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ABSTRACT

This application report shows how to use the MSP430 to bridge data from an I°C™ bus
to the Consumer Electronics Control (CEC) bus described in the High-Definition Media
Interface (HDMI) specification 1.3. For this CEC application example, the MSP430
resides within the television. The scope of this application requires the MSP430 to
handle the physical layer and data link layer (medium access control) responsibilities.
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Introduction

High-Definition Media Interface (HDMI) incorporates a single-wire interface called Consumer Electronics
Control (CEC) in order to support 'one touch' control features in newer audio/visual systems. CEC is not a
conventional bus and is not readily found on microcontrollers like the more common protocols I°C or SPI.
One means of supporting CEC is the use of an external microcontroller dedicated to handling the CEC
protocol and communicating the information to the host processor with the more common protocol I°C.
The MSP430F20x2 and MSP430F20x3 devices from Texas Instruments provide both the traditional I1°C
support and the integrated peripherals needed for CEC. This document describes using the
MSP430F2013 to bridge between I°C and the CEC protocol within a television or monitor.

Context of CEC Within HDMI

HDMI is known for its provision of high-speed lanes for transmitting high-definition video content. HDMI
also provides a networking structure for audio/visual components to communicate with each other.

shows a typical HDMI network where each device has a physical and logical address. The HDMI
standard defines the logical address, while a parent/child relationship defines the physical address. The
parent device passes the physical address as part of the Extended Display Identification Data (EDID) to
the child device. For example, the A/V receiver in receives a physical address of 2.0.0.0 from the
TV and, in turn, passes 2.1.0.0, 2.2.0.0, and 2.3.0.0 to the DVD, D-VHS, and STB respectively. When the
DVD player in is connected, the DVD broadcasts the physical and logical address on the CEC
bus. This alerts all devices, including the TV, to the DVD's presence. The TV can then, in turn, address
the DVD player via the CEC bus and send commands like Play or Stop.

Physical Address 1.0.0.0
Device Not Present

Physical Address 0.0.0.0 Physical Address 2.1.0.0

Logical Address0 Logical Address4
(TV) (DVD)

Physical Address 2.0.0.0 Physical Address 2.2.0.0
Logical Address5 Logical Address 14
(A/V Receiven (D-VHS)

Physical Address 2.3.0.0 Physical Address2.3.1.0
Logical Address3 Logical Address1
(STB) (PVR)

Figure 1. Physical Addressing
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3 Using the MSP430

4.1

This application report is written from the perspective of the television, the component with logical address
0in . Within the television (see Figure 7), the MSP430 manages the physical-layer translation
from 1°C to CEC. Included with this translation task is the screening of destination addresses in the CEC
message. The MSP430 should only pass along messages with the TV address, 0x0h, or the broadcast
message, OxFh. Finally, MSP430 must also communicate with a host processor, which manages the
application-layer functions of CEC.

While the MSP430 supports both the 1°C and CEC buses, the communication is half-duplex. That is, data
flows in both directions, but only one direction at a time. The end application is not intended to receive or
transmit data simultaneously on both the CEC and I1°C buses.

TV/Monitor

Host

Processor| Main Application

Program

I2C Interface

12C

LSRR I2C Interface

Translation

CEC Interface

HDMI
CEC Connector
|

Figure 2. CEC Functional Partition Between Host and MSP430

The 1°C communication between the MSP430 and the host processor is a multi-master; both the MSP430
and the host processor are masters. In order to prevent a loss of data, the MSP430 has the higher 1°C bus
priority (i.e., the lower numerical address). The USI module on the MSP430 provides the 12C
communication.

The 1/0O port, P1.0, of the MSP430 provides the CEC communication. The interrupt associated with P1.0
captures a rising or falling edge, while Timer_A is used to monitor the received bit times. Timer_A also
establishes the timing of P1.0 during data transmission.

Consumer Electronics Control (CEC)

CEC is a feature defined within supplement 1 of the HDMI 1.3 standard. CEC, like I°C, is a bidirectional
multi-access bus. CEC is different from I12C in that CEC is a single-wire interface. The CEC communication
is made up of a start bit, an 8-bit header, 8-bit data, an end-of-message (EOM) bit, and an acknowledge
bit.

Start Bit

As shown in Figure 3, the start bit is simply a single bit that meets the timing requirements for the low and
total duration. When the start bit meets both timing requirements, the CEC receiving device needs to
process the incoming data. If the start bit does not meet both requirements, then the receiver ignores the
data. This prevents the receiver from processing noise as data.

SLAA377—-December 2007 CEC-to-I°C Bridge With the MSP430 3
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Consumer Electronics Control (CEC)

4 Total Duraton ——————————— >

l«———— Low Duration > High Duration

==

T 4
0 ms 3.7 ms 4.5 ms

Figure 3. CEC Start Bit

4.2 Data Bits
shows the timing of the CEC data bit. The example code checks the timing requirements of both
the rising and falling edges received as well as determines the sampling time. Since there is no clock, the
duty cycle or low duration time of the bit determines logic 1 or 0. The total bit time is 2.4 ms, which
provides a data rate of about 416 bits/second.
<« Low Duration High Duration
Logic 0
1.5ms 24 ms
Low al o : : .
Duration High Duration Logic 1
0.6 ms 2.4ms
0ms 1.05ms
Sampling Time
Figure 4. CEC Data Bit
4 CEC-to-12C Bridge With the MSP430 SLAA377-December 2007
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Consumer Electronics Control (CEC)

4.3

43.1

4.3.2

Header/Data Block

The header and data blocks within CEC are composed of 10 bits. The first 8 bits contain the addressing,
operation code (opcode), or operand. The last two bits are the End of Message (EOM) bit and the
Acknowledge bit.

Addressing

The header block is the only block with addressing and is the first block of the CEC transmission. The first
four bits indicate the source or "initiator" of the transmission. The second four bits identify the destination
or intended recipient. CEC allows for both direct messaging and message broadcasts. The TV is looking
for messages that have destination addresses 0x0h or OxFh. These addresses represent the TV logical
address and a broadcast message, respectively.

Header Block
3l2]1/o0]3l2][1]0] - | -
Initiator Destination | EOM | ACK

Figure 5. Header Block

Opcodes and Operands

The 8-bit field of the data block represents the opcode or the operand. The HDMI standard defines the
opcodes and the possible number of operands for each message. The number of operands depends upon
the message. Since the standard provides for manufacturer-defined messages, the number of operands
can vary. Disregarding the manufacturer-defined opcodes, the maximum number of possible operands is
15. shows an example CEC message. For this example, a DVD player is broadcasting to all
devices on the CEC bus the DVD physical address (Figure 1)), the logical address (via the header), and
the device type.

Header
Initiator: Ox4
Destination: OxF

Start>1‘0‘0‘01‘1‘1‘1 0 R
bit Initiator Destination | EOM | ACK

Report Physical Physical Address
Address 0x84 4{[PortID]} 2.1.0.0

1/o0]ojojof[1]/ojo] o | - |o]o|1][o]ojo]o|1] 0 | -
Opcode = 0x84 EOM | ACK | PortID= 0x2| Port ID= 0x1| EOM | ACK

Physical Address (cont) Device Type
4{[Port ID]} 2.1.0.0 4,“DVD”

o|ojofojojofolo] o | - |o]ojojo[1]oloj0] 1 | -
Port ID=0x0| PortID= 0x0| EOM | ACK | Device Type = 0x04 EOM | ACK

Figure 6. Example CEC Message
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4.3.3 End of Message (EOM)
The EOM bit is set only in the last transmitted data block. In the example shown in Eigure G, only the last
data block, Device Type, contains a set EOM bit. Since the number of operands is unknown to the
MSP430, the MSP430 depends upon the transmission of the I2C stop bit or the CEC EOM bit to identify
the end of the message.
4.3.4 Acknowledge
The acknowledge bit is the means for the receiver to acknowledge that it has successfully received a
transmission. This is similar to 1°C where the transmitter releases the bus and samples the bus (as defined
in Eigure 4) to determine if the receiver has pulled the bus low.
5 I°C
One can find a thorough description of 1°C in the I°C specification. The MSP430 user's guide and the
MSP430F20xx 1°C library also provide information about implementing I2C with the MSP430 USI module.
See for more information.
6 I’C-to-CEC Translation
When the host processor wants to send data to another node on the CEC bus, it sends the data via I°C to
the MSP430. The MSP430 translates the data to CEC and transmits it. The MSP430 repackages the data
in the CEC format, as shown in Figure 4. When the USI module detects a stop bit on the I2C bus, the
MSP430 then transmits over the CEC bus by emulating the protocol with digital I/O. This section describes
the events involved in this process.
I’C
Message | Start| Slave Address | RW | ACK | Byte 1 | ACK| =+« | ByteN | ACK | Stop]
oo StartBit| Byte1 | 0 |ACK|ses| ByteN | 1 |ACK|
essage
Header Block EOM Data Block EOM
Figure 7. Mapping an I°C Message to a CEC Message
6.1 I°C Receive Mode

The MSP430 waits in LPM4 for the reception of either a CEC start bit or a valid 1°C address byte. Upon
reception of an 1°C start bit, the MSP430 proceeds by verifying the 7-bit address. If the address does not
match the address assigned to the MSP430, then the MSP430 ignores the I°C message and remains in
LPM4. If the address does match, then the proceeding data bytes are stored in memory and retransmitted
in the 8-bit payload of the CEC data transmission. The first byte following the 1°C address is the CEC
header block. The remaining bytes contain the order appropriate CEC data blocks. The stop bit identifies
the end of the 1°C data message and in this application the end of the CEC data message.

The USI module does not generate an interrupt when a stop bit occurs. Therefore, the following code,
found in the main loop, polls for a stop bit and provides the transition to the CEC transmit portion of the
code.

CEC-to-12C Bridge With the MSP430 SLAA377-December 2007
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I2C-to-CEC Translation
__bis_SR register(LPM4_bits+3 E); /1 WAt in LPM4A until interrupt for
/1 12C or CEC receive
__no_operation(); /1 For debug purposes

whi | e( Pl dent)
{ /* If Pldent is true, then this is the 12C to CEC case */

if (USICTL1 & USI STP) /1 Check for the Stop flag
{ /* Finished |2C data reception and noving on to CEC transmt */
USI CTL1 &= ~(USI | E+USI STTI E) ; /! Disable USI interrupts
USI CNT &= OxEO; /1 Clear USI bit count
P1DI R | = BI TO; /1 Set output Low to generate the
/1 falling edge of the start bit
TACTL | = TACLR, /] Reset timerA
TACTL = TASSEL_2 + ID 3 + MXD; /| SMCLK/ 8=62. 5kHz, Up node

TACCRO = Shit_Nom LD
Timer0_State = 2;

Pl dsi ze = Pl dcnt; /1 Record the nunber of bytes rxd
Pl dcnt =0; [/l Initialize variables

Retry = 0O;

TACCTLO = CCl E; /1 Enabl e TimerAO Interrupt

}
}

/* Hold CPU here until the transm ssion of the nessage is conpleted. */
/* Upon conpletion, or failure to acknow edge reset interrupts and */
/* return to LPM4 */
__bis_SR register(LPM)_bits);

__no_operation(); /1 For Debug

Both the CEC receive portion of code and the I>C receive portion of code take the MSP430 out of LPM4.
The difference is that the I2C receive portion remains in LPM4 until the after first data byte while the CEC
receive portion leaves LPM4 at the beginning of the start bit. Therefore during an 1°C receive, the Pldcnt
variable has been incremented before exiting LPM4 and the MSP430 will execute the code contained
within the while loop. Once within the while loop, the code checks for the USISTP flag to be set. The stop
bit signals to the MSP430 that the 1°C data reception is complete. At this time, the MSP430 disables the
USI interrupt, stores in the variable Pldsize the number of bytes received, sets P1.0 low to begin the
transmission of the CEC start bit, and sets TACCRO to time the low duration of the start bit. Once the
timer has expired for the low duration, Timer0_State 4 will set the start bit high duration and the next timer
state.

shows how to configure the MSP430 Experimenter's Board to demonstrate the CEC to 1°C and

I°C to CEC translation. The MSP430F2013 is used for demonstration purposes, but the application code
can work with other MSP430 devices that have a USI module and at least 2k of memory. The application
code developed with IAR is provided with this report.

MSP430FG4618/F2013 Experimenter's Board

MSP430FG4618 V.,
10 kQ
0 % MSP430F2013 y
cC
UCBOSCL o0 scL
UCBOSDA SDA
Ldd P2 27 kQ
Pin 2
10“% P1.0
VCC

Figure 8. Test Implementation With the MSP430 Experimenter's Board
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I2C-to-CEC Translation

shows message traffic on the I2C lines SCL and SDA, channel 1 and channel 2, respectively,
between the host MSP430FG4619 to the MSP430F2013. Channel 3 is the CEC message traffic between
the MSP430F2013 and the CEC bus. The upper window in includes both the message
transmitted to a DVD player and the DVD player's response. The lower window is an expansion of the 1°C
message, which includes the I12C received by the MSP430F2013 and the start of the CEC message
transmitted by the MSP430F2013.

Zoom Factor: 100 X
(T}

. |

m— 11 W1 11 1

MSP430FG4618 to ’
MSP430F2013 Ul L

L.
1
uuw n_1_|
A

Start CEC data transmission
after successful reception of
I2C stop bit

(@D 2.00V @& 2.00V I 1 1/ &  1.60V]
»v K6 600 < k i

Figure 9. I°’C Data Reception From Host

6.2 CEC Transmit Mode

The transmit mode is responsible for sending the start bit, the header block, the data blocks, the proper
EOM flag, and for checking the acknowledge bit from the receiver. The initiator and destination information
in the CEC block header are taken from the first 1°C data byte. This is the first I°C byte after the 1°C
address. The flow chart in shows how to handle the EOM and retransmissions after a NACK.

Once the CEC data transmission is complete, the MSP430 enters LPM4 and waits for either CEC or 1°C
bus activity.

8
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[°C-to-CEC Translation

Finished I°C receive

l

Send Start bit

:

» Send data in payload [i]

Pldcnt++

No

Received
ACK or NACK?

Pldcnt =
Pldsize?

Yes

*Successful transmission of CEC
message
*Return to LPM4

Received
ACK or NACK?

Reset Pldcnt
and retry
transmission

eUnsuccessful transmission of CEC

message
*Return to LPM4

Figure 10. CEC Transmit Flow Chart

The bit banging of array Payload[i] described in is done with P1.0. The example code reads
from the array and the appropriate low and high period duration is then set. shows the bit
timings for a logic 0 or logic 1 CEC bit.

SLAA377-December 2007
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CEC-to-I°C Translation
«— Dbit Low LD=93— pta— Dbit Low HD =56 —»
Logic 0
1.5 ms 24 ms
Dbit High LD|
=37 Dbit_High_HD = 112
L = 4’ .
=g Logic 1
Ack_SampIg
=28 T—
T 2.4 ms
0.6 ms
0ms 1.05 ms

7.1

Sampling Time

Figure 11. TACCRXx Settings for Transmitting a CEC Data Bit

CEC-to-I°C Translation

When another device transmits a CEC message to the television, the MSP430 receives the message via
I/O emulation, and the address is decoded. If the message was is intended for the television, meaning the
logical destination address was either 0x0 for the television or OxF for a broadcast address, then the
MSP430 sends the message to the host processor via 1°C. If the destination address is not 0x0 or OxF,
then the message is rejected and the host is not alerted. This section describes the events involved in this
process.

CEC Receive Mode

A falling edge on P1.0 can be the first edge of a data message that another device is sending to the
television. This edge triggers a PORTL1 interrupt and starts the CEC to I°C translation. The MSP430 needs
to time the low duration and high duration to confirm reception of a valid start bit. If the start bit violates a
timing requirement, indicating that the trigger was noise, then the MSP430 returns to LPM4 and waits for
bus activity on the I2C or for the occurrence of another CEC start bit. The use of timing requirements
allows the MSP430 to reject false triggers that occur from noise on the CEC line. The flow chart in

shows the bit timing checks throughout the process of receiving a CEC start bit.

10

CEC-to-12C Bridge With the MSP430 SLAA377-December 2007
ubmit Documentation Feedbac



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAA377

{'f TEXAS
INSTRUMENTS

www.ti.com

CEC-to-I°C Translation

Received
falling edge?

Yes - Clear timers

- Return to LPM4
- Settimers ‘
- Exit LPM4

Received
rising edge?

duration expired?,
Yes

> minimum
low duration?

Received
falling edge?

Maximum total
duration expired?

> minimum
total duration?

A

Valid Start Bit received
Continue on to data reception

Figure 12. CEC Receive Start Bit Flow Chart

Upon receipt of a valid start bit, the MSP430 verifies that the destination address is valid. Valid destination
addresses are 0x0 and OxF, indicating a message specifically for the television or a broadcast message,
respectively. If the address is not valid or if the timing of the start bit or any of the following bits violates
the timing requirements, then the MSP430 will return to LPM4 and await start bits from either the I1°C or
CEC busses. Returning to LPM4, the MSP430 does not acknowledging CEC data reception without the
start of a new message. Failure to acknowledge the receipt of a byte during a message alerts the
transmitter of an error.

SLAA377-December 2007 CEC-to-I°C Bridge With the MSP430 11
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Valid start bit

v

- Settimers
- Pldent =0
- Bit_ Count=9

Settimers
A

- Pldent++
- Bit_Count=9
A

-

A

- Clear timers

- Sample data or EOM
- Bit_Count--

- Return to LPM4
A

Received
falling edge?

> minimum total

duration?

Bit_Count==0 ?

No

Y

Valid address?

Send Ack

v

EOM ?

Yes

- Pldsize = Pildcnt
- Start I°C Transmit

\

Figure 13. CEC Data Receive Flow Chart

12 CEC-to-I2C Bridge With the MSP430
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CEC-to-I°C Translation

7.2

I°C Transmit Mode

I2C transmission takes place after the reception of a CEC message. The USI I°C module enters the
master transmit mode and operates at 100 kbps. The message data is loaded into the I1°C transmit buffer
from the variable Payload]i]. As with the CEC transmit code, when Pldcnt eciuals Pldsize, the last byte has
been transmitted. At this time, the MSP430 generates a stop bit. Once the I°C data transmission is
complete, the MSP430 enters LPM4 and waits for either CEC or I°C bus activity.

is the same message traffic shown in , but the lower window focuses on the end of the
message. The lower window is an expansion of the I°C message, which includes the end of the CEC
message received by the MSP430F2013 and the I1°C message transmitted by the MSP430F2013 and
received by the host MSP430FG4619.

Zoom Factor: 100 X

IR MMJM |"|I’| T

T¢
MSP430F2013 to ‘
MSP430FG4619 Ul

(50 — fTB‘ lIAI
lﬂlHUﬂlljlﬁﬂﬂﬂﬂﬂl\ﬂJjJﬁﬂJlllﬂﬂJUllj 0 UlljlﬁJ
] M1 il

<——  Acknowledge of last CEC byte

(@ 2.00v @ 200V ) e V7 @ 160V
T T »v 86.6000ms K Doi

Figure 14. I°C Transmit Waveforms
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Use of LPM4

As shown in Figure 19, the MSP430 waits in low power mode 4 (LPM4) until an interrupt is received from
the digital 10 (indicating the reception of a CEC transaction) or the USI module (indicating the reception of
an 1°C data transmission).

USI ISR
Port 1 ISR

LPMO
CEC to I2C Translation

Active/LPMO
12C to CEC Translation

Figure 15. CEC-to-I°C Bridge State Diagram

In LPM4, there is no clock running within the MSP430. This is not a problem in this application because
activity is always initiated by receiving data from another device, whether it be from the host via I°C or
from another node on the CEC bus.

The USI module is able to handle the address check on its own, so any 1°C packets directed at other
nodes on the bus do not wake the MSP430 CPU. The USI also allows data to be sent or received without
CPU involvement, further enabling use of LPM4.

In the case of CEC, the same use of LPM4 cannot be utilized, because the protocol is being emulated. As
a result, the CPU stays in active mode for the duration of the CEC transmission/reception. However, the
existence of port interrupts allows the MSP430 to stay in LPM4 up until the first bit of a received CEC
packet.

9 Summary
The USI module and the 10 port pins on the MSP430 make it well suited for bridging data between 1°C
and CEC data buses. Additional features of this application include data retransmission upon receipt of a
NACK on both the I2C or CEC busses and pulse width validation of CEC start and data bits. Both of these
features improve the overall reliability of the data link.
Since most of the upper level protocol resides outside the MSP430, other applications can use this as a
basis for an I°C to single-wire interface.

10 References
1. High-Definition Multimedia Interface Specification Version 1.3 (http://www.hdmi.ord)
2. 1>C-Bus Specification and User Manual (RffpZ/www.nxp.com)
3. MSP430x2xx Family User's Guide (SCAUI44)
4. Using the USI I°C Code Library (SCAA369)
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