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Build REACTS: 
THE RADIO-ELECTRONICS 

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

Part 4LAST~IME, WE 

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 
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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 for 
RAM, PROM, or a combination of memory 
IC's using an a-position DIP switch, 52. 

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 1 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 



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, 
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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 

II I 

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 

I I I 

CD 
0> 
0> 

51 



(/) 

~ 
z 
0 
a: 
1--
0 
w 
--' w 
Q 
0 
<x: 
a: 

52 

II I I l II 

/ 

"' iiiHU 

IC11 >SV 

s02 

= ~ = .... ~ 
~ !i -: 
~ 

•SV 

~ ii ~ I I C19 

= ~ 1~ ~ 
~ 

" " . . ....., . . .. . ~ 

'' 
. . . . 
" . -. . 
'>= 

'-- ,_n 
JC9 

~ 

~ .. "f"------1-"----'. ·f"---1-"----' . • f"----1-"----' .. •f"-m---- '---) 
503 1-"----'. =~ 

~ 
f---"--'. 
t---"---'" nf"---o--
"-"'--' . • f'L-"'---

'-;;;;a 

~ 
~ 
~ 
= ~ ~ ~ 

' 

FIG. 3-THE MODULE'S CIRCUIT DETAILS are shown in this schematic. 
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All res.istors Y4 watt, 5°/l uriless 
otherwise noted \% 

~3. R4, R23--'1Q,OOO ohn;!s ,110-into~ 1 
SIP ' 

R7-470ohms 
Capacitors if£' s 
01-01;1, 013-0171 G19-C21-6.4!7 ~ 

'P,F, c~raroicJdisct . .• . m 4 
025-47 JJ.F, 16 volts, electrolytic 'l 
026-47 JJ.F, 10 volts, electrolytic 
Semiconductors . . 0 

IG1-1Cs-z::.32K'' :k '8 RG\M or'EPROM,;* 
seE!< text 

IG9, IC19-74HC24B octal thre~- ~ 
state transceivert ·· t 

IC~~~~r~y :~~~4i6~s~~u~~~~%~~: 1 
nents, see text" . 

1013-1016--:l 4Hqt63 synchrppqus . 
einary counter 

1017-82055 programmat:51e pe- i! 
ripheral interface 

D2:_Red LED , righ;t-a,ngle PC- 1 
9 mouht 
Other components i 
s1.....:s-positiqn QIP switchtw i 
S2-8-posifion DIP switch . ~ 
S02, S03--'60-pin male and female~ 

bus connector set ' 
Mlscellaneous:PC' board, IC so9k- ' 

ets, hardware, case, wire, sol · t 
etc'!' *''·"·if%.@# r&[;sre>l:¢t \;0 

RAM memory configured as one 
drive . In that case , each module is 
only Ys of the total drive (8 PROM/ 
RAM disk modules times 256K per 
module = 2048K). The ability to 
custom design the PROM/RAM con­
figuration of the disk drives fits in 
nicely with the concept of soft-hard­
ware in that it allows the user to select 
the optimum disk size for a particular 
application . 

(As discussed in the Feb . 1988 in­
stallment, soft-hardware is system 
hardware that can be changed as easi- · 
ly as software .) 

After setting the memory config­
uration switches and installing the 
correct memory IC's (RAM or 
PROM) into their appropriate sock­
ets, the operating system must be 
" told" about the current configura­
tion of disks . The REACTS operating 
system handles that with a configura-

~ tion utility called CON FIG. If the new 
z configuration is to be permanent , 
~ which will usually be the case , it 
0 should be "burned" onto a boot 
w ul PROM, using the PROM program-
c) mer, and that PROM then placed in 
o the appropriate socket on CPU-mod­
~ ule board. 
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PROM/RAM disk operation 
Referring to Fig. 2, a block di­

agram of the PROM/RAM disk and 
the optional PROM programmer, will 
help in following the discussion of the 
operation of the PROM/RAM portion 
of the module. Complete circuit de­
tails are shown in Fig . 3. 

The REACTS CPU communicates 
with the PROM/RAM module via 110 
ports. The system 110 ports used by 
the PROM/RAM module are user-se­
lectable. The MODULE SELECT and 
PROM/RAM CONTROL blocks of Fig. 2 are 
implemented using PAL (Program­
mable Array Logic) IC 's ; those 
custom components are available 
from the supplier mentioned in the 
Sources box. PAL's are used in the 
PROM/RAM disk module, as they 
were in the CPU module, to reduce 
circuit cost and complexity. The 110 
address of the module can be changed 
by resetting a 5-position DIP switch, 
Sl. That allows you to use multiple 
PROM/RAM modules per system for 
greater storage capacity. 

Basic operation of the PROM/ 
RAM portion of the module calls for 
reading or writing to the correct 
PROM or RAM IC. That is done by 
the PROM/RAM CONTROL block. After 
selecting the correct type of memory 
IC (as determined by S2, the 8-posi­
tion DIP switch previously dis­
cussed), the PROM/RAM ADDRESS COUN­

TER is loaded with the starting 
memory address of the file to be read, 
or in the case of a write to a RAM 
drive, the first unoccupied memory 
location. As each memory byte is 
read or written, the address counter is 
incremented to point to the next byte 
in memory so that that location can be 
read from or written to. 

The PROM programmer 
If you are going to make fu-ll use of 

PROM memory, you need some way 
to get your programs into them. To 
that end, we have included an PROM 
programmer on the PROM/RAM disk 
module . (In order to accommodate 
cost-sensitive applications, the pro­
grammer has been made optional and­
can be omitted where it is not 
needed .) 

In addition to being able to pro­
gram 32K UV EPROM's (Ultra Violet 
Erasable Programmable Read Only 
Memory), the programming socket 
can be used as an independent disk 
drive. To the REACTS operating sys­
tem, a PROM in the PROM program-

II I I' 

Parts List-PROM Programmer 
t ~ 
I All resistors i%-watt, 5%, unless 
r 9 otherwise no.ted 
R~,tR5, R6, R8-10,000 ohms, 9-

into-1 SIP 
1 R2, R18-10,000 ohms 
t R9, R1011R16--:2200 Q~ms 
"'·>R~ 1, R12; R21, ~22-4700 ohms 
~ R1~70ohms 
• ,H14, R15-1 000 ohms 
I · R17~220 ohms ... 
;.,*'~~~~gg.g1oh.W§kpotentiq .. rpeter m '*' 
.· A2o:_soo ohms, potentiometer 
" C~pacitors 

0,2.,, C1'8-:z;0.47 P,F, ceramic disc 
022'-};24-jO JJ.IT. l.6'VOits,tantalum 
Semicqnductors · 
IC12; .. 1C18-82C55 programmable 
, peripheral intefface 

IC22-LM317 voltage regulator 
01-03'705-2N3904; NPN transistor 
04, 06--:2~3906 PNP transistor 
D1-Green LED, right-angle PC 

roount 
Qth~r components 
S01-28-pin ZIP socket 
Ml'scelaneq.us:PC board, IC sock-

ets, ~8-pi~. hi-rise socket, hard­
ware, wire, solder, etc. 

mer's easily accessible ZIF (Zero 
Insertion Force) socket looks like a 
32K disk drive. (The use of a ZIF 
socket allows you to insert and re­
move IC's many times without 
damage.) You will find that attribute 
to be a useful tool when developing 
software . 

PROM-programmer operation 
The PROM programmer programs 

EPROM's one byte at a time. Refer­
ring to the PROM programmer 
portion of Fig. 2, the address of the 
memory location to be programmed is 
placed on the PROM programmer's 
address bus and the data to be pro­
grammed is placed on the data bus. To 
do the actual programming, 12 volts is 
placed on pin 1 of the EPROM, 5 volts 
on pin 28, and the EPROM's CE (CHIP 

ENABLE) input is brought low for a 
specified period of time. After a loca­
tion is programmed, the address is 
incremented and the next byte to be 
programmed is placed on the PROM 
data bus. 

Reading an EPROM (or PROM) is 
essentially done in the same manner 
as programming one, except that 5 
volts are placed on both pin 1 and pin 
28, and both the CE and OE (OUTPUT 

ENABLE) pins are brought low. Once 



FIG. 4-CONSTRUCTION OF THE MODULE is fairly straightforward. Use this Parts­
Placement diagram when mounting the components. 

again , to keep circuit complexity and 
cost as low as possible , much of the 
programmer's circuitry is incorpo­
rated in a custom PAL. (That IC is 
available from the supplier.) 

The REACTS operating system 
contains a utility called RBURN that 
makes programming EPROM's easy. 
That utility uses prompts to allow the 
user to select the. file to be pro­
grammed, the drive that the file is 
located on, and the number of kilo­
bytes to be programmed. In addition 
to burning EPROM's, the RBURN 
utility can be used to check an 
EPROM for complete erasure (i.e. to 
make absolutely sure that a PROM is 
blank before programming). 

Two LED's are used by the module 
to display the state (idle or busy) of 
the PROM programmer. If the red 
LED is illuminated, the EPROM is 
either in the process of being burned 
or read and should not be disturbed . 
To avoid damaging the device, 
EPROM's should be placed in or re­
moved from the programming socket 
only,when the green LED is on . 

When handling EPROM's , re­
member that they are CMOS compo­
nents and all of the usual precautions 
regarding static electricity should be 

II 

followed to avoid inadvertently zap­
ping them. Also, be sure that any 
EPROM's are oriented correctly in the 
socket before attempting to bum or 
read them otherwise, the device may 
be damaged . 

Building the module 
Building the combination PROM/ 

. RAM disk and PROM programmer is 
basically a straightforward operation. 
Follow the parts-placement diagram 
shown in Fig. 4 when mounting the 
components. The pattern for that 
board can be found in PC Service; a 
pre-etched board is available from the 
supplier that is mentioned in the 
Sources box. 

'THE FINISHED PROM/RAM DISK. Note the 
ZIF socket near the center of the unit. 

II II 

Be sure to observe the cautions out­
lined last time when installing the two 
60-pin PC-board connectors. 
(Though they are rugged units once 
assembled, they can be easily 
damaged during assembly.) Also , 
take the usual precautions when han­
dling the CMOS IC's . Finally, be­
cause we are putting so much circuitry 
in a small area, we have chosen to use 
Single /nline Package (SIP) resistors 
where applicable. Those are reason­
ably new components and you may 
not have used them before. However, 
SIP resistors are becoming more com­
monplace so they should not be to 
difficult to locate. 

Software 
Although we have not yet built any 

actual process-control modules, we 
can now start program development. 
We have a central processing unit, a 
means of communicating with it (a 
dedicated terminal or an IBM or com­
patible configured to act as a terminal; 
see the April issue for more on that), 
and at least one way of saving pro­
grams, that being the PROM-pro- s: 
grammer/semiconductor-disk mod- ~ 
ule. In order to create any programs 

continued on page 82 
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PC SERVICE 
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COMPONENT SIDE for the REACTS RAM/PROM Disk and PROM Programmer. The solder 
side will appear next time. See page 100 for more PC patterns. 
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REACTS 

continued from page 55 

though, we must have a programming 
language . 

One of the simplest and most uni­
versal languages is BASIC. A version 
of BASIC called ZBASIC is available 
from the Supplier listed in the Sources 
box. If you have programmed with 
BASIC in the past, you'll have no 
trouble at all using ZBASIC . The 
ZBASIC language is especially 
geared for use in a process-control 
environment. 

For most applications, ZBASIC 
should suffice; however, if more speed 
is needed, you may want to consider 
purchasing a C compiler and/or Z80 
assembler and linker for use with the 
REACTS system. Those , too, are 
available from supplier listed in the 
Sources box . If you are using an IBM 
machine, or a compatible, you can get 
the software on a 5V4-inch floppy and 
download it from the computer toRE­
ACTS . If you do not have access to an 
IBM PC (or compatible), you can pur­
chase the software on 32K PROM's. 
The PROM's can either be loaded into 
the PROM programmer, and the soft­
ware can be loaded from there, or they 
can be mounted in the PROM/RAM 
module and accessed. Because of the 
much greater speed of the PROM/ 
RAM drives, even if you purchase 
your software in floppy format , you 
may want to eventually burn the soft­
ware onto PROM's and place them in 
the PROM/RAM module as a PROM 
drive. 

Coming soon 
Now that we have built the two 

modules necessary for program de­
velopment, we are ready to start 
building more of the actual process­
control modules. The particular ap­
plication will determine the types of 
process control modules you will 
need. That is , not all of the modules 
discussed and constructed in the 
months to come will be required for 
every application . You only build the 

~ modules that you need. We'll also be 
z building some support modules , in­
@ eluding a dedicated CRT-terminal! 
0 printer-interface module, and the pre­
~ viously promised battery-backed-up 
6 switching power supply. 
Ci Next time, we'lllook at a universal 
<( 

a: input/output module. R-E 
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DECODE NEARLY ANY SINGLE LEVEL 
GATED PULSE SIGNJ\L. New circuit works 
with Hamlin, Jerrold, Sylvania, and Eagle 
systems. Decodes In-band, Out-band, AM or 
FM reference. Complete educational • kit in­
cluding P.C. board, parts, case, and 40 page 
gated pulse theory booklet is only $47.00 
plus $3.00 shipping. Order no. 1 PFD-1 K. 
ELEPHANT ELECTRONICS INC. P.O. Box 
41865-R, Phoenix, AZ 85080. (602) 
581-1973 
CIRCLE 120 ON FREE INFORMATION CARD 

APPLIANCE REPAIR HANDBOOKS-13 
volumes by service experts ; easy-to­
understand diagrams, illustrations. For major 
appliances (air conditioners, refrigerators, 
washers, dryers, microwaves, etc.) , elec. 
housewares, personal-care appliances. 
Basics of solid state , setting up shop, test 
instruments. $2.65 to $5.90 each. Free 
brochure. APPLIANCE SERVICE, P.O. Box 
789, Lombard, IL 60148. (312) 932-9550. 

CIRCLE 84 ON FREE INFORMATION CARD 

THERMOPROBE-QUICKLY IDENTIFIES 
DEAD PC BOARD COMPONENTS. Locates 
dead resistors, trc.nsistors, IC's, diodes, and 
transformers without direct contact, in sec­
onds. Operating active components radiate 
head, dead components don't. Thermoprobe 
is sensitive to Y2s°F change in temperature. A 
must for your workbench or field service. 
Order #209TM. ONLY $24.99+ $3.50 ship­
ping, NY Res. add tax (no COD's). BUYUS, 
INC., Dept. RE588 10 White Birch Dr., Os­
sining, NY 10562, Visa or Mastercard (914) 
762-4799. 

CIRCLE 194 ON FREE INFORMATION CARD 

SIMPLY SNAP THE WAT-50 MINIATURE FM 
TRANSMITTER on top of a 9v battery and 
hear every sound in an entire house up to 1 
mile away! Adjustable from 70-130 MHZ. Use 
with any FM radio. Complete kit $29.95 + 
$1.50 S +H. Free shipping on 2 or more! COD 
add $4. Call or send VISA, MC, MO. DECO 
INDUSTRIES, Box 607, Bedford Hills, NY 
10507. (914) 232-3878. 

CIRCLE 127 ON FREE INFORMATION CARD 

CALL NOW 
AND 

RESERVE 
YOUR SPACE 

• 6 x rate $815.00 per each insertion. 
• Fast reader service cycle. 
• Short lead time for the placement of 

ads. 
• We typeset and layout the ad at no 

additional charge. 

Call 516-293-3000 to reserve space. Ask 
for Arline Fishman. Limited number of 
pages available. Mail materials to: 
mini-ADS, RADIO-ELECTRONICS, 500-
B Bi-County Blvd., Farmingdale, NY 
11735. 




