Anlntegrated

KEYER/TR
SWITCH

BY JAMES H. FOX,* WA9BLK

THE AUTHOR has always preferred to work full
break-in ¢w, which, once used, is never for-
saken voluntarily, However, the usual problems
with electronic T-R switches, signal suck-out and
other ills, have led to other solutions. The excellent
article in QST of July, 1964," outlining the use of
reed relays, forms the basis for the switching
functions described here,

In addition, a desire to go to an electronic
keyer after several years off the air led to a perusal
of the article by WOZHN and KGUXQ in QST.?
While similar in spirif, the keyer that evolved does
not much resemble that one, in that more readily
available TTL instead of RTL integrated circuits
are nsed here, nacessitating a complete redesign of
the circuit, However, the original features of the
WHZHN/KOUXQ keyer, including self-completing
characters and exact dot/dashfspace timing, have
been preserved. More important, a dot memory has
been added, after a brief period of operation using
a keyer without this feature convinced the author
of its desirability. Best of all, the final unit uses
mostly parts that are readily aveilable at Radio
Shack stores throughout the country,

Basic Keyer Circuit

As shown in Fig, 1, the keyer itself consists of
four sections: a timing circuit {(U1), a dot generator
and output stage (U2A), a dot memory (U2B), and
a dash generator (U3A and U3B). Ul is a2 74121
monostable multivibrator, while U2 and U3 are
7473 dual J-K flip-flops. This design provides for
simple construction, a stable time base, and com-
plete freedom from the double-dot problem often
associated with dot-memory keyers.

*1 Lt., USAF, 2187 Comm, Gp. (AFCS}, PSC
Box 815, APO NY 092983. U. 8. address, 200
Eewanna Dr., Jeffersonville, IN 47130,

2;“A Keved Antenna Relay,” QST July, 1964,
n.29,

?Halverson and Stordzbl, “An Integrated

Circuit Electronic Keyer,” QST, April, 1968, p. 22,
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The heart of the keyer is the timing ciccuit,

which generates a continuous series of pulses so
long as either the dot or dash lever is pressed. As
shown in Fig 2A, the basic timing inferval consists
of a timing pulse followed by a reset puise. When
the key is pressed, the 74121 monostable muiti-
vibrator (U1) generates the timing pulse, its length
determined by the timing circuit R1-C'1, where R1
is the speed conirol of the keyer. The output of
the multivibrator is coupled back to the input by
2, producing the reset pulse which retrigpers the
gircuit so long as the key remains closed. R2 is
included to prevent loading down the (@ output of
Ul, while CRI serves to discharge C2 between
reset pulses. In effect, we thus have a free-running
multivibrator,

It is a tendency of keyed timing circuits to have
a first pulse that is either longer or shorter than the
following pulses. This is because the timing com-
ponents need a period of transition between the
static and dynamic operating states, In this circuit,
CR1 very quickly discharges C2 during the timing
pulse, so that it has reached its steadv-staie
opetating condition before the end of the first
Hming pulse. Further, the resei pulse ocours
refatively slowly, as C2 recharges through R2 and
the input cireult of UL, This gives C1 Hime to
recharge between timing pulses, so that the second
timing pulse sees essentially the same charge on C1
as the first tming pulse, As a result, the pulse-
width stability at all keying speeds is betfer than
5% {typically half this amount) between the first
and all following pulses, (In the author’s opinion, a
difference less than 10% is negligible.)

The () output of Ul is coupled to the clock
inputs of t2A and U3A. The { output of U3A in
turn is coupled to the clock inpui of U3B, forming
the dash generator. When a dot is sent, U3B is held
in the clear state ({ output high) through R3. This
allows U2A to change state on every negative-going
clock-pulse transition, creating equaily spaced dots
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and spaces so long as fhe dot lever is pressed; see
Fig. 2D, Note that although U3A is also being
triggered af this time, U3B is not allowed to be
triggered, so that the dash section is not active at
this time.

However, when a dash is sent, 1J3B is allowed
to be friggered also, since it is no longer being held
in the clear state. The result is that U3B is tripgered
every other time that U3A is triggered: see Figs, 2B
and 2C. By holding U2A in the clear state through
the { output of U138, we thus create a dash exactly
three times the length of a dot, followed by a space
exactly one dot interval long Thus, perfect charac-
ter timing is obtained; see Fig. 2D, CR3 holds the
clear input of U3B at 2 high voltage state (un-
cleared) while a dash is being sent. This prevents
keying of a dot during this time from clearing U3B,
s0 that the dash can complete itself.

The ¢ output of U2A is in the low voltage state
whenever a character is being sent. This is fed back
to the Himing generator Ul through CR?2, so that
the generator keeps running until the character is
completed. Thus, all characters are self-completing,
once triggered. The { output of U2A forms the
vaiput of the keyer, and is fed to transistor Q1 of
the T-R switch to drive the switching circuitry,

Dot Memory

The fourth section of the keyér, U2RB, is the dot
memory. This allows one to key a dot at any time,
even if a dash has pot vet completed. The dot is
held in memory, and keyed out automatically after
the dash completes itself, Without the memory, the
dot would be Jost unless the key were held in the
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dot position until the dot actually started. This
greatly facilitates the sending of letters which have
a single dot at the end, vr a dof surrounded by
dashes. The lack of this feature may explain why
so many choppy COs are heard, as the uperators
have learned to pause slightly before starting the
Jots,

The operation of the dot memory can be
uetlined as follows, If a dash, or a space following
a dash, is being seat, U2R will be triggered from
the clock input if the dot lever is pressed then,
placing the dot in memory. However, if no dash
were being sent when the dot lever was pressed, the
dot would not be put in memory, but would be
keyed out tmmediately. If a dot is put in memory,

the {0 output of U2B is low, which keeps the
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Fig. 2 — Timing wavetorms of the keyer. See text.

QST far



timing cirenit ronning through CR4, Through R3,
this also holds pin 6 of U3B low, assuring that the
nexi character will be a dot. The memory is cleared
by a negative pulse through C3 as the ddot starts,
retuming {2 to the high voltage state.

This method was adopted after considerable
experimentation with other designs, which often
erroneously put dots into memory and produced
double dots at the output. As with most other dot
memories, these gartier designs put a dot in
memory every time the dot lever was pressed. Then
a pulse was applied to clear the dot memory as the
dot began. However, if the contacts on the key
bounced after the clear pulse had passed, another
dot would be put in memory, creating two
consecutive dots at the output, The usual cure for
this is simply to delay the clear pulse until all the
contact bounce is over, However, this still leaves
the duor vpen to bounce as the contacts break,
since no amount of delay can compensate for this.
With ICs that switch in only 20 nanoseconds, any
bounce at all would cause problems, so another
method had to be found.

It was then noted that double dots can oceur
only when fhe contacts bounce while a dot is being
sent, since the clear pulse has already passed.
Bounce on the dot contacts during a dash is no
prablem, as the clear pulse does not come until
much later, when the dot actually starts. This is
fortunate, since a little thought will reveal that the
only time it is necessary te puta dot in memory is
when a dash, or the space following, is being sent.
At all other times, dots should be preveated from
being put into memory. Then, the dot contacts can
bounce all they want, without producing double
dots.

To understand how this is accomptlished in this
memory, it is first necessary to understand some of
the peculiarities of the 7473 IC. which is a
master-slave type of flip-flop. In addition to the
useal rules of operation for J-K flip-flops, the 7473
has the interesting feature that the J or K inputs
can eifectively be set to the low state anly when
cither the clock or clear input is low. For instance,
if the J input is high while both the clock and clear
are high, simply grounding the J input will not
vanse it to go to the low state internally. Then, ifa
vlock pulse comes along, the flip-tlop will cbey the
appropriate switching rule as though J were still
kigh. This holds for only the first clock pulse
however, since a clock pulse will put the clock

On the circuit board are mounted the T-R switch
circuitry at the top, and the keyer circuitry at the
bottom. The .0M-pF rf bypass capacitors are
mounted on the rear terminal strip, and the
£008-uF capacitors on the key jack. (See taxt far
proper placement of ICs on the circuit board.}
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On the back of the unit are mounted the rf
connectors, external kaying _terminals, and key
jack. The ac power line and transmitter keved line
pass through the grommet at the right.

input in the low voltage state. The J input is then
set internally low for all following clock pulses,
until the external J input goes high again.

This feature allows us to realize the goal of
aflowing dots in memory only during dashes or
their spaces in a particularly simple manner.
Referring again to Figs 1 and 2C, note that when a
dash starts, the J input of U2B is put in the high
state by @ of U3B. (Note that K, teing grounded
from the start, alwavs siays in the low state.) The
external J input goes low in the midst of the dash,
but that is no matter: J will interrally remain high
until either the clock or ciear input goes low, Thus,
if # dot is keyed anytime after the start of a dash,
2B will be triggered from the clock put, and a
dot will be put in memory ({J nuiput goes low). if
the dot is keyed during the Jdash or its space, the
dot will remain in memory until the dot actuaily
starts, However, if the dot is keyed after the space
following the dJdash, the dot will effectively he
blocked from memory, This is because the J input
will go low internally (it is already low externally)
a few nanoseconds after the clock input is keyed
low. Also, the clear input is held low for several
microseconds as €3 recharges through the clear
input of UZB. This combination assures that any
contact hounce is locked out of emory until the
next dash comes along.
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It seems that every new keyer that comes along
olaims some new keying characteristic, requiring 2
descriptive name. This keyer is simply an improved
version of the basic dot memory kever, in which
the logic of the circuit completely eliminates
double dots due to contact bounce, Thns, after a
wholly impartial search for a name, ! have decided
to call this technique BounceLess Keying, or BLK
for short.

T-R Switch

The T-R switch congists of driver transistors Q1
and Q2, and reed relays K1 through K31 see Fig. 3,
‘This circuit not only switches the antenna from the
teceiver to the fransmifter with relay K1, but
grounds the receiver input with relay K2, and kevy
the transmitter with relay K3. Both grid-block and
cathode-keyed transmitters can be used, as the
contacts on K3 are rated at 500 mA. If a grid-block
transmitier with a large capacitance on the keyed
line is used, some authors recommend the use of a
220-82 resistor in series with the relay coniacts to
prevent sticking contacts. However, 1 have nof
found this necessary with my rig.

The coil turns for each relay are wound directly
on its glass case, and covered with a coat of epoxy
vemnent for protection. After some sad experiences
with mounting the relays on the perforated board
along with the rest of the components, the
technique of soldering them to terminal strips
evolved so as to protect the delicate leads. To bend
the leads, be sure to grasp them with a pair of
long-nose pliers between the hend and the glass
case. When soldering the No. 32 enameled wire,
simply heat it first with the iron to burn off the
insulation.® These terminal strips are then mount-
od on the back of the chassis, with K1 as close to
the coax connectors as possible.

An oscilloscope check of the enmrent in the
relay coils shows that it reaches the swilching
threshold in much less than a millisccond after
keying, Thus, the speed B8 limited only by the
mechanical characteristics of the relays, which are
quite fast, No speed limitaticns should be en-
countered for any practical keying speeds,

a[IEEDI'I‘OR-’S MOTE: This technique may be
used with some of the newer types of enamel-
coating material, but older types may require that

the insulation be sanded or scraped off before the
wire can be soldered. ]
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Fig. 4 — Power supply for
kever/T-R switch, See sepa-
rate parts list for component
identification.
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Details of the relay placement show how K1, the
antenna relay, is mounted on the bottom terminal
strip between the transmitter and antenna coax
connectors. The transmitter keying relay, K3, is
mounted on the top terminal strip, while the
receiver grounding relay, K2, is soldered directly to
the receiver coax connector at right. fAl phatos by
author]

One word of caution: when | had the antenna
relay K1 originaily mounted alopgside the keyer
integrated circuitry, of from the transmitter inter-
fered with the keyer at power levels above a few
watts, With K1 mounted at the codx connectors,
and the windings bypassed with a ,01-pF capacitor,
this problem was solved. However, the ff leads fo
K1 should be kept short, on the order of 1/2 inch,
and shouid be soldered to the relay right at the
glass body. 1t would also be wise to mount the
integrated circuits on the side of the circuit board
away from the anfenna relay, with the transistors
and T-R circuitry between them. The increased
spacing should eliminate any further possibility of
RF1 in the 1Cs

As other authors have emphasized. it is neces-
sary to switch the antenna relay on just before the
transmitter is keyed, and delay it from turning off
until slightly after the transmifter is furned off,
This is necessary to prevent keying hot rf in the
antenna relay, which would produce key clicks, [n
this circuit, antenna relay K1 turns on so quickly
{hat the delay through K3 and the transmitter
prevents keying hot rf in K1. This has been
checked using two samples of K1, and two of K3,
which shows that the results are reproducible.
However, an oscilloscope check showed thaf an-
tenna relay K1 tended to shut off at the end of a
character before the transmitter output dropped to
rero, cutting off the “tail” of the keyed rf
waveform. This was easily solved with the 220-uF
capacitor, which delays the turn-off of K1 about
10 milliseconds. A further scope check showed no
vhange to the leading or trailing edge of the
waveform with or without K1. Thus, if your
transmitter doesn’t have clicks now, this won't add
them.

Power Supply

The power supply, shown in Fig 4, is a
conventional fullwave bridge circuit with capaci-
tive filtering for the T-R switch circuitry. An
LLM309H integrated-circuit regulator provides the
correct voltage for the IC keyer, This device gives
truly outstanding regulation, assuring highly stable
keying, and is internally protected from over-
current conditions or overheating, However, it you
should encounter unusually low line voltages,
below about 105 volts, it would be a good idea to
add another 1000-gF filter capacitor at the input
of the LM309H. This will assure proper regulating
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action down to [ine potentials well helow 100
volts, should this be necessary, At the output of
the LM309H is a capacitor to prevent switching
spikes generated by the TTL ICs from interfering
with the proper operation of the keyer. Any
capacitor of 3 pF or greater value will work here,
so use what you have on hand.

Other Circuitry

The two terminals of the barrier terminal strip
mounted on the rear of the chassis permit keying
the T-R relays from an external switch, such as
fransmitter relay contacts when on phone. They
can also he connected directly across the coil of
this relay, or across a push-to-talk switch. The
400-volt diode in serigs with these contacis pro-
fects fransistors Q1 and Q2 from any voltage
present in the external circuit, such as switching
spikes across a relay coil, The push-button switch
on the front panel also keys the T-R relays, and is
nsed for tuning or spotting the transmitter. The
light-emitting diode is used as a keying monitor.
When the ac pawer is applied, it glows dimly; when
a character is keyed, it glows more brightfly. The
resistors shown are optimized for the FLV100
LED: if vou use the MVY5020, reduce the value of
R4 to 1000 £, and the value of RS to 100 £2.

If you prefer, as | do, to monitor your own
signal off the air, the T-R swiich is complete us
shown. The signal attenuation provided by relay
k2 during transmission will allow a receiver with a
gaod age circuit to menitor without overload.
However, if you wish fo add additional muting
circuits or key an audio monitor, more relays can
easily be added. Simply wind them the same as K2
and K3, and connect them in series with the
windings on K2 and K3,

Of course, if you wish to build just the keyer
itself, vou need just one keying refay. As shown in
Fig. 5. this can be accomplished with just one
transistor, if vou wind twice the number of turns
on the relay as before, A commercial relay could
alse be used if you don’t wish to wind your own,
However, Jdue to their much higher inductance,
you wilt need to.add a diode (IN914 or similar)
across the relay windings to assure quick turn-off
of the rtelay., Connect the anode to the
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Parts List

RS = Radio Shack

All resistors in schematic diagrams are 1/4 watt unless otherwise noted, Capacitors are in
&F; those marked with polarity are electrolytic.

PP = Poly Paks

strip, perforated circuit board, S-lug term

you don‘t have them in your junk box.)

n 74121 monostabie multivibrator RS 276-1814 or PP SN74121

uz, u3 7473 dual J-X flip-fiop 85 276-18B03 or PP SN7473

CR1-CR4 1TN914 silicon switching diodes RAS 276672 or PPE0U143

Q1 Npn silicon type (as 2N2222) RS 276-2008 or PP 2N2222
lot 250 mA min.; beta: 30 min.

a2 Pnp silicon power type (as 2N6109) 85 276-2025 or PP A2CU14486
o ¥ A rin,; beta: 15 min.

K1 Spdt reed switch, 3' iong RS 475202 or PP 82CU1257

K2, K3 Submuniature spst reed switch, RS 275-033 or PP H70U645
1 ton

LED Light-gmitting dicde, type FLV 100 RS 276026
or MvB020 PP O2CU1339

T 6.3 volt ac transformar, 1.2 A RS 273050

51 Ac toagle switch RS 275-602

s2 Miniature push-bution switch RS 275-1547

- Metal case 4 X 2-3/8 X 6” RS 270-252

— {4-pin IC sockets RS 276027 or PP 92CU1308

----- Na, 32 wire /8 278-011

s B-varlt regulator, LM309H PP LM 308H

Miscellaneous: 50-k$2 timing pot (see text), SO-239 chassis connectors, two-terminal barrier

standoff spacers, rubber grommets, knob, minor hardware. (All available at Radie Shack if

inal strips, two-conductor phone jack, metal

47-2-resistor side of the coil, and the cathode to
the +% V side,

Conversely, the T-R switch only can be built,
and keyed through the external keying circuit, For
use with 4 transistor oulput kever however, in-
crease the value of the base resistor of Q2 o 390
ta limit the external current to a safe 16 mA.

(iperation

The antenna relay has been used with s
{80-watt input (¥5-watt output) transmitter for
several months with no il effects, This level will be
guite adequate for the average barefoot exciter
running up to 4 eouple of hundred watts, and can
probably be exceeded if the SWR isn’t too high,
However, I would not recommend a kilowatt into
this unit. See the articles in QST of Lecember

47
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19644 and February 1973*% for details of higher
power apegation.

The 50-k$ timing pot allows operation from
abont ¥ to 60 wpm, However, { find a speed range
greater than about 3 to | somewhat critical to
adjust. ‘Therefore, | actually use 2 22k pot in
series with 4 3300-22 fixed resistor, giving 2 more
tractable range of 12 to 35 wpm. Yuu can adjust
these values to suit your taste.

If you use dual paddles, dots will take pre-
cedence over dashes. Thus, with the Jot memory,
you can insert a single Jot between dashes by
metely touching the dot lever.

{Continued on page 52)

*“Hipgh Power Version of the Keved Antenna
Relgv," Q5T, December, 1964, p, 20,

*Lawson, “High-Speed Break-In via a Keved
Vacuum Relay,” (ST, February, 1973, p. 13,
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DIOOE FOR USE
WITH COMMERCIAL
PRE-WOUND RELAYS

Fig. 5= Circuit for keying trans-
mitter if T-R switching is not
desirecl, See separate paris list for
component  identification. K4
coil-winding data: 225 turns No.
32 gnam, wire, pull-in current
78580 mA.

QST for



ARRL QS1. Bureau

The tunetion of the ARKL S0 Burean ig to facilitate
delivery to amateurs m the United States, its possessions and
Uanada, of those (81 cards which arrive from amateur stations
in other parts of the world. All you have to do is send your Q8L
manager isee list below) a stamped, self-addressed envelope,
about & hy K inches in sire, with vour narme amd address in the
usikal place on the front of the envelope and your raf] printed in
vapital letters in the uppes Yeft-hand corner.

Curds for stations in the United States and Canada should be
sent 1o the proper call arep bureau hsted helow. Recent changes
are in hold face,

Wi, k1, WAL WN1 = Hampden County Radio Asseciation, Hox
216, Forest Park Station, Springfield MA i {04,

Wi, K2, WAZ, WR2, WN2' - North Jersey DX Assn, ) HBox
RieQ, Haledon, NJ 07508,

W3, K3, WA3, WN3' — fesse Bicherman, W3KT, KU 1, Bos 06,
Valley Hill Rd., Maivern, PA (9455,

Wa, K4 — NationaiCapitol DX Assn., Box X, Bovees, VA 22620
Wad, WR4, WN4E - ) H. Haker, WalLR, P& Hox 1934,
Mzlbourne, kE 32901,

WS, K5, WAS WBS, wNs'
Tayg, Sherman, TX 75090,

Wa, Ko, Wan, WBs, wN6 — ARRL W& (81, Burean, 2%i4
Empire Avenue, Burbank, CA 91504,

W KT, WAY, WNT — Willamette Vailey DX Club, [ne., PO Bax
553, Portland, QR 97207,

WA KA, WAB, WBS, WNR — Columbus Amateur Kadio Assn.,
Radio Room, 280 E. Broad St., Columbas, CGH 43213,

We, K9, WAY, WB9, WN% — Northern llinois 13X Asso., Kox
5149, Elmhusst, 1L 60126,

Vg, K@, WAQ, WBQ, WN@ - I, Fhillip b, Rowley, K@ZbL,

ARRL WS QSL Bureau, Hox

5209 Loma Lindz Road, Alamnsa, €O Bliol,

K4, Wb4' — Kobert . Lum, KIBLNY, 4. Box 1061, San
Yoan, PR n0%02,

EV4 — Gravigno Belardo, KVACF, Pa), Box 573, Christiansted,
At Craix, ¥1 N0&20,

K78 - Lee DuPre, KZASON, Box 407, Balbou, (7,

KHe, WHe' ~ fukn H. (ka, KH6DQ, 1O, Box 101, Aiea, Uahu,
Hi 26701.

ELY, WLY — Alaska QSE Buresw, Star Koute, Hox 65, Wasille,
A G967,

YEL = LI Fader, VEIFQ, PO, Box 643, Halifax, N5,

YE? - A/ Daemen, VEZI, 2960 Douglas Avenue, Montreud,
Oneher, H3K 2F.3,

VE3 ~ H.H. Buckley, VE3LW, 20 Almont Koad, Dovwmsview,

ON.

YE4 = D, MeVittie, VESOX, 647 Avademy Koad, winntpeg
MB R3IN gEB, )

VES — A. Lioyd Innes, VE4II, 2328 Grant Road, Hegna, SK,
B4 SE3.

¥E6 = 1040 Davidson, VESTK, 1108 Trafford 1. N.W,, Calgary
47, AR.

VE? ~ R Hough, VETHR, £291 McKenzie ®d., ¥ictoria, BUC,
VEF 218,

VHES — Frank Van Der Zande, VEBO, PO Box 12, barr Smith,
NWT XQE ghy,

VO — William Cotfen, VO1KM, PO, Box 6, St Jobn's NF.
YO2R' - Stan L. Parsons, VOZAS, K0, Sox 232, Goose Hav, LH,
SWE - Leroy Waite, 39 Hannum 5t., Haflston spa, NY 12020,

' These hureaus prefer 4-1/4 by 4 1/2 inch or o, |0 business
enyelnpes,

@5 Bureaus [Or other 1.8, Posgesdons and for other
vountries appear in the “IARU NEWS® section of the June and
{recember 1ssues of 8T

Keyer/’ TR Switch {Continued from page 201

The design of the keyer assures that it is
entirely free of locking up under any keying
situation. However, when ac power is turned on,
with some [Cs it i3 necessary to send a couple of
dashes first to synchronize the circuit. it this is
necessary in your case, you can efiminate this
mingr gnnoyance by trving a 1000- resistor
between ground and ¢ or § of U3A. OUnce the
right combination is found, the circuit will auto-
matically syvochronize itself thereafter.

Parts

Diodes CRI-CR4 are all silicon computer
switching diodes. [ used the pack of ten IN914s
available at Radio Shack. These should be checked
with a battery and a voltmeter, as they come
untested. Transistor (31 is a garden-variety audio or
switching npn silicon type — almost anvthing will
do, Transistor Q2 must carry aboui 450 mA on
vwrrent surges, so use a power type rated at an
ampere or more. However, no heat sinking is
necessary, since saturated swilching generates little
heat,

If you huild the T-R switch only, and key it
from a low-cwrent exiernal switch (such as a
transistor output kever), Q2 should have a mini-
mum beta of 320 when used with the 390-21 base
resistor mentioned before: the 2N6109 will work
fine, ur use the RS 276-2026 instead of the RS
276-2025 listed. If you want to try out transistors
vou have on hand, the criterion for proper opera-
tion of Q1 and Q2 is that the voltage between the
colfector and the emitter should be 0,25 voit or
less (typically 0.1 volt) when the 'I~R switch is
keyed. To propesly simulate the keyed condition,
termporarily short the clear input of U2A (pin 2} to
ground.

When shopping for relay K1, be sure fo get the
spdt variety, as the spst type has also been seen
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parading under this same part number at Radio
Shack. If you order the substitutes listed from Poly
Haks, be sure to adjust the number of turns so that
the relays close at the current specified on the
schematic,

The only items not available from Radio Shack
are the LM309H voltage regulator, available from
Poly Paks, and the 47-83 2.\ resistors, available at
any radio-TV parts store.

Acknowledgments

Thanks to my brother Mike {(ex-WAYNEFR), and

ta Mark, WB2IID/6, for reviewing the preliminary

manuscript; also to Ed, W3HW, for on-the-air tests
of the T-R switch, iz

FEEDBACK

From Hert Kelley, K4EEU, comes word of a
faw errors in his “Digital Clock® article, page 14,
November, 1974 OST. In Fig. (, pin 11 of {4
should connect only to pin 2 of US, Mentjon of (]
was omitted from the text; it sets the timing of the
multiplexing frequency and the value is not critical
{those who notice any flickering of the display
may want to change the vzlue). Un page 18, in the
parts discussion, the text is transposed. Lt should
read “02 through QB8 should be npn silicon like
IN2222. QI, Q9 through QIi4 should be pnp
similar to 2N2907.” Also, the jumper for 50/60 Hz
sefection should be installed for 60 Hz, as shown
correctly in Fig, 2, page 17,

We have also received correspondence from
K3DE, and others, indicating that the unused gate
mputs on the CMOS (D001 (UI} should he
connected to either a + ar a — valtape supply. This
is to prevent excess current flow that can he caused
by high-impedance “floating” gates. 1t can be done
by connecting pins 1 and 2 (of U1} to pin i4, and
pins & and 9 to pin 7, K3DE also suggests that one
of these gates will provide a buffered output signal
for frequency checking by connecting pins I and 2
to pin 4, taking the output signal from pin 3,

QST for



