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ADVANCED
CONTROL
SYSTEM

THIS IS THE FIRST IN A SERIES OF ARTICLES IN WHICH WE WILL

introduce REACTS, the Radio-Electronics Advanced
ConTrol System. Over the next few months, we will build
\a control/robotics computer called the REACTS 7000,
‘which is based upon the DataBlocks, Inc. Altair Il system,
'a complete line of modular control elements currently
available for personal and industrial-control computers.
We’ll also build all the peripherals the computer will need
in order to perform a wide variety of control functions. In
addition, we will show you how to use your computer in
real applications.

- Control computers

Control computers differ from conventional computers
in several important ways. One of those differences, the
ability to easily interface with a huge variety of external
devices, gives the control computer the potential, over the
next few years, to revolutionize our lives in more ways than
anything yet produced by mankind.

In a typical home, there are applications for dozens of
control computers. Some simple applications include con-
trolling appliances; adjusting the heating, air con-
ditioning, and/or humidity; minimizing power consump-
tion; and ultimately running a robot lawnmower or vacuum
cleaner so you won’t have to.

REACTS 7000 is designed to be completely modular,
with each module containing the circuitry to perform one
or more complete functions. It also uses conventional
programming languages (BASIC, C , assembly, etc.).
Each subunit or module in the computer plugs into every
other module. For example, the first module we will build
is the central processor/computer module. That module is
a complete stand alone system that includes its own mem-
ory, serial port, disk, vectored interrupt, real-time clock,
system clock, memory-expansion hardware and all neces-

A complete, sophisticated

control computer that is capable of
operating almost every appliance
or system in your home, and more!

H. EDWARD ROBERTS, M.D.
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sary buffers. In other words, it is a
complete personal computer. Follow-
ing that, we will build modules that
contain semiconductor disk systems
along with integral PROM program-
mers, complete CRT terminals, A/D
converter modules, stepping-motor
modules, etc.

The goal of this series of articles is
to make you the system designer. You
do the designing by simply selecting
what modules you need for your ap-
plication. Those modules are then
stacked together in any order to create
a custom control computer for any
application. You need only to pick a
language and write the program. Sur-
prisingly, most control applications
require simple programs.

Central to REACTS is the soft-
hardware concept. Soft-hardware is
simply hardware that can be changed
or altered as easily as software. The
author first developed the concept at
MITS while designing the Altair
computer, but only recently has it
been possible to exploit it in a prac-
tical way. Over the next few months
you will see how we achieve soft-
hardware using straightforward, well-
established principles. Indeed, the
main requirement for soft-hardware is
to make sure that each module’s oper-
ation doesn’t interfere with the opera-
tion of any other module. Addi-
tionally, each module must be self-
sufficient mechanically and elec-
trically, Further, each module should
provide shielding to meet FCC re-
quirements, and each module must
provide its own motherboard.

CPU module

The REACTS CPU module con-
sists of a microprocessor, 64K static
RAM, 32K EPROM disk system, se-
rial /O port, vectored interrupt sys-
tem, completely buffered bus drivers,
crystal-controlled clock, 1-megabyte
memory-expansion subsystem, and
internal sense switches. If you aren’t
familiar with any of those terms,
don’t give up! Stick with us as we are
going to discuss each item individu-
ally and will explore the engineering
philosophy used in each decision.

Cost and reliability are important
considerations with any computer
system, but to a large extent they de-
termine where and when it is practical
to use a control computer. For in-
stance, it is not practical to use a
$20,000 dedicated computer to
provide security and environmental
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control for your $100,000 home. On
the other hand, if the same job could
be done by a computer system that
sold for $5, nobody could afford to be
without one. Similarly, a system that
would automatically drive your car to
work but was only 99.5% reliable
would not be very interesting.

Our goal is to design a machine that
is affordably priced and as close as
possible to being 100% reliable. That
is accomplished by eliminating me-
chanical subsystems and using spe-
cial connectors. Cost is controlled, to
a large extent, by the soft-hardware
concept; you only include what is re-
quired for the particular application.

There are some problems along the
way with developing an ‘“ultimate”
control computer. First, most of us
don’t have a $250,000 micro-
processor-development lab. We have
to be able to develop the hardware and
software we need on the target system
(a target system is the final product of
a development project). But, that re-
quires the development of both hard-
ware and software that may only be
needed for development and then
scrapped when finished.

Fortunately, the soft-hardware ap-
proach allows us to use our target
system as the development system.
We do that by including the develop-

(soe) 652~1336 in Geergla call (9’!51” ,j
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ment modules (CRT controllers,
PROM burners, etc.) during the de-
velopment stage and then removing
the unneeded development modules
when finally we install the target sys-
tem. That approach is especially eco-
nomical for those who will build
multiple systems.

Most board-level computers are de-
signed to work with custom software
because that is the easiest to imple-
ment. The approach we will take is to
use a disk operating system even on
the most minimal system. That allows
us to use a disk-operating system with
all its inherent power. There are a
number of disk operating systems
from which to choose, but a CP/M-
like system is familiar to both MS-
DOS users as well as CP/M users. For
that reason, we are using the
DataBlocks disk-operating system
which is a superset of CP/M; indeed,
all standard CP/M software will be
compatible with our system.

Included in the operating system
are all the utilities needed for develop-
ment, such as drivers for the PROM
programmer, drivers for printers, de-
bug routines, etc. Those special util-
ities can be left out of the final target
system if desired, to minimize system
size and cost.

Design principles

The following discussion will give
you an idea of the design concepts
used in engineering REACTS. It will
also give you a feel for the tradeoffs
made in the design of the system.

The microprocessor used in the
CPU module is a version of the Z-80.
That is probably the most popular and
widely used microprocessor ever
made. It has become the standard in
the control industry, and more person-
al computers have been built using it
than any other microprocessor. Itisn’t
the fastest of the microprocessors—
indeed some of the newer high-perfor-
mance microprocessor systems will
out-perform it by a factor of 20 to 1.
But of the modern microprocessors it
is the easiest to understand, and it
does not have any unpredictable or
“funny” interfacing quirks. That is
especially important to the non-expert
designer. As we proceed, you will see
how we get around the processor-
speed problem by using the principle
of distributed processing; that is the
use of multiple processors in a single
system. The multiprocessor concept
is based on the assumption that com-




puters are free. It turns out that the
principle is reasonably valid in prac-
tice, since the CMOS Z-80 is less
expensive than a number of other IC’s
in REACTS. We will also use a
number of other techniques that will
greatly expand the power and ca-
pability of the system.

REACTS CPU

To get an idea of how fast the RE-
ACTS CPU module is in terms of
control functions, let’s look at a sim-
ple example. Assume we needed to
turn on or off 2000 switches in a pre-
defined manner. The high-speed ver-
sion of REACTS would be capable of
doing that at a rate of 500 times a
second, or approximately 1-million
switch operations per second.

The microprocessor used is
CMOS. Indeed, all components in
the module are CMOS. That increases
cost, but it makes battery power, ei-
ther emergency or continuous, €asy.
In addition, the noise immunity is im-
proved, and less heat is generated so
no fans are needed. Further, less-ex-
pensive power supplies can be used
and the system can be used in rela-
tively confined quarters without the
problem of overheating.

The minimum system memory is
64K of static CMOS RAM, but the
system will address a total of 1 mega-
byte. Static RAM adds to the cost of
the system, but it does allow for easy
battery powering and makes the sys-
tem more predictable in a multi-
processor and/or control environ-
ment. The addressing scheme is
straightforward with the exception of
the expanded memory. The expanded
memory is based on a paging scheme
that allows the computer to switch
pages of memory 32K bytes at a time.
We will discuss some specific uses of
that memory in future articles. It is
interesting to note that the page-
switching system allows the system to
operate at effective direct-memory-
access speeds of 10 gigabytes per sec-
ond. As a comparison, if we could
read a 40 megabyte disk that fast, it
would only take 4 milliseconds to
read the whole disk!

A conventional RS-232 port is in-
cluded in the basic CPU module. That
port can be used to connect to a termi-
nal, modem, or any other standard
RS-232 device. The baud rate and sig-
nal characteristics are under software
control and can be modified from
within the program.

FIG. 1—EACH MODULE’S MOTHERBOARD interfaces to the REACTS system bus via

feed-through Molex connectors.

The CPU module supports 9-levels
of interrupts: one Non-Maskable In-
terrupt, or NMI, and 8 vectored lev-
els. An interrupt-driven system is
especially useful in process control.

There is somewhat of an aura of
intimidation associated with inter-
rupts. But actually, they make pro-
gramming simpler and much faster in
many applications. To use an inter-
rupt, you simply pull the line low.
That halts the program that is cur
rently running and causes a jump to a
special subprogram in memory; its
much like a GOSUB command in
BASIC. The computer executes the
interrupt program and then returns to
the original program. Interrupts
provide two advantages to the system
designer. The first is that the interrupt-
ing device can be serviced at random;
that is, the program doesn’t have to
keep checking to see if a service is
needed. Second, the interrupt can be
serviced instantly; it doesn’t have to
wait for the main program. Vectoring
simply means that the interrupts have
levels of priority and that a high-pri-
ority interrupt can interrupt a lower
priority one. Indeed, it is possible to
have a number of interrupts waiting
for service in a busy system. In later
articles, we will see some detailed
examples of practical uses of the inter-
rupt system.

The basic CPU module includes
sense switches. Those are simply
switches that can be set and read by
the program. They are actually a
“poor man’s” keyboard. An example
of where they are useful is in the de-
velopment vs. target system. In those
systems, the computer checks to see
the setting of the sense switch on
power up, and from that determines

whether it should look for a terminal
or start executing a program. In a real
target system, the sense switches
would be used to select which pro-
gram is loaded at auto start-up.

REACTS disk

In order to meet our design criteria,
even the most minimum system will
contain a disk. That is achieved in our
system by using a UV-erasable
PROM disk. That disk is seen as a
disk by both the external hardware
and software. It has all the attributes
of a write-protected magnetic disk,
save one: it operates at blinding
speeds. In later articles, we will build
larger semiconductor disk systems as
well as a PROM programmer that al-
lows you to burn your own PROM
disk system for the computer.

REACTS makes extensive use of
RAM and PROM disks. Semiconduc-
tor disks are significantly more relia-
ble than conventional magnetic disk
drives since there are no moving
parts. They also consume much less
power and are smaller. If large
amounts of data need to be stored,
then a magnetic disk becomes more
attractive. In later articles, we will
build a miniature floppy disk that’s
appropriate for mass storage and that
will be compatible with our system.
The overwhelming advantage of the
semiconductor disk is speed.

The random-access time of a mod-
ern high-speed hard-disk system is
approximately 25 milliseconds. The
random-access time of our disk is ap-
proximately 10 microseconds, or ap-
proximately 2500 times faster. That is
one of the reasons why our system is
capable of outperforming some of the
bigger and more expensive pro-
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FIG. 2—THE EXTRUDED ALUMINUM CASE is designed to comply with FCC shielding

requirements.

THE REACTS 7000 control/robotics computer system consists of series of stackable

modules. Here, a four-module system consisting of the CPU, a power supply, a CRT/
printer interface and a PROM programmer is shown. The modules are shown out of their

shielded cases.

cessors. Finally, semiconductor disk
systems are much easier to under-
stand and much easier to use when
designing custom software.

In order to maintain the soft-hard-

ware concept, the REACTS bus is
driven by CMOS drivers. No more
than I or 2 CMOS loads are ever
placed on the bus by any one module.
That buffer system also allows for dis-

connecting the processor from the
bus. That is a necessary condition in
multiprocessor schemes. Buffers are
not the most exciting topic, but their
proper use is critical in a multi-pro-
cessor, soft-hardware system so they
will be addressed as we procede.

The standard module card is 8
inches by 5.3 inches and connects to
the 120-line system bus using special
feed-through Molex connectors. See
Fig..1. Those two connectors allow
the modules to be stacked together in
any order. The bus that we are using is
the Altair-11 bus developed by
DataBlocks. Our system is designed
to be fully compatible with all the
existing DataBlocks modules and
software. At the present time, there
are literally dozens of different mod-
ules available that use the DataBlocks
Altair-II bus.

REACTS case

Each module can be provided with
its own shielded case that meets FCC
standards. If you desire, you can
mount the finished, unenclosed as-
sembly inside a conductive case,
which also meets FCC requirements. |
Figure 2 shows a module in its ex-
truded aluminum case; note that the
rear panel has been removed for clar-
ity. While that case is unique to RE-
ACTS, it is compatible with the
standard Altair-II system or equiv-
alents.

A word about FCC standards is ap-
propriate at this time. Each builder is
responsible to make sure he meets the
FCC requirements. All modules in
this series of articles are tested to the
most stringent FCC requirements
using self-contained cases. Nev-
ertheless, it is your responsibility to
verify that your system doesn’t inter-
fere with any other service.

The real-time clock is plugged into
the CPU-module board. That is done
to keep cost at a minimum,; the clock
need only be installed if an applica-
tion requires it. An on-board NiCd
battery is used to provide backup
power for the clock. The clock
provides time, date, month, year, and
can be used to generate interrupts to
the main system. We will make exten-
sive use of the clock in some of our
future articles.

That’s all we have room for this
time. When we next meet we continue
our look at REACTS and show you
how to build the first of our modules,
the CPU. R-E
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Build REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month we take
an in-depth look at the
CPU boards circuitry.

P t 2 AS WE SAID
ar last time,
the REACTS 7000 uses an oper-
ating system that is compatible
with the CP/M operating sys-
tem. The version we use is an
enhanced SB-80 from Lifeboat
Associates. Special utilities
have been added to the basic
DOS (Disk Operating System)
in order to make robotics/con-
trol applications easy to imple-
ment.

A number of the systems
commands are known as intrin-
sic—i.e. they are part of the
basic system. Examples of in-

REAL TIME

H. EDWARD ROBERTS M.D.
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ADDRESS
MICRO
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FIG.1—THE ORGANIZATION OF THE REACTS CPU board is shown here in block-diagram

form.

trinsic commands are: DIR,
which lists the directory of a
disk drive; DEL, which deletes
files; SAVE, which saves files;
and BATCH, which can be used
to chain together a number of
different commands. Of course,
there are many more, but that
gives you an idea of some of the
commands if you aren’t familiar
with CP/M or MS-DOS.
Additionally, the operating
system includes a number of
utilities such as CONFIG,
RBURN, and FORMAT, etc.
Utilities are programs that have
been added to the basic operat-
ing system. The following is an
explanation of some of the util-
ities included with the REACTS
DOS:
® CONFIG: Used to change
different parameters of the DOS

such as, disk-drive assignments, boot
drive, serial-port parameters, 1/O as-
signments, etc. If the changes are to
be made permanent, a new boot
PROM can be burned using RBURN
described below.

® RBURN: is a utility that allows you
to create a custom PROM disk on a
32K ROM. Using that utility, you can
create a PROM disk as easily as you
create a floppy disk.

® FORMAT: That allows the format-
ting of the REACTS 3.5-inch floppy
disk if a disk controller and disk are
included in the system.

That gives you some idea of what
can be done with the CP/M operating
system. There are a number of excel-
lent books on CP/M for those who
want to get more information. In addi-
tion, a detailed manual is included
with the operating system sold by the
source mentioned elsewhere in this
article.

It is important to note that you

don’t have to have an operating sys-
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tern to make the system function. If
you are familiar with assembly-lan-
guage programming and have your
own cross assembler, you can create a
custom system from scratch.

Theory of operation

The REACTS 7000 CPU is rela-
tively conventional in organization.
Figure 1 shows an overall block di-
agram of the system. The schematic is
shown in Fig. 2. Note that because of
its large size, the print had to be re-
duced in scale.

As already discussed, the pro-
cessor used in the computer is a
CMOS version of the Z80 (IC1). An
on-board crystal oscillator provides
the necessary clock signals for the
system. Jumpers JUl and JU2 are
used to select between an 8-MHz (JU1
installed) or 4-MHz (JU2 installed)

clock frequency. Other major sub-
systems on the central-processor
module includes a set of eight sense
switches, an interrupt controller, a
Universal Asynchronous Re-
ceiver/Transmitter (UART), two 32K
static RAM chips, a 32K boot
PROM-disk, bus buffers, and the
memory-paging capability that allows
the addressing of up to one megabyte
of system RAM. Also, an optional
real-time clock is plugged in as a
daughter board on the CPU module.
All of those components must com-
municate with the Z80 processor;
most of that communications takes
place via the I/O ports. We will look
at that in more detail later.

In our system each subsystem is
hard-wired to a predetermined I/O
port address; the addresses for the
subsystems are shown in Table 1.
Those addresses are known to the op-
erating system, and communication
occurs automatically in most cases. If
required, an application program can
also bypass the operating system and
communicate directly with any sub-
system. We will talk more about how
to bypass the operating system in fu-
ture articles.

The mlcroprocessor

The Z80 processor is mherently ca-
pable of addressing up to 64K bytes of
memory. Additionally, the Z80 can
address up to 256 eight-bit I/O ports.
The following is a discussion of how I/
O operations take place in the system.

Whenever the computer executes
an I/O command, it notifies the rest of
the system by raising the system bus’
MREQ line high. (Pin definitions for
the system bus are given in Table 2).
When that occurs, the lower 8 address
lines contain the address of the I/O
device. The RD (read) and WR (write)
lines tell the system whether that is an
input or output; i.e. if the read line is
low the system is requesting an input,
if the write line is low, the data on the
bus is an output. Incidentally, the
memory-read or -write system oper-
ates in exactly the same manner, ex-
cept the MREQ line is low for memory
operations.

In summary, in order for a device
that uses I/O-port addressing to be
selected, the MREQ line must be high.
Additionally, it must have an address
that matches the address on the lower
address lines (AO-A7), and the 10RQ
signal must be correct for that par-
ticular channel. If all those conditions
are met when inputting, the correct
data will be placed on the data bus by
the inputting device and then sent to
the processor. For an output, the pro-
cessor will place the correct data on
the bus.

Sense switches

As stated in Part 1, the sense
switches can be thought of as a “poor-
man’s keyboard.” They allow you to
input data to the system without con-
necting any other device. That’s
useful in a minimal system where
size, space, and/or cost prevent using
a more sophisticated input device.

Those switches are hard-wired to
input channel 187. If you are writing a
program in BASIC you simply type
the following line:

120 S=INPUT 187
That would be read by the inter-

‘preter to mean input the data on

channel 187 and store it as variable S.
Since there are eight switches, up to
256 unique instructions could be sup-
plied to the computer with those
switches. Indeed, if you really like to
work, you could input all of the stan-
dard ASCII codes using only the
sense switches.
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In addition, the four rightmost
switches are used by the REACTS’
disk-operating system at power-up.
The setting of those switches select
the console device, the serial port’s
baud rate, and which disk drive the
system should boot from. A common
use of the sense switch would be to
automatically load and execute a pro-
gram at power up.

Interrupt controller

The Z80 processor has two inter-
rupt inputs—a nonmaskable and a
maskable interrupt. Indeed, one of
the reasons that the Z80 has become
so popular as a controller is the power
of its interrupt system.

A CMOS version of the industry
standard 8259 interrupt controller
(IC2) was added to the REACTS
CPU. That provides us with eight ad-
ditional vectored (i.e. prioritized) in-
terrupt inputs. Those interrupts are
brought out to the system bus and can
be used by any of the other modules.
Complete control of the interrupt sys-
tem can be made under software con-
trol. Communication with the inter-
rupt subsystem is made through I/O
ports 216 and 217. Future articles will
show you how to exploit interrupts.
For now, let’s just say that the inter-
rupt system adds real power to the
REACTS computer. In addition,
many programming requirements can
be simplified by using interrupts.

The UART

A standard RS-232 serial port is
included on the REACTS CPU board.
The serial port’s communication pa-
rameters, baud rate, number of stop
bits, word length, parity, etc., are
configured by the Z80 through an
8252 UART (IC18). The 8252 also
converts the parallel data from the
system into a serial data train for use
with serial communications systems.
The ct1s (Clear To Send) line is config-
ured—always high (for send-only or
full-duplex applications) or float-
ing—via jumpers JU3 and JU4. The
serial port can be used to interface the
computer module to a terminal,
modem, or any other deyice that re-
quires serial data input/output. The
operating system communicates with
the 8252 UART through I/O ports
212, 213, 214, and 215. The CRT con-
troller we will build later on does not
use that port, which means that it is
normally available for any other pur-
pose. But if we use an external termi-

nal or computer as the controlling
.device, that port is used as the com-
munication port.

Memory paging

System memory paging is per-
formed via /O port 210. The four
least-significant data bits select the
lower 32K page while the four most-
significant data bits select the upper
32K page. That allows us to literally
change the contents of the system
memory in about 10 microseconds.
That is equivalent to a DMA (Direct
Memory Acess) transfer rate of ap-
proximately 10 gigabytes-per-second,
which is fast by any standard, or of
being able to move the entire contents
of a 40-megabyte hard disk in 4 milli-
seconds. The basic REACTS system
will support more than 1 megabyte of
additional memory.

The memory-paging system is im-
plemented using three custom PAL
(Programmable Aray Logic) IC’s
(IC10-IC12). Those can be purchased
from the supplier mentioned in the
Sources box.

Static RAM

Two 32K static CMOS RAM IC’s
(IC15 and IC17) provide 64K of sys-
tem memory for the computer, and
that is just the basic memory on the
CPU module. Static memory IC’s are

somewhat expensive, but their use
makes battery powering easy. That’s
because static RAM doesn’t have any
of the traps associated with multiple
processor systems—we don’t have to
make sure that the memory is in any
special configuration to power down
or to perform DMA’’s.

System disk

As we discussed earlier, even the
most minimal REACTS system in-
cludes a disk operating system. That
is because the CP/M P drive is a 32K
UV-erasable PROM that is included
on the CPU module (IC16). That
PROM is set up to allow for the BIOS
(Basic Input/Output System software)
as well as drive P to be installed.
There is enough storage available on
that prom disk to store the BASIC
interpreter and a decent sized user
program. That means that for some
applications, no other system hard-
ware, such as a disk, needs to be add-
ed to the basic CPU module; only
your interface hardware is required.

In a future article we will provide
the construction plans for a PROM
programmer as well as for a large
RAM/PROM disk system.

Real-time clock

In many applications a real-time
clock will be desirable and perhaps
even mandatory. The real-time clock
used by REACTS can be pro-
grammed to operate in a twelve or
twenty-four hour time-keeping for-
mat. It can provide single or repeated
interrupts to the processor with a reso-
lution of 0.1 second. It includes an
automatic calendar function (that ac-
counts for leap years), and it includes
a NiCd battery for back up. I/O ports
192 through 207 are used to configure
and set the clock. The interrupt output
of the real-time clock is connected to
system interrupt 7.

The clock interfaces with the main
CPU board via a 16 pin connector.
(Note that the rest of the clock circuit
will be shown in a future installment
of this series.) The use of an interface
circuit makes the clock optional and
keeps the sytem cost to a minimum in
systems where the clock is not
needed.

Next time

That’s all we have room for this
time. Next time we will get our hands
dirty and show you how to build the
CPU module. R-E
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Build REACTS:-

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month we
get to work and build
the CPU module.

P t 3 LAST TIME
ar we looked
at the theory behind the RE-
ACTS CPU module. Now,
its time to put our theory to
practice and build the CPU
module.

Construction
Construction is straight-
forward. The PC board,
which is shown in PC Ser-
vice, is double-sided; a
plated-through board with
silk screen and solder mask

pieces, one with pins and
one without pins. To install
the connector, the piece with
the pins is mounted flush
with the top (component)
side of the board and the pins
are soldered on the bottom of
the board. When soldering
the connector to the board,
use a minimum amount of
solder and make sure no sol-
der bridges occur. Further-
more, don’t ‘“‘drag’ solder
up the pins. That’s because
those pins must slide down
over the other half of the con-
nector, and any excess solder
could damage the friction fit. .
The connectors are designed
to be assembled once only; it

o

applied is available from the H. EDWARD ROBERTS, M.D. is a bad idea to push the two
supplier listed in the Sources box. R halves together and then to pull them

Components are mounted on the Sources apart. But if assembled following the
board following the parts-placement ..The to}inwmg items are Mme’ ~ preceding recommendations, they are
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diagram shown in Fig. |. Figure 2 is a
photograph of the author’s prototype.
Although there are some minor dif-
ferences, your finished board will
closely resemble that one.

Note that, as shown in Fig. 2, we
used sockets for all IC’s; desp.ie the
fact that only IC16, the EPROM disk,
strictly requires the use of a socket,
we strongly recommend that you too
use them for all IC’s.

Care should be taken in handling
the CMOS parts since they are very
sensitive to static-discharge damage.
Grounding the workbench and solder-
ing iron is highly desirable, es-
pecially if you don’t use sockets.
Placing the IC’s, PC board, and tools
on a single sheet of grounded alumi-
num foil will prevent static damage to
any components.

You should be careful when install-
ing the Molex connectors (SO3 and
SO4). The connector comes in two

fr ﬁataBbcks lnc 579 nt::!i'ﬁtl‘aﬂff

extremely reliable and durable, and
may be plugged and unplugged into
other connectors literally hundreds of
times.

Note, however, that when separat-
ing modules it is important that the
connectors be carefully pulled
apart by pure vertical force. Prying
the boards apart may cause serious
damage to the connectors. The con-
nectors are the most expensive single
item on the board, and they are time
consuming to remove and replace if
damaged. That doesn’t mean that they
are fragile, but with careless handling
they can be broken.

Other than the connectors, installa-
tion of all other parts is straightfor
ward, although care should be taken
to be sure that all polarized compo-
nents (IC’s, diodes, electrolytic ca-
pacitors, etc.) are installed correctly.
After all components are installed, a
careful inspection for proper compo-




FIG. 1—ALL OF THE COMPONENTS mount onone double-slded board The patterns for

the board can be found in PC Service.

FIG. 2—THE COMPLETED AUTHOR’S PROTOTYPE. While the prototype differs slightly
from the project described in the article, your board and this one will appear similar

nent location should be made. Also,
the board should be carefully
searched for solder bridges or other
construction defects; a magnifying
glass will be useful for that.

The operating system

REACTS uses an enhanced version
of Lifeboat Associates SP-80. SP-80
was designed to be an improved ver-
sion of CP/M. We have added enhan-
cements to the package in order to
produce the REACTS DOS. If you
are familiar with CP/M, MS-DOS, or
SB-80, you will feel right at home
with the operating system. REACTS

- DOS is available on a PROM from the

vendor listed in the Sources box
elsewhere in this article. Once the
CPU module is assembled, that

‘PROM is installed, a terminal is con-

nected via the serial port, and power is
applied, the CPU is ready for check-
out and use.

Checkout

Power can be applled to the CPU
via the power jack (SOS5) using an
Elpac power supply (available from
the source listed in the Sources box
found elsewhere in this article). Other
supplies can also be used, as long as
they provide the appropriate voltages
and currents and are well regulated

and current limited. The Elco power
supply produces + 5 volts DC at 860
mA, +12 volts DC at 300 mA, and
~ 12 volts DC at 300 mA.

The checkout itself is actually quite
simple. Just connect a standard termi-
nal to the serial port and apply power
to the system after setting switch S1 as
shown in Fig. 3. If everything is work-
ing correctly, in less than a second
(about 250 milliseconds to be more
exact) you will see the opening
screen. If that happens, you are ready
to use your system to control the
world!

Adding a terminal
Before we wrap up, let’s spend a
couple of moments discussing exactly

8861 NHdV
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FIG. 3—SET THE EIGHT DIP SWITCHES of
S1 as shown here. The settings of the
don’t-care switches will not affect the
checkout.

what we mean by a “‘standard termi-
nal.”” Over the past decade computer
terminals have gotten ““smarter” and
at the same time less expensive. For
example, a quality “dumb” terminal
sells in single quantities for less than
$400. Ten years ago, a terminal with
less capability would have sold for 4
to 5 times that price.

While developing the REACTS
system, we have made extensive use
of both the Qume 101 and the ADDS
VPT/A2 terminal. Also, we have test-
ed a number of different terminals and
all operate in a satisfactory manner.

Another alternative is to purchase a
used terminal. At the present time
there are a number of used terminals
on the market (e.g. ADM-7, etc.) that
can be purchased for next to nothing.
Be sure that any terminal you consid-
er is compatible with a standard
RS-232 interface before buying. In
addition, it is probably a good idea
not to purchase any used terminal if
its technical manual is not available.

The settings we use on the Qume
101 terminal are shown in Table 1.
They will give you a starting place
even if you use a different machine.

In addition, the REACTS system
allows you to use two other devices
for the terminal. One is to use an IBM
PC or compatible as a terminal. If you
have a computer and a modem, the
software needed to convert your PC
into a terminal is available on the RE-
BBS (516-293-2283, 8 data bits, no
parity, 1 stop bit). It is also available
on disk from the supplier mentioned
in the Sources box for $18.00 plus
postage. That disk also includes a
routine that allows you to use your
hard or floppy disk as a storage device
for the REACTS system.

Finally, you can choose to build
your own terminal. The last alter-
native has several advantages; we will
go into those in detail and provide
construction plans for the REACTS

PARTS LIST

All resistors YVe-watt, 5%, unless
~otherwise noted

Fn R2—10,000 ohms, 9-into-1 re-
. sistor network, SIP package

R3-R6, R8--10,000 ohms

R7-+10 ohms

R9--470 ohms

Capacitors =
C1-C20, C22, 023047 uF 25
- Nolts, ceramic disc’ :

C21—=not used

C24, C25--22 pF, 25 wl%s, ceramic

disc
C26—10 uF 16 volts, electrolytrc

€27, C28--47 pF. 16 volts, slec-

frolytic
C29-—47 uF, 10 voits, electrolytic
C30-—-6-36 uF trimmer -
‘Semiconductors
1C1—Z80 microprocessor :
1C2—82C59 programmable mterrupt
_controller -

1C3-1C7—74HC245 octal three-

- state transciever

1C8—74HC02 quad 2-input NOR gate

1G9, 1020«7414{:14 hex mvertmg '
Schmitt trigger '

Ic10, IC12—16L 8 cusmm PAL, see ;
Sext

1C11-—EP6OD custom PAL, see text

1C13,1C14—74HC73 dual JK flip-flop
with clear

IC15, 1017256257 32K static RAM

IC16--27C256 32K UV~erasable‘
EPROM

IC18--82C52 programmable UART

1C19--MC145406 H&zsz dnver/re—‘
ceiver o

Di—1N914 swrtchmg diode -

LED1—Red L LED right»angte PC» :

mount v
Oﬂtercompanents . -
OSC1—8-MHz crystal osc#later ,
XTAL1—2.4576:MHz crystal

B1—3,6-volt rechargeable NiCd bat; '

" tery (Panasonic MMB 3.6C)
S1--8-positionDIP swilch
$2--SPDT, momentary pushbutton

switch
SOt-~25-pm female connecmf

. DB-251type
S02—16-pindouble-row header, PC

mount.

803, SO4-—60-pin male/female
feedthrough bus connector agseni-

bly (Molex 70090/70088), see text

$05-~4-pin jack

Miscellaneous: PC board, extruded
aluminum case (see Part 1), IC
- Sockets, hardware, wma, sotder,,

ete.

terminal in a future installment. Note

that the REACTS terminal also fea-
tures a parallel printer port.

Next, we will show you how to
build a battery back-up system. R-E

SURROUND SOUND

continued from page 49

correct. Note that there is no power
switch between power plug PLI1 and
T1’s primary winding. That was done
because the power to the prototype is
switched with the rest of the system to
avoid turn-on pops.

Setting up

Figure 7 shows how the surround-
sound decoder can be set-up in a com-
ponent video-sound system. Notice
that by having the decoder connected
between the preamplifier and the
power amplifier it can also be used to
decode signals that originate in a con-
ventional tuner, a CD player, or what-
ever. Also note the use of left-rear and
right-rear speaker signals even though
the left and right decoder outputs, as
previously discussed, are the same.
Obviously, your particular video-au-
dio system will be different, but Fig. 7
will give you a good idea of the vari-
ous ways in which signal sources and
amplifiers can be combined with the
surround-sound decoder. As shown in
Fig. 8, all of the decoder’s inputs and
outputs are made through phono jacks
that match the conventional phono-
plug patch cords that are used for all
home video-sound connections.

If your system doesn’t use compo-
nents, and the stereo outputs of your
your VCR or TV normally drive an
integrated amplifier or a receiver, sim-
ply connect the decoder between the
VCR or TV and the amplifier’s or
receiver’s AUX Or VIDEO-SOUND inputs.

If all four speakers were identical,
and if their driving amplifiers had
identical gain, and if the front and rear
speakers were equidistant from the
viewer, no level balancing or adjust-
ment would be necessary. But that’s a
lot of ifs. More than likely, you’ll
spend some time fiddling with the
amplifier controls. A better way to
calibrate Hi-Fi surround-sound sys-
tem is to use a 7-minute video calibra-
tion tape called Kwik-Kal: A Seven
Minute Surround Test, which features
on-screen indication of speaker place-
ment, the channel being encoded, and
its weighting. The tape is available in
the Beta and VHS formats and con-
tains a Hi-Fi track. (See Parts List.)
Once the system is optimized by
using the tape, there’s no need to fid-
dle with any adjustments. Simply sit
back, relax, and enjoy the show. R-E
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HERE’S THE PATTERN for the Surround-Sound decoder.
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SOLDER SIDE for the REACT’s board. It is COMPONENT SIDE of the REACT’s board. It

shown half size. is shown half size.
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Build REACTS:

THE RADIO-ELECTRONICS
ADVANCED CONTROL SYSTEM

This month, we add
a way to store your
programs and data.

P t 4LAST TIME, WE
ar promised to
show you a battery back-up sys-
tem for the REACTS system.
Well we will—but not this
month! Instead, we will show
you a powerful high-speed sem-
iconductor-disk system for the
control computer. That module
will allow us to expand the size
of our disk storage from the 20K
provided by the CPU board to
virtually any size desired, and
to add read/write (RAM) stor-
age to the disk system. And best
of all, it will operate at speeds
that are up to 1000 times faster
than magnetic-disk systems.

Using semiconductor disks

To the computer programmer/user,
semiconductor disks are manipulated
in the same way as floppies or hard
drives. That is, all commands that are
used with floppies or hard drives (DIR,
ERA, etc.) work the same way with
semiconductor disks, only much
quicker.

For many reasons, semiconductor
memory is ideal for process-control
applications. It is low in cost com-
pared to magnetic storage, except for
applications requiring huge amounts
of memory. It is much more tolerant
of temperature and vibration extremes
than magnetic memory. Power con-
sumption is only a fraction of what
typical magnetic-disk systems re-
quire. The size of a small semicon-
ductor-disk system is much less than
that of a conventional disk drive. The
only real disadvantage of that type of
disk is that the read/write portion of

H. EDWARD ROBERTS, M.D.

the disk is volatile; that means that it
must be powered continually. That’s
really not much of a problem, and it
can be made even simpler when you
build the battery-backed switching
power supply that will be discussed in
a future article. For now, it only
means that you will have to keep your
computer powered up if you want to

FIG.1—THE SYSTEM IS CONFIGURED fbr
RAM, PROM, or a combination of memory
IC’s using an 8-position DIP switch, S2.

save the contents of the RAM
memory permanently.

The soft/hardware concept
that we previously introduced is
very evident in this module. For
instance, you can configure the
system to appear as | to 8 disk
drives by simply setting switch-
es on the back of the module.
Also, multiple modules may be
combined to increase the size of
a single disk to over 2 mega-
bytes. Any number of disks may
be added to the system. By leav-
ing out memory IC’s, the cost of
the disk system can be mini-
mized in cost-sensitive applica-
tions. Once the hardware is
customized as desired, the oper-
ating system can be changed
using a configuration utility
(more on that shortly). That will
provide a truly customized sys-
tem.

The REACTS drives

The PROM/RAM disk portion of
this month’s module provides 256K of
PROM and/or RAM space. It con-
tains 8 IC sockets into which either
32K RAM or PROM IC’s can be in-
serted; any 32K X 8-bit RAM or
PROM can be used. You let the sys-
tem know which type of memory each
socket location contains by setting a
DIP switch. As shown in Fig. 1, a
PROM/RAM location is configured
for a PROM if its corresponding
switch is up, and configured for a
RAM if the switch is down.

Throughout the rest of this article,
we will refer to the disk system as a
drive or drives. That allows us to fol-
low the accepted convention used in
most operating systems. For instance,
the first floppy in a conventional PC is
known as drive A: and the hard disk is
usually labeled drive C. Our system
will support up to 16 drives, identified
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FIG. 2—THE PROM/RAM DiSK and optional PROM Programmer are shown here in bloc\i(? )

diagram form.

as drives A:—P:. Further, the REACTS
operating system has been designed
to divide the PROM or RAM disks
into tracks and sectors, with each
track made up of 8 sectors of 128
bytes each. That compares with the
tracks and sectors of a floppy or hard
disk.

Certain drives are reserved by the
system for special operations; specifi-
cally, drive P: is reserved as the boot
drive on the CPU. Future articles will
provide the information necessary to
add floppy and hard disk drives to the
system. Those drives will be labeled
in exactly the same manner. Indeed, a
random mixture of floppies, hard
disks, RAM and PROM disks is per-
fectly satisfactory from the system’s
standpoint.

It is not necessary to have all of the
PROM or RAM space of a module
designated as one drive. Up to 8 sepa-
rate drives may be specified on one
module; the only constraint is that the
memory allocated to each drive must
be a multiple of 32K (the size of a
single memory IC). As an example,

PROM
VOLTAGE CONTROL

you could configure the system to
have 128K of PROM memory set up
as drive A: and 128K memory set up
as drive B:. Another option would be
to have two 64K drives of PROM and
two 64K drives of RAM; the four
could be designated as drives A:, B:,
C:, and D:, where A: and B: would be

652- 1336 {
568-7101

MEMORY
CONFIGURATION
SWITCHES

RAM drives and C: and D: PROM
drives.

It is even possible to have eight
different drives on one PROM/RAM
module, each containing 32K of
PROM or RAM memory. At the other
extreme it is possible to have more
than two megabytes of PROM or
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