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Chapter 1 Device Overview MC9S12ZVMB-Family

1.7.5 Pin and signal mapping overview

Please refer to the PIM chapter for priority and routing information.

Table 1-7. Pin summary (Sheet 1 of 3)

LQFP Function Internal Pull
Option Power Resistor
Domai
IR I S s O B R
State
1 1 VSUP — — — — — — — — —
2 2 | VLS_OU — — — — — — — — —
T
3 3 CP — — — — — — — — —
4 | 4 | VSSX1 — — — — — — — — —
5 |5 VCP — — — — — — — — —
6 | 6 GHD — — — — — — — — —
7 | — N.C. — — — — — — — — —
8 7 PL2 HVI2 KWL2 IC1_2 ANO_M — — — — —
9 8 PL1 HVI1 KWLA1 IC1_1 ANO_10 — — — — —
10 9 PLO HVIO KWLO IC1_0 ANO_9 — — — — —
" | — N.C. — — — — — — — — —
12 | 10 HS1 OC1.2 | PWM5 — — — — VsUPHS — —
13 | 11 | VvSSX2 — — — — — — VsUPHs — —
14 | 12 HSO0 OC1_1 | PWM4 — — — — VsUPHs — —
15 | 13 | VSUPHS — — — — — — VsUPHS — —
16 | — N.C. — — — — — — — — —
17 | 14 | BKGD | MODC — — — — — Vppx — Up
18 | 15 | RESET — — — — — — Vppx | TESTpin | Up
19 | 16 TEST — — — — — — — RESET Down
20 | — PADS8 KWAD8 ANO_8 — — — — Vppa PERADH/ Off
PPSADH
21 | — PAD7 KWAD7 ANO_7 — — — — Vppa PERADL/ Off
PPSADL
22 | — PADG6 KWADG6 ANO_6 — — — — Vppa PERADL/ Off
PPSADL
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Chapter 1 Device Overview MC9S12ZVMB-Family

1.9.1.2 Special single-chip mode

This mode is used for debugging operation, boot-strapping, or security related operations.The background
debug mode (BDM) is active on leaving reset in this mode.

1.9.2 Debugging modes

The background debug mode (BDM) can be activated by the BDC module or directly when resetting into
Special Single-Chip mode. Detailed information can be found in the BDC module section.

Some modules feature a software programmable option to freeze the module status whilst the background
debug mode is active to facilitate debugging. This is referred to as freeze mode at module level.

Writing to internal memory locations using the debugger, whilst code is running or at a breakpoint, can
change the flow of application code.

The MC9S12ZVMB-Family supports BDC communication throughout the device Stop mode. During
Stop mode, writes to control registers can alter the operation and lead to unexpected results. It is thus
recommended not to reconfigure the peripherals during STOP using the debugger.

1.9.3 Low power modes

The device has two dynamic-power modes (run and wait) and two static low-power modes (stop and
pseudo stop). For a detailed description refer to the CPMU section.

* Dynamic power mode: Run
— Run mode is the main full performance operating mode with the entire device clocked. The user
can configure the device operating speed through selection of the clock source and the phase
locked loop (PLL) frequency. To save power, unused peripherals must not be enabled.

* Dynamic power mode: Wait
— This mode is entered when the CPU executes the WALI instruction. In this mode the internal
CPU clock is switched off. All peripherals 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 is not masked, either locally or globally by a
CCR bit, ends system wait mode.

» Static power modes:

Static power (Stop) modes are entered following the CPU STOP instruction. If NVM commands

are being processed then Stop mode entry is delayed, until they have been completed, then the Stop

request is acknowledged and the device enters either Stop or Pseudo Stop mode.

— Pseudo-stop: In this mode the system clocks are stopped but the oscillator is still running and
the real time interrupt (RTI), watchdog (COP) and Autonomous Periodic Interrupt (API) may
be enabled. Other peripherals are turned off. This mode consumes more current than system
STOP mode but, as the oscillator continues to run, the full speed wake up time from this mode
is significantly shorter.

— Stop: In this mode, if the BDC is disabled, the oscillator is stopped, clocks are switched off and
the VREG enters reduced power mode (RPM). The counters and dividers remain frozen. The
autonomous periodic interrupt (API) may remain active but has a very low power consumption.
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Chapter 5 Background Debug Controller (S12ZBDCV2)

Table 5-7. BDC Command Types

Secure BDC
Command Type Status Status CPU Status Command Set

* Read/write access to BDCCSR
Alwavs-available Secure or Enabled or . * Mass erase flash memory using ERASE_FLASH
y Unsecure Disabled + SYNC

* ACK enable/disable

» Read/write access to BDCCSR

* Memory access

* Memory access with status

* Mass erase flash memory using ERASE_FLASH
» Debug register access

*+ BACKGROUND

+ SYNC

» ACK enable/disable

Code
Non-intrusive Unsecure Enabled execution
allowed

» Read/write access to BDCCSR

* Memory access

* Memory access with status

* Mass erase flash memory using ERASE_FLASH

» Debug register access

* Read or write CPU registers

+ Single-step the application

» Exit active BDM to return to the application program (GO)
+ SYNC

+ ACK enable/disable

Code
Active background | Unsecure Active execution
halted

Non-intrusive commands are used to read and write target system memory locations and to enter active
BDM. Target system memory includes all memory and registers within the global memory map, including
external memory.

Active background commands are used to read and write all memory locations and CPU resources.
Furthermore they allow single stepping through application code and to exit from active BDM.

Non-intrusive commands can only be executed when the BDC is enabled and the device unsecure. Active
background commands can only be executed when the system is not secure and is in active BDM.

Non-intrusive commands do not require the system to be in active BDM for execution, although, they can
still be executed in this mode. When executing a non-intrusive command with the ACK pulse handshake
protocol disabled, the BDC steals the next bus cycle for the access. If an operation requires multiple cycles,
then multiple cycles can be stolen. Thus if stolen cycles are not free cycles, the application code execution
is delayed. The delay is negligible because the BDC serial transfer rate dictates that such accesses occur
infrequently.

For data read commands, the external host must wait at least 16 BDCSI clock cycles after sending the
address before attempting to obtain the read data. This is to be certain that valid data is available in the
BDC shift register, ready to be shifted out. For write commands, the external host must wait 16 bdcsi
cycles after sending the data to be written before attempting to send a new command. This is to avoid
disturbing the BDC shift register before the write has been completed. The external host must wait at least
for 16 bdcsi cycles after a control command before starting any new serial command.
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Chapter 5 Background Debug Controller (S12ZBDCV2)

Table 5-8. BDC Command Summary (continued)

Command Command ACK Command Description
Mnemonic Classification Structure P
READ_SAME.sz Non-Intrusive Yes (0x50+4 x sz)/dack/rd.sz Read from location. An initial READ_MEM
defines the address, subsequent
READ_SAME reads return content of
same address
READ_SAME.sz_WS Non-Intrusive No (0x51+4 x sz)/d/ss/rd.sz Read from location. An initial READ_MEM
defines the address, subsequent
READ_SAME reads return content of
same address
READ_BDCCSR Always No 0x2D/rd16 Read the BDCCSR register
Available
SYNC_PC Non-Intrusive Yes 0x01/dack/rd24 Read current PC
WRITE_MEM.sz Non-Intrusive Yes (0x10+4 x Write the appropriately-sized (sz) memory
sz)/ad24/wd.sz/dack value to the location specified by the 24-bit
address
WRITE_MEM.sz_WS Non-Intrusive No (Ox11+4 x sz)/ad24/wd.sz/d/ss | Write the appropriately-sized (sz) memory
value to the location specified by the 24-bit
address and report status
WRITE_Rn Active Yes (0x40+CRN)/wd32/dack Write the requested CPU register
Background
WRITE_BDCCSR Always No 0x0D/wd16 Write the BDCCSR register
Available
ERASE_FLASH Always No 0x95/d Mass erase internal flash
Available
STEP1 (TRACE1) Active Yes 0x09/dack Execute one CPU command.
Background

T. The SYNC command is a special operation which does not have a command code.
2. The GO_UNTIL command is identical to the GO command if ACK is not enabled.

5.4.41

SYNC

The SYNC command is unlike other BDC commands because the host does not necessarily know the
correct speed to use for serial communications until after it has analyzed the response to the SYNC

command.

To issue a SYNC command, the host:

1. Ensures that the BKGD pin is high for at least 4 cycles of the slowest possible BDCSI clock
without reset asserted.
Drives the BKGD pin low for at least 128 cycles of the slowest possible BDCSI clock.

3. Drives BKGD high for a brief speed-up pulse to get a fast rise time. (This speedup pulse is typically
one cycle of the host clock which is as fast as the maximum target BDCSI clock).

Removes all drive to the BKGD pin so it reverts to high impedance.
5. Listens to the BKGD pin for the sync response pulse.
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Chapter 6 S12Z DebugL.ite (S12ZDBGV3) Module

Address Name Bit 7 6 5 4 3 2 1 Bit 0
0x0111- R q R 0 0 0 0 0 0 0
0x0114 ~ eseved

R
0x0115 DBGAAH " DBGAA[23:16]
R
0x0116 DBGAAM " DBGAA[15:8]
R
0x0117 DBGAAL " DBGAAJ[7:0]
R . :
0x0118 DBGADO W Bit 31 30 29 28 27 26 25 Bit 24
R . .
0x0119 DBGAD1 W Bit 23 22 21 20 19 18 17 Bit 16
R . .
0x011A DBGAD2 W Bit 15 14 13 12 11 10 9 Bit 8
R , .
0x011B DBGAD3 " Bit 7 6 5 4 3 2 1 Bit 0
R . :
0x011C DBGADMO " Bit 31 30 29 28 27 26 25 Bit 24
R . :
0x011D DBGADM1 " Bit 23 22 21 20 19 18 17 Bit 16
R . .
0x011E DBGADM2 W Bit 15 14 13 12 1" 10 9 Bit 8
R . .
0x01MF DBGADM3 W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0
0x0120 DBGBCTL W INST RwW RWE reserved | COMPE

0x0121- R q R 0 0 0 0 0 0 0

0x0124  ~oservVed
R

0x0125 DBGBAH " DBGBA[23:16]
R

0x0126 DBGBAM " DBGBA[15:8]
R

0x0127 DBGBAL W DBGBAJ[7:0]

0x0128- R d R 0 0 0 0 0 0 0
0x012F  NOSEVEd
0x0130- R d R 0 0 0 0 0 0 0
0x013F  NOSeIVed

Figure 6-2. Quick Reference to DBG Registers
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9.5

Memory Map and Register Definition

Chapter 9 Analog-to-Digital Converter

This section provides a detailed description of all registers accessible in the ADC12B_LBA.

9.5.1

Module Memory Map

Figure 9-3 gives an overview of all ADC12B_LBA 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.

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

R STR_SEQ
0x0000 ADCCTL_O W ADC_EN | ADC_SR | FRZ_MOD | SWAI ACC_CFG[1:0] A MOD_CFG

R| CSL_BMO |RVL_BMO | SMOD_AC |AUT_RST 0 0 0 0
0x0001  ADCCTL_1 W D D c y

R DBECC_E
0x0002  ADCSTS CSL_SEL |RVL_SEL| RR |Reserved| READY 0 0 0

w

R 0
0x0003 ADCTIM W PRS[6:0]
0x0004 ADCFMT \; DJM 0 0 0 0 SRES[2:0]
0x0005 ADCFLWCTL \; SEQA TRIG RSTA LDOK 0 0 0 0
0x0006 ADCEIE \Z IA_EIE | CMD_EIE | EOL_EIE |Reserved | TRIG_EIE RST’;R—El LDOK_EIE 0
0x0007 ADCIE \Z SEQAD_IE CONIIEF—Ol Reserved 0 0 0 0 0
0x0008 ADCEIF V|\Q/ IA_EIF | CMD_EIF | EOL_EIF |Reserved | TRIG_EIF RST’;“:R—El LDOK_EIF 0
0x0009 ADCIF \; SEQAD_IF CONILF—Ol Reserved 0 0 0 0 0
0x000A ADCCONIE_O \; CON_IE[15:8]
0x000B ADCCONIE_1 \; CON_IE[7:1] EOL_IE
0x000C ADCCONIF_0 \Z CON_IF[15:8]
0x000D ADCCONIF_1 \Z CONL_IF[7:1] EOL_IF

R
O0X000E ADCIMDRI_0 CSL_IMD | RVL_IMD 0 0 0 0 0 0
0x000F ADCIMDRI_1 \; 0 0 RIDX_IMDIS:0]

I:l = Unimplemented or Reserved
Figure 9-3. ADC12B_LBA Register Summary (Sheet 1 of 3)
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Chapter 9 Analog-to-Digital Converter

9.5.2.2

ADC Control Register 1 (ADCCTL_1)
Module Base + 0x0001
7 6 5 4
CSL_BMOD | RVL_BMOD | SMOD_ACC | AUT_RSTA
0 0 0 0

Reset

]

= Unimplemented or Reserved

Figure 9-5. ADC Control Register 1 (ADCCTL_1)

Read: Anytime

Write:

+ Bit CSL BMOD and RVL BMOD writable if bit ADC EN clear or bit SMOD_ACC set
* Bit SMOD_ACC only writable in MCU Special Mode
* Bit AUT RSTA writable anytime

Table 9-5. ADCCTL_1 Field Descriptions

Field Description
7 CSL Buffer Mode Select Bit — This bit defines the CSL buffer mode. This bit is only writable if ADC_EN is clear.
CSL_BMOD |0 CSL single buffer mode.
1 CSL double buffer mode.
6 RVL Buffer Mode Select Bit — This bit defines the RVL buffer mode.
RVL_BMOD |0 RVL single buffer mode
1 RVL double buffer mode
5 Special Mode Access Control Bit — This bit controls register access rights in MCU Special Mode. This bit is
SMOD_ACC | automatically cleared when leaving MCU Special Mode.
Note: When this bit is set also the ADCCMD register is writeable via the data bus to allow modification of the
current command for debugging purpose. But this is only possible if the current command is not already
processed (conversion not started).
Please see access details given for each register.
Care must be taken when modifying ADC registers while bit SMOD_ACC is set to not corrupt a possible ongoing
conversion.
0 Normal user access - Register write restrictions exist as specified for each bit.
1 Special access - Register write restrictions are lifted.
4 Automatic Restart Event after exit from MCU Stop and Wait Mode (SWAI set) — This bit controls if a Restart
AUT_RSTA | Event is automatically generated after exit from MCU Stop Mode or Wait Mode with bit SWAI set. It can be
configured for ADC conversion flow control mode “Trigger Mode” and “Restart Mode” (anytime during application
runtime).
0 No automatic Restart Event after exit from MCU Stop Mode.
1 Automatic Restart Event occurs after exit from MCU Stop Mode.
MC9S12ZVMB Family Reference Manual Rev. 1.3
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Chapter 11 Timer Module (TIM16B4CV3) Block Description

Table 11-16. PTPSR Field Descriptions

Field Description
7:0 Precision Timer Prescaler Select Bits — These eight bits specify the division rate of the main Timer prescaler.
PTPS[7:0] | These are effective only when the PRNT bit of TSCR1 is set to 1. Table 11-17 shows some selection examples

in this case.

The newly selected prescale factor will not take effect until the next synchronized edge where all prescale counter

stages equal zero.

The Prescaler can be calculated as follows depending on logical value of the PTPS[7:0] and PRNT bit:
PRNT =1 : Prescaler = PTPS[7:0] + 1

Table 11-17. Precision Timer Prescaler Selection Examples when PRNT =1

PTPS7 PTPS6 PTPS5 PTPS4 PTPS3 PTPS2 PTPS1 PTPSO P;Zi‘t’::e
0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 1 2
0 0 0 0 0 0 1 0 3
0 0 0 0 0 0 1 1 4
0 0 0 1 0 0 1 1 20
0 0 0 1 0 1 0 0 21
0 0 0 1 0 1 0 1 22
1 1 1 1 1 1 0 0 253
1 1 1 1 1 1 0 1 254
1 1 1 1 1 1 1 0 255
1 1 1 1 1 1 1 1 256
11.4 Functional Description

This section provides a complete functional description of the timer TIM16B4CV3 block. Please refer to
the detailed timer block diagram in Figure 11-22 as necessary.
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Chapter 12 Pulse Width Modulator with Fault Protection (PMF15B6CV4)

12.3.2 Register Descriptions

12.3.2.1 PMF Configure 0 Register (PMFCFGO0)
Address: Module Base + 0x0000 Access: User read/write(!)
7 6 5 4 3 2 1 0
\; WP MTG EDGEC EDGEB EDGEA INDEPC INDEPB INDEPA
Reset 0 0 0 0 0 0 0 0

Figure 12-3. PMF Configure 0 Register (PMFCFGO0)

1. Read: Anytime
Write: This register cannot be modified after the WP bit is set

Table 12-6. PMFCFGO Field Descriptions

Field Description
7 Write Protect— This bit enables write protection to be used for all write-protectable registers. While clear, WP
WP allows write-protected registers to be written. When set, WP prevents any further writes to write-protected
registers. Once set, WP can be cleared only by reset.
0 Write-protectable registers may be written
1 Write-protectable registers are write-protected
6 Multiple Timebase Generators — This bit determines the number of timebase counters used. This bit cannot
MTG be modified after the WP bit is set.
If MTG is set, PWM generators B and C and registers 0x0028 — 0x0037 are availabled.The three generators have
their own variable frequencies and are not synchronized.
If MTG is cleared, PMF registers from 0x0028 — 0x0037 can not be written and read zeroes, and bits EDGEC
and EDGEB are ignored. Pair A, Pair B, and Pair C PWMs are synchronized to PWM generator A and use
registers from 0x0020 — 0x0027.
0 Single timebase generator
1 Multiple timebase generators
5 Edge-Aligned or Center-Aligned PWM for Pair C — This bit determines whether PWM4 and PWM5 channels
EDGEC | will use edge-aligned or center-aligned waveforms. This bit has no effect if MTG bit is cleared. This bit cannot be
modified after the WP bit is set.
0 PWM4 and PWMS5 are center-aligned PWMs
1 PWM4 and PWM5 are edge-aligned PWMs
4 Edge-Aligned or Center-Aligned PWM for Pair B — This bit determines whether PWM2 and PWM3 channels
EDGEB |will use edge-aligned or center-aligned waveforms. This bit has no effect if MTG bit is cleared. This bit cannot be
modified after the WP bit is set.
0 PWM2 and PWM3 are center-aligned PWMs
1 PWM2 and PWMS3 are edge-aligned PWMs
3 Edge-Aligned or Center-Aligned PWM for Pair A— This bit determines whether PWMO and PWM1 channels
EDGEA | will use edge-aligned or center-aligned waveforms. It determines waveforms for Pair B and Pair C if the MTG bit
is cleared. This bit cannot be modified after the WP bit is set.
0 PWMO and PWM1 are center-aligned PWMs
1 PWMO and PWM1 are edge-aligned PWMs
2 Independent or Complementary Operation for Pair C— This bit determines if the PWM channels 4 and 5 will
INDEPC | be independent PWMs or complementary PWMs. This bit cannot be modified after the WP bit is set.

0 PWM4 and PWMS5 are complementary PWM pair
1 PWM4 and PWMS5 are independent PWMs
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Chapter 12 Pulse Width Modulator with Fault Protection (PMF15B6CV4)

Table 12-10. PMFFEN Field Descriptions

Field Description
6,4-0 Fault m Enable —
FEN[5:0] |This register cannot be modified after the WP bit is set.

0 FAULTm input is disabled
1 FAULTm input is enabled for fault protection
mis0,1,2,3,4and 5

12.3.2.6 PMF Fault Mode Register (PMFFMOD)

Address: Module Base + 0x0005

Access: User read/write(!)

7 6 5 4 3 2 1 0
R 0 0
W FMOD5 FMOD4 FMOD3 FMOD2 FMOD1 FMODO
Reset 0 0 0 0 0 0 0 0
Figure 12-8. PMF Fault Mode Register (PMFFMOD)
1. Read: Anytime
Write: Anytime
Table 12-11. PMFFMOD Field Descriptions
Field Description
6,4-0 Fault m Pin Recovery Mode — This bit selects automatic or manual recovery of FAULTm input faults. See

0 Manual fault recovery of FAULTm input faults
1 Automatic fault recovery of FAULTm input faults
mis0,1,2,3,4and 5.

FMOD[5:0] | Section 12.4.13.2, “Automatic Fault Recovery” and Section 12.4.13.3, “Manual Fault Recovery” for more details.

12.3.2.7 PMF Fault Interrupt Enable Register (PMFFIE)
Address: Module Base + 0x0006 Access: User read/write(!)
7 6 5 4 3 2 1 0
R 0 0
W FIE5 FIE4 FIE3 FIE2 FIE1 FIEO
Reset 0 0 0 0 0 0 0 0

Figure 12-9. PMF Fault Interrupt Enable Register (PMFFIE)

1. Read: Anytime
Write: Anytime
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Chapter 12 Pulse Width Modulator with Fault Protection (PMF15B6CV4)

Table 12-26. PMFFQCA Field Descriptions (continued)

Field Description
21 Prescaler A — This buffered field selects the PWM clock frequency illustrated in Table 12-28.
PRSCA[1:0]

Note: Reading the PRSCA field reads the buffered value and not necessarily the value currently in effect. The
PRSCA field takes effect at the beginning of the next PWM cycle and only when the LDOKA bit or global
load OK is set.

0 PWM Reload Flag A — This flag is set at the beginning of every reload cycle regardless of the state of the
PWMRFA |LDOKA bit or global load OK. Clear PWMRFA by reading PMFFQCA with PWMRFA set and then writing a logic
one to the PWMRFA bit. If another reload occurs before the clearing sequence is complete, writing logic one to
PWMRFA has no effect.

0 No new reload cycle since last PWMRFA clearing
1 New reload cycle since last PWMRFA clearing

Note: Clearing PWMRFA satisfies pending PWMRFA CPU interrupt requests.

Table 12-27. PWM Reload Frequency A

LDFQA[3:0] PWM Reload Frequency LDFQ[3:0] PWM Reload Frequency
0000 Every PWM opportunity 1000 Every 9 PWM opportunities
0001 Every 2 PWM opportunities 1001 Every 10 PWM opportunities
0010 Every 3 PWM opportunities 1010 Every 11 PWM opportunities
0011 Every 4 PWM opportunities 1011 Every 12 PWM opportunities
0100 Every 5 PWM opportunities 1100 Every 13 PWM opportunities
0101 Every 6 PWM opportunities 1101 Every 14 PWM opportunities
0110 Every 7 PWM opportunities 1110 Every 15 PWM opportunities
0111 Every 8 PWM opportunities 1111 Every 16 PWM opportunities

Table 12-28. PWM Prescaler A

PRSCA[1:0] Prescaler Value Pp PWM Clock Frequency fpyy_a
00 1 foore
01 2 feore/2
10 4 foorel4
11 8 foore/8

12.3.2.21 PMF Counter A Register (PMFCNTA)

Address: Module Base + 0x0022 Access: User read/write()
15 14 13 12 ‘ 11 10 9 8 ‘ 7 6 5 4 ‘ 3 2 1 0
R O PMFCNTA
W

Resetoooo\oooo\oooo\oooo

Figure 12-26. PMF Counter A Register (PMFCNTA)
1. Read: Anytime
Write: Never

This register displays the state of the 15-bit PWM A counter.
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Chapter 13 Programmable Trigger Unit (PTUV3)

Chapter 13
Programmable Trigger Unit (PTUV3)

Table 13-1. Revision History Table

Rev. No. Data Sections .
(Item No.) Affected Substantial Change(s)
3.0 16. Jul. 2013 - removed second TG

Table 13-2. Terminology

Term Meaning
TG Trigger Generator
EOL End of trigger list

13.1 Introduction

In PWM driven systems it is important to schedule the acquisition of the state variables with respect to
PWM cycle.

The Programmable Trigger Unit (PTU) is intended to completely avoid CPU involvement in the time
acquisitions of state variables during the control cycle that can be half, full, multiple PWM cycles.

All acquisition time values are stored inside the global memory map, basically inside the system memory;
see the MMC section for the supported memory area. In such cases the pre-setting of the acquisition times
needs to be completed during the previous control cycle to where the actual acquisitions are to be made.

13.1.1 Features

The PTU module includes these distinctive features:
* One 16 bit counter as time base for all trigger events
*  One trigger generator(TGO)
+ Up to 32 trigger events per trigger generator
* Global Load OK support, to guarantee coherent update of all control loop modules
» Trigger values stored inside the global memory map, basically inside system memory

* Software generated reload event and Trigger event generation for debugging

13.1.2 Modes of Operation

The PTU module behaves as follows in the system power modes:

1. Run mode
All PTU features are available.
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Chapter 14 Serial Communication Interface (S12SCIV6)

Table 14-11. SCICR2 Field Descriptions (continued)

Field Description

4 Idle Line Interrupt Enable Bit — ILIE enables the idle line flag, IDLE, to generate interrupt requests.
ILIE 0 IDLE interrupt requests disabled
1 IDLE interrupt requests enabled

3 Transmitter Enable Bit — TE enables the SCI transmitter and configures the TXD pin as being controlled by
TE the SCI. The TE bit can be used to queue an idle preamble.

0 Transmitter disabled

1 Transmitter enabled

2 Receiver Enable Bit — RE enables the SCI receiver.
RE 0 Receiver disabled
1 Receiver enabled

1 Receiver Wakeup Bit — Standby state

RWU 0 Normal operation.

1 RWU enables the wakeup function and inhibits further receiver interrupt requests. Normally, hardware wakes
the receiver by automatically clearing RWU.

0 Send Break Bit — Toggling SBK sends one break character (10 or 11 logic Os, respectively 13 or 14 logics Os
SBK if BRK13 is set). Toggling implies clearing the SBK bit before the break character has finished transmitting. As
long as SBK is set, the transmitter continues to send complete break characters (10 or 11 bits, respectively 13
or 14 bits).

0 No break characters
1 Transmit break characters

14.3.2.7 SCI Status Register 1 (SCISR1)

The SCISR1 and SCISR2 registers provides inputs to the MCU for generation of SCI interrupts. Also,
these registers can be polled by the MCU to check the status of these bits. The flag-clearing procedures
require that the status register be read followed by a read or write to the SCI data register.It is permissible
to execute other instructions between the two steps as long as it does not compromise the handling of I/O,
but the order of operations is important for flag clearing.

Module Base + 0x0004

7 6 5 4 3 2 1 0
R TDRE TC RDRF IDLE OR NF FE PF
w
Reset 1 1 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 14-10. SCI Status Register 1 (SCISR1)

Read: Anytime

Write: Has no meaning or effect
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Chapter 14 Serial Communication Interface (S12SCIV6)

Table 14-12. SCISR1 Field Descriptions

Field

Description

TDRE

Transmit Data Register Empty Flag — TDRE is set when the transmit shift register receives a byte from the
SCl data register. When TDRE is 1, the transmit data register (SCIDRH/L) is empty and can receive a new value
to transmit.Clear TDRE by reading SCI status register 1 (SCISR1), with TDRE set and then writing to SCI data
register low (SCIDRL).

0 No byte transferred to transmit shift register

1 Byte transferred to transmit shift register; transmit data register empty

Transmit Complete Flag — TC is set low when there is a transmission in progress or when a preamble or break
character is loaded. TC is set high when the TDRE flag is set and no data, preamble, or break character is being
transmitted.When TC is set, the TXD pin becomes idle (logic 1). Clear TC by reading SCI status register 1
(SCISR1) with TC set and then writing to SCI data register low (SCIDRL). TC is cleared automatically when data,
preamble, or break is queued and ready to be sent. TC is cleared in the event of a simultaneous set and clear of
the TC flag (transmission not complete).

0 Transmission in progress

1 No transmission in progress

RDRF

Receive Data Register Full Flag — RDRF is set when the data in the receive shift register transfers to the SCI
data register. Clear RDRF by reading SCI status register 1 (SCISR1) with RDRF set and then reading SCI data
register low (SCIDRL).

0 Data not available in SCI data register

1 Received data available in SCI data register

IDLE

Idle Line Flag — IDLE is set when 10 consecutive logic 1s (if M = 0) or 11 consecutive logic 1s (if M =1) appear
on the receiver input. Once the IDLE flag is cleared, a valid frame must again set the RDRF flag before an idle
condition can set the IDLE flag.Clear IDLE by reading SCI status register 1 (SCISR1) with IDLE set and then
reading SCI data register low (SCIDRL).

0 Receiver input is either active now or has never become active since the IDLE flag was last cleared

1 Receiver input has become idle

Note: When the receiver wakeup bit (RWU) is set, an idle line condition does not set the IDLE flag.

Overrun Flag — OR is set when software fails to read the SCI data register before the receive shift register
receives the next frame. The OR bit is set immediately after the stop bit has been completely received for the
second frame. The data in the shift register is lost, but the data already in the SCI data registers is not affected.
Clear OR by reading SCI status register 1 (SCISR1) with OR set and then reading SCI data register low
(SCIDRL).

0 No overrun

1 Overrun

Note: OR flag may read back as set when RDREF flag is clear. This may happen if the following sequence of
events occurs:

1. After the first frame is received, read status register SCISR1 (returns RDRF set and OR flag clear);
2. Receive second frame without reading the first frame in the data register (the second frame is not
received and OR flag is set);
3. Read data register SCIDRL (returns first frame and clears RDRF flag in the status register);
4. Read status register SCISR1 (returns RDRF clear and OR set).
Event 3 may be at exactly the same time as event 2 or any time after. When this happens, a dummy
SCIDRL read following event 4 will be required to clear the OR flag if further frames are to be received.

Noise Flag — NF is set when the SCI detects noise on the receiver input. NF bit is set during the same cycle as
the RDREF flag but does not get set in the case of an overrun. Clear NF by reading SCI status register 1(SCISR1),
and then reading SCI data register low (SCIDRL).

0 No noise

1 Noise
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Chapter 14 Serial Communication Interface (S12SCIV6)

To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 14-19 summarizes the results of the data bit samples.

Table 14-19. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag
000 0 0
001 0 1
010 0 1
011 1 1
100 0 1
101 1 1
110 1 1
111 1 0
NOTE

The RT8, RT9, and RT10 samples do not affect start bit verification. If any
or all of the RT8, RT9, and RT10 start bit samples are logic 1s following a
successful start bit verification, the noise flag (NF) is set and the receiver
assumes that the bit is a start bit (logic 0).

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 14-20
summarizes the results of the stop bit samples.

Table 14-20. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag
000 1 0
001 1 1
010 1 1
oM 0 1
100 1 1
101 0 1
110 0 1
111 0 0

In Figure 14-22 the verification samples RT3 and RT5 determine that the first low detected was noise and
not the beginning of a start bit. The RT clock is reset and the start bit search begins again. The noise flag
is not set because the noise occurred before the start bit was found.
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Chapter 15 Serial Peripheral Interface (S12SPIV5)

15.3.2.5 SPI Data Register (SPIDR = SPIDRH:SPIDRL)

Module Base +0x0004

7 6 5 4 3 2 1 0

R R15 R14 R13 R12 R11 R10 R9 R8

w T15 T14 T13 T12 T11 T10 T9 T8
Reset 0 0 0 0 0 0 0 0

Figure 15-7. SPI Data Register High (SPIDRH)
Module Base +0x0005

7 6 5 4 3 2 1 0
R R7 R6 R5 R4 R3 R2 R1 RO

w T7 T6 T5 T4 T3 T2 T TO

Reset 0 0 0 0 0 0 0 0

Figure 15-8. SPI Data Register Low (SPIDRL)
Read: Anytime; read data only valid when SPIF is set

Write: Anytime
The SPI data register is both the input and output register for SPI data. A write to this register
allows data to be queued and transmitted. For an SPI configured as a master, queued data is
transmitted immediately after the previous transmission has completed. The SPI transmitter empty
flag SPTEF in the SPISR register indicates when the SPI data register is ready to accept new data.
Received data in the SPIDR is valid when SPIF is set.
If SPIF is cleared and data has been received, the received data is transferred from the receive shift
register to the SPIDR and SPIF is set.
If SPIF is set and not serviced, and a second data value has been received, the second received data
is kept as valid data in the receive shift register until the start of another transmission. The data in
the SPIDR does not change.
If SPIF is set and valid data is in the receive shift register, and SPIF is serviced before the start of
a third transmission, the data in the receive shift register is transferred into the SPIDR and SPIF
remains set (see Figure 15-9).
If SPIF is set and valid data is in the receive shift register, and SPIF is serviced after the start of a
third transmission, the data in the receive shift register has become invalid and is not transferred
into the SPIDR (see Figure 15-10).
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Chapter 15 Serial Peripheral Interface (S12SPIV5)

Table 15-11. Normal Mode and Bidirectional Mode

When SPE =1 Master Mode MSTR =1 Slave Mode MSTR =0
Serial Out » MOSI Serial In [« MOSI
Normal Mode
Serial In | MISO Serial Out > MISO
Serial Out l » MOMI Serial In |-
Bidirectional Mode I/‘/ BIDIROE
SPCO0 =1 SPI BIDIROE SPI ’J\
Serial In | Serial Out | » SISO

The direction of each serial I/O pin depends on the BIDIROE bit. If the pin is configured as an output,
serial data from the shift register is driven out on the pin. The same pin is also the serial input to the shift
register.

» The SCK is output for the master mode and input for the slave mode.
«  The SS is the input or output for the master mode, and it is always the input for the slave mode.

 The bidirectional mode does not affect SCK and SS functions.

NOTE

In bidirectional master mode, with mode fault enabled, both data pins MISO
and MOSI can be occupied by the SPI, though MOSI is normally used for
transmissions in bidirectional mode and MISO is not used by the SPI. If a

mode fault occurs, the SPI is automatically switched to slave mode. In this
case MISO becomes occupied by the SPI and MOSI is not used. This must
be considered, if the MISO pin is used for another purpose.

15.4.6 Error Conditions

The SPI has one error condition:

e Mode fault error

15.4.6.1 Mode Fault Error

If the SS input becomes low while the SP1 is configured as a master, it indicates a system error where more
than one master may be trying to drive the MOSI and SCK lines simultaneously. This condition is not
permitted in normal operation, the MODF bit in the SPI status register is set automatically, provided the
MODFEN bit is set.

In the special case where the SPI is in master mode and MODFEN bit is cleared, the SS pin is not used by
the SPI. In this special case, the mode fault error function is inhibited and MODF remains cleared. In case
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Chapter 16 High-Side Driver Module - HSDRV2C (HSDRV2CV3)

1. Read: Anytime
Write: Anytime, except HSOCME (see description)

Table 16-5. HSDRV Configuration Register (HSCR) Field Descriptions

Field Description
5-4 HSDRV2C Over-Current Mask Enable
HSOCMEX | These bits enable the masking of the over-current shutdown for tiygo o for the related high-side driver, after
switching on the driver. This bit is only writable if the associated high-side driver is disabled (HSCR[HSEXx]=0)
0 over-current masking window is disabled
1 over-current masking window is enabled
3-2 HSDRV2C High-Load Resistance Open-Load Detection Enable
HSOLEx | These bits enable the measurement function to detect an open-load condition on the related high-side driver
operating on high-load resistance loads. If the high-side driver is enabled and is not being driven by the selected
source, then the high-load resistance detection circuit is activated when this bit is set to ‘1".
0 high-load resistance open-load detection is disabled
1 high-load resistance open-load detection is enabled
1-0 HSDRV2C Enable
HSEx These bits control the bias for the associated high-side driver circuit.

0 High-side driver is disabled
1 High-side driver is enabled

Note: After enabling the high-side driver (HSCR[HSEX]=1), a settling time tys_gettiing is required before the high-side
driver is allowed to be turned on (e.g. by writing to the HSDR).
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Chapter 19 Flash M

odule (S12ZFTMRZ)

19.4.7.4 Read Once Command

The Read Once command provides read access to a reserved 64 byte field (8 phrases) located in the
nonvolatile information register of P-Flash. The Read Once field is programmed using the Program Once
command described in Section 19.4.7.6. The Read Once command must not be executed from the Flash
block containing the Program Once reserved field to avoid code runaway.

Table 19-39. Read Once Command FCCOB Requirements

Register FCCOB Parameters

FCCOBO 0x04 Not Required
FCCOB1 Read Once phrase index (0x0000 - 0x0007)
FCCOB2 Read Once word 0 value

FCCOB3 Read Once word 1 value

FCCOB4 Read Once word 2 value

FCCOB5 Read Once word 3 value

Upon clearing CCIF to launch the Read Once command, a Read Once phrase is fetched and stored in the
FCCOB indexed register. The CCIF flag will set after the Read Once operation has completed. Valid
phrase index values for the Read Once command range from 0x0000 to 0x0007. During execution of the
Read Once command, any attempt to read addresses within P-Flash block will return invalid data.

Table 19-40. Read Once Command Error Handling

Register Error Bit Error Condition
Set if CCOBIX[2:0] = 001 at command launch
ACCERR Set if command not available in current mode (see Table 19-29)
FSTAT Set if an invalid phrase index is supplied

FPVIOL None

MGSTAT1 Set if any errors have been encountered during the read

MGSTATO Set if any non-correctable errors have been encountered during the read

19.4.7.5 Program P-Flash Command

The Program P-Flash operation will program a previously erased phrase in the P-Flash memory using an
embedded algorithm.

CAUTION

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

Table 19-41. Program P-Flash Command FCCOB Requirements

Register FCCOB Parameters

Global address [23:16] to
identify P-Flash block

FCCOBO 0x06
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