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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

* Operating frequency:
— 32MHz equivalent to 16MHz bus speed for single chip
— 32MHz equivalent to 16MHz bus speed in expanded bus modes
— Option of 9S12C Family: 50MHz equivalent to 25MHz bus speed
— All 9S12GC Family members allow a S0MHz operating frequency.
* Internal 2.5V regulator:
— Supports an input voltage range from 2.97V to 5.5V
— Low power mode capability
— Includes low voltage reset (LVR) circuitry
— Includes low voltage interrupt (LVI) circuitry
* 48-pin LQFP, 52-pin LQFP, or 80-pin QFP package:
— Up to 58 I/O lines with 5V input and drive capability (80-pin package)
— Up to 2 dedicated 5V input only lines (IRQ, XIRQ)
— 5V 8 A/D converter inputs and 5V I/O
* Development support:
— Single-wire background debug™ mode (BDM)
— On-chip hardware breakpoints
— Enhanced DBG12 debug features

1.1.2 Modes of Operation

User modes (expanded modes are only available in the 80-pin package version).
» Normal and emulation operating modes:
— Normal single-chip mode
— Normal expanded wide mode
— Normal expanded narrow mode
— Emulation expanded wide mode
— Emulation expanded narrow mode
* Special operating modes:
— Special single-chip mode with active background debug mode
— Special test mode (Freescale use only)
— Special peripheral mode (Freescale use only)
*  Low power modes:
— Stop mode
— Pseudo stop mode
— Wait mode
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

CMOS Compatible
EXTAL | External Oscillator

(VoppLL Level)

MCU

XTAL—— Not Connected

Figure 1-13. External Clock Connections (PE7 = 0)

1.3.4.9 PE6 / MODB / IPIPE1 — Port E I/0 Pin 6

PE®6 is a general purpose input or output pin. It is used as a MCU operating mode select pin during reset.
The state of this pin is latched to the MODB bit at the rising edge of RESET. This pin is shared with the
instruction queue tracking signal IPIPE1. This pin is an input with a pull-down device which is only active
when RESET is low. PE[6] is not available in the 48- / 52-pin package versions.

1.3.4.10 PE5/MODA /IPIPEO — Port E I/0 Pin 5

PES is a general purpose input or output pin. It is used as a MCU operating mode select pin during reset.
The state of this pin is latched to the MODA bit at the rising edge of RESET. This pin is shared with the
instruction queue tracking signal IPIPEO. This pin is an input with a pull-down device which is only active
when RESET is low. This pin is not available in the 48- / 52-pin package versions.

1.3.4.11 PE4/ECLK— Port E I/0 Pin [4] / E-Clock Output

ECLK is the output connection for the internal bus clock. It is used to demultiplex the address and data in
expanded modes and is used as a timing reference. ECLK frequency is equal to 1/2 the crystal frequency
out of reset. The ECLK pin is initially configured as ECLK output with stretch in all expanded modes. The
E clock output function depends upon the settings of the NECLK bit in the PEAR register, the IVIS bit in
the MODE register and the ESTR bit in the EBICTL register. All clocks, including the E clock, are halted
when the MCU is in stop mode. It is possible to configure the MCU to interface to slow external memory.
ECLK can be stretched for such accesses. Reference the MISC register (EXSTR][1:0] bits) for more
information. In normal expanded narrow mode, the E clock is available for use in external select decode
logic or as a constant speed clock for use in the external application system. Alternatively PE4 can be used
as a general purpose input or output pin.

1.3.4.12 PE3/LSTRB — Port E I/O Pin [3] / Low-Byte Strobe (LSTRB)

In all modes this pin can be used as a general-purpose I/O and is an input with an active pull-up out of
reset. If the strobe function is required, it should be enabled by setting the LSTRE bit in the PEAR register.
This signal is used in write operations. Therefore external low byte writes will not be possible until this
function is enabled. This pin is also used as TAGLO in special expanded modes and is multiplexed with
the LSTRB function. This pin is not available in the 48- / 52-pin package versions.
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.3.4.13 PE2/R/W — Port E I/O Pin [2] / Read/Write

In all modes this pin can be used as a general-purpose I/O and is an input with an active pull-up out of
reset. If the read/write function is required it should be enabled by setting the RDWE bit in the PEAR

register. External writes will not be possible until enabled. This pin is not available in the 48- / 52-pin

package versions.

1.3.4.14 PE1/IRQ — Port E Input Pin [1] / Maskable Interrupt Pin

The IRQ input provides a means of applying asynchronous interrupt requests to the MCU. Either falling
edge-sensitive triggering or level-sensitive triggering is program selectable (INTCR register). IRQ is
always enabled and configured to level-sensitive triggering out of reset. It can be disabled by clearing
IRQEN bit (INTCR register). When the MCU is reset the IRQ function is masked in the condition code
register. This pin is always an input and can always be read. There is an active pull-up on this pin while in
reset and immediately out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR register.

1.3.4.15 PEO/ XIRQ — Port E input Pin [0] / Non Maskable Interrupt Pin

The XIRQ input provides a means of requesting a non-maskable interrupt after reset initialization. During
reset, the X bit in the condition code register (CCR) is set and any interrupt is masked until MCU software
enables it. Because the XIRQ input is level sensitive, it can be connected to a multiple-source wired-OR
network. This pin is always an input and can always be read. There is an active pull-up on this pin while
in reset and immediately out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR
register.

1.3.4.16  PAD[7:0]/ AN[7:0] — Port AD /O Pins [7:0]

PAD7-PADO are general purpose I/O pins and also analog inputs for the analog to digital converter. In
order to use a PAD pin as a standard input, the corresponding ATDDIEN register bit must be set. These
bits are cleared out of reset to configure the PAD pins for A/D operation.

When the A/D converter is active in multi-channel mode, port inputs are scanned and converted
irrespective of Port AD configuration. Thus Port AD pins that are configured as digital inputs or digital
outputs are also converted in the A/D conversion sequence.

1.3.4.17 PP[7]/ KWP[7] — Port P I/O Pin [7]

PP7 is a general purpose input or output pin, shared with the keypad interrupt function. When configured
as an input, it can generate interrupts causing the MCU to exit stop or wait mode. This pin is not available
in the 48- / 52-pin package versions.

1.3.4.18 PP[6]/ KWP[6]/ROMCTL — Port P I/O Pin [6]

PP6 is a general purpose input or output pin, shared with the keypad interrupt function. When configured
as an input, it can generate interrupts causing the MCU to exit stop or wait mode. This pin is not available
in the 48- / 52-pin package versions. During MCU expanded modes of operation, this pin is used to enable
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.6.2 Resets

Resets are a subset of the interrupts featured in Table 1-9. The different sources capable of generating a
system reset are summarized in Table 1-10. When a reset occurs, MCU registers and control bits are
changed to known start-up states. Refer to the respective module Block User Guides for register reset
states.

1.6.2.1 Reset Summary Table

Table 1-10. Reset Summary

Reset Priority Source Vector
Power-on Reset 1 CRG module OxFFFE, OxFFFF
External Reset 1 RESET pin OxFFFE, OXxFFFF

Low Voltage Reset 1 VREG module OxFFFE, OXFFFF
Clock Monitor Reset 2 CRG module OxFFFC, OXFFFD
COP Watchdog Reset 3 CRG module OxFFFA, OxFFFB

1.6.2.2 Effects of Reset

When a reset occurs, MCU registers and control bits are changed to known start-up states. Refer to the
respective module Block User Guides for register reset states. Refer to the HCS12 Multiplexed External
Bus Interface (MEBI) Block Guide for mode dependent pin configuration of port A, B and E out of reset.

Refer to the PIM Block User Guide for reset configurations of all peripheral module ports.

Refer to Figure 1-2 to Figure 1-6 footnotes for locations of the memories depending on the operating mode
after reset.

The RAM array is not automatically initialized out of reset.

NOTE

For devices assembled in 48-pin or 52-pin LQFP packages all non-bonded
out pins should be configured as outputs after reset in order to avoid current
drawn from floating inputs. Refer to Table 1-5 for affected pins.

1.7  Device Specific Information and Module Dependencies

1.7.1 PPAGE

External paging is not supported on these devices. In order to access the 16K flash blocks in the address
range 0x8000—0xBFFF the PPAGE register must be loaded with the corresponding value for this range.
Refer to Table 1-11 for device specific page mapping.

For all devices Flash Page 3F is visible in the 0xC000—-0xFFFF range if ROMON is set. For all devices
(except MC9S12GC16) Page 3E is also visible in the 0x4000—0x7FFF range if ROMHM is cleared and
ROMON is set. For all devices apart from MC9S12C32 Flash Page 3D is visible in the 0x0000-0x3FFF
range if ROMON is set...
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Chapter 2 Port Integration Module (PIM9C32) Block Description

Address Name Bit 7 6 5 4 3 2 1 Bit 0
R
0x0006 Reserved 0 0 0 0 0 0 0 0
W
R 0 0 0
0x0007 MODRR W MODRR4 | MODRR3 | MODRR2 | MODRR1 | MODRRO
R 0 0 0 0
PTS3 PTS2 PTS1 PTSO
0x0008 PTS W
SCI — — — — — — TXD RXD
0x0009 PTIS R 0 0 0 0 PTIS3 PTIS2 PTIS1 PTISO
W
0x000A DDRS VT/ 0 0 0 0 DDRS3 DDRS2 DDRSH1 DDRSO0
0x000B RDRS VI\R/ 0 0 0 0 RDRS3 RDRS2 RDRSH1 RDRSO0
0x000C PERS VT/ 0 0 0 0 PERS3 PERS2 PERSH1 PERSO
R 0 0 0 0
0x000D PPSS W PPSS3 PPSS2 PPSS1 PPSS0O
R 0 0 0 0
0x000E WOMS W WOMS3 | WOMS2 | WOMS1 | WOMSO
0Ox000F Reserved R 0 0 0 0 0 0 0 0
W
R 0 0
W PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
0x0010 PTM MSCAN
/ — — SCK MOSI SS MISO TXCAN RXCAN
SPI
0x0011 PTIM R 0 0 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
W
R 0 0
0x0012 DDRM W DDRM5 | DDRM4 | DDRM3 | DDRM2 | DDRM1 DDRMO
R 0 0
0x0013 RDRM W RDRM5 | RDRM4 | RDRM3 | RDRM2 | RDRM1 RDRMO
R 0 0
0x0014 PERM W PERM5 PERM4 PERM3 PERM2 PERM1 PERMO
R 0 0
0x0015 PPSM W PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
R 0 0
0x0016 WOMM W WOMM5 | WOMM4 | WOMM3 | WOMM2 | WOMM1 | WOMMO
R
0x0017 Reserved 0 0 0 0 0 0 0 0
W
R
PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
0x0018 PTP W
PWM — — PWM5 PWM4 PWM3 PWM2 PWM1 PWMO
0x0019 PTIP VI?/ PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO

|:| = Unimplemented or Reserved

Figure 2-2. Quick Reference to PIM Registers (Sheet 2 of 3)
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Chapter 2 Port Integration Module (PIM9C32) Block Description
23.2.2.4 Port S Reduced Drive Register (RDRS)

Module Base + 0x000B

5 3 2 1 0
R 0 0 0 0
RDRS3 RDRS2 RDRS1 RDRSO0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-13. Port S Reduced Drive Register (RDRS)
Read: Anytime.

Write: Anytime.
Table 2-12. RDRS Field Descriptions

Field Description

3-0 Reduced Drive Port S — This register configures the drive strength of each port S output pin as either full or
RDRS[3:0] |reduced. If the port is used as input this bit is ignored.
0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.2.2.5 Port S Pull Device Enable Register (PERS)

Module Base + 0x000C

5 3 2 1 0
R 0 0 0 0
PERS3 PERS2 PERS1 PERSO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 2-14. Port S Pull Device Enable Register (PERS)
Read: Anytime.

Write: Anytime.
Table 2-13. PERS Field Descriptions

Field Description

3-0 Reduced Drive Port S — This register configures whether a pull-up or a pull-down device is activated, if the port
PERS[3:0] |is used as input or as output in wired-or (open drain) mode. This bit has no effect if the port is used as push-pull
output. Out of reset a pull-up device is enabled.

0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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Chapter 6 Background Debug Module (BDMV4) Block Description

NOTE

16-bit misaligned reads and writes are not allowed. If attempted, the BDM
will ignore the least significant bit of the address and will assume an even
address from the remaining bits.

For hardware data read commands, the external host must wait 150 bus clock cycles after sending the
address before attempting to obtain the read data. This is to be certain that valid data is available in the
BDM shift register, ready to be shifted out. For hardware write commands, the external host must wait
150 bus clock cycles after sending the data to be written before attempting to send a new command. This
is to avoid disturbing the BDM shift register before the write has been completed. The 150 bus clock cycle
delay in both cases includes the maximum 128 cycle delay that can be incurred as the BDM waits for a
free cycle before stealing a cycle.

For firmware read commands, the external host should wait 44 bus clock cycles after sending the command
opcode and before attempting to obtain the read data. This includes the potential of an extra 7 cycles when
the access is external with a narrow bus access (+1 cycle) and / or a stretch (+1, 2, or 3 cycles), (7 cycles
could be needed if both occur). The 44 cycle wait allows enough time for the requested data to be made
available in the BDM shift register, ready to be shifted out.

NOTE

This timing has increased from previous BDM modules due to the new
capability in which the BDM serial interface can potentially run faster than
the bus. On previous BDM modules this extra time could be hidden within
the serial time.

For firmware write commands, the external host must wait 32 bus clock cycles after sending the data to be
written before attempting to send a new command. This is to avoid disturbing the BDM shift register
before the write has been completed.

The external host should wait 64 bus clock cycles after a TRACEI or GO command before starting any
new serial command. This is to allow the CPU to exit gracefully from the standard BDM firmware lookup
table and resume execution of the user code. Disturbing the BDM shift register prematurely may adversely
affect the exit from the standard BDM firmware lookup table.

NOTE

If the bus rate of the target processor is unknown or could be changing, it is
recommended that the ACK (acknowledge function) be used to indicate
when an operation is complete. When using ACK, the delay times are
automated.

Figure 6-6 represents the BDM command structure. The command blocks illustrate a series of eight bit
times starting with a falling edge. The bar across the top of the blocks indicates that the BKGD line idles
in the high state. The time for an 8-bit command is 8 X 16 target clock cycles.1

1. Target clock cycles are cycles measured using the target MCU'’s serial clock rate. See Section 6.4.6, “BDM Serial Interface,”
and Section 6.3.2.1, “BDM Status Register (BDMSTS),” for information on how serial clock rate is selected.
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Chapter 8 Analog-to-Digital Converter (ATD10B8C) Block Description

8.2  Signal Description
The ATD10BS8C has a total of 12 external pins.

8.2.1 AN7 / ETRIG / PAD7

This pin serves as the analog input channel 7. It can be configured to provide an external trigger for the
ATD conversion. It can be configured as general-purpose digital 1/0O.

8.2.2 ANG6 / PAD6

This pin serves as the analog input channel 6. It can be configured as general-purpose digital 1/O.

8.2.3 ANS5 / PAD5

This pin serves as the analog input channel 5. It can be configured as general-purpose digital I/O.

8.2.4 AN4 / PAD4

This pin serves as the analog input channel 4. It can be configured as general-purpose digital I/O.

8.2.5 AN3 / PAD3

This pin serves as the analog input channel 3. It can be configured as general-purpose digital I/O.

8.2.6 AN2/PAD2

This pin serves as the analog input channel 2. It can be configured as general-purpose digital I/O.

8.2.7 AN1 / PAD1

This pin serves as the analog input channel 1. It can be configured as general-purpose digital 1/O.

8.2.8 ANO / PADO

This pin serves as the analog input channel 0. It can be configured as general-purpose digital 1/O.

8.2.9 VRH’ VRL

Vyry is the high reference voltage and Vg is the low reference voltage for ATD conversion.

8.2.10 Vppa; Vssa
These pins are the power supplies for the analog circuitry of the ATD10B8C block.
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Chapter 8 Analog-to-Digital Converter (ATD10B8C) Block Description

Address Name Bit7 6 5 4 3 2 1 Bit 0
Left Justified Result Data
R|BITOMSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
0x0010 ATDDROH BIT7MSB| BIT6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
W
R| BIT1 BITO 0 0 0 0 0 0
0x0011 ATDDROL u u 0 0 0 0 0 0
W
R|BITOMSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
0x0012 ATDDR1H BIT7MSB| BIT6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
W
R| BIT1 BITO 0 0 0 0 0 0
0x0013 ATDDR1L u u 0 0 0 0 0 0
W
R|BITOMSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
0x0014 ATDDR2H BIT7MSB| BIT6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
W
R| BIT1 BITO 0 0 0 0 0 0
0x0015 ATDDR2L u u 0 0 0 0 0 0
W
R|BITOMSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
0x0016 ATDDR3H BIT7MSB| BIT6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
W
R| BIT1 BITO 0 0 0 0 0 0
0x0017 ATDDR3L u u 0 0 0 0 0 0
W
R|BITOMSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
0x0018 ATDDR4H BIT7MSB| BIT6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
W
R| BIT1 BITO 0 0 0 0 0 0
0x0019 ATDDRA4L u u 0 0 0 0 0 0
W
R|BITO9MSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
0X001A ATDDRS5H BIT7MSB| BIT6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO
W
R| BIT1 BITO 0 0 0 0 0 0
0x001B ATDDR5L u u 0 0 0 0 0 0
W
R|BITOMSB| BIT8 BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2
0x001C ATDDR6H BIT7MSB| BIT6 BIT5 BIT 4 BIT3 BIT 2 BIT 1 BITO
W
R| BIT1 BITO 0 0 0 0 0 0
0x001D ATDDR6L u u 0 0 0 0 0 0
W
|:|= Unimplemented or Reserved
Figure 8-2. ATD Register Summary (Sheet 2 of 4)
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Chapter 9 Clocks and Reset Generator (CRGV4) Block Description

9.3.2.10 Reserved Register (FORBYP)

NOTE

This reserved register is designed for factory test purposes only, and is not
intended for general user access. Writing to this register when in special
modes can alter the CRG’s functionality.

Module Base + 0x0009

5 4 3 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-13. Reserved Register (FORBYP)
Read: always read 0x0000 except in special modes

Write: only in special modes

9.3.2.11 Reserved Register (CTCTL)

NOTE

This reserved register is designed for factory test purposes only, and is not
intended for general user access. Writing to this register when in special test
modes can alter the CRG’s functionality.

Module Base + 0x000A

5 4 3 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 9-14. Reserved Register (CTCTL)

Read: always read 0x0080 except in special modes

Write: only in special modes

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 265
Rev 01.24



Chapter 13 Serial Communications Interface (S12SCIV2) Block Description

13.4.1

The SCI uses the standard NRZ mark/space data format illustrated in Figure 13-10 below.

Data Format

8-BIT DATA FORMAT PARITY
BIT M IN SCICR1 CLEAR ORDATA NEXT

_\STBAI\TRT,( BITO X BIT1 X BIT2 X BIT3 X BIT4 X BIT5 X BIT6 X BIT7 )'SgI(%P \STEﬁ\?T,C

9-BIT DATA FORMAT PARITY
BIT M IN SCICR1 SET ORBDI'IATA NEXT

_\STEﬁ\TRT,( BITO X BIT1 X BIT2 X BIT3 X BIT4 X BT5 X BIT6 X BIT7 X BIT8 ) STOP \STB/?TRT,C

Figure 13-10. SCI Data Formats

Each data character is contained in a frame that includes a start bit, eight or nine data bits, and a stop bit.
Clearing the M bit in SCI control register 1 configures the SCI for 8-bit data characters.A frame with eight
data bits has a total of 10 bits. Setting the M bit configures the SCI for nine-bit data characters. A frame
with nine data bits has a total of 11 bits

Table 13-8. Example of 8-Bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 8 0 0 1
1 7 0 1 1
1 7 1) 0 1
T. The address bit identifies the frame as an address characier. See

Section 13.4.4.6, “Receiver Wakeup”.

When the SCI is configured for 9-bit data characters, the ninth data bit is the T8 bit in SCI data register
high (SCIDRH). It remains unchanged after transmission and can be used repeatedly without rewriting it.
A frame with nine data bits has a total of 11 bits.

Table 13-9. Example of 9-Bit Data Formats

Start Data Address Parity Stop
Bit Bits Bits Bits Bit
1 9 0 0 1
1 8 0 1 1
1 8 1) 0 1
T. The address bit identifies the frame as an address character. See

Section 13.4.4.6, “Receiver Wakeup”.
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Chapter 13 Serial Communications Interface (S12SCIV2) Block Description

13.4.4.2 Character Reception

During an SCI reception, the receive shift register shifts a frame in from the Rx input signal. The SCI data
register is the read-only buffer between the internal data bus and the receive shift register.

After a complete frame shifts into the receive shift register, the data portion of the frame transfers to the
SCI data register. The receive data register full flag, RDRF, in SCI status register 1 (SCISR1) becomes set,
indicating that the received byte can be read. If the receive interrupt enable bit, RIE, in SCI control
register 2 (SCICR?2) is also set, the RDRF flag generates an RDRF interrupt request.

13.4.4.3 Data Sampling

The receiver samples the Rx input signal at the RT clock rate. The RT clock is an internal signal with a
frequency 16 times the baud rate. To adjust for baud rate mismatch, the RT clock (see Figure 13-13) is re-
synchronized:

After every start bit

After the receiver detects a data bit change from logic 1 to logic 0 (after the majority of data bit
samples at RT8, RT9, and RT10 returns a valid logic 1 and the majority of the next RTS8, RT9, and
RT10 samples returns a valid logic 0)

To locate the start bit, data recovery logic does an asynchronous search for a logic 0 preceded by three
logic 1s.When the falling edge of a possible start bit occurs, the RT clock begins to count to 16.

|- START BIT >| LSB
Rx Input Signal \ /
SAMPLES 1 1 1 1 1 1 1 1 0 o o0 0 0 0 O
START BIT START BIT DATA
QUALIFICATION VERIFICATION SAMPLING
ToockeowT EEEEEEEEESEEEEEEREEEREEEEREE

RESETRTCLOCK ¥ ¥ ¥ ¥V V V ¥ ¥ \

Figure 13-13. Receiver Data Sampling

To verify the start bit and to detect noise, data recovery logic takes samples at RT3, RTS5, and RT7.
Table 13-11 summarizes the results of the start bit verification samples.

Table 13-11. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag
000 Yes 0
001 Yes 1
010 Yes 1
011 No 0
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Chapter 13 Serial Communications Interface (S12SCIV2) Block Description

Figure 13-18 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.

Iy

STARTBIT ——————————  »|«——SB

|'| |'| NO START BIT FOUND /—

- - = - - - Y Y = = = ¥

[sp] <+ Yol © ~
E E E EEEEEEEEEEEEEEEEEEEE
RT CLOCK COUNT O ©C r@oc @@ @C @@ @@ @@ o @ o C o o

RESETRTCLOCK ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ PY Y Y Y Y YYYYROYOYY

Figure 13-18. Start Bit Search Example 5

Rx Input Signal
SAMPLES 1 1 1 1 1 1 1 1 1

_—

In Figure 13-19, a noise burst makes the majority of data samples RTS8, RT9, and RT10 high. This sets the
noise flag but does not reset the RT clock. In start bits only, the RT8, RT9, and RT10 data samples are
ignored.

[ STARTBIT ————————»}«——SB

Rx Input Signal \ |_| |_| /7

SAMPLES 1 1t 1 1 1 1 1 1 1

—_ o o o o o o o =

RESETRTCLOCK ¥ ¥ ¥ V V¥V ¥V V¥ ¥ ¥ vV

Figure 13-19. Start Bit Search Example 6
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Chapter 14 Serial Peripheral Interface (SPIV3) Block Description

14.3.2.4 SPI Status Register (SPISR)

Module Base 0x0003

7 6 5 4 3 2 1
R SPIF 0 SPTEF MODF 0 0 0 0
W
Reset 0 0 1 0 0 0 0 0
= Unimplemented or Reserved

Figure 14-6. SPI Status Register (SPISR)

Read: anytime

Write: has no effect

Table 14-8. SPISR Field Descriptions

Field Description
7 SPIF Interrupt Flag — This bit is set after a received data byte has been transferred into the SPI Data Register.
SPIF This bit is cleared by reading the SPISR register (with SPIF set) followed by a read access to the SPI Data
Register.
0 Transfer not yet complete
1 New data copied to SPIDR
5 SPI Transmit Empty Interrupt Flag — If set, this bit indicates that the transmit data register is empty. To clear
SPTEF this bit and place data into the transmit data register, SPISR has to be read with SPTEF = 1, followed by a write
to SPIDR. Any write to the SPI Data Register without reading SPTEF = 1, is effectively ignored.
0 SPI Data register not empty
1 SPI Data register empty
4 Mode Fault Flag — This bit is set if the SS input becomes low while the SPI is configured as a master and mode
MODF fault detection is enabled, MODFEN bit of SPICR2 register is set. Refer to MODFEN bit description in
Section 14.3.2.2, “SPI Control Register 2 (SPICR2).” The flag is cleared automatically by a read of the SPI Status
Register (with MODF set) followed by a write to the SPI Control Register 1.
0 Mode fault has not occurred.
1 Mode fault has occurred.

14.3.2.5 SPI Data Register (SPIDR)

Module Base 0x0005

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 2 Bit 0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 14-7. SPI Data Register (SPIDR)

Read: anytime; normally read only after SPIF is set

422
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Chapter 16 Dual Output Voltage Regulator (VREG3V3V2) Block Description

16.3.2 Register Descriptions

The following paragraphs describe, in address order, all the VREG3V3V2 registers and their individual
bits.

16.3.2.1 VREG3V3V2 — Control Register (VREGCTRL)
The VREGCTRL register allows to separately enable features of VREG3V3V2.

Module Base + 0x0000

2 1 0
R 0 0 0 0 0 LVDS
LVIE LVIF
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 16-2. VREG3V3 — Control Register (VREGCTRL)
Table 16-3. MCCTL1 Field Descriptions
Field Description
2 Low-Voltage Detect Status Bit — This read-only status bit reflects the input voltage. Writes have no effect.

LVDS 0 Input voltage Vppp is above level V|y,p or RPM or shutdown mode.
1 Input voltage Vppa is below level V|4 and FPM.

1 Low-Voltage Interrupt Enable Bit
LVIE 0 Interrupt request is disabled.
1 Interrupt will be requested whenever LVIF is set.

0 Low-Voltage Interrupt Flag — LVIF is set to 1 when LVDS status bit changes. This flag can only be cleared by
LVIF writing a 1. Writing a 0 has no effect. If enabled (LVIE = 1), LVIF causes an interrupt request.
0 No change in LVDS bit.
1 LVDS bit has changed.

NOTE

On entering the Reduced Power Mode the LVIF is not cleared by the
VREG3V3V2.

16.4 Functional Description

Block VREG3V3V2 is a voltage regulator as depicted in Figure 16-1. The regulator functional elements
are the regulator core (REG), a low-voltage detect module (LVD), a power-on reset module (POR) and a
low-voltage reset module (LVR). There is also the regulator control block (CTRL) which represents the
interface to the digital core logic but also manages the operating modes of VREG3V3V2.
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Chapter 17 16 Kbyte Flash Module (S12FTS16KV1)

Read: FCLKDIV register

C|O_Ck Register no NOTE: FCLKDIV needs to
\(I:Vr:g::ekn be set once after each reset.

yes Write: FCLKDIV register |

Read: FSTAT register |<——-

Address, Data,
Command
Buffer Empty Check

Access Error and
Protection Violation
Check

Write: FSTAT register
Clear ACCERR/PVIOL 0x30

Write: Flash Sector Address

1. and Dummy Data )
[

Write: FCMD register

Sector Erase Command 0x40
I

Write: FSTAT register

Clear CBEIF 0x80
[

Read: FSTAT register -—

Bit Polling for
Command Completion
Check

no

yes

Figure 17-24. Example Sector Erase Command Flow
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Chapter 18 32 Kbyte Flash Module (S12FTS32KV1)

18.3.2.4 Flash Configuration Register (FCNFG)
The FCNFG register enables the Flash interrupts and gates the security backdoor key writes.

Module Base + 0x0003
7 6 5 4 3 2 1
R 0 0 0 0 0
CBEIE CCIE KEYACC
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 18-7. Flash Configuration Register (FCNFG)

CBEIE, CCIE, and KEYACC are readable and writable while remaining bits read 0 and are not writable.
KEYACC is only writable if the KEYEN bit in the FSEC register is set to the enabled state (see Section
18.3.2.2).

Table 18-7. FCNFG Field Descriptions

Field Description

7 Command Buffer Empty Interrupt Enable — The CBEIE bit enables the interrupts in case of an empty
CBEIE command buffer in the Flash module.
0 Command Buffer Empty interrupts disabled
1 An interrupt will be requested whenever the CBEIF flag is set (see Section 18.3.2.6)

6 Command Complete Interrupt Enable — The CCIE bit enables the interrupts in case of all commands being
CCIE completed in the Flash module.
0 Command Complete interrupts disabled
1 Aninterrupt will be requested whenever the CCIF flag is set (see Section 18.3.2.6)

5 Enable Security Key Writing.
KEYACC |0 Flash writes are interpreted as the start of a command write sequence
1 Writes to the Flash array are interpreted as a backdoor key while reads of the Flash array return invalid data

18.3.2.5 Flash Protection Register (FPROT)

The FPROT register defines which Flash sectors are protected against program or erase.

Module Base + 0x0004

7 6 5 4 3 2 1 0
FPOPEN NV6 FPHDIS FPHS1 FPHSO FPLDIS FPLS1 FPLSO
W
Reset F F F F F F F F

Figure 18-8. Flash Protection Register (FPROT)

The FPROT register is readable in normal and special modes. FPOPEN can only be written froma 1 to a 0.
FPLS[1:0] can be written anytime until FPLDIS is cleared. FPHS[1:0] can be written anytime until
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Chapter 18 32 Kbyte Flash Module (S12FTS32KV1)

18.4.1.3.3 Sector Erase Command

The sector erase operation will erase all addresses in a 512 byte sector of the Flash array using an
embedded algorithm.

An example flow to execute the sector erase operation is shown in Figure 18-24. The sector erase
command write sequence is as follows:
1. Write to a Flash array address to start the command write sequence for the sector erase command.

The Flash address written determines the sector to be erased while MCU address bits [8:0] and the
data written are ignored.

Write the sector erase command, 0x40, to the FCMD register.

3. Clear the CBEIF flag in the FSTAT register by writing a 1 to CBEIF to launch the sector erase
command.

If a Flash sector to be erased is in a protected area of the Flash array, the PVIOL flag in the FSTAT register
will set and the sector erase command will not launch. Once the sector erase command has successfully
launched, the CCIF flag in the FSTAT register will set after the sector erase operation has completed unless
a new command write sequence has been buffered.
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Chapter 20 96 Kbyte Flash Module (S12FTS96KV1)

FPHDIS = 1 FPHDIS = 1 FPHDIS =0 FPHDIS =0
FPLDIS =1 FPLDIS =0 FPLDIS =1 FPLDIS =0

Scenario —>» 7 > ¢

7R

%

\

FPLS[1:0]

FPOPEN = 1

FPHS[1:0]

OXFFFF

Scenario —>» 3

%

\\
N
\w \
N
FPLS[1:0]

-—
FPHSI[1:0]

o
X

)
n
n
n

% Protected Flash
]

Figure 20-11. Flash Protection Scenarios

20.3.2.5.1 Flash Protection Restrictions

The general guideline is that protection can only be added, not removed. All valid transitions between
Flash protection scenarios are specified in Table 20-13. Any attempt to write an invalid scenario to the
FPROT register will be ignored and the FPROT register will remain unchanged. The contents of the
FPROT register reflect the active protection scenario.

Table 20-13. Flash Protection Scenario Transitions

From To Protection Scenario(")

Protection

Scenario 0 1 2 3 4 5 6 7
0 X X X X
1 X
2 X X
3 X
4 X X
5 X X X X
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Appendix B Emulation Information

Appendix B
Emulation Information

B.1 General

For emulation, external addressing of a 128K memory map is required. This is provided in a 112 LQFP
package version of the MC9S12C128 which includes the 3 necessary extra external address bus signals via
Port K. This package version is for emulation only and not provided as a general production package.

L
=
=+ = ~ %
== = o
S5 22 5o~ ©
28 25 OO x 5 5 o (]
St £ 2EZmeBE: ¢ EE
SREON0 BBSESS23228SE ,0RLVURILBVOAE
o oZoZ2>>o 0000000 22022000022 >>
QOO0 000 000000000000
No2BEEE8E8ISITISSEIEEERIIISTSSSI858S
PW3KWP3PP3IC 1 — -~~~ — — — — — — — — 84 1VRH
PW2/KWP2/PP2 ] 2 83| VDDA
PW1/KWP1/PP1 ] 3 82[INC
[PWO/KWPO/PPO (] 4 81— PAD07/ANO7
NC 5 80— NC
XADDR16/PK2 ] 6 7911 PAD06/AN06
XADDR15/PK1 ] 7 78 _INC
XADDR14/PK0 ] 8 771 PAD05/AN05
I0CO/PTOC] 9 76 INC
IOC1/PT1 ] 10 75[—1 PAD04/ANO4
|0C2/PT2 ] 11 7A—INC
IOC3/PT3 ] 12 731 PAD03/ANO3
VDD1 {13 72 —INC
vsst ] 14 MC9S12C128 71{1 PADOZ/ANO2
I0C4/PT4 ] 15 70INC
IOC5/PT5 ] 16 69— PAD0O1/ANO1
|0C6/PT6 ] 17 68 _1NC
I0C7/PT7 ] 18 67— PADO0/ANOO
NC ] 19 66| — VSS2
NC ] 20 65— VDD2
NC ] 21 64— PA7/ADDR15/DATA15
NC ] 22 63— PA6/ADDR14/DATA14
MODC/TAGHI/BKGD ] 23 621 PA5/ADDR13/DATA13
ADDRO/DATA0/PB0 (] 24 61— PA4/ADDR12/DATA12
ADDR1/DATA1/PB1 ] 25 60— PA3/ADDR11/DATA11
ADDR2/DATA2/PB2 [] 26 5911 PA2/ADDR10/DATA10
ADDR3/DATA3/PB3 [] 27 58— PA1/ADDR9/DATA9
ADDRADATA4PBA L 28 | 0 i 0 00 o O o 5 < 0 © e 0 B O — o o < o 7| PAUVADDRS/DATAS
ANO OO OOMOMOMOMTITITITTTTTT IO LN WD
oo uag
AT EEEI T PP E IR EE P EEEE R Py
SR S-S We T BN S8 (S
EEE euig ~Ts = @ x|
S88 Szauw 2 =
RS Z5 = 5
2tr z2Ef :
229 SEE Z
Signals shown in Bold are available only in the 112 Pin Package. Pins marked "NC" are not connected
Figure B-1. Pin Assignments in 112-Pin LQFP
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