IN-17 NIXIE TUBE CLOCK KIT
Assemblynstructionand user manual

Bring to your home a piece of history with The Vintage iNixX®IGlu¢araera
componeitse clock will give a aosirressiqueness for your house. To warm clock digits shin:
to see permanently as to flame of fire.



Introduction
This parts kit intended for an electronics hobbyists that want to makdixieclockand do not want
go deep to complicated clock control electronics and software. This instructiorbgtsfep assist
you to assemble the clock.

The kit consists all necesgaglectronics parts (excludingixietubesand poweradapten and a
microcontroller with preprogrammedan application software.

The main éaturesof the clock
Hours, Minutes and Seconds display
12 or 24 houwoperationmodes
Time accuracy is provided by btiitRTC (Real Time Clock) base@xinemely precise
DS3231 modulwvith temperature compensatioand backupwith CR2032 battery
Programmable leading zero blanking
Date display in either DD/MM/YY or MM/DD/Y&ftmat
Alarm
Simple time setting using three buttons
Standardcrossfadeandscrollback display modes
G{t20 al OKAYySe¢ /I GK2RS LRAaz2yAy3 LINBGSyilAiAzy
Programmable Bie LEDube lighting
Not AC frequency dependentworks in all countries
Auto increase oédjusting value for quick time setting
Neon colon indicators blinking at 1 Hz
Tubes are driven in high frequency dynamical indication and provide service for many years
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Safety precautions
The cloclprinted circuit board RCBincludes aHigh Voltagesourcethat powers theNixietubes It
output voltage can reach80 Volts DCThe voltage generated by théeurcecan give a potentially
LETHAL ELECTRIC SHOCK. When PCB is pgewengalcts shall be not touched by hands or non
isolated tools (norisolated tweezers for example)

Required experience
This product is supplied as a kit of parts, intended only for suitably qualified electronic hobbyists, who
are suitably qualified and experienced in electronics assemblyeksutronicscomponentsproper
soldering, and are familiar with safe proceduresvimrking with high voltag@nd its potentially
danger.
Assemblyandtesting ofthe clock fronthis kit shouldbe attempted by competent persormly, or
under supervision of someone fully experienced in this field.
Correct component placement is critical. A few minutes spent checking placement and orientation
prior to soldering will save hours of mistakes search and rework later.
REMEMBER: gkoperly placeccomponentsand carefully soldered PC board will perform well for
years a hastily assembletoard will cause ongoing clock problems and failures.
The most important skill for our kit assembhars electronic components solderinifyou have not
an experienceenough next site with Basic Soldering Guide will be useful for you:
https://learn.sparkfun.com/tutorials/howto-solderthroughthole-soldering

Tools and materials required for assembly

Screwdriver

Angled wveezerswith thin noses

Long nose plierdor tube leadsbonding

Side cuttingpliersto trim the excesgomponent leads after soldering

Electronics grade soldé5-1mmthicknesshat contains cores of "fluxivhich helps the
molten solder toflow more easily over the joint

1 De-soldering wick or pump maye useful if you accidentally create solderdges between
adjacent solder jointsr improper solder any component

Soldering iron wittsmall: & (0 Aiy'y SR ¢

Multi-meter for voltage measurements and for identifying the resistors

Magnifying glass.
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https://learn.sparkfun.com/tutorials/how-to-solder-through-hole-soldering

The clock kit does not includaext components

1 A power adapterOutput voltagel2VDG output current~1A Output end plugg 5.5 x2.1mm,
centrepositive.lt is cheaper to buy such power adapter in your local electronics bhoause

it will be equipped by necessary grid plug. You may have simiegrpadapter in your house
alsobecause such type power adapters are popular and widely use.
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1 6 pcsNixietubes.The kit consists electronics components necessary for a clock assamhply
Nixie tubesneed topurchase separately.
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C1 2.2uF, 250\ lectrolytic
C2 C3,C5,C6 0.1uF, Ceramic

c4 2.2nF, Ceramic

C7 220uF, 25V, Electrolytic

Q1 BC557

Q2 IRF840, MOSFET
Q3 Q5 BC547

Q4 MPSA42

OK1OK®6 EL817, Optocoupler

D1 1N4004
D2 1N914

D3 UF4004
D4-D9 LED, 3mm

U1 LM7805

U2 MC34063

U3 K155ID1

U4 ATMEGA328PU
us DS3231

PCB Nixie Clock PCB
BAT_1 CR2032 Battery socket
Battery 3V CR2032

DB1, DB2 Neon bulb

FUSE 0.5A

L1 330uH, 1A Inductor
N1-N6 IN-16 Nixie tube

S1-S3 Buttons

U3 Socket 16pin socket

U4 Socket 28pin socket

Power socket

5.5mm x 2.1mm

Speaker

Active alarm buzzer

PCB Space(30mm)

4 PCB spacers

Screws

4 Screws 3mm




Components review
Resistors

M1 M) OWH -=]:I]:[=-
Maim O6wpX wcX WwWTZ E]:]]:[E
R10, R11, R1RB, RL9)

nTnlhn ow =]:|:I I=
05Im ownv =]:]]:[='
33l m o6wob0 E]:I]:[E
oonm,RIMH =]:I]:[='
680l M OwmMCZX wWMTDU =[|:I ]]=
220m (R2Q =[|:I]:n=

The resistors used in the kit are marked wiitlir coloured bands to identify the valuBands 1 and 2
identify the first two digits, band 3 is the Multiplier and band 4 istitlerance.




Thefirst, second and thir@¢oloured bands on the resistors indicate thesistance using a calocode.
This table indicates how to convert each aolto its numerical equivalentGold band means 5%

tolerance. - o B 10%
| KN EN F3l 5%

Band colour Numerical Band colour| Numerical B> 2 100 - 2

. . 0 3 I 3 [ x 1.000 1

equivalent equivalent 44 xto0  EE0S%

black 0 green 5 — 3 — el

s B s I x1.000.000 //
-~

brown 1 blue 6 xS

red 2 violet 7 ==
orange 3 grey 8 ~\I L
yellow 4 white 9 _"

To read a resistor code, first locate the gold band and read thaulo order from the other end.

(All resistos in this kit have a gold band indicating 5% tolerantke first two bands indicate digits in

the resistancethe third band (called the multiplier) indicates the number of zeroes to be added to

the digits to obtain the resistancélowever,it is sometimes unclear in which direction the bands

should be readTherefore, we recommend that the resistosdl be identified with amultimeter.

Use the resistor code to identify and sort all of the resistors. One good way to keep them sorted is to
tape one end to a piece of paper and write the resistance and component number (R1, R2, etc.). Once
you have identified and sorted all of the resistors, you are ready to solder them to the PCB. To
prepare a resistor for insertion into the board, bend theotieads so that they form agft angle to

the resistor body.

Capacitors

0.1uF(Code 104), (C2, C3, C5, C6)

2.2nF(Code 222), (C4) .\

220uF 25V, (C7)

2.2UF 250V, (C1)




Transistors

BC547, (@ QB)

BC557, (Q1)

MPSA42, (@)

IRF840, MOSFET, (Q2)

EL817, (OKDK6)




1N4004 (D1)

UF4004 (D3)

1N914 (D2)

LED 3mm D4D9)

Diodes

C

-

o i g

athode (C)
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LM7805 (U1)

MC34063 (U2)

K155 11 (U3)

ATMEGA328PU (U4)

DS3231 (U5)

Integrated Circuits
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CR2032 Battery sock@AT_1)

Battery

Neon bulb(DB1, DB2)

Fuse

330uH, 1A Inductofl1)

Miscellaneous
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Button (S1S3)

16 pin socket

28 pin socket

Power sockef5.5mm x 2.1mm)

Speaker

PCB Spacers

3mm screw
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Packing Sheet

Component description

Quantity, pcs

Ml ME ndHp? 1
nTnimsE ndHp? 1
33l ME ndHp? 1
ndepmz nodp?2 1
MnlmE ndHp? 10
oonmI ndHp? 2
680l MXZ N ®Hp? 2
HHAMI ndHp? 1

2.2uF, 250V, Electrolytic 1
220uF, 25V, Electrolytic 1
0.1uF, Ceramic 4
2.2nF, Ceramic 1

BC557 1
IRF840, MOSFET 1
BC547 2
MPSA42 1
EL817, Optocoupler 6

1N4004 1
1N914 1
UF4004 1
LED, 3mm 6

LM7805 1
MC34063 1
K155ID1 1
ATMEGA328PU 1
DS3231 1

Nixie Clock PCB 1
CR2032 Battery socket 1
CR2032 Battery 1
Neon bulb 2
330uH, 1A Inductor 1
Buttons 3
16 pin socket 1
28pin socket 1
Power socket (5.5mm x 2.1mm) 1
Speaker 1
PCB space(d0mm) 4
Screws 4
Fuse 1
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PCB assembly sequence

NOTES:

9 This instruction contents high definition pictures. If anywhere is uncertainty, PCB vie
can magnify and an interested component may to viewetails

1 ¢KS aARS 2F GKS 02FNR GKFI{d KFa LINAYyGS
means that components must mount by inserting them down from the printed side.
Make sure that the components mount on the proper side of the PCB!

i Prior to begnning an assembly, make sure to have a \vgiited, wellventilated
workplace. Make sure that all of the electronic assembly tools are available.

1. Low Voltage Powesourcecomponentspreparationfor insertion into theboard
and soldering order

Ul LM7805

Cc7 220uF, 25V, Electrolytic :
Cc2 0.1uF, Ceramic 5;#
D1 1N4004

FUSE FUSE 0.5A

Power socket |5.5mm x 2.1mm PCB DC Jac

2.1. BendU1lintegrated circuiteads

2.2. Bend the two leadsf the C7 capacitoso that they form a right ‘E |
angle to the aepacitorbody.

2.3. Bend the two leads of the fuse and diode D1 so that they form a right angle to the component
body.

24.To install, place the leads of the component through dippropriate holes and press the
component down against the component side of the PCB.
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24.1. The smativalue ceramic capacitor (C2) may be installed in either orientation, but the larger

value cylindrical capacitor (C7) must be installed withghaper polarity.The polarity is indicated on

GKS t/. o6& | abé aArdy ySIENI2yS SyR 2F (GKS OF LI ¢
the capacitor with a stripe with a minug gign located on the negative side of the capacitor.

addition, the shorter lead is the negative lead.

2.4.2.Either lead of the fuse may be inserted in either hole its location.

oy
»
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0 c
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=

B2037

2.4.3. Turn the board over while holding the relevant component in position and bend the leads

slightly outward to hold theomponent in place. Solder the leads to the contact and trim the excess
lead wire above the solder joint.

o Y
NOTES:
I To make sure that capacitor C7 and diode D1 polarity is not mistaken.

I To make sure that integrated circuit U1 (LM7805) is not mistaken with transistor Q2

(IRF840) and diode D1 (1N4004) is not mistaken with diode D3 (UF4004) because the
like similar.
4
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3. High voltage generator componenfseparation for insertion inb the board and
soldering order

u2 MC34063

Q1 BC557

Q2 IRF840

D3 UF4004 ,
D2 1N914 !
L1 Inductor 330uH

C1 2.2uF, 250V

C3,C5 |0.1uF

C4 2.2nF

R4 ndopm ndp?2

R2 1km

R3 3.3km

R20 220w

R1 470kw

3.1. All resistorgexceptR4)leads bewl in accordance with this picture thaach
resistor place on board surface will be minimal

3.2.By using long nose pliefisend inductorl1leads Bending the
leads directly neacasing may discontinue this inductorilo@ires
that are soldered to leads.

3.3.Bend the capacito€1 leads

3.4. Repeat actions pointed in items 2.5, 2.5.1 and3Zds. proper components insertion into the PCB

and soldering.
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INDUCTOR

MC34063 (U2) UF4004 (D3)
330uH (L1
2.2nF (C4) 050 (Ra) IN914(02) BCSS7 (@) UH (L1) IRF840 (Q2)
o 0.1uF (C3, C5) )
\ //
R4 [+] _ X tEDIA
Q2 -
[l =

SPEAKER

)
R
4.
oB2
[o3N-]
™
4
élﬂo
00 eve
IN-17 NIXIE CLOCK
2200 (R20) 3.3kQ (R3) 470kQ (R1) 1kQ (R2)

2.2uF, 250V (C1)

STRIPE
NOTCH  ROUNDING
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3.5. Bend the resistocontactand solder into plac&®13.

4. Low and High Voltageources operabilitytest
After Low and High Voltage sources components assemblgatisssary to check relevant source
proper operability
4.1.Select mulimeter DC 200/ measuring range

v —

4.2. ldentify the tesground GND, 5V and HV test points as shown below.

4.3. Plug in the power supply, and then test HV sowmerability using a mulineter in DC voltmeter
mode. Touch the black probe on the GND test point and the red probe on/7th¥ fest point. The
voltage should measurgetween 160 and 175 VoltgVhen PCB is powered i/ sourceontacts
shall be not touched by hands or nisolated tools (norisolated tweezers for exampldj.not,
disconnect poweand remember that the HV source outpeauldstill hold charge at 16875 V.
Check all relevarjbints quality and polarity

Do not continue withlthe next testuntil the errorin HV source exists
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Auto Display Backlighs

4.4, Test low voltaggLV)source operability. Touch the black probe on the GND test point and the red
probe on the 5V test point. The voltage should measure between 4.8 and 5.2 Volts. If not, disconnect
power and chechll relevant joints quality and polarity.

Do not continuewith the assembly until the errawill be corrected.

/NOTES: \

1 Do not place the microcontroller U4 into the socket before you mount the socket ontt
the board.

1 Mount the socket such that the notch in the socket lines up with the notch marking ir
rectangular otline printed on the board.

1 After inserting a socket into the board, solder its two opposibeners pins first. This will
hold the socket in place. Look at it carefully to check it proper orientation. If not, it is -
to heat one or both pins and adjust the socket. Only if evesytiorrect, solder the rest
pins.Rememberto keep the soldering time per pin brief. The pins do not need to clip.

9 The microcontroller notch indicates how IC should be mounted into the socket after 1

\ socket has been soldered into the PCB. /

‘Auto Display Backligh |

V~

20
17 iy
2e NG
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4.5. Once the last test of LV source is completed, disconnect the power.
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5. Microcontroller circuit componentassembly

U4 Atmega328HPU
R11 Ml m
U4 Socket |28 pin socket

DK3

v
c00e Q0000000000000
| vl * o~ =l
™ >4 pva 4 » ¥
uo no l dn )uo no
OOOOOO OOOOOO & ®

IN-17

N 10kQ(R11)
28Pin Socket Atmega328P-PU (U4)

5.1. Take the resistor RBhd bend it, like pointed in iter.1. Insert resistointo the board holes
marked as R11 and solder it leads.




6. Tube driver circuit components

u3 K155 11 i
OKXOK6 |EL817 - Z

R12 OO0 M f ,

U3 socket |16 pin socket ﬁ

6.1. Take the resistor R12 and bend it, like pointed in item 3.1. Insert regigidhe board holes

marked as R12 and solder it leads.

6.2.Actions for tube drivedC and its sockehounting are similar as pointed item 5.Check your

work results withpicture below.

6.3.0ne end of thén Y m Xsyrhbdlon the PCB has a Hatfle at one end of the symboln

optoO 2 dzLJ S NE htyimof tke casémarket byNs#all dotnstall theoptocouplersso that the

end with the dot is at theend of the half-hole symbolon the PCBPress the IC firmly into the holes

Ayit2 GKS t/. YR a2t RSNJ GKS LIAya dF1Ay3a OFNB y:

Al5.2mm
ui

N-17 NIXIE CLQOCK

3300 (R12)

R EL817 (OK1-OK6)
) K155ID1 (U3)
16Pin Socket
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/Se6TB-SEBIY
" D on Sl

NOTCH FIRST PIN

NOTE: An integrated circuit U5 DS3231 is in &@diPace mount device) case, which is very difficult
soldering. Due to it soldered in advance.

7.RTC (real time clock) circuit componerassembly

us DS3231

C6 0.1uF

R5,R6,R7 mMn i m

BAT_ 1 CR2032 Battery socket
Battery 3V CR2032

7.1. Take the resistors R5, R6, R7 and tbed, like pointed in itenB.1. Insert each resistanto the
board holes marked as R5, R6 and R7 respectively and solder it leads.
7.2. Solder capacitor C6 on the board at location C6.
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7.3. Battery has polarity (¥) and requires special attention when mounting. Its socket BAT_1 solder
as pointed on the picturdnsert the battery into the socket

[*] e ——TTVI .~ TestPaint
O O 90[F 10, TR} O
L L] °°°.—| «o» &
OO ¥« |3:8fig: . 55 mixe
2 1\ @ ) > %
] L+ ] °°°°° o °+ ‘e
o Ol0 c1 MODE
3O ot IEEEE R o 10
O O «© 8690 |ojo|o|00 o R17 °°°o
. c2 T b e o SO0 03
°° © O gg 00 Maodd o oRI8 Ri3 o0
+ o] o] [+] o] [+] o] [+ [+] S'ET
o | || o || | '
7 st % o 7% = o 7% ot %%
o] o] [+] o] [+] o] [+ [+]
o 0 [+ ] [+ e] [+ 2 o] H‘DJ
nga 00000000000 lO00O0000000000 ‘
0 [13) « o~
0 =z 2153 u4 g o)
O000000000000000000000000 560 0® O

""""" 10kQ
DS3231 (US) (Rs, R6, R7) O-1uF (C6)

CR2032
Battery

Battery socket

.wa' Py~

i
109 5i6oi0

du’g‘&’ O oRr16 'R1388 5.0

oiw0 [F0

Fe @ @@ @ & 4 ool okl
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8. Buttons circuit componentassembly
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10kQ (RS, R9, R10)

8.1.PartsStS3are rightangle tactile button switchednsertthem into locations S1, S2 and S3, and
make sure that they sit flat on the board. Solder all four pins of each switch.
8.2. All resistor&k8, R9 and R18ads bend in accordance with item 3.1. Insert thenoilications R8,

R9, R10 and solder theirdds as pointed on the picture
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9. Speakercircuit componentsassembly

Q5 BC547
R19 Malm
Speaker

i

9.1. Take the resistor RIhd bend it, like pointed in item 3.1. Insert resistoto the board holes
marked as R18nd solder it leads.
9.2.Install the transistor ®legs into the board holes marked a8 Dat its case flat edge is above the
flat edge of the placement markin§olderit leads.
9.3. Bend speaker leads. Speaker is polarized device and requires special attention when mounting.
Install the lead marked (+) in the hole marked (+) and opposite lead in the hole mark&dider
leads from board opposite side psinted on the picture
9.4.Removespeakerseal after soldering.

BC547(Qs) Speaker

10kQ (R19)

DK3
oKz
oK1
DD
N &
) S3 (D) L) {
0=0]
N

r0000000000002 . e 0 ol
:]..ooooooooooocoo Soi5e "ol

IN-17 NIXIE CLOCK R12
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R18 M1 M
R14 330w

Q3 BC547
LEDILED6 |LED3mm

There are two options for connecting LEDs.
1. Nonbending LED pins. This method is simpler, but the distance frortubiesto the PCB will be

greater.

|

POSITIVE — <— NEGATIVE

+
ROUNDING

2. Bend the LED contaci®is method is more complicateth this case, the tube will be as close as
possible to the PCB.

27



The variant with bent LED contacts is described below.

10.1. ResistoRM, R18eads bend in accordance with item 3.1. Insertrthmto locationR14, R18
and soldent@leads agointed on the picture

10.2. Install the transistor &legs into the board holes marked a8 Qat its case flat edge is above
the flat edge of the placement markinglder it leads.

28



A15.2mm
ui

SPERKER

10kQ (R18) 3300 (R14) | ; LED 3mm
| |

BC547 (Q3)

10.3. Bend the pins of the LEDs as shown in the photo.

104. Each LEDLEDIX LED® must be mounted pointing vertically upwards for thettom side of the
board so that the long lead (the anodeb & inserted into the relevant hole marked (+). Be sure to
mount LEDs properly because it is very difficult tesdiger them without damage if they mounted
backward. Remember, LEDs are heasitive also, so do not hold the soldering iron on the pad too
long.
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DANGER
HIGH UOLTAGE!

WWW.NIXIEDIY.COM

105. Plug in the power supply, and then check or all of the LEDs ligtit mgt, check all relevdn
joints quality and polarityDo not continue with the assembly until the error will be corrected.

liﬂ

ot % 'i

¥@-70-1202

A DANGER?,
% HIGH UOLTAGE!

WWW.NIXIEDIY.COM

10.6. Disconnect powesupply.
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11. Neon dot circuit components

DB1, DB2 Neon Bulb
R16, R17 6801 m
R15 Ml m
Q4 MPSA42

11.1. Resistors R15, R16 and R17 leads bend in accordance with item 3.1. Insert them into locations

R15, R16, R1ahd solder their leads as pointed on the picture
11.2. Install the transistor Qdegs into the board holesarked as Q4hat its case flat edge is above
the flat edge of the placement marking. Solder it each leg in acoosl®ith subitem 10.&irections.

NOTENeon bulbs DB1 and DB2 you must install later after nixie tubes soldering.

ROUNDING
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12. Nixie tube mountingorder

Nixie tubemounting is most responsible workecause it is very difficult to deolder its wires
without PCB damage if they mounted incorrectly. Yiaust follow our stepby-step assembly
instructions For clock six pdbl-16 nixietubes are necessary
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