MC9S12XDP512
Data Sheet

Covers
S12XD, S12XB & S12XA Families

MC9S12XDP512RMV2
Rev. 2.21
October 2009

freescale.com Z “freescale’

semiconductor

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

MC9S12XDP512RMV2 Data Sheet

MC9S12XDP512RMV2

Rev. 2.21
October 2009
Z “freescale"

semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

To provide the most up-to-date information, the revision of our documents on the World Wide Web will be
the most current. Your printed copy may be an earlier revision. To verify you have the latest information
available, refer to:

http://freescale.com/

A full list of family members and options is included in the appendices.
Read page 29 first to understand the maskset specific chapters of this document

This document contains information for all constituent modules, with the exception of the S12X CPU. For
S12X CPU information please refer to the CPU S12X Reference Manual.

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc.
This product incorporates SuperFlash® technology licensed from SST.

© Freescale Semiconductor, Inc., 2008. All rights reserved.

MC9S12XDP512 Data Sheet, Rev. 2.21

4 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Revision History

Date Revision Description
Level
April, 2005 02.07 New Book
May, 2005 02.08 Minor corrections
removed ESD Machine Model from electrical characteristics
added thermal characteristics
added more details to run current measurement configurations
May, 2005 02.09 VDDA supply voltage range 3.15V - 3.6V fot ATD Operating Characteristics
1/0 Chararcteristics for alll pins except EXTAL, XTAL ....
corrected VREG electrical spec
IDD wait max 95mA
May 2005 02.10 Improvements to NVM reliabity spec, added part numbers
July 2005 02.11 Added ROM parts to App.
October 2005 02.12 Single Souce S12XD Fam. Document, New Memory Map Figures,
SPI electricals updated
Voltage Regulator electricals updated
May 2006 213 Added Partnumbers and 1L15Y maskset
Updated App. E 6SClI's on 112 pin DT/P512 and 3 SPI's on all D256 parts
Data Sheet covers S12XD/B & A Family
June 2006 214 Included differnt pull device specification for differnt masksets
July 2006 2.15 Minor Corrections and Improvments
June 2007 2.16 Added 2M42E and 1M84E masksets
July 2007 2.17 Modified Appendix
Better explanation of ATDO/1 for S12XD-Family see page 1305
April 2008 2.18 S12XB256 ATD specification changed see Appendix E.6
added M23S maskset
Corrected XGRAMSIZE of S12XD256 on page 44
August 2008 2.19 Corrected 17.4.2.4 XGATE Memory Map Scheme
Corrected 18.4.2.4 XGATE Memory Map Scheme
Segt(t)ecr)gber 2.20 Corrected Table E-6 , 30K flash memory available for XGATE on B256
October 2009 221 Corrected Footnote in Appendix E3 regarding Shared XGATE/CPU area
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144 20INEEITUPLS . . . ettt et e e e e e e e 566
Chapter 15
Background Debug Module (S12XBDMV?2)
151 INrOdUCTION .. .ottt e e e e e 569
15,11 FEBIUMES . oottt e e e e e e 569
15.1.2 Modesof Operation . ... ..ot e e 570
15.1.3 Block Diagram . . .. ... 571
15.2 External Signal DesCription . .. ...ttt e e 572
15.3 Memory Map and Register Definition . ... i 572
15.3.1 Module Memory Map . . ...t e e 572
15.3.2 Register DesCriptionS . . . .o vttt e e 573
15.3.3 Family ID ASSIgNMENt . . . ..ot 577
15.4 Functional DeSCriptioN . . ... ...t e e e 578
1540 SECUMTY .ottt e ettt e e e e e e 578
15.4.2 Enablingand Activating BDM ... ... . 578
15.4.3 BDM Hardware Commands . ..........ouiuititi it 579
15.4.4 Standard BDM Firmware Commands ... ........uiuiinit i 580
15.4.5 BDM Command SEIUCLUIE . . . . ..ottt e e e 582
15.4.6 BDM Serial Interface . .. ... e 584
15.4.7 Serial Interface Hardware Handshake Protocol .. .......... .. ..., 586
15.4.8 Hardware Handshake Abort Procedure . ........ ... . i, 588
15.4.9 SYNC — Request Timed ReferencePulse .......... ... ..o ... 591
15.4.20INStrUCtION TraCING .« .« o v o vt ettt e e e e e e e et et 592
15.4.11Serial Communication TIMEOUL . .. .. ..ot 593
Chapter 16
Interrupt (S12XINTV1)
16.1 INrOdUCHION .. .ttt e e e e e e e e e 595
16.1.1 GlOSSAIY . ottt ettt et e e 596
16.1.2 FaIUNES . .ottt e e e e 596
16.1.3 Modesof Operation . .. ... ...t e e e 596
16.1.4 Block Diagram . . .. ... 598
16.2 External Signal DesCription . .. ...ttt e 599
16.3 Memory Map and Register Definition .......... ... e 599
16.3.1 Register DESCriPiONS . . . ..ottt et e e e e 600
16.4 Functional DesCription . . ... u it e e 607
16.4.1 S12X EXCEpPtiON REQUESES . . . ..ot e e 607
16.4.2 Interrupt Prioritization . ... ... ..ot e 607
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16.4.4 Priority DECOUENS . . .. oot 608
16.4.5 Reset EXCEption REQUESES . .. ..ot e e 609
16.4.6 EXCEPtiON Priority . ... ... o 609
16.5 Initidization/Application Information . ............ . . .. 610
16.5.1 INItIAliZation . ... ..o e 610
16.5.2 Interrupt NEStING . ... oot e 610
16.5.3 WakeUpfromStopor Wait Mode ... ...t 611
Chapter 17
Memory Mapping Control (S12XMMCV2)
17.0 INtrOTUCTION .o e e e e e e e e e e 613
0 O = = 613
17.1.2 MOdes Of OPEration . .. ...ttt 613
17.1.3 BloCK Diagram . . ... .o e e 614
17.2 External Signal DesCription . . ... ...ttt e 614
17.3 Memory Map and RegiSterS . . .. ..ot e 616
17.3.1 Module Memory Map .. ..ottt e 616
17.3.2 Register DesCriptioNnS . . . .o ottt e e e 617
17.4 Functional DeSCriptioN . .. ... ..ot e e e 630
17.41 MCU Operating Mode . . .. ..ot e e e e e e 630
17.4.2 Memory Map SChemMe .. ..o e 631
17.4.3 Chip ACCESSRESIIICLIONS . . . .\ttt 640
17.44 ChipBusControl . ........i i e e e e 642
1745 INeITUDLS . ..o 643
17.5 Initialization/Application INfOrmation . ... ....... ..t e 643
1751 CALL and RTCINSIIUCLIONS . . ..ottt e ettt 643
17.5.2 Port Replacement Registers (PRRS) ... ..o 644
17.5.3 On-Chip ROM CONtrol .. ... . e e 646
Chapter 18
Memory Mapping Control (S12XMMCV3)
18.1 INtrOodUCHION .. .ottt e e e e e 651
18.1.1 TermMiNOIOQY . . ..ottt e e e e 652
18.1.2 FaUNES ..ottt e e e 652
18.1.3 S12X Memory MappPinNg . . . ..o ve ettt e e e e e 653
18.1.4 Modes Of Operation . . .....c. ittt e 653
18.1.5 BloCK Diagram . .. ..o e e 654
18.2 External Signal DesCriplion . . ... ..ot e 654
18.3 Memory Map and RegiSterS . .. ..ottt e e 656
18.3.1 Module Memory Map .. ...t e 656
18.3.2 Register DESCriPLiONS . . . ..ottt et e e e 657
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18.4 Functional DESCriPLioN . . ... ...t e e e 671
18.4.1 MCU Operating Mode . . . ...ttt e 671
18.4.2 Memory Map SCheme . ... .o e 672
18.4.3 Chip ACCESSRESIIICLIONS . . . ..ottt e e 681
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18.5 Initialization/Application INfOrmation . .. ........ .. i 684
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18.5.3 On-Chip ROM Control . ... ...t et e 687
Chapter 19
S12X Debug (S12XDBGV2) Module
19.1 INrOodUCTION .. .ot e e e e e 693
19.1.1 GlOSSary Of TEIMS . ..ottt ettt ettt 693
19.1.2 FAIUMES .ottt e e e e e 694
19.1.3 MOdes Of OPEration . .. ... ...ttt e 694
19.1.4 BlOCK Diagram . ... ..ot 695
19.2 External Signal DesCription . .. ... ... e 695
19.3 Memory Map and Register DEfinition . ... .. ... 697
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19.4 Functional DeSCIiPtiON . . ..ot e 714
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19.4.2 Comparator MOOES . . . ..ottt e e e 715
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19.4.5 Trace Buffer Operation . ........ ...ttt et 721
19.4.6 TagOiNg . oo vttt e e e e e 728
19.4.7 BreakpointS . .. .. e 729
Chapter 20
S12X Debug (S12XDBGV3) Module
20.1 INtrOQUCHION . ..ttt e e e e e e e 745
20.1.1 GloSsary Of TS . . oo it ittt e et e e ettt 745
20.1.2 OVEIVIBIV .ottt et e et e e e e 745
20.1.3 FAUNES ..t 746
20.1.4 Modesof Operalion . .. .....uuuut it et e 746
20.1.5 BloCK Diagram . ...t 747
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20.3 Memory Map and RegiSters . .. .. oot 748
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20.3.2 Register DESCIIPLIONS . . . . o vttt ettt e e e 749

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 19

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Section Number Title Page
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21.1.2 MOdeSOf OPEralion . . ...ttt ettt e e e 787
21.1.3 BIOCK Diagram . ...ttt 788
21.2 Externa Signal DesCription . .. ... ...t 788
21.3 Memory Map and Register Definition . ......... .. 790
21.3.1 Module Memory Map ... ..ottt 790
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21.4.2 Interna Visibility .. ... 795
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21.4.4 Stretched External BUSACCESSES . . . oo v vttt et et et 798
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21.4.6 LOW-POWEr OPLIONS . . .o\ttt e ettt e e e e e e 801
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21.5.1 Normal Expanded Mode . .. ... ... i 802
2152 EMUIAioN MOOES . . . ..ot 803
Chapter 22
DP512 Port Integration Module (S12XDP512PIMV2)
22.1 INEOQUCTION . ..ottt e e e e e e e e e 807
2200 FEAUIES . oottt ettt e e e e 808
22.1.2 BloCK Diagram . . ..o e 808
22.2 External Signal DesCription ... .. ...t e 810
22.2.1 Signal Properties ... ..ot 810
22.3 Memory Map and Register Definition . ........... .. e 817
22.3.1 Module MemOry Map .. ..o 817
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22.4 Functional DeSCriptioNn . . .. ...ttt e e 881
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Chapter 23
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23.0.3 Signal Properties . ... ..o 904
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Table 23-66.Functional DesCription . . ... ..ot e 962
23.0.6 REGISIEIS . . . oottt 963
23.0.7 POIS . ottt 965
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Chapter 24
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Chapter 25
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25.1 INtrOQUCHION . .. e e e e e e e e 1039
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25.1.3 Modes of Operalion . ........iii i e 1039
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25.3 Memory Map and Register Definition . .......... 1040
25.3.1 Module Memory Map ... ..o 1040
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25.4.1 EEPROM Command Operations . . . ... .u.vu et en 1051
25.4.2 EEPROM COmMMAaNGS . ..o vttt ettt et et et e e 1054
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25.8.1 Description of EEPROM Interrupt Operation . ...........c.couiiiiininnen.nn. 1071

Chapter 26
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26.3.1 Module Memory Map .. ... e 1074
26.3.2 Register DEsCIIPLiONS . . ..o vttt ettt e 1078
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NOTE

This documentation covers all devices in the S12XD, S12XB and S12XA
families. A full list of these devices and their features can be found in the
following chapters:

* E.1 Memory Sizes and Package Options S12XD - Family

* E.2 Memory Sizes and Package Options S12XA & S12XB Family
* E.5 Peripheral Sets S12XD - Family

» E.6 Peripheral Sets S12XA & S12XB - Family

* Table 1-6 Partnames, Masksets and assigned PartID’s

This document includes different sections for S12XDPIM, SIXMMC,
S12XDBG, S12XEETX and S12XFTX because the different masksets of
the S12XD, S12XB and S12XA families include differnt configurations or
versions of the modules or have different memory sizes. Table 0-1 shows the
maskset specific chapters in this documentation.

Table 0-1. Maskset Specific Documentation

L15Y M84E M42E
Chapters in this Documentation (512k (256K (128K
Flash) Flash) Flash)
Chapter 21 External Bus Interface (S12XEBIV2) 787 v v
Chapter 17 Memory Mapping Control (S12XMMCV?2) 613 v
Chapter 18 Memory Mapping Control (S12XMMCV3) 649 v v
Chapter 19 Debug (S12XDBGV2) 691 v
Chapter 20 S12X Debug (S12XDBGV3) Module 743 v v
Chapter 22 DP512 Port Integration Module (S12XDP512PIMV2) 805 v
Chapter 23 DQ256 Port Integration Module (S12XDQ256PIMV2) 899 v
Chapter 24 DG128 Port Integration Module (S12XDG128PIMV2) 973 v
Chapter 25 2 Kbyte EEPROM Module (S12XEETX2KV1) 1037 v
Chapter 26 4 Kbyte EEPROM Module (S12XEETX4KV2) 1071 v v
Chapter 27 512 Kbyte Flash Module (S12XFTX512K4V2) 1105 v
Chapter 28 256 Kbyte Flash Module (S12XFTX256K2V1) 1147 v
Chapter 29 128 Kbyte Flash Module (S12XFTX128K1V1) 1189 v
Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV3) 157 v v
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Chapter 1 Device Overview MC9S12XD-Family describes pinouts, detailed pin description , interrupts
and register map of the cover part MC9S12XDP512 (maskset L15Y). For availability of the modules on
other members of the S12XA, S12XB and S12XD families please refer to Appendix E Derivative
Differences. For pinout explanations of the different parts refer to E.7 Pinout explanations:. For a list of
available partnames /masksets refer to Table 1-6.
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Chapter 1 Device Overview MC9S12XD-Family

1.1 Introduction

The MC9S12XD family will retain the low cost, power consumption, EMC and code-size efficiency
advantages currently enjoyed by users of Freescale's existing 16-Bit MC9S12 MCU Family.

Based around an enhanced S12 core, the MC9S12XD family will deliver 2 to 5 times the performance of
a 25-MHz S12 whilst retaining a high degree of pin and code compatibility with the S12.

The MC9S12XD family introduces the performance boosting XGATE module. Using enhanced DMA
functionality, this parallel processing module offloads the CPU by providing high-speed data processing
and transfer between peripheral modules, RAM, Flash EEPROM and I/O ports. Providing up to 80 MIPS
of performance additional to the CPU, the XGATE can access all peripherals, Flash EEPROM and the
RAM block.

The MC9S12XD family is composed of standard on-chip peripherals including up to 512 Kbytes of Flash
EEPROM, 32 Kbytes of RAM, 4 Kbytes of EEPROM, six asynchronous serial communications interfaces
(SCI), three serial peripheral interfaces (SPI), an 8-channel IC/OC enhanced capture timer, an 8-channel,
10-bit analog-to-digital converter, a 16-channel, 10-bit analog-to-digital converter, an 8-channel
pulse-width modulator (PWM), five CAN 2.0 A, B software compatible modules (MSCAN12), two
inter-IC bus blocks, and a periodic interrupt timer. The MC9S12XD family has full 16-bit data paths
throughout.

The non-multiplexed expanded bus interface available on the 144-pin versions allows an easy interface to
external memories

The inclusion of a PLL circuit allows power consumption and performance to be adjusted to suit
operational requirements. System power consumption can be further improved with the new “fast exit from
stop mode” feature.

In addition to the I/O ports available in each module, up to 25 further I/O ports are available with interrupt
capability allowing wake-up from stop or wait mode.

Family members in 144-pin LQFP will be available with external bus interface and parts in 112-pin LQFP
or 80-pin QFP package without external bus interface. See Appendix E Derivative Differences for package
options.
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1.1.1 MC9S12XD/B/A Family Features

This section lists the features which are available on
MCO9S12XDP512RMV2. See Appendix E Derivative Differences for
availability of features and memory sizes on other family members.

« HCSI12X 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
» PIT (periodic interrupt timer)
— Four timers with independent time-out periods
— Time-out periods selectable between 1 and 224 bus clock cycles
* 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
* Port H & Port J with interrupt functionality
— Digital filtering
— Programmable rising or falling edge trigger
*  Memory
— 512,256 and 128-Kbyte Flash EEPROM
— 4 and 2-Kbyte EEPROM
— 32, 16 and 12-Kbyte RAM
*  One 16-channel and one 8-channel ADC (analog-to-digital converter)
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— 10-bit resolution

— External and internal conversion trigger capabilityFiveFourTwo 1M bit per second,
CAN 2.0 A, B software compatible modules

— Five receive and three transmit buffers
— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit, or 8 x 8 bit
— Four separate interrupt channels for Rx, Tx, error, and wake-up
— Low-pass filter wake-up function
— Loop-back for self-test operation
* ECT (enhanced capture timer)
— 16-bit main counter with 7-bit prescaler
— 8 programmable input capture or output compare channels
— Four 8-bit or two 16-bit pulse accumulators
* 8 PWM (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
+ Serial interfaces

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

— ThreeTwo Synchronous Serial Peripheral Interfaces (SPI)
*  TwoOne IIC (Inter-IC bus) Modules
— Compatible with IIC bus standard
— Multi-master operation
— Software programmable for one of 256 different serial clock frequencies
*  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, 112-pin LQFP, and 80-pin QFP 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
— Operation at 80 MHz equivalent to 40-MHz bus speed
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* Development support
— Single-wire background debug™ mode (BDM)
— Four on-chip hardware breakpoints

1.1.2 Modes of Operation

Normal expanded mode, Emulation of single-chip mode and Emulation of
expanded mode are ony available on family members with an external bus
interface in 144-pin LQFP. See Appendix E Derivative Differences for
package options.

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 theMC9S12X-Family. The block diagram shows all modules
available on cover part MC9S12XDP512RMV2. Availability of modules on other family members see
Appendix E Derivative Differences. Figure 1-2 shows blocks integrated on maskset M42E. The 16 channel
ATD Converter is routed to pins PADOO - PAD15 on maskset M42E. See Chapter 4 Analog-to-Digital
Converter (ATD10B16CV4) Block Description 123.
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1.14 Device Memory Map

Table 1-1shows the device register memory map of the MC9S12XDP512. Available modules on other

Family members please refer to Appendix E Derivative Differences

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. Figure 1-1 shows the global address
mapping for the parts listed in Table 1-2.

Table 1-1. Device Register Memory Map

Address Module (BSyitzees)
0x0000-0x0009 PIM (port integration module) 10
0x000A—-0x000B | MMC (memory map control) 2
0x000C-0x000D | PIM (port integration module) 2
0XO00E-0x000F | 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) 2
0x0034—-0x003F | CRG (clock and reset generator) 12
0x0040-0x007F ECT (enhanced capture timer 16-bit 8-channel)s 64
0x0080-0x00AF | ATD1 (analog-to-digital converter 10-bit 16-channel) 48
0x00B0-0x00B7 | IIC1 (inter IC bus) 8
0x00B8-0x00C7 | Reserved 16
0x00B8-0x00BF | SCI2 (serial communications interface) 8
0x00C0-0x00C7 | SCI3 (serial communications interface) 8
0x00C8-0x00CF | SCIO (serial communications interface) 8
0x00D0-0x00D7 | SCI1 (serial communications interface) 8
0x00D8-0x00DF | SPIO (serial peripheral interface) 8
0XO0EO0—-Ox00E7 | IICO (inter IC bus) 8
OX00E8-0x00EF | Unimplemented 8
0x00F0—0x00F7 | SPI1 (serial peripheral interface) 8
0x00F8—0x013F | Reserved 8
0x00F8—-0x00FF | SPI2 (serial peripheral interface) 8
0x0100-0x010F Flash control register 16
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Table 1-1. Device Register Memory Map (continued)

Address

Module

Size
(Bytes)

0x0110-0x011B

EEPROM control register

12

0x011C-0x011F

MMC (memory map control)

4

0x0120-0x012F

INT (interrupt module)

16

0x0130-0x013F

Reserved

16

0x0130-0x0137

SCl4 (serial communications interface)

8

0x0138-0x013F

SCI5 (serial communications interface)

8

0x0140-0x017F

CANO (scalable CAN)

64

0x0180-0x01BF

CANL1 (scalable CAN)

64

0x0180-0x023F

Reserved

192

0x01CO0-0x01FF

CAN2 (scalable CAN)

64

0x0200—-0x023F

Reserved

64

0x0200-0x023F

CANS (scalable CAN)

64

0x0240-0x027F

PIM (port integration module)

64

0x0280—-0x02BF

CAN4 (scalable CAN)

64

0x02C0-0x02DF

Reserved

32

0x02C0-0x02DF

ATDO (analog-to-digital converter 10 bit 8-channel)

32

0x02E0-0x02EF

Unimplemented

16

0x02F0-0x02F7

Voltage regulator

0x02F8-0x02FF

Unimplemented

0x0300-0x0327

PWM (pulse-width modulator 8 channels)

40

0x0328—-0x033F

Unimplemented

24

0x0340-0x0367

Periodic interrupt timer

40

0x0368—-0x037F

Unimplemented

24

0x0380-0x03BF

XGATE

64

0x03C0-0x03FF

Unimplemented

64

0x0400-0x07FF

Unimplemented

1024
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Table 1-2. Device Internal Resources (see Figure 1-3)

Device RAMSIZE/ EEPROMSIZE/ FLASHSIZE/
RAM_LOW EEPROM_LOW FLASH_LOW
9S12XDP512 32K 4K 512K
0xOF_8000 0x13_F000 0x78_0000
9S12XDT512 20K 4K 512K
0xO0F_B000 0x13_F000 0x78_0000
9S12XA512 32K 4K 512K
0x0F_8000 0x13_F000 0x78_0000
9S12XDG128 12K 2K 128K
0xOF_DO000 0x13_F800 7E_0000
3512XDG128 12K 2K 128K
0x0F_DO000 0x13_F800 7E_0000
9S12XD128 8K 2K 128K
O0xOF_E000 0x13_F800 7E_0000
9S12XD64 4K 1K 64K
0xOF_F000 0x13_FCO00 7F_0000
9S12XB128 6K 1K 128K
0xO0F_E800 0x13_FC00 7E_0000
9S12XA128 12K 2K 128K
0xOF_DO000 0x13_F800 7E_0000
MC9S12XDP512 Data Sheet, Rev. 2.21
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Table 1-3. Device Internal Resources (see Figure 1-4)

Device RAMSIZE/ EEPROMSIZE/ FLASHSIZEO/ FLASHSIZE1/
RAM_LOW EEPROM_LOW FLASH_LOW FLASH_HIGH
9S12XDT384 20K 4K 128K 256K
0XOF_B00O 0x13_F000 0X79_FFFF 0x7C_0000
9512XDQ256 16K 4K
0XOF_C000 0x13_F000
9S12XDT256 16K 4K
0XOF_C000 0x13_F000
9S12XD256 14K 4K 128K 128K
0XOF_C800 0x13_F000 0x79_FFFF 0X7E_0000
9S12XA256 16K 4K
O0XOF_C000 0x13_F000
9S12XB256 10K 2K
O0XOF_D800 0x13_F800
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Figure 1-5. GATE Global Address Mapping
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Table 1-4. XGATE Resources (see Figure 1-5)

Device XGRANMSIZE XGFLASHSIZEL
XGRAM_LOW XGFLASH_HIGH
9S12XDP512 32K
OxOF_8000
9S12XDT512 20K
OXOF_B000
9S12XDT384 20K
OXOF_B000
9S12XA512 32K
OxOF_8000 30K
9S12XDQ256 16K Ox78_7FFF
OXOF_C000
9S12XD256 14K
OXOF_C800
9S12XB256 10K
OXOF_D800
9S12XA256 16K
OXOF_C000

1 Available Flah Memory 30K on all listed parts
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Figure 1-6. XGATE Global Address Mapping
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Table 1-5. XGATE Resources (see Figure 1-6)

Device XGRAMSIZE XGRAM_LOW
9S12XDG128 12K OXOF_D000
3S12XDG128 12K OXOF_D000

9S12XD128 8K OXOF_E000
9S12XD64 4K OXOF_F000
9S12XB128 6K 0XOF_E800
9S12XA128 12K OXOF_D000
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1.1.5 Part ID Assignments & Maskset Numbers

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 1-6 shows the assigned part ID
number and Mask Set number.

Table 1-6. Part Names, Masksets and Assigned Part ID Numbers

Part Names Mask Set Number Part ID!
MC9S12XDP512 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
MC9S12XDT512 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412

MC9S12XA512 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
MC9S12XDT384 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
MC9S12XDQ256
OMB84E/1MB4E 0xC000/0xC001
OL15Y/1L15Y/0M23S 0xC410/0xC4110xC412
MC9S12XDT256
OMB84E/1MB4E 0xC000/0xC001
OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
MC9S12XD256
OMB84E/1MB4E 0xC000/0xC001
MC9S12XB256 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
OMB84E/1MB4E 0xC000/0xC001
MC9S12XA256 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
OMB84E/1MB4E 0xC000/0xC001
OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
MC9S12XDG128
OM42E/1M42E/2M42E 0xC100/0xC101/0xC102
OL15Y/1L15Y/0M23S 0xC410/0xC4110xC412
MC9S12XD128
OM42E/1M42E/2M42E 0xC100/0xC101/0xC102
MC9S12XA128 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
OM42E/1M42E/2M42E 0xC100/0xC101/0xC102
MC9S12XB128 OL15Y/1L15Y/0M23S 0xC410/0xC411/0xC412
OM42E/1M42E/2M42E 0xC100/0xC101/0xC102

1 The coding is as follows:

Bit 15-12: Major family identifier
Bit 11-8: Minor family identifier
Bit 7-4: Major mask set revision number including FAB transfers

Bit 3-0: Minor — 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 MC9S12XD family of devices offers pin-compatible packaged devices to assist with system
development and accommodate expansion of the application.

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 47

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 1 Device Overview MC9S12XD-Family

The S12XD, S12XA and S12XB family devices are offered in the following packages:
* 144-pin LQFP package with an external bus interface (address/data bus)
* 112-pin LQFP without external bus interface
*  80-pin QFP without external bus interface

See Appendix E Derivative Differences for package options.

CAUTION

Most the I/O Pins have different functionality depending on the module
configuration. Not all functions are shown in the following pinouts. Please
refer to Table 1-7 for a complete description. For avalability of the modules
on different family members refer to Appendix E Derivative Differences.
For pinout explanations of the different parts refer to E.7 Pinout
explanations:
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1.2.2 Signal Properties Summary

Table 1-7 summarizes the pin functionality of the MC9S12XDP512. For available modules on other parts
of the S12XD, S12XB and S12XA family please refer to Appendix E Derivative Differences.

Table 1-7. Signal Properties Summary (Sheet 1 of 4)

Internal Pull
Pin Pin Pin Pin Pin Power Resistor
Name Name Name Name Name Subpl Description
Function 1| Function 2 |Function 3 |Function 4|Function 5 pply Reset
CTRL
State
EXTAL — — — — VppPLL NA NA  |Oscillator pins
XTAL — — — — VppPLL NA NA
RESET — — — — VppR PULLUP External reset
TEST — — — — N.A. RESET pin | DOWN |Test input
VREGEN — — — — Vppx PUCR Up |Voltage regulator enable
Input
XFC — — — — VpppLL NA NA  |PLL loop filter
BKGD MODC — — — Vppx | Always on Up Background debug
PAD[23:08]| AN[23:8] — — — Vppa PERO/ Disabled |Port AD 1/O, Port AD inputs
PER1 of ATD1 and
analog inputs of ATD1
PAD[07:00]| AN[7:0] — — — Vppa PER1 Disabled |Port AD /O, Port AD inputs
of ATDO and
analog inputs of ATDO
PA[7:0] — — — — VppR PUCR Disabled |Port A 1/0
PBI[7:0] — — — — VppR PUCR Disabled |Port BI/O
PA[7:0] |ADDRI[15:8]| IVD[15:8] — — VppR PUCR Disabled |Port A I/O, address bus,
internal visibility data
PB[7:1] | ADDR[7:1] | IVD[7:0] — — VppR PUCR Disabled |Port B I/O, address bus,
internal visibility data
PBO ADDRO ubs VbpRr PUCR Disabled |Port B I/O, address bus,
upper data strobe
PC[7:0] | DATA[15:8] — — — VppR PUCR Disabled |Port C I/O, data bus
PD[7:0] DATA[7:0] — — — VppR PUCR Disabled |Port D I/O, data bus
PE7 ECLKX2 XCLKS — — VbR PUCR Up |Port E I/O, system clock
output, clock select
PE6 TAGHI MODB — — VppR While RESET Port E 1/O, tag high, mode
pin is low: down input
PE5 RE MODA TAGLO — VpDR While RESET Port E I/0, read enable,
pin is low: down mode input, tag low input
PE4 ECLK — — — VppR PUCR Up |Port E I/O, bus clock output
PE3 LSTRB LDS EROMCTL — VppR PUCR Up |Port E /O, low byte data
strobe, EROMON control
PE2 RIW WE — — VpDR PUCR Up |Port E I/O, read/write
PE1 IRQ — — — VppR PUCR Up |Port E Input, maskable
interrupt
MC9S12XDP512 Data Sheet, Rev. 2.21
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Table 1-7. Signal Properties Summary (Sheet 2 of 4)

Internal Pull
Pin Pin Pin Pin Pin Resistor
Power inti
Name Name Name Name Name Suppl Description
Function 1| Function 2 |Function 3|Function 4|Function 5|>YPPY Reset
CTRL
State
PEO XIRQ — — — VppRr PUCR Up [Port E input, non-maskable
interrupt
PH7 KWH7 SS2 TXD5 — Vppr | PERH/PPSH |Disabled |Port H I/O, interrupt, SS of
SPI2, TXD of SCI5
PH6 KWH6 SCK2 RXD5 — VppR PERH/ Disabled |Port H I/O, interrupt, SCK of
PPSH SPI2, RXD of SCI5
PH5 KWH5 MOSI2 TXD4 — VbpRr PERH/ Disabled |Port H I/O, interrupt, MOSI
PPSH of SPI2, TXD of SCl4
PH4 KWH4 MISO2 RXD4 — Vppr | PERH/PPSH |Disabled [Port H 1/O, interrupt, MISO
of SPI2, RXD of SCl4
PH3 KWH3 Ss1 — — Vppr | PERH/PPSH |Disabled |Port H I/0, interrupt, SS of
SPI1
PH2 KWH2 SCK1 — — Vppr | PERH/PPSH [Disabled [Port H I/O, interrupt, SCK of
SPI1
PH1 KWH1 MOSI1 — — Vppr | PERH/PPSH |Disabled [Port H 1/O, interrupt, MOSI
of SPI1
PHO KWHO MISO1 — — Vppr | PERH/PPSH |Disabled [Port H I/O, interrupt, MISO
of SPI1
PJ7 KwWJ7 TXCAN4 SCLO TXCANO | Vppx PERJ/ Up |PortJ /O, interrupt, TX of
PPSJ CAN4, SCL of 1ICO, TX of
CANO
PJ6 KWJ6 RXCAN4 SDAO RXCANO | Vppx PERJ/ Up |PortJ /O, interrupt, RX of
PPSJ CAN4, SDA of IIC0, RX of
CANO
PJ5 KWJ5 SCL1 Cs2 — Vppx PERJ/ Up |PortJ /O, interrupt, SCL of
PPSJ IIC1, chip select 2
PJ4 KwJ4 SDA1 CSO — Vppx PERJ/ Up |PortJ /O, interrupt, SDA of
PPSJ IIC1, chip select 0
PJ2 KWJ2 Cs1 — — Vppx PERJ/ Up [Port J I/O, interrupt, chip
PPSJ select 1
PJ1 KwJ1l TXD2 — — Vppx PERJ/ Up |PortJ /O, interrupt, TXD of
PPSJ SCI2
PJO KWJO0 RXD2 CS3 — Vppx PERJ/ Up |PortJ /O, interrupt, RXD of
PPSJ SCI2
PK7 — — — — Vppx PUCR Up |PortKI1/O
PKI[5:4] — — — — Vppx PUCR Up |PortKI1/O
PK7 EWAIT ROMCTL — — Vppx PUCR Up |Port K1/O, EWAIT input,
ROM on control
PK[6:4] ADDR ACCJ[2:0] — — Vppx PUCR Up Port K I/O, extended
[22:20] addresses, access source
for external access
PK3 ADDR19 | IQSTAT3 — — Vppx PUCR Up |Extended address, PIPE
status
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Table 1-7. Signal Properties Summary (Sheet 3 of 4)

Internal Pull
Pin Pin Pin Pin Pin Resistor
Power inti
Name Name Name Name Name Suppl Description
Function 1| Function 2 |Function 3|Function 4|Function 5|>“PPY Reset
CTRL
State
PK2 ADDR18 | IQSTAT2 — — Vbpx PUCR Up |Extended address, PIPE
status
PK1 ADDR17 | IQSTAT1 — — Vppx PUCR Up |Extended address, PIPE
status
PKO ADDR16 | IQSTATO — — Vbbx PUCR Up |Extended address, PIPE
status
PM7 TXCAN3 TXD3 TXCAN4 — Vbpx PERM/ |Disabled|Port M I/O, TX of CAN3 and
PPSM CAN4, TXD of SCI3
PM6 RXCAN3 RXD3 RXCAN4 — Vppx |PERM/PPSM | Disabled|Port M I/O RX of CAN3 and
CAN4, RXD of SCI3
PM5 TXCAN2 | TXCANO | TXCAN4 SCKO Vppx |PERM/PPSM |Disabled|Port M I/O CANO, CAN2,
CAN4, SCK of SPIO
PM4 RXCAN2 | RXCANO | RXCAN4 MOSIO Vppx |PERM/PPSM|Disabled|Port M 1/0, CANO, CAN2,
CAN4, MOSI of SPIO
PM3 TXCAN1 TXCANO — SSO Vppx |PERM/PPSM|Disabled|Port M I/Q TX of CAN1,
CANQO, SS of SPIO
PM2 RXCAN1 | RXCANO — MISO0 Vppx |PERM/PPSM|Disabled|Port M I/O, RX of CANL,
CANO, MISO of SPIO
PM1 TXCANO — — Vppx |PERM/PPSM|Disabled|Port M I/O, TX of CANO
PMO RXCANO — — Vppx |PERM/PPSM|Disabled|Port M I/O, RX of CANO
PP7 KWP7 PWM7 SCK2 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 7
of PWM, SCK of SPI2
PP6 KWP6 PWM6 SS2 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 6 of PWM, SS of SPI2
PP5 KWP5 PWM5 MOSI2 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 5 of PWM, MOSI of SPI2
PP4 KWP4 PWM4 MISO2 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 4 of PWM, MISO2 of SPI2
PP3 KWP3 PWM3 SS1 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 3 of PWM, SS of SPI1
PP2 KWP2 PWM2 SCK1 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 2 of PWM, SCK of SPI1
PP1 KWP1 PWM1 MOSI1 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 1 of PWM, MOSI of SPI1
PPO KWPO PWMO MISO1 — Vppx PERP/ Disabled |Port P I/O, interrupt, channel
PPSP 0 of PWM, MISO2 of SPI1
PS7 SSO — — — VpDpx PERS/ Up |Port S I/O, SS of SPIO
PPSS
PS6 SCKO — — — Vbpx PERS/ Up |PortS I/O, SCK of SPIO
PPSS
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Table 1-7. Signal Properties Summary (Sheet 4 of 4)

Internal Pull
Pin Pin Pin Pin Pin Resistor
Power inti
Name Name Name Name Name Suppl Description
Function 1| Function 2 |Function 3|Function 4|Function 5|>YPPY Reset
CTRL
State

PS5 MOSIO — — — Vppx PERS/ Up [Port S I/0, MOSI of SPIO
PPSS

PS4 MISOO0 — — — Vppx PERS/ Up [Port S I/O, MISO of SPIO
PPSS

PS3 TXD1 — — — Vppx PERS/ Up |Port S 1/O, TXD of SCI1
PPSS

PS2 RXD1 — — — Vppx PERS/ Up [Port S 1/0, RXD of SCI1
PPSS

PS1 TXDO — — — VD) PERS/ Up |PortS /0, TXD of SCIO
PPSS

PSO RXDO — — — Vppx PERS/ Up [Port S 1/0, RXD of SCIO
PPSS

PT[7:0] I0CJ[7:0] — — — Vppx PERT/ Disabled |Port T I/O, timer channels
PPST
NOTE

For devices assembled in 80-pin and 112-pin packages all non-bonded out
pins should be configured as outputs after reset in order to avoid current
drawn from floating inputs. Refer to Table 1-7 for affected pins.

1.2.3 Detailed Signal Descriptions

NOTE

This section describes all pins which are availabe on the cover part
MCI9S12XDP512 in 144-pin LQFP package. For modules and pinout
explanations of the different family members refer to E.7 Pinout
explanations: and E.5 Peripheral Sets S12XD - Family and E.6 Peripheral
Sets S12XA & S12XB - Family

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. As an output it is driven ;ow to indicate when any internal MCU reset source triggers.
The RESET pin has an internal pullup device.
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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 VREGEN — Voltage Regulator Enable Pin

This input only pin enables or disables the on-chip voltage regulator. The input has a pullup device.

1.2.3.5 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.

VbppLL VbppLL

1

Cs
MCU

Ro T

XFC

Figure 1-10. PLL Loop Filter Connections

1.2.3.6 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.

1.2.3.7  PAD[23:8] / AN[23:8] — Port AD Input Pins of ATD1

PAD[23:8] are general-purpose input or output pins and analog inputs AN[23:8] of the analog-to-digital
converter ATDI.

1.2.3.8  PAD[7:0] / AN[7:0] — Port AD Input Pins of ATDO

PAD[7:0] are general-purpose input or output pins and analog inputs AN[7:0] of the analog-to-digital
converter ATDO.

1.2.3.9  PAD[15:0] / AN[15:0] — Port AD Input Pins of ATD1

PAD[15:0] are general-purpose input or output pins and analog inputs AN[15:0] of the analog-to-digital
converter ATDI.
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1.2.3.10 PA[7:0] / ADDR[15:8] / IVD[15:8] — Port A 1/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.

1.2.3.11 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.

1.2.3.12 PBO/ADDRO/UDS/IVD[0] — Port B I/O Pin O

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.

1.2.3.13 PBJ[7:0] — Port B I/O Pins
PB[7:0] are general-purpose input or output pins.

1.2.3.14 PC[7:0] / DATA [15:8] — Port C I/O Pins

PCJ7:0] 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.

1.2.3.15 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.

1.2.3.16 PE7/ECLKX2/XCLKS — Port E I/O Pin 7

PE7 is a general-purpose input or output pin. 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.
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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.

The pin can be configured to drive the internal system clock ECLKX2.

EXTAL [}
Cy
MCU ] Crystal or
—— Ceramic Resonator
XTAL I I

— VsspLL

Figure 1-11. Loop Controlled Pierce Oscillator Connections (PE7 = 1)

EXTAL |1
Cy
MCU D —
R Crystal or
B I__—_I Ceramic Resonator
Rs
XTAL i i 1
C2 =
S VsspLL

Figure 1-12. Full Swing Pierce Oscillator Connections (PE7 = 0)

CMOS-Compatible
EXTAL /<«—————— External Oscillator

MCU

XTAL—— Not Connected

Figure 1-13. External Clock Connections (PE7 =0)

1.2.3.17 PE6/MODB / TAGHI — Port E I/0O 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
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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.

1.2.3.18 PE5/MODA /TAGLO /RE — Port EI/O Pin 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.

1.2.3.19 PE4/ECLK — Port EI/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.

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

PE3 is a general-purpose input or output pin. 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.

1.2.3.21 PE2/R/W /WE—Port E I/O Pin 2

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

1.2.3.22 PE[6:2] — Port E I/O Pins
PE[6:2] are general-purpose input or output pins.

1.2.3.23 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.

1.2.3.24 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.
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1.2.3.25 PH7/KWH7/SS2/TXD5 — Port H1/O Pin 7

PH7 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as slave select pin SS of the serial peripheral
interface 2 (SPI2). It can be configured as the transmit pin TXD of serial communication interface 5
(SCIY).

1.2.3.26 PH6/KWH6/SCK2/RXD5 — Port H I/O Pin 6

PHG6 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as serial clock pin SCK of the serial peripheral
interface 2 (SPI2). It can be configured as the receive pin (RXD) of serial communication interface 5
(SCIS).

1.2.3.27 PH5/KWH5/MOSI2 / TXD4 — Port H I/O Pin 5

PHS is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as master output (during master mode) or slave input
pin (during slave mode) MOSI of the serial peripheral interface 2 (SPI12). It can be configured as the
transmit pin TXD of serial communication interface 4 (SCI4).

1.2.3.28 PH4/KWH4 /MISO2 / RXD4 — Port H I/O Pin 4

PH4 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as master input (during master mode) or slave output
(during slave mode) pin MISO of the serial peripheral interface 2 (SPI12). It can be configured as the receive
pin RXD of serial communication interface 4 (SCI4).

1.2.3.29 PH3/KWH3/SS1 — Port H1/O Pin 3

PH3 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as slave select pin SS of the serial peripheral
interface 1 (SPI1).

1.2.3.30 PH2/KWH2/SCK1 — Port H /O Pin 2

PH2 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as serial clock pin SCK of the serial peripheral
interface 1 (SPII).

1.2.3.31 PH1/KWH1/MOSI1— Port HI/OPin 1

PHI is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as master output (during master mode) or slave input
pin (during slave mode) MOSI of the serial peripheral interface 1 (SPII).
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1.2.3.32 PHO/KWHO/MISO1 — Port HI/OPinO

PHO is a general-purpose input or output pin. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured as master input (during master mode) or slave output
(during slave mode) pin MISO of the serial peripheral interface 1 (SPI1).

1.2.3.33 PJI7/KWJ7/TXCAN4 /SCLO/TXCANO— PORT J I/O Pin 7

PJ7 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as the transmit pin TXCAN for the scalable controller area
network controller 0 or 4 (CANO or CAN4) or as the serial clock pin SCL of the IIC0O module.

1.2.3.34 PJ6/KWJ6/RXCAN4/SDAO/RXCANO — PORT J I/O Pin 6

PJ6 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as the receive pin RXCAN for the scalable controller area
network controller 0 or 4 (CANO or CAN4) or as the serial data pin SDA of the IICO module.

1.2.3.35 PJI5/KWJI5/SCL1/CS2 —PORTJI/OPIn5

PJ5 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as the serial clock pin SCL of the IIC1 module. It can be
configured to provide a chip-select output.

1.2.3.36 PJ4/KWJ4/SDA1/CS0O— PORT J I/O Pin 4

PJ4 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as the serial data pin SDA of the IIC1 module. It can be
configured to provide a chip-select output.

1.23.37 PJ2/KWJ2/CS1—PORTJI/OPin 2

PJ2 is a general-purpose input or output pins. It can be configured to generate an interrupt causing the
MCU to exit stop or wait mode. It can be configured to provide a chip-select output.

1.2.3.38 PJ1/KWJ1/TXD2 —PORTJI/OPin1

PJ1 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as the transmit pin TXD of the serial communication
interface 2 (SCI2).

1.2.3.39 PJO/KWJIO/RXD2/CS3 — PORT JI/OPin 0

PJO is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as the receive pin RXD of the serial communication interface
2 (SCI2).1t can be configured to provide a chip-select output.
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1.2.3.40 PK7/EWAIT/ROMCTL — Port K I/O Pin 7

PK7 is a general-purpose input or output pin. 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).

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.

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

PK[6:4] are general-purpose input or output pins. During MCU expanded modes of operation, the
ACC][2:0] 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

1.2.3.42 PK[3:0] / ADDR[19:16] / IQSTAT[3:0] — Port K I/O Pins [3:0]

PK3-PKO are general-purpose input or output pins. In MCU expanded modes of operation, these pins
provide the expanded address ADDR[19:16] for the external bus and carry instruction pipe information.

1.2.3.43 PK7,PK[5:0] — Port K I/O Pins 7 & [5:0]
PK7 and PK[5:0] are general-purpose input or output pins.

1.2.3.44 PM7/TXCAN3/TXCAN4 /TXD3 — Port MI/O Pin 7

PM7 is a general-purpose input or output pin. It can be configured as the transmit pin TXCAN of the
scalable controller area network controller 3 or 4 (CAN3 or CAN4). PM7 can be configured as the transmit
pin TXD3 of the serial communication interface 3 (SCI3).

1.2.3.45 PM6/RXCAN3/RXCAN4 /RXD3 — Port M I/O Pin 6

PM6 is a general-purpose input or output pin. It can be configured as the receive pin RXCAN of the
scalable controller area network controller 3 or 4 (CAN3 or CAN4). PM6 can be configured as the receive
pin RXD3 of the serial communication interface 3 (SCI3).

1.2.3.46 PM5/TXCANO/TXCAN2/TXCAN4 / SCKO — Port M I/O Pin 5

PMS5 is a general-purpose input or output pin. It can be configured as the transmit pin TXCAN of the
scalable controller area network controllers 0, 2 or 4 (CANO, CAN2, or CAN4). It can be configured as
the serial clock pin SCK of the serial peripheral interface 0 (SPIO).

MC9S12XDP512 Data Sheet, Rev. 2.21

62 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 1 Device Overview MC9S12XD-Family

1.2.3.47 PM4/RXCANO/RXCAN2/RXCAN4 / MOSIO — Port M I/O Pin 4

PM4 is a general-purpose input or output pin. It can be configured as the receive pin RXCAN of the
scalable controller area network controllers 0, 2, or 4 (CANO, CAN2, or CAN4). It can be configured as
the master output (during master mode) or slave input pin (during slave mode) MOSI for the serial
peripheral interface 0 (SPIO).

1.2.3.48 PM3/TXCAN1/TXCANO/SSO — Port M 1/O Pin 3

PM3 is a general-purpose input or output pin. It can be configured as the transmit pin TXCAN of the
scalable controller area network controllers 1 or 0 (CAN1 or CANO). It can be configured as the slave
select pin SS of the serial peripheral interface 0 (SPIO).

1.2.3.49 PM2/RXCAN1/RXCANO/MISOO — Port M I/O Pin 2

PM?2 is a general-purpose input or output pin. It can be configured as the receive pin RXCAN of the
scalable controller area network controllers 1 or 0 (CAN1 or CANO). It can be configured as the master
input (during master mode) or slave output pin (during slave mode) MISO for the serial peripheral
interface 0 (SPIO).

1.2.3.50 PM1/TXCANO— Port MI/OPin 1

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

1.2.3.51 PMO/RXCANOQ — Port M1/OPin 0

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

1.2.3.52 PP7/KWP7/PWM7/SCK2 — Port P I/O Pin 7

PP7 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 7 output. It can
be configured as serial clock pin SCK of the serial peripheral interface 2 (SPI12).

1.2.3.53 PP6/KWP6/PWM6/SS2 — Port P 1/0O Pin 6

PP6 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 6 output. It can
be configured as slave select pin SS of the serial peripheral interface 2 (SPI2).

1.2.3.54 PP5/KWP5/PWMS5 /MOSI2 — Port P 1/0O Pin 5

PPS5 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 5 output. It can
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be configured as master output (during master mode) or slave input pin (during slave mode) MOSI of the
serial peripheral interface 2 (SP12).

1.2.3.55 PP4/KWP4/PWM4 [ MISO2 — Port P 1/O Pin 4

PP4 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 4 output. It can
be configured as master input (during master mode) or slave output (during slave mode) pin MISO of the
serial peripheral interface 2 (SPI2).

1.2.3.56 PP3/KWP3/PWM3/SS1— Port P 1/O Pin 3

PP3 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 3 output. It can
be configured as slave select pin SS of the serial peripheral interface 1 (SPI1).

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

PP2 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 2 output. It can
be configured as serial clock pin SCK of the serial peripheral interface 1 (SPI1).

1.2.3.58 PP1/KWP1/PWM1/MOSI1— Port P1/OPin1l

PP1 is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 1 output. It can
be configured as master output (during master mode) or slave input pin (during slave mode) MOSI of the
serial peripheral interface 1 (SPI1).

1.2.3.59 PPO/KWPO/PWMO/MISO1 — Port P1/OPin0

PPO is a general-purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit stop or wait mode. It can be configured as pulse width modulator (PWM) channel 0 output. It can
be configured as master input (during master mode) or slave output (during slave mode) pin MISO of the
serial peripheral interface 1 (SPI1).

1.2.3.60 PS7/SS0— PortSI/OPIin7

PS7 is a general-purpose input or output pin. It can be configured as the slave select pin SS of the serial
peripheral interface 0 (SPIO).

1.2.3.61 PS6/SCKO—PortSI1/OPin6

PS6 is a general-purpose input or output pin. It can be configured as the serial clock pin SCK of the serial
peripheral interface 0 (SPIO).
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1.2.3.62 PS5/MOSI0O —Port SI/OPIinb5

PS5 is a general-purpose input or output pin. It can be configured as master output (during master mode)
or slave input pin (during slave mode) MOSI of the serial peripheral interface 0 (SPI0).

1.2.3.63 PS4/ MISOO0 —Port S1/0OPin 4

PS4 is a general-purpose input or output pin. It can be configured as master input (during master mode) or
slave output pin (during slave mode) MOSI of the serial peripheral interface 0 (SPI0).

1.2.3.64 PS3/TXD1—PortS1/OPin 3

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

1.2.3.65 PS2/RXD1— Port SI/O Pin 2

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

1.2.3.66 PS1/TXDO— Port S1/0 Pin 1

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

1.2.3.67 PS0/RXD0O —Port SI/OPin0

PSO0 is a general-purpose input or output pin. It can be configured as the receive pin RXD of serial
communication interface 0 (SCIO).

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

PT[7:0] are general-purpose input or output pins. They can be configured as input capture or output
compare pins IOC[7:0] of the enhanced capture timer (ECT).

1.2.4 Power Supply Pins
MCI9S12XDP512RMV?2 power and ground pins are described below.

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

1.24.1 VDDXl’ VDDXZ’ VSSX].’VSSXZ — Power and Ground Pins for 1/O Drivers

External power and ground for I/O drivers. Because fast signal transitions place high, short-duration
current demands on the power supply, use bypass capacitors with high-frequency characteristics and place
them as close to the MCU as possible. Bypass requirements depend on how heavily the MCU pins are
loaded.
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1.2.4.2 Vopr1: Vbbr2: Vssri, Vssgro — Power and Ground Pins for 1/0O Drivers
and for Internal Voltage Regulator

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

1.2.4.3 Vpp1: Vbbpz: Vssi1, Vsgo — Core 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. The internal voltage regulator is
turned off, if Vrgpggy 1s tied to ground.

NOTE
No load allowed except for bypass capacitors.

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

Vppa, Vssa are the power supply and ground input pins for the voltage regulator and the analog-to-digital
converters.

1.2.45  Vgru, VR — ATD Reference Voltage Input Pins

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

1.2.4.6 VpppLL: VsspL — 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.

NOTE
No load allowed except for bypass capacitors.

MC9S12XDP512 Data Sheet, Rev. 2.21

66 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 1 Device Overview MC9S12XD-Family

Table 1-8. MC9S12XD Family Power and Ground Connection Summary

Pin Number
Mnemonic . . . Nominal Description
144-Pin 112-Pin 80-Pin Voltage
LQFP LQFP QFP

Vbp1, 2 15, 87 13, 65 9,49 25V Internal power and ground generated by
Vest 2 16, 88 14, 66 10, 50 oV internal regulator
VDppR1 53 41 29 50V External power and ground, supply to pin
Vesmt 52 0 -8 oV drivers and internal voltage regulator
Vppx1 139 107 77 50V External power and ground, supply to pin
Voot 138 106 76 oy |drivers
Vppx2 26 N.A. N.A. 50V External power and ground, supply to pin
Voo 27 N.A. N.A. oy |drivers
VpDR2 82 N.A. N.A. 50V External power and ground, supply to pin
Vssro 81 N.A. N.A. oy |drivers

Vbpa 107 83 59 50V Operating voltage and ground for the

Vssa 110 86 62 ov ?;‘2:%%2-?;?31 (i:r?tg\;i:f\r/zl?:;et?sgulator,

allows the supply voltage to the A/D to be
bypassed independently.

VRL 109 85 61 ov Reference voltages for the analog-to-digital

Ven 108 84 60 5oy | converter
VppPLL 55 43 31 25V Provides operating voltage and ground for
VasrLL 57 5 33 oV the phased-locked loop. This allows the

supply voltage to the PLL to be bypassed
independently. Internal power and ground
generated by internal regulator.
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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 1-12 shows the clock connections from the CRG to all modules.

See 79Chapterf or details on clock generation.

SCI Modules SPI Modules CAN Modules IIC Modules ATD Modules

T - | 1] I IﬁTW

EXTAL
> C Oscillator Clock
e—>» ECT
—=
XTAL ® > PIM
Core Clock
l @
Y Y l
RAM S12X XGATE FLASH EEPROM

Figure 1-14. MC9S12XD Family 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 1-12, this system clocks are used throughout the MCU to drive the core, the
memories, and the peripherals.

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. See the Flash
and EEPROM section for more details on the operation of the NVM’s.
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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

CAUTION

Emulation single chip mode, Normal expanded mode, Emulation expanded
mode and ROMCTL/EROMCTL functionality is only available on parts
with external bus interface in 144 LQFP package. see Appendix E
Derivative Differences.

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 1-9). 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 1-9.) For
a detailed description of the ROMON and EROMON bits refer to the S12X_MMC section.

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.

The MCU can operate in two different modes. The operating mode out of reset is determined by the state
of the MODC signal during reset. The MODC bit in the MODE register shows the current operating mode
and provide limited mode switching during operation. The state of the MODC signal is latched into this
bit on the rising edge of RESET.
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Table 1-9. Chip Modes and Data Sources

Chip Modes BKGD = PEG = PES = PK7 = PE3 = Data Sourcel
MODC MODB MODA ROMCTL EROMCTL

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 1-10). For a detailed
description please refer to the SI2CRG section.

Table 1-10. Clock Selection Based on PE7

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

The logic level on the voltage regulator enable pin Vygggn determines whether the on-chip voltage
regulator is enabled or disabled (see Table 1-11).

Table 1-11. Voltage Regulator VREGEN

VREGEN Description
1 Internal voltage regulator enabled
0 Internal voltage regulator disabled, Vpp; » and Vppp | must be
supplied externally

MC9S12XDP512 Data Sheet, Rev. 2.21

70 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 1 Device Overview MC9S12XD-Family

1.5 Modes of Operation

15.1 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.

1.51.2 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.

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 sections 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 SI2CRG section.
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1.5.2.1 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 section. 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.

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 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.

153 Freeze Mode

The enhanced capture timer, pulse width modulator, analog-to-digital converters, 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 ATDO, ATD1, ECT, PWM, XGATE and PIT when the background debug
module is active consult the corresponding sections..

1.6 Resets and Interrupts

Consult the S12XCPU Block Guide for information on exception processing.

1.6.1 Vectors

Table 1-12 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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Vector Address? Ch);ﬁr?;ElDz Interrupt Source I\c/l:gsi Local Enable

$FFFE — System reset or illegal access reset None None

$FFFC — Clock monitor reset None PLLCTL (CME, SCME)

$FFFA — COP watchdog reset None COP rate select
Vector base + $F8 — Unimplemented instruction trap None None
Vector base+ $F6 — Swi None None
Vector base+ $F4 — XIRQ X Bit None
Vector base+ $F2 — IRQ I bit IRQCR (IRQEN)
Vector base+ $FO $78 Real time interrupt | bit CRGINT (RTIE)
Vector base+ $EE $77 Enhanced capture timer channel O | bit TIE (COl)
Vector base + $EC $76 Enhanced capture timer channel 1 | bit TIE (C1lI)
Vector base+ $EA $75 Enhanced capture timer channel 2 | bit TIE (C2I)
Vector base+ $E8 $74 Enhanced capture timer channel 3 | bit TIE (C3I)
Vector base+ $E6 $73 Enhanced capture timer channel 4 | bit TIE (C4l)
Vector base+ $E4 $72 Enhanced capture timer channel 5 | bit TIE (C5I)
Vector base + $E2 $71 Enhanced capture timer channel 6 | bit TIE (Cél)
Vector base+ $EO $70 Enhanced capture timer channel 7 | bit TIE (C7I)
Vector base+ $DE $6F Enhanced capture timer overflow | bit TSRC2 (TOF)
Vector base+ $DC $6E Pulse accumulator A overflow | bit PACTL (PAOVI)
Vector base + $DA $6D Pulse accumulator input edge | bit PACTL (PAI)
Vector base + $D8 $6C SPIO I bit SPIOCR1 (SPIE, SPTIE)
Vector base+ $D6 $6B SCIo | bit SCIOCR2

(TIE, TCIE, RIE, ILIE)
Vector base + $D4 $6A SCI1 | bit SCI1CR2
(TIE, TCIE, RIE, ILIE)

Vector base + $D2 $69 ATDO | bit ATDOCTL2 (ASCIE)
Vector base + $D2 Reserved
Vector base + $D0 $68 ATD1 | bit ATD1CTL2 (ASCIE)
Vector base + $CE $67 Port J | bit PIEJ (PIEJ7-PIEJO)
Vector base + $CC $66 Port H | bit PIEH (PIEH7-PIEHO)
Vector base + $CA $65 Modulus down counter underflow | bit MCCTL(MCZI)
Vector base + $C8 $64 Pulse accumulator B overflow | bit PBCTL(PBOVI)
Vector base + $C6 $63 CRG PLL lock | bit CRGINT(LOCKIE)
Vector base + $C4 $62 CRG self-clock mode | bit CRGINT (SCMIE)
Vector base + $C2 Reserved
Vector base + $CO $60 1ICO bus | | bit IBCRO (IBIE)
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Table 1-12. Interrupt Vector Locations (Sheet 2 of 3)

Vector Address?® Ch);(r?r?;ElDz Interrupt Source I\C/I:acsi Local Enable
Vector base + $BE $5F SPI1 | bit SPI1CR1 (SPIE, SPTIE)
Vector base + $BC $5E SPI2 | bit SPI2CR1 (SPIE, SPTIE)
Vector base + $BC RESERVED
Vector base + $BA $5D EEPROM | bit ECNFG (CCIE, CBEIE)
Vector base + $B8 $5C FLASH | bit FCNFG (CCIE, CBEIE)
Vector base + $B6 $5B CANO wake-up | bit CANORIER (WUPIE)
Vector base + $B4 $5A CANO errors | bit CANORIER (CSCIE, OVRIE)
Vector base + $B2 $59 CANO receive | bit CANORIER (RXFIE)
Vector base + $B0 $58 CANQO transmit | bit CANOTIER (TXEIE[2:0])
Vector base + $AE $57 CAN1 wake-up | bit CAN1RIER (WUPIE)
Vector base + $AC $56 CAN1 errors | bit CAN1RIER (CSCIE, OVRIE)
Vector base + $AA $55 CANL1 receive | bit CANI1RIER (RXFIE)
Vector base + $A8 $54 CANL1 transmit | bit CANLTIER (TXEIE[2:0])
Vector base + $A6 $53 CAN2 wake-up | bit CAN2RIER (WUPIE)
Vector base + $A4 $52 CAN2 errors | bit CANZ2RIER (CSCIE, OVRIE)
Vector base + $A2 $51 CAN2 receive I bit CANZ2RIER (RXFIE)
Vector base + $A0 $50 CAN2 transmit I bit CAN2TIER (TXEIE[2:0])
Vector base + $9E $4F CAN3 wake-up I bit CAN3RIER (WUPIE)
Vector base+ $9C $4E CANBS errors | bit CANS3RIER (CSCIE, OVRIE)
Vector base+ $9A $4D CAN3 receive | bit CANSRIER (RXFIE)
Vector base + $98 $4C CANB3 transmit | bit CANS3TIER (TXEIE[2:0])
Vector base + $AE
to Reserved
Vector base + 98
Vector base + $9E
to Reserved

Vector base + 98

Vector base + $96 $4B CAN4 wake-up | bit CAN4RIER (WUPIE)
Vector base + $94 $4A CAN4 errors I bit CAN4RIER (CSCIE, OVRIE)
Vector base + $92 $49 CAN4 receive I bit CAN4RIER (RXFIE)
Vector base + $90 $48 CAN4 transmit | bit CANATIER (TXEIE[2:0])
Vector base + $8E $47 Port P Interrupt I bit PIEP (PIEP7-PIEPO)
Vector base+ $8C $46 PWM emergency shutdown | bit PWMSDN (PWMIE)
Vector base + $8A $45 SCI2 | bit SCI2CR2

(TIE, TCIE, RIE, ILIE)
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Vector Address?® Ch);(r?r?;ElDz Interrupt Source I\C/I:acsi Local Enable
Vector base + $88 $44 SCI3 | bit SCI3CR2

(TIE, TCIE, RIE, ILIE)
Vector base + $8A

to Reserved

Vector base + $88
Vector base + $86 $43 SCl4 I bit SCI4CR2

(TIE, TCIE, RIE, ILIE)
Vector base + $84 $42 SCI5 | bit SCI5CR2

(TIE, TCIE, RIE, ILIE)
Vector base + $86

to Reserved

Vector base + $84
Vector base + $82 $41 IC1 Bus | I bit | IBCR (IBIE)
Vector base + $82 Reserved
Vector base + $80 $40 Low-voltage interrupt (LVI) | bit VREGCTRL (LVIE)
Vector base + $7E $3F Autonomous periodical interrupt (API) | bit VREGAPICTRL (APIE)
Vector base + $7C Reserved
Vector base + $7A $3D Periodic interrupt timer channel O I bit PITINTE (PINTEO)
Vector base + $78 $3C Periodic interrupt timer channel 1 | bit PITINTE (PINTE1)
Vector base + $76 $3B Periodic interrupt timer channel 2 | bit PITINTE (PINTE2)
Vector base + $74 $3A Periodic interrupt timer channel 3 | bit PITINTE (PINTE3)
Vector base + $72 $39 XGATE software trigger 0 | bit XGMCTL (XGIE)
Vector base + $70 $38 XGATE software trigger 1 I bit XGMCTL (XGIE)
Vector base + $6E $37 XGATE software trigger 2 I bit XGMCTL (XGIE)
Vector base + $6C $36 XGATE software trigger 3 | bit XGMCTL (XGIE)
Vector base + $6A $35 XGATE software trigger 4 | bit XGMCTL (XGIE)
Vector base + $68 $34 XGATE software trigger 5 | bit XGMCTL (XGIE)
Vector base + $66 $33 XGATE software trigger 6 | bit XGMCTL (XGIE)
Vector base + $64 $32 XGATE software trigger 7 I bit XGMCTL (XGIE)
Vector base + $62 — XGATE software error interrupt I bit XGMCTL (XGIE)
Vector base + $60 — S12XCPU RAM access violation | bit RAMWPC (AVIE)

Vector base+ $12
to
Vector base + $5E

Reserved

Vector base + $10

Spurious interrupt

None

16 bits vector address based
For detailed description of XGATE channel ID refer to XGATE Block Guide
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1.6.2 Effects of Reset

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

1.6.2.1 I/O Pins

Refer to the PIM Block Guide 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 ($0107) located in the Flash EEPROM block. See
Table 1-13 and Table 1-14 for coding. The FCTL register is loaded from the Flash configuration field byte
at global address $7FFFOE during the reset sequence

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 1-13. 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 1-14. Initial WCOP Configuration

NV[3] in WCOP in
FCTL Register COPCTL Register
1
0
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Chapter 1 Device Overview MC9S12XD-Family

1.8  ATDO External Trigger Input Connection

The ATD_10B8C module includes four external trigger inputs ETRIGO, ETRIG1, ETRIG, and ETRIG3.
The external trigger allows the user to synchronize ATD conversion to external trigger events. Table 1-15
shows the connection of the external trigger inputs on MC9S12XDP512RMV2.

Table 1-15. ATDO External Trigger Sources

External Trigger Connected to . .
Input

ETRIGO Pulse width modulator channel 1

ETRIG1 Pulse width modulator channel 3

ETRIG2 Periodic interrupt timer hardware trigger0
PITTRIGIO].

ETRIG3 Periodic interrupt timer hardware triggerl
PITTRIG[1].

See Section Chapter 5, “Analog-to-Digital Converter (SI2ATD10B8CV2) for information about the
analog-to-digital converter module. When this section refers to freeze mode this is equivalent to active
BDM mode.

1.9 ATD1 External Trigger Input Connection

The ATD_10B16C module includes four external trigger inputs ETRIGO, ETRIG1, ETRIG, and ETRIG3.
The external trigger feature allows the user to synchronize ATD conversion to external trigger events.
Table 1-16 shows the connection of the external trigger inputs on MC9S12XDP512RM V2.

Table 1-16. ATD1 External Trigger Sources

External Trigger Connected to . .
Input

ETRIGO Pulse width modulator channel 1

ETRIG1 Pulse width modulator channel 3

ETRIG2 Periodic interrupt timer hardware trigger0
PITTRIGIO].

ETRIG3 Periodic interrupt timer hardware triggerl
PITTRIG[1].

See Section Chapter 4, “Analog-to-Digital Converter (ATD10B16CV4) Block Description for information
about the analog-to-digital converter module. When this section refers to freeze mode this is equivalent to
active BDM mode.
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Chapter 2
Clocks and Reset Generator (S12CRGV6)

2.1 Introduction

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

2.1.1 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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2.1.2 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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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.1.3 Block Diagram
Figure 2-1 shows a block diagram of the CRG.

lllegal Address Reset
S12X_MMC 2
Power on Reset
Voltage
Regulator | Low Voltage Reset
RESET
Xe q Reset System Reset
i Generator
Clock CM fail
< XCLKS > Monitor §
OSCCLK £ CI(():Chk ngality
i [= ecKker
< EXTAL Oscillator 5 Bus Clock )
O
XTAL O
X > COP RTI Core Clock >
Oscillator Clock >
Registers
XFC
Xe > PLLCLK T
e \\iDDPLL o pLL Cloc(l; and FIQeset Real Time Interrupt,
K SSPLL q ontro PLL Lock Interrupt
Self Clock Mode
>
Interrupt
Figure 2-1. CRG Block Diagram
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.2  External Signal Description

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

2.2.1  VpppLL and Vggp | — Operating and Ground Voltage Pins

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

2.2.2 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-

VpppLL

T
R

1 cs -
MCU
Rs
XFC ‘

Figure 2-2. PLL Loop Filter Connections

2.2.3 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.

2.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the CRG.
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.1 Module Memory Map

Table 2-1 gives an overview on all CRG registers.

Table 2-1. CRG Memory Map

Ag;jfrsists 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)! RIW
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.

NOTE

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

level.
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2 Register Descriptions

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

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
SYNR R 0 0
W SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
REFDV R 0 0
W REFDV5 REFDV4 REFDV3 REFDV2 REFDV1 REFDVO
CTFLG R 0 0 0 0 0 0 0 0
W
CRGFLG R LOCK TRACK SCM
W RTIF PORF LVRF LOCKIF SCMIF
CRGINT R 0 0 0 0
W RTIE ILAF LOCKIE SCMIE
CLKSEL R 0 0 0
W PLLSEL PSTP PLLWAI RTIWAI COPWAI
PLLCTL R
W CME PLLON AUTO ACQ FSTWKP PRE PCE SCME
RTICTL R
W RTDEC RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
COPCTL R 0 0 0
WCOP RSBCK CR2 CR1 CRO
W WRTMASK
FORBYP R 0 0 0 0 0 0 0 0
W
CTCTL R 1 0 0 0 0 0 0 0
W
ARMCOP R 0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
I:I = Unimplemented or Reserved
Figure 2-3. S12CRGV6 Register Summary
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2.1 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.

7 6 5 4 3 2 1 0
R 0
W SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 2-4. 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.

2.3.2.2 CRG Reference Divider Register (REFDV)

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

7 6 5 4 3 2 1 0
R
W REFDV5 REFDV4 REFDV3 REFDV2 REFDV1 REFDVO
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 2-5. CRG Reference Divider Register (REFDV)

Read: Anytime
Write: Anytime except when PLLSEL = 1

NOTE
Write to this register initializes the lock detector bit and the track detector
bit.
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2.3 Reserved Register (CTFLG)

This register is reserved for factory testing of the CRG module and is not available in normal modes.

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

|:|= Unimplemented or Reserved

Figure 2-6. 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.

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

7 6 5 4 3 2 1 0
LOCK TRACK SCM
RTIF PORF LVRF LOCKIF SCMIF
W
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 2-7. CRG Flags Register (CRGFLG)

Read: Anytime

Write: Refer to each bit for individual write conditions
Table 2-2. 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.
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Table 2-2. CRGFLG Field Descriptions (continued)

Field Description
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 mode.
TRACK 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.
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2.3.25

CRG Interrupt Enable Register (CRGINT)

This register enables CRG interrupt requests.

7 6 5 4 3 2 1 0
0 0 0
W 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 2-8. CRG Interrupt Enable Register (CRGINT)

Read: Anytime

Write: Anytime

Table 2-3. 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 ClockMmode Interrupt Enable Bit
SCMIE 0 SCM interrupt requests are disabled.
1 Interrupt will be requested whenever SCMIF is set.
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2.3.2.6 CRG Clock Select Register (CLKSEL)

This register controls CRG clock selection. Refer to Figure 2-17 for more details on the effect of each bit.

7 6 5 4 3 2 1 0
R 0 0 0
W PLLSEL PSTP PLLWAI RTIWAI COPWAI
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 2-9. CRG Clock Select Register (CLKSEL)

Read: Anytime

Write: Refer to each bit for individual write conditions
Table 2-4. 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.

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

6 Pseudo Stop Bit
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 setto 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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2.3.2.7

CRG PLL Control Register (PLLCTL)

This register controls the PLL functionality.

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 2-10. CRG PLL Control Register (PLLCTL)

Read: Anytime

Write: Refer to each bit for individual write conditions

Table 2-5. 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 immediately resume operation i self-clock mode (see
Section 2.4.1.4, “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 2-23 and Figure 2-24.
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Table 2-5. 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 2.5.2, “Clock Monitor Reset”).
1 Detection of crystal clock failure forces the MCU in self clock mode (see Section 2.4.2.2, “Self Clock Mode”).
2.3.2.8 CRG RTI Control Register (RTICTL)

This register selects the timeout period for the real time interrupt.

7 6 5 4 3 2 1 0
R
W RTDEC RTR6 RTRS RTR4 RTR3 RTR2 RTR1 RTRO
Reset 0 0 0 0 0 0 0 0

Figure 2-11. CRG RTI Control Register (RTICTL)

Read: Anytime

Write: Anytime

NOTE
A write to this register initializes the RTI counter.

Table 2-6. 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 2-7
1 Decimal based divider value. See Table 2-8
64 Real Time Interrupt Prescale Rate Select Bits — These bits select the prescale rate for the RTI. See Table 2-7
RTR[6:4] |and Table 2-8.
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 2-7 and Table 2-8 show all possible divide values selectable by the RTICTL
register. The source clock for the RTl is OSCCLK.
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Table 2-7. RTI Frequency Divide Rates for RTDEC =0

RTR[6:4] =

RTR[3:0] 000 001 010 011 100 101 110 111

(OFF) (2'9 (2 2" 2% 2 25 (')
0000 (+1) OFF* 210 211 212 213 214 215 216
0001 (+2) OFF 2x210 2x211 2x212 2x213 2x214 2x215 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 5x215 5x216
0101 (+6) OFF 6x210 6x211 6x212 6x213 6x214 6x21° 6x216
0110 (+7) OFF 7x210 7x211 7x212 7x213 7x214 7x215 7x216
0111 (+8) OFF 8x210 gx21t 8x21? 8x213 8x214 8x215 8x216
1000 (+9) OFF ox210 gx211 ox212 ox213 gx214 gx215 ox216
1001 (+10) OFF 10x210 10x21t 10x212 10x213 10x214 10x21° 10x216
1010 (+11) OFF 11x210 11x211 11x212 11x213 11x214 11x21° 11x216
1011 (+12) OFF 12x210 12x211 12x21? 12x213 12x214 12x21° 12x216
1100 (+13) OFF 13x210 13x211 13x212 13x213 13x214 13x21° 13x216
1101 (+14) OFF 14x210 14x211 14x212 14x213 14x214 14x21° 14x216
1110 (+15) OFF 15x210 15x211 15x212 15x213 15x214 15x21° 15x216
1111 (+16) OFF 16x210 16x21t 16x212 16x213 16x214 16x21° 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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Table 2-8. RTI Frequency Divide Rates for RTDEC =1

Chapter 2 Clocks and Reset Generator (S12CRGV6)

RTR[6:4] =

RTR[3:0] 000 001 010 011 100 101 110 111

(1x10%) | (2x10%) | (5x10%) | (10x10%) | (20x10%) | (50x10°) (100x10%) (200x103)
0000 (+1) 1x10° 2x10° 5x103 10x10° 20x10° 50x10° 100x10° 200x10°
0001 (+2) 2x10° 4x108 10x108 20x10° 40x103 100x103 200x10° 400x10°
0010 (+3) 3x10° 6x10° 15x10°8 30x10° 60x10° 150x10° 300x10° 600x10°
0011 (+4) 4x10° 8x10° 20x10° 40x103 80x10° 200x10° 400x10° 800x10°
0100 (+5) 5x10° 10x10° 25x10° 50x10° 100x10° 250x10° 500x10° 1x10°
0101 (+6) 6x10° 12x10° 30x10° 60x10° 120x10° 300x103 600x103 1.2x108
0110 (+7) 7x10° 14x10° 35x10° 70x10° 140x10° 350x10° 700x103 1.4x108
0111 (+8) 8x10° 16x10% | 40x108 80x10° 160x10° 400x10° 800x10° 1.6x108
1000 (+9) 9x10° 18x10% | 45x10° 90x10° 180x103 450x10° 900x103 1.8x108
1001 (+10) 10x10% | 20x10° 50x103 100x10° 200x10°3 500x10° 1x108 2x10°
1010 (+11) 11 x10° 22x108 55x10° 110x10° 220x108 550x10° 1.1x10° 2.2x108
1011 (+12) 12x10° 24x10° 60x10° 120x10° 240x10° 600x103 1.2x108 2.4x10°
1100 (+13) 13x10° 26x10° 65x10° 130x10° 260x10° 650x103 1.3x108 2.6x10°
1101 (+14) 14x108 28x10°3 70x10° 140x10° 280x10° 700x103 1.4x108 2.8x10°
1110 (+15) 15x10° 30x10° 75x10°8 150x103 300x10° 750x103 1.5x108 3x108
1111 (+16) 16x10° 32x10°8 80x10° 160x103 320x10° 800x103 1.6x108 3.2x10°
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2.9 CRG COP Control Register (COPCTL)

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

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 2-12. 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 2-9. 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, Ox_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 2-10 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 2-9. COPCTL Field Descriptions (continued)

Field

Description

5
WRTMASK

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
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”.)

20
CRJ[1:0]

COP Watchdog Timer Rate Select — These bits select the COP time-out rate (see Table 2-10). The COP
time-out period is OSCCLK period divided by CR[2:0] value. Writing a nonzero value to CR[2:0] enables the
COP counter and starts the time-out period. A COP counter time-out causes a system reset. This can be
avoided by periodically (before time-out) reinitializing the COP counter via the ARMCOP register.

While all of the following four 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 2-10. COP Watchdog Rates?!

OSCCLK
Cycles to Time-out

@)
O
N
@]
Py
[
@]
Py
o

COP disabled
214

216

218

220

R|lFRP|FP|IPFRP|[|OC|]OC|O| O
Pl FRP|O|O|FR,|FL|O| O
P | O| P |O|FRr|O|FR|O

1 OSCCLK cycles are referenced from the previous COP time-out reset
(writing 0x_55/0x_AA to the ARMCOP register)
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.3.2.10 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.

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

Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 2-13. Reserved Register (FORBYP)

Read: Always read 0x_00 except in special modes

Write: Only in special modes

2.3.2.11 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.

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

Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 2-14. Reserved Register (CTCTL)

Read: always read 0x_80 except in special modes

Write: only in special modes
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2.3.2.12

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

Chapter 2 Clocks and Reset Generator (S12CRGV6)

CRG COP Timer Arm/Reset Register (ARMCOP)

7

6

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 Bit0
Reset 0 0 0 0 0 0 0 0

Figure 2-15. 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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Chapter 2 Clocks and Reset Generator (S12CRGV6)

2.4  Functional Description

2.4.1 Functional Blocks

24.1.1 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 LoYNR+ 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 fgcp.

REFERENCE
- LOCK —33 LOCK
EXTAL REFDV <5:0> FEEDBACK| DETECTOR
AT Y
REDUCED Y
CONSUMPTION OSCCU& REFERENCE
OSCILLATOR PROGRAMMABLE VoopLL/VsspLL
< DIVIDER PDET UP.
XTAL PHASE DOWN | CPUMP VCO
DETECTOR
CRYSTAL VoppLL
MONITOR LOOP
PROGRAMMABLE f‘l
DIVIDER LOOP
A FILTER
i . XFC
supplied by: STN <50 FC
[ ] VooeLiVsspu | |PLLCLK
|:| Vpp/Vss
Figure 2-16. PLL Functional Diagram
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

24.11.1 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 2-16.

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.

24.1.1.2 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. Ifthe 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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Chapter 2 Clocks and Reset Generator (S12CRGV6)

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 bit is 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, A ., 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 (fj

manual mode:

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

L]

yS

) and require fast start-up. The following conditions apply when in

After turning on the PLL by setting the PLLON bit software must wait a given time (t,q) 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).

2.4.1.2 System Clocks Generator
|r _________ PLLSELOrSCM T T T T T ':
' ¢ STOP !
| PL%ACS*E R SYSCLK Z | % CORE CLOCK
| LOOP 1o I~
I I
| f |
| ScM CLOCKPHASE | | o gus cLock
| WAIT(RTIWAI), GENERATOR :
| ¢ STOP(PSTP,PRE), |
EXTAL 1 RTI ENABLE
—> > l
0SCCLK Z > RTI

| | OSCILLATOR »15° WAIT(COPWA) I

<1 STOP(PSTP,PCE), !

XTAL | COP ENABLE |
I Y . Z | cop |
I CLOCK I
| MONITOR |
GATING STOP
| conpimion ) |5 8SgICLLATOR
I I LOCK
|\ Qeoooore !
Figure 2-17. System Clocks Generator
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

The clock generator creates the clocks used in the MCU (see Figure 2-17). 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 2.4.2.2, “Self Clock
Mode”) oscillator clock source is switched to PLLCLK running at its minimum frequency fg-\;. 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 2-18. 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.

BUS CLOCK / ECLK

Figure 2-18. Core Clock and Bus Clock Relationship

2.4.1.3 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.

24.1.4 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 (:ycles1 is called check window.

1. VCO clock cycles are generated by the PLL when running at minimum frequency fgcp.

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 101

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 2 Clocks and Reset Generator (S12CRGV6)

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 2-19 as an example.

check window

| |
|- »
& [}

1 2 3 49999 50000

VCO

Clock %>_ %}

I
4096

I
1 2 3 4 5
4095¢
osc ok

Figure 2-19. Check Window Example

The sequence for clock quality check is shown in Figure 2-20.

‘\\ CM fail
Clock OK

no
POR
num =0 Enter SCM p<_FSTWKP =0
LVR "
yes
Clock Monitor Reset
\i
Enter SCM num=0
num =50
yes SCM
active?
v v
check window num=num-1
Tyes
> num >0 no >
?
Switch to OSCCLK
Exit SCM
Figure 2-20. Sequence for Clock Quality Check
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Chapter 2 Clocks and Reset Generator (S12CRGV6)

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¢y) and an active VREG
during pseudo stop mode or wait mode.

2.4.1.5 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 2.4.1.5, “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 O0x_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.

24.1.6 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.

2.4.2 Operating Modes

2421 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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2.4.2.2 Self Clock Mode

The VCO has a minimum operating frequency, fg-\. 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 2.4.1.4, “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
fscm. As soon as the external clock is available again the system clock
ramps up to its PLL target frequency. If the MCU is running on external
clock any loss of clock will cause the system to go static.

2.4.3

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

Low Power Options

2.4.3.1 Run Mode

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

2.4.3.2 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 2-11 lists the individual configuration bits and the parts of the MCU that are affected in wait mode

Table 2-11. 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 PLLWALI bit is asserted (Figure 2-21). 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, .
Disable PLL i
No
v
Enter
Wait Mode ¥ "iT
Wait Mode left
due to external reset | Yes
Exit Wait w.
ext.RESET A
Exit Wait w.
CMRESET
v
Exit
Wait Mode
Generate W Yes
SCM Interrupt
(Wakeup from Wait) Exit
Wait Mode
Continue w.
Normal OP
Figure 2-21. 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 2.4.1.4, “Clock
Quality Checker”). Then the MCU continues with normal operation.If the SCM interrupt is blocked by
SCMIE = 0, the SCMIF flag will be asserted and clock quality checks will be performed but the MCU will
not wake-up from wait-mode.

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

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

Table 2-12 summarizes the outcome of a clock loss while in wait mode.

2.4.3.3 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 2-12. 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 (fscy) as system clock,
— Start reset sequence,
— Continue to perform additional clock quality checks until OSCCLKis 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 (fscp) as system clock,
— Continue to perform a additional clock quality checks until OSCCLK is o.k. again.
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Figure 2-22. Stop Mode Entry/Exit Sequence
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2.4.33.1 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 2.4.1.4, “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 2-13 summarizes the outcome of a clock loss while in pseudo stop mode.
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Table 2-13. 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 (fscpy) as system clock,
— Continue to perform a additional clock quality checks until OSCCLK is o.k. again.
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2.4.3.3.2 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 2.4.1.4, “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 2.4.1.4,
“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 2.4.1.4, “Clock
Quality Checker”). The SCMIF flag will not be set. The system will remain in self-clock mode with
oscillator disabled until FSTWKRP 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 2-23 and Figure 2-24.

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 ASTOP ><IRQ ServiceXSTOP IRQ Service XSTOP ><IRQ Service

Interrupt Interrupt Interrupt

Power Saving/

Oscillator Clock

Oscillator Disabled

PLL Clock

Core Clock Self-Clock Mode

Figure 2-23. Fast Wake-up from Full Stop Mode: Example 1

CPU resumes program execution immediately
Instruction

// _ _
><FSTWKP=1><SCME:1 ST(;/P ><IRQ Servic§< FSTV\/IKP:O>< SCMIE=1 >< Freq. Uncritical >< Freg. Critical

IRQ Interrupt SCM\Interrupt

Oscillator Clock ‘ Clock Quallty Check

Osgcillator Disabled (0)S3 artup,
// \ //
PLL Clock
// //

Core Clock < Self-Clock Mode
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Figure 2-24. Fast Wake-up from Full Stop Mode: Example 2
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2.5 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 2.3, “Memory Map and Register
Definition”. All reset sources are listed in Table 2-14. Refer to MCU specification for related vector
addresses and priorities.

Table 2-14. 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)

2.5.1 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 SI2XMMC 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 2-25). Since entry into reset is asynchronous, it does not require a running SY SCLK. 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 2-15 shows which vector will be fetched.
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Table 2-15. Reset Vector Selection

Sampled RESET Pin
(64 cycles
after release)

Clock Monitor CoP
Reset Pending Reset Pending

Vector Fetch

POR / LVR / lllegal Address Reset / External Reset

Clock Monitor Reset

COP Reset

oOf|lr|r|r

0
1
0
X

X| | X| O

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.

RESET :
Y )¢ r7 722227

' CRG qrives RESET pinlow .
: : released

RESET pin

' With n being
g(;?g)z};( min 3/ max 6
cycles depending
on internal
synchronization
delay

Figure 2-25. RESET Timing

not
running

MC9S12XDP512 Data Sheet, Rev. 2.21

! 128 +n cycles . 64 cycles :

" Possibly
RESET
driven low
externally

114

Downloaded from Elcodis.com electronic components distributor

Freescale Semiconductor



http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html
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2.5.2 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 2.3,
“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.

2.5.3 Computer Operating Properly Watchdog (COP) Reset

When COP is enabled, the CRG expects sequential write of 0x_55 and O0x_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.

2.5.4 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 2-26 and Figure 2-27 show the power-up sequence for cases when the RESET pin is tied to Vpp
and when the RESET pin is held low.
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Figure 2-26. RESET Pin Tied to Vpp (by a pull-up resistor)
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I
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Figure 2-27. RESET Pin Held Low Externally

2.6 Interrupts

The interrupts/reset vectors requested by the CRG are listed in Table 2-16. Refer to MCU specification for
related vector addresses and priorities.

Table 2-16. CRG Interrupt Vectors

Interrupt Source I\(/I:e(l:si Local Enable

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

2.6.1 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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2.6.2 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.

2.6.3 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 2.4.1.4, “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.

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor 117

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 2 Clocks and Reset Generator (S12CRGV6)

MC9S12XDP512 Data Sheet, Rev. 2.21

118 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 3
Pierce Oscillator (S12XOSCLCPV1)

3.1 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.

3.1.1 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.

* 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

3.1.2 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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3.1.3 Block Diagram
Figure 3-1 shows a block diagram of the XOSC.

Monitor_Failure
Clock >
Monitor
OSCCLK
Peak
Detector Gain Control
\4 /\VpppLL =25V
Rf
VAN
EXTAL XTAL
1|l
|D|

v v

Figure 3-1. XOSC Block Diagram

3.2  External Signal Description

This section lists and describes the signals that connect off chip

3.21  VpppLL and Vggp | — Operating and Ground Voltage Pins

Theses pins provides operating voltage (Vpppr 1) and ground (Vggpy 1) for the XOSC circuitry. This
allows the supply voltage to the XOSC to be independently bypassed.

3.2.2 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 3-2. Loop Controlled Pierce Oscillator Connections (XCLKS =1)

NOTE
Full swing Pierce circuit is not suited for overtone resonators and crystals
without a careful component selection.

EXTAL : [}
C1
MCU RB [] Crystalor
—— Ceramic Resonator
RS*
XTAL . i i 1
VsspLL

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

Figure 3-3. Full Swing Pierce Oscillator Connections (XCLKS = 0)

CMOS Compatible

EXTALl«——— External Oscillator
(Voopu Level)

MCU

XTAL—— Not Connected

Figure 3-4. External Clock Connections (XCLKS = 0)
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3.2.3 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 3-1 lists the state coding of the sampled XCLKS signal.

Table 3-1. Clock Selection Based on XCLKS

XCLKS Description
1 Loop controlled Pierce oscillator selected
0 Full swing Pierce oscillator/external clock selected

3.3 Memory Map and Register Definition

The CRG contains the registers and associated bits for controlling and monitoring the oscillator module.

3.4  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.

34.1 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.

3.4.2 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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Chapter 3 Pierce Oscillator (S12XOSCLCPV1)

3.4.3 Wait Mode Operation

During wait mode, XOSC is not impacted.

3.4.4 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 4
Analog-to-Digital Converter (ATD10B16CV4)
Block Description

4.1 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.

4.1.1 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

* 1 to 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)

4.1.2 Modes of Operation

There is software programmable selection between performing single or continuous conversion on a
single channel or multiple channels.

4.1.3 Block Diagram
Refer to Figure 4-1 for a block diagram of the ATDOB16C block.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.2  External Signal Description
This section lists all inputs to the ATD10B16C block.

421 ANXx (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.

4.2.2 ETRIG3, ETRIGZ2, 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.

4.2.3 Vgry, VgL — High Reference Voltage Pin, Low Reference Voltage Pin

Vgrp 1s the high reference voltage, Vi is the low reference voltage for ATD conversion.

4.2.4  Vppa, Vssa — Analog Circuitry Power Supply Pins
These pins are the power supplies for the analog circuitry of the ATD10B16CV4 block.

4.3 Memory Map and Register Definition

This section provides a detailed description of all registers accessible in the ATD10B16C.

4.3.1 Module Memory Map
Table 4-1 gives an overview of all ATD10B16C registers
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 4-1. 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 (ATDCTL5) 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 (ATDSTAT?2) R
0x000B ATD Status Register 1 (ATDSTAT1) R
0x000C ATD Input Enable Register 0 (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, ATDDRI1L) 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, ATDDROIL) 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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4.3.2 Register Descriptions
This section describes in address order all the ATD10B16C registers and their individual bits.
Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R 0 0 0 0
ATDCTLO W WRAP3 | WRAP2 | WRAP1 | WRAPO
0x0001 R 0 0 0
ATDCTLL W ETRIGSEL ETRIGCH3 |ETRIGCH2 | ETRIGCHL1 | ETRIGCHO
0x0002 R ASCIF
ATDCTL2 w| APPY AFFC AWAI | ETRIGLE | ETRIGP | ETRIGE | ASCIE
0x0003 R 0
ATDCTL3 W S8c s4ac s2C SiC FIFO FRZ1 FRZO
0x0004 R
ATDCTL4 w| SRESS SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
0x0005 R
ATDCTL5 wl DM DSGN SCAN MULT CD cc cB CA
0x0006 R 0 CC3 cc2 CC1 CCo
ATDSTATO |  SCF ETORF FIFOR
0x0007 R
Unimplemented
0x0008 R Unimplemented
ATDTESTO W | |
0x0009 R Unimplemented
ATDTESTL | | sC
0x000A R[ CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
ATDSTAT2 W
0x000B R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
ATDSTAT1 W
0x000C
ATDDIENO IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IENS
I:I = Unimplemented or Reserved u = Unaffected
Figure 4-2. ATD Register Summary
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Register Bit 7 6 5 4 3 ) 1 Bit 0
Name

0x000D R

ATDDIEN1 W IEN7 IENG IEN5 IEN4 IEN3 IEN2 IEN1 IENO

0x000E PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTADS

R
PORTADO W

0x000F R| PTAD7 PTADG6 PTADS5 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 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
0x0010-0x002F W
ATDDRxH-
ATDDRxL R BIT1 BIT O 0 0 0 0 0 0
u u 0 0 0 0 0 0

w

|:‘ = Unimplemented or Reserved u = Unaffected

Figure 4-2. ATD Register Summary (continued)

4.3.2.1 ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 5 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 4-3. ATD Control Register 0 (ATDCTLDO)
Read: Anytime
Write: Anytime
Table 4-2. ATDCTLO Field Descriptions

Field Description

3.0 Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing
WRAP[3:0] | multi-channel conversions. The coding is summarized in Table 4-3.
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Table 4-3. 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
AN5
ANG6
AN7
ANS8
AN9

AN10
AN11
AN12
AN13
AN14
AN15

rlr|lr|R|r|r|rR|r|o|lo|o|o|lo|o|o|o
Rlr|lr|r|o|lo|lo|lo|r|kr|r|r|lolo|o|o
rlr|lo|lo|r|r|o|lo|r|r|ololr|r|o|o
Rrlo|lr|o|r|o|lr|o|r|o|r|olr|o|r|o

4.3.2.2 ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 5 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 4-4. ATD Control Register 1 (ATDCTL1)
Read: Anytime

Write: Anytime
Table 4-4. 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 ETRIGCHI[3:0]) remains the source for external
trigger. The coding is summarized in Table 4-5.

3.0 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG[3:0] inputs
ETRIGCH]I3:0] | as source for the external trigger. The coding is summarized in Table 4-5.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 4-5. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External Trigger Source
0 0 0 0 0 ANO
0 0 0 0 1 AN1
0 0 0 1 0 AN2
0 0 0 1 1 AN3
0 0 1 0 0 AN4
0 0 1 0 1 AN5
0 0 1 1 0 ANG
0 0 1 1 1 AN7
0 1 0 0 0 AN8
0 1 0 0 1 AN9
0 1 0 1 0 AN10
0 1 0 1 1 AN11
0 1 1 0 0 AN12
0 1 1 0 1 AN13
0 1 1 1 0 AN14
0 1 1 1 1 AN15
1 0 0 0 0 ETRIGO!
1 0 0 0 1 ETRIG1?
1 0 0 1 0 ETRIG2!
1 0 0 1 1 ETRIG3!
1 0 1 X X Reserved
1 1 X X X Reserved

1 Only if ETRIG[3:0] input option is available (see device specification), else ETRISEL is ignored, that means
external trigger source remains on one of the AD channels selected by ETRIGCH[3:0]

4.3.2.3 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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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 4-5. ATD Control Register 2 (ATDCTL?2)

Read: Anytime

Write: Anytime

Table 4-6. 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 4-7 for details.
3 External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 4-7 for
ETRIGP details.
2 External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of
ETRIGE the ETRIG[3:0] inputs as described in Table 4-5. 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
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 4.3.2.7, “ATD Status Register 0 (ATDSTATO0)"), else ASCIF reads zero. Writes have no effect.
0 No ATD interrupt occurred
1 ATD sequence complete interrupt pending
MC9S12XDP512 Data Sheet, Rev. 2.21
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Table 4-7. 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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4.3.2.4 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.

7 6 5 4 3 2 1 0
R 0
S8C S4C S2C Si1C FIFO FRZ1 FRZ0
w
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-6. ATD Control Register 3 (ATDCTL3)
Read: Anytime
Write: Anytime
Table 4-8. ATDCTL3 Field Descriptions

Field Description
6 Conversion Sequence Length — This bit controls the number of conversions per sequence. Table 4-9 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 4-9 shows
S4C all combinations. At reset, S4C is set to 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 4-9 shows
S2C all combinations. Atreset, S4C is setto 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 4-9 shows
SicC all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
Family.
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Table 4-8. 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 4-10. 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 4-9. Conversion Sequence Length Coding

Number of Conversions
per Sequence

16

S8C

(72}
N
(@]
[9)]
N
(@]
[9)]
=
(@)

Olo| N[O BA|[W|IN|F

[EnY
o

[EEN
[EEN

[EY
N

[y
w

[y
N

RrlRr|kRr|Rr|[r|[r|r|r|o|o|o|o|o|o|o|o
Rrlr|lrkr|r|lolo|lo|lo|r|kr|r|[r|lo|lo|lo|o
rlr|lo|o|lr|r|lo|lo|lr|r|o|lo|lr|r|lo|lo
r|lo|lr|o|lr|o|lr|o|r|o|r|o|lr|o|r]|o

[EnY
a1
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Table 4-10. 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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4.3.2.5 ATD Control Register 4 (ATDCTLA4)

This register selects the conversion clock frequency, the length of the second phase of the sample time and
the resolution of the A/D conversion (i.e., 8-bits or 10-bits). Writes to this register will abort current
conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R
SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
w
Reset 0 0 0 0 0 1 0 1

Figure 4-7. ATD Control Register 4 (ATDCTL4)
Read: Anytime
Write: Anytime
Table 4-11. 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
SMPJ[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 4-12 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 = PRS + 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 4-13 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 4-12. 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 4-13. 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

1 Maximum ATD conversion clock frequency is 2 MHz. The maximum allowed bus clock frequency is

shown in this column.

2 Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is

shown in this column.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.3.2.6 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.
7 6 5 4 3 2 1 0
R
DIM DSGN SCAN MULT CD cc CB CA
w
Reset 0 0 0 0 0 0 0 0

Figure 4-8. ATD Control Register 5 (ATDCTLY5)

Read: Anytime
Write: Anytime
Table 4-14. ATDCTLS5 Field Descriptions

Field Description
7 Result Register Data Justification — This bit controls justification of conversion data in the result registers.
DJIM See Section 4.3.2.16, “ATD Conversion Result Registers (ATDDRX)” for detalils.

0 Left justified data in the result registers.
1 Right justified data in the result registers.

6 Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
DSGN conversion data representation in the result registers. Signed data is represented as 2's complement. Signed
data is not available in right justification. See <st-bold>4.3.2.16 ATD Conversion Result Registers (ATDDRXx)

for details.

0 Unsigned data representation in the result registers.
1 Signed data representation in the result registers.

Table 4-15 summarizes the result data formats available and how they are set up using the control bits.

Table 4-16 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 ATDCTL5). When MULT is 1, the ATD sequence controller
samples across channels. The number of channels sampled is determined by the sequence length value (S8C,
S4C, S2C, S1C). The first analog channel examined is determined by channel selection code (CC, CB, CA
control bits); subsequent channels sampled in the sequence are determined by incrementing the channel
selection code or wrapping around to ANO (channel 0.

0 Sample only one channel
1 Sample across several channels
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 4-14. 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 4-17 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 4-15. Available Result Data Formats.

SRES8 DJM DSGN DescriEteif)Lrjlltar?gtgquOIani]tal\tAsapping
1 0 0 8-bit / left justified / unsigned — bits 15:8
1 0 1 8-bit / left justified / signed — bits 15:8
1 1 X 8-bit / right justified / unsigned — bits 7:0
0 0 0 10-bit / left justified / unsigned — bits 15:6
0 0 1 10-bit / left justified / signed -— bits 15:6
0 1 X 10-bit / right justified / unsigned — bits 9:0
Table 4-16. Left Justified, Signed and Unsigned ATD Output Codes.
\I/nR[I)_u:t gl\?gl?; Signed quigned Si.gned Un;igned
Ve = 5.12 Volts 8-Bit Codes 8-Bit Codes 10-Bit Codes 10-Bit Codes
5.120 Volts TF 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 TF FFOO 7F00
0.020 81 01 8100 0100
0.000 80 00 8000 0000

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor

141


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 4-17. 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 ANS5S
0 1 1 0 ANG
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
MC9S12XDP512 Data Sheet, Rev. 2.21
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.3.2.7 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.

7 5 4 3 2 1 0
R 0 CC3 cc2 CC1 CCO
SCF ETORF FIFOR
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-9. ATD Status Register 0 (ATDSTATO)

Read: Anytime

Write: Anytime (No effect on CC[3:0])
Table 4-18. 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:
e Write “1” to SCF
» Write to ATDCTLS5 (a new conversion sequence is started)
« 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 ATDCTLS (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 4-18. ATDSTATO Field Descriptions (continued)

Field

Description

FIFOR

FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
conversion complete flag (CCF) has been cleared. This flag is most useful when using the FIFO mode because
the flag potentially indicates that result registers are out of sync with the input channels. However, it is also
practical for non-FIFO modes, and indicates that a result register has been over written before it has been read
(i.e., the old data has been lost). This flag is cleared when one of the following occurs:

* 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
CC[3:0}

Conversion Counter — These 4 read-only bits are the binary value of the conversion counter. The conversion
counter points to the result register that will receive the result of the current conversion. For example, CC3 = 0,
CC2=1,CC1 =1, CCO =0 indicates that the result of the current conversion will be in ATD Result Register 6.
If in non-FIFO mode (FIFO = 0) the conversion counter is initialized to zero at the begin and end of the
conversion sequence. If in FIFO mode (FIFO = 1) the register counter is not initialized. The conversion
counters wraps around when its maximum value is reached.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.3.2.8 Reserved Register 0 (ATDTESTO)

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 4-10. 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.

4.3.2.9 ATD Test Register 1 (ATDTEST1)

This register contains the SC bit used to enable special channel conversions.

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 4-11. 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 alter functionality.

Table 4-19. ATDTEST1 Field Descriptions

Field Description
0 Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using
SC CC, CB, and CA of ATDCTL5. Table 4-20 lists the coding.

0 Special channel conversions disabled
1 Special channel conversions enabled
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

Table 4-20. Special Channel Select Coding

SC CD CC CB CA Analog Input Channel
1 0 0 X X Reserved
1 0 1 0 0 =
1 0 1 0 1 VRL
1 0 1 1 0 (VeRu+VRy) / 2
1 0 1 1 1 Reserved
1 1 X X X Reserved
4.3.2.10 ATD Status Register 2 (ATDSTAT2)
This read-only register contains the Conversion Complete Flags CCF15 to CCFS.
7 6 5 4 3 2 1 0
R CCF15 CCF14 CCF13 CCF12 CCF11 CCF10 CCF9 CCF8
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-12. ATD Status Register 2 (ATDSTAT?2)

Read: Anytime

Write: Anytime, no effect

Table 4-21. ATDSTAT2 Field Descriptions

Field Description
7:0 Conversion Complete Flag Bits — A conversion complete flag is set at the end of each conversion in a
CCF[15:8] |conversion sequence. The flags are associated with the conversion position in a sequence (and also the result

register number). Therefore, CCF8 is set when the ninth conversion in a sequence is complete and the result
is available in result register ATDDR8; CCF9 is set when the tenth conversion in a sequence is complete and
the result is available in ATDDRY, and so forth. A flag CCFx (x = 15, 14, 13, 12, 11, 10, 9, 8) is cleared when
one of the following occurs:

« Write to ATDCTLS (a new conversion sequence is started)

« If AFFC = 0 and read of ATDSTAT?2 followed by read of result register ATDDRXx

» If AFFC = 1 and read of result register ATDDRx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing
by methods B) or C) will be overwritten by the set.
0 Conversion number x not completed
1 Conversion number x has completed, result ready in ATDDRXx
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.3.2.11 ATD Status Register 1 (ATDSTAT1)
This read-only register contains the Conversion Complete Flags CCF7 to CCF0

7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-13. ATD Status Register 1 (ATDSTAT1)

Read: Anytime

Write: Anytime, no effect

Table 4-22. ATDSTAT1 Field Descriptions

Field Description
7:0 Conversion Complete Flag Bits — A conversion complete flag is set at the end of each conversion in a
CCF[7:0] conversion sequence. The flags are associated with the conversion position in a sequence (and also the result

register number). Therefore, CCFO is set when the first conversion in a sequence is complete and the result is
available in result register ATDDRO; CCFL1 is set when the second conversion in a sequence is complete and
the result is available in ATDDR1, and so forth. A CCF flag is cleared when one of the following occurs:

» Write to ATDCTLS (a new conversion sequence is started)

« If AFFC = 0 and read of ATDSTAT1 followed by read of result register ATDDRXx

» If AFFC = 1 and read of result register ATDDRx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing
by methods B) or C) will be overwritten by the set.

Conversion number x not completed
Conversion number x has completed, result ready in ATDDRXx
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.3.2.12 ATD Input Enable Register 0 (ATDDIENO)

7 6 5 4 3 2 1 0
R
IEN15 IEN14 IEN13 IEN12 IEN11 IEN10 IEN9 IEN8
\W
Reset 0 0 0 0 0 0 0 0

Figure 4-14. ATD Input Enable Register 0 (ATDDIENO)
Read: Anytime
Write: anytime

Table 4-23. ATDDIENO Field Descriptions

Field Description
7:0 ATD Digital Input Enable on Channel Bits — This bit controls the digital input buffer from the analog input
IEN[15:8] pin (ANX) to PTADx data register.

0 Disable digital input buffer to PTADx
1 Enable digital input buffer to PTADx.
Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while

simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.

4.3.2.13 ATD Input Enable Register 1 (ATDDIEN1)

7 6 5 4 3 2 1 0
R
IEN7 IENG IEN5 IEN4 IEN3 IEN2 IEN1 IENO
W
Reset 0 0 0 0 0 0 0 0

Figure 4-15. ATD Input Enable Register 1 (ATDDIEN1)

Read: Anytime

Write: Anytime

Table 4-24. ATDDIENLI1 Field Descriptions

Field Description
7:0 ATD Digital Input Enable on Channel Bits — This bit controls the digital input buffer from the analog input
IEN[7:0] pin (ANX) to PTADx data register.

0 Disable digital input buffer to PTADx
1 Enable digital input buffer to PTADx.
Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while

simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

4.3.2.14 Port Data Register 0 (PORTADO)
The data port associated with the ATD is input-only. The port pins are shared with the analog A/D inputs

AN[15:8].
7 6 5 4 3 2 1 0
R PTAD15 PTAD14 PTAD13 PTAD12 PTAD11 PTAD10 PTAD9 PTAD8
W
Reset 1 1 1 1 1 1 1 1
|_3|n AN15 AN14 AN13 AN12 AN11 AN10 AN9 ANS8
Function

= Unimplemented or Reserved

Figure 4-16. Port Data Register 0 (PORTADO)
Read: Anytime
Write: Anytime, no effect

The A/D input channels may be used for general-purpose digital input.
Table 4-25. PORTADO Field Descriptions

Field Description

7:0 A/D Channel x (ANx) Digital Input Bits— If the digital input buffer on the ANx pin is enabled (IENx = 1) or
PTAD[15:8] |channel x is enabled as external trigger (ETRIGE = 1, ETRIGCH[3-0] = x, ETRIGSEL = 0) read returns the
logic level on ANX pin (signal potentials not meeting V,_or V| specifications will have an indeterminate value)).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a“1".

Reset sets all PORTADO bits to “1”".
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4.3.2.15 Port Data Register 1 (PORTAD1)
The data port associated with the ATD is input-only. The port pins are shared with the analog A/D inputs

AN7-0.
7 6 5 4 3 2 1 0
R| PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO

w
Reset 1 1 1 1 1 1 1 1
PN AN7 ANG AN5 AN4 AN3 AN2 AN1 ANO

Function

= Unimplemented or Reserved

Figure 4-17. Port Data Register 1 (PORTAD1)
Read: Anytime
Write: Anytime, no effect

The A/D input channels may be used for general-purpose digital input.
Table 4-26. PORTAD1 Field Descriptions

Field Description

7:0 A/D Channel x (ANx) Digital Input Bits — If the digital input buffer on the ANXx pin is enabled (IENx=1) or
PTAD[7:8] |channel x is enabled as external trigger (ETRIGE = 1, ETRIGCH[3-0] = x, ETRIGSEL = 0) read returns the
logic level on ANX pin (signal potentials not meeting V,_or V|4 specifications will have an indeterminate value)).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a“l”.

Reset sets all PORTADL1 bits to “1".
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4.3.2.16 ATD Conversion Result Registers (ATDDRXx)

The A/D conversion results are stored in 16 read-only result registers. The result data is formatted in the
result registers bases on two criteria. First there is left and right justification; this selection is made using
the DJM control bit in ATDCTLS. Second there is signed and unsigned data; this selection is made using
the DSGN control bit in ATDCTLS. Signed data is stored in 2’s complement format and only exists in left
justified format. Signed data selected for right justified format is ignored.

Read: Anytime

Write: Anytime in special mode, unimplemented in normal modes

4.3.2.16.1 Left Justified Result Data

7 6 5 4 3 2 1 0
R (10-BIT)| BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
R (8-BIT)| BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-18. Left Justified, ATD Conversion Result Register x, High Byte (ATDDRxH)

7 6 5 2 1
R (10-BIT)| BIT1 BIT O 0 0 0 0 0 0
R (8-BIT) u u 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved u = Unaffected

Figure 4-19. Left Justified, ATD Conversion Result Register x, Low Byte (ATDDRXxL)
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4.3.2.16.2 Right Justified Result Data

6 5 4 3 2 1 0
R (10-BIT) 0 0 0 0 0 0 BIT 9 MSB BIT 8
R (8-BIT) 0 0 0 0 0 0 0 0

W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-20. Right Justified, ATD Conversion Result Register x, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0
R (10-BIT) BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
R (8-BIT)| BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-21. Right Justified, ATD Conversion Result Register x, Low Byte (ATDDRXL)

4.4  Functional Description
The ATD10B16C is structured in an analog and a digital sub-block.

4.4.1 Analog Sub-block

The analog sub-block contains all analog electronics required to perform a single conversion. Separate
power supplies Vppa and Vggp allow to isolate noise of other MCU circuitry from the analog sub-block.

44.1.1 Sample and Hold Machine

The sample and hold (S/H) machine accepts analog signals from the external world and stores them as
capacitor charge on a storage node.

The sample process uses a two stage approach. During the first stage, the sample amplifier is used to
quickly charge the storage node.The second stage connects the input directly to the storage node to
complete the sample for high accuracy.

When not sampling, the sample and hold machine disables its own clocks. The analog electronics continue
drawing their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks
and the analog power consumption.

The input analog signals are unipolar and must fall within the potential range of Vggs to VDDA.
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4.4.1.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 16 external analog input channels to the sample and hold
machine.

4.4.1.3 Sample Buffer Amplifier

The sample amplifier is used to buffer the input analog signal so that the storage node can be quickly
charged to the sample potential.

4.4.1.4 Analog-to-Digital (A/D) Machine

The A/D machine performs analog to digital conversions. The resolution is program selectable at either 8
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by comparing the
stored analog sample potential with a series of digitally generated analog potentials. By following a binary
search algorithm, the A/D machine locates the approximating potential that is nearest to the sampled
potential.

When not converting the A/D machine disables its own clocks. The analog electronics continue drawing
quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks and the analog
power consumption.

Only analog input signals within the potential range of Vi to Vi (A/D reference potentials) will result
in a non-railed digital output codes.

4.4.2 Digital Sub-Block

This subsection explains some of the digital features in more detail. See register descriptions for all details.

4421 External Trigger Input

The external trigger feature allows the user to synchronize ATD conversions to the external environment
events rather than relying on software to signal the ATD module when ATD conversions are to take place.
The external trigger signal (out of reset ATD channel 15, configurable in ATDCTLI1) is programmable to
be edge or level sensitive with polarity control. Table 4-27 gives a brief description of the different
combinations of control bits and their effect on the external trigger function.

Table 4-27. External Trigger Control Bits

ETRIGLE | ETRIGP | ETRIGE | SCAN Description

X X 0 0 Ignores external trigger. Performs one conversion sequence and stops.

Ignores external trigger. Performs continuous conversion sequences.

Falling edge triggered. Performs one conversion sequence per trigger.

Rising edge triggered. Performs one conversion sequence per trigger.

Trigger active low. Performs continuous conversions while trigger is active.

R|lRr|[O|lO| X

X 0
0 1
1 1
0 1
1 1

X| X[ X[ X]| ¥

Trigger active high. Performs continuous conversions while trigger is active.

During a conversion, if additional active edges are detected the overrun error flag ETOREF is set.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

In either level or edge triggered modes, the first conversion begins when the trigger is received. In both
cases, the maximum latency time is one bus clock cycle plus any skew or delay introduced by the trigger
circuitry.

After ETRIGE is enabled, conversions cannot be started by a write to ATDCTLS5, but rather must be
triggered externally.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during a conversion
sequence, this does not constitute an overrun. Therefore, the flag is not set. If the trigger remains asserted
in level mode while a sequence is completing, another sequence will be triggered immediately.

4.4.2.2 General-Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, they are
multiplexed and sampled to supply signals to the A/D converter. As digital inputs, they supply external
input data that can be accessed through the digital port registers (PORTADO & PORTAD1) (input-only).

The analog/digital multiplex operation is performed in the input pads. The input pad is always connected
to the analog inputs of the ATD10B16C. The input pad signal is buffered to the digital port registers. This
buffer can be turned on or off with the ATDDIENO & ATDDIENI register. This is important so that the
buffer does not draw excess current when analog potentials are presented at its input.

4.4.3 Operation in Low Power Modes

The ATD10B16C can be configured for lower MCU power consumption in three different ways:

* Stop Mode
Stop Mode: This halts A/D conversion. Exit from Stop mode will resume A/D conversion, But due
to the recovery time the result of this conversion should be ignored.
Entering stop mode causes all clocks to halt and thus the system is placed in a minimum power
standby mode. This halts any conversion sequence in progress. During recovery from stop mode,
there must be a minimum delay for the stop recovery time tgg before initiating a new ATD
conversion sequence.

*  Wait Mode
Wait Mode with AWAI = 1: This halts A/D conversion. Exit from Wait mode will resume A/D
conversion, but due to the recovery time the result of this conversion should be ignored.

Entering wait mode, the ATD conversion either continues or halts for low power depending on the
logical value of the AWAIT bit.

*  Freeze Mode
Writing ADPU = 0 (Note that all ATD registers remain accessible.): This aborts any A/D
conversion in progress.

In freeze mode, the ATD10B16C will behave according to the logical values of the FRZ1 and FRZ0
bits. This is useful for debugging and emulation.

NOTE

The reset value for the ADPU bit is zero. Therefore, when this module is
reset, it is reset into the power down state.
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Chapter 4 Analog-to-Digital Converter (ATD10B16CV4) Block Description

45 Resets

At reset the ATD10B16C is in a power down state. The reset state of each individual bit is listed within
Section 4.3, “Memory Map and Register Definition,” which details the registers and their bit fields.
4.6 Interrupts

The interrupt requested by the ATD10B16C is listed in Table 4-28. Refer to MCU specification for related
vector address and priority.

Table 4-28. ATD Interrupt Vectors

Interrupt Source CCR Mask Local Enable

Sequence Complete Interrupt | bit ASCIE in ATDCTL2

See Section 4.3.2, “Register Descriptions,” for further details.
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Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV2)

51 Introduction

The ATD10B8C is an 8-channel, 10-bit, multiplexed input successive approximation analog-to-digital
converter. Refer to device electrical specifications for ATD accuracy.

51.1 Features

*  8/10-bit resolution

* 7 usec, 10-bit single conversion time

» Sample buffer amplifier

* Programmable sample time

» Left/right justified, signed/unsigned result data
» External trigger control

* Conversion completion interrupt generation

* Analog input multiplexer for 8 analog input channels
* Analog/digital input pin multiplexing

* 1-to-8 conversion sequence lengths

» Continuous conversion mode

*  Multiple channel scans

» Configurable external trigger functionality on any AD channel or any of four additional external
trigger inputs. The four additional trigger inputs can be chip external or internal. Refer to the device
overview chapter for availability and connectivity.

* Configurable location for channel wrap around (when converting multiple channels in a sequence).

5.1.2 Modes of Operation

51.2.1 Conversion Modes

There is software programmable selection between performing single or continuous conversion on a single
channel or multiple channels.
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5.1.2.2 MCU Operating Modes

* Stop mode

Entering stop mode causes all clocks to halt and thus the system is placed in a minimum power
standby mode. This aborts any conversion sequence in progress. During recovery from stop mode,
there must be a minimum delay for the stop recovery time tgg before initiating a new ATD
conversion sequence.

¢ Wait mode

Entering wait mode the ATD conversion either continues or aborts for low power depending on the
logical value of the AWAIT bit.

* Freeze mode

In freeze mode the ATD will behave according to the logical values of the FRZ1 and FRZO0 bits.
This is useful for debugging and emulation.

5.1.3 Block Diagram
Figure 5-1 shows a block diagram of the ATD.

5.2  External Signal Description
This section lists all inputs to the ATD block.

5.2.1 ANx (x=7,6,5,4,3,2,1,0) — Analog Input Pin

This pin serves as the analog input channel x. It can also be configured as general purpose digital port pin
and/or external trigger for the ATD conversion.

5.2.2 ETRIG3, ETRIGZ2, ETRIG1, and 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.

5.23  Vgiyand Vi, — High and Low Reference Voltage Pins

Vry is the high reference voltage and Vg is the low reference voltage for ATD conversion.

5.2.4  Vppa and Vggp — Power Supply Pins
These pins are the power supplies for the analog circuitry of the ATD block.
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Figure 5-1. ATD Block Diagram
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Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV2)

5.3 Memory Map and Register Definition

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

531 Module Memory Map
Figure 5-2 gives an overview of all ATD registers.

NOTE

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

5.3.2 Register Descriptions

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

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDCTLO R 0 0 0 0 0
W WRAP2 WRAP1 WRAPO
ATDCTL1 R 0 0 0 0
W ETRIGSEL ETRIGCH2|ETRIGCH1|ETRIGCHO
ATDCTL2 R ASCIF
W ADPU AFFC AWAI ETRIGLE | ETRIGP ETRIGE ASCIE
ATDCTL3 R 0
W S8C S4C S2C S1C FIFO FRZ1 FRZO0
ATDCTL4 R
W SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
ATDCTL5 R 0
W DJIM DSGN SCAN MULT CcC CB CA
ATDSTATO R 0 0 CC2 CC1 CCO
SCF ETORF FIFOR
W
Unimplemente R
d W
ATDTESTO R ) U U U U U U )
W
ATDTEST1 R U U 0 0 0 0 0 sc
W
|:| = Unimplemented or Reserved
Figure 5-2. ATD Register Summary (Sheet 1 of 5)
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
Unimplemente R
d w
ATDSTAT1 R| CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
w
Unimplemente R
d w
ATDDIEN R
W IEN7 IEN6 IEN5S IEN4 IEN3 IEN2 IEN1 IENO
Unimplemente R
d w
PORTAD R| PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
w

Left Justified Result Data

Note: The read portion of the left justified result data registers has been divided to show the bit position when reading 10-bit and
8-bit conversion data. For more detailed information refer to Section 5.3.2.13, “ATD Conversion Result Registers

(ATDDRX)”.
ATDDROH 10-BIT|BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
ATDDROL 10-BIT BIT 1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDDR1H 10-BIT|BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
ATDDRI1L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT U U 0 0 0 0 0 0
W
ATDDR2H 10-BIT|BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
W
ATDDR2L 10-BIT BIT 1 BIT O 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDDR3H 10-BIT|BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
|:| = Unimplemented or Reserved
Figure 5-2. ATD Register Summary (Sheet 2 of 5)
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDDR3L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDDR4H 10-BIT|BIT9MSB| BITS8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
W
ATDDRA4L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDD45H 10-BIT{BIT9MSB| BIT8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BITO
W
ATDDA45L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDD46H 10-BIT{BIT9MSB| BIT8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
ATDDR6L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W
ATDDA47H 10-BIT|BIT9MSB| BITS8 BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
8-BIT|BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT1 BIT O
W
ATDDA47L 10-BIT| BIT1 BITO 0 0 0 0 0 0
8-BIT u u 0 0 0 0 0 0
W

Right Justified Result Data

Note: The read portion of the right justified result data registers has been divided to show the bit position when reading 10-bit
and 8-bit conversion data. For more detailed information refer to Section 5.3.2.13, “ATD Conversion Result Registers

(ATDDRX)".
ATDDROH 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDROL 10-BIT| BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
8-BIT|BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
|:| = Unimplemented or Reserved
Figure 5-2. ATD Register Summary (Sheet 3 of 5)
MC9S12XDP512 Data Sheet, Rev. 2.21
164 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 5 Analog-to-Digital Converter (S12ATD10B8CV2)

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDDR1H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR1L 10-BIT| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
ATDDR2H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR2L 10-BIT| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
8-BIT|BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
ATDDR3H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR3L 10-BIT| BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
8-BIT|BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
ATDDR4H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDRA4L 10-BIT| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
ATDD45H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDA45L 10-BIT| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
8-BIT|BIT 7 MSB BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
ATDD46H 10-BIT 0 0 0 0 0 0 BIT 9 MSB BIT 8
8-BIT 0 0 0 0 0 0 0 0
w
ATDDR6L 10-BIT| BIT7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
8-BIT|BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
w
|:| = Unimplemented or Reserved
Figure 5-2. ATD Register Summary (Sheet 4 of 5)
MC9S12XDP512 Data Sheet, Rev. 2.21
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name
ATDDA47H 10-BIT 0 0 0 0 0 0 BITOMSB| BIT8
8-BIT 0 0 0 0 0 0 0 0

W
ATDDA7L 10-BIT[ BIT7 BIT6 BITS BIT 4 BIT 3 BIT 2 BIT 1 BITO
BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO

8-BIT

|:| = Unimplemented or Reserved

Figure 5-2. ATD Register Summary (Sheet 5 of 5)

5.3.2.1 ATD Control Register 0 (ATDCTLO)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R 0 0 0 0
W WRAP2 WRAP1 WRAPO
Reset 0 0 0 0 0 1 1 1

|:|: Unimplemented or Reserved

Figure 5-3. ATD Control Register 0 (ATDCTLDO)
Read: Anytime
Write: Anytime
Table 5-1. ATDCTLO Field Descriptions

Field Description

2-0 Wrap Around Channel Select Bits — These bits determine the channel for wrap around when doing
WRAP[2:0] |multi-channel conversions. The coding is summarized in Table 5-2.

Table 5-2. Multi-Channel Wrap Around Coding

wrapa | wear1 | weapo |MUPle Channe) Comortons (0Lt =
0 0 0 Reserved
0 0 1 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 AN4
1 0 1 AN5
1 1 0 ANG6
1 1 1 AN7
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5.3.2.2 ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
0 0 0 0
W ETRIGSEL ETRIGCH2 | ETRIGCH1 | ETRIGCHO
Reset 0 0 0 0 0 1 1 1

|:|= Unimplemented or Reserved

Figure 5-4. ATD Control Register 1 (ATDCTL1)
Read: Anytime
Write: Anytime
Table 5-3. ATDCTL1 Field Descriptions

Field Description

7 External Trigger Source Select — This bit selects the external trigger source to be either one of the AD
ETRIGSEL |channels or one of the ETRIG3-0 inputs. See the device overview chapter for availability and connectivity of
ETRIG3-0 inputs. If ETRIG3-0 input option is not available, writing a 1 to ETRISEL only sets the bit but has
not effect, that means still one of the AD channels (selected by ETRIGCH2-0) is the source for external trigger.
The coding is summarized in Table 5-4.

2-0 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG3-0 inputs
ETRIGCHJ2:0] | as source for the external trigger. The coding is summarized in Table 5-4.

Table 5-4. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External trigger source is
0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2
0 0 1 1 AN3
0 1 0 0 AN4
0 1 0 1 AN5
0 1 1 0 AN6
0 1 1 1 AN7
1 0 0 0 ETRIGO?
1 0 0 1 ETRIG1!
1 0 1 0 ETRIG2!
1 0 1 1 ETRIG3!
1 1 X X Reserved

1 Only if ETRIG3-0 input option is available (see device overview chapter), else ETRISEL is
ignored, that means external trigger source is still on one of the AD channels selected by
ETRIGCH2-0
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5.3.2.3

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.

7 6 5 4 3 2 1 0
ASCIF
W ADPU AFFC AWAI ETRIGLE ETRIGP ETRIGE ASCIE
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 5-5. ATD Control Register 2 (ATDCTL?2)

Read: Anytime

Write: Anytime

Table 5-5. ATDCTL?2 Field Descriptions

Field Description
7 ATD Power Up — This bit provides on/off control over the ATD block allowing reduced MCU power
ADPU consumption. Because analog electronic is turned off when powered down, the ATD requires a recovery time
period after ADPU bit is enabled.
0 Power down ATD
1 Normal ATD functionality
6 ATD Fast Flag Clear All
AFFC 0 ATD flag clearing operates normally (read the status register ATDSTAT1 before reading the result register to
clear the associate CCF flag).
1 Changes all ATD conversion complete flags to a fast clear sequence. Any access to a result register will
cause the associate CCF flag to clear automatically.
5 ATD Power Down in Wait Mode — When entering wait mode this bit provides on/off control over the ATD block
AWAI allowing reduced MCU power. Because analog electronic is turned off when powered down, the ATD requires
a recovery time period after exit from Wait mode.
0 ATD continues to run in Wait mode
1 Halt conversion and power down ATD during wait mode
After exiting wait mode with an interrupt conversion will resume. But due to the recovery time the result of
this conversion should be ignored.
4 External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See
ETRIGLE Table 5-6 for details.
3 External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 5-6 for
ETRIGP details.
2 External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of
ETRIGE the ETRIG3-0 inputs as described in Table 5-4. If external trigger source is one of the AD channels, the digital

input buffer of this channel is enabled. The external trigger allows to synchronize sample and ATD conversions

processes with external events.

0 Disable external trigger

1 Enable external trigger

Note: If using one of the AD channel as external trigger (ETRIGSEL = 0) the conversion results for this channel
have no meaning while external trigger mode is enabled.
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Table 5-5. ATDCTL2 Field Descriptions (continued)

Field Description

1 ATD Sequence Complete Interrupt Enable
ASCIE 0 ATD Sequence Complete interrupt requests are disabled.
1 ATD Interrupt will be requested whenever ASCIF = 1 is set.

0 ATD Sequence Complete Interrupt Flag — If ASCIE = 1 the ASCIF flag equals the SCF flag (see
ASCIF Section 5.3.2.7, “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 5-6. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity
0 0 Falling edge
0 1 Rising edge
1 0 Low level
1 1 High level

5.3.24 ATD Control Register 3 (ATDCTL3)

This register controls the conversion sequence length, FIFO for results registers and behavior in freeze
mode. Writes to this register will abort current conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R
W S8C S4C S2C Si1cC FIFO FRZ1 FRZ0
Reset 0 0 0 0 0 0 0 0

|:|: Unimplemented or Reserved

Figure 5-6. ATD Control Register 3 (ATDCTL3)
Read: Anytime
Write: Anytime
Table 5-7. ATDCTL3 Field Descriptions

Field Description

6-3 Conversion Sequence Length — These bits control the number of conversions per sequence. Table 5-8 shows
S8C, S4C, |all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity to HC12
S2C, S1C | Family.
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Table 5-7. ATDCTL3 Field Descriptions (continued)

Field Description
2 Result Register FIFO Mode — If this bit is zero (non-FIFO mode), the A/D conversion results map into the result
FIFO registers based on the conversion sequence; the result of the first conversion appears in the first result register,

the second result in the second result register, and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or ending of a conversion
sequence; sequential conversion results are placed in consecutive result registers. In a continuously scanning
conversion sequence, the result register counter will wrap around when it reaches the end of the result register
file. The conversion counter value (CC2-0 in ATDSTATO) can be used to determine where in the result register
file, the current conversion result will be placed.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1. So the first result of a new conversion sequence, started by writing to
ATDCTLS5, will always be place in the first result register (ATDDDRO). Intended usage of FIFO mode is continuos
conversion (SCAN=1) or triggered conversion (ETRIG=1).

Finally, which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear
mode may or may not be useful in a particular application to track valid data.

0 Conversion results are placed in the corresponding result register up to the selected sequence length.

1 Conversion results are placed in consecutive result registers (wrap around at end).

1-0 Background Debug Freeze Enable — When debugging an application, it is useful in many cases to have the
FRZ[1:0] [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 5-9. Leakage onto the storage node and comparator reference capacitors may
compromise the accuracy of an immediately frozen conversion depending on the length of the freeze period.

Table 5-8. Conversion Sequence Length Coding

ssc sac s2c sic N”mgirr "Sfe(éﬁg‘éif'ons
0 0 0 0 8
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 X X X 8
Table 5-9. ATD Behavior in Freeze Mode (Breakpoint)
FRZ1 FRzO 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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5.3.2.5 ATD Control Register 4 (ATDCTLA4)

This register selects the conversion clock frequency, the length of the second phase of the sample time and
the resolution of the A/D conversion (i.e.: 8-bits or 10-bits). Writes to this register will abort current
conversion sequence but will not start a new sequence.

7 6 5 4 3 2 1 0
R
W SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
Reset 0 0 0 0 0 1 0 1

Figure 5-7. ATD Control Register 4 (ATDCTLA4)
Read: Anytime
Write: Anytime
Table 5-10. ATDCTL4 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
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
SMP[1:0] ATD conversion clock cycles. Note that the ATD conversion clock period is itself a function of the prescaler
value (bits PRS4-0). The sample time consists of two phases. The first phase is two ATD conversion clock
cycles long and transfers the sample quickly (via the buffer amplifier) onto the A/D machine’s storage node.
The second phase attaches the external analog signal directly to the storage node for final charging and high
accuracy. Table 5-11 lists the lengths available for the second sample phase.

4-0 ATD Clock Prescaler — These 5 bits are the binary value prescaler value PRS. The ATD conversion clock
PRS[4:0] frequency is calculated as follows:

K = [BusClock]

ATDcloc m

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 5-12 illustrates the divide-by operation and the appropriate range of the bus clock.

Table 5-11. Sample Time Select

SMP1 SMPO Length of 2nd Phase of Sample Time
0 0 2 A/D conversion clock periods
0 1 4 A/D conversion clock periods
1 0 8 A/D conversion clock periods
1 1 16 A/D conversion clock periods
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Table 5-12. 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

1 Maximum ATD conversion clock frequency is 2 MHz. The maximum allowed bus clock frequency is

shown in this column.

2 Minimum ATD conversion clock frequency is 500 kHz. The minimum allowed bus clock frequency is

shown in this column.
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5.3.2.6 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.

7 6 5 4 3 2 1 0
R 0
W DJM DSGN SCAN MULT CcC CB CA
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 5-8. ATD Control Register 5 (ATDCTLY5)
Read: Anytime

Write: Anytime
Table 5-13. ATDCTLS5 Field Descriptions

Field Description
7 Result Register Data Justification — This bit controls justification of conversion data in the result registers.
DJM See Section 5.3.2.13, “ATD Conversion Result Registers (ATDDRXx),” for details.

0 Left justified data in the result registers
1 Right justified data in the result registers

6 Result Register Data Signed or Unsigned Representation — This bit selects between signed and unsigned
DSGN conversion data representation in the result registers. Signed data is represented as 2's complement. Signed
data is not available in right justification. See Section 5.3.2.13, “ATD Conversion Result Registers (ATDDRX),”
for details.

0 Unsigned data representation in the result registers

1 Signed data representation in the result registers

Table 5-14 summarizes the result data formats available and how they are set up using the control bits.
Table 5-15 illustrates the difference between the signed and unsigned, left justified output codes for an input
signal range between 0 and 5.12 Volts.

5 Continuous Conversion Sequence Mode — This bit selects whether conversion sequences are performed
SCAN continuously or only once.
0 Single conversion sequence
1 Continuous conversion sequences (scan mode)

4 Multi-Channel Sample Mode — When MULT is 0, the ATD sequence controller samples only from the specified
MULT analog input channel for an entire conversion sequence. The analog channel is selected by channel selection
code (control bits CC/CB/CA located in ATDCTL5). When MULT is 1, the ATD sequence controller samples
across channels. The number of channels sampled is determined by the sequence length value (S8C, S4C,
S2C, S1C). The first analog channel examined is determined by channel selection code (CC, CB, CA control
bits); subsequent channels sampled in the sequence are determined by incrementing the channel selection
code.

0 Sample only one channel
1 Sample across several channels

2-0 Analog Input Channel Select Code — These bits select the analog input channel(s) whose signals are
CC, CB, CA |sampled and converted to digital codes. Table 5-16 lists the coding used to select the various analog input
channels. In the case of single channel scans (MULT = 0), this selection code specified the channel examined.
In the case of multi-channel scans (MULT = 1), this selection code represents the first channel to be examined
in the conversion sequence. Subsequent channels are determined by incrementing channel selection code;
selection codes that reach the maximum value wrap around to the minimum value.
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Table 5-14. Available Result Data Formats

Result Data Formats

SRES8 DIM DSGN Description and Bus Bit Mapping

8-bit / left justified / unsigned — bits 8—-15
8-bit / left justified / signhed — bits 8-15
8-bit / right justified / unsigned — bits 0-7
10-bit / left justified / unsigned — bits 6-15
10-bit / left justified / signed — bits 6-15
10-bit / right justified / unsigned — bits 0-9

OO0 ORrR R
R OOFr OO
X PP O X P o

Table 5-15. Left Justified, Signed, and Unsigned ATD Output Codes

Input Signal Signed Unsigned Signed Unsigned
VgL = 0 Volts 8-Bit 8-Bit 10-Bit 10-Bit
Vg = 5.12 Volts Codes Codes Codes Codes
5.120 Volts 7F FF 7FCO FFCO
5.100 7F FF 7F00 FFOO0
5.080 7E FE 7EQ0 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

Table 5-16. Analog Input Channel Select Coding

cc CB CA Analog Input
Channel
0 0 0 ANO
0 0 1 AN1
0 1 0 AN2
0 1 1 AN3
1 0 0 AN4
1 0 1 ANS
1 1 0 ANG6
1 1 1 AN7
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5.3.2.7 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.

7 6 5 4 3 2 1 0
R 0 0 CcC2 CC1 CCo
SCF ETORF FIFOR
W
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 5-9. ATD Status Register 0 (ATDSTATO)

Read: Anytime

Write: Anytime (No effect on (CC2, CC1, CCO0))
Table 5-17. ATDSTATO Field Descriptions

Field Description
7 Sequence Complete Flag — This flag is set upon completion of a conversion sequence. If conversion
SCF sequences are continuously performed (SCAN = 1), the flag is set after each one is completed. This flag is

cleared when one of the following occurs:
A) Write “1” to SCF
B) Write to ATDCTL5 (a new conversion sequence is started)
C) If AFFC=1 and read of a result register

0 Conversion sequence not completed

1 Conversion sequence has completed

5 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:
A) Write “1” to ETORF
B) Write to ATDCTL2, ATDCTL3 or ATDCTL4 (a conversion sequence is aborted)
C) Write to ATDCTL5 (a new conversion sequence is started)

0 No External trigger over run error has occurred

1 External trigger over run error has occurred

4 FIFO Over Run Flag — This bit indicates that a result register has been written to before its associated
FIFOR conversion complete flag (CCF) has been cleared. This flag is most useful when using the FIFO mode because
the flag potentially indicates that result registers are out of sync with the input channels. However, it is also
practical for non-FIFO modes, and indicates that a result register has been over written before it has been read
(i.e., the old data has been lost). This flag is cleared when one of the following occurs:

A) Write “1” to FIFOR

B) Start a new conversion sequence (write to ATDCTLS5 or external trigger)
0 No over run has occurred
1 An over run condition exists

2-0 Conversion Counter — These 3 read-only bits are the binary value of the conversion counter. The conversion
CC[2:0] counter points to the result register that will receive the result of the current conversion. E.g. CC2=1,CC1 =1,
CCO = 0 indicates that the result of the current conversion will be in ATD result register 6. If in non-FIFO mode
(FIFO = 0) the conversion counter is initialized to zero at the begin and end of the conversion sequence. If in
FIFO mode (FIFO = 1) the register counter is not initialized. The conversion counters wraps around when its
maximum value is reached.

Aborting a conversion or starting a new conversion by write to an ATDCTL register (ATDCTL5-0) clears the
conversion counter even if FIFO=1.
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5.3.2.8 Reserved Register (ATDTESTO)

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

|:|= Unimplemented or Reserved

Figure 5-10. Reserved Register (ATDTESTO)
Read: Anytime, returns unpredictable values

Write: Anytime in special modes, unimplemented in normal modes

NOTE
Writing to this register when in special modes can alter functionality.

5.3.2.9 ATD Test Register 1 (ATDTEST1)

This register contains the SC bit used to enable special channel conversions.

7 6 5 4 3 2 1 0
R U U 0 0
SC
W
Reset 0 0 0 0 0 0 0 0
|:‘= Unimplemented or Reserved
Figure 5-11. ATD Test Register 1 (ATDTEST1)
Read: Anytime, returns unpredictable values for Bit7 and Bit6
Write: Anytime
Table 5-18. ATDTEST1 Field Descriptions
Field Description
0 Special Channel Conversion Bit — If this bit is set, then special channel conversion can be selected using CC,
SC CB and CA of ATDCTLS5. Table 5-19 lists the coding.

0 Special channel conversions disabled

1 Special channel conversions enabled

Note: Always write remaining bits of ATDTEST1 (Bit7 to Bit1) zero when writing SC bit. Not doing so might result
in unpredictable ATD behavior.

Table 5-19. Special Channel Select Coding

SC CcC CB CA Analog Input Channel
1 0 X X Reserved
1 1 0 0 VRrH
1 1 0 1 VRrL
1 1 1 0 (VRHtVRD /2
1 1 1 1 Reserved
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5.3.2.10 ATD Status Register 1 (ATDSTAT1)

This read-only register contains the conversion complete flags.

7 6 5 4 3 2 1 0
R CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
w
Reset 0 0 0 0 0 0 0 0

|:|= Unimplemented or Reserved

Figure 5-12. ATD Status Register 1 (ATDSTAT1)

Read: Anytime

Write: Anytime, no effect

Table 5-20. ATDSTAT1 Field Descriptions

Field Description
7-0 Conversion Complete Flag x (x =7, 6, 5, 4, 3, 2, 1, 0) — A conversion complete flag is set at the end of each
CCF[7:0] |conversion in a conversion sequence. The flags are associated with the conversion position in a sequence (and
also the result register number). Therefore, CCFO is set when the first conversion in a sequence is complete and
the result is available in result register ATDDRO; CCF1 is set when the second conversion in a sequence is
complete and the result is available in ATDDR1, and so forth. A flag CCFx (x =7, 6, 5, 4, 3, 2,1, 70) is cleared
when one of the following occurs:
A) Write to ATDCTL5 (a new conversion sequence is started)
B) If AFFC=0 and read of ATDSTAT1 followed by read of result register ATDDRx
C) If AFFC=1 and read of result register ATDDRXx
In case of a concurrent set and clear on CCFx: The clearing by method A) will overwrite the set. The clearing by
methods B) or C) will be overwritten by the set.
0 Conversion number x not completed
1 Conversion number x has completed, result ready in ATDDRX
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5.3.2.11 ATD Input Enable Register (ATDDIEN)
7 6 5 4 3 2 1 0
\; IEN7 IENG IEN5S IEN4 IEN3 IEN2 IEN1 IENO
Reset 0 0 0 0 0 0 0 0

Figure 5-13. ATD Input Enable Register (ATDDIEN)

Read: Anytime

Write: Anytime

Table 5-21. ATDDIEN Field Descriptions

Field Description
7-0 ATD Digital Input Enable on channel x (x =7, 6, 5, 4, 3, 2, 1, 0) — This bit controls the digital input buffer from
IEN[7:0] the analog input pin (ANX) to PTADx data register.

0 Disable digital input buffer to PTADx

1 Enable digital input buffer to PTADx.

Note: Setting this bit will enable the corresponding digital input buffer continuously. If this bit is set while
simultaneously using it as an analog port, there is potentially increased power consumption because the
digital input buffer maybe in the linear region.

5.3.2.12 Port Data Register (PORTAD)

The data port associated with the ATD can be configured as general-purpose I/O or input only, as specified
in the device overview. The port pins are shared with the analog A/D inputs AN7-0.

7 6 5 4 3 2 1 0
R PTAD7 PTADG6 PTADS PTAD4 PTAD3 PTAD2 PTAD1 PTADO
W
Reset 1 1 1 1 1 1 1 1
'.Dm AN7 ANG6 ANS AN4 AN3 AN2 AN1 ANO
Function
|:|= Unimplemented or Reserved
Figure 5-14. Port Data Register (PORTAD)

Read: Anytime

Write: Anytime, no effect

The A/D input channels may be used for general purpose digital input.

Table 5-22. PORTAD Field Descriptions
Field Description
7-0 A/D Channel x (ANx) Digital Input (x =7, 6, 5, 4, 3, 2, 1, 0) — If the digital input buffer on the ANXx pin is enabled
PTAD[7:0] |(IENx =1) or channel x is enabled as external trigger (ETRIGE = 1,ETRIGCH[2-0] = x,ETRIGSEL = 0) read
returns the logic level on ANXx pin (signal potentials not meeting V,_or V| specifications will have an
indeterminate value).
If the digital input buffers are disabled (IENx = 0) and channel x is not enabled as external trigger, read returns
a“l".
Reset sets all PORTADO bits to “1".
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5.3.2.13 ATD Conversion Result Registers (ATDDRX)

The A/D conversion results are stored in 8 read-only result registers. The result data is formatted in the
result registers based on two criteria. First there is left and right justification; this selection is made using
the DJM control bit in ATDCTLS. Second there is signed and unsigned data; this selection is made using
the DSGN control bit in ATDCTLS. Signed data is stored in 2’s complement format and only exists in left
justified format. Signed data selected for right justified format is ignored.

Read: Anytime

Write: Anytime in special mode, unimplemented in normal modes

5.3.2.13.1 Left Justified Result Data

7 6 5 4 3 2 1 0
R| BIT 9 MSB BIT 8 BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 10-bit data
R| BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 8-bit data
W
Reset 0 0 0 0 0 0 0 0
I:Iz Unimplemented or Reserved
Figure 5-15. Left Justified, ATD Conversion Result Register, High Byte (ATDDRxH)
7 6 5 4 3 2 1 0
R BIT 1 BIT O 0 0 0 0 0 0
R U U 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 5-16. Left Justified, ATD Conversion Result Register, Low Byte (ATDDRxL)

5.3.2.13.2 Right Justified Result Data

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 BIT 9 MSB BIT 8 10-bit data
R 0 0 0 0 0 0 0 0 8-bit data
w
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 5-17. Right Justified, ATD Conversion Result Register, High Byte (ATDDRxH)

7 6 5 4 3 2 1 0
R BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 10-bit data
R| BIT 7 MSB BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 8-bit data
W
Reset 0 0 0 0 0 0 0 0
|:‘= Unimplemented or Reserved
Figure 5-18. Right Justified, ATD Conversion Result Register, Low Byte (ATDDRXL)
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5.4  Functional Description

The ATD is structured in an analog and a digital sub-block.

541 Analog Sub-Block

The analog sub-block contains all analog electronics required to perform a single conversion. Separate
power supplies Vppa and Vggp allow to isolate noise of other MCU circuitry from the analog sub-block.

541.1 Sample and Hold Machine

The sample and hold (S/H) machine accepts analog signals from the external surroundings and stores them
as capacitor charge on a storage node.

The sample process uses a two stage approach. During the first stage, the sample amplifier is used to
quickly charge the storage node.The second stage connects the input directly to the storage node to
complete the sample for high accuracy.

When not sampling, the sample and hold machine disables its own clocks. The analog electronics still draw
their quiescent current. The power down (ADPU) bit must be set to disable both the digital clocks and the
analog power consumption.

The input analog signals are unipolar and must fall within the potential range of Vgga to Vppa-

54.1.2 Analog Input Multiplexer

The analog input multiplexer connects one of the 8 external analog input channels to the sample and hold
machine.

54.1.3 Sample Buffer Amplifier

The sample amplifier is used to buffer the input analog signal so that the storage node can be quickly
charged to the sample potential.

54.1.4 Analog-to-Digital (A/D) Machine

The A/D Machine performs analog to digital conversions. The resolution is program selectable at either 8
or 10 bits. The A/D machine uses a successive approximation architecture. It functions by comparing the
stored analog sample potential with a series of digitally generated analog potentials. By following a binary
search algorithm, the A/D machine locates the approximating potential that is nearest to the sampled
potential.

When not converting the A/D machine disables its own clocks. The analog electronics still draws quiescent
current. The power down (ADPU) bit must be set to disable both the digital clocks and the analog power
consumption.

Only analog input signals within the potential range of V1 to Viy (A/D reference potentials) will result
in a non-railed digital output codes.
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5.4.2 Digital Sub-Block

This subsection explains some of the digital features in more detail. See register descriptions for all details.

5421 External Trigger Input

The external trigger feature allows the user to synchronize ATD conversions to the external environment
events rather than relying on software to signal the ATD module when ATD conversions are to take place.
The external trigger signal (out of reset ATD channel 7, configurable in ATDCTL1) is programmable to
be edge or level sensitive with polarity control. Table 5-23 gives a brief description of the different
combinations of control bits and their effect on the external trigger function.

Table 5-23. External Trigger Control Bits

ETRIGLE ETRIGP ETRIGE SCAN Description

X X 0 0 Ignores external trigger. Performs one
conversion sequence and stops.

X X 0 1 Ignores external trigger. Performs
continuous conversion sequences.

0 0 1 X Falling edge triggered. Performs one
conversion sequence per trigger.

0 1 1 X Rising edge triggered. Performs one
conversion sequence per trigger.

1 0 1 X Trigger active low. Performs
continuous conversions while trigger
is active.

1 1 1 X Trigger active high. Performs
continuous conversions while trigger
is active.

During a conversion, if additional active edges are detected the overrun error flag ETORF is set.

In either level or edge triggered modes, the first conversion begins when the trigger is received. In both
cases, the maximum latency time is one bus clock cycle plus any skew or delay introduced by the trigger
circuitry.

NOTE

The conversion results for the external trigger ATD channel 7 have no
meaning while external trigger mode is enabled.

Once ETRIGE is enabled, conversions cannot be started by a write to ATDCTLS, but rather must be
triggered externally.

If the level mode is active and the external trigger both de-asserts and re-asserts itself during a conversion
sequence, this does not constitute an overrun; therefore, the flag is not set. If the trigger is left asserted in
level mode while a sequence is completing, another sequence will be triggered immediately.
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5.4.2.2 General Purpose Digital Input Port Operation

The input channel pins can be multiplexed between analog and digital data. As analog inputs, they are
multiplexed and sampled to supply signals to the A/D converter. As digital inputs, they supply external
input data that can be accessed through the digital port register PORTAD (input-only).

The analog/digital multiplex operation is performed in the input pads. The input pad is always connected
to the analog inputs of the ATD. The input pad signal is buffered to the digital port registers. This buffer
can be turned on or off with the ATDDIEN register. This is important so that the buffer does not draw
excess current when analog potentials are presented at its input.

5.4.2.3 Low Power Modes

The ATD can be configured for lower MCU power consumption in 3 different ways:

1. Stop mode: This halts A/D conversion. Exit from stop mode will resume A/D conversion, but due
to the recovery time the result of this conversion should be ignored.

2. Wait mode with AWAI = 1: This halts A/D conversion. Exit from wait mode will resume A/D
conversion, but due to the recovery time the result of this conversion should be ignored.

3. Writing ADPU = 0 (Note that all ATD registers remain accessible.): This aborts any A/D
conversion in progress.

Note that the reset value for the ADPU bit is zero. Therefore, when this module is reset, it is reset into the
power down state.

5.5 Resets

Atreset the ATD is in a power down state. The reset state of each individual bit is listed within the Register
Description section (see Section 5.3, “Memory Map and Register Definition), which details the registers
and their bit-field.

5.6 Interrupts

The interrupt requested by the ATD is listed in Table 5-24. Refer to the device overview chapter for related
vector address and priority.

Table 5-24. ATD Interrupt Vectors

CCR
Interrupt Source Mask Local Enable
Sequence complete | bit ASCIE in ATDCTL2
interrupt

See register descriptions for further details.
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Chapter 6
XGATE (S12XGATEV2)

6.1 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 6-1 gives an overview on the XGATE architecture.

This document describes the functionality of the XGATE module, including:
*  XGATE registers (Section 6.3, “Memory Map and Register Definition™)
*  XGATE RISC core (Section 6.4.1, “XGATE RISC Core”)
* Hardware semaphores (Section 6.4.4, “Semaphores”)
* Interrupt handling (Section 6.5, “Interrupts”)
* Debug features (Section 6.6, “Debug Mode™)
* Security (Section 6.7, “Security”)
* Instruction set (Section 6.8, “Instruction Set”)

6.1.1 Glossary of Terms

XGATE Request

A service request from a peripheral module which is directed to the XGATE by the SI12X_INT
module (see Figure 6-1).

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
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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 6.4.4/6-204)
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 6.6/6-200).

XGATE Software Error
The XGATE is able to detect a number of error conditions caused by erratic software (see
6.4.5/6-205). 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.

6.1.2 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
— 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

6.1.3 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)
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In freeze mode all clocks of the XGATE module may be stopped, depending on the module

configuration (see Section 6.3.1.1, “XGATE Control Register (XGMCTL)”).

6.1.4 Block Diagram

Figure Figure 6-1 shows a block diagram of the XGATE.

Peripheral Interrupts
S12X_INT
N n
=2 i U
XGATE ‘o : lo >
x W Xm0
'_
= @
Interrupt Flags |-«
Semaphores RISC Core
Software
Triggers

m— Software Triggers

>

Peripherals

Data/Code

S12X_DBG

S12X_MMC

Figure 6-1. XGATE Block Diagram

6.2 External Signal Description
The XGATE module has no external pins.
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6.3 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 6-2.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.

6.3.1

This section consists of register descriptions in address order. Each description includes a standard register

Register Descriptions

diagram with an associated figure number. Details of register bit and field function follow the register
diagrams, in bit order.

Register 15 14 13 12 1 10 9 8 7 6 5 4 3 10
Name
XGMCTL R O 0 0 0 0 0 0 0 XG XG
XG XG XG G XGE |XGFRZ[XGDBG| XGSS FACT SWEIF XGIE

W XGEM FRZM | DBGM KGSSM FACTM swerr | XGIEM
XGMCHID R 0 XGCHIDI[6:0]

w L]
Reserved R

W
Reserved R

W
Reserved R

W
XGVBR R 0

XGVBR[15:1]
W
|:| = Unimplemented or Reserved
Figure 6-2. XGATE Register Summary (Sheet 1 of 3)
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XGIF

XGIF

XGIF

XGIF

Register
Name

XGIF

XGIF

XGIF

XGIF
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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
111 110 109 108 107 106 105 104 103 102 101 100 99 98 97 96
R
WXGIF?GF 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
R
WXGIF75F 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 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
63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
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
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
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
15 14 13 12 11 10 9
0
XGIF_OF | XGIF_OE | XGIF_0D | XGIF_0C | XGIF_OB | XGIF_0A | XGIF_09
|:| = Unimplemented or Reserved
Figure 6-2. XGATE Register Summary (Sheet 2 of 3)
MC9S12XDP512 Data Sheet, Rev. 2.21
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XGSWTM

XGSEMM

Reserved

XGCCR

XGPC

Reserved

Reserved

XGR1

XGR2

XGR3

XGR4

XGR5

XGR6

XGR7

188

15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
R 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
XGSWT[7:0]
W XGSWTM[7:0]
R 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
XGSEMI[7:0]
W XGSEMM[7:0]
R
W
R 0 0 0
XGN | XGz | XGV | xGC

W
R

XGPC
W
R
W
R
W
R

XGR1
W
R

XGR2
W
R

XGR3
W
R

XGR4
W
R

XGR5
W
R

XGR6
W
R

XGR7
W

I:I = Unimplemented or Reserved

Figure 6-2. XGATE Register Summary (Sheet 3 of 3)
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6.3.1.1 XGATE Control Register (XGMCTL)

All module level switches and flags are located in the module control register Figure 6-3.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R O 0 0 0 0 0 0 0 0 XG
W XG XG XG XG XG XGE |XGFRZ|XGDBG| XGSS [XGFACT] XGIE
SWEIF
XGEM FRZM | DBGM | SSM |FACTM SWEIFM XGIEM
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
I:I = Unimplemented or Reserved

Figure 6-3. XGATE Control Register (XGMCTL)
Read: Anytime
Write: Anytime
Table 6-1. XGMCTL Field Descriptions (Sheet 1 of 3)

Field Description
15 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
XGEM 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 XGFRZ Mask — This bit controls the write access to the XGFRZ bit. The XGFRZ bit can only be set or cleared
XGFRZM |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 XGDBG Mask — This bit controls the write access to the XGDBG bit. The XGDBG bit can only be set or cleared
XGDBGM [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 XGSS Mask — This bhit controls the write access to the XGSS bit. The XGSS hit can only be set or cleared if a
XGSSM | "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 6-1. 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 hit 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).
XGFRZ 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 6.6, “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.
MC9S12XDP512 Data Sheet, Rev. 2.21
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Table 6-1. XGMCTL Field Descriptions (Sheet 3 of 3)

Field

Description

XGSS

XGATE Single Step — This bit forces the execution of a single instruction if the XGATE is in DEBUG Mode and

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
XGFACT

Fake XGATE Activity — This bit forces the XGATE to flag activity to the MCU even when it is idle. When it is set
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
XGSWEIF

XGATE Software Error Interrupt Flag — This bit signals a pending Software Error Interrupt. It is set if the RISC
core detects an error condition (see Section 6.4.5, “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

XGIE

XGATE Interrupt Enable — This bit acts as a global interrupt enable for the XGATE module
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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6.3.1.2 XGATE Channel ID Register (XGCHID)

The XGATE channel ID register (Figure 6-4) 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 6.6.1, “Debug Features™).

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 6-4. XGATE Channel ID Register (XGCHID)

Read: Anytime

Write: In Debug Mode
Table 6-2. XGCHID Field Descriptions

Field Description
6-0 Request Identifier — ID of the currently active channel
XGCHIDI[6:0]

6.3.1.3 XGATE Vector Base Address Register (XGVBR)
The vector base address register (Figure 6-5 and Figure 6-6) determines the location of the XGATE vector

block.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0
XGVBRI[15:1]
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
|:| = Unimplemented or Reserved

Figure 6-5. XGATE Vector Base Address Register (XGVBR)

Read: Anytime

Write: Only if the module is disabled (XGE = 0) and idle (XGCHID = $00))
Table 6-3. 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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6.3.1.4 XGATE Channel Interrupt Flag Vector (XGIF)

The interrupt flag vector (Figure 6-6) provides access to the interrupt flags bits of each channel. Each flag
may be cleared by writing a "1" to its bit location.

127 126 125 124 123 122 121 120 119 118 117 116 115 114 113 112
R O 0 0 0 0 0 0

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

R
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 O 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

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 O 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
XGIF_OF | XGIF_OE | XGIF_0D | XGIF_0C | XGIF_0B | XGIF_0A | XGIF_09
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
|:| = Unimplemented or Reserved

Figure 6-6. XGATE Channel Interrupt Flag Vector (XGIF)
Read: Anytime
Write: Anytime
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Table 6-4. XGIV Field Descriptions

"0". Refer to Section “Interrupts” of the SoC Guide for a list of implemented Interrupts.

Read:
0 Channel interrupt is not pending

Field Description
127-9 Channel Interrupt Flags — These bits signal pending channel interrupts. They can only be set by the RISC
XGIF[78:9] |core. Each flag can be cleared by writing a "1" to its bit location. Unimplemented interrupt flags will always read

1 Channel interrupt is pending if XGIE is set

Write:
0 No effect
1 Clears the interrupt flag

194

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_IF_10 (XGIF[31:16]),
XGIF_0F_00 (XGIF[15:0])
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6.3.1.5 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 6-7). 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.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rl 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 N p—
W XGSWTM[7:0]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-7. XGATE Software Trigger Register (XGSWT)

Read: Anytime
Write: Anytime
Table 6-5. 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
XGSWTM[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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6.3.1.6 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 6-8). Refer to section Section 6.4.4, “Semaphores” for details.

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 XGSEM[70]
W XGSEMM[7:0]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-8. XGATE Semaphore Register (XGSEM)

Read: Anytime

Write: Anytime (see Section 6.4.4, “Semaphores”)
Table 6-6. 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([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
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

MC9S12XDP512 Data Sheet, Rev. 2.21 |
196 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 6 XGATE (S12XGATEV?2)

6.3.1.7 XGATE Condition Code Register (XGCCR)
The XGCCR register (Figure 6-9) provides access to the RISC core’s condition code register.

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 6-9. XGATE Condition Code Register (XGCCR)
Read: In debug mode if unsecured

Write: In debug mode if unsecured

Table 6-7. 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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6.3.1.8 XGATE Program Counter Register (XGPC)

The XGPC register (Figure 6-10) provides access to the RISC core’s program counter.

15 14 13 12 11 10 9 8 7 6 5 4

3 2 1 0

XGPC

Reset 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-10. XGATE Program Counter Register (XGPC)
Figure 6-11.
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-8. XGPC Field Descriptions

Field Description
15-0 Program Counter — The RISC core’s program counter
XGPCJ[15:0]

6.3.1.9 XGATE Register 1 (XGR1)
The XGR1 register (Figure 6-12) provides access to the RISC core’s register 1.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R
XGR1
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 6-12. XGATE Register 1 (XGR1)
Read: In debug mode if unsecured
Write: In debug mode if unsecured

Table 6-9. XGR1 Field Descriptions

Field Description
15-0 XGATE Register 1 — The RISC core’s register 1
XGR1[15:0]
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Chapter 6 XGATE (S12XGATEV2)
6.3.1.10 XGATE Register 2 (XGR2)
The XGR2 register (Figure 6-13) provides access to the RISC core’s register 2.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR2

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-13. XGATE Register 2 (XGR2)

Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 6-10. XGR2 Field Descriptions

Field Description
15-0 XGATE Register 2 — The RISC core’s register 2
XGR2[15:0]

6.3.1.11 XGATE Register 3 (XGR3)
The XGR3 register (Figure 6-14) provides access to the RISC core’s register 3.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-14. XGATE Register 3 (XGR3)

Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 6-11. XGR3 Field Descriptions

Field Description
150 XGATE Register 3 — The RISC core’s register 3
XGR3[15:0]
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6.3.1.12 XGATE Register 4 (XGR4)
The XGR4 register (Figure 6-15) provides access to the RISC core’s register 4.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR4

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-15. XGATE Register 4 (XGR4)

Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 6-12. XGR4 Field Descriptions

Field Description
15-0 XGATE Register 4 — The RISC core’s register 4
XGRA4[15:0]

6.3.1.13 XGATE Register 5 (XGR5)
The XGRS register (Figure 6-16) provides access to the RISC core’s register 5.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-16. XGATE Register 5 (XGR5)

Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 6-13. XGR5 Field Descriptions

Field Description
150 XGATE Register 5 — The RISC core’s register 5
XGR5[15:0]
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6.3.1.14 XGATE Register 6 (XGR6)
The XGR6 register (Figure 6-17) provides access to the RISC core’s register 6.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

XGR6

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-17. XGATE Register 6 (XGR6)

Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 6-14. XGR6 Field Descriptions

Field Description
15-0 XGATE Register 6 — The RISC core’s register 6
XGR6[15:0]

6.3.1.15 XGATE Register 7 (XGR7)
The XGR7 register (Figure 6-18) provides access to the RISC core’s register 7.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 6-18. XGATE Register 7 (XGR?7)

Read: In debug mode if unsecured

Write: In debug mode if unsecured
Table 6-15. XGR7 Field Descriptions

Field Description
150 XGATE Register 7 — The RISC core’s register 7
XGR7[15:0]
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6.4  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 6-1). 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.

6.4.1 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 6.8, “Instruction Set”).

It is able to access the MCU’s internal memories and peripherals without blocking these resources from
the SI2X_CPU1. 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.

6.4.2 Programmer’s Model

Register Block Program Counter
15 R7 0 15 PC 0
o R6 0 Condition
15 R5 0 R(é:gig?er
15 R4 0 N|z|v|c
15 R3 0 3210
15 R2 0
15 Rl(VariabIe Pointer)O
o RO=0 °

Figure 6-19. 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 6-19. 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 6-20). 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.

6.4.3 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 6.3.1.3,
“XGATE Vector Base Address Register (XGVBR)”). Figure 6-20 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
m Code
+30024 Channel $09 Initial Program Counter
Channel $09 Initial Variable Pointer \f/y
+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
= e~ &/\_&
+$01E0 Channel $78 Initial Program Counter Variables
Channel $78 Initial Variable Pointer /\/
Figure 6-20. XGATE Vector Block
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6.4.4 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 6.3.1.6, “XGATE Semaphore Register (XGSEM)”). The RISC core does
this through its SSEM and CSEM instructions.

Figure 6-21 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 6-21. Semaphore State Transitions
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Figure 6-22 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
\ \
XGSEM = %0 CSEM

Figure 6-22. Algorithm for Locking and Releasing Semaphores

6.4.5 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 6.8, “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_ MMC Section for a detailed information.
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6.5 Interrupts

6.5.1 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.

6.5.2 Outgoing Interrupt Requests

There are three types of interrupt requests which can be triggered by the XGATE module:
4. Channel interrupts

For each XGATE channel there is an associated interrupt flag in the XGATE interrupt flag vector
(XGIF, see Section 6.3.1.4, “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.

5. Software triggers

Software triggers are interrupt flags, which can be set and cleared by software (see Section 6.3.1.5,
“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.

6. 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 6.4.5, “Software Error Detection™).

All XGATE interrupts can be disabled by the XGIE bit in the XGATE module control register (XGMCTL,
see Section 6.3.1.1, “XGATE Control Register (XGMCTL)”).

6.6 Debug Mode
The XGATE debug mode is a feature to allow debugging of application code.

6.6.1 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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» 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.

6.6.2 Entering Debug Mode

Debug mode can be entered in four ways:

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.

2. 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.

6.6.3 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.

6.7  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

6.8 Instruction Set

6.8.1 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 R0 ... 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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6.8.1.1 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

6.8.1.2 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

6.8.1.3 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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6.8.1.4 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 = 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

6.8.1.5 Immediate 8 Bit Wide (IMMS8)
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

6.8.1.6 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 * imml6

Examples:

LDW R4, #$1234 ; translated to LDL R4, #$34; LDH R4, #$12
ADD R4, #$5678 ; translated to ADDL R4, #$78; ADDH R4, #$56

6.8.1.7 Monadic Addressing (MON)

In this addressing mode only one operand is explicitly given. This operand can either be the source (f{RD)),
the target (RD = f{)), or both source and target of the operation (RD = f{RD)).

Examples:
JAL R1 ; PC = R1, Rl = PC+2
SIF R2 ; Trigger IRQ associated with the channel number in R2.L
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6.8.1.8 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 >> RS

LSL R4,R5 ; R4
LSR R4,R5 ; R4

6.8.1.9 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 RO 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 ; R5

R6 + R7 + Carry
R6 - R7

6.8.1.10 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)

6.8.1.11 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)

6.8.1.12 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
MC9S12XDP512 Data Sheet, Rev. 2.21
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6.8.1.13 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

6.8.1.14 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

6.8.1.15 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 RI1+R2
6.8.2 Instruction Summary and Usage

6.8.2.1 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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6.8.2.2 Logic and Arithmetic Instructions

All logic and arithmetic instructions support the 8 bit immediate addressing mode (IMMS8: 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 ; R4A.H = R4.H & SFE, clear lower bit of higher byte
ADD R3,R4,R5 ; R3 = R4 + R5

SUB R3,R4,R5 ; R3 = R4 - R5

AND R3,R4,R5 ; R3 R4 & R5 logical AND on the whole word

OR R3,R4,R5 ; R3 R4 | R5

6.8.2.3 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

6.8.2.4 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
ASR R4,R2 ; R4 = R4 >> R2;arithmetic shift register R4 right by the amount
; of bits contained in R2[3:0].
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6.8.2.5 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.

W4 04 RS2
15 5 2 0

Bit Field Extract
Bit Field Insert

15 3 0

I o

Figure 6-23. Bit Field Addressing

BFEXT R3,R4,R5 ; R5: W4 bits offset 04, will be extracted from R4 into R3

6.8.2.6 Special Instructions for DMA Usage

The XGATE offers a number of additional instructions for flag manipulation, program flow control and
debugging:
1. SIF: Set a channel interrupt flag

2. SSEM: Test and set a hardware semaphore
3. CSEM: Clear a hardware semaphore
4. BRK: Software breakpoint
5. NOP: No Operation
6. RTS: Terminate the current thread
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6.8.3 Cycle Notation

Table 6-16 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 6-16. 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

f — Free cycle: no read or write, lasts for one RISC core cycles

Special Cases

PP/P — Branch: pp if branch taken, P if not

6.8.4 Thread Execution

When the RISC core is triggered by an interrupt request (see Figure 6-1) 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 Vv-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.

6.8.5 Instruction Glossary

This section describes the XGATE instruction set in alphabetical order.
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A D C Add with Carry

Operation

RS1+RS2+C = RD

ADC

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: Set if 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]e | RS1[15] & RS2[15] & RD[15],e

C: Setifthereis a carry from bit 15 of the result; cleared otherwise.
RS1[15] & RS2[15] | RS1[15] & RD[15],ew | RS2[15] & RD[15],ew

Code and CPU Cycles

Source Form Asﬂirgess Machine Code Cycles
ADC RD, RS1, RS2 TRI 0\0\0\1\1\ RD \ RS1 \ RS2 \1\1 P
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ADD Add without Carry ADD

Operation

RS1+RS2 = RD
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

Z

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.
RS1[15] & RS2[15] & RD[15]ey | RS1[15] & RS2[15] & RD[15]hew
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],ew | RS2[15] & RD[15]ew
Refer to ADDH instruction for #IMM16 operations.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ADD RD, RS1, RS2 TRI olofof[1]1] RD RS1 \ RS2 \1\0
ADD RD, #IMM16 IMM8 1/1/1lo]lo| RD IMM16[7:0] P
IMM8 1/1/1lo]2| rD IMM16[15:8]
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A D D H Add Imm(?gggthe:ytz(iat)Constant A D D H

Operation
RD + IMM&:$00 = 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

Z

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]o1q & IMM8[7] & RD[15]new | RD[15]o1q & IMMB[7] & RD[15]ew

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.

RD[15]yq & IMM8[7] | RD[15],,q & RD[15],ew | IMM8[7] & RD[15],,ew

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
ADDH RD, #IMM8 IMM8 | 1 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 P
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A D D L Add Imme(ﬁi)avtve:yl;)(iat) 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 VvV C

Al A|A|A

Z

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 8 bit operation; cleared otherwise.
RD[15]og & RD[15]new

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.

RD[15]oId & RD[15]neW

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

Al A| 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: 0; cleared.
C: Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
AND RD, RS1, RS2 TRI olojol1]lo| RD RS1 ‘ RS2 ‘ 0 ‘ 0 P
AND RD, #IMM16 IMM8 1/0/0|0|0 RD IMM16[7:0]
IMM8 110|001 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

A A 0| —
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 MM8 | 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 & IMM8 = 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 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: 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

>b15 RD > C

n=RS or IMM4

Shifts the bits in register RD 7 positions to the right. The higher n 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 IMM4. n 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|O|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]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
ASR RD, #IMM4 IMM4 0|0|0|0|1 RD IMM4 1/0(0(1 P
ASR RD, RS DYA 0/0j0|0|1 RD RS 10001
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BCC

Operation

Branch if Carry Cleared

(Same as BHS)

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

BCC

Source Form Address Machine Code Cycles
Mode
BCC REL9 RELO |0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ RELO PP/P
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B ( S Branch if Carry Set B ( S
(Same as BLO)

Operation

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

Source Form Address Machine Code Cycles
Mode
BCS REL9 RELO |0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ REL9 PP/P
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BEQ

Operation

Branch if Equal

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

BEQ

Source Form Address Machine Code Cycles
Mode
BEQ REL9 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+/ 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
Bit Field Extract
15

3 0
- <o

A
o

CCR Effects

N Z V C
Ol A0 A

N: Setif bit 15 of the result is set; cleared otherwise.
Z: Setif the result is $0000; cleared otherwise.

V: 0; cleared.

C:. Not affected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
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

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

0 | A

0; cleared.

Set if the result is $0000; cleared otherwise.

Set if RS = $0000%; cleared otherwise.

N
Z
V: 0; cleared.
C
1 Before executing the instruction

Code and CPU Cycles

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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BFINS

Operation

RS1[w:0] = RD[(w+0):0];

w = (RS2[7:4])
o = (RS2[3:0])
Extracts w+/ 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.

Bit Field Insert

Chapter 6 XGATE (S12XGATEV?2)

BFINS

15 7 4 3 0
W4 04 RS2
15 3 0
Bit Field Insert
15 5 2 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
BFINS RD, RS1, RS2 TRI 0‘1‘1\0‘1‘ RD ‘ RS1 ‘ RS2 ‘1‘1 P
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BFINSI

Operation
IRS1[w:0] = RD[w+o0:0];

w = (RS2[7:4])
o =(RS2[3:0])

Bit Field Insert and Invert

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

w4

04 RS2

15

15

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.

5 2 0
e |«

3 0
[ <s:

Inverted Bit Field Insert

Source Form

Address
Mode

Machine Code

Cycles

BFINSI RD, RS1, RS2

TRI

oft]1]t]o]

RD ‘ RS1 ‘ RS2 ‘1‘1
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BFINSX  sireamseraaor  BFINSX

Operation

I(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-+0:0] 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 RO as a RS1, this command can be used to toggle bits.

15 7 4 3 0
w4 04 RS2

15 3 0

/Bit Field Insert XNOR
15 5 2 0

o] | o

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
BFINSX RD, RS1, RS2 TRI 0 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ RD ‘ RS1 ‘ RS2 ‘ 1 ‘ 1 P
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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 RELS

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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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 RELS

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 RELO RELO |0 \ 0 \ 1 \ 1 \ 1 \ 0 \ 0 \ REL9 PP/P
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B H I Branch if Higher

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 RELS

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

BHI

Source Form Address Machine Code Cycles
Mode
BHI RELO REL9 0\0\1\1\0\0\0\ REL9 PP/P
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B H S Branch if Higher or Same B H S
(Same as BCC)
Operation

If C = 0, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare unsigned numbers.

Branch if RS1 > RS2:

SUB RO,RS1,RS2
BHS RELS

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
BHS REL9 RELO |0 \ 0 \ 1 \ 0 \ 0 \ 0 \ 0 \ REL9 PP/P
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B IT H Bit Test Immediate 8 bit Constant B IT H
(High Byte)

Operation

RD.H & IMMS8 = NONE

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|—

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
BITH RD, #IMM8 IMM8 | 1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 ‘ RD ‘ IMM8 P
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Chapter 6 XGATE (S12XGATEV?2)

B IT L Bit Test Immediate 8 bit Constant B IT L
(Low Byte)

Operation

RD.L & IMMS8 = 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: 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
BITL RD, #IMM8 MMs |1 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ RD ‘ IMM8 P
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Chapter 6 XGATE (S12XGATEV2)

B L E Branch if Less or Equal to Zero

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 RELS

CCR Effects

N Z V C

N: Not affected.
Z: Not affected.
V: Not affected.
C: Not affected.

Code and CPU Cycles

BLE

Source Form Address Machine Code Cycles
Mode
BLE RELO RELO |0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 0 ‘ 1 ‘ RELO PP/P
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Chapter 6 XGATE (S12XGATEV2)
B L O Branch if Carry Set B L O
(Same as BCS)

Operation

If C=1, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare unsigned numbers.

Branch if RS1 < RS2:

SUB RO,RS1,RS2
BLO RELS

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
BLO REL9 RELO |0 \ 0 \ 1 \ 0 \ 0 \ 0 \ 1 \ REL9 PP/P
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Chapter 6 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 RELS

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 6 XGATE (S12XGATEV?2)

B LT Branch if Lower than Zero B L T

Operation

IfN AV = 1, then PC + $0002 + (REL9 << 1) = PC
Branch instruction to compare signed numbers.

Branch if RS1 < RS2:

SUB RO,RS1,RS2
BLT RELS

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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Chapter 6 XGATE (S12XGATEV2)

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

BMI

Source Form Address Machine Code Cycles
Mode
BMI RELO RELO 0‘0‘1‘0\1‘0‘1‘ REL9 PP/P
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Chapter 6 XGATE (S12XGATEV?2)

BNE Branch if Not Equa BNE

Operation

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

Source Form Address Machine Code Cycles
Mode
BNE REL9 REL9 0‘0‘1‘0‘0‘1‘0‘ REL9 PP/P
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Chapter 6 XGATE (S12XGATEV2)

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

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 6 XGATE (S12XGATEV?2)

BRA Branch Always 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

Source Form Address Machine Code Cycles
Mode
BRA REL10 REL10 |0 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ REL10 PP
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Chapter 6 XGATE (S12XGATEV2)

BRK

Operation

Break

BRK

Put XGATE into Debug Mode (see Section 6.6.2, “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 Asﬂtlrgjs Machine Code Cycles
BRK INH o/ofofofofofofo|ojojojojoofo]o] pan
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Chapter 6 XGATE (S12XGATEV?2)

B VC Branch if Overflow Cleared B VC

Operation

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

Source Form Address Machine Code Cycles
Mode
BVC RELO RELO |0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ REL9 PP/P
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Chapter 6 XGATE (S12XGATEV2)

B VS Branch if Overflow Set

Operation
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

BVS

Source Form Address Machine Code Cycles
Mode
BVS REL9 RELO |0 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ REL9 PP/P
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Chapter 6 XGATE (S12XGATEV?2)

CMP Compare CMP

Operation

RS2 -RS1 = 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

Z

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] & 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 0o o] rRs1 | rRs2 |o]0 P
CMP RS, #IMM16 IMM8 1/1/0(1(0 RS IMM16[7:0]
IMM8 171011 RS IMM16[15:8] P
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Chapter 6 XGATE (S12XGATEV2)

C M P L Compare Immediate 8 bit Constant ( I\/I 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: Setif 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 6 XGATE (S12XGATEV?2)

COM One's Complement COM

Operation

~RS = RD (translates to XNOR RD, R0, 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 o0|({0|0|1|0 RD 0 0 O RS 11 P
COM RD TRI 0/0j0j2/|0 RD 0 0 O RD 111 P

MC9S12XDP512 Data Sheet, Rev. 2.21
Freescale Semiconductor 251

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 6 XGATE (S12XGATEV2)

C P C Compare with Carry C P C

Operation

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

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 a two’s complement overflow resulted from the operation; cleared otherwise.
RS1[15] & RS2[15] & result[15] | RS1[15] & RS2[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]

Code and CPU Cycles

Source Form Asﬂdress Machine Code Cycles
ode
CPC RS1, RS2 TRI 0‘0‘0‘1‘1‘000‘ RS1 ‘ RS2 ‘0‘1 P

MC9S12XDP512 Data Sheet, Rev. 2.21
252 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 6 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 R0 as destination register.

CCR Effects

N Z V C

Al A|A|A

Z

Set if bit 15 of the result is set; cleared otherwise.

Z: Setif 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]

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
CPCH RD, #IMM8 MM8 | 1 ‘ 1 ‘ 0 ‘ 1 ‘ 1 ‘ RS ‘ IMM8 P
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Chapter 6 XGATE (S12XGATEV2)

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

CSEM

Source Form Address Machine Code Cycles
Mode
CSEM #IMM3 IMM3 IMM3 11 0|0|0]|O PA
CSEM RS MON RS 11 0|0|0|1 PA
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Chapter 6 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 #n 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, 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[]-5]new

C: Setif n>0and RD[16-n] = 1; if n = 0 unaffected.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
CSL RD, #IMM4 IMM4 0|0|0|0|1 RD IMM4 1/0/11]|0 P
CSL RD, RS DYA 0|0|0|0|1 RD RS 1/0(0|1]|0
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Chapter 6 XGATE (S12XGATEV2)

CS R Logical Shift Right with Carry CS R

Operation
n »
rC c|C|C|—> RD > C
‘W
n =RS or IMM4

Shifts the bits in register RD n positions to the right. The higher 7 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 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

N: 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[]-5]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
CSR RD, #IMM4 IMM4 o|0|0|0O|1 RD IMM4 1/0(11
CSR RD, RS DYA 0o|0|0|0O|1 RD RS 1/0/0|1(1 P
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Chapter 6 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 Al(\j/ltirdeess Machine Code Cycles
JALRD MON o‘o‘o\o‘o‘ RD \1‘1‘1‘1‘0‘1\1‘0 PP
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Chapter 6 XGATE (S12XGATEV2)

LDB

Operation

Load Byte from Memory

M[RB, #OFFS5 = RD.L; $00 = RD.H

M[RB, RI] = RD.L; $00 = RD.H
MI[RB, RI] = RD.L; $00 = RD.H; RI+1 = RI;!

(Low Byte)

RI-1 = RI; M[RS, RI] = RD.L; $00 = RD.H

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 0{1|0(|0|0 RD RB OFFS5 Pr
LDB RD, (RS, RI) IDR 0j111(0]0 RD RB RI 0 Pr
LDB RD, (RS, RI+) IDR+ 0j111(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
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LDH

Operation

IMMS8 = RD.H;

(High Byte)

Load Immediate 8 bit Constant

Chapter 6 XGATE (S12XGATEV?2)

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 IMM8 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ RD ‘ IMM8 P
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Chapter 6 XGATE (S12XGATEV2)

LDL

Operation

IMMS8 = 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

(Low Byte)

Load Immediate 8 bit Constant

LDL

Source Form Address Machine Code Cycles
Mode
LDL RD, #IMM8 MM8 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 0 ‘ RD ‘ IMM8 P
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Chapter 6 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 0|1 PR

LDW RD, (RB, -RI) -IDR 0/1|1(0]|1 RD RB RI 1|0 PR

LDW RD, #IMM16 IMM8 1/12{1/1|0 RD IMM16[7:0] P
IMM8 111111 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 6 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 #n positions to the left. The lower 7 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, # 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

Z

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]4/g * 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 0O(0l0|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 6 XGATE (S12XGATEV?2)

L SR Logical Shift Right LSR

Operation

\J

n bits
n=RS or IMM4

Shifts the bits in register RD 7z positions to the right. The higher # 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 » > 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. # is considered to be 16 if the content of RS
is greater than 15.

CCR Effects

N Z VvV 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 atwo’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 0|0|0|O0|1 RD IMM4 1/1(0(1
LSR RD, RS DYA 0|{0|0|O0|1 RD RS 1/0(1|0(1 P
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Chapter 6 XGATE (S12XGATEV2)

MOV

Operation

Move Register Content

RS = RD (translates to OR RD, R0, RS)

Copies the content of RS to RD.

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.

MOV

Source Form Address Machine Code Cycles
Mode
MOV RD, RS TRI 0‘0‘0\1‘0‘ RD ‘ooo‘ RS ‘1‘0 P
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Chapter 6 XGATE (S12XGATEV?2)

N EG Two’s Complement

Operation

—RS = RD (translates to SUB RD, RO, 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

Z

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.
RS[15] & RD[15]pew

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise

RS[15] | RD[15 ey

Code and CPU Cycles

NEG

Source Form Address Machine Code Cycles
Mode
NEG RD, RS TRI 0/j0j0j1|1 RD 0 0O RS 00
NEG RD TRI 0j0j0|1|1 RD 0 0O RD
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Chapter 6 XGATE (S12XGATEV2)

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

No Operation

NOP

Source Form A&%rsjs Machine Code Cycles
NOP INH o/o/ofofofo]o][1]o]o|o|ofo|o]0]0 P
MC9S12XDP512 Data Sheet, Rev. 2.21
266 Freescale Semiconductor

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 6 XGATE (S12XGATEV?2)

OR Logical OR OR

Operation

RS1|RS2 =RD
RD | IMM16= RD (translates to ORL RD, #IMM16[7:0]; ORH RD, #IMM16[15:8]

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|—
N: Set if bit 15 of the result is set; cleared otherwise.

Z: Setif 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 ololo[1]o] RD Rs1 | Rs2 [1]o0 P
OR RD, #IMM16 IMM8 1/0/1(0(0 RD IMM16[7:0]
IMM8 1/0/1|0(1 RD IMM16[15:8] P
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Chapter 6 XGATE (S12XGATEV2)

O R H Logical OR Immediate 8 bit Constant O R H
(High Byte)

Operation
RD.H | IMMS8 = 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 MM8 | 1 ‘ 0 ‘ 1 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 P
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Chapter 6 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 § 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 A 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
ORL RD, #IMM8 MM8 | 1 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ RD ‘ IMM8 P
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Chapter 6 XGATE (S12XGATEV2)

PA R Calculate Parity PA R

Operation

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

0| A
N: O; cleared.
Z: Setif RD is $0000; cleared otherwise.
V: 0; cleared.
C: Set if there the number of ones in the register RD is odd; cleared otherwise.

Code and CPU Cycles

Source Form AdM%rgess Machine Code Cycles
PAR, RD MON o\o\o\o\o\ RD \1\1\1\1\0\1\0\1 P
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ROL

Operation

n=RS or IMM4

Rotate Left

A

RD

n bits

Chapter 6 XGATE (S12XGATEV?2)

ROL

Rotates the bits in register RD 7 positions to the left. The lower # bits of the register RD are filled with the
upper 7 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 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 VvV 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|0O|1 RD IMM4 1/1(1/|0
ROL RD, RS DYA oO|0|0|0O|1 RD RS 1/0(1|1/0 P
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Chapter 6 XGATE (S12XGATEV2)

ROR

Operation

n = RS or IMM4

Rotate Right

\J

RD

n bits

ROR

Rotates the bits in register RD 7 positions to the right. The upper 7 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

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
ROR RD, #IMM4 IMM4 0O(0l0|0|1 RD IMM4 1/1]1]|1 P
ROR RD, RS DYA 0(0|0|0]|1 RD RS oOj1|11|1 P
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Chapter 6 XGATE (S12XGATEV?2)

RTS Return to Scheduler RTS

Operation

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 AdM%rgess Machine Code Cycles
RTS INH o\o\o\o\o\o\1\0\0\0\0\0\0\0\0\0 PA
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Chapter 6 XGATE (S12XGATEV2)

SBC

Operation

RS1-RS2-C=RD

Subtract with Carry

SBC

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
BCC

CCR Effects

N Z V C

Al A|A|A

Z

; R7:R6 = R5:R4 - R3:R2
; conditional branch on 32 bit subtraction

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 a two’s complement overflow resulted from the operation; cleared otherwise.

RS1[15] & RS2[15] & RD[15] ey, | RS1[15] & RS2[15] & RD[15]nen

C: Setifthereis a carry from bit 15 of the result; cleared otherwise.

RS1[15] & RS2[15] | RSI[15] & RD[15],ey | RS2[15] & RD[15], ey

Code and CPU Cycles

Source Form Aﬁﬂ%r(;e:s Machine Code Cycles
SBC RD, RS1, RS2 TRI 0‘0‘0‘1‘1‘ RD ‘ RS1 ‘ RS2 ‘0‘1 P

274

Downloaded from Elcodis.com electronic components distributor

MC9S12XDP512 Data Sheet, Rev. 2.21

Freescale Semiconductor


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 6 XGATE (S12XGATEV?2)

S EX Sign Extend Byte to Word S EX

Operation

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
0

A A —
N: Set if bit 15 of the result is set; cleared otherwise.
Z: Setif the result is $0000; cleared otherwise.
V: 0; cleared.
C: Not affected.

Code and CPU Cycles

Source Form AdM%rgess Machine Code Cycles
SEX RD MON o\o\o\o\o\ RD \1\1\1\1\0\1\0\0 P
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Chapter 6 XGATE (S12XGATEV2)

S I F Set Interrupt Flag S I F

Operation

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 000000\1\100000000 PA
SIF RS MON o(ojo0|0]|O RS 1/1|{1(1j0j1|1|1 PA
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Chapter 6 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

— | —|—1]A
N: Not affected.
Z: Not affected.
V: Not affected.
C: Setif 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|0O|0| IMM3 |1|1|1|1|/0|0f1|O0 PA
SSEM RS MON o|0|0f0O|O RS 1/1/1|1|0j0|1]|1 PA
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Chapter 6 XGATE (S12XGATEV2)

STB

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]!

Store Byte to Memory
(Low Byte)

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

STB

Source Form Address Machine Code Cycles
Mode
STB RS, (RB, #OFFS5), IDO5 0({1|0(1(0 RS RB OFFS5 Pw
STB RS, (RB, RI) IDR oj1|11(1|o0 RS RB RI 0 Pw
STB RS, (RB, RI+) IDR+ oj1|11(1|o0 RS RB RI 0 Pw
STB RS, (RB, -RI) -IDR o({1(1(1(0 RS RB RI 1 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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Chapter 6 XGATE (S12XGATEV?2)

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 0({1|0f11 RS RB OFFS5 PW
STW RS, (RB, RI) IDR 0Oj1|1(1|1 RS RB RI 0|0 PW
STW RS, (RB, RI+) IDR+ oOj1|11(1|1 RS RB RI 0|1 PW
STW RS, (RB, -RI) -IDR O(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 6 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

Z

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.

RS1[15] & RS2[15] & RD[15], ey | RS1[15] & RS2[15] & RD[15],ew
Refer to SUBH instruction for #iMM16 operations.

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RS1[15] & RS2[15] | RS1[15] & RD[15],ew | RS2[15] & RD[15],ew
Refer to SUBH instruction for #iMM16 operations.

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SUB RD, RS1, RS2 TRI olojol1]|1| RD RS1 ‘ RS2 ‘ 0 ‘ 0
SUB RD, #IMM16 IMM8 1/1/0|0(0 RD IMM16[7:0] P
IMM8 1/1/0|0(1 RD IMM16[15:8]
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Chapter 6 XGATE (S12XGATEV?2)

S U B H Subtract Immediate 8 bit Constant S U B H
(High Byte)

Operation
RD - IMMS8:$00 = RD

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 ; R2 = R2 - 16 bit immediate

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 a two’s complement overflow resulted from the operation; cleared otherwise.
RD[15]o1q & IMM8[7] & RD[15]new | RD[15]o1q & IMMB8[7] & RD[15]ew

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RD[15]y,q & IMM8[7] | RD[15]p1g & RD[15],ew | IMM8[7] & RD[15],ew

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SUBH RD, #IMM8 MM8 |1 ‘ 1 ‘ 0 ‘ 0 ‘ 1 ‘ RD ‘ IMM8 P
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Chapter 6 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

Z

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 8 bit operation; cleared otherwise.
RD[15]5/g & RD[15]new

C: Setifthereis a carry from the bit 15 of the result; cleared otherwise.
RD[15]oiq & RD[15]new

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
SUBL RD, #IMM8 MM8 | 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

Transfers the content of one RISC core register to another.
The TFR RD,PC instruction can be used to implement relative subroutine calls.

Transfer from and to Special Registers

Chapter 6 XGATE (S12XGATEV?2)

TFR

Example:
TFR R7,PC ;Return address (RETADDR) is stored in R7
BRA SUBR ;Relative branch to subroutine (SUBR)
RETADDR
SUBR
JAL R7 ;Jump to return address (RETADDR)
CCR Effects
TFR RD,CCR, TFR RD,PC: TFR CCR,RS:
N Z V C N Z V C
— | — | — | — Al A|A|A
N: Not affected. N: RS[3].
Z: Not affected. Z: RS[2].
V: Not affected. V:  RS[1].
C: Not affected. C: RS|0].
Code and CPU Cycles
Source Form Address Machine Code Cycles
Mode
TFR RD,CCR CCR = RD MON 0|00 0 RD 1)1
TFR CCR,RS RS = CCR MON 0|00 0 RS 1)1 P
TFR RD,PCPC+4 = RD MON 0|00 0 RD 1)1

Freescale Semiconductor

MC9S12XDP512 Data Sheet, Rev. 2.21

Downloaded from Elcodis.com electronic components distributor

283


http://elcodis.com/parts/4642197/MC9S12XDT512MAA.html

Chapter 6 XGATE (S12XGATEV2)

ST Test Register T1ST

Operation

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

<

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.
RS[15] & result[15]

C: Setif thereis a carry from the bit 15 of the result; cleared otherwise.

RS1[15] & result[15]

Code and CPU Cycles

Source Form Address Machine Code Cycles
Mode
TSTRS TRI 0‘0\0‘1‘1‘000‘ RS1 ‘ooo‘o‘o P
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Chapter 6 XGATE (S12XGATEV?2)

XNOR Logical Exclusive NOR XNOR

Operation

~(RS1”7RS2) =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
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 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 olof[of[1]0] RD RS1 \ RS2 \1\1 P
XNOR RD, #IMM16 mvs [1lof1]1]0] RD IMM16[7:0]
mvms  |1]ol1]1/1] RD IMM16[15:8] P
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Chapter 6 XGATE (S12XGATEV2)

XNOR H Logical Exclusive NOR Immediate XNOR 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 IMM8 | 1 ‘ 0 ‘ 1 ‘ 1 ‘ 1 ‘ RD ‘ IMMS8 P
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XNOR L Logical Exclusive NOR Immediate XNORL
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

A A 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
XNORL RD, #IMM8 IMM8 | 1 ‘ 0 ‘ 1 ‘ 1 ‘ 0 ‘ RD ‘ IMM8 P
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6.8.6 Instruction Coding

Table 6-17 summarizes all XGATE instructions in the order of their machine coding.

Table 6-17. 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 ojo0o|jojo|fo0|jofo|jo0)jofO|jO]jJO|O|JO|O|O
NOP ojo0o|jojo|fo0ojofo|2jo0of0|j0|jJO|O|]O|O]|O
RTS ojo0o|jojofo|jof12y0|j]o0fO0O|jO0O|JO|O|JO|O]|O
SIF ojofo0ojoflojof1|j12(0|J]0l0O0O|J]OfO]|]O|O]O
Semaphore Instructions
CSEM IMM3 ojo|lO0O|]O0]|O IMM3 1(]1|]1({1|]0(0|0]|O
CSEM RS o|jo|lO0O|]O0]|O RS 11|11 |0(0]|0]|1
SSEM IMM3 00O o(0]O0 IMM3 1 1 1 1(10]|0 1 0
SSEM RS o|jo|lO0O|]O0]|O RS 11|11 |]0f(0]|1]|1
Single Register Instructions
SEX RD 0] O0 0|0 O RD 1 1 1 11|10 11|10 0
PAR RD 0] O0 0O|j0] O RD 1 1 1 11|10 11|10 1
JAL RD 0] O0 0O|j0] O RD 1 1 1 11|10 1 1 0
SIF RS 0] O0 0O|j]0] O RS 1 1 1 11|10 1 1 1
Special Move instructions
TFR RD,CCR 0] O0 0O|0] O RD 1 1 1 0] 0 0
TFR CCR,RS 0|0 0O|]0]O0 RS 1 1 1 1 1 0] O0 1
TFR RD,PC 0] 0 oOo|]0] O RD 1 1 1 1 1 0 1
Shift instructions Dyadic
BFFO RD, RS oOo|O0|O0|O0]|1 RD RS 1/0]|]0|0]O
ASR RD, RS 0] o0 0| O 1 RD RS 110([0]O 1
CSL RD, RS oOo|O0|O0]|O0]|1 RD RS 1/0]0|1]0
CSR RD, RS 0|0 OO 1 RD RS 1]10(O0 1 1
LSL RD, RS 0|0 0| O 1 RD RS 11|10 110 0
LSR RD, RS 0|0 0| O 1 RD RS 11|10 110 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 00O 1
CSL RD, #IMM4 0|0 0|0 1 RD IMM4 1 0 1 0
CSR RD, #IMM4 00O 0|0 1 RD IMM4 1 0 1 1
LSL RD, #IMM4 00O 0|0 1 RD IMM4 1 1|0 0
LSR RD, #IMM4 00O 0|0 1 RD IMM4 1 1|0 1
ROL RD, #IMM4 00O 0|0 1 RD IMM4 1 1 1 0
ROR RD, #IMM4 0] O0 0| O 1 RD IMM4 1 1 1 1
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Table 6-17. Instruction Set Summary (Sheet 2 of 3)

Functionality 15|14|13|12|11|1o| 9 | 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 0
Logical Triadic
AND RD, RS1, RS2 0|0 0 11|10 RD RS1 RS2 0 0
OR RD, RS1, RS2 0|0 0 11|10 RD RS1 RS2 1 0
XNOR RD, RS1, RS2 0|0 0 11|10 RD RS1 RS2 1 1
Arithmetic Triadic For compare use SUB RO,Rs1,Rs2
SUB RD, RS1, RS2 0|0 0 1 1 RD RS1 RS2 0 0
SBC RD, RS1, RS2 0 0 0 1 1 RD RS1 RS2 0 1
ADD RD, RS1, RS2 0 0 0 1 1 RD RS1 RS2 1 0
ADC RD, RS1, RS2 00O 0 1 1 RD RS1 RS2 1 1
Branches
BCC REL9 o|jo|l1|0|0]O0fO REL9
BCS REL9 o|joO|l1|0|0]O0]|1 REL9
BNE REL9 00O 1 0O 1|0 REL9
BEQ REL9 0|0 1 0O 1 1 REL9
BPL REL9 0] O0 1 0 1 0] 0 REL9
BMI REL9 0] O0 1 0 1 0 1 REL9
BVC REL9 0] O0 1 0 1 110 REL9
BVS REL9 0]