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This chapter discusses RS-232 cables, connectors, wiring configurations, and
options for isolating an interface.
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An RS-232 interface can be configured as a DTE or DCE. In addition, RS-232
interfaces may use any of a variety of connector types. Adapter modules enable
two interfaces to connect to each other no matter what combination of DTE
and DCE and connector types the interfaces start out with.
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Figure 5-1 shows the 9- and 25-pin D-sub (subminiature “D”) connectors that
many RS-232 interfaces use. Figure 5-2 shows the pinouts of the connectors.
On most connectors, the pin or socket numbers are stamped near the pins or
sockets, though you may need to look closely to see the numbers.

TIA-232 specifies using the 25-pin D-sub connector or a compact 26-pin Alt A
connectors. These connector types are rarely used in recent designs because vir-

Figure 5-1: RS-232 D-sub connectors: clockwise from top left: 9-pin female, 25-pin 
female, 25-pin male, 9-pin male. 

Figure 5-2: Pin and socket locations for RS-232 D-sub connectors as seen from the 
mating side of the connector.
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tually no applications need more than 9 wires. The TIA-574 standard docu-
ments the pinout for the 9-pin connector.

Other names sometimes used for the 9-pin D-sub connector are DE-9, with the
E indicating the shell size, and DB-9, which is technically incorrect because it
suggests the connector uses the 25-pin shell size.

Some RS-232 interfaces use the same modular plugs and jacks used for indoor
telephone wiring or Ethernet networking (Figure 5-3). These connectors are
compact, reliable, and inexpensive for applications that don’t need nine wires.
The phone connector commonly called RJ-11 has 6 contacts. Standard phone
cables typically have 2 or 4 wires with the extra pins left open. The Ethernet
connector commonly called RJ-45 has eight contacts. The TIA-561 standard
specifies a pinout for an 8-contact connector that includes everything in the
9-pin interface except DSR (Table 5-1). The 6-position connector has no stan-
dard pinout for serial communications.
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If you need to attach different connector types to each other, adapter modules
and cables are available in a variety of configurations, or you can make your
own. Sources for adapter modules include B&B Electronics Manufacturing
Company (www.bb-elec.com) and Jameco Electronics (www.jameco.com).

Figure 5-3: An RJ-11 (left) or RJ-45 (right) modular connector can be an option for 
interfaces of up to eight lines.

www.bb-elec.com
www.jameco.com
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To connect a DTE to a DCE with a 9-pin D-sub at each end, the cable con-
nects each wire straight across, pin 1 to pin 1, pin 2 to pin 2, and so on. Con-
necting a 9-pin D-sub to a 25-pin D-sub requires a cable or adapter that routes
the signals correctly (Figure 5-4).
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A gender changer is a adapter that enables two male (pin) connectors or two
female (receptacle) connectors to connect to each other. In an ideal world, every
DTE would use a male connector, and every DCE would use a female connec-
tor. If you happen to have a situation where you need to connect a DTE and
DCE whose connectors have the same gender, an adapter called a gender

Table 5-1: TIA-561 provides this recommended pinout for use with an 8-position 
RJ-type connector.
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1 RI
2 CD
3 DTR
4 SG
5 RX
6 TX
7 CTS
8 RTS

Figure 5-4: Use this wiring to convert between 9-pin and 25-pin connectors.
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changer can help. To connect two male connectors, use a female-to-female gen-
der changer, which has receptacles on both ends. To connect two female con-
nectors, use a male-to-male gender changer, which has pins on both ends. 

Gender changers connect the RS-232 lines straight across: TX to TX, RX to
RX, and so on. A gender changer can have the same number of pins on each
end, or the adapter can convert between 9- and 25-pin D-subs as in Figure 5-4.
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Some lines connect two ports configured as DTEs or, less often, two ports con-
figured as DCEs. If you use a straight-across cable, the two RX inputs connect
to each other and neither port receives anything sent by the other port.

The solution is to use a null-modem adapter or a cable that provides the
null-modem connections. The adapter simulates a connection between a DTE
and a DCE by routing each output to its corresponding input. For example,
each TX output connects to RX at the other end of the cable or adapter. The
name null modem refers to its origin as a cable that bypasses the com-
puter-to-modem (DTE-to-DCE) connection and directly connects two com-
puters (DTE-to-DTE).

Figure 5-5 shows several null-modem configurations. Interfaces that don’t use
flow-control lines can use a 3-wire null modem that only swaps the TX and RX
lines. A null modem with flow control also connects RTS to CTS and DTR to
DSR. On an adapter for use with two ports configured as DTEs, the CD and
DSR inputs are often tied together to cause the CD input to follow the remote
computer’s DTR output. A third type of null modem uses loop-back flow con-
trol, connecting each flow-control output to a corresponding input on the same
end. On a port configured as a DTE, the DTR output can also drive the CD
input. The loop-back adapter emulates a remote device that is always ready to
receive data. This type of null modem can be useful when a computer using
flow control communicates with a device that doesn’t support flow control.
Two ports configured as DCEs can connect to each other using any of the
null-modem configurations except that CD should be left open on both ports.
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Many microcontroller manufacturers and other vendors offer development
boards with the components for a generic system, often including an RS-232
converter and connector. 
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A typical microcontroller has a serial output labeled TX and a serial input
labeled RX. The RS-232 port on development boards is typically configured as
a DCE, where TX is an input and RX is an output. The microcontroller’s TX
output thus controls the RS-232 RX output, and the RS-232 TX output con-
trols the microcontroller’s RX input.

Using flow-control signals on a development board sometimes requires cutting
hard-wired connections and adding wires to connect flow-control signals to the
RS-232 connector.

An example of a development board is Microchip’s PICDEM™ 2 Plus. The
board has a MAX232 converter with a driver/receiver pair that interfaces the
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Figure 5-5: Two ports configured as DTEs can connect to each other using any of 
these null-modem adapters. On the left are 9-pin connections; on the right are 25-pin 
connections.
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microcontroller’s TX and RX pins to RX and TX on the RS-232 connector.
The MAX232’s other driver/receiver pair is unused.

To add flow-control lines, you can use the MAX232’s spare driver and receiver
to interface port bits on the microcontroller to the RS-232 connector. The
on-board MAX232 is in a surface-mount package, however, so soldering
jumper wires is difficult. Another option is to add another MAX232 or similar
interface chip in a through-hole package to the board’s prototyping area and
wire the needed connections to the chip.

The PICDEM 2 Plus board connects DTR to DSR on the RS-232 connector.
To enable using DTR and DSR for flow control (or other uses), cut the cir-
cuit-board trace that connects these signals together and add jumper wires to
connect an RS-232 driver and receiver to microcontroller port pins and the
connector.

Other development boards connect CTS and RTS together at the RS-232 con-
nector. If you need to use hardware flow control, check your board’s schematic
and modify the circuits as needed.
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RS-232 cables can vary in length, number of wires, and shielding.
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Early versions of the RS-232 standard recommended limiting cable length to
50 ft, and this is still a good general guideline. For data rates of 20 kbps or less,
you can use just about any type of cable of this length or less.

Later versions of the standard instead specify a maximum capacitance of 2500
pF at the receiver. This value includes the capacitance of the receiver, the
mutual capacitance between conductors in the cable, and the capacitance
between the conductor and the cable shield or, on unshielded cable, between
the conductor and earth ground.

The capacitance has several effects. It limits the slew rate, with a larger capaci-
tance resulting in a lower slew rate and slower transitions. A higher capacitance
means that a voltage change requires more current to charge the capacitance, so
the overall power consumption of the drivers is greater. Capacitance between
wires can result in crosstalk, where the signal on one wire also shows up on adja-
cent wires.
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Cable manufacturers often specify the capacitance of their products in pF/ft.
For unshielded cable, an appendix to TIA-232 recommends adding 50% to the
cable’s capacitance to account for conductor-to-ground capacitance.

The formula to calculate cable length for unshielded cable is:
CableLength = (2500 - InputCapacitanceOfReceiver) / (CableCapacitance * 1.5)

CableLength is in ft, InputCapacitanceOfReceiver is in pF, and CableCapaci-
tance is in pF/ft.

TIA-232 doesn’t recommend a cable type. Typical capacitance of ribbon cable is
15 pF/ft. Assuming that the receiver’s input is 100 pF, the cable can be as long
as 106 feet ((2500-100)/(15*1.5)). Typical capacitance for a single, unshielded
twisted pair is 12pF/ft. Again assuming an input capacitance of 100 pF, maxi-
mum cable length is 133 feet.
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For reduced crosstalk, you can use twisted-pair cable with each pair containing
a signal wire and a ground wire. Chapter 7 has more on twisted pairs.
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Adding shielding to the cable shortens the maximum allowed length, but
shielding can block noise from coupling into or out of the cable. For shielded
twisted-pair cable, an appendix to TIA-232 recommends tripling the value of
the conductor-to-conductor capacitance to account for the conductor-to-shield
capacitance.

This is the formula to calculate cable length for shielded cable:
CableLength = (2500 - InputCapacitanceOfReceiver) / (CableCapacitance * 3)

CableLength is in ft, InputCapacitanceOfReceiver is in pF, and CableCapaci-
tance is in pF/ft.

The maximum length of shielded, twisted-pair cable is thus around 66 feet.

If you want to use a cable that exceeds the capacitance limit, you’ll probably still
be able to communicate, though at lower bit rates. Over short cables with corre-
spondingly lower capacitance, you should be able to communicate faster than
20 kbps if the transmitting and receiving hardware supports higher rates.



Designing RS-232 Links

                                               69

!
�����	�����	�

A way to protect circuits from noise or damaging voltages and currents is to use
surge protection. The ideal surge protection absorbs all voltages and currents
outside the circuits’ operating range while not limiting transmissions of valid
signals in any way. In real life, a variety of devices can protect a link from many
disasters due to voltage surges, though all add some capacitance to the link and
thus limit the maximum bit rate and cable length.

In normal operation, a protection device presents a high impedance and is vir-
tually invisible to the transmitting circuits. When the line sees a high-voltage
surge, the protection device switches on and provides a low-impedance path to
ground.

Two surge-suppression devices used in RS-232 lines are transient voltage sup-
pression (TVS) diodes and gas-discharge tubes. TVS diodes are bidirectional
zener diodes that have low capacitance when off, respond quickly (1 ps), and
are available in many breakdown-voltage ranges. Gas-discharge tubes are slower
but can protect against higher voltages. Some circuits use both.

One terminal of the suppression component connects to a data line as close as
possible to the circuits being protected. The other terminal connects to a
ground strap or other low-impedance connection directly to an earth ground
(Figure 5-6). The component’s breakdown voltage should be 10–15% greater
higher than the normal voltages on the line. A series resistor at the RS-232
input can limit the input current.   

Figure 5-6: A TVS diode can protect components from high voltages on the RS-232 
line.
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RS-232’s generous noise margins help make the interface reliable and immune
to data errors caused by external noise coupling into the wires. When a line
needs more protection, isolation can keep noise from coupling between a cable’s
wires and the circuits they connect to.

Isolation works by dividing a circuit into sections that have no galvanic connec-
tion. Optical and magnetic coupling can transfer data and power between the
sections and filter out noise.

Isolation can isolate the grounds, the data lines, or both. Ground isolation
makes a circuit immune to power surges and noise in the earth ground shared
by nearby circuits. With long cables, ground isolation also makes the line
immune to differences in ground potential from end to end. Isolating the data
lines keeps noise from coupling between the lines and the circuits they connect
to.
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Most circuit connections use solder joints or mechanical connections such
screw terminals or crimps. These connections create an ohmic path that enables
current to flow between components. Galvanically isolated circuits can use
optical or magnetic coupling to transfer power and data.

Common ways to achieve galvanic isolation include transformers to isolate
power and optoisolators to isolate data. In a transformer, magnetic coupling
between the windings causes current in the primary winding to induce a cur-
rent in the secondary winding. Optoisolators transfer energy via phototransis-
tors and photodiodes that emit and detect energy in the visible or infrared
spectrum. In a similar way, a fiber-optic interface converts an electrical signal to
light for transmitting in an optical fiber and converts light to an electrical signal
at the receiver.

For complete isolation, each end of an RS-232 line requires an isolated power
supply for the RS-232 interface and an interface to transfer the data across the
isolation barrier.

�4�
�,��
���

Understanding isolation requires understanding the concept of ground. All cur-
rent must eventually return to its source. A ground connection is any
low-impedance path that serves this purpose. Different types of grounds


