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This replacement for the Raduino was designed and produced after having a
successful run of our Radl2Cino card which dkedriginal Arduino NANO MPU
and later via an adapterard we called the TeensyDapteat allowed one to plug
a Teensy 3.5 or Teensy 3.6 into the adapter and then plug the adapter into the
Radl2Cino in place of the NANO. Since it gave us so much onopetag power
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and additional 1/0 (both digital and analog) it was decided to completely re

design the RadI2Cino into a card that only used the Teensy 3.5 or 3.6 as the
onboardMPU (MicreProcessor Unit) Anadded benefit of the Teensytisat it

has an on board micro SD card of up to 16 gigaby(82GB if you can format it

to use the FAT32 rather than NTFS formdtjch can be used like an attached
G{2tAR {GFGS 1TF NR S5NAGS¢ FT2NJ 402N} 3AS 27
parametes such as alignment information.

Overview:

Thiskit usessmallsurface mount components and you must use caution when
installing theseél 2 & 2tcshoRaljfc@nt pins of the very tiny devices. Also,
when installing resistors and capacitpipg careful b position them properly and
R2Yy QiU dzaS (22 OCNMEBK KSXILFINIP AGSY A& [/ KAL]
SalLISOALFtfte F2NJ a2t RSNAy3I GKS {Apopwml |y

If you are not completely familiar with the techniques for soldering the tiny, fine
pitch ICpins to extremely closepaced pads on a PC board, we suggest you
proceed very cautiously or maybe even enliseaperiencedriendto at least
solder the 10 pin clock chip the crystal and the 8 pin level translator in place.

Very small diameter 63/3lbw temperature, flux core solder is recommended for
installing all components. For the header pins, slightly larger 0.8mm 63/37 flux
core solder can be used if desired.

Unless you have really good eyes, you will also need a good magnifying glass or
better yet one of those headbands with several different powers of magnifying

lenses. A fairly bright light to illuminate your work is also a necesstymost

people, il Q&4 @OSNE RAFTFAOdZ O G2 | OOdzNeveli St & &2
i NI y af inplazddithout hése.

Refer to the BOMBIll of Materialsfor componentvalues and ordering

information if you are building from the bare boaod ordering replacements for
accidentally lost parts during construction (it happens)



All the solder pads ol KS 0 2 I NR Kit X\5\by#tieB G fabdicaiiNg

houseand have averythin layer of solder already applied to them. If you use a

FtdzE AaAYATI N G2 /KAL) vdzZA {un a¢l Ol Cf dzE€ =
the pads that the pins of these tiny chips will bond with only the application of

heat from avery fine tipped salering iron though with the resistors/capacitors

AdQa I I22R ARSF G2 lLWXe | avyrftft || Y2dzy
the component in place with tweezers, heat that end again until the solder melts

and anchors the capacitor or resistor in @acSoldering the other end completes

the job.

Constructing youBITeensio

[ SGQa 3ISH GKS NBIrfte KFENR addzF¥ 2dzi 27
circuits, U2, the Silicon Labs Si5351a clock generator chip which creates the

various RF oscillatsignals used in the uBI'aRd U3, the TXS0102 Logic Level
Translator chip which serves to protect the Si5351a from more than 3.3VDC logic
levels placed on the 12C bus by any other I12C devices such as a display controller
designed for 5 volt operation arfthally there is a 25.000 MHz surface mount

crystal which provides the nster frequencyfrom which all the other RF signals

are derived. These are the most difficult parts to install correctly so we tackle

them first.

Apply a thin layer of flux acrosd #ie PC boargads forU2, the Si5351a clock IC.
Carefully observe the pin 1 indicator dot on th@51chip and place that pin over
the indicatedpin 1padon the board(ThePin 1 designation may be hard to see
but it is the upper right pin of the padagtern whenviewed fromthe front of the
board with the upper edge horizontallysing a tweezers or a pointed wooden
toothpick, carefully position U2 so each in both sidess in the center of its
padon the board.

UaAYy3 | @GSNE TAYS L2 Ay placavericdReBulNiNgxB A NR Y =
¢k O1¢é¢ LAY p FYR OKSOl G2 YIS adiNB ¢
necessary apply a little heat to pin 1 or pin 5 while applying a very GENTLE

twisting mdion to the IC with a pair of tweezers until the pins are all properly
OSYGSNBR 2y GKSANJ LI RaO® b2g OF NSFdz &
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and if there are none, carefully tack the rest of the pins until they are all adhered

to their respectie pads. Before proceeding tbe next step;dza A y 3 € 2 dzNJ 5 a
continuity check and referring to the trace and pad pattern near the end of this

manual, perform a continuity check between the actualsmn U2 (not the trace

or pad) and the capacitor or restor padthey connect to. Use minimal pressure

2y ' HQA LIAYa a2 &2dz R2y Qi LIHAKRARYRBAGY
take. Clear any shorts with a little flux and solder braid. Once you are satisfied all

pins are firmly attached to their padand there are no shorts between them

proceed to the next step.

LG A& bhe¢ | IF22R ARSF G2 dzaS Iy 2f RSNJ ¢
these checks as some of them had fairly high voltage (22.5V or sometimes higher)
batteries in them to power the @stance checks and if accidentally applied

between the wrong point(s) and ground on the Si5351a or TXS0102 it could be

enough to actually destroy the chips. Especially the 5351 which can tolerate no

more than about 3.5 volts. A DMM usually has enounitihg resistance thaits

dhx O0FGGSNE R2Say Qi LINPRRdzZOS Sy2dzaK OdzNNE
problem.

Using exactly the same procedure you usedhstallU2, installand checkhe
TXS0102 Logic Level Translator BC, The pictue shows thdocationof PIN lon
iKS RS@OAOSO® hy GKS t islodatdiie®aer ledt G G S Ny



corner of the pad pattern with the horizontal upper edge of the card viewed from
the front andthe pads aremmediatelyunder the holes for 3.3V 12C headP2.

PIN1 anded, Beveled
End

w

TEY

TXS0102
Level Translator

Just like with the Si5351est it for shorts or opens before proceeding.

Install Y1, the oscillator crystal for U2pply a very small amount of solder to the
4 mounting padgor Y1, the 25.000 MHz SMD crystal. Look at the underside of
the crystal and you will see@old platedpads. Apply a drop of flux (preferably



KAL) vdzA 1 a¢ O1 ¢ ¥t dzEanterthe crystél BevBenall 4L R& @
padswith the longest dimesion oriented along the horizontal axis of the card

The crystal is designed so thatannot be installed wrong as the uppsght and

lower left contacts(viewed with the long dimension oriented horizontally over

the solder padsgonnect to the internal crystal and the other two connect to the

case for shielding.

Once you have the crystal positioned properly, you should actually see some of
the solderfor each of the 4 padgrotruding beyond the edges of the crystal.

While gently holding the crystal in place with a wooden toothpick or better yet, a
sharpenedbamboo skeweto keep it from movinggentlyapply your soldering

iron tip to theportion of one PC padhere soldeiis visible beyond the outline of

the crystal until the slder flows and attaches to the unseen crystal pad. A good
a2t RSNJ 22Ayd oAff 0S AYRAOFGSR Qe GKS
you have the one pad soldered, use the same technique and soldeetigning

3 pads. Only 2 pads are use@dconnect the crystal to the 5351, but the other

two are connected to the shield camd groundedso you need to solder all 4.

C ¢

Whenyou have the Si5351, TSX0102 and the crystal in place, the readlyldiff
part of the build is done. A short breakdatch your breath might be in order
here.

Continuing, slder the 2.2K 0805 SMD Resisto#saRd S near the bottom of the
Si5351 chip.
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Solder a 10K 0805 SMD Resistor at R2 and a 2.7K 0805 SMD resistor at R3.

Next, carefully solder the .1uF 50 volt, O&@&samic chip capacitors in place at
locationsC5, C6C7, B, 3, C10, C11, C12, and C3 on the front side of the board

Now, install 10 uF 25V 1206 ceramic chip capacitor C15. You will have to scrape
back the green solder mask on the ground side oftGHdlow it to fit properly.

This is gnon critical)}change from the original circuit and installing a 10 uF cap
here helps cut down on the tuning clicks generated in the Si5351 clock chip

The rest of the components will be installed on the rear ofltbard (with the
exception of resistor RaAnd, of course, the Teensy 3.6 MPwhich will be
installed later)so flip it over¢ you might want to set it on a padded afstiatic
surface for ease of installing the fifala 5 Q a ®

On the back side, install .1gEramic chip capacitors, size 0805 &ta@dC4 and

Cl4

Install 10uFsize 1206r 1210 (either may be supplied) Tantalum capacitors at C1

and C2, carefully observing the polarity marked on the bo&in@. colored line on

the capacitors is the + terminal and must be soldered to the pad marked + on

the board. Size 1210 components arégéitly larger than 1206 so if you have the

fF NASN) 2ySas>s 06S OFNBFdzZ GKFG GKSANI SN
groundplane when soldering.

Make sure the terminals on both ends of these capacitors are properly soldered
to their respective padsrdJ1 could break into oscillation with the possibility of a
catastrophic failure that might destroy your Teensy and othercaiifparts on the
board. Bettersafe than sorry here.

Installthe 7805 Regulator I@nd its heasinkat ULl. Carefully bend theebhds of

Ulsoil KS& Of SINJ 0KS SR3IS 2F (KS KSIFG aay]
centered over the hole in the heat sink. You can, if you like, use thermal

compound (not supplied) between the 7805 and the heatsink butishpgsobably

not necessey. The tab of the 7805 is grounded so use a shetO4crew, #4 lock

washer and nuto secure the regulator and hesahk to the board using the

available hole.
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NOTE: The heatsink for U3 can have taller fins than the one called out, but the
base of it cal be bigger than a .75" x .75" footprint or it will overlap the thermal
barrier etched into the ground plane of the PC board.

J
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CAYlLfftes Ayaalrtt 0KS pY OGONAYYSN LRGSYydA
on the PC board, just above and nearth& ¥ Sy R 2F t o ® LiQa
install it wrong if you center the pins over the pads as they will fit only one way.
CAREFULLY solder these pins to the pads without touching the soldering iron tip

G2 GKS LI I adAa0O ONRISsusedto defitfeWSiHthead A t & Y SE
volume to a level suitable to the user.



That completes the SMD componearid voltage regulatoinstallation. Final
construction consists of installing the connection headers

Install the multiblockl2C header Bavhich consists o$ix, straight 4 piteaders.

These are intended to be mounted on the front or back side of the board and how
YdzOK NR2Y @&2dz KIS 0SG6SSy GKS OFNR | yF
dictate where you put themtHowever if space allowsye do recommend putting

the two 3.3V headers (P2 and PZ) on the sideof the boardOPPOSITiEom the

side on which you decided to instélle 5V headers Ra through PAd. That will

help keep you from accidentally plugging a 3.3V 12C device into dhe 6V

headers which will likely destroy the 3.3V device.

Starting with P2f, insert a 4 pin DuPont headeé8older one pin first and then
carefully heat that pin again while positioning the header separation strip flush
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and flat to the board forprope2 NA Sy i GA2y 2F GKS 02y ySoOi
heat on it too long though as you might lift a PC pad or trace. Once you have the
positioning to your liking solder the other 3 pins. Be careful not to use too much

solder andR 2 y5l@bit any of the adjacergins together. Do the same with R2

and then continue on toward the left side of the board installingdP2, b and

finally P2a. Check that all connections are well soldered and there are no shorts
between pins.

On the backside of the board, insil P1 using the same technique, but solder the

pins to their pads on theppositeside of the board. Mke sure the separation

strip is flush and flat to the board@he big flat tab on P1 needs to be positioned on

GKS AARS I 61 & ¥ NP Yacty lkeSon ihedrigiiR Qaduino 2] S R 3 S
@2dz Ayaualftt A0 dzLJAARS R2¢y GKS LIAYa gAf
G5AIAGF E t  dzIThis vilillcBude thindgs Ske te tlinihg ecoder not to

work and could possibly damage the encoder andrdfitest panel controls.

Next, solder the 16 pin, right angle header at P3.

Depending on your personal preference, you may install P3 on either the front or
back of the board. Installed on the front, the board will easily clear the back side
of the audioplug on the uBITX audio connector. If P3 is installed on the back side,
the wires from the audio plug will need to be routed around the left end of the
BlTeensio but they will fitYou may have slight clearance issues with the 2 front
mounting screwgor the uBITX main board but a little judicious positioning of the
ends and it will fit just fine.

Use the technique of soldering 1 pin near the middle of the header and then
while heating this pin, quickly position the separationgsttat and properly
positioned with relation to the boardSolder the rest of the pins and check for
shorts.

Installwire jumpers atlP1 and JHRdesired. Thesgumpersgive you the options

of whether or not toconnect the 3v3 output of the Teensy to pin 3 (green wire) of
digital plug PXPin 3 of PXonnects tobV on the original Raduiremdour earlier
RadI2Cino cardand the option of connecting your Analog and Digital grounds in
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common(JP2 installed)r keeping them separat@dP2 NOT installegpssibly to
help allevate ground loops.

Optionally, install a wire jumper at JP3 which connects P3 pin 15 to P3 pin 16 in
keeping with placing the 12V rail on both of those pins for the original Raduino
and our Radl2Cino card.

Install the voltage dropping resistor R1 (vatadoe determined between 27 and

35 ohms, 23 watts) on thebacksidel Y R f S| @S | 0 2 dzbodwof y €
the resistorand theboard. It was originally thought that it should be on the front,
away from one of the toroid transformers to minimize stiRl pickup but R1 has
been moved to a position far enough from the transforrteat RF pickup should
not be a problem and we need to minimize heat transfer to th&%i5and its
crystal to help maintain frequency stability.

Qi
(s}
e

Carefully install BH, the surface mount CR2032 3 volt lithium coin cell holder

with the positive side to the +_+ marked pad on the front of the board. The + side

of the holder will be the one with the two small hooks very close to the edge of

the holdea. The negative terminal consists of the longer fingers that contact the

dzy RSNAEARS 2F (KS O2Ay OSft gmaskiagynthel Qa Ay
holder but they are difficult to see so be caretioht you get this one right.

P4- There is als adual row10 pinmaleheader to the right of Pvhich
(depending on your preference) can be installed eithett@nfront or back of the
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card.Use the same technique describpreviouslyfor installing and soldering

DuPont header pins and inspect yooider joints carefully to prevent shorted

pins.LT @2dz R2y Qi KI @S | RdzZf NB¢ KSIFRSNE
perfectly acceptable.

P5¢ Install a 12 pin male header which shouldrbeuntedon the front of the
card P5contains the majorityf the extra Digital I/O pins and here is where you
will hook up the menu encoder and the majority of the push button connections.

There is a 3.3V pin labeled 3v3 on P5 that has a pad on the back side of the board
which may be bridged with solder to providé® + FNRBY (G(KS ¢SSyaeq
this pin. We recommend leaving it 4midged for now to keep from accidentally
connecting 3.3V to something while you are plugging the encoder & push button
connectors to P5 initially.

There will be several new pushtban switches connected to P5 using 3 of the 5

G{ LI NB¢é¢ LAYyaAOD {SS (KS .L¢SSyarz {2F0sl
connections for these buttons. They had not yet been determined when this

manual was written.

Install P6 ON THE BACK siddefdard as it needs to be kept clear of the battery
holder to prevent accidental grounding of the + terminal of the CR2032 coin cell.

¢ KSNB | NI onpéver carryihg!trazdséhat are circled on the PC board.

It is necessary to ensure sufficient pemhandling capacity from one side of the

board to the other to fill these circled holes with solder. Or, better yet, solder a
LIASOS 2F o0 NB K221dzLd 6ANB GKNRddzZAK St OK

InstallMPU1, the user suppliedeensy 3.6, 2dz Oy SAUOKSNJ a2t RSN
pins to the PC board or preferahigethe providedfemale DuPont socket strips
for easy removal of the Teensy if it becomes necessary.

Make sure to install the 5 pin cross socket near the micro SD connector engl of th
Teensy or the voltage from the CR2032 coin cell will not be connected to the
Teensy and the Real Time Clock (if utilized) will quit running when main power is
removed from the board.

12



The supplied female header strips asswitiee user has either purchad their

Teensy 3.6 with pins installed (you still have to install the 5 pins that go across the
Teensy near the end closest to the SD card holalengs the proper pins to allow

the Teensy to plug in to the complet&iTeensidoard

Finally, install B, the CR2032 Lithium coin cell battery in the holder with the
L2 AA0A DS a thépictrk éhPagdA)) 6 4SS

This completes the constructigrhaseof yournew board. Utilization and
additional wiring instructions are contained in the Firmware massalpplied
with whichever version of the firmware you chose to use with ¢BiETeensié.

There is a power jumper on the backside of the Teensy 3.6, shown on t

that came with your Teensy. It says this should be cut to separate VIN (|
power) fom VUSB (power supplied through the USB port) if you are

external power which we are by plugging the BITeensio card into the uBIT

not cut, this could destroy your teensy. You MUST cut this jumper befo

powering up your BlTeensio calid!

Jim Sheldon, WOEB

Jim Giammanco, N5IB



Appendix A:
Additional information:

You will need an 12C enabled LCD dispfagt least 4 lines by 20 characteasd

a4 wire connecting cable (not supplied) in order to use this card with your uBITX
transceiver. Our software uses 12C address 0x27 as standard, but this can be
changed in the Arduino sketchnstructions for doing this are contained in the
appropriatesoftware manuals which are included with each software reldase
beincluded with he software).If only the HEX (Binary) files are available, they
will be labeled with the I2C address of the display in the file name (either 27 or
3F) so when uploading the HEX file to your Teensy 3.6, be sure to pick the one
that matches your display adess.

When you plug this card into your uBITX and connect the original uBITX Digital

plug to P1 on the BlTeensio, you MUST remove the 4.7K resistor between the

green and blue wires that were originally required for CW operation using the
suppliedd wl RdzA y2 ¢ OF NR® 2S dzasS GUKS alysS . f
LJ RRf S AyLlzi> odzi AGQa y2¢ O2yySOGSR (2
not require the 4.7K resistor any longer. In fact, if you do have the 4.7K

connected it could cause tHéW keyer not to work properly so please remove the
resistor. The green wire will no longer have 5 volts DC on it either, it will now be
odbo+x2fliad YIFIE FTNRY (KS ¢S §PaNODESEdtyor 0 2 I NF
connecting extra 5volt items. You wilive to supply them from an external 5VDC

source.

You MUST also cut the tiny jumper on the back of the Teensy (called out
0l O]l 2F (K8dz6SOVARQEYRAYI 0St SR a/
using a battery charger or external powesince we are using external power
jumper MUST be cut. A ly@ai Odzi 6SQ@S F2dzy R (K

simultaneous power applied to the Teensy from both the BITeensio board a
USB connection has the possibility of destroying somegtim the Teensy. Bet
safe than sorry and cut the jumper with a sharp hobby K
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CONSTRUCNMOTE

COMPONENT CHANGE NOTE:

Capacitor@p Qa O f dzS KIF&a OKIy3aISR FTNRY &mdzC C
polarized chip ceramic size 1206. phaper capacitor has been included in all

kits since the change. This is NOT a critical item and for those who received kits

that still call for €15 to be .1uF do NOT have to change it unless they want to.

The new 10uF component will have to be soutcedlly as it would be

prohibitively expensive for us to send this one tiny component to all early kit
LIZNDOKF aSNEX SaLISOAlLftfe aAyOoS AlG AayQi |
without the changec G15 is a bypass capacitor on the 3.3V aaidl helps

eliminate any clicking noise generated by the Si5351a clock chip.

Concerning the 12C Headers,

If the devices are, as usual, powered via the V+ line on the 12C bus, then no harm
can be done to the Teensy by connecting a 5V device onto the 3Z3MIR The
connected device just might not work with the 3.3V supply. Now, if a 3.3V device
Is connected onto the 5 RCbus, that might be bad for the device, but | don't

think the Teensy will suffer. We ttg protect the $35 part.

Theae are afew I/O lines not already on headdisat have uncommitted pads
connected tathem for access. A header could be instatbedvires solderedhere
to access thes# the user desires

The front and back ground planes along the bottom edge have beenedliev
Sy2dzZaK a2 0GKFG 6KSYy (G0KS o62FNR Aa L} dz33Ss
short out components that may wind up under that edge.

Forming a socket for the Teensy 3.6 MPU:

Two 5 and one 5 pin female header sockets are provideatk an end and pul

ONLY ONE pin from each of the 25 pin female headers to make 24 pin sockets.
YouMUST f a2 AT A0 KI angtalas pginimhl&Hedriér omatte Sy R 2
Teensy itself. Ti& header is to benstalled across the narrow part in the 5 holes

between the pushbutton switch and the SD card socket with the long pins on the

same side as the long part of the 24 pin headers on the MPyhu leave this

15



header out, the battery voltage will not reacha Teensy to keep the RTC running
when main power is removed.

Carefully file or sand down both ends of the 5 pin female header so that it fits in
the 5 cross holes on the board (labeled RESET, PGM, GND, 3V3 and Vbatt) without
causing the 24 pin headets bulge outward when it is inserted.

Dry fit everything, carefully plug the 24 pin and 5 pin female header sockets onto

a Teensy 3.5 to position them propegynsert the pins into the BlTeensio board

on the front side, turn the board over and CAREFWbldér all 49 pins. Carefully
NBY2@S GKS ¢SSyaeée FyR OKSOl GUKS IfA3AyYS
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Appendix B

Future optionalColor Touch Screen Connections

1°IN 0ZEXO¥Z IdS L4L 8°2
n

— - -
— - -
— - -
— - S
— - ——
— o —
- - -

— .-

=

<N

>

——%98-05@

osm—as @
G - )
e e e — - Ty

1

o0

LIWE S
s [ |

Back side of the display showing the 14 pin connector.
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probably want toadd one more 5 pin header called P(TFT) which is NOT
silkscreenean theboard.

These five pins will go on the back side of the BITeensiq jestdoelow the top

set of socket pins for the Teensy 3.6. They are labeled on the back side silkscreen
as D13, D14, D15, D16 and D17 but were not utilized prior to the additior of th
color touch display.

If you are adding them after the Teensy has been installed, temporarily remove it
SO you can get at the soldppints which are under the MPU.

i Optional 8 pin
P(TFT) 5 pin male header ~header for later

__ANALOGG  @GROWNDS & |
. ’ . - R\-{ »
oy ® A\

t—-l) 0\\

__‘,‘ "\r~ “ ;\ :\ "_J.‘ ‘.

D
-
~

~
\-

L17dS /9
21a 336&5_&'
110 339dS| -

B
m. m
~ g
[ =l -
w v
m m
Ry
w D

YR
o copyrlgh*t © 2018

cluslied 38\'{;!5

There is another (optional) 8 pin header that can be installed as well and may be
used br a different (Nextion) color display at some later date.

ILI9341 TFT Display Cable wiring & connect points on the BITeensio
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jumper the follaving pins with soldered jumpers oretter yet when you

construct your cable, jumper the necessary pins on the connector itself. In this
way you will stand less chance of damaging the display.

T DO, jumper to SDO(MISO)
T _DIN, jumper to SDI(MOSI)
T _CLK, jumper to SCK

Jumper LED and RES&Jether and also to VCC
The rest of the connections will be as follows

SDI(MQOSI) connects to BITeensio P5, D11
SDO(MISO) connects to BlTeensio P5, D12
SCK connects to BlTeensio P(TFT) D13
CS connects to BiTeensio P(TFT) D14

DC connects to BITeensio P(TBTH

T_CS connects to BlTeensio P(TFT) D16

VCC connects to BlTeensio 3V3 I12C header (either one) VCC 3.3V pin
GND connects to BlTeensio 3V3 I12C header (either one) GND pin

With the proper software this will allow full control of the uBITX from the color
touch screen and possibly eliminating all push button switches except the main
encoder function switch. The main tuning encoder will still be needed as well as
its integral (or optional external) function push button.
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Schematic ofhe shielded cablgumpers necessary to hook up the display

This cable will need to be constructed by the user as it is not commercially
available.
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