
K7QO's QRP Laboratory Notebook

Version 2.40

Started January 11, 2009

Current March 19, 2012

by

Chuck Adams, K7QO

chuck.adams.k7qo@gmail.com



2



Contents

1 Introduction 11

2 Photography 13

2.1 Camera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.2 Lights . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.3 Computer Software used for this Document . . . . . . . . . . 14

3 The Lab 17

4 Manhattan Construction Technique 23

4.1 Printed Circuit Board Material . . . . . . . . . . . . . . 27

4.2 Cleaning the Printed Circuit Board Surface . . . . . . . . . . 31

4.3 Making Pads . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

4.4 Mounting Pads . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

4.5 IC Pads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4.6 Soldering Technique . . . . . . . . . . . . . . . . . . . . . . . . 45

4.7 Practice Exercise #1 . . . . . . . . . . . . . . . . . . . . . . . . 51

4.8 Pads, Nodes, and Interconnection Capacitance . . . . . . . . 53

4.9 Circuit Layout . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4.10Building and Testing . . . . . . . . . . . . . . . . . . . . . . . 57

4.11RF Probe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

3



4 CONTENTS

4.12Final Housing for Projects . . . . . . . . . . . . . . . . . . . . 62

4.13Future Projects . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.14References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5 PC Board Construction 71

5.1 Equipment and Materials Needed . . . . . . . . . . . . . . . . 72

5.1.1 Wal*Mart . . . . . . . . . . . . . . . . . . . . . . . . . . 72

5.1.2 Home Depot . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.2 Staples or Paper Supplier . . . . . . . . . . . . . . . . . . . . . 74

5.3 Ebay.com and PC Board Material . . . . . . . . . . . . . . . . 74

5.4 Cutting the board material . . . . . . . . . . . . . . . . . . . . 77

5.5 Cheap Etchant Fluid Mixture . . . . . . . . . . . . . . . . . . 81

5.6 Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

5.7 First Steps for First Board . . . . . . . . . . . . . . . . . . . . 84

5.8 Expensive Tinning Process . . . . . . . . . . . . . . . . . . . . 99

6 Varactor Diode Measurements 107

7 RG-174, RG-316 and RG-178 Coax 111

8 Regen Receiver Transformers 127

9 Debugging a SWL Transceiver 139

9.1 Case Installation . . . . . . . . . . . . . . . . . . . . . . . . . . 139

9.2 DVM Information. . . . . . . . . . . . . . . . . . . . . . . . . . 147

9.2.1 Impedance of the Harbor Freight DVM. . . . . . . . . . 147

9.3 K7QO DVM Modi�cation . . . . . . . . . . . . . . . . . . . . . 150

9.4 Power Supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151

9.5 First Test Measurements . . . . . . . . . . . . . . . . . . . . . 152

9.6 SWL-XX+ VFO Measurements . . . . . . . . . . . . . . . . . . 158



CONTENTS 5

9.6.1 The NorCal QRP Club FCC-1 Frequency Counter . . . 160

9.6.2 SWL Freq-Mite Counter . . . . . . . . . . . . . . . . . . 160

9.6.3 Other Frequency Displays . . . . . . . . . . . . . . . . 163

9.6.4 Internal Keyer . . . . . . . . . . . . . . . . . . . . . . . 163



6 CONTENTS



List of Figures

2.1 Package that the CFLs came in. . . . . . . . . . . . . . . . . . 16

3.1 Chest-of-Drawers. . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.2 Chest-of-Drawers. . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.3 Drawer with wire and coax. . . . . . . . . . . . . . . . . . . . . 20

3.4 Bench showing right-hand side. . . . . . . . . . . . . . . . . . 21

3.5 Left-hand side of workbench area. . . . . . . . . . . . . . . . . 22

4.1 PC Board Vendor at 2006 Dayton Hamvention. . . . . . . . . 28

4.2 Harbor Freight Punch. . . . . . . . . . . . . . . . . . . . . . . 34

4.3 Harbor Freight vise. . . . . . . . . . . . . . . . . . . . . . . . . 35

4.4 Vise and Punch combo. . . . . . . . . . . . . . . . . . . . . . . 36

4.5 Vise and punch setup for punching pads. . . . . . . . . . . . 37

4.6 Rectangular and Circular Pads. . . . . . . . . . . . . . . . . . 38

4.7 Two circular pads glued down. . . . . . . . . . . . . . . . . . . 41

4.8 Wood Pieces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

4.9 PC and Vector board �t. . . . . . . . . . . . . . . . . . . . . . . 43

4.10Fitting. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4.11Multiple cuts. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

4.12Final pad. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46

4.13Tinned pads. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

7



8 LIST OF FIGURES

4.14Sockets soldered to pads. . . . . . . . . . . . . . . . . . . . . . 48

4.15Picture of tools. . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.16Pads glued to board. . . . . . . . . . . . . . . . . . . . . . . . . 53

4.17Three different resistor mounting schemes. . . . . . . . . . . 58

4.18RF probe schematic. . . . . . . . . . . . . . . . . . . . . . . . . 61

4.19RF probe layout Manhattan style. . . . . . . . . . . . . . . . . 62

4.20RF probe built Manhattan style. . . . . . . . . . . . . . . . . . 63

4.21Crystal checker. . . . . . . . . . . . . . . . . . . . . . . . . . . 64

4.22Crystal checker layout. . . . . . . . . . . . . . . . . . . . . . . 65

4.23G3RJV crystal checker comparison. . . . . . . . . . . . . . . . 66

4.24TT2/MRX Combo. . . . . . . . . . . . . . . . . . . . . . . . . . 67

4.25TT2/MRX Combo. . . . . . . . . . . . . . . . . . . . . . . . . . 68

5.1 FR-4 and CEM boards. . . . . . . . . . . . . . . . . . . . . . . 76

5.2 FR-4 and CEM boards. . . . . . . . . . . . . . . . . . . . . . . 77

5.3 FR-4 board without copper layers. . . . . . . . . . . . . . . . 78

5.4 View of First Soaking. . . . . . . . . . . . . . . . . . . . . . . . 79

5.5 Close up photo of board traces. . . . . . . . . . . . . . . . . . 80

5.6 Close up photo of board traces. . . . . . . . . . . . . . . . . . 81

5.7 Backlit board. . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

5.8 Backlit board. . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

5.9 Backlit showing 0.10” and 0.15” traces. . . . . . . . . . . . . 84

5.10Backlit showing large traces and pads. . . . . . . . . . . . . . 85

5.11Back lit board showing drilled holes. . . . . . . . . . . . . . . 86

6.1 Bottom of PCB Test Fixture. . . . . . . . . . . . . . . . . . . . 108

6.2 PCB Test Fixture on AADE Meter. . . . . . . . . . . . . . . . . 109

7.1 RG-174 With Outer Covering Removed. . . . . . . . . . . . . 113

7.2 Tinned Segment. . . . . . . . . . . . . . . . . . . . . . . . . . . 114



LIST OF FIGURES 9

7.3 Removal of outer conducting shield. . . . . . . . . . . . . . . 115

7.4 Inner conductor tinned. . . . . . . . . . . . . . . . . . . . . . . 116

7.5 RG-316 Te�on Coax. . . . . . . . . . . . . . . . . . . . . . . . 117

7.6 RG-316 with wire stripper. . . . . . . . . . . . . . . . . . . . . 118

7.7 Variable wheel to select wire sizes. . . . . . . . . . . . . . . . 11 9

7.8 Removal of outer insulation. . . . . . . . . . . . . . . . . . . . 120

7.9 Tin small segment near outter insulation. . . . . . . . . . . . 1 21

7.10Outer shield segment removed. . . . . . . . . . . . . . . . . . 122

7.11Attached wire to outer shield. . . . . . . . . . . . . . . . . . . 123

7.12Inner insultation removed from center conductor. . . . . . . 124

7.13RG-174, RG-316 and RG-178. . . . . . . . . . . . . . . . . . . 125

8.1 Bottom of Fixture. . . . . . . . . . . . . . . . . . . . . . . . . . 128

8.2 Top of Fixture. . . . . . . . . . . . . . . . . . . . . . . . . . . . 129

8.3 35mm Canister Mounted to Lid. . . . . . . . . . . . . . . . . . 130

8.4 Starting Holes for the Coil. . . . . . . . . . . . . . . . . . . . . 131

8.5 Starting of #26 Wire for Coil. . . . . . . . . . . . . . . . . . . . 132

8.6 Finished Coil. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

8.7 Inside the Finished Coil. . . . . . . . . . . . . . . . . . . . . . 134

8.8 Leads Tinned for Finished Coil. . . . . . . . . . . . . . . . . . 135

8.9 Coil in Place on Fixture. . . . . . . . . . . . . . . . . . . . . . . 136

8.10Fixture in place on AADE L/C Meter. . . . . . . . . . . . . . . 137

8.11Measurement of Finished Coil. . . . . . . . . . . . . . . . . . . 138

9.1 SW-40+ with drilling template. . . . . . . . . . . . . . . . . . . 140

9.2 SW-40+ positioned in K5FO case. . . . . . . . . . . . . . . . . 141

9.3 DC input connector and LED. . . . . . . . . . . . . . . . . . . 142

9.4 SW-40+ with drilling template. . . . . . . . . . . . . . . . . . . 143

9.5 Back section showing DC and RF connections. . . . . . . . . 144



10 LIST OF FIGURES

9.6 SW-40+ tuning and gain pots. . . . . . . . . . . . . . . . . . . 145

9.7 Keyer and Headphone Connectors. . . . . . . . . . . . . . . . 146

9.8 Four DVMs Measured. . . . . . . . . . . . . . . . . . . . . . . 149

9.9 Heat Shrink on Probes. . . . . . . . . . . . . . . . . . . . . . . 150

9.10SWL-40+ in SWL Case. . . . . . . . . . . . . . . . . . . . . . . 156

9.11Dummy Load used for Experiments. . . . . . . . . . . . . . . 157

9.1212V Gel-Cell Used to Power Rig. . . . . . . . . . . . . . . . . . 158

9.13SWL-40+ Powered Up. . . . . . . . . . . . . . . . . . . . . . . . 159

9.14VFO Waveform at R17. . . . . . . . . . . . . . . . . . . . . . . 164

9.15VFO Spectrum at R17. . . . . . . . . . . . . . . . . . . . . . . 165

9.16VFO section of schematic. . . . . . . . . . . . . . . . . . . . . 166

9.17SWL Freq-Mite Installation. . . . . . . . . . . . . . . . . . . . 167

9.18RF point for Freq-Mite. . . . . . . . . . . . . . . . . . . . . . . 168



Chapter 1

Introduction

This document is not really intended to be printed. It is a liv ing document.
It will never be completed and it's growth is determined by th e amount of
time and effort I have to put into it. Let's allow the trees live a little longer
and stop deforestization and the killing of trees.

Some will feel that this document is too large. So be it. An aut hor
only writes to put the information into one place for safe kee ping. I am
sharing this document for those that are interested in such s tuff. My
main function is to put everything in one place and put it some where so
that it doesn't go away on me no matter what happens to my compu ter
at the hacienda.

This paper is intended to give you an overview of some constru c-
tion techniques for homebrewing. You are give signi�cant de tail on such
things as the Manhattan Style of construction and printed ci rcuit board
construction. I'll follow those chapters up by some project s when I can
do them. You can pick and choose or just sit on your lazy behind and do
nothing. This is not a spectator sport or hobby.

I recommend that you read through this document several time s be-
fore building and experimenting. You need to make sure that y ou have
everything you need before you get started. If you are like me , you hate
to start on something, be interrupted and then have to to go an d �nd
something that you are missing or have overlooked. Plan ahea d and you
will save a lot of valuable time. All the suggestions within t his article are
just that — suggestions. So feel free to add or take away where you have
something that you have learned or want to use in place of my id eas or
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12 CHAPTER 1. INTRODUCTION

tools.

I have built everything here unless otherwise noted. Someti mes I will
begin a project and document at the same time to aid me in plott ing a
course of action. I have made every attempt to avoid errors, b ut if you
should see or �nd one an email would be appreciated to avoid ha ving
someone else make an time consuming error.

I have also added a note on operating. There is a problem at the
current time. I don't know the number of so called QRPers. The number
is dwindling yearly by signi�cant numbers. There are many ca uses for
this and it doesn't do any one any good to complain. I'm as guil ty as any
one else. I spend so much time on the Internet reading and look ing for
stuff as the next guy or gal. And because of that I haven't been on the
air much in the last 7 years and my goal is to start today to reme dy that
fault. So my challenge to you is to push away from the computer and
get on the air. First build something and then put it on the air . We need
more signals so that the receivers I build and will hear somet hing being
transmitted.



Chapter 2

Photography

I know I'm going to get email asking just how I go about taking t he pic-
tures that you see here. It's not that dif�cult. We live in the digital age
and with the increase in the general world population use of c omputers
and digital cameras the demand has brought about some very ni ce equip-
ment to work with. As a QRPer and having grown up poor (so poor t hat
the cockroaches went next door to eat) I'm still frugal, but I 'll spend the
money when the urge strikes.

2.1 Camera

But you don't have to break the budget on radio equipment to get a cam-
era. All the photos you see here that are of good quality were t aken with
an Olympus D-535 3.2MP (megapixel) camera or an Olympus FE-1 40
7.1MP camera. Both purchased for under $100 at Wally*World. Bo th are
probably obsolete now, so just look at your favorite camera e mporium
and look for an Olympus camera that has the “super macro mode” . This
allows me to get within a couple of cm of the object being photo graphed.

Another reason that I like the cameras? They use AA batteries and I
use NiMH rechargables that are rated at 2000mAHr or better. I k eep two
sets of batteries — one in the working camera and the other in a charger.
Other cameras that I have don't have the super macro capabili ty and they
also use the one-of-a-kind batteries that are going to kill m y budget when
they die.

13



14 CHAPTER 2. PHOTOGRAPHY

2.2 Lights

Lighting is another miracle of modern day technology. The com pact �o-
rescent lamp (CFL) craze is driving the pricing down almost dai ly. Use the
6500K lamps or “daylight” lamps as their spectral distribut ion approxi-
mates that of direct sunlight. This helps avoid color correc tion in the
camera or having to post process the photos to make them look r ealistic.
None of that here.

I have 4 CFL lamps in a lighting �xture at the center of a sloped
ceiling in the lab and I have another 3 CFL lamps in goose-neck t ype
holders that also have a clamp for attaching to shelves or tab le edges.
This allows me to move them around on the workbench for better lighting
and photographs.

The goose-neck lamps are also translucent and thus diffuse t he light
to help eliminate shadowing in closeups, as you will see.

In Oct 2011, my lab changed from the one shown in the photograp hs
to one in the garage. I'll add photos as I get to them.

2.3 Computer Software used for this Document

This document is produced on a version of LINUX running on a quad core
AMD system with 4TB of disc space and 8GB of RAM. I am a computer
power user. I have programs that I used to do for visible and IR elec-
tromagnetic radiation in real planetary atmospheres and my PhD work.
These programs took 3.5 hours per case on a CRAY or SGI ONYX syste m
and now they only take 10 mins on a system that cost me $400. I us ed to
build computer systems in the mid- to late-70s that cost more and were
1,000 times slower. A real QRPer builds everything.....

OK. I use LaTeX for generation of PDF documents. I take the high -
resolution images from the camera and convert the to 800x600 pixel for-
mat using a program called mogrify that is available on most LINUX sys-
tems. I then have to take the JPEG images and convert them to Pos tScript
format. I use a program called jpeg2ps from the ImageMagic distribution
to convert the 800x600 pixel images to postscript and then in clude them
in this document.
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So, I do lose some resolution during all this conversion proc es, but
the results are still pretty good. You couldn't afford the do wnload of the
high-resolution photos unless you have time. And that would n't be any
fun any way.
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Figure 2.1: Package that the CFLs came in.



Chapter 3

The Lab

The K7QO Laboratory used to be a room that is 2m by 6m and was orig -
inally intended for the house HVAC system to go into, but the c ontractor
wound up putting the HVAC system in the rafters above the gues t room.
Keeps them here for a shorter period of time.

I have a workbench, made from a solid core oak door without the door
hardware holes punched in it and a un�nished chest-of-draws for parts
storage.

Now I have the door in the garage on a small wooden computer desk .
I have painted the desk and added a strip of power outlets alon g the front
to plug power tools, soldering iron and power supplies in doi ng some
work.

17



18 CHAPTER 3. THE LAB

Figure 3.1: Chest-of-Drawers.

Here you see the chest-of-drawers. Above it I have some homem ade
shelves for pill-bottles that hold parts that won't �t in coi n envelopes and
you will see later.

Changed to the apothecary drawers that I built. Now using the ch est-
of-drawers in the computer room for storage. I even painted t he drawers
also.



19

Figure 3.2: Chest-of-Drawers.
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Figure 3.3: Drawer with wire and coax.

Here is some of the wire used for winding toroids, interconne cts, and
some coax. This draw is heavy and that is why this stuff is at th e bottom.

I love the te�on stuff, both wire coating and for the RG-315 50 ohm
te�on coax that replaces the RG-174 that melts when heated an d I �nd
dif�cult to use myself.
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Figure 3.4: Bench showing right-hand side.
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Figure 3.5: Left-hand side of workbench area.

Of course, you do not expect me to keep this area this clean do y ou?
I hope not or I won't be getting anything done.



Chapter 4

Manhattan Construction
Technique

In the past decade there has been an increased interest in bas ic construc-
tion techniques and the ”Manhattan Style” of construction i n particular.
It is my hope that this chapter will bring to light some basic u nderstand-
ing of just what is involved in building with this technique. To make this
chapter of interest to all ages and building experiences I as k for your pa-
tience as I will start from the basics and work up to the more co mplex
issues.

If you have a copy of the ARRL Handbook http://www.arrl.org/
for 1995 or later, please read the chapter on construction te chniques.
It started in chapter 25, but has moved up earlier in the handb ook, so
anything here that refers to chapter 25 should be changed for the later
editions.

You will note that Figures 25.10 through 25.22 illustrate th e most
popular techniques for building circuits. In 2005 this chap ter became
chapter 8, so if you have 2005 or later note this change. You ca n use
these techniques for experimentation or for �nal component s of a rig or
for a complete receiver, transmitter, or transceiver. Thes e techniques
consist of:

� Ugly Construction,

� Wired-Traces Construction,

23



24 CHAPTER 4. MANHATTAN CONSTRUCTION TECHNIQUE

� Terminal-and-Wire Construction,

� Perforated Board Construction or Perf Board for short,

� Solderless Prototyping Board,

� Perf Board and Wire-Wrap Construction,

� Etched Printed Circuit Board, and

� Glued Copper Traces on Printed Circuit Board, which we will call
Manhattan Style Construction.

Each technique is excellent for the construction of test cir cuits, etc.
Don't let anyone whine and tell you that one is any better than the others
or that they have never gotten one of the techniques to work an d you
won't either. I have used all of the above techniques and each works.
Some techiques require more care in component placement and routing
of critical signals and voltages.

I will cover the basics of the Manhattan Style of constructio n here. I
would like to follow up this article with another using the Da ve Benson's
NN1G Mark II transceiver as a discussion for building a more com plex
design using Manhattan style construction and also as a tuto rial for just
how a transceiver works. Something that I have wanted to do fo r some
time in an advanced construction and design article.

In the ARRL publication ”QRP Classics” there are two articles that you
should read at this time if you have a copy. This book is out of p rint and
you should look for a copy at swapmeets and hope that you run ac ross
it. It is a collectors item. If you do not have a copy, then refe rence the
original article in QST either in hardcopy or on the ARRL CDs. T he �rst is
from the September 1979 issue of QST, page 30, written by Doug DeMaw,
W1FB. The title of the article is ”Quick-and-Easy Circuit Board s for the
Beginner” detailing construction using what is referred to a s dead bug or
ugly construction. To support various component leads and c onnections
that are not directly connected to ground he uses high resist or values on
the order of several million ohms. The support resistors are soldered in a
vertical position with one end to the printed circuit board a nd the upper
lead is used to hold several connecting leads. This resistor provides good
isolation from the ground point through a relatively high re sistance. This
upper resistor lead also provides a mechanical and electric al connection



25

that gives excellent mechanical stability for the �nal circ uit con�guration.
The problems with this technique are that I �nd is that you mus t have a
supply of high valued resistors (on the order of 1 megohm or gr eater) and
thus an additional cost to the completed circuit or project. I �nd that the
extra work to bind the leads together and solder them is time c onsuming
and just too tedious to get a good and a nice looking connectio n. For
my projects I �gure that if I am going to spend the time and mone y in
constructing something then I might as well do a good job and w ind up
with something that looks as nice as it works. It is much much f aster
and easier for me to make a nicer looking project using the Man hattan
Style of construction.

In the same article by Doug DeMaw, Figure 3 shows the use of pri nted
circuit board squares glued to the main printed circuit boar d. The squares
are used to solder component leads to for common electrical a nd mechan-
ical connections. This technique is attributed to Wes Haywa rd, W7ZOI,
and Wes suggested using hot glue as a �xitive to hold the pads i n place.
Comments are made about the extra care needed as the hot glue so ftens
each time a component is soldered to the pad(s). I have yet to � nd a tech-
nique that repeatedly results in equal amounts of hot glue fo r each pad.
I am not a fan of this technique for that reason and my favorite glue is
Super Glue (cyanoacrylate glue) found at hobby shops and at m any other
stores for holding pads down. And because of my fondness for u niformity
and order I prefer circular pads over rectangular or square p ads.

The other article in ”QRP Classics” is one also by Doug DeMaw fr om
the September 1981 issue of QST page 11. The article ”Experim enting
for the Beginner” has some excellent circuits including the W 7ZOI QRP
transmitter that can easily be built using the Manhattan Sty le construc-
tion technique described in this article. In fact, if you hav e been collecting
schematic diagrams and articles over the years or decades (a nd I know
you have), then now is the time to start in building them and ex periment-
ing as you have hoped to do all this time. There are two main rea sons
why I suggest you do this now. You'll collect, if you haven't a lready, more
projects than you will ever have time to build in one lifetime . Also, the
parts are much easier to �nd now. At a later time the supply of s ome
parts will disappear due to the nature of the electronics bus iness and
where it is going. And it naturally follows that the pricing w ill go up as
the vendor must reserve valuable space for storing items and they must
pass the added expense for this on to you. This increased cost of some
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items will increase your cost of doing a project.

Now for some of the history as I know it for the term ”Manhattan S tyle
Construction”.

At Dayton in May of 1998 there was a building contest sponsore d by
the NorCal QRP Club that consisted of building a complete transc eiver us-
ing only 2N2222 transistors. The idea came from Wayne Burdick, N6KR. I
was one of the judges for that contest at Dayton that year. The �rst place
winner was Jim Kortge, K8IQY, with a 40 meter transceiver comp letely
made up of only 2N2222 transistors with no IC chips to be found a ny-
where in the design. He built the rig using the Manhattan Styl e technique
and he used the phrase which his son used in college in an engin eering
program where they built this way. Since the contest at least 16 of the
K8IQY rigs have been built using the same construction techn ique and
used on the air to make contacts and the number is growing. You can
see Jim's work at

http://www.k8iqy.com

if you have Internet capabilities. It is worth the time and ef fort to visit the
site. Jim is currently working on a several versions of the sam e rig with
modi�cations and enhancements for other bands. Jim Kortge is showing
all his work online during the development and construction phases thus
giving you insight into how he does rig design and testing.
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4.1 Printed Circuit Board Material

In this section I will talk about printed circuit board mater ial and tools
for working with it to cut pieces to size for use in building ci rcuits.

One thing that you are going to need �rst off is a supply of prin ted
circuit board material. In some cities this is readily avail able from elec-
tronic surplus stores such as Tanner Electronics in Dallas, TX. Since
leaving Dallas I have grown to appreciate such places that I n o longer
have readily access to here in Prescott, but life is a series o f tradeoffs.
Radio Shack stores have printed circuit board material but y ou will �nd
it more expensive than if you can �nd it at swap meets or ask aro und for
sources locally. And then there is always the search over the Internet for
parts places. An excellent source of PC board material that I use is from
The Electronic Golmine and their web address is

http://www.goldmine-elec.com/

and look through their catalog for PC board material and pick what you
think is best for your planned projects. In the past they used to have a
large assortment in a package, but that disappeared at some t ime. Most
likely due to EPA law changes that dried up their supply of mat erial.

Here is a supply of printed circuit board material that I say i n Dayton
in 2006. Hopefully you can run across this guy or some one else at a ham
gathering. Ask local radio amateurs if they experiment or us e pc board
material at all.

It does not matter whether you use single sided or double side d ma-
terial. Get that which is cheapest for you to obtain. I found s ome double
sided board at Tanner Electronics in Dallas that is about 30c m by 60cm
in size at a good price. It has a paper type dielectric and the c opper coat-
ing is only 0.5 oz per square foot. But you don't care about the d epth of
the material for these projects. Printed circuit board mate rial is rated by
the density of the copper plating by 0.5, 1.0, and 2.0 oz per sq uare foot. I
use the 0.5 oz per square foot because it was relatively cheap and was the
only thing that was in stock. The insulating substrate may be made of
several different kinds of material. You do want something t hat you can
use a nibbler or punch on rather easily. Some of the epoxy or �b erglass
based material may require a signi�cant force on the punch to make the
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Figure 4.1: PC Board Vendor at 2006 Dayton Hamvention.

holes and pads. I use the term pads to refer to the circular mat erial that
comes out of the hole made by the punch. Any other time you woul d just
throw the hole material away. Don't do that here. We want to ke ep all
the hole material. I'd recommend that you experiment here to �nd the
material and board thickness that works best for you to make p ads. It
doesn't even have to be the same printed circuit board materi al you are
using for the substrate or area on which to build. There are no hard and
fast rules here.

Once you get the board material the �rst thing that you want to do is
to be able to cut it to the size required for each of your projec ts. This will
require some planning on your part dependent upon what tools you have.
Some builders use a hacksaw. Others use paper cutters (which will get
dull rather rapidly on most printed circuit board material) , metal cutting
scissor-like tools, or a metal shear. Again I have done all th ree and my
favorite is the metal shear. Harbor Freight Tools
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http://www.harborfreight.com/

had a combination 12” shear, brake, and slip roll which sold f or $199.95
and has a part number of 35969-1VGA. You might check with them to
see if a replacement has appeared, otherwise go to

http://www.grizzly.com/

to look at their shears. I have not tried them and you may �nd ot her
places in a search online. I know that this is an expensive ite m, but it
has more than paid for itself in enjoyment and in doing some ni ce work
on printed circuit board material that I could not do otherwi se. I have
also used it for making the �nal cases on a number of projects u sing
aluminum sheets. I'll write a section at the end of this artic le on just
how to make the case(s) from aluminum sheets or printed circu it board
material for your projects.

I have also used a metal cutter made by Wiss with part number M- 300
for cutting printed circuit board material. Be careful in buy ing this item
as there are three cutters they manufacture and this particu lar one has
orange handles and it will cut straight lines. The other two m odels are
made to cut either right or left-handed curves and that is not what you
want here. I bought my cutter at Home Depot, and it was priced a t just
under $15. I do not like using it for serious work as it leaves a small
seratted edge on one side of the double-sided board, a minor n it if you
want to save a lot of money on tools or start out slow before mak ing the
big leap and spend a lot of money on the higher quality tools us ed for
homebrewing.

IMPORTANT NOTE. No matter what technique you choose to cut the
board material be sure the �rst thing that you do after cuttin g a board
is to run a sanding block with medium to �ne grained sandpaper along
all the edges of the board to remove sharp metal edges and othe r sharp
points from the dielectric material. The formed edges of the copper can
make razor sharp edges and you want to take all the safety prec autions
that you can in working with this stuff. Please do not skip or f orget about
this step. It is very important. And please don't do something stupid like
run your �nger along the edge to see if it is sharp. You should be old
enough to know better than to ever do this. I bring it up becaus e you
need to be thinking at all times when working with tools and ma terials. I
use an extruded aluminum sanding block that I bought at a hobb y shop.
I use spray contact cement to apply sandpaper and by using the contact
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cement on one surface I can peel the used sandpaper away fairl y easily.

OK, you cut up the board to some rectangular size that you are g oing
to build a circuit on. I recommend that you also make up severa l 5cm by
5cm boards for some experiments listed below just to get an id ea of how
to work with the construction techniques described here.
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4.2 Cleaning the Printed Circuit Board Surface

In this section we come to the business of cleaning the copper plating on
the printed circuit board.

Depending upon your source of printed circuit board materia l, you
may �nd it old if it is scrap or left over material from manufac turing.
The copper plating will tarnish and oxidize over a period of t ime and this
will require that you clean it. I even go through the process o f cleaning
newly purchased board material just to remove the thin layer of oxidized
copper. The best buy I have gotten on blank printed circuit bo ards was
at Ft Tuthill a few years ago. The boards had some areas where i t looked
like they had been heated to a high temperature and were badly oxidized.
This was most likely the reason why they were surplused out or rejected
by someone. The cleaning technique discussed here does work and did
clean the material nicely.

Here is what I have found to be the best cleaning technique for printed
circuit board material. I ran a number of experiments with th e cleaning
products listed below. I went to several grocery stores and l ooked in the
cleaning supplies section and visited hardware stores and e ven antique
stores looking for copper and brass cleaners. My reasoning w as that I
needed some cleaning materials that were tested by a large po pulation,
certi�ed over a period of time to be safe by both lawyers and th e con-
sumers, and would not harm me or the printed circuit board mat erial for
my projects. I'm sure if something would do damage it would ha ve by now
been pulled from the shelves. I wound up testing the followin g products:

� Goddard's Brass and Copper Polish,

� Brasso,

� Gillespie Old Brass, and

� Tarn-X.

The product that worked the best and the one that also was the l east
expensive was Tarn-X. You should be able to �nd it in any large grocery
store chain in the household cleaning materials section. Re ad the label
carefully and completely and follow the instructions. I use a cotton ball
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and clean both sides of the board with the Tarn-X. I get the cot ton ball
wet with Tarn-X and wipe all the copper material until it is cl ean. Then
I immediately rinse with plain tap water in the sink and then d ry with a
paper towel, all the while holding the board by the edges and n ot touching
the copper surface. Do not allow the board to air dry with wate r spots as
they will leave obvious markings on the surface of the board.

You did sand the board edges, didn't you? You will always be ha ndling
the board by the edges. You will wind up with a shiny surface af ter
cleaning the boards. I �nd that it doesn't seem to tarnish too rapidly.
Just avoid touching the surfaces of the copper plating with yo ur �ngers,
etc. I have a technique also for avoiding contact with the boa rd during
construction and that is described in the building steps par agraphs. You
might also consider using 1” masking tape folded over the edg es of the
board to protect you and the board while handling it. You can r emove the
masking tape after you have completed building.

I prefer the Tarn-X as a cleaner as it is non-abrasive and work s almost
instantly upon contact. It doesn't require a lot of elbow gre ase, i.e. hard
work or exercise, to get a clean surface without additional s cratching.
We are not trying for an optically �at surface but I don't like scratches
produced by the abrasive compounds or steel wool. (Changed at titude
in Dec 2002. See below.) I would show a before and after photog raph
of the cleaning results, but the results do not photograph we ll. I'll let
you experiment on your own and determine for yourself just ho w well the
process works.

In December of 2002 I happened to pick up some Scotch-Brite (TM )
material at the hardware store. It comes in various types and the one
that you want is brown colored for the removal of rust and tarn ish from
metals. It is not expensive and it seems to last a long time for copper.
I use it to clean the board material and then use Tarn-X to add a �nal
cleaning. Then I put a very very THIN coat of clear spray over t he entire
board. I can not emphasize how thin you need to get it. You are n ot
painting this thing for show and tell.

I found that the layer protects the board and gives it a nice lo ok. And
with my 25W iron I am still able to solder the ground connectio ns without
a problem. With a bare board there was an area of discolorizat ion around
the ground solder points. But with the thin �lm of clear paint t here is no
such areas. A plus in my book. Tell them you heard it here �rst.
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4.3 Making Pads

In this section I will describe how you can make the small pads that we
will use for mounting components to the board and keep them is olated
electrically from the ground plane.

The next thing after making a board to be used for a project is t o make
up enough printed circuit board pads to use. Now Jim Kortge, K8I QY, has
excellent results making very small rectangular pads. He us es an Adel
Nibbler. Jim Kortge, K8IQY, and others saw my work at Paci�con i n 1999
and 2000 and thought that the circular pads looked good and wo rked
well.

Harbor Freight Tools has a 2,000 pound punch kit with part num ber
44060-1VGA. It now sells for $17.99 and again I happened to ca tch it on
sale when I bought mine and you can watch for sales from them. I t con-
sists of the punch with dies for making 2.38, 3.18, 3.97, 4.76 , 5.56, 6.35,
and 7.14 mm circular punches in metal or in this case printed c ircuit
board material. I started with pad sizes of 4.76mm but now hav e settled
on the smaller 3.18mm pad size. This size works best for me in s aving
room on the board, getting components closely spaced, and st ill large
enough to easily solder several component leads to during co nstruction.
Remember that by pads I am referring to the material punched o ut of the
printed circuit board, i.e. the circular sections that pop o ut of the punch.
Also for using integrated circuits (and I always use sockets ) with these
sized pads, you can only do the corner leads (due to spacing) i n what I
call the ”lunar lander” con�guration. Probably for this rea son alone a lot
of people will tell you to go with the nibbler and the rectangu lar pads so
that you can use pads for each of the leads. You can go with rect angular
pads for the ICs or sockets and circular elsewhere but I just ta ck solder
to the remaining leads of the socket with pads only on the four corners
used to hold the IC socket to the printed circuit board, and th is works
well for me.

Now I made a modi�cation to the punch that you may or may not
want to try. I found that with the printed circuit board mater ial I use,
when I punched out the pads using the punch and dies, several t hings
happened. There is a small raised point centered in each punc h. This
point holds and keeps the material being punched from moving laterally.
The raised point made the pads concave and it also caused the c opper to
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Figure 4.2: Harbor Freight Punch.

develop a �ne hairline crack on one or both sides in the copper plating.
I used an ordinary metal �le and removed this center raised po int. By
removing the point the pads now come out rather nice and �at. A gain,
you may not want to do this as this is a permanent modi�cation t o the
tool parts. Experiment with one of the punches. Try one punch size be-
fore and after this modi�cation and see which con�guration w orks best
for you. If you don't like the results, then you have only made one modi�-
cation to one of the punch sizes. You might want to use the smal lest size
to experiment with �rst as it will be the least likely candida te for making
pads.

Another thing that I bought at Harbor Freight is a 5” drill pre ss vise.
(Part number P31000 from Harbor Freight and again it is in the $15 price
range, the same as the punch.) It is both heavy and sturdy and s its right
on the desk top while in use and stores away in a relatively sma ll space.
I prefer it for most small work over a portable vise that clamp s to a desk
edge. I use this for holding all kinds of things while sanding , �ling, etc. In
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using the punch to make printed circuit board pads I sometime s found it
required considerable pressure. By putting the punch in the v ise, I could
exert more pressure and move along the printed circuit board material
faster, thus punching out more pads in a shorter period of tim e. It is just
something that I do, and you may want to wait on this purchase o r use a
vise that you already own.

Figure 4.3: Harbor Freight vise.

What I do is get some board material that is going to be large en ough
for me to make a hundred or so circular pads of the desired size . I make
every attempt to cut the pads as close as possible to reduce th e waste of
board material. You have to practice to �nd the technique and procedure
that works best for you. Be sure to clean this board material be fore you
start in making the pads. This will make the pads nice and clea n and
shiny and easier to glue and to solder.
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Figure 4.4: Vise and Punch combo.

In the photograph showing this setup you will note that I use a small
plastic container to collect the pads as they are punched so t hat I don't
have to chase the little critters all over the desktop and �oo r. Been there.
Done that. Also note that one or two pads may still be in the pun ch when
you �nish, so check before putting the tool back into its case for storage.
I punch up a batch of pads at one time to maximize the number tha t
I can punch for time and effort expended in setting up the tool s. The
plastic container is just a simple butter container that has been recycled
for such use. I store left over pads in a pill bottle for later u se.
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Figure 4.5: Vise and punch setup for punching pads.

Here is a photo of both rectangular and circular pads. The rec tangular
ones were made from sheared board material and then cut with a Wiss
cutter. That's the reason for the serrated edges which will b e hidden when
glued down and tinned.
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Figure 4.6: Rectangular and Circular Pads.

4.4 Mounting Pads

In this section I will describe the technique and glue that I u se for mount-
ing the pads to the printed circuit board.

Now after reading this article some people may consider me che ap.
That is not the case, but sometimes I �nd that bargains are wor th get-
ting. Besides Harbor Freight I like to visit the everything-f or-a-dollar thrift
stores. They have some unusual stuff that might come in handy . I use
their notebooks for keeping journals, logs, and QRP experim ental note-
books. I also buy my super glue there for single tubes and some times two
tubes for a dollar or less. Super glue does the best job for me o f installing
pads on the printed circuit board. Read the label on the glue a nd always
be careful. Wear glasses or goggles at all times. A large numb er of us
have seen discussions go on and on for threads on this topic on QRP-L.
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Super glue is just that, a glue, and every precaution should b e used in
applying it to the board, etc. I just love the stuff and if you e xperiment
you can make a neat joint for the pad. I apply the glue to the pri nted cir-
cuit board at the point where I want the pad to go by placing a ve ry small
drop there. With care you can get the same size drop in the exac t place
you want it every time. Don't rush and don't use too much press ure. I
hear the urban legends about mistakes and you don't want 35 ho urs into
a big project lost due to a slipup on your part. Again, read the labels and
be careful. I keep Acetone handy to clean up as needed.

Some people will recommend that you go to a hobby shop and buy
the large bottle of super glue that you can �nd there. I �nd tha t they are
expensive and am concerned about the shelf life of the stuff. Keeping it in
the refrigerator (which may be dangerous if you have childre n) is recom-
mended by some people. Also note that you buy the glue in diffe rent set
up speeds — instant, regular and slow. These speeds give you d ifferent
times in which to move the materials being glued together. Yo u can ex-
periment if you wish and decide which you prefer. As I say — edu cation
is expensive no matter how you get it.

I glue the pads as I make progress on the project. There is no ne ed to
get too far ahead as your placement and circuit details may ch ange. I use
the ”build a section and then test it procedure” in a lot of my p rojects. By
only placing pads as I go I do have the opportunity to modify th e circuit
and the layout on the board before it becomes too crowded and I don't
have room to make the changes that I need. Some builders prefe r to go
ahead and lay out a project completely and do all the pads at on e time
to reduce time in setting pads and working with the glue. What you do
is dependent upon your experiences and the techniques that y ou have
developed or learned.

For pad removal if the pad is placed incorrectly or you change a circuit
you can ”pop-a-pad” (tm de K7QO) with chain nose pliars with p ractice
and clean the spot with Acetone. (Again for dangerous chemic als read
the label and do it outside and upwind from the fumes. Acetone is highly
toxic and volatile/�ammable chemical found at any paint supp lier.) Just
use the pliars to hold the pad and the rotate/twist it in place t o break
the glue bond. Super glue does not have a good shear strength a nd can
easily be removed in this manner. Because of the Young's modul us you
can not just pull it off — that is why the guy with the hardhat in the
advertisement is being held up below an I-beam.
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I am hoping that you are reading this article through several times be-
fore you rush out the door and start buying stuff. While you ar e in Harbor
Freight for the shear and punch ask them about item #32279. Th is is a
$5.99 set of six tweezers that I just love to use not only for pl acement of
pads but for picking up parts while building a kit and for retr ieving parts
dropped into a crowded board or case. You'll see what I mean af ter you
get the set and use them for a while. You'll feel like a brain su rgeon with
a �ne instrument. You can also �nd similar tweezers at some su rplus
vendors at hamfests like Dayton and HamCom. The tweezers are m ade of
stainless steel, have very very �ne points, and the super glu e should not
stick to them. Keep them out of the reach of children, please.

I locate the spot on the printed circuit board where I want a pa d to go.
I then place a very small drop of super glue centered on the spo t. I then
use the tweezers to pick up a pad from my supply of pads and plac e the
pad at the spot on the board. I GENTLY push on the top of the pad to
seat it in the location I want and then hold the pad in place for about 5
seconds or so. The glue sets rapidly, but don't play here and t est to see
if the pad will move. If you haven't waited long enough, it wil l move and
then you'll have a mess on your hands. Just be patient as the rew ards
are great. You'll get the hang of this after a few pad placemen ts. I do put
the pads with the smoothest side up.

After another 15 seconds or so I then take the soldering iron a nd
solder and tin the pad. I use just a little bit of solder. This p rocess does
two things. It pre-tins the pad for later soldering of compon ent leads
to it. It also helps ”cure” the super glue under the pad and sol idify the
structure. Be careful not to use to much heat here and cause a po rtion
of the super glue to vaporize. The fumes are not good for you. I use a
small 12 cm by 12 cm computer fan (115VAC at 8W) near the work ar ea
to draw the fumes away from me and the work area. It is quiet and I have
the soldering iron and the fan on a multi-outlet switched set up so that
I can turn everything off with one switch. This keeps me from l eaving
the soldering iron plugged in and on for days at a time. Been the re, done
that. Don't have the fan blowing air across the work area unle ss you need
the additional cooling during the summer months. Make sure t hat even
in this con�guration the fumes are not blown in your directio n.



4.5. IC PADS 41

Figure 4.7: Two circular pads glued down.

4.5 IC Pads

If you are going to do much Manhattan Style building, then you probably
will be using integrated circuits in your work. I have used a t echnique
called the ”Lunar Lander” that involved placing round pads at t he four
corner pins of an IC. Jim Kortge, K8IQY, uses square pads and I ma de
up some using another technique shown below.

I went to Home Depot and bought two boards shown in the next pho -
tograph. I chose Poplar as it is the cheapest and the total pri ce of the two
boards was $2.97 US. If you are a wood worker you may use what ev er
you have on hand. In fact, if you have a router you can think of w ays to
do this with one piece.

I simply used a mitre box and saw and cut one wide piece to a leng th
of 15cm and two of the narrow pieces also 15cm long. Using wood glue,
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Figure 4.8: Wood Pieces.

take one of the small width pieces and glue it to one side and ni cely
matched along the edges. You can sand later if there is some va riance,
but it is not necessary.

Now cut a piece of PC board to the width that you want the IC pad to
be. You made need to experiment in this area. I personally lik e 1.5cm for
the Manhattan pad. Using this piece glue the other board sepa rated from
the �rst by the width of the PC material. Allow just a little ar ea so that
the PC material isn't too dif�cult to slide back and forth in t he ”canyon”
like area between the boards. You don't want it too loose. I al so cut a
piece of vector board with 0.10 inch spacing on holes to the sa me width.
This material is used to prototype computer and IC type circu its. We will
be using this to measure 0.10 inch spacing on lands on the pad.

Now you should use a mitre saw with a very very thin blade. The on e
that you used to make the pieces will not do, so some expense in volved
here at the hobby store. Using the blade with a right triangle make a
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Figure 4.9: PC and Vector board �t.

cut at right angles to the ”canyon” about 2 cm or so from one end of
the boards. You are making a mitre board for making IC pads. I s lide
my vector board material into the canyon and matched it to one end and
made the mitre saw cut even with the end, but I recommend you do not
cut at the midpoint but close to one end but not too close. Look a t all my
pictures and you can see what I mean. Use a push pin like you use at
the of�ce and put in one of the holes and into the board materia l about 1
cm from the opposite end from the blade. Look at the picture.

With this setup I can now (holding the vector board down gentl y) re-
move the pin, move the vector board one hole away from the blad e then
reinsert the push pin. Now by moving the PC board against the ve ctor
board and making a cut down through the copper material I can m ake
pads spaced 0.10 inches apart. Do as many as you need for sever al pads.
Then I use the shear (you can use cutting tools of your choice) to cut the
material for 8 pin sockets or 14 pins etc. Here is a series of ph otographs
showing the steps. This one doesn't look real pretty but you g et the idea.
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Figure 4.10: Fitting.

Make a few for practice and yours will look a lot nicer than thi s one. Af-
ter you make the 8 pins pads, cut a double wide path at right ang les to
the other cuts. Other wise you will opposite pins shorted to e ach other
and that just won't work. :-) Hints. One: use an ohm meter to ch eck
for shorts after you do this. Don't skip this step your will wi ll generate a
lot of headaches for your self later. Two: you might want to ti n the pads
before glueing it down to the PC board material.

The total cost of materials $2.97 US not counting time and gas .

OK. Here I am back to make three more IC pads. First cut all the l ines
across that I need.P
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Figure 4.11: Multiple cuts.

4.6 Soldering Technique

In this section let's take a look at soldering and soldering t ools and equip-
ment as used at the workbench of K7QO in beautiful Prescott, A Z.

Now the ARRL Handbook has some excellent information on solde ring
and the equipment needed, but I have my own way of doing things that
have worked well for me over the years. Thank you for allowing me to
share them with you.

First of all, you do not need to spend an arm and a leg for a solde ring
iron. Yes, I know that the soldering stations sell for big buc ks and are
worth every penny spent on them. But, I have built over 125 kits in the
last 7 years and built a lot of test circuits and odds and ends. All of
this I have done with a simple Weller soldering iron model num ber SP-
23. The soldering iron can be found in the tool section of Home Depot.
Mine is a 25W iron with an Ungar tip (PL-823) that is also no long er being
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Figure 4.12: Final pad.

manufactured, but there is hope that you might �nd one in your searches
through the piles of stuff at Dayton and other swap meets.

Why do I like the tip? It has not degraded over the years with pi tting,
etc. It has a �ne enough tip that I can do the smallest of solder ing and
it has �at surfaces large enough to provide both the surface a rea and
thermal area to coat the thermaleze wire being used in most ki ts now for
toroid windings.

I bought a Radio Shack soldering iron stand at a hamfest somew here
and I think I paid $2 or so for it. It is the one with the small met al ”sink”
that holds a sponge. What most people do is have the sponge wit h a small
amount of water to clean the tip of the soldering iron from tim e to time
while working with it. You simply swipe the tip of the iron acr oss the
sponge and the process removes excess solder and �ux on the ti p of the
iron. I dislike this physical process for two reasons. First of all it cools
the tip slightly. Also the sponge tends to trap a glob of solde r (like that
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Figure 4.13: Tinned pads.

high tech talk?) and then sling it in my direction while it is s till molten
and hot!! I consider this dangerous and an unpleasant experi ence when
it happens.

So what I do is the following. I always solder with blue jeans o n. I
recommend that you never solder while wearing short pants si nce you
might drop the iron or something that is hot onto one of your le gs. While
soldering, I use a dry heavy or thick washcloth that I bought a t a Wal-
Mart or Target store. I place the wash cloth across the right p ants leg as
I am right handed. While soldering and when the tip has �ux res idue or
too much solder on it, I just drag the soldering iron tip light ly across the
wash cloth to clean it. I have been using the same cloth for ove r a decade
with still no holes in it. Of course, you can't use it for anyth ing else!! I'm
sure some one will rant and rave about this, but I �nd it does a g reat job
of cleaning the tip and it doesn't cool it down.

Each of us has his or her supply of favorite solder. Jay Bromley,
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Figure 4.14: Sockets soldered to pads.

W5JAY, in Ft. Smith, AR, gave me a one pound supply of Kester Sol der
with the following info on the top — CAT 24-0062-0018 with diam eter
0.025”, Core 66, Flux ”44”, and alloy SN62. This will be 62/36/2 me aning
that it does have 2% silver content. It has a low �ux residue an d you don't
have to clean the work after soldering. I built a K2 using this solder, and
with the silver the contacts almost look like miniature mirr ors — they are
that shiny. This will be my solder of choice for everything th at I build
from now on. You can get this solder at Mouser and most other pl aces.
Also Kester CAT 24-7150-8800 which is 0.031” diameter solder .

OK, we have the iron hot, the solder, the cleaning rag and we ar e ready
to go. What I do when soldering is I use what I call the ”3 second rule”.
I do everything that I can to melt the solder and make the conne ction
in about 3 seconds or less. I do not want to overheat any compon ent,
as some may easily be damaged internally or externally due to excessive
heat. Manufacturers may specify a maximum component temper ature
for 2 seconds that if exceeded may cause permanent damage to t he part.
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I usually place the solder between the solder joint and the ir on. I also
attempt to get a good physical contact between all three item s at the same
time. I know what the books say and this is in disagreement wit h most,
but here is my reasoning. (Remember I have a PhD in Physics.) T he
solder will melt almost instantly. The heat from the melted s older and
its ”wicking and coating” on the lead and the pad with rapidly distribute
heat, coat the parts, and then I can quickly get the iron off th e area and
allow it to cool rapidly without conducting a lot of heat alon g the lead to
the component, thus keeping it relatively cool the whole tim e. At the time
you touch the solder and component lead with the iron start co unting
1001, 1002, and then 1003 and remove the iron. After a little e xperience
doing this you don't have to count. You'll know when the feel i s right.

Also, during this three second period, feed just enough sold er to make
the connection and give enough material to make a solid mecha nical joint
when it cools and to also have good conductivity electricall y. Don't put
too much solder so that the connection looks like it has a quar ter pound
of lead on it. I assure you that the connection will hold just a s well
with a small amount of solder as it will with too much solder. I always
strive for neatness on the �nished piece. I just hope the acco mpanying
photographs for this article will show just what I mean.
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Here is a photograph showing some of the tools that I use almos t daily.
They are in order from left to right: tweezers from Harbor Fre ight, the
extruded aluminum sanding block, Kester solder, solder iro n station on
its side behind the solder, the Weller soldering iron with Un gar tip, chain
nose pliars (note the �ner tip than needle nose pliars), Exac to hobby knife
with #11 blade, and Sears diagonal cutters (4.5” Craftsman #4 5171). The
ruler is a little over 15cm in length for comparison.

Figure 4.15: Picture of tools.
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4.7 Practice Exercise #1

OK. We are now at a point where you should be able to do the follo wing
exercise and apply the techniques discussed so far. Get the t ools and
materials together. It is my hope that you won't put off this s eries of
exercises and bulding projects. I fear that you won't ever ge t to them
otherwise. You will need the following items:

� Printed circuit board material,

� shear or cutting tool for straight edges,

� punch or nibbler,

� Tarn-X and cotton balls,

� solder iron,

� solder,

� super glue,

� and tweezers.

First cut up a couple of small pieces of circuit board. One wil l be used
to make pads and the other we will mount the pads upon. I'd make them
both about 6cm by 6cm or so. This doesn't have to be exact as we a re
just practicing here. Don't waste too much material and hope fully this
exercise will prevent expensive errors later on.

Next sand the edges of both boards to prevent injuries due to sh arp
corners and edges.

Now take the Tarn-X and clean both boards as outlined in the app ro-
priate section earlier in this article.

Use one of the boards with a punch or nibbler and make up a coupl e
dozen or so pads. I recommend that you make up about half-a-do zen
each of the different sizes if you are using the circular punc h. This will
give you some experience on making the pads, getting them glu ed to the
board, and give you a feel for what each size looks like and how much
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area it takes up. It will take time to change the punch size, so you have
to study just how to do this and read the instructions.

Now take the other board and with a pencil and ruler (oops, not o n
the list, but you have those) and make a nice grid on the board w ith
equally spaced horizontal and vertical lines. Make enough i ntersections
of lines whereby you can mount pads at these points and have so me room
between them. Maybe 10 to 16 points will do nicely.

Take the super glue and place a small dot of glue at one of the in ter-
sections. Follow this up by using the tweezers to place a pad o n top of the
dot of glue. I use the tweezers because I know what will happen if my �n-
gers touch the board, the pad, and the super glue simultaneou sly!!! Try
to center the pad the �rst time you place it and use just a littl e pressure
to set it in place. You can now do all of the remaining pads at on e at a
time or do them separately one at a time. And since this is a tes t case
you may want to experiment with different quantities of glue for the dot
and look at the effect.

Now that we have the pads in place, let's tin each pad. Using the
soldering iron and solder, put just a small amount of solder o n the top
of each pad. Experiment here to see what soldering technique s give you
just a small amount of solder that covers the top layer of the p ad and
looks nice and smooth and shiny. I put the solder on top of the p ad and
then put the soldering iron on top of it to melt and cover the pa d at the
same time. Feed just a little solder after the �rst portion me lts to get the
amount that you want. Take about 3 seconds to do this.

After doing this take a magni�er and look at your work up close and
personal. Now take a multimeter and check to see that there is n o short
between each pad the the board layer which will be the ground p lane.

If you want to experiment further, see how close you can get tw o pads
together without a short between them. How about a triangula r con�gu-
ration with three pads as close as possible for transistors?

Now set this board aside until the next exercise. Here is a phot o of my
results for this experiment.
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Figure 4.16: Pads glued to board.

4.8 Pads, Nodes, and Interconnection Capaci-
tance

In this section I will discuss how to use the pads for common co nnections
between components.

In order to build a complete circuit using the Manhattan Styl e con-
struction you use the pads glued to the printed circuit board . You �gure
out where to put the pad. You glue it down and tin it. Then you so lder the
leads of the components to the pad that are common to that conn ection
point. These points in a circuit diagram are called nodes. I' ll give you
some pointers on how to determine how many pads you will need i n a
moment.

I knew this was going to happen on QRP-L when the Manhattan con -
struction discussion started up after Dayton and the discus sion has been
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brought up since then. Someone always has to ask the question of just
how the capacitance between the pad and the ground plane effe cts the
circuit and should you worry about it. My answer is a resoundi ng no.
Please do not worry about it. There many more important issue s that
come up than to worry about the small amount of capacitance du e to a
pad.

I took several pads, tinned both sides (I am using double side d board
material) and added small wires to make up capacitors. I meas ured the
capacitance with a Almost All Digital Electronics L/C Meter II B http://www.aade.com/ .
If you do not already own one of these instruments, then you ne ed to con-
sider purchasing one if you are going to get serious about con struction
and experimenting in general. It is the most useful piece of e quipment
that you can own other than a DVM. With this meter I measured 0. 58pF
capacitance for the 4.76mm pad and 0.49pF for the 3.18mm diam eter
pad. I then super glued a 4.76mm pad to a small piece of printed circuit
board. I measured a capacitance of 0.37pF for the resulting s tructure.
OH, you say. Why is the capacitance smaller for this con�gura tion? Well,
look at it this way. You have a capacitor made up of the two copp er layers
of the pad. You then have a layer of dielectric material made u p of the
super glue and then another layer of copper for the printed ci rcuit board.
This con�guration makes up two capacitors in series and the t otal capac-
itance is thus reduced. If this doesn't mean anything to you, then look
at pages 6.7 through 6.11 of the ARRL Handbook. It will come to you, I
promise or send me email. And sometimes when you solder the pa d to
the ground plane the metal will make contact and the capacita nce will go
back to that of the pad. No biggie IMHO.

The factors that make up the capacitance vary due to material type
and thickness of the board material. You should be getting va lues on the
order of 1pF. This isn't rocket science.

OK, how about wires that are close to the board between nodes. Does
that capacitance amount to a large value? No, it is not too grea t an ad-
dition to the distributed capacitance of a circuit. I leave i t as an exercise
for the student to build up a test circuit to measure this. If y ou have
two pads separated by some distance and a wire, say #28 magnet ic wire,
for an interconnection between the pads (and you will be doin g this from
time to time) then you add the capacitance of the two pads and t he ca-
pacitance between the wire and the board. I can do the physics for you
on this, but that is beyond the scope of this article. Trust me .
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4.9 Circuit Layout

In this section I will mention the use of the schematics to det ermine board
and circuit layout.

When you get ready to build a circuit using the Manhattan styl e you
have to get all the parts together and the schematic and then s it down
with pencil and paper and do a layout of where you want things t o go
on the board. I usually �nd that if a schematic is well laid out I can
usually build going left-to-right in the same order as the sc hematic. I'll
do the NN1G transceiver from the January 1994 issue of the QRP ARCI
Quarterly http://www.qrparci.org/ and the 1995 issue of the ARRL
Handbook in detail in the next article. I think that it is an ex cellent
project, the rigs work well, and it can easily be laid out in a s mall area.

From the schematic you can determine the number of pads neede d
from counting the number of common points for components. Al l dots
that are connected by a single wire usually are done with one p ad unless
there are too many component leads to �t on a single pad and/or t here is
some physical distance between the connecting leads. You ca n get a good
estimate without too much effort. Practice will improve you r guesses.

Using the schematic and a pencil and paper you can roughly ske tch
out the logical areas of the schematic (VFO, IF �lter, ampli� er stages, etc.)
and how they connect. Watch out for large components like IF c ans and
other things that take up a large area.

If you have never built anything ugly style or Manhattan styl e, then by
all means start out with simple projects �rst. You have to lea rn to walk
before you run. I don't recommend you attempt a receiver or tr ansceiver
as your �rst project although a number of people have success fully done
so with the K8IQY 2N22/40 transceiver but they had the Winter 19 98
issue of QRPp with illustrations done by Paul Harden, N5AN. And some
used the Arizona sQRPion board layout with silkscreened pad and parts
locations. If you are on your own and doing something that may be no one
else has tried then do a lot of work up front doing the physical layout. It
will greatly reduce your chances of failure and disaster.

Here are some things that I recommend you check for building a
project. This list is by no means complete and you should use i t for
some starting ideas.
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� Get schematic,

� get parts,

� decide if project will �t on one board,

� if project is to go into case what connections and controls ar e needed
and where do you want them to go,

� make a rough diagram of layout by logical stages of the circui t,

� approximate area requirements for each section,

� how do the stages interconnect, and

� do a �nal examination of your design and adjust for obvious pr ob-
lems that might occur.
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4.10 Building and Testing

In this section we will look at some things to consider during the con-
struction phases of your project.

Hopefully at this point you have your work area cleared out an d ready
to start in building. What I do is take a printed circuit board slightly
larger than what I think is needed for the project. You don't w ant to
underestimate here. I usually start in the upper left corner and work
left-to-right. Now here are a couple of tricks that I use. I lea ve about 2cm
edge both from the left and the top edges of the board. If I have a need
for additional room then I can use this space but only as a last resort.
You may need this room for clearances when mounting the board in a
case for controls and connectors mounted on the case. If I don 't need the
board space, then I remove it carefully with the shear. I use a cloth to
place the board on while I'm working. I have a portion of the cl oth folded
over the top of the board and to just below the area where I am wo rking.
I can rest my hands on the cloth and not touch the board while I a m
placing parts and soldering. It keeps the unused portion of t he board
from getting �nger prints, solder spatter, etc. while I work . I thought
about using masking tape to cover the board and then peel as I g o, but
that can get messy if I leave the tape on too long, but you might want to
experiment with this technique.

Now also keep in mind that you should be now thinking in three di -
mensions. I mount many components 'on end', i.e. one lead sol dered
either to a pad or the ground plane and the other end to another pad.
Same with most of the components that have the leads on the end s or
what is called axial leads. There will be times when the dista nce between
pads requires that you have a component in the horizontal pos ition. If
you like the current trend in using board mounted connectors , then by all
means use the same components and mount them to pads on the boa rd
edges. For this you'll go ahead and mount the components near the edges
instead of leaving room. You just have to be sure to carefully plan your
layouts for this. You reduce your margin for error here. Be sur e to plan
more carefully and take more time in the layout.

You can take some 1/4W resistors and some other components tha t
you aren't going to be using or old parts and practice mountin g them on
the previous board we did. What I do is take the resistors that I mount in
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a vertical position and mount them so that the color code band s are at the
top. This makes it easy to read them after the circuit is compl ete to check
for errors, and you will be doing this. The lead that goes on th e bottom
end I bend at 90 degrees about 2mm or so from the body of the part . I
then take the chain nose pliars and form a half-loop at the top so that
the lead now comes down parallel to the body of the resistor or whatever.
Now, if the component is to go to two pads the bends are at the sam e level.
Otherwise, the lead that goes to the pad is shorter than the le ad that is
soldered to the ground plane or printed circuit board by the t hickness of
a pad. I am fussy about trying to get the component perpendicu lar to the
board most of the time. At least close enough for government w ork as
they say. When you get completed with a project this gives the �nished
product a beautiful sense of symmetry and alignment.

Figure 4.17: Three different resistor mounting schemes.

Another thing about the three dimensional aspect of buildin g. Some-
times you can reduce the area by placing one component over an other.
Been there, done that. Always be thinking ahead and what if you place
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one part before another and is there some physical positioni ng that min-
imizes the area but doesn't compromise chances of RF couplin g. Also
routing wires from one point to another I prefer going parall el with the
board edges and I don't mind going under components in the rou ting
process. Just be careful of paths that are near RF circuits and may pick
up stray signals and cause unwanted feedback. For critical R F and signal
paths over long distances I will use 50 ohm te�on coax for inte rconnec-
tions from point to point. Also remember that if one section n eeds to
be isolated electrically from another, then a small piece of PC board ma-
terial may be soldered at right angles to the ground plane bet ween the
sections. Even ”rooms” with four walls can be constructed fo r VFO sec-
tions, etc. With a shear this becomes very easy to do. And you c an cut
”mouse-doors” on the bottom to route coax or other connectio ns if you
plan ahead. The term ”mouse-doors” is a K7QO term in referenc e to the
holes in the walls you typically see in cartoons for mice.

I make an extra copy of the circuit diagram just for building. As I
solder parts I will mark the schematic with a yellow high-lig hter. This
marks where I am in the building stages if I need to put the work away
for a small time and it also serves as a check to make sure that I do not
leave anything out. As you near completion you'll see that th ings can get
crowded and it is easy to miss something.

On the schematic there are many connections that are ground p oints
and are indicated by the ground symbol (the rake looking symb ol in most
books and diagrams). You just solder that lead directly to th e printed
circuit board for these. Sometimes in a diagram you'll see a n umber of
leads tied together and then to ground. Don't do that. Just sol der each
lead individually to the ground plane and in most cases they d o not have
to be that close together. One signi�cant advantage that Man hattan con-
struction has over other techniques is that because of the la rger ground
plane the problem of ground loops is reduced due to very low in ductance
of the ground plane.
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4.11 RF Probe

In this section we will build a simple circuit to gain experie nce before
taking on more ambitious projects.

The �rst thing to build is an RF probe. Go to the ARRL Handbook t o
page 26.9 and look at �gure 26.9(C) for a voltage doubler circu it. Don't
use the entire circuit. All you need is C1, C2, D1, and D2. The AC
input will be the RF input and the point at which D1 and C2 meet wi ll be
the positive DC output. Eliminate R1 and R2 from the circuit. The values
here are not too critical and you can experiment with this. Us e something
like 0.1uF or smaller for C1 and something like 0.47uF or large r for C2.
For D1 and D2, use the same diodes either Ge or Si. I used some su rplus
printed circuit board leaded diodes that I got surplus somew here and of
type 1N4148 or 1N914 silicon diodes.

I won't go into the nitty-gritty details here, but you need th ree pads
and just a small segment of printed circuit board. I have a pho to of my
�nished probe below. Because the leads were short I mounted th e diodes
horizontally. D1 is between two pads and D2 is soldered to the center
pad and the other lead soldered to the ground plane. You can wi th longer
leads mount the diodes in a vertical position. The probe will work the
same with either con�guration. Build two and check it out if yo u want.
I'll wait.

I have a Ballantine RF probe that I purchased for $10 at a Livermo re
Swapmeet on a trip to CA when I was working. I happened to be in th e
San Jose area the weekend of the Livermore meet and the NorCal meet -
ing. This probe came sealed in an aluminum pouch with all kind s of
military part numbers, etc. Probably cost the tax payers a fe w hundred
dollars. I compared my readings with the RF probe built Manha ttan style
and the Ballantine probe and got the same results to over 40MHz . The
one shown in the photo probably cost me about a quarter. The co mmer-
cial probe is nice, but not everyone can �nd such a great deal. Besides,
in the building of HB gear you can take extra pride in using som ething
that you personally built and can repair. Speaking of repair . You will be
repairing this probe if you attempt to measure RF levels of se veral volts or
more because the current levels through the diodes will exce ed their lim-
its and destroy them. Use this probe only for small signal lev el tracing.
I tested the probe with an HP constant voltage generator from 100KHz
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Figure 4.18: RF probe schematic.

to 100MHz and from about 1MHz to 50MHz the probes work well. Th e
upper and lower frequency limits have some known issues, whi ch I don't
have room here to cover.

Now since I am writing this article without knowing just how mu ch
your budget allows for test equipment and how much you alread y own
and use I will assume that the audience is just starting out. Y ou will
need a general coverage receiver or a frequency counter late r on.

OK, let's now build a crystal checker. For this we will need a f ew more
parts than before. You will need 39K and 1K 1/4W resistors. Capa ci-
tor values of 680pF, 150pF and 56pF in disk or mono and two 0.00 1uF
caps and two diodes 1N4148 or 1N914 silicon or 1N270 in germanium .
You will also need a 9V battery connector and a NPN transistor l ike the
2N2222 plastic transistor, meaning that the case is plastic. I use two pins
from a machined Augut socket for connecting pins to hold the c rystal un-
der test. Here is the circuit diagram and the photo on my �nal w ired
circuit. Note just how small the circuit is doing the Manhatta n construc-
tion vs. the printed circuit board. Note that I use two pin lead s for the
connecting points for the DVM and the frequency counter.

This crystal tester is your basic Colpitts Oscillator with a v oltage dou-
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Figure 4.19: RF probe layout Manhattan style.

bler. The output voltage from the voltage doubler can be used to get an
idea of the crystal activity, i.e. just how well it resonants , with an in-
creased voltage meaning high activity. I use this circuit wi th a frequency
counter to match crystals for IF �lters. It works well and it i s very cheap
to build.

I use this critter quite frequently for testing unmarked cry stals and
crystals in kits to match them more closely. You will �nd it qu ite handy.
Because it comes out so small (and you don't have to make yours l ook
just like mine) I have to take care in putting it up somewhere s o that it
doesn't get lost in the clutter on the workbench. Here is a pho to of a
similar crystal checker from the G-QRP club kit and the HB Man hattan
style crystal checker. You can see how much less room a circui t will
occupy with this technique.

4.12 Final Housing for Projects

In this section I will talk about how I install �nal projects i nto homebrew
cases.
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Figure 4.20: RF probe built Manhattan style.

There are many ways in which to house a �nal project if you so ch ose.
I will not even attempt to start describing all of the ways, bu t choose to
discuss the making of aluminum shells similar to those manuf actured by
TenTec and others. Using printed circuit board material to m ake enclo-
sures works and it is a good way to go also.

What I do is make two u-shaped shell from 0.040” aluminum shee t. I
make a paper pattern for each half of the enclosure and tape th em to the
aluminum sheet. Then using the shear I cut the two rectangula r pieces
to size, usually from a single sheet of aluminum. I then take a �le and
smooth all the edges.

And then taking the brake portion of the Harbor Freight combo , I very
carefully make 90 degree bends along the lines that I have dra wn on the
plan and then make sure that the two pieces match. So far I have been
lucky and haven't made any mistake whereby I had to redo one of the
halves. If you do, save the ”bad” one for use later in another p roject and
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Figure 4.21: Crystal checker.

you only have to make the matching half.

Once you have the two halves you need to make an L-shaped piece
that is used to hold the two halves together. I use brass stock that I buy
at the hobby shop. I cut and bend using the shear and brake to ma ke
a small L-shaped piece. You can then use a tap to make threads fo r the
size screws that will hold this piece to the bottom half of the case and the
screw that will hold the top half in place and also allow you to remove it
for whatever reason. Mouser sells these premade and threade d as part
number 534-621. See their catalog online for details and pri cing.

Then you drill the holes in front and back of the case for the co nnec-
tors and controls after carefully measuring and marking for each. You
could do this before you bend the aluminum and be able to use a d rill
press to due careful work. Carefully sand both halves and then clean
with any cleaner you choose to eliminate �nger prints and dir t and grime
from the surface. Now I personally choose not to prime the surf ace. I
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Figure 4.22: Crystal checker layout.

have been using some paint from Wal-Mart that costs $0.98 for the reg-
ular and $1.49 or so for the satin �nish. The brand name on the p aint
is ColorPlace and it is an indoor/outdoor paint. I like the resu lts of the
satin �nish in the royal blue color. The TT2/MRX transmitter- receiver
combo that I won �rst place at Paci�con with was painted with o nly one
coat of the paint. Otherwise, I'd have been drying the paint o n the trip!! I
was that close to the deadline on the project.

I use press-on lettering from the hobby shop to label the cont rols. If
you put a clear coat of Krylon or other paint be warned that the paint will
most likely attack the lettering and cause it to wrinkle. Go g ently and get
advice from others on just how to do this. I'm still experimen ting on this
one. If you do not place a clear coat over the lettering then ov er a period
of time and use the lettering will wear off the case. The coati ng of clear is
to protect the letters.

Here are a couple of photographs of the rig. Note that I have yet to
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Figure 4.23: G3RJV crystal checker comparison.

do the bracket as it hasn't been together long enough and I use it for
show and tell a lot. Also note that the circuit board is just at tached to
the lower half-shell with contact cement. I use Design Maste r Tack 1000
Spray Adhesive that I bought at Ben Franklin Crafts' Store for $ 4.99. It
will hold down the board and it is not permanent, i.e. I can pee l the board
up with no damage. Haven't tried it but I followed the instruc tions on the
can. You may choose to use screws or standoffs to mount the boa rd to
the case. By directly attaching the board to the base I lower th e overall
height of the case and reduce the size of the �nal assembly.

Tuna Tin 2 and MRX receiver from NorCal contest that were built
Manhattan style on same board with K7QO �nal PA Cheby �lter and
W7ZOI keying circuit. Also note homebrew K7QO case with 040 A l and
use of Harbor Freight shear.
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Figure 4.24: TT2/MRX Combo.

4.13 Future Projects

Now, with the basics covered as best I could with resource limi ts of time
and space, I hope that I have given you some insight on buildin g using
this technique called Manhattan Style construction. You ca n build any
number of projects using the technique of your choice. It is n ot the intent
here to put Manhattan building above any of the others. We eac h enjoy
using what we think suits us best and that is the whole game pla n.

I would like to see you research through the ARRL Handbook and your
library and collection of designs, schematics, and project s in progress
and �nd some simple things to build between now and the next is sue of
this newsletter. I would recommend you go through the test eq uipment
sections of the Handbook and Wes Hayward's, W7ZOI, ”Solid St ate Design
for the Radio Amateur”. You now have the ability to build anyt hing that
you want. Bring all your stuff to the gatherings of other QRPer s. It will
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Figure 4.25: TT2/MRX Combo.

motivate them to do more and we all want to see your work. It's t he only
way for each of us to learn new things.

My plans are to take the NN1G Mark II rig and redo it for 17 meters.
I will build it and then in the next issue write a complete arti cle on ev-
erything that I did and why I did it. I have been permission by D ave
Benson, K1SWL, to use the schematics. I have taken the VFO secti on
and replaced it with the new one from Dave's SWL series becaus e the old
one used an air variable which take up too much room and are dif �cult
to �nd and more expensive than the varactor tuned VFO.
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Chapter 5

PC Board Construction

This chapter will deal with laying out PC boards and etching t hem using
a technique that I like called the Toner Transfer Method. It i nvolves the
use of a LASER printer (this will not work with an inkjet printe r, so don't
even attempt it).

Note: the chemicals used here are relatively dangerous and sh ould be
handled with extreme care. You are responsible and this auth or assumes
no responsibility for your actions. Period. Do the etching o utside away
from pets, children, and other adults and human beings. Stay up wind
from the fumes. Don't spash, spill, or otherwise spread �uid s on work
surfaces, clothing, skin, eyes, etc. Use protective clothi ng and dispose of
used chemicals according to EPA rules, rules printed on the c ontainer,
etc.

Why do PC board layouts and why use this technique? Well, here are
some of the reasons why I can justify doing it this way:

� Using a commercial PC board house is expensive, takes too lon g,
and if you make an error then you are out some serious cash for
something that you won't be happy with. The cost per board can run
over �ve-dollars per board. If you make a mistake, then you ha ve
to redo it all over again. It takes several days to get turnaro und on
the boards. With this method of doing boards I can get turnaro und
in under an hour. And because the costs are low, mistakes are l ess
costly. IMHO.

� This method produces excellent results.

71
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� This method produces a board cheaply. I have estimated about
$0.25 USD per board for 3.25 inches by 3.0 inches. This alone
justi�es my doing this.

� This method allows you to make a board in short order.

� Because I'm doing single sided boards and by leaving about 1-2 mm
of extra lead above the board, I can easily reuse parts if the b oard
doesn't meet my needs or I need to redo the circuit.

I'll think of some more reasons. As you can see I am a happy camp er
when it comes to this technique. First. Let's assume that you h ave a
computer and a laser printer. I can only vouch for HP printers that I own
and use. You will have to let me know if your laser printer work s. Send
me email with a report as to what printer and what paper you are using
and just how well it works.

5.1 Equipment and Materials Needed

I made every attempt to use items that you can easily �nd at you r local
Wal*Mart, Staples and Home Depot, as most towns have these na tional
chain stores within easy driving distance.

5.1.1 Wal*Mart

From Wal*Mart you need the following:

� Set of plastic measuring cups starting with 1/4 cup. I have bee n
using only the 1/4 cup for mixing the hydrogen peroxide and the
muriatic acid.

� Clothes iron usually used for ironing clothes. Get the cheape st one
at $7.00 with plain metallic ironing surface. The te�on coat ing for
the more expensive Procter-Silex will wear off with the amou nt of
pressure we are going to use. Just don't scratch the surface of the
iron as it will probably ruin an image and the photo paper when
ironing and applying pressure. Get one of your very own and pu t it
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where no one can get to it but you. Check the bottom surface to se e
how �at it is. The �atter the better.

� Pyrex dish with 3 cup or 750 ml capacity with plastic/rubber sn ap-
on cover. About four dollars each and I got three just to have e nough.
I use one for mixing the etchant and etching the boards in and I use
another for the tinning process.

� Rubber gloves, heavy duty and acid proof. About six bucks.

� Small plastic tongs for lifting board from harsh chemicals.

� Plastic spoons and/or forks for moving board around in harsh c hem-
icals. Be extra careful using spoons as they can be used to laun ch
chemicals out of the dish and across space and time to land on t he
most expensive item nearby.

� Bottle of Hydrogen Peroxide in 32 oz size for a buck. I buy this s tuff
one bottle at a time. I think the shelf life is pretty short and I don't
want to keep a bottle for a long time and then have it be bad. I ma y
be paranoid about this. Keep the cap tightly closed as soon as you
pour some out for making a board.

� Cheap can of clear enamel spray or krylon clear. I use the $1.12 per
can spray paint that has the Wal*Mart ColorPlace label on it. Ju st
as good as any for this project.

� I buy steel wool pads with the soap embedded in each for a buck
and the generic box has 15 pads in it. These will last a while if you
are careful. I use this to remove the toner after the board is e tched.
I used to use acetone, but it is a very expensive chemical (all those
law suits and EPA regulations I'm sure).

5.1.2 Home Depot

From Home Depot you will need the following:

� Muriatic acid. Found this in the swimming pool or gardening s ection
as it used for cleaning concrete and pools. Two gallons for ni ne
dollars.
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This stuff is about 16% acid by volume. We are going to dilute i t by
using 2-parts hydrogen peroxide to 1-part muriatic acid, so you do the
math. I've poured the solution on an old T-shirt and let it sit for a day
and then washed it. I couldn't see any damage, but you should s till treat
the stuff with a great deal of respect.

5.2 Staples or Paper Supplier

� I found a paper that works great with my HP laser printer. It is read-
ily available at a lot of printer supply businesses. Made by D omtar in
standard letter with 500 sheets per package (a ream) for abou t �fteen
bucks USD. Domtar Microprint 32lb 112 brightness 216x279mm
120g/sq meter. I get mine a Think4Ink here in Prescott AZ. They do
mail order but the shipping will kill off the pro�t margin on c ost per
board.

� Staples color laser photo supreme (SKU # 651611) for about tw enty
dollars and the package contains 100 sheets. I have found thi s to
generate the best boards. No pin holes in the copper traces aft er
they are etched. This quantity paper should allow you to do ab out
200 boards, so that comes out to about $0.05 USD per board. I'd go
with this over the above paper if the costs don't give you high blood
pressure.

Let me mention this about the toner for laser printers. For the HP:
use their toner cartridges even though the generic replacem ent is much
cheaper. It turns out that the toner is critical and some of th e generic
replacement cartridges do a bad job for this work. Experimen t if you
want, but it can be costly. As time permits I'll come back with other
things that I have tried on this. I love to experiment and will do it when I
get the time.

5.3 Ebay.com and PC Board Material

Go to ebay.com and do a search on the keywords copper clad and search
down the hits for PC board material. The guy that I buy my board s from
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is abcfab . I have made three orders and got all of them in two days after
placing the orders. The packages came via USPS priority mail and I am
very happy with the boards.

You'll note that there are two types of PC board substrate mat erials
listed, CEM and FR-4. The CEM stands for Composite Epoxy Materia l
and is not what you want. I tried it �rst and although it works w ell, it has
a paper center section that �akes some what. The FR-4 materia l is Flame
Retardant and is the usual stuff that you think of for PC board material.
See the photographs in this section for details. I like the 06 0 thickness
(0.060”) and the FR-4 with 2 oz copper coating. Do not get less than the
1 oz copper coating. I think you will be a lot happier with it.

I purchased enough material to do 300 boards of size 3.25” by 3 .0”
for a total cost of $30.00 including shipping. So that amount to $0.10
per board. These are double sided with 1 oz copper plating wit h FR-4
laminate material. Not a bad deal at even slightly more.

Sometimes you can �nd the single-sided board from the same so urce.
This will save on chemicals, but probably not enough to worry about.
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Figure 5.1: FR-4 and CEM boards.

The CEM board is single-sided, so I can show you what the insula ting
material looks like without removing the copper layer.
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Figure 5.2: FR-4 and CEM boards.

5.4 Cutting the board material

This is an area in which you may have to experiment. I use a band saw
to cut the material into the smaller sizes. The board materia l that I got
was 3.25” by 9” and I cut each board into three smaller pieces. Use all
safety precautions in using any cutting tool. I wear gloves a nd I use
a sanding block immediately after cutting to remove sharp ed ges along
both top and bottom surfaces and the substrate. The copper sh ards are
very dangerous and will do serious damage if you are not caref ul.

I recommend wearing surgical gloves after sanding to reduce �nger
prints and to protect your �ngers and hands some.
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Figure 5.3: FR-4 board without copper layers.
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Figure 5.4: View of First Soaking.

CEM board cut with paper cutter.
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Figure 5.5: Close up photo of board traces.
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Figure 5.6: Close up photo of board traces.

FR-4 board cut with paper cutter.

5.5 Cheap Etchant Fluid Mixture

The secret to etching PC boards is the magic juice, which in th is case is
Hydrogen Peroxide and Muriatic acid. Contrary to what you wou ld �rst
think, the acid is not doing the etching. It is the Hydrogen Pe roxide. The
oxygen in the peroxide oxidizes the copper and then dissolve s into the
acidic solution.

The proper ratio of the etching solution is 2:1 for 2 parts hyd rogen
peroxide to 1 part muriataic acid. I would not experiment too much with
this ratio. It works great as shown here.

Pour two 1/4 cups of hydrogen peroxide into the pyrex containe r that
you got from Wal*Mart �rst. This is important. The peroxide g oes into
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Figure 5.7: Backlit board.

the pyrex container �rst, then slowly pour in one 1/4 cup of mur iatic
acid into the hydrogen peroxide that is in the dish. This mixt ure will
do about two 3.25”x3.0” boards when I do double sided and comp letely
remove the entire layer of copper from one side and use the oth er side to
make the single sided board.

At $1 for the 32 oz bottle of hydrogen peroxide, that means I ca n do
32=4=8 batches of the etching mixture for one bottle. Thus abou t $0.12
per batch or $0.06 of peroxide per board. The muriatic acid wa s $4.50
per gallon, which is 128 ounces of �uid or 64 batches of the per oxide and
acid mix. This amounts to a cost of $0.08 for the acid. This mea ns about
$0.10 per board for the etching solution.

I recommend that you only make up a 1/2 cup mix of hydrogen per-
oxide to 1/4 cup of muriatic acid mixture of the etchant to make a board
at a time. The mixture will not hold its etching strength for v ery long, so
be frugal and don't make it unless you are going to use it.
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Figure 5.8: Backlit board.

The bottle of hydrogen peroxide should always be tightly cap ped and
stored in a cool dark place. The bottle is non-transparent fo r a reason.

5.6 Software

Here is a topic that will stir up a crowd more than the audience at a
ZZ-Top concert.

I was using Eagle-5.3.0 under LINUX. The free version allowed m e to
create board sizes up to 3.25” by 4.0” with up to two layers (do uble-sided
board material). It has schematic capture (you can draw a sch ematic),
auto-router, and additional output formats to allow you to s end �les to
a commercial PC board manufacturer if you want to do a club pro ject
requiring many boards to be made.

I started to experiment with expressPCB.com software on the Toshiba
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Figure 5.9: Backlit showing 0.10” and 0.15” traces.

laptop that I am running WinXP on. It is not restricted in any w ay and
it looks to be a popular program. The schematics look good. So I think I
will support it and may even abandon my own program that I have been
using for over a decade. Life goes on.

5.7 First Steps for First Board

OK. We are now ready to try to create your �rst board. I would re com-
mend trying the following experiment. It will cost you less t han $0.50 in
materials and you can learn the steps and if you mess up there i s not
much time and energy lost either.

Take the software and make a 3” by 3” area with nothing but stra ight
parallel lines. Start with about 0.010” width and do a few of t hem followed
by the next largest size, etc. Come back and put some pads at the ends
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Figure 5.10: Backlit showing large traces and pads.

of each line.

Find the interface to add text. Label the line widths. Off some where
in this area put your name, call letters if you are a radio amat eur, and
the date.
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Figure 5.11: Back lit board showing drilled holes.
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FR-4 board with printer output.

Here is my test board layout and how it should look. Note that th e
text is reversed so that it will come out readable on the botto m of the
board. The software does this automatically.
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FR-4 board with printer output.
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FR-4 board with printer output.

Shown is the printed output of the board layout on photo paper . This
is what we will iron onto the pc board material.

Carefully place the pc board image on the board where you want i t,
face down (with the toner in contact with the board surface). Carfully,
using the iron in its hottest position and warmed up, iron the image onto
the board. Some hints.

� No steam.

� Lots of pressure. Around 20 lbs or more and just be careful not t o

break anything: the iron, the workbench or worktable.

� Put some blank paper under the board. I stuck the �rst one slig htly
to the workbench.

� Don't touch the board when you are done. Let it cool down. Can you
say HOT?
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� Use the pointy end of the iron to apply pressure everywhere on the
paper. Don't scrimp here. Consider it exercise. Try to think a bout
where all the traces are underneath the paper and aim for them all
and expecially the smallest ones.

Patience is key. Be thorough and detailed. This makes a differ ence in
how well your �nal board will turn out.

Don't touch the paper when you are done and let the whole thing cool
down. You can boil an egg on the surface. Take a break while it c ools.

After it has cooled put very hot water in a container (not some thing
that is used for food — maybe a pyrex dish that we bought) and le t the
board and paper combo soak for about 15 mins to 30 mins. Then co me
back and carefully peel the paper away from the board. Don't f orce it and
I do it from all four edges carefully. Don't touch the toner ar ea. Handle
board by the edges.

The next photo is what you might get. Don't worry if it looks di fferent.
Don't try to get all the paper the �rst time. Just avoid pulling the toner
traces off the board. You should not see any toner on the paper being
pulled from the board, if you are doing this right.
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View of First Soaking.
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Board after ironing on layout.
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Te�on Layer Rubbing Off Tip of Iron.

With the heat used to apply the toner to the board, there is a li kely
possibility that the board will darken and become oxidized. Don't worry
about it. We are going to etch that part of the board away and no one but
you is going to see it, unless you tutor some one else on how to d o this
also.
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View after �rst removal of paper.

After you do the �rst paper removal, put the board back into so me
fresh HOT water and let it soak some 15 mins or more. Then, usin g
only the �ngers and your skin, rub the rest of the paper off as m uch as
possible. Don't use your �ngernails or anything to help. I do this under
running luke-warm water from the faucet. It is not important that you get
every bit of paper off the toner. It will look grey or white in s ome sections
because the paper �bers are absorbed or stuck within the tone r itself.

Some people claim that using an old toothbrush works, but I'm not
going to risk dislodging toner from the copper surface. Just i n case.
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View after second removal of paper.
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Board etched with toner intact.

Now, take the board and place it in a pyrex dish with the perox-
ide/muriatic acid mix. You'll know you are doing this correct ly and the
mix is right when the board starts to darken almost immediate ly. This is
the copper oxidizing. The clear liquid will start to turn a li ght lime green
in short order.

I use two plastic spoons and gently push the board back and for th in
the mixture, being extra careful not to touch the toner. If it comes lose,
then that area of the copper will be etched away.

Stay away from the fumes and stand upwind from any draft and do
this is a well ventilated area.

Move board around until all the copper is etched away from the board
except the areas covered by the toner. Don't go off and leave a nd forget
about the etching process as it will ruin the board. Take boar d out (using
the tongs) and wash it to stop the etching process.

Closeup of 0.010” traces. Here is what the traces look like up c lose.
When you removed the board from the etching process and rinse d it,
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there is the possibility that some of the toner broke lose. Th is is not a
problem as the toner is coming off next.

Dry the board with a clean paper towel.
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Board with copper layers cleaned and coated.

I used to use acetone to remove the toner. The acetone is prett y expen-
sive, so I tried the steel wool and water to remove the toner an d it works
nicely. It is a much cheaper process, does not use hazardous c hemicals,
and while cleaning the surface it removes some copper oxide.

After you get the toner off and rinse the board, use cotton bal ls and
the Tarn-X to clean the copper surface.

Now the surface is exposed to the nasty atmosphere of the earth . I
protect it by very very very lightly coating the surface with the cheap
clear enamel from Wally*World. Do this is a clean, dust-free , well vented
area also. Let it dry. Oh. Let it dry. I use a toaster oven in the ga rage at
120 degrees F with a timer for 30-45 mins to dry it.

This coating protects the surfaces and it also acts as a solde r mask.
See reference in the Manhattan construction chapter.

Later I'll make two boards up, one without and one with the coat ing
and let them sit for a long period of time and note and photogra ph the
results.
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5.8 Expensive Tinning Process

For the boards that I want to be extra special I use a product ca lled 'Liguid
Tin'. The only place that I've found it in AZ is at Circuit Speci altists on
Golf Course Drive in Tempe AZ. They have a web site. The chemica l runs
about $32 per 1/2 liter. And it is a very very hazardous chemica l. You
do not want to ever come in contact with it. It burns like some o f the
paint strippers do and you know what I mean. Very painful. I th ink it
has several acidic compounds in it to hold the tin in solution and that is
why it comes in a plastic bottle. Read the hazardous material sheets on
the above web page for details about the liquid. I'll try to do a photo or
two to show the results of tinning boards.

I use a funnel to repour the liquid back into the bottle after p lating a
board to conserve the stuff and it seems to be able to do a large number
of small boards after almost a year of use. I was thinking that putting
some strips of solder into the bottle might refresh it and I'l l do that after
the stuff stops plating to see if by chance there is some chemi cal miracle
that is at work here.

Immediately clean the pyrex dish and the funnel and everythi ng else
including the board that has come in contact with the liquid t in. Use the
heavy duty rubber gloves to pick stuff up. You don't want pin h oles in
surgical gloves to get you in trouble.
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0.7mm carbide drill bit.

Photo of 0.70 mm drill bit. I use a Dremel tool mounted in a Sear s drill
press for same. You have to have a drill press in order to drill the holes
for parts mounting. The drill bit is very very small and easil y damaged
and will be if you do this by hand.
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0.7mm carbide drill bit in Dremel Tool.

By using a drill stand press manufactured for Dremel tools, yo u should
be able to make a drill bit last a long time. Most of the complai nts about
the life of the bit is from people that refuse to go the extra st ep and use a
small drill press. The one that I use came from Sears some time ago.

Here is a table of bit sizes from #60 to #80. I put it here for my o wn
reference. I use a 0.70mm for most of the holes and go to a large r sized
opening for parts that have larger leads.

Another trick that I came up with. Find a sewing-machine repa ir
place. Ask them for a foot-pedal ($19) and electrical block ( plug and
socket combo for $13) so that you can set the Dremel tool to hig h-speed
and by using your foot (your hands are going to be full) you can turn it on
and off easily. Even vary the speed too. I found, later, at Har bor Freight
in the power tool section a similar foot pedal with outlet for less than $20
US.

I found that with the drill off, I can lower the drill and bit an d almost
exactly place it where to drill the hole. Then, by using the pe dal, I can
start the drill and while using one hand to hold the board in pl ace and
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the other to work the drill press, I can do better work. This al so reduces
wear and tear on the on/off switch and speed control on the Drem el tool.

I use a 0.70mm (0.0276”) silicon carbide drill bit. You can �n d these
at lots of hamfests or shop online at places like ebay to �nd th e best
prices. I have on order a dozen #71 bits to experiment with tha t I found
online for less than $1 each.
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Back lit board showing drilled holes.

Here is the board after drilling being held up to the light to i llustrate
how well the holes are placed. You may have to experiment to �n d the
pad sizes with proper hole diameter to match things up exactl y. Or you
can create your own pad con�guration in most of the software.
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Soldered pads.

Now take your soldering iron and some solder and solder the pad s.
This is to show you how easily you can solder through the clear coat of
enamel paint. I was playing around here and �lled the holes. Y ou want
to have them un�lled as shown on the next page for the second fr om the
bottom hole. It is not dif�cult to do once you �gure out the amo unt of
time and solder to use per hole.

After you do this, take your ohmmeter and measure the resista nce
of each of the traces. You'll see that the wider traces have a s lightly
lower resistance. I'll do the math later on. All measurement s should be
under 0.5 ohm or so. Measure resistance with the leads of the o hmmeter
shorted together �rst, in order to know how much to subtract f rom the
readings to get the path resistance. This will also tell you h ow well you
did and if there is an open path from land to land on each trace. This is
the equivalent of what is called the ”bed of nails” test used i n commercial
boards, but their test is more complex and complete and for ve ry very
complicated board layouts.
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Soldered pads with one still un�lled.



106 CHAPTER 5. PC BOARD CONSTRUCTION



Chapter 6

Varactor Diode Measurements

Having just received an order that I placed with Dan's Small P arts and
Kits http://www.danssmallpartsandkits.net in which there was a pack-
age of 42 varactor diodes. Four of them were unmarked, so I did n't have
a clue as to their parts numbers. Also, if you look up a diode us ing its
part number you'll �nd that manufacture's spec sheets just l ist a value
at 1V and a ratio that speci�es a quantity related to the max an d min
values of the capacitance of the diode for speci�ed voltages .

So, I came up with a �xture for measuring the diode parameters at
different applied voltages. Here is the schematic. The two t estpoints,
TP1 and TP2, are for attaching a DVM to measure the applied vol tage
to the device under test (DUT). The current through R1 is negl ible and
R1 isolates the diode from the applied voltage source and the variable
resistor.
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Figure 6.1: Bottom of PCB Test Fixture.
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Figure 6.2: PCB Test Fixture on AADE Meter.
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The measurements are pretty straight forward. With no varac tor diode
in place, calibrate the AADE meter to read zero Farads by zero ing it out
as per instructions that come with the meter.

The put the diode to be measured into place and connect the bat tery
connector to a 9V battery. Connect your DVM across the two wire s that
will measure the voltage from ground to the wiper arm of the va riable pot.
The current through the 680K (or high valued resistor) will b e almost zero
as I had two wires across it and measured almost 0V.

Starting with 0V measured at the variable pot, I measure the c om-
bined capacitance of the diode and the cap in series. BTW, I mea sured
the cap before building the board to be used as the value in the calcu-
lation to follow. Make a table of values from 0V to 9V with abou t 0.5V
steps starting out where the varactor diode changes rapidly relative to the
higher voltages.

Then, using a C program that I wrote I do a spline-curve �t of th e
data for the measured values. Let Cm be the measured capacitance of the
disc cap and the varactor in series. Let C1 be the disc value and Cvar the
unknown value for the varactor diode. Since,

Cm =
C1 � Cvar

C1 + Cvar
(6.1)

yields

Cvar =
C1 � Cm

C1 � Cm
(6.2)

My reason for not measuring an applied voltage above 9V is tha t I use
a voltage regulator to power VFO circuits. I never use more th an 9V to
power a VFO, since I am using either a 78L05, 78L08, or 78L09 regul ator.

Here are some graphs of the results. Dan supplied two labeled groups
that turned out to be the same diode. I don't which one they rea lly are of
the two, so I'll just label them as MV109's and use the graph to determine
which diode I'll be using for the range of capacitance that I n eed in real
circuits. A part by any other number is just a part.
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RG-174, RG-316 and RG-178
Coax

For RF signals that have to go from one part of a circuit to anot her without
using copper traces on a PC board, we usually use small 50-ohm coax.
The most popular types are RG-174, which has a black rubber co ating
and a polystyrene inner insulation. Both materials melt easi ly with high
temperatures usually encountered with a soldering iron. So use care
when soldering.

The following pages illustrate techniques that I use to make each end
to be soldering into a circuit or to a circuit board. The secre t is just a
little practice.

I have a wire stripper that is adjustable to different wire di ameters.
For RG-174, start with the #18 setting to carefully remove a s mall part
of the outter insulation from the end. Then change to the #20 s etting
to cut the outter conductor, then tin the outter shield to pre vent it from
becoming ragged and unraveling. Then use the #24 setting to r emove the
inner shielding from the inner wire at the end. You'll see wha t I mean
in the next four pages of photographs. The settings above are for the
RG-174/U coax that is usually provided with a large number of k its. The
reason being that it is cheap.

The RG-316 and RG-178 coax is also 50-ohms, but is te�on cover ed
and insulated and is much more expensive than the RG-174 coax . In
fact, you can only buy the RG-316 from Mouser and Digikey in 10 00-foot
reels at a price over $1,000, which is out of the budget price f or most
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radio amateurs and hobby related activities.
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Figure 7.1: RG-174 With Outer Covering Removed.

Above is photo of outer insulation removed using the #18 posi tion of
the wire stripper. Be careful as possible so as not to knick or d amage the
outer shielding conductors.
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Figure 7.2: Tinned Segment.

Next thing to do is to carefully tin just a small segment next to the
insulation. This is the most dif�cult to do without melting t oo much of
the insulation and you do not want to tin too much of the remain ing
conducting shield.
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Figure 7.3: Removal of outer conducting shield.

Now, using the #20 position on the stripper, remove the shield that
is not tinned. Try not to damage the inner insulation between the outer
shield and inner conducting wire of the coax cable.
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Figure 7.4: Inner conductor tinned.

Finally, use the #24 position and remove the inner insulatio n and tin
the center wire.
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Figure 7.5: RG-316 Te�on Coax.

Above is a small section of RG-316 Te�on coated 50-ohm coax. I f you
can �nd a cheap supplier, then I recommend you get as much as yo u
think you'll be needing for some time to come.

Another source of this coax may be at your local ham fests. Thi s is
another reason to get out and see what is going on in the real wo rld. And
to also help the man community by selling off some stuff that m ay be
useful. And I'd hope you are not trying to get rich by overchar ging for
stuff. Too many hams are doing that already.
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Figure 7.6: RG-316 with wire stripper.
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Figure 7.7: Variable wheel to select wire sizes.
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Figure 7.8: Removal of outer insulation.

Here is the outer insulation removed for 1.5cm to the end. I us e the
#20 position on the wire stripper and cut once, rotate the coa x 90-degrees
and cut again before pulling to remove the segment of outer in sulation.

Be careful not to cut, nick, or damage the outer shielding. It t akes a
bit of practice. Also, another thing to look out for. You migh t be pulling to
remove the small segment and because of the low coef�cient of friction of
te�on, the outer insulation may start to move on the other seg ment that
you want to stay in place. Just be careful and not pull it all off . It doesn't
go back into place all that easily once it is removed. Been ther e. Done
that.
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Figure 7.9: Tin small segment near outter insulation.

This is much easier to do with te�on coated coax, since the te� on
doesn't melt that easily.
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Figure 7.10: Outer shield segment removed.

Use the next smaller size on the wire stripper to remove the ou ter
conductor to the end of the coax.
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Figure 7.11: Attached wire to outer shield.

You can use a small wire or clipped lead from a component to sol der to
the outer shield. This gives you a connection from the coax to the circuit
and it also keeps the outer insulation from moving off the coa x.
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Figure 7.12: Inner insultation removed from center conduct or.

Now repeat the process for the other end of the coax and you are
ready to solder it into place where it is going to be used. Doub le check
your work with a ohmmeter to make sure you haven't shorted the outer
shield to the inner conductor. And you might want to check for continuity
between the ends for the outer and inner conductors, just in c ase.

I didn't make the illustrations in this manual as neat as poss ible be-
cause they were being photographed for public display. I do i t because
I �nd that if I don't rush and I do take the extra time to do a good job,
I don't have to come back to correct mistakes and problems cau sed by
rushing things. Enjoy the journey. It isn't a race.
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Figure 7.13: RG-174, RG-316 and RG-178.

Here are the ends of some RG-174, RG-316 and RG-178 in that ord er
from top to bottom. The RG-178 is smaller than the RG-316 and i s much
more �exible and I happen to have a 250-foot spool that I got fo r under
$20 in a lucky �nd at a swap fest.

The RG-178 you �nd aperiodically at meets in small lengths if you
can �nd someone who has microwave surplus and has stripped co nnec-
tors and coax from equipment. Usually with SMA (SubMinature type A)
connectors on the ends that you can use or remove. Hopefully y ou'll �nd
te�on coated coax as the cable being used between the connect ors.
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Chapter 8

Regen Receiver Transformers

I am about to build a Paul Harden, NA5N, Desert Ratt 2 regen recei ver.
This from his web site at:

http://www.aoc.nrao.edu/ � pharden/hobby/Hobby.shtml

There are several suggetions in the diagram from the transfo rmer L1.
One is the use of 35mm plastic canisters that the rolls of �lm c ome in.
I was in Wal*Mart and went to the back of the store where the cam era
center was and asked about what they did with the plastic. The y said
they threw them away or gave them to teachers for student proj ects. I
asked for some and they gave me a few to experiment with.

This chapter is the result of that experiment.

I �rst built a �xture for my AADE L/C meter. Using PCB material I
etched a pattern to allow me to mount the board on the AADE alon g with
the �lm canister with a coil wound on it for measurement.
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Figure 8.1: Bottom of Fixture.

I use a nylon screw and nylon nut to hold the canister lid to the �xture
to hold the coil form in place for measurements. Non-metalic t o avoid any
effects on the measurements. Mr Wizard would be proud.



129

Figure 8.2: Top of Fixture.

View of the top to show you the lid and I used two Augat socket pi ns
for holding the wires coming from the coil, when I get it wound .
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Figure 8.3: 35mm Canister Mounted to Lid.

Here you see the canister snapped into place on the lid.
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Figure 8.4: Starting Holes for the Coil.

I took the canister and using a Dremel Tool with Sears Drill Pr ess for
same and using a #65 bit made two holes in the side near where th e lid
snaps on. Leave enough room so that you don't restrict the clos ure of the
lid.
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Figure 8.5: Starting of #26 Wire for Coil.

I start by placing wire in the top hole and feeding it through t he sec-
ond. The spool of wire is on the right-hand side out of the phot o.
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Figure 8.6: Finished Coil.

Here is the �nal form with 29 turns (29T). I was going to do 30 tu rns
(30T) but just didn't make it. You know the story.
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Figure 8.7: Inside the Finished Coil.

Here you see how I routed the two leads inside the cannister fo r neat-
ness. Call me the Adrian Monk of the electronic world.
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Figure 8.8: Leads Tinned for Finished Coil.



136 CHAPTER 8. REGEN RECEIVER TRANSFORMERS

Figure 8.9: Coil in Place on Fixture.
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Figure 8.10: Fixture in place on AADE L/C Meter.
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Figure 8.11: Measurement of Finished Coil.

OK. Now you want to know just how well this is working. Get out yo ur
latest copy of the ARRL Radio Amateur Handbook. Look for the fo rmula
for calculating the inductance.

L(�H ) =
d2 N 2

18d + 40l
(8.1)

I measured d = 1:25" with the digital calipers from Harbor Freight,
l = 0:50" and of course N = 29.

L(�H ) =
(1:25)2 292

18� 1:25 + 40 � 0:50
(8.2)

L(�H ) = 30:86�H (8.3)

So, the calculations agrees very well with the measured resu lts. More
to come later, so stay tuned.



Chapter 9

Debugging a SWL Transceiver

This chapter answers many of the questions that I frequently get on how
to debug a Small Wonder Labs transceiver. If you have previous ly built
one of Dave Benson's transceivers and you didn't follow my ste p-by-step
building instructions or you bought a used rig and found that the rig does
not work properly, then this chapter is for you.

I found a SW-40+ in the closet and on a shelf that I had build yea rs ago
but had not gotten around to putting in a case and gotten it to w orking.
I am pretty sure I had not written up the manual on building one , so this
is a chance to take one from the start and go through checking i t out.

I don't know if it is working and I am not sure that I have ever po wered
it up. I have built so many of these. I love the little rigs and b elieve them
to be the best buy for hams of all ages.

So here goes. Enjoy and give me feedback if you can.

9.1 Case Installation

Let me take a few photos and show you how I installed the SW-40+ i n a
case.
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Figure 9.1: SW-40+ with drilling template.

The �rst thing that I do is make a drilling template for the mou nting
holes using some grid paper. This prevents me from making a mi stake
most of the time. In this case it did not as you will see one extr a hole in
the bottom of the case. There was some mark on the bottom of the case
and I thought it was for drilling. Double check everything is the motto.
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Figure 9.2: SW-40+ positioned in K5FO case.

Here is the SW-40+ sitting in the bottom of an old K5FO case (th e
cases I made up while in Dallas TX and when I had the old call). T here
is plenty of room here, but I'm going to add a K1EL keyer and a Sm all
Wonder Labs Freq-Mite for frequency readout using Morse Code a udio
output.
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Figure 9.3: DC input connector and LED.

I chose not to use a power switch and I also wanted an LED display
to show the rig is powered up and to make sure that I didn't go of f and
leave it running for long periods of time as I have done previo usly with
other rigs.

I don't want to be one of the guys who shows up being listed on ma ny
re�ectors as having a keyer sending dits for hours at a time on 7.040MHz.

Also, by having the LED on the front panel I know for sure that th e
power supply (in this case a gel-cell) is working and that I do have power
going to the transceiver.
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Figure 9.4: SW-40+ with drilling template.

Here is the SW-40+ mounted and wired up in the case.

You will note that I like to have the wires under the printed ci rcuit
board, but you do what you want.

Note the 5-minute epoxy blobs used to hold down the wires to the LED
in a neat format.

The loose grey wire to the left of the board is for connecting t o the
K1EL keyer later. The two holes above the 2.5mm stereo connec tors are
for push button switches to be used for the keyer and the Freq- Mite.
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Figure 9.5: Back section showing DC and RF connections.

Here we have the DC input connector on the left with wires goin g to
the front panel LED and to the SW-40+ itself. You may want to con sider
putting a schottky diode in the power line to the SW-40+ for pr otection
as Dave has the protection diode on the pcb for the power amp on ly. The
8V regulator is unprotected from reverse power application .

You will note that I just love to use the te�on RG-316 50 ohm cab le
for RF connections. It is so simple to use and the material doe s not melt
when soldering.

This is another reason to go to local swapmeets. You can usual ly �nd
the stuff on the tables of the UHF/VHF gear and it may have conne ctors
attached. These small lengths typically come from equipmen t that has
been salvaged.

I have some of the white stuff from Dan's Small Parts online th at is
good to go.
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Figure 9.6: SW-40+ tuning and gain pots.

Here is a photo of the rear front panel showing how I did the gai n
control on the right and the �ve-turn tuning pot on the left. I had the
�ve-turn pot in the parts stock, so decided to go ahead and use it here.

You have to have either the Freq-Mite or a digital frequency r eadout
display if you want to know where you are in the tuning range of the rig.
IMHO.
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Figure 9.7: Keyer and Headphone Connectors.

Here is an up close and personal photo of the two connectors fo r the
keyer on the left and the headphones on the right. I chose to pu t both on
the front panel and if you do so, make sure you keep them straig ht and
don't accidently plug things in the wrong place.

The two push botton controls are just above both connectors a nd un-
wired at this time.
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9.2 DVM Information.

We are about to start taking some measurements. Before we do so , just
a note on DVMs.

Not all DVMs are alike. Most of us have at least one or two DVMs fr om
Harbor Freight. You know that ones that I'm talking about. Th e ones they
put on sale for $2.99 and put them at the checkout stand. They k now
they have your attention and that the three-dollars looks li ke a great deal
and it is.

You buy a couple just in case you can use them and you put one in
the car or truck and one in the toolbox and another on the workb ench.
You know the drill. :-) I know you bought three because you pul led out
a picture of Hamilton and went ahead and got three. They did co me with
the batteries too... Also, while you are at it, purchase some spare fuses
for the meter. These you will destroy from time to time by forg etting to
switch to voltage when measuring same or you short something while
doing a measurement. Been there. Done that. Have the tee-shir t.

First question of the day. Do you know how to measure the imped ance
of the voltmeter? Before you read any further, think about it w ith pencil
and paper and �gure it out before I tell you how I did it.

9.2.1 Impedance of the Harbor Freight DVM.

Get a one megohm resistor out of the parts bins and we will call its value
R1. Measure its value with the DVM for use in the calculation bel ow for
R1.

Measure the voltage output from your power supply and write i t down.
Let's call it VB for voltage from the battery or power supply.

Now put the resistor in series with the one of the test leads fro m the
meter and again measure the voltage across the battery. Let's call this
measurement Vdvm as the voltage across the DVM, as that is exactly what
it is. The voltage across the resistor is VR = VB � Vdvm due to Kirchoff's
Voltage Law (KVL). The sum of the voltages across the loads in se ries
must be equal to the applied voltage.

Now calculate the resistance of the DVM ( Rdvm from the formula
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Rdvm = R1 �
Vdvm

VB � Vdvm

Plug in all the values that you measure into the formula and de ter-
mine what the resistance value or impedance is for the DVM fro m Harbor
Freight. You may want to do this for all the DVMs that you own. U se the
one with the highest resistance value for measurements on th e SW-40+.
This meter will give you the best results for measurements th at we will
be making due to the reduced load on the circuit.
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Figure 9.8: Four DVMs Measured.

In the above you see two of the cheap Harbor Freight DVMs in the
upper left (the red and yellow ones) along with a WEB-TRONICS.COM
MAS830 that I got from Circuit Specialists in Phoenix and a Pro tek D-
930A that I got from Fry's Electronics for ten bucks in a close out sale.
Best deal of the decade.

I get 996K and 1.00M for the two Harbor Freight meters, 10.0M f or
the Protek meter and also 1.00M for the WEB-TRONICS DVM.

One megohm is OK for this project, but if you happen to have a me ter
with an impedance greater than that, then by all means use it. Just be
careful in all your measurements.
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Figure 9.9: Heat Shrink on Probes.

9.3 K7QO DVM Modi�cation

I recommend that you do the following modi�cation. It is temp orary and
can be undone after you �nish debugging the SW-40+. The probes have
too much metal exposed for poking around in the con�ned space of a
built transceiver such as the Small Wonder Labs rigs.

Take some heat shrink tubing and cover most of the metal of the
probe, so that when making measurements you reduce the chanc e of
shorting something out. Note: I said minimize. You must have b rain in
gear and not be tired or distracted and you must take all your m ental
powers and concentrate on each and every measurement. Don't even
think of relaxing one bit. At the point you do lose your concen tration you
will use a �ve dollar DVM to destroy a $55 transceiver. Always be alert
and remember what you are doing.
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9.4 Power Supply

The most important component of a QRP station is the power sup ply. You
can argue with me until you are blue in the face and I will not bu dge one
iota. Not one inch on this issue. So don't bother wasting your e nergy. It's
like teaching a pig to sing. You will get frustrated and it irr itates the pig.

I see guys post on QRP re�ectors questions about Wall Warts, a term
used for the small transformers and minor circuitry to provi de power to
devices like MP3 players, cassette players, and other small low power
devices. If you attempt to use a transceiver with one of these , don't even
bother talking to me. You are wasting your time.

Either get a used Heathkit power supply previously used for t he HW-7
or HW-8 and check it out thoroughly or do as I do and buy a Gel-Cel l at a
hamfest. You should be going to ham fests anyway in order to ke ep them
alive and you do �nd great deals. I just got a Corsair II and 20A A stron
supply for one-hundred dollars. You read that right and it is not a typo.
And that included all the �lters.

I promise to use it at only QRP levels. I'm going for the Triple Play
Award from the ARRL and I needed a SSB rig (it did come with the m icro-
phone too).

You can �nd a swap meets new or used gel-cells with ratings of 5 or
7 ampere-hours. That is plenty to power a SW-40+ for most of a d ay.
The used cells are pulls from alarm or medical equipment and r un about
nine bucks or so and should be good for some time to come. Get yo u a
gel-cell charger at Harbor Freight as it will save you time an d aggravation
in trying to build or �nd a charger that won't ruin the cell.

Measure the voltage output of the power supply that you are us ing for
the SW-40+. I'll use the SW-40+ term here and you substitute yo ur band
model.

Don't power up the rig just yet. Get the power supply ready to u se.
If it is something like an HW-8 power supply, check to make sur e that it
outputs pure DC and doesn't have a bad AC component that will c ause
you to transmit a bad signal.
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9.5 First Test Measurements

OK. Get ready to make some measurements. Clear off the work spa ce so
that metallic objects do not drop into or wind up under the pc b oard and
across voltages. The results will be disastrous and ruin you r day.

Here is a list of things needed.

� SW-40+

� Power Supply for the rig

� 50 ohm dummy load

� DVM

� Schematic of the SW-40+

� Lab notebook to keep results in

� Good clean workspace

Connect a dummy load to the RF output connector, even though we
won't be transmitting on purpose you must always have a tuned antenna
or a dummy load on the output. The PA transistor will self-des truct in-
stantly if you transmit into an open load (no antenna) and it i s not a cheap
part. Ask Dave Benson about replacement costs. The reason for the
dummy load is just in case you happen to short something that c auses
the transmitter to be activated. Do not connect a key or keyer to the rig
at this time, please. I know you are in a hurry, but haste makes waste.

Turn the drive adjustment, R24, to its lowest value. See SW-4 0+ man-
ual on how to do this. Using a small screwdriver turn the R24 ad justment
fully CCW using light pressure so as not to break the pot.

Now plug in the battery to the DC input terminal. If you have an LE D
setup, check to see if it lights. Otherwise you need the DVM to run the
following checks.

Make the following measurements and write them down in your n ote-
book. Don't lose them and you may need them at some later time t o
double check for problems. Don't lose them. You spent the tim e and
effort to make them, so keep them. They are important.
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On the following page is the schematic with the power lines co lored,
red for the +12V line and blue for the 8V voltage output from the 78L08
voltage regulator. These are the voltages we will be measuri ng in the
following steps.
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� Measure the voltage at the DC connector in the back of the rig. Is
it equal to the battery or power supply voltage. Double check cables
and make absolutely sure there are no shorts. You should have
about 12V or so applied to the rig. Dave says 12 to 15V. I person ally
don't want more than 14V. I have heard of guys going 15 and abov e
to get more power out. If you want more than 2W out, then get
another rig and don't risk destroying this one. Please.

� Measure the voltages at the tuning variable resistor. One en d termi-
nal should be at 0V and the other at 8V or so. It doesn't have to b e
exactly 8V as there is some variance in 78L08 parts. See if the w iper
connection (the center connection of the pot) voltage varie s as you
vary the knob on the front. This voltage should vary from 0V to the
voltage at the end terminal of the pot that is obtained from U2 . This
means that the rig should be tuning from its lowest frequency to its
upper frequency range. We'll measure the frequencies short ly.

Also. Please note that single turn variable resistors and mu lti-turn
variable resistors follow a different convention on what co nsists of
the end points of the internal resistor and what terminal is t he in-
ternal wiper blade or moving point. I found that out in this li ttle
experiment to remind of the point.

� Measure the voltage on pin 8 of U1 and pin 8 of U3. These are the
two NE612A/NE602A mixer ICs. These should be around 6 to 7V.
Make sure you don't short something out with the probe tips.

� Measure the voltage on pin 8 of U4, the dual op amp IC. This will b e
over 10V or so.

� Plug in headphones/earphones into the earphone connector wi th
the gain control at a minimum (fully CCW on the front panel if you
have the pot wired correctly). Slowly turn the gain control i n the
CW direction to see if the audio hiss increases. This indicate s the
receiver may be working properly. Now reset the volume to a min i-
mum and unplug the headphones.

Here are the measurements that I made on January 1, 2010 on a
SWL-40+ in a SWL case that has a problem with the power out. This
gives me a chance to go through the rig as you would do if you hav e one
that is not working. Whether you built it or someone else did.
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� Battery Voltage — +12.93V

� Voltage at connector — +12.93V

� Pin 8 of U1 (NE612A) — +7.25V

� Top of D13 — +12.93V

� Pin 8 of U2 (NE612A) — +7.25V

� Pin 3 of U4 (dual op amp) — +5.13V

� Metal tab of Q6 (2SC2166) — +12.93V

� Top of D2 — +7.25V

Figure 9.10: SWL-40+ in SWL Case.

Here is a SWL-40+ that I had in the closet for some time. As it tur ns
out, it does not output any RF, so a good case to illustrate �nd ing a
problem or series of problems.
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Figure 9.11: Dummy Load used for Experiments.

Never ever power up a transceiver without a tuned antenna atta ched
to the output connector or a good dummy load. The one shown in t he
photograph is one that I picked up at a swapmeet for less than t en dollars.
Another reason to atten swapmeets and keep them going.

Photo p1010003.



158 CHAPTER 9. DEBUGGING A SWL TRANSCEIVER

Figure 9.12: 12V Gel-Cell Used to Power Rig.

The above photograph is for the VFO. This was done with a DSO-2 150
PC based O'scope with a 1Meg probe X1.

The above was done with the DSO-2150 PC based scope in FFT mode
to analyze the spectrum of the waveform at R17. It is pretty cl ean, but
it doesn't have to be as the output through the transmitter ci rcuit chain
will clean it up even more.

9.6 SWL-XX+ VFO Measurements

After getting the transceiver in a case and being able to powe r it up, it is
time to check for operation of the VFO. Since I do not know what you are
going to do for monitoring your frequency I will list several options and
you can pick and choose what �ts your budget and needs.

The reason for starting at the VFO? It is the heart of both the r eceiver
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Figure 9.13: SWL-40+ Powered Up.

and the transmitter. Without it in proper working order, the rest of the
transceiver will not work.

The VFO frequency is sensitive to a number of physical parame ters
that may effect it during operation, so be careful in making m easure-
ments. We'll do some experiments to show just how sensitive i t really
is.

� Using a sensitive frequency counter measure the frequency a t pin 6
of the �rst receiver mixer, U1. This pin is the most isolated f rom the
VFO and this means that the frequency counter will have the le ast
effect on the frequency oscillations of the VFO section. It a lso means
that the signal is reduced and if the frequency does not displ ay a
frequency, either the VFO is not working or the signal level i s too
low for the frequency counter to read the frequency.

� Use the frequency counter and measure the frequency at pin 2 o f
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the �rst transmitter mixer, U5. Again, the frequency counte r may
not be sensitive enough to read a count.

� Use the frequency counter and measure the frequency at R17.

� If you are lucky and get frequency readings at all three point s, you
will note that all three may not be equal. This is due to the in� uence
of the addition of the counter into the circuit.

� If you can get a reading with one or more frequency counters, m ove
the tuning control to one end of its range and measure the fre-
quency. Then do the same for the other end. Take the differenc e be-
tween the two ranges and this is the tuning range of the transc eiver.
If there is not difference, then something is wrong with the v aracap
portion of the circuit. That is the tuning pot (100K TUNE), the resis-
tor (R18), the varacap (D1), and the series cap (C8) to the main L/C
portion of the VFO.

9.6.1 The NorCal QRP Club FCC-1 Frequency Counter

For the above experiment I used a NorCal FCC-1 frequency counter b uilt
from the kit they offer, when in production. See note below.

Check their web page at http://www.norcalqrp.org/ for instructions
on ordering. The $35 is funds well spent IMHO. If you do not alr eady
have one of these, you will have to wait until after September 2010 as
the club is taking a rest from years of working hard to produce a large
number of kits.

9.6.2 SWL Freq-Mite Counter

If you do not have a frequency counter and are going to use the S mall
Wonder Labs Freq-Mite (which is what I am using for this projec t), then
build and install the freq-mite. Here is my installation. Th is is an old kit,
so it will not be exactly the same as yours.

I used the 8V from the tuning pot to power the counter and I used
a 365K resistor to the R9/R10 junction to feed the audio. The 10 0K
recommended was still too loud for my taste.
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I have also a photo of the RF from the VFO from R17. I will epoxy
down the wire after I get completed so that it doesn't affect t he operation
if there is some movement of the rig. Microphonics it is calle d.

Since the 40+ uses a 4.000MHz IF frequency, then I don't have t o
have any offset in the counter. Again, install the freq-mite and adjust the
VFO as per instructions to get the range you want. I settled on 7.006 to
7.046MHz for this one. Plus or minus some pocket change, mean ing this
is not rocket science.
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The Freq-Mite is mounted on its edge using the L-bracket that D ave
supplies with the kit or used to provide. Makes it nice in that it doesn't
take up a large footprint for installations that require tig ht �tting.

The next page shows the RF input point to the counter.
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9.6.3 Other Frequency Displays

There are a number of other digital displays available using uP based
system with digital LED/LCD displays. Since we have only $55 inve sted
in the transceiver, I chose to just go with the $20 freq-mite f rom Dave
Benson at Small Wonder Labs where you got the SWL-XX+ kit.

9.6.4 Internal Keyer

I chose to go with an internal keyer and again there are a numbe r of
choices. I chose the K12 from K1EL ( http://www.k1el.com for this rig. I
use the little board for everything that I build, since the ke yer has a lot of
features for a small price tag.

Pictures to follow shortly.



164 CHAPTER 9. DEBUGGING A SWL TRANSCEIVER

Figure 9.14: VFO Waveform at R17.
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Figure 9.15: VFO Spectrum at R17.
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Figure 9.16: VFO section of schematic.
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Figure 9.17: SWL Freq-Mite Installation.
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Figure 9.18: RF point for Freq-Mite.



Bibliography

[1] Ashcroft , Neil W, and N. David Mermin. Solid State Physics . Newnes,
Oxford, 1959. (physics) Note: the blue items are the subdirectories
in which I have the PDF images of the books listed here.

[2] Amos , Stan, and Mike James. Principles of Transistor Circuits .
Newnes, Oxford, 1959. (electronics)

[3] Bogart Jr., Theodore F. BASIC Programs for Electrical Circuit Analy-
sis . Reston Publishing Company, Inc., Reston, 1985. (circuits)

[4] Boylestad, Robert and Louis Nashelsky. Electronic Devices and Cir-
cuit Theory. Seventh Edition . Prentice-Hall, Upper Saddle River,
2006. (electronics)

[5] Carr, Joseph J. Mastering Radio Frequency Circuits . TAB Books,
New York, 1994. (circuits)

[6] Dungan, Frank B. Op Amps and Linear Integrated Circuits for Tech-
nicians. Second Edition . Delmar Publishers Inc., Albany, 1992. (cir-
cuits)

[7] Gonzalez, Guillermo. Foundations of Oscillator Circuit Design .
Artech House, Boston, 2007. (circuits)

[8] Josefsson, Lars and Patrik Persson. Conformal Array Antenna The-
ory and Design . Wiley-Interscience, Hoboken, 2006. (antennas)

[9] Karris, Steven T. Circuit Analysis I with MATLAB Applications . Or-
chard Publications, Fremont, 2004. (circuits)

[10] Karris, Steven T. Circuit Analysis II with MATLAB Applications . Or-
chard Publications, Fremont, 2003. (circuits)

169



170 BIBLIOGRAPHY

[11] Laport, Edmund A. Radio Antenna Engineering . McGraw-Hill Book
Company, Inc., New York, 1952. (antennas)

[12] Li, Richard Chi-Hsi. RF Circuit Design . Wiley, New York, 2009. (cir-
cuits)

[13] McMahon, David. Circuit Analysis Demysti�ed . McGraw-Hill Publi-
cations, New York, 2008. (circuits)

[14] O'Malley, John. Theory and Problems of Basic Circuit Analysis.
Second Edition . McGraw-Hill Publishing Company, Inc., New York,
1982. (circuits)

[15] Pierce, John Franklin. Transistor Circuit Theory and Design .
Charles E. Merrill Books, Inc., Columbus, 1963. (electronics)

[16] Ritchie, G.J. Transistor Circuit Techniques: Discrete and Integrated .
Chapman and Hall/CRC, New York, 1983. (electronics)

[17] Schilling, Donald L., Charles Belove, Tuvia Apelwicz and R aymond
J. Saccardi. Electronic Circuits : Discrete and Integrated: Third Edi-
tion . McGraw-Hill Publications, New York, 1968. (circuits)

[18] Silver, Samual. Microwave Antenna Theory and Design . McGraw-Hill
Book Company, Inc., New York, 1949. (antennas)

[19] Spence, Robert. Introductory Circuits . Wiley, London, 2008. (cir-
cuits)

[20] Stutzman, Warren L. and Gary A. Thiele. Antenna Theory and De-
sign . John Wiley & Sons, Inc., New York, 1981. (antennas)


