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Manhattan Building Techniques

by Chuck Adams, K7QO

This article is intended to give you an overview

of construction techniques for homebrewingand

then give signi�cant detail on what is called the

Manhattan Style of construction. At the begin-

ning of each sectionis a brief paragraphoutlining

the current topic.

I recommendthat you readthrough this material

several times beforebuilding and experimenting

just to make sure that you have everything on

hand beforeyou get started. If you are like me,

you hate to start on something, be interrupted

and then have to to go and �nd something that

you are missing or have overlooked. Plan ahead

and you will save a lot of valuable time. All

the suggestionswithin this article are just that

| suggestions.So feel free to add or take away

whereyou have somethingthat you have learned

or want to usein place of my ideasor tools.

In tro duction to Construction

Techniques

This section givesa description and pointers on

di�eren t construction techniques. In the refer-

ence materials you'll �nd some excellent ideas

with �gures and photographsto further your ed-

ucation and add to my discussion.

In the past few yearsthere hasbeenan increased

interest in basicconstruction techniquesand the

"Manhattan Style" of construction in particu-

lar. It is my hope that this article will bring to

light somebasicunderstandingof just what is in-

volved in building with this technique. To make

this article of interest for all agesand building

experiences,I ask for your patiencewhile I start

from the basicsand work up to the morecomplex

issues.

If you have a copy of the ARRL Handbook

http://www.arrl.org/ for 1995or later, please

read the �rst part of chapter 25 on construc-

tion techniques. You will note that Figures25.10

through 25.22 illustrate the most popular tech-

niques for building circuits. You can use these

techniques for experimentation or for �nal com-

ponents of a rig or for a completereceiver, trans-

mitter, or transceiver. These techniques consist

of:

� Ugly Construction,

� Wired-TracesConstruction,

� Terminal-and-Wire Construction,

� Perforated Board Construction or Perf

Board for short,

� SolderlessPrototyping 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.



K7QO Article 2

Each technique is excellent for the construction

of test circuits, 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 tech-

niquesto work and you won't either. I have used

all of the above techniquesand each works. Some

techiquesrequire more care in component place-

ment and routing of critical signalsand voltages.

I will cover the basics of the Manhattan Style

of construction here. I would like to follow up

this article with another using the Dave Ben-

son's NN1G Mark I I transceiver as a discussion

for building a more complex design using Man-

hattan style construction and also as a tutorial

for just how a transceiver works. Somethingthat

I havewanted to do for sometime in an advanced

construction and designarticle.

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 print

and you should look for a copy at swapmeets

and hope that you run across it. It is a col-

lectors item. If you do not have a copy, then

reference the original article in QST either in

hardcopy or on the ARRL CDs. The �rst is

from the September 1979issueof QST, page30,

written by Doug DeMaw, W1FB. The title of

the article is "Quick-and-EasyCircuit Boardsfor

the Beginner" detailing construction using what

is referred to as dead bug or ugly construction.

To support various component leadsand connec-

tions that are not directly connectedto ground

he useshigh resistor valueson the order of sev-

eral million ohms. The support resistorsare sol-

dered in a vertical position with one end to the

printed circuit board and the upper lead is used

to hold several connecting leads. This resistor

provides good isolation from the ground point

through a relatively high resistance.This upper

resistor lead alsoprovidesa mechanical and elec-

trical connectionthat givesexcellent mechanical

stabilit y for the �nal circuit con�guration. The

problems with this technique are that I �nd is

that you must have a supply of high valued re-

sistors(on the order of 1 megohmor greater) 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 con-

suming and just too tedious to get a good and a

nice looking connection. For my projects I �gure

that if I am going to spend the time and money

in constructing something then I might as well

do a good job and wind up with something that

looks as nice as it works. It is much much faster

and easierfor me to make a nicer looking project

using the Manhattan Style of construction.

In the same article by Doug DeMaw, Figure 3

shows the use of printed circuit board squares

glued to the main printed circuit board. The

squaresareusedto soldercomponent leadsto for

common electrical and mechanical connections.

This technique is attributed to Wes Hayward,

W7ZOI, and Wes suggestedusing hot glue as a

�xitiv e to hold the pads in place. Comments

are madeabout the extra careneededas the hot
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glue softens each time a component is soldered

to the pad(s). I have yet to �nd a technique that

repeatedly results in equal amounts of hot glue

for each pad. I am not a fan of this technique for

that reasonand my favorite glue is Super Glue

(cyanoacrylate glue) found at hobby shopsand

at many other storesfor holding padsdown. And

becauseof my fondnessfor uniformit y and order

I prefer circular pads over rectangular or square

pads.

The other article in "QRP Classics" is one also

by Doug DeMaw from the September 1981issue

of QST page11. The article "Exp erimenting for

the Beginner" hassomeexcellent circuits includ-

ing the W7ZOI QRP transmitter that can easily

be built using the Manhattan Style construction

technique described in this article. In fact, if you

have beencollecting schematic diagramsand ar-

ticles over the yearsor decades(and I know you

have), then now is the time to start in building

them and experimenting asyou havehopedto do

all this time. There are two main reasonswhy

I suggestyou do this now. You'll collect, if you

haven't already, more projects than you will ever

have time to build in onelifetime. Also, the parts

are much easierto �nd now. At a later time the

supply of someparts will disappear due to the

nature of the electronicsbusinessand where it is

going. And it naturally follows that the pricing

will go up as the vendor must reserve valuable

spacefor storing items and they must pass the

addedexpensefor this on to you. This increased

cost of someitems will increaseyour cost of do-

ing a project.

Now for someof the history as I know it for the

term "Manhattan Style Construction".

At Dayton in May of 1998 there was a building

contest sponsoredby the NorCal QRP Club that

consistedof building a complete transceiver us-

ing only 2N2222transistors. The idea camefrom

Wayne Burdick, N6KR. I was one of the judges

for that contest at Dayton that year. The �rst

placewinner was Jim Kortge, K8IQY, with a 40

meter transceiver completely made up of only

2N2222transistors with no IC chips to be found

anywhere in the design. He built the rig using

the Manhattan Style technique and he usedthe

phrasewhich his son used in collegein an engi-

neeringprogram wherethey built this way. Since

the contest at least 16 of the K8IQY rigs have

beenbuilt using the sameconstruction technique

and used on the air to make contacts and the

number is growing. You can seeJim's work at

http://www.qsl.net/k8iqy if you have Inter-

net capabilities. It is worth the time and e�ort

to visit the site. Jim is currently working on a

several versions of the same rig with modi�ca-

tions and enhancements for other bands. Jim

Kortge is showing all his work online during the

development and construction phasesthus giv-

ing you insight into how he does rig designand

testing.
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Prin ted Circuit Board Material

In this section I will talk about printed circuit

board material and tools for working with it to

cut piecesto sizefor use in building circuits.

One thing that you are going to need�rst o� is

a supply of printed circuit board material. In

some cities this is readily available from elec-

tronic surplus stores such as Tanner Electron-

ics in Dallas, TX. Since leaving Dallas I have

grown to appreciatesuch placesthat I no longer

have readily accessto here in Prescott, but life

is a series of tradeo�s. Radio Shack stores

have printed circuit board material but you will

�nd it more expensive than if you can �nd it

at swap meets or ask around for sources lo-

cally. And then there is always the search

over the Internet for parts places. An excel-

lent source of PC board material that I use

is from The Electronic Golmine and their web

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

Look through their catalog for PC board ma-

terial and pick what you think is best for your

planned projects.

It doesnot matter whether you usesingle sided

or double sided material. Get that which is

cheapest for you to obtain. I found somedouble

sidedboard at Tanner Electronics in Dallas that

is about 30cmby 60cmin sizeat a good price. It

has a paper type dielectric and the copper coat-

ing is only 0.5 oz per squarefoot. But you don't

care about the depth of the material for these

projects. Printed circuit board material is rated

by the density of the copper plating by 0.5, 1.0,

and 2.0 oz per squarefoot. I use the 0.5 oz per

square foot becauseit was relatively cheap and

was the only thing that was in stock. The insu-

lating substrate may be madeof several di�eren t

kinds of material. You do want something that

you can usea nibbler or punch on rather easily.

Someof the epoxy or �b erglassbasedmaterial

may require a signi�cant force on the punch to

make the holesand pads. I usethe term pads to

refer to the circular material that comesout of

the hole madeby the punch. Any other time you

would just throw the hole material away. Don't

do that here. We want to keepall the hole mate-

rial. I'd recommendthat you experiment hereto

�nd the material and board thicknessthat works

best for you to make pads. It doesn't even have

to bethe sameprinted circuit board material 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

sizerequired for each of your projects. This will

require some planning on your part dependent

upon what tools you have. Somebuilders usea

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 doneall three and

my favorite is the metal shear. Harbor Freight

Tools http://www.harborfreight .com/ had a

combination 12" shear,brake, and slip roll which
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sold for $199.95 and has a part number of

35969-1VGA. You might check with them to

seeif 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

other placesin a search online. I know that this

is an expensive item, but it has more than paid

for itself in enjoyment and in doing some nice

work on printed circuit board material that I

could not do otherwise. I have also used it for

making the �nal caseson a number of projects

using aluminum sheets. I'll write a section at

the end of this article on just how to make the

case(s)from aluminum sheetsor printed circuit

board material for your projects.

I have also used a metal cutter made by Wiss

with part number M-300 for cutting printed cir-

cuit board material. Be careful in buying this

item asthere are three cutters they manufacture

and this particular one has orange handles and

it will cut straight lines. The other two mod-

els 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 at just under $15. I do not like using it

for seriouswork asit leavesa small seratted edge

on one side of the double-sidedboard, a minor

nit if you want to save a lot of money on tools

or start out slow beforemaking the big leap and

spend a lot of money on the higher quality tools

usedfor homebrewing.

IMPORTANT NOTE. No matter what tech-

nique you choose to cut the board material be

sure the �rst thing that you do after cutting a

board is to run a sanding block with medium to

�ne grained sandpaper along all the edgesof the

board to remove sharp metal edgesand other

sharp points from the dielectric material. The

formed edgesof the copper can make razor sharp

edgesand you want to take all the safety pre-

cautions that you can in working with this stu�.

Pleasedo not skip or forget about this step. It is

very important. And pleasedon't do something

stupid like run your �nger along the edgeto see

if it is sharp. You should be old enoughto know

better than to ever do this. I bring it up be-

causeyou needto be thinking at all times when

working with tools and materials. I use an ex-

truded aluminum sandingblock that I bought at

a hobby shop. I usespray contact cement to ap-

ply sandpaper and by using the contact cement

on one surface I can peel the used sandpaper

away fairly easily.

OK, you cut up the board to somerectangular

size that you are going to build a circuit on. I

recommendthat you also make up several 5cm

by 5cm boards for someexperiments listed be-

low just to get an idea of how to work with the

construction techniques described here.
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Cleaning the Prin ted Circuit

Board Surface

In this section we cometo the businessof clean-

ing the copper plating on the printed circuit

board.

Depending upon your source of printed circuit

board material you may �nd it either new or

old. The copper plating will tarnish and oxidize

over a period of time and this will require that

you clean it. I even go through the processof

cleaningnewly purchasedboard material just to

remove the thin layer of oxidized copper. The

best buy I have gotten on blank printed circuit

boards was at Ft Tuthill a few years ago. The

boards had someareaswhere it looked like they

had beenheatedto a high temperature and were

badly oxidized. This was most likely the reason

why they weresurplusedout or rejectedby some-

one. The cleaning technique discussedhere does

work and cleanedthem up nicely.

Here is what I have found to be the best clean-

ing technique for printed circuit board material.

I ran a number of experiments with the clean-

ing products listed below. I went to several gro-

cery stores and looked in the cleaning supplies

sectionand visited hardware storesand even an-

tique stores looking for copper and brass clean-

ers. My reasoningwasthat I neededsomeclean-

ing materials that weretested by a large popula-

tion, certi�ed over a period of time to be safeby

both lawyers and the consumers,and would not

harm me or the printed circuit board material

for my projects. I'm sure if something would do

damageit would have by now beenpulled from

the shelves. I wound up testing the following

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 least expensive was Tarn-X.

You should beable to �nd it in any large grocery

store chain in the householdcleaning materials

section. Read the label carefully and completely

and follow the instructions. I use a cotton ball

and cleanboth sidesof the board with the Tarn-

X. I get the cotton ball wet with Tarn-X and

wipe all the copper material until it is clean.

Then I immediately rinse with plain tap water

in the sink and then dry with a paper towel, all

the while holding the board by the edgesand

not touching the copper surface. Do not allow

the board to air dry with water spots as they

will leave obvious markings on the surfaceof the

board.

You did sand the board edges,didn't you? You

will always be handling the board by the edges.

You will wind up with a shiny surfaceafter clean-

ing the boards. I �nd that it doesn't seemto
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tarnish too rapidly. Just avoid touching the sur-

facesof the copper plating with your �ngers, etc.

I have a technique also for avoiding contact with

the board during construction and that is de-

scribed in the building steps paragraphs. You

might alsoconsiderusing1" maskingtape folded

over the edgesof the board to protect you and

the board while handling it. You can remove the

masking tape after you have completedbuilding.

I prefer the Tarn-X as a cleaner as it is non-

abrasive and works almost instantly upon con-

tact. It doesn't require a lot of elbow grease,

i.e. hard work or exercise,to get a clean surface

without additional scratching. We are not try-

ing for an optically at surface but I don't like

scratches produced by the abrasive compounds

or steel wool. (Changed attitude in Dec 2002.

Seebelow.) I would show a beforeand after pho-

tograph of the cleaning results, but the results

do not photograph well. I'll let you experiment

on your own and determine for yourself just how

well the processworks.

In December of 2002 I happened to pick up

some Scotch-Brite (TM) material at the hard-

ware store. It comes in various types and the

one that you want is brown colored for the re-

moval of rust and tarnish from metals. It is not

expensive and it seemsto 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

the entire board. I can not emphasizehow thin

you need to get it. You are not painting this

thing for show and tell.

I found that the layer protects the board and

gives it a nice look. And with my 25W iron I

am still able to solder the ground connections

without a problem. With a bare board there

wasan areaof discolorization around the ground

solder points. But with the thin �lm of clear

paint there is no such areas. A plus in my book.

Tell them you heard it here �rst.

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 keepthem isolated

electrically from the ground plane.

The next thing after making a board to be used

for a project is to makeup enoughprinted circuit

board padsto use. Now Jim Kortge, K8IQY, has

excellent results making very small rectangular

pads. He uses an Adel Nibbler. Jim Kortge,

K8IQY, and others saw my work at Paci�con

in 1999 and 2000 and thought that the circular

pads looked good and worked well.

Harbor Freight Tools has a 2,000 pound punch

kit with part number 44060-1VGA. It sells for

$16.99and again I happenedto catch it on sale

when I bought mine. It consists of the punch

with dies for making 2.38, 3.18, 3.97, 4.76, 5.56,

6.35,and 7.14mm circular punchesin metal or in
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this caseprinted circuit board material. I started

with pad sizesof 4.76mm but now have settled

on the smaller 3.18mmpad size. This sizeworks

best for me in saving room on the board, get-

ting components closely spaced,and still large

enoughto easily solder several component leads

to during construction. Remember that by pads

I am referring to the material punched out of the

printed circuit board, i.e. the circular sections

that pop out of the punch. Also for using in-

tegrated circuits (and I always usesockets) with

thesesizedpads,you canonly do the corner leads

(due to spacing)in what I call the "lunar lander"

con�guration. Probably for this reasonalone a

lot of peoplewill tell you to go with the nibbler

and the rectangular 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

elsewherebut I just tack solder to the remaining

leads of the socket with pads only on the four

cornersusedto hold the IC socket to the printed

circuit board, and this works well for me.

Harbor Freight Punch.

Now I madea modi�cation to the punch that you

may or may not want to try . I found that with

the printed circuit board material I use, when I

punched out the pads using the punch and dies,

several things happened. There is a small raised

point centered in each punch. This point holds

and keepsthe material beingpunched from mov-

ing laterally. The raised point made the pads

concave and it alsocausedthe copper to develop

a �ne hairline crack on one or both sidesin the

copper plating. I used an ordinary metal �le

and removed this center raisedpoint. By remov-

ing the point the pads now comeout rather nice

and at. Again, you may not want to do this

as this is a permanent modi�cation to the tool

parts. Experiment with oneof the punches. Try

onepunch sizebeforeand after this modi�cation

and seewhich con�guration works best for you.

If you don't like the results, then you have only

madeonemodi�cation to oneof the punch sizes.

You might want to use the smallest size to ex-

periment with �rst as it will be the least likely

candidate for making pads.

Another thing that I bought at Harbor Freight

is a 5" drill press vise. (Part number P31000

from Harbor Freight and again it is in the $15

price range, the sameas the punch.) It is both

heavy and sturdy and sits right on the desk top

while in useand storesaway in a relatively small

space. I prefer it for most small work over a

portable vise that clamps to a desk edge. I use

this for holding all kinds of things while sanding,

�ling, etc. In using the punch to make printed
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circuit board pads I sometimesfound it required

considerablepressure. By putting the punch in

the vise, I could exert more pressureand move

along the printed circuit board material faster,

thus punching out more pads in a shorter period

of time. It is just something that I do, and you

may want to wait on this purchaseor usea vise

that you already own.

Harbor Freight vise.

What I do is get someboard material that is go-

ing to be large enoughfor me to make a hundred

or socircular padsof the desiredsize. I make ev-

ery attempt to cut the pads as closeas possible

to reducethe 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 before you start in making the

pads. This will make the pads nice and clean

and shiny and easierto glue and to solder.

Vise and Punch combo.

In the photograph showing this setup you will

note that I use a small plastic container to col-

lect the padsas they are punched sothat I don't

have to chasethe little critters all over the desk-

top and o or. Beenthere. Done that. Also note

that one or two pads may still be in the punch

when you �nish, socheck beforeputting the tool

back into its casefor storage. I punch up a batch

of padsat onetime to maximize the number that

I can punch for time and e�ort expendedin set-

ting up the tools. The plastic container is just

a simple butter container that hasbeenrecycled

for such use. I store left over padsin a pill bottle

for later use.
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Vise and punch setup for punching pads.

Here is a photo of both rectangular and cir-

cular pads. The rectangular ones were made

from shearedboard material and then cut with

a Wiss cutter. That's the reasonfor the serrated

edgeswhich will behidden whenglueddown and

tinned.

Rectangular and Circular Pads.

Moun ting Pads

In this section I will describe the technique and

glue that I use for mounting the pads to the

printed circuit board.

Now after reading this article somepeoplemay

consider me cheap. That is not the case, but

sometimes I �nd that bargains are worth get-

ting. BesidesHarbor Freight I like to visit the

everything-for-a-dollar thrift stores. They have

some unusual stu� that might come in handy.

I use their notebooks for keeping journals, logs,

and QRP experimental notebooks. I also buy

my super glue there for single tub es and some-

times two tub es for a dollar or less. Super glue

doesthe best job for me of installing padson the

printed circuit board. Readthe label on the glue

and always be careful. Wear glassesor goggles

at all times. A large number of us have seendis-

cussionsgo on and on for threads on this topic

on QRP-L. Super glue is just that, a glue, and

every precaution should be used in applying it

to the board, etc. I just love the stu� and if

you experiment you can make a neat joint for

the pad. I apply the glue to the printed circuit

board at the point whereI want the pad to go by

placing a very small drop there. With care you

can get the samesizedrop in the exact placeyou

want it every time. Don't rush and don't usetoo

much pressure. I hear the urban legendsabout

mistakesand you don't want 35 hours into a big

project lost due to a slipup on your part. Again,

read the labels and be careful. I keep Acetone
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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 that they

are expensive and am concernedabout the shelf

life of the stu�. Keeping it in the refrigerator

(which may be dangerousif you have children)

is recommendedby somepeople. Also note that

you buy the glue in di�eren t set up speeds|

instant, regular and slow. Thesespeedsgive you

di�eren t times in which to move the materials

being glued together. You can experiment if you

wish and decide which you prefer. As I say |

education is expensive no matter how you get it.

I glue the padsasI make progresson the project.

There is no need to get too far ahead as your

placement and circuit details may change. I use

the "build a section and then test it procedure"

in a lot of my projects. By only placing pads

as I go I do have the opportunit y to modify the

circuit and the layout on the board beforeit be-

comes too crowded and I don't have room to

make the changes that I need. Some builders

prefer to go ahead and lay out a project com-

pletely and do all the padsat onetime to reduce

time in setting pads and working with the glue.

What you do is dependent upon your experiences

and the techniques that you have developed or

learned.

For pad removal if the pad is placed incorrectly

or you changea circuit you can "p op-a-pad" (tm

de K7QO) with chain nosepliars with practice

and cleanthe spot with Acetone. (Again for dan-

gerouschemicalsread the label and do it outside

and upwind from the fumes. Acetone is highly

toxic and volatile/ammable chemical found at

any paint supplier.) Just use the pliars to hold

the pad and the rotate/t wist it in place to break

the glue bond. Super glue doesnot have a good

shearstrength and can easily be removed in this

manner. Becauseof the Young's modulus you

can not just pull it o� | that is why the guy

with the hardhat in the advertisement is being

held up below an I-beam.

I am hoping that you are reading this article

through several times before you rush out the

door and start buying stu�. While you are in

Harbor Freight for the shearand punch askthem

about item #32279. This is a $5.99 set of six

tweezers that I just love to use not only for

placement of padsbut for picking up parts while

building a kit and for retrieving parts dropped

into a crowded board or case. You'll seewhat I

mean after you get the set and use them for a

while. You'll feel like a brain surgeonwith a �ne

instrument. You can also �nd similar tweezers

at some surplus vendors at hamfests like Day-

ton and HamCom. The tweezersare made of

stainless steel, have very very �ne points, and

the super glue 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 pad to go. I then place a very

small drop of super glue centered on the spot. I
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then use the tweezersto pick up a pad from my

supply of pads and place 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 secondsor so.

The glue sets rapidly, but don't play here and

test to seeif the pad will move. If you haven't

waited long enough,it will move and then you'll

have a messon your hands. Just be patient as

the rewards are great. You'll get the hang of this

after a few pad placements. I do put the pads

with the smoothest side up.

After another 15 secondsor so I then take the

soldering iron and solder and tin the pad. I use

just a little bit of solder. This processdoes two

things. It pre-tins the pad for later soldering

of component leads to it. It also helps "cure"

the super glue under the pad and solidify the

structure. Be careful not to use to much heat

here and cause a portion of the super glue to

vaporize. The fumesare not good for you. I use

a small 12 cm by 12 cm computer fan (115VAC

at 8W) near the work area 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 setup so that I can turn

everything o� with one switch. This keepsme

from leaving the solderingiron pluggedin and on

for days at a time. Beenthere, donethat. Don't

have the fan blowing air across the work area

unlessyou needthe additional cooling during the

summer months. Make sure that even in this

con�guration the fumes are not blown in your

direction.

Two circular pads glued down.

IC Pads

If you are going to do much Manhattan Style

building, then you probably will be using inte-

grated circuits in your work. I have useda tech-

nique called the "Lunar Lander" that involved

placing round pads at the four corner pins of an

IC. Jim Kortge, K8IQY, usessquare pads and

I made up someusing another technique shown

below.

Went to Home Depot and bought two boards

shown in the next photograph. I chosePoplar as

it is the cheapest and the total price of the two

boards was $2.97 US. If you are a wood worker

you may use what ever you have on hand. In

fact, if you have a router you can think of ways

to do this with one piece.
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Wood Pieces.

I simply used a mitre box and saw and cut one

wide piece to a length of 15cm and two of the

narrow piecesalso 15cm long. Using wood glue,

take one of the small width piecesand glue it

to one side and nicely matched along the edges.

You can sand later if there is somevariance,but

it is not necessary.

Now cut a pieceof PC board to the width that

you want the IC pad to be. You made need to

experiment in this area. I personally like 1.5cm

for the Manhattan pad. Using this piece glue

the other board separatedfrom the �rst by the

width of the PC material. Allow just a little area

sothat the PC material isn't too di�cult to slide

back and forth in the "canyon" like areabetween

the boards. You don't want it too loose. I also

cut a pieceof vector board with 0.10inch spacing

on holesto the samewidth. This material is used

to prototype computer and IC type circuits. We

will be using this to measure0.10 inch spacing

on lands on the pad.

PC and Vector board �t.

Now you should use a mitre saw with a very

very thin blade. The one that you usedto make

the pieceswill not do, so someexpenseinvolved

here at the hobby store. Using the blade with

a right triangle make a 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 slide 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 closeto one end but not too close.

Look at all my pictures and you can seewhat I

mean. Use a push pin like you use at the o�ce

and put in one of the holes and into the board

material about 1 cm from the opposite end from

the blade. Look at the picture.
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Fitting.

With this setup I can now (holding the vector

board down gently) remove the pin, move the

vector board one hole away from the blade then

reinsert the push pin. Now by moving the PC

board against the vector board and making a cut

down through the copper material I can make

pads spaced0.10 inches apart. Do as many as

you needfor several pads. Then I use the shear

(you can usecutting tools of your choice) to cut

the material for 8 pin socketsor 14pins etc. Here

is a seriesof photographsshowing the steps. This

onedoesn't look real prett y but you get the idea.

Make a few for practice and yours will look a lot

nicer than this one. After you make the 8 pins

pads, cut a double wide path at right anglesto

the other cuts. Other wiseyou will oppositepins

shorted to each other and that just won't work.

:-) Hints. One: use an ohm meter to check for

shorts after you do this. Don't skip this step

your will will generatea lot of headachesfor your

self later. Two: you might want to tin the pads

beforeglueing it down to the PC board material.

Multiple cuts.

Final pad.

The total costof materials $2.97USnot counting

time and gas.

OK. HereI am back to make three more IC pads.

First cut all the lines acrossthat I need.P
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Tinned pads.

Sockets solderedto pads.

Soldering Technique

In this section let's take a look at soldering and

soldering tools and equipment as used at the

workbench of K7QO in beautiful Prescott, AZ.

Now the ARRL Handbook has some excellent

information on soldering 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 soldering iron. Yes, I know that

the soldering stations sell for big bucks and are

worth every penny spent on them. But, I have

built over 125kits in the last 7 yearsand built a

lot of test circuits and odds and ends. All of this

I have done with a simple Weller soldering iron

model number 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 longer being manufactured, but there

is hope that you might �nd one in your searches

through the piles of stu� at Dayton and other

swap meets.

Why do I like the tip? It has not degradedover

the yearswith pitting, etc. It has a �ne enough

tip that I can do the smallest of soldering and

it has at surfaceslarge enoughto provide both

the surface area and thermal area to coat the

thermalezewire being usedin most kits now for

toroid windings.

I bought a Radio Shack soldering iron stand at

a hamfest somewhereand I think I paid $2 or so

for it. It is the one with the small metal "sink"

that holds a sponge. What most people do is

have the sponge with a small amount of water

to clean the tip of the soldering iron from time

to time while working with it. You simply swipe

the tip of the iron across the sponge and the

processremoves excesssolder and ux on the
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tip of the iron. I dislike this physical processfor

two reasons.First of all it cools the tip slightly.

Also the sponge tends to trap a glob of solder

(lik e that high tech talk?) and then sling it in

my direction while it is still molten and hot!! I

considerthis dangerousand an unpleasant expe-

rience when it happens.

So what I do is the following. I always solder

with blue jeanson. I recommendthat you never

solderwhile wearing short pants sinceyou might

drop the iron or something that is hot onto one

of your legs. While soldering, I usea dry heavy

or thick washcloth that I bought at a Wal-Mart

or Target store. I place the wash cloth across

the right pants leg as I am right handed. While

soldering and when the tip has ux residue or

too much solder on it, I just drag the soldering

iron tip lightly across the wash cloth to clean

it. I have been using the samecloth for over a

decadewith still no holes in it. Of course, you

can't useit for anything else!! I'm suresomeone

will rant and rave about this, but I �nd it doesa

great job of cleaning the tip and it doesn't cool

it down.

Each of ushashis or her supply of favorite solder.

Jay Bromley, W5JAY, in Ft. Smith, AR, gave

me a onepound supply of Kester Solderwith the

following info on the top | CAT 24-0062-0018

with diameter 0.025", Core 66, Flux "44", and

alloy SN62. This will be 62/36/2 meaning that

it doeshave 2% silver content. It has a low ux

residue and 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 mirrors | they are that shiny. This

will be my solder of choice for everything that I

build from now on. You can get this solder at

Mouserand most other places. Also Kester CAT

24-7150-8800which is 0.031" diameter solder.

OK, we have the iron hot, the solder, the clean-

ing rag and we are ready to go. What I do when

soldering is I usewhat I call the "3 secondrule".

I do everything that I can to melt the solderand

make the connection in about 3 secondsor less.

I do not want to overheat any component, as

somemay easily be damagedinternally or exter-

nally due to excessive heat. Manufacturers may

specify a maximum component temperature for

2 secondsthat if exceededmay causepermanent

damageto the part.

I usually placethe solderbetweenthe solderjoint

and the iron. I also attempt to get a good phys-

ical contact betweenall three items at the same

time. I know what the books say and this is in

disagreement with most, but here is my reason-

ing. (Remember I have a PhD in Physics.) The

solder will melt almost instantly. The heat from

the melted solder 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 o� the area and allow it to cool rapidly

without conducting a lot of heat along the lead

to the component, thus keepingit relatively cool

the whole time. At the time you touch the solder
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and component lead with the iron start count-

ing 1001, 1002, and then 1003 and remove the

iron. After a little experience doing this you

don't have to count. You'll know when the feel

is right.

Also, during this three secondperiod, feed just

enough solder to make the connection and give

enoughmaterial to makea solid mechanical joint

when it cools and to alsohave good conductivit y

electrically. Don't put too much solder so that

the connection looks like it has a quarter pound

of lead on it. I assureyou that the connection

will hold just aswell with a small amount of sol-

der as it will with too much solder. I always

strive for neatnesson the �nished piece. I just

hope the accompanying photographs for this ar-

ticle will show just what I mean.

Here is a photograph showing someof the tools

that I use almost daily. They are in order from

left to right: tweezersfrom Harbor Freight, the

extruded aluminum sanding block, Kester sol-

der, solder iron station on its side behind the

solder, the Weller soldering iron with Ungar tip,

chain nose pliars (note the �ner tip than nee-

dle nose pliars), Exacto hobby knife with #11

blade, and Searsdiagonal cutters (4.5" Crafts-

man #45171). The ruler is a little over 15cm in

length for comparison.

Picture of tools.

Practice Exercise #1

OK. We are now at a point where you should

be able to do the following exerciseand apply

the techniques discussedso far. Get the tools

and materials together. It is my hope that you

won't put o� this seriesof exercisesand bulding

projects. I fear that you won't ever get to them

otherwise. You will needthe following items:

� Printed circuit board material,

� shearor cutting tool for straight edges,

� punch or nibbler,

� Tarn-X and cotton balls,

� solder iron,

� solder,

� super glue,

� and tweezers.
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First cut up a couple of small piecesof circuit

board. One will be used to make pads and the

other we will mount the pads upon. I'd make

them both about 6cmby 6cmor so. This doesn't

have to be exact as we are just practicing here.

Don't waste too much material and hopefully

this exercisewill prevent expensive errors later

on.

Next sand the edgesof both boards to prevent

injuries due to sharp cornersand edges.

Now take the Tarn-X and clean both boards as

outlined in the appropriate sectionearlier in this

article.

Use one of the boards with a punch or nibbler

and make up a couple dozen or so pads. I rec-

ommend that you make up about half-a-dozen

each of the di�eren t sizes if you are using the

circular punch. This will give you some expe-

rience on making the pads, getting them glued

to the board, and give you a feel for what each

sizelooks like and how much area it takesup. 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 pen-

cil and ruler (oops, not on the list, but you

have those) and make a nice grid on the board

with equally spacedhorizontal and vertical lines.

Make enough intersectionsof lines whereby you

can mount pads at these points and have some

room betweenthem. Maybe 10 to 16 points will

do nicely.

Take the super glue and placea small dot of glue

at oneof the intersections. Follow this up by us-

ing the tweezersto placea pad on top of the dot

of glue. I use the tweezersbecauseI know what

will happen if my �ngers touch the board, the

pad, and the super glue simultaneously!!! Try to

center the pad the �rst time you place it and use

just a little pressureto set it in place. You can

now do all of the remaining padsat oneat a time

or do them separately one at a time. And since

this is a test caseyou may want to experiment

with di�eren t quantities of glue for the dot and

look at the e�ect.

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 on the top of

each pad. Experiment here to seewhat solder-

ing techniques give you just a small amount of

solder that covers the top layer of the pad and

looksnice and smooth and shiny. Usethe K7QO

counting procedure. I put the solder on top of

the pad and then put the solder iron on top of it

to melt and cover the pad at the sametime. Feed

just a little solderafter the �rst portion melts to

get the amount that you want.

After doing this take a magni�er and look at

your work up closeand personal. Does it look

good? I'm sure it does. Now take a multimeter

and check to seethat there is no short between

each pad the the board layer, i.e. what will be

the ground plane.
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If you want to experiment further, seehow close

you can get two pads together without a short

betweenthem. How about a triangular con�gu-

ration with three padsascloseaspossible?We'll

be using this for transistor mounting.

Now set this board asideuntil the next exercise.

Here is a photo of my results for this experiment.

I won't ask you to do something that I have not

already tried myself. It makesusboth look good.

Pads glued to board.

Pads, No des, and In terconnec-

tion Capacitance

In this section I will discusshow to usethe pads

for common connectionsbetweencomponents.

In order to build a complete circuit using the

Manhattan Style construction 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 solder the leads of the compo-

nents to the pad that are common to that con-

nection point. Thesepoints in a circuit diagram

are called nodes. I'll give you somepointers on

how to determine how many pads you will need

in a moment.

I knew this wasgoing to happenon QRP-L when

the Manhattan construction discussion started

up after Dayton and the discussion has been

brought up since then. Someonealways has to

ask the question of just how the capacitancebe-

tween the pad and the ground plane e�ects the

circuit and should you worry about it. My an-

swer is a resounding no. Pleasedo not worry

about it. There many more important issues

that come up than to worry about the small

amount of capacitancedue to a pad.

I took several pads,tinned both sides(I am using

double sided board material) and added small

wires to make up capacitors. I measured the

capacitancewith a Almost All Digital Electron-

ics L/C Meter I IB http://www.aade.com/ . If

you do not already own oneof theseinstruments,

then you needto considerpurchasing one if you

are going to get seriousabout construction and

experimenting in general. It is the most useful

pieceof equipment that you can own other than

a DVM. With this meter I measured0.58pF ca-

pacitance for the 4.76mm pad and 0.49pF for

the 3.18mm diameter pad. I then super glued a

4.76mm pad to a small piece of printed circuit

board. I measureda capacitanceof 0.37pF for
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the resulting structure. OH, you say. Why is the

capacitancesmaller for this con�guration? Well,

look at it this way. You have a capacitor made

up of the two copper layersof the pad. You then

have a layer of dielectric material made up of

the super glue and then another layer of copper

for the printed circuit board. This con�guration

makes up two capacitors in seriesand the total

capacitanceis thus reduced. If this doesn't mean

anything to you, then look at pages6.7 through

6.11 of the ARRL Handbook. It will come to

you, I promiseor sendme email. And sometimes

when you solder the pad to the ground plane the

metal will make contact and the capacitancewill

go back to that of the pad. No biggie IMHO.

Now don't sendmeemail if you do your padsand

�nd the capacitanceto vary from thesemeasure-

ments. The factors that makeup the capacitance

vary due to material type and thicknessof the

board material. You should be getting valueson

the order of 1pF or less. This isn't rocket science

here and your mileagemay vary.

OK, how about wires that are closeto the board

between nodes. Does that capacitanceamount

to a large value? No, it is not too great an addi-

tion to the distributed capacitanceof a circuit.

I leave it as an exercisefor the student to build

up a test circuit to measurethis. If you have two

padsseparatedby somedistanceand a wire, say

#28 magnetic wire, for an interconnection be-

tweenthe pads (and you will be doing this from

time to time) then you add the capacitanceof

the two pads and the capacitance between the

wire and the board. I can do the physicsfor you

on this, but that is beyond the scope of this ar-

ticle. Trust me. I recommend that you don't

worry about this at this time.

Circuit Layout

In this section I will mention the use of the

schematics to determine board and circuit lay-

out.

When you get ready to build a circuit using the

Manhattan style you have to get all the parts to-

gether and the schematic and then sit down with

pencil and paper and do a layout of where you

want things to go on the board. I usually �nd

that if a schematic is well laid out I can usually

build going left-to-righ t in the sameorder as the

schematic. I'll do the NN1G transceiver from the

January 1994issueof the QRP ARCI Quarterly

http://www.qrparci.org/ and the 1995 issue

of the ARRL Handbook in detail in the next ar-

ticle. I think that it is an excellent project, the

rigs work well, and it can easily be laid out in a

small area.

From the schematic you can determine the num-

ber of padsneededfrom counting the number of

common points for components. All dots that

are connectedby a single wire usually are done

with one pad unlessthere are too many compo-

nent leads to �t on a single pad and/or there is

some physical distance between the connecting
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leads. You can get a good estimate without too

much e�ort. Practice will improve your guesses.

Using the schematic and a pencil and paper you

can roughly sketch out the logical areas of the

schematic (VFO, IF �lter, ampli�er stages,etc.)

and how they connect. Watch out for large com-

ponents like IF cansand other things that take

up a large area.

If you have never built anything ugly style or

Manhattan style, then by all means start out

with simple projects �rst. You have to learn

to walk before you run. I don't recommend

you attempt a receiver or transceiver as your

�rst project although a number of people have

successfullydone so with the K8IQY 2N22/40

transceiver but they had the Winter 1998 issue

of QRPp with illustrations doneby Paul Harden,

N5AN. And some used the Arizona sQRPion

board layout with silkscreenedpad and parts lo-

cations. If you are on your own and doing some-

thing that maybe no one elsehas tried then do

a lot of work up front doing the physical layout.

It will greatly reduceyour chancesof failure and

disaster.

Here are some things that I recommend you

check for building a project. This list is by no

meanscomplete and you should use it for some

starting ideas.

� Get schematic,

� get parts,

� decideif project will �t on one board,

� if project is to go into casewhat connections

and controls are neededand where do you

want them to go,

� make a rough diagram of layout by logical

stagesof the circuit,

� approximate arearequirements for each sec-

tion,

� how do the stagesinterconnect, and

� do a �nal examination of your design and

adjust for obvious problems that might oc-

cur.

Building and Testing

In this section we will look at some things to

consider during the construction phasesof your

project.

Hopefully at this point you have your work area

clearedout and ready to start in building. What

I do is take a printed circuit board slightly larger

than what I think is neededfor the project. You

don't want to underestimatehere. I usually start

in the upper left corner and work left-to-righ t.

Now hereare a coupleof tricks that I use. I leave

about 2cm edgeboth from the left and the top

edgesof the board. If I havea needfor additional

room then I can usethis spacebut only asa last

resort. You may need this room for clearances
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when mounting the board in a casefor controls

and connectorsmounted on the case. If I don't

needthe board space,then I remove it carefully

with the shear. I usea cloth to place the board

on while I'm working. I have a portion of the

cloth folded over the top of the board and to just

below the area where I am working. I can rest

my hands on the cloth and not touch the board

while I am placing parts and soldering. It keeps

the unusedportion of the board from getting �n-

ger prints, solder spatter, etc. while I work. I

thought about using masking tape to cover the

board and then peel as I go, 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 dimensions. I mount many

components 'on end', i.e. one lead solderedei-

ther to a pad or the ground plane and the other

end to another pad. Samewith most of the com-

ponents that have the leadson the endsor what

is called axial leads. There will be times when

the distancebetweenpadsrequiresthat you have

a component in the horizontal position. If you

like the current trend in using board mounted

connectors,then by all meansusethe samecom-

ponents and mount them to pads on the board

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 sure to plan more carefully

and take more time in the layout.

You can take some 1/4W resistors and some

other components that you aren't going to be

using or old parts and practice mounting them

on the previous board we did. What I do is take

the resistors that I mount in a vertical position

and mount them so that the color code bands

are at the top. This makes it easyto read them

after the circuit is complete to check for errors,

and you will be doing this. The lead that goes

on the bottom end I bend at 90 degreesabout

2mm or sofrom the body of the part. I then take

the chain nosepliars and form a half-loop at the

top so that the lead now comesdown parallel to

the body of the resistor or whatever. Now, if the

component is to go to two pads the bendsare at

the samelevel. Otherwise, the lead that goesto

the pad is shorter than the lead that is soldered

to the ground plane or printed circuit board by

the thickness of a pad. I am fussy about try-

ing to get the component perpendicular to the

board most of the time. At least closeenough

for government work as they say. When you get

completed with a project this gives the �nished

product a beautiful senseof symmetry and align-

ment.
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Three di�eren t resistor mounting schemes.

Another thing about the three dimensional as-

pect of building. Sometimesyou can reducethe

area by placing one component over another.

Beenthere, donethat. Always bethinking ahead

and what if you place one part before another

and is there somephysical positioning that min-

imizes the area but doesn't compromisechances

of RF coupling. Also routing wires from one

point to another I prefer going parallel with the

board edgesand I don't mind going under com-

ponents in the routing process.Just becareful of

paths that are near RF circuits and may pick up

stray signalsand causeunwanted feedback. For

critical RF and signal paths over long distancesI

will use50 ohm teon coax for interconnections

from point to point. Also remember that if one

section needsto be isolated electrically from an-

other, then a small piece of PC board material

may be soldered at right angles to the ground

plane between the sections. Even "ro oms" with

four walls can be constructed for VFO sections,

etc. With a shear this becomesvery easyto do.

And you can cut "mouse-doors" on the bottom

to route coax or other connections if you plan

ahead. The term "mouse-doors" is a K7QO term

in referenceto the holesin the walls you typically

seein 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-lighter. This marks

where I am in the building stages if I need to

put the work away for a small time and it also

servesasa check to make surethat I do not leave

anything out. As you near completion you'll see

that things canget crowdedand it is easyto miss

something.

On the schematic there are many connections

that are ground points and are indicated by the

ground symbol (the rake looking symbol in most

books and diagrams). You just solder that lead

directly to the printed circuit board for these.

Sometimesin a diagram you'll seea number of

leads tied together and then to ground. Don't

do that. Just soldereach lead individually to the

ground plane and in most casesthey do not have

to be that closetogether. One signi�cant advan-

tage that Manhattan construction hasover other

techniques is that becauseof the larger ground

plane the problem of ground loopsis reduceddue

to very low inductance of the ground plane.
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RF Prob e

In this section we will build a simple circuit to

gain experiencebeforetaking on more ambitious

projects.

The �rst thing to build is an RF probe. Go to the

ARRL Handbook to page26.9and look at �gure

26.9(C) for a voltage doubler circuit. 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 will

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.

Use something like 0.1uF or smaller for C1 and

something like 0.47uF or larger for C2. For D1

and D2, use the samediodes either Ge or Si. I

used somesurplus printed circuit board leaded

diodesthat I got surplus somewhereand of type

1N4148or 1N914silicon diodes.

I won't go into the nitt y-gritt y details here, but

you needthree pads and just a small segment of

printed circuit board. I have a photo of my �n-

ishedprobe below. Becausethe leadswereshort

I mounted the diodeshorizontally. D1 is between

two pads and D2 is soldered to the center pad

and the other lead solderedto the ground plane.

You can with longer leadsmount the diodesin a

vertical position. The probe will work the same

with either con�guration. Build two and check

it out if you want. I'll wait.

RF probe built Manhattan style.

RF probe schematic.
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RF probe layout Manhattan style.

I have a Ballantine RF probe that I purchased

for $10at a LivermoreSwapmeeton a trip to CA

when I wasworking. I happenedto be in the San

Joseareathe weekend of the Livermoremeetand

the NorCal meeting. This probe camesealedin

an aluminum pouch with all kinds of military

part numbers, etc. Probably cost the tax payers

a few hundred dollars. I comparedmy readings

with the RF probebuilt Manhattan style and the

Ballantine probeand got the sameresults to over

40MHz. The one shown in the photo probably

cost me about a quarter. The commercial probe

is nice, but not everyone can �nd such a great

deal. Besides,in the building of HB gearyou can

take extra pride in usingsomethingthat you per-

sonally built and can repair. Speaking of repair.

You will be repairing this probe if you attempt

to measureRF levelsof several volts or more be-

causethe current levels through the diodes will

exceedtheir limits and destroy them. Use this

probe only for small signal level tracing. I tested

the probewith an HP constant voltagegenerator

from 100KHz to 100MHz and from about 1MHz

to 50MHz the probeswork well. The upper and

lower frequency limits have someknown issues,

which I don't have room here to cover.

Now since I am writing this article without

knowing just how much your budget allows for

test equipment and how much you already own

and use I will assumethat the audience is just

starting out. You will need a general coverage

receiver or a frequencycounter later on.

OK, let's now build a crystal checker. For this

we will needa few more parts than before. You

will need 39K and 1K 1/4W resistors. Capac-

itor values of 680pF, 150pF and 56pF in disk

or mono and two 0.001uF caps and two diodes

1N4148or 1N914silicon or 1N270in germanium.

You will also need a 9V battery connector and

a NPN transistor like the 2N2222 plastic tran-

sistor, meaning that the case is plastic. I use

two pins from a machined Augut socket for con-

necting pins to hold the crystal under test. Here

is the circuit diagram and the photo on my �-

nal wired circuit. Note just how small the cir-

cuit is doing the Manhattan construction vs. the

printed circuit board. Note that I use two pin

leadsfor the connectingpoints for the DVM and

the frequencycounter.

This crystal tester is your basicColpitts Oscilla-

tor with a voltage doubler. The output voltage

from the voltage doubler can be used to get an

idea of the crystal activit y, i.e. just how well



K7QO Article 26

it resonants, with an increasedvoltage meaning

high activit y. I usethis circuit with a frequency

counter to match crystals for IF �lters. It works

well and it is very cheap to build.

Crystal checker.

Crystal checker layout.

I use this critter quite frequently for testing un-

marked crystals and crystals in kits to match

them more closely. You will �nd it quite handy.

Becauseit comesout so small (and you don't

have to make yours look just like mine) I have to

take care in putting it up somewhereso that it

doesn't get lost in the clutter on the workbench.

Here is a photo of a similar crystal checker from

the G-QRP club kit and the HB Manhattan style

crystal checker. You canseehow much lessroom

a circuit will occupy with this technique.

G3RJV crystal checker comparison.

Final Housing for Pro jects

In this sectionI will talk about how I install �nal

projects into homebrewcases.

There are many ways in which to housea �nal

project if you so chose. I will not even attempt

to start describing all of the ways, but choose

to discussthe making of aluminum shells simi-

lar to thosemanufactured by TenTecand others.

Using printed circuit board material to make en-

closuresworks and it is a good way to go also.

What I do is make two u-shaped shell from

0.040" aluminum sheet. I make a paper pattern

for each half of the enclosureand tape them to

the aluminum sheet. Then using the shearI cut
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the two rectangular piecesto size,usually from a

single sheetof aluminum. I then take a �le and

smooth all the edges.

And then taking the brake portion of the Har-

bor Freight combo, I very carefully make 90 de-

greebendsalong the lines that I have drawn 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 project and you only have

to make the matching half.

Once you have the two halvesyou needto make

an L-shaped piece that is used to hold the two

halves together. I usebrass stock that I buy at

the hobby shop. I cut and bend using the shear

and brake to make a small L-shaped piece. You

can then use a tap to make threads for the size

screws that will hold this piece to the bottom

half of the caseand the screwthat will hold the

top half in placeand also allow you to remove it

for whatever reason. Mousersellsthesepremade

and threaded as part number 534-621.Seetheir

catalog online for details and pricing.

Then you drill the holes in front and back of

the case for the connectors and controls after

carefully measuring and marking for each. You

could do this beforeyou bend the aluminum and

be able to use a drill pressto due careful work.

Carefully sand both halves and then clean with

any cleaneryou chooseto eliminate �nger prints

and dirt and grime from the surface. Now I

personally choose not to prime the surface. I

have beenusing somepaint from Wal-Mart that

costs $0.98 for the regular and $1.49 or so for

the satin �nish. The brand name on the paint

is ColorPlace and it is an indoor/outdo or paint.

I like the results of the satin �nish in the royal

blue color. The TT2/MRX transmitter-receiver

combo that I won �rst place at Paci�con with

waspainted with only onecoat of the paint. Oth-

erwise, I'd have been drying the paint on the

trip!! I was that close to the deadline on the

project.

I use press-onlettering from the hobby shop to

label the controls. If you put a clear coat of

Krylon or other paint be warned that the paint

will most likely attack the lettering and causeit

to wrinkle. Go gently and get advicefrom others

on just how to do this. I'm still experimenting

on this one. If you do not placea clear coat over

the lettering then over a period of time and use

the lettering will wear o� the case. The coating

of clear is to protect the letters.

Herearea coupleof photographsof the rig. Note

that I haveyet to do the bracket asit hasn't been

together long enough and I use it for show and

tell a lot. Also note that the circuit board is

just attached to the lower half-shell with contact

cement. I use Design Master 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 peel the board up

with no damage. Haven't tried it but I followed
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the instructions on the can. You may chooseto

use screwsor stando�s to mount the board to

the case.By directly attaching the board to the

base I lower the overall height of the caseand

reducethe sizeof the �nal assembly.

TT2/MRX Combo.

Tuna Tin 2 and MRX receiver from NorCal con-

test 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 Al and use of Harbor

Freight shear.

TT2/MRX Combo.

Future Paths Possible

Now, with the basicscoveredasbest I could with

resourcelimits of time and space,I hope that I

have given you some insight on building using

this technique called Manhattan Style construc-

tion. You canbuild any number of projects using

the technique of your choice. It is not the intent

hereto put Manhattan building above any of the

others. We each enjoy using what we think suits

us best and that is the whole gameplan.

I would like to see you research through the

ARRL Handbook and your library and collection

of designs,schematics, and projects in progress

and �nd some simple things to build between

now and the next issue of this newsletter. I

would recommendyou gothrough the test equip-

ment sections of the Handbook and Wes Hay-

ward's, W7ZOI, "Solid State Design for the Ra-

dio Amateur". You now have the abilit y to build

anything that you want. Bring all your stu� to

the gatheringsof other QRPers. It will motivate

them to do more and we all want to seeyour

work. It's the only way for each of us to learn

new things.

My plans are to take the NN1G Mark I I rig and

redo it for 17 meters. I will build it and then in

the next issuewrite a complete article on every-

thing that I did and why I did it. I have been

permissionby Dave Benson,K1SWL, to usethe

schematics. I have taken the VFO section and

replaced it with the new one from Dave's SWL
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seriesbecausethe old one used an air variable

which take up too much room and are di�cult

to �nd and more expensive than the varactor

tuned VFO.

So until the next time we meet may all your

projects work the �rst time and everytime. 73

esdit dit.
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