












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Chapter 38 Inter-Integrated Circuit (12C)

12Cx_C1 field descriptions (continued)

Field Description
Selects the direction of master and slave transfers. In master mode this bit must be set according to the
type of transfer required. Therefore, for address cycles, this bit is always set. When addressed as a slave
this bit must be set by software according to the SRW bit in the status register.
0 Receive
1 Transmit
3 Transmit Acknowledge Enable
TXAK
Specifies the value driven onto the SDA during data acknowledge cycles for both master and slave
receivers. The value of the FACK bit affects NACK/ACK generation.
NOTE: SCL is held low until TXAK is written.
0 An acknowledge signal is sent to the bus on the following receiving byte (if FACK is cleared) or the
current receiving byte (if FACK is set).
1 No acknowledge signal is sent to the bus on the following receiving data byte (if FACK is cleared) or
the current receiving data byte (if FACK is set).
2 Repeat START
RSTA
Writing a one to this bit generates a repeated START condition provided it is the current master. This bit
will always be read as zero. Attempting a repeat at the wrong time results in loss of arbitration.
1 Wakeup Enable
WUEN
The 12C module can wake the MCU from low power mode with no peripheral bus running when slave
address matching occurs.
0 Normal operation. No interrupt generated when address matching in low power mode.
1 Enables the wakeup function in low power mode.
0 DMA Enable
DMAEN

The DMAEN bit enables or disables the DMA function.

0 All DMA signalling disabled.

1 DMA transfer is enabled and the following conditions trigger the DMA request:
* While FACK = 0, a data byte is received, either address or data is transmitted. (ACK/NACK
automatic)
* While FACK = 0, the first byte received matches the A1 register or is general call address.

If any address matching occurs, IAAS and TCF are set. If the direction of transfer is known from
master to slave, then it is not required to check the SRW. With this assumption, DMA can also be
used in this case. In other cases, if the master reads data from the slave, then it is required to rewrite
the C1 register operation. With this assumption, DMA cannot be used.

When FACK = 1, an address or a data byte is transmitted.
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38.3.4 12C Status register (12Cx_S)

Address: Base address + 3h offset

Bit 7 6 5 4 3 2 1 0
Read ARBL
RAM
Write wic
Reset 1 0 0 0 0 0 0 0

12Cx_S field descriptions

Field Description

7 Transfer Complete Flag
TCF
This bit sets on the completion of a byte and acknowledge bit transfer. This bit is valid only during or
immediately following a transfer to or from the 12C module. The TCF bit is cleared by reading the 12C data
register in receive mode or by writing to the 12C data register in transmit mode.

0 Transfer in progress
1 Transfer complete

6 Addressed As A Slave
IAAS

This bit is set by one of the following conditions:

¢ The calling address matches the programmed slave primary address in the A1 register or range
address in the RA register (which must be set to a nonzero value).
GCAEN is set and a general call is received.
SIICAEN is set and the calling address matches the second programmed slave address.
ALERTEN is set and an SMBus alert response address is received
RMEN is set and an address is received that is within the range between the values of the A1 and
RA registers.

This bit sets before the ACK bit. The CPU must check the SRW bit and set TX/RX accordingly. Writing the
C1 register with any value clears this bit.

0 Not addressed
1 Addressed as a slave

5 Bus Busy
BUSY
Indicates the status of the bus regardless of slave or master mode. This bit is set when a START signal is
detected and cleared when a STOP signal is detected.

0 Busisidle
1 Busis busy
4 Arbitration Lost
ARBL
This bit is set by hardware when the arbitration procedure is lost. The ARBL bit must be cleared by
software, by writing a one to it.
0 Standard bus operation.
1 Loss of arbitration.
3 Range Address Match
RAM

This bit is set to 1 by any of the following conditions:

Table continues on the next page...
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12Cx_S field descriptions (continued)

Field Description

* Any nonzero calling address is received that matches the address in the RA register.
* The RMEN bit is set and the calling address is within the range of values of the A1 and RA registers.
NOTE: For the RAM bit to be set to 1 correctly, C1[IICIE] must be set to 1.

Writing the C1 register with any value clears this bit to 0.

0 Not addressed
1 Addressed as a slave

2 Slave Read/Write
SRW

When addressed as a slave, SRW indicates the value of the R/W command bit of the calling address sent
to the master.

0 Slave receive, master writing to slave
1 Slave transmit, master reading from slave

1 Interrupt Flag
IICIF
This bit sets when an interrupt is pending. This bit must be cleared by software by writing a 1 to it, such as
in the interrupt routine. One of the following events can set this bit:

¢ One byte transfer, including ACK/NACK bit, completes if FACK is 0. An ACK or NACK is sent on the
bus by writing 0 or 1 to TXAK after this bit is set in receive mode.

* One byte transfer, excluding ACK/NACK bit, completes if FACK is 1.

¢ Match of slave address to calling address including primary slave address, range slave address,
alert response address, second slave address, or general call address.

* Arbitration lost

¢ In SMBus mode, any timeouts except SCL and SDA high timeouts

* |2C bus stop detection if the STOPIE bit in the Input Glitch Filter register is 1

NOTE: To clear the 12C bus stop detection interrupt: In the interrupt service routine,
first clear the STOPF bit in the Input Glitch Filter register by writing 1 to it, and
then clear the IICIF bit. If this sequence is reversed, the IICIF bit is asserted
again.

0 No interrupt pending
1 Interrupt pending

0 Receive Acknowledge
RXAK
0 Acknowledge signal was received after the completion of one byte of data transmission on the bus

1 No acknowledge signal detected

38.3.5 12C Data I/O register (12Cx_D)

Address: Base address + 4h offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write DATA
Reset 0 0 0 o | o 0 0 0
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12Cx_D field descriptions

Field Description

7-0 Data
DATA

In master transmit mode, when data is written to this register, a data transfer is initiated. The most
significant bit is sent first. In master receive mode, reading this register initiates receiving of the next byte
of data.

NOTE: When making the transition out of master receive mode, switch the 12C mode before reading the
Data register to prevent an inadvertent initiation of a master receive data transfer.

In slave mode, the same functions are available after an address match occurs.

The C1[TX] bit must correctly reflect the desired direction of transfer in master and slave modes for the
transmission to begin. For example, if the 12C module is configured for master transmit but a master
receive is desired, reading the Data register does not initiate the receive.

Reading the Data register returns the last byte received while the 12C module is configured in master
receive or slave receive mode. The Data register does not reflect every byte that is transmitted on the 12C
bus, and neither can software verify that a byte has been written to the Data register correctly by reading it
back.

In master transmit mode, the first byte of data written to the Data register following assertion of MST (start
bit) or assertion of RSTA (repeated start bit) is used for the address transfer and must consist of the
calling address (in bits 7-1) concatenated with the required R/W bit (in position bit 0).

38.3.6 12C Control Register 2 (12Cx_C2)

Address: Base address + 5h offset

Bit 7 6 5 4 3 2 1 0
fead | GCAEN ADEXT HDRS SBRC RMEN AD[10:8]
Reset 0 0 0 0 0 0 0 0

12Cx_C2 field descriptions

Field Description
7 General Call Address Enable
GCAEN
Enables general call address.
0 Disabled
1 Enabled
6 Address Extension
ADEXT
Controls the number of bits used for the slave address.
0 7-bit address scheme
1 10-bit address scheme
5 High Drive Select
HDRS

Controls the drive capability of the 12C pads.

Table continues on the next page...
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12Cx_C2 field descriptions (continued)

Field

Description

0 Normal drive mode
1 High drive mode

SBRC

Slave Baud Rate Control

Enables independent slave mode baud rate at maximum frequency, which forces clock stretching on SCL
in very fast 12C modes. To a slave, an example of a "very fast" mode is when the master transfers at 40
kbps but the slave can capture the master's data at only 10 kbps.

0 The slave baud rate follows the master baud rate and clock stretching may occur
1 Slave baud rate is independent of the master baud rate

RMEN

Range Address Matching Enable

This bit controls slave address matching for addresses between the values of the A1 and RA registers.
When this bit is set, a slave address match occurs for any address greater than the value of the A1
register and less than or equal to the value of the RA register.

0 Range mode disabled. No address match occurs for an address within the range of values of the A1
and RA registers.

1 Range mode enabled. Address matching occurs when a slave receives an address within the range of
values of the A1 and RA registers.

2-0
AD[10:8]

Slave Address

Contains the upper three bits of the slave address in the 10-bit address scheme. This field is valid only
while the ADEXT bit is set.

38.3.7

12C Programmable Input Glitch Filter register (12Cx_FLT)

Address: Base address + 6h offset

Bit 7 6 5 4 | 3 2 1 0
Read STOPF
SHEN STOPIE FLT
Write wic
Reset 0 0 0 o | o 0 0 0
I2Cx_FLT field descriptions
Field Description
7 Stop Hold Enable
SHEN

Set this bit to hold off entry to stop mode when any data transmission or reception is occurring.

The following scenario explains the holdoff functionality:

The 12C module is configured for a basic transfer, and the SHEN bit is set to 1.

A transfer begins.

The MCU signals the 12C module to enter stop mode.

The byte currently being transferred, including both address and data, completes its transfer.
The 12C slave or master acknowledges that the in-transfer byte completed its transfer and
acknowledges the request to enter stop mode.

After receiving the 12C module's acknowledgment of the request to enter stop mode, the MCU
determines whether to shut off the 12C module's clock.

arwh=

o

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 697



Memory map and register descriptions

12Cx_FLT field descriptions (continued)

Field Description

If the SHEN bit is set to 1 and the 12C module is in an idle or disabled state when the MCU signals to enter

stop mode, the module immediately acknowledges the request to enter stop mode.

If SHEN is cleared to 0 and the overall data transmission or reception that was suspended by stop mode

entry was incomplete: To resume the overall transmission or reception after the MCU exits stop mode,

software must reinitialize the transfer by resending the address of the slave.

If the 12C Control Register 1's IICIE bit was set to 1 before the MCU entered stop mode, system software

will receive the interrupt triggered by the 12C Status Register's TCF bit after the MCU wakes from the stop

mode.

0 Stop holdoff is disabled. The MCU's entry to stop mode is not gated.

1 Stop holdoff is enabled.

6 I12C Bus Stop Detect Flag
STOPF

Hardware sets this bit when the 12C bus's stop status is detected. The STOPF bit must be cleared by

writing 1 to it.

0 No stop happens on 12C bus

1 Stop detected on 12C bus

5 I12C Bus Stop Interrupt Enable
STOPIE

This bit enables the interrupt for 12C bus stop detection.

NOTE: To clear the 12C bus stop detection interrupt: In the interrupt service routine, first clear the STOPF
bit by writing 1 to it, and then clear the IICIF bit in the status register. If this sequence is reversed,
the IICIF bit is asserted again.

0 Stop detection interrupt is disabled

1 Stop detection interrupt is enabled

4-0 I2C Programmable Filter Factor
FLT

Controls the width of the glitch, in terms of bus clock cycles, that the filter must absorb. For any glitch
whose size is less than or equal to this width setting, the filter does not allow the glitch to pass.

00h No filter/bypass
01-1Fh Filter glitches up to width of n bus clock cycles, where n=1-31d

38.3.8

12C Range Address register (12Cx_RA)

Address: Base address + 7h offset

Bit 7 6 5 4 | 3 2 1 0
Read RAD 0
Write
Reset 0 0 0 o | o 0 0 0

12Cx_RA field descriptions
Field Description
7-1 Range Slave Address
RAD

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

698

Freescale Semiconductor, Inc.



Chapter 38 Inter-Integrated Circuit (12C)
12Cx_RA field descriptions (continued)

Field Description
This field contains the slave address to be used by the 12C module. The field is used in the 7-bit address
scheme. Any nonzero write enables this register. This register's use is similar to that of the A1 register, but
in addition this register can be considered a maximum boundary in range matching mode.
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

38.3.9

12C SMBus Control and Status register (12Cx_SMB)

NOTE

When the SCL and SDA signals are held high for a length of
time greater than the high timeout period, the SHTF1 flag sets.
Before reaching this threshold, while the system is detecting
how long these signals are being held high, a master assumes
that the bus is free. However, the SHTF1 bit rises in the bus
transmission process with the idle bus state.

NOTE

When the TCKSEL bit is set, there is no need to monitor the
SHTF]1 bit because the bus speed is too high to match the

protocol of SMBus.
Address: Base address + 8h offset
Bit 7 6 5 4 3 2 1 0
Read SLTF
FACK ALERTEN SIICAEN TCKSEL SHTF2IE
Write wic
Reset 0 0 0 0 0 0
12Cx_SMB field descriptions
Field Description
7 Fast NACK/ACK Enable
FACK
For SMBus packet error checking, the CPU must be able to issue an ACK or NACK according to the result
of receiving data byte.
0 An ACK or NACK is sent on the following receiving data byte
1 Writing 0 to TXAK after receiving a data byte generates an ACK. Writing 1 to TXAK after receiving a
data byte generates a NACK.
6 SMBus Alert Response Address Enable
ALERTEN

Enables or disables SMBus alert response address matching.

NOTE: After the host responds to a device that used the alert response address, you must use software
to put the device's address on the bus. The alert protocol is described in the SMBus specification.

Table continues on the next page...
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12Cx_SMB field descriptions (continued)

Field

Description

0 SMBus alert response address matching is disabled
1 SMBus alert response address matching is enabled

5
SIICAEN

Second 12C Address Enable
Enables or disables SMBus device default address.

0 12C address register 2 matching is disabled
1 12C address register 2 matching is enabled

4
TCKSEL

Timeout Counter Clock Select
Selects the clock source of the timeout counter.

0 Timeout counter counts at the frequency of the bus clock / 64
1 Timeout counter counts at the frequency of the bus clock

SLTF

SCL Low Timeout Flag

This bit is set when the SLT register (consisting of the SLTH and SLTL registers) is loaded with a non-zero
value (LoValue) and an SCL low timeout occurs. Software clears this bit by writing a logic 1 to it.

NOTE: The low timeout function is disabled when the SLT register's value is zero.

0 No low timeout occurs
1 Low timeout occurs

SHTF1

SCL High Timeout Flag 1

This read-only bit sets when SCL and SDA are held high more than clock x LoValue / 512, which indicates
the bus is free. This bit is cleared automatically.

0 No SCL high and SDA high timeout occurs
1 SCL high and SDA high timeout occurs

SHTF2

SCL High Timeout Flag 2

This bit sets when SCL is held high and SDA is held low more than clock x LoValue/512. Software clears
this bit by writing a 1 to it.

0 No SCL high and SDA low timeout occurs
1 SCL high and SDA low timeout occurs

0
SHTF2IE

SHTF2 Interrupt Enable
Enables SCL high and SDA low timeout interrupt.

0 SHTF2 interrupt is disabled
1 SHTF2 interrupt is enabled
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38.3.10 12C Address Register 2 (12Cx_A2)

Address: Base address + 9h offset

Bit 7 6 5 4 | 3 2 1 0
Read SAD 0
Write
Reset 1 1 0 o | o 0 1 0
12Cx_A2 field descriptions
Field Description
7-1 SMBus Address
SAD

Contains the slave address used by the SMBus. This field is used on the device default address or other
related addresses.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

38.3.11 12C SCL Low Timeout Register High (12Cx_SLTH)

Address: Base address + Ah offset

Bit 7 6 5 4 | 3 2 1 0
Read .
Write SSLT[15:8]
Reset 0 0 0 o | o 0 0 0
I2Cx_SLTH field descriptions
Field Description
7-0 Most significant byte of SCL low timeout value that determines the timeout period of SCL low.
SSLT[15:8]
38.3.12 12C SCL Low Timeout Register Low (12Cx_SLTL)
Address: Base address + Bh offset
Bit 7 6 5 4 | 3 2 1 0
Read .
Write SSLT[7:0]
Reset 0 0 0 o | o 0 0 0
12Cx_SLTL field descriptions
Field Description
7-0 Least significant byte of SCL low timeout value that determines the timeout period of SCL low.
SSLT[7:0]
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38.4 Functional description

This section provides a comprehensive functional description of the I2C module.

38.4.1 12C protocol

The I2C bus system uses a serial data line (SDA) and a serial clock line (SCL) for data

transfers. All devices connected to it must have open drain or open collector outputs. A
logic AND function is exercised on both lines with external pull-up resistors. The value
of these resistors depends on the system.

Normally, a standard instance of communication is composed of four parts:

1. START signal
2. Slave address transmission

3. Data transfer
4. STOP signal

The STOP signal should not be confused with the CPU STOP instruction. The following
figure illustrates [2C bus system communication.

MSB LSB MSB LSB

Start Signal Calling Address Read/ Ack Data Byte No Stop
Write  Bit Ack Signal
Bit

MSB LSB MSB LSB

-1

Start Calling Address Read/ Ack Hepeated New Calling Address Read/ NO stop
Signal Wie Bt Start Wite. ACK signal
Signal Bit

Figure 38-38. I12C bus transmission signals
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38.4.1.1 START signal

The bus is free when no master device is engaging the bus (both SCL and SDA are high).
When the bus is free, a master may initiate communication by sending a START signal.
A START signal is defined as a high-to-low transition of SDA while SCL is high. This
signal denotes the beginning of a new data transfer—each data transfer might contain
several bytes of data—and brings all slaves out of their idle states.

38.4.1.2 Slave address transmission

Immediately after the START signal, the first byte of a data transfer is the slave address
transmitted by the master. This address is a 7-bit calling address followed by an R/W bit.
The R/W bit tells the slave the desired direction of data transfer.

¢ 1 = Read transfer: The slave transmits data to the master
¢ (0 = Write transfer: The master transmits data to the slave

Only the slave with a calling address that matches the one transmitted by the master
responds by sending an acknowledge bit. The slave sends the acknowledge bit by pulling
SDA low at the ninth clock.

No two slaves in the system can have the same address. If the I2C module is the master, it
must not transmit an address that is equal to its own slave address. The I12C module
cannot be master and slave at the same time. However, if arbitration is lost during an
address cycle, the I2C module reverts to slave mode and operates correctly even if it is
being addressed by another master.

38.4.1.3 Data transfers

When successful slave addressing is achieved, data transfer can proceed on a byte-by-
byte basis in the direction specified by the R/W bit sent by the calling master.

All transfers that follow an address cycle are referred to as data transfers, even if they
carry subaddress information for the slave device.

Each data byte is 8 bits long. Data may be changed only while SCL is low. Data must be

held stable while SCL is high. There is one clock pulse on SCL for each data bit, and the
MSB is transferred first. Each data byte is followed by a ninth (acknowledge) bit, which
is signaled from the receiving device by pulling SDA low at the ninth clock. In summary,
one complete data transfer needs nine clock pulses.
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If the slave receiver does not acknowledge the master in the ninth bit, the slave must
leave SDA high. The master interprets the failed acknowledgement as an unsuccessful
data transfer.

If the master receiver does not acknowledge the slave transmitter after a data byte
transmission, the slave interprets it as an end to data transfer and releases the SDA line.

In the case of a failed acknowledgement by either the slave or master, the data transfer is
aborted and the master does one of two things:

» Relinquishes the bus by generating a STOP signal.

* Commences a new call by generating a repeated START signal.

38.4.1.4 STOP signal

The master can terminate the communication by generating a STOP signal to free the
bus. A STOP signal is defined as a low-to-high transition of SDA while SCL is asserted.

The master can generate a STOP signal even if the slave has generated an
acknowledgement, at which point the slave must release the bus.

38.4.1.5 Repeated START signal

The master may generate a START signal followed by a calling command without
generating a STOP signal first. This action is called a repeated START. The master uses
a repeated START to communicate with another slave or with the same slave in a
different mode (transmit/receive mode) without releasing the bus.

38.4.1.6 Arbitration procedure

The I2C bus is a true multimaster bus that allows more than one master to be connected
on it.

If two or more masters try to control the bus at the same time, a clock synchronization
procedure determines the bus clock. The bus clock's low period is equal to the longest
clock low period, and the high period is equal to the shortest one among the masters.

The relative priority of the contending masters is determined by a data arbitration
procedure. A bus master loses arbitration if it transmits logic level 1 while another master
transmits logic level 0. The losing masters immediately switch to slave receive mode and
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stop driving SDA output. In this case, the transition from master to slave mode does not
generate a STOP condition. Meanwhile, hardware sets a status bit to indicate the loss of
arbitration.

38.4.1.7 Clock synchronization

Because wire AND logic is performed on SCL, a high-to-low transition on SCL affects
all devices connected on the bus. The devices start counting their low period and, after a
device's clock has gone low, that device holds SCL low until the clock reaches its high
state. However, the change of low to high in this device clock might not change the state
of SCL if another device clock is still within its low period. Therefore, the synchronized
clock SCL is held low by the device with the longest low period. Devices with shorter
low periods enter a high wait state during this time; see the following diagram. When all
applicable devices have counted off their low period, the synchronized clock SCL is
released and pulled high. Afterward there is no difference between the device clocks and
the state of SCL, and all devices start counting their high periods. The first device to
complete its high period pulls SCL low again.

‘ | Deley ‘ Start Counting High Period
)

SCL1 | |

\
\

sCL2 ‘ — — A
\

N
| |
T
/ \

\

Internal Counter Reset

Figure 38-39. 12C clock synchronization

38.4.1.8 Handshaking

The clock synchronization mechanism can be used as a handshake in data transfers. A
slave device may hold SCL low after completing a single byte transfer (9 bits). In this
case, it halts the bus clock and forces the master clock into wait states until the slave
releases SCL.
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38.4.1.9 Clock stretching

The clock synchronization mechanism can be used by slaves to slow down the bit rate of
a transfer. After the master drives SCL low, a slave can drive SCL low for the required
period and then release it. If the slave's SCL low period is greater than the master's SCL
low period, the resulting SCL bus signal's low period is stretched. In other words, the
SCL bus signal's low period is increased to be the same length as the slave's SCL low
period.

38.4.1.10 12C divider and hold values

NOTE
For some cases on some devices, the SCL divider value may
vary by +/-2 or +/-4 when ICR’s value ranges from 00h to OFh.
These potentially varying SCL divider values are highlighted in
the following table. For the actual SCL divider values for your
device, see the chip-specific details about the I2C module.

Table 38-41. 12C divider and hold values
ICR SCL | SDA hold | SCL hold [ SCL hold ICR SCL | SDA hold | SCL hold | SCL hold
(e | vider | vele | ERD L e || 0 | loskey | o | Gae | vame
00 20 7 6 11 20 160 17 78 81
01 22 7 7 12 21 192 17 94 97
02 24 8 8 13 22 224 33 110 113
03 26 8 9 14 23 256 33 126 129
04 28 9 10 15 24 288 49 142 145
05 30 9 11 16 25 320 49 158 161
06 34 10 13 18 26 384 65 190 193
07 40 10 16 21 27 480 65 238 241
08 28 7 10 15 28 320 33 158 161
09 32 7 12 17 29 384 33 190 193
0A 36 9 14 19 2A 448 65 222 225
0B 40 9 16 21 2B 512 65 254 257
0C 44 11 18 23 2C 576 97 286 289
oD 48 11 20 25 2D 640 97 318 321
OE 56 13 24 29 2E 768 129 382 385
OF 68 13 30 35 2F 960 129 478 481
10 48 9 18 25 30 640 65 318 321
11 56 9 22 29 31 768 65 382 385
12 64 13 26 33 32 896 129 446 449
13 72 13 30 37 33 1024 129 510 513

Table continues on the next page...
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Table 38-41. 12C divider and hold values (continued)

ICR SCL SDA hold | SCL hold | SCL hold ICR SCL SDA hold | SCL hold | SCL hold
(o) | ]S ] e | Ve || M0 | ook | | Vel | value
14 80 17 34 4 34 1152 193 574 577
15 88 17 38 45 35 1280 193 638 641
16 104 21 46 53 36 1536 257 766 769
17 128 21 58 65 37 1920 257 958 961
18 80 9 38 41 38 1280 129 638 641
19 96 9 46 49 39 1536 129 766 769
1A 112 17 54 57 3A 1792 257 894 897
1B 128 17 62 65 3B 2048 257 1022 1025
1C 144 25 70 73 3C 2304 385 1150 1153
1D 160 25 78 81 3D 2560 385 1278 1281
1E 192 33 94 97 3E 3072 513 1534 1537
1F 240 33 118 121 3F 3840 513 1918 1921

38.4.2 10-bit address

For 10-bit addressing, 0x11110 is used for the first 5 bits of the first address byte.
Various combinations of read/write formats are possible within a transfer that includes
10-bit addressing.

38.4.2.1 Master-transmitter addresses a slave-receiver

The transfer direction is not changed. When a 10-bit address follows a START condition,
each slave compares the first 7 bits of the first byte of the slave address (11110XX) with
its own address and tests whether the eighth bit (R/W direction bit) is 0. It is possible that
more than one device finds a match and generates an acknowledge (A1). Each slave that
finds a match compares the 8 bits of the second byte of the slave address with its own
address, but only one slave finds a match and generates an acknowledge (A2). The
matching slave remains addressed by the master until it receives a STOP condition (P) or
a repeated START condition (Sr) followed by a different slave address.
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Table 38-42. Master-transmitter addresses slave-receiver with a 10-bit

address
S Slave R/W Al Slave A2 Data A Data A/A P
address 0 address
first 7 bits second
11110 + byte
AD10 + ADI[8:1]
AD9

After the master-transmitter has sent the first byte of the 10-bit address, the slave-receiver
sees an I2C interrupt. User software must ensure that for this interrupt, the contents of the
Data register are ignored and not treated as valid data.

38.4.2.2 Master-receiver addresses a slave-transmitter

The transfer direction is changed after the second R/W bit. Up to and including
acknowledge bit A2, the procedure is the same as that described for a master-transmitter
addressing a slave-receiver. After the repeated START condition (Sr), a matching slave
remembers that it was addressed before. This slave then checks whether the first seven
bits of the first byte of the slave address following Sr are the same as they were after the
START condition (S), and it tests whether the eighth (R/W) bit is 1. If there is a match,
the slave considers that it has been addressed as a transmitter and generates acknowledge
A3. The slave-transmitter remains addressed until it receives a STOP condition (P) or a
repeated START condition (Sr) followed by a different slave address.

After a repeated START condition (Sr), all other slave devices also compare the first
seven bits of the first byte of the slave address with their own addresses and test the
eighth (R/W) bit. However, none of them are addressed because R/W = 1 (for 10-bit
devices), or the 11110XX slave address (for 7-bit devices) does not match.

Table 38-43. Master-receiver addresses a slave-transmitter with a 10-bit

address
S Slave |RMW | A1 | Slave | A2 | Sr | Slave |RW | A3 | Data | A Data | A P
address 0 address address 1
first 7 second first 7
bits byte bits
11110 + ADI[8:1] 11110 +
AD10 + AD10 +
AD9 AD9

After the master-receiver has sent the first byte of the 10-bit address, the slave-transmitter
sees an I2C interrupt. User software must ensure that for this interrupt, the contents of the
Data register are ignored and not treated as valid data.
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38.4.3 Address matching

All received addresses can be requested in 7-bit or 10-bit address format.
* AD[7:1] in Address Register 1, which contains the I2C primary slave address, always
participates in the address matching process. It provides a 7-bit address.
* If the ADEXT bit is set, AD[10:8] in Control Register 2 participates in the address
matching process. It extends the [2C primary slave address to a 10-bit address.

Additional conditions that affect address matching include:

* If the GCAEN bit is set, general call participates the address matching process.

 If the ALERTEN bit is set, alert response participates the address matching process.

« If the SIICAEN bit is set, Address Register 2 participates in the address matching
process.

* If the Range Address register is programmed to a nonzero value, the range address
itself participates in the address matching process.

* If the RMEN bit is set, any address within the range of values of Address Register 1
and the Range Address register participates in the address matching process. The
Range Address register must be programmed to a value greater than the value of
Address Register 1.

When the I2C module responds to one of these addresses, it acts as a slave-receiver and
the IAAS bit is set after the address cycle. Software must read the Data register after the
first byte transfer to determine that the address is matched.

38.4.4 System management bus specification

SMBus provides a control bus for system and power management related tasks. A system
can use SMBus to pass messages to and from devices instead of tripping individual
control lines. Removing the individual control lines reduces pin count. Accepting
messages ensures future expandability. With the system management bus, a device can
provide manufacturer information, tell the system what its model/part number is, save its
state for a suspend event, report different types of errors, accept control parameters, and
return its status.

38.4.4.1 Timeouts

The TtiveouT MiN parameter allows a master or slave to conclude that a defective device
is holding the clock low indefinitely or a master is intentionally trying to drive devices
off the bus. The slave device must release the bus (stop driving the bus and let SCL and
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SDA float high) when it detects any single clock held low longer than TrpvpouTt MIN-
Devices that have detected this condition must reset their communication and be able to
receive a new START condition within the timeframe of TrveouT MAX-

SMBus defines a clock low timeout, TtpmeouT, of 35 ms, specifies Ty ow.sgxT as the
cumulative clock low extend time for a slave device, and specifies T} gw.-mexT as the
cumulative clock low extend time for a master device.

38.4.4.1.1 SCL low timeout

If the SCL line is held low by a slave device on the bus, no further communication is
possible. Furthermore, the master cannot force the SCL line high to correct the error
condition. To solve this problem, the SMBus protocol specifies that devices participating
in a transfer must detect any clock cycle held low longer than a timeout value condition.
Devices that have detected the timeout condition must reset the communication. When
the I2C module is an active master, if it detects that SMBCLK low has exceeded the
value of TrvpouT MIN, it must generate a stop condition within or after the current data
byte in the transfer process. When the I2C module is a slave, if it detects the
TrmveEoUT MIN condition, it resets its communication and is then able to receive a new
START condition.

38.4.4.1.2 SCL high timeout

When the [2C module has determined that the SMBCLK and SMBDAT signals have
been high for at least Tyiga.Mmax, it assumes that the bus is idle.

A HIGH timeout occurs after a START condition appears on the bus but before a STOP
condition appears on the bus. Any master detecting this scenario can assume the bus is
free when either of the following occurs:

e SHTFI rises.

e The BUSY bit is high and SHTF1 is high.

When the SMBDAT signal is low and the SMBCLK signal is high for a period of time,
another kind of timeout occurs. The time period must be defined in software. SHTF2 is
used as the flag when the time limit is reached. This flag is also an interrupt resource, so
it triggers IICIF.
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38.4.4.1.3 CSMBCLK TIMEOUT MEXT and CSMBCLK TIMEOUT SEXT

The following figure illustrates the definition of the timeout intervals Ty gw.sgxT and
TLow-MmexT- When in master mode, the [2C module must not cumulatively extend its
clock cycles for a period greater than Ty ow.mexT Within a byte, where each byte is
defined as START-to-ACK, ACK-to-ACK, or ACK-to-STOP. When CSMBCLK
TIMEOUT MEXT occurs, SMBus MEXT rises and also triggers the SLTF.

Sto
Start T Low:sext P

ClkAck T ClkAck T
LOW:MEXT | LOW:MEXT LOW:MEXT

o | il i
o | \J \ I

Figure 38-40. Timeout measurement intervals

T

A master is allowed to abort the transaction in progress to any slave that violates the
TrLow:sexT OF TtiveouT MIN Specifications. To abort the transaction, the master issues a
STOP condition at the conclusion of the byte transfer in progress. When a slave, the 12C
module must not cumulatively extend its clock cycles for a period greater than
TLow:sgxt during any message from the initial START to the STOP. When CSMBCLK
TIMEOUT SEXT occurs, SEXT rises and also triggers SLTF.

NOTE
CSMBCLK TIMEOUT SEXT and CSMBCLK TIMEOUT
MEXT are optional functions that are implemented in the
second step.

38.4.4.2 FAST ACK and NACK

To improve reliability and communication robustness, implementation of packet error
checking (PEC) by SMBus devices is optional for SMBus devices but required for
devices participating in and only during the address resolution protocol (ARP) process.
The PEC is a CRC-8 error checking byte, calculated on all the message bytes. The PEC is
appended to the message by the device that supplied the last data byte. If the PEC is
present but not correct, a NACK is issued by the receiver. Otherwise an ACK is issued.
To calculate the CRC-8 by software, this module can hold the SCL line low after
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receiving the eighth SCL (8th bit) if this byte is a data byte. So software can determine
whether an ACK or NACK should be sent to the bus by setting or clearing the TXAK bit
if the FACK (fast ACK/NACK enable) bit is enabled.

SMBus requires a device always to acknowledge its own address, as a mechanism to
detect the presence of a removable device (such as a battery or docking station) on the
bus. In addition to indicating a slave device busy condition, SMBus uses the NACK
mechanism to indicate the reception of an invalid command or invalid data. Because such
a condition may occur on the last byte of the transfer, SMBus devices are required to
have the ability to generate the not acknowledge after the transfer of each byte and before
the completion of the transaction. This requirement is important because SMBus does not
provide any other resend signaling. This difference in the use of the NACK signaling has
implications on the specific implementation of the SMBus port, especially in devices that
handle critical system data such as the SMBus host and the SBS components.

NOTE

In the last byte of master receive slave transmit mode, the
master must send a NACK to the bus, so FACK must be
switched off before the last byte transmits.

38.4.5 Resets

The I2C module is disabled after a reset. The I2C module cannot cause a core reset.

38.4.6 Interrupts

The I2C module generates an interrupt when any of the events in the following table
occur, provided that the IICIE bit is set. The interrupt is driven by the IICIF bit (of the
I2C Status Register) and masked with the IICIE bit (of the I2C Control Register 1). The
IICIF bit must be cleared (by software) by writing 1 to it in the interrupt routine. The
SMBus timeouts interrupt is driven by SLTF and masked with the IICIE bit. The SLTF
bit must be cleared by software by writing 1 to it in the interrupt routine. You can
determine the interrupt type by reading the Status Register.

NOTE
In master receive mode, the FACK bit must be set to zero
before the last byte transfer.
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Table 38-44. Interrupt summary

Interrupt source Status Flag Local enable
Complete 1-byte transfer TCF IICIF lICIE
Match of received calling address IAAS IICIF IICIE
Arbitration lost ARBL IICIF IICIE
I2C bus stop detection STOPF IICIF IICIE & STOPIE
SMBus SCL low timeout SLTF IICIF IICIE
SMBus SCL high SDA low timeout SHTF2 IICIF IICIE & SHTF2IE
Wakeup from stop or wait mode IAAS IICIF IICIE & WUEN

38.4.6.1 Byte transfer interrupt

The Transfer Complete Flag (TCF) bit is set at the falling edge of the ninth clock to
indicate the completion of a byte and acknowledgement transfer. When FACK is enabled,
TCEF is then set at the falling edge of eighth clock to indicate the completion of byte.

38.4.6.2 Address detect interrupt

When the calling address matches the programmed slave address (I2C Address Register)
or when the GCAEN bit is set and a general call is received, the IAAS bit in the Status
Register is set. The CPU is interrupted, provided the IICIE bit is set. The CPU must
check the SRW bit and set its Tx mode accordingly.

38.4.6.3 Stop Detect Interrupt

When the stop status is detected on the I>C bus, the STOPF bit is set to 1. The CPU is
interrupted, provided the IICIE and STOPIE bits are both set to 1.

38.4.6.4 Exit from low-power/stop modes

The slave receive input detect circuit and address matching feature are still active on low
power modes (wait and stop). An asynchronous input matching slave address or general
call address brings the CPU out of low power/stop mode if the interrupt is not masked.
Therefore, TCF and TAAS both can trigger this interrupt.
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38.4.6.5 Arbitration lost interrupt

The 12C is a true multimaster bus that allows more than one master to be connected on it.
If two or more masters try to control the bus at the same time, the relative priority of the
contending masters is determined by a data arbitration procedure. The I12C module asserts
the arbitration-lost interrupt when it loses the data arbitration process and the ARBL bit
in the Status Register is set.

Arbitration is lost in the following circumstances:

1. SDA is sampled as low when the master drives high during an address or data
transmit cycle.

2. SDA is sampled as low when the master drives high during the acknowledge bit of a
data receive cycle.

3. A START cycle is attempted when the bus is busy.
4. A repeated START cycle is requested in slave mode.

5. A STOP condition is detected when the master did not request it.

The ARBL bit must be cleared (by software) by writing 1 to it.

38.4.6.6 Timeout interrupt in SMBus

When the IICIE bit is set, the I2C module asserts a timeout interrupt (outputs SLTF and
SHTF2) upon detection of any of the mentioned timeout conditions, with one exception.
The SCL high and SDA high TIMEOUT mechanism must not be used to influence the
timeout interrupt output, because this timeout indicates an idle condition on the bus.
SHTF]1 rises when it matches the SCL high and SDA high TIMEOUT and falls
automatically just to indicate the bus status. The SHTF2's timeout period is the same as
that of SHTF1, which is short compared to that of SLTF, so another control bit,
SHTF2IE, is added to enable or disable it.

38.4.7 Programmable input glitch filter

An I2C glitch filter has been added outside legacy I2C modules but within the 12C
package. This filter can absorb glitches on the I12C clock and data lines for the 12C
module. The width of the glitch to absorb can be specified in terms of the number of
(half) bus clock cycles. A single Programmable Input Glitch Filter control register is
provided. Effectively, any down-up-down or up-down-up transition on the data line that
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occurs within the number of clock cycles programmed in this register is ignored by the
12C module. The programmer must specify the size of the glitch (in terms of bus clock
cycles) for the filter to absorb and not pass.

SCL, SDA
Noise internal signals
suppress |——>
»| circuits
SCL, SDA
external signals
——>| DFF DFF - DFF DFF

Figure 38-41. Programmable input glitch filter diagram

38.4.8 Address matching wakeup

When a primary, range, or general call address match occurs when the I2C module is in
slave receive mode, the MCU wakes from a low power mode with no peripheral bus
running. Data sent on the bus that is the same as a target device address might also wake
the target MCU.

After the address matching IAAS bit is set, an interrupt is sent at the end of address
matching to wake the core. The IAAS bit must be cleared after the clock recovery.

NOTE
After the system recovers and is in Run mode, restart the [2C
module if it is needed to transfer packets. The SCL line is not
held low until the I2C module resets after address matching.
The main purpose of this feature is to wake the MCU from a
low power mode where no peripheral bus is running. When the
MCU is in such a mode: addressing as a slave, slave read/write,
and sending an acknowledge bit are not fully supported. To
avoid I2C transfer problems resulting from this situation,
firmware should prevent the MCU execution of a STOP
instruction when the I12C module is in the middle of a transfer
unless the Stop mode holdoff feature is used during this period
(set FLT[SHEN] to 1).
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38.4.9 DMA support

If the DMAEN bit is cleared and the IICIE bit is set, an interrupt condition generates an
interrupt request. If the DMAEN bit is set and the IICIE bit is set, an interrupt condition
generates a DMA request instead. DMA requests are generated by the transfer complete
flag (TCF).

If the DMAEN bit is set, the only arbitration lost is to another I2C module (error), and
SCL low timeouts (error) generate CPU interrupts. All other events initiate a DMA
transfer.

NOTE
Before the last byte of master receive mode, TXAK must be set
to send a NACK after the last byte’s transfer. Therefore, the
DMA must be disabled before the last byte’s transfer.

NOTE
In 10-bit address mode transmission, the addresses to send
occupy 2-3 bytes. During this transfer period, the DMA must be
disabled because the C1 register is written to send a repeat start
or to change the transfer direction.

38.5 Initialization/application information

Module Initialization (Slave)

1. Write: Control Register 2
* to enable or disable general call
* to select 10-bit or 7-bit addressing mode
2. Write: Address Register 1 to set the slave address
3. Write: Control Register 1 to enable the I2C module and interrupts
4. Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data
5. Initialize RAM variables used to achieve the routine shown in the following figure

Module Initialization (Master)

1. Write: Frequency Divider register to set the I2C baud rate (see example in
description of ICR)

2. Write: Control Register 1 to enable the I2C module and interrupts

3. Initialize RAM variables (IICEN = 1 and IICIE = 1) for transmit data

4. Initialize RAM variables used to achieve the routine shown in the following figure

5. Write: Control Register 1 to enable TX
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6. Write: Control Register 1 to enable MST (master mode)
7. Write: Data register with the address of the target slave (the LSB of this byte
determines whether the communication is master receive or transmit)

The routine shown in the following figure encompasses both master and slave [12C
operations. For slave operation, an incoming [2C message that contains the proper
address begins [2C communication. For master operation, communication must be
initiated by writing the Data register.
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l

Clear IICIF

Y Master

N
W

Arbitration
lost?

Last byte Clear ARBL

transmitted?,
Last byte
to be read?
‘ N Data transfer
Address transfer see note 2
see note 1
Y
last byte to be
N N
Write next Generate stop ACK from
byte to Data reg Set TXACK signal (MST=0) Set TX mode receiver?
Write data Transmit Rea[;la?:t;from
to Data reg next byte and stor%
Switch to Switch to
Rx mode Set Rx mode Rx mode
Y
Dummy read Generate stop Reagacti:t;from Dummy read Dummy read
from Data reg signal (MST=0) 9 from Data reg from Data reg
and store
y
RTI
Notes:

1. If general call is enabled, check to determine if the received address is a general call address (0x00).
If the received address is a general call address, the general call must be handled by user software.

2. When 10-bit addressing addresses a slave, the slave sees an interrupt following the first byte of the extended address.
Ensure that for this interrupt, the contents of the Data register are ignored and not treated as a valid data transfer.

Figure 38-42. Typical I12C interrupt routine
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See typical 12C
interrupt routine
flow chart

Clear ARBL

Delay (note 2)
Read data from
Data reg
and soft CRC

Soft CRC y
Set TXAK to
Generate stop
lear IICIF proper value :
Clear IIC Delay (note 2) signal (MST=0)
Set TXACK=1
Clear FACK=0
Write next Set TXAK to
byte to Data reg proper value

e

Switch to Clear IICIF
Rx mode Delay (note 2)
Dummy read Generate stop Reag ctiata from
from Data reg signal (MST=0) ata reg
and store

Address transfer
see note 1

Set TXAK to
proper value
Clear IICIF
Delay (note 2)

Delay (note 2)
Read data from
Data reg
and soft CRC

!

{

Arbitration
lost?

ACK from
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Clear IICIF

Transmit
next byte

/

Set TXAK to Switch
proper value witch to
Set Tx mode Clear IICIF Rx mode
Delay (note 2)
Write data Reasi ctiatra from Dummy read
to Data reg ata reg from Data reg
and store

Notes:

RTI

1. If general call or SIICAEN is enabled, check to determine if the received address is a general call address (0x00) or an SMBus
device default address. In either case, they must be handled by user software.
2. In receive mode, one bit time delay may be needed before the first and second data reading.

Figure 38-43. Typical 12C SMBus interrupt routine
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Chapter 39
Universal Asynchronous Receiver/Transmitter
(UARTO)

39.1 Introduction

39.1.1 Features

Features of the UART module include:
* Full-duplex, standard non-return-to-zero (NRZ) format
e Double-buffered transmitter and receiver with separate enables
* Programmable baud rates (13-bit modulo divider)
» Transmit and receive baud rate can operate asynchronous to the bus clock:
e Baud rate can be configured independently of the bus clock frequency
» Supports operation in Stop modes
» Configurable receiver buad rate oversampling ratio from 4x to 32x
e Interrupt, DMA or polled operation:
* Transmit data register empty and transmission complete
* Receive data register full
e Receive overrun, parity error, framing error, and noise error
* Idle receiver detect
 Active edge on receive pin
* Break detect supporting LIN
» Hardware parity generation and checking
* Programmable 8-bit, 9-bit or 10-bit character length
* Programmable 1-bit or 2-bit stop bits
» Receiver wakeup by idle-line, address-mark or address match
* Optional 13-bit break character generation / 11-bit break character detection
* Selectable transmitter output and receiver input polarity
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39.1.2 Modes of operation

39.1.2.1 Stop mode

The UART will remain functional during Stop mode, provided the asynchronous transmit
and receive clock remains enabled. The UART can generate an interrupt or DMA request
to cause a wakeup from Stop mode.

39.1.2.2 Wait mode

The UART can be configured to Stop in Wait modes, when the DOZEEN bit is set. The
transmitter and receiver will finish transmitting/receiving the current word.

39.1.2.3 Debug mode

The UART remains functional in debug mode.

39.1.3 Block diagram

The following figure shows the transmitter portion of the UART.
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Figure 39-1. UART transmitter block diagram

The following figure shows the receiver portion of the UART.
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< INTERNAL BUS >
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\
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RxD DMA Requests
» ACTIVE EDGE > IRQ/DMA |
DETECT LOGIC IRQ Requests

Figure 39-2. UART receiver block diagram

39.2 Register definition

The UART includes registers to control baud rate, select UART options, report UART
status, and for transmit/receive data. Accesses to address outside the valid memory map
will generate a bus error.

UART memory map

Absolute . .
address Register name (ierI:ittr;) Access | Reset value Sec;tu;n/

(hex) pag
4006_A000 |UART Baud Rate Register High (UARTO_BDH) 8 R/W 00h 39.2.1/725
4006_A001 |UART Baud Rate Register Low (UARTO_BDL) 8 R/W 04h 39.2.2/726
4006_A002 |UART Control Register 1 (UARTO_C1) 8 R/W 00h 39.2.3/726
4006_A003 |UART Control Register 2 (UARTO_C2) 8 R/W 00h 39.2.4/728
4006_A004 |UART Status Register 1 (UARTO_SH1) 8 R/W COh 39.2.5/729

Table continues on the next page...
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UART memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4006_A005 |UART Status Register 2 (UART0_S2) 8 R/W 00h 39.2.6/731
4006_A006 |UART Control Register 3 (UARTO_C3) 8 R/W 00h 39.2.7/733
4006_A007 |UART Data Register (UARTO_D) 8 R/W 00h 39.2.8/734
4006_A008 |UART Match Address Registers 1 (UARTO_MAT) 8 R/W 00h 39.2.9/735
4006_A009 |UART Match Address Registers 2 (UARTO_MA2) 8 R/W 00h 39%(; o
. 39.2.11/
4006_A00A |UART Control Register 4 (UARTO0_C4) 8 R/W OFh 736
. 39.2.12/
4006_A00B |[UART Control Register 5 (UARTO_C5) 8 R/W 00h 737

39.2.1 UART Baud Rate Register High (UARTx_BDH)

This register, along with UART _BDL, controls the prescale divisor for UART baud rate
generation. The 13-bit baud rate setting [SBR12:SBRO] should only be updated when the
transmitter and receiver are both disabled.

Address: Base address + Oh offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write | LBKDIE RXEDGIE SBNS SBR
Reset 0 0 0 o | o 0 0 0
UARTx_BDH field descriptions
Field Description
7 LIN Break Detect Interrupt Enable (for LBKDIF)
LBKDIE
0 Hardware interrupts from UART _S2[LBKDIF] disabled (use polling).
1 Hardware interrupt requested when UART _S2[LBKDIF] flag is 1.
6 RX Input Active Edge Interrupt Enable (for RXEDGIF)
RXEDGIE
0 Hardware interrupts from UART _S2[RXEDGIF] disabled (use polling).
1 Hardware interrupt requested when UART _S2[RXEDGIF] flag is 1.
5 Stop Bit Number Select
SBNS

the transmitter and receiver are both disabled.

0 One stop bit.
1 Two stop bit.

SBNS determines whether data characters are one or two stop bits. This bit should only be changed when

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc.

725



Register definition
UARTx_BDH field descriptions (continued)

Field Description

4-0 Baud Rate Modulo Divisor.

SBR
The 13 bits in SBR[12:0] are referred to collectively as BR, and they set the modulo divide rate for the

baud rate generator. When BR is 1 - 8191, the baud rate equals baud clock / ((OSR+1) x BR).

39.2.2 UART Baud Rate Register Low (UARTx_BDL)

This register, along with UART _BDH, control the prescale divisor for UART baud rate
generation. The 13-bit baud rate setting [SBR12:SBRO0] can only be updated when the
transmitter and receiver are both disabled.

UART _BDL is reset to a non-zero value, so after reset the baud rate generator remains
disabled until the first time the receiver or transmitter is enabled; that is, UART _C2[RE]
or UART _C2[TE] bits are written to 1.

Address: Base address + 1h offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write SBR
Reset 0 0 0 o | o 1 0 0
UARTXx_BDL field descriptions
Field Description
7-0 Baud Rate Modulo Divisor
SBR

These 13 bits in SBR[12:0] are referred to collectively as BR. They set the modulo divide rate for the baud
rate generator. When BR is 1 - 8191, the baud rate equals baud clock/((OSR+1) x BR).

39.2.3 UART Control Register 1 (UARTx_C1)

This read/write register controls various optional features of the UART system. This
register should only be altered when the transmitter and receiver are both disabled.

Address: Base address + 2h offset

Bit 7 6 5 4 3 2 1 0
mﬁg LOOPS DOZEEN RSRC M WAKE ILT PE PT
Reset 0 0 0 0 0 0 0 0
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UARTXx_C1 field descriptions

Field Description
7 Loop Mode Select
LOOPS
Selects between loop back modes and normal 2-pin full-duplex modes. When LOOPS is set, the
transmitter output is internally connected to the receiver input.
0 Normal operation - UART _RX and UART _TX use separate pins.
1 Loop mode or single-wire mode where transmitter outputs are internally connected to receiver input.
(See RSRC bit.) UART _RX pin is not used by UART .
6 Doze Enable
DOZEEN
0 UART is enabled in Wait mode.
1 UART is disabled in Wait mode.
5 Receiver Source Select
RSRC
This bit has no meaning or effect unless the LOOPS bit is set to 1. When LOOPS is set, the receiver input
is internally connected to the UART _TX pin and RSRC determines whether this connection is also
connected to the transmitter output.
0 Provided LOOPS is set, RSRC is cleared, selects internal loop back mode and the UART does not
use the UART _RX pins.
1 Single-wire UART mode where the UART _TX pin is connected to the transmitter output and receiver
input.
4 9-Bit or 8-Bit Mode Select
M
0 Receiver and transmitter use 8-bit data characters.
1 Receiver and transmitter use 9-bit data characters.
3 Receiver Wakeup Method Select
WAKE
0 Idle-line wakeup.
1 Address-mark wakeup.
2 Idle Line Type Select
ILT
Setting this bit to 1 ensures that the stop bits and logic 1 bits at the end of a character do not count toward
the 10 to 13 bit times of logic high level needed by the idle line detection logic.
0 Idle character bit count starts after start bit.
1 Idle character bit count starts after stop bit.
1 Parity Enable
PE
Enables hardware parity generation and checking. When parity is enabled, the bit immediately before the
stop bit is treated as the parity bit.
0 No hardware parity generation or checking.
1 Parity enabled.
0 Parity Type
PT

Provided parity is enabled (PE = 1), this bit selects even or odd parity. Odd parity means the total number
of 1s in the data character, including the parity bit, is odd. Even parity means the total number of 1s in the
data character, including the parity bit, is even.

0 Even parity.
1 Odd parity.
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39.2.4 UART Control Register 2 (UARTx_C2)
This register can be read or written at any time.

Address: Base address + 3h offset

Bit 7 6 5 4 3 2 1 0
Read TIE TCIE RIE ILIE TE RE RWU SBK
Write
Reset 0 0 0 0 0 0 0 0

UARTXx_C2 field descriptions
Field Description
7 Transmit Interrupt Enable for TDRE
TIE

0 Hardware interrupts from TDRE disabled; use polling.
1 Hardware interrupt requested when TDRE flag is 1.

6 Transmission Complete Interrupt Enable for TC
TCIE
0 Hardware interrupts from TC disabled; use polling.

1 Hardware interrupt requested when TC flag is 1.

5 Receiver Interrupt Enable for RDRF
RIE
0 Hardware interrupts from RDRF disabled; use polling.

1 Hardware interrupt requested when RDRF flag is 1.

4 Idle Line Interrupt Enable for IDLE
ILIE

0 Hardware interrupts from IDLE disabled; use polling.
1 Hardware interrupt requested when IDLE flag is 1.

3 Transmitter Enable

TE must be 1 to use the UART transmitter. When TE is set, the UART forces the UART _TX pin to act as
an output for the UART system.

When the UART is configured for single-wire operation (LOOPS = RSRC = 1), TXDIR controls the
direction of traffic on the single UART communication line ( UART _TX pin).

TE can also queue an idle character by clearing TE then setting TE while a transmission is in progress.
When TE is written to 0, the transmitter keeps control of the port UART _TX pin until any data, queued
idle, or queued break character finishes transmitting before allowing the pin to tristate.

0 Transmitter disabled.
1 Transmitter enabled.

2 Receiver Enable
When the UART receiver is off or LOOPS is set, the UART _RX pin is not used by the UART .

When RE is written to 0, the receiver finishes receiving the current character (if any).

0 Receiver disabled.
1 Receiver enabled.

1 Receiver Wakeup Control
RWU

Table continues on the next page...
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UARTX_C2 field descriptions (continued)

Field Description
This bit can be written to 1 to place the UART receiver in a standby state where it waits for automatic
hardware detection of a selected wakeup condition. The wakeup condition is an idle line between
messages, WAKE = 0, idle-line wakeup, or a logic 1 in the most significant data bit in a character, WAKE =
1, address-mark wakeup. Application software sets RWU and, normally, a selected hardware condition
automatically clears RWU.
0 Normal UART receiver operation.
1 UART receiver in standby waiting for wakeup condition.

0 Send Break
SBK

Writing a 1 and then a 0 to SBK queues a break character in the transmit data stream. Additional break
characters of 10 to 13, or 13 to 16 if BRK13 = 1, bit times of logic 0 are queued as long as SBK is set.
Depending on the timing of the set and clear of SBK relative to the information currently being transmitted,
a second break character may be queued before software clears SBK.

0 Normal transmitter operation.
1 Queue break character(s) to be sent.

39.2.5 UART Status Register 1 (UARTx_S1)

Address: Base address + 4h offset

Bit 7 6 5 4 3 2 1 0
Read TDRE TC RDRF IDLE OR NF FE PF
Write wic wic wic wic wic
Reset 1 1 0 0 0 0 0 0

UARTXx_S1 field descriptions
Field Description
7 Transmit Data Register Empty Flag
TDRE
TDRE is set out of reset and whenever there is room to write data to the transmit data buffer. To clear
TDRE, write to the UART data register ( UART _D).
0 Transmit data buffer full.
1 Transmit data buffer empty.
6 Transmission Complete Flag
TC TC is set out of reset and when TDRE is set and no data, preamble, or break character is being

transmitted.

TC is cleared automatically by one of the following:
* Write to the UART data register ( UART _D) to transmit new data
* Queue a preamble by changing TE from 0 to 1
¢ Queue a break character by writing 1 to UART _C2[SBK]

0 Transmitter active (sending data, a preamble, or a break).
1 Transmitter idle (transmission activity complete).

Table continues on the next page...
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UARTXx_S1 field descriptions (continued)

Field Description

5 Receive Data Register Full Flag

RDRF
RDRF becomes set whenever the receive data buffer is full. To clear RDRF, read the UART data register

(UART _D).

0 Receive data buffer empty.
1 Receive data buffer full.

4 Idle Line Flag
IDLE

IDLE is set when the UART receive line becomes idle for a full character time after a period of activity.
When ILT is cleared, the receiver starts counting idle bit times after the start bit. If the receive character is
all 1s, these bit times and the stop bits time count toward the full character time of logic high, 10 to 13 bit
times, needed for the receiver to detect an idle line. When ILT is set, the receiver doesn't start counting
idle bit times until after the stop bits. The stop bits and any logic high bit times at the end of the previous
character do not count toward the full character time of logic high needed for the receiver to detect an idle
line.

To clear IDLE, write logic 1 to the IDLE flag. After IDLE has been cleared, it cannot become set again until
after a new character has been received and RDRF has been set. IDLE is set only once even if the
receive line remains idle for an extended period.

0 Noidle line detected.
1 Idle line was detected.

3 Receiver Overrun Flag

OR is set when a new serial character is ready to be transferred to the receive data buffer, but the
previously received character has not been read from UART _D yet. In this case, the new character, and
all associated error information, is lost because there is no room to move it into UART _D. To clear OR,
write a logic 1 to the OR flag.

0 No overrun.
1 Receive overrun (new UART data lost).

2 Noise Flag

The advanced sampling technique used in the receiver takes three samples in each of the received bits. If
any of these samples disagrees with the rest of the samples within any bit time in the frame, the flag NF is
set at the same time as RDREF is set for the character. To clear NF, write logic one to the NF.

0 No noise detected.
1 Noise detected in the received character in UART _D.

1 Framing Error Flag
FE
FE is set at the same time as RDRF when the receiver detects a logic 0 where a stop bit was expected.
This suggests the receiver was not properly aligned to a character frame. To clear FE, write a logic one to
the FE flag.

0 No framing error detected. This does not guarantee the framing is correct.
1 Framing error.

0 Parity Error Flag

PF is set at the same time as RDRF when parity is enabled (PE = 1) and the parity bit in the received
character does not agree with the expected parity value. To clear PF, write a logic one to the PF.

Table continues on the next page...
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UARTXx_S1 field descriptions (continued)

Field Description

0 No parity error.
1 Parity error.

39.2.6 UART Status Register 2 (UARTx_S2)

This register contains one read-only status flag.

When using an internal oscillator in a LIN system, it is necessary to raise the break
detection threshold one bit time. Under the worst case timing conditions allowed in LIN,
it is possible that a 0x00 data character can appear to be 10.26 bit times long at a slave
running 14% faster than the master. This would trigger normal break detection circuitry
designed to detect a 10-bit break symbol. When the LBKDE bit is set, framing errors are
inhibited and the break detection threshold increases, preventing false detection of a 0x00
data character as a LIN break symbol.

Address: Base address + 5h offset

Bit 7 6 5 4 3 2 1 0
Read RAF
LBKDIF RXEDGIF MSBF RXINV RwWUID BRK13 LBKDE
Write
Reset 0 0 0 0 0 0 0 0

UARTXx_S2 field descriptions

Field Description

7 LIN Break Detect Interrupt Flag
LBKDIF
LBKDIF is set when the LIN break detect circuitry is enabled and a LIN break character is detected.
LBKDIF is cleared by writing a 1 to it.

0 No LIN break character has been detected.
1 LIN break character has been detected.

6 UART _RX Pin Active Edge Interrupt Flag
RXEDGIF

RXEDGIF is set when an active edge, falling if RXINV = 0, rising if RXINV=1, on the UART _RX pin
occurs. RXEDGIF is cleared by writing a 1 to it.

0 No active edge on the receive pin has occurred.
1 An active edge on the receive pin has occurred.

5 MSB First
MSBF

Setting this bit reverses the order of the bits that are transmitted and received on the wire. This bit does
not affect the polarity of the bits, the location of the parity bit or the location of the start or stop bits. This bit
should only be changed when the transmitter and receiver are both disabled.

Table continues on the next page...
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UARTXx_S2 field descriptions (continued)

Field Description

0 LSB (bit0) is the first bit that is transmitted following the start bit. Further, the first bit received after the
start bit is identified as bit0.

1 MSB (bit9, bit8, bit7 or bit6) is the first bit that is transmitted following the start bit depending on the
setting of C1[M], C1[PE] and C4[M10]. Further, the first bit received after the start bit is identified as
bit9, bit8, bit7 or bité depending on the setting of C1[M] and C1[PE].

4 Receive Data Inversion
RXINV

Setting this bit reverses the polarity of the received data input.

NOTE: Setting RXINV inverts the UART _RXD input for all cases: data bits, start and stop bits, break,

and idle.

0 Receive data not inverted.

1 Receive data inverted.

3 Receive Wake Up Idle Detect
RWUID

RWUID controls whether the idle character that wakes up the receiver sets the IDLE bit. This bit should

only be changed when the receiver is disabled.

0 During receive standby state (RWU = 1), the IDLE bit does not get set upon detection of an idle
character.

1 During receive standby state (RWU = 1), the IDLE bit gets set upon detection of an idle character.

2 Break Character Generation Length
BRK13

BRK13 selects a longer transmitted break character length. Detection of a framing error is not affected by

the state of this bit. This bit should only be changed when the transmitter is disabled.

0 Break character is transmitted with length of 10 bit times (if M = 0, SBNS = 0) or 11 (if M =1, SBNS =
OorM=0,SBNS=1)or12 (if M=1, SBNS =1 or M10 =1, SNBS = 0) or 13 (if M10 = 1, SNBS = 1).

1 Break character is transmitted with length of 13 bit times (if M = 0, SBNS = 0) or 14 (if M =1, SBNS =
OorM=0,SBNS=1)or15 (if M=1, SBNS =1 or M10 =1, SNBS = 0) or 16 (if M10 = 1, SNBS = 1).

1 LIN Break Detection Enable
LBKDE

LBKDE selects a longer break character detection length. While LBKDE is set, framing error (FE) and

receive data register full (RDRF) flags are prevented from setting.

0 Break character is detected at length 10 bit times (if M =0, SBNS =0) or 11 (f M=1,SBNS =00or M
=0,SBNS=1)or12 (f M=1, SBNS=10orM10=1, SNBS =0) or 13 (if M10 =1, SNBS = 1).

1 Break character is detected at length of 11 bit times (if M = 0, SBNS = 0) or 12 (if M = 1, SBNS = 0 or
M=0,SBNS=1)or14 (fM=1,SBNS =1 or M10 =1, SNBS = 0) or 15 (if M10 =1, SNBS = 1).

0 Receiver Active Flag
RAF

RAF is set when the UART receiver detects the beginning of a valid start bit, and RAF is cleared
automatically when the receiver detects an idle line.

0 UART receiver idle waiting for a start bit.
1 UART receiver active ( UART _RXD input not idle).
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39.2.7 UART Control Register 3 (UARTx_C3)

Address: Base address + 6h offset

Bit 7 6 5 4 3 2 1 0
Werﬁg R8T9 RIT8 TXDIR TXINV ORIE NEIE FEIE PEIE
Reset 0 0 0 0 0 0 0 0

UARTXx_C3 field descriptions
Field Description
7 Receive Bit 8 / Transmit Bit 9
R8T9 ) ] ] ) ) ]
When the UART is configured for 9-bit data (M = 1), R8 can be thought of as a ninth receive data bit to the
left of the msb of the buffered data in the UART_D register. When reading 9-bit data, read R8 before
reading UART_D because reading UART_D completes automatic flag clearing sequences that could allow
R8 and UART_D to be overwritten with new data.
When the UART is configured for 10-bit data (M10 = 1), T9 may be thought of as a tenth transmit data bit.
When writing 10-bit data, the entire 10-bit value is transferred to the UART transmit buffer when UART_D
is written so T9 and T8 should be written, if it needs to change from its previous value, before UART_D is
written. If T9 and T8 do not need to change in the new value, such as when it is used to generate mark or
space parity, they need not be written each time UART_D is written.
6 Receive Bit 9 / Transmit Bit 8
ROT8 ) ] ) ) ) )
When the UART is configured for 9-bit data (M = 1), T8 may be thought of as a ninth transmit data bit to
the left of the msb of the data in the UART_D register. When writing 9-bit data, the entire 9-bit value is
transferred to the UART transmit buffer after UART_D is written so T8 should be written, if it needs to
change from its previous value, before UART_D is written. If T8 does not need to change in the new value,
such as when it is used to generate mark or space parity, it need not be written each time UART_D is
written.
When the UART is configured for 10-bit data (M10 = 1), R9 can be thought of as a tenth receive data bit.
When reading 10-bit data, read R9 and R8 before reading UART_D because reading UART_D completes
automatic flag clearing sequences that could allow R8, R9 and UART_D to be overwritten with new data.
5 UART _TX Pin Direction in Single-Wire Mode
TXDIR
When the is configured for single-wire half-duplex operation (LOOPS = RSRC = 1), this bit determines the
direction of data at the UART_TXD pin. When clearing TXDIR, the transmitter will finish receiving the
current character (if any) before the receiver starts receiving data from the UART_TXD pin.
0 UART _TXD pin is an input in single-wire mode.
1 UART _TXD pin is an output in single-wire mode.
4 Transmit Data Inversion
TXINV
Setting this bit reverses the polarity of the transmitted data output.
NOTE: Setting TXINV inverts the UART _TXD output for all cases: data bits, start and stop bits, break,
and idle.
0 Transmit data not inverted.
1 Transmit data inverted.
3 Overrun Interrupt Enable
ORIE

This bit enables the overrun flag (OR) to generate hardware interrupt requests.

Table continues on the next page...
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UARTX_C3 field descriptions (continued)

Field Description
0 OR interrupts disabled; use polling.
1 Hardware interrupt requested when OR is set.

2 Noise Error Interrupt Enable

NEIE
This bit enables the noise flag (NF) to generate hardware interrupt requests.

0 NF interrupts disabled; use polling.
1 Hardware interrupt requested when NF is set.

1 Framing Error Interrupt Enable

FEIE
This bit enables the framing error flag (FE) to generate hardware interrupt requests.

0 FE interrupts disabled; use polling.
1 Hardware interrupt requested when FE is set.

0 Parity Error Interrupt Enable

PEIE
This bit enables the parity error flag (PF) to generate hardware interrupt requests.

0 PF interrupts disabled; use polling).
1 Hardware interrupt requested when PF is set.

39.2.8 UART Data Register (UARTx_D)

This register is actually two separate registers. Reads return the contents of the read-only
receive data buffer and writes go to the write-only transmit data buffer. Reads and writes
of this register are also involved in the automatic flag clearing mechanisms for some of
the UART status flags.

Address: Base address + 7h offset

Bit 7 6 5 4 3 2 1 0
fead | RrT7 R6T6 R5T5 R4T4 R3T3 R2T2 R1T1 ROTO
Reset 0 0 0 0 0 0 0 0

UARTXx_D field descriptions

Field Description

7 Read receive data buffer 7 or write transmit data buffer 7.
R7T7

6 Read receive data buffer 6 or write transmit data buffer 6.
R6T6

5 Read receive data buffer 5 or write transmit data buffer 5.
R5T5

Table continues on the next page...
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UARTX_D field descriptions (continued)

Field Description

4 Read receive data buffer 4 or write transmit data buffer 4.
R4T4

3 Read receive data buffer 3 or write transmit data buffer 3.
R3T3

2 Read receive data buffer 2 or write transmit data buffer 2.
R2T2

1 Read receive data buffer 1 or write transmit data buffer 1.
R1TH

0 Read receive data buffer 0 or write transmit data buffer 0.
ROTO

39.2.9 UART Match Address Registers 1 (UARTx_MA1)

The MAT and MA?2 registers are compared to input data addresses when the most
significant bit is set and the associated C4[MAEN] bit is set. If a match occurs, the
following data is transferred to the data register. If a match fails, the following data is
discarded. Software should only write a MA register when the associated C4{MAEN] bit
is clear.

Address: Base address + 8h offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write MA
Reset 0 0 0 o | o 0 0 0

UARTx_MA1 field descriptions

Field Description

7-0 Match Address
MA
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39.2.10 UART Match Address Registers 2 (UARTx_MA2)

The MAT1 and MA2 registers are compared to input data addresses when the most
significant bit is set and the associated C4[MAEN] bit is set. If a match occurs, the
following data is transferred to the data register. If a match fails, the following data is
discarded. Software should only write a MA register when the associated C4{]MAEN] bit
1s clear.

Address: Base address + 9h offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write MA
Reset 0 0 0 o | o 0 0 0
UARTx_MAZ2 field descriptions
Field Description
7-0 Match Address
MA
39.2.11 UART Control Register 4 (UARTx_C4)

Address: Base address + Ah offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write MAEN1 MAEN2 M10 OSR
Reset 0 0 0 0 | 1 1 1 1
UARTXx_C4 field descriptions
Field Description
7 Match Address Mode Enable 1
MAEN1

Refer to Match address operation for more information.

0 All data received is transferred to the data buffer if MAEN2 is cleared.

1 All data received with the most significant bit cleared, is discarded. All data received with the most
significant bit set, is compared with contents of MA1 register. If no match occurs, the data is
discarded. If match occurs, data is transferred to the data buffer.

6 Match Address Mode Enable 2
MAEN2

Refer to Match address operation for more information.

0 All data received is transferred to the data buffer if MAENT is cleared.

1 All data received with the most significant bit cleared, is discarded. All data received with the most
significant bit set, is compared with contents of MA2 register. If no match occurs, the data is
discarded. If match occurs, data is transferred to the data buffer.

Table continues on the next page...
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UARTX_C4 field descriptions (continued)

Field Description
5 10-bit Mode select

M10
The M10 bit causes a tenth bit to be part of the serial transmission. This bit should only be changed when
the transmitter and receiver are both disabled.
0 Receiver and transmitter use 8-bit or 9-bit data characters.
1 Receiver and transmitter use 10-bit data characters.

4-0 Over Sampling Ratio

OSR

This field configures the oversampling ratio for the receiver between 4x (00011) and 32x (11111). Writing
an invalid oversampling ratio will default to an oversampling ratio of 16 (01111). This field should only be
changed when the transmitter and receiver are both disabled.

39.2.12

UART Control Register 5 (UARTx_C5)

Address: Base address + Bh offset

Bit 7 6 5 4 | 3 2 1 0
Read 0 BOTHEDGE RESYNCDI
Write S
Reset 0 0 0 0 0 0 0 0
UARTX_CS5 field descriptions
Field Description
7 Transmitter DMA Enable
TDMAE
TDMAE configures the transmit data register empty flag, S1[TDRE], to generate a DMA request.
0 DMA request disabled.
1 DMA request enabled.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Receiver Full DMA Enable
RDMAE
RDMAE configures the receiver data register full flag, S1[RDRF], to generate a DMA request.
0 DMA request disabled.
1 DMA request enabled.
4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Both Edge Sampling
BOTHEDGE

Enables sampling of the received data on both edges of the baud rate clock, effectively doubling the
number of times the receiver samples the input data for a given oversampling ratio. This bit must be set for
oversampling ratios between x4 and x7 and is optional for higher oversampling ratios. This bit should only
be changed when the receiver is disabled.

Table continues on the next page...
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UARTX_CS5 field descriptions (continued)

Field Description

0 Receiver samples input data using the rising edge of the baud rate clock.
1 Receiver samples input data using the rising and falling edge of the baud rate clock.

0 Resynchronization Disable

RESYNCDIS
When set, disables the resynchronization of the received data word when a data one followed by data

zero transition is detected. This bit should only be changed when the receiver is disabled.

0 Resynchronization during received data word is supported
1 Resynchronization during received data word is disabled

39.3 Functional description

The UART supports full-duplex, asynchronous, NRZ serial communication and
comprises a baud rate generator, transmitter, and receiver block. The transmitter and
receiver operate independently, although they use the same baud rate generator. The
following describes each of the blocks of the UART.

39.3.1 Baud rate generation

A 13-bit modulus counter in the baud rate generator derive the baud rate for both the
receiver and the transmitter. The value from 1 to 8191 written to SBR[12:0] determines
the baud clock divisor for the asynchronous UART baud clock. The SBR bits are in the
UART baud rate registers, BDH and BDL. The baud rate clock drives the receiver, while
the transmitter is driven by the baud rate clock divided by the over sampling ratio.
Depending on the over sampling ratio, the receiver has an acquisition rate of 4 to 32
samples per bit time.

Baud rate generation is subject to two sources of error:
* Integer division of the module clock may not give the exact target frequency.

* Synchronization with the asynchronous UART baud clock can cause phase shift.

39.3.2 Transmitter functional description

This section describes the overall block diagram for the UART transmitter, as well as
specialized functions for sending break and idle characters.
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The transmitter output (UART_TX) idle state defaults to logic high, C3[TXINV] is
cleared following reset. The transmitter output is inverted by setting C3[TXINV]. The
transmitter is enabled by setting the C2[TE] bit. This queues a preamble character that is
one full character frame of the idle state. The transmitter then remains idle until data is
available in the transmit data buffer. Programs store data into the transmit data buffer by
writing to the UART data register.

The central element of the UART transmitter is the transmit shift register that is 10-bit to
13 bits long depending on the setting in the C1[M], C2[M10] and BDH[SBNS] control
bits. For the remainder of this section, assume C1[M], C2[M10] and BDH[SBNS] are
cleared, selecting the normal 8-bit data mode. In 8-bit data mode, the shift register holds a
start bit, eight data bits, and a stop bit. When the transmit shift register is available for a
new UART character, the value waiting in the transmit data register is transferred to the
shift register, synchronized with the baud rate clock, and the transmit data register empty
(SI[TDRE)) status flag is set to indicate another character may be written to the transmit
data buffer at UART _D.

If no new character is waiting in the transmit data buffer after a stop bit is shifted out the
UART_TX pin, the transmitter sets the transmit complete flag and enters an idle mode,
with UART_TX high, waiting for more characters to transmit.

Writing 0 to C2[TE] does not immediately disable the transmitter. The current transmit
activity in progress must first be completed. This includes data characters in progress,
queued idle characters, and queued break characters.

39.3.2.1 Send break and queued idle

The UART_C2[SBK] bit sends break characters originally used to gain the attention of
old teletype receivers. Break characters are a full character time of logic 0, 10-bit to 12-
bit times including the start and stop bits. A longer break of 13-bit times can be enabled
by setting UART_S2[BRK13]. Normally, a program would wait for UART_S1[TDRE]
to become set to indicate the last character of a message has moved to the transmit
shifter, write 1, and then write O to the UART_C2[SBK] bit. This action queues a break
character to be sent as soon as the shifter is available. If UART_C2[SBK] remains 1
when the queued break moves into the shifter, synchronized to the baud rate clock, an
additional break character is queued. If the receiving device is another Freescale
Semiconductor UART, the break characters are received as Os in all data bits and a
framing error (UART_S1[FE] = 1) occurs.

When idle-line wakeup is used, a full character time of idle (logic 1) is needed between
messages to wake up any sleeping receivers. Normally, a program would wait for
UART_S1[TDRE] to become set to indicate the last character of a message has moved to
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the transmit shifter, then write O and then write 1 to the UART_C2[TE] bit. This action
queues an idle character to be sent as soon as the shifter is available. As long as the
character in the shifter does not finish whileUART_C2[TE] is cleared, the UART
transmitter never actually releases control of the UART_TX pin.

The length of the break character is affected by the UART_S2[BRK13], UART_C1[M]
and UART_C4[M10] bits as shown below.

Table 39-27. Break character length

BRK13 M M10 SBNS Break character
length
0 0 0 0 10 bit times
0 0 0 1 11 bit times
0 1 0 0 11 bit times
0 1 0 1 12 bit times
0 X 1 0 12 bit times
0 X 1 1 13 bit times
1 0 0 0 13 bit times
1 0 0 1 14 bit times
1 1 0 0 14 bit times
1 1 0 1 15 bit times
1 X 1 0 15 bit times
1 X 1 1 16 bit times

39.3.3 Receiver functional description

In this section, the receiver block diagram is a guide for the overall receiver functional
description. Next, the data sampling technique used to reconstruct receiver data is
described in more detail. Finally, two variations of the receiver wakeup function are
explained.

The receiver input is inverted by setting UART_S2[RXINV]. The receiver is enabled by
setting the UART_C2[RE] bit. Character frames consist of a start bit of logic 0, eight to
ten data bits (msb or Isb first), and one or two stop bits of logic 1. For information about
9-bit or 10-bit data mode, refer to 8-bit, 9-bit and 10-bit data modes. For the remainder of
this discussion, assume the UART is configured for normal 8-bit data mode.

After receiving the stop bit into the receive shifter, and provided the receive data register
is not already full, the data character is transferred to the receive data register and the

receive data register full (UART_S1[RDRF]) status flag is set. If UART_S1[RDRF] was
already set indicating the receive data register (buffer) was already full, the overrun (OR)
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status flag is set and the new data is lost. Because the UART receiver is double-buffered,
the program has one full character time after UART_S1[RDRF] is set before the data in
the receive data buffer must be read to avoid a receiver overrun.

When a program detects that the receive data register is full (UART_S1[RDRF] = 1), it
gets the data from the receive data register by reading UART_D. Refer to Interrupts and
status flags for details about flag clearing.

39.3.3.1 Data sampling technique

The UART receiver supports an oversampling rate of between 4x and 32x of the baud
rate clock for sampling. The receiver starts by taking logic level samples at the
oversampling rate times the baud rate to search for a falling edge on the UART_RX serial
data input pin. A falling edge is defined as a logic 0 sample after three consecutive logic
1 samples. The oversampling baud rate clock divides the bit time into 4 to 32 segments
from 1 to OSR (where OSR is the configured oversampling ratio). When a falling edge is
located, three more samples are taken at (OSR/2), (OSR/2)+1, and (OSR/2)+2 to make
sure this was a real start bit and not merely noise. If at least two of these three samples
are 0, the receiver assumes it is synchronized to a receive character. If another falling
edge is detected before the receiver is considered synchronized, the receiver restarts the
sampling from the first segment.

The receiver then samples each bit time, including the start and stop bits, at (OSR/2),
(OSR/2)+1, and (OSR/2)+2 to determine the logic level for that bit. The logic level is
interpreted to be that of the majority of the samples taken during the bit time. If any
sample in any bit time, including the start and stop bits, in a character frame fails to agree
with the logic level for that bit, the noise flag (UART_S1[NF]) is set when the received
character is transferred to the receive data buffer.

When the UART receiver is configured to sample on both edges of the baud rate clock,
the number of segments in each received bit is effectively doubled (from 1 to OSR*2).
The start and data bits are then sampled at OSR, OSR+1 and OSR+2. Sampling on both
edges of the clock must be enabled for oversampling rates of 4x to 7x and is optional for
higher oversampling rates.

The falling edge detection logic continuously looks for falling edges. If an edge is
detected, the sample clock is resynchronized to bit times (unless resynchronization has
been disabled). This improves the reliability of the receiver in the presence of noise or
mismatched baud rates. It does not improve worst case analysis because some characters
do not have any extra falling edges anywhere in the character frame.
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In the case of a framing error, provided the received character was not a break character,
the sampling logic that searches for a falling edge is filled with three logic 1 samples so
that a new start bit can be detected almost immediately.

39.3.3.2 Receiver wakeup operation

Receiver wakeup is a hardware mechanism that allows an UART receiver to ignore the
characters in a message intended for a different UART receiver. In such a system, all
receivers evaluate the first character(s) of each message, and as soon as they determine
the message is intended for a different receiver, they write logic 1 to the receiver wake up
control bit(UART_C2[RWU]). When RWU bit is set, the status flags associated with the
receiver, with the exception of the idle bit, IDLE, when UART_S2[RWUID] bit is set,
are inhibited from setting, thus eliminating the software overhead for handling the
unimportant message characters. At the end of a message, or at the beginning of the next
message, all receivers automatically force UART_C2[RWU] to O so all receivers wake
up in time to look at the first character(s) of the next message.

39.3.3.2.1 Idle-line wakeup

When wake is cleared, the receiver is configured for idle-line wakeup. In this mode,
UART_C2[RWU] is cleared automatically when the receiver detects a full character time
of the idle-line level. The UART_C1[M] and UART_C4[M10] control bit selects 8-bit to
10-bit data mode and the UART_BDH[SBNS] bit selects 1-bit or 2-bit stop bit number
that determines how many bit times of idle are needed to constitute a full character time,
10 to 13 bit times because of the start and stop bits.

When UART_C2[RWU] is one and UART_S2[RWUID] is zero, the idle condition that
wakes up the receiver does not set the UART_S1[IDLE] flag. The receiver wakes up and
waits for the first data character of the next message that sets the UART_S1[RDRF] flag
and generates an interrupt if enabled. When UART_S2[RWUID] is one, any idle
condition sets the UART_S1[IDLE] flag and generates an interrupt if enabled, regardless
of whether UART_C2[RWU] is zero or one.

The idle-line type (UART_CI[ILT]) control bit selects one of two ways to detect an idle
line. When UART_CI1[ILT] is cleared, the idle bit counter starts after the start bit so the
stop bit and any logic 1s at the end of a character count toward the full character time of
idle. When UART_CI[ILT] is set, the idle bit counter does not start until after the stop bit
time, so the idle detection is not affected by the data in the last character of the previous
message.
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39.3.3.2.2 Address-mark wakeup

When wake is set, the receiver is configured for address-mark wakeup. In this mode,
UART_C2[RWU] is cleared automatically when the receiver detects a logic 1 in the most
significant bit of a received character.

Address-mark wakeup allows messages to contain idle characters, but requires the msb
be reserved for use in address frames. The logic 1 in the msb of an address frame clears
the UART_C2[RWU] bit before the stop bits are received and sets the UART_S1[RDRF]
flag. In this case, the character with the msb set is received even though the receiver was
sleeping during most of this character time.

39.3.3.2.3 Match address operation

Match address operation is enabled when the UART_C4[MAEN1] or
UART_C4[MAEN?2?] bit is set. In this function, a frame received by the UART_RX pin
with a logic 1 in the bit position immediately preceding the stop bit is considered an
address and is compared with the associated MA1 or MA?2 register. The frame is only
transferred to the receive buffer, and UART_SI1[RDRF] is set, if the comparison matches.
All subsequent frames received with a logic 0 in the bit position immediately preceding
the stop bit are considered to be data associated with the address and are transferred to the
receive data buffer. If no marked address match occurs then no transfer is made to the
receive data buffer, and all following frames with logic zero in the bit position
immediately preceding the stop bit are also discarded. If both the UART_C4[MAENI1]
and UART_C4[MAEN?2] bits are negated, the receiver operates normally and all data
received is transferred to the receive data buffer.

Match Address operation functions in the same way for both MA1 and MA?2 registers.

* If only one of UART_C4[MAEN1] and UART_C4[MAEN?2] is asserted, a marked
address is compared only with the associated match register and data is transferred to
the receive data buffer only on a match.

e If UART_C4[MAENI1] and UART_C4[MAEN?2] are asserted, a marked address is
compared with both match registers and data is transferred only on a match with
either register.

39.3.4 Additional UART functions

The following sections describe additional UART functions.
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39.3.4.1 8-bit, 9-bit and 10-bit data modes

The UART system, transmitter and receiver, can be configured to operate in 9-bit data
mode by setting the UART_C1[M] or 10-bit data mode by setting UART_C4[M10]. In 9-
bit mode, there is a ninth data bit to the left of the msb of the UART data register, in 10-
bit mode there is a tenth data bit. For the transmit data buffer, these bits are stored in T8
and T9 in UART_C3. For the receiver, these bits are held in UART_C3[R8] and
UART_C3[R9].

For coherent writes to the transmit data buffer, write to UART_C3[T8] and
UART_C3[T9] before writing to UART_D.

If the bit values to be transmitted as the ninth and tenth bit of a new character are the
same as for the previous character, it is not necessary to write to T8 and T9 again. When
data is transferred from the transmit data buffer to the transmit shifter, the value in T8
and T9 is copied at the same time data is transferred from UART_D to the shifter.

The 9-bit data mode is typically used with parity to allow eight bits of data plus the parity
in the ninth bit, or it is used with address-mark wakeup so the ninth data bit can serve as
the wakeup bit. The 10-bit data mode is typically used with parity and address-mark
wakeup so the ninth data bit can serve as the wakeup bit and the tenth bit as the parity bit.
In custom protocols, the ninth and/or tenth bits can also serve as software-controlled
markers.

39.3.4.2 Loop mode

When UART_CI1[LOOPS] is set, the UART_CI[RSRC] bit in the same register chooses
between loop mode (UART_C1[RSRC] = 0) or single-wire mode (UART_C1[RSRC] =
1). Loop mode is sometimes used to check software, independent of connections in the
external system, to help isolate system problems. In this mode, the transmitter output is
internally connected to the receiver input and the UART_RX pin is not used by the
UART.

39.3.4.3 Single-wire operation

When UART_CI1[LOOPS] is set, the RSRC bit in the same register chooses between
loop mode (UART_CI[RSRC] = 0) or single-wire mode (UART_CI1[RSRC] =1).
Single-wire mode implements a half-duplex serial connection. The receiver is internally
connected to the transmitter output and to the UART_TX pin (the UART_RX pin is not
used).
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In single-wire mode, the UART_C3[TXDIR] bit controls the direction of serial data on
the UART_TX pin. When UART_C3[TXDIR] is cleared, the UART_TX pin is an input
to the UART receiver and the transmitter is temporarily disconnected from the
UART_TX pin so an external device can send serial data to the receiver. When
UART_C3[TXDIR] is set, the UART_TXD pin is an output driven by the transmitter, the
internal loop back connection is disabled, and as a result the receiver cannot receive
characters that are sent out by the transmitter.

39.3.5 Interrupts and status flags

The UART system generates three separate interrupts to reduce the amount of software
needed to isolate the cause of the interrupt. One interrupt is associated with the
transmitter for TDRE and TC events. Another interrupt is associated with the receiver for
RDREF, IDLE, RXEDGIF, and LBKDIF events. A third interrupt is used for OR, NF, FE,
and PF error conditions. Each of these ten interrupt sources can be separately masked by
local interrupt enable masks. The flags can be polled by software when the local masks
are cleared to disable generation of hardware interrupt requests.

The UART transmitter has two status flags that can optionally generate hardware
interrupt requests. Transmit data register empty (UART_S1[TDRE]) indicates when there
1s room 1n the transmit data buffer to write another transmit character to UART_D. If the
transmit interrupt enable (UART_C2[TIE]) bit is set, a hardware interrupt is requested
when UART_S1[TDRE] is set. Transmit complete (UART_S1[TC]) indicates that the
transmitter is finished transmitting all data, preamble, and break characters and is idle
with UART_TX at the inactive level. This flag is often used in systems with modems to
determine when it is safe to turn off the modem. If the transmit complete interrupt enable
(UART_C2[TCIE]) bit is set, a hardware interrupt is requested when UART_S1[TC] is
set. Instead of hardware interrupts, software polling may be used to monitor the
UART_S1[TDRE] and UART_S1[TC] status flags if the corresponding UART_C2[TIE]
or UART_C2[TCIE] local interrupt masks are cleared.

When a program detects that the receive data register is full (UART_S1[RDRF] = 1), it
gets the data from the receive data register by reading UART_D. The UART_S1[RDRF]
flag is cleared by reading UART_D.

The IDLE status flag includes logic that prevents it from getting set repeatedly when the
UART_RX line remains idle for an extended period of time. IDLE is cleared by writing 1
to the UART_SI1[IDLE] flag. After UART_SI[IDLE] has been cleared, it cannot become
set again until the receiver has received at least one new character and has set
UART_S1[RDRF].
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If the associated error was detected in the received character that caused
UART_S1[RDRF] to be set, the error flags - noise flag (UART_S1[NF]), framing error
(UART_SI1[FE)), and parity error flag (UART_S1[PF]) - are set at the same time as
UART_S1[RDRF]. These flags are not set in overrun cases.

If UART_SI1[RDRF] was already set when a new character is ready to be transferred
from the receive shifter to the receive data buffer, the overrun (UART_S1[OR]) flag is
set instead of the data along with any associated NF, FE, or PF condition is lost.

At any time, an active edge on the UART_RX serial data input pin causes the
UART_S2[RXEDGIF] flag to set. The UART_S2[RXEDGIF] flag is cleared by writing a
1 to it. This function depends on the receiver being enabled (UART_C2[RE] =1).
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Chapter 40
Universal Asynchronous Receiver/Transmitter
(UART1 and UART2)

40.1 Introduction

40.1.1 Features

Features of UART module include:
* Full-duplex, standard non-return-to-zero (NRZ) format
e Double-buffered transmitter and receiver with separate enables
* Programmable baud rates (13-bit modulo divider)
* Interrupt-driven or polled operation:
e Transmit data register empty and transmission complete
» Receive data register full
» Receive overrun, parity error, framing error, and noise error
* Idle receiver detect
» Active edge on receive pin
* Break detect supporting LIN
e Hardware parity generation and checking
* Programmable 8-bit or 9-bit character length
* Programmable 1-bit or 2-bit stop bits
* Receiver wakeup by idle-line or address-mark
* Optional 13-bit break character generation / 11-bit break character detection
* Selectable transmitter output polarity
* 5-channel DMA interface
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40.1.2 Modes of operation

See Section Functional description for details concerning UART operation in these

modes:
* 8- and 9-bit data modes
* Stop mode operation
* Loop mode
* Single-wire mode

40.1.3 Block diagram
The following figure shows the transmitter portion of the UART.
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Figure 40-1. UART transmitter block diagram

The following figure shows the receiver portion of the UART.
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Figure 40-2. UART receiver block diagram
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40.2 Register definition

The UART has 8-bit registers to control baud rate, select UART options, report UART
status, select DMA options, and for transmit/receive data.

Refer to the direct-page register summary in the memory chapter of this document or the
absolute address assignments for all UART registers. This section refers to registers and
control bits only by their names. A Freescale-provided equate or header file is used to
translate these names into the appropriate absolute addresses.

UART memory map

I;lc)l:lc:::se Register name W id.t h Access | Reset value Section/
(hex) (in bits) page
4006_B000 |UART Baud Rate Register: High (UART1_BDH) 8 R/W 00h 40.2.1/751
4006_B001 |UART Baud Rate Register: Low (UART1_BDL) 8 R/W 04h 40.2.2/751
4006_B002 |UART Control Register 1 (UART1_C1) 8 R/W 00h 40.2.3/752
4006_B003 |UART Control Register 2 (UART1_C2) 8 R/W 00h 40.2.4/753
4006_B004 |UART Status Register 1 (UART1_S1) 8 R COh 40.2.5/755
4006_B005 |UART Status Register 2 (UART1_S2) 8 R/W 00h 40.2.6/756
4006_B006 |UART Control Register 3 (UART1_C3) 8 R/W 00h 40.2.7/758
4006_B007 |UART Data Register (UART1_D) 8 R/W 00h 40.2.8/760
4006_B008 |UART Control Register 4 (UART1_C4) 8 R/W 00h 40.2.9/760
4006_C000 |UART Baud Rate Register: High (UART2_BDH) 8 R/W 00h 40.2.1/751
4006_C001 |UART Baud Rate Register: Low (UART2_BDL) 8 R/W 04h 40.2.2/751
4006_C002 |UART Control Register 1 (UART2_C1) 8 R/W 00h 40.2.3/752
4006_C003 |UART Control Register 2 (UART2_C2) 8 R/W 00h 40.2.4/753
4006_C004 |UART Status Register 1 (UART2_S1) 8 R Coh 40.2.5/755
4006_CO005 |UART Status Register 2 (UART2_S2) 8 R/W 00h 40.2.6/756
4006_C006 |UART Control Register 3 (UART2_C3) 8 R/W 00h 40.2.7/758
4006_C007 |UART Data Register (UART2_D) 8 R/W 00h 40.2.8/760
4006_C008 |UART Control Register 4 (UART2_C4) 8 R/W 00h 40.2.9/760
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40.2.1 UART Baud Rate Register: High (UARTx_BDH)

This register, along with UART_BDL, controls the prescale divisor for UART baud rate
generation. To update the 13-bit baud rate setting [SBR12:SBRO], first write to
UART_BDH to buffer the high half of the new value and then write to UART_BDL. The
working value in UART_BDH does not change until UART_BDL is written.

Address: Base address + h offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write LBKDIE RXEDGIE SBNS SBR
Reset 0 0 0 o | o 0 0 0
UARTXx_BDH field descriptions
Field Description
7 LIN Break Detect Interrupt Enable (for LBKDIF)
LBKDIE

0 Hardware interrupts from UART_S2[LBKDIF] disabled (use polling).
1 Hardware interrupt requested when UART_S2[LBKDIF] flag is 1.

6 RxD Input Active Edge Interrupt Enable (for RXEDGIF)
RXEDGIE

0 Hardware interrupts from UART_S2[RXEDGIF] disabled (use polling).
1 Hardware interrupt requested when UART_S2[RXEDGIF] flag is 1.

5 Stop Bit Number Select
SBNS

SBNS determines whether data characters are one or two stop bits.

0 One stop bit.
1 Two stop bit.

4-0 Baud Rate Modulo Divisor.
SBR

The 13 bits in SBR[12:0] are referred to collectively as BR, and they set the modulo divide rate for the
UART baud rate generator. When BR is cleared, the UART baud rate generator is disabled to reduce
supply current. When BR is 1 - 8191, the UART baud rate equals BUSCLK/(16xBR).

40.2.2 UART Baud Rate Register: Low (UARTx_BDL)

This register, along with UART_BDH, control the prescale divisor for UART baud rate
generation. To update the 13-bit baud rate setting [SBR12:SBRO], first write to
UART_BDH to buffer the high half of the new value and then write to UART_BDL. The
working value in UART_BDH does not change until UART_BDL is written.
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UART_BDL is reset to a non-zero value, so after reset the baud rate generator remains
disabled until the first time the receiver or transmitter is enabled; that is, UART_C2[RE]
or UART_C2[TE] bits are written to 1.

Address: Base address + h offset

Bit 7 6 5 4 | 3 2 1 0
fead SBR
Reset 0 0 0 o | o 1 0 0
UARTx_BDL field descriptions
Field Description
7-0 Baud Rate Modulo Divisor

SBR
These 13 bits in SBR[12:0] are referred to collectively as BR. They set the modulo divide rate for the

UART baud rate generator. When BR is cleared, the UART baud rate generator is disabled to reduce
supply current. When BR is 1 - 8191, the UART baud rate equals BUSCLK/(16xBR).

40.2.3 UART Control Register 1 (UARTx_C1)

This read/write register controls various optional features of the UART system.

Address: Base address + h offset

Bit 7 6 5 4 3 2 1 0
Wﬁg LOOPS | UARTSWAI RSRC M WAKE ILT PE PT
Reset 0 0 0 0 0 0 0 0

UARTXx_C1 field descriptions
Field Description
7 Loop Mode Select
LOOPS

Selects between loop back modes and normal 2-pin full-duplex modes. When LOOPS is set, the
transmitter output is internally connected to the receiver input.

0 Normal operation - RxD and TxD use separate pins.
1 Loop mode or single-wire mode where transmitter outputs are internally connected to receiver input.
(See RSRC bit.) RxD pin is not used by UART.

6 UART Stops in Wait Mode
UARTSWAI

0 UART clocks continue to run in wait mode so the UART can be the source of an interrupt that wakes
up the CPU.

1 UART clocks freeze while CPU is in wait mode.

5 Receiver Source Select
RSRC

Table continues on the next page...
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UARTXx_C1 field descriptions (continued)

Field Description
This bit has no meaning or effect unless the LOOPS bit is set to 1. When LOOPS is set, the receiver input
is internally connected to the TxD pin and RSRC determines whether this connection is also connected to
the transmitter output.
0 Provided LOOPS is set, RSRC is cleared, selects internal loop back mode and the UART does not
use the RxD pins.
1 Single-wire UART mode where the TxD pin is connected to the transmitter output and receiver input.
4 9-Bit or 8-Bit Mode Select
M
0 Normal - start + 8 data bits (Isb first) + stop.
1 Receiver and transmitter use 9-bit data characters start + 8 data bits (Isb first) + 9th data bit + stop.
3 Receiver Wakeup Method Select
WAKE
0 Idle-line wakeup.
1 Address-mark wakeup.
2 Idle Line Type Select
ILT
Setting this bit to 1 ensures that the stop bits and logic 1 bits at the end of a character do not count toward
the 10 or 11 bit times of logic high level needed by the idle line detection logic.
0 Idle character bit count starts after start bit.
1 Idle character bit count starts after stop bit.
1 Parity Enable
PE
Enables hardware parity generation and checking. When parity is enabled, the most significant bit (msb) of
the data character, eighth or ninth data bit, is treated as the parity bit.
0 No hardware parity generation or checking.
1 Parity enabled.
0 Parity Type
PT

Provided parity is enabled (PE = 1), this bit selects even or odd parity. Odd parity means the total number
of 1s in the data character, including the parity bit, is odd. Even parity means the total number of 1s in the
data character, including the parity bit, is even.

0 Even parity.
1 Odd parity.

40.2.4 UART Control Register 2 (UARTx_C2)

This register can be read or written at any time.

Address: Base address + h offset

Bit
Read
Write

Reset

7 6 5 4 3 2 1 0
TIE TCIE RIE ILIE TE RE RWU SBK
0 0 0 0 0 0 0 0
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UARTXx_C2 field descriptions

Field Description

7 Transmit Interrupt Enable for TDRE
TIE

0 Hardware interrupts from TDRE disabled; use polling.
1 Hardware interrupt requested when TDRE flag is 1.

6 Transmission Complete Interrupt Enable for TC
TCIE
0 Hardware interrupts from TC disabled; use polling.

1 Hardware interrupt requested when TC flag is 1.

5 Receiver Interrupt Enable for RDRF
RIE
0 Hardware interrupts from RDRF disabled; use polling.

1 Hardware interrupt requested when RDRF flag is 1.
4 Idle Line Interrupt Enable for IDLE

0 Hardware interrupts from IDLE disabled; use polling.
1 Hardware interrupt requested when IDLE flag is 1.

3 Transmitter Enable

TE must be 1 to use the UART transmitter. When TE is set, the UART forces the TxD pin to act as an
output for the UART system.

When the UART is configured for single-wire operation (LOOPS = RSRC = 1), TXDIR controls the
direction of traffic on the single UART communication line (TxD pin).

TE can also queue an idle character by clearing TE then setting TE while a transmission is in progress.
When TE is written to 0, the transmitter keeps control of the port TxD pin until any data, queued idle, or
queued break character finishes transmitting before allowing the pin to revert to a general-purpose 1/O pin.

0 Transmitter off.
1 Transmitter on.

2 Receiver Enable

When the UART receiver is off, the RxD pin reverts to being a general-purpose port I/O pin. If LOOPS is
set the RxD pin reverts to being a general-purpose 1/O pin even if RE is set.

0 Receiver off.
1 Receiver on.

1 Receiver Wakeup Control
RWU
This bit can be written to 1 to place the UART receiver in a standby state where it waits for automatic
hardware detection of a selected wakeup condition. The wakeup condition is an idle line between
messages, WAKE = 0, idle-line wakeup, or a logic 1 in the most significant data bit in a character, WAKE =
1, address-mark wakeup. Application software sets RWU and, normally, a selected hardware condition
automatically clears RWU.

0 Normal UART receiver operation.
1 UART receiver in standby waiting for wakeup condition.

0 Send Break
SBK

Writing a 1 and then a 0 to SBK queues a break character in the transmit data stream. Additional break
characters of 10 or 11 or 12, 13 or 14 or 15 if BRK13 = 1, bit times of logic 0 are queued as long as SBK is
set. Depending on the timing of the set and clear of SBK relative to the information currently being
transmitted, a second break character may be queued before software clears SBK.

Table continues on the next page...
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UARTX_C2 field descriptions (continued)

Field Description
0 Normal transmitter operation.
1 Queue break character(s) to be sent.

40.2.5 UART Status Register 1 (UARTx_S1)

This register has eight read-only status flags. Writes have no effect. Special software
sequences, which do not involve writing to this register, clear these status flags.

Address: Base address + h offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 1 1 0 0 0 0 0 0
UARTXx_S1 field descriptions
Field Description
7 Transmit Data Register Empty Flag
TDRE

TDRE is set out of reset and when a transmit data value transfers from the transmit data buffer to the
transmit shifter, leaving room for a new character in the buffer. To clear TDRE, read UART_S1 with TDRE
set and then write to the UART data register (UART_D).

0 Transmit data register (buffer) full.
1 Transmit data register (buffer) empty.

6 Transmission Complete Flag
TC TC is set out of reset and when TDRE is set and no data, preamble, or break character is being
transmitted.
TC is cleared automatically by reading UART_S1 with TC set and then doing one of the following:
* Write to the UART data register (UART_D) to transmit new data
* Queue a preamble by changing TE from 0 to 1
* Queue a break character by writing 1 to UART_C2[SBK]

0 Transmitter active (sending data, a preamble, or a break).
1 Transmitter idle (transmission activity complete).

5 Receive Data Register Full Flag
RDRF
RDRF becomes set when a character transfers from the receive shifter into the receive data register
(UART_D). To clear RDRF, read UART_S1 with RDRF set and then read the UART data register
(UART_D).

0 Receive data register empty.
1 Receive data register full.

4 Idle Line Flag
IDLE

IDLE is set when the UART receive line becomes idle for a full character time after a period of activity.
When ILT is cleared, the receiver starts counting idle bit times after the start bit. If the receive character is

Table continues on the next page...
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UARTXx_S1 field descriptions (continued)

Field Description

all 1s, these bit times and the stop bits time count toward the full character time of logic high, 10 or 11 bit
times depending on the M control bit, needed for the receiver to detect an idle line. When ILT is set, the
receiver doesn't start counting idle bit times until after the stop bits. The stop bits and any logic high bit
times at the end of the previous character do not count toward the full character time of logic high needed
for the receiver to detect an idle line.

To clear IDLE, read UART_S1 with IDLE set and then read the UART data register (UART_D). After IDLE
has been cleared, it cannot become set again until after a new character has been received and RDRF
has been set. IDLE is set only once even if the receive line remains idle for an extended period.

0 Noidle line detected.
1 Idle line was detected.

3 Receiver Overrun Flag

OR is set when a new serial character is ready to be transferred to the receive data register (buffer), but
the previously received character has not been read from UART_D yet. In this case, the new character,
and all associated error information, is lost because there is no room to move it into UART_D. To clear
OR, read UART_S1 with OR set and then read the UART data register (UART_D).

0 No overrun.
1 Receive overrun (new UART data lost).

2 Noise Flag

The advanced sampling technique used in the receiver takes seven samples during the start bit and three
samples in each data bit and the stop bits. If any of these samples disagrees with the rest of the samples
within any bit time in the frame, the flag NF is set at the same time as RDRF is set for the character. To
clear NF, read UART_S1 and then read the UART data register (UART_D).

0 No noise detected.
1 Noise detected in the received character in UART_D.

1 Framing Error Flag
FE
FE is set at the same time as RDRF when the receiver detects a logic 0 where the stop bits was expected.
This suggests the receiver was not properly aligned to a character frame. To clear FE, read UART_S1
with FE set and then read the UART data register (UART_D).

0 No framing error detected. This does not guarantee the framing is correct.
1 Framing error.

0 Parity Error Flag

PF is set at the same time as RDRF when parity is enabled (PE = 1) and the parity bit in the received
character does not agree with the expected parity value. To clear PF, read UART_S1 and then read the
UART data register (UART_D).

0 No parity error.
1 Parity error.

40.2.6 UART Status Register 2 (UARTx_S2)

This register contains one read-only status flag.
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When using an internal oscillator in a LIN system, it is necessary to raise the break
detection threshold one bit time. Under the worst case timing conditions allowed in LIN,
it is possible that a 0x00 data character can appear to be 10.26 bit times long at a slave
running 14% faster than the master. This would trigger normal break detection circuitry
designed to detect a 10-bit break symbol. When the LBKDE bit is set, framing errors are
inhibited and the break detection threshold changes from 10 bits to 11 bits, preventing
false detection of a 0x00 data character as a LIN break symbol.

Address: Base address + h offset

Bit 7 6 5 4 3 2 1 0
Read 0 RAF
LBKDIF RXEDGIF RXINV RWUID BRK13 LBKDE
Write
Reset 0 0 0 0 0 0 0 0
UARTXx_S2 field descriptions
Field Description
7 LIN Break Detect Interrupt Flag
LBKDIF

LBKDIF is set when the LIN break detect circuitry is enabled and a LIN break character is detected.
LBKDIF is cleared by writing a 1 to it.

0 No LIN break character has been detected.
1 LIN break character has been detected.

6 RxD Pin Active Edge Interrupt Flag
RXEDGIF
RXEDGIF is set when an active edge, falling if RXINV = 0, rising if RXINV=1, on the RxD pin occurs.
RXEDGIF is cleared by writing a 1 to it.

0 No active edge on the receive pin has occurred.
1 An active edge on the receive pin has occurred.

5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 Receive Data Inversion
RXINV

Setting this bit reverses the polarity of the received data input.

NOTE: Setting RXINV inverts the RxD input for all cases: data bits, start and stop bits, break, and idle.

0 Receive data not inverted.
1 Receive data inverted.

3 Receive Wake Up Idle Detect
RWUID

RWUID controls whether the idle character that wakes up the receiver sets the IDLE bit.

0 During receive standby state (RWU = 1), the IDLE bit does not get set upon detection of an idle
character.

1 During receive standby state (RWU = 1), the IDLE bit gets set upon detection of an idle character.

2 Break Character Generation Length
BRK13

Table continues on the next page...
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UARTXx_S2 field descriptions (continued)

Field

Description

BRK13 selects a longer transmitted break character length. Detection of a framing error is not affected by
the state of this bit.

0 Break character is transmitted with length of 10 bit times (if M = 0, SBNS = 0) or 11 (if M =1, SBNS =
0orM=0,SBNS =1)or 12 (if M=1, SBNS =1).

1 Break character is transmitted with length of 13 bit times (if M = 0, SBNS = 0) or 14 (f M =1, SBNS =
0orM=0,SBNS =1)or 15 (if M=1, SBNS = 1).

LBKDE

LIN Break Detection Enable

LBKDE selects a longer break character detection length. While LBKDE is set, framing error (FE) and
receive data register full (RDRF) flags are prevented from setting.

0 Break character is detected at length 10 bit times (if M =0, SBNS =0) or 11 (f M=1,SBNS =00or M
=0,SBNS=1)or12 (ifM=1, SBNS =1).

1 Break character is detected at length of 11 bit times (if M = 0, SBNS =0) or 12 (if M=1, SBNS =0 or
M=0,SBNS=1)or13 (f M=1,SBNS =1).

RAF

Receiver Active Flag

RAF is set when the UART receiver detects the beginning of a valid start bit, and RAF is cleared
automatically when the receiver detects an idle line. This status flag can be used to check whether an
UART character is being received before instructing the MCU to go to stop mode.

0 UART receiver idle waiting for a start bit.
1 UART receiver active (RxD input not idle).

40.2.7 UART Control Register 3 (UARTx_C3)

Address: Base address + h offset

Bit 7 6 5 4 3 2 1 0
Read R8
T8 TXDIR TXINV ORIE NEIE FEIE PEIE
Write
Reset 0 0 0 0 0 0 0 0
UARTx_C3 field descriptions
Field Description
7 Ninth Data Bit for Receiver
R8
When the UART is configured for 9-bit data (M = 1), R8 can be thought of as a ninth receive data bit to the
left of the msb of the buffered data in the UART_D register. When reading 9-bit data, read R8 before
reading UART_D because reading UART_D completes automatic flag clearing sequences that could allow
R8 and UART_D to be overwritten with new data.
6 Ninth Data Bit for Transmitter
T8

When the UART is configured for 9-bit data (M = 1), T8 may be thought of as a ninth transmit data bit to
the left of the msb of the data in the UART_D register. When writing 9-bit data, the entire 9-bit value is
transferred to the UART shift register after UART_D is written so T8 should be written, if it needs to
change from its previous value, before UART_D is written. If T8 does not need to change in the new value,

Table continues on the next page...
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UARTX_C3 field descriptions (continued)

Field

Description

such as when it is used to generate mark or space parity, it need not be written each time UART_D is
written.

TXDIR

TxD Pin Direction in Single-Wire Mode

When the UART is configured for single-wire half-duplex operation (LOOPS = RSRC = 1), this bit
determines the direction of data at the TxD pin.

0 TxD pin is an input in single-wire mode.
1 TxD pin is an output in single-wire mode.

TXINV

Transmit Data Inversion

Setting this bit reverses the polarity of the transmitted data output.

NOTE: Setting TXINV inverts the TxD output for all cases: data bits, start and stop bits, break, and idle.

0 Transmit data not inverted.
1 Transmit data inverted.

ORIE

Overrun Interrupt Enable
This bit enables the overrun flag (OR) to generate hardware interrupt requests.

0 OR interrupts disabled; use polling.
1 Hardware interrupt requested when OR is set.

NEIE

Noise Error Interrupt Enable
This bit enables the noise flag (NF) to generate hardware interrupt requests.

0 NF interrupts disabled; use polling).
1 Hardware interrupt requested when NF is set.

FEIE

Framing Error Interrupt Enable
This bit enables the framing error flag (FE) to generate hardware interrupt requests.

0 FE interrupts disabled; use polling).
1 Hardware interrupt requested when FE is set.

PEIE

Parity Error Interrupt Enable
This bit enables the parity error flag (PF) to generate hardware interrupt requests.

0 PF interrupts disabled; use polling).
1 Hardware interrupt requested when PF is set.
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40.2.8 UART Data Register (UARTx_D)

This register is actually two separate registers. Reads return the contents of the read-only
receive data buffer and writes go to the write-only transmit data buffer. Reads and writes
of this register are also involved in the automatic flag clearing mechanisms for the UART
status flags.

Address: Base address + h offset

Bit 7 6 5 4 3 2 1 0
ﬁ\frﬁg R7T7 R6T6 R5T5 R4T4 R3T3 RoT2 R1T1 ROTO
Reset 0 0 0 0 0 0 0 0

UARTX_D field descriptions

Field Description

7 Read receive data buffer 7 or write transmit data buffer 7.
R7T7

6 Read receive data buffer 6 or write transmit data buffer 6.
R6T6

5 Read receive data buffer 5 or write transmit data buffer 5.
R5T5

4 Read receive data buffer 4 or write transmit data buffer 4.
R4T4

3 Read receive data buffer 3 or write transmit data buffer 3.
R3T3

2 Read receive data buffer 2 or write transmit data buffer 2.
R2T2

1 Read receive data buffer 1 or write transmit data buffer 1.
R1T1

0 Read receive data buffer 0 or write transmit data buffer 0.
ROTO

40.2.9 UART Control Register 4 (UARTx_C4)

Address: Base address + h offset

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
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UARTXx_C4 field descriptions

Field Description
7 Transmitter DMA Select
TDMAS
TDMAS configures the transmit data register empty flag, TDRE, to generate interrupt or DMA requests if
TIE is set.
NOTE: If UART_C2[TIE] is cleared, TDRE DMA and TDRE interrupt request signals are not asserted
when the TDRE flag is set, regardless of the state of TDMAS.
If UART_C2[TIE] and TDMAS are both set, then UART_C2[TCIE] must be cleared, and UART_D
must not be written outside of servicing of a DMA request.
0 If TIE is set and the TDRE flag is set, the TDRE interrupt request signal is asserted to request
interrupt service.
1 If TIE is set and the TDRE flag is set, the TDRE DMA request signal is asserted to request a DMA
transfer.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Receiver Full DMA Select
RDMAS
RDMAS configures the receiver data register full flag, RDRF, to generate interrupt or DMA requests if RIE
is set.
NOTE: If RIE is cleared, the RDRF DMA and RDRF interrupt request signals are not asserted when the
RDREF flag is set, regardless of the state of RDMAS.
0 [fRIE is set and the RDREF flag is set, the RDRF interrupt request signal is asserted to request
interrupt service.
1 If RIE is set and the RDRF flag is set, the RDRF DMA request signal is asserted to request a DMA
transfer.
4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

40.3 Functional description

The UART allows full-duplex, asynchronous, NRZ serial communication among the
MCU and remote devices, including other MCUs. The UART comprises a baud rate
generator, transmitter, and receiver block. The transmitter and receiver operate
independently, although they use the same baud rate generator. During normal operation,
the MCU monitors the status of the UART, writes the data to be transmitted, and
processes received data. The following describes each of the blocks of the UART.
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40.3.1 Baud rate generation

As shown in the following figure, the clock source for the UART baud rate generator is
the bus-rate clock.

Modulo Divide By
(1 through 8191)
{} Divide By
UART Module Clock —» SBR[12:0] 16 [ > TxBaud Rate
Baud Rate Generator < Rx Sampling Clock
Off If [SBR12:SBRO0] =0 (16 x Baud Rate)
Baud Rate = UART Module Clock
SBR[12:0] x 16

Figure 40-30. UART baud rate generation

UART communications require the transmitter and receiver, which typically derive baud
rates from independent clock sources, to use the same baud rate. Allowed tolerance on
this baud frequency depends on the details of how the receiver synchronizes to the
leading edge of the start bit and how bit sampling is performed.

The MCU resynchronizes to bit boundaries on every high-to-low transition. In the worst
case, there are no such transitions in the full 10- or 11-bit or 12-bittime character frame
so any mismatch in baud rate is accumulated for the whole character time. For a
Freescale UART system whose bus frequency is driven by a crystal, the allowed baud
rate mismatch is about +4.5 percent for 8-bit data format and about +4 percent for 9-bit
data format. Although baud rate modulo divider settings do not always produce baud
rates that exactly match standard rates, it is normally possible to get within a few percent,
which is acceptable for reliable communications.

40.3.2 Transmitter functional description

This section describes the overall block diagram for the UART transmitter, as well as
specialized functions for sending break and idle characters.

The transmitter output (TxD) idle state defaults to logic high, UART_C3[TXINV] is
cleared following reset. The transmitter output is inverted by setting UART_C3[TXINV].
The transmitter is enabled by setting the TE bit in UARTXC2. This queues a preamble
character that is one full character frame of the idle state. The transmitter then remains
idle until data is available in the transmit data buffer. Programs store data into the
transmit data buffer by writing to the UART data register (UART_D).

The central element of the UART transmitter is the transmit shift register that is 10 or 11
or 12 bits long depending on the setting in the UART_CI1[M] control bit and
UART_BDH[SBNS] bit. For the remainder of this section, assume UART_C1[M] is
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cleared, UART_BDH[SBNS] is also cleared, selecting the normal 8-bit data mode. In 8-
bit data mode, the shift register holds a start bit, eight data bits, and a stop bit. When the
transmit shift register is available for a new UART character, the value waiting in the
transmit data register is transferred to the shift register, synchronized with the baud rate
clock, and the transmit data register empty (UART_S1[TDRE]) status flag is set to
indicate another character may be written to the transmit data buffer at UART_D.

If no new character is waiting in the transmit data buffer after a stop bit is shifted out the
TxD pin, the transmitter sets the transmit complete flag and enters an idle mode, with
TxD high, waiting for more characters to transmit.

Writing 0 to UART_C2[TE] does not immediately release the pin to be a general-purpose
I/O pin. Any transmit activity in progress must first be completed. This includes data
characters in progress, queued idle characters, and queued break characters.

40.3.2.1 Send break and queued idle

The UART_C2[SBK] bit sends break characters originally used to gain the attention of
old teletype receivers. Break characters are a full character time of logic 0, 10 bit times
including the start and stop bits. A longer break of 13 bit times can be enabled by setting
UART_S2[BRK13]. Normally, a program would wait for UART_S1[TDRE] to become
set to indicate the last character of a message has moved to the transmit shifter, write 1,
and then write 0 to the UART_C2[SBK] bit. This action queues a break character to be
sent as soon as the shifter is available. If UART_C2[SBK] remains 1 when the queued
break moves into the shifter, synchronized to the baud rate clock, an additional break
character is queued. If the receiving device is another Freescale Semiconductor UART,

the break characters are received as Os in all eight data bits and a framing error
(UART_SI1[FE] = 1) occurs.

When idle-line wakeup is used, a full character time of idle (logic 1) is needed between
messages to wake up any sleeping receivers. Normally, a program would wait for
UART_S1[TDRE] to become set to indicate the last character of a message has moved to
the transmit shifter, then write O and then write 1 to the UART_C2|[TE] bit. This action
queues an idle character to be sent as soon as the shifter is available. As long as the
character in the shifter does not finish while UART_C2|TE] is cleared, the UART
transmitter never actually releases control of the TxD pin. If there is a possibility of the
shifter finishing while UART_C2[TE] is cleared, set the general-purpose 1/O controls so
the pin shared with TxD is an output driving a logic 1. This ensures that the TxD line
looks like a normal idle line even if the UART loses control of the port pin between
writing 0 and then 1 to UART_C2[TE].
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The length of the break character is affected by the UART_S2[BRK13] and
UART_C1[M] bits as shown below.

Table 40-31. Break character length

BRK13 M SBNS Break character length
0 0 0 10 bit times
0 0 1 11 bit times
0 1 0 11 bit times
0 1 1 12 bit times
1 0 0 13 bit times
1 0 1 14 bit times
1 1 0 14 bit times
1 1 1 15 bit times

40.3.3 Receiver functional description

In this section, the receiver block diagram is a guide for the overall receiver functional
description. Next, the data sampling technique used to reconstruct receiver data is
described in more detail. Finally, two variations of the receiver wakeup function are
explained.

The receiver input is inverted by setting UART_S2[RXINV]. The receiver is enabled by
setting the UART_C2[RE] bit. Character frames consist of a start bit of logic 0, eight (or
nine) data bits (Isb first), and one (or two) stop bits of logic 1. For information about 9-bit
data mode, refer to 8- and 9-bit data modes. For the remainder of this discussion, assume
the UART is configured for normal 8-bit data mode.

After receiving the stop bit into the receive shifter, and provided the receive data register
is not already full, the data character is transferred to the receive data register and the
receive data register full (UART_S1[RDRF]) status flag is set. If UART_S1[RDRF] was
already set indicating the receive data register (buffer) was already full, the overrun (OR)
status flag is set and the new data is lost. Because the UART receiver is double-buffered,
the program has one full character time after UART_S1[RDRF] is set before the data in
the receive data buffer must be read to avoid a receiver overrun.

When a program detects that the receive data register is full (UART_S1[RDRF] = 1), it
gets the data from the receive data register by reading UART_D. The UART_S1[RDRF]
flag is cleared automatically by a two-step sequence normally satisfied in the course of
the user's program that manages receive data. Refer to Interrupts and status flags for more
details about flag clearing.
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40.3.3.1 Data sampling technique

The UART receiver uses a 16x baud rate clock for sampling. The receiver starts by
taking logic level samples at 16 times the baud rate to search for a falling edge on the
RxD serial data input pin. A falling edge is defined as a logic 0 sample after three
consecutive logic 1 samples. The 16x baud rate clock divides the bit time into 16
segments labeled UART_D[[RT1] through UART_D[RT16]. When a falling edge is
located, three more samples are taken at UART_D[RT3], UART_D[RT5], and
UART_DI[RT?7] to make sure this was a real start bit and not merely noise. If at least two
of these three samples are 0, the receiver assumes it is synchronized to a receive
character.

The receiver then samples each bit time, including the start and stop bits, at
UART_D[RTS8], UART_D[RT9], and UART_DI[RT10] to determine the logic level for
that bit. The logic level is interpreted to be that of the majority of the samples taken
during the bit time. In the case of the start bit, the bit is assumed to be O if at least two of
the samples at UART_D[RT3], UART_D[RTS5], and UART_DI[RT7] are O even if one or
all of the samples taken at UART_D[RTS8], UART_D[RT9], and UART_DI[RT10] are 1s.
If any sample in any bit time, including the start and stop bits, in a character frame fails to
agree with the logic level for that bit, the noise flag (UART_S1[NF]) is set when the
received character is transferred to the receive data buffer.

The falling edge detection logic continuously looks for falling edges. If an edge is
detected, the sample clock is resynchronized to bit times. This improves the reliability of
the receiver in the presence of noise or mismatched baud rates. It does not improve worst
case analysis because some characters do not have any extra falling edges anywhere in
the character frame.

In the case of a framing error, provided the received character was not a break character,
the sampling logic that searches for a falling edge is filled with three logic 1 samples so
that a new start bit can be detected almost immediately.

In the case of a framing error, the receiver is inhibited from receiving any new characters
until the framing error flag is cleared. The receive shift register continues to function, but
a complete character cannot transfer to the receive data buffer if UART_S1[FE] remains
set.
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40.3.3.2 Receiver wakeup operation

Receiver wakeup is a hardware mechanism that allows an UART receiver to ignore the
characters in a message intended for a different UART receiver. In such a system, all
receivers evaluate the first character(s) of each message, and as soon as they determine
the message is intended for a different receiver, they write logic 1 to the receiver wake up
control bit(tUART_C2[RWU]). When RWU bit is set, the status flags associated with the
receiver, with the exception of the idle bit, IDLE, when UART_S2[RWUID] bit is set,
are inhibited from setting, thus eliminating the software overhead for handling the
unimportant message characters. At the end of a message, or at the beginning of the next
message, all receivers automatically force UART_C2[RWU] to 0 so all receivers wake
up in time to look at the first character(s) of the next message.

40.3.3.2.1 Idle-line wakeup

When wake is cleared, the receiver is configured for idle-line wakeup. In this mode,
UART_C2[RWU] is cleared automatically when the receiver detects a full character time
of the idle-line level. The UART_C1[M] control bit selects 8-bit or 9-bit data mode and
the UART_BDH[SBNS] bit selects 1-bit or 2-bit stop bit number that determines how
many bit times of idle are needed to constitute a full character time, 10 or 11 or 12 bit
times because of the start and stop bits.

When UARTI_C2[RWU] is one and UART_S2[RWUID] is zero, the idle condition that
wakes up the receiver does not set the UART_S1[IDLE] flag. The receiver wakes up and
waits for the first data character of the next message that sets the UART_S1[RDRF] flag
and generates an interrupt if enabled. When UART_S2[RWUID] is one, any idle
condition sets the UART_S1[IDLE] flag and generates an interrupt if enabled, regardless
of whether UART_C2[RWU] is zero or one.

The idle-line type (UART_CI[ILT]) control bit selects one of two ways to detect an idle
line. When UART_CI1[ILT] is cleared, the idle bit counter starts after the start bit so the
stop bit and any logic 1s at the end of a character count toward the full character time of
idle. When UART_CI[ILT] is set, the idle bit counter does not start until after a stop bit
time, so the idle detection is not affected by the data in the last character of the previous
message.

40.3.3.2.2 Address-mark wakeup

When wake is set, the receiver is configured for address-mark wakeup. In this mode,
UART_C2[RWU] is cleared automatically when the receiver detects a, or two, if
UART_BDH[SBNS] =1, logic 1 in the most significant bits of a received character,
eighth bit when UART_C1[M] is cleared and ninth bit when UART_C1[M] is set.
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Address-mark wakeup allows messages to contain idle characters, but requires the msb
be reserved for use in address frames. The one, or two, if UART_BDH[SBNS] = 1, logic
Is msb of an address frame clears the UART_C2[RWU] bit before the stop bits are
received and sets the UART_S1[RDRF] flag. In this case, the character with the msb set
is received even though the receiver was sleeping during most of this character time.

40.3.4 Interrupts and status flags

The UART system has three separate interrupt vectors to reduce the amount of software
needed to isolate the cause of the interrupt. One interrupt vector is associated with the
transmitter for UART_S1[TDRE] and UART_S1[TC] events. Another interrupt vector is
associated with the receiver for RDRF, IDLE, RXEDGIF, and LBKDIF events. A third
vector is used for OR, NF, FE, and PF error conditions. Each of these ten interrupt
sources can be separately masked by local interrupt enable masks. The flags can be
polled by software when the local masks are cleared to disable generation of hardware
interrupt requests.

The UART transmitter has two status flags that can optionally generate hardware
interrupt requests. Transmit data register empty (UART_S1[TDRE]) indicates when there
is room in the transmit data buffer to write another transmit character to UART_D. If the
transmit interrupt enable (UART_C2[TIE]) bit is set, a hardware interrupt is requested
when UART_S1[TDRE] is set. Transmit complete (UART_S1[TC]) indicates that the
transmitter is finished transmitting all data, preamble, and break characters and is idle
with TxD at the inactive level. This flag is often used in systems with modems to
determine when it is safe to turn off the modem. If the transmit complete interrupt enable
(UART_C2[TCIE)) bit is set, a hardware interrupt is requested when UART_S1[TC] is
set. Instead of hardware interrupts, software polling may be used to monitor the
UART_S1[TDRE] and UART_S1[TC] status flags if the corresponding UART_C2[TIE]
or UART_C2[TCIE] local interrupt masks are cleared.

When a program detects that the receive data register is full (UART_S1[RDRF] = 1), it
gets the data from the receive data register by reading UART_D. The UART_S1[RDRF]
flag is cleared by reading UARTxS1 while UART_S1[RDRF] is set and then reading
UART_D.

When polling is used, this sequence is naturally satisfied in the normal course of the user
program. If hardware interrupts are used, UARTxS1 must be read in the interrupt service
routine (ISR). Normally, this is done in the ISR anyway to check for receive errors, so the
sequence is automatically satisfied.
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The IDLE status flag includes logic that prevents it from getting set repeatedly when the
RxD line remains idle for an extended period of time. IDLE is cleared by reading
UARTxS1 while UART_SI[IDLE] is set and then reading UART_D. After
UART_SI[IDLE] has been cleared, it cannot become set again until the receiver has
received at least one new character and has set UART_S1[RDRF].

If the associated error was detected in the received character that caused
UART_S1[RDRF] to be set, the error flags - noise flag (UART_S1[NF]), framing error
(UART_SI1[FE]), and parity error flag (UART_S1[PF]) - are set at the same time as
UART_S1[RDRF]. These flags are not set in overrun cases.

If UART_S1[RDRF] was already set when a new character is ready to be transferred
from the receive shifter to the receive data buffer, the overrun (UART_S1[OR]) flag is
set instead of the data along with any associated NF, FE, or PF condition is lost.

At any time, an active edge on the RxD serial data input pin causes the
UART_S2[RXEDGIF] flag to set. The UART_S2[RXEDGIF] flag is cleared by writing a
I to it. This function depends on the receiver being enabled (UART_C2[RE] =1).

40.3.5 DMA Operation

In the transmitter, flags TDRE and TC can be configured to assert a DMA transfer
request. In the receiver, flags RDRF, IDLE and LBKDIF can be configured to assert a
DMA transfer request. The following table shows the configuration bit settings required
to configure each flag for DMA operation.

Table 40-32. DMA configuration

Flag Request enable bit DMA select bit
TDRE TIE=1 TDMAS = 1

TC TCIE =1 TCDMAS =1
RDRF RIE =1 RDMAS = 1

IDLE ILIE =1 ILDMAS =1
LBKDIF LBKDIE = 1 LBKDDMAS = 1

When a flag is configured for a DMA request, its associated DMA request is asserted
when the flag is set. When the RDRF or IDLE flag is configured as a DMA request, the
clearing mechanism of reading UART_S1 followed by reading UART_D does not clear
the associated flag. The DMA request remains asserted until an indication is received that
the DMA transactions are done. When this indication is received, the flag bit and the
associated DMA request are cleared. If the DMA operation failed to remove the situation
that caused the DMA request another request will be issued.
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40.3.6 Additional UART functions

The following sections describe additional UART functions.

40.3.6.1 8- and 9-bit data modes

The UART system, transmitter and receiver, can be configured to operate in 9-bit data
mode by setting the UART_C1[M]. In 9-bit mode, there is a ninth data bit to the left of
the msb of the UART data register. For the transmit data buffer, this bit is stored in T8 in
UART_C3. For the receiver, the ninth bit is held in UART_C3[R&].

For coherent writes to the transmit data buffer, write to the UART_C3[T8] bit before
writing to UART_D.

If the bit value to be transmitted as the ninth bit of a new character is the same as for the
previous character, it is not necessary to write to UART_C3[T8] again. When data is
transferred from the transmit data buffer to the transmit shifter, the value in
UART_C3[T8] is copied at the same time data is transferred from UART_D to the
shifter.

The 9-bit data mode is typically used with parity to allow eight bits of data plus the parity
in the ninth bit, or it is used with address-mark wakeup so the ninth data bit can serve as
the wakeup bit. In custom protocols, the ninth bit can also serve as a software-controlled
marker.

40.3.6.2 Stop mode operation
During all stop modes, clocks to the UART module are halted.
No UART module registers are affected in stop3 mode.

Because the clocks are halted, the UART module resumes operation upon exit from stop,
only in stop and VLPS mode. Software must ensure stop mode is not entered while there
is a character being transmitted out of or received into the UART module.

40.3.6.3 Loop mode

When UART_CI[LOOPS] is set, the UART_CI1[RSRC] bit in the same register chooses
between loop mode (UART_CI1[RSRC] = 0) or single-wire mode (UART_CI1[RSRC] =
1). Loop mode is sometimes used to check software, independent of connections in the
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external system, to help isolate system problems. In this mode, the transmitter output is
internally connected to the receiver input and the RxD pin is not used by the UART, so it
reverts to a general-purpose port I/O pin.

40.3.6.4 Single-wire operation

When UART_CI1[LOOPS] is set, the RSRC bit in the same register chooses between
loop mode (UART_CI[RSRC] = 0) or single-wire mode (UART_CI1[RSRC] =1).
Single-wire mode implements a half-duplex serial connection. The receiver is internally
connected to the transmitter output and to the TxD pin. The RxD pin is not used and
reverts to a general-purpose port I/O pin.

In single-wire mode, the UART_C3[TXDIR] bit controls the direction of serial data on
the TxD pin. When UART_C3[TXDIR] is cleared, the TxD pin is an input to the UART
receiver and the transmitter is temporarily disconnected from the TxD pin so an external
device can send serial data to the receiver. When UART_C3[TXDIR] is set, the TxD pin
1s an output driven by the transmitter, the internal loop back connection is disabled, and
as a result the receiver can not receive characters that are sent out by the transmitter.
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Chapter 41
General-Purpose Input/Output (GPIO)

41.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The general-purpose input and output (GPIO) module communicates to the processor
core via a zero wait state interface for maximum pin performance. The GPIO registers
support 8-bit, 16-bit or 32-bit accesses.

The GPIO data direction and output data registers control the direction and output data of
each pin when the pin is configured for the GP1O function. The GPIO input data register
displays the logic value on each pin when the pin is configured for any digital function,
provided the corresponding Port Control and Interrupt module for that pin is enabled.

Efficient bit manipulation of the general-purpose outputs is supported through the
addition of set, clear, and toggle write-only registers for each port output data register.

41.1.1 Features

 Features of the GPIO module include:
* Pin input data register visible in all digital pin-multiplexing modes
* Pin output data register with corresponding set/clear/toggle registers
* Pin data direction register
» Zero wait state access to GPIO registers through IOPORT

NOTE
GPIO module is clocked by system clock.
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41.1.2 Modes of operation
The following table depicts different modes of operation and the behavior of the GPIO

module in these modes.

Table 41-1. Modes of operation

Modes of operation

Description

Run

The GPIO module operates normally.

Wait

The GPIO module operates normally.

Stop

The GPIO module is disabled.

Debug

The GPIO module operates normally.

41.1.3 GPIO signal descriptions

Table 41-2. GPIO signal descriptions

GPIO signal descriptions Description 1/0
PORTA31-PORTAO General-purpose input/output 110
PORTB31-PORTBO General-purpose input/output /0
PORTC31-PORTCO General-purpose input/output 110
PORTD31-PORTDO General-purpose input/output 1/0
PORTE31-PORTEO General-purpose input/output 110

NOTE

Not all pins within each port are implemented on each device.
See the chapter on signal multiplexing for the number of GPIO
ports available in the device.
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41.1.3.1 Detailed signal description

Table 41-3. GPIO interface-detailed signal descriptions

Signal /10

Description

PORTA31-PORTAO I/0

General-purpose input/output

PORTB31-PORTBO
PORTC31-PORTCO

State meaning

Asserted: The pin is logic 1.

Deasserted: The pin is logic 0.

PORTD31-PORTDO
PORTE31-PORTEO

Timing

Assertion: When output, this
signal occurs on the rising-
edge of the system clock. For
input, it may occur at any time
and input may be asserted
asynchronously to the system
clock.

Deassertion: When output,
this signal occurs on the
rising-edge of the system
clock. For input, it may occur
at any time and input may be
asserted asynchronously to
the system clock.

41.2 Memory map and register definition

Any read or write access to the GPIO memory space that is outside the valid memory

map results in a bus error.

NOTE

For simplicity, each GPIO port's registers appear with the same
width of 32 bits, corresponding to 32 pins. The actual number
of pins per port (and therefore the number of usable control bits

per port register) is chip-specific. Refer to the Chip

Configuration chapter to see the exact control bits for the non-

identical port instance.

GPIO memory map

Absolute - .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
400F_F000 |Port Data Output Register (GPIOA_PDOR) 32 R/W | 0000_0000h | 41.2.1/775
W
400F_F004 |Port Set Output Register (GPIOA_PSOR) 32 (always | 0000_0000h | 41.2.2/776
reads 0)
Table continues on the next page...
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GPIO memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
w
400F_F008 |Port Clear Output Register (GPIOA_PCOR) 32 (always | 0000_0000h | 41.2.3/776
reads 0)
w
400F_FO00C |Port Toggle Output Register (GPIOA_PTOR) 32 (always | 0000_0000h | 41.2.4/777
reads 0)
400F_FO010 |Port Data Input Register (GPIOA_PDIR) 32 R 0000_0000h | 41.2.5/777
400F_F014 |Port Data Direction Register (GPIOA_PDDR) 32 R/W 0000_0000h | 41.2.6/778
400F_F040 |Port Data Output Register (GPIOB_PDOR) 32 R/W 0000_0000h | 41.2.1/775
w
400F_F044 |Port Set Output Register (GPIOB_PSOR) 32 (always | 0000_0000h | 41.2.2/776
reads 0)
w
400F_F048 |Port Clear Output Register (GPIOB_PCOR) 32 (always | 0000_0000h | 41.2.3/776
reads 0)
w
400F_F04C |Port Toggle Output Register (GPIOB_PTOR) 32 (always | 0000_0000h | 41.2.4/777
reads 0)
400F_F050 |Port Data Input Register (GPIOB_PDIR) 32 R 0000_0000h | 41.2.5/777
400F_F054 |Port Data Direction Register (GPIOB_PDDR) 32 R/W 0000_0000h | 41.2.6/778
400F_FO080 |Port Data Output Register (GPIOC_PDOR) 32 R/W | 0000_0000h | 41.2.1/775
w
400F_F084 |Port Set Output Register (GPIOC_PSOR) 32 (always | 0000_0000h | 41.2.2/776
reads 0)
w
400F_F088 |Port Clear Output Register (GPIOC_PCOR) 32 (always | 0000_0000h | 41.2.3/776
reads 0)
w
400F_F08C |Port Toggle Output Register (GPIOC_PTOR) 32 (always | 0000_0000h | 41.2.4/777
reads 0)
400F_F090 |Port Data Input Register (GPIOC_PDIR) 32 R 0000_0000h | 41.2.5/777
400F_F094 |Port Data Direction Register (GPIOC_PDDR) 32 R/W 0000_0000h | 41.2.6/778
400F_FOCO |Port Data Output Register (GPIOD_PDOR) 32 R/W | 0000_0000h | 41.2.1/775
w
400F_FO0C4 |Port Set Output Register (GPIOD_PSOR) 32 (always | 0000_0000h | 41.2.2/776
reads 0)
w
400F_FO0C8 |Port Clear Output Register (GPIOD_PCOR) 32 (always | 0000_0000h | 41.2.3/776
reads 0)
w
400F_FOCC |Port Toggle Output Register (GPIOD_PTOR) 32 (always | 0000_0000h | 41.2.4/777
reads 0)
400F_FODO |Port Data Input Register (GPIOD_PDIR) 32 R 0000_0000h | 41.2.5/777
400F_FO0OD4 |Port Data Direction Register (GPIOD_PDDR) 32 R/W 0000_0000h | 41.2.6/778
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GPIO memory map (continued)

Absolute . ]
address Register name (ivrylgittg) Access | Reset value Se‘:':"/
(hex) pag
400F_F100 |Port Data Output Register (GPIOE_PDOR) 32 R/W | 0000_0000h | 41.2.1/775
W
400F_F104 |Port Set Output Register (GPIOE_PSOR) 32 (always | 0000_0000h | 41.2.2/776
reads 0)
W
400F_F108 |Port Clear Output Register (GPIOE_PCOR) 32 (always | 0000_0000h | 41.2.3/776
reads 0)
W
400F_F10C |Port Toggle Output Register (GPIOE_PTOR) 32 (always | 0000_0000h | 41.2.4/777
reads 0)
400F_F110 |Port Data Input Register (GPIOE_PDIR) 32 R 0000_0000h | 41.2.5/777
400F_F114 |Port Data Direction Register (GPIOE_PDDR) 32 R/W | 0000_0000h | 41.2.6/778

41.2.1 Port Data Output Register (GPIOx_PDOR)

This register configures the logic levels that are driven on each general-purpose output
pins.

NOTE
Do not modify pin configuration registers associated with pins
not available in your selected package. All un-bonded pins not
available in your package will default to DISABLE state for
lowest power consumption.

Address: Base address + Oh offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2o191s171e|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
w PDO

ResetOOOO000000000000|0000000000000000

GPIOx_PDOR field descriptions

Field Description

31-0 Port Data Output
PDO

Register bits for un-bonded pins return a undefined value when read.

0 Logic level 0 is driven on pin, provided pin is configured for general-purpose output.
1 Logic level 1 is driven on pin, provided pin is configured for general-purpose output.
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41.2.2 Port Set Output Register (GPIOx_PSOR)
This register configures whether to set the fields of the PDOR.

Address: Base address + 4h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w PTSO
ResetOO00000000000OOO|0000000000000000

GPIOx_PSOR field descriptions

Field Description

31-0 Port Set Output
PTSO

Writing to this register will update the contents of the corresponding bit in the PDOR as follows:

0 Corresponding bit in PDORnN does not change.
1 Corresponding bit in PDORn is set to logic 1.

41.2.3 Port Clear Output Register (GPIOx_PCOR)
This register configures whether to clear the fields of PDOR.

Address: Base address + 8h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w PTCO
ResetOO00000000000OOO|0000000000000000

GPIOx_PCOR field descriptions

Field Description

31-0 Port Clear Output
PTCO

Writing to this register will update the contents of the corresponding bit in the Port Data Output Register
(PDOR) as follows:

0 Corresponding bit in PDORN does not change.
1 Corresponding bit in PDORn is cleared to logic 0.
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41.2.4 Port Toggle Output Register (GPIOx_PTOR)

Address: Base address + Ch offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w PTTO
ResetOOOOOOO000000000|0000000000000000

GPIOx_PTOR field descriptions

Field Description

31-0 Port Toggle Output
PTTO

Writing to this register will update the contents of the corresponding bit in the PDOR as follows:

0 Corresponding bit in PDORn does not change.
1 Corresponding bit in PDORn is set to the inverse of its existing logic state.

41.2.5 Port Data Input Register (GPIOx_PDIR)

NOTE
Do not modify pin configuration registers associated with pins
not available in your selected package. All un-bonded pins not
available in your package will default to DISABLE state for
lowest power consumption.

Address: Base address + 10h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R PDI

Reset 0 O 0 0O O O OO OOOOOUOUOO|OOOOOOOOOOOOUOOOTUOTGO

GPIOx_PDIR field descriptions

Field Description

31-0 Port Data Input
PDI

Reads 0 at the unimplemented pins for a particular device. Pins that are not configured for a digital
function read 0. If the Port Control and Interrupt module is disabled, then the corresponding bit in PDIR
does not update.

0 Pinlogic level is logic 0, or is not configured for use by digital function.
1 Pinlogic level is logic 1.
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41.2.6 Port Data Direction Register (GPIOx_PDDR)
The PDDR configures the individual port pins for input or output.

Address: Base address + 14h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2o191s171e|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
w PDD

ResetOOOO000000000000|0000000000000000

GPIOx_PDDR field descriptions

Field Description

31-0 Port Data Direction
PDD

Configures individual port pins for input or output.

0 Pinis configured as general-purpose input, for the GPIO function.
1 Pinis configured as general-purpose output, for the GPIO function.

41.3 FGPIO memory map and register definition

Any read or write access to the FGPIO memory space that is outside the valid memory
map results in a bus error. All register accesses complete with zero wait states, except
error accesses which complete with one wait state.

NOTE
For simplicity, each FGPIO port's registers appear with the
same width of 32 bits, corresponding to 32 pins. The actual
number of pins per port (and therefore the number of usable
control bits per port register) is chip-specific. Refer to the Chip
Configuration chapter to see the exact control bits for the non-
identical port instance.

FGPIO memory map

Absolute . .
address Register name (iVnVI:ittt;) Access | Reset value Sec;tu;n/
(hex) pag
F80F_F000 |Port Data Output Register (FGPIOA_PDOR) 32 R/W | 0000_0000h | 41.3.1/780
W
F80F_F004 |Port Set Output Register (FGPIOA_PSOR) 32 (always | 0000_0000h | 41.3.2/781
reads 0)

Table continues on the next page...
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FGPIO memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
w
F80F_F008 |Port Clear Output Register (FGPIOA_PCOR) 32 (always | 0000_0000h | 41.3.3/781
reads 0)
w
F80F_FO00C |Port Toggle Output Register (FGPIOA_PTOR) 32 (always | 0000_0000h | 41.3.4/782
reads 0)
F80F_F010 |Port Data Input Register (FGPIOA_PDIR) 32 R 0000_0000h | 41.3.5/782
F80F_F014 |Port Data Direction Register (FGPIOA_PDDR) 32 R/W 0000_0000h | 41.3.6/783
F80F_F040 |Port Data Output Register (FGPIOB_PDOR) 32 R/W | 0000_0000h | 41.3.1/780
w
F80F_F044 |Port Set Output Register (FGPIOB_PSOR) 32 (always | 0000_0000h | 41.3.2/781
reads 0)
w
F80F_F048 |Port Clear Output Register (FGPIOB_PCOR) 32 (always | 0000_0000h | 41.3.3/781
reads 0)
w
F80F_F04C |Port Toggle Output Register (FGPIOB_PTOR) 32 (always | 0000_0000h | 41.3.4/782
reads 0)
F80F_F050 |Port Data Input Register (FGPIOB_PDIR) 32 R 0000_0000h | 41.3.5/782
F80F_F054 |Port Data Direction Register (FGPIOB_PDDR) 32 R/W | 0000_0000h | 41.3.6/783
F80F_F080 |Port Data Output Register (FGPIOC_PDOR) 32 R/W | 0000_0000h | 41.3.1/780
w
F80F_F084 |Port Set Output Register (FGPIOC_PSOR) 32 (always | 0000_0000h | 41.3.2/781
reads 0)
w
F80F_F088 |Port Clear Output Register (FGPIOC_PCOR) 32 (always | 0000_0000h | 41.3.3/781
reads 0)
w
F80F_FO08C |Port Toggle Output Register (FGPIOC_PTOR) 32 (always | 0000_0000h | 41.3.4/782
reads 0)
F80F_F090 |Port Data Input Register (FGPIOC_PDIR) 32 R 0000_0000h | 41.3.5/782
F80F_F094 |Port Data Direction Register (FGPIOC_PDDR) 32 R/W 0000_0000h | 41.3.6/783
F80F_FOCO |Port Data Output Register (FGPIOD_PDOR) 32 R/W | 0000_0000h | 41.3.1/780
w
F80F_FOC4 |Port Set Output Register (FGPIOD_PSOR) 32 (always | 0000_0000h | 41.3.2/781
reads 0)
w
F80F_FOC8 |Port Clear Output Register (FGPIOD_PCOR) 32 (always | 0000_0000h | 41.3.3/781
reads 0)
w
F80F_FOCC |Port Toggle Output Register (FGPIOD_PTOR) 32 (always | 0000_0000h | 41.3.4/782
reads 0)

F80F_FODO |Port Data Input Register (FGPIOD_PDIR) 32 R 0000_0000h | 41.3.5/782
F80F_FOD4 |Port Data Direction Register (FGPIOD_PDDR) 32 R/W | 0000_0000h | 41.3.6/783
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FGPIO memory map (continued)

Absolute . ]
address Register name (ivrylgittg) Access | Reset value Se‘:':"/
(hex) pag
F80F_F100 |Port Data Output Register (FGPIOE_PDOR) 32 R/W | 0000_0000h | 41.3.1/780
W
F80F_F104 |Port Set Output Register (FGPIOE_PSOR) 32 (always | 0000_0000h | 41.3.2/781
reads 0)
W
F80F_F108 |Port Clear Output Register (FGPIOE_PCOR) 32 (always | 0000_0000h | 41.3.3/781
reads 0)
W
F80F_F10C |Port Toggle Output Register (FGPIOE_PTOR) 32 (always | 0000_0000h | 41.3.4/782
reads 0)
F80F_F110 |Port Data Input Register (FGPIOE_PDIR) 32 R 0000_0000h | 41.3.5/782
F80F_F114 |Port Data Direction Register (FGPIOE_PDDR) 32 R/W | 0000_0000h | 41.3.6/783

41.3.1 Port Data Output Register (FGPIOx_PDOR)

This register configures the logic levels that are driven on each general-purpose output
pins.

Address: Base address + Oh offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
W PDO

ResetOOOO0OOOOOOOOOOO|OO00000000000000

FGPIOx_PDOR field descriptions

Field Description

31-0 Port Data Output
PDO

Unimplemented pins for a particular device read as zero.

0 Logic level 0 is driven on pin, provided pin is configured for general-purpose output.
1 Logic level 1 is driven on pin, provided pin is configured for general-purpose output.
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41.3.2 Port Set Output Register (FGPIOx_PSOR)
This register configures whether to set the fields of the PDOR.

Address: Base address + 4h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w PTSO
ResetOO00000000000OOO|0000000000000000

FGPIOx_PSOR field descriptions

Field Description

31-0 Port Set Output
PTSO

Writing to this register will update the contents of the corresponding bit in the PDOR as follows:

0 Corresponding bit in PDORnN does not change.
1 Corresponding bit in PDORn is set to logic 1.

41.3.3 Port Clear Output Register (FGPIOx_PCOR)
This register configures whether to clear the fields of PDOR.

Address: Base address + 8h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w PTCO
ResetOO00000000000OOO|0000000000000000

FGPIOx_PCOR field descriptions

Field Description

31-0 Port Clear Output
PTCO

Writing to this register will update the contents of the corresponding bit in the Port Data Output Register
(PDOR) as follows:

0 Corresponding bit in PDORN does not change.
1 Corresponding bit in PDORn is cleared to logic 0.
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41.3.4 Port Toggle Output Register (FGPIOx_PTOR)

Address: Base address + Ch offset
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

w PTTO
ResetOOOOOOO000000000|0000000000000000

FGPIOx_PTOR field descriptions

Field Description

31-0 Port Toggle Output
PTTO

Writing to this register will update the contents of the corresponding bit in the PDOR as follows:

0 Corresponding bit in PDORn does not change.
1 Corresponding bit in PDORn is set to the inverse of its existing logic state.

41.3.5 Port Data Input Register (FGPIOx_PDIR)

Address: Base address + 10h offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R PDI

Reset 0 O 0 0O O O OO OO OOOOOTO|OOOOOOO OOOOOUOOOTUOTGO

FGPIOx_PDIR field descriptions

Field Description

31-0 Port Data Input
PDI

Reads 0 at the unimplemented pins for a particular device. Pins that are not configured for a digital
function read 0. If the Port Control and Interrupt module is disabled, then the corresponding bit in PDIR
does not update.

0 Pinlogic level is logic 0, or is not configured for use by digital function.
1 Pinlogic level is logic 1.
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41.3.6 Port Data Direction Register (FGPIOx_PDDR)
The PDDR configures the individual port pins for input or output.

Address: Base address + 14h offset

Bit 31 30 29 28 27 26 25 24 23 22 21 2o191s171e|1514131211 10 9 8 7 6 5 4 3 2 1 0
R

W PDD

ResetOOOO000000000000|0000000000000000

FGPIOx_PDDR field descriptions

Field Description

31-0 Port Data Direction
PDD

Configures individual port pins for input or output.

0 Pinis configured as general-purpose input, for the GPIO function.
1 Pinis configured as general-purpose output, for the GPIO function.

41.4 Functional description

41.4.1 General-purpose input

The logic state of each pin is available via the Port Data Input registers, provided the pin
is configured for a digital function and the corresponding Port Control and Interrupt
module is enabled.

41.4.2 General-purpose output

The logic state of each pin can be controlled via the port data output registers and port
data direction registers, provided the pin is configured for the GPIO function. The
following table depicts the conditions for a pin to be configured as input/output.

If Then
A pin is configured for the GPIO function and the The pin is configured as an input.
corresponding port data direction register bit is clear.
A pin is configured for the GPIO function and the The pin is configured as an output and and the logic state of
corresponding port data direction register bit is set. the pin is equal to the corresponding port data output register.
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Functional description

To facilitate efficient bit manipulation on the general-purpose outputs, pin data set, pin
data clear, and pin data toggle registers exist to allow one or more outputs within one port
to be set, cleared, or toggled from a single register write.

The corresponding Port Control and Interrupt module does not need to be enabled to
update the state of the port data direction registers and port data output registers including
the set/clear/toggle registers.

41.4.3 I0PORT

The GPIO registers are also aliased to the IOPORT interface on the Cortex-MO+ from
address $F800_0000. Accesses via the IOPORT interface occur in parallel with any
instruction fetches and will therefore complete in a single cycle. If the DMA attempts to
access the GPIO registers on the same cycle as an [IOPORT access, then the DMA access
will stall until any IOPORT accesses have completed.

During Compute Operation, the GPIO registers remain accessible via the [OPORT
interface only. Since the clocks to the Port Control and Interrupt modules are disabled
during Compute Operation, the Pin Data Input Registers do not update with the current
state of the pins.

KL25 Sub-Family Reference Manual, Rev. 3, September 2012
784 Freescale Semiconductor, Inc.




Chapter 42
Touch Sensing Input (TSI)

42.1 Introduction

The touch sensing input (TSI) module provides capacitive touch sensing detection with
high sensitivity and enhanced robustness. Each TSI pin implements the capacitive
measurement by a current source scan, charging and discharging the electrode, once or
several times. A reference oscillator ticks the scan time and stores the result in a 16-bit
register when the scan completes. Meanwhile, an interrupt request is submitted to CPU
for post-processing if TSI interrupt is enabled and DMA function is not selected.The TSI
module can be periodically triggered to work in low power mode with ultra-low current
adder and wake CPU at the end of scan or the conversion result is out of the range
specified by TSI threshold. It provides a solid capacitive measurement module to the
implementation of touch keyboard, rotaries and sliders.

42.1.1 Features

TSI features includes:
* Support up to 16 external electrodes
» Automatic detection of electrode capacitance across all operational power modes
* Internal reference oscillator for high-accuracy measurement
* Configurable software or hardware scan trigger
* Fully support Freescale touch sensing software (TSS) library, see
www.freescale.com/touchsensing.
* Capability to wake MCU from low power modes
* Compensate for temperature and supply voltage variations
» High sensitivity change with 16-bit resolution register
* Configurable up to 4096 scan times.
e Support DMA data transfer
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Introduction
42.1.2 Modes of operation
This module supports the following operation modes.

Table 42-1. Operating modes

Mode Description

Stop and low power stop TSI module is fully functional in all of the stop modes as long
as TSI_GENCS[STPE] is set. The channel specified by
TSI_DATA[TSICH] will be scanned upon the trigger. After
scan finishes, either end-of-scan or out-of-range interrupt can
be selected to bring MCU out of low power modes.

Wait TSI module is fully functional in this mode. When a scan
completes, TSI submits an interrupt request to CPU if the
interrupt is enabled.

Run TSI module is fully functional in this mode. When a scan
completes, TSI submits an interrupt request to CPU if the
interrupt is enabled.

42.1.3 Block diagram
The following figure is a block diagram of the TSI module.

| TSIEN | [ TSIEN] [ STPE ]

l’—_D_'_, Interrupt

|
o—
Control |
b
@_‘ Logic r{ SCNIP

|
Write SWTS “1 - __J_[ __i__ - = == = 7 = — — -

[ sTM |  [EXTCHRG] |REFCHRG]  [cURSW]| | EOSF | [ TSIIEN |

-
Voltage | |
Divider [ |
= =] |
Tsio [ ——— >~ | |
Tsit C—+ | 6\ o<H TSI_CNTH
1 3
TsI2 s | T * oP 4NSCN|—< 16-bit Counter TSI_CNTL
1818 [(F—— & _ ; —
Tl g | Electrode |
B 2 | Oscillator /\/\ Reference Clock |
. \
TSH4[ F——— ? Reference
| Oscillator| |
|
|
|
T

Figure 42-1. TSI module block diagram
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42.2 External signal description

The TSI module contains up to 16 external pins for touch sensing. The following table
describes each of the TSI external pins.

Table 42-2. TSI signal description

Port Direction Function Reset state

I/0

Name
TSI[15:0]

TSI TSI capacitive pins. I/0
Switches driver that
connects directly to the
electrode pins TSI[15:0]
can operate as GPIO

pins.

42.2.1 TSI[15:0]

When TSI functionality is enabled , the TSI analog portion uses the corresponding
channel to connect external on-board touch capacitors. The PCB connection between the
pin and the touch pad must be kept as short as possible to reduce distribution capacity on
board.

42.3 Register definition
This section describes the memory map and control/status registers for the TSI module.

TSI memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4004_5000 |TSI General Control and Status Register (TSIO_GENCS) 32 R/W 0000_0000h | 42.3.1/787
4004_5004 |TSI DATA Register (TSIO_DATA) 32 R/W | 0000_0000h | 42.3.2/792
4004_5008 |TSI Threshold Register (TSIO_TSHD) 32 R/W | 0000_0000h | 42.3.3/793

42.3.1 TSI General Control and Status Register (TSIx_GENCS)

This control register provides various control and configuration information for the TSI

module.
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Register definition

NOTE

When TSI is working, the configuration bits (GENCS[TSIEN],
GENCS[TSIEN], and GENCS[STM]) must not be changed.
The EOSF flag is kept until the software acknowledge it.

Address: 4004_5000h base + 0h offset = 4004_5000h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
L
&2
Rl F 0
o)
© ESO
R MODE REFCHRG DVOLT EXTCHRG
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
o L
%)
R % 8
p z @ =
PS NSCN w | & |STPE| STM 4
%) n >
w wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TSIx_GENCS field descriptions
Field Description
31 Out of Range Flag.
OUTRGF
This flag is set if the result register of the enabled electrode is out of the range defined by the
TSI_THRESHOLD register. This flag is set only when TSI is configured in non-noise detection mode. It
can be read once the CPU wakes. Write "1" , when this flag is set, to clear it.
30-29 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
28 End-of-scan or Out-of-Range Interrupt Selection
ESOR
This bit is used to select out-of-range or end-of-scan event to generate an interrupt.
0 Out-of-range interrupt is allowed.
1 End-of-scan interrupt is allowed.

Table continues on the next page...
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TSIx_GENCS field descriptions (continued)

Field Description

27-24 TSI analog modes setup and status bits.
MODE
Set up TSI analog modes, especially, setting MODE[3:2] to not 2'b00 will configure TSI to noise detection
modes. MODE[1:0] take no effect on TSI operation mode and should always write to 2'b00 for setting up.
When reading this field will return the analog status. Refer to chapter "Noise detection mode" for details.

0000 Set TSI in capacitive sensing(non-noise detection) mode.

0100 Set TSI analog to work in single threshold noise detection mode and the frequency limitation circuit
is disabled.

1000 Set TSI analog to work in single threshold noise detection mode and the frequency limitation circuit
is enabled to work in higher frequencies operations.

1100 Set TSI analog to work in automatic noise detection mode.

23-21 REFCHRG
REFCHRG

These bits indicate the reference oscillator charge and discharge current value.

000 500 nA.
001 1pA.
010 2pA.
011 4 pA.
100 8 pA.
101 16 pA.
110 32 pA.
111 64 yA.

20-19 DVOLT
DVOLT

These bits indicate the oscillator's voltage rails as below.

00 DV=1.03V;Vp=1.33V;Vy=0.30V.
01 DV=073V;Vp=1.18V;Vy=0.45V.
10 DV =0.43V;Vp=1.03V; V,,=0.60 V.
11 DV=0.29V;Vp=0.95V; V=067 V.

18-16 EXTCHRG
EXTCHRG

These bits indicate the electrode oscillator charge and discharge current value.

000 500 nA.
001 1pA.
010 2pA.
011  4pA.
100 8 pA.
101 16 pA.
110 32 pA.
111 64 pA.

15-13 PS
PS

These bits indicate the prescaler of the output of electrode oscillator.

000 Electrode Oscillator Frequency divided by 1
001 Electrode Oscillator Frequency divided by 2

Table continues on the next page...
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TSIx_GENCS field descriptions (continued)

Field Description

010 Electrode Oscillator Frequency divided by 4
011  Electrode Oscillator Frequency divided by 8
100 Electrode Oscillator Frequency divided by 16
101 Electrode Oscillator Frequency divided by 32
110 Electrode Oscillator Frequency divided by 64
111 Electrode Oscillator Frequency divided by 128

12-8 NSCN
NSCN

These bits indicate the scan number for each electrode. The scan number is equal to NSCN + 1, which
allows the scan time ranges from 1 to 32. By default, NSCN is configured as 0, which asserts the TSI
scans once on the selected eletrode channel.

00000 Once per electrode
00001 Twice per electrode
00010 3times per electrode
00011 4 times per electrode
00100 5 times per electrode
00101 6 times per electrode
00110 7 times per electrode
00111 8 times per electrode
01000 9 times per electrode
01001 10 times per electrode
01010 11 times per electrode
01011 12 times per electrode
01100 13 times per electrode
01101 14 times per electrode
01110 15 times per electrode
01111 16 times per electrode
10000 17 times per electrode
10001 18 times per electrode
10010 19 times per electrode
10011 20 times per electrode
10100 21 times per electrode
10101 22 times per electrode
10110 23 times per electrode
10111 24 times per electrode
11000 25 times per electrode
11001 26 times per electrode
11010 27 times per electrode
11011 28 times per electrode
11100 29 times per electrode
11101 30 times per electrode
11110 31 times per electrode
11111 32 times per electrode

7 Touch Sensing Input Module Enable
TSIEN

This bit enables TSI module.

Table continues on the next page...
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TSIx_GENCS field descriptions (continued)

Field Description
0 TSI module disabled.
1 TSI module enabled.

6 Touch Sensing Input Interrupt Enable
TSIIEN
This bit enables TSI module interrupt request to CPU when the scan completes. The interrupt will wake
MCU from low power mode if this interrupt is enabled.

0 TSl interrupt is disabled.
1 TSl interrupt is enabled.

5 TSI STOP Enable
STPE

This bit enables TSI module function in low power modes (stop, VLPS, LLS and VLLS{3,2,1}).

0 TSl is disabled when MCU goes into low power mode.
1 Allows TSI to continue running in all low power modes.

4 Scan Trigger Mode
STM
This bit specifies the trigger mode. User is allowed to change this bit when TSI is not working in progress.

0 Software trigger scan.
1 Hardware trigger scan.

3 Scan In Progress Status
SCNIP
This read-only bit indicates if scan is in progress. This bit will get asserted after the analog bias circuit is
stable after a trigger and it changes automatically by the TSI.

0 No scan in progress.
1 Scan in progress.

2 End of Scan Flag
EOSF

This flag is set when all active electrodes are finished scanning after a scan trigger. Write "1" , when this
flag is set, to clear it.

0 Scan not complete.
1 Scan complete.

1 CURSW
CURSW

This bit specifies if the current sources of electrode oscillator and reference oscillator are swapped.

0 The current source pair are not swapped.
1 The current source pair are swapped.

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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42.3.2 TSI DATA Register (TSIx_DATA)

Address: 4004_5000h base + 4h offset = 4004_5004h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0 0
TSICH
w
Reset 0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R TSICNT

Reset

TSIx_DATA field descriptions

Field

Description

31-28 TSICH

TSICH

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101

Channel 0.
Channel 1.
Channel 2.
Channel 3.
Channel 4.
Channel 5.
Channel 6.
Channel 7.
Channel 8.
Channel 9.

Channel 10.
Channel 11.
Channel 12.
Channel 13.

KL25 Sub-

These bits specify current channel to be measured. In hardware trigger mode (TSI_GENCS[STM] = 1), the
scan will not start until the hardware trigger occurs. In software trigger mode (TSI_GENCS[STM] = 0), the
scan starts immediately when TSI_DATA[SWTS] bit is written by 1.

Table continues on the next page...
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TSIx_DATA field descriptions (continued)

Field Description
1110 Channel 14.
1111 Channel 15.
27-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23 DMA Transfer Enabled
DMAEN
This bit is used together with the TSI interrupt enable bits(TSIIE, ESOR) to generate a DMA transfer
request instead of an interrupt.
0 Interrupt is selected when the interrupt enable bit is set and the corresponding TSI events assert.
1 DMA transfer request is selected when the interrupt enable bit is set and the corresponding TSI
events assert.
22 Software Trigger Start
SWTS
This write-only bit is a software start trigger. When STM bit is clear, write "1" to this bit will start a scan.
The electrode channel to be scanned is determinated by TSI_DATA[TSICH] bits.
0 No effect.
1 Start a scan to determine which channel is specified by TSI_DATA[TSICH].
21-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-0 TSI Conversion Counter Value
TSICNT

These read-only bits record the accumulated scan counter value ticked by the reference oscillator.

42.3.3 TSI Threshold Register (TSIx_TSHD)

Address: 4004_5000h base + 8h offset = 4004_5008h

Bit
R
W

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

THRESH THRESL

Rest 0 O 0O 0 O 0 0O OOOOOOUOUOO|0OOOOOOOOOOOOOOOGODODO

TSIx_TSHD field descriptions

Field Description
31-16 TSI Wakeup Channel High-threshold
THRESH
This half-word specifies the high threshold of the wakeup channel.
15-0 TSI Wakeup Channel Low-threshold
THRESL

This half-word specifies the low threshold of the wakeup channel.

42.4 Functional description
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Functional description

42.4.1 Capacitance measurement

The electrode pin capacitance measurement uses a dual oscillator approach. The
frequency of the TSI electrode oscillator depends on the external electrode capacitance
and the TSI module configuration. After going to a configurable prescaler, the TSI
electrode oscillator signal goes to the input of the module counter. The time for the
module counter to reach its module value is measured using the TSI reference oscillator.
The measured electrode capacitance is directly proportional to the time.

42.4.1.1 TSI electrode oscillator

The TSI electrode oscillator circuit is illustrated in the following figure. A configurable
constant current source is used to charge and discharge the external electrode
capacitance. A buffer hysteresis defines the oscillator delta voltage. The delta voltage
defines the margin of high and low voltage which are the reference input of the
comparator in different time.

External ?ll
Electrode
T o

Figure 42-8. TSI electrode oscillator circuit

The current source applied to the pad capacitance is controlled by the
SCANCI[EXTCHRG]. The hysteresis delta voltage is defined in the module electrical
specifications present in the device Data Sheet. The figure below shows the voltage
amplitude waveform of the electrode capacitance charging and discharging with a
programmable current.
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Electrode Capacitor Charging and

Electrode Discharging with constant current
Voltage

Hysteresis
Voltage Delta

Time

Figure 42-9. TSI electrode oscillator chart

The oscillator frequency is give by the following equation

_ /
Fe/ec_ 2 * Ce/ec * AV

Figure 42-10. Equation 1: TSI electrode oscillator frequency

Where:

I: constant current

Celec: €lectrode capacitance
AV: Hysteresis delta voltage

So by this equation, for example, an electrode with Cgj..= 20 pF, with a current source of
I =16 yA and AV = 600 mV have the following oscillation frequency:

_ 16 A _
lec — o * 20pF*600mV =0.67MHz

Figure 42-11. Equation 2: TSI electrode oscillator frequency

F.

The current source is used to accommodate the TSI electrode oscillator frequency with
different electrode capacitance sizes.

42.4.1.2 Electrode oscillator and counter module control

The TSI oscillator frequency signal goes through a prescaler defined by the GENCS[PS]
and then enters in a modulus counter. The bit field GENCS[NSCN] defines the maximum
count value of the modulus counter.
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The pin capacitance sampling time is given by the time the module counter takes to go
from zero to its maximum value, defined by NSCN. The electrode sample time is
expressed by the following equation:

7 _PS*NSCN
cap_samp F clec

Using Equation 1.

T ~2*PS *NSCN * Cerc * AV
cap_samp I

Figure 42-12. Equation 3: Electrode sampling time

Where:

PS: prescaler value

NSCN: module counter maximum value
I: constant current

Celec: €lectrode capacitance

AV: Hysteresis delta voltage

By this equation we have that an electrode with C = 20 pF, with a current source of I = 16
HA and AV = 600 mV, PS =2 and NSCN = 16 have the following sampling time:
2*2*16*20pF*600mV
Tca sam = =48 S
p.samp 16uA H

42.4.1.3 TSI reference oscillator

The TSI reference oscillator has the same topology of the TSI electrode oscillator. The
TSI reference oscillator instead of using an external capacitor for the electrode oscillator
has an internal reference capacitor.

The TSI reference oscillator has an independent programmable current source controlled
by the SCANC[REFCHRG].

The reference oscillator frequency is given by the following equation:

Iref
2 *Cref * AV

Figure 42-13. Equation 4: TSI reference oscillator frequency

,:ref_osc =

Where:
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Cier: Internal reference capacitor

I..: Reference oscillator current source

AV : Hysteresis delta voltage

Considering Cof = 1.0 pF, Lo = 12 pA and AV = 600 mV, follows

_ 12uA _
Fref_osc 2 *1OpF*6OOmV 100MHZ

42.4.2 TSI measurement result

The capacitance measurement result is defined by the number of TSI reference oscillator
periods during the sample time and is stored in the TSICHnCNT register.

TSICHnCNT = Teap samp ™ Fref osc
Using Equation 2 and Equation 1 follows:

TSICHnCNT = L2 PS TISCN . ¢

Figure 42-14. Equation 5: Capacitance result value

In the example where Frep o5c = 10.0MHz and T, gamp = 48 ps, TSICHnCNT = 430

42.4.3 Enable TSI module

The TSI module can be fully functional in run, wait and low power modes. The
TSI_GENCS|TSIEN] bit must be set to enable the TSI module in run and wait mode.

When TSI_GENCS[STPE] bit is set, it allows the TSI module to work in low power
mode.

42.4.4 Software and hardware trigger

The TSI module allows a software or hardware trigger to start a scan. When a software
trigger 1s applied ( TSI_GENCS[STM] bit clear), the TSI_GENCS[SWTS] bit must be
written "1" to start the scan electrode channel that is identified by TSI_DATA[TSICH].
When a hardware trigger is applied ( TSI_GENCS[STM] bit set), the TSI will not start
scanning until the hardware trigger arrives. The hardware trigger is different depending
on the MCU configuration. Generally, it could be an event that RTC overflows. See chip
configuration section for details.
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42.4.5 Scan times

The TSI provides multi-scan function. The number of scans is indicated by the
TSI_GENCS[NSCN] bits that allow the scan number from 1 to 32. When
TSI_GENCS[NSCN] is set to 0 (only once), the single scan is engaged. The 16-bit
counter accumulates all scan results until the NSCN time scan completes, and users can
read TSI_DATA[TSICNT] to get this accumulation. When DMA transfer is enabled, the
counter values can also be read out by DMA engine.

42.4.6 Clock setting

TSI is built with dual oscillator architecture. In normal sensing application, the reference
oscillator clock is the only clock source for operations. The reference clock is used to
measure the electrode oscillator by ticking a 16-bit counter. The reference oscillator
frequency depends on the current source setting. Please refer to the Current source for
more details.

The output of electrode oscillator has several prescalers up to 128 indicated by
TSI_GENCS[PS]bits. This allows a flexible counter configuration for different electrode
oscillator frequency.

42.4.7 Reference voltage

The TSI module offers a internal reference voltage for both electrode oscillator and
reference oscillator. The internal reference voltage can work in low power modes even
when the MCU regulator is partially powered down, which is ideally for low-power touch
detection.

The charge and discharge difference voltage is configurable upon the setting of
TSI_GENCS[DVOLT] bits. The following table shows the all the delta voltage
configurations.Note this table doesn't apply to noise mode, where the details should be
consult form noise modes chapters.

Table 42-11. Delta voltage configuration

DVOLT V, (V) Vi (V) AV (V)
00 1.328 0.302 1.026
01 1.111 0.519 0.592
10 0.986 0.644 0.342
11 0.914 0.716 0.198
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42.4.8 Current source

The TSI module supports eight different current source power to increment from 500 nA
to 64uA. The TSI_GENCS[EXTCHRG] bits determine the current of electrode oscillator
that charges and discharges external electrodes. The TSI_GENCS[REFCHRG] bits
determine the current of reference oscillator on which the internal reference clock
depends. The lower current source takes more time for charge and discharge, which is
useful to detect high-accuracy change. The higher current source takes less time, which
can be used to charge a big electrode by less power consumption.

The TSI_GENCS[CURSW] bit allows the current source to swap, so that the reference
oscillator and electrode oscillator use the opposite current sources. When
TSI_GENCS[CURSW] is set and the current sources are swapped, the
TSI_GENCS[EXTCHRG] bits and TSI_GENCS[REFCHRG] bits still control the
corresponding current sources, that is, TSI_ GENCS[EXTCHRG] controls the reference
oscillator current and TSI_GENCS[REFCHRG] controls the electrode oscillator current.

42.4.9 End of scan

As a scan starts, [SCNIP] bit is set to indicate scan is in progress. When the scan
completes, the [EOSF] bit is set. Before clearing the [EOSF] bit, the value in
TSI_DATAJ[TSICNT] must be read. If the TSI_GENCS[TSIIEN] bit is set
andTSI_GENCS[DMAEN]is not set, an interrupt is submitted to CPU for post-
processing immediately. The interrupt is also optional to wake MCU to execute ISR if it
is in low power mode. When DMA function is enabled by setting TSI_GENCS[TSIIEN]
and TSI_GENCS[ESOR], as soon as scan completes, a DMA transfer request is asserted
to DMA controller for data movement, generally, DMA engine will fetch TSI conversion
result from TSI_DATA register,store it to other memory space and then refresh the TSI
scan channel index(TSI_DATA[TSICH]) for next loop. When DMA transfer is done,
TSI_GENCS[EOSF] is cleared automatically.

42.4.10 Out-of-range interrupt

If enabled, TSI will scan the electrode specified by TSI_DATA[TSICH] as soon as the
trigger arrives. The TSI_GENCS[OUTRGEF] flag generates a TSI interrupt request if the
TSI_GENCSITSIIE] bit is set and GENCS[ESOR] bit is cleared. With this configuration,
after the end-of-electrode scan, the electrode capacitance will be converted and stored to
the result register TSI_DATA[TSICNT], the out-of-range interrupt is only requested if
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there is a considerable capacitance change defined by the TSI_TSHD. For instance, if in
low power mode the electrode capacitance does not vary, the out-of-range interrupt does
not interrupt the CPU. This interrupt will not happen in noise detection mode. It is worthy
to note that when the counter value reaches OXFFFF is treated as an extreme case the out-
of-range will not happen. Also in noise detection mode, the out-of-range will not assert
either.

42.4.11 Wake up MCU from low power modes

In low power modes, once enabled by TSI_GENCS[STPE] and TSI_GENCSJ[TSIIE],
TSI can bring MCU out of its low power modes(STOP, VLPS, VLLS,etc) by either end
of scan or out of range interrupt, that is, if TSI_GENCS[ESOR] is set, end of scan
interrupt is selected and otherwise, out of range is selected.

42.4.12 DMA function support

Transmit by DMA is supported only when TSI_DATA[DMAEN] is set. A DMA transfer
request is asserted when all of TSI_GENCS[EOSF], TSI_GENCS[ESOR] and
TSI_GENCS[TSIIE] are set. Then the on-chip DMA controller detects this request and
transfers data between memory space and TSI register space. After the data tranfer, DMA
DONE is asserted to clear TSI_GENCS[EOSF] automatically. This function is normally
used by DMA controller to get the conversion result from TSI_DATA[TSICNT] upon a
end-of-scan event and then refresh the channel index(TSI_DATA[TSICH]) for next
trigger. DMA function is not available when MCU is in stop modes.

42.4.13 Noise detection mode

The noise detection mode change the circuit configuration as shown in the following
figure. With this configuration, it is possible to detect touch with high levels of EMC
noise present. To enter the test mode, see TSIx_GENCS[MODE] register field.

In noise detection mode the reference oscillator has the same configuration except the
output goes to Counter2 and this counter will have the it's maximum count set by NSCN.
27N(PS). This means this oscillator will setup the noise detection mode sense duration.

The blocks of external oscillator is changed and instead of an oscillator the circuit
implements an RF amplitude detection. The thrshold for this amplitude detection is set by
DVOLT register bits.

Also the external voltage is biased by vmid voltage with a Rs series resistance.
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Chapter 42 Touch Sensing Input (TSI)
The vmid voltage is defined as V(vmid) = (V(vp) + V(vm))/2.

The Rs value is defined by i_ext_3v<2:0> register bits.

W
»- —-—Doﬂ‘“mpf Counter?

) 19
WM
142

- D. __Do,ﬂli Counter]

1 Cext! Rs ‘

To determine the noise level the below algorithm can be used:
Initialize Rs = maxrs; Dvolt = minDv (set other configurations also)
Perform a noise cycle.

If TSIcounter < 3, go to step 8

If Rs = minrs, go to step 6.

Reduce value of Rs. go to step 2

If Dvolt = maxDv, go to END

Increase value of Dvolt. Set Rs = maxrs. go to step 2

If Rs > minrs, (Reduce value of Rs, go to END)

Rs = maxrs, reduce value of Dvolt.

END Get value of Rs and Dvolt.

PAD1

Figure 42-15. TSI circuit in noise detection mode
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One example of noise detection mode is shown in the following figure. in this figure the
TSI is working in capacitive mode until 30uS when it is changed to noise detection mode.
In noise detection mode the selected pad is biased with 0.815V and all AC waveform in
this pad is caused by a noise source external to IC.

It is possible to observe in the following figure that, in noise detection mode, the clkref
output has the peak detection and the number of detected peaks can be counted or used by
digital block. The clkext output has the internal oscillator output and can be used to set
the maximum noise detection time window.

The waveform of the following figure shows two operations during noise detection mode:
e The V(vp) and V(vm) thresholds are changed in 34.4 ps.
» The Rs series resistance value is changed between 184 kQ (iext<2:0>=011) and 32
kQ (iext<2:0>=101). Because of this Rs change the amplitude of noise waveform
change also.

I

iext=0=

1.0

node )

e

25

20 25 30 35 40 time (usec) 45

Figure 42-16. TSI noise detection mode waveform
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42.4.13.1 Automatic noise mode

This mode is set by MODE[3:2] = 11 (noise mode 3). In this mode, the thresholds are
incremented internally by the module until the point that there is no noise voltage
trepassing the threshold.

The following diagram shows how it is done. The threshold comparator output goes to a
counter and as the DVOLT control bits are increased the DVOLT thresholds are
increased as well. The four bits are counted until 1111 (=15) and the counter is stop with
this maximum value.

Counter bits
|

|
Filter bits Dwolt control bits

o
o

—lo{1H2{3 {4

E—
VDC—VerVm ')
%

FAD ‘ <
£ ",
5 e

Ce}a‘[‘

Figure 42-17. Block diagram automatic noise threshold operation

The signals that have different behavior in this noise mode (wrt capacitive mode) are
shown in the following table.

Table 42-12. Signal properties in automatic noise operation mode

Name Function 1/0 type Power Up/Reset state

MODE[3:2] 11 - Noise mode operation 00
with frequency limitation and
automatic threshold counter.

Table continues on the next page...
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Table 42-12. Signal properties in automatic noise operation mode (continued)

Name Function 1/0 type Power Up/Reset state
EXTCHRG[2:1] In this operation mode these |l 00
bits select the number of filter
bits.

00 - 3 filter bits
01 - 2 filter bits
10 - 1 filter bit

11 - no filter bit

EXTCHRG[O0] In this operation mode this | 0
bits selects the series
resistance.

0 - uses Rs=32 kQ
0 - uses Rs=187 kQ

Independent of this bit
selection the threshold 15 is
done with Rs = 5.5 kQ

DVOLT[1:0] Select voltage rails of the | 00
internal oscillator
MODE[3:0] DVOLT counter bits output. (0] 0000

This register content is reset
always the MODE[3:2] is not
11, and after beginning of
automatic noise mode
operation.

42.4.13.2 Single threshold noise modes

These modes reset by MODE[3:2]=01 and 10. The difference between these two modes
is that in mode 2 (MODE[3:2]=10) there is a frequency limitation circuit that enables the
circuit to operate in higher frequencies. In mode 1 (MODE([3:2]=01) this frequency
limitation circuit is not enabled.

In this mode the thresholds are set by user via register bits as described in the following
table.

During these modes the internal oscillator rails are set to the maximum (equivalent to
DVOLTI[1:0]=00).

Table 42-13. Signal properties in single noise modes (1,2)

Name Function I/0 type Power up /
reset
MODE[3:2] 01 or 10- Single thrshold noise mode operation. | 00

Table continues on the next page...
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Table 42-13. Signal properties in single noise modes (1,2) (continued)

Name Function I/0 type Power up /
reset
DVOLTI[1:0], In this operation mode these 4 bits are used select the noise | XXXX
EXTCHRG[2:1] threshold.

0000 - DVpm = 0.038 V, Vp = 0.834 V, Vm = 0.796 V
0001 - DVpm = 0.050 V, Vp = 0.830 V, Vm = 0.790 V
0010 - DVpm = 0.066 V, Vp = 0.848 V, Vm = 0.782 V
0011 - DVpm =0.087 V, Vp =0.858 V, Vm = 0.772 V
0100 - DVpm =0.114V,Vp=0.872V, Vm =0.758 V
0101 - DVpm = 0.150 V, Vp = 0.890 V, Vm = 0.740 V
0110 - DVpm =0.197 V,Vp =0.914 V,Vm =0.716 V
0111 - DVpm = 0.260 V, Vp = 0.945 V, Vm = 0.685 V
1000 - DVpm = 0.342 V, Vp = 0.986 V, Vm = 0.644 V
1001 - DVpm =0.450 V, Vp = 1.040 V, Vm = 0.590 V
1010 - DVpm =0.592 V,Vp=1.111V,Vm =0.519 V
1011 - DVpm =0.780 V, Vp = 1.205 V, Vm = 0.425 V
1100 - DVpm =1.026 V, Vp = 1.328 V, Vm = 0.302 V
1101 -DVpm =1.350V, Vp=1.490V,Vm =0.140 V
1110 -DVpm =1.630V,Vp=1.630V,Vm =0V

1111 -DVpm =1.630V, Vp=1.630V,Vm=0V

EXTCHRG[O0] In this operation mode this bits selects the series resistance. | XX
0 - uses Rs = 32 kQ.
1- uses Rs = 187 kQ.

Independent of this bit selection the threshold 15 is done with Rs =
5.5 kQ.
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Appendix A
Revision History of this Document

This appendix describes corrections to the this reference manual for convenience. Grammatical and
formatting changes are not listed here unless the meaning of something changed.

A.1  Changes between revisions 3 and 2

Table A-1. Changes between revisions 3 and 2

Chapter Description

Flash Memory Module | ¢ Updated register absolute address.
(FTFA)

12-bit Digital-to-Analog |  Updated register absolute address.
Converter (DAC)
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