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INTRODUCTION 
The apolLO I kit is fairly simple in terms of overall number of components, but a few of 
the components can be challenging to solder if you have not soldered SMT components 
before.  Even if you have soldered SMT components, a select few of the components are, 
frankly, difficult to solder by hand.  These components are all of the ICs, but specifically 
the ABA-54563 and the Si4113.  If you don’t feel confident to solder these yourself, you 
can always lean on a friend who has done this kind of work or even return the board to us 
for assembly.   
 
The most critical consideration when soldering any of these components is the placement 
of the part.  If you place the part correctly, but accidentally glob solder all over the leads, 
you can always remove it with solder wick.  If, in the other hand, you solder 10 leads of 
an IC and then decide placement is wrong, you can easily destroy the board and/or the 
part trying to get the IC up with standard tools.  This is less of a worry if you have a hot 
air desoldering station.   

ANTI-STATIC CONSIDERATIONS 
Your apolLO I board will be static-sensitive when complete and a number of the 
components are static-sensitive.  You should work to minimize static contact on these 
components or the completed board.  Just because the board works after a static incident 
does not mean that you did not harm the board.  A zap on the board can cut a swath 
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through a IC’s substrate leaving only a sliver and the IC can function for a while and then 
fail later.  You will be unable to detect that this has happened until the board dies and 
then you may remember your static event!  In construction of the boards in our lab in the 
first few months of work on this board, we had only one issue with the board.  In this 
instance, the USB port failed after a static zap occurred on a long USB cable connected to 
the board and disconnected from the computer.  When your board is not in use or 
assembled, it is strongly recommended that the board be stored in an anti-static bag. 

REQUIRED AND OPTIONAL TOOLS 
To build the apolLO I board, you will need some tools you may already have.  A good 
soldering iron with a small tip (1/32”) is a requirement.  We have made some suggestions 
for tools, but these are just suggestions.  Some may prefer to use solder paste to regular 
solder and, of course, this is a perfectly acceptable way to assemble the kit.  If you are not 
experienced with SMT, you might start with our suggestions and make adjustments as 
you become more comfortable assembling kits such as this. 
 
A word about tweezers: tweezers are one of those tools that once you find a good pair 
you are forever fearful that you might lose them and not be able to get another pair.  
There is also a broad range of performance for our application and you can’t always tell 
from price or by looking at them if the tweezers you are eyeing will work well for 
electronic use.  After much teeth gnashing, we have settled on the EROP3SA tweezers.  
These stainless tweezers are excellent and inexpensive (about $4 a pair).  If you do not 
have a pair, give-in and order a set or two from Mouser.  You will not be disappointed. 
 
No-clean solder does not have a flux core.  The standard solder most of us are use to 
using has a rosin core for flux.  When the solder is used, the flux melts with the solder 
and helps the solder adhere and spread on the board.  It also leaves a yellow hard sticky 
residue that most anyone who has built a PCB is accustomed to seeing.  Generally, 
hobbyists leave the flux on the board, but it can easily be removed with a commercial 
PCB cleaner or anhydrous isopropyl alcohol.  Anhydrous simply means the solution has 
no water in it and is pure (generally 99.9%) alcohol.  You can use any solder for the kit 
and you can leave the flux on the board.  Once I learned how to clean a board and use no-
clean solder (there’s clearly some sort of oxymoron here), I was hooked on how 
professional my boards looked.  I think you will be too. 
 
TOOL USE/COMMENTS Suggested Model Mouser Part 

Number 
Tweezers Pick-up and place 

SMT components; 
hold down SMT 
components 

EROP3SA 578-EROP3SA 

Soldering Iron Any good 25W or so 
iron will be fine 
provided you can get 
a small tip 

Weller WESD51 578-WESD51 

1/32” iron tip Soldering small 
components 

ETJ 1/32” 578-ETJ 

No Clean Solder No flux solder used in   
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TOOL USE/COMMENTS Suggested Model Mouser Part 
Number 

(optional) place of more 
traditional rosin-core 
solder 

Flux Pen (optional) Used with no-clean 
solder to help solder 
flow.  Applied before 
component 
placement to the 
board 

Kester Flux-Pen #951 533-0951 or similar 

Anhydrous (optional) 
Isopropyl Alcohol or 
PCB cleaning solution 

Remove flux from 
board after assembly 

MG Chemicals, 824-
500ML 

590-824-500ML 

 
Let’s get started! 

ASSEMBLY 
First, familiarize yourself with the PCB and the parts list below.  The top side of the 
board has two long tinned areas where the board will come in contact with the top shell 
of a DEMI transverter if you will be using this as a MICROLO replacement.  Most of the 
components are mounted on the top of the board.  The under side of the board has only 
small areas unmasked by solder mask (it is largely colored and not silver) and only a few 
components go on this side. 
 
The components are packaged in two plastic boxes or clamshells.  In each case you 
should start at the upper left of the box (near the hinge) and go to the right first and then 
down a row just like you were reading a book.    This should help you avoid any issues 
with using the wrong component somewhere.  The boxes are also numbered one and two.  
Additionally, there may be a bag with the components for the TCXO if you ordered this 
option.  We will start with box #1 with the resistors and capacitors when assembly starts.  
The clamshells will "pop" when you open them if you are not careful.  This could send 
parts jumping around between compartments and without a good RLC meter, it will be 
very difficult to get them sorted out so be careful! 
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R2 270 R18 27k C8 10µF C22 10µF LED1 Red 
R3 33k R19 75k C9 1 µF C23 10µF LED2 Green 
R4 100k R20 27k C10 560pF C24 10µF LED3 Blue 
R5 4.7k R21 75k C11 10pF C25 100pF X1 20MHz 
R6 270 R22 27k C12 1000pF C26 0.1µF IC1 18F2550 
R7 10k R23 75k C13 10pF C27 10pF IC2 Si4113GT 
R8 270 R24 27k C14 10pF C29 0.1µF IC3 78L05 
R9 150 R25 75k C15 0.1µF L1 27nH IC4 FDN352AP 
R10 150 C1 0.022µF C16 0.01µF L2 1nH* IC5 ABA-54563 
R12 1M C3 0.022µF C17 0.1µF L3 0* IC6 AAT-3221 
R14 82† C4 0.1µF C18 22pF L4 2.2nH CN1 MiniUSB 
R15 51 C5 0.1µF C19 22pF D1 SS14 CN2 not used 
R16 10k C6 10µF C20 10µF D2 SS14 TCXO see text 
R17 470 C7 0.47µF C21 10µF D3 SS14  

 
Figure 1, Components and their reference designators 

 

 
Figure 2, PCB Sections 

                                                 
* L2 and L3 control the RF1 and RF2 synthesizer frequency ranges.  These can be changed to other values 
to suit your application. 
† R14 and R15 set the voltage divider for the TCXO.  Details are presented in the TCXO section in the 
instructions on page  
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With the writing on the PCB oriented where you can read it, the basic functions of the 
board are as follows.  In the lower left corner (marked #1 in figure 1) is the POWER 
SUPPLY.  The power supply switches between an external power source (such as your 
transverter) of up to 20VDC and the USB port.  The microprocessor measures which 
power source is being used so that it can communicate this to the host PC on the USB bus 
when connected.  All functions of the board are powered when the PCB is connected to 
either your PC via USB or to your transverter or bench supply via the power in 
connections. 
 
The lower right, #2 in figure 1, contains the MICROPROCESSOR which handles USB 
communications for programming, storage of the LO frequency and the software to 
program the synthesizer. 
 
Above the microprocessor on the upper right of the board, #3 in figure 1, is the TCXO 
area.  Space is provided for three different styles of TCXO to be placed on the board.  If 
no TCXO is selected, an external reference is required and is connected to the external 
reference connection on the back-side of the board. 
 
To the left of the TCXO area, in the upper left of the board, a silver outline rectangle is 
etched on the board.  This rectangle is further subdivided into two areas.  On the right 
side is the Si 41xx SYNTHESIZER (#4) and on the left is an Avago ABA-54563 
AMPLIFIER (#5).  To the far upper left of the board, near C20, is the RF output.  The RF 
output is actually intended to be soldered on the other side of the board and there is a 
legend on that side showing the location of the RF output. 
 
The TCXO parts are optional and are not necessary if you intend to use an external 
reference.  Parts that can be left off of the board if you are using an external reference 
are: R13, R14, R15.  There is no harm in installing them anyway, however, and you 
might need them later.  Depending on kitting, if you specified that you would be using 
only an external reference, R13, R14 and R15 may not have been included in your kit. 
 

 Place the board in a position on your work surface where you can solder 
components on the top side of the board. 
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RESISTORS 
BOX #1 

← PACKAGE HINGE → 
4 – 27k 2 – 150 1 – 100k 1 – 4.7k 
1 – 33k 1 – 470 2 – 10k 1 – 1M 
4 – 75k    

    
    
    

 
Figure 3, Box #1 Resistor layout 

 
First we’ll start with resistors (box #1).  There are other components  The pictorial above 
shows the open plastic box with the hinge at the top, sitting on your bench where you can 
read the legends on the insert.  It is important that once you open the plastic box that you 
be very careful not to bump the container off of the table.  If it should fall, you may be 
able to resort the resistors by looking at their numbering through a magnifying glass, but 
most of the capacitors have no marking and if you don't have a capacitance meter, you 
will be unable to get them sorted! 
 
We will start with the resistors.  If you happen to be new at doing SMT soldering, they 
are good to practice with.  If you destroy one, they are easy and inexpensive to replace.   
If you are new to SMT soldering or need a refresher, take a look over the sidebar on SMT 
SOLDERING on page 17.  There’s no particular order here so if you want to grab 
resistors and solder them where they go in any order, do it!  If you want to follow along, 
step-by-step, that’s OK too.   
 
SMT resistors have no polarity, of course, and can be placed any direction, but you might 
want to put the side with the value face up so you can read it later in case there are any 
problems and you want to check construction. 
 

 Solder four 27kΩ resistors at R18, R20, R22 and R24 near IC1 in the 
microprocessor section. 

 
 Solder two 150Ω resistors at R9 and R10.  Both are in the amplifier section.   

 
 Solder a 100kΩ resistor at R4 in the power supply section. 

 
 Solder a 4.7kΩ resistor at R5 in the power supply section. 

 
 Solder a 33kΩ resistor at R3 in the power supply section. 

 
 Solder a 470Ω resistor at R17 in the microprocessor section. 

 
 Solder two 10kΩ resistors at R7 in the power supply section and R16 in the 

microprocessor section. 
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 Solder a 1MΩ resistor at R12 in the microprocessor section. 

 
 Solder four 75kΩ resistors at R19, R21, R23 and R25 in the synthesizer section. 

 
This concludes the resistors for the top side of the board.  If you are enjoying what you 
are doing, keep going.  If you’ve decided that this is just too much trouble for whatever 
set of reasons, just throw everything back in the box and send it back and we’d be happy 
to complete construction for a nominal charge.  SMT soldering is not everyone’s cup of 
tea and we’d far rather you get the LO on the air rather than set it on the shelf! 
 

CAPACITORS 
BOX #1 

← PACKAGE HINGE → 
    
    
 1 – 1000pF 1 – 0.47µF 2 – 0.022µF 

2 – 22pF 6 – 0.1µF 5 – 10µF 
Ceramic 

1 – 10pF 

1 – 560pF 1 – 560pF 1 – 0.01µF 2 – 10µF 
Tantalum 

1 – 1µF    
 

Figure 4, Box #1 Capacitor layout 
 
We will continue with box #1 that had the resistors in it.  Work in the same direction as 
with the resistors for minimum confusion (starting at upper left moving to the right and 
then down). 
  

 Before you begin to solder the capacitors, make sure you know the difference in 
the 10µF tantalum and ceramic capacitors.  The tantalum caps are larger and 
black or yellow typically, while the ceramic ones are the same 0805 size as many 
of the other small-value capacitors and resistors. 

 
 Solder a 1nF (1000pF) capacitor at C12 in the amplifier section. 

 
 Solder a 0.47uF (470nF) capacitor at C7 in the microprocessor section. 

 
 Solder two 0.022µF capacitors at C1 and C3 in the synthesizer section. 

 
 Solder two 22pF capacitors at C18 and C19 in the microprocessor section. 

 
 Solder six 0.1µF capacitors at C4, C5, C15, C17 (power supply section), C26 

(above the amplifier section) and C29 (microprocessor section). 
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 Solder five CERAMIC 10µF 0805 (small) capacitors at C20 (amplifier near 
output), C21 & C23 (microprocessor section), C22 & C24 (power supply section) 

 
 Solder one 10pF 0603 (very small) capacitor at C13, in the amplifier section. 

  
 Solder one 560pF 0603 (very small) capacitor at C10, in the amplifier section. 

  
 Solder a 560pF 0603 (very small) at C25 in the synthesizer section.  This 

capacitor is the coupling capacitor between the reference and the synthesizer.  
You may change this capacitor to any desired value that will provide 
approximately +10dBm reference signal at the Si41xx synthesizer part.  

 
 Solder a 10nF (10000pF or 0.01 µF) capacitor at C16 in the power supply section. 

 
 Solder two 10µF tantalum capacitors (large) at C6 and C8 in the power supply 

section.  The capacitors are polarized and the bar is the + side.  If your PCB is a 
revision B or later PCB, you may have a small line on the board near the capacitor 
on the + side.  If not, the + side of C6 is closest to C17 and the + side of C8 is 
closest to the top of the board (away from C9). 

 
 Solder a 1µF tantalum capacitor (large) at C9 in the power supply section.  Like 

C6 and C8, C9 is polarized and the bar is the + side.  If your PCB is a revision B 
or later PCB, you may have a small line on the board near the capacitor on the + 
side.  If not, the + side of C9 is closest to R7 and the bottom of the board (away 
from C8). 

 

INDUCTORS 
 
Next we will begin using parts from box #2. 
 

BOX #2 
← PACKAGE HINGE → 

1 – 2.2nH 
0603 

1 – 27nH 1 – 0  
0402 

1 – 1nH 
0402 
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 Install a 2.2nH 0603 inductor at L4 in the synthesizer section.  Note that there is 
also a 2.2nH 0402 (smaller) inductor in the kit.  This inductor is a different 
component. The inductors are in box #2 also. 

 
 Install a 27nH inductor at L1 in the amplifier section.  

 
L2 and L3 control the range of the Si41xx’s two RF synthesizers.  There is no solder 
mask from the IC out to the pads where the inductors go in case the inductors need to be 
slid more towards the part to achieve a different range.  In fact, the pads for the Si41xx 
synthesizer are long and the frequency range achievable from the synthesizer (tuning 
range) will not only be a factor of these two inductors, but also the exact position where 
the part is placed on the pads on the board since this can shorten or lengthen these traces 
leading to the inductors.  It is recommended that you place these two inductors on the 
pads at the end of the traces where they were designed to go and then test your board for 
its frequency range.  If it is not where you need it to be, feel free to move the inductors. 
 
While you might have survived with sub-standard or no tweezers up to this point, if you 
do not hold these two inductors gently to the board with some good tweezers when you 
heat and apply solder, they will undoubtedly get sucked up into a ball of solder on the end 
of your iron and gently bake into nothingness.  Be careful!  If you need some tweezers, 
consult the REQUIRED AND OPTIONAL TOOLS section on page 2. 
 

 Solder a 0-Ohm 0402 (VERY VERY small) jumper at L2 in the synthesizer 
section. 

 
 Solder a 1nH 0402 (VERY VERY small) inductor at L3 in the synthesizer 

section. 
 
If you are concerned that you might have shorted some capacitors when you soldered 
them down, you could check them with an ohmmeter at this time to ensure that there are 
no issues.  If you need to remove a component that has been soldered, don’t worry!  It is 
possible to do without destroying the component (see the sidebar on page 18 on removing 
components). 
 

OTHER COMPONENTS 
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BOX #2 
← PACKAGE HINGE →  

    
20 MHz X1 1 – 78L05 3 – SS14 1 – AAT-3221 

1 – 
FDN352AP 

1 – ABA-
54563 

3 – 10pF 1 – PIC 
18F2550 

1 – Si4113GT USB Conn 1 – 200Ω Pot 3 – 270 
Red LED Green LED Blue LED  

    
 

Figure 5, Box #2 Additional components layout 
 

 Solder the 20 MHz microprocessor crystal, X1, to the board in the microprocessor 
section. 

 
 The 5V 78L05 regulator is one of the trickier parts to solder to the board (IC3).  I 

recommend heating the large rectangular area and applying a VERY THIN 
coating of solder after a quick wipe with the flux pen on both the regulator and the 
board.  Then put the regulator on the pad and heat the tab until you feel it sink to 
the board.  With my iron on 850F, and a very small solder blob on the end to 
make good contact to the tab, this takes about 10 seconds.  My Weller with a 
digital readout will start at 850, go down to 830 or so and start back up.  By the 
time it gets to 850 again, I can see the solder on the edge of the part flow and I 
remove the iron, keeping pressure with the tweezers. Voila! When you remove the 
iron, the solder will quickly solidify and the part will not move.  Then the two 
leads can be soldered (turn your iron back down). 
 
I make this sound very easy and once you’ve done it a few times it will be (if you 
end up doing it more than once!).  If you are having trouble making this technique 
work, remember this rule about solder:  the solder will flow if and only if the 
metal components that you are trying to solder are hot.  To achieve this heat, 
remember that you need to apply a little pressure from your iron to ensure good 
thermal transfer from the iron to the pad or component.  If the pad is hot and you 
touch it with solder, the solder will melt.  Likewise, if you are sufficiently heating 
the 7805, the solder under it will flow and the part will seat. 

 
 Solder three SS14 Schottky diodes in D1, D2 and D3.  All are polarized and the 

cathode is marked with a bar.  The bar goes to the side where the bar on the 
legend is (where the arrow of the diode ends).  All bars go to the right side of the 
board (face the microprocessor section).  These look and solder much like the 
tantalum capacitors. 

 
 Solder the 3.3V regulator (AAT-3221) at IC6.  The part has three leads on one 

side and two on the other so placement should be where these pins meet their 
corresponding pads on the board.  I believe it helps to hit the board with the flux 
pen, set down the part and then hit the tops of the leads with the flux pen.  Then 
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tack one lead while holding the part down with the tweezers.  Next switch to one 
hand iron, one solder and hit each lead with a LITTLE solder.  Touch the iron to 
the pad, not the pins for best effect. 

 
This is just like an eye test – things get smaller and smaller!   

 
 Solder the FDN352AP MOSFET at IC4 using the same technique used above. 

 
 

Figure 6, ABA-54563 pin orientation 
 

 Solder the ABA-54563 Amplifier at IC5.  Pin #1 on this part is determined by the 
markings on the top.  See Figure 6 above for reference. C27 is closest to Pin #3 
(Input) in the diagram marked above.  In other words, when mounted correctly, 
you should be able to read the lettering on the part if the amplifier, RF output and 
the big L7805 regulator are closest to your body when you hold the board.  You 
may need a magnifying glass on this part if you’ve not used one yet.  Ensure that 
none of the leads are soldered together (1&2 actually are connected on the board).  
If they are, just run some solder braid and heat over it and clean them up but don’t 
leave the iron on the part too long. 

 
 Solder three 10pF 0603 (very small) capacitors at C11, C14 and C27 in the 

amplifier section (we held off doing this until now to make the ABA-54563 easier 
to solder).  They are the remaining components in bag #2 that you set aside 
earlier. 

 
 Solder The PIC microprocessor at IC1.  Note the circle on the board denoting pin 

#1 and the depression on the IC for pin #1.  Check placement and BE SURE you 
have it right before soldering.  Without a desoldering station, this guy is not easy 
to get back off of the board without destroying it and the board in the process. 
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Figure 7, PIC 18F2550 Placement 
 

 Solder the Si41xx synthesizer at IC2, noting the white circle on the board and the 
depression on the IC should line-up.  Do not be confused by the silver via (hole) 
near the pin diagonal from pin 1 – pin 1 has a white circle on the board inside the 
box drawn where the part should go.  If you solder any pins together, just run over 
it with some braid and fix it up! REMEMBER: Placement is job #1.  If you can 
get the part where it goes, you can always add solder or remove it with wick.  If it 
is soldered down the wrong way, it is very difficult (without a hot air soldering 
station) to get the part back off the board.  CHECK PLACEMENT TWICE! 

 

 
 

Figure 8, Si41x3 Synthesizer Placement 
 

 Locate the mini-USB B connector from bag #1 and solder at CN1 on the TOP 
side of the board.  The connector should stick up next to the regulator, NOT on 
the bottom of the board.  Since the connector is symmetrical and a through-hole 
part, it will solder into both locations (top or bottom) but it will not work on the 
bottom! 

 
 Solder the 200Ω pot at R11 in the amplifier section 
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BACK SIDE 
 

 Flip the board over and position it where the three LED pads are nearest you.  
When soldering on the back, make sure not to press down and break anything on 
the front! 

 
 Solder three 270Ω resistors at R2, R6 and R8 on the back of the board.  These 

resistors are in bag #1 (see bag #1 layout in Figure 3 on page 6). 
 
For each of the LED’s, the arrow on the reverse of the LED should point to the right side 
of the board (ground) and not the side that is connected via a trace to the resistors.  
Revision B and later boards have an arrow to help with alignment.  The three LEDs are in 
the antistatic bag, marked bag #3.  The layout for this bag can be found in Figure 5 on 
page 10. 
 

 Locate the RED LED and solder at LED1.  This LED indicates that the board is 
powered by the USB bus power. 

 
 Locate the GREEN LED and solder at LED2.  This LED indicates that the board 

is powered by the power leads marked “6-12V” on the back side of the board.  
Normally, this is where the board will receive power when used with your 
transverter. 

 
 Locate the BLUE LED and solder at LED3.  This LED indicates that the 

synthesizer is locked and producing a good LO carrier. 
 
TIP: If you accidentally mix up the LED’s, just apply 2V to them and see what color 

they are.  If you apply the voltage the wrong way, the LED just won’t light so 
switch the wires. 

REFERENCE OPTIONS 
There are three key reference options listed below.  Look over the options and select the 
one that fits your installation. 

REFERENCE OPTION 1: EXTERNAL REFERENCE 
If you will be using an external reference, you can skip the REFERENCE OPTIONS 
section and go right to the BACK SIDE section on page 13.  An external reference is a 
reference that will not be on the PCB and would generally be placed outside of your 
transverter.  After finishing the back side of the board, you can solder your external 
reference coax to the board.   

REFERENCE OPTION 2: OPTIONALLY INCLUDED ECS TCXO 
The following instructions will assist you in installing the ±2.5ppm ECS TCXO option.  
If you would like the ECS TCXO and do not have one, please contact us and we will 
provide one for a nominal fee. 
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 Locate the TCXO parts bag in your kit and verify it has the parts shown in Figure 

9 
 

1 – 51Ω 1 – 82Ω 
1 – 10MHz TCXO 3 – 200Ω multi-turn 

pot 
 

Figure 9, Bag #4 Layout (TCXO only) 
 
The on-board TCXO option can be used when a reasonable level of stability is required, 
and when an external reference is not available.  In a “shack” environment where the 
ambient temperature will be in a ±10ºF range, this should provide better than 500Hz 
accuracy up to 10GHz after warming up.  The TCXO will generally provide about 
0.05ppm when in ±10ºF range even though the device is spec’ed at 2.5ppm.   
 
First, we will set the TCXO primary voltage. 
 

 Locate the two PCB jumpers at SJ1 and SJ2 in the TCXO section.  SJ1 (TCXO-
V) with a white box around it sets the TCXO main voltage.  The center pad 
should be soldered to the 3.3V pad (below it) to power the TCXO.  Just run a 
small blob of solder across both pads. 

  
 Next, solder across the 3.3V and center pads on the ADJ-V pads, SJ2 to set the 

maximum TCXO control voltage.  
 

 Solder the frequency adjust pot in the TCXO section at R15. 
 

 Solder the TCXO at TCXO3 in the TCXO section of the board.  Pin #1 goes 
nearest the pot at R15 that you just finished soldering and is designated by a circle 
on the top of the package. 

  
 Solder an 82Ω resistor at R14 in the TCXO section 

 
 Solder a 51Ω resistor at R15 in the TCXO section 

 
You may now skip to the BACK SIDE section on page 13 to continue assembly. 

REFERENCE OPTION 3: OTHER TCXO 
There are two key types of TCXO’s – those that are voltage controlled (VCTCXO) and 
those that are not.  Due to common industry practice, most are called a TCXO even if 
they have the voltage control line.  The voltage control line or an adjustment on the 
TCXO will allow you to net the TCXO on frequency.  This gives you accuracy—
knowing that you are right on frequency—in addition to stability which is knowing that 
you will not move much over the course of a time period.  Here is a short summary of 
frequency control options in TCXO’s: 
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Oscillator Type Description Has Frequency Control 
VCTCXO Has a control voltage line on 

the package and lists a range 
of voltages that will move the 
crystal across a range of 
frequencies 

YES 

TCXO with adjustment has an internal device that 
can be tweaked to change 
frequency, typically visible on 
the exterior of the package 

YES 

TCXO with no adjustment If there is no adjust on the 
TCXO and no voltage control 
line, you have a “plain TCXO” 
that will provide stability, but 
no accuracy.  For example, it 
may start at 10.000028 MHz 
and may drift very little over 
time.  The problem is that 
you will not be able to tweak 
out the 28 Hz offset.  If we 
use this in a 10GHz 
transverter with a 144 MHz 
LO, the LO will actually be on 
10.224028627 GHz 
(10.000028 × 1022.4).  This 
means your transverter would 
be off by about 28.6kHz! 

NO 

 
The bottom line for you, if you are using a TCXO, you need a way to net it on frequency, 
either through a control voltage or a pot. 
 
Pad locations are provided for a few different TCXO layouts.  Be sure to check the 
voltage on each pad and compare against your device before using.  A best-guess was 
made about the pin-out of most devices and there is no guarantee that it matched your 
device. 
 
First, we need to set the voltage on the TCXO and also the maximum extent on the 
control voltage of the TCXO. There are a pair of solder pads to set the TCXO voltage and 
the adjust voltage range.  Some TCXO parts will have their own adjustment screw and no 
external voltage adjust pin as mentioned in the table above.  First, we will set the TCXO 
primary voltage. 
 

 Locate the two PCB jumpers at SJ1 and SJ2 in the TCXO section.  SJ1 (TCXO-
V) with a white box around it sets the TCXO main voltage.  The center pad 
should be solder connected to either the 5.0V pad (above it) or the 3.3V pad 
(below it) to power your device.   

 
 Next, if your device has an adjustment voltage, solder the appropriate pads on the 

ADJ-V pads, SJ2 for the maximum control voltage.  Generally, this will be the 
same as the setting for SJ1.  If your TCXO has a narrower range than just rail-to-
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rail, supply, we will set that up next.  If your TCXO does not have an adjustment 
voltage, do not connect anything on this jumper. 
 

If you are using a voltage adjustment on the TCXO, a voltage divider/control is 
constructed from R13, R14 and R15.  The supplied ECS TCXO will need this voltage 
divider and adjustment pot installed so the frequency can be set.  The schematic of these 
three resistors is shown below in Figure 10: 
 

 
 

Figure 10, TCXO voltage divider schematic 
 

Essentially, R13, R14 and R15 together set the current flow across the three resistors and 
the three together set the upper and lower limits for the adjust voltage.  Below is an 
illustration of how the components were selected for the ECS device which should help 
you decide how to select them if you are going to use a different device: 
 

The ECS TCXO indicates that the control voltage should be “+1.5 VDC ± 
1V Positive slope.”  This means that the center of the range should be at 
1.5V and the extent of the range is 0.5V to 2.5V.  The positive slope simply 
means that as the voltage is increased, so is the frequency.  This is not 
extremely important for us, but can help with the wiring of the pot so as to 
be less confusing (clockwise for increasing frequency, for example). 
 
Since a 200Ω pot was already being used for the power out pot (ABA-
54563 amplifier), for simplicity, this pot was selected for the frequency 
control also.  This 200Ω pot should have the complete drop of the voltage 
range across it.  This is 2V from the specs (plus or minus 1V).  This tells 
us the current across the pot (2V/200Ω = 10mA).  This yields 10mA of 
current which is fine unless the control voltage input to the TCXO is fairly 
low impedance (unlikely).  If you prefer, you could reduce this current by 
a factor of 10 and use a larger pot, but that was not done in this case. 
 
Now that we know the current, we know the bottom resistor in our divider 
needs to always maintain 0.5V drop with 10mA flowing across it (0.5V is 
the bottom of the voltage range from the specs for the TCXO).  This says 
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R15 should be a 50Ω resistor (the commonly available value of 51 was 
used). 
 
The top resistor in the schematic, R14, will need to have a drop of 3.3V 
(supply) – 2.5V (high control voltage) = 0.8V across it with 10mA.  This 
comes out to 80Ω and so the commonly available 82Ω was used. 

 
 Connect the appropriate resistors and pot at R13, R14 and R15. 

  
If the upper and lower limits are “at rail,” in other words 0-3.3 or 0-5.0V, then no 
resistors need to be placed at R14 and R15 and the resistor pads can be jumpered or 
soldered across.  This completes the TCXO wiring. 

TESTING THE apolLO I 
Construction of the apolLO I board is now complete.  First we will do some basic DC 
tests before powering up the board: 
 

 Using an Ohmmeter, measure the resistance across the DC input holes in the 
board.  They are marked on the rear of the board with “6-12V.”  With the negative 
lead on the ground, the board should measure around 5M Ω of resistance.  Your 
ohmmeter is likely to be charging the power supply caps while you are connected, 
so you will see the resistance change as they charge.  If you measure a short, 
investigate and fix the problem before applying power. 

 
 Connect voltage to the input terminals to power the board.  The on-board 

regulator can take anything from about 6V to about 35V, but the capacitors on the 
input are spec’ed at 20V so you should not exceed 20V unless you change these 
capacitors.  The board will draw about 130mA with a 9V input and around 
160mA with a 13.5V input. 

 
 The Green LED on the read of the board should light indicating that the board is 

powered from the main power terminals.   
 
You should now proceed to the Installation and Operation Instructions included with your 
apolLO board.  Note that your apolLO board is static sensitive and should be stored in an 
anti-static bag when not in use or in a transverter or other assembly. The supplied bag 
that the PCB was shipped in is NOT an antistatic bag! 

SMT SOLDERING 
SMT soldering is a bit of an art, just like regular soldering.  While we are not “experts” 
we have some preferences on how it is done that work well for us.  How you solder will 
be highly dependent on your tool selection.  In general, we assume most people will have 
a good soldering iron with a small tip.  If you do not, you will need to get one and be sure 
you get a small tip.  The iron we use most is the Weller WESD51 with an ETJ 1/32” tip.  
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We also recommend a good set of tweezers.  Our current favorite is the EROP3SA 
stainless tweezers available from Mouser.  They are less than $5 and have a nice small tip 
and good action.  We also recommend using a fine, no clean solder.  Finally, we find that 
much of the time, a flux pen will make the job easier and clean-up is a snap.  We use the 
Kester Flux-Pen #951 Low-Solids No-Clean pen. 
 

PASSIVIES 
Here is how we solder a basic, two connection device such as an 0805 resistor: 

 Using the flux pen, apply a little flux to both pads where the device is to be placed 
 Set the device on the pads, oriented correctly with tweezers 
 Clean your soldering iron tip by wiping across a wet sponge or a metal cleaning 

cushion 
 Apply a VERY small amount of solder on one side of the tip of the iron 
 With one hand gently pressing the device and holding it in place with tweezers, 

allow the soldering iron and small amount of solder on the tip to come in contact 
with one pad on the PCB.  The solder should immediately wick to the device and 
the remainder of the pad.  This will tack one side of the device to the board 

 Drop the tweezers and get a piece of fine solder 
 Apply heat to the PAD on the other side of the device and touch the pad with 

solder.  The solder should melt and wick to the device and the remainder of the 
pad.   

 If you don’t like the connection on the first side of the device, clean it up using 
the iron and solder as you did on this side 

 
There are lots of other methods if you don’t like this one of have another that works for 
you.  This one is provided as a suggestion if you don’t have a favorite method yet. 
 
That’s it!  Once you do it a few times, it will seem much easier.  If you have any concerns 
about the connection you are making, look at it under a magnifying glass and fix it if 
necessary.  Solder wick can help you remove excess solder if you get too much on the 
board. 

IC’s 
The procedure for IC’s is essentially the same.  You want to tack 1-2 pins down using the 
tweezers and the iron as before and then once that is done, go pin to pin with the iron and 
solder.  If you bridge two pins together with solder, don’t fret, just go on.  The main 
consideration is that you get everything soldered to the board first.  Then you can go back 
over the bridges with solder wick and remove the excess.  If you have a good bond to the 
board, it is difficult to get all of the solder up with the wick so don’t be too concerned 
about that. 

REMOVING COMPONENTS 
If you should need to remove a component from the board, don’t worry!  It can be done 
and it is fairly easy if you are patient.  Here is the procedure I use which might help you.  
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If you end up destroying the component, again no big deal—just give us a call and we’ll 
send out a replacement. 
 
To remove a 2-pin SMT component like a resistor or capacitor, follow these steps: 

 Using solder wick, remove the solder from both sides of the component.  I prefer 
to sandwich the wick between the iron and the board and move the iron and wick 
in unison on the top of the board near the component.  When all the solder is 
gone, the wick will start to squeak as you rub it on the board. 

 
 Now, using the hot iron, gently lift one side of the component up, but only about 

5-degrees off of the board.  If you really got all the solder, this lead will now be 
free and you can go to the other side, heat it and the component will come loose.  
Again, you have to have all of the solder sucked up with the wick for this to work.  
If you see a small metal rectangle left on the board after you remove the 
component, then you destroyed it and that is the lead – have no fear, just call us 
and we’ll send out another one.  I recently built five of these boards and soldered 
five of one component in the wrong location and out of the five, I destroyed one 
also … it does happen sometimes. 

 
If you don’t like this method, another that works is to rapidly move from one side of the 
component to the other heating it and gently pressing against the component.  When the 
component and board are hot, all of a sudden the component will be loose.  Although this 
method tends to avoid damage more than my method, it is also less repeatable and I 
prefer repeatability to the challenge of finessing each component.  

I NEED HELP! 
This is supposed to be fun, folks.  If you find that after you get this kit on the bench that 
you would prefer to have someone else assemble it for you, then let’s go that route.  If 
you have a friend that wants to do it for you, that’s great.  If not and you need us to do it, 
that’s fine too.  Enclosed in your kit is a return address label for us and all you have to do 
is enclose a check for the assembly charge ($30 on this kit), apply the label to the outside 
of the box and drop it in the mail.  We’ll take care of the rest and will get your kit back in 
your hands, completed.  Be sure to send the kit via a carrier you can track.   
 
If you need any other kind of help, feel free to contact us and we’ll be happy to discuss 
any issue you may have.  Our email is kithelp@n5ac.com.  
 
73, 
Steve Hicks, N5AC 
  

mailto:kithelp@n5ac.com
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4 – 27k 2 –          1 – 100k 1 – 4.7k 

1 – 33k 1 – 470 2 – 10k 1 – 1M 

4 – 75k 1 – 1000pF 1 – 0.47µF 2 – 0.022µF 

2 – 22pF 6 – 0.1µF 5 – 10µF 
Ceramic 

1 – 10pF 

1 – 560pF 1 – 560pF 1 – 0.01µF 2 – 10µF 
Tantalum 

1 – 1µF    

 
 

1 – 2.2nH 
0603 

1 – 27nH 1 – 0  
0402 

1 – 1nH 
0402 

20 MHz X1 1 – 78L05 3 – SS14 1 – AAT-3221 

1 – 
FDN352AP 

1 – ABA-
54563 

3 – 10pF 1 – PIC 
18F2550 

1 – Si4113GT USB Conn 1 – 200Ω Pot 3 – 270 

Red LED Green LED Blue LED  

    

 


	INTRODUCTION
	ANTI-STATIC CONSIDERATIONS

	REQUIRED AND OPTIONAL TOOLS
	ASSEMBLY
	RESISTORS
	CAPACITORS
	INDUCTORS
	OTHER COMPONENTS
	BACK SIDE
	REFERENCE OPTIONS
	REFERENCE OPTION 1: EXTERNAL REFERENCE
	REFERENCE OPTION 2: OPTIONALLY INCLUDED ECS TCXO
	REFERENCE OPTION 3: OTHER TCXO


	TESTING THE apolLO I
	SMT SOLDERING
	PASSIVIES
	IC’s

	REMOVING COMPONENTS
	I NEED HELP!

