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Device Overview MC9S12G-Family

1.7.3.1 VDDX[3:1]/VDDX, VSSX][3:1]/VSSX— Power and Ground Pins for I/O
Drivers

External power and ground for 1/0 drivers. Bypass requirements depend on how heavily the MCU pins are
loaded. All VDDX pins are connected together internally. All VSSX pins are connected together
internally.

NOTE

Not all VDDX[3:1]/VDDX and VSSX[3:1]VSSX pins are available on all
packages. Refer to section 1.8 Device Pinouts for further details.

1.7.3.2 VDDR — Power Pin for Internal Voltage Regulator
Power supply input to the internal voltage regulator.

NOTE

On some packages VDDR is bonded to VDDX and the pin is named
VDDXR. Refer to section 1.8 Device Pinouts for further details.

1.7.3.3 VSS — Core Ground Pin

The voltage supply of nominally 1.8V is derived from the internal voltage regulator. The return current
path is through the VSS pin.

1.7.3.4 VDDA, VSSA — Power Supply Pins for DAC,ACMP, RVA, ADC and
Voltage Regulator

These are the power supply and ground input pins for the digital-to-analog converter, the analog
comparator, the reference voltage attenuator, the analog-to-digital converter and the voltage regulator.

NOTE

On some packages VDDA is connected with VDDXR and the common pin
is named VDDXRA.

On some packages the VSSA is connected to VSSX and the common pin is
named VSSXA. See section Section 1.8, “Device Pinouts” for further
details.

1.7.35 VRH — Reference Voltage Input Pin

VRrn is the reference voltage input pin for the digital-to-analog converter and the analog-to-digital
converter. Refer to Section 1.18, “ADC VRH/VRL Signal Connection” for further details.

On some packages VRH is tied to VDDA or VDDXRA. Refer to section 1.8
Device Pinouts for further details.

MC9S12G Family Reference Manual Rev.1.27

NXP Semiconductors 51



S12S Debug Module (S12SDBGV2)

SZE | Sz DDBB((BBPADDTII\\A/I' DH:DBGAAD(I:-lc,eSE:DBGADL Comment
0 X $FFO00 Byte, data(ADDR[n])=DH Match data( ADDR[n])
Word, data(ADDR[n])=DH, data(ADDR[n+1])=X
0 X $00FF Word, data(ADDR[n])=X, data(ADDR[n+1])=DL Match data( ADDR[n+1])
0 X $00FF Byte, data(ADDR[n])=X, data(ADDR[n+1])=DL Possible unintended match
0 X $FFFF Word, data(ADDR[n])=DH, data(ADDR[n+1])=DL Match data( ADDR[n], ADDR[n+1])
0 X $FFFF Byte, data(ADDR[n])=DH, data(ADDR[n+1])=DL Possible unintended match
1 0 $0000 Word No databus comparison
1 0 $00FF Word, data(ADDR[n])=X, data(ADDR[n+1])=DL Match only data at ADDR[n+1]
1 0 $FFO00 Word, data(ADDR[n])=DH, data(ADDR[n+1])=X Match only data at ADDR[n]
1 0 $FFFF Word, data(ADDR[n])=DH, data(ADDR[n+1])=DL Match data at ADDR[n] & ADDR[n+1]
1 1 $0000 Byte No databus comparison
1 1 $FFO00 Byte, data(ADDR[n])=DH Match data at ADDR[n]

8.4.21.4 Comparator A Data Bus Comparison NDB Dependency

Comparator A features an NDB control bit, which allows data bus comparators to be configured to either
trigger on equivalence or trigger on difference. This allows monitoring of a difference in the contents of
an address location from an expected value.

When matching on an equivalence (NDB=0), each individual data bus bit position can be masked out by
clearing the corresponding mask bit (DBGADHM/DBGADLM) so that it is ignored in the comparison. A
match occurs when all data bus bits with corresponding mask bits set are equivalent. If all mask register
bits are clear, then a match is based on the address bus only, the data bus is ignored.

When matching on a difference, mask bits can be cleared to ignore bit positions. A match occurs when any
data bus bit with corresponding mask bit set is different. Clearing all mask bits, causes all bits to be ignored
and prevents a match because no difference can be detected. In this case address bus equivalence does not
cause a match.

Table 8-35. NDB and MASK bit dependency

NDB DDBB%AADDT\:/I[Fn]]/ Comment
0 0 Do not compare data bus bit.
0 1 Compare data bus bit. Match on equivalence.
1 0 Do not compare data bus bit.
1 1 Compare data bus bit. Match on difference.

8.4.2.2 Range Comparisons

Using the AB comparator pair for a range comparison, the data bus can also be used for qualification by
using the comparator A data registers. Furthermore the DBGACTL RW and RWE bits can be used to
qualify the range comparison on either a read or a write access. The corresponding DBGBCTL bits are
ignored. The SZE and SZ control bits are ignored in range mode. The comparator A TAG bit is used to tag
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S12 Clock, Reset and Power Management Unit (S12CPMU)

Write: Anytime

Table 10-16. CPMUAPICTL Field Descriptions

Field Description
7 Autonomous Periodical Interrupt Clock Select Bit — Selects the clock source for the API. Writable only if
APICLK APIFE = 0. APICLK cannot be changed if APIFE is set by the same write operation.
0 Autonomous Clock (ACLK) used as source.
1 Bus Clock used as source.
4 Autonomous Periodical Interrupt External Select Bit — Selects the waveform at the external pin
APIES API_EXTCLK as shown in Figure 10-18. See device level specification for connectivity of API_EXTCLK pin.
0 If APIEA and APIFE are set, at the external pin API_EXTCLK periodic high pulses are visible at the end of
every selected period with the size of half of the minimum period (APIR=0x0000 in Table 10-20).
1 If APIEA and APIFE are set, at the external pin API_EXTCLK a clock is visible with 2 times the selected API
Period.
3 Autonomous Periodical Interrupt External Access Enable Bit — If set, the waveform selected by bit APIES
APIEA can be accessed externally. See device level specification for connectivity.
0 Waveform selected by APIES can not be accessed externally.
1 Waveform selected by APIES can be accessed externally, if APIFE is set.
2 Autonomous Periodical Interrupt Feature Enable Bit — Enables the API feature and starts the API timer
APIFE when set.
0 Autonomous periodical interrupt is disabled.
1 Autonomous periodical interrupt is enabled and timer starts running.
1 Autonomous Periodical Interrupt Enable Bit
APIE 0 API interrupt request is disabled.
1 APl interrupt will be requested whenever APIF is set.
0 Autonomous Periodical Interrupt Flag — After each time-out of the API (time-out rate is configured in the
APIF CPMUAPIRH/L registers) the interrupt flag APIF is set to 1. This flag can only be cleared by writing a 1. Writing

a 0 has no effect. If enabled (APIE = 1), APIF causes an interrupt request.
0 API time-out has not yet occurred.
1 API time-out has occurred.

Figure 10-18. Waveform selected on API_EXTCLK pin (APIEA=1, APIFE=1)

| APl min. period / 2
—> <

APIES=0 —L

APIES=1

API period
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Analog-to-Digital Converter (ADC10B12CV2)

I only ANO should be converted use MULT=0.

13.3.2.2 ATD Control Register 1 (ATDCTL1)

Writes to this register will abort current conversion sequence.

Module Base + 0x0001

7 6 5 4 3 2 1 0
ETRIGSEL SRES1 SRESO SMP_DIS | ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO
w
Reset 0 0 1 0 1 1 1 1

Figure 13-4. ATD Control Register 1 (ATDCTL1)

Read: Anytime
Write: Anytime
Table 13-3. 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 device specification for availability and connectivity of ETRIG3-0
inputs. If a particular ETRIG3-0 input option is not available, writing a 1 to ETRISEL only sets the bit but has
no effect, this means that one of the AD channels (selected by ETRIGCHS3-0) is configured as the source for
external trigger. The coding is summarized in Table 13-5.

6-5 A/D Resolution Select — These bits select the resolution of A/D conversion results. See Table 13-4 for
SRES[1:0] |coding.

4 Discharge Before Sampling Bit
SMP_DIS |0 No discharge before sampling.
1 The internal sample capacitor is discharged before sampling the channel. This adds 2 ATD clock cycles to
the sampling time. This can help to detect an open circuit instead of measuring the previous sampled
channel.

3-0 External Trigger Channel Select — These bits select one of the AD channels or one of the ETRIG3-0 inputs
ETRIGCH][3:0] | as source for the external trigger. The coding is summarized in Table 13-5.

Table 13-4. A/D Resolution Coding

SRES1 SRESO A/D Resolution
0 0 8-bit data
0 1 10-bit data
1 0 Reserved
1 1 Reserved
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Analog-to-Digital Converter (ADC10B12CV2)

Table 13-5. External Trigger Channel Select Coding

ETRIGSEL | ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO External trigger source is

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 AN6

0 0 1 1 1 AN7

0 1 0 0 0 ANS8

0 1 0 0 1 AN9

0 1 0 1 0 AN10

0 1 0 1 1 AN11

0 1 1 0 0 AN11

0 1 1 0 1 AN11

0 1 1 1 0 AN11

0 1 1 1 1 AN11

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 ETRIG3-0 input option is available (see device specification), else ETRISEL is ignored, that means
external trigger source is still on one of the AD channels selected by ETRIGCH3-0

13.3.2.3 ATD Control Register 2 (ATDCTL2)

Writes to this register will abort current conversion sequence.

Module Base + 0x0002

Reset

AFFC

Reserved

ETRIGLE

ETRIGP

ETRIGE

ASCIE

ACMPIE

Read: Anytime

Write: Anytime

0

0

= Unimplemented or Reserved

Figure 13-5. ATD Control Register 2 (ATDCTL?2)
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Analog-to-Digital Converter (ADC10B16CV2)

Table 15-9. Examples of ideal decimal ATD Results

Input Signal
VRL =0 Volts
VRH =5.12 Volts

8-Bit
Codes

10-Bit
Codes

(resolution=20mV) | (resolution=5mV)

Reserved

5.120 Volts
0.022
0.020
0.018
0.016
0.014
0.012
0.010
0.008
0.006
0.004
0.003
0.002
0.000

255

1023

Reserved

Table 15-10. Conversion Sequence Length Coding

ssc S4C s2c s1C N“mk;eerr osfe?ng\r:i;smns
0 0 0 0 16
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 10
1 0 1 1 11
1 1 0 0 12
1 1 0 1 13
1 1 1 0 14
1 1 1 1 15

Table 15-11. ATD Behavior in Freeze Mode (Breakpoint)

FRZ1 FRZO

Behavior in Freeze Mode

0 0

Continue conversion
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Analog-to-Digital Converter (ADC10B16CV2)

Table 15-11. ATD Behavior in Freeze Mode (Breakpoint)

FRZ1 FRzZO Behavior in Freeze Mode
0 1 Reserved
1 0 Finish current conversion, then freeze
1 1 Freeze Immediately

15.3.2.5 ATD Control Register 4 (ATDCTL4)

Writes to this register will abort current conversion sequence.

Module Base + 0x0004

7 6 5 4 ‘ 3 2 1 0

R
SMP2 SMP1 SMPO PRS[4:0]
w
Reset 0 0 0 0 ‘ 0 1 0 1

Figure 15-7. ATD Control Register 4 (ATDCTL4)

Read: Anytime
Write: Anytime
Table 15-12. ATDCTLA4 Field Descriptions

Field Description

7-5 Sample Time Select — These three bits select the length of the sample time in units of ATD conversion clock
SMP[2:0] |cycles. Note that the ATD conversion clock period is itself a function of the prescaler value (bits PRS4-0).
Table 15-13 lists the available sample time lengths.

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

; __ 'Bus
ATDCLK = 5% (PRS 7 T)

Refer to Device Specification for allowed frequency range of farpcLk-

Table 15-13. Sample Time Select

Sample Time
SMP2 SMP1 SMPO in Number of
ATD Clock Cycles

4
6
8
10
12
16
20
24

Al Al ala|lo| ool o]l O
= A Ol O | | O O
= O O] | O~ O
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Analog-to-Digital Converter (ADC10B16CV2)

15.3.2.10 ATD Input Enable Register (ATDDIEN)

Module Base + 0x000C

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

R

IEN[15:0]
W

Reset 0 0 o0 o]0 o o o]0 o o0 0[]0 o0 0 0
:l = Unimplemented or Reserved
Figure 15-12. ATD Input Enable Register (ATDDIEN)
Read: Anytime
Write: Anytime
Table 15-19. ATDDIEN Field Descriptions

Field Description

15-0 ATD Digital Input Enable on channel x (x= 15, 14, 13, 12, 11, 10,9, 8,7, 6, 5, 4, 3, 2, 1, 0) — This bit controls
IEN[15:0] |the digital input buffer from the analog input pin (ANXx) to the digital data register.
0 Disable digital input buffer to ANXx pin
1 Enable digital input buffer on ANXx pin.
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.

15.3.2.11 ATD Compare Higher Than Register (ATDCMPHT)
Writes to this register will abort current conversion sequence.

Read: Anytime

Write: Anytime

Module Base + 0x000E

15 14 13 12‘11 10 9 8‘7 6 5 4‘3 2 1 0

R

CMPHT[15:0]
W

Reset 0 0 0 0 | 0 0 0 o 0 0 0 o | o0 0 0 0
I:l = Unimplemented or Reserved
Figure 15-13. ATD Compare Higher Than Register (ATDCMPHT)

Table 15-20. ATDCMPHT Field Descriptions

Field Description

15-0 Compare Operation Higher Than Enable for conversion number n (n=15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5,
CMPHTI[15:0] | 4, 3, 2, 1, 0) of a Sequence (n conversion number, NOT channel number!) — This bit selects the operator
for comparison of conversion results.

0 If result of conversion n is lower or same than compare value in ATDDRn, this is flagged in ATDSTAT2
1 If result of conversion n is higher than compare value in ATDDRN, this is flagged in ATDSTAT2
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Scalable Controller Area Network (S12MSCANV3)

18.3.2.17 MSCAN Identifier Acceptance Registers (CANIDARO-7)

On reception, each message is written into the background receive buffer. The CPU is only signalled to
read the message if it passes the criteria in the identifier acceptance and identifier mask registers
(accepted); otherwise, the message is overwritten by the next message (dropped).

The acceptance registers of the MSCAN are applied on the IDRO-IDR3 registers (see Section 18.3.3.1,
“ldentifier Registers (IDRO-IDR3)”) of incoming messages in a bit by bit manner (see Section 18.4.3,
“ldentifier Acceptance Filter”).

For extended identifiers, all four acceptance and mask registers are applied. For standard identifiers, only
the first two (CANIDARO/1, CANIDMRO/1) are applied.

1

Module Base + 0x0010 to Module Base + 0x0013 Access: User read/write

7 6 5 4 3 2 1 0
R
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
w
Reset 0 0 0 0 0 0 0 0
Figure 18-20. MSCAN Identifier Acceptance Registers (First Bank) — CANIDARO—-CANIDAR3
T Read: Anytime
Write: Anytime in initialization mode (INITRQ = 1 and INITAK = 1)
Table 18-22. CANIDARO—-CANIDAR3 Register Field Descriptions
Field Description
7-0 Acceptance Code Bits — AC[7:0] comprise a user-defined sequence of bits with which the corresponding bits
AC[7:0] of the related identifier register (IDRn) of the receive message buffer are compared. The result of this comparison
is then masked with the corresponding identifier mask register.

Module Base + 0x0018 to Module Base + 0x001B

7

6

Access: User read/write’

1

0

R
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
w
Reset 0 0 0 0 0 0 0 0

Figure 18-21. MSCAN Identifier Acceptance Registers (Second Bank) — CANIDAR4-CANIDAR7

" Read: Anytime
Write: Anytime in initialization mode (INITRQ = 1 and INITAK = 1)
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Scalable Controller Area Network (S12MSCANV3)

In cases of more than one buffer having the same lowest priority, the message buffer with the lower index
number wins.

Module Base + 0x00XD Access: User read/write’

7 6 5 4 3 2 1 0
R
PRIO7 PRIO6 PRIOS PRIO4 PRIO3 PRIO2 PRIO1 PRIOO
w
Reset: 0 0 0 0 0 0 0 0

Figure 18-36. Transmit Buffer Priority Register (TBPR)

T Read: Anytime when TXEXx flag is set (see Section 18.3.2.7, “MSCAN Transmitter Flag Register (CANTFLG)”) and the
corresponding transmit buffer is selected in CANTBSEL (see Section 18.3.2.11, “MSCAN Transmit Buffer Selection Register
(CANTBSEL)”)

Write: Anytime when TXEXx flag is set (see Section 18.3.2.7, “MSCAN Transmitter Flag Register (CANTFLG)”) and the
corresponding transmit buffer is selected in CANTBSEL (see Section 18.3.2.11, “MSCAN Transmit Buffer Selection Register
(CANTBSEL)")

18.3.3.5 Time Stamp Register (TSRH-TSRL)

If the TIME bit is enabled, the MSCAN will write a time stamp to the respective registers in the active
transmit or receive buffer right after the EOF of a valid message on the CAN bus (see Section 18.3.2.1,
“MSCAN Control Register 0 (CANCTLO0)”). In case of a transmission, the CPU can only read the time
stamp after the respective transmit buffer has been flagged empty.

The timer value, which is used for stamping, is taken from a free running internal CAN bit clock. A timer
overrun is not indicated by the MSCAN. The timer is reset (all bits set to 0) during initialization mode. The
CPU can only read the time stamp registers.

Module Base + 0x00XE Access: User read/write’

7

1

0

R| TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
w
Reset: X X X X X X X X

Figure 18-37. Time Stamp Register — High Byte (TSRH)

' Read: For transmit buffers: Anytime when TXEXx flag is set (see Section 18.3.2.7, “MSCAN Transmitter Flag Register
(CANTFLG)”) and the corresponding transmit buffer is selected in CANTBSEL (see Section 18.3.2.11, “MSCAN Transmit
Buffer Selection Register (CANTBSEL)”). For receive buffers: Anytime when RXF is set.

Write: Unimplemented
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Serial Communication Interface (S12SCIV5)

20.3.1 Module Memory Map and Register Definition

The memory map for the SCI module is given below in Figure 20-2. The address listed for each register
is the address offset. The total address for each register is the sum of the base address for the SCI module
and the address offset for each register.

20.3.2 Register Descriptions

This section consists of register descriptions in address order. Each description includes a standard register
diagram with an associated figure number. Writes to a reserved register locations do not have any effect
and reads of these locations return a zero. Details of register bit and field function follow the register
diagrams, in bit order.

Register

Name Bit7 6 5 4 3 2 1 Bit 0
0x0000 R
SCIBDH! IREN TNP1 TNPO SBR12 SBR11 SBR10 SBR9 SBRS8
0x0001 R
SCIBDL! SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
0x0002 R
SCICR1" LOOPS | SCISWAI RSRC M WAKE ILT PE PT
0x0000 R 0 0 0 0
SCIASR1Z RXEDGIF BERRV BERRIF BKDIF
0x0001 R 0 0 0 0 0
SCIACR1Z RXEDGIE BERRIE BKDIE
0x0002 R 0 0 0 0 0
SCIACR2? W BERRM1 | BERRMO BKDFE
0x0003 R
SCICR2 TIE TCIE RIE ILIE TE RE RWU SBK
0x0004 R| TDRE TC RDRF IDLE OR NF FE PF
SCISR1 W
0x0005 R 0 0 RAF
SCISR2 " AMAP TXPOL RXPOL BRK13 TXDIR

I:’ = Unimplemented or Reserved

Figure 20-2. SCI Register Summary (Sheet 1 of 2)
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Serial Communication Interface (S12SCIV5)

Perceived Start Bit —>
j«——  Actual Start Bit > LSB

i

RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||

RXD

N

Samples 1 1 1

RT Clock C CECCNpPEpRperEpRPRepe2 oy o NON OO~

ockCount B b F F F F F F k E E FEEECCEEELE R REREE R OCRE I
¥ reeooowo

Reset RT Clock +++ +

Figure 20-24. Start Bit Search Example 3

Figure 20-25 shows the effect of noise early in the start bit time. Although this noise does not affect proper
synchronization with the start bit time, it does set the noise flag.

[ — Perceived and Actual Start Bit —>l«—|SB

RXD Tl [

Samples 1 1 1 1 1 1 1 1 1 0 1 0

RT Clock ||||||||||||||||||||||||||||||||||||||||||||||||||||||||

RT Clock C EEEECECCEEERERREREEERERECCRETR2EC R
ock Count ¥ X oo eoeo©oo©eerooeoeroebEEEEEE QXK

Reset RT Clock * * * * * * * * * +

Figure 20-25. Start Bit Search Example 4

Figure 20-26 shows a burst of noise near the beginning of the start bit that resets the RT clock. The sample
after the reset is low but is not preceded by three high samples that would qualify as a falling edge.
Depending on the timing of the start bit search and on the data, the frame may be missed entirely or it may
set the framing error flag.
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Serial Communication Interface (S12SCIV5)

20.5.3.1.8 BKDIF Description

The BKDIF interrupt is set when a break signal was received. Clear BKDIF by writing a “1” to the
SCIASRL1 SCI alternative status register 1. This flag is also cleared if break detect feature is disabled.

20.5.4 Recovery from Wait Mode

The SCI interrupt request can be used to bring the CPU out of wait mode.

20.5.5 Recovery from Stop Mode

An active edge on the receive input can be used to bring the CPU out of stop mode.
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Timer Module (TIM16B6CV3)

22.3.2.13 Output Compare Pin Disconnect Register(OCPD)

Module Base + 0x002C

7 6 5 4 3 2 1 0
RESERVED | RESERVED OCPD5 OCPD4 OCPD3 OCPD2 OCPD1 OCPDO
w
Reset 0 0 0 0 0 0 0 0

Figure 22-20. Output Compare Pin Disconnect Register (OCPD)
Read: Anytime
Write: Anytime
All bits reset to zero.

Table 22-15. OCPD Field Description
Note: Writing to unavailable bits has no effect. Reading from unavailable bits return a zero.

Field Description

5:0 Output Compare Pin Disconnect Bits
the input capture .

compare flag still become set.

OCPD[5:0] |0 Enables the timer channel port. Output Compare action will occur on the channel pin. These bits do not affect

1 Disables the timer channel port. Output Compare action will not occur on the channel pin, but the output

22.3.2.14 Precision Timer Prescaler Select Register (PTPSR)

Module Base + 0x002E

7 6 5 4 3 2 1 0
R
PTPS7 PTPS6 PTPS5 PTPS4 PTPS3 PTPS2 PTPS1 PTPSO
w
Reset 0 0 0 0 0 0 0 0

Figure 22-21. Precision Timer Prescaler Select Register (PTPSR)
Read: Anytime
Write: Anytime

All bits reset to zero.
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16 KByte Flash Module (S12FTMRG16K1V1)

Table 24-41. Program Once Command Error Handling

Register Error Bit Error Condition

Set if CCOBIX[2:0] = 101 at command launch

Set if command not available in current mode (see Table 24-25)
ACCERR

Set if an invalid phrase index is supplied

Set if the requested phrase has already been programmed1
FPVIOL None

FSTAT

MGSTAT1 Set if any errors have been encountered during the verify operation

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

MGSTATO .
operation

T lfa Program Once phrase is initially programmed to OxFFFF_FFFF_FFFF_FFFF, the Program Once command will
be allowed to execute again on that same phrase.

24.4.6.7 Erase All Blocks Command

The Erase All Blocks operation will erase the entire P-Flash and EEPROM memory space.
Table 24-42. Erase All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x08 Not required

Upon clearing CCIF to launch the Erase All Blocks command, the Memory Controller will erase the entire
Flash memory space and verify that it is erased. If the Memory Controller verifies that the entire Flash
memory space was properly erased, security will be released. During the execution of this command
(CCIF=0) the user must not write to any Flash module register. The CCIF flag will set after the Erase All
Blocks operation has completed.

Table 24-43. Erase All Blocks Command Error Handling

Register Error Bit Error Condition

Set if CCOBIX[2:0] = 000 at command launch

ACCERR
Set if command not available in current mode (see Table 24-25)

FPVIOL Set if any area of the P-Flash or EEPROM memory is protected

FSTAT

MGSTAT1 Set if any errors have been encountered during the verify operation1

Set if any non-correctable errors have been encountered during the verify
operation1

T As found in the memory map for FTMRG32K1.

MGSTATO

24.4.6.8 Erase Flash Block Command
The Erase Flash Block operation will erase all addresses in a P-Flash or EEPROM block.
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64 KByte Flash Module (S12FTMRG64K1V1)

Table 27-25. FOPT Field Descriptions

Field Description
7-0 Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the device user guide for proper
NV[7:0] use of the NV bits.

27.3.2.17 Flash Reserved5 Register (FRSV5)
This Flash register is reserved for factory testing.

Offset Module Base + 0x0011

4
R 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 27-23. Flash Reserved5 Register (FRSV5)
All bits in the FRSV5 register read 0 and are not writable.

27.3.2.18 Flash Reserved6 Register (FRSV6)

This Flash register is reserved for factory testing.

Offset Module Base + 0x0012

6 0
R 0 0 0 0 0 0 0 0

w
Reset 0 0 0 0 0 0 0 0

|:| = Unimplemented or Reserved

Figure 27-24. Flash Reserved6 Register (FRSV6)
All bits in the FRSV6 register read 0 and are not writable.

27.3.2.19 Flash Reserved7 Register (FRSV7)

This Flash register is reserved for factory testing.
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240 KByte Flash Module (S12FTMRG240K2V1)

indicated by reset condition F in Figure 31-6. If a double bit fault is detected while reading the P-Flash
phrase containing the Flash security byte during the reset sequence, all bits in the FSEC register will be set
to leave the Flash module in a secured state with backdoor key access disabled.

Table 31-9. FSEC Field Descriptions

Field Description
7-6 Backdoor Key Security Enable Bits — The KEYEN[1:0] bits define the enabling of backdoor key access to the
KEYENI[1:0] | Flash module as shown in Table 31-10.
5-2 Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements.
RNV[5:2]
1-0 Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 31-11. If the
SECI[1:0] |Flash module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 31-10. Flash KEYEN States

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

" Preferred KEYEN state to disable backdoor key access.

Table 31-11. Flash Security States

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

1 Preferred SEC state to set MCU to secured state.

The security function in the Flash module is described in Section 31.5.

31.3.2.3

Flash CCOB Index Register (FCCOBIX)

The FCCOBIX register is used to index the FCCOB register for Flash memory operations.

Offset Module Base + 0x0002

6 5 4 3 2 1 0
R 0 0 0 0 0
CCOBIX[2:0]
w
Reset 0 0 0 0 0 0 0 0

]

= Unimplemented or Reserved

Figure 31-7. FCCOB Index Register (FCCOBIX)
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240 KByte Flash Module (S12FTMRG240K2V1)

Table 31-17. FPROT Field Descriptions (continued)

Field Description

2 Flash Protection Lower Address Range Disable — The FPLDIS bit determines whether there is a
FPLDIS protected/unprotected area in a specific region of the P-Flash memory beginning with global address 0x3_8000.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled

1-0 Flash Protection Lower Address Size — The FPLS bits determine the size of the protected/unprotected area
FPLS[1:0] |in P-Flash memory as shown in Table 31-20. The FPLS bits can only be written to while the FPLDIS bit is set.

Table 31-18. P-Flash Protection Function

FPOPEN FPHDIS FPLDIS Function®
1 1 1 No P-Flash Protection
1 1 0 Protected Low Range
1 0 1 Protected High Range
1 0 0 Protected High and Low Ranges
0 1 1 Full P-Flash Memory Protected
0 1 0 Unprotected Low Range
0 0 1 Unprotected High Range
0 0 0 Unprotected High and Low Ranges

" For range sizes, refer to Table 31-19 and Table 31-20.

Table 31-19. P-Flash Protection Higher Address Range

FPHS[1:0] Global Address Range Protected Size
00 0x3_F800-0x3_FFFF 2 Kbytes
01 0x3_F000-0x3_FFFF 4 Kbytes
10 0x3_E000-0x3_FFFF 8 Kbytes
11 0x3_C000-0x3_FFFF 16 Kbytes

Table 31-20. P-Flash Protection Lower Address Range

FPLS[1:0] Global Address Range Protected Size
00 0x3_8000-0x3_83FF 1 Kbyte
01 0x3_8000-0x3_87FF 2 Kbytes
10 0x3_8000-0x3_8FFF 4 Kbytes
11 0x3_8000-0x3_9FFF 8 Kbytes

All possible P-Flash protection scenarios are shown in Figure 31-14 . Although the protection scheme is
loaded from the Flash memory at global address 0x3_FFOC during the reset sequence, it can be changed
by the user. The P-Flash protection scheme can be used by applications requiring reprogramming in single
chip mode while providing as much protection as possible if reprogramming is not required.
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2 These values include the quantization error which is inherently 1/2 count for any A/D converter.

Electrical Characteristics

Table A-26. ADC Conversion Performance 3.3V range (Junction Temperature From +150°C To +160°C)

S12GNA16, S12GNA32

Supply voltage 3.13V < Vppa < 4.5V, 150°C < T; < 160°C, Vrer = VrH - VRL = Vbba» fanccLk = 8-0MHz

The values are tested to be valid with no port AD output drivers switching simultaneous with conversions.

Num | C Rating?® Symbol Min Typ Max Unit
1 M | Resolution 12-Bit LSB 0.80 mV
2 | M | Differential Nonlinearity 12-Bit DNL +3 counts
3 | M |Integral Nonlinearity 12-Bit INL +3 counts
4 | M |Absolute Error? 12-Bit AE +4 counts
5 | C | Resolution 10-Bit LSB 3.22 mV
6 | C |Differential Nonlinearity 10-Bit DNL +1 counts
7 | C | Integral Nonlinearity 10-Bit INL +1 counts
8 | C |Absolute Error? 10-Bit AE +2 counts
9 | C |Resolution 8-Bit LSB 12.89 mV
10 | C |Differential Nonlinearity 8-Bit DNL +0.3 counts
11 | C | Integral Nonlinearity 8-Bit INL +0.5 counts
12 | C | Absolute Error? 8-Bit AE +1 counts

The 8-bit and 10-bit mode operation is structurally tested in production test. Absolute values are tested in 12-bit mode.
These values include the quantization error which is inherently 1/2 count for any A/D converter.

Table A-27. ADC Conversion Performance 3.3V range (Junction Temperature From —40°C To +150°C)

S12GN16, S12GN32, S12GN48, S12G48, S12G64, S12G96, S12G128, S12G192, and S12G240

Supply voltage 3.13V < Vppp < 4.5V, -40°C < T < 150°C, Vrer = Vrh - VRrL = Vppas fanccLk = 8-0MHz

The values are tested to be valid with no port AD output drivers switching simultaneous with conversions.

Num | C Rating?® Symbol Min Typ Max Unit
1 P | Resolution 10-Bit LSB 3.22 mV
2 P | Differential Nonlinearity 10-Bit DNL -1.5 +1 1.5 counts
3 P | Integral Nonlinearity 10-Bit INL -2 +1 2 counts
4 | P |Absolute Error? 10-Bit3 AE -3 +2 3 counts

10-Bit* -4 +2 4
5 | C |Resolution 8-Bit LSB 12.89 mV
6 | C |Differential Nonlinearity 8-Bit DNL -0.5 +0.3 0.5 counts
7 | C | Integral Nonlinearity 8-Bit INL -1 +0.5 1 counts
8 | C |Absolute Error? 8-Bit AE -1.5 +1 1.5 counts
MC9S12G Family Reference Manual Rev.1.27
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Electrical Characteristics

Table A-33. Static Electrical Characteristics

Characteristics noted under conditions 3.13V <= VDDA <= 5.5V>, -40°C < Tj < 150°C >, VRH=VDDA, VRL=VSSA
unless otherwise noted. Typical values noted reflect the approximate parameter mean at Ty = 25°C under nominal
conditions unless otherwise noted.

Num | C Ratings Symbol Min Typ Max Unit
8 C | Output Voltage
unbuffered range A or B (load >= 50MQ) Vout full DAC Range A or B \Y,
9 | P | Output Voltage (DRIVE bit = 0)’
buffered range A (load >= 100KQ to VSSA) 0 - VDDA-0.15
buffered range A (load >= 100KQ to VDDA) 0.15 - VDDA \%
Vout

buffered range B (load >= 100KQ to VSSA)
buffered range B (load >= 100KQ to VDDA) full DAC Range B

10 P | Output Voltage (DRIVE bit = 1)2

buffered range B with 6.4KQ load into resistor
divider of 800Q2 /6.56KQ between VDDA and Vout full DAC Range B \Y
VSSA.

(equivalent load is >= 65KQ to VSSA) or
(equivalent load is >= 7.5KQ to VDDA)

1 D | Buffer Output Capacitive load Cioad 0 - 100 pF
12 P | Buffer Output Offset Voffset -30 - +30 mV
13 | P | Settling time taelay - 3 5 us
14 D | Reverence voltage high Viefh VDDA-0.1V | VDDA | VDDA+0.1V \Y,

DRIVE bit = 1 is not recommended in this case.
2 DRIVE bit = 0 is not allowed with this high load.

A.7  NVM

A.7.1  Timing Parameters

The time base for all NVVM program or erase operations is derived from the bus clock using the FCLKDIV
register. The frequency of this derived clock must be set within the limits specified as fy/pop The NVM
module does not have any means to monitor the frequency and will not prevent program or erase operation
at frequencies above or below the specified minimum. When attempting to program or erase the NVM
module at a lower frequency, a full program or erase transition is not assured.

All timing parameters are a function of the bus clock frequency, fNVMBUS. All program and erase times
are also a function of the NVM operating frequency, fyymop
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