Radio Shack Digital Display
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Figure 1 Radio Shack Display

Description

Just another Digital Clock? Perhaps! But this project started around my desire to have a clock that read
both local and UTC time and did not require me to manually adjust the local time to Daylight Savings, or
Standard, Time. While at it, | thought “let’s add a Talk Timer” and, since it will be powered by my Shack
12 Volt supply, let’s display the voltage available to me.

So, the result is what is shown in the schematic in Appendix 1.

The project revolves around U5, an ATMega328 microcontroller equipped with the ubiquitous Arduino
Bootloader. Itis used to drive the display U1-4 and LED’s D1 and D2. More on that later. Feeding U5,
via serial communications, or TTL level RS232 if you will, is microcontroller U6, an ESP-01S. It has the job
of connecting to the local Wi-Fi, grabbing time signals from an NTP server somewhere, and
temperatures from my local server (more on that later too!). U6 time details are sent by U5 to the local
Real-Time Clock, U9, which is a DS1302 RTC. U9 is battery backed-up via the CR2032 3V battery BT1.
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Correct voltages are provided to all devices via regulators U7 (5 Volts) and U8 (3.3 Volts). The 3.3 Volt
supply is only required by U6 — it cannot tolerate 5 Volts. U6’s only connection to a 5 Volt device is its
TXD output, which feeds U5’s RXD input. A level shifter was considered to be used between the two,
but extensive testing confirmed that U5 will accept the levels provided by U6, so none was used.

Back to the power input: | use the 12 Volts from the power supply powering my rig to feed D3, whose
only job is to make sure that the polarity is correct, even if the input is connected wrong. This gets
smoothed out by C3 and fed to the regulators U7 and U8. Meanwhile, R5, R6 and R7 form a voltage
divider to bring the 12 Volt (nominal) input down to something that won’t damage the analog input on
microcontroller U5. Here’s the math courtesy of the website Voltage Divider Calculator:
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Figure 2 Voltage Divider

More on the LED’s

There are 4 8 digit 7-Segment displays in this project. They are used to continuously display

e Local Time and Outside Temperature
e UTC Time and Inside Temperature

e Time on Air and Supply Voltage

e Today’s Date

Time On Air is a timer that advances starting on power-up. It is reset whenever the pushbutton switch
SW1 is depressed (or “mashed” for those of us in the South). Use this as you will. | used it to know how
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long | have been in the Shack, but sometimes when | get to rag-chewing, will reset it whenever | key up
so that | stay within the 10-minute talk time window.

LED D1 will change from on to off, or off to on, after each 10-minute interval, regardless of whether or
not SW1 was pressed.

LED D2 is not currently used for anything. | left it in the hardware in case | needed another display at
some point.

More on the Temperature Server

| have several automation servers running in the house, including one in the Radio Shack. That one is
Raspberry Pi based and runs a software called HomeSeer (www.homeseer.com ). With it, | can easily
read an internet weather page to determine what the local external temperature is. It can also read a
connected sensor (DS1820) to determine the temperature inside the Radio Shack. The software takes
those readings and creates a web page that is then used to pass the information to this project. That
web page looks like this:

<html>

<head>

<meta http-equiv="Content-Type" content="text/html; charset=UTF-8">
</head>

<body>

Outside: 45.46°F<br>

Inside: 67.87°F<br>

</body></html>

Inspecting the code in the file MD5480_ESP01_CLK.ino, you will note that the web page above is pulled
into the software on the ESP-01S, and then parsed to grab just the two values of these temperatures.
That is then passed to the main board’s U5 for eventual display.

If you are going to build this project, | cannot expect that you will have the same setup as | do. As a
result, | have made alternate versions of software available that will display time including seconds
instead of temperatures. The original version of software displays time including minutes only.

Alternatively, you can modify the ESP-01S software yourself to grab external temperatures directly from
a weather service.

Enclosure

The STL file for an enclosure is provided. See the link in Appendix 3. The resulting 3D print should look
like this:
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Figure 3 Shack Display Enclosure

Print it with the back lying on the platen of your printer to eliminate the need for supports. PLA filament
works fine for these types of enclosures.

The front can be covered with a piece of transparent red acrylic and fastened with some double-sided
tape (or glue if you are confident enough!). Red acrylic is available from Amazon. Search for “red acrylic
sheet 1/8”. Ventilation holes are provided on the enclosure on the side where the majority of the heat
is from.

Switch SW1 is mounted on the left-hand side and power wiring is brought in from the right-hand side.
Holes are provided for both.

Printed Circuit Board

The PCB is a simple double-sided board and easily available from any PCB fabrication facility. All Gerber
files are available via the link provided in Appendix 3. The PCB looks like:
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Figure 4 Printed Circuit Board

Assembly is not critical. 1x5 Header sockets were used for the 7-Segment displays to make them easier
to replace should that ever be required. BT1 required the use of a coin holder socket. IC sockets were
used for U5 and U9. A 2x4 header socket is used for U6.

| did not use heatsinks for the voltage regulators but | recommend bolting them to the PCB, via a 4-40
screw and nut, to get some heat transfer onto the PCB.

Software

The software files used in the original project are available via the link in Appendix 3.

Software Changes you WILL have to make

In the ESPO1 file “MD5480_ESPO1_CLK.ino”, replace the generic SSID and Password details with those of
your own. If you only have 1 set of Wi-Fi credentials, then comment out the following lines of code:

wifi multi.addAP (ssid2,password2) ;
wifi multi.addAP(ssid3,password3);

Next, change your timezone if necessary (the software is set to Eastern Time) via the following section:

// Set offset time in seconds to adjust for your timezone, for
example:

// GMT +1 = 3600

// GMT +8 = 28800

// GMT -1 = -3600

// GMT 0 = 0
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TimeZone=5; [/ FHRrkFkkkkkkkkkkkkkkkkkxkxkxx EST is 5 hours offset from
UTC or 4 during DST PR b b b b b b b b b b b b b b b b b b b b b b b b b g

Option

Next, should you decide to implement a temperature server like mine, change the IP address for it in
this line:

String serverName = "http://192.168.2.2"; // static
address for temperature server

And also, change (if necessary) the server’s webpage name here:

String serverPath = serverName + "/EasyTemp.html";
// web page updated regularly with Weather and local temperatures

If you decide not to go this route, use the alternate file “MD5480_ESP01_CLK_NoTemp.ino”, but make
the previous changes as noted above to SSID and timezone. You will also need to use the alternate main
file “MD5480ShackDisplay_NoTemp.ino”.

There are no changes required to the main file “MD5480ShackDisplay.ino” or its alternate
“MD5480ShackDisplay_NoTemp.ino”.

Compiling The Code

Both sets of software will need to be compiled and downloaded to the microcontrollers. Fortunately,
this is easily accomplished using the readily available Arduino IDE. U5 is compiled on a standard Arduino
UNO platform and then the chip is transferred to the project. U6 is compiled as a Generic ESP8266 and
then transferred to the ESP-01S via an off-the-shelf programmer readily available from multiple sources.

You may need to also download some of the libraries used in this code. If you are new to Arduino,
review the information at https://docs.arduino.cc/software/ide-v1/tutorials/installing-libraries/ .

Suggestion: compile the ESP-01S software with Debug set to “true” to make sure that it can connect to
WI-Fi and an NTP server. Use the programmer’s “Run” option after programming to see the serial
output. After making sure that all is working, change Debug to “false”.

Conclusion

| hope that this project has given you some ideas to work on a similar project of your own.

73
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Appendix 1 —Schematic
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Figure 5 Shack Display Schematic
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Appendix 2 — Bill of Material

Designato | Quant
r ity Designation PCB Package
BT1 1 CR2032 Battery Holder BatteryHolder_Keystone_106_1x20mm
C1, C2 2 22pFd Ceramic Disc Capacitor | C_Disc_D4.7mm_W2.5mm_P5.00mm
100uFd Electrolytic Capacitor
Cc3 1 25V CP_Radial_D7.5mm_P2.50mm
10uFd Electrolytic Capacitor
C4,C5 2 16V CP_Radial_D7.5mm_P2.50mm
0.01uFd Ceramic Disc
Ce, C7 2 Capacitor C_Disc_D4.7mm_W2.5mm_P5.00mm
D1, D2 2 RED LEDT13/4 LED_D5.0mm
D3 1 DFO1M Full Wave Bridge Diode_Bridge DIP-4_W7.62mm_P5.08mm
J1 1 2 Terminal Screw Connector TerminalBlock_bornier-2_P5.08mm
R_Axial_DIN0207_L6.3mm_D2.5mm_P10.16
R2,R1 2 330 ohm 1/4W Resistor mm_Horizontal
R_Axial_DIN0207_L6.3mm_D2.5mm_P10.16
R3 1 10M ohm 1/4W Resistor mm_Horizontal
R_Axial_DIN0207_L6.3mm_D2.5mm_P10.16
R4 1 10K ohm 1/4W Resistor mm_Horizontal
R_Axial_DIN0207_L6.3mm_D2.5mm_P10.16
R5, R6, R7 3 100K ohm 1/4W Resistor mm_Horizontal
Pushbutton Switch Panel
SW1 1 Mount PinHeader_1x02_P2.54mm_Vertical
U1, U2, 7Segment Display with
U3, u4 4 MAX7219 Driver 7SegmentMAX7219Type2
ATmega328-PU with Arduino
us 1 Bootloader DIP-28_W7.62mm
ue 1 ESP-01S Microcontroller PinHeader_2x04 P2.54mm_Vertical
u7 1 LM7805 5Volt Regulator TO-220-3_Horizontal_TabDown
us 1 LM2937 3.3Volt Regulator TO-220-3_Horizontal_TabDown
U9 1 DS1302 Real Time Clock DIP-8_W7.62mm
Y1 1 16MHz Crystal Crystal_HC18-U_Vertical
Y2 1 32.768KHz Crystal Crystal _C26-LF_D2.1mm_L6.5mm_Vertical

Table 1 Bill of Material
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Appendix 3 - Sources

1. 7Segment Display with MAX7219 Driver: on Amazon.com look for Max7219 (HiLetgo is one
supplier). Also check AliExpress.
2. ATMega328 Processor with Arduino Bootloader: available from eBay or
https://www.jameco.com/z/A000048-Arduino-ATMega328P-32kB-Microcontroller-with-
Arduino-Uno-Optiboot-Bootloader 2129334.html
PCB manufacturers: https://jlcpcb.com/ and https://oshpark.com/
Red acrylic is available from Amazon. Search for “red acrylic sheet 1/8”.
ESP-01S Programmer: Amazon, DigiKey, AliExpress and eBay all have sources for this.
Project Files available at http://n0dim.com/Documents/MD5480%20Files.zip for:
a. PCB Gerbers for this project
b. STL file for Enclosure
¢. Arduino Code for ESPO1
d. Arduino Code for ATMega

oukw
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