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DAGE Scientific . . . using the Parallel Port

Every PC user hasat least one parallel port. Learn how to use and program this standard
port asa bytewide input and output device. The best way to approach this project isto
build the test circuit, run the program, and then read this page to find out how-it-works.

| Home | Down Load Schematics | Test Circuit | Control Software |

Commercid products have long used this port to transfer large quantities of data. Computers are
interfaced, digita pictures are entered, even external hard drives transfer data through this port.
While some may clam this port is limited in speed, look a what can be done with alittle imagination.

The standard PC pardld port is accessible through a 25 pin D connector at the back of your
computer. Each pin and its associated circuitry is examined to provide the interfacing background
you will need to use this port successfully. A sample breadboard hookup, driven with a Qbasic
program will turn your pardle port into a bi-directiond port with 8 bitsin and 8 bits out.

Werefer to the origind pardle port asthe standard , in contrast to the newer ports that are called
enhanced .

Shown below isthe PC PARALLEL PORT INTERFACE . This schematic, aswell asthe PC
PARALLEL TEST CIRCUIT may be downloaded in the .wri format and printed. A hardcopy may
be easier to follow.

| Download PC pardld port schematics | Up Top |

PC Parallel Port Interface

lof9 13/09/00 5:57 PM



Using your PC Parallel Port for Control

20f9

QUTPUT 20 pin D COMM. INPLT
= 3 ohmz [,
5 OOy b= Ca
A D1 .."l"'l 'I' B 3 D1
= D2 e I I 'I < Oz
E |z T i 5 [l
o P O
A el | 2
O oS - oS
) s P T o =]
R Nk
D7 Q D7
=
= 09 220F 15 O3
13 ()
OUTPUT kS LATCHED WITH 12 CS
DNRITE AND I ALY 10 T CE
ACTWE. OUTRUT AT (BASE+2) 11 D_,c o7
1200 PEN COLLECTOR).
INTERRUPT REQUIRES J_ 18
D4 HIGH AT (BASE+32) = 19 JUMPER
AND NEGATME PULSE 20 i,
0N FIN 10. =4 O INTRT
53 00— INTRS
o
23
[ 24
= ] el
T & 1
LR
app L OC
= DD—DIC it 111 1 —Dl: | o
A o 14 DC o
= [ulnd 11 16 |
E |P= = ] ] Oz
o3 |I>¢ 1 —[:)Q o3
+ #
O O3

PARALLEL PORT HARDWARE

Many years ago, IBM designed the pardle port to drive printers. A standard 'D' 25 pin mae
connector was available on the back of the PC that connected to a printer. Their sole purpose was
to interface with the de facto Centronics printer. Instead of building a clean direct interface that relied
on software to invert Sgndls, they used hardware invertersin amost unusua fashion. Here an
inverter, there an inverter, everywhere an inverter. But it's the standard, everybody has one so lets

useit.

DOS supports up to three paralld ports that are assigned the handles of LPT1, LPT2, and LPT3.
Each port requires three consecutive 1O addresses to select dl the possihilities. They will be referred

to as Base, Base +1, and Base + 2.

Pardle port isamisnomer. Actudly there are five ports, consisting of two output ports and three

input ports.

At base address, eight bits are available as output on pins 2-9. They are hard wired to an eight bit
input at the same address. The output is latched in the usua manner with the IO write pulseand is
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aways active. The original IBM card used a 74L S374 tri-state device that has it output enable pin
hardwired active. This means the input can only read the output o it's not usable except to check
that the output is correct. The origind IBM card could be reworked to control the output enable pin
that would then free up the input, but thisis not recommended. Resistor and capacitors suppress
ringing but should not limit this ports speed. When usng CMOS devices driven from this output, it's
recommended that pull-up resistors be used.

Chances are that you don't have an originad IBM card. The newer ports combine the IBM circuitry
into asingle chip and change the series resstor to a pull-up. They're functiona equd. Use this base
address as a straight forward eight bit output only.

At base + 1, there are five input bits from D3 to D7. They are gated on the bus with 10 read. Note
that bit D7 (pin 11) isinverted. Software can invert this bit if necessary and will be demonstrated
later. Bit D6 (pin 10) can aso be used to generate a hardware interrupt. Severa conditions must be
met before an interrupt occurs. This pin can be used as a data input without concerns of inadvertently
causing an interrupt. If ahardware interrupt is desired, thisisthe pin to use.

At base + 2 severd options exist. Thisisafour bit output or afour bit input, or can be configured as
any mixture of input and output. This is possible because the output is open collector. By sending
data to this port to make an output pin high, alows that pin to be driven as an input. The open
collectors are pulled high with 4.7 K resstors. Open collectors are not driven high but float high due
to the pull up resistor charging any capacitance in the circuit. The goeed on this port will not be as
fast as on the base address particularly bit DO that has an added external capacitor. Test any
gpplication that requires maximum output speed from this port.

Interrupts are normally open collector activated with a device pulling the line low. Any card in the
ISA dot can pull an interrupt line low. This pardld port card uses a different gpproach. Bit D4 at
base + 2 controls atri-state device. When D4 is high, pin's 10 logic state is passed to the hardware
interrupt number 7 (default) or number 5. Remember that al outputs are latched and remain active. If
bit D4 is st high, and input pin 10 is high, this could disable other cards from using the selected
interrupt. Y our software program should set bit D4 low when not contralling the interrupt.

To summarize: the pardld port is cgpable of eight to 12 output bits, and five to nine input bits. One
of the input lines can be used as a hardware interrupt. All inputs and outputs will behave as 74LS
devices.

TEST CIRCUIT FOR BYTE IN/OUT

The god of thisdircuit isto use the minimum number of parts that will provide afunctiond test of all
eight bits. Each input bit can be individudly controlled, and visudly displayed on the eight output
LEDs. The display LEDs are driven with the source current only from the output. The preferred
method would be to power the LEDs and use the sink current to light them. No power (Vcc) is
available on the pardld plug, so externa power would be required. It was found empirically that on
the origina IBM port and severd clones, that each card produced ample source current for clear
indication from the LEDs

|Up Top |
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PC Parallel Port Test Circuit
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TEST CIRCUIT FOR BYTE IN/OUT

The circuit can best be built on a solderless breadboard with short jumpers (about 8") soldered to a
25 pin mae 'D' connector. An extenson cable (male on one end, femae on the other) will dlow the
circuit to be placed in front of the computer for easy access. To amplify the circuit wiring, use a 10
position LED bargraph, an eight podition DIP switch, and two 10 pin SIP resstors of the value
shown. Ingtdlation of these parts requires only one jumper. Individua LEDs and resistors aso work
with jusgt alittle more wiring. The whole project should be easily congtructed within an hour.

Program in QBASIC

To use the following Qbasic program sdlect it with the mouse and use your menu commands to copy
it to the clip board (Edit-Copy). Then open your Windows Word processor (Write, Wordpad or
Word for Windows) and paste from clip board. Save as PP_TEST8.BAS as atext file only.

|Up Top |

CLS

Bl OS pl aces address of parallel ports starting at absol ute address &H408
LPT1 | ow byte at &h408, high byte at &H409

LPT2 | ow byte at &H40A, high byte at &H40B

LPT3 | ow byte at &H40C, high byte at &H40D

Possi bl e val ues are &H0278, &H0378, &HO3BC, and O if not installed

" Find printer ports if installed
DEF SEG = 0

| pt1 = PEEK(&H408) + 256 * PEEK(&H409)
| pt2 = PEEK(&H40A) + 256 * PEEK(&H40B)
| pt3 = PEEK(&H40C) + 256 * PEEK(&H40D)
DEF SEG

IF Iptl = 0 THEN
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PRINT "1. Iptl is not installed."
ELSE

PRINT "1. Iptl is installed at address "
END | F
IF Ipt2 = 0 THEN

PRINT "2. Ipt2 is not installed.”
ELSE

PRINT "2. |pt2 is installed at address "
END | F
IF Ipt3 = 0 THEN

PRINT "3. |pt3 is not installed."
ELSE

PRINT "3. |pt3 is installed at address
END I F

PRI NT

DO

I NPUT "VWhich LPT port will

" Assign Base0%to

I nput desired port

you use; 1, 2, or

sel ected port address

37?

IF N% =1 THEN Base0% = | pt1
IF N% = 2 THEN Base0% = | pt 2
IF N% = 3 THEN Base0% = | pt3

| F Base0% = 0 THEN

PRI NT " That
N = 0
END | F

port doesn't exits,

LOOP WHILE N%o> 3 OR N < 1

' *kkkkkkkkx

Start

Basel% = Base0% + 1
Base2% = Base0% + 2
' activate Base2% f
OUT Base2% 4

PRI NT : PRI NT "I nput

*kkkkkkk*k

INto OUT

'assign addresses

try again."

| pt1;

| pt 2;

| pt 3;

Base is a keyword in Qasic so Base0O% is used instead

N%

decimal . "

decimal . "

decimal . "

or high open collectors and disable interrupt

is now controlling output;"

PRI NT "press any key to cycle LEDs..."

DO WHI LE | NKEY$ = ""

50f 9

LOOP

kkkkkkkhkk*k

B1% = | NP(Basel% AND &HFO
B2% = | NP(Base2% AND &HF
Ful | Byte% = B1% OR B2%

Ful | Byt e% = Ful | Byt e% XOR &H8B

OUT Base0% Ful |l Byte%

Start

LEDs to cycle *****x*

http://www.2xtreme.net/dage/parport.html
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TON can range from 500 to 2000 to vary the cycle speed

TON =

PRI NT :

500

PRI NT "press any key to quit..."

DO WHI LE | NKEY$ = ""
FORC=1T0O7

OUT Base0% 2 ~ C
FORT =1 TOTON:. NEXT T

NEXT C

FOR C =6 TOO STEP -1

OUT Base0% 2 ~ C
FORT =1 TOTON:. NEXT T

NEXT C

OUT Base0% O

LOOP

OUT Base0% O "shut off all LEDs

END

During initidization, BIOS checks for three parald ports at 10 addresses 378, 278, and 3BC hex. It
places these |O addressesin memory starting at 0000:0408 hex with lower byte firg, followed by
the higher byte. If apardld port is not ingtaled it places zerosin that location.

The table below shows how memory would look if your computer has two pardld portsingalled a
378 and 278 hex.

DOS Handle Handle Address | Low Byte | High Byte | Decimd

LPT1 0000:0408/9 78 03 888
LPT2 0000:040A/B 78 02 632
LPT3 (notingtalled) | 0000:040C/D 00 00 0

The firgt haf of the QBasic program goes out and 'PEEK's a memory and assigns active pardle
port addresses to the DOS handles. It then alows you to select which port to use. You may skip this
part if you are only going to run this program on asingle computer, and you know the address thet
will be used. Smply assign that address to variable Base0%. Use the statement [Base0% = 88§] if
your paralld port is at address 0378 Hex.

The program listed chooses a particular configuration for the port, i.e., eight bits out and eight bit in.
To understand the next part of the program shown as Start IN to OUT refer to the PC PARALLEL
PORT INTERFACE schematic.

The lower four input bits will come from Base + 2. Before they can be used asinput, the output four
bits (DO to D3) at address Base + 2 must be set high. Notice that bits DO, D1, and D3 are hardware
inverted. Output zero for these three will make the Sgnds at the input pins high. Bit D2 is not

inverted so it must be aone. The interrupt can be disabled by setting bit D4 to zero. Bits D5 - D7
are not connected so they may be any vaue. For smplicity, make them zero aso. QBasic outputs
only afull 8 bits. The byte that is needed to accomplish dl of the above is[00000100] binary or

http://www.2xtreme.net/dage/parport.html

13/09/00 5:57 PM



Using your PC Parallel Port for Control http://www.2xtreme.net/dage/parport.html

decimal 4. The QBasic statement is[OUT 4, Base2%). That's it; a short statement with alot of
meaning. The four inputs at Base + 2 can now be used in any manner knowing that the interrupt is
disabled.

The upper four bitswill come from Base + 1. Nothing needs to be done before using them as inputs.
Fortunately they are dso in the proper order of D4 - D7.

The program must input one set of four bitsat atime. If you have control over the inputs, hold them
long enough for both 10 reads to occur. If you don't have control and the signd's are changing
rapidly, an externd latch must be used to capture dl eight bits a the sametime.

The object now isto input two sets of four bits, add them into one byte and then undo al the bits that
wereinverted by the hardware. The lower four bits of input & Base + 1 may be any value. By using
what is caled an'/AND MASK' the lower four bits can be set to zero without affecting the upper
four bits. The bits that need to be saved are 'AND' with ones while the bits to be set to zero are
'AND' with zero. These bit operators act on the variable one bit at atime with the result mirroring the
truth table of the operator. The statement that performs the above is [B1% = INP(Basel%) AND
&HFQ]. The value input to the computer at address base + 1 isfirst stored in memory location B1%.
It then is’AND' with FO hex and stored back into the same place.

Thisis shown below in table form. The X indicates bits that we need while the ? are unknown and
need to be set to zero. The blue color bits are true while the red color bits are inverted and need to
be changed. We begin by setting the unknown bits to zero.

B1% = INP(Basel%) AND & HFO

INP(BASE + 1)

X [ X [ x [ x [2[2][2[2
AND &HFO

1 (12 [1[1[o0ofloo0o o0
EQUALS
B1%

X X X X O 0 0O

The same procedure is used with the input from Base + 2 except that in this case the upper four bits
are masked to zero [B2% = INP(Base2%) AND & HOF].

B2% = INP(Base2%) AND & HOF

INP(BASE + 2)
2222 ¥ [ Y Y Y
AND &HOF
oo oo 1/|1]|1 1
EQUALS
B2%

O 00O Y Y Y Y
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We now have two bytes that need to be combined. Do not add them; addition is not a bit operator.
It will work in this example but only under specia circumstances. Instead use the 'OR' bit operator.
[FullByte = B1% OR B2%).

FullByte=B1% OR B2%

B1%

X | x [ x [ x oo o]0
OR B2%
(ojofofolY [Y Y Y
EQUALS
FULLBYTE
I X [ x [ X |Ix [y [y [y ]Y

Bits DO, D1, D3, and D7 need to be inverted. The "X OR' operator will be used to change these four

bits, use aoneto invert abit and a zero to pass the bit unchanged. [FullByte = FullByte XOR
&H8B].

FullByte = FullByte XOR & H8B

FULLBYTE
X Ix [x [x [y v [¥ [y
XOR
[t [o[ofo s oz 1]
EQUALS CORRECTED
FULLBYTE

X Y [y [y Y]

The only thing left isto output this corrected byte to the LEDs. [OUT Base0%, FullByte).

The program loops until any key is pressed. The last part of the program will cycle the LEDs back
and forth making arhythmic display. Why not have alittle fun?

The pardld port certainly hasits idiosyncrasy's and may not be the eesest meansfor interfacing, but
it'sadart. Armed with this information, what can you devise to feed through this port?

| Up Top | Home |

To contact DAGE Scientific:
Phone 209 772-2076
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FAX 707 924-7116
or
Send us e-mail

© 1999 by Dage Scientific
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