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OME HOBBYISTS with their own

computers at home, use them to
play sophisticated games. Others use
them for “number crunching.” Still oth-
ers use them simply to learn more about
working with microcomputers. Where
many computer owners fail to make use
of their machines is ' in the control of
electrical appliances in their homes.
With the recent introduction of several
“controller” boards, in which the com-

puter-can activate a power switch, such -

as a relay or SCR, under program con-
trol, the computer's role in the home will
undoubtedly change. However, there
still remains the frustrating task of wiring
the output lines of the computer to the
controlled appliances in other rooms.
The Intelligent Remote Controller de-
scribed here makes room-to-room con-
trol wiring a relatively simple matter.
With a controller board plugged into any
Altair 8800/S-100 bus system, a special
ac adapter is connected to the controller
board and plugged into the ac line. Com-
mands given by the computer program
are sent via the controller to the ac
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adapter, which impresses the digital
waveform on the ac line at the wall re-
ceptacle. Hence, instead of running ca-
ble all through your house, you simply
take advantage of the already existing
house wiring to route signals to various
remote appliances. ¥

Special dual-channel remotes, which
can be connected to any wall outlet in
the premises for both power and recep-
tion of the digital control signals, are
used for the actual power control. Each
remote has two conventional, separately
controlled, ac sockets that can accom-
modate any electrical appliance rated at
500 watts or less. Of course, the output
circuits can be modified to handle high-
er-power appliances.

The remotes (up to 64 with this sys-
tem) constantly monitor the ac line for
commands intended for them. When a
command for a particular remote is de-
tected, it controls one or both of the ap-
pliances plugged into it, turning on or off
the power. The remote then “reports”
back to the controller on the status of the
selected device.

In this first article, we cover the con-

_troller circuit (Fig. 1). There are two ma-

jor sections in this device—the controller
itself and a self-calibration circuit that is
used for setting up the remotes.

The power supply for the controller
board is shown in Fig. 2. It is typical of
most computer bus boards.

About the Circuit. The controller oc-
cupies three I/O ports. These ports are
assigned by board jumpers, with the in-
put and output sharing the same ad-
dress and the status port being the input
port minus one.

in this bidirectional system, the user
can “poll” each remote to determine its
status. Two ports are used for both writ-
ing data to and receiving data from the
remotes. Since decoding circuitry is built
into each remote, up to 64 remotes can
be controlled by the system.

The filter/amplifier/limiter circuit that
is shown in Fig. 3 accepts an input from
the ac adapter, passes only that portion
of the signal above 20 kHz, and condi-
tions it for use by the following data-
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recovery PLL (phase-locked loop). Al-
though the amplifier's gain is set at 5, its
output is diode-clipped at 0.7 volt to pre-
vent the PLL from being overdriven and
eliminate false triggering. Transistor Q4
acts as a switch that shuts down the am-
plifier during calibration and during the
transmission of data.

The data-recovery and clock-genera-
tor circuit consisting of IC4, IC6, and IC8
recovers the transmitted data and gen-
erates the transmit frequency. When
data is present, the locked output from
pin 8 of the PLL outputs the data, which
is sent to the UART receiver. ‘

To generate the transmit frequency,
the output of the free-running vco in the
PLL is buffered by IC6 and used as the
transmit frequency by AND'ing it with the
UART data before the data is sent to the
ac line. In addition, this frequency is di-
vided by 16 by IC8 to generate the clock
for the UART and the reference clock for
the self-calibration circuit.

During the receive cycle, UART IC18
is clocked by the frequency of the vco so
that the vco in the receiver locks onto
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Photo of prototype controller board with adwpteoﬂ plug into ac line.
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Fig. 1. Overall logic of controller that also includes self-calibration
cireuit for remote oscillator alignment. Sections of the cont'rqllefr i
are referred to by figure numbers in which complete schematics are gien.

Cl through CS, C10 through C14,C17,C18,

C19,C25,C26—0.1-pF disc capacitor
C6—0.1-pF disc capacitor
C7—0.0056-.F disc capacitor
C8—0.39-pF disc capacitor
C9—0.01-pF capacitor
C15,C16—0.001-p F disc capacitor
(€20,C21—15-pF, 15-V tantalum capacitor
(C22,C23—10-pF, 25-V tantalum capacitor
C24—1-uF, 35-V tantalum capacitor
C27—.1-pF capacitor |
D1 through D7—1N4148 diode
*[C1,IC2—NE535V op amp
1C3—MCT-2 optoisolator
1C4—567 phase-locked loop
1C5-—555 timer
1C6,IC13—74L.804 hex inverter
1C7,IC12—741L.832 quad 2-input OR gate
IC8,1C9,IC10,IC15,IC16—741.893 4-bit

counter

PARTS LIST

IC11—74L.885 4-bit magnitude comparator

1C14—741L.5132 quad 2-input NAND Schmitt
trigger

1C17—8131 6-bit comparator

IC18—TRI1802 UART

1C19,1C20—74367 tri-state hex buffer

J1,J2—4-pin right-angle jack (Molex)

LEDI1,LED3—Discrete red LED

LED2—Discrete green light-emitting diode.

Q1,Q2,Q4—2N2907 transistor

Q3,Q5—2N2222 transistor

The following resistors are ¥4-W, 10% toler-
ance:

R1 through R7,R9,R19—2200 ochms

R8,R12,R13,R18 R29—1000 ohms

R10—390 ohms

R11—10 ohms

R14,R15,R22 through R25, R34—3300 ohms

R16—3900 ohms

R17—15,000 ohms
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Fig. 2. Schematic of controller power supply.
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R20,R21-—10,000 ohms

R26,R30,R31,R32—100 ohms

R27—4700 ohms

R28-—100,000 ohms

R33-— 27,000 ohms

RVI,RV2—V33MAIA
(GE)

VR1—7805 5-volt regulator IC

VR2—79L12 12-volt regulator IC

VR3—78L12 12-volt regulator IC

Misc.—Printed circuit board; sockets for IC’s;
heat sink and mounting hardware for VR1;
interface adapter No. ACD-1; wire; etc.

Note: The following is available from Moun-
tain Hardware, Inc., P.O. Box 1133, Ben
Lomond, CA 95005 (Tel.: 408-336-2495):
complete controller kit, including ac inter-
face module for $149,

*[C’s are identified by letter ‘U’ in parts
placement guide in Fig. 8. !

voltage regulator

the frequency of the vco in the transmit-
ter and provides a stable source of the
same frequency to the UART. This elimi-

_ nates the need for expensive crystal os-

cillators and divider circuits.

The heart of the controller is the
UART, shown schematically in Fig. 4.
This circuit receives, transmits, and for-
mats data that is sent between the com-
puter and controller. The controller and
each remote have their own UART's.
Since the UART outputs are tri-state,
both the status and the data information
can be AND’ed to the same bus.

When power is first applied, the UART
is reset by the POC (power-on clear)
signal on bus connector 99 after passing
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through inverter IC13. The UART can be
programmed to deal with 5-, 6-, 7-, or 8-
bit words, can be set for odd or even or
no parity, or the number of stop bits can
be set to 1,-1%%, or 2. In this circuit, the
UART is set for eight data bits, odd pari-
ty, and two stop bits. :

The transmitter portion of the UART
removes the parallel data from the bus
and transmits it serially to the power
driver circuit. When transmitting a sig-
nal, TEOC (transmit end of character)
from IC18, pin 24's signal is inverted and
used to disable amplifier Q5 in Fig. 3 to
stabilize the vco. |

The receiver portion of the UART ac-
cepts serial data from the PLL, converts
it into parallel data, and checks for pos-
sible errors. The parallel output of the
UART receiver is passed to the bus via
tri-state buffers IC19 and IC20.

The receiver section constantly
checks its serial input line for a start bit,
defined as a mark-to-space transition.
When it receives this signal, it waits for a
period of time equal to a half-bit period.
Then it checks to see if the space is still
there to determine if it is a valid start bit.
If the start bit is not valid, the UART re-
sumes searching. If the bit is valid, the
next 10 bits are clocked into an internal
shift register. The start and parity bits
are removed before transferring the 8-bit
data word to the output holding register.
Finally, the UART sets a status flag
when readout data is available and '
when an error is detected. i

The three error flags are: receive pari-
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Fig. 3. Filter, amplifier, limiter, and data and clock recovery.

‘ty error, receive framing error, and re-
ceive overrun error. A receive parity er-
ror bit of 1 indicates that the data word in
the holding register was received with a
parity error. If the receive framing error

bit is a 1, the word in the register did'not

have the correct number of bits. If the re-
ceive overrun error is a 1, the new word

Fig. 4. UART connection betwen controller and computer.
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has overwritten the word previously
stored in the register before the old word
was read out, indicating that this word
has been lost.

Two other status bits are available:
output data available (ODA) and trans-
mit.buffer empty (TBE). When ODA is a

1, data is available at the receiver's -

holding register. When TBE is a 0, the
transmitter is busy.
The 1/O port decoder shown in Fig. 5

determines if the computer is com- °

municating with the controller and pre-
pares the controller for transmitting or

receiving data. The output of this circuit

causes the controller to place data on or
read data from the computer bus.

The circuit acknowledges three com-
mands internal to the controller: read
status, read the UART receiver’s holding
register into register A of the computer,
and transfer register A data into the
UART buffer and begin the transmit cy-
cle. These internal commands are relat-
ed to system software commands IN
and OUT (the assembly language mne-
monics for communicating between the
computer and controller). Integrated cir-
cuit IC17 and its associated logic deter-
mine the |/O port selection, while the re-
maining integrated circuits in Fig. 5 de-
code the command from the computer
controller.

The power driver, shown schematical-
ly in Fig. 6, provides sufficient drive for
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Fig. 5. The I/O port selection is made by choosing
the jumper arrangement for the selected port.

the signal to ensure adequate reception
at the remote receiver. The driver AND'’s
the transmit frequency with the UART

circuit then converts the TTL-level input
signal into =15-volt levels. The resulting
signal is entered into the ac line via the
ac interface adapter, which consists of a
package that contains three capacitors
and a tuned transformer that is resonant
at 50 kHz. The adapter is connected to
the controller via a four-conductor cable
to connector J1.

For the system to function properly,
the free-running vco frequencies must
be within 4% of each other. If they are
not, receiver overrun errors result in in-
correct data. The self-calibration circuit
shown in Fig. 7 is used to adjust the re-
mote vco. The vco.in the controller is not
adjustable; it is used as the “reference”
for the system. The self-calibration cir-
cuit visually indicates whether the re-
mote vco is running faster, slower, or at
the same rate as the controller's vco.
This circuit also eliminates the need for
a relatively expensive frequency counter
to check both oscillator frequencies.

The UART clock on the controller
board is used as the reference frequen-
cy, and the UART clock from the remote
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_transmitter's serial output (TSO). The

is connected to the controller via J2. The
remote is coupled through optical isola-
tor IC3 to keep any line voltage from ap-

FIG 4
FIg4 _DATA ouT

FIG3
1c6 XMIT CLOCK
PIN 8

pearing on the controller board.

The signal from IC3 is shaped and
gated by IC14 and then passed to coun-
ter IC15, Free-running oscillator IC5 pro-
vides control for IC14 and generates the
reset pulse for the counters. This oscilla-
tor'is set for a 1% duty cycle and pro-
vides a “window” to enable the refer-
ence clock (and its equivalent from the
remote) in two eight-bit counters (ICS,
IC10, IC15, and [C16). The counters are
arranged as two eight-bit counter
chains, and the long period of 99% of
the IC5 output is the window that allows
the counter to operate, while the short
1% period pulse resets both chains, The
four ‘'most significant bits from each
counter are compared in four-bit com-
parator IC11.
~ The outputs of the comparator are in-
verted and buffered by portions of IC6
and are used to drive three LED's. On
the “less than” or “greater than” out-
puts, red-colored LED1 and LED3 glow.
When the output is “equals,” green-col-
ored LED2 glows.

During calibration (described in Part’
Il), a cable is connected between the
controller and remote. It disables the
analog sections and provides a signal
path between the two boards. The ana-
log section must be disabled to remove
jitter from the veo's.

As the vco control potentiometer on
the remote vco is adjusted, the period of
time that the green LED glows becomes
longer and longer, indicating that the two
vco's are running at the same frequen-

+l2v

=I5V
UNREG

Fig. 6. Power driver accepts UART data and clock
and delivers high-level signal to ac adapter.
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rection the remote vco differs (less or
greater than) from the controller vco.

Construction. The only practical way
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of assembling the controller part of the
system is on a double-sided printed cir-
cuit board. The etching-and-drilling and
component-placement guides. for the
board are shown in Fig. 8. Sockets are
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Flig. 7. Self-calibration
cireuit eliminates need
for a frequency counter
by comparing local
and remote clocks.

+5V

5
LED3 R32
3 4 100N
166
“

o

10.000

COMPONENT- SIDE

Y
recommended for all IC's. However, the
transistors, voltage regulators VR2 and
VR3, and optoisolator IC3 can be
mounted directly on the board. Main 5-
volt regulator VR1 is installed with the




ig. 8B. Component layout. Note that iniegrated circurls a'reesmgna,'fed Ey" letter

usual heat-sink and mounting hardware.

As you are installing the components
on the board, pay careful attention to the
polarization of diodes and capacitors. In-
stall the IC’s last, double-checking the

How
TO
interface

Microprocessors

BY RALPH TENNY

MICROPROCESSOR is a rela-

tively complex device. Therefore,
interfacing one with peripheral .equip-
ment may sometimes present a prob-
lem. Just as in any electronic interface,
the solution lies in understanding how
each side of the interface works and
then selecting components and tech-
niques to connect the two smoothly.

The microprocessor communicates
with the 0utside_wqud through three
groups of signals as shown in Fig. 1.
The address bus usually has between
12 and 16 lines. The data bus has 8, and
there can be 1 to12 control lines.

pin-1 identifiers on each to be certain
that they are installed properly in their
respective sockets.

Coming Up. Next Month, in Part |I of
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The internal operation of a processor
is based on time—from an accurate os-
cillator called a clock. Some processors
also require two clock signals (¢ 1 and
¢ 2, where ¢ means phase) slightly dis-
placed in time. They usually have differ-
ent time durations, but do not overlap.

Typical machine cycles of operation
are shown in Fig. 2 with the input shown
in Fig. 2A and the output in Fig. 2B. Note
that each machine cycle is divided into a
number of time intervals. In each case,
the ADDRESS data is sent out during
the middle of interval |1 and holds
steady until the middle of 14.

this article, we will cover the remote re-
ceivers to be used around the house.
We will also detail the calibration proce-
dure and present some sample software
to use with the system <

For the input or read cycle, the DATA
INPUT strobe is high during 12 and
drops during 13. For the output or write
cycle, the WRITE strobe is low for most

_of 13. Each of the |1 through |4 time inter-

vals'is about 0.5 microsecond, which
means that a read or write cycle will oc-
cur every 2 u.s or 500,000 times/s.
During the read cycle, the processor
is asking for data and during the write
cycle, the processor is sending data. If
there is to be communication between
the processor and any other equipment,
then some circuit must be “listening” for

the data being sent or some circuit must
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be "able to furnish the data being re-
quested. The processor may not know
when its output is not received; but if the
data it is requesting is not available, it
may stop its operation. This is because

part of the data input may include in- -

structions for further operations.

To avoid chaos, one and only one de-
vice can send data to the processor dur-
ing the input cycle. This device is select-
ed by a unigue address code that per-
mits only the addressed device to “lis-
ten” to the data bus. A control signal
(sometimes called a “handshake”) tells
the addressed device what to do with
the data appearing on the data bus. If
the three signals—data, address, and
control—are to work properly, they must
be coordinated in time and this is done
by sending the common clock signal
through the bus.

DATA_O/( DATA
= Bl

SOURCE |
|
|
SWITCH
DRIVE
IN ouT
ENABLE

.'F'ig. 3. Three-state bufferis
lilke open switch when enabled.

In summary, successful data transfer
between a processor and its associated
elements requires three conditions: a
unique address, control signals to en-
able the device being addressed, and
means to disconnect data sources from
the data bus when they are not specifi-
cally requested. Most processors will di-
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rectly address 216 (65536) different loca-
tions since they have 16 address lines.

The most common connect/discon-
nect system is the three-state buffer
whose basic concept and logic diagram
are shown in Fig. 3. Such a three-state
buffer simulates an electronic switch
that is closed only when the enable input
is driven by the control signal. When it is
not enabled, the output of the buffer is
isolated from the internal circuits.

Timing is very critical for data transfer.
Note the area marked DATA STABLE in
Fig. 2A. The exact timing for data han-
dling varies with different processors but
the principle is the same: data must be
available and stable for some minimum
time and must remain stable for a short
time after the three-state enable signal
decays. This condition is usually met by
using the enable (or DATA INPUT) sig-
nal to drive the three-state lines.

The processor output cycle is shown
in Fig. 2B. The major difference between
the input and output cycles is that, dur-
ing the output cycle, the WRITE line is
low for most of I3 and the DATA INPUT
line remains low. Note that the output
data from the processor (tyrite) is avail-
able for only about 0.6 ws or less. This
means that the IC's used must be able
to “remember” the data that appears for
such a short time.

Memories. |IC memories—from simple
flip-flops to RAM’s—acquire data in one
of two ways. Latches and flip-flops (for
example the 74279 latch and the 7474
flip-flop) store their input data on either
the positive- or negative-going pulses. In

contrast, latches like the 7475, 7477,
and 74100 store whatever data is at
their D-inputs whenever their enable in-
puts go high. This is a somewhat subtle
distinction and the user must be familiar
with the various devices and their perfor-
mance characteristics. In further con-
trast, changing data on the D-input of a
7474 will cause no output change until
its clock input is driven high. The 7475,
7477, and 74100 outputs follow their D-
input as long as their enable inputs are

high. Finally, the 74279 latch requires .

alternate negative-going pulses on the
S and R inputs to change the output.

» Thus, the 7474 and 74279 devices
can be considered to be strobed, or
clocked memories;, while the 7475's are
gated-entry devices. Similar distinctions
can be made with CMOS devices, and a
careful study of the data sheets will be
required to understand each device's
operation.

Buffering plays an important part in in-
terfacing a processor with any other de-
vice. One common output specification
for address and data bus drives for
many processors is one TTL load and
130 pF of capacitance. Therefore, if the
processor is called upon to handle a
number of external devices, some form
of buffering must be used to prevent
overload of the lines.

74367
DO
TO TTL
uP * [ SAME FOR _
+ JALL DATA
o | LINES FROM
s 1 DATA
—D7 SOURCE
ENABLE

Fig. 4. Buffers
areused to
avoid loading
of data lines.

ENABLE

For the address lines, a device similar
to the 74365 or 74367 is recommended,
while the data lines are buffered as
shown.in Fig. 4. If a number of TTL de-
vices is to be driven, then the outgoing
lines will also need buffering. Note that
the memory lines are also buffered be-
cause of the TTL buffer load on the data
line, Some medium-size systems use
low-power Schottky TTL which has one
fourth the loading of a standard TTL, but
will drive five standard TTL loads.

Timing. In discussing timing in inter--
facing, we will refer to Fig. 2B and use a
“worst-case’ analysis. That is, we will
decide which device specification is the
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most likely to produce a failure and then
be sure the selected part will work.

We will use a D flip-flop such as the
7474 (TTL) or 4013 (CMOS) to “remem-
ber” the data. Data set-up time (time the
data has to be stable on the D-input be-
fore the rising edge of the clock pulse)
for the 7474 is a minimum of 20 ns going

from logic 0 to logic 1. For the CD4013, .

data set-up time is 20 ns typically and 50
ns maximum. Data hold time (time the
data has to remain stable after the clock
pulse edge) for the 7474 is a minimum of
5 ns going from logic O to logic 1. Propa-
gation delay (time it takes data to pass
through the flip-flop after the clock en-
ters) from the clock.pulse edge going
from 0 to 1 for the 7474 is 10 ns (min.),
14 ns (typ.), and 25 ns (max.) Going
from 1to 0, itis 10 ns (min.), 20 ns (typ.),
and 40 ns (max.). For the CD4013, prop-
agation delay is 150 ns (typ.) and 300 ns
(max.). '

In a typical processor, the data set-up
time when the WRITE line goes down
(tset-up) is 140 ns minimum. Data hold
time after the trailing edge of the WRITE
pulse (thold) is also 140 ns minimum.
The WRITE pulse (tyrite) is 500 ns min.

Since the maximum set-up time for
either flip-flop is 50 ns, either edge of the
WRITE pulse could be used to store
data. Note the worst-case values: the

Fig. 7. With simultaneous
access and enable signals, one
bit of data can be passed to
data bus via the buffer.
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abstracted from data bus when data,
address and handshake signals
p=— appear at the same time.

minimum time for the processor and the
maximum time for the flip-flops. Input
timing for the same processor is almost
handled automatically if the input strobe
enables the three-state devices.

Since. some processors have very
tight timing on the data output bus, a de-
layed enable may be needed. The one-
shot, shown in Fig. 5 will trigger on the
leading edge of the enable signal; and, if
the D flip-flop triggers on the rising edge
of the one-shot output, it will now have
the proper delay (set by the RC net-
work). {

A circuit that captures a data bit from
the processor data bus is shown in Fig.
6. A NOR gate receives the correct de-
coded address signals, while the data is
buffered by a permanently enabled buff-

er. The WRITE strobe is inverted. Al-
though only one bit is recorded by this
circuit, seven more can be clocked by
the AND gate to capture the full 8-bit
word when the address is entered.

The inverse function, inserting data -

onto the data bus is shownin Fig. 7. One
bit stored in the flip-flop is sent to the
processor (via the data bus) when the
correct address is received.

Another important facet of input inter-
facing is the reset of the input data.
Once a computer has “read” an input, it
has no way to tell when that point is next
sampled if the data then present is new
data or the same as previously sampled.
Therefore, the processor must either re-
set the data latch after the data has
been read out, or must continuously
sample the input line until the data

changes state. Then the computer can -

interpret the data changes as valid.

Sample Interface. The most com-
mon man-machine interface element is
a basic switch. Three ways to use a
switch and a flip-flop to input data to a
processor are shown in Fig. 8. In each
case, a 7474 or 4013 will work; and the
three examples show how different sys-
temn responses can be obtained by set-
ting the flip-flop output to logic 1 by vari-
ous means. In each case, the immediate
response to the switch closure is the
same, but the effect on the processor
system is different. An example of each
type debouncing is shown in Fig. 9.
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Fig. 10. Output bit can be
used to turn on a power

transistor and control relay.

In Fig. 8A, the switch drives the clock
input high, which causes the Q output to
go high. The processor can reset Q to a
logic O through the clear input and the
flip-flop is then ready to respond to
another input. Figure 8B shows the clear
input being driven, with the output taken
from the not-Q and the flip-flop reset
accomplished by the preset input. Note
that the clear function overrides all other
flip-flop inputs so that it will not reset un-
til the switch opens. In Fig. 8C, the flip-
flop samples the switch position using
the processor clock. The Q output will
then track the switch position. If the
processor should reset the flip-flop, the
Q output would still reflect the switch po-
sition after the next clock pulse. Note
that the processor clock synchronizes
the data entry to the system so that an
input can never change while the
processor is “reading” the data line.

Control Circuits. If a processor is to
perform some useful work, it may have
to control large amounts of power. Since
its output may be the relatively low cur-
rent of a flip-flop, some means must be
found of controlling higher power. One
method is to insert a relay as shown in
Fig. 10. The use of Darlington transis-
tors can be extended so that very high-
power relays can be controlled. A power
semiconductor such as an-SCR or triac
can be used instead of the relay. The cir-
cuit shown in Fig. 11 applies power to
the load only at power-line zero cross-
ings to eliminate r-f interference and line
transients.

In Fig. 11, when Q1 is turned on by
the reed relay, there is no gate drive for
Q2. When Q1 is off, the gate drive for Q2
is through R1. Note also that R1 should
be capable of handling the full line pow-
er while passing adequate current to

- trigger Q2.

In general, dc loads can be handled in
the same way as ac loads except that
suitable power transistors are used in-
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 Fig. 11. Using output bit to

turn on a triac eliminates RF'I
during switching operation.

stead of triacs. As long as the dc operat-
ing voltages are derived from transform-
er-powered supplies, the major precau-
tions to be observed are proper voltage
insulation, and adequate heatsinking for
the power semiconductors. i

Motor Controls. In computer control
of motor speed, there are two basic
methods which can be used: open loop
or closed loop. A simple example of the
former merely involves setting a supply
voltage for the motor and using the re-
sulting motor speed. Depending on how
the mechanical load varies, this method
can allow motor speed to vary 10 per-
cent or more.

Closed-loop control involves the con-
tinuous sampling of motor speed and
setting a voltage (or other signal) to ob-
tain the desired speed. Such control
usually involves current sampling; and, if
the motor or mechanism it is driving be-
comes jammed, closed-loop control at-
tempts to drive the motor faster. As are-
sult, either the motor, the power supply,
or both, can be damaged. The solution

to this problem lies beyond the scope of
this article, however.
Sensing motor speed can be done in

one of a number of ways. The simplest -

is accomplished by the circuit shown in
Fig. 12A. A series of pulses from the mo-
tor drives a counter that is coupled to the
processor through three-state buffers.
The processor periodically reads the
counter, resets it, and compares it with
the count required by the program.

The motor rotation pulses can be gen-
erated by either of the two systems
shown. In Fig. 12B, a sliver of shiny alu-
minum tape on a dark shaft allows light
to bounce onto a photocell. The cell
drives a suitable circuit that shapes the
pulses for use by the counter. The slot-
ted-disc approach shown in Fig. 12C
also uses a light source and a photocell.
Both of these methods are linear with
changes in rpm, and the choice of which
one to use depends on the amount of re-
solution required. If the motor speed
tends to vary very quickly, the rpm must
be sampled very often, so a large num-
ber of pulses per revolution is required
to make accurate measurements. If the
motor shaft operates at high speed, and
the load has high inertia, one pulse per
revolution may be sufficient. Another
speed measuring technique involves the
use of a tachometer, which is often a
part of a motor and delivers a dc voltage
linearly proportional to rpm. An analog-
to-digital (A/D) converter must be used
to convert the tachometer output into a
signal suitable for the processor. The
converter must also be furnished with
address decoding and three-state bus
drive. The advantage of the added com-
plexity is that very close control can be
maintained over motor speed. The basic
logic approach is shown in Fig. 13A.

Another type of closed-loop control is
shown in Fig. 13B. A small dc motor is
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Fig. 12, Circuit for a motor
control is shown at (A).
Both (B) and (C) show ways
to generate pulses that
represent motor speed.

[ RESET |
(A)

MOTOR /

_ROTATING
SHAFT

b
REFLECTOR PHOTOCELL

& TO COUNTER

(B)

SLOTTED

MOTOR Bls4

L
sou

PHOTOCELL

GHT .
RCE=" = ——--(#TO COUNTER

(c)




used to drive a potentiometer that sets

_ the reference voltage level. If the motor

has a large gear-reduction train and if
the potentiometer is a multi-turn device,
the reference voltage can be set very
accurately. Note that, in this scheme,
the processor is connected only to the
control signals and not the actual power
system.

A modern method of producing the
necessary accurate reference voltage is
shown in Fig. 13C. A D/A converter hav-
ing an 8-bit resolution (1 part in 256 or
0.4 %) can do the required job. The data
laiches with address select are neces-
sary to hold the D/A output between
changes.

A final type of motor, extensively used
with computers, is the stepping motor. It
operates by having (typically) two to four

. drive coils and a rotor with an odd num-

ber of poles. When power is applied to a
drive coil, the rotor locks in one position.
If the alternate drive coil is energized,
the first coil is turned off and the rotor in-
crements once and locks. Thus, alter-
nating pulses to the drive coils produce
discrete increment rotation. Typically, a
rotor may be advanced by 5° or 7.5° per
step, which, when combined with a suit-
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Fig. 13. Tachometer cireuit (A)
provides close speed control.
In (B), small motor, controlled
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tion in the pulse rate produces excellent
control of motor speed.
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used with computers include various
forms of limit and proximity detectors,
item counters (for conveyor belts), and

able gear train, can produce very fine re- Other types of sensors that can be  fire and intrusion detectors. ¢
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ESTERDAY, home computers

were a science-fiction fantasy. To-
morrow, you'll probably find them under
a heading of their own in the “Yellow
Pages.” And today there are already
more than 900 home computer dealers
in this country.

Independent shops like N.Y.’s Computer Mart sell many brands.

Not all computer dealers are alike,
though. They range from part-time oper-
ations by computer hobbyists, through
small departments in big electronics
stores, to full-time specialist computer
dealers. One way or another, if you live
near a city with 50,000 people or more,

you're likely to find a retail computer out-
let of some kind nearby. ;

Finding it may be a problem, though
(unless you're in California, which has
about 25% of the nation's computer
dealers). Most of the specialist stores
have limited advertising' budgets. And
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Equipment is displwyed in open in MicroComputer System’s Florida store.

most “Yellow Pages” listings so far lump
the home computer stores with the ones
serving businesses, under such head-
ings as “Computing Devices” or “Data
Processing Equipment.”

Certain key words in the company
name will help you identify the home
computer stores when you run across
them: “Byte,” “ Computer,” “Micro,”
“Digital” and “Data.” Often, too, the
names are deliberately un-stuffy, such
as “Bits 'n’ Bytes,” “Kentucky Fried
Computers,” or “Digital Deli.” But not all
hobby computer dealers are so readily
identified by name alone. Many elec-
tronics stores, such as Allied Electron-
ics, Team Electronics and Radio Shack
are entering this field.

What Youw'll Find. Like car dealers
and furniture showrooms, computer
stores are usually set up to encourage
browsing. Most people have never
touched a home computer yet and con-
tact is addictive. So you'll seldom find
counters separating you from the mer-
chandise. Computers, video terminals,
tape readers, keyboards and other
equipment are likely to be displayed
openly on tables. More often than not,
some equipment will be connected and
in operation. Ask a salesman if you can
try your hand at any of the equipment
that’s running, or if he can demonstrate
what one can do with a computer.
Independent computer stores give
you the chance to compare and evalu-
ate many different makes of computer
equipment and systems. But not all
computer stores are independent. MITS,
for example, the company that makes
the popular Altair line of microcomput-
ers, has exclusive franchise agreements
with dealers who sell no competitive
products. Similarly, Heathkit computers
are sold exclusively by Heath Electronic
Centers and by mail from Heath's main
office; Radio Shack stores will handle
only the Radio Shack computer line
(though Tandy Computer Stores, and
probably others, will handle both Radio
Shack and competing hardware).
However, computers aren't all you'll
find at computer stores. You'll probably
see a variety of terminals, for example,
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from the old standby Teletype to faster
and fancier (or more limited, but cheap-
er) types of printer, plus several models
of CRT terminals. You'll find a variety of
peripheral and support types of comput-
er equipment, too.

Along the walls of the store you'll cer-
tainly see shelves containing books,
magazines, newsletters, promotional
material, and probably assorted compo-
nents, hand tools and test gear. If you're
unfamiliar with computers, ask a sales-
man to suggest which magazines and
books to buy, and which brochures to
take home and study. These publica-
tions will supply answers to some of
your initial questions (including the ones
you may feel a bit shy about asking).
More importantly, they'll also suggest a
number of new questions you'll want to
ask on your next visit.

Some of the most important merchan-
dise the computer store has to offer is
the least impressive iooking: software. It
is what computer people call the pro-
grams without which the hardware
wouldn’'t work. The availability of pro-
grams is one of the main factors to con-
sider when buying a computer system. A
computer store can help you find out
what software is available for your pres-
ent or prospective system. Even more
important, they can help you make the
small but vital changes to the programs
that may be needed to make it run on
your particular system. What's more
they can let you try out programs on the
store’s equipment to see if that software
will suit your needs at home.

Your best introduction to computers is
to play a game with one. Almost all
stores have programs on hand for play-
ing games, from simple Tic-Tac-Toe,
through Blackjack, to a sophisticated
game called “Startrek,” patterned after
the popular TV series.

For now, the heaviest emphasis is be-
ing placed on the microcomputer's en-
tertainment value; but the availability of
more advanced programs and equip-
ment is changing that. Today’'s hobby
computers are being used not only for
playing games, but for controlling elec-
tro-mechanical devices and business
and educational purposes.

Digital Cracker-Barrel. Like the old
country store with its potbellied stove
and cracker-barrel, the computer store
is serving as a meeting and discussion
center. Often, you can learn almost as
much from talking with the customers as
you can from the salesmen. While com-
puter stores and Startrek attract their
share of kids, you'll find a number of
computer professionals and serious
hobbyists there too. They may be pro-
grammers who work for one of the grow-
ing number of computer service compa-
nies; electronic technicians and engi-
neers; students who've already taken
computer courses in high school or col-
lege; amateur radio enthusiasts; or busi-

' nessmen anxious to learn how a mi-

crocomputer can relieve them of tedi-
nus, routine chores.

Your presence at the computer store
creates a bond between you and the
other customers. You'll find it easy to
strike up a conversation with one or
more of those who are inspecting or op-
erating equipment. They are as anxious
to discuss computers as you are. Often,
they’ll .be more knowledgeable about
particular aspects of computer hardware
or software than the store’s own em-
ployees. People who already own com-
puter models that you're considering for
yourself can prove particularly helpful.

Look for a bulletin board on which the
local computer club might announce the
time and place of its next meeting. If you
don't see such an announcement, ask

one of the store's employees about the

existence of a club. He should know. If
you can find a club, you'll find a lot of the
talk at your first few meetings rather
hard to follow. But you'll also meet a lot
of other hobbyists who'll be glad to ex-
plain things to you.

Special Store Services. Because

Demonstrating a microcomputer
system in one of Byte Shops’
chain of computer stores.




Altair carries mainly MITS gear.

computers are so complex, and so new
to most people, computer customers
need a lot of special services. And most
computer stores provide them.

If you're handy enough to build some
of your equipment from kits (and save
up to 40 percent in the process), most
stores will help you interpret unclear in-
structions and check out your work
when you've finished. If you're unsure
about your ability to build a particular kit,
the store will often let you look over its
construction manual, first, to get an idea
of its degree of difficulty.

If you don’t want to build a kit, but
want an item that's not available in as-
sembled form, many stores have techni-
cians who'll build it for you—for a fee.

Computer stores usually have service
facilities where you can take a malfunc-
tioning computer (or the appropriate
boards, if you can narrow down the
problem) for testing and service. Bring a
copy of your program, too; often, com-
puter problems turn out to be in soft-
ware, not in hardware.

Some technicians don’t mind letting
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ONVERSION from hexadecimal to deci-

mal or vice versa is sometimes required
in microcomputers. The table presented here
offers a rapid and efficient solution to this
problem. It is suitable for integers between 0
and 65,535 (O4g to FFFF1g). It can also be
easily expanded.

Here's an example of how to use the table.
Say the hexadecimal number, A7BD1g, is to
be converted to decimal. Starting with the
right-most digit, D, look at the table's fourth-
place digit and read down to D in that column.
The decimal equivalent is 13. Repeat for the
next digit in the third column. Here, the origi-
nal number, B, corresponds to 176. Continu-
ing with the next two digits, we read 1792 and
40960, respectively. Add these numbers, and
the total is 42941, which is the decimal equiv-
alentof A7BD16.

The table can also be used in reverse to
convert decimal numbers to hex. To convert
8001¢ to hex, for example, look in the table
for the highest entry which does not exceed
the number, which is 768. This corresponds
to a 3 in the third hex digit. (The fourth digit is
0, so it can be ignored.) Next, 768 is subtract-
ed from 800, yielding a remainder of 32. The

you watch and learn as they trouble-
shoot your system. But remember that
you pay for most repairs at an hourly
rate. Talking to the technician slows him
down, and costs you money.

Stores will generally replace any de-
fective parts in kits they’ve sold you (but
not kits you’ve bought elsewhere). Ser-
vicing completed kits is usually done for
the same flat fee or hourly rate as the
manufacturer would charge, and saves
you shipping time and charges.

Many stores provide consulting serv-
ices, custom-designed hardware and
software, and information on how to
modify your system for better perfor-
mance. More and more stores, in fact,
are devoting a lot of attention to provid-
ing such services for small businesses
(which gives them lots of experience for
handling your problems, but may mean
the technician or salesman you want to
see is out if you just drop by unan-
nounced). For the hobbyist, many stores
give low-cost classes in computer and
programming fundamentals.

For - established customers, -many
stores will accept phone orders, often
shipping out their orders overnight.

* Many also accept major credit cards.

When it's time to upgrade your sys-
tem, the store where you bought your
computer will usually have add-on mod-
ule boards and peripherals, or be able to
suggest equipment modifications, that

-will handle your requirements. If your old
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highest table entry that does not exceed 32 is
32, which corresponds to ‘a 2 in the second
hex digit. Subtracting 32 from 32, the remain-
der is zero, which means the conversion is
complete. (Note: to maintain proper relation-

ship of the hex digits, we put 0 in the first hex
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equipment simply can't be made to han-
dle your new needs, many stores have
bulletin boards where you can post your

old equipment for sale. A few stores

even take trade-ins.

If the store nearest you does not yet
offer all of these services, don't be dis-
appointed. The field is growing rapidly,
and most stores, still small, must work
hard to keep up.

Still, this is the calm before the storm,
the lull before the home computer hobby
really takes off. Someday you may have
to take a numbered card and stand in
line waiting for a salesman to take our
order—as soon as he can free himself
from the constantly jangling phone.

Beat the crowds, and begin now to
visit the computer stores near you. Com-
pare the lines of equipment each han-

- dles. Find out which stores give you the

greatest bargains in quality merchan-
dise and the most personal attention.
Don't hesitate to ask about the availabil-
ity of the services mentioned here. (But
don't expect to find all of them in any one
store, either.) Once you've found a store
whose technical experts give you confi-

dence, that's where you should go for

help in setting up your own computer
system. i

And after you have your computer up
and running, remember to keep in close
touch with your computer store. In this
fast-moving hobby, that's where much of
the action is. <

QUICK HEX-DECIMAL CONVERSIONS

digit, giving 32046 as the hex equivalent of
8004g, not 321, whichis 501.)

The table can be expanded by multiplying
the digits of 0 to 15 by the appropriate power
of sixteen. To construct the fifth column of the
table, multiply 16° (65,536) by 0,1, 2t0 15, &

HEX-DECIMAL NUMBER TABLE
1st Place 2nd Place 3rd Place 4th Place

Hex Hex Dec. Hex Dec. Hex Dec.
1 1 e 1=

2 2 255 25 27
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4. 4.. 4., 4o
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7o T fici: Tins ek

8 820 8. 8...
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Sol-20..First it wais THE SMALL COMPUTER.
Now, it’s THE SMALL COMPUTER SYSTEM.

A year ago, we introduced the
Sol-20. It wasn’t the [irst small computer.
It was the first complete small computer
with everything needed to get it up and
on the air as it came from the factory.
The keyboard, interfaces, extra memory,
factory backup, andservice notes were
all there. :
The results are in: Sol-20 is now
the number one small computer in the
world. Sols aren't the cheapest, just
the most valuable.

We originally designed the Sol-20
as the heart of a complete computer
system. So now to solve the problems
of science, engineering, education,
business management and control and
manufacturing, we offer fixed price
Sol systems in either kit or fully tested
and assembled form. We offer language
flexibility, Extended BASIC, ASSEM-
BLER, PILOT BASICand FORTRAN

AZ:Tempe (602)894-1129; Phoenix (602)942-7300; Tucson (602

(415)537-2983; Lawndale (213)371-2421; Orange (714
San Jose (408)377-4685, (408)226-8383; San Rafael

786-7411; Walnut Creek (415)933-6252; Westminster (714)894-9131. CO: Boulder (303)449-8233; Englewo

IV. We offer Helios II/PTDOS, an
extraordinarily capable disk operating
system. And remember, though we call
these small or personal computer
systems, they have more power per
dollar thananything ever offered. They
provide performance fully comparable
and often superior to mini-computer
systems costing tens of thousands of
dollars more.

What you get. What it costs.

Typical systems include Sol
System T priced at $1649 in kit form,
$2129 tully assembled and tested. In-
cluded are a Sol-20/8 with SOLOS
personality module storing essential
system software, an 8192 word memory,
a 12" TV/video monitor, a cassette
recorder with BASIC tape and all
necessary cables.

Sol System IT has the same equip-
ment with a larger capacity 16,384 word

memory. It sells for $1883 in kit form;
52283 tully assembled.

For even more demanding tasks,
Sol System 111 features Sol-20/16 with
SOLOS, 32,768 words of memory, the
video monitor and the dual drive Helios
11 Disk Memory Systemwith the PTDOS
disk operating system and Extended
DISK BASIC Diskette, Prices, $4750
in kit form, $5450 fully assembled
and tested.

More information.

For the most recent literature and
ademonstration, see your dealer listed
below. Or if more convenient, contact
us directly. Please address Processor
Technology Corporation, 7100 Johnson
Industrial Drive, Pleasanton, CA 94566.
Phone (415) 829-2600.

Processor icchnoloay

1327-4579. CA: Berkeley(415)845-6366; Costa Mesa(714)646-0221; Fresno(209)266-9566; Hayward

)833-1222; Pasadena (213)684-3311; Sacramento (916)443-4944; San Francisco (41 5)431-0640, (415)421-8686;

(415)457-9311, Santa Clara (408)249-4221; Sunnyvale

(408)735-7480; Tarzana (213)343-3919; Van Nuys (213)
od (303)761-6232. FL: Fort Lauderdale (305)561-2983;

Miami (305)264-2983; Tampa (813)879-4301. GA: Atlanta (404)455-0847. IL: Champaign (217)359-5883; Evanston (312)328-6800; Lombard (312)620-5808. IN:

Bloomington (812)334-3607; Indianapolis (317)842-2983, (317)251-3139. |A: Daven

port (319)386-3330. KY: Louisville (502)456-5242.-MI: Ann Arbor (313)995-7616;

Royal Oak (313)576-0900; Troy (318)362-0022. MN: Minneapolis (612)927-5601. NJ: Hoboken (201)420-1644; Iselin (201)283-0600. NY: Middle Island
(518)732-4446; New York City (212)686-7923; White Plains (914)949-3282. NC: Raleigh (919)781-0003. OH: Columbus (614)486-7761; Dayton (513)296-1248. OR:
Beaverton (503)644-2686; Eugene (503)484-1040; Portland (503)223-3496. RI:Warwick (401)738-4477. SC: Columbia (803)771-7824. TN: Kingsport (615)245-8081.
6, (718)772-5257; Lubbock (806)797-1468; Richardson (214)231-1096. VA: McLean (703)821-8333; Reston
(703)471-9330, Virginia Beach (804)340-1977. WA: Bellevue (208)746-0651; Seattle (206)524-4101. WI: Milwaukee (414)259-9140. WASHINGTON D.C.:

TX: Arlington (817)469-1502; Houston (713)526-345

(203)362-2127. CANADA: Ottawa (613)236-7767; Toronto (416)484-9708, (416)482-

CIRCLE NO. 73 ON FREE INFORMATION CARD

8080, (416)598-0262; Vancouver (604)736-7474, (604)438-3282.




