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Number 10 on your Feedback card

A Silk Purse ...

Easy upgrades for Heathkit’s SB-104 transceiver.

s a radio amateur on a budget.

I always Keep my eyes open

for bargains—especially “re-
pairman specials™—that may come my
way. I came across such a deal when |
was offered the chance to buy Heathkit's
SB-104 at a low price. The radio was
in excellent shape physically, but
needed tender loving care to return it
Lo operation.

The quality of used Heathkit gear 1s
dependent upon the person who as-
sembled it. If that person wasn’l
skilled in the art of soldering. it can be
a nightmare. The seller was nice enough
to let me “look under the hood,” and |
discovered very neat, conscientious
assembly work. Sold!

[t wasn't long before I dug into the
service manuals and had the rig back
in working condition. But as I used the
radio on the air, I noticed some defi-
ciencies in its performance. The hot
rodder/home-brewer in my blood kicked
in, and I set about to improve things.

Introduced in the mid-seventies, the
SB-104 was Heathkit's first attempt at
a fully solid-state HF rig. They made
some improvements along the way,
which resulted in the SB-104A. The
“A" version has several refinements,
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notably an entirely new receiver front-
end board. The “A™ front end uses di-
ode doubly-balanced mixers similar to
those used today. Heath offered a
retro-kit to update onginal models to
the “A” version. They also offered a
kit to add crowbar overvoltage pro-
tection to the matching station power
supply. Many SB-104 owners became
painfully aware of the need for this
protective circuit, as I have seen the
factory repair stickers labeled
“overvoltaged” inside.

Microphone mods

The first modification I performed
was o replace the microphone jack on
the front of the radio. The original is
an oddball two-conductor connector
which may be difficult to obtain. I re-
placed it with a more common four-
conductor microphone jack. and used
an extra conductor to provide bias for
an clectret mike cartridge (fed through
a 12 Kk resistor to the 11-volt supply).
You can put in any mike jack that will
fit, to match whatever microphones
you have around. The microphone cir-
cuit 1s originally designed for high im-
pedance microphones, so I improved
the input to work better with a low

Paul Blum KQARF

1138 Cardinal Lane
Green Bay WI 54313
[theblums @ execpc.com]

impedance mike. Simply replace R204
on circuit Board B with a resistor of
approximately 50 k ohms.

11-volt regulator

The SB-104 operates on 13.8 volts
DC, and a mobile bracket was avail-
able, so one could assume 1t can be run
mobile. Well, it can, with two stipula-
tions: I hope you have lots of room 1n
vour car (I don’t!), and the engine had
better be doing something other than
idling. I attempted to operate the radio
on emergency power (a car batterv in
my shack) and discovered it started
going crazy if the voltage got lower
than 12.8 volts. Looking deeper into
the problem, the radio’s regulated volt-
age 15 11 volts. The 11-volt regulator
couldn’t maintain below 12.75 volts
input, and would upset the biasing of
some of the circuits, notably the vari-
ous oscillators. The pass transistor
couldn’t turn on “hard enough™ to hold
the voltage steady.

I redesigned the 11-volt regulator
using a P-channel power MOSFET.,
which has a very low turn-on resis-
tance. On circuit Board B, remove the

following components: C203, C226,
C227, D207, R254, R255, and the
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Fig. I. l1-volt regulator, Heathkit SB-104. All resistors 1/4 W, 5% unless specified.

power transistor Q2 (mounted on the
chassis). The power MOSFET transis-
tor should mount in the same socket
Q2 was removed [rom. Be sure to use
insulating washers to prevent a short to
the chassis. I constructed the remain-
der of the regulator circuitry (Fig. 1)
“dead-bug” style in place of the old
circuitry on Board B. The circuit con-
sists of an op-amp referenced to a
regulated six volts driving the power
transistor. A lower voltage on the out-
put results in turning on the transistor
“harder.” The small trimmer potenti-
ometer should be adjusted for 11 volts
output. After performing this modifi-
cation. the radio remains stable down
to 11.5 volts supplied.
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Fig. 2. “Unkey” AGC mod, Heathkit SB-
104 Board F.

S-meter

In the process of testing the SB-104,
[ had a calibrated signal generator at-
tached to test the receiver. When I at-
tempted to calibrate the S-meter, I
found that it had less than a 20 dB
range from S1 to full scale. 1 tried
many different ways of correcting this,
and found the best solution to be the
simplest. On the receiver IF/audio
hoard (Board F), the S-meter circuit 1s
fed through a zener diode. ZD502. 4.7
V. This voltage drop 1s too much, de-
laying the action of the S-meter until

well after the AGC starts functioning.
Remove ZD502 and replace 1t with a
pair of silicon switching diodes
(IN914 or similar) in series. The se-
ries-connected diodes provide a 1.4-
volt voltage drop. and should be
installed with polarity opposite that of
the zener diode. Adjust R534 on the
top left corner of Board F to calibrate
the S-meter. Use either a calibrated
signal generator or off-the-air signals
to set it to your hiking. This modifica-
tion greatly increases the range of the
meter.

AGC np“pu

I found another design flaw I traced
to Board F. When using the radio in a
normal discussion with the AGC
switch set to “slow,” the AGC would
“pop” when I unkeyed. and this etffec-
tively shut down the receiver until the
AGC voltage decayed. 1 would miss
the first few words of reply if my
friend was quick on his mike. On the
receiver IF/audio board (Board F), ca-
pacitor C535 controls the AGC decay.
[ added a few parts to hold off the
charging of this capacitor momentarily
when the transmitter unkeys. Just add
three parts: a 2N3904 transistor, a 15
kQ resistor, and a 15 uF tantalum ca-
pacitor. I added them dead-bug fash-
ion along the top edge of the board
adjacent to R544 (refer to Fig. 2).
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Fig 3. Receive attenuator, Heathkit SB-104.

Display ICs

In the process of my improvements.
[ picked up a second SB-104 (in hor-
rible shape) as a source of parts, cheap.
The frequency display on it had a
couple of segments that were blank.
The display digits are not LEDs, but a
type of flat vacuum tube display. They
require 180 volts DC for operation, so
be carcful when poking around behind
the display! I determined the display
driver IC was bad, but could not find a
replacement for the DD700 chip used
by Heathkit. Later I got lucky and a
factory-repaired board I found had a
more common IC in its place. These
numbers are still currently available:
SN75480N or ECG2028.

Receiver mods

The remaining modifications were
done to mmprove the receiver’s poor
performance in the presence of strong
signals. The true measure of a good re-
cerver 1 that it can handle large signals

and still hear the weak ones nearby.
Such performance can be measured
with modest equipment: A pair of
home-brew oscillators, a hybrid com-
biner, step attenuator, and an AC volt-
meter are used (0 measure receiver
dynamic range (the ARRL Handbook
explains the procedures). The SB-104
I had tested out poorly as to dynamic
range. The radio was equipped with
the optional noise blanker, which I dis-
covered was a major cause of this. I
didn’t plan to use this radio mobile,
and found it ineffective on power line

| noise anyway. Simply unplug the card

and rewire the IF path to bypass it.

One way of improving a receiver’s
behavior in the presence of large sig-
nals is to attenuate them. Almost all
current HF transceivers include an at-
tenuator switch. I added a 20 dB at-
tenuator and a small 12-volt DPDT
relay to the underside of the chassis
near the antenna jack (see Fig. 3). Put
the relay inline between the T/R relay
(or the optional RX antenna switch if
you have one) and pin 24 of Board G.
You can switch it with the now-unused
NB switch. When the band is full of
“big guns” (like during a contest) you
can switch in the attenuator.

One determining factor of dynamic
range 1s the quality of the filtering in
the recerver. Without adequate crystal
filters, a radio will exhibit “mystery S-
meter syndrome” when big signals are
on the band. The SB-104 has this big
time—the S-meter goes up, but you
don’t hear anything. The nearby loud
signals are getting through the crystal
[1lter, operating the AGC, but end up

Photo B. A “dead-bug" cluster on Board
F cures AGC “pop” (see Fig. 2).

outside the range of the audio ampli-
fier, so nothing 1s heard. Because the
AGC 1s operating, other weak signals
yvou desire to hear are attenuated. An-
other undesired effect 1s hearing the
opposite sideband of large signals.

To help correct this problem, I pur-
chased a higher-performance “Fox
Tango™ crystal filter to replace the stock
SSB filter. These are available from
International Radio, phone (541) 459-
5623, or [http://www.qth.com/INRAD].
This made some improvement, but not
nearly enough. This filter is the only
narrow bandwidth selective element
in the receiver, while most modern
HF radios use two sets of filters or
more.

An 1dea came to me as I was clean-
ing the workbench and found the re-
cently removed Heath crystal filter
lying there. Why couldn’t I use two
crystal filters like the modern radios? I
designed a way to add the second fil-
ter, adding a small FET amplifier to
overcome lilter loss. I also used a relay
to switch 1t inline or out. The circuit
performs so well I never take it offline.
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Fig. 4. SB-104PB secondary IF filter.
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Photo C. The receive attenuator goes under the chassis (see Fig. 3).

No more “mystery S-meter syndrome.” |
mounted a small piece of circuit board
to the filter, and constructed the ampli-
fier and matching circuit right on 1t
(see Fig. 4). The whole assembly then
mounts to the chassis above the place
the noise blanker used to be. Run some
small coax (RG-174) down through
the chassis to the IF boards. The mput
to the second filter comes from Board
E pin 12, and the output goes to Board
F pin 1. This modification eliminates
“filter blow-by” completely.

I really enjoy operating my SB-
104 A, and I have relabeled it the “SB-
104PB” now that I have personally
improved it. The radio 1s easy to work
on, with its modular construction, and
they seem to be available for low cost
at hamfests and flea markets. There are
other improvements to be made, and
it’s an easy radio to experiment with. I
recommend another article about this
rig by David Palmer WO6PHF (QS5T,
March 1982) for those who want to
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experiment further. 73
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Photo D. A small piece of circuit board hosts the second receive filter (see Fig. 4).

Microlyte Plus # SEC 12-5
3.52" X 2.75" X 47 high.
QC or solder terminals.

CAT # GC-125

$1

each

Powerful rare earth
neodymiurm magnets. Two
magnets glued to a metal
bracket. Each magnet is

0.73" x 0.7" x 0.25" thick.
CAT # MAG-37

PAINFULLY BRIGHT RED LED! P

2500 to 4000 med @ 20 ma. l

These 5 mm (T 1 3/4) red LEDs are Lﬂr

significantly brighter than conventional |

LEDs. Great for attention getting -

displays that can be seen from a I ‘
E

distance. Water clear in off-state.

CAT # LED-42 10 for $5.00
100 for $45.00
2 for $1 0

1000 for $400.00

OUR LOWEST PRICE EVER!
New, nickel-cadmium

rechargeable batteries. | |f|r [ e (f |
1.2 volts 600 mAh L LR W == =~ W6
0.56" diameter
X 1.969" long

CAT # NCB-AA
| 10 for $11.00 = 100 for $100.00

ORDER TOLL FREE

1-800-826-5432

CHARGE ORDERS to Visa, Mastercard,
American Express or Discover

TERMS: NO MINIMUM ORDER. Shipping and handling for the
48 continental U.5.A. $5.00 per order. All others including AK,
HI. PR or Canada must pay full shipping. All orders delivered
in CALIFORNIA must include local state sales tax. Cuantities

| Limited. NO COD. Pricas subject
CALL, WRITE

to change without notice.
FAX or E-MAIL MAIL ORDERS TO:

for our FREE NN NZeayz{e][[edS
96 Page CORPORATION

CATALOG P.O. Box 567
Qutside the u.S.A. Van NLI}FE, CA 91408

Rnhealaebal ) (818)781-2653
allcorp@alicorp.com
http://www.allcorp.com/

e-mail

internet -
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