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The slash, also written as a minus sign or
a bar above the letters, indicates that
these lines are “active low,” z.e., 0 volts
signifies action and +5 volts means do
nothing. Another control line, AEN
(“address enable”), means “don’t use the
bus right now” and goes high if a device
other than the CPU is using the bus to
4CCESsS MeMmOory.

To write to a port, the CPU puts the
address on the address lines, the data on
the data lines, and O volts on /10W. 'lo

read from a port, it puts the address on
the address lines, purs 0 volts on /IOR,
and reads the signals that the port puts on
the data lines. Memory access works the
same way except that /MEMW and
/MEMR are used instead of /IOR and
/TOW.

Figures 1, 2, and 3 show how o add
an I/O port to an ISA- or EISA-bus PC.
You can build the circuit on a RadioShack
276-1598 printed-circuit board, which
has an edge connector that plugs into a

slot in a PC; you'll then have a handy
board for intertacing the PC to analog-
digital converters and other equipment.

The pins on the edge connector are
numbered Al-A31 and BL-B3I; don't
confuse thase numbers with the designa-
tions of address lines AO-A9 or the data
lines DO-D7. The diagrams show bus pin
numbers as well as signal designations.

Figure 1 shows how to build an 8-bit
output port. We've assigned this one
an address of hex 280, ie., binary
1010000000, The address decoder
(which we’ll get to in a minute) takes its
output low if and only if 1010000000 1s
on the address bus, AEN=0, and
/IOW=0. When that happens, data is
latcched from the data lines into the
74HCT'574 output chip, which holds 1t
until the next time you access the port.
You can place data there by execunng an
QUL instruction to address hex 280 in
assembly language or BASIC.

Figure 2 shows an input port. Here
the 74HCT541 transceiver transmits
data from its inputs to the bus only when
the correct address is present, AEN=0,
and /IOR=0. The data can be read with
an IN instruction from the appropriate
address. ‘The input and output ports can
have the same address because one is trig-
gered by /IOR and the other by /IOW.

Figure 3 shows how the address is
decoded. All the address decoder has to
do is recognize a particular pattern of 12
bits (10 address bits plus AEN and /TOW
or /IOR). One way to do that is to use a
pair of 74HCT688 8-bit magnitude com-
parators. The 74HC1'688 has two sets of
8-bit inputs, called “P” and “Q,” and its
output goes low when they are equal. So
all you have to do is hard-wire the desired
bit pattern to the “P” inputs and connect
the address bits, AEN, and /IOW or
/TIOR to the “QQ” inputs.

There are plenty of other ways to
decode addresses. If you're building sev-
eral ports at the same ume, you might
want to run the bottom 3 or 4 address bits
to 2 '138 or '154 demultplexer so you can
decode a black of adjacent addresses with
a single circuit. You may also want to
decode the higher address lines, Alj3-
Al1Q0, to disanguish a larger number of
addresses.

Memory-mapped 170 works just like
port 1/O except that it is triggered by
/MEMR or /MEMW rather than /IOR
or /IOW. On the 8088, memory-
mapped /O is seldom used because it
requires you to decode all 20 address
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lines, and because all available addresses
are likely to be occupied by real memo-
ry. In fact, that’s the main reason for dis-
tinguishing ports from memory address-
es—it keeps them from conflicting.

If you're working with a bare 8088
rather than a PC, then instead of /I0OR,
/TOW, /MEMR, /MEMW, and AEN,
vou have just three control lines, /80,
/S1, and /S2. These are decoded as
shown in Fig. 4. For example, instead of
locking tor AEN=1 and /IOR=0, an
input port on this type of system looks
for /80=0, /S1=0, and /82=1.

For more informaton about intertac-
ing to 8088s and PC circuitry, see The Art
of Llectronics, by P. Horowitz and W. Hill
(Cambridge University Press) and The
Personal Computer from the Inside Qut, by
M. Sargent and R. L. Shoemaker
(Addison-Wesley). Sargent and Shoe-
maker’s earlier book, The IBM PC from
the Inside Out, tells even more about the
details of the 8088 but is now out of print;
you may be able to find 1t in a library.”
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