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UART With Line Activity Detector

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to United States Provisional Patent Application No.
62/183,272, filed June 23, 2015, which is hereby incorporated by reference herein for all

purposes.

TECHNICAL FIELD

The present disclosure relates to serial interfaces, in particular to a universal

asynchronous receiver/transmitter (UART) interface with line activity detector.

BACKGROUND

UARTs are well known and commonly used in microcontrollers to provide a
communication channel. A UART interface translates parallel data into a serial transmission
form. Various types of protocols exists and are used in UART communication as defined by
various communication standards such as EIA, RS-232, RS-422 or RS-485. Other protocols,

such as the DMX protocol use the same interface configuration as a RS-232 interface.

SUMMARY

There exists a need to provide a UART that allows for a timeout period in accordance

with certain protocols in a simplified manner that does not rely on a dedicated timer or software.

According to various embodiments, a universal asynchronous receiver/transmitter
(UART) module is disclosed. The UART module may include an edge detector coupled with
a data line of the UART module, wherein the edge detector resets a counter on a rising and a

falling edge.

In some embodiments, the edge detector may include a first edge detector circuit
coupled with a receiving line. In such embodiments, an external receiving line is coupled with
a buffer and a data recovery unit and wherein the first edge detector is coupled with an output
of the data recovery unit. In other such embodiments, the module may further include a first

counter which is reset on each rising and falling edge.
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In some embodiments, the edge detector may include a second edge detector circuit
coupled with a transmitting line. In such embodiments, the module may also include a transmit
register coupled with a buffer which is coupled with an external pin and a second edge detector.
In other such embodiments, the module may include a second counter which is reset on each

rising and falling edge on the transmitting line.

According to various embodiments, a microcontroller is disclosed. The microcontroller
may include a universal asynchronous receiver/transmitter (UART) module comprising an
edge detector coupled with a data line of the UART module, wherein the edge detector resets
a counter on a rising and a falling edge, wherein the microcontroller does not include a

dedicated timer for timing a timeout period associated with a communication protocol.

In some embodiments, the edge detector may include a first edge detector circuit
coupled with a receiving line. In such embodiments, an external receiving line is coupled with
a buffer and a data recovery unit and wherein the first edge detector is coupled with an output
of the data recovery unit. In other such embodiments, the module may further include a first

counter which is reset on each rising and falling edge.

In some embodiments, the edge detector may include a second edge detector circuit
coupled with a transmitting line. In such embodiments, the module may also include a transmit
register coupled with a buffer which is coupled with an external pin and a second edge detector.
In other such embodiments, the module may include a second counter which is reset on each

rising and falling edge on the transmitting line.

According to various embodiments, a universal asynchronous receiver/transmitter
(UART) module is disclosed. The module may include a first edge detector circuit coupled
with a receiving line, wherein the first edge detector resets a first counter on a rising and a
falling edge of the receiving line, and a second edge detector circuit coupled with a transmitting
line, wherein the second edge detector resets a second counter on a rising and a falling edge of

the transmitting line.

In some embodiments, the receiving line may be coupled with a buffer and a data
recovery unit and wherein the first edge detector is coupled with an output of the data recovery
unit. In alternative embodiments, a transmit register may be coupled with a buffer which is

coupled with an external pin and the second edge detector.
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In some embodiments, the first and second timers may be operable to time a timeout
period associated with a communication protocol. In such embodiments, the communication
protocol may include a digital multiplex protocol. In other such embodiments, the timeout

period may be one second.

BRIEF DESCRIPTION OF THE DRAWINGS

DETAILED DESCRIPTION

Figure 1 illustrates an example known transmitter module of a known universal

asynchronous receiver transmitter as implemented in known microcontrollers;

Figure 2 illustrates an example known receiver module of a known universal

asynchronous receiver transmitter as implemented in known microcontrollers

Figure 3 illustrates an example receiving UART module for monitoring line transitions,

in accordance with certain embodiments of the present disclosure; and

Figure 4 illustrates an example transmission UART module for monitoring line

transitions, in accordance with certain embodiments of the present disclosure.

DETAILED DESCRIPTION

Certain known UARTSs used by many microcontrollers may be implemented to handle
various communication protocols that use a “timeout” period. For example, the digital
multiplex (“DMX”) protocol implements a timeout period that may be as long as one second.
In some embodiments, in an effort to reduce software overhead involved in implementing the
timeout period, an activity detector monitors transmissions on a data line to set or reset an

onboard timer rather than implementing a software routine.

Figures 1 and 2 show a typical conventional universal asynchronous
receiver/transmitter as implemented in many microcontrollers. Figure 1 shows a transmitter
module and Figure 2 an associated receiver module. The UART module is a serial /O
communications peripheral. It contains all the clock generators, shift registers and data buffers
necessary to perform an input or output serial data transfer independent of device program
execution. The UART, also known as a Serial Communications Interface (SCI), can be
configured as a full-duplex asynchronous system. Full-Duplex mode is useful for

communications with peripheral systems, such as CRT terminals and personal computers.



10

15

20

25

30

WO 2016/209861 PCT/US2016/038614

In some embodiments, the UART module may include the following additional features
that may be useful in, for example, Local Interconnect Network (LIN) bus systems: Automatic
detection and calibration of the baud rate; Wake-up on Break reception; 13-bit Break character
transmit. During Sleep mode, all clocks to the UART may be suspended. Because of this, the
Baud Rate Generator may be inactive and a proper character reception cannot be performed.
The Auto-Wake-up feature may allow a coupled microcontroller to wake-up due to activity on
a receive/data transmission line. This feature may be available only in Asynchronous mode.
An Auto-Wake-up feature may enabled by setting a certain memory portion of UART. For
example, the Auto-Wake-up feature may be enabled by setting the wake-up enable (“WUE”)
bit of a BAUDCON register. Once set, the normal receive sequence on RX/DT line may be
disabled, and an Enhanced Universal Synchronous Asynchronous Receiver Transmitter
(“EUSART”) may remain in an idle state, monitoring for a wake-up event independent of the
CPU mode. A wake-up event may consist of, for example, a high-to-low transition on RX/DT
line. (This coincides with the start of a Sync Break or a wake-up signal character for the LIN
protocol.) The EUSART module may generate a receive interrupt flag (e.g., an RCIF interrupt)
coincident with the wake-up event. The interrupt may be generated synchronously to the Q
clocks in normal CPU operating modes, and asynchronously if the device is in Sleep mode.
The interrupt condition may be cleared by reading another memory portion of the UART (e.g.,
the RCREG register). The WUE bit may be automatically cleared by the low-to-high transition
on the RX line at the end of the Break. This signals to the user that the Break event is over. At

this point, the EUSART module may be in Idle mode waiting to receive the next character.

The UART may transmit and receive data using a standard non-return-to-zero (NRZ)
format. NRZ is implemented with two levels: a high-voltage output (“VOH”) mark state which
represents a ‘1’ data bit, and a low-voltage output (“VOL”) space state which represents a ‘0’
data bit. NRZ refers to the fact that consecutively transmitted data bits of the same value stay
at the output level of that bit without returning to a neutral level between each bit transmission.
An NRZ transmission port idles in the mark state. Each character transmission consists of one
Start bit followed by eight or nine data bits and is always terminated by one or more Stop bits.
The Start bit is always a space and the Stop bits are always marks. The most common data
format is eight bits. Each transmitted bit persists for a period of one/(Baud Rate). An on-chip
dedicated eight-bit/sixteen-bit Baud Rate Generator is used to derive standard baud rate

frequencies from the system oscillator. The UART may transmit and receive the least
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significant bit first. The UART’s transmitter and receiver are functionally independent, but
may share the same data format and baud rate. Parity may not be supported according to some
embodiments, but may be implemented in software and stored as the ninth data bit. The
Asynchronous mode is typically used in RS-232 systems. The receiver block diagram is shown
in Figure 2. The data is received on the RX/DT pin and drives the data recovery block. The
data recovery block is actually a high-speed shifter operating at 16 times the baud rate, whereas
the serial Receive Shift Register (RSR) operates at the bit rate. When all eight or nine bits of
the character have been shifted in, they are immediately transferred to a two character First-In-
First-Out (FIFO) memory. The FIFO buffering allows reception of two complete characters
and the start of a third character before software must start servicing the UART receiver. The
FIFO and RSR registers are not directly accessible by software according to some

embodiments. Access to the received data may be given via the RCREG register.

Figures 3 and 4 illustrates example UART modules 300, 400, in accordance with certain
embodiments of the present disclosure. In some embodiments, UART module 300, 400 may
include amongst others the following additional modes of operation: Full-duplex asynchronous
transmit and receive; Two-character input buffer; One-character output buffer; Programmable
8-bit or 9-bit character length; Address detection in 9-bit mode; Input buffer overrun error

detection; Received character framing error detection; Sleep operation.

Many communication protocols such as the DMX protocol have timeout requirements.
However the timeouts may be as long as one second. According to various embodiments, to
reduce the number of counter bits, an activity detector monitors transitions on the line to set or

reset an on board timer instead of a dedicated timer.

Figure 3 illustrates an example receiving UART module 300 for monitoring line
transitions, in accordance with certain embodiments of the present disclosure. In some
embodiments, UART 300 may include edge detector 306 coupled to baud rate generator 302
and receive line 304. Edge detector 306 may be operable to detect an edge of a data line of
UART module 300. For example, as illustrated in Figure 3, edge detector 306 may be operable
to detect an edge on RX line 304. An output of edge detector 306 may be coupled to an on-
chip timer that may be reset every time activity on the data line (e.g., RX line 304) occurs. In
some embodiments, edge detector 306 may also be coupled to an output of a data recovery unit

308. Data recovery unity 308 may be operable to receive an incoming data stream from RX
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line 304. In such embodiments, UART 300 may also include a counter that is reset every time

a falling or rising edge is present in the sampled data stream.

Figure 4 illustrates an example transmission UART module 400 for monitoring line
transitions, in accordance with certain embodiments of the present disclosure. In some
embodiments, UART module 400 may include edge detector 408 coupled to baud rate
generator 402 and transmit line 404. Edge detector 408 may be operable to detect an edge on
TX line 404. In some embodiments, UART module 400 may also include transmit register 406
coupled to a buffer that is coupled with an external pin and edge detector 408. In such
embodiments, UART module 400 may include a second counter that reset on each rising and

falling edge on the transmitting line.

There exists a need to provide a UART that allows for a timeout period in accordance

with certain protocols in a simplified manner that does not rely on a dedicated timer or software.
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CLAIMS
WHAT IS CLAIMED IS:

1. A universal asynchronous receiver/transmitter (UART) module comprising an edge detector
coupled with a data line of the UART module, wherein the edge detector resets a counter on a

rising and a falling edge.

2. The UART according to claim 1, wherein the edge detector comprises a first edge detector

circuit coupled with a receiving line.

3. The UART according to claim 2, wherein an external receiving line is coupled with a buffer
and a data recovery unit and wherein the first edge detector is coupled with an output of the

data recovery unit.

4. The UART according to claim 2 or 3, further comprising a first counter which is reset on

each rising and falling edge.

5. The UART according to one of the preceding claims, wherein the edge detector comprises a

second edge detector circuit coupled with a transmitting line.

6. The UART according to claim 5, wherein a transmit register is coupled with a buffer which

is coupled with an external pin and a second edge detector.

7. The UART according to claim 5 or 6, further comprising a second counter which is reset on

each rising and falling edge on the transmitting line.
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8. A microcontroller comprising;

a universal asynchronous receiver/transmitter (UART) module comprising an
edge detector coupled with a data line of the UART module, wherein the edge detector resets

a counter on a rising and a falling edge; wherein

the microcontroller does not include a dedicated timer for timing a timeout

period associated with a communication protocol.

9. The microcontroller according to claim 8, wherein the edge detector comprises a first edge

detector circuit coupled with a receiving line.

10. The microcontroller according to claim 9, wherein an external receiving line is coupled
with a buffer and a data recovery unit and wherein the first edge detector is coupled with an

output of the data recovery unit.

11. The microcontroller according to claim 9 or 10, further comprising a first counter which is

reset on each rising and falling edge.

12. The microcontroller according to one of the preceding claims 8-11, wherein the edge

detector comprises a second edge detector circuit coupled with a transmitting line.

13. The microcontroller according to claim 12, wherein a transmit register is coupled with a

buffer which is coupled with an external pin and a second edge detector.

14. The microcontroller according to claim 12 or 13, further comprising a second counter which

is reset on each rising and falling edge on the transmitting line.
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15. A universal asynchronous receiver/transmitter (UART) module comprising:

a first edge detector circuit coupled with a receiving line, wherein the first edge

detector resets a first counter on a rising and a falling edge of the receiving line; and

a second edge detector circuit coupled with a transmitting line, wherein the
second edge detector resets a second counter on a rising and a falling edge of the transmitting

line.

16. The UART according to claim 15, wherein the receiving line is coupled with a buffer and
a data recovery unit and wherein the first edge detector is coupled with an output of the data

recovery unit.

17. The UART according to claim 15 or 16, wherein a transmit register is coupled with a buffer

which is coupled with an external pin and the second edge detector.

18. The UART according to one of the preceding claims 15-17, wherein the first and second

timers are operable to time a timeout period associated with a communication protocol.

19. The UART according to claim 18, wherein the communication protocol comprises a digital

multiplex protocol.

20. The UART according to claim 18 or 19, wherein the timeout period is one second.
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