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ATtiny1614 based GPS satellite clock 
using built-in RTC. 

Author: 6V6GT  17 Dec 2021 

 

1 Introduction 

This is another quite simple satellite clock (GPS). It has the special feature that it uses the built-in RTC 
of the ATtiny1614 to maintain the time during any periods of limited satellite coverage or at start up 
following a power cycle, mains failure etc. and this can be useful since a cold start of a GPS module 
can mean, depending on the reception, many minutes before a usable time is received.  

When using an external crystal, this RTC can provide an accuracy of approximately +/- 2 seconds per 
day (20ppm), and that in standby mode with a current consumption of only 2uA. 

Clearly, during periods of satellite reception, the timestamp obtained is so accurate that no error can 
normally be measured (but see the comment on Leap Seconds below). 

A Super Capacitor powers the MCU in standby mode, say during a power failure. 

The Arduino TimeZone library is used to handle the local time zone/DST rules so the correct local 
time is always displayed. Time is displayed on an I2C based LCD 1602 unit. 

It is constructed on a sandwich of two 8cm x 6cm prototype boards. The Patch antenna is mounted 
horizontally on a wire loop and its active surface faces upwards. 

All schematics and code is provided so anyone interested can duplicate the project. 
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2 General Solution 

 

2.1   HW  incl. schematic 
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Special notes about components used: 

Crystal:  Wurth Elektronik 830002995B (Crystal WE-XTAL 32.7680kHz 20ppm WATCH 3X8) worked 
here. The data sheet specifies 15pF load capacitors but 22pf tested OK. 

Supercapacitor 4F:  This is what I had in my parts box. Ignoring self-discharge, it should (theoretically) 
last several years with the 2uA standby current. Of course, this is far longer than is useful for simply 
bridging the period from start up to obtaining a time via the GPS module, so a smaller one would 
probably be adequate. A current limiting series resistor and Zener diode protection is recommended 
(check the data sheet for the Supercap for its internal resistance). 

A jumper is used to isolate Supercap. This can also be useful to force a completely fresh start since 
there is otherwise no on-board reset button. 

 

2.2 Software Features 
 

The program interprets NMEA sentences, actually only the $GPRMC message, and extracts any time 
information. 

Monitor power availability and force standby mode / wake up as required. To have a clean start, the 
I2C and serial busses are shut down during the standby period. Note that the millis() timer overflow 
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also wakes the device from standby mode, so this is also handled ensuring the device is returned 
immediately to standby if there is no main power. 

Maintain time status:  none (N), invalid(V) , active (A)  and RTC time (R ).  Time stamps with status ‘A’ 
or ‘V’ can be used to update the RTC. The status none (N) is shown if the RTC would deliver a date in 
the year 1970. 

A freshly received time updates the Arduino system time which runs in UTC. The display is updated 
every second with the local time and date. 

Note:  

The millis() timer, when driven be the RTC, runs at 1KHz and is too slow to support the micros() 
function which, consequently, is blocked. Be aware that some libraries require the function micros() . 

 

 

3 ATtiny1614 

1. This is a very useful MCU 8bit, 16K flash, 2KB RAM and interesting peripherals including a RealTime 
clock which can run in standby mode. It can be easily soldered with small iron on a break out board 
(14pin SOIC).  Full datasheet: https://ww1.microchip.com/downloads/en/DeviceDoc/ATtiny1614-16-
17-DataSheet-DS40002204A.pdf  

2. With a crystal controlling the millis() timer, accuracy to 2 seconds per day should be achievable 
and 2uA current in standby mode. 

3. The device is programmed over UPDI. No bootloader installed and no reset pin is available (in the 
recommended configuration). A UPDI programmer can be made simply by adding a resistor and 
Schottky diode to a standard FTDI type programmer. See https://github.com/SpenceKonde/AVR-
Guidance/blob/master/UPDI/jtag2updi.md  

4. Select the non-default compiler option: millis() timer on RTC with 32.768KHz crystal when 
compiling. 

5. The ATtiny1614 is integrated in the Arduino IDE using Dr Azzy's megaTinyCore. Use the Board 
Manager if necessary to install it. 

 

4 Neo_GPS_6  module 

As illustrated. The board is marked 3Y-GPSV3-NEO and the Neo module is marked NEO-6M-0-001.  
Many others will probably work. It has a tiny battery backup to retain some status information in 
battery backed memory to minimise the need for a cold start. 

https://ww1.microchip.com/downloads/en/DeviceDoc/ATtiny1614-16-17-DataSheet-DS40002204A.pdf
https://ww1.microchip.com/downloads/en/DeviceDoc/ATtiny1614-16-17-DataSheet-DS40002204A.pdf
https://github.com/SpenceKonde/AVR-Guidance/blob/master/UPDI/jtag2updi.md
https://github.com/SpenceKonde/AVR-Guidance/blob/master/UPDI/jtag2updi.md
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It is highly configurable via the Ublox U-Center software (for at least genuine Ublox and some good 
fidelity clones with the correct flash memory specification etc.). However, the default configuration is 
usually OK especially if 9600 Baud is adequate. This makes it very simple to use.  

 

There are many alternatives. Some have direct provision for an SMA antenna. Some maybe  provide 
power for an external active antenna. Some modules with a built in patch antenna (Ceramic block 
type) have a capacitor which must be removed to successfully use an external antenna. Some are 
compatible with other satellite systems such as GPS, Glonass, Galileo, Beidou etc. For a clock, the 
requirements are not very demanding but acceptable reception indoors is necessary otherwise to 
avoid the use of an external antenna. 

 

  

 

5 GPS Module Time status lifetime: 

When no satellites can be detected, the GPS module delivers empty NMEA messages. 

When a minimum number of satellites are in view, the module delivers a time/date stamp. However, 
this may not be corrected for Leap Seconds which results in an offset of 2 or so seconds. The time 
status flag is set to ‘V’ to indicate it is not validated. 

Later, the device may receive a “Leap Second” update. The time status flag remains set to ‘V’ but the 
UTC time is then correct. 

Later still, when enough satellites are in view to give a positional fix, the time status flag is set to ‘A’ 
to indicate it is valid. 

If insufficient satellites remain in view to maintain a positional fix, the time status flag reverts to ‘V’. 
It remains at ‘V’ even if no satellites are in view. In this case, the timestamp is derived from the 
module’s local oscillator.  

In this current design both a time status ‘A’ and a time status ‘V’ are considered valid for updating 
the RTC and Arduino system time. 
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6 Optional Configuration 

1. Configuring a time zone (fixed in software) as required. 

2. Adapting for use without a crystal (if required). Hardware and Software can be rationalised to 
remove all the standby support features. If you don't use a crystal, omit the  Super Cap (and 
supporting components) because the time displayed at any system restart is likely to be misleading 
due to the relatively low accuracy of the ATtiny1614 internal oscillator. 

 

 

 

7 Possible future enhancements 

1. Control the backlight brightness according to ambient light. 

2. Integrate the low power domain with Neo's own backup power solution. 

3. Nicer display of time status (say blocks and/or bars etc.) with some sort of time status age 
indication. 

4. Include some sort of configuration option to change the time zone. Currently, this must be pre-set 
at compile time. 

5. Consider if the RTC / system time should be updated after any time status reversion from a status 
‘A’ to a status ‘V’. 

 

8 Program Source and description 

Arduino Forum Exhibition Gallery 

https://forum.arduino.cc/t/attiny1614-based-gps-satellite-clock-using-built-in-rtc/936891  
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