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Interfacing To Alphanumeric Displays

• To give directions or data values to users, many 
microprocessor-controlled instruments and machines need 
to display letters of the alphabet and numbers. In systems 
where a large amount of data needs to be displayed a CRT 
is used to display the data. In system where only a small 
amount of data needs to be displayed, simple digit-type 
displays are often used. 

• There are several technologies used to make these digit-
oriented displays but we are discussing only the two major 
types.  
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• These are light emitting diodes (LED) and liquid-crystal 
displays (LCD).

• LCD displays use very low power, so they are often used 
in portable, battery-powered instruments. They do not emit 
their own light, they simply change the reflection of 
available light. Therefore, for an instrument that is to be 
used in low-light conditions, you have to include a light 
source for LCDs or use LEDs which emit their own light.

Introduction   (cont..)
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• Alphanumeric LED displays are available in three common 
formats. For displaying only number and hexadecimal 
letters, simple 7-segment displays such as that as shown in 
fig are used.

• To display numbers and the entire alphabet, 18 segment 
displays such as 5 by 7 dot-matrix displays such as that 
shown in fig can be used. The 7-segment type is the least 
expensive, most commonly used and easiest to interface 
with, so we will concentrate first on how to interface with 
this type.

LED  (cont..)
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1. Directly Driving LED Displays: Figure shows a circuit 
that you might connect to a parallel port on a 
microcomputer to drive a single 7-segment , common-
anode display. For a common-anode display, a segment 
is tuned on by applying a logic low to it. 

• The 7447 converts a BCD code applied to its inputs to 
the pattern of lows required to display the number 
represented by the BCD code. This circuit connection is 
referred to as a static display because current is being 
passed through the display at all times.

LED  (cont..)
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• Each segment requires a current of between 5 and 30mA to 
light. Let’s assume you want a current of 20mA. The 
voltage drop across the LED when it is lit is about 1.5V.

• The output low voltage for the 7447 is a maximum of 0.4V 
at 40mA. So assume that it is about 0.2V at 20mA. 
Subtracting these two voltage drop from the supply voltage 
of 5V leaves 3.3V across the current limiting resistor. 
Dividing 3.3V by 20mA gives a  value of 168Ω for the 
current-limiting resistor. The voltage drops across the LED 
and the output of 7447 are not exactly predictable and 
exact current through the LED is not critical as long as we 
don’t exceed its maximum rating.  

LED  (cont..)
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2. Software-Multiplexed LED Display:
• The circuit in fig works for driving just one or two LED 

digits with a parallel output port. However, this scheme 
has several problem if you want to drive, eight digits.

• The first problem is power consumption. For worst-case 
calculations, assume that all 8 digits are displaying the 
digit 8, so all 7 segments are all lit. Seven segment time 
20mA per segment gives a current of 140mA per digit. 
Multiplying this by 8 digits gives a total current of 
1120mA or 1.12A for 8 digits. 

LED  (cont..)
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• A second problem of the static approach is that each 
display digit requires a separate 7447 decoder, each of 
which uses of another 13mA. The current required by the 
decoders and the LED displays might be several times the 
current required by the reset of the circuitry in the 
instrument. 

• To solve the problem of the static display approach, we use 
a multiplex method, example for an explanation of the 
multiplexing. 

LED  (cont..)
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• The fig shows a circuit you can add to a couple of 
microcomputer ports to drive some common anode LED 
displays in a multiplexed manner. The circuit has only one 
7447 and that the segment outputs of the 7447 are bused in 
parallel to the segment inputs of all the digits. 

• The question that may occur to you on first seeing this is: 
Aren’t all the digits going to display the same number? 
The answer is that they would if all the digits were turned 
on at the same time. The tricky of multiplexing displays is 
that only one display digit is turned on at a time. 

LED  (cont..)
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• The PNP transistor is series with the common anode of 
each digit acts as on/off switch for that digit. Here’s how 
the multiplexing process works.

• The BCD code for digit 1 is first output from port B to the 
7447. the 7447 outputs the corresponding 7-segment code 
on the segment bus lines. The transistor connected to digit 
1 is then turned on by outputting a low to the appropriate 
bit of port A. All the rest of the bits of port A are made 
high to make sure no other digits are turned on. After 1 or 
2 ms, digit 1 is turned off by outputting all highs to port A.

LED  (cont..)



M Krishna Kumar MAM/M3/LU9d/V1/2004 10

• The BCD code for digit 2 is then output to the 7447 on 
port B, and a word to turn on digit 2 is output on port A.

• After 1 or 2 ms, digit 2 is turned off and the process is 
repeated for digit 3. the process is continued until all the 
digits have had a turn. Then digit 1 and the following digits 
are lit again in turn. 

• A procedure which is called on an interrupt basis every 
2ms to keep these displays refreshed wit some values 
stored in a table. With 8 digits and 2ms per digit, you get 
back to digit 1 every 16ms or about 60 times a second.

LED  (cont..)
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• This refresh rate is fast enough so that the digits will each 
appear to be lit all time. Refresh rates of 40 to 200 times a 
second are acceptable. 

• The immediately obvious advantages of multiplexing the 
displays are that only one 7447 is required, and only one 
digit is lit at a time. We usually increase the current per 
segment to between 40 and 60 mA for multiplexed 
displays so that they will appear as bright as they would if 
they were not multiplexed. Even with this increased 
segment current, multiplexing gives a large saving in 
power and parts.

LED  (cont..)
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• The software-multiplexed approach we have just described 
can also be used to drive 18-segment LED devices and dot-
matrix LED device. For these devices, however you 
replace the 7447 in fig with ROM which generates the 
required segment codes when the ASCII code for a 
character is applied to the address inputs of the ROM.

LED  (cont..)



M Krishna Kumar MAM/M3/LU9d/V1/2004 13

+ 5 V

150 Ω
Each

7447

+ 5 V

Vcc

GND

+ 5 V

A B C D

BCD INPUTS

a b c d e f g

1 2 67

3

4

5

LT

RBI

BI

13 12 11 10 9 15 14

Circuit for driving single 7-segment LED display with 7447



M Krishna Kumar MAM/M3/LU9d/V1/2004 14

Fig



M Krishna Kumar MAM/M3/LU9d/V1/2004 15Fig



M Krishna Kumar MAM/M3/LU9d/V1/2004 16

7447
GND

Vcc

D C B A

OUTPUT 
PORT

A

D6
D5
D4
D3
D2
D1
D0

+ 5V

R1 R2 R3 R4 R5 R6
R7

OUTPUT 
PORT

B

+ 5 V

D0
D1

Q1 Q2 Q3 Q4 Q5 Q6 Q7

150Ω
150Ω150Ω150Ω

150Ω150Ω
150ΩMSD LSD

D2
D3

Fig:



M Krishna Kumar MAM/M3/LU9d/V1/2004 17

Liquid Crystal Display   (cont..)

• Liquid Crystal displays are created by sandwiching a thin 
10-12 µm layer of a liquid-crystal fluid between two glass 
plates. A transparent, electrically conductive film or 
backplane is put on the rear glass sheet. Transparent 
sections of conductive film in the shape of the desired 
characters are coated on the front glass plate.

• When a voltage is applied between a segment and the 
backplane, an electric field is created in the region under 
the segment. This electric field changes the transmission of 
light through the region under the segment film.
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• There are two commonly available types of LCD : 
dynamic scattering and field-effect. 

• The Dynamic scattering types of LCD: It scrambles the 
molecules where the field is present. This produces an 
etched-glass-looking light character on a dark background.

• Field-effect types use polarization to absorb light where 
the electric field is present. This produces dark characters 
on a silver- gray background.

• Most LCD’s require a voltage of 2 or 3 V between the 
backplane and a segment to turn on the segment. 

LCD (cont..)
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• We cannot just connect the backplane to ground and drive 
the segment with the outputs of a TTL decoder. The reason 
for this is a steady dc voltage of more than about 50mV is 
applied between a segment and the backplane.

• To prevent a dc buildup on the segments, the segment-
drive signals for LCD must be square waves with a 
frequency of 30 to 150 Hz. 

• Even if you pulse the TTL decoder, it still will not work 
because the output low voltage of TTL devices is greater 
than 50mV. 

• CMOS gates are often used to drive LCDs.

LCD (cont..)
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• The Following fig shows how two CMOS gate outputs can 
be connected to drive an LCD segment and backplane. 

• The off segment receives the same drive signal as the 
backplane. There is never any voltage between them, so no 
electric field is produced. The waveform for the on 
segment is 180 out of phase with the backplane signal, so 
the voltage between this segment and the backplane will 
always be +V.

• The logic for this signal, a square wave and its 
complement. To the driving gates, the segment-backplane 
sandwich appears as a somewhat leaky capacitor. 

LCD (cont..)



M Krishna Kumar MAM/M3/LU9d/V1/2004 21

• The CMOS gates can be easily supply the current required 
to charge and discharge this small capacitance.

• Older inexpensive LCD displays turn on and off too slowly 
to be multiplexed the way we do LED display.

• At 0c some LCD may require as mush as 0.5s to turn on or 
off. To interface to those types we use a nonmultiplexed 
driver device. 

• More expensive LCD can turn on and off faster, so they 
are often multiplexed using a variety of techniques. 

• In the following section we show you how to interface a 
nonmultiplexed LCD to a microprocessor such as SDK-86.

LCD (cont..)
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• Intersil ICM7211M can be connected to drive a 4-digit, 
nonmultiplexed, 7-segment LCD display. 

• The 7211M input can be connected to port pins or directly 
to microcomputer bus. We have connected the CS inputs to 
the Y2 output of the 74LS138 port decoder.

• According to the truth table the device will then be 
addressable as ports with a base address of  FF10H. SDK-
86 system address lines A2 is connected to the digit-select 
input (DS2) and system address lines A1 is connected to 
the DS1 input. This gives digit 4 a system address of 
FF10H. 

LCD (cont..)
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Fig : Truth table for 74LS138 address decoder 
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• Digit 3 will be addressed at FF12H, digit 2 at FF14H and 
digit 1 at FF16H.

• The data inputs are connected to the lower four lines of the 
SDK-86 data bus. The oscillator input is left open. To 
display a character on one of the digits, you simply keep 
the 4-bit hex code for that digit in the lower 4 bits of the 
AL register and output it to the system address for that 
digit.

• The ICM7211M converts the 4-bit hex code to the required 
7-segment code. 

LCD (cont..)
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• The rising edge of the CS input signal causes the 7-
segment code to be latched in the output latches for the 
address digit. 

• An internal oscillator automatically generates the segment 
and backplane drive waveforms as in fig . For interfacing 
with the LCD displays which can be multiplexed the 
Intersil ICM7233 can be use.

LCD (cont..)
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