
(received-signal-strength indicator) with 
an internal peak detector. The exter-
nal RC follows the peak power of the 
received signal and compares it with a 
predetermined, resistor-voltage-divider-
generated voltage level. Lab experiments 
show that a threshold of approximately 
1.57V generates a valid output on the 
data-out pin without receiving false read-
ings. Adjust this threshold to the proper 
level for optimal performance. The com-
parator’s output is low when the received 
signal is weak or invalid and high when 
the received signal is adequate.

Microcontroller IC5 then measures 
and displays the value of the signal 
frequency using its integrated timer/
counters and LCD-driver peripherals. 
A counter tracks the number of rising-
edge transitions on the input tem-

perature signal, and a timer tracks the 
elapsed time. After the timer’s 1-sec 
period elapses, an interrupt occurs. 
At that moment, the circuit reads the 
counter value, converts it to Celsius, 
and displays it on the LCD. The counter 
then resets to zero to restart the process. 
The timer automatically reloads once 
the timer interrupt occurs. UART0 also 
outputs the resulting temperature. A 
handheld frequency counter verifies the 
temperature reading. 

The microcontroller monitors the 
signal power through P6.0, a general-
purpose input pin. When the input is 
logic low, the LCD and UART out-
put “no RF” to alert users of possible 
transmitter issues when the transmitter 
and receiver are too far apart from each 
other. The LCD connection follows 

the design in the IC’s evaluation kit. 
Using a look-up table in the data seg-
ment of the assembly code enables you 
to preserve the internal mapping of the 
display’s A through G segments. This 
preservation ensures that the display 
enables the correct segments. Using an 
RS-232 level converter, the UART out-
put sends data to a data-logging device, 
such as a computer.

Use the MAX-IDE assembler soft-
ware to program the device during 
assembly. The MAXQJTAG board 
operates with the MAX-IDE to load 
the code onto the device. You can 
download the project files at www.edn.
com/4368878. This design provides for 
a 1-sec temperature-refresh rate in 1°C 
increments, which is within the accu-
racy of IC1.EDN
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↘ A previous Design Idea demon-
strates how you can use a micro-

controller to drive a piezoelectric buzzer 
at a high alternating voltage through a 
four-MOSFET circuit that interfaces to 

two of its I/O pins (Reference 1). This 
expanded Design Idea provides a modi-
fication of the previous circuit to save 
one of the I/O pins of the microcon-
troller. Q4’s gate connects to Q2’s drain 

rather than a second I/O 
pin (Figure 1). The 
microcontroller turns 
on Q2 by applying a high 
logic level to the I/O 
pin, pulling Node A 
down to a low logic 
level. This action turns 
on Q3 and turns off Q4. 
The voltage on Node B 
becomes 15V, and Q1
turns off. The voltage 
across the piezoelectric 
element is now 15V.

The microcontroller 
then toggles the I/O 
pin low, turning off 
Q2. Q1 is also off, so 
Node A slowly rises 
to a high logic level 
through pullup resis-
tor R1. When the volt-
age on Node A reaches 

the switching threshold of the inverter 
comprising the Q3 and Q4 pair, Q3
quickly turns off and Q4 quickly turns 
on. The consequently low logic level 
on Node B turns on Q1 and speeds the 
increase of Node A’s voltage. The 15V 
across the piezoelectric buzzer is now of 
the opposite polarity.

R2 weakens the coupling between 
the output and the input of Q4 due to 
the presence of the piezoelectric ele-
ment. A value of 330Ω for R2 is usually 
sufficient to suppress high-frequency 
oscillations that the feedback causes. 
The drained power from the supply 
increases if you use low values for R1. 
Using excessively large values for R1
also increases power dissipation by pro-
longing the switching of the transistors 
and associated shoot-through currents. 
The optimum value for R1 is approxi-
mately 1 kΩ. 

Saving an I/O pin with this design 
involves the trade-off of increased 
power consumption. The circuit’s power 
consumption is thus one order of magni-
tude greater than the circuit described 
in the previous Design Idea.EDN
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Figure 1 One microprocessor I/O pin drives this 
circuit to generate an alternating voltage across the 
piezoelectric buzzer.




