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Device Overview MC9S12G-Family

1.8.2 S12GNA16 and S12GNA32
1.8.2.1 Pinout 48-Pin LQFP/QFN
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Figure 1-6. 48-Pin LQFP/QFN Pinout for S12GNA16 and S12GNA32
Table 1-11. 48-Pin LQFP/QFN Pinout for S12GNA16 and S12GNA32
Function Internal Pull
<----lowest-----PRIORITY-----highest----> Resistor
Power
Supply
. . 2nd 3rd 4th 5th Reset
Package Pin Pin Func. Func. Func Func CTRL State
1 RESET — — — — Vbpx PULLUP
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Device Overview MC9S12G-Family

Table 1-27. 64-Pin LQFP Pinout for S12G192 and S12G240

Function Internal Pull
<----lowest-----PRIORITY-----highest----> Power Resistor
pecagepn | pn | 20| 3| s T o e
57 PS5 MOSI0 — — — VbDx PERS/PPSS Up
58 PS6 SCKO — — — VbDx PERS/PPSS Up
59 PS7 | API_EXTC | ECLK SS0 — Vbpx PERS/PPSS Up
LK
60 PMO RXCAN — — — Vppx PERM/PPSM Disabled
61 PM1 TXCAN — — — Vppx PERM/PPSM Disabled
62 PM2 RXD2 — — — Vppx PERM/PPSM Disabled
63 PM3 TXD2 — — — Vppx PERM/PPSM Disabled
64 PJ7 KWJ7 SS2 — — VbDx PERJ/PPSJ Up

T The regular I/O characteristics (see Section A.2, “I/O Characteristics”) apply if the EXTAL/XTAL function is disabled
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Device Overview MC9S12G-Family

Table 1-31. 100-Pin LQFP Pinout for S12GA192 and S12GA240

Function Internal Pull
<----lowest-----PRIORITY-----highest----> Power Resistor
1 PJ6 KWJ6 SCK2 — Vbpx PERJ/PPSJ Up
2 PJ5 KWJ5 MOSI2 — Vbpx PERJ/PPSJ Up
3 PJ4 KWJ4 MISO2 — Vbbx PERJ/PPSJ Up
4 PAO — — — Vppx PUCR/PUPAE Disabled
5 PA1 — — — Vppx PUCR/PUPAE Disabled
6 PA2 — — — Vbpx PUCR/PUPAE Disabled
7 PA3 — — — Vbpx PUCR/PUPAE Disabled
8 RESET — — — Vbbx PULLUP
9 VDDX1 — — — — — —
10 VDDR — — — — — —
1 VSSX1 — — — — — —
12 PEO' EXTAL — — Vbpx PUCR/PDPEE Down
13 VSS — — — — — —
14 PE1" XTAL — — Vbbx PUCR/PDPEE Down
15 TEST — — — N.A. RESET pin Down
16 PA4 — — — Vppx PUCR/PUPAE Disabled
17 PA5 — — — Vbpx PUCR/PUPAE Disabled
18 PA6 — — — Vbpx PUCR/PUPAE Disabled
19 PA7 — — — Vbpx PUCR/PUPAE Disabled
20 PJO KWJo MISO1 — Vbbx PERJ/PPSJ Up
21 PJ1 KWJ1 MOSI1 — Vbbx PERJ/PPSJ Up
22 PJ2 KWJ2 SCK1 — Vppx PERJ/PPSJ Up
23 PJ3 KWJ3 SS1 — Vbpx PERJ/PPSJ Up
24 BKGD MODC — — Vbpx PUCR/BKPUE Up
25 PBO ECLK — — Vbbx PUCR/PUPBE Disabled
26 PB1 API_EXTC — — Vbbx PUCR/PUPBE Disabled
LK
27 PB2 ECLKX2 — — Vbbx PUCR/PUPBE Disabled
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Port Integration Module (S12GPIMV1)

Table 2-20. Block Register Map (G2) (continued)

Global Address

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

0x027B R
PPS1AD W PPS1AD7 | PPS1AD6 | PPS1AD5 | PPS1AD4 | PPS1AD3 | PPS1AD2 | PPS1AD1 | PPS1ADO
0x027C R
PIEOAD W PIEOAD7 | PIEOAD6 | PIEOADS5 | PIEOAD4 | PIEOAD3 | PIEOAD2 | PIEOAD1 | PIEOADO
0x027D R
PIE1AD W PIE1AD7 | PIE1AD6 | PIE1AD5 | PIE1AD4 | PIE1AD3 | PIE1AD2 | PIE1AD1 | PIE1ADO
0x027E R

PIFOAD7 | PIFOAD6 | PIFOAD5 | PIFOAD4 | PIFOAD3 | PIFOAD2 | PIFOAD1 PIFOADO
PIFOAD W
0x027F R
PIF1AD W PIF1AD7 | PIF1AD6 | PIF1AD5 | PIF1AD4 | PIF1AD3 | PIF1AD2 | PIF1AD1 PIF1ADO

I:l = Unimplemented or Reserved

2.4.2.3 Block Register Map (G3)

Table 2-21. Block Register Map (G3)

Global Address

Register Name Bit 7 6 5 4 3 2 1 Bit 0
0x0000-0x0007 R 0 0 0 0 0 0 0 0
Reserved W
0x0008 R 0 0 0 0 0 0
PORTE PE1 PEO
W
0x0009 R 0 0 0 0 0 0
DDRE W DDRE1 DDREO
0x000A-0x000B R
Non-PIM W Non-PIM Address Range
Address Range
0x000C R 0 0 0 0 0 0
PUCR W BKPUE PDPEE
0x000D R 0 0 0 0 0 0 0 0
Reserved W

I:l = Unimplemented or Reserved

MC9S12G Family Reference Manual Rev.1.27
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Port Integration Module (S12GPIMV1)

Table 2-26. PORTC Register Field Descriptions

Field Description
7-0 Port C general-purpose input/output data—Data Register
PC The associated pin can be used as general-purpose I/O. In general-purpose output mode the port data register bit
value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port data register bit, otherwise the
buffered pin input state is read.
2.4.3.6 Port D Data Register (PORTD)

Address 0x0005 (G1)

Access: User read/write'

7 6 5 4 3 2 1 0
R
PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO
w
Reset 0 0 0 0 0 0 0 0

Address 0x0005 (G2, G3)

Access: User read only

2 1
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

Figure 2-7. Port D Data Register (PORTD)

! Read: Anytime. The data source is depending on the data direction value.
Write: Anytime

Table 2-27. PORTD Register Field Descriptions

Field Description
7-0 Port D general-purpose input/output data—Data Register
PD The associated pin can be used as general-purpose I/O. In general-purpose output mode the port data register bit

value is driven to the pin.
If the associated data direction bit is set to 1, a read returns the value of the port data register bit, otherwise the
buffered pin input state is read.

MC9S12G Family Reference Manual Rev.1.27
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S12S Debug Module (S12SDBGV2)

8.3.2.8.3 Debug Comparator Address Mid Register (DBGXAM)
Address: 0x002A
7 6 5 4 3 2 1 0
\; Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Reset 0 0 0 0 0 0 0 0

Figure 8-17. Debug Comparator Address Mid Register (DBGXAM)

Read: Anytime. See Table 8-24 for visible register encoding.

Write: If DBG not armed. See Table 8-24 for visible register encoding.
Table 8-26. DBGXAM Field Descriptions

Field Description
7-0 Comparator Address Mid Compare Bits — The Comparator address mid compare bits control whether the
Bit[15:8] | selected comparator compares the address bus bits [15:8] to a logic one or logic zero.
0 Compare corresponding address bit to a logic zero
1 Compare corresponding address bit to a logic one
8.3.2.84 Debug Comparator Address Low Register (DBGXAL)
Address: 0x002B
7 6 5 4 3 2 1 0
R
W Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reset 0 0 0 0 0 0 0 0

Figure 8-18. Debug Comparator Address Low Register (DBGXAL)

Read: Anytime. See Table 8-24 for visible register encoding.

Write: If DBG not armed. See Table 8-24 for visible register encoding.
Table 8-27. DBGXAL Field Descriptions

Field Description
7-0 Comparator Address Low Compare Bits — The Comparator address low compare bits control whether the
Bits[7:0] |selected comparator compares the address bus bits [7:0] to a logic one or logic zero.

0 Compare corresponding address bit to a logic zero
1 Compare corresponding address bit to a logic one

MC9S12G Family Reference Manual Rev.1.27
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S12S Debug Module (S12SDBGV2)

8.4.1 S12SDBG Operation

Arming the DBG module by setting ARM in DBGCL1 allows triggering the state sequencer, storing of data
in the trace buffer and generation of breakpoints to the CPU. The DBG module is made up of four main
blocks, the comparators, control logic, the state sequencer, and the trace buffer.

The comparators monitor the bus activity of the CPU. All comparators can be configured to monitor
address bus activity. Comparator A can also be configured to monitor databus activity and mask out
individual data bus bits during a compare. Comparators can be configured to use R/W and word/byte
access qualification in the comparison. A match with a comparator register value can initiate a state
sequencer transition to another state (see Figure 8-24). Either forced or tagged matches are possible. Using
a forced match, a state sequencer transition can occur immediately on a successful match of system busses
and comparator registers. Whilst tagging, at a comparator match, the instruction opcode is tagged and only
if the instruction reaches the execution stage of the instruction queue can a state sequencer transition occur.
In the case of a transition to Final State, bus tracing is triggered and/or a breakpoint can be generated.

A state sequencer transition to final state (with associated breakpoint, if enabled) can be initiated by
writing to the TRIG bit in the DBGCL control register.

The trace buffer is visible through a 2-byte window in the register address map and must be read out using
standard 16-bit word reads.

TAGHITS ags
BREAKPOINT REQUESTS
TO CPU
SECURE
TRANSITION
CPU BUS w | COMPARATOR A 3 MATCHO | taGa
> 2 Ex MATCH
E > E CONTROL
LOGIC STATE SEQUENCER
W | COMPARATORB | X3 [MATCHT Q
= Sz STATE
n =0 <
@ 8% |maTcH2
@ | COMPARATORC s
TRACE
CONTROL
TRIGGER

TRACE BUFFER
READ TRACE DATA (DBG READ DATA BUS)

A

Figure 8-23. DBG Overview

8.4.2 Comparator Modes

The DBG contains three comparators, A, B and C. Each comparator compares the system address bus with
the address stored in DBGXAH, DBGXAM, and DBGXAL. Furthermore, comparator A also compares
the data buses to the data stored in DBGADH, DBGADL and allows masking of individual data bus bits.

MC9S12G Family Reference Manual Rev.1.27
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S12S Debug Module (S12SDBGV2)

Table 8-42. Breakpoint Setup For CPU Breakpoints

0 1 1 Start Trace Buffer at trigger

A breakpoint request occurs when Trace Buffer is full
1 X 1 Terminate tracing and generate breakpoint immediately on trigger
1 X 0 Terminate tracing immediately on trigger

8.4.7.2 Breakpoints Generated Via The TRIG Bit

If a TRIG triggers occur, the Final State is entered whereby tracing trigger alignment is defined by the
TALIGN bit. If a tracing session is selected by the TSOURCE bit, breakpoints are requested when the
tracing session has completed, thus if Begin aligned triggering is selected, the breakpoint is requested only
on completion of the subsequent trace (see Table 8-42). If no tracing session is selected, breakpoints are
requested immediately. TRIG breakpoints are possible with a single write to DBGC1, setting ARM and
TRIG simultaneously.

8.4.7.3 Breakpoint Priorities

If a TRIG trigger occurs after Begin aligned tracing has already started, then the TRIG no longer has an
effect. When the associated tracing session is complete, the breakpoint occurs. Similarly if a TRIG is
followed by a subsequent comparator channel match, it has no effect, since tracing has already started.

If a forced SWI breakpoint coincides with a BGND in user code with BDM enabled, then the BDM is
activated by the BGND and the breakpoint to SWI is suppressed.

8.4.7.3.1 DBG Breakpoint Priorities And BDM Interfacing

Breakpoint operation is dependent on the state of the BDM module. If the BDM module is active, the CPU
is executing out of BDM firmware, thus comparator matches and associated breakpoints are disabled. In
addition, while executing a BDM TRACE command, tagging into BDM is disabled. If BDM is not active,
the breakpoint gives priority to BDM requests over SWI requests if the breakpoint happens to coincide
with a SWI instruction in user code. On returning from BDM, the SWI from user code gets executed.

Table 8-43. Breakpoint Mapping Summary

OBGCIA) | Enabled | Actve Vapping.
0 X X X No Breakpoint
1 0 X 0 Breakpoint to SWI
X X 1 1 No Breakpoint
1 1 0 X Breakpoint to SWI
1 1 1 0 Breakpoint to BDM

BDM cannot be entered from a breakpoint unless the ENABLE bit is set in the BDM. If entry to BDM via
a BGND instruction is attempted and the ENABLE bit in the BDM is cleared, the CPU actually executes
the BDM firmware code, checks the ENABLE and returns if ENABLE is not set. If not serviced by the
monitor then the breakpoint is re-asserted when the BDM returns to normal CPU flow.

MC9S12G Family Reference Manual Rev.1.27
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S12 Clock, Reset and Power Management Unit (S12CPMU)

10.3.2.18 S12CPMU IRC1M Trim Registers (CPMUIRCTRIMH / CPMUIRCTRIML)

0Xx02F8
15 14 13 12 ‘ 1" 10 9 8
R 0
TCTRIM[4:0] IRCTRIM[9:8]
w
Reset F F F F ‘ 0 0 F F

After de-assert of System Reset a factory programmed trim value is automatically loaded from the Flash memory to
provide trimmed Internal Reference Frequency fircim_TRIM-

Figure 10-23. S12CPMU IRC1M Trim High Register (CPMUIRCTRIMH)

0X02F9
7 6 5 4 ‘ 3 2 1 0
R
IRCTRIM[7:0]
w
Reset F F F F ‘ F F F F

After de-assert of System Reset a factory programmed trim value is automatically loaded from the Flash memory to
provide trimmed Internal Reference Frequency fircim_TRIM-

Figure 10-24. S12CPMU IRC1M Trim Low Register (CPMUIRCTRIML)
Read: Anytime
Write: Anytime if PROT=0 (CPMUPROT register). Else write has no effect

NOTE

Writes to these registers while PLLSEL=1 clears the LOCK and UPOSC
status bits.

MC9S12G Family Reference Manual Rev.1.27
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S12 Clock, Reset and Power Management Unit (S12CPMU)

Table 10-25. Examples of PLL Divider Settings

REFDIV[3: POSTDIV
fosc 0 (3| feer |REFFRQIL:0]| SYNDIV[S:0] | fyco | VCOFRQIL:O] [4:0] foLL fous
off $00 1MHz 00 $18 50MHz 01 $00 50MHz | 25MHz
4MHz $00 4MHz 01 $05 48MHz 00 $00 48MHz | 24MHz

The phase detector inside the PLL compares the feedback clock (FBCLK = VCOCLK/(SYNDIV+1)) with
the reference clock (REFCLK = (IRC1M or OSCCLK)/(REFDIV+1)). Correction pulses are generated
based on the phase difference between the two signals. The loop filter alters the DC voltage on the internal
filter capacitor, based on the width and direction of the correction pulse, which leads to a higher or lower
VCO frequency.

The user must select the range of the REFCLK frequency (REFFRQ[1:0] bits) and the range of the
VCOCLK frequency (VCOFRQ[1:0] bits) to ensure that the correct PLL loop bandwidth is set.

The lock detector compares the frequencies of the FBCLK and the REFCLK. Therefore the speed of the
lock detector is directly proportional to the reference clock frequency. The circuit determines the lock
condition based on this comparison.

If PLL LOCK interrupt requests are enabled, the software can wait for an interrupt request and for instance
check the LOCK bit. If interrupt requests are disabled, software can poll the LOCK bit continuously
(during PLL start-up) or at periodic intervals. In either case, only when the LOCK bit is set, the VCOCLK
will have stabilized to the programmed frequency.

* 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 the tolerance A ¢ and is cleared when
the VCO frequency is out of the tolerance Ay

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

10.4.2

An example of startup of clock system from Reset is given in Figure 10-30.

Startup from Reset

MC9S12G Family Reference Manual Rev.1.27
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Analog-to-Digital Converter (ADC10B12CV?2)

13.3.2.4

ATD Control Register 3 (ATDCTL3)

Writes to this register will abort current conversion sequence.

Module Base + 0x0003

7 6 5 4 3 2 1 0
R
DJM S8C S4C S2C S1C FIFO FRZ1 FRZ0
w
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 13-6. ATD Control Register 3 (ATDCTL3)

Read: Anytime

Write: Anytime

Table 13-8. ATDCTL3 Field Descriptions

Field

Description

DJM

Result Register Data Justification — Result data format is always unsigned. This bit controls justification of
conversion data in the result registers.

0 Left justified data in the result registers.

1 Right justified data in the result registers.

Table 13-9 gives example ATD results for an input signal range between 0 and 5.12 Volts.

6-3
S8C, S4C,
S2C, S1C

Conversion Sequence Length — These bits control the number of conversions per sequence. Table 13-10
shows all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity
to HC12 family.

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
(ATDDRO), the second result in the second result register (ATDDR1), and so on.

If this bit is one (FIFO mode) the conversion counter is not reset at the beginning or end 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 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).

Which result registers hold valid data can be tracked using the conversion complete flags. Fast flag clear mode
may be useful in a particular application to track valid data.

If this bit is one, automatic compare of result registers is always disabled, that is ADC10B12C will behave as if
ACMPIE and all CPME[n] were zero.

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 13-11. 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.

MC9S12G Family Reference Manual Rev.1.27
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Scalable Controller Area Network (S12MSCANV3)

Register

Bit 7 6 5 4 3 2 1 Bit 0
Name
0x000E R| RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
CANRXERR W
0x000F R| TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 TXERRO
CANTXERR W
0x0010-0x0013 R
CANIDARO-3 W AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
0x0014-0x0017 R
CANIDMRXx W AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0018-0x001B R
CANIDAR4—7 W AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
0x001C-0x001F R
CANIDMR4-7 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0020-0x002F R .
CANRXEG W See Section 18.3.3, “Programmer’s Model of Message Storage”
0x0030-0x003F R .
CANTXEG W See Section 18.3.3, “Programmer’s Model of Message Storage”

I:I = Unimplemented or Reserved

Figure 18-3. MSCAN Register Summary (continued)

18.3.2 Register Descriptions

This section describes in detail all the registers and register bits in the MSCAN module. Each description
includes a standard register diagram with an associated figure number. Details of register bit and field
function follow the register diagrams, in bit order. All bits of all registers in this module are completely
synchronous to internal clocks during a register read.

18.3.2.1 MSCAN Control Register 0 (CANCTLO)

The CANCTLO register provides various control bits of the MSCAN module as described below.

MC9S12G Family Reference Manual Rev.1.27
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Pulse-Width Modulator (S12PWM8B8CV2)

Module Base + 0x0001

7 6 5 4 3 2 1 0
R
W PPOL7 PPOL6 PPOL5 PPOL4 PPOL3 PPOL2 PPOL1 PPOLO
Reset 0 0 0 0 0 0 0 0

Figure 19-4. PWM Polarity Register (PWMPOL)

Read: Anytime
Write: Anytime

NOTE

PPOLX register bits can be written anytime. If the polarity is changed while
a PWM signal is being generated, a truncated or stretched pulse can occur
during the transition

Table 19-3. PWMPOL Field Descriptions

Note: Bits related to available channels have functional significance. Writing to unavailable bits has no effect. Read from
unavailable bits return a zero

Field Description

7-0 Pulse Width Channel 7-0 Polarity Bits
PPOL[7:0] |0 PWM channel 7-0 outputs are low at the beginning of the period, then go high when the duty count is reached.
1 PWM channel 7-0 outputs are high at the beginning of the period, then go low when the duty count is reached.

19.3.2.3 PWM Clock Select Register (PWMCLK)

Each PWM channel has a choice of four clocks to use as the clock source for that channel as described
below.

Module Base + 0x0002

7 6 5 4 3 2 1 0
R
W PCLK?7 PCLKL6 PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
Reset 0 0 0 0 0 0 0 0

Figure 19-5. PWM Clock Select Register (PWMCLK)
Read: Anytime
Write: Anytime

NOTE

Register bits PCLKO to PCLKY7 can be written anytime. If a clock select is
changed while a PWM signal is being generated, a truncated or stretched
pulse can occur during the transition.

MC9S12G Family Reference Manual Rev.1.27
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Pulse-Width Modulator (S12PWM8B8CV2)

Clock Source = E, where E = 10 MHz (100 ns period)

PPOLx =0
PWMPERX = 4
PWMDTYx =1

PWMx Frequency = 10 MHz/8 = 1.25 MHz
PWMx Period = 800 ns
PWMx Duty Cycle = 3/4 *100% = 75%

Shown in Figure 19-20 is the output waveform generated.

E =100 ns ; ;
| | |
i |
| |
| |

E =100 ns

A

DUTY CYCLE =75%
PERIOD = 800 ns

Figure 19-20. PWM Center Aligned Output Example Waveform

Y

A
Y

19.4.2.7 PWM 16-Bit Functions

The scalable PWM timer also has the option of generating up to 8-channels of 8-bits or 4-channels of
16-bits for greater PWM resolution. This 16-bit channel option is achieved through the concatenation of
two 8-bit channels.

The PWMCTL register contains four control bits, each of which is used to concatenate a pair of PWM
channels into one 16-bit channel. Channels 6 and 7 are concatenated with the CON67 bit, channels 4 and
5 are concatenated with the CONA45 bit, channels 2 and 3 are concatenated with the CON23 bit, and
channels 0 and 1 are concatenated with the CONO1 bit.

NOTE
Change these bits only when both corresponding channels are disabled.

When channels 6 and 7 are concatenated, channel 6 registers become the high order bytes of the double
byte channel, as shown in Figure 19-21. Similarly, when channels 4 and 5 are concatenated, channel 4
registers become the high order bytes of the double byte channel. When channels 2 and 3 are concatenated,
channel 2 registers become the high order bytes of the double byte channel. When channels 0 and 1 are
concatenated, channel O registers become the high order bytes of the double byte channel.

When using the 16-bit concatenated mode, the clock source is determined by the low order 8-bit channel
clock select control bits. That is channel 7 when channels 6 and 7 are concatenated, channel 5 when
channels 4 and 5 are concatenated, channel 3 when channels 2 and 3 are concatenated, and channel 1 when
channels 0 and 1 are concatenated. The resulting PWM is output to the pins of the corresponding low order
8-bit channel as also shown in Figure 19-21. The polarity of the resulting PWM output is controlled by the
PPOLX bit of the corresponding low order 8-bit channel as well.
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Timer Module (TIM16B6CV3)

Table 22-9. Edge Detector Circuit Configuration

EDGnB EDGnA Configuration

1 1 Capture on any edge (rising or falling)

22.3.2.8 Timer Interrupt Enable Register (TIE)

Module Base + 0x000C

7 6 5 4 3 2 1 0
R
RESERVED | RESERVED C5l C4l C3l C2l| C1l col
w
Reset 0 0 0 0 0 0 0 0
Figure 22-14. Timer Interrupt Enable Register (TIE)
Read: Anytime
Write: Anytime.
Table 22-10. TIE Field Descriptions
Note: Writing to unavailable bits has no effect. Reading from unavailable bits return a zero
Field Description
5:0 Input Capture/Output Compare “x” Interrupt Enable — The bits in TIE correspond bit-for-bit with the bits in

the corresponding flag is enabled to cause a interrupt.

C5I:C0l the TFLG1 status register. If cleared, the corresponding flag is disabled from causing a hardware interrupt. If set,

22.3.2.9 Timer System Control Register 2 (TSCR2)

Module Base + 0x000D

7 6 5 4 3 2 1 0
R 0 0 0
TOI RESERVED PR2 PR1 PRO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 22-15. Timer System Control Register 2 (TSCR2)
Read: Anytime
Write: Anytime.
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16 KByte Flash Module (S12FTMRG16K1V1)

24.4.4.3 Valid Flash Module Commands

Table 24-25 present the valid Flash commands, as enabled by the combination of the functional MCU
mode (Normal SingleChip NS, Special Singlechip SS) with the MCU security state (Unsecured, Secured).

Special Singlechip mode is selected by input mmc_ss_mode_ts2 asserted. MCU Secured state is selected
by input mmc_secure input asserted.

Table 24-25. Flash Commands by Mode and Security State

Unsecured | Secured
FCMD Command

NS! | ss? | NS® | ss*
0x01 Erase Verify All Blocks * * * *
0x02 Erase Verify Block * * * *
0x03 Erase Verify P-Flash Section * * *
0x04 Read Once * * *
0x06 Program P-Flash * * *
0x07 Program Once * * *
0x08 Erase All Blocks * *
0x09 Erase Flash Block * * *
0x0A Erase P-Flash Sector * * *
0x0B Unsecure Flash * *
0x0C Verify Backdoor Access Key * *
0x0D Set User Margin Level * * *
Ox0E Set Field Margin Level *
0x10 Erase Verify EEPROM Section * * *
0x11 Program EEPROM * * *
0x12 Erase EEPROM Sector * * *

Unsecured Normal Single Chip mode
Unsecured Special Single Chip mode.
Secured Normal Single Chip mode.
Secured Special Single Chip mode.

A WON =

24.4.4.4 P-Flash Commands

Table 24-26 summarizes the valid P-Flash commands along with the effects of the commands on the
P-Flash block and other resources within the Flash module.

Table 24-26. P-Flash Commands

FCMD Command Function on P-Flash Memory
0X01 Erase Verify All Verify that all P-Flash (and EEPROM) blocks are erased.
Blocks
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32 KByte Flash Module (S12FTMRG32K1V1)

Table 25-15. FSTAT Field Descriptions

Field Description
7 Command Complete Interrupt Flag — The CCIF flag indicates that a Flash command has completed. The
CCIF CCIF flag is cleared by writing a 1 to CCIF to launch a command and CCIF will stay low until command
completion or command violation.
0 Flash command in progress
1 Flash command has completed
5 Flash Access Error Flag — The ACCERR bit indicates an illegal access has occurred to the Flash memory
ACCERR | caused by either a violation of the command write sequence (see Section 25.4.4.2) or issuing an illegal Flash
command. While ACCERR is set, the CCIF flag cannot be cleared to launch a command. The ACCERR bit is
cleared by writing a 1 to ACCERR. Writing a 0 to the ACCERR bit has no effect on ACCERR.
0 No access error detected
1 Access error detected
4 Flash Protection Violation Flag —The FPVIOL bit indicates an attempt was made to program or erase an
FPVIOL address in a protected area of P-Flash or EEPROM memory during a command write sequence. The FPVIOL
bit is cleared by writing a 1 to FPVIOL. Writing a 0 to the FPVIOL bit has no effect on FPVIOL. While FPVIOL
is set, it is not possible to launch a command or start a command write sequence.
0 No protection violation detected
1 Protection violation detected
3 Memory Controller Busy Flag — The MGBUSY flag reflects the active state of the Memory Controller.
MGBUSY |0 Memory Controller is idle
1 Memory Controller is busy executing a Flash command (CCIF = 0)
2 Reserved Bit — This bit is reserved and always reads 0.
RSVD
1-0 Memory Controller Command Completion Status Flag — One or more MGSTAT flag bits are set if an error
MGSTAT[1:0] |is detected during execution of a Flash command or during the Flash reset sequence. See Section 25.4.6,
“Flash Command Description,” and Section 25.6, “Initialization” for details.
25.3.2.8 Flash Error Status Register (FERSTAT)

The FERSTAT register reflects the error status of internal Flash operations.

Offset Module Base + 0x0007

5 1 0
R 0 0 0 0 0 0
DFDIF SFDIF
w
Reset 0 0 0 0 0 0 0 0

L

= Unimplemented or Reserved

Figure 25-12. Flash Error Status Register (FERSTAT)

All flags in the FERSTAT register are readable and only writable to clear the flag.
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96 KByte Flash Module (S12FTMRG96K1V1)

Table 28-3. P-Flash Memory Addressing

Size o
Global Address (Bytes) Description
P-Flash Block
0x2_8000 — 0x3_FFFF 96 K Contains Flash Configuration Field
(see Table 28-4)

The FPROT register, described in Section 28.3.2.9, can be set to protect regions in the Flash memory from
accidental program or erase. Three separate memory regions, one growing upward from global address
0x3_8000 in the Flash memory (called the lower region), one growing downward from global address
0x3_FFFF in the Flash memory (called the higher region), and the remaining addresses in the Flash
memory, can be activated for protection. The Flash memory addresses covered by these protectable
regions are shown in the P-Flash memory map. The higher address region is mainly targeted to hold the
boot loader code since it covers the vector space. Default protection settings as well as security information
that allows the MCU to restrict access to the Flash module are stored in the Flash configuration field as
described in Table 28-4.

Table 28-4. Flash Configuration Field

Size I
Global Address (Bytes) Description
Backdoor Comparison Key
0x3_FF00-0x3_FFO07 8 Refer to Section 28.4.6.11, “Verify Backdoor Access Key Command,” and
Section 28.5.1, “Unsecuring the MCU using Backdoor Key Access”
0x3_FF08-Ox3_FFOB1 4 Reserved
1 P-Flash Protection byte.
0x3_FFOC 1 Refer to Section 28.3.2.9, “P-Flash Protection Register (FPROT)”
0x3 FFOD' 1 EEPROM Protection byte.
- Refer to Section 28.3.2.10, “EEPROM Protection Register (EEPROT)”
1 Flash Nonvolatile byte
0x3_FFOE 1 Refer to Section 28.3.2.16, “Flash Option Register (FOPT)”
1 Flash Security byte
0x3_FFOF 1 Refer to Section 28.3.2.2, “Flash Security Register (FSEC)”

1 0x3FF08-0x3_FFOF form a Flash phrase and must be programmed in a single command write sequence. Each byte in
the 0x3_FFO08 - 0x3_FFOB reserved field should be programmed to OxFF.
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192 KByte Flash Module (S12FTMRG192K2V1)

P-Flash memory (see Table 30-4) as indicated by reset condition F in Table 30-23. To change the
EEPROM protection that will be loaded during the reset sequence, the P-Flash sector containing the
EEPROM protection byte must be unprotected, then the EEPROM protection byte must be programmed.
If a double bit fault is detected while reading the P-Flash phrase containing the EEPROM protection byte
during the reset sequence, the DPOPEN bit will be cleared and DPS bits will be set to leave the EEPROM
memory fully protected.

Trying to alter data in any protected area in the EEPROM memory will result in a protection violation error
and the FPVIOL bit will be set in the FSTAT register. Block erase of the EEPROM memory is not possible
if any of the EEPROM sectors are protected.

Table 30-22. EEPROT Field Descriptions

Field Description
7 EEPROM Protection Control
DPOPEN |0 Enables EEPROM memory protection from program and erase with protected address range defined by DPS
bits
1 Disables EEPROM memory protection from program and erase
6-0 EEPROM Protection Size — The DPS[6:0] bits determine the size of the protected area in the EEPROM
DPS[6:0] | memory, this size increase in step of 32 bytes, as shown in Table 30-23 .

Table 30-23. EEPROM Protection Address Range

DPS[6:0] Global Address Range Protected Size
0000000 0x0_0400 — 0x0_041F 32 bytes
0000001 0x0_0400 — 0x0_043F 64 bytes
0000010 0x0_0400 — 0x0_045F 96 bytes
0000011 0x0_0400 — 0x0_047F 128 bytes
0000100 0x0_0400 — 0x0_049F 160 bytes
0000101 0x0_0400 — 0x0_04BF 192 bytes

The Protection

Size goes on enlarging in step of 32 bytes, for each DPS value
increasing of one.

1111111

0x0_0400 — 0x0_13FF 4,096 bytes
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192 KByte Flash Module (S12FTMRG192K2V1)

Table 30-57. Set Field Margin Level Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters
Flash block selection code [1:0]. See
000 0xOE Table 30-34

001 Margin level setting.

Upon clearing CCIF to launch the Set Field Margin Level command, the Memory Controller will set the
field margin level for the targeted block and then set the CCIF flag.

NOTE

When the EEPROM block is targeted, the EEPROM field margin levels are
applied only to the EEPROM reads. However, when the P-Flash block is
targeted, the P-Flash field margin levels are applied to both P-Flash and
EEPROM reads. It is not possible to apply field margin levels to the P-Flash
block only.

Valid margin level settings for the Set Field Margin Level command are defined in Table 30-58.
Table 30-58. Valid Set Field Margin Level Settings

CCO? Level Description
(CCOBIX=001)

0x0000 Return to Normal Level

0x0001 User Margin-1 Level'

0x0002 User Margin-0 Level?

0x0003 Field Margin-1 Level

0x0004 Field Margin-0 Level?

1 Read margin to the erased state
2 Read margin to the programmed state

Table 30-59. Set Field Margin Level 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 30-27).

Set if an invalid margin level setting is supplied.
FPVIOL None

MGSTAT1 None

MGSTATO None

FSTAT

MC9S12G Family Reference Manual Rev.1.27
1116 NXP Semiconductors




