
necting the microprocessor integrated 
circuit to the memory and input/output 
devices. Memory select circuitry selects 
one of several memory banks, while 
input /output select circuitry selects one 
of several input and output devices. 
Some of the input/output devices may 
connect to the interrupt input through 
some additional interrupt circuitry. 
Finally, panel switches for reset and 
perhaps halt connect to the processor 
control inputs. 

Wrapup 
What is a means of entering the pro- 

gram into memory in the first place? The 
very first small computers solved this 
problem by adding a control panel. By 
means of switches and readout lights on 
the panel, it was possible to enter data 
into specific memory locations, check to 
see that it had been properly entered, 
and start and stop the computer. Such a 
control panel requires connection to 
both the address and data busses, some 
way of disconnecting the microproces- 
sor from these busses so that the control 
panel can feed numbers directly into the 
memory without the microprocessor 
being involved, as well as connections 
to the processor, memory, and 
input/output control lines. This requires 
a substantial amount of circuitry. 

A more recent approach has been to 
make at least one of the memory banks a 
ROM which is preprogrammed with a 

system program called a monitor. This 
monitor program allows an external 
device, such as a teleprinter or tv -type 
terminal, to enter data or output data 
from the system under monitor control, 
acting as a control panel but without all 
the circuitry a real panel would require. 
Some systems, such as the Heathkit H8, 
combine a monitor with a small control 
panel. The control panel contains just a 
series of pushbutton switches on a key- 
board, and some light emitting diode 
readouts. The switches do not really do 
anything, as they simply connect to 
various combinations of wires on the 
data and address busses. Instead, the 
monitor does all the work by monitoring 
these switch closures and interpreting 
their meaning by means of a program. 

Despite the need to make hundreds 
and hundreds of connections to inter- 
connect the microprocessor with all the 
other integrated circuits needed to make 
a complete system, the recent progress 
in hobby and personal computers has 
made a thorough knowledge of just 
exactly how this is done and why quite 
unnecessary. Whereas 10 years ago the 
amateur computer builder had to build 
his system circuit by circuit, connection 
by connection, today's computer builder 
can buy preassembled components and 
even complete systems. Still, sometimes 
it is comforting to know just what is 
inside. There's a lot more than just a 
$17.95 IC chip! El 

Basic building blocks for 
electronics projects: gates 
Newcomers to electronics 
hear a lot about gates. But 
what the heck are they? 

Thumbing through the pages of 
Modern Electronics, you'll find 
many small, inexpensive, and easy - 
to -build projects. The key ingre- 
dient in these "mini" projects, and 
the basic building block of even the 
world's largest computer, is the 
integrated circuit (IC) digital gate. 

The digital gate in reality is noth- 
ing more than an educated "on -off" 
switch. You can get a better idea of 
what goes on inside an IC by look- 
ing at the diagram below. Here 
you'll see a simple relay circuit that 
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connects a battery to the output ter- 
minal when another battery is 
applied to the input. 

Suppose you connected the relay 
battery through two or more 
switches as shown below. If you 
did, you could connect the battery 
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to the relay, energizing it, by clos- 
ing any one of the switches. Since 
you can connect the output battery 
to the terminal by closing input 

Lswitch one or input switch two or 
any other input switch, this kind of 
circuit is called an OR gate. 

If you connected your relay con- 
trol switches in series, as shown 
below, you would have to close all 
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of them before the output battery 
would be connected to the terminal. 
Since you would have closed switch 
one and switch two and every other 
switch in the circuit, this kind of cir- 
cuit is called an AND gate. 

The OR and the AND gates 
described so far have no output 
unless the relay is energized by clos- 
ing the appropriate switches. 
Sometimes, however, you need a 
gate that provides an output except 
when the relay is energized. This is 
done by adding a connection to the 
relay contacts, as shown below. 
Gates that provide no output when 
energized are called NOT gates. So 
an OR gate becomes a not -or gate, 
or simply NOR gate; AND gates 
become NAND gates. NAND and 
NOR gates are distinguished from 
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AND and OR gates by a small circle 
at the output end of the symbol in 
schematic diagrams. -Bob 
Margolin 
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