
The trimmer also provides the capability of optimizing th e display contrast when the 

viewing - angle o r  temperature changes. Notice that the pin 6 Enable line E on the LCD can disable the 

LCD Data and Control lines so that the uC  can use the lines for other purposes until it needs to send  

characters to the LCD.  

 

 

 

 The keypad is one of the common 16 key units similar to the one from Amazon B07B4DR5SH: 
16 Keys Matrix Keypad 4 X 4 Membrane Keyboard Module Array Switch for Arduino UNO 

The figure shows that Row R1 has keys 1, 2, 3, and A while Row R2 has 4, 5, 6, B and so on. Similarly, 
Column C1 has keys 1, 2, 7, and *, while column C2 has keys 2, 5, 8, and 0, and so on. The idea (an oldie 
but a goodie) is to apply a voltage to one of the rows, and if a voltage appears at one of the columns 
then the microcontroller can determine the pressed key.  For example, if the microcontroller 
momentarily applies a voltage to row R2 and a voltage appears on column C1, then a key is pressed and 
that key resides at �š�Z���� �]�v�š���Œ�•�����š�]�}�v�� �}�(�� �Z�î�� ���v���� ���í�� �Á�Z�]���Z�� �]�•�� �Z�ð�[�X�� �d�Z���� �u�]���Œ�}���}�v�š�Œ�}�o�o���Œ���•���‹�µ���v�š�]���o�o�Ç���•���v��s a 
few-mSec-wide pulse to each row until a voltage is sensed on a column.  The microcontroller 
incorporates delays since pressing a key can cause key-bounce whereby the key pads repeatedly 
make/break contact on the mSec timescale even though the key was only pressed once.  Without 
proper conditioning by software (i.e., delays), the bounce would be interpreted as multiple key presses. 
The microcontroller scans the voltage pulse across the rows. The column lines are tied to ground 
through the 10k resistors on the lower left side of the figure. When the switch is open (i.e., not pressed), 
the microcontroller will register the ground logic level at pins D2, D3, D4 and D5.  The keypad rows share 
the same microcontroller pins as the data lines for the LCD. The 328P disables the LCD by using the LCD 
Enable E line when it scans the keyboard. Even when the LCD is enabled and a key is pressed, the 
current through the 10k pull down resistor has negligible effect on the voltages at the LCD.  Finally, two 
of the keys provide a Caps Lock and an Auto Send function which must retain their state between key 
presses.  The LEDs connected through 3.3k resistors to pins 18 and 19 (i.e., B4 and B5) indicate Caps Lock 
and an Auto Send mode.  

Figure 10.2: The controller for the FE5650A Rubidium 
Standard consists of a Microchip Atmel micro-
controller ATMEGA328P (28pin DIP), a 4 x 4 keypad, 
an HD44780-based 16x2 text display (Adafruit AD181), 
a LM35DZ temperature sensor, and a LM7805 5v 
regulator along with miscellaneous components.  The 
328P uses a 16MHz crystal for its clock and 10 uH coil 
with a 0.1uF capacitor to filter the ADC power. The 
ADC uses the internal 1.1V bandgap reference with 
the 0.1uF capacitor from Vref to ground. Pin C0 is the 
ADC input from the temperature sensor.  The LCD uses 
only the upper 4 data lines D4-D7 and the RW line is 
tied to ground since data will only be written to the 
LCD. Notice the keypad, LCD and the programmer 
share some 328P pins.  
Inset 1 shows the LM7805 voltage regulator circuit. 
Inset 2 shows the programmer connector soldered to 
the PCB. The connector pins should be directly wired 
to the 328P pins with corresponding labels.   
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