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Several months ago, I was asked to sell the radio equipment of an older ham that had moved 
to a retirement home.  While it might have been possible for him to obtain permission to 
operate from his small apartment there, he chose not to deal with the challenges this would 
have presented.  Instead, he ended a forty-year love affair with ham radio and elected to pass 
his equipment on to newer hams. 
 
We easily found buyers for some of the gear, but it was surprising that a Heath SB-220 
amplifier was the last item to sell.  Russ, W8BOZ, took it on condition that I replace some of 
the partsðpower supply components, for exampleðwhich might begin to fail with age and, 
most important, that I include some changes which would ñmodernizeò the SB-220.  Having 
rebuilt a Kenwood TL-922 amplifier a year ago, I thought it would be interesting to try a similar 
exercise on what is arguably a similar amplifier.  What follows is an overview of the project, 
with a few comments about the choices we made. 

 
Photo 1 - The Heath SB-220 at the beginning of the project.  The outer enclosure has been 

removed. 



A Google search for SB-220 updates returned dozens of articles and reflector comments 
about this amplifier.  So our first step was to download and look through this material to 
decide which of the changes would be worth making.  Three classes of changes emerged: 
those for convenience, appearance, or endurance, those which improve stability, and those 
which protect the amplifier against catastrophic failure.  Let's look at the ones I chose to 
install. 
 
Convenience, Appearance, and Endurance Changes.  These could be called cosmetic 
because they don't directly affect the operation of the amplifier.  Adding nylon Molex 
connectors to cable bundles, for example, makes it easier to service the unit when the 
transformer or the front panel must be removed.  The internal appearance of this amplifier, 
particularly of the tank circuit area, was improved by removing most of the components and 
cleaning the area with brushes and alcohol swabs.  The perforated top and side panels were 
removed and cleaned with steel wool and abrasives to make them shine again.  All of the 
original wiring was removed and replaced with harnesses made with Teflon-insulated wire. 
 
The long-term endurance of the SB-220 can be improved by replacing the fan and adding a 
step-start circuit.  Since this amplifier was thirty years old, I assumed it would better to replace 
the motor and fan than to simply apply oil to the bearings of the old motor.  The original fan 
blade was nicked in several places, so replacing it might reduce fan noise.  Photo 8 shows 
that I installed longer bolts on the motor so that fender washers could be placed on the inside 
and outside of the perforated metal on which the fan is mounted.  This also helped reduce fan 
noise and vibration. 

 
Photo 2 - The components of the step-start circuit were located next to the circuit breakers 



and the power cord entry.  The cord and voltage-select jumpers have not yet been installed. 
For the final endurance change, we added a step-start circuit which limited the turn-on or 
inrush current due to the initial low resistance of the tube filaments and the high energy 
demanded by the filter capacitors when charging begins.  I've used two approaches to this 
task in other amplifier projects.  The simplest inserts a negative temperature coefficient (NTC) 
thermistor in series with one of the incoming AC mains.  These devices present a relatively 
high resistance when cold and reduce their resistance to a small fraction of an Ohm when 
they become warm.  Several commercial soft-start products use this approach. 
 
Another way to accomplish step-start places a resistor in series with one or both of the AC 
supply leads and uses a relay to shunt the resistors after a two or three second delay.  The 
design of this kind of circuit is a little tricky because the circuitry that energizes the relay may 
have to work reliably at an initially low AC mains voltage.  The resistor values must also be 
chosen carefully, because we would like them to be suitable for both 120 Volt and 240 Volt 
operation. 
 
I chose the relay approach, shown in Photo 2 above, using a simple R-C and transistor timer.  
The start-up current requirement of an amplifier of this size can exceed the current ratings of 
the largest NTC thermistors, especially when the amp is operated at 120 Volts.  The relay 
approach can be very reliable if the resistors and relay are selected carefully.  After a two-
second delay, two 15 Ohm, 5 Watt resistors in parallel in each leg of the incoming AC are 
removed, using a double-pole, 20 Amp relay.  The component values allow the simple, 28-Volt 
delay circuit to operate properly at 120 and 240 Volts. 
 
Photo 2 shows the Magnecraft relay used to bypass each of the series resistors, which are 
located to the right and above the circuit breakers.  The terminal strip to the left of the 3-500Z 
socket contains the 28 Volt rectifier and delay circuit.  The transformer which powers this 
circuit was bolted to the side panel on the top of the chassis.  It is shown in Photos 3 and 12.  
The final schematic includes the relay control circuit and 28 Volt power supply. 
 
Also in this category were the following convenience and appearance changes: 
 

1. Molex connectors were installed in the high voltage transformer leads and in the wiring 
to the front panel.  These are shown in Photos 3 and 4. The primary connectors were 
Molex 50-84-1060 and 50-84-2060.  The secondary connectors were Molex 50-84-
1040 and 50-84-2040. 

2. The incandescent lamps which illuminate the meters were replaced with white LEDs.  
The 5 Volt filament power was rectified and filtered, then current-limited with individual 
resistors for each LED. 

3. Harbach capacitor board was installed in the power supply.  In addition to improving 
the appearance of the capacitor bank, the capacitor board includes new bleeder 
resistors and adds reverse diodes to protect the amplifier during tube flashovers.  The 
old and new capacitor wiring is show in Photos 5 and 6.  Notice the damage to the 
original transformer secondary lead from arcing through the insulating sleeving in 
Photo 5. 

4. The Harback SB-220 diode board uses newer 1N5408 diodes, which increase the 
peak current rating from 1 to 3 Amperes.  An additional diode was installed on the back 
of the board to reduce the chance of damage from tube flashovers.  (See the 
discussion of this change below.) 



5. The ALC circuitry was 
removed because 
reliable ALC loops are 
already incorporated 
in modern 
transceivers. 

6. The three-pole 
antenna- and bias-
switching relay was 
discarded, and 
several components 
were added to 
replace it.  The 
vacuum relays are 
shown in Photo 7.  
The upgrades 
accomplished with 
the W7RY QSK 
Board are discussed 
below.  All coax in the 
SB-220 was replaced 
with Teflon dielectric, 
RG-303. 

 
 
 

Photo 3 Molex connectors as installed at the high voltage power transformer.  The connectors 
make it easier to remove the transformer for shipping.  The original transformer was replaced 
with a Harbach/Peter W. Dahl unit, which increased the available high voltage from about 
3200 to nearly 3500 Volts.  This photo also shows the Alpha Wire sleeving which was installed 
on the transformer secondary leads.  The breakdown rating of the sleeving is 8000 Volts. 
 

Photo 4 The Harbach 
diode board, which 
replaces the original 
voltage doubler board.  
The area of this board 
which contained the zener 
diode replacement is not 
populated because this 
function is performed by 
the W7RY QSK Board.  
Also visible in this photo is 
the Molex connector 
which allows detaching 
and removing the front 
panel.  The fuse, visible 
on the left side of the 
photo, protects the power 



supply and meters from tube flashovers.  Not visible here is the diode recommended by W8JI 
to provide additional flashover protection for the meters.  It has been soldered to the back of 
the diode board between terminal C and ground. 

 
Photo 5 - The original capacitor and diode board wiring.  Notice the arc damage to the original 

transformer secondary wire and sleeving. 

 
Photo 6 - The Harbach capacitor and diode boards replaced the original wiring and PWB.  

Alpha Wire sleeving was used on all the high voltage wiring.  The new front panel wiring and 
white meter LEDs are also visible in this photo. 


