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If the meter indication is correct,
turn off the inverter and connect a
117-volt ac meter and a 100-watt lamp
to SO7. Keep in mind that this is a
hazardous voltage. Turn the inverter
on and adjust R77 to obtain 117 volts
atSo7.

Use a frequency counter or the cir-
cuitshown in Fig. 4 to adjust R7 for 60
Hz. In using the circuit in Fig. 4, adjust
R7 until the neon lamp does not flash
(zero beat).

17V 10
60Hz g NEON 53

Fig. 4. Use this circuit to
tune the inverter to 60 Hz.

Operation. This equipment, like any
ac line-powered gear, must be treated
with great care. The cabinet should be
adequately ventilated at all times. The
design is safe up to an ambient of
120°F. If the circuit breaker trips,
check the ventilation and possibly re-
duce the output voltage slightly. It is
good practice not to operate any elec-
tronic gear in an ambient in which a
human is not comfortable. ®
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O YOU HAVE finally found
what you hope is the last solder
bridge on your homebuilt computer,
put the case on, and turned the dining
table back to your wife. Now you are
ready to start using your computer;
but after one long evening of working
the switches and watching the lights,
you realize you don’treally know how.
Did you read the operating manual?
If so, you would have found that there
are a number of “input/output ports”
available. However, you can't just feed
data through an input port and expect
it to come flowing from the output
port. You have to have some
peripheral devices to attach to those
input and output ports.

A peripheral device can be a tele-
typewriter, card reader, paper-tape
punch, CRT terminal, etc. Magnetic
tape and discs are also part of the
peripheral device scene. However,
these devices don't just sit there and
communicate with the computer au-
tomatically. You have to know how
they work and how to "talk” to them
through the input/output ports.

Every device has its own idiosyn-
cracies. There are two main charac-
teristics that we will consider here:
character codes and speed.

Character Codes. The easiest way
to get a good feel for the concept of a
character code is to design an input

device. First, we must decide upon its
alphabet; that is, we must describe
precisely the entire set of characters
that this device will recognize. We
then order these characters in what-
ever arrangement suits our fancy and
number them from 0 to n, where n is
the number of distinct characters in
our alphabet.

The device is now constructed so
that when it recognizes a specific
character, say the 17th characterinits
alphabet, it transmits its number, 17,
(in binary, of course) to the compu-
ter's input port.

The question arises: how many bits
are needed to uniquely code an al-
phabet? The answer is that we need at
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least /ogz n. Conversely, if a character
code contains n bits per character,
then the maximum number of charac-
ters is 2" Thus, an 8-bit code can de-
scribe a 256-character alphabet.

Another question is: how many
charactersdo we need in an alphabet?
In English, we need 26 letters, 10 dig-
its, a number of punctuation charac-
ters, and a blank. Never forget that a
blank is a character! If we allow for
eleven punctuation characters we find
we need a total of 48 characters. Note
that we have 26 letters with no dis-
crimination between upper and lower
case. If we want both cases, we must
add another 26 characters—upper
and lower case of a given English let-
ter are two completely different
characters to a computer! The total is
now 74 characters.

Five bits would give us 32 charac-
ters which is not enough. Six bits
would permit 64 characters, so 6 bits is
the minimum number we need for a
reasonable alphabet, although we
need at least 7 if we are to recognize
both upper and lower case letters. For
years the 6-bit code was a default in-
dustry standard and the default
character set was the 48 characters
available on the IBM model 026 key-
punch. When IBM introduced the 360
computer they went to a model 029
keypunch with 64 characters. The
computer, however, used an 8-bit
character code.

You may have heard of a character
code known as ASCIl (American
Standard Computer Information In-
terchange) which is used in the newer
teletypewriters. This has an 8-bit code
and 128 characters including upper
and lower case. However, most tele-
typewriters have only upper case let-
ters.

To build an output device, we go
through a similar procedure. The
major difference is that when the
computer gives ita binary number, the
output device produces the corre-
sponding character of jts alphabet,
not necessarily the same as that of the
input device.

Data Rate. Let's say the output de-
vice is a typewriter with a speed of 10
characters per second. Let's type the
letters "AB"". First, we put the code for
an A" in the output port, followed by
the code for a “B". In your computer
this would take a few microseconds.
But it takes the device 1/10 of asecond
to type the Al Thus, it would do one of

two things: type the A and never see
the B, or never see the A and type
out the B.

What we must do is put the code for
the Ain the output port, then do some-
thing else for 1/10 of a second (we may
just have to waste 1/10 of a second by
looping), then put the code for B in the
port.

Let's leave the computer and look at

the output port from the eyes of the
device. Firstit “sees' the code foran A
so it prints an A; then it looks back at
the port and sees the code for a B and
prints a B; then it looks back at the
portand sees the code for a B (it's still
therel) so it prints it. And so on, ad
nauseum. We obviously need some
method to avoid this. One way is to
define a character code which means
“do nothing (this is NOT a blank). We
will give this code a name: itis the nul/
character. Then to send “AB" we out-
put A (we really mean we output the
code for an A), wait, output B, wait,
then output nu/l. The device prints the
A, prints the B, then continuously does
nothing so long as the nu// remains in
the port. But this process can be im-
proved.

One way to solve our problem is to
use a special flip-flop, called a flag, for
each output port. As long as the flag is
reset (zero), the output device does
nothing. If the flag is set, the device
outputs the character from the output
port and resets the flag. Thus, in gen-
eral, we no longer need a null charac-
ter; the flag bit takes its place. The
control pulse generated by the com-
puter to load the data into the output
port is also used to set the flag.

We gained something else. If the
computer can somehow determine
the state of the flag bit, it can tell if the
character previously in the output has
yet been accepted by the device. This
means that we no longer have to waste
aprogrammed amount of time and as-
sume the device has processed the
character, but we can verify, by testing
the flag. This is important when differ-
ent models of the same computer run
at different speeds. An Intel 8008-1
running at full speed cannot properly
drive a teletypewriter using a program
developed on a standard 8008, be-
cause the do-nothing loop has been
programmed to waste the correct
number of cycles for the 8008 clock.
The do-nothing loop which tested the
flag would work on either computer,
because the device supplies the tim-
ing. This means that each output port

must be associated with an input port
to input the flag.

We must arrange the power-up logic
so that all the flags are initially reset to
prevent the output devices from out-
putting garbage when the machine is
first turned on. Also, it would be nice
to have a master clear button to force
all the flags to zero if we need to man-
ually stop and restart the computer. In
some cases, it would be useful to have
a special output port connected to the
same master clear logic so the pro-
gram could reset all flags with one in-
struction. We may also want the ability
to set or reset individual flags under
program control. This would require
another output port for each output
device. Thus, a full-blown flag facility
would require two output ports and
one input port for each output device.
Similarly, it would need two input
ports and one output port for each
inputdevice. Actually two output ports
and oneinput port could handle all the
flags if you dedicate oneinputand one
output port to reading a flag and writ-
ing (setting or resetting) a flag, and
another output port to specifying
which flag is to be read or written.

Now let's look at an input using the
flag bit. The input device would read a
character, place its code in the input
port, and set the flag. The program
would then test the flag, find it set, and
then read the character from the input
port, resetting the flag. The problem
hereis thatthe operationisinitiated by
the device, not the program (this may
be desirable in some applications).
Usually, we don't want the input de-
vice to function until the program in-
vites it to. This implies that we need
two bits—one to tell the device to op-
erate, and onetotell the computer that
the operation is complete. Let us use
our flag bit for the latter function and
add an additional bit (a control bit) to
control the device.

Iiput
keyboard?
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Flag bits.

For output:

1. Setthe control bit to start the de-
vice.

2. Put data in the output port, and
reset the flag.

3. The device accepts the data and
sets the flag.

4. The computer repeats from step
2 until all the data has been out-
put.

5. The computer resets the control
bit to stop the device.

For input:

1. Setthe control bit to start the de-
vice and reset the flag bit.

2. The device puts data into the
input port and sets the flag.

3. The computer reads the data
from the port and resets the flag.

4. This repeats from step 2 until all
the data has been input.

5. The computer resets the control
bit to stop the device.

CallMe, | Won't Call You.If you are
working when the phone rings, and
you stop to answer it, you have been
interrupted. The caller may have an
urgent request for some information
in which case you suspend what you
are doing to supply the information,
then return to your original task. On
the other hand, the call may be simply
to inform you that you are to be in a
meeting at a later time. In this case,
you post the request on your memo
pad or calendar and at the proper
time, stop what you are doing and at-
tend the meeting. The call may also be
to inform you that something you had
previously requested of the caltér has
been completed. Such afacility, called
interrupt, can be builtintoa computer.

If you have only one phone on your
desk, you must ask the caller to iden-
tify himself when the phone rings,
since many different people can inter-
rupt you over the same phone. In a
computer, this method is called a
basic interrupt facility. Another
method is a vectored interrupt facility.

To illustrate, you may have a desk full
of phones, with each number known
to only one prospective caller. In this
case, it is not necessary to have the
caller identify himself. You know who
itisbywhich phoneisringing. Alterna-
tively, a small number of people may
be given the same number so a par-
ticular phone does not uniquely iden-
tify the caller, but limits the possible
callers to asmall set. Toimplement an
interrupt facility within the computer,
we do the following:

1. Save the address of the next in-
struction in some specific place;
in machines with a stack, it is
usually convenient to stack it.

2. Force the program counter to a
specific address.

Inabasic interrupt facility, the address
used in step 2 is the same, regardless
of who interrupted. In avectored inter-
rupt facility, the address used is a
function of the particular interrupt.
(See the restart instruction on Intel
machines.)

Now we can produce an even better
input/output system than we have to
date. Just wire the flag bit true output
to the interrupt line. Actually, we
should probably AND the flag and con-
trol bits and wire this to the interrupt
line. Then, when the control bit is set
(the device has been invited to oper-
ate) and the flag bit is set (the device
has operated) the computer will be in-
terrupted. Thus, we no longer need a
timing loop to assume the operation is
complete nor a test loop to verify the
operation is complete. Simply go on
with the program or go into a do-
nothing loop until the interrupt oc-
curs. No test is needed since the oc-
currence of the interrupt will automat-
ically tap the computer onits shoulder
and give it the address of another pro-
gram to execute. This other program
is called the interrupt service routine.

A Mind-Reading Machine. You
may have noticed that we have been
sending only one character at a time.
Usually, a peripheral device has a line
length that it prefers. Punched cards
generally use 80 characters, printers
132, typewriters 72 to 90, etc. In many
cases, these are specified in terms of
the maximum number of characters.
Such a group of characters is called a
record. Some devices must transmit
an entire record at a time, while others
transmit incrementally; one character

at a time. There is usually some
character in a hard-copy machine's
‘alphabet’ which does not print, but
causes the carriage to be returned,
thus defining the end of the record.
Some devices, such as discs, are built
so that, once a transmission is started,
an entire record must be transmitted.
For this reason, a common method of
programming prepares the entire rec-
ord in the computer’s memory, and
then sends one character at a time. If
the entire record is in memory, there
must be a better way to output it!
~ Suppose we built an “intelligent”
output port that operated as follows:
In lieu of putting the individual charac-
ters in the port, we give the port the
address of the first character and tell it
the number of characters to transmit.
Then we allow the “intelligent’' port to
reach into memory at its own speed to
fetch the characters and pass them on
to the device. Such an intelligent port
is called a direct memory access de-
vice, since it reaches directly into
memory as it performs its function.
But if the DMA is accessing memory
and the computer is accessing mem-
ory, can't things get fouled up when
they both attempt to access at the
same time? They sure can! To use
such a facility, the computer must be
appropriately designed. Read your
manual again. If you have a machine
builtaround the Intel 8080 you will find
a pin called HLDA (hold acknowlege)
and another labeled HoLp. When HOLD
is raised, the computer finishes its
current cycle, switches the address
and data buses to the high impedance
state, and raises the HLDA line. At this
point the memory bus is available to
the DMA with no interference from the
CPU (central processing unit). When
HoLD is dropped, the CPU resumes its
execution. Thus, the DMA can directly
access the memory for either input or
output. If the device attached to the
DMA is medium- to low-speed, the
HoLD line is dropped after every ac-
cess to permit the CPU to operate. If
thedeviceisfast, the DMA canlock the
HoLD line high and seize the memory
for the duration of the transfer.
There are a number of methods to
implement this DMA. The simplest as-
signs a particular address to each
DMA when it is built or installed. The
programmer must put the first charac-
ter of each record for the DMA device
atthisaddress. Then, allhehastodois
set the control bit and reset the flag,
through an output port, to start the
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Add Processor
Technology’s new S8KRA
Static Memory Module
to your Altair or IMSAI
system. You'll have 8192
eight-bit word capacity,
using full speed, low power
RAM’s, manufactured to
stringent military standards.
The 8KRA uses less power
per bit than any other true
static memory module
(including our own 4KRA);
so that two flashlight “D”
cells will maintain memory
for 4-5 hours. (Re-charging
circuitry for Ni-Cad cells and
battery connectors are on
the card.) The 8KRA occu-
pies any 8K segment at 1K
intervals within the 8080
addressing range. Card
address is selected by a
DIP switch at the top of the
card. And, all 76 Integrated
Circuits have their own
premium grade, low-
profile IC sockets —
for reliability and easier
assembly, testing, or repair.
8KRA 8192-word Static
Memory Module $295
4KRA 4096-word Static
Memory Module $154
(all sockets included)

Write Us, about our
other plug-in modules,

compatible with the
8800 system,

6200-K Hollis Street
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transfer. When the operation is
finished, the DMA sets the flag, and,
optionally, an interrupt occurs. The
problem here is that each record for
the device must startin the same loca-
tion and must be the same length.

A more flexible arrangement uses
an output port to feed the address and
the record length to the DMA. This
would require a transmission of 4
characters in the proper order. At this
time the DMA could start its function.
Again, when the operation was
finished, the flag would be set and/or
an interrupt could be requested. An
even more flexible arrangement
would permit several devices to be at-
tached to the DMA. The program
would output 5 characters to the DMA
tostartit (2 characters for the address,
2 for the number of characters to
transfer, and one to identify the device
and specify the direction, input or
output). Using an 8-bit character, we
could use 1 bit to specify the direction
(0 means output and 1 input, say) and
the other 7 bits to specify one of 128
devices. By using an additional bit to
inform the DMA whether to interrupt
or not gives us more flexibility and still
permits us to handle 64 devices. Of
course, only one device can be in use
at any given instant. A DMA such as
that described above is sometimes re-
ferred to as a basic input/output chan-
nel. Note that, while the DMA is func-
tioning, the CPU can still operate,
possibly at a reduced speed due to the
fact that the DMA is stealing memory
cycles from the CPU. If the DMA is
locking the HoLD line high, the CPU
cannot operate, of course, until the
transfer is complete.

Since the DMA can effectively lock
out the CPU, we must arrange the
power-up and master clear logic so
that no DMA will attempt operation
until the CPU directs it to.

Control And Status Signals.
There are two types of transmissions
yet to be considered: control signals
sent to the device, and status signals
received from the device.

Control signals cause the device to
perform non-data operations such as
start a new line, start a new page,
backspace, etc. There are two ways to
send such signals to the device. The
first is to have a separate control path
tothe device from the computer, while
the second is to define certain al-
phabetic characters as control
characters rather than data to be

printed. Itis this second method thatis
used in ASCIl. In many cases, the
same bus which carries the data also
carries the control signals, but a sec-
ondary line is raised to indicate that
theinformation is control data and not
alphabetic data. Control signals are
used to cause tape drives to rewind or
backspace over a record, a disc drive
to select a different track, a hard-copy
machine to return the carriage (and,
usually, start a new line), printers to
skip to a pre-defined spot on the page,
erase the screen on a CRT, etc.
Status codes are sent from the de-
vice to the computer and generally are
used to convey information about the
device's condition. Common items of
information which are conveyed to the
computer are the status of the device's
power supply (on or off); an indication
that it is busy (for instance, a carriage
return takes much longer than typing
one character); that one or more
characters were sent (or received) er-
roneously during the last transmis-
sion; that a tape drive is at the begin-
ning of the tape and should not be
backspaced further; that a tape drive
is at the end of the tape and no further
attempt should be made to read or
write it; etc. Status information can be
treated in much the same way as con-
trol information. It can be returned to
the computer over a separate bus; it
can come over the data bus accom-
panied by a signal which identifies it
as status rather than data; or it can be
built into the device's alphabet.
Notice that input devices now, in
general, have an output type of
characteristic, so we can send an
input-device control signal. In the
same way, output devices generally
provide for input of their status. The
two can also interact. A particular de-
vice may send status information to
the computer only after it has been
invited to do so by a command signal.
In many cases, the system protocol
requires a device to send status infor-
mation at the end of every transmis-
sion. In some cases, the “standard”
status is assumed to be that every
thing is fine unless something goes
wrong. In such cases, we frequently
find that the status information is
wired to aninterruptso that, as long as
the transmission is proceeding ac-
cording to plan, nothing happens; but
an interrupt occurs if an unusual con-
dition arises. At this time the interrupt
program can request the status to ob-
tain the details of what happened. @
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RTON M. BRESNIK

POWER-FAILURE ALARM

Lets you know when a power outage occurs.

UMMER or winter, night or day, a

power outage in your local utility
system can cause all sorts of problems
in your home. Heating and cooling
systems shut down, refrigerators and
freezers come to a halt, and your elec-
tric alarm clock stops, making you late
for work.

The power-failure alarm is a
battery-powered device that sounds
an alarm when a power failure occurs.
Then you can, at least, turn off devices
that might blow fuses when the power
returns and take what other steps are
necessary to protect your property.

How It Works. Battery B7 (Fig. 1)
gets a constant trickle charge from the
transformer through D71 and 1‘5?1 As
shown here, the battery is made up of
two 1.25-V NiCd cells. Sealed NiCd or
lead-acid storage cells with higher
voltage ratings could be used.
Vented secondary batteries can. be
used if the electrolyte is checked
every few months. If carbon-zinc or
manganese-alkaline cells are used,
the value of A7 should be increased to
47,000 ohms. Remember also that
manganese-alkaline and mercury
cells may burst when recharged.
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The alarm generator consists of a
two-transistor astable multivibrator
and associated loudspeaker, while the
trigger portion uses an SCR and re-
lated bias components. The SCR is in
a feedback loop from the emitter of
Q2. The gate of SCR1 is biased low
enough to keep it from firing by the
combination of R3 and R4. When a
power outage occurs, the voltage
from the battery turns on the SCR, and
the multivibrator provides an audio-
frequency signal to the speaker.

Author's prototype was assenibled
inoa Sa-nmm filbm container.

The time delay provided by C7 and
R3 is used to keep the system from
operating in case there is only a brief
loss of power (which can be caused by
lightning) or a line transient.

In standby operation, the circuit
draws less than 1 mA, which is
supplied by the trickle charging cur-
rent. When an outage occurs, and the
SCRturns on, the current increases to
15 mA for a 2.5-V battery and 50 mA for
a 4.5-V source.

The lamp circuit is optional and can
be used to check the battery. The lamp
can also be made to glow during a

power outage by connecting a silicon”

diode between the LAMP position of S7
(anode of the diode) and the anode of
SCR1 (cathode of the diode).

Construction. The prototype of the
alarm was assembled on a small piece
of perforated board with point-to-
point wiring. For transformer 77, use a
standard recharging unit which plugs
directly into a wall socket. This pro-
vides a safety feature in that only 6.3
volts is used in the chassis.

Mount the completed assembly in
any type of enclosure with only S7 and
some speaker holes on the top. (The
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