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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Figure 1-2. MC9S12G Global Memory Map
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86 PS4 MISO0 — — VDDX PERS/PPSS Up

87 PS5 MOSI0 — — VDDX PERS/PPSS Up

88 PS6 SCK0 — — VDDX PERS/PPSS Up

89 PS7 API_EXTC
LK

SS0 — VDDX PERS/PPSS Up

90 VSSX2 — — — — — —

91 VDDX2 — — — — — —

92 PM0 RXCAN — — VDDX PERM/PPSM Disabled

93 PM1 TXCAN — — VDDX PERM/PPSM Disabled

94 PD4 — — — VDDX PUCR/PUPDE Disabled

95 PD5 — — — VDDX PUCR/PUPDE Disabled

96 PD6 — — — VDDX PUCR/PUPDE Disabled

97 PD7 — — — VDDX PUCR/PUPDE Disabled

98 PM2 RXD2 — — VDDX PERM/PPSM Disabled

99 PM3 TXD2 — — VDDX PERM/PPSM Disabled

100 PJ7 KWJ7 SS2 — VDDX PERJ/PPSJ Up

1 The regular I/O characteristics (see Section A.2, “I/O Characteristics”) apply if the EXTAL/XTAL function is disabled

Table 1-22.  100-Pin LQFP Pinout for S12G96 and S12G128

Function
<----lowest-----PRIORITY-----highest---->

Power
Supply

Internal Pull 
Resistor

Package Pin Pin
2nd

Func.
3rd

Func.
4th

Func.
CTRL

Reset 
State
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0x026C
PERJ

R
PERJ7 PERJ6 PERJ5 PERJ4 PERJ3 PERJ2 PERJ1 PERJ0

W

0x026D
PPSJ

R
PPSJ7 PPSJ6 PPSJ5 PPSJ4 PPSJ3 PPSJ2 PPSJ1 PPSJ0

W

0x026E
PIEJ

R
PIEJ7 PIEJ6 PIEJ5 PIEJ4 PIEJ3 PIEJ2 PIEJ1 PIEJ0

W

0x026F
PIFJ

R
PIFJ7 PIFJ6 PIFJ5 PIFJ4 PIFJ3 PIFJ2 PIFJ1 PIFJ0

W

0x0270
PT0AD

R
PT0AD7 PT0AD6 PT0AD5 PT0AD4 PT0AD3 PT0AD2 PT0AD1 PT0AD0

W

0x0271
PT1AD

R
PT1AD7 PT1AD6 PT1AD5 PT1AD4 PT1AD3 PT1AD2 PT1AD1 PT1AD0

W

0x0272
PTI0AD

R PTI0AD7 PTI0AD6 PTI0AD5 PTI0AD4 PTI0AD3 PTI0AD2 PTI0AD1 PTI0AD0

W

0x0273
PTI1AD

R PTI1AD7 PTI1AD6 PTI1AD5 PTI1AD4 PTI1AD3 PTI1AD2 PTI1AD1 PTI1AD0

W

0x0274
DDR0AD

R
DDR0AD7 DDR0AD6 DDR0AD5 DDR0AD4 DDR0AD3 DDR0AD2 DDR0AD1 DDR0AD0

W

0x0275
DDR1AD

R
DDR1AD7 DDR1AD6 DDR1AD5 DDR1AD4 DDR1AD3 DDR1AD2 DDR1AD1 DDR1AD0

W

0x0276
Reserved

R 0 0 0 0 0 0 0 0

W

0x0277
Reserved

R 0 0 0 0 0 0 0 0

W

0x0278
PER0AD

R
PER0AD7 PER0AD6 PER0AD5 PER0AD4 PER0AD3 PER0AD2 PER0AD1 PER0AD0

W

0x0279
PER1AD

R
PER1AD7 PER1AD6 PER1AD5 PER1AD4 PER1AD3 PER1AD2 PER1AD1 PER1AD0

W

0x027A
PPS0AD

R
PPS0AD7 PPS0AD6 PPS0AD5 PPS0AD4 PPS0AD3 PPS0AD2 PPS0AD1 PPS0AD0

W

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

Global Address
Register Name

Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented or Reserved
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7.4.7 Serial Interface Hardware Handshake Protocol

BDM commands that require CPU execution are ultimately treated at the MCU bus rate. Since the BDM 
clock source can be modified when changing the settings for the VCO frequency (CPMUSYNR), it is very 
helpful to provide a handshake protocol in which the host could determine when an issued command is 
executed by the CPU. The BDM clock frequency is always VCO frequency divided by 8. The alternative 
is to always wait the amount of time equal to the appropriate number of cycles at the slowest possible rate 
the clock could be running. This sub-section will describe the hardware handshake protocol. 

The hardware handshake protocol signals to the host controller when an issued command was successfully 
executed by the target. This protocol is implemented by a 16 serial clock cycle low pulse followed by a 
brief speedup pulse in the BKGD pin. This pulse is generated by the target MCU when a command, issued 
by the host, has been successfully executed (see Figure 7-10). This pulse is referred to as the ACK pulse. 
After the ACK pulse has finished: the host can start the bit retrieval if the last issued command was a read 
command, or start a new command if the last command was a write command or a control command 
(BACKGROUND, GO, GO_UNTIL or TRACE1). The ACK pulse is not issued earlier than 32 serial 
clock cycles after the BDM command was issued. The end of the BDM command is assumed to be the 
16th tick of the last bit. This minimum delay assures enough time for the host to perceive the ACK pulse. 
Note also that, there is no upper limit for the delay between the command and the related ACK pulse, since 
the command execution depends upon the CPU bus, which in some cases could be very slow due to long 
accesses taking place.This protocol allows a great flexibility for the POD designers, since it does not rely 
on any accurate time measurement or short response time to any event in the serial communication.

Figure 7-10. Target Acknowledge Pulse (ACK)

NOTE

If the ACK pulse was issued by the target, the host assumes the previous 
command was executed. If the CPU enters wait or stop prior to executing a 
hardware command, the ACK pulse will not be issued meaning that the 
BDM command was not executed. After entering wait or stop mode, the 
BDM command is no longer pending.

16 Cycles

BDM Clock
(Target MCU)

Target
Transmits

ACK Pulse

High-Impedance

BKGD Pin

Minimum Delay
From the BDM Command

32 Cycles

Earliest
Start of
Next Bit

Speedup Pulse

16th Tick of the
Last Command Bit

High-Impedance
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Table 12-6. ATDCTL2 Field Descriptions

Field Description

6
AFFC

ATD Fast Flag Clear All
0 ATD flag clearing done by write 1 to respective CCF[n] flag.
1 Changes all ATD conversion complete flags to a fast clear sequence. 

For compare disabled (CMPE[n]=0) a read access to the result register will cause the associated CCF[n] flag 
to clear automatically.
For compare enabled (CMPE[n]=1) a write access to the result register will cause the associated CCF[n] flag 
to clear automatically.

5
Reserved

Do not alter this bit from its reset value.It is for Manufacturer use only and can change the ATD behavior.

4
ETRIGLE

External Trigger Level/Edge Control — This bit controls the sensitivity of the external trigger signal. See 
Table 12-7 for details.

3
ETRIGP

External Trigger Polarity — This bit controls the polarity of the external trigger signal. See Table 12-7 for details.

2
ETRIGE

External Trigger Mode Enable — This bit enables the external trigger on one of the AD channels or one of the 
ETRIG3-0 inputs as described in Table 12-5. If the external trigger source is one of the AD channels, the digital 
input buffer of this channel is enabled. The external trigger allows to synchronize the start of conversion with 
external events. 
0 Disable external trigger
1 Enable external trigger

1
ASCIE

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

0
ACMPIE

ATD Compare Interrupt Enable — If automatic compare is enabled for conversion n (CMPE[n]=1 in ATDCMPE 
register) this bit enables the compare interrupt. If the CCF[n] flag is set (showing a successful compare for 
conversion n), the compare interrupt is triggered.
0 ATD Compare interrupt requests are disabled.
1 For the conversions in a sequence for which automatic compare is enabled (CMPE[n]=1), an ATD Compare 

Interrupt will be requested whenever any of the respective CCF flags is set.

Table 12-7. External Trigger Configurations

ETRIGLE ETRIGP External Trigger Sensitivity

0 0 Falling edge

0 1 Rising edge

1 0 Low level

1 1 High level
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14.3.2.3 ATD Control Register 2 (ATDCTL2)

Writes to this register will abort current conversion sequence.

Read: Anytime

Write: Anytime

Table 14-5. External Trigger Channel Select Coding

ETRIGSEL ETRIGCH3 ETRIGCH2 ETRIGCH1 ETRIGCH0 External trigger source is

0 0 0 0 0 AN0

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 AN8

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 ETRIG01

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

1 0 0 0 1 ETRIG11

1 0 0 1 0 ETRIG21

1 0 0 1 1 ETRIG31

1 0 1 X X Reserved

1 1 X X X Reserved

 Module Base + 0x0002

 7 6 5 4 3 2 1 0

R 0
AFFC Reserved ETRIGLE ETRIGP ETRIGE ASCIE ACMPIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 14-5. ATD Control Register 2 (ATDCTL2)
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15.3.2.4 ATD Control Register 3 (ATDCTL3)

Writes to this register will abort current conversion sequence.

Read: Anytime

Write: Anytime

 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 15-6. ATD Control Register 3 (ATDCTL3)

Table 15-8. ATDCTL3 Field Descriptions

Field Description

7
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 15-9 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 15-10 
shows all combinations. At reset, S4C is set to 1 (sequence length is 4). This is to maintain software continuity 
to HC12 family.

2
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 
(ATDDR0), 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 ATDSTAT0) 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 ATDCTL5, will always be place in the first result 
register (ATDDDR0). 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 ADC10B16C 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 15-11. 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.



Scalable Controller Area Network (S12MSCANV3)

MC9S12G Family Reference Manual Rev.1.27 

NXP Semiconductors 605

• Any CAN node is able to send out a stream of scheduled messages without releasing the CAN bus 
between the two messages. Such nodes arbitrate for the CAN bus immediately after sending the 
previous message and only release the CAN bus in case of lost arbitration.

• The internal message queue within any CAN node is organized such that the highest priority 
message is sent out first, if more than one message is ready to be sent.

The behavior described in the bullets above cannot be achieved with a single transmit buffer. That buffer 
must be reloaded immediately after the previous message is sent. This loading process lasts a finite amount 
of time and must be completed within the inter-frame sequence (IFS) to be able to send an uninterrupted 
stream of messages. Even if this is feasible for limited CAN bus speeds, it requires that the CPU reacts 
with short latencies to the transmit interrupt. 

A double buffer scheme de-couples the reloading of the transmit buffer from the actual message sending 
and, therefore, reduces the reactiveness requirements of the CPU. Problems can arise if the sending of a 
message is finished while the CPU re-loads the second buffer. No buffer would then be ready for 
transmission, and the CAN bus would be released.

At least three transmit buffers are required to meet the first of the above requirements under all 
circumstances. The MSCAN has three transmit buffers.

The second requirement calls for some sort of internal prioritization which the MSCAN implements with 
the “local priority” concept described in Section 18.4.2.2, “Transmit Structures.”

18.4.2.2 Transmit Structures

The MSCAN triple transmit buffer scheme optimizes real-time performance by allowing multiple 
messages to be set up in advance. The three buffers are arranged as shown in Figure 18-39.

All three buffers have a 13-byte data structure similar to the outline of the receive buffers (see 
Section 18.3.3, “Programmer’s Model of Message Storage”). An additional Transmit Buffer Priority 
Register (TBPR) contains an 8-bit local priority field (PRIO) (see Section 18.3.3.4, “Transmit Buffer 
Priority Register (TBPR)”). The remaining two bytes are used for time stamping of a message, if required 
(see Section 18.3.3.5, “Time Stamp Register (TSRH–TSRL)”).

To transmit a message, the CPU must identify an available transmit buffer, which is indicated by a set 
transmitter buffer empty (TXEx) flag (see Section 18.3.2.7, “MSCAN Transmitter Flag Register 
(CANTFLG)”). If a transmit buffer is available, the CPU must set a pointer to this buffer by writing to the 
CANTBSEL register (see Section 18.3.2.11, “MSCAN Transmit Buffer Selection Register 
(CANTBSEL)”). This makes the respective buffer accessible within the CANTXFG address space (see 
Section 18.3.3, “Programmer’s Model of Message Storage”). The algorithmic feature associated with the 
CANTBSEL register simplifies the transmit buffer selection. In addition, this scheme makes the handler 
software simpler because only one address area is applicable for the transmit process, and the required 
address space is minimized.

The CPU then stores the identifier, the control bits, and the data content into one of the transmit buffers. 
Finally, the buffer is flagged as ready for transmission by clearing the associated TXE flag.
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20.3.2.3 SCI Alternative Status Register 1 (SCIASR1)

Read: Anytime, if AMAP = 1

Write: Anytime, if AMAP = 1

20.3.2.4 SCI Alternative Control Register 1 (SCIACR1)

Read: Anytime, if AMAP = 1

Write: Anytime, if AMAP = 1

Module Base + 0x0000

 7 6 5 4 3 2 1 0

R
RXEDGIF

0 0 0 0 BERRV
BERRIF BKDIF

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 20-6. SCI Alternative Status Register 1 (SCIASR1)

Table 20-6. SCIASR1 Field Descriptions

Field Description

7
RXEDGIF

Receive Input Active Edge Interrupt Flag — RXEDGIF is asserted, if an active edge (falling if RXPOL = 0, 
rising if RXPOL = 1) on the RXD input occurs. RXEDGIF bit is cleared by writing a “1” to it. 
0 No active receive on the receive input has occurred
1 An active edge on the receive input has occurred

2
BERRV

Bit Error Value — BERRV reflects the state of the RXD input when the bit error detect circuitry is enabled and 
a mismatch to the expected value happened. The value is only meaningful, if BERRIF = 1.
0 A low input was sampled, when a high was expected
1 A high input reassembled, when a low was expected

1
BERRIF

Bit Error Interrupt Flag — BERRIF is asserted, when the bit error detect circuitry is enabled and if the value 
sampled at the RXD input does not match the transmitted value. If the BERRIE interrupt enable bit is set an 
interrupt will be generated. The BERRIF bit is cleared by writing a “1” to it.
0 No mismatch detected
1 A mismatch has occurred

0
BKDIF

Break Detect Interrupt Flag — BKDIF is asserted, if the break detect circuitry is enabled and a break signal is 
received. If the BKDIE interrupt enable bit is set an interrupt will be generated. The BKDIF bit is cleared by writing 
a “1” to it.
0 No break signal was received
1 A break signal was received

Module Base + 0x0001

 7 6 5 4 3 2 1 0

R
RXEDGIE

0 0 0 0 0
BERRIE BKDIE

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 20-7. SCI Alternative Control Register 1 (SCIACR1)
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23.3.2.4 Output Compare 7 Data Register (OC7D)
1 .

Read: Anytime

Write: Anytime 

23.3.2.5 Timer Count Register (TCNT)

Table 23-4. OC7M Field Descriptions

Field Description

7:0
OC7M[7:0]

Output Compare 7 Mask — A channel 7 event, which can be a counter overflow when TTOV[7] is set or a 
successful output compare on channel 7, overrides any channel 6:0 compares. For each OC7M bit that is set, 
the output compare action reflects the corresponding OC7D bit. 
0 The corresponding OC7Dx bit in the output compare 7 data register will not be transferred to the timer port on 

a channel 7 event, even if the corresponding pin is setup for output compare.
1 The corresponding OC7Dx bit in the output compare 7 data register will be transferred to the timer port on a 

channel 7 event.
Note: The corresponding channel must also be setup for output compare (IOSx = 1 and OCPDx = 0) for data to 

be transferred from the output compare 7 data register to the timer port.

Module Base + 0x0003

 7 6 5 4 3 2 1 0

R
OC7D7 OC7D6 OC7D5 OC7D4 OC7D3 OC7D2 OC7D1 OC7D0

W

Reset 0 0 0 0 0 0 0 0

Figure 23-9. Output Compare 7 Data Register (OC7D)

Table 23-5. OC7D Field Descriptions

Field Description

7:0
OC7D[7:0]

Output Compare 7 Data — A channel 7 event, which can be a counter overflow when TTOV[7] is set or a 
successful output compare on channel 7, can cause bits in the output compare 7 data register to transfer to the 
timer port data register depending on the output compare 7 mask register. 

Module Base + 0x0004

 15 14 13 12 11 10 9 9

R
TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNT8

W

Reset 0 0 0 0 0 0 0 0

Figure 23-10. Timer Count Register High (TCNTH)
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A summary of the Flash module registers is given in Figure 25-4 with detailed descriptions in the 
following subsections.

Address
& Name

7 6 5 4 3 2 1 0

0x0000
FCLKDIV

R FDIVLD
FDIVLCK FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIV0

W

0x0001
FSEC

R KEYEN1 KEYEN0 RNV5 RNV4 RNV3 RNV2 SEC1 SEC0

W

0x0002
FCCOBIX

R 0 0 0 0 0
CCOBIX2 CCOBIX1 CCOBIX0

W

0x0003
FRSV0

R 0 0 0 0 0 0 0 0

W

0x0004
FCNFG

R
CCIE

0 0
IGNSF

0 0
FDFD FSFD

W

0x0005
FERCNFG

R 0 0 0 0 0 0
DFDIE SFDIE

W

0x0006
FSTAT

R
CCIF

0
ACCERR FPVIOL

MGBUSY RSVD MGSTAT1 MGSTAT0

W

0x0007
FERSTAT

R 0 0 0 0 0 0
DFDIF SFDIF

W

0x0008
FPROT

R
FPOPEN

RNV6
FPHDIS FPHS1 FPHS0 FPLDIS FPLS1 FPLS0

W

0x0009
EEPROT

R
DPOPEN

0 0
DPS4 DPS3 DPS2 DPS1 DPS0

W

0x000A
FCCOBHI

R
CCOB15 CCOB14 CCOB13 CCOB12 CCOB11 CCOB10 CCOB9 CCOB8

W

0x000B
FCCOBLO

R
CCOB7 CCOB6 CCOB5 CCOB4 CCOB3 CCOB2 CCOB1 CCOB0

W

0x000C
FRSV1

R 0 0 0 0 0 0 0 0

W

Figure 25-4. FTMRG32K1 Register Summary
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25.3.2.11 Flash Common Command Object Register (FCCOB)

The FCCOB is an array of six words addressed via the CCOBIX index found in the FCCOBIX register. 
Byte wide reads and writes are allowed to the FCCOB register. 

25.3.2.11.1 FCCOB - NVM Command Mode

NVM command mode uses the indexed FCCOB register to provide a command code and its relevant 
parameters to the Memory Controller. The user first sets up all required FCCOB fields and then initiates 
the command’s execution by writing a 1 to the CCIF bit in the FSTAT register (a 1 written by the user clears 
the CCIF command completion flag to 0). When the user clears the CCIF bit in the FSTAT register all 
FCCOB parameter fields are locked and cannot be changed by the user until the command completes (as 
evidenced by the Memory Controller returning CCIF to 1). Some commands return information to the 
FCCOB register array.

The generic format for the FCCOB parameter fields in NVM command mode is shown in Table 25-24. 
The return values are available for reading after the CCIF flag in the FSTAT register has been returned to 
1 by the Memory Controller. Writes to the unimplemented parameter fields (CCOBIX = 110 and CCOBIX 
= 111) are ignored with reads from these fields returning 0x0000.

Table 25-24 shows the generic Flash command format. The high byte of the first word in the CCOB array 
contains the command code, followed by the parameters for this specific Flash command. For details on 
the FCCOB settings required by each command, see the Flash command descriptions in Section 25.4.6.

Offset Module Base + 0x000A

 7 6 5 4 3 2 1 0

R
CCOB[15:8]

W

Reset 0 0 0 0 0 0 0 0

Figure 25-16. Flash Common Command Object High Register (FCCOBHI)

Offset Module Base + 0x000B

 7 6 5 4 3 2 1 0

R
CCOB[7:0]

W

Reset 0 0 0 0 0 0 0 0

Figure 25-17. Flash Common Command Object Low Register (FCCOBLO)

Table 25-24. FCCOB - NVM Command Mode (Typical Usage)

CCOBIX[2:0] Byte FCCOB Parameter Fields (NVM Command Mode)

000
HI FCMD[7:0] defining Flash command

LO 6’h0, Global address [17:16]

001
HI Global address [15:8]

LO Global address [7:0]



32 KByte Flash Module (S12FTMRG32K1V1)

MC9S12G Family Reference Manual Rev.1.27 

NXP Semiconductors 851

25.4.6.7 Erase All Blocks Command

The Erase All Blocks operation will erase the entire P-Flash and EEPROM memory space.

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.

25.4.6.8 Erase Flash Block Command

The Erase Flash Block operation will erase all addresses in a P-Flash or EEPROM block.

Table 25-43. Program Once Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

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

Set if command not available in current mode (see Table 25-27)

Set if an invalid phrase index is supplied

Set if the requested phrase has already been programmed1

1 If a Program Once phrase is initially programmed to 0xFFFF_FFFF_FFFF_FFFF, the Program Once command will 
be allowed to execute again on that same phrase.

FPVIOL None

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

MGSTAT0
Set if any non-correctable errors have been encountered during the verify 
operation

Table 25-44. Erase All Blocks Command FCCOB Requirements

CCOBIX[2:0] FCCOB Parameters

000 0x08 Not required

Table 25-45. Erase All Blocks Command Error Handling

Register Error Bit Error Condition

FSTAT

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

Set if command not available in current mode (see Table 25-27)

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

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

1 As found in the memory map for FTMRG32K1.

MGSTAT0
Set if any non-correctable errors have been encountered during the verify 
operation 
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26.3.2.9.1 P-Flash Protection Restrictions

The general guideline is that P-Flash protection can only be added and not removed. Table 26-21 specifies 
all valid transitions between P-Flash protection scenarios. Any attempt to write an invalid scenario to the 
FPROT register will be ignored. The contents of the FPROT register reflect the active protection scenario. 
See the FPHS and FPLS bit descriptions for additional restrictions.

26.3.2.10 EEPROM Protection Register (EEPROT)

The EEPROT register defines which EEPROM sectors are protected against program and erase operations.

The (unreserved) bits of the EEPROT register are writable with the restriction that protection can be added 
but not removed. Writes must increase the DPS value and the DPOPEN bit can only be written from 1 
(protection disabled) to 0 (protection enabled). If the DPOPEN bit is set, the state of the DPS bits is 
irrelevant.

Table 26-21. P-Flash Protection Scenario Transitions

From
Protection 
Scenario

To Protection Scenario1

1 Allowed transitions marked with X, see Figure 26-14 for a definition of the scenarios.

0 1 2 3 4 5 6 7

0 X X X X

1 X X

2 X X

3 X

4 X X

5 X X X X

6 X X X X

7 X X X X X X X X

Offset Module Base + 0x0009

 7 6 5 4 3 2 1 0

R
DPOPEN

0
DPS[5:0]

W

Reset F1

1 Loaded from IFR Flash configuration field, during reset sequence.

0 F1 F1 F1 F1 F1 F1

= Unimplemented or Reserved

Figure 26-15. EEPROM Protection Register (EEPROT)
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Upon clearing CCIF to launch the Set User Margin Level command, the Memory Controller will set the 
user margin level for the targeted block and then set the CCIF flag.

NOTE

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

Valid margin level settings for the Set User Margin Level command are defined in Table 27-55.

NOTE

User margin levels can be used to check that Flash memory contents have 
adequate margin for normal level read operations. If unexpected results are 
encountered when checking Flash memory contents at user margin levels, a 
potential loss of information has been detected.

Table 27-55. Valid Set User Margin Level Settings

CCOB
(CCOBIX=001)

Level Description

0x0000 Return to Normal Level

0x0001 User Margin-1 Level1

1 Read margin to the erased state

0x0002 User Margin-0 Level2

2 Read margin to the programmed state

Table 27-56. Set User Margin Level Command Error Handling

Register Error Bit Error Condition

FSTAT

ACCERR

Set if CCOBIX[2:0] != 001 at command launch

Set if command not available in current mode (see Table 27-27)

Set if an invalid FlashBlockSelectionCode[1:0] is supplied (See   Table 27-34 )

Set if an invalid margin level setting is supplied

FPVIOL None

MGSTAT1 None

MGSTAT0 None
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Chapter 28  
96 KByte Flash Module (S12FTMRG96K1V1)

28.1 Introduction

The FTMRG96K1 module implements the following:

• 96Kbytes of P-Flash (Program Flash) memory

• 3 Kbytes of EEPROM memory

The Flash memory is ideal for single-supply applications allowing for field reprogramming without 
requiring external high voltage sources for program or erase operations. The Flash module includes a 
memory controller that executes commands to modify Flash memory contents. The user interface to the 
memory controller consists of the indexed Flash Common Command Object (FCCOB) register which is 
written to with the command, global address, data, and any required command parameters. The memory 
controller must complete the execution of a command before the FCCOB register can be written to with a 
new command.

CAUTION

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

Table 28-1. Revision History

Revision 
Number

Revision
Date

Sections 
Affected

Description of Changes

V01.04 17 Jun 2010 28.4.6.1/28-100
2

28.4.6.2/28-100
3

28.4.6.3/28-100
4

28.4.6.14/28-10
13

Clarify Erase Verify Commands Descriptions related to the bits MGSTAT[1:0] 
of the register FSTAT.

V01.05 20 aug 2010 28.4.6.2/28-100
3

28.4.6.12/28-10
10

28.4.6.13/28-10
12

Updated description of the commands RD1BLK, MLOADU and MLOADF

Rev.1.27 31 Jan 2011 28.3.2.9/28-985 Updated description of protection on Section 28.3.2.9 
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Figure 29-1. FTMRG128K1 Block Diagram 

29.2 External Signal Description

The Flash module contains no signals that connect off-chip. 

Bus
Clock
Divider

Clock

Command
Interrupt
Request

FCLK

Protection

Security

Registers

Flash
Interface

16bit
internal
bus

sector 0
sector 1

sector 255

32Kx39
P-Flash

Error
Interrupt
Request

CPU

sector 0
sector 1

sector 1023

 
2Kx22

EEPROM

Memory Controller


