
Reset! 0 0 0 0

1. Refer to Device User Guide (Section: CRG) for reset values of WCOP, CR2, CR1, and CRO.

: = Unimplemented or Reserved

Figure 7-12. CRG COP Control Register (COPCTL)

Read: Anytime

Write:
1. RSBCK: Anytime in special modes; write to “1” but not to “0” in all other modes
2. WCOP, CR2, CR1, CRO:
— Anytime in special modes
— Write once in all other modes
Writing CR[2:0] to “000” has no effect, but counts for the “write once” condition.
Writing WCOP to “0” has no effect, but counts for the “write once” condition.
The COP time-out period is restarted if one these two conditions is true:

1. Writing a nonzero value to CR[2:0] (anytime in special modes, once in all other modes) with
WRTMASK = 0.

or
2. Changing RSBCK bit from “0” to “1”.
Table 7-9. COPCTL Field Descriptions

Field Description

7 Window COP Mode Bit — When set, a write to the ARMCOP register must occur in the last 25% of the selected
WCOP period. A write during the first 75% of the selected period will reset the part. As long as all writes occur during
this window, 0x_55 can be written as often as desired. Once 0x_AA is written after the Ox_55, the time-out logic
restarts and the user must wait until the next window before writing to ARMCOP. Table 7-10 shows the duration
of this window for the seven available COP rates.

0 Normal COP operation
1 Window COP operation

6 COP and RTI Stop in Active BDM Mode Bit
RSBCK 0 Allows the COP and RTI to keep running in active BDM mode.
1 Stops the COP and RTI counters whenever the part is in active BDM mode.
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Table 7-9. COPCTL Field Descriptions (continued)

Field Description
5 Write Mask for WCOP and CR[2:0] Bit — This write-only bit serves as a mask for the WCOP and CR[2:0] bits
WRTMASK | while writing the COPCTL register. It is intended for BDM writing the RSBCK without touching the contents of
WCOP and CR[2:0].
0 Write of WCOP and CR[2:0] has an effect with this write of COPCTL
1 Write of WCOP and CR[2:0] has no effect with this write of COPCTL. (Does not count for “write once”.)
2-0 COP Watchdog Timer Rate Select — These bits select the COP time-out rate (see Table 7-10). The COP
CRJ[1:0] time-out period is OSCCLK period divided by CR[2:0] value. Writing a nonzero value to CR[2:0] enables the

COP counter and starts the time-out period. A COP counter time-out causes a system reset. This can be
avoided by periodically (before time-out) reinitializing the COP counter via the ARMCOP register.

While all of the following three conditions are true the CR[2:0], WCOP bits are ignored and the COP operates
at highest time-out period (2 24 cycles) in normal COP mode (Window COP mode disabled):

1) COP is enabled (CR[2:0] is not 000)

2) BDM mode active

3) RSBCK =0

4) Operation in emulation or special modes

Table 7-10. COP Watchdog Rates?

OSCCLK
Cycles to Time-out

@)
X
N
@)
Py
[
@]
Py,
o

COP disabled
214

216

218

220

RlFRP|FP|PFRP[|OC|]O|IO]| O
Pr|lFRrP|[|OC|O|(FR|RL,|O|O
PO |FPRP|O|FRL,|O|FR]|] O

1 osccLk cycles are referenced from the previous COP time-out reset
(writing 0x_55/0x_AA to the ARMCORP register)
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7.3.2.10 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.

Module Base +0x_09

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

|:|= Unimplemented or Reserved

Figure 7-13. Reserved Register (FORBYP)
Read: Always read 0x_00 except in special modes

Write: Only in special modes

7.3.2.11 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 +0x_0A

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

|:| = Unimplemented or Reserved

Figure 7-14. Reserved Register (CTCTL)
Read: always read 0x_80 except in special modes

Write: only in special modes
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7.3.2.12 CRG COP Timer Arm/Reset Register (ARMCOP)
This register is used to restart the COP time-out period.

Module Base +0x_0B

7

5

4

3

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 7-15. ARMCOP Register Diagram
Read: Always reads 0x_00
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 0x_55 or Ox_AA causes a COP reset. To restart the COP time-out
period you must write 0x_55 followed by a write of 0x_AA. Other instructions may be executed
between these writes but the sequence (0x_55, 0x_AA) must be completed prior to COP end of
time-out period to avoid a COP reset. Sequences of 0x_55 writes or sequences of 0x_AA writes
are allowed. When the WCOP bit is set, 0x_55 and 0x_AA 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.
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7.4  Functional Description

7.4.1 Functional Blocks

7.4.1.1 Phase Locked Loop (PLL)

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

PLLCLK = 2x OSCCLK x .oYNR+1]

[REFDV + 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 fgcpy.

REFERENCE
- LOCK —3 LOCK
EXTAL REFDV <5:0> FEEDBACK| DETECTOR
REDUCED 0SCOLK Y
CONSUMPTION Py REFERENCE " N
OSCILLATOR PROGRAMMABLE DDPLL/VSSPLL
Pranm— DIVIDER PDET UP.
XTAL PHASE DOWN | CPUMP VCO
DETECTOR
CRYSTAL VboPLL
MONITOR LOOP
PROGRAMMABLE fi
DIVIDER LOOP
A FILTER
i . XFC
supplied by: SYN <5:0> PIN
[ ] Vooeu/Vsseu | |PLLCLK

|:| Vpp/Vss

Figure 7-16. PLL Functional Diagram
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7.4.1.1.1 PLL Operation

The oscillator output clock signal (OSCCLK) is fed through the reference programmable divider and is
divided in a range of 1 to 64 (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. Figure 7-16.

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

The minimum VCO frequency is reached with the XFC pin forced to Vpppy 1. This is the self clock mode
frequency.

7.4.1.1.2 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.

* 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
interrupt requests 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.
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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, A, 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, Ay ., and is cleared
when the VCO frequency is out of a certain tolerance, A .

+ Interrupt requests 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 (f,¢) and require fast start-up. The following conditions apply when in
manual mode:

» ACAQ 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.

YS.

* 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).

7.4.1.2 System Clocks Generator

PLLSEL or SCM

¢ STOP

CLOCK

|
|
| PHASE PLLCLK > 1 SYSCLK
I LOCK Z > CORE CLOCK
LOOP >0
I |
b '
| p SCM CLOCKPHASE | | o suscLock
GENERATOR

| WAIT(RTIWAI), |
| STOP(PSTP,PRE), |

EXTAL - RTI ENABLE I
I 0SCCLK Z >| AT
| | OSCILLATOR >0 |

WAIT(COPWAI), |
<] STOP(PSTP,PCE),

XTAL | COP ENABLE |
I Y .,—|Z | cop |
I CLOCK I
| MONITOR |

GATING STOP

| CONDITION « I > OSCILLATOR
I |

|Z = CLOCK GATE

Figure 7-17. System Clocks Generator
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The clock generator creates the clocks used in the MCU (see Figure 7-17). The gating condition placed on
top of the individual clock gates indicates the dependencies of different modes (STOP, WAIT) and the
setting of the respective configuration bits.

The peripheral modules use the bus clock. Some peripheral modules also use the oscillator clock. The
memory blocks use the bus clock. If the MCU enters self clock mode (see Section 7.4.2.2, “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 7-18. But note that a CPU cycle corresponds to
one bus clock.

PLL clock mode is selected with PLLSEL bit in the CLKSEL registerr. 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
of 4 OSCCLK plus 4 PLLCLK cycles to make the transition. During the transition, all clocks freeze and
CPU activity ceases.

CORE CLOCK —|_—|_—|_—|_—|_—|_—|_—|_—|_—|_—|_—|_

BUS CLOCK / ECLK

Figure 7-18. Core Clock and Bus Clock Relationship

7.4.1.3 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.

7.4.1.4 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:
* 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 50,000 VCO clock cycles1 is called check window.

1. VCO clock cycles are generated by the PLL when running at minimum frequency fgc.
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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 7-19 as an example.

check window

I I
|t fy|
<€ >

1 2 3 49999 50000
VCO
Clock  — LSS
| I
1 2 3 4 5 4096 |
4095 ¢
osc ok

Figure 7-19. Check Window Example

The sequence for clock quality check is shown in Figure 7-20.

POR

num =0 Enter SCM

A 4

LVR

Clock Monitor Reset
Y
Enter SCM num =0
num = 50
yes SCM
active?
check window num=num-1
Tyes
no
» num >0 >
?
Switch to OSCCLK
Exit SCM

Figure 7-20. Sequence for Clock Quality Check
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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.

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¢p) and an active VREG
during pseudo stop mode or wait mode.

7.4.15 Computer Operating Properly Watchdog (COP)

The COP (free running watchdog timer) enables the user to check that a program is running and
sequencing properly. 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 7.4.1.5, “Computer Operating Properly
Watchdog (COP)”). The COP runs with a gated OSCCLK. Three control bits in the COPCTL register
allow selection of seven COP time-out periods.

When COP is enabled, the program must write 0x_55 and 0x_AA (in this order) to the ARMCOP register
during the selected time-out period. Once this is done, the COP time-out period is restarted. If the program
fails to do this and the COP times out, the part will reset. Also, if any value other than 0x_55 or 0x_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.

7.4.1.6 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. 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.

7.4.2 Operating Modes

7.4.2.1 Normal Mode

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

1. A Clock Monitor Reset will always set the SCME bit to logical 1.
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7.4.2.2 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. Section 7.4.1.4, “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), a loss of external clock (OSCCLK) will not be detected and will
cause the system clock to drift towards the VCO’s minimum frequency
fsem- 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.

7.4.3 Low Power Options

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

7.4.3.1

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

Run Mode

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

7.4.3.2 Wait Mode

The WAL instruction puts the MCU in a low power consumption stand-by mode depending on setting of
the individual bits in the CLKSEL register. All individual wait mode configuration bits can be superposed.
This provides enhanced granularity in reducing the level of power consumption during wait mode.

Table 7-11 lists the individual configuration bits and the parts of the MCU that are affected in wait mode

Table 7-11. MCU Configuration During Wait Mode

PLLWAI RTIWAI COPWAI
PLL Stopped — —
RTI — Stopped —
COP — — Stopped

After executing the WAI instruction the core requests the CRG to switch MCU into wait mode. The CRG
then checks whether the PLLWAI bit is asserted (Figure 7-21). Depending on the configuration, the CRG
switches the system and core clocks to OSCCLK by clearing the PLLSEL bit and disables the PLL. As
soon as all clocks are switched off wait mode is active.
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CPU Req’s
Wait Mode.

No
PLLWAI=1

?

Yes

Clear PLLSEL,

A 4

Disable PLL
No
v
Enter
Wait Mode ¥ "\,')T
Wait Mode left .
due to external reset | Yes
EXxit Wait w.
ext.RESET A
EXxit Wait w.
CMRESET
v
Exit
Wait Mode

Generate W Yes
SCM Interrupt
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Figure 7-21. Wait Mode Entry/Exit Sequence
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There are four different scenarios for the CRG to restart the MCU from wait mode:

» External reset

* Clock monitor reset
*  COP reset

* Any interrupt

If the MCU gets an external reset or COP 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 or COP 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 (Section 7.4.1.4, “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., RTT) 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 7-12 summarizes the outcome of a clock loss while in wait mode.

7.4.3.3 System 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.

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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Table 7-12. Outcome of Clock Loss in Wait Mode

CME

SCME

SCMIE

CRG Actions

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

Clock failure -->
CRG performs Clock Monitor Reset immediately

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 (fscp) as system clock,
— Continue to perform additional clock quality checks until OSCCLK is o.k. again.
or an External RESET is applied.
— Exit wait mode in SCM using PLL clock (fscp) as system clock,
— Start reset sequence,
— Continue to perform additional clock quality checks until OSCCLK is o.k.again.

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 o.k. again.
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Figure 7-22. Stop Mode Entry/Exit Sequence
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7.4.3.3.1 Wake-up from Pseudo Stop Mode (PSTP=1)

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

» External reset

* Clock monitor fail
*  COP reset

»  Wake-up interrupt

If the MCU gets an external reset or COP 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 or COP 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 (Section 7.4.1.4, “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 7-13 summarizes the outcome of a clock loss while in pseudo stop mode.
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Table 7-13. Outcome of Clock Loss in Pseudo Stop Mode

CME SCME SCMIE CRG Actions
0 X X Clock failure -->
No action, clock loss not detected.
1 0 X Clock failure -->

CRG performs Clock Monitor Reset immediately

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.
1 1 0 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 (fscpy) as system clock
— Continue to perform additional clock quality checks until OSCCLK is o.k. again.
or an External RESET is applied.
— Exit pseudo stop mode in SCM using PLL clock (fscpy) as system clock
— Start reset sequence,
— Continue to perform additional clock quality checks until OSCCLK is o.k.again.

Clock failure -->
— VREG enabled,
— PLL enabled,
— SCM activated,
1 1 1 — Start clock quality check,
— SCMIF set.
SCMIF generates self clock mode wakeup interrupt.
— Exit pseudo stop mode in SCM using PLL clock (fscy) as system clock,
— Continue to perform a additional clock quality checks until OSCCLK is o.k. again.
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7.4.3.3.2 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 7.4.1.4, “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 and the fast wake-up feature is disabled (FSTWKP = 0 or
SCME = 0), the CRG will also perform a maximum of 50 clock check_windows (see Section 7.4.1.4,
“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.

If the MCU is woken-up by an interrupt and the fast wake-up feature is enabled (FSTWKP = 1 and
SCME = 1), the system will immediately resume operation in self-clock mode (see Section 7.4.1.4, “Clock
Quality Checker”). The SCMIF flag will not be set. The system will remain in self-clock mode with
oscillator disabled until FSTWKP bit is cleared. The clearing of FSTWKP will start the oscillator and the
clock quality check. If the clock quality check is successful, the CRG will switch all system clocks to
oscillator clock. The SCMIF flag will be set. See application examples in Figure 7-23 and Figure 7-24.

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 or self-clock mode caused by the fast wake-up feature, the
clock monitor and the oscillator are disabled.
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CPU resumes program execution immediately
Instruction l

><FSTWKP:1>< SCME=1 A\STOP ><IRQ ServiceXSTOP IRQ Service XSTOP ><IRQ Service

Interrupt Interrupt Interrupt

Power Saving/

Oscillator Clock

Oscillator Disabled

PLL Clock

Core Clock

Self-Clock Mode

Figure 7-23. Fast Wake-up from Full Stop Mode: Example 1

CPU resumes program execution immediately
Instruction

// _ _
><FSTWKP=1><SCME: ST(}7 ><IRQ Servicé< FSTV\//KP=0 >< SCMIE=1 >< Freq. Uncritical >< Freq. Critical
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A
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PLL Ctock Uy Uylt
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Figure 7-24. Fast Wake-up from Full Stop Mode: Example 2
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7.5 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. Since 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 7.3, “Memory Map and Register
Definition”. All reset sources are listed in Table 7-14. Refer to MCU specification for related vector
addresses and priorities.

Table 7-14. Reset Summary

Reset Source Local Enable
Power on Reset None
Low Voltage Reset None
External Reset None
lllegal Address Reset None
Clock Monitor Reset PLLCTL (CME =1, SCME =0)
COP Watchdog Reset COPCTL (CR[2:0] nonzero)

7.5.1 Description of Reset Operation

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

» Illegal Address Reset is detected (see S12XMMC Block Guide for details)

* 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 7-25). Since 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 7-15 shows which vector will be fetched.
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Table 7-15. Reset Vector Selection

Sampled RESET Pin Clock Monitor COoP
(64 cycles . . Vector Fetch
Reset Pending Reset Pending
after release)

1 0 0 POR / LVR / lllegal Address Reset / External Reset
1 1 X Clock Monitor Reset

1 0 1 COP Reset

0 X X POR / LVR / lllegal Address Reset / External Reset

with rise of RESET pin
NOTE

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

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.

B N W S/ /A

CRG drives RESET pinlow  : RESET pin, :

, released !

' - -«

: 128 + n cycles . 64 cycles .

P i . !

Possibly ' With n being " Possibly
syscLk ~ min3/max6 RESET
not cyc_lets depl)endlng driven low

. on internal
running synchronization externally
delay

Figure 7-25. RESET Timing
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7.5.2 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
* Self-clock mode is disabled (SCME = 0).

The reset event asynchronously forces the configuration registers to their default settings (see Section 7.3,
“Memory Map and Register Definition”). In detail the CME and the SCME are reset to logical ‘1’ (which
doesn’t change the state of the CME bit, because it has already been set). As a consequence the CRG
immediately enters self clock mode and starts its internal reset sequence. In parallel the clock quality check
starts. As soon as clock quality check indicates a valid oscillator clock the CRG switches to OSCCLK and
leaves self clock mode. Since 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.

7.5.3 Computer Operating Properly Watchdog (COP) Reset

When COP is enabled, the CRG expects sequential write of 0x_55 and 0x_AA (in this order) to the
ARMCOP register during the selected time-out period. Once 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 0x_55 or Ox_AA
is written, the CRG immediately generates a reset. In case windowed COP operation is enabled writes
(0x_55 or 0x_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.

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.

754 Power On Reset, Low Voltage Reset

The on-chip voltage regulator detects when Vpp to the MCU has reached a certain level and asserts power
on reset or low voltage reset or both. As soon as a power on reset or low voltage reset is triggered the CRG
performs a quality check on the incoming clock signal. As soon as clock quality check indicates a valid
oscillator clock signal, the reset sequence starts using the oscillator clock. If after 50 check windows the
clock quality check indicated a non-valid oscillator clock, the reset sequence starts using self-clock mode.

Figure 7-26 and Figure 7-27 show the power-up sequence for cases when the RESET pin is tied to Vpp
and when the RESET pin is held low.

MC9S12XHZ512 Data Sheet, Rev. 1.06

Freescale Semiconductor 367



Chapter 7 Clocks and Reset Generator (S12CRGV6)

I

! P Clock Quality Check —
RESET /i (no Self-Clock Mode)
]

I
I
I Y
I I
I I
Internal POR | |
)\ L
) I
! 128 SYSCLK ———> -—
Internal RESET V( 64 SYSCLK ——>» «—

l
I

Figure 7-26. RESET Pin Tied to Vpp (by a pull-up resistor)

—

|<— Clock Quality Check —>

I

I

RESET (no Self Clock Mode) b

! Y ! | .

T A T T

| I

Internal POR | I |
) L

JAY | I |

128 SYSCLK—_ 5
S I
Internal RESET | Y 64 SYSCLK —> |

} A } f
| | | ,

Figure 7-27. RESET Pin Held Low Externally

7.6 Interrupts

The interrupts/reset vectors requested by the CRG are listed in Table 7-16. Refer to MCU specification for
related vector addresses and priorities.

Table 7-16. CRG Interrupt Vectors

Interrupt Source I\(/Izgsi Local Enable

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

7.6.1 Real Time Interrupt

The CRG generates a real time interrupt when the selected interrupt time period elapses. RTI 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.
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7.6.2 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.

7.6.3 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 7.4.1.4, “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
tol when the SCM condition has changed, and is cleared to 0 by writing a 1 to the SCMIF bit.
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Chapter 8
Pierce Oscillator (S12XOSCLCPV1)

8.1

Introduction

The Pierce oscillator (XOSC) module provides a robust, low-noise and low-power clock source. The
module will be operated from the Vpppy 1 supply rail (2.5 V nominal) and require the minimum number
of external components. It is designed for optimal start-up margin with typical crystal oscillators.

8.1.1

Features

The XOSC will contain circuitry to dynamically control current gain in the output amplitude. This ensures
a signal with low harmonic distortion, low power and good noise immunity.

8.1.2

High noise immunity due to input hysteresis

Low RF emissions with peak-to-peak swing limited dynamically
Transconductance (gm) sized for optimum start-up margin for typical oscillators
Dynamic gain control eliminates the need for external current limiting resistor
Integrated resistor eliminates the need for external bias resistor

Low power consumption:

— Operates from 2.5 V (nominal) supply

— Amplitude control limits power

Clock monitor

Modes of Operation

Two modes of operation exist:

1.

Loop controlled Pierce oscillator

2. External square wave mode featuring also full swing Pierce without internal feedback resistor
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8.1.3 Block Diagram
Figure 8-1 shows a block diagram of the XOSC.

Monitor_Failure
Clock .
Monitor
OSCCLK
Peak
Detector Gain Control
Y QVDDPLL =25V
Rf
VAN
EXTAL XTAL
Il |l
||:||

v v

Figure 8-1. XOSC Block Diagram

8.2  External Signal Description

This section lists and describes the signals that connect off chip

8.2.1  VpppLL and Vggp | — Operating and Ground Voltage Pins

Theses pins provides operating voltage (Vpppy 1) and ground (Vggpy 1) for the XOSC circuitry. This
allows the supply voltage to the XOSC to be independently bypassed.

8.2.2 EXTAL and XTAL — Input and Output Pins

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. The MCU internal system clock is derived from the
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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 recommends an evaluation of the application board and chosen
resonator or crystal by the resonator or crystal supplier.

Loop controlled circuit is not suited for overtone resonators and crystals.

EXTAL |}
C1
MCU |____| Crystal or
—— Ceramic Resonator
XTAL i i

— VsspLL

Figure 8-2. Loop Controlled Pierce Oscillator Connections (XCLKS = 0)

NOTE
Full swing Pierce circuit is not suited for overtone resonators and crystals
without a careful component selection.

EXTAL . [}
C1l
MCU RB ] Crystal or
—— Ceramic Resonator
RS*

XTAL . I I

Cc2 =

VsspLL

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

Figure 8-3. Full Swing Pierce Oscillator Connections (XCLKS =1)

CMOS Compatible
EXTALl«———— External Oscillator
(VoppLL Level)

MCU

XTAL —— Not Connected

Figure 8-4. External Clock Connections (XCLKS = 1)
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8.2.3 XCLKS — Input Signal

The XCLKS is an input signal which controls whether a crystal in combination with the internal loop
controlled (low power) Pierce oscillator is used or whether full swing Pierce oscillator/external clock
circuitry is used. Refer to the Device Overview chapter for polarity and sampling conditions of the XCLKS
pin. Table 8-1 lists the state coding of the sampled XCLKS signal.

Table 8-1. Clock Selection Based on XCLKS

XCLKS Description
0 Loop controlled Pierce oscillator selected
1 Full swing Pierce oscillator/external clock selected

8.3 Memory Map and Register Definition

The CRG contains the registers and associated bits for controlling and monitoring the oscillator module.

8.4  Functional Description

The XOSC module has control circuitry to maintain the crystal oscillator circuit voltage level to an optimal
level which is determined by the amount of hysteresis being used and the maximum oscillation range.

The oscillator 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 loop controlled
Pierce oscillator or full swing 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 becomes the internal clock. To improve noise immunity, the oscillator is
powered by the Vpppp 1 and Vggpy 1, power supply pins.

8.4.1 Gain Control

A closed loop control system will be utilized whereby the amplifier is modulated to keep the output
waveform sinusoidal and to limit the oscillation amplitude. The output peak to peak voltage will be kept
above twice the maximum hysteresis level of the input buffer. Electrical specification details are provided
in the Electrical Characteristics appendix.

8.4.2 Clock Monitor

The clock monitor circuit is based on an internal 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 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.
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8.4.3 Wait Mode Operation

During wait mode, XOSC is not impacted.

8.4.4 Stop Mode Operation

XOSC is placed in a static state when the part is in stop mode except when pseudo-stop mode is enabled.
During pseudo-stop mode, XOSC is not impacted.
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Chapter 9
Analog-to-Digital Converter (ATD10B16CV4)
Block Description

9.1 Introduction

The ATD10B16C is a 16-channel, 10-bit, multiplexed input successive approximation analog-to-digital
converter. Refer to the Electrical Specifications chapter for ATD accuracy.

9.1.1 Features

» 8-/10-bit resolution

» 7 us, 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 16 analog input channels
* Analog/digital input pin multiplexing

* 1to 16 conversion sequence lengths

« Continuous conversion mode

*  Multiple channel scans

* Configurable external trigger functionality on any AD channel or any of four additional trigger
inputs. The four additional trigger inputs can be chip external or internal. Refer to device
specification for availability and connectivity

» Configurable location for channel wrap around (when converting multiple channels in a sequence)

9.1.2 Modes of Operation

There is software programmable selection between performing single or continuous conversion on a
single channel or multiple channels.

9.1.3 Block Diagram
Refer to Figure 9-1 for a block diagram of the ATDOB16C block.
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Chapter 9 Analog-to-Digital Converter (ATD10B16CV4) Block Description

9.2  External Signal Description
This section lists all inputs to the ATD10B16C block.

9.2.1 ANx (x =15, 14,13,12,11,10,9,8,7,6, 5,4, 3, 2,1,0) — Analog Input
Channel x Pins

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.

9.2.2 ETRIG3, ETRIGZ, ETRIG1, ETRIGO — External Trigger Pins

These inputs can be configured to serve as an external trigger for the ATD conversion.

Refer to the Device Overview chapter for availability and connectivity of these inputs.

9.2.3  Vgp: VgL — High Reference Voltage Pin, Low Reference Voltage Pin

Vyry is the high reference voltage, Vg is the low reference voltage for ATD conversion.

9.24 Vppa, Vssa — Analog Circuitry Power Supply Pins
These pins are the power supplies for the analog circuitry of the ATD10B16CV4 block.

9.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the ATD10B16C.

9.3.1 Module Memory Map
Table 9-1 gives an overview of all ATD10B16C registers
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Table 9-1. ATD10B16CV4 Memory Map

Address Offset Use Access
0x0000 ATD Control Register 0 (ATDCTLO) R/W
0x0001 ATD Control Register 1 (ATDCTL1) R/W
0x0002 ATD Control Register 2 (ATDCTL2) R/W
0x0003 ATD Control Register 3 (ATDCTL3) R/W
0x0004 ATD Control Register 4 (ATDCTL4) R/W
0x0005 ATD Control Register 5 (ATDCTLS5) R/W
0x0006 ATD Status Register 0 (ATDSTATO) R/W
0x0007 Unimplemented
0x0008 ATD Test Register 0 (ATDTESTO)® R
0x0009 ATD Test Register 1 (ATDTEST1) R/W
0x000A ATD Status Register 2 (ATDSTAT2) R
0x000B ATD Status Register 1 (ATDSTAT1) R
0x000C ATD Input Enable Register O (ATDDIENO) R/W
0x000D ATD Input Enable Register 1 (ATDDIEN1) R/W
0x000E Port Data Register 0 (PORTADO) R
0x000F Port Data Register 1 (PORTAD1) R

0x0010, 0x0011 ATD Result Register 0 (ATDDROH, ATDDROL) R/W

0x0012, 0x0013 ATD Result Register 1 (ATDDR1H, ATDDR1L) R/W

0x0014, 0x0015 ATD Result Register 2 (ATDDR2H, ATDDR2L) R/W

0x0016, 0x0017 ATD Result Register 3 (ATDDR3H, ATDDR3L) R/W

0x0018, 0x0019 ATD Result Register 4 (ATDDR4H, ATDDRA4L) R/W

0x001A, 0x001B ATD Result Register 5 (ATDDR5H, ATDDR5L) R/W

0x001C, 0x001D ATD Result Register 6 (ATDDR6H, ATDDRG6L) R/W

0x001E, Ox001F ATD Result Register 7 (ATDDR7H, ATDDR7L) R/W

0x0020, 0x0021 ATD Result Register 8 (ATDDR8H, ATDDRSL) R/W

0x0022, 0x0023 ATD Result Register 9 (ATDDR9H, ATDDRIL) R/W

0x0024, 0x0025 ATD Result Register 10 (ATDDR10H, ATDDR10L) R/W

0x0026, 0x0027 ATD Result Register 11 (ATDDR11H, ATDDR11L) R/W

0x0028, 0x0029 ATD Result Register 12 (ATDDR12H, ATDDR12L) R/W

0x002A, 0x002B ATD Result Register 13 (ATDDR13H, ATDDR13L) R/W

0x002C, 0x002D ATD Result Register 14 (ATDDR14H, ATDDR14L) R/W

0x002E, 0x002F ATD Result Register 15 (ATDDR15H, ATDDR15L) 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.
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9.3.2
This section describes in address order all the ATD10B16C registers and their individual bits.

Register
Name

0x0000
ATDCTLO

0x0001
ATDCTL1

0x0002
ATDCTL2

0x0003
ATDCTL3

0x0004
ATDCTL4

0x0005
ATDCTL5

0x0006
ATDSTATO

0x0007
Unimplemented

0x0008
ATDTESTO

0x0009
ATDTEST1

0x000A
ATDSTAT2

0x000B
ATDSTAT1

0x000C
ATDDIENO

=P

=T =31 £E1Mm EX1M¥ £EXW =T X =W =W =TXW =X

=

Register Descriptions

Chapter 9 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0
WRAP3 WRAP2 WRAP1 WRAPO
0 0 0
ETRIGSEL ETRIGCH3 |ETRIGCH2 | ETRIGCH1 | ETRIGCHO
ASCIF
ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
0
s8c S4C S2C Si1C FIFO FRZ1 FRZ0
SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
DIM DSGN SCAN MULT CD CcC CB CA
0 CCs3 Ccc2 CC1 CCo
SCF ETORF FIFOR
Unimplemented
Unimplemented
| | SC
CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCF0
IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8

I:I = Unimplemented or Reserved

Figure 9-2. ATD Register Summary
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Register Bit 7 6 5 4 3 ) L Bit O
Name

0x000D R

ATDDIEN1 W IEN7 IEN6 IENS IEN4 IEN3 IEN2 IEN1 IENO

0x000E

R
PORTADO W

PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTADS

0x000F R| PTAD7 PTAD6 PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO
PORTAD1 W
R| BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
0x0010-0x002F W
ATDDRxH-
ATDDRxL R BIT1 BITO 0 0 0 0 0 0
u u 0 0 0 0 0 0
w
I:I = Unimplemented or Reserved u = Unaffected
Figure 9-2. ATD Register Summary (continued)
9.3.2.1 ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.

Module Base + 0x0000

3 2 1 0
R 0 0 0 0
WRAP3 WRAP2 WRAP1 WRAPO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 9-3. ATD Control Register 0 (ATDCTLO)

Read: Anytime

Write: Anytime

Table 9-2. ATDCTLO Field Descriptions

Field Description
3.0 Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing multi-
WRAP[3:0] |channel conversions. The coding is summarized in Table 9-3.
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9.3.2.2

Chapter 9 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 9-3. Multi-Channel Wrap Around Coding

Multiple Channel Conversions
WRAP3 WRAP2 WRAP1 WRAPO | (MULT = 1) Wrap Around to ANO
after Converting

Reserved
AN1
AN2
AN3
AN4
ANS5S
ANG6
AN7
AN8
AN9

AN10
AN11
AN12
AN13
AN14
AN15

Pl |r|lo|lolo|lo|o|lo|lo|o
Plr|lr|r|o|lo|lo|lo|lr|r|r|r|olo|lo|o
rlr|lo|lo|lr|r|olo|lr|r|o|lo|r|r|lo|lo
rlo|lr|o|lr|lo|lr|o|lr|olr|lo|r|olr]|o

ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

Module Base + 0x0001

7 6 5 4 3 2 1 0
R 0 0 0
ETRIGSEL ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 9-4. ATD Control Register 1 (ATDCTL1)

Read: Anytime

Write: Anytime

Table 9-4. ATDCTL1 Field Descriptions

Field Description
7 External Trigger Source Select — This bit selects the external trigger source to be either one of the AD
ETRIGSEL |channels or one of the ETRIG[3:0] inputs. See device specification for availability and connectivity of
ETRIG[3:0] inputs. If ETRIG[3:0] input option is not available, writing a 1 to ETRISEL only sets the bit but has
no effect, that means one of the AD channels (selected by ETRIGCH[3:0]) remains the source for external
trigger. The coding is summarized in Table 9-5.
3.0 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG[3:0] inputs

ETRIGCH[3:0]

as source for the external trigger. The coding is summarized in Table 9-5.
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Table 9-5. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External Trigger Source

o
o
o
o
o

ANO
AN1
AN2
AN3
AN4
AN5
ANG
AN7
ANS8
AN9

AN10
AN11
AN12
AN13
AN14
AN15
ETRIGOM
ETRIG1!
ETRIG2!
ETRIG3!

o|lo|lo|lo|lo|r|r|r|r|r|r|rR|r|Oo|lo|o|o|o| o] o
r|lo|lo|lo|lo|lr|r|r|r|o|lo|lo|Oo|r]|PrR|r|r|lo|lo]|o
X|rr|+r|Oo|lO|r|+r|Oo|lO|r|r|Oo|lO|r|RrRr|O|lO|FR]|RR|O
X|+|Oo|lrr|O|lr|O|rr|O|Prr|O|Rrr|O|FRP|O|R|O|RFR|O|R

Reserved

1 X X X Reserved
T. Only If ETRIG[3:0] input opfion 1S available (SE€ device specification), else ETRISEL is ignored, that means
external trigger source remains on one of the AD channels selected by ETRIGCH[3:0]

NN N el el el Neoll Neoll Neol ol Nl ol Neoll ol ol el Noll ol

9.3.2.3 ATD Control Register 2 (ATDCTL?2)

This register controls power down, interrupt and external trigger. Writes to this register will abort current
conversion sequence but will not start a new sequence.
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Module Base + 0x0002

7 6 5 4 3 2 1 0
R ASCIF
ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-5. ATD Control Register 2 (ATDCTL?2)

Read: Anytime

Write: Anytime

Table 9-6. ATDCTL?2 Field Descriptions

Field Description
7 ATD Power Down — This bit provides on/off control over the ATD10B16C block allowing reduced MCU power
ADPU consumption. Because analog electronic is turned off when powered down, the ATD requires a recovery time
period after ADPU bit is enabled.
0 Power down ATD
1 Normal ATD functionality
6 ATD Fast Flag Clear All
AFFC 0 ATD flag clearing operates normally (read the status register ATDSTAT1 before reading the result register
to clear the associate CCF flag).
1 Changes all ATD conversion complete flags to a fast clear sequence. Any access to a result register will
cause the associate CCF flag to clear automatically.
5 ATD Power Down in Wait Mode — When entering Wait Mode this bit provides on/off control over the
AWAI ATD10B16C block allowing reduced MCU power. Because analog electronic is turned off when powered down,
the ATD requires a recovery time period after exit from Wait mode.
0 ATD continues to run in Wait mode
1 Halt conversion and power down ATD during Wait mode
After exiting Wait mode with an interrupt conversion will resume. But due to the recovery time the result of
this conversion should be ignored.
4 External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See
ETRIGLE Table 9-7 for details.
3 External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 9-7 for
ETRIGP detalils.
2 External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of
ETRIGE the ETRIG[3:0] inputs as described in Table 9-5. 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 the start of conversion with
external events.

0 Disable external trigger

1 Enable external trigger
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Table 9-6. ATDCTL?2 Field Descriptions (continued)

Field Description
1 ATD Sequence Complete Interrupt Enable
ASCIE 0 ATD Sequence Complete interrupt requests are disabled.
1 ATD Interrupt will be requested whenever ASCIF = 1 is set.
0 ATD Sequence Complete Interrupt Flag — If ASCIE = 1 the ASCIF flag equals the SCF flag (see
ASCIF Section 9.3.2.7, “ATD Status Register 0 (ATDSTATO0)"), else ASCIF reads zero. Writes have no effect.

0 No ATD interrupt occurred

1 ATD sequence complete interrupt pending

Table 9-7. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity
0 0 Falling Edge
0 1 Ring Edge
1 0 Low Level
1 1 High Level
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9.3.2.4 ATD Control Register 3 (ATDCTL?3)

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 + 0x0003

6 5 4 3 2 1 0
R 0
S8C S4C S2C Si1cC FIFO FRZ1 FRZ0
w
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-6. ATD Control Register 3 (ATDCTL3)
Read: Anytime
Write: Anytime
Table 9-8. ATDCTL3 Field Descriptions

Field Description
6 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 9-9 shows
S8C all combinations. At reset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
5 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 9-9 shows
S4C all combinations. At reset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
4 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 9-9 shows
S2C all combinations. Atreset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
3 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 9-9 shows
Si1C all combinations. Atreset, S4C is setto 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
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Table 9-8. ATDCTL3 Field Descriptions (continued)

Field

Description

FIFO

Result Register FIFO Mode —If this bit is zero (non-FIFO mode), the A/D conversion results map into the
result registers based on the conversion sequence; the result of the first conversion appears in the first result
register, the second result in the second result register, and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or ending of a conversion
sequence; sequential conversion results are placed in consecutive result registers. In a continuously scanning
conversion sequence, the result register counter will wrap around when it reaches the end of the result register
file. The conversion counter value (CC3-0 in ATDSTATO) can be used to determine where in the result register
file, the current conversion result will be placed.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1. So the first result of a new conversion sequence, started by writing to
ATDCTLS5, will always be place in the first result register (ATDDDRO). Intended usage of FIFO mode is
continuos conversion (SCAN=1) or triggered conversion (ETRIG=1).

Finally, which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear
mode may or may not be useful in a particular application to track valid data.

0 Conversion results are placed in the corresponding result register up to the selected sequence length.

1 Conversion results are placed in consecutive result registers (wrap around at end).

1.0
FRZ[1:0]

Background Debug Freeze Enable — When debugging an application, it is useful in many cases to have the
ATD pause when a breakpoint (Freeze Mode) is encountered. These 2 bits determine how the ATD will respond
to a breakpoint as shown in Table 9-10. 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 9-9. Conversion Sequence Length Coding

ssc | sac | s2c | sic N”mt;eerr ‘gegzg‘r’]if'ons
0 0 0 0 16
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 10
1 0 1 1 11
1 1 0 0 12
1 1 0 1 13
1 1 1 0 14
1 1 1 1 15
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Table 9-10. ATD Behavior in Freeze Mode (Breakpoint)

FRZ1 FRZ0 Behavior in Freeze Mode
0 0 Continue conversion
0 1 Reserved
1 0 Finish current conversion, then freeze
1 1 Freeze Immediately
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9.3.25 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 + 0x0004

7 6 5 4 3 2 1 0
R
SRES8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
W
Reset 0 0 0 0 0 1 0 1

Figure 9-7. ATD Control Register 4 (ATDCTLA4)
Read: Anytime
Write: Anytime
Table 9-11. ATDCTLA4 Field Descriptions

Field Description
7 A/D Resolution Select — This bit selects the resolution of A/D conversion results as either 8 or 10 bits. The
SRESS8 A/D converter has an accuracy of 10 bits. However, if low resolution is required, the conversion can be speeded

up by selecting 8-bit resolution.
0 10 bit resolution
1 8 bit resolution

6:5 Sample Time Select —These two bits select the length of the second phase of the sample time in units of ATD
SMP[1:0] 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 9-12 lists the lengths available for the second sample phase.

4:0 ATD Clock Prescaler — These 5 bits are the binary value prescaler value PRS. The ATD conversion clock
PRS[4:0] frequency is calculated as follows:
_ [BusClock]
ATDclock = TPRS+1] x 0.5

Note: The maximum ATD conversion clock frequency is half the bus clock. The default (after reset) prescaler
value is 5 which results in a default ATD conversion clock frequency that is bus clock divided by 12.
Table 9-13 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 9-12. Sample Time Select

SMP1 SMPO Length of 2nd Phase of Sample Time
0 0 2 A/D conversion clock periods
0 1 4 A/D conversion clock periods
1 0 8 A/D conversion clock periods
1 1 16 A/D conversion clock periods
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Table 9-13. Clock Prescaler Values

Prescale Value Total Divisor Max. Bus Clock® Min. Bus Clock®
Value
00000 Divide by 2 4 MHz 1 MHz
00001 Divide by 4 8 MHz 2 MHz
00010 Divide by 6 12 MHz 3 MHz
00011 Divide by 8 16 MHz 4 MHz
00100 Divide by 10 20 MHz 5 MHz
00101 Divide by 12 24 MHz 6 MHz
00110 Divide by 14 28 MHz 7 MHz
00111 Divide by 16 32 MHz 8 MHz
01000 Divide by 18 36 MHz 9 MHz
01001 Divide by 20 40 MHz 10 MHz
01010 Divide by 22 44 MHz 11 MHz
01011 Divide by 24 48 MHz 12 MHz
01100 Divide by 26 52 MHz 13 MHz
01101 Divide by 28 56 MHz 14 MHz
01110 Divide by 30 60 MHz 15 MHz
01111 Divide by 32 64 MHz 16 MHz
10000 Divide by 34 68 MHz 17 MHz
10001 Divide by 36 72 MHz 18 MHz
10010 Divide by 38 76 MHz 19 MHz
10011 Divide by 40 80 MHz 20 MHz
10100 Divide by 42 84 MHz 21 MHz
10101 Divide by 44 88 MHz 22 MHz
10110 Divide by 46 92 MHz 23 MHz
10111 Divide by 48 96 MHz 24 MHz
11000 Divide by 50 100 MHz 25 MHz
11001 Divide by 52 104 MHz 26 MHz
11010 Divide by 54 108 MHz 27 MHz
11011 Divide by 56 112 MHz 28 MHz
11100 Divide by 58 116 MHz 29 MHz
11101 Divide by 60 120 MHz 30 MHz
11110 Divide by 62 124 MHz 31 MHz
11111 Divide by 64 128 MHz 32 MHz
T Maximum ATD conversion clock frequency 1s 2 MHz. The maximum allowed bus clock frequency 1S

shown in this column.

2. Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is
shown in this column.
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9.3.2.6 ATD Control Register 5 (ATDCTL5)

This register selects the type of conversion sequence and the analog input channels sampled. Writes to this
register will abort current conversion sequence and start a new conversion sequence. If external trigger is
enabled (ETRIGE = 1) an initial write to ATDCTLS is required to allow starting of a conversion sequence
which will then occur on each trigger event. Start of conversion means the beginning of the sampling
phase.

Module Base + 0x0005

7 6 5 4 3 2 1 0
R
DJM DSGN SCAN MULT CD CcC CB CA
W
Reset 0 0 0 0 0 0 0 0

Figure 9-8. ATD Control Register 5 (ATDCTL5)

Read: Anytime
Write: Anytime
Table 9-14. ATDCTLS5 Field Descriptions

Field Description
7 Result Register Data Justification — This bit controls justification of conversion data in the result registers.
DJM See Section 9.3.2.16, “ATD Conversion Result Registers (ATDDRXx)” for details.

0 Leftjustified data in the result registers.
1 Right justified data in the result registers.

6 Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
DSGN conversion data representation in the result registers. Signed data is represented as 2's complement. Signed
data is not available in right justification. See <st-bold>9.3.2.16 ATD Conversion Result Registers (ATDDRX)

for details.

0 Unsigned data representation in the result registers.
1 Signed data representation in the result registers.

Table 9-15 summarizes the result data formats available and how they are set up using the control bits.

Table 9-16 illustrates the difference between the signed and unsigned, left justified output codes for an input
signal range between 0 and 5.12 Volts.

5 Continuous Conversion Sequence Mode — This bit selects whether conversion sequences are performed
SCAN continuously or only once. If external trigger is enabled (ETRIGE=1) setting this bit has no effect, that means
each trigger event starts a single conversion sequence.

0 Single conversion sequence
1 Continuous conversion sequences (scan mode)

4 Multi-Channel Sample Mode — When MULT is 0, the ATD sequence controller samples only from the
MULT specified analog input channel for an entire conversion sequence. The analog channel is selected by channel
selection code (control bits CD/CC/CB/CA located in ATDCTLS5). When MULT is 1, the ATD sequence controller
samples across channels. The number of channels sampled is determined by the sequence length value (S8C,
S4C, S2C, S1C). The first analog channel examined is determined by channel selection code (CC, CB, CA
control bits); subsequent channels sampled in the sequence are determined by incrementing the channel
selection code or wrapping around to ANO (channel 0.

0 Sample only one channel
1 Sample across several channels
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Table 9-14. ATDCTLS5 Field Descriptions (continued)

Field Description
3.0 Analog Input Channel Select Code — These bits select the analog input channel(s) whose signals are
C[D:A} sampled and converted to digital codes. Table 9-17 lists the coding used to select the various analog input

channels.
In the case of single channel conversions (MULT = 0), this selection code specified the channel to be examined.

In the case of multiple channel conversions (MULT = 1), this selection code represents the first channel to be
examined in the conversion sequence. Subsequent channels are determined by incrementing the channel
selection code or wrapping around to ANO (after converting the channel defined by the Wrap Around Channel
Select Bits WRAP[3:0] in ATDCTLO). In case starting with a channel number higher than the one defined by
WRAP[3:0] the first wrap around will be AN15 to ANO.

Table 9-15. Available Result Data Formats.

SRES8 DJIM

DSGN

Result Data Formats

Description and Bus Bit Mapping

o O O F -

= O O +» O O

X B O X + O

8-bit / left justified / unsigned — bits 15:8
8-bit / left justified / signed — bits 15:8
8-bit / right justified / unsigned — bits 7:0
10-hit / left justified / unsigned — bits 15:6
10-bit / left justified / signed -— bits 15:6
10-hit / right justified / unsigned — bits 9:0

Table 9-16. Left Justified, Signed and Unsigned ATD Output Codes.

\I/nRriuzt g’l\?gl?; S_igned Un_signed Si_gned Un_signed
Vs = 5.12 Volts 8-Bit Codes 8-Bit Codes 10-Bit Codes 10-Bit Codes
5.120 Volts 7F FF 7FCO FFCO
5.100 7F FF 7F00 FFOO
5.080 7E FE 7E00 FEOO
2.580 01 81 0100 8100
2.560 00 80 0000 8000
2.540 FF 7F FFOO 7F00
0.020 81 01 8100 0100
0.000 80 00 8000 0000
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Chapter 9 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 9-17. Analog Input Channel Select Coding

cD cc CB CA Analog Input
Channel
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 ANS
0 1 1 0 AN6
0 1 1 1 AN7
1 0 0 0 AN8
1 0 0 1 AN9
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13
1 1 1 0 AN14
1 1 1 1 AN15
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9.3.2.7  ATD Status Register 0 (ATDSTATO)

This read-only register contains the Sequence Complete Flag, overrun flags for external trigger and FIFO
mode, and the conversion counter.

Module Base + 0x0006

7 6 5 4 3 2 1 0
R 0 Ccc3 cc2 CC1 Ccco
SCF ETORF FIFOR
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-9. ATD Status Register 0 (ATDSTATO)

Read: Anytime

Write: Anytime (No effect on CC[3:0])
Table 9-18. ATDSTATO Field Descriptions

Field Description
7 Sequence Complete Flag — This flag is set upon completion of a conversion sequence. If conversion
SCF sequences are continuously performed (SCAN = 1), the flag is set after each one is completed. This flag is

cleared when one of the following occurs:
* Write “1” to SCF
« Write to ATDCTL5S (a new conversion sequence is started)
e If AFFC = 1 and read of a result register

0 Conversion sequence not completed

1 Conversion sequence has completed

5 External Trigger Overrun Flag —While in edge trigger mode (ETRIGLE = 0), if additional active edges are
ETORF detected while a conversion sequence is in process the overrun flag is set. This flag is cleared when one of the
following occurs:

* Write “1" to ETORF

« Write to ATDCTLO,1,2,3,4 (a conversion sequence is aborted)

« Write to ATDCTL5 (a new conversion sequence is started)

0 No External trigger over run error has occurred
1 External trigger over run error has occurred
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Table 9-18. ATDSTATO Field Descriptions (continued)

Field Description
4 FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
FIFOR conversion complete flag (CCF) has been cleared. This flag is most useful when using the FIFO mode because
the flag potentially indicates that result registers are out of sync with the input channels. However, it is also
practical for non-FIFO modes, and indicates that a result register has been over written before it has been read
(i.e., the old data has been lost). This flag is cleared when one of the following occurs:
* Write “1” to FIFOR
< Start a new conversion sequence (write to ATDCTLS5 or external trigger)
0 No over run has occurred
1 Overrun condition exists (result register has been written while associated CCFx flag remained set)
3:0 Conversion Counter — These 4 read-only bits are the binary value of the conversion counter. The conversion
CCJ[3:0} counter points to the result register that will receive the result of the current conversion. For example, CC3 = 0,

CC2=1, CC1 =1, CCO0 =0 indicates that the result of the current conversion will be in ATD Result Register 6.
If in non-FIFO mode (FIFO = 0) the conversion counter is initialized to zero at the begin and end of the
conversion sequence. If in FIFO mode (FIFO = 1) the register counter is not initialized. The conversion
counters wraps around when its maximum value is reached.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1.
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9.3.2.8 Reserved Register 0 (ATDTESTO)

Module Base + 0x0008

7 6 5 4 3 2 1 0
R u u u u u u u u
W
Reset 1 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 9-10. Reserved Register 0 (ATDTESTO)

Read: Anytime, returns unpredictable values

Write: Anytime in special modes, unimplemented in normal modes

NOTE
Writing to this register when in special modes can alter functionality.

9.3.2.9  ATD Test Register 1 (ATDTEST1)

This register contains the SC bit used to enable special channel conversions.

Module Base + 0x0009

7 6 5 4 3 2 1 0
R u u u u u u u
SC
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 9-11. Reserved Register 1 (ATDTEST1)
Read: Anytime, returns unpredictable values for bit 7 and bit 6
Write: Anytime

NOTE
Writing to this register when in special modes can alte