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t.-------------6-1/21NCHES----------J 

FIG. 5-TWO OF THE FIVE boards used in this project are double-sided. The foil side of one of those 
boards, Board 1, is shown here half-size. 

FIG. 6-THE COMPONENT SIDE OF BOARD 1. Note the pads for the male header at the bottom of the 
pattern. Once again this board is shown half-size. 

1-------------7-1/2 INCHES------------1 

FIG. 7-THE FOIL PATTERN for Board 2. The foil side of that double-sided board is shown here 
half-size. 

inputs of1C8, the note selector. That one
of-sixteen analog switch will output the 
input chosen by the binary word on the 
output-data bus. When the inhibit pin of 
the IC, pin 15, is connected to + V, it will 
disable the output. If we're reading a tune 
back from memory, we obviously want 
the output of IC8 turned on all the time, 
but if we leave it on when we're writing a 
tune into memory we'll run into a prob-

!em similar to the one we ran into earlier 
when we wanted to play the Pianomatic 
without writing into memory. 

The problem before was caused by the 
fact that there was always data on the 
input-data bus. The problem this time is 
similar. There is always some data on the 
output-data bus, and it's not always the 
data we want. When we're writing a tune 
into memory, pressing a key will cause 

that note to be written into memory. 
Remember that before we pressed the 
key, there was a! ways something stored at 
that location in the memory. Con
sequently, until we program the note we 
want, we'll hear whatever note was 
already at that memory address. Even 
when the memory is first put in the cir
cuit, some sort of random data will be 
stored in it. If we're writing a tune on a 
page we've previously used, the old tune 
will be stored there. The way around this 
problem is to use the inhibit pin (pin 15) 
ofiC8 when we're writing into memory. 

Once again we use the "any-key
pressed" signal from the keyboard en
coder to enable the note selector. Since 
we need a high to tum offiC8, we have to 
use the inverted version of the "any-key
pressed" signal available at the output of 
ICI5-c. Switch S2-b connects the inhibit 
pin ofiC8 to ground when we are reading 
from memory and to the inverted "any
key-pressed" signal when we are writing 
into memory. That means that IC8 is al
ways enabled during a READ but, during a 
WRITE operation, it's only enabled when a 
key is pressed. Now, it's true that since 
this same inverted signal is also used to 
generate a write pulse for the memory, 
there will be a period of time when IC8 is 
enabled and the new note hasn't yet been 
written into memory. But let's be realis
tic. The write time of the memory is 
something like 300 nanoseconds so the 
old data will be present for only-to be 
generous-a brief period of time. 

Amplifier 
The output of IC8, available at pin I, is 

fed to the input of IC I 0 through C 18. That 
is a Vz-watt integrated amplifier that can 
directly drive an 8-ohm speaker. The 
noteworthy thing hereis that the gain of 
the amplifier is varied by the output of the 
tremolo clock, IC14-a. That is a low fre
quency oscillator running at about 6 Hz or 
so. The output is integrated by R31 and 
C21 to produce something vaguely re
sembling a sinewave. We're not after per
fection here, but we do have to smooth it 
out somewhat. The reason for that is that 
the Pianomatic uses CMOS logic; one of 
the characteristics of that logic family is 
that oscillators using it can swing nearly 
the full range of the supply voltage. For 
the output here, the low point is pretty 
near ground and the high point is within 
shouting distance of the positive supply 
rail. If we connected the tremolo clock 
directly to the gain control pin of the 
amplifier, pin 8, it would tum the ampli
fier off every time the oscillator reached 
the bottom of the curve. It would be like 
trying to sing while someone was hitting 
you on the back (although there are cer
tain kinds of music where that would be a 
definite plus). 

Because we're using the gain-control 
pin of the amplifier to add tremolo, the 
volume of the Pianomatic is determined 
by the size of the capacitor, C 19, that 



connects the output of IC 10 to the speak
er. The value chosen provides a comfort
able level but you can change it . Raising 
the value will increase the volume and 
vice versa. Keep in mind though, ICIO is 
only a 1/z-watt amplifier and the speaker is 
a miniature one . If you have visions of 
using the Pianomatic at a rock concert, 
you 're going to have to come up with 
some other output stage-you might try 
converting it to run off diesel power. 

Memory retention 
The Pianomatic will remember pro

grammed tunes even after it's been turned 
off. That nonvolatility of the memory is a 
nice feature and understanding how it's 
done means that you can use the same 
technique in other designs. Basically 
we're using a backup battery to retain the 
memory and although the same method 
can probably be used with any other 
memory device , there are several memor
ies that are specifically designed with that 
feature in mind. Those particular memor
ies are the so-called " low-power" de
vices. They are generally CMOS and pro
vide guaranteed data retention with as 
little as two volts applied . The rules for 
using them are simple since they usually 
have a control pin to switch the memory 
over to the LOW POWER mode. The 
Pianomatic uses three 20-milliamp-hour 
(mAh) nickel-cadmium button cells to 
provide a memory-retention voltage of 
3.6 . The draw is so low that 1-mAh 
nickel-cadmium cells could have been 
used if they could have been found. 

Diodes Dl4 and DIS are used to steer 
the power for the memory. When the 
Pianomatic is turned on, DIS isolates the 
+ V pin of the memory, D 14 protects the 
batteries , and Rl6 allows the batteries to 
trickle charge at a rate we can figure from 
Ohm' s law. 

The operating voltage of the Pianoma
tic is 7.3 volts and , since DIS is a silicon 
diode , the drop across it will be about .6S 
volts. That makes the voltage at the 
batteries, B9-B 11, 6.6S volts . Nickel
cadmium button cells .should be 
recharged at no more than 10 percent of 
their rated capacity-the so-called CIO 
rate. In the case of our batteries that 
would be a recommended charging cur
rent of 20 rnA/ 1 0, or 2 rnA. The batteries 
also have a nominal voltage of 3.6 volts 
(1 .2 volts per cell) . Now that we've work
ed all that out, our charging resistor can 
be figured easily . 

V = IR 
R = V/1 
V = V system - V batteries 

V = 6.65 - 3.6 = 3.05 volts 
I = 2mA = .002 amps 
R = 3.05/.002 
R = 1525 ohms 

That' s why our charging resistor, R16, 
is 1.SK ohms . If you use different batter
ies in your Pianomatic , be sure to recalcu
late the value of R16 . Nickel-cadmium 
batteries have a nasty habit of blowing up 

------------7-1/2 INCH ES---- -------t 

FIG. 8-FOR SIMPLICITY IN MAKING THE BOARDS, neither of the double-sided boards uses plated
through holes. The foil pattern for the component side of the second double-sided board, Board 2, is 
shown here. Once again, that board is shown here half-size. 

~---------------31NCHES--------------~ 

FIG. 9-MOST OF THE control switches are mounted on this small board, Board 3. Note that th is foil 
pattern is shown full-size. 

-1JIT1tiil 1~ ' 0 II ~ 
I I · - 0 ,,, ' 0 

~-----------------------4-1/21NCHES--------------------~~ 

FIG. 1 O-F OIL PATTERN FOR THE DISPLAY BOARD. Note that there are only nine mounting holes for 
the LED display·s. Pin 1 of each display is not used and therefore has been removed. 

I-------------7-3/41NCHES------------+I 

FIG. 11-BOARD FIVE is shaped to fit the rear of a piano-shaped case. If a speaker is mounted on this 
board, the large hole at the top of the pattern will have to be further enlarged so that the speaker's 
magnet-housing fits snugly (see text). 
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if they're charged too fast and/or without 
the proper controls. When the Pianomatic 
is turned on, the batteries charge, and 
when the power is turned off, the batteries 
forward-bias Dl4 and provide standby 
power to the memory. Capacitor Cl5 is 
there to catch any glitches that may occur 
if the battery switch-over isn't quite as 
noise-free as we'd like it to be. Pin 17 of 
memory IC4 is the input that controls the 
low-power mode. When it's high the 
memory operates normally and when it's 
brought low the memory is in its low 
power, data-retention mode. We have to 
make sure that this pin is brought low 
before we switch over to the standby batt
ery supply. That is easily done by making 
sure that our oN/OFF switch, S8, is a 
SPDT type. When we switch the power 
off, we connect the + V line to ground. 
Since pin 17 of the memory is on the + V 
bus, our problem is solved. 

If you monitor the voltage on the 
batteries you'll make an interesting dis
covery. Although the nominal voltage is 
3.6 volts, the unloaded voltage of the 
charged cells is a bit higher-about 4.2 
volts. When the batteries are put under 
load, that is, used to power something, 
you would ordinarily expect to see the 
voltage drop to the nominal voltage-3.6 
volts. When you tum the Pianomatic off, 
the memory draws whatever power it 
needs to retain the data, but the battery 
voltage won't fall below 4 volts. What 
that is telling you is that the draw from the 
batteries is really low--Qn the order of 
about about 10 microamps! 

Note counter 
The note counter (ICll, IC12, and 

DISP1-DISP3) is a standard counter
decoder/driver combination. IC12 is a 
three-digit counter in one package, is ex
tremely convenient to use, and has an 
internal multiplexer for a three digit dis
play. The clock, reset, and blanking con
trollines are handled automatically by the 
circuitry and switching of the rest of the 
Pianomatic. Resistors R37 and R38 bring 
the clock-voltage and rise-time require
ments in line with those of IC3. That is 
necessary since they are both being in
cremented by the same clock. 

Power supply 
The power supply is standard. Diode 

D 16 prevents an accidental reversal of 
polarity from damaging anything and the 
voltage regulator, IC13, is set to provide 
the Pianomatic with 7.3 volts. Potentio
meter R41 and transistor Ql monitor the 
unregulated voltage. When it falls below 
a preset level, Ql conducts and causes 
SCR 1 to fire and light the three decimal 
points in the display. That is a low-battery 
warning; the trip point of the circuit can 
be set by adjusting R41. 

If you look closely at the schematic and 
follow the output of SCRl, you'll notice 
that there are two resistors (R30 and R40) 
on the line in series. The reason for that is 

PARTS LIST 

w.i~ 
Rli 
R2 
R3i 
R4, 

o!'$ 14.w~tt, 5%, unless other
d ;; 
19; ~17i .. 82Q.Q.ohms 
ohms 

R ... O,oh!Jis 
Fl.,f)O Rt,~,·.~<tflOOO ohlns 
fl-9+150,000 ()hill!> 
R1l, OO,Q00i9hlli$ 
Rt< ... ,,· .. , ..•... ot)ms 
fl.14;fl.t9~R28 •• R36, R4<tf160 ohms 
f;l1~1500()hiTJS . . 
R1 H2;.QOO ()hillS 
fl.31.....,~2,QQO o?IJls 
f:I32,R3~5ElO,OPO.ohms 
R34=390 ohms; '12Wiitt 
R3 
R97'·. . . .· ...... ().ohms 
R4J.·. 50() 1QQO ghms,IJlLJili-lum potentio-

e.t~r. ~G mOY('lt 

13,C15, C18,C20, 
35 volts,· tantalum 

ipdis¢ 
F, ¢~ramie disc 

Qt~.,22 fl.f •.. 3?\lolts, .. tantalum 
C"(',"g1~2-2·.·f.L.F,~5volts,.ta('ltalym 
C1Q, Qlt, 914; !:{25, C2El, C29+0.P1 fl.l", 

igfili$c 
7.pF, 
01!-l 

IC12--4553 3-digit counter 
IC1~7805 five-volt positive regulator 
IC14--4093 quad 2-input NAND. Schmitt 

trigger 
IC15--4049 hex inverter 
SCR1-ECG 5400 or equivalent 
Q1-2N2222A or equivalent NPN silicon 

transistor 
D1-D3, D5-D7, D9, D11, 013, D17, 
D18-1 N34A germanium diode 
D4, D8, D10, D12-1N914 silicon diode 
D14, D15-1N4001 silicon diode 
D16-1N4003 silicon diode 
DISP1'--DISP3-FND 359, common 

cathode. 7-segment displays with 
decimal point 

LED1-LED1 ~miniature red LED 
LED14-LED16-miniature green LED 
St-83, 87-DPDT miniature switch 
S4-S6-SPST normally open momen-

tary switch 
88-SPDT miniature switch 
S9-S24-SPDT miniatyre lever-type 

switch, Radio Shack 275-016, or 
equivalent 

J1-miniature N.C. chassis-mount phone 
jack, Radio-Shack 27 4-253 or equiv
alent 

SQ1, 802-female header strips, AP 
~roducts 929974 or equivalent 

PL 1 ~PL5,...,....male ·header strips, right
angle, .AP Products 929835 or equiv
alent 

PL6-male header-strip, AP Products 
929834 or equivalent 

61-8.8-1.5-volt alkaline "AA" cell 
8.9-'811-nickle-cadmium. "button" cell, 

20 mAh, or larger 
Miscellaneous: PC boards, IC sockets, 
female hetider-strips (AP. Products 
929974 or .equivalent) for in
terconnections (see text), . solder, wire. 
case, etc. 
A set of the five PC boards, etched and 
drilled, but not plated through, is avail
able frQm Hai-Tronix, PO Box 1101, 
Soothgat~,MI 48195. The price is 
$39.95. Please add $2.00 for shipping 
l.lfld handling. Ml residents add 4% tax. 

From Board 2, pin 17 (IC15, pin 6) 
" " " '' 4 (IC3, pin 11) 

" 5 (IC8, pin 15) 
" 15 (IC6, pin 1) 
" 2 (D3, D6 junction) 
" 1 (Blanking) 
"14 (IC15, pin 3) 
" 6 (Ground) 
"16 (IG15, pin 7) 
"15 (IC6, pin 1) 
" 7 (IC5, pins 5, 6, 12, 13) 
"13(+V) 
"12 (IC3, pin 4) 
" 10 (IC4,pin 7) 
" 9 (IC2, pin 12) 
" 11 (R-12) 
" 8 (IC2, pin 13) 
" 3 (018) 
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FIG. 12-PARTS-PLACEMENT DIAGRAM for Board 1. Note that female header, PL6, mounts on the foil 
side of the board. · 

* = FEEOTHROUGH 

FIG. 13-AS SHOWN HERE, the cathode connections for LED1- LED16 are located on the foil side of 
Board 2. 

PL3 
(TO BOARD 2-SEE TABLE 2) 

FIG. 14-THIS TINY, single-sided, board can be mounted anywhere that is convenient. In the prototype 
it was mounted in a "piano bench." 

that they are on two separate boards. Re
sistor R40 is on the display board because 
locating it there allows us to test the board 
all by itself. 

Keyboard display 
The last part of the Pianomatic that 

we' lllook at is the keyboard display, con
trolled by IC6, a one-of-sixteen data 
selector similar to the keyboard selector, 
ICl. The output-data bus is monitored by 
IC6; that IC puts a low at the pin selected 
by the word on the bus. Those outputs are 
used to tum on small LED's buried in the 
piano keys . The inhibit input is connected 
to the center pole of switch S7-b, half of 
the PLAY/MEMORY switch. That means 
that the LED's will be turned on only 
when the memory is enabled. Since only 
one LED will be on at a time, we only 
need a single current-limiting resistor, 
R36. 

Construction 
Now that we understand how the 

Pianomatic works, we can put it together. 
You could use perfboard and wire wrap 
the whole thing-after all, the pyramids 
were built thousands of years ago with 
primitive tools and they've lasted-but the 
use of printed-circuit boards is strongly 
suggested. The PC~board patterns for the 
device are shown in Figs. 5- 11; the parts
placement diagrams are shown in Figs. 
12-16. If those are used, the project be
comes neater and cleaner. 

There 's nothing particularly com
plicated about the construction of the 
Pianomatic. The circuit has been de
signed to fit on five separate boards. The 
interconnection diagram for the boards is 
shown in Fig. 17 (which appears next 
month) . The interconnection between 
boards 2 and 3 is a little complicated, so to 
simplify things it's been listed in Table 2. 

There is one small complication with 
the boards: two of them-boards 1 and 
2-are, unfortunately , double sided. 
Don't forget to solder small pieces of wire 
to both sides of the double-sided boards as 
feedthroughs. All feedthroughs are in
dicated by asterisks on the appropriate 
parts-p1acem~.:nt diagrams. Where possi
ble, the feedthroughs were done on the 
legs of the components , but there are 
some that had to stand by themselves. 

A few important points: First, note that 
the pads for the LED's are on the front of 
board 2 in between the pads for keyboard 
switches S9-S24 (see Fig. 13). Notice 
that the cathode pads are on the compo
nent side of the board and the anode pads 
are on the foil side. Also, the cathode of 
LED16 is used as a feedthrough between 
the two sides of the board; be sure to 
solder it on both sides ofthe board. Final
ly , watch the polarity of electrolytics and 
IC's and above all, use IC sockets. 

There are several options available to 
you in building the Pianomatic and one 
really tricky thing to watch out for. You 
can change the speed of the tremolo by 
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FIG. 15--THE DISPLAY BOARD mounts directly on Board 1 using a right-angled male header, PL4. 

TO 
BOARD 
1 

UNREGULATED 
VOLTAGE IN 
(TO BOARD 3) 

Jl 
1----•1-o---p ~ 

r-" * 
UNREGULATED 
VOLTAGE OUT (TO BOARD 3) 

FIG. 16--MOST OF THE POWER-SUPPLY COMPONENTS mount on Board 5. Batteries B1--B8 and jack 
J1 can be mounted anywhere that is convenient. In the prototype they were mounted in the wood base. 

adjusting the value of R32. Raising the 
value will slow it down and lowering the 
value will, logically enough, speed it up. 
The pitch of the Pianomatic can be 
changed by adjusting the parameters of 
the oscillator made from IC15-e and 
IC15-f. Just plug the values of R35 and 
C22 into the formula f = 112.2RC and 
you'll be OK. Remember, though, IC7 
does a good deal of division internally. 
The lowest note available from IC7 is the 
input frequency divided by 478, so bear 
that in mind when you start substituting 
values. 

The tricky part of the Pianomatic is the 
tempo clock. Getting it to work in the 
manual mode is straightforward and 
shouldn't present any problems-getting 
it to work in automatic is something else. 
The problem comes about because you're 
operating at the upper and lower trip 
points of the Schmitt trigger. Although 
things seem clear cut when they're on 
paper, and formulas and graphs indicate 
all sorts of precision, dealing with the real 
world is quite another matter. 

The important parameters in the tempo 
clock are R2, R3, and R4. Resistor R3 

serves the same purpose as R31 does in 
the tremolo clock. It sets the frequency of 
the clock. Either R3 or C8 can be altered 
to change the tempo. The relationship is 
complicated but is of the form f = (11 
RC)K, where K is a constant. The voltage 
divider made up ofR2 andR4 is what sets 
things up for automatic playback. In man
ual playback, the voltage at pin 12 of 
IC14-d should be at ground when the 
clock is disabled and about one third be
low the supply rail when the clock is 
enabled (when the start switch, S4, is kept 
closed). In automatic, the voltage of pin 
12 should be half the supply voltage when 
the clock is disabled. Now, mind you, 
that is in theory. What we're trying to do 
is keep the voltage in the middle of the 
dead-band area of the Schmitt trigger. 
That way it only takes a little push in 
either direction to enable or disable the 
clock. 

When you put your Pianomatic in auto
matic, one of three things will happen-it 
will work perfectly, it won't start, or it 
won't stop. Assuming the pin-12 voltage 
is correct, the problem facing you is that 
there are variations in the dead band from 
IC to IC. You'll find that some Schmitt 
triggers have a dead~baod area that tends 
to favor the upper end of the supply, while 
others favor the lower end. That is normal 
and the solution is to vary R2 and R4 until 
the circuit works. Now, nothing would 
make us happier (well, a few things 
would) than to give you numbers, but that 
is impossible. We've taken our Pianoma
tic, which works perfectly, and sub
stituted different 4093's for IC14. Some 
would 'work and some wouldn't, even 
though no other changes were made in the 
circuit. Even IC's from the same produc
tion run will have different trip points. Be 
comforted by knowing that any of those 
IC's could be made to work by fooling 
around with the values ofR2 and R4. The 
best way to find the correct values for 
your circuit is to realize that varying R2 is 
going to have a much greater effect than 
playing around with R4. We've seen that 
R4 has a function when the Pianomatic is 
in manual as well as automatic 
playback-it pulls pin 12 low to stop the 
clock. On the other hand, R2 has no pur
pose in life other than keeping pin 12 in 
the middle of the dead-band area when the 
Pianomatic is set to automatic playback. 

Raising the value of R2 will lower the 
voltage on pin 12 and lowering the value 
will raise the voltage. If your Pianomatic 
won't start playing in automatic, the volt
age on pin 12 is too low-if it won't stop 
playing, the voltage is too high. Don't 
make heroic changes in the value of R2, 
however, because, as you'll discover, a 
handful of ohms will go a long way. In 
fact, going up or down about 2K should 
solve the problem. 

Next month the final installment on the 
Pianomatic will discuss the voltage
regulator circuit, operation, 
troubleshooting, and calibration. R-E 


