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W
hen you need a ver-
satile, multifunc-
tional instrument 
for measuring six 

different types of parameters in the lab, the 
venerable microcontroller PIC16F886 is 
a suitable solution to perform such a task. 
The microcontroller in this design idea can 
perform the following instrument func-
tions: voltmeter, thermometer, pulse coun-
ter, frequency counter, period meter, and 
tachometer.

This design requires only a three-digit 
numerical LCD; its total current con-
sumption is less than 1 mA. To drive the 
LCD, the microcontroller’s pulse-width 
modulator (PWM) generates a signal to 
drive the common input on the LCD. The 
PIC drives the LCD by inverting the data 
on its ports with respect to the common 
input. Figure 1 shows the electronic sche-
matic for this design and Figure 2 shows 
the numerical 24-pin LCD display sche-
matic.

The a ssembled prototype b oard is p re-
sented in Figure 3. The voltmeter func-
tion is called Lb1. Figure 4 shows the ther-
mometer function, dubbed Lb2.

To select the measurement functions 
(Lb1 through Lb6), you have to press the 
pushbutton PTC assigned to input 
RE3. The PIC micro starts with Lb1 by 
default (Fig. 5). The message “Lb1” 
on the display corresponds to the dc 
voltage.

Microcontroller Performs 
Multiple Instrumentation 
Measurements
In this Idea for Design, a PIC16F886 is used to perform six different instrument 
functions, ranging from a voltmeter to a frequency counter.

1. Electronic schematic for the multifunction meter.

2. Pin diagram for the numerical LCD display (Lumex LCD-S301C31TR).

☞LEARN MORE @ electronicdesign.com | 1

http://?Code=UM_EDPDF
http://www.electronicdesign.com?code=UM_EDPDF


meter. To 

change to another instrument, press the 
pushbutton again. You will see each the 
“LbX” message in sequence.

To turn off the decimal points on the 
display (pins 5 and 9), connect them to 
the common (pin 1) on the LCD. To ac-
tivate a decimal point, connect it to 5 V 
with a 100k resistor.

Voltmeter (Lb1)
The PIC micro starts by default with 

Lb1, which is a dc voltmeter (Fig. 6). 
The voltage under measurement must 
be within the range of 0 to 5 V, and it’s 
applied to RA0 configured as an analog 
input (pin 2). Its resolution is 10 mV. 
You can increase the input voltage range 
up to 49.9 V by applying a voltage divi-
sion network using two precision resis-
tors, such as 180k and 20k.

Thermometer (Lb2)
In this configuration, you need a tem-

perature sensor such as the LM34DZ or 
LM35DZ for Fahrenheit or Celsius de-

grees, respectively (Fig. 7). By 
pressing PB2 on RC0, you can 
select which sensor you’re using.

The PIC measures the temper-
ature applied on the analog chan-
nel RA0/AN0. The temperature 
reading will be within the range 
of 0 to 250˚F with a resolution of 
1˚F degree. For Celsius scale, the 
temperature is within the range 
of 0 to 120˚C.

3-Digit Counter (Lb3)
In this configuration (Fig. 8),

the microcontroller captures 
the pulses applied to TIMER1 
on the clock input (T1CKI) to 
make a three-digit counter. The 
pulses must be applied to the 
Timer1 Clock Input (T1CKI). 
When the counter reaches 1,000 
counts, it’s cleared to start a new 
counting cycle. The 0.01-µF ca-
pacitor in series with resistor R2 
is used to debounce the push-
button and get clean pulses.

4. PCB showing a temperature measurement of 82°F.

3. PCB showing a voltage measurement of 4.99 V.

5 . Or ig ina l  c i rcu i t

where the pushbutton

selects the practice

Lb1.
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Frequency Counter (Lb4)
In this configuration, an 

input frequency sample is 
read by TIMER1 on RC0/
T1CKI every 1.00 seconds. 
This configuration can mea-
sure frequencies within the 
range of 0 to 999 Hz with a 
resolution of 1 Hz (Fig. 9). 

If the frequency is higher 
than 999 Hz, it stops TIM-
ER1 and clears the counter 
to start a new frequency 
measurement cycle. You can 
change the code to measure 
up to 9.99 kHz by reducing 
its respective pause from 
1.00 s to 100 ms (this in-
struction is highlighted in 
yellow in Listing 2). In that 
case, its resolution would be 
equal to 10 Hz.

Period Measurement 
(Lb5)

To measure an input sig-
nal period applied to RA0, 
a 1000-Hz time-base fre-
quency must be applied 
to TIMER1 by the inter-
nal PWM (CCP1). Thus, a  
jumper needs to be placed 
from the CCP1 output (pin 
13) to the 16-bit T1CKI 
clock input (pin 11). Figure 
10 shows its configuration.

When a rising-edge in-
put signal arrives to RA0, it 
starts measuring its period. 
When the signal goes to low 
logic, it stops the counting, 
and the period is displayed 
in milliseconds. With this 
code, the PIC can measure 
periods within the range of 
1 to 999 ms, with a resolu-
tion of 1 ms.

The code for measuring 
a period consists of read-
ing the logic status of RA0. 
The variable counter keeps 
updating its contents while 

6. Configuration for voltage measurements.

7. Configuration for temperature

measurements.
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RA0 stays high. Once it goes to low 
logic, the TIMER is disabled with 
the instruction T1CON.0. This is 
described in Listing 1.

See listing 1 on page 5

Tachometer (Lb6)
In this case, the microcontroller 

works as a tachometer to display 
measurements within the range of 
0 to 999 RPM, with a resolution of 
1 RPM (Fig. 10, again).

The PWM module delivers a 
1000-Hz time base that’s used to 
measure the input signal period T, 
and then compute its equivalent in 
RPM by using the formula RPM 
= 6000/T. The method u sed h ere 
determines how many times the pe-
riod reading in the counter fits into 
a loop of 60,000 counts, as follows:

FOR X = 0 TO 60000 STEP 
COUNTER; determine RPM from 
period stored in variable counter.

RPM = RPM + 1; NEXT X; 
This method is more accurate 

than performing a division because 
it doesn’t generate fractions.

Listing 2 shows the complete 
code for the six instruments con-
tained in the PIC16F883. The code 
is based on the compiler PBP3 from 
melabs.com.
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See listing 2 on page 6

9. Configuration for the frequency counter.

8. Configuration for

the three-digit pulse

counter.
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10. Configuration for period measurements and for the tachometer.
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