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Interfacing to inputs

For a logic gate input to recognise the signal applied to it as 
logic 1, the voltage level of the signal should be as near as 
possible to the value of the positive supply rail. Similarly, for 
the signal to be recognised as logic 0, it should be as near as 
possible in value to 0 volts.

If the input signal changes from logic 0 to logic 1, or from logic 
1 to logic 0, it should leap from one to the other as rapidly 
as possible. This prevents the logic system behaving in an 
unpredictable way.

Connecting mechanical switches to a logic system

We have already considered how connect mechanical switches 
connect to the inputs of logic gates using pull-up and pull-down 
resistors. This is summarised below.

Output signal at point X is normally at logic 1. It changes to 
logic 0 when the switch is pressed. Output signal at point Y 
is normally at logic 0. It changes to logic 1 when the switch is 
pressed.

Connecting sensors to a logic system

Logic gates are designed to recognise a predetermined band of 
voltages as representing logic 0 and logic 1. These bands are 
specific for each family of ICs as seen in the following table.

The intermediate levels or band of voltages below the 
logic 1 threshold and above the logic 0 threshold result in 
unpredictable circuit behavior.

Consider the light sensing sub-system below. Assume that the 
light level steadily increases over several hours and eventually 
decreases again.

Logic gates require input signals that change rapidly between 
logic states. The analogue signal shown in the graph could 
remain between recognised logic levels for long periods of 
time, causing unpredictable behaviour and possible damage of 
a logic gate which the sensor is interfaced with.

Signal conditioning

Slow changing signals from analogue sensing circuits have to 
be processed or conditioned before they can be correctly used 
with logic gates. 

Schmitt inverters

Schmitt inverters are ideal for interfacing input sensors to logic 
systems. They are particularly useful for improving rise times 
by converting slowly changing analogue signals into signals 
that change logic state almost instantly. They have the added 
advantage of ignoring small changes in the signal produced by 
the sensing sub-system.

The action of a Schmitt inverter

Ordinary inverters have a single input voltage level, which 
causes the output to change state. This voltage level is referred 
to as the threshold level. A Schmitt inverter has the same truth 
table as an ordinary inverter, but it has two switching thresholds 
rather than one.

The switching threshold for a rising input voltage is higher than 
that for a falling input voltage. The actual threshold values 
differ for different types of Schmitt inverter.

This means that:

• when the input voltage is at 0V, the output is at logic 1 
• as the input voltage increases, the output remains at logic 1 
until the input voltage reaches the upper threshold 
• then, the output abruptly changes to logic 0 and remains there 
until the input voltage drops below the lower threshold 
• then, the output will abruptly change back to logic 1.

The Schmitt inverter has a dual purpose:

(i) It converts a slowly changing signal to an abruptly changing 
signal once the input threshold voltage has been reached.

(ii) The gap or ‘deadband’ between the threshold for a rising 
input voltage and a falling input voltage prevents minor 
changes in the signal from a sensor rapidly switching the 
output logic level repeatedly between logic 0 and 1.

Improving the rise time of a sensing sub-system

The signal from a light sensing  
unit is applied to a Schmitt inverter.

• In darkness, the resistance of the  
LDR is very high; Vin is nearly 0V  
and the output is at logic 1. 

• Vin increases gradually as the light 
level increases. 

• The output, Q, remains at logic 1 
until Vin reaches the upper switching 
threshold, VT+. 

• Then, the output changes almost 
instantly to logic 0 and remains there 
until Vin falls to VT-.  

• The output changes almost instantly to logic 1.

Minor fluctuations in input voltage are ignored.

The Schmitt inverter has conditioned the input signal to make it 
suitable for a logic system.

A similar result would occur if the light sensing sub-system was 
to be replaced with a temperature sensing sub-system. 

A comparator could be used, but as there is no deadband, 
minor changes in the signal from the sensor near the switching 
threshold could cause the comparator output to rapidly switch 
repeatedly between logic 0 and 1.
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Example

Below is part of a data sheet for a Schmitt inverter.

Interfacing mechanical switches to count and display systems

Switch bounce

The contact blades of both  
mechanical and reed switches  
tend to ‘bounce’ when the switch is 
closed. 

Switch bounce has little effect in a system consisting only 
of logic gates. If the system contains a counter, then switch 
bounce is highly undesirable. The counter will jump by several 
numbers each time the switch is pressed, as it counts each 
of the bounces. This bouncing is usually finished within a few 
milliseconds.

Switch de-bouncing

A capacitor, connected across 
the switch, will suppress but not 
completely eliminate the effect of 
the contact blades bouncing.

Adding a Schmitt inverter will 
eliminate any effect of switch bounce on the output. Notice that 
we have swapped over the positions of the switch and resistor 
to take account of the inverting action of the Schmitt inverter. 
The small fluctuations in VOUT2  are ignored by the Schmitt 
inverter. The output VOUT3 is said to be ‘de-bounced’.

The value of the capacitor used 
depends on how fast you want to 
count. A value in the range  
1 – 10µF works well for most 
applications.

Interfacing logic systems to outputs

Logic gates can only provide an output current of a few 
milliamps when the output is at logic 1. If the output current 
is increased beyond this, the output voltage drops. The larger 
the value of output current, the smaller the output voltage (this 
effect is similar to the loading of a voltage divider circuit that 
we considered in Component 1).

Directly connected outputs

Output devices that require a current of about 10mA or less can 
be connected directly to a TTL output. This value is reduced to 
about 5mA for a CMOS output. This limits directly connected 
outputs to LEDs and low power buzzers.

Connecting logic gates to larger loads

Output devices that require a current of more than 10mA can be 
interfaced to a logic system using a transistor or a MOSFET.

Example 1

• The NAND gate can provide  
a current of 5mA when its  
output voltage is 7V.

• The motor has a rated  
current of 240mA. 

The transistor is just saturated when its input voltage is 7V.

(a) Calculate the value of R1 which will limit the base current to 
5mA.

Solution:

(b) Calculate the value of hFE of the transistor to allow the motor 
to work at its rated current.

Example 2

A logic system is used to control a 
solenoid. The solenoid is rated at  
9V 5A, and the MOSFET has a  
value of gM = 1.25S. 

Calculate the minimum output voltage of the logic system to 
allow the solenoid to work at its rated current.

ID = gM (VGS - 3)

5 = 1.25 (VGS - 3)

5 =VGS -3

 
4 = VGS - 3

VGS = 4 + 3 = 7V

Note: 

• If a transistor interface were to be used for this application, it 
would require a collector current rating of 5A and current gain 
(hFE) equal to 5A / 10mA = 500. 
• It is virtually impossible to get a transistor with both of these 
parameters. The MOSFET overcomes this problem.
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