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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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1.8 Device Pinouts

1.8.1 S12GN16 and S12GN32

1.8.1.1 Pinout 20-Pin TSSOP

Figure 1-3. 20-Pin TSSOP Pinout for S12GN16 and S12GN32

Table 1-8.  20-Pin TSSOP Pinout for S12GN16 and S12GN32

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

Power
Supply

Internal Pull 
Resistor

Package
Pin

Pin
2nd

Func.
3rd

Func.
4th

Func
5th

Func
6th

Func
7th

Func
8th

Func
CTRL

Reset
State

1 PS6 IOC3 SCK0 — — — — — VDDX PERS/PPSS Up

2 PS7 ETRIG3 API_EXTC
LK

ECLK PWM3 TXD0 SS0 — VDDX PERS/PPSS Up

3 RESET — — — — — — — VDDX PULLUP 

4 VDDXRA VRH — — — — — — — — —

5 VSSXA — — — — — — — — — —

6 PE01 ETRIG0 PWM0 IOC2 RXD0 EXTAL — — VDDX PUCR/PDPEE Down

7 VSS — — — — — — — — — —

8 PE11 ETRIG1 PWM1 IOC3 TXD0 XTAL — — PUCR/PDPEE Down

9 TEST — — — — — — — N.A. RESET pin Down

10 BKGD MODC — — — — — — VDDX Always on Up

11 PT1 IOC1 IRQ — — — — — VDDX PERT/PPST Disabled

12 PT0 IOC0 XIRQ — — — — — VDDX PERT/PPST Disabled

13 PAD0 KWAD0 AN0 — — — — — VDDA PER1AD/PPS1AD Disabled

14 PAD1 KWAD1 AN1 — — — — — VDDA PER1AD/PPS1AD Disabled

15 PAD2 KWAD2 AN2 — — — — — VDDA PER1AD/PPS1AD Disabled

1
2
3
4
5
6
7
8
9

10

20
19
18
17
16
15
14
13
12
11

S12GN16
S12GN32

20-Pin TSSOP

PS5/IOC2/MOSI0
PS4/ETRIG2/PWM2/RXD0/MISO0
PAD5/KWAD5/ETRIG3/PWM3/IOC3/TXD0/AN5/ACMPM
PAD4/KWAD4/ETRIG2/PWM2/IOC2/RXD0/AN4/ACMPP
PAD3/KWAD3/AN3/ACMPO
PAD2/KWAD2/AN2
PAD1/KWAD1/AN1
PAD0/KWAD0/AN0
PT0/IOC0/XIRQ
PT1/IOC1/IRQ

SCK0/IOC3/PS6
SS0/TXD0/PWM3/ECLK/API_EXTCLK/ETRIG3/PS7

RESET
VRH/VDDXRA

VSSXA
EXTAL/RXD0/PWM0/IOC2/ETRIG0/PE0

VSS
XTAL/TXD0/PWM1/IOC3/ETRIG1/PE1

TEST
BKGD
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1.8.7.3 Pinout 100-Pin LQFP

Figure 1-20. 100-Pin LQFP Pinout for S12GA96 and S12GA128
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28 PB3 — — — VDDX PUCR/PUPBE Disabled

29 PP0 KWP0 ETRIG0 PWM0 VDDX PERP/PPSP Disabled

30 PP1 KWP1 ETRIG1 PWM1 VDDX PERP/PPSP Disabled

31 PP2 KWP2 ETRIG2 PWM2 VDDX PERP/PPSP Disabled

32 PP3 KWP3 ETRIG3 PWM3 VDDX PERP/PPSP Disabled

33 PP4 KWP4 PWM4 — VDDX PERP/PPSP Disabled

34 PP5 KWP5 PWM5 — VDDX PERP/PPSP Disabled

35 PP6 KWP6 PWM6 — VDDX PERP/PPSP Disabled

36 PP7 KWP7 PWM7 — VDDX PERP/PPSP Disabled

37 VDDX3 — — — — — —

38 VSSX3 — — — — — —

39 PT7 IOC7 — — VDDX PERT/PPST Disabled

40 PT6 IOC6 — — VDDX PERT/PPST Disabled

41 PT5 IOC5 — — VDDX PERT/PPST Disabled

42 PT4 IOC4 — — VDDX PERT/PPST Disabled

43 PT3 IOC3 — — VDDX PERT/PPST Disabled

44 PT2 IOC2 — — VDDX PERT/PPST Disabled

45 PT1 IOC1 — — VDDX PERT/PPST Disabled

46 PT0 IOC0 — — VDDX PERT/PPST Disabled

47 PB4 IRQ — — VDDX PUCR/PUPBE Disabled

48 PB5 XIRQ — — VDDX PUCR/PUPBE Disabled

49 PB6 — — — VDDX PUCR/PUPBE Disabled

50 PB7 — — — VDDX PUCR/PUPBE Disabled

51 PC0 — — — VDDA PUCR/PUPCE Disabled

52 PC1 — — — VDDA PUCR/PUPCE Disabled

53 PC2 — — — VDDA PUCR/PUPCE Disabled

54 PC3 — — — VDDA PUCR/PUPCE Disabled

55 PAD0 KWAD0 AN0 — VDDA PER1AD/PPS1AD Disabled

56 PAD8 KWAD8 AN8 — VDDA PER0AD/PPS0AD Disabled

Table 1-28.  100-Pin LQFP Pinout for S12G192 and S12G240

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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2.4.3.38 Port P Polarity Select Register (PPSP)

Table 2-64. PERP Register Field Descriptions

Field Description

7-0
PERP

Port P pull device enable—Enable pull device on input pin
This bit controls whether a pull device on the associated port input pin is active. If a pin is used as output this bit has 
no effect. The polarity is selected by the related polarity select register bit.

1 Pull device enabled
0 Pull device disabled

 Address 0x025D (G1, G2) Access: User read/write1

1 Read: Anytime
Write: Anytime

 7 6 5 4 3 2 1 0

 R
PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSP0

 W

Reset 0 0 0 0 0 0 0 0

 Address 0x025D (G3) Access: User read/write1

 7 6 5 4 3 2 1 0

 R 0 0
PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSP0

 W

Reset 0 0 0 0 0 0 0 0

Figure 2-39. Port P Polarity Select Register (PPSP)

Table 2-65. PPSP Register Field Descriptions

Field Description

7-0
PPSP

Port P pull device select—Configure pull device and pin interrupt edge polarity on input pin
This bit selects a pullup or a pulldown device if enabled on the associated port input pin. 
This bit also selects the polarity of the active pin interrupt edge.

1 Pulldown device selected; rising edge selected
0 Pullup device selected; falling edge selected
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The reset value of 0xE ensures that there is linear Flash space available between addresses 0x0000 and 
0xFFFF out of reset.

The fixed 16KB page from 0xC000-0xFFFF is the page number 0xF.

5.4 Functional Description

The S12GMMC block performs several basic functions of the S12G sub-system operation: MCU 
operation modes, priority control, address mapping, select signal generation and access limitations for the 
system. Each aspect is described in the following subsections.

5.4.1 MCU Operating Modes

• Normal single chip mode

This is the operation mode for running application code. There is no external bus in this mode. 

• Special single chip mode

This mode is generally used for debugging operation, boot-strapping or security related operations. 
The active background debug mode is in control of the CPU code execution and the BDM firmware 
is waiting for serial commands sent through the BKGD pin.

5.4.2 Memory Map Scheme

5.4.2.1 CPU and BDM Memory Map Scheme

The BDM firmware lookup tables and BDM register memory locations share addresses with other 
modules; however they are not visible in the memory map during user’s code execution. The BDM 
memory resources are enabled only during the READ_BD and WRITE_BD access cycles to distinguish 
between accesses to the BDM memory area and accesses to the other modules. (Refer to BDM Block 
Guide for further details).

When the MCU enters active BDM mode, the BDM firmware lookup tables and the BDM registers 
become visible in the local memory map in the range 0xFF00-0xFFFF (global address 0x3_FF00 - 
0x3_FFFF) and the CPU begins execution of firmware commands or the BDM begins execution of 
hardware commands. The resources which share memory space with the BDM module will not be visible 
in the memory map during active BDM mode.

Please note that after the MCU enters active BDM mode the BDM firmware lookup tables and the BDM 
registers will also be visible between addresses 0xBF00 and 0xBFFF if the PPAGE register contains value 
of 0x0F.

5.4.2.1.1 Expansion of the Local Address Map

Expansion of the CPU Local Address Map

The program page index register in S12GMMC allows accessing up to 256KB of address space in the 
global memory map by using the four index bits (PPAGE[3:0]) to page 16x16 KB blocks into the program 
page window located from address 0x8000 to address 0xBFFF in the local CPU memory map.
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Since the host knows the target serial clock frequency, the SYNC command (used to abort a command) 
does not need to consider the lower possible target frequency. In this case, the host could issue a SYNC 
very close to the 128 serial clock cycles length. Providing a small overhead on the pulse length in order to 
assure the SYNC pulse will not be misinterpreted by the target. See Section 7.4.9, “SYNC — Request 
Timed Reference Pulse”.

Figure 7-12 shows a SYNC command being issued after a READ_BYTE, which aborts the READ_BYTE 
command. Note that, after the command is aborted a new command could be issued by the host computer.

Figure 7-12. ACK Abort Procedure at the Command Level

NOTE

Figure 7-12 does not represent the signals in a true timing scale

Figure 7-13 shows a conflict between the ACK pulse and the SYNC request pulse. This conflict could 
occur if a POD device is connected to the target BKGD pin and the target is already in debug active mode. 
Consider that the target CPU is executing a pending BDM command at the exact moment the POD is being 
connected to the BKGD pin. In this case, an ACK pulse is issued along with the SYNC command. In this 
case, there is an electrical conflict between the ACK speedup pulse and the SYNC pulse. Since this is not 
a probable situation, the protocol does not prevent this conflict from happening.

Figure 7-13. ACK Pulse and SYNC Request Conflict
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11.3.2.4 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 11-6. ATD Control Register 3 (ATDCTL3)

Table 11-8. 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 11-9 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 11-10 
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 ADC10B8C 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 11-11. 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.
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Table 11-9. Examples of ideal decimal ATD Results

Input Signal
VRL = 0 Volts

VRH = 5.12 Volts

8-Bit
 Codes

(resolution=20mV)

10-Bit
Codes

(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
...
1
1
1
1
1
1
1
0
0
0
0
0
0

1023
...
4
4
4
3
3
2
2
2
1
1
1
0
0

Reserved

Table 11-10. Conversion Sequence Length Coding

S8C S4C S2C S1C
Number of Conversions 

per Sequence

0 0 0 0 8

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8

1 0 0 1 8

1 0 1 0 8

1 0 1 1 8

1 1 0 0 8

1 1 0 1 8

1 1 1 0 8

1 1 1 1 8

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

FRZ1 FRZ0 Behavior in Freeze Mode

0 0 Continue conversion
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This buffer can be turned on or off with the ATDDIEN register for each ATD input pin. 
This is important so that the buffer does not draw excess current when an ATD input pin is selected as 
analog input to the ADC10B8C.

11.5 Resets

At reset the ADC10B8C is in a power down state. The reset state of each individual bit is listed within the 
Register Description section (see Section 11.3.2, “Register Descriptions”) which details the registers and 
their bit-field.

11.6 Interrupts

The interrupts requested by the ADC10B8C are listed in Table 11-24. Refer to MCU specification for 
related vector address and priority.

See Section 11.3.2, “Register Descriptions” for further details.

Table 11-24. ATD Interrupt Vectors

Interrupt Source
CCR 
Mask

Local Enable

Sequence Complete Interrupt I bit ASCIE in ATDCTL2

Compare Interrupt I bit ACMPIE in ATDCTL2
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Chapter 19  
Pulse-Width Modulator (S12PWM8B8CV2) 

19.1 Introduction

The Version 2 of S12 PWM module is a channel scalable and optimized implementation of S12 
PWM8B8C Version 1. The channel is scalable in pairs from PWM0 to PWM7 and the available channel 
number is 2, 4, 6 and 8. The shutdown feature has been removed and the flexibility to select one of four 
clock sources per channel has improved. If the corresponding channels exist and shutdown feature is not 
used, the Version 2 is fully software compatible to Version 1.

19.1.1 Features

The scalable PWM block includes these distinctive features:

• Up to eight independent PWM channels, scalable in pairs (PWM0 to PWM7)

• Available channel number could be 2, 4, 6, 8 (refer to device specification for exact number)

• Programmable period and duty cycle for each channel

• Dedicated counter for each PWM channel

• Programmable PWM enable/disable for each channel

• Software selection of PWM duty pulse polarity for each channel

• Period and duty cycle are double buffered. Change takes effect when the end of the effective period 
is reached (PWM counter reaches zero) or when the channel is disabled.

• Programmable center or left aligned outputs on individual channels

• Up to eight 8-bit channel or four 16-bit channel PWM resolution

• Four clock sources (A, B, SA, and SB) provide for a wide range of frequencies

• Programmable clock select logic

19.1.2 Modes of Operation

There is a software programmable option for low power consumption in wait mode that disables the input 
clock to the prescaler.

In freeze mode there is a software programmable option to disable the input clock to the prescaler. This is 
useful for emulation.

Wait: The prescaler keeps on running, unless PSWAI in PWMCTL is set to 1. 

Freeze: The prescaler keeps on running, unless PFRZ in PWMCTL is set to 1. 
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The clock source of each PWM channel is determined by PCLKx bits in PWMCLK and PCLKABx bits 
in PWMCLKAB (see Section 19.3.2.7, “PWM Clock A/B Select Register (PWMCLKAB)). For Channel 
0, 1, 4, 5, the selection is shown in Table 19-5; For Channel 2, 3, 6, 7, the selection is shown in Table 19-6.

Table 19-5. PWM Channel 0, 1, 4, 5 Clock Source Selection

Table 19-6. PWM Channel 2, 3, 6, 7 Clock Source Selection

19.3.2.4 PWM Prescale Clock Select Register (PWMPRCLK)

This register selects the prescale clock source for clocks A and B independently.

Read: Anytime

Write: Anytime

NOTE

PCKB2–0 and PCKA2–0 register bits can be written anytime. If the clock 
pre-scale is changed while a PWM signal is being generated, a truncated or 
stretched pulse can occur during the transition.

Table 19-4. PWMCLK 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
PCLK[7:0]

Pulse Width Channel 7-0 Clock Select
0 Clock A or B is the clock source for PWM channel 7-0, as shown in Table 19-5 and Table 19-6.
1 Clock SA or SB is the clock source for PWM channel 7-0, as shown in Table 19-5 and Table 19-6.

PCLKAB[0,1,4,5] PCLK[0,1,4,5] Clock Source Selection

0     0 Clock A
0     1 Clock SA
1     0 Clock B
1     1 Clock SB

PCLKAB[2,3,6,7] PCLK[2,3,6,7] Clock Source Selection 

0     0 Clock B
0     1 Clock SB
1     0 Clock A
1     1 Clock SA

Module Base + 0x0003

 7 6 5 4 3 2 1 0

R 0
PCKB2 PCKB1 PCKB0

0
PCKA2 PCKA1 PCKA0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 19-6. PWM Prescale Clock Select Register (PWMPRCLK)
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22.3.2.6 Timer Control Register 1/Timer Control Register 2 (TCTL1/TCTL2)

Read: Anytime

Write: Anytime 

Table 22-5. TTOV Field Descriptions

Note: Writing to unavailable bits has no effect. Reading from unavailable bits return a zero.

Field Description

5:0
TOV[5:0]

Toggle On Overflow Bits — TOVx toggles output compare pin on overflow. This feature only takes effect when 
in output compare mode. When set, it takes precedence over forced output compare  
0 Toggle output compare pin on overflow feature disabled. 
1 Toggle output compare pin on overflow feature enabled. 

Module Base + 0x0008

 7 6 5 4 3 2 1 0

R
RESERVED RESERVED RESERVED RESERVED OM5 OL5 OM4 OL4

W

Reset 0 0 0 0 0 0 0 0

Figure 22-10. Timer Control Register 1 (TCTL1)

Module Base + 0x0009

 7 6 5 4 3 2 1 0

R
OM3 OL3 OM2 OL2 OM1 OL1 OM0 OL0

W

Reset 0 0 0 0 0 0 0 0

Figure 22-11. Timer Control Register 2 (TCTL2)

Table 22-6. TCTL1/TCTL2 Field Descriptions

Note: Writing to unavailable bits has no effect. Reading from unavailable bits return a zero 

Field Description

5:0
OMx

Output Mode — These six pairs of control bits are encoded to specify the output action to be taken as a result 
of a successful OCx compare. When either OMx or OLx is 1, the pin associated with OCx becomes an output 
tied to OCx. 
Note:  For an output line to be driven by an OCx the OCPDx must be cleared. 

5:0
OLx

Output Level — These sixpairs of control bits are encoded to specify the output action to be taken as a result of 
a successful OCx compare. When either OMx or OLx is 1, the pin associated with OCx becomes an output tied 
to OCx. 
Note:  For an output line to be driven by an OCx the OCPDx must be cleared.



Timer Module (TIM16B6CV3) 

MC9S12G Family Reference Manual Rev.1.27

732 NXP Semiconductors

22.3.2.13 Output Compare Pin Disconnect Register(OCPD)

Read: Anytime

Write: Anytime

All bits reset to zero.

22.3.2.14 Precision Timer Prescaler Select Register (PTPSR)

Read: Anytime

Write: Anytime

All bits reset to zero.

Module Base + 0x002C

 7 6 5 4 3 2 1 0

R
RESERVED RESERVED OCPD5 OCPD4 OCPD3 OCPD2 OCPD1 OCPD0

W

Reset 0 0 0 0 0 0 0 0

Figure 22-20. Output Compare Pin Disconnect Register (OCPD)

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
OCPD[5:0]

Output Compare Pin Disconnect Bits
0 Enables the timer channel port. Output Compare action will occur on the channel pin. These bits do not affect 

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

compare flag still become set. 

Module Base + 0x002E

 7 6 5 4 3 2 1 0

R
PTPS7 PTPS6 PTPS5 PTPS4 PTPS3 PTPS2 PTPS1 PTPS0

W

Reset 0 0 0 0 0 0 0 0

Figure 22-21. Precision Timer Prescaler Select Register (PTPSR)
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All bits in the FSEC register are readable but not writable.

During the reset sequence, the FSEC register is loaded with the contents of the Flash security byte in the 
Flash configuration field at global address 0x3_FF0F located in P-Flash memory (see Table 24-4) as 
indicated by reset condition F in Figure 24-6. 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.

Offset Module Base + 0x0001

 7 6 5 4 3 2 1 0

R KEYEN[1:0] RNV[5:2] SEC[1:0]

W

Reset F1

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

F1 F1 F1 F1 F1 F1 F1

= Unimplemented or Reserved

Figure 24-6. Flash Security Register (FSEC)

Table 24-9. FSEC Field Descriptions

Field Description

7–6
KEYEN[1:0]

Backdoor Key Security Enable Bits — The KEYEN[1:0] bits define the enabling of backdoor key access to the 
Flash module as shown in Table 24-10.

5–2
RNV[5:2]

Reserved Nonvolatile Bits — The RNV bits should remain in the erased state for future enhancements.

1–0
SEC[1:0]

Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 24-11. If the 
Flash module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 24-10. Flash KEYEN States

KEYEN[1:0] Status of Backdoor Key Access

00 DISABLED

01 DISABLED1

1 Preferred KEYEN state to disable backdoor key access.

10 ENABLED

11 DISABLED

Table 24-11. Flash Security States

SEC[1:0] Status of Security

00 SECURED

01 SECURED1

1 Preferred SEC state to set MCU to secured state.

10 UNSECURED

11 SECURED
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26.3.2.11 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. 

26.3.2.11.1 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 26-24. 
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 26-24 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 26.4.6.

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 26-16. 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 26-17. Flash Common Command Object Low Register (FCCOBLO)

Table 26-24. 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]
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27.4.5 Allowed Simultaneous P-Flash and EEPROM Operations

Only the operations marked ‘OK’ in Table 27-30 are permitted to be run simultaneously on the Program 
Flash and EEPROM blocks. Some operations cannot be executed simultaneously because certain 
hardware resources are shared by the two memories. The priority has been placed on permitting Program 
Flash reads while program and erase operations execute on the EEPROM, providing read (P-Flash) while 
write (EEPROM) functionality. 

0x08 Erase All Blocks

Erase all EEPROM (and P-Flash) blocks.
An erase of all Flash blocks is only possible when the FPLDIS, FPHDIS, and FPOPEN 
bits in the FPROT register and the DPOPEN bit in the EEPROT register are set prior to 
launching the command. 

0x09 Erase Flash Block
Erase a EEPROM (or P-Flash) block.
An erase of the full EEPROM block is only possible when DPOPEN bit in the EEPROT 
register is set prior to launching the command. 

0x0B Unsecure Flash
Supports a method of releasing MCU security by erasing all EEPROM (and P-Flash) 
blocks and verifying that all EEPROM (and P-Flash) blocks are erased.

0x0D
Set User Margin 

Level
Specifies a user margin read level for the EEPROM block.

0x0E
Set Field Margin 

Level
Specifies a field margin read level for the EEPROM block (special modes only).

0x10
Erase Verify 

EEPROM Section
Verify that a given number of words starting at the address provided are erased.

0x11
Program 
EEPROM

Program up to four words in the EEPROM block.

0x12
Erase EEPROM 

Sector
Erase all bytes in a sector of the EEPROM block.

Table 27-30. Allowed P-Flash and EEPROM Simultaneous Operations

EEPROM

Program Flash Read
Margin
Read1 Program

Sector 
Erase

Mass
Erase2

Read OK OK OK

Margin Read1

1 A ‘Margin Read’ is any read after executing the margin setting commands 
‘Set User Margin Level’ or ‘Set Field Margin Level’ with anything but the 
‘normal’ level specified. See the Note on margin settings in Section 27.4.6.12 
and Section 27.4.6.13.

Program

Sector Erase

Mass Erase2

2 The ‘Mass Erase’ operations are commands ‘Erase All Blocks’ and ‘Erase 
Flash Block’

OK

Table 27-29. EEPROM Commands

FCMD Command Function on EEPROM Memory
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Figure 29-26. Generic Flash Command Write Sequence Flowchart

Write to FCCOBIX register

Write: FSTAT register (to launch command)
Clear CCIF 0x80 

Clear ACCERR/FPVIOL 0x30
Write: FSTAT registeryes

no

Access Error and 
Protection Violation

Read: FSTAT register

START

Check

FCCOB

ACCERR/
FPVIOL 
Set?

EXIT

Write: FCLKDIV register

Read: FCLKDIV register

yes

noFDIV 
Correct?

noBit Polling for
Command Completion
Check

yes

CCIF Set?

to identify specific command 
parameter to load.

Write to FCCOB register
to load required command parameter.

yes

no

More 
Parameters?

Availability Check

Results from previous Command

Note: FCLKDIV must be
set after each reset

Read: FSTAT register

no

yes

CCIF
Set?

no

yes

CCIF
Set?

Clock Divider
Value Check Read: FSTAT register
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31.4.6.2 Erase Verify Block Command

The Erase Verify Block command allows the user to verify that an entire P-Flash or EEPROM block has 
been erased. The FCCOB FlashBlockSelectionCode[1:0]bits determine which block must be verified.

Upon clearing CCIF to launch the Erase Verify Block command, the Memory Controller will verify that 
the selected P-Flash or EEPROM block is erased. The CCIF flag will set after the Erase Verify Block 
operation has completed.If the block is not erased, it means blank check failed, both MGSTAT bits will be 
set.

31.4.6.3 Erase Verify P-Flash Section Command

The Erase Verify P-Flash Section command will verify that a section of code in the P-Flash memory is 
erased. The Erase Verify P-Flash Section command defines the starting point of the code to be verified and 
the number of phrases.

Table 31-33. Erase Verify Block Command FCCOB Requirements 

CCOBIX[2:0] FCCOB Parameters

000 0x02 
Flash block 

selection code [1:0]. See 
Table 31-34  

Table 31-34. Flash block selection code description

Selection code[1:0] Flash block to be verified

00 EEPROM

01 P-Flash

10 P-Flash

11 P-Flash

Table 31-35. Erase Verify Block Command Error Handling

Register Error Bit Error Condition

FSTAT

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

FPVIOL None.

MGSTAT1 Set if any errors have been encountered during the read or if blank check failed.

MGSTAT0
Set if any non-correctable errors have been encountered during the read1 or if 
blank check failed.
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0x00CC SCI0SR1
R TDRE TC RDRF IDLE OR NF FE PF

W

0x00CD SCI0SR2
R

AMAP
0 0

TXPOL RXPOL BRK13 TXDIR
RAF

W

0x00CE SCI0DRH
R R8

T8
0 0 0 0 0 0

W

0x00CF SCI0DRL
R R7 R6 R5 R4 R3 R2 R1 R0

W T7 T6 T5 T4 T3 T2 T1 T0

0x00D0–0x0D7 Serial Communication Interface (SCI1)

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

0x00D0 SCI1BDH
R

IREN TNP1 TNP0 SBR12 SBR11 SBR10 SBR9 SBR8
W

0x00D0 SCI1ASR1
R

RXEDGIF
0 0 0 0

BERRV BERRIF BKDIF
W

0x00D1 SCI1BDL
R

SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBR0
W

0x00D1 SCI1ACR1
R

RXEDGIE
0 0 0 0 0

BERRIE BKDIE
W

0x00D2 SCI1CR1
R

LOOPS SCISWAI RSRC M WAKE ILT PE PT
W

0x00D2 SCI1ACR2
R 0 0 0 0 0

BERRM1 BERRM0 BKDFE
W

0x00D3 SCI1CR2
R

TIE TCIE RIE ILIE TE RE RWU SBK
W

0x00D4 SCI1SR1
R TDRE TC RDRF IDLE OR NF FE PF

W

0x00D5 SCI1SR2
R

AMAP
0 0

TXPOL RXPOL BRK13 TXDIR
RAF

W

0x00D6 SCI1DRH
R R8

T8
0 0 0 0 0 0

W

0x00D7 SCI1DRL
R R7 R6 R5 R4 R3 R2 R1 R0

W T7 T6 T5 T4 T3 T2 T1 T0

0x00D8–0x0DF Serial Peripheral Interface (SPI0)

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

0x00D8 SPI0CR1
R

SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
W

0x00D9 SPI0CR2
R 0

XFRW
0

MODFEN BIDIROE
0

SPISWAI SPC0
W

0x00DA SPI0BR
R 0

SPPR2 SPPR1 SPPR0
0

SPR2 SPR1 SPR0
W

0x00DB SPI0SR
R SPIF 0 SPTEF MODF 0 0 0 0

W

0x00C8–0x0CF Serial Communication Interface (SCI0)
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Figure C-1. Order Part Number Example

S W 9 S12 G128 F0 M LL R

Package Option:

Temperature Option:

Device Title

Controller Family

C = -40°C to 85°C
V = -40°C to 105°C
M = -40°C to 125°C

TJ = 20 TSSOP
LC = 32 LQFP
LF = 48 LQFP

Status / Part number type:
S or SC = Mask set specific part number
MC = Generic / mask-independent part number
P or PC = prototype status (pre qualification)

Main Memory Type:
9 or no number = Flash

Mask set identifier Suffix: 
First digit usually references wafer fab
Second digit usually differentiates mask rev  
(This suffix is omitted in generic part numbers)

Tape & Reel: 
R = Tape & Reel
No R = No Tape & Reel

LH = 64 LQFP
LL = 100 LQFP

FT = 48 QFN

W = -40°C to 150°C

Shipping option:
W = KGD (Known Good Die)
No W = Packaged device


