The Micro-TO MK I

Kever

8Y CHET B. OPAL.* K3CUW

ORE THAN right years have passed since the

Micro-TO keyer tirst appeatred in Q8T.' The
design is still basically a good ane; however, thete
have been significant advances in semiconductor
technology in the intervening ycurs which make
passible 4 better version of the kever. The follow-
tng improvements have been made:

t) Complementary MOS integrated circuits are
used, rather than the obsolete RTL ICs und
germanium diodes used in the uvlder version. The
MOS8 vireutts vperate over a wider voltage range
t3 to 15 volts, versus 3.6 volfs for the RTL
circuits) and draw much less power. Because of the
Iower power consumption, the aew Keyer can he
battery powered; in tact, the key-up battery drain
is s0 low tless than [ microampere) that an on-off
switch is not even needed.

2) A trunsistor rather than a reed relay is used
te key the transmitter. Since virtually  afl
transmitters now use grid-block keving. it is pos-
sible to design the circuit s¢ that a semiconductor
replaces  the expensive and rather hard-to-find
relay.

3) Fhe monitor ¢ircuit has been redesigned and
is much improved, at the vost of some compli-
cation, The new vircuit produces a loud, smooth-
sounding, clickless and chirpless tone. A mwonitor
volume cantrol has heen added,

"Opal, “The Miern-T0 Kever,” 98T, August,
1967, p. 17 also The Radio Amateur’s Handbook,
1959 through 1972 editions,

+ 1304 Massachuseils Ave., 5.E., Washington,
D0 20003,

The new keyer handles just tike the old one.
The logic design is about the zimplest which is
capable of sending perfect letters. The keyer has no
memaries, automatic letter spacing, or other frills

many of which, in my vpinion, one is better off
without. One feature it does have is that the clock.
which generates the basic timing pulses, is not free
running but starts the instant the key is depressed
(provided that the mundatory space following the
preceding character has been completed). This is
prarticularly an advantage at low sending speeds.

How It Works

The essence of a good kever is the perfect dots
when the dot side of the paddle is closed, the
transmitter should immediately be turned on and it
should stay on tor a prescribed time (determined
by the setting ot the speed control), after which 1t
should necessarily remain off tor a period exactly
as long. A Jdash should be a sequence of two dots,
with the space between filled in.

In the Micre-TO MEIT (Fig. 1), dots are formed
as follows: normally all inputs to the Jot pate
(UTAY are at logic “one™ (+9 V ip this casel,
Closing either the dot or the dash contact makes
ane of the inputs a logic “2ero’™ {ie. ground) and,
since this is a NAND gate (which meuns that if any
af the inputs is togic f, the nutput is logic /), the
output of this gate poes to logic /. 'This triggers the
viock, which consists of U224, U2B, ULB, and LIC,
The functioning of the clock is discussed in greater
detail below, for the present it is sufficient to
know that, once started, it generates one cyele of a
square wave, Fhus it makes dots, but unfortunately
they are not perfect dots (the “mark™ is longer or
shorter than the *‘space,” depending on the par-
ticalar unit chosen for UTR, as discussed helowt.
By using additional vomponents it would be
possible to frim the clock to form perfect dots, but
it s easier to make them hy using the dot tlip-flop
t114A) to divide the Jlack frequency by two, Since
integrated circutt flip-flops come only in pairs, and
since we will need a dash flip-tiop later, we may 28
well use the other hall us the dot flip-flop. The
tlip-flops are type 1 which means that the input at
the £ terminal s transferred to the output
during the positive-going portion of the tack pulse
apphied to the C terminal. Before the dot started,
the ) output of LI4A was sitting at zero, Thus its
complement, (), which was applied to the D
terminal, was u one. When the clock pulse started,
its vatput tconnected to the <’ terminal) trans
ferred this / to the output terminal. This J ia turn
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CLOCK

v fed to the output gate, sctting its output to
ground, which turns un the keying transistor (1.

The keying transistar is 4 high-voltage pnp type;
ity purpose is to ground the key terminal (which in
a grid-block keyed transmitter Hes ut — 100 vaolis or
sok. On key-down the key terminal is clamped to
about +L7 volts by diode CR1. The value of R9
was pivked so that o Keying corcent of up to —4
mA can be drawn. if vour transmitter draws more
than this, R9 can be reduced in value. On the other
hand, if your transmitter draws considerably less
than this, the value of RY should be increased
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heciuse, aside from the monitor transistor, Q2. this
is (he major source of battery drain in the keyer,

ots are self-completing because, besides key-
ing the transmitter, the output of U2D connects
hack to the dot gate. Vheretore, as the output gule
goes to 7 at the beginning of a dof or dash, it
grounds pin & of UlA so that, so far as the output
of UlA i concerned, it appears that the paddle
contact is still closed even if it is released. Kince pin
# stavs at ground through the end of the character,
it forces the clack to generite another square wave,
This vhanges the state uf UdA to g zero (because ¢
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SCILLATOR

3

off switch is included in

The monitor and the keyer are housed in two

different chassis boxes. One box could be used if the builder

]
;
i

Fig. 1 — Schematic diagram of the Micro-TO Mk Il keyer,

BT1 — 9-volt transistor radio battery.

C3 - 0.33-uF myiar capacitor,
CRi — 200 PV silicon rectifier {1N4002 or similarj.

G1 — High-voitage pnp siticon wransistor (MMA002 2NS41D or

Since current drain is very 10w, no on
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and hence the D input are now 1), producing a one
at the input of U2D. This ends the dot and sets pin
¥ of UIA to one. Since all the inputs fo the dot
gate UTA are now |, its ontput goes to 7 and it
fries to turn off the clock. But the clock, for
reasons described below, is oblivious to this and
gues on to complete the second cycle of the square
wave, making the perfect space after the perfect
dot, 1t is impossible to start a new character until
this space has been completed.

The dash contact of the paddle also goes to an
tnput of U1A, so that closing the dash side of the
paddle also starts a dat as described above. But the
dash contact is also connected to LI2C, a NOR
gate. This gate normally has pin 1 sitting at ground,
so as the other tnput goes to ground its output goes
ta {, This 7 is applied to the D input of U4B, so as
the flip-flop changes state its output (which is
vonnected to the (' input of the dash flip-flop)
causes this 7 to be transferred to the vutput of
U4R. Now both inputs of the output gate U2D are

v+

Qu
CRY e

Fig. 2 -- Simplified schematic of an MOS device.
See text for a brief description of the operation of
the circuit.
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une, so its output stays ), and hence the trans-
mitter remains keyed, until bath U4A and (4B
return to 4, Meanwhile when the ¢ output of U4B,
which 15 connected o an input of the gate U2C,
went to one, the output of U2C was forced to go
to ). But since the output of the output gate is stilt
fl, the cinck pulse will remain present at the inpnt
of UTA. Thus 2 second dot is formed. This time, at
the onset of the clock pulse formed when UU4A
changes back to a [ af the beginning of the second
dot, the [ input to U4B is at (. Thus the ontput of
U4B goes to ¢, and finally when U4A goes to 0 at
the end of the second dot, all the inputs to the
output gate are at ¢ and its output at last goes back
up to I, ending the dash, Meanwhile, the clock has
been forced to start @ fourth and final sguars wave,
ensuring that the appropriate space follows the
dash.

So far, nothing has been said which would not
apply to any type of logic circuit. In order to
understand the functioning of the clock and
monitor circuits, however, it is necessary to discuss
how CMOS citcuits work, The discussion here will
be verv cursory: the reader is referred to the RCA
COS/MOS Integrated- Circuits Manual for detfajls.
The basic CMOS circuit (an inverter) is illustrated,
in a simplified manner in Fig. 2. It consists of a
pchannel MOS transistor in series with an n-
channel MOS transistor und a pair of protective
diodes, CRU and CRL (the latter are important in
the operation of the clock circuit). When the input
is grounded, the gafe of the p-channel transistor
(QU) sees a voitage which encourages it to con-
duct, and the n-channel transistor (QL) is cut off,
Thus the output ctecuit is clamped to V+, When
the input goes to full positive voltage {V+), the
opposife happens and the oufput is clamped to
ground. Since the gate circoits draw negligible
cterrent and the diodes never conduct, the circwit
draws essentially no power in the guiescent state,
And because the voltages at which the gates cause
the tran<istors to conduct are chosen so that they
aever both conduct at the same time, the only
power drawn by the circuit is that used to charge
and discharge stray capacitance, A NOR gafe is
made by hooking up a number of such pairs with
all their Qs in parallel and their {QUs in series: a
NAND gate is made conversely. A type 2 flip-flop
s rauch more complicated and will not be dis-
cussed here,

The basic vlock consists of gates 12A, U2B,
and UTH. Gate WI1C 18 an inverter, which generates
<lock pulses of the proper polarity to feed the dot
flip-flop.* Normally, the output of dot gate U1A is
at ground, that of U2A at V¥, that of U2B at
ground, and that of F1B at V+. At the beginning

21t might seem that this gate is redundant, since
pulses of the proper polarity ure present at the
vutput of U2E. However, the waveform at that
cutput is very soft, and during the positive
portions of the clock pulse it is possible for the dot
flip-flop to be {riggered before ULB changes state.
A change of state then vushes through the output
gate, dot gate, and clock gales, turning off UZB
before it has a chance ta turn off U1B, The result,
for certain combinations of integrated ecircuits, is
that the characters are not completed. Naturally,
this was discovered the hard way.

QsT for
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of a character, UlA goes to V+, foreing the entput
of gate U2A to ground. This feeds a 0 to one input
of NOR gate U2B, and since the other input is also
at &, the output of U2B poes to !, forcing the
awtput of UIB to ground. Now capacitor ('3 hay
been sitting with V+ at the terminal connected to
the output of UIB and the other side at ground.
Consequently, as the side connected to UIB went
to ground. a more negative valtage appeared on the
other side. A large-value resistor, R5, is installed in
series with pin 13 of U2B so that this voltage is not
shorted to ground by the protective diodes on that
pin. The main discharge path for C3 is then
through R4 and the speed control, RS, to the
output of 2B, which is sitting at Y+, As that
terminal of C3 heads for V+, it eventually putsa 7
at pin 13 of U2B. At that time the output of U2
goes ta 0, the output of UTH goes to /, and that
side of 3 goes to V+. The other side of C3 now
pogs to nearly twice V+ . Again, C3 discharges
through R4 and R3S to the voltage at the output of
U2B, which is now ground. As C3 heads to ground,
it eventually puts a { at pin 13 of U2B, the output
of U2B goes to I, and the whole cycie repeats.
Thus, so long as pin 12 of U2B is at ground, the
clock will oscitlate. Pin 12 is kept at ground via the
dot pate U2ZA whenever the wmark portion of a
character is being generated. 1n addition, the other
input to U2A comes from U2B itself, so that if a
clack cycle is started it must continue until the
output of U2B goes to §. This happens during the
second half of the clock cyele, which continues no
matter what the input at pin 12 of U2B is. Thusa
clock ¢ycle, once started, is self-completing. Since
all inputs to the dot gate cannot go to € at the end
of a character until a clock cycle has been staried,
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the completion of that clock cycle inserts an
automatic space al the end of the character, ay
desired.

The frequency of osvillation of the clock, and
hence the keying speed, is independent of supply
voltage, since the voltage swing across €3 s
proportional to supply voltage and the voltapes at
which U2B chuanges state are also proportional to
supply voltage. The clock output is not a sym-
metrical square wave, however, because voliages
vorresponding fo a [ and a 2 at the input of U2B
are not symmetrical; that is, for a supply voltage of
9V, U2B may be turned off at +2V and on at +5
V., so that as the ¢lock oscillates €3 discharges
throngh +11 V in one direction and —13 V in the
ather. The keying speed range iy determined by the
combination of R4, RS5, and C3. The values
selected give a range of 12 to 60 wpm,

Construction

The complete kever is housed ina 3 X 4 %X
S-inch utility cabinet, and the unit less monitor fits
eastly into a 2 ®x 4 x 4dinch cabinet (see
ilustrations). The prototype was huilt on Vectar
tvpe 59P44/032 board, which is drilled on 0. l-inch
venters, Hard wiring between sockets and [lea clips
was used, but these are unnecessary (the sockets
were used For testing different type 1Cs, and the
flea clips represented terminals for designing a
printed circuit board). Later a printed circuit board
was made; this is shown in Fig. 3. The pe-board
lavout van be used us u guide for a hard-wired
circuit if desired. Nearly all components are on the

{Continued on page 39)
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Semiconductors

{Continued from page 22)

Hookup and Adjustiment

Disconnect the cable which runs from the
output of the 2-watt module to the antennn
connector. Connect the output of the 10-watt
amplifier to the antenna connectar, and the output
of the 2-watt module to the input of the 1D-watt
stage using RG-174 or RG-58 cable. Connect a wire
from the de-input terminal on the amplifier board
to the +V binding post on the rear apron. Attach a
Slohm dummy load to the antenna connector and
a regulated supply to the approprizte power
terminals,. The completed transmitter  draws
approximately 1.1 amperes from the power source.
During injtial tuneup the output of the transmitter
should be monitored with the FET voltmeter and
vt probe, Key the transmitter and adjust C24 for
maximum output. R 8 on the bufferfamplifier
board should be adjusted for a 17.5-volt reading on
the voltmeter, This voltage corresponds to 6-waits
output power. Spectral analysis revealed that the
second harmonic was down 40 dB, and no signi-
ficant spurious outputs wete present anywhere in
the spectrum — a clean transmitter indeed! [GFEF<

Micro - TO MK 11

(Continued from page 37}

board, The rf bypass capacitors C1, C2, and (4 are
mounted at the points where their leads enter the
cabinet. C9 ks mounted across the terminals of T1L.

The circuit board is mounted with small angle
brackets near the top of the enclosure, The speaker
is mounted over a pattern of 7/32inch holes.
There are rubber groimets on the botfom plate to
keep the keyer from sliding around and to raise it
above the table so the sound can be heard; the
whole boy then acts as an effective buffle, and the
down-facing holes do not callect dust. The speed
and volume controls are mounted on the narrow
end which does not have the seam. The output
transformer, jack for the paddle Jeads, and output
lead are on the rear.

Obtaining campaonents ta this time of shortages
may he difficult. The CMOS integrated circnits arc
manufactured by RCA, Motorola, Solitron, Solid
State  Devices, ete. Thev are specified by
Cxd00kyz, where the x indicates the manu-
fucturer, and the »r and z the package tyvpe and
environmental spees. Any x, ¥, and z will do. The
high-voltage pnp keying transistor may present a
problem; examples of RCA and Motorola types are
specified. If your transmitter key-up voltage is only
~100 V or so, you may be able to select a common
60 V BVeeo transistor to do the joh, Any diode
will do for CR2; CRI ix a power supply rectificr,
since it needs to withstand the key-up voltage.
Absolutely any npn silicon transistor will work at
Q2 The keyer will run on anything from 3 volts to
1§ volts, although it may be necessary {0 reduce
the value of RO if very low voltages sre used.

September 1975

Below abaut 6 volts, the primary of T1 should
have a Tower impedance te.g, zhout 100 chms for
2 4-¥ supply} in order to get adequate volume. A
complefe set of components was priced from the
catalog of a single midwestern mailorder house; the
Keyver with monitor costs 328, complete with an
allowanee for hardware, wire, and Vectorbord, The
version without monitor costs about $9 less.

Two versions of the keyer have been built, one
which uses point-to-point wiring and includes the
mionitor, and another which uses a printed circuit
board but has no manitor, The original breadboard
unit has been in use at K3CHID for almost two
vears. The two final versions were used in twa
recent contests af that station,

[ will be happy to correspond with anvone
having difficulties with the Keyer, or to answer any
yuestions. T will be even happier if, when vou
write, vou will enclose 3 self-addressed {and per-
haps stamped) envelope. Of course, this is farpely
irrelevant, since everyone’s Micro-TQO MEKIL will
work perfectly, [B5F=]

VHF Converters
(Continued from page 33)

application now in the process of being tned by
WASHME.

The circuit diagram is drawn in a manner that
will illusirate use of feedthrough capacitors as
tiepoints and bypasses. All the .001- pF capavitors
are small ceramics of the P11 type. The 3(H-pl
cupacitors are batton-micas. Both types are aften
found as surplus, Each capacitor is shown in the
compartment or partition in which it is mounted.
All parts shown below the broken line are on the
oscillator side of the partition. All above are in the
rf’ portion.

The converter was checked in the ARRL lab
and used in communication at WIHDC, Sensitivity
and pain were adequate for weak-signal work.
Spurious responses, often a problem in simple
converters of the oscillator-multiplier type, were
conspicuous by their absence. The value of Ri
should be adjusted for a corrent drain of about 3
mA, or for eptimum noise figure. The originad is
220 ohms, but higher values muay be needed. Cl
and the position of the isp on L1 should also he
optimized for noise figure, Converter gain van he
controlled by varying resistor valuey in the second
stuge, — WIHDQ

a-Straysas

The Caigary Centennial Award 1975 is the
special certificate for 1975 of the Calgary Amateur
Radic Association. The special prefix €Y will be
used by Calgary amatéurs for one credit each and
by the 2 ctub stations, CYSAQ and CYaeNQ, for
donble credit. An Oscar contact is worth 4 credits.
Any band or mode - only one contact per statinn.
Send log data or yuestions to CC Award, Box 5972,
Calgary, Alberta T2P 212,
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