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What is serial communication?





	Serial communication is the transmission of data in a bit stream, one bit at a time. All transmission occurs in a time sequential fashion





	Parallel communication, on the other hand, is the transmission of all bits of data at the same time. A good example of parallel communication is an i/o read or write operation in which all eight data bits are transmitted (written) or received (read) at the same time. In fact all of the data in the microprocessor systems we have discussed so far have been transmitted and received in a parallel mode.





	The main advantage of parallel interfacing is speed - all data bits are transferred simultaneously via an N-bit bus, with a strobe signal, and an acknowledge. The disadvantages of parallel interface are cost, space and noise. 





	In serial i/o the data bits are sent one at a time across a single line. Serial interfacing is much more economical in terms of board space and cost, but the trade-off is a slower data transfer rate.





	Since the data bus of microcomputers is parallel, there is obviously a need for parallel to serial converters at the transmitting end and serial to parallel converters at the receiving end of a serial communications link.





example: To transmit one byte in a serial fashion at 1200 bits/s it would take at least 8 times 1/1200 seconds, that is, 6.67 ms. The same eight bits would take less than 1 µs for if transferred in a parallel fashion.














Simplex, half duplex, duplex





Simplex - A two wire link provides a signal line and ground. In the simplex facility the signal line can be used either for transmission or for reception, but not for both.





Half-duplex - In the half duplex facility, transmission can occur in either direction, but only in one direction at any particular time.





Full-duplex - In a full duplex link, transmission and reception can occur simultaneously in both directions.








The typical serial data communications link consists of:





computer - modem - phone line - modem - computer





DTE - DCE - phone line - DCE - DTE





DTE = data terminal equipment


DCE = data communication equipment











The RS232C is a standard published by the CCITT in Europe and the Electonics Industries Association (EIA) in the USA. This standard outlines the characteristics odf the connectors to be used (size, number of pins, shape and so on), voltage levels (between –3V and –15V for logic 1 and between 3V and 15V for logic 0), and protocol (see below). The interface is typically used up to about 20kbps over distances up to 15m, and the bit rate (Baud rate) is a function of the length of cable.





The basic RS232C pins used for asynchronous communication are:





pin	    description				  direction 


 1	protection ground			        -


 2	TxD	transmitted data		DTE > DCE


 3	RxD	received data			DTE < DCE


 4	RTS	request to send		DTE > DCE


 5	CTS	clear to send			DTE < DCE


 6	DSR	data set ready			DTE < DCE


 7	signal ground				        -


 8	DCD	data carrier detect		DTE < DCE


20	DTR	data terminal ready		DTE > DCE


22	RING	ring indicator			DTE < DCE





and the remaining (less used) lines are:





pin	    description


not connected


not connected


not connected


secondary data carrier detect


secondary clear to send


secondary transmit data


secondary transmitted clock


secondary receive data


RC receiver clock 


DCR divided clock receiver


Secondary request to send


data rate selector


external transmitter clock


busy








Some equipment and how to connect them:











Example 1 - Computer and MODEM:
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Sequence of communication:





1) Assert DTR		- I am 'ON'. Are you 'ON' as well?


2) Wait for DSR	- Yes, I am 'ON'.


3) Assert RTS		- Can I send data?


4) Wait for CTS	- Yes, you can.


5) Transmit		- Here it goes.





DCD indicates that a signal which meets the MODEM specifications is being received by the DCE. It is also known as 'Receive line signal detector'.


























Example 2 - Computer and terminal
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Example 3 - Computer and serial printer
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Example 4 - Two computers with handshake:





�











Example 5 - Two computers without handshake:
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	Use the wiring diagram above to get started when debugging RS232 connections. Because it bypasses the handshake lines, the transmitter can always send data and you get much less frustrated. Once it starts working, then connect one of the handshake pairs.








	Most asynchronous links use some form of flow control protocol to oversee data transmission. Three common protocols are: lead control, Xon/Xoff, and ETX/ACK. Lead control (or hardware handshaking) involves asserting one of the RS232C handshake lines (normally CTS) to enable data flow and de-asserting it to stop communication. Xon/Xoff and ETX/ACK are software control protocols explained below.











Xon/Xoff protocol





	You have probably already used Xon/Xoff and not known it. Xon/Xoff is the protocol used to freeze and unfreeze the scrolling of the screen commanded by control-s/control-q on IBM-PC compatibles and many computer terminals. Control-s will freeze the display and any key pressed afterwards generates a control-q, which will unfreeze the display. Control-s means Xoff, that is, "turn the transmission off", while control-q means Xon, that is, "turn on transmission".





	Some printers use this Xon/Xoff protocol when they have a built-in "character buffer" that can hold a certain number of characters for printing. What the buffer does is to allow the computer to send characters to the printer at a fairly fast rate (say, 9600 baud, or 960 characters per second) and then hold while the printer prints them out. This way, while the buffer in the printer is emptying, the computer can go on its merry way and do more processing. Provided the computer is set up properly, you could then be editing a file while the printer is spitting characters out to paper and your word processor would not be slowed down. You would only notice a delay when the printer needed its buffer filled again, but this shouldn't take long.





	The computer sends a character to the printer and then looks to see if the printer has sent back a control-s, which means "Stop, please! my buffer is full. Don't send any more characters until I tell you." If there is no control-s being sent back the computer sends the next character, and so on, until it receives a control-s. At that point, it goes into a wait loop until a control-q comes from the printer. The control-q means that the printer buffer is once again empty ("Hello, I am empty enough now; you can send me some more data".





	The point of this is that the computer only waits for the printer after every N characters, instead of after each character, and is, therefore, free do other tasks while printing is taking place.











Flowchart of Xon/Xoff:





NEXT_CHAR:


	Is UART ready to send character?


	If 'no' then goto NEXT_CHAR


	Transmit character


	Has UART received a character?


	If 'no' then goto NEXT_CHAR


	Is it control-S (Xoff)?


	If 'no' then goto NEXT_CHAR


Xoff:	


	Has UART received new character?


	If 'no' then goto Xoff


	Is it control-Q (Xon)?


	If 'no' goto Xoff


	Goto NEXT_CHAR











ETX/ACK protocol





	ETX/ACK protocol is very similar to that of the Xon/Xoff procedure, but it is implemented differently. In this case, a block of characters (usually 128) is sent to the printer followed by an ETX (end of text) character (03 hex = control-c). Then, after the printer has printed out the entire block of characters it sends an ACK (acknowledge) character (06 hex = control-f). The handshake then is "that was the text" followed by "Acknowledge. I have received and printed your last transmission."








Asynchronous data communication





	In transmitting data over a serial communications link synchronisation between the transmitter and receiver is of paramount importance. Data can be received synchronously with reference to a clock, or asynchronously. With asynchronous transmission data arrives in short bursts of one byte each, at irregular, unpredictable intervals.








Start bit, data, parity, stop bits:





	The time sequence on the TxD line is: start bit, data, parity, stop bits.





	When no data is being transmitted the line is quiet, in a logical one level, called 'mark'. The first bit transmitted is always a logical zero which indicates 'attention: byte coming'. Data is normally encoded in ASCII (American Standard Code for Information Interchange), in 7-bit form and the bits are sent from LSB to MSB. Following the data bits a parity check bit is transmitted to provide a rudimentary error detection facility on a character-by-character basis. One or more stop bits terminate the transmission.





	Three schemes for parity may be used, namely even, odd or 'no parity'. With even parity the parity bit is set or reset in such a way that makes the total number of logical one bits transmitted an even number. For instance, say we want to transmit the character '2' (32h in ASCII) with seven bits, parity even, and two stop bits. The parity bit would be set:








32h = 01100102
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and to transmit the character '3' (33h in ASCII) with seven bits, parity even, and two stop bits, the parity bit would be reset:





33h = 01100112
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	The rate at which the bits travel down the line (the time allocated to each bit) is referred to as the baud rate. Typical baud rates are 75, 110, 300, 1200, 2400, 4800, 9600, 14400, 19200, 28800, 33600, and  56000 bits /second.





	The clock rate is normally made equal to N times the baud rate where N=16 or 64, and each bit is sampled in the centre of the bit cell for better data recovery. For N=16, for instance, the first data bit is sampled 24 clocks after the detection of the falling edge of the start bit (16 for the start bit and 8 to the middle of the LSB), and the next bits are sampled at every 16 clocks after that.








Review of the important concepts of serial communication








1. Serial data is transmitted one bit at a time, the least significant bit first.





2. Data is transmitted at a fixed rate called the baud rate. The baud rate is equal to the rate of bits per second transmitted. For example, 1200 baud would transmit data at 1200 bits per second.





3. Parallel data in a microprocessor system must first be converted to serial data to be sent via a serial link





4. Marking is a term used for the logical state of the serial transmission line when no data is present.





5. The transmitter of the serial data will add 1 bit called a start bit at the front of the data stream. This bit is of the opposite logical level to the marking state of the serial transmission line.





6. The transmitter may add a single bit, called a parity bit, to the end of the serial data stream. The parity bit can be programmed to generate even or odd parity. Parity is used by the receiver as a first-level error check on the transmitted data





7. The transmitter will add stop bits to the data stream after the parity bit. The stop bit can be 1, �EMBED Equation.3���, or 2 bits wide. Stop bits are the same logical level as the marking level of the serial transmission line.








Framing error, parity error, overrun error








Framing error - After the data bits and the parity bit, the receiver must decode a logical '1' (stop bit). If it doesn't, it will accuse a framing error. The most probable cause for this error is that different baud rates are being used by the transmitter and the receiver.





Parity error - If the total number of bits, including the parity bit, is not equal to what it should be, a parity error condition will be accused by the receiver.





Overrun error - If the transmitter sends a character and the previous character has not yet been read from the UART by the CPU, an overrun error condition will be accused by the receiver. This results in the previous character being lost and the new character being written over it.











RS-232C - The voltage levels








	The threshold levels used by the receiver are +3 V and -3 V and the lines are inverted. The maximum voltage allowed is +/- 15V. Home work: Plot what an oscilloscope monitoring TxD would show when an UART transmits the character 0Ah with seven bits, odd parity and one stop bit through a line driver such as the MC1488 (inverter) using +/- 12 Volts. At the receiving end of the RS-232 lines, the logical levels must be reconverted into TTL level for input to the serial receiver. This +/- 12 to TTL levels is normally performed by a line receiver such as the MC1489.
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Schematic block diagram showing how the TTL voltage levels of the UART are translated into RS-232 voltage levels by the MC1888 (line driver) and how the MC1489 (line receiver) translates RS-232 levels into TTL levels. Both are inverters!








Intel 8251A UART - the status port and the implementation of Xon/Xoff
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DSR         - Data set ready indicates that the �EMBED Equation.3��� is asserted.


SYNDET - Synchronism detection (sync only).


FE            - Framing error (async only) the framing error flag is set when a valid stop bit is not detected at the end of a character. It is reset by the ER bit of the command instruction. FE does not inhibit the operation of the 8251A.


OE           - Overrun error flag is set when the CPU does not read a character before the next one becomes available. It is reset by the ER bit of the command instruction. FE does not inhibit the operation of the 8251A, but the previous character is lost.


PE            - Parity error flag is set when a parity error is detected. It is reset by the ER bit of the command instruction. FE does not inhibit the operation of the 8251A.


TxE          - Transmission buffer empty - When the device has no characters to transmit this line will go to a logical level 1. It is set automatically to zero when the CPU writes a character to the transmission buffer.


RxRDY    - When the device has received data and it is ready for reading this bit is set.


TxRDY     - Transmission ready status bit means that the transmission buffer is empty. Not conditioned by �EMBED Equation.3��� nor TxE.





When we want to know if we can send a character we must have TxRDY transmitter ready on:
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Xon/Xoff for the 80x86:





lptout:	in	al,status	; read 8251 status


		and	al,01h	; filter TxRDY


		xor	al,01h	; test for TxRDY


		jnz	lptout	; loop till UART ready


		mov	al,cl	; get character to send to AL


		out	prt,al	; output character


		in	al,status	; check if UART has received character


		and	al,02h	; does receiver have a character ready?


		xor	al,02h	; test for RxRDY


		jnz	goback	; if did not receive, return normally


		in	al,prt	; Yes. Get the character


		cmp	al,13h	; is it a CNT-S (Xoff)?


		jnz	goback	; No. Skip it.


lpt1:	in	al,status	; It was a CNT-S. Must wait for CNT-Q


		and	al,02h	; does receiver have a character ready?


		xor	al,02h	; test for RxRDY


		jnz	lpt1		; loop till it has character


		in	al,prt	; character is ready. Read it


		cmp	al,11h	; is it a CNT-Q (Xon)?


		jnz	lpt1		; No. Loop till it is


goback:	ret			; Finally CNT-Q. Return for next character











Xon/Xoff for the 68000:





lptout:


	LEA		P8251,A0	; 8251 port basic address


	BTST		#0,1(A0)	; test TxRDY (status = basic address +1)


	BNE		lptout	; loop till UART ready


	MOVE.B	D1,(A0)	; output character (prt = basic address)


	BTST		#2,1(A0)	; did we receive have a character?


	BNE		goback	; if did not receive, return normally


	MOVE.B	D1,(A0)	; Yes. Get the character


	CMPI		D1,#$13	; is it a CNT-S (Xoff)?


	BNE		goback	; No. Skip it.


lpt1:				; It was a CNT-S. Must wait for CNT-Q


	BTST		#2,1(A0)	; does receiver have a character ready?


	BNE		lpt1		; loop till RxRDY indicates character ready


	MOVE.B	D1,(A0)	; character is ready. Read it


	CMPI		D1,#$11	; is it a CNT-Q (Xon)?			


	BNE		lpt1		; No. Loop till it is


goback:


	RTS				; Finally CNT-Q. Return for next character
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