
1 

--

f E A T U R E 

I 
M. 

Interfacing LEDs and relays to the parallel port 
. Of a microprocessor system. 

n part six we explained some of the vir
tues of a typical programmable 1/0 
device. Unfortunately, such devices 
also have a number of shortcomings, 
not the least of which is associated with 
the inability to provide sufficient volt
age or current drive to an external 
device or load. 

The maximum current which can be 
sourced from a typical programmable 1/0 
device is limited to about 1mA at a voltage 
of 15V, and clearly this will be inadequate 
for directly driving all but the most modest 
of loads; in order to operate external 
devices such as LEDs or relays an ap
preciable current or voltage may be re
quired 

LEOs 
In order to provide a reasonably bright 
output, a single LED will generally req~e 
a supply current of around 8 to 12mA. 
Such a current is usually provided by 
simply wiring a resistor in series with the 
LED and connecting the resulting series 
circuit to a supply having a nominal volt
age of 5 to 12V. As a general rule of 
thumb, a typical voltage drop of about 2V 
appears across an LED in which lOrnA is 
flowing. 

Greater light output can be produced 
from the LED by increasing the forward 
current and this can be achieved by either 
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reducing the value of the resistor or raising 
the voltage of the supply (note that it is es
sential to keep within the manufacturer's 
recommended maximum ratings for the 
device). A reduction of light output, on the 
other hand, can be achieved by increasing 
the resistance value or reducing the supply 
voltage. 

As an example, let's consider the case 
of a standard red LED which is to operate 
from a conventional TIL supply voltage of 
+ SV. The LED would be connected as 
shown in Ftg. 7.1 and the value of the 
series resistor calculated from the formula: 

R = (5- Vf)!lf 
where Vf is the forward voltage of the 

diode and If is the forward current. 
AsslUiling that the LED exhibits a 

normal forward voltage of 2V at a forward 
current of lOrnA, the required value of 
resistance is thus: 

R = (5 - 2)/0.010 = 300 ohms 
The nearest preferred values are Z70 

or 330 ohms and a 025W resistor of either 
value will be adequate as the series resis
tance. 

On a rather more practical note, it is 
essential to observe the polarity of an 
LED when ,connecting it into a circuit. 
Such devices cannot withstand reverse vol
tages of more than a few volts, and failure 
to observe this precaution will often result 

in permanent damage to the LED. The 
conventional polarity markings for a 
standard LED are shown in Fig. 7.2. 

Relays 
Electromechanical relays are available in a 
wide variety of forms, including miniature 
dry reed, dual-inline, PCB mounting and 
plug-in types. Low-voltage DC relays 
generally have coil resistances between 
100 ohms and 3 kilohms and operate from 
voltages in the range of3.75V to 24V. 

A typical relay for use with a 
microprocessor system will operate with a 
current of about 20mA and be capable of 
switching currents of up to 3A. The 
characteristics of some representative 
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Fig. 7.1. An LED operating from a + 5V 
supply roil. 43 
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relay types are shown in Table 7.1. 
An important property of a relay is 

that it can offer very high degree of 
electrical isolation between the 
microprocessor system and the controlled 
circuit. This is particularly important in 
applications where the controlled circuit is 
connected directly to the AC supply. 

Problem 7.1 
An LED is to be operated at the 
manufacturer's ratings, which are: 

Vf = 2.4V and If = 15mA 
Assuming that the LED is to be used 

with a 5V supply, determine the nearest 
value of the preferred series resistance. 

Problem 7.2 
A relay has a coil resistance of 700 ohms 
and requires a nominal operating voltage 
of 9V. Determine the current required to 
operate the relay. 

Transistor Drivers 
The simplest method of interfacing an 
LED or relay to a parallel II) port is with 
the aid of an NPN switching transistor, as 
shown in Fig. 7.3 and 7.4. Transistors 
provide current amplification (typically on 
the order of 50 or more) and are also able 
to tolerate a much higher load voltage 
than would be possible with a convention
al TTL device. 

In the LED driver arrangement of 
Fig. 7 3, the transistor will be driven into 
conduction whenever a high level (logic 1) 
is produced by the port output line. The 
transistor is operated as a saturated 
switch, and sufficient base current must be 
applied for the collector-emitter voltage to 
fall to a value close to zero. In this condi
tion, the collector current is determined by 
the supply voltage and the value of the 
load, rather than by the current gain of the 
transistor. 
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Fig. Z2. Typical polarity marldn~ for a 
round LED. 

A base current of approximately 1mA will 
produce saturated switched with the vast 
majority of modem silicon transistors, and 
thus a typical value for the base resistor is 
4k7. Fig. 7.5(a) and 7.5(b) show the 
equivalent circuit of a transistor LED driver 
in the nonconducting (logic 0) and the con
ducting (logic 1) states respectively. 

The operation of the transistor relay 
driver in Fig. 7.4. is similar to that of the 
LED driver in Fig. 7.3; however, an addi
tional diode is connected across the relay 
coil in order to protect the transistor from 
the effects of back EMF (the reverse volt
age generated by the collapse of the cur
rent in the coil inductance whenever the 
transistor switches oft). 

Ope .. collector Logic 
Aiiother method of increasing the current 
drive of an output port is with the aid of a 
TTL buffer. Six identical buffers are usual
ly contained in a single dual-inlinepackage 
and each device has a single input and 
output. 

Two types of buffer are available: in
verting and non-inverting . . An inverting 

Table 7.1 Characteristics of some representative relays 

Relay type: Encapsulated reed Miniature p.c.b. Plug-in 

Coil 
resistance: 1k 320ohm 185ohm 

Operating 
voltage: 9V to 12V 8.4Vto 14.4V 8Vto 17V 

Contacts: Single pole Single pole 4-pole 
changeover changeover 

Contact 
rating (d.c.): 500mA/100V 1A/28V 1A/110V 

Contact 
rating (a.c.): 500mA/120V 500mA/120V 2.5A/120V 
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Fig. Z3. A transistor LED driver. 
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Fig. 7.4. A transistor relay driver. 
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Fig. 5. The equivalent circuit of a transis
tor LED driver wid1 (a) logic 0 from the 
output polt and (b) logic 1 from the out
putpolt. 
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Fig. Z6. The circuit of a single open-col
lector 1TL in veTting buffer (7406 or 
7416). 

Fig. Z Z 17te circuit of a single open-col
lector 1TL non- inverting buffer (74(fl 
or7414). 

buffer produces a low state output when 
its input is high and high state output when 
its input is low. A non-inverting buffer, on 
the other hand, produces a high state out
put when the input is high and a low state 
output when the input is low. 

· Buffers are often fitted with open
collector output stages so that they can be 

Fig. ZB. The pin connections for the 
7406 and 7416 open- collector inverting 
buffers. 

Fig. 7. 9. The pin connections for a 7 407 
and 7417 hex open- collector non-inverl
ingbuffer. 

used with external loads in a similar con
figuration to that adopted with the transis
tor drivers described earlier. Furthermore, 
the transistor output stage is usually 
designed so that the device can tolerate a 
high supply voltage (note that the early 
stages of the TIL buffer still require a 
+ 5V supply). Details of some typical TIL 

Table 7.2 Characteristics of some typical TTL buffers 

Type logic function load current load 
voltage 

(max.)• (max.) 

7406 Hex inverting buffer 40mA 30V 
(open-collector) 

7407 Hex non-inverting buffer 40mA 30V 
(open-collector) 

7416 Hex inverting buffer 40mA 15V 
(open-collector) 

7417 Hex non-inverting buffer 40mA 15V 
(open-collector) 

•measured with the output in the low state. 
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Fig. 7.10. An LED driver using an open
collector 1TL gate; (a) a non-inverting 
buffer (74(fl or 7417), and (b) an inverl
ing buffer (7 406 or 7 416). 

buffers, both inverting and non-inverting, 
are given in Table 7.2, while Fig. 7.6 to 7.9 
show the circuits and pin connections for 
two of the most popular types of inverting 
and non-inverting buffers. 

Typical LED driver arrangements 
based on inverting and non- inverting 
open-collector buffers are shown in Fig. 
7.10. Note that the two circuits require 
logical signals of opposite polarity, and al
lowance must be made for this in the 
software routines used to send data to the 
port. 

Representative Output 
A representative output driver is shown in 
Fig. 7.11. Port lines PAO to PA7 of the 
programmable parallel 1/0 device are 
configured for output. Lines P AO to PAS 
are connected to the inputs of a hex invert
ing buffer which is used to drive six LED 
indicators. The remaining port lines, P A6 
and PA7, are connected to two NPN 
silicon transistors which are used as relay 
drivers. 

In order to operate the LEDs and 
relays, a data byte is written to Port A As 
an example, a binary value of 11000111 
(hex C7) written to Port A will illuminate 
the three LEDs connected to P AO, PAl 
and P A2, as well as operating the relays 
connected to PA6 and PA7. To turn the 
LEDs and relays off, a binary value of 
OOOCXXXl (hex 00) should be sent to Port A 

Problem 7.3. 
Refer to the representative microproces
sor output shown in Fig. 7.11. 

(a) What data value should be written 

Continued on pge 50 
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1/0 PORT OUTPUT ORIVERS 
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Fig. Z 11. A representative output driver GlTangement. 

POWER-UP YOUR 
COMPUTER REMOTELY 

ONLY WHEN YO NEED IT! 

. 
Have you ever had to leave your office computer on for 

an entire weekend just so you can access it from your home 
for a few hours. The RS232 POWER BAR is the perfect 
solution for you! 

The RS232 POWER BAR, functioning in place of a 
regular power bar, gives users remote power-up capability. 
Power-on is initiated automically upon detection of carrier 
signal. Host systems are powered on only for the duration 
of the remote access, saving power and wear on the system. 

The RS232 POWER BAR, which has two DB25 connec
tors, installs between the modem and the computer. It will 
control up to 1750 watts and is Ontario Hydro approved 
The price is $299 and is available exclusively from 
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1090 Cummings Avenue 
Gloucester, Ontario, K1J 7S2 

1-(613)- 744-8307 

Circle No. 15 on Reader Service Card 

to Port A in order to operate both relays 
and turn all LEDs off? Express your 
answer in binary. 

(b) What is the hexadecimal 
equivalent of the value in (a)? 

(c) Determine the forward current of 
an LED when it is operating. 

(d) What should be the nominal 
operating voltage for the relays? 

(e) Determine the collector current 
for the transistors in the conducting (on) 
state. • 

Answers 
to Problems 
7.1180 ohms. 

7.2.13mA. 
7.3. (a) 11000000 

(b) co 
(c) llmA 
(d) 12V 

(e) 27mA 

ANNOUNCING 

PROJEC1S 
BOOK 
N0.3 

Hobby Projects was first published in the summer of 1980 and 
contained 25 Electronics Projects reprinted from Electronics 
Today magazine. It was a sell out and was followed in January 
1981 by Projects Book No.2 and in the summer of 1983 by 50 Top 
Projects, both of which were also virtually sell outs. 

Projects Book No.3 has now been compiled and is off press and 
available for order by telephone or mail. Cost is $3.95 (plus $1.00 
postage). Bulk rates on requests. 

Projects Book #3 contains over 35 of the most popular projects 
which have appeared in Electronics Today since 1983. Emphasis 
this time is on test 'equipment and audio, as well as several other 
projects in a variety of applications. This long-awaited best seller 
is a must for project fanatics. 

To order, telephone (416) 445-5600 with credit card details or write: 
Moorshead Publications, 1300 Don Mills Road, North York 
(Toronto), Ontario M3B 3M1 . 
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