
MOD-SIX_7971 GEN-II V8 Clock assembly notes.  
Version 2.4  AUG-2015,  HCO. 
Copyright  Henry Carl Ott. All rights reserved. 
 

Revision list.  
2.4 Updated RPTR references.  
2.3 remove MEZZ and RPTR 2.0 references. 
2.2 Updates for Gen-II-V7 added. Various typos corrected and clarifications added. 
2.1 Added RF-LINK Mezzanine board assembly notes. 
2.0 Initial release 

 

 

 

This document incorporates feedback from individuals who have assembled kit versions of the 
first and second generations of the MOD-SIX. Their input is very much appreciated, and you 
can benefit greatly from their contributed experiences. 
 

Please pay special special attention to BOLD RED notices. They are of particular importance. 
 

WARNING: This clock utilizes hazardous High Voltages to power the Nixie tubes. This voltage is 

generated from an offline switching power supply, but proper caution should always be exercised when 

physically interacting with the clock’s circuitry.  A proper enclosure should also be used at all times to 

shield and protect the user and any innocent bystanders from the high voltages present within this 

clock. 

 

These are supplemental notes on assembling the MOD-SIX_7971 clock kit. It’s assumed you 
are experienced and comfortable with assembling electronic circuitry and SMD components in 
particular. Please seek assistance if you are unsure of your soldering ability with fine pitch 
SMD or lack the proper tools. 
 

Primarily you’ll be working from the schematics and parts placement drawings, these notes are 
just additional hints and techniques to hopefully make the whole assembly process easier.  
 

NOTE: If you wish to have the mill-max pins raised above the PCB it is VERY important to 
solder the pins in before any other components.  Please see separate document that shows in 
detail how to install the Nixie socket pins and how to fabricate the copper towers for the colon 
dots and the am/pm indicator.  
 

 

 

Some Terminology: 
PSU  - Power Supply Unit.  

Converts 12 VDC input to intermediate 8 volts, also generates high voltage for the Nixie 
tubes and neon bulbs.. 

 

TDU - Tube Driver Unit. 
Converts logic level signals from CPU to drive the nixie tubes and neon indicators. 

 

CPU - Cental Processing Unit. 
Contains microprocessor and battery backed Real Time Clock functions. 
Supports the GPS wired and wireless RF-LINK circuitry. 



 

RPTR - Standalone GPS repeater unit.   
  Receives RS232 NMEA messages from SIRF-III compatible GPS receiver and 
retransmits a synchronized time beacon to the MOD-SIX clock via 2.4 ghz digital radio 
link. Also reads and broadcasts ambient temperature information.    

 

 

 

 

Some General Notes: 
Some extra and possibly alternate components are included in the kits. Don’t worry if you have 
any leftover parts. 
 

You can take advantage of the modular nature of the design to assist in assembling and 
debugging any problems encountered while constructing the MOD-SIX clock.  It’s best to 
assemble and test the PSU,  then the CPU  before proceeding onto constructing the TDU 
boards. 
 

After assembling the PSU and verifying proper voltages, you can then plug it directly into the 
CPU and test for proper voltages on the CPU board.  
 

Please Disable the HV output for these preliminary tests. 
 

You can then assemble a single TDU board and test it in circuit before continuing onto the rest 
of the clock construction. Each additional completed TDU can be added one at a time, or 
tested individually.  
 

 

 

PSU specific construction  notes: 
After installing J4, insert the included strap between pins 3&4 on the header to disable the HV 
module’s output. 
 

After assembling the PSU, apply 12 volts DC input, and check for +8 volts at J2. 
 

Change the strap at J4 to enable the HV module and adjust trim pot VR1 to set the HV output 
to approx 180 volts as measured at J3. Please use caution around any High Voltages.   
 

NOTE, the High Voltage output WILL be enabled if no strap is installed (the enable pin is left 
floating) The Neon lamp NE1 is installed as an HV live indicator, but will only illuminate if the 
HV is above approximately 90volts. 
    
U1 - LM7808 T0-220 voltage regulator. 4-40 hardware is included, but a heat sink is not 
required. 
 

 

 

TDU specific notes: 
NOTE: If you wish to have the mill-max pins raised above the PCB it is VERY important to 
solder the pins in before any other components.  
 



Please see the separate document provided for detailed instructions on installing the Nixie 
tube socket pins and constructing the copper neon colon & AM/PM towers. 
 

Also note that the pins are elevated off the PCB primarily for aesthetic reasons. There is the 
idea that the extended pins may have more spring and stress the tubes less, but it’s just a 
theory. You could certainly mount the pins flush with the PCB,  but then you may have to 
adjust the colon tower tube lengths to maintain alignment.. 
 

NOTE:  U1 Pin 1 location. The HV5522 plastic package has some possibly confusing molding 
indents. Please take care in properly determining Pin 1 prior to soldering.  

 

 

 

 

 

HV5522  Proper Pin 1 orientation. 

 

 

  

TDU cathode resistors. 
The “ABCD” designators on the TDU PCB silkscreen correspond to the 4 different cathode 
resistor values for the B7971 tubes. Different length cathodes require different current limiting 
resistors so that the brightness of each segment will match properly. The letters themselves 
are just an assembly aid to speed up locating the SMD resistors on the PCB. This seemed less 
error prone than working with the individual resister values The actual resistor values are on 
the schematic and in the BOM,  but are provided here again: 
 

A = 22k  B = 24k  C = 27k D = 33k 

 

 

 

CPU specific construction notes: 
 

J1 - HV. High voltage is not used on the cpu board. A location is provided for a matching 



header to provide for a more symmetric build. Please take proper precautions around high 
voltages. 
 

J3 - GPS Mini-Din. NOTE This connector is mounted on the BOTTOM side of the pcb! Please  
install the GPS connector BEFORE  the RF-MODULE.  For custom builds the connector could 
possibly be top mounted, but the GPS signal and power pins would be moved, and the 
connector would physically interfere with the RF-MODULE’s normal placement. 
 

RF1 - 2.4ghz RF-MODULE.  The module is normally installed raised slightly off of the PCB to 
provide additional clearance for the module’s antenna and to improve reception.  NOTE  The 
RF module should be installed After the GPS connector J3. Otherwise it may be difficult or 
even impossible to solder the GPS connector. 

 Some kit builders have reported difficulty getting a good solder connection on the 
plating used on some of the supplied module's header. Additional heating time or the use of 
some solder flux will help to get a good clean solder joint.  
  The RF module is only used in conjunction with the RF-LINK option. Depending on how 
you’ve decided to configure your clock, you may install the RF-MODULE, the wired GPS MINI-
DIN connector, both, or neither. The clock firmware supports all configurations, but only one 
option may be active at a time.  
 

J4 – ISP. Used to reprogram / upgrade the firmware of the AVR ATMEGA168  MCU.  External 
compatible AVR programming hardware is required. 
 

J5 – EXP. Optional expansion header. For future features. (1PPS output  /  PIR sensor input) 
 

U3 - Voltage regulator. Be sure to properly solder the ground tab of the 78M05. 
 

U4 - Voltage regulator TK71734. SOT23-5 package. Take care to properly orient pin 1.  
 

Q1- Photo-transistor. The long lead of the photo-transistor is the Emitter. It should be installed 
towards the front of the clock. NOTE that on the GIIV7 and later version clocks the ROHM 
photo-transistor has been replaced with a VISHAY TEPT4400 photo-transistor.  R4 has been 
changed to 120K to provide a better match to the sensitivity. The TEPT4400’s lead detail 
requires it to be installed at a minimum height above the PCB.    
 

D1- LED. The long lead of the included LED is the Anode. It should be installed towards the 
rear of the clock. You may substitute a different color if desired. AESTHETIC NOTE You may 
wish to install the LED D1 after installing photo-transistor Q1 to align the heights of the two 
components. 
 

 

 

 

MOD-SIX Diagnostic notes: 
 

CPU 

On Power up the green CPU led should light and then extinguish after a couple of seconds. If 
there are any problems with the RTC subsystem (the RTC chip is not present or the I2C bus is 
open/shorted) the CPU led will blink rapidly and the clock will not function.  
 

If the rotary encoder is depressed and held while power is applied to the clock, a tube segment 
bit test pattern will be displayed on the Nixie tubes. It will run continuously until the power is 



cycled. You can use this to test, and help find possible soldering issues on the TDU boards.  
 

TDU  
The segment test feature on the CPU can be very helpful.  Individual TDU boards may be 
tested with just the CPU and a PSU. 
  



PCB Images: 

 

 

MOD-SIX PSU TDU CPU 
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