
RS-232 

One of the oldest serial interfaces is generically called RS-232. It was 
originally established in 1962 as a method of connecting data terminal 
equipment (DTE) such as electromechanical teletypewriters to data 
communications equipment (DCE). Over the years its use has included 
connections to video terminals, computers, and modems. The first 
personal computers included an RS-232 called a serial port for connection 
to a printer or other peripheral device. Today, it is still widely used in 
embedded computer development systems, scientific instruments, and all 
sorts of industrial control equipment. 

The official name of the standard is Electronic Industries 
Association/Telecommunications Industries Association EIA/TIA-232-F. 
The letter F designates the most recent standard modification and update. 
The standard is essentially the same as the International 
Telecommunications Union – Telecommunications (ITU-T) 
specifications V.24 and V.28. 

The standard defines a logic “1” and a voltage between –3 and –25 V and 
a logic “0” as a voltage level between +3 and + 25 V (Fig. 1). Signal levels 
are commonly referred to as a mark for logic 1 and a space for logic 0. 
Voltages between ±3 V are invalid, providing a huge noise margin for the 
interface. Noise voltages in this range are rejected. In common practice, 
logic 0 and 1 levels are typically as low as ±5 V and as high as ±12 or ±15 
V. The transmitter and receiver configurations are single-ended (not 
differential) with a ground reference. 



 
Fig 1. Voltage levels define the logic 1 or mark and the logic 0 or space 

characters. Voltages between Â±3 V are invalid. 
 

The cable medium can be simple parallel wires or twisted pair. The length 
of the cable determines the upper data rate and generally should not 
exceed 50 feet. However, much longer cable lengths can be used with low 
data rate conditions. Today the primary goal is to use a cable with no more 
than 2500 pF of capacitance between wires. This limits the upper data rate 
to roughly 20 kbits/s. Because of the low-speed data rates used with this 
interface, the cable generally isn’t treated as a formal transmission line. 
Transmission lines require matched generator and load impedances to 
eliminate reflections that cause data corruption.  

The standard defined a 25-pin connector called the DB-25, which was 
designed to carry a variety of control lines as well as the serial data 
transmit and receive lines. Such connectors are rarely used today. Instead, 
a nine-pin connector called the DE-9 was defined, and today it is the de 
facto standard (Fig. 2). 



 
Fig 2. The popular DB9 connector carries the signals shown. The 

numbers are the pin numbers on the connector. 
 

Originally, data rates for electromechanical equipment were very slow. A 
minimum rate was typically 75 bits/s, but rates of 150 and 300 bits/s were 
common. Today, data rates are defined by the protocol used with the 
interface and can range as high as 115.2 kbits/s. Typical data rates are 
1200, 2400, 4800, 9600, 19,200, 38,400, and 115,200 bits/s. The data 
rate is limited by the maximum allowed slew rate of 30 V/µs (volts per 
microsecond). For short low-capacitance cables, data rates can be as high 
as several megabits per second with the appropriate drivers. 

Many RS-232 connections are one-way or simplex. However, using the 
special signaling and control voltages available, two-way or half-duplex 
operation is possible. The two connected devices alternate transmitting 
and receiving operations. 

The control signals in the interface define the protocol for transmitting 
and receiving data. These signals tell the two communicating devices 
when they are busy, transmitting, ready, and receiving. The transmitting 
device is the DTE such as a computer, and the receiving device is the DCE 
such as a printer. The control signals used on the common nine-pin 
connector are: 



 Data carrier detect (DCD): The DCE tells the DTE it is receiving a 
valid input signal. 

 Data set ready (DSR): The DCE tells the DTE it is connected and 
ready to receive. 

 Received data (RD): This is the actual signal received from the DTE. 
 Request to send (RTS): This signal from the DTE tells the DCE it is 

ready to transmit. 
 Transmit data (TD): This is the transmitted signal from the DTE. 
 Clear to send (CTS): This line from the DCE tells the DTE it is ready 

to receive data. 
 Data terminal ready (DTR): This line is from the DTE to the DCE 

indicating readiness to send or receive data. 
 Ring indicator (RI): This line was used in older modem connections 

but isn’t used anymore. 
 Signal ground: This is the common ground connection for all signals. 

Figure 3 shows the cable connections from the DTE to the DCE. Note the 
interconnections between the control line pins. The signals on these pins 
occur in response to one another in what is called a flow control or 
“handshaking” process. 

 
Fig 3. This is a common connection between the DTE and the DCE 
devices. Note the connections in the cable from one connector to the 

other. 
 
This file type includes high resolution graphics and schematics. 



Although not formally part of the RS-232 standard, most serial devices 
using the interface also use what is called a universal asynchronous 
receiver transmitter (UART). This IC, usually separate from the line driver 
and receiver circuits, implements a basic communications protocol that 
involves transmitting up to 8 bits at a time. It performs serial-to-parallel 
and parallel-to-serial conversion, adding start and stop bits to signal the 
beginning and end of a data word, parity bit error detection, and 
establishment of the data rate. 

The data is often ASCII characters, but any data word up to 8 bits can be 
transmitted (Fig. 4). The UART can usually be configured to handle 
different word sizes (5 to 8 bits), add 1, 1.5, or 2 stop bits, and include odd, 
even, or no parity bits. Data rates from 75 bits/s to 115.2 kbits/s are 
selectable. 

 
Fig 4. This is the EIA/TIA-232 signal for transmitting a 7-bit ASCII 

capital letter J. A start bit signals the beginning of the character. The LSB 
is transmitter first. An odd parity bit is included. The transmission ends 

with a stop bit. 
  

 


