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Abstract

The purpose of this project is to build up a system for solar power measurement. This

system consists of tliree main parts, namely solar power detection using solar cells, A/D part,

and display section using a computer set. The solar cell was faced to the North at inclination

angle 15°. The measurement started at 5.30 A.M. to 6.30 P.M. each day. It has been found that

experimental results show good profile and the system works well.
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1. dauveelysunsun1wd (Turbo C Language)

2. dmvealisunsunis1iviadn (Visual Basic)

2 ' a o ' = o v a 1o s

Faludrmves ldsunsumudssdiuduvesms@oulsunsudmsuindosunosa

WU (Parallel Port) niowesayiumes (Printer Port) iifevinassuaidoya (Data)
a I~ 4] 4 -

nnatuasefiag (Solar cel) udnfvdoyalilulndde Test TXT wazmagruvos

dwldsunsudnawdnzsimihinlumsiuinddoyn  TestTXT  Aldsunsuniund

1
o 9 P

a1ty miuldsunsudnandaesideyaildsuuims @sunsuaamany

3y g a

a o % o o 1 o
Tdsunsuaulad (Window) Tavazimssumdeyaninaaduaserindudviimsuans
v @ = 4 N [~ o
G{ngaugﬂzmmmﬂiW\Iuimuﬂm’mmnmwa‘lm (Real time)ithunal 14 92 Tuq

= 4 IS )
5.1 smazmmﬂumu‘uaamsmﬂuiﬂmnsumyw

Tsunsumm@zlanyuz msidoudoyafoduusnfadefiunesaviiu diu
P o 1 o < u",
Naesfosuanihudululvdys Test TXT
° o 9 o a 4 = 3 1
Tuldsunsuegymsivdeyaninmaduaserindnng 2 1 daudnal 5.00 u.
12 19.00 u. ¥ouAazIU
™ %, § o o .
Tuldsunsudanys base , data , ctrl zimiINe 9B Iwes AV fudls v tas x 9
@ g Y A a P2 a Y - ra
Wudwdsilylumsiine - Tasfivesavuiuvosnsuiunosziuonmsa (Address) ag#
MU 0x378

5.2 swazpsaluaIuvesmavenllsunsuIsIawdn (Visual Basic)
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n’: 5 o ] Cal 1
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{ o Y q’/’ o o a J
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{ 8 a < . v
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#include <stdio.h>
#include <dos.h>
#include <time.h>
#include <stdlib.h>
#include <graphics.h>
void main()
{
unsigned base, data, ctrl:
unsigned charv;
char ch[10];
FILE *f1;
float x;
base=0x378;
data=base; ctrl=base+2;
outportb(ctrl, 02);

outportb{ctrl, 06);

outportb(ctrl, 37);
v=inportb(data);
outportb(ctrl, 36);
x=v*0.0196;

gcvt(x,3,ch):

f1=fopen("test.txt","w"):
L
fprintf(f1,"%s",ch);

fclose(f1);

%k ok ok ok PART 1 *k kKK

*okkokk PART 2 %ok k%
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Private Sub Command1_Click()
Form1.Show

End Sub

Private Sub Command2_Click()
Form3.Show

End Sub

Private Sub Command3_Click()
If MsgBox("Mudesmsianaiunso i 2, 68, "Tusatudu") = 6 Then
End
End If
End Sub
Tdsunsuludanfiaes
Option Explicit
Dim h As Integer, M As Integer, S As Integer
Dim a As String
Dim v As Integer
Dim e As Integer
Dim ws As Workspace
Dim db As Database

Dim rec As Recordset

Sub dbopen() _
Set ws = DBEngine.Workspaces(0)
Set db = ws.OpenDatabase(App.Path & "inten.mdb", False, False)

Set rec = db.OpenRecordset( _
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"select *" & _

"from intensity " & _
‘order by day,time")
End Sub

Sub plot(x, y As Integer)

Picture1.Line (Picture1.CurrentX; Picture1.CurrentY)-(1050 + ((x - 1) * 10), 2600 - y *5)
‘Picture1.Line (Picture1.CurrentX, Picture1 .CurrentY)-(1060 + ((x - 1) * 10), 2600 - y * 5)

End Sub

Sub initgraph()

Picture1.Cls

Picture1.Line (600, 100)-(600, 2600)
Picture1.Line (601, 2600)-(6000, 2600)

'scale x

Picture1.Line (1200, 2600)-(1200,2650)
Picture1.Line (1800, 2600)-(1800, 2650)
Picture1.Line (2400, 2600)-(2400, 2650)
Picture1.Line (3000, 2600)-(3000, 2650)
Picture.Line (3600, 2600)-(3600, 2650)
Picture1.Line (4200, 2600)-(4200, 2650)
Picture1.Line (4800, 2600)-(4800, 2650)

Picture1.Line (5400, 2600)-(5400, 2650)

'scale y

Picture1.Line (600, 2100)-(650, 2190)
Picture1.Line (600, 1600)-(650, 1600)
Picture1.Line (600, 1100)-(650, 1100)
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Picture1.Line (600, 600)-(650, 600)
Picture1.Line (600, 100)-(650, 100)

Picture1.CurrentX = 1050
Picture1.CurrentY = 2600

End Sub

Sub add(v As String)
rec.AddNew
rec("day").Value = Date
rec("time").Value = Time
rec("vol").Value = CCur(v)
rec.Update

End Sub

Private Sub Command1_Click()
Form3.Show vbModal

End Sub

Private Sub Form_Load()

e=1

Call dbopen
Call initgraph
End Sub

Private Sub Form_Unload(Cancel As Integer)
rec.Close
db.Close
ws.Close

End Sub



Private Sub Timer1_Timer()
Label1.Caption = Time()

h = Hour(Time)

M = Minute(Time)

S = Second(Time)

bb

End Sub

Private Sub bb()
Dim I As Integer

Dim t As Date

If Hour(Time) = 5 Then

e = (((Minute(Time) - 30) /2) + 1)

Else

e = (Hour(Time) - 5) * 30 + (Minute(Time) / 2)
Picture1.CurrentX = (e - 1) * 10 + 1050
Picture1.CurrentY = 2600

End If

i=M Mod 2
If (S=10) And (i = G) Then

Shell "C:\My_pro\a.EXE", 1
Open "c:\My_pro\test.txt" For Input As #1
Line Input #1, a

Close #1

Call add(a)

47



Call plot(e, CInt(CCur(a) * 100))

e=e+1

Label2.Caption = a
End If
End Sub

Private Sub Exit_Click()
If MsgBox("viwuﬁaﬁms:.a“mmw?a"lﬁ 7', 68, "1usatudu") = 6 Then
End '
End If
End Sub
Tudaufian
Dim ws As Workspace
Dim db As Database

Dim rec As Recordset

Sub dbopen()

Set ws = DBEngine.Workspaces(0)

Setdb = ws.OpenDatabase(Appv.Path & "inten.mdb", False, False)
Set rec = db.OpenRecordset( _ ’

‘select *" & _ .

“from intensity " & _

‘order by day,time")

End Sub

Sub filltime()
Dim D As Date
D = Date

48



Combo1.Text = Day(D)

Select Case Month(D)
Case 1

Combo2.Text = "unsiaAy"
Case 2

Combo2.Text = "qua1iud’
Case 3

Combo2.Text = "Hu1ay"
Case 4

Combo2.Text = "1y 18U"
Case 5

Combo2.Text = "W HA1AL"
Case 6

Combo2.Text = "iguiu"
Case 7

Combo2.Text = "nIngIAN"
Case 8

Combo2.Text = "@an1a"
Case 9

Combo2.Text = "Au1ou"
Case 10

Combo2.Text = "gaiau"
Case 11

Combo2.Text = "Wgaan1gu"
Case 12

Combo2.Text = "FUAN"

End Select

Combo3.Text = Year(D) + 543

49



End Sub

Sub fillcombo1()
Fori=1To 31 Step 1
Combo1.Addltem (i)
Next i

End Sub

Sub fillcombo2()
Combo2.Addltem ("unsiau")
Combo2.Additem ("AuATIRUT")
Combo2.Addltem ("Tu1au")
Combo2.Addltem ("tus18u")
Combo2.Addltem ("wgun1nAN")
Combo2.Addltem ("Hguiou”)
Combo2.Addltem ("N3ngInN")
Combo2.Addltem (“@anau")
Combo2.AddlItem ("Augnaou")
Combo2.Addltem ("aa1nu")
Combo2.Addltem ("Wgsanmeu")

Combo2.Addltem ("5121A4")
End Sub

Sub fillcombo3()

Dimi As Integer

Dim D As Date

D = Date

Fori=-5To0 Step 1
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Combo3.Addltem Year(D) + 543 + i

Next i

Fori=1To 5 Step 1
Combo3.Addltem Year(D) + 543 + i

Next i

End Sub

Sub clear()
Combo1.Text ="
Combo2.Text ="
Combo3.Text ="
Picture1.Cls

End Sub

Sub plot(x, y As Integer)

‘Dim h As Integer

'n = Hour(rec("time"))

'Picture1.PSet (900 + (x - 1) * 10, 2600 -y * 5)

1

Pictiure1.Line (Picturel.CurrentX, Picture1.CurrentY)-(1050 + ((x - 1) * 10), 2600 - y * 5)

Picture1.Line (Picture1.CurrentX, Ficture1.CurrentY)-(1060 + ((x - 1) * 10), 2600 -y * 5)

End Sub

Sub initgraph()
Picture1.Cls

Picture.Line (600, 100)-(600, 2600)

Picture1.Line (601, 2600)-(6000, 2600)



'scale x

Picture1.Line (1200, 2600)-(1200, 2650)
Picture1.Line (1800, 2600)-(1800, 2650)
Picture1.Line (2400, 2600)-(2400, 2650)
Picture1.Line (3000, 2600)-(3000, 2650)
Picture1.Line (3600, 2600)-(3600, 2650)
Picture1.Line (4200, 2600)-(4200, 2650)
Picture1.Line (4800, 2600)-(4800, 2650)
Picture1.Line (5400, 2600)-(5400, 2650)

'scaley

Picture1.Line (600, 2100)-(650, 2100)
Picture1.Line (600, 1600)-(650, 1600)
Picture1.Line (600, 1100)-(650, 1100)
Picture1.Line (600, 600)-(650, 600)
Picture1.Line (600, 100)-(650, 100)

Picture1.CurrentX = 1050
Picture1.CurrentY = 2600
End Sub

Private Sub Command1_Click()
Dim str As String
Dim D As Date

Dim i As Integer

str= Combo1.Text & "" & Combo2.Text & " " & Combo3.Text

If IsDate(str) Then

D = CDate(str)
rec.FindFirst "Cdate(day) =" &D & ""
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If Not rec.NoMatch Then
Picture1.Visible = True

initgraph

Do While Not rec.NoMatch

Call plot(i, rec("vol") * 100)
rec.FindNext "Cdate(day) =" & D & ""
i=i+1

Loop
Else
MsgBox "lunudoyaluiufisinua’, voOKOnly + vbCritical, "Error"
clear
End If
Else
MsgBox "%@ga’?uﬁﬁﬂwam", vbOKOnly + vbCritical, "Error"
clear
End If
End Sub
Private Sub Command2_Click()

CommonDialog1.ShowPrinter

Form2.PrintForm
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End Sub

Private Sub Form_Load()

Picture1.Visible = False
Call dbopen

Call fillcombo1

Call fillcombo2

Call fillcombo3

Call filltime

End Sub
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Aredsvesdeyauaalutun 25 fin. 2543

time | vol | day

5:32:01|B0.49|25/3/43
5:34:01|80.49|25/3/43
5:36:01|B0.49|25/3/43
5:38:01|80.49|25/3/43
5:40:01|80.49|25/3/43 .
5:42:00|B0.49(25/3/43
5:44:01|B0.7625/3/43
5:46:00|B0.57|25/3/43
5:48:00|80.78]25/3/43
5:50:00|B0.69|25/3/43
5:52:01|B0.69|25/3/43
5:54:01|B0.98{25/3/43
5:56:01 |B1.08|25/3/43
5:58:01|B1.2025/3/43
6:00:01 |B1.61|25/3/43
6:02:01 |B1.7625/3/43
6:04:01 [B1.98]25/3/43
6:06:01|B2.00(25/3/43
6:08:01|B2.14|25/3/43
6:10:01|B2.29(25/3/43
6:12:01|B2.53|25/3/43
6:14:01|B2.53(25/3/43
6:16:01|B2.63|25/3/43
6:18:01 |B2.70|25/3/43
6:20:01|B2.76|25/3/43
6:22:01|B2.80|25/3/43
6:26:01 |B2.86 |25/3/43
6:28:01|B2.92|25/3/43
6:30:01|B3.04(25/3/43
| 6:32:01|B3.04|25/3/43
6:34:01|B3.0625/3/43

6:36:01|B3.10|25/3/43

6:38:01|B3.12|25/3/43
6:40:01|B3.16|25/3/43
6:42:01|B3.18|25/3/43

6:44:01|83.21[25/3/43

6:46:01|B3.2525/3/43
6:48:01|B3.25[25/3/43

6:50:01|B3.2725/3/43
6:52:01 |B3.27[25/3/43

6:54:0183.27|25/3/43

6:56:01|B3.29|25/3/43

6:58:01|B3.29[25/3/43




time

vol

day

7:00:01

B3.31

25/3/43

7:02:01

B3.33

25/3/43

7:04:01

B3.35

25/3/43

7:06:01

B3.37

25/3/43

7:08:01

B3.37

25/3/43

7:12:01

B3.39

25/3/43

7:14:01

B3.39

25/3/43

7:16:01

B3.39

25/3/43

7:18:01

B3.41

25/3/43

7:20:01

B3.43

25/3/43

7:22:01

B3.43

25/3/43

7:24:01

B3.43

25/3/43

7:28:01

83.43

25/3/43

7:30:01

B3.45

25/3/43

7:32:01

83.45

25/3/43

7:34:01

B3.43

25/3/43

7:36:01

B3.43

25/3/43

7:38:01

B3.43

25/3/43

7:40:01

B3.43

25/3/43

7:42:01

B3.43

25/3/43

7:44:01

83.43

25/3/43

7:46:01

B3.43

25/3/43

7:48:01

B3.43

25/3/43

7:50:01

B3.45

25/3/43

7:52:01

83.45

25/3/43

7:54:01

B3.41

25/3/43

7:56:01

B3.45

25/3/43

7:58:01

B3.45

25/3/43

8:00:01

B3.45

25/3/43

8:02:01

B3.45

25/3/43

8:04:01

B3.45

25/3/43

8:06:01

B3.45

25/3/43

8:08:01

B3.45

25/3/43

8:10:01

B3.45

25/3/43

8:14:01

B3.45

25/3/43

8:16:01

B3.45

25/3/43

8:18:01

B3.45

25/3/43

8:20:01

B3.43

25/3/43

8:22:01

$3.43

25/3/43

8:24:01

B3.45

25/3/43

8:26:01

B3.45

25/3/43

8:28:01

B3.45

25/3/43

8:30:01

B3.45

25/3/43

8:32:01

B3.45

25/3/43

8:34:01

B3.45

25/3/43
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time vol

day

8:36:01|B3.45

25/3/43

8:38:01 |B3.43

25/3/43

8:40:01 |B3.45

25/3/43

8:42:01|B3.45

25/3/43

8:44:01|B3.45

25/3/43

8:46:01 |B3.43

25/3/43

8:48:01 |B3.43

25/3/43

8:50:01 |B3.43

25/3/43

8:52:01(B3.43

25/3/43

8:54:01|B3.43

25/3/43

8:56:01|B3.43

25/3/43

8:58:00 (B3.43

25/3/43

9:00:00|B3.43

25/3/43

9:02:00|B3.43

25/3/43

9:04:00 |B3.41

25/3/43

9:06:00|B3.41

25/3/43

9:08:00 |B3.41

25/3/43

9:10:00|B3.41

25/3/43

9:12:00|B3.39

25/3/43

9:14:00|B3.39

25/3/43

9:16:00|B3.39

25/3/43

9:18:00|B3.39

25/3/43

9:20:00|B3.39

25/3/43

9:22:00(B3.39

25/3/43

9:24:00|B3.37

25/3/43

9:26:00|B3.37

25/3/43

9:28:00|B3.37

25/3/43

9:30:00 |B3.37

25/3/43

9:32:00 |B3.37

25/3/43

9:34:00 |B3.35

25/3/43

9:36:00|B3.37

25/3/43

9:38:00|83.37

25/3/43

9:40:00|B3.37

25/3/43

9:42:00|B3.35

25/3/43

9:44:00 |B3.37

25/3/43

9:46:00|B3.37

25/3/43

9:48:00|B3.35

25/3/43

9:50:00|B3.33

25/3/43

9:52:00|B3.35

25/3/43

9:54:00 |B3.35

25/3/43

9:56:00|B3.35

25/3/43

9:58:00|B3.35

25/3/43

10:00:00|B3.37

25/3/43

10:02:00|B3.35

25/3/43

10:04:00|B3.33

25/3/43

44



time

vol

day

10:06:00

B3.33|25/3/43

10:08:00

B3.35|25/3/43

10:10:00

B3.33|25/3/43

10:12:00

B3.31|25/3/43

10:14:00

B3.31]25/3/43

10:16:00

B3.33]25/3/43

10:18:00

B3.33|25/3/43

10:20:00

B3.29|25/3/43

10:22:00

B3.31|25/3/43

10:24:00

B3.33|25/3/43

10:26:00

B3.33|25/3/43

10:28:00

B3.35|25/3/43

10:30:00

83.35(25/3/43

10:32:00

B3.35(25/3/43

10:34:01

B3.33|25/3/43

10:36:01

B3.29(25/3/43

10:38:01

B3.33|25/3/43

10:40:01

B3.35(25/3/43

10:42:01

B3.35(25/3/43

10:44:01

B3.37|25/3/43

10:46:01

B3.33|25/3/43

10:48:01

B3.27|25/3/43

10:50:01

B3.27|25/3/43

10:52:01

B3.27|25/3/43

10:54:01

B3.27|25/3/43

10:56:01

B3.29|25/3/43

10:58:01

B3.2925/3/43

11:00:01

B3.2925/3/43

11:02:01

83.29|25/3/43

11:04:01

B3.21|25/3/43

11:06:01

B3.27|25/3/43

11:08:01

B3.27125/3/43

11:10:01

B3.25[25/3/43

11:12:01

B3.23|25/3/43

11:14:01

B3.23]25/3/43

11:16:01

B3.23|25/3/43

11:18:01

83.23|25/3/43

11:20:01

B3.23]25/3/43

11:22:00

B3.25(25/3/43

11:24:00

B3.25|25/3/43

11:26:00

83.23|25/3/43

11:28:00

B3.23|25/3/43

11:30:00

B3.23|25/3/43

11:32:00

B3.23|25/3/43

11:34:00

B3.25]25/3/43

45




time
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day

11:36:00

B3.25|25/3/43

11:38:00

B3.25]25/3/43

[11:40:00

B3.25|25/3/43

11:42:00

B3.23|25/3/43

11:44:00

B3.21|25/3/43

11:48:00

B3.25|25/3/43

11:50:00

B3.23|25/3/43

11:52:00

B3.21|25/3/43

11:54:00

B3.21|25/3/43

11:56:00

B3.19|25/3/43

11:58:00

B3.1925/3/43

12:00:00

B3.1925/3/43

12:02:00

B3.19|25/3/43

12:04:00

B3.16|25/3/43

12:06:00

B3.16|25/3/43

12:08:00

B3.19|25/3/43

12:10:01

B3.21|25/3/43

12:12:00

B3.21|25/3/43

12:14:01

B3.23|25/3/43

12:16:00

B3.23|25/3/43

12:18:01

B3.21|25/3/43

12:20:00

B3.23]25/3/43

12:22:01

B3.23|25/3/43

12:24:00

B3.21|25/3/43

12:26:00

B3.19|25/3/43

12:28:00

83.19(25/3/43

12:30:01

B3.19]25/3/43

12:32:00

B3.18]25/3/43

12:34:00

B3.1625/3/43

12:36:00

B3.18]25/3/43

12:38:00

B3.18[25/3/43

12:40:00

B3.19|25/3/43

12:42:00

B3.21|25/3/43

12:44:00

83.25|25/3/43

12:46:01

B3.25]25/3/43

12:48:01

B3.31)|25/3/43

12:50:01

B3.27|25/3/43

12:52:01

B3.27(25/3/43

12:54:01

B3.23|25/3/43

12:56:01

B3.23|25/3/43

12:58:01

B3.23|25/3/43

13:00:01

B3.21|25/3/43

13:02:01

B3.19|25/3/43

13:04:01[B3.18

25/3/43

13:06:01[83.16

25/3/43

46




time
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13:08:01

B3.18

25/3/43

13:10:01

B3.16

25/3/43

13:12:01

B3.16

25/3/43

13:14:01

B3.16

25/3/43

13:16:01

B3.16

25/3/43

13:18:01

B3.16

25/3/43

13:20:01

B3.14

25/3/43

13:22:01

B3.16

25/3/43

13:24:01

B3.18

25/3/43

13:26:01

B3.16

25/3/43

13:28:01

B3.16

25/3/43

13:30:01

B3.16

25/3/43

13:32:01

B3.14

25/3/43

13:34:01

B3.14

25/3/43

13:36:01

B3.16

25/3/43

13:38:01

B3.16

25/3/43

13:40:01

B3.18

25/3/43

13:42:01

B3.18

25/3/43

13:44:01

B3.19

25/3/43

13:46:01

B3.19

25/3/43

“13:48:01

B3.16

25/3/43

13:50:01

B3.16

25/3/43

13:52:01

B3.16

25/3/43

13:54:01

B3.16

25/3/43

13:56:01

B3.19

25/3/43

13:58:01

B3.18

25/3/43

14:00:01

B3.18

25/3/43

14:02:01

B3.18

25/3/43

14:04:01

B3.21

25/3/43

14:06:01

B3.19

25/3/43

14:08:01

B3.18

25/3/43

14:10:00

B3.19

25/3/43

14:12:00

B3.18

25/3/43

14:14:00

33.18

25/3/43

14:16:00

B3.16

25/3/43

14:18:00

33.18

25/3/43

14:22:01

B3.16

25/3/43

14:24:00

B3.19

25/3/43

14:26:00

B3.18

25/3/43

14:28:01

B3.16

25/3/43

14:30:00

B3.18

25/3/43

14:32:01

B3.16

25/3/43

14:34:00

B3.16

25/3/43

14:36:00

B3.18

25/3/43

14:38:00

$3.18

25/3/43
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48

time | vol | day

14:40:00 |B3.18[25/3/43
14:42:00B3.1825/3/43
14:44:00 |B3.19[25/3/43
14:46:00 [B3.18[25/3/43
14:48:01 |B3.18[25/3/43
14:50:01 [B3.18[25/3/43 ‘
14:52:01B3.18[25/3/43 o S
14:54:01 [B3.18[25/3/43 e - R
14:56:01 |B3.18[25/3/43 X

14:58:01 |B3.18[25/3/43
15:00:01 [B3.18[25/3/43
15:02:01 [B3.18[25/3/43
15:04:01 |B3.18[25/3/43
15:06:01 |B3.19[25/3/43
15:08:01|B3.2125/3/43
15:10:01 |B3.21[25/3/43
15:12:01|B3.23[25/3/43
15:14:01 |B3.21[25/3/43
15:16:01[B3.21[25/3/43
15:18:01B3.21[25/3/43
15:20:01 |B3.21[25/3/43
15:22:01|B3.23[25/3/43 |
15:24:01 [B3.23[25/3/43 [ S0 . _ R
15:26:01 |B3.21]25/3/43
15:28:01 [B3.21[25/3/43
15:30:01 [B3.21[25/3/43
15:32:01 [B3.21[25/3/43
15:34:01[83.21]25/3/43
15:36:00 |B3.23[25/3/43
15:38:00[83.25]25/3/43]
15:40:00 |B3.25]25/3/43
15:42:01 [B3.23[25/3/43
15:44:01 [83.23]25/3/43
15:46:01 |83.23]25/3/43
15:48:01 |B3.25[25/3/43
15:50:01 |B3.25[25/3/43
15:52:01 |B3.27]25/3/43
15:54:01 |B3.27]25/3/43
15:56:01 |B3.27]25/3/43
15:58:01 |B3.27[25/3/43
16:00:01 [B3.27]25/3/43
16:02:01[83.25[25/3/43
16:04:01 |B3.27[25/3/43
16:06:01[B3.25[25/3/43
|16:08:01[83.25[25/3/43




ST

time | vol

day

16:10:01 |B3.27

25/3/43

16:12:01 |B3.27

25/3/43

16:14:01 |B3.27

25/3/43

16:16:00[B3.27

25/3/43

16:18:00 |B3.27

25/3/43

16:20:00 (B3.27

25/3/43

16:22:00 |B3.27

25/3/43

16:24:00|B3.25

25/3/43

16:26:00 [B3.25

25/3/43

16:28:00 |B3.27

25/3/43|.

16:30:00|B3.29

25/3/43

16:32:00|B3.29

25/3/43

16:34:00 |B3.29

25/3/43

N

16:36:00 |[B3.29

25/3/43

16:38:00|B3.29

25/3/43

16:40:00 |B3.29

25/3/43

16:42:00 |B3.27

25/3/43

16:44:00 |B3.29

25/3/43

16:46:00 |B3.27

25/3/43

16:48:00 |B3.27

25/3/43

16:50:00 |B3.27

25/3/43

16:52:00 |B3.30

25/3/43

17:18:01 |B3.30

25/3/43

17:20:01 |B3.31

25/3/43

17:22:01 [B3.35

25/3/43

17:24:01 [B3.35

25/3/43

17:26:01|B3.33

25/3/43

17:30:01 |B3.33

25/3/43

17:32:01|B3.33

25/3/43

17:24:01|23.33

25/3/43

17:36:01[83.31

25/5/43

17:38:00|B3.51

25/3/43

17:40:01 (B3.31

25/3/43

17:42:01|B3.29

25/3/43

17:44:01|B3.31

25/3/43

17:46:00 |B3.29

25/3/43

17:48:01|B3.29

25/3/43

17:50:00|B3.29

25/3/43

17:52:00|B3.27

25/3/43

17:54:00|B3.25

25/3/43

17:56:00|83.23

25/3/43

17:58:00 |B3.21

25/3/43

18:00:00|B3.19

25/3/43

18:02:00 [B3.19[25/3/43

18:04:00|83.18[25/3/43




time

vol

day

18:06:00

B3.16

25/3/43

18:08:00

B3.14

25/3/43

18:10:00

B3.12

25/3/43

18:12:00

B3.12

25/3/43

18:14:00

83.08

25/3/43

18:16:00

B3.02

25/3/43

18:18:00

B2.98

25/3/43

18:20:00

B2.98

25/3/43

18:22:00

B2.94

25/3/43

18:24:00

B2.88

25/3/43

18:26:00

B2.82

25/3/43

18:28:00

B2.76

25/3/43

18:30:00

B2.70

25/3/43

18:32:00

B2.70

25/3/43

18:34:00

B2.65

25/3/43

18:36:00

B2.55

25/3/43

18:38:00

B2.47

25/3/43

18:40:00

B2.29

25/3/43

18:42:00

B2.29

25/3/43

18:44:00

B2.21

25/3/43

18:46:00

B2.10

25/3/43

18:48:00

B1.96

25/3/43

18:50:00

B1.61

25/3/43

18:52:00

B1.61

25/3/43

18:54:00

B1.37

25/3/43

18:56:00

$0.80

25/3/43

18:58:00

80.80

25/3/43

19:00:00

80.78

25/3/43
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LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2904

National
Semiconductor

LM158/LM258/LM358, LM158A/LM258A/LM358A,
LM2904 Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tems. For example, the LM158 series can be directly operat-
ed off of the standard +5 Vpc power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional +15
Vpc power supplies.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage.

m The unity gain cross frequency is temperature
compensated.

® The input bias current is also temperature
compensated.

Advantages

® Eliminates need for dual supplies

m Two internally compensated op amps in a single
package

m Allows directly sensing near GND and Vour also goes
to GND

m Compatible with all forms of logic

m Power drain suitable for battery operation

® Pin-out same as LM1558/L.M1458 dual operational
amplifier

Features

® Internally frequency compensated for unity gain

m Large dc voltage gain 100 dB
m Wide bandwidth (unity gain) 1 MHz

(temperature compensated)
m Wide power supply range:
Single supply 3 Vpg to 32 Vpe
or dual supplies +1.5 Vpc to £16 Vpc
m Very low supply current drain (500 pA)—essentially in-
dependent of supply voltage

m Low input biasing current 45 nApc
(temperature compensated)

m Low input offset voltage 2 mVpc
and offset current 5 nApc

m Input common-mode voltage range includes ground
m Differential input voltage range equal to the power sup-
ply voltage

m Large output voltage swing 0 VpgtoV+ — 1.5 Vpc

Connection Diagrams (rop views)

OUTPUT A OUTPUT B
INVERTING INVERTING
INPUT A INPUT B

NON-INVERTING
INPUT B

NON-INVERTING
INPUT A

TL/H/7787-1
Order Number LM158AH, LM158H, LM258AH,
LM258H, LM358AH or LM358H
See NS Package Number HO8C

L

OQUTPUTA

2 U
INVERTING INPUT A ——1 — QUTPUT 8

NON-INVERTING __3

INPUT A INVERTING INPUT B

5 NON-INVERTING
ot INPUT B

TL/H/7787-2
Order Number LM158J, LM158AJ or LM358J
See NS Package Number JOBA
Order Number LM358M, LM358AM or LM2904M
See NS Package Number MOSA
Order Number LM358AN, LM358N or LM2904N
See NS Package Number NOSE

3-460




LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2904
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| Typical Performance Characteristics
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Typical Performance Characteristics (ontinued) (L2902 only)

Input Current

100

E;

s

=

=

g ¥ 1

s

;.' 2 el T - as°C

=z

0 10 20 30
V* —SUPPLY VOLTAGE (Voc)

Application Hints

The LM158 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpg. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpc.

Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accomodated
and, as input differential voltage protection diodes are not
needed, no large input currents result from large differential
input voltages. The differential input voltage may be larger
than V+ without damaging the device. Protection should be
provided to prevent the input voltages from going negative
more than —0.3 Vpg (at 25°C). An input clamp diode with a
resistor to the IC input terminal can be used.

To reduce the power supply current drain, the amplifiers
have a class A output stage for small signal levels which
converts to class B in a large signal mode. This allows the
amplifiers to both source and sink large output currents.
Therefore both NPN and PNP external current boost tran-
sistors can be used tc extend the power capability of the
basic amplifiers. The output voltage needs to raise approxi-
mately 1 diode drop above ground to bias the on-chip verti-
cai BRID iransistor for outnui current sinking appiications
For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion. Where the
load is directly coupled, as in dc applications, there is no
crossover distortion.

Voltage Gain

160 I ]
I R, =20k
z —_
3 A RL=2.0k0 —]
-
S wn
5
o
>
|
2«
S
<

0 10 0 30

V* - SUPPLY VOLTAGE (Voc)
TL/H/TT87-5

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of 50
pF can be accomodated using the worst-case non-inverting
unity gain connection. Large closed loop gains or resistive
isolation should be used if larger load capacitance must be
driven by the amplifier.

The bias network of the LM158 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of 3 Vpc to 30 Vpc.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as a result of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive function temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 25°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In gereral, introduc-
ing a pseudo-ground (a bias voltage reference of V+/2) will
allow operation above and below this value in single power
sunniy sysiems Many ﬂf'\:‘lﬁl‘:iﬁq‘m circiints are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.
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LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2904

Typical Single-Supply Applications (v+ = 5.0Vpo)

Non-Inverting DC Gain (OV Input = 0V Output)

w——— — — —
@
-
5
(=]
2
2
R2
GAIN= 1+ —
R1
R1 *R not needed due to .
10k temperature independent Iy 101 (AS SHOWN)
= TL/H/7787-6 0 Viy (mV)
TL/HI7787-7
DC Summing Amplifier
(Vin's 2 0 Vpc and Vo 2 0 Vpc) Power Amplifier
R1
910k
R2
100k
- 1/2 LM158
R3
atk Vo
O— " WW—
Vin Vo = 0VpgforVin = 0Voe S g
Ay = 10 L
# =
100k TR e =6 TL/MIT787-9
Where: Vo = V4 + Vo + V3 + Vg4
(Vq + V) 2 (V3 + V4) to keep Vo > 0 Vpc
“BI-QUAD” RC Active Bandpass Filter
R1
100k
= 1
330 pF
1/2 LM158 ——i
R2 RS
100k 470k
Vin O—AAA, { + -
[D <1 - - .
| n4
10M
M- 1/2 LM158
< c2
100k 330 pf +
—O Vo
1/2 LM158
R7
fo = 1kHz 100k .
Q=50 v
Ay = 100 (40 dB) - 3
100k 104F / ‘ \
= = TL/H/7787-10
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Typical Single-Supply Applications (v+ = 5.0 Vpc) (Continued)

Fixed Current Sources Lamp Driver

TL/H/T787-12

Current Monitor

R1* I
0.1 e g

R1
i Ip = A2 Iq
] TL/H/T787-11 Re

R2
LED Driver 100

1/2 LM358

NSL102

(
Vo= V()
Vo 1A
“( for | ]
TL/H/7787-13 R3 (Increase R1 for I small)
1k V<Vt -2V

TL/H/7787-14

Pulse Generator

R1

™ INS14

R2
100k IN914

TL/H/7787-15

Voltage Follower

TL/H/7787-17
TL/H/7787—-16
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LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2904

Typical Single-Supply Applications (v+ = 5.0Vpc) (Continued)

Squarewave Osclllator Pulse Generator
R1
i INS14

R1
100k
e AA Sy

TL/H/7787-18

Low Drift Peak Detector

(POLYCARBONATE OR
POLYETHYLENE) = 2N928°

*hi g AT 100 nA

HIGH Zy
LOW Zout
2 l
R INPUT CURRENT
M COMPENSATION
High Compliance Current Sink Comparator with Hysteresis

+Vin O

lo = 1 amp/volt Viy 1
(Increase Rg for Ig small)

= TUH/7787-21

TL/H/7787-19

Vo

TL/H/7787-22 |
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Typical Single-Supply Applications (v+ = 5.0 Vpc) (Continued)
Voltage Controlled Osclllator (VCO)

0.054F
R 1
100k
+Vc* 1/2 LM358 | | I I
51k 2 p—~O DUTPUT 1
vtz Sk

L RI2 0
i stk
100k /\/\/
]

—Q QUTPUT 2

10k

TL/H/7787-23
+WIDE CONTROL VOLTAGE RANGE: 0 Vp¢ < V¢ < 2 (V* —1.5V pe) )

/r‘
AC Coupled Inverting Amplifier

Ry
100k

Cin

Co O‘A%‘ 3Vpp

R
A= R—: (As shown, Ay = 10)
= = TL/H/7787-24

Ground Referencing a Differential Input Signal
™
Ve
+Vem

TL/H/7787-25
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LM158/LM258/LM358/LM158A/LM258A/LM358A/L.LM2904

Typical Single-Supply Applications (v+ = 5.0 Vpc) (Continued)

AC Coupled Non-Inverting Amplifier

R1 R2
100k ™

A= 1
v R1

Ay = 11 (As Shown)

DC Coupled Low-Pass RC Active Filter -

c1
0.014F

fo=1kHz g4 . :
Q=1 100k &
Ay =2

VIN

1/2 LM358

o $
620k
<

c3

+
R7 RS
104F T 100k 100k
= = o

TUL/H/7787-28

TL/H/T787-27

Vo
fo = 1kHz
Q=25

TL/H/7787-28
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Typical Single-Supply Applications (v+ = 5.0 Vpc) (Continued)

High Input Z, DC Differential Amplifier

R2
100k

1/2 LM358 Vo

. B1 _ R4 (CMAR depends on this TL/H/T787-29
R2 R3 resistor ratio match)

R4
Vo=1+— (Vo =V
o 7 V2 1)
As Shown: Vg = 2 (V2 — Vy)

Photo Voltaic-Cell Amplifier Bridge Current Amplifier

R¢ +Vaee
Mm
AV

'csul
O Vo
(CELL HAS OV
ACROSS IT)

= bl TL/H/7787-30

Vo

For§ <<1andR{>>R

5) Ry
Vo = VRer (5) R

Ry

- TL/H/7787-33

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

R1
100k

TL/H/7787-31

IfR1 = R5 &R3 = R4 = R6 = R7 (CMRR depends on match)

vV —1+ﬂ(v Vq)
(o] R2 2 1
As shown Vg = 101 (V2 — Vy)
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LM158/LM258/LM358/LM158A/LM258A/LM358A/LM2904

Typical Single-Supply Applica

Usi

tions (v+ = 5.0 Vpg) (Continued)

ng Symmetrical Amplifiers to

Reduce Input Current (General Concept)

“hi g AT 50 nA

Schematic Diagram (each Ampiifier)

1/2 LM358 +Vo

0.001.F

-
I 2R
- M
112 LM358
-— AUX AMP
[
8 INPUT CURRENT

COMPENSATION

INPUTS

+O

TL/H/7787-32

TL/H/7787-3
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Interfacing the Standard Parallel Port http://www.senet.com.au/~gpeacodk

Interfacing the Standard Parallel Port

Disclaimer : While every effort has been made to make sure the information in this document is correct, the author can not be liable
for any damages whatsoever for loss relating to this document. Use this information at your own risk.

Table of Contents
Introduction to Parallel Ports Page 1
Hardware Properties Page 2
Centronics? Page 4
Port Addresses Page 4
Software Registers - Standard Parallel Port (SPP) Page 6
Bi-directional Ports Page 8
Using The Parallel Port to Input 8 Bits.  Page9
Nibble Mode Page 11
Using the Parallel Port's IRQ Page 12
Parallel Port Modes in BIOS Page 14
Parallel Port Modes and the ECP’s Extended Control Register Page 15

Introduction to Parallel Ports

The Parallei Port is the most commonly used port for interfacing home made projects. This
port will allow the input of up to 9 bits or the output of 12 bits at any one given time, thus requiring
minimal extemal dircuitry to implement many simpler tasks. The port is composed of 4 control lires,
5 status lines and 8 data lines. It's found commonly on the back of your PC as a D-Type 25 Pin female
connector. There may also be a D-Type 25 pin male connector. This will be a serial RS-232 port and
thus, is a totally incompatible port.

Newer Parallel Port’s are standardized under the IEEE 1284 standard first released in 1994.
This standard defines 5 modes of operation which are as follows,

1. Compatibility Mode.

2. Nibble Mode. (Protocol not Described in this Document)
3. Byte Mode. (Protocol not Described in this Document)
4. EPP Mode (Enhanced Parallel Port).

5. ECP Mode (Extended Capabilities Port).

The aim was to design new drivers and devices which were compatible with each otherand
Interfacing the Standard Parallel Port Page 1




Interfacing the Standard Parallel Port http://www.senet.com.au/~cpeacock

also backwards compatible with the Standard Parallel Port (SPP). Compatibility, Nibble & Byte
modes use just the standard hardware available on the original Parallel Port cards while EPP & ECP
modes require additionai hardwaire which can run at faster speeds, while still being downwards
compatible with the Standard Parallel Port.

Compatibility mode or "Centronics Mode" as it is commonly known, can only send data in the
forward direction at a typical speed of 50 kbytes per second but can be as high as 150+ kbytes a
second. In order to receive data, you must change the mode to either Nibble or Byte mode. Nibble
- mode can input a nibble (4 bits) in the reverse direction. E.g. from device to computer. Byte mode
uses the Parallel's bi-directional feature (found only on some cards) to input a byte (8 bits) of datain
the reverse direction.

Extended and Enhanced Parallel Ports use additional hardware to generate and manage
handshaking. To output a byte toa printer (or anything in that matter) using compatibility mode, the
software must. .

1. Write the byte to the Data Port.

2. Check to see is the printer is busy. If the printer is busy, it will not accept any data, thus any
data which is written will be lost.

3. Take the Strobe (Pin 1) low. This tells the printer that there is the correct data on the data
lines. (Pins 2-9)

4. Put the strobe high again after waiting approximately 5 microseconds after putting the strobe
low. (Step 3)

This limits the speed at which the port can run at. The EPP & ECP ports get around this by
letting the hardware check to see if the printer is busy and generate a strobe and /or appropriate
handshaking. This means only one I/0 instruction need to be performed, thus increasing the speed.
These ports can output at around 1-2 megabytes per second. The ECP port also has the advantage of
using DMA channels and FIFO buffers, thus data can be shifted around without using I/O
instructions.

Hardware Properties

On the next page is a table of the "Pin Outs" of the D-Type 25 Pin connector and the
Centronics 34 Pin connector. The D-Type 25 pin connector is the most common connector found on
the Parallel Port of the computer, while the Centronics Connector is commonly found on printers. The
IEEE 1284 standard however spedifies 3 different connectors for use with the Parallel Port. The first
one, 1284 Type A'is the D-Type 25 connector found on the back of most computers. The 2nd is the
1284 Type B which is the 36 pin Centronics Connector found on most printers.

IEEE 1284 Type C however, isa 36 conductor connector like the Centronics, but smaller. This
connector is claimed to have a better dip latch, better electrical properties and is easier to assemble. It
also contains two more pins for signals which can be used to see whether the other device connected,
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has power. 1284 Type C connectors are recommended for new designs, so we can look forward on
seeing these new connectors in the near future.

PinNo (D- PinNo SPPSignal | Direction | Register| Hardware
Type25) | (Centronics) Infout Inverbed

1 1 nStrobe In/Out | Control Yes

2 2 Data 0 Out Data

3 3 Data 1 Out Data

4 4 Data 2 Out Data

5 5 Data 3 Out Data

6 6 Data 4 Out Data

7 7 Data 5 Out Data

8 8 Data 6 Out Data

9 9 Data 7 Out Data
10 10 nAck In Status
11 11 Busy In Status Yes
12 12 Paper-Out In Status

PaperEnd
13 13 Select In Status
14 14 nAuto-Linefeed | In/Out | Control Yes
15 32 nError / nFault In Satus | _ L1
16 31 nlnitialize In/Out | Control VA
17 36 nSelect-Printer | In/Out | Control Yes A \
nSelect-In
18-25 19-30 Ground Gnd

Table 1. Pin Assignments of the D-Type 25 pin Parallel Port Connector.

The above table uses "n" in front of the signal name to denote that the signal is active low. e.g.
nError. If the printer has occurred an error then this line is low. This line normally is high, should tha
printer be functioning correctly. The "Hardware Inverted" means the signal is inverted by the Parallel
card's hardware. Such an example is the Busy line. If +5v (Logic 1) was applied to this pin and the
status register read, it would retum back a 0 in Bit 7 of the Status Register.

The output of the Parallel Port is normally TTL logic levels. The voltage levels are the easy
part. The current you can sink and source varies from port to port. Most Parallel Ports implemented in
ASIC, can sink and source around 12mA. However these are just some of the figures taken from Data
sheets, Sink/Source 6mA, Source 12mA/Sink 20mA, Sink 16mA/Source 4mA, Sink/Source 12mA.
As you can see they vary quite a bit. The best bet is to use a buffer, so the least current is drawn from
the Parallel Pert.
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Centronics?

Centronics is an early standard for transferring data from a host to the printer. The majority of
printers use this handshake. This handshake is normally implemented using a Standard Parallel Port
under software control. Below is a simplified diagram of the ‘Centronics’ Protocol.

Centronics Handshake

nStrobe—\*/
Busy / ‘\
nAck \__/—

Data

Data is first appiied on the Parallel Port pins 2 to 7. The host then checks to see if the printer is
busy. i.e. the busy line should be low. The program then asserts the strobe, waits a minimum of 1uS,
and then de-asserts the strobe. Data is normally read by the printer/peripheral on the rising edge of the
strobe. The printer will indicate that it is busy processing data via the Busy line. Once the printer has
accepted data, it will acknowledge the byte by a negative pulse about 5uS on the nAck line.

Quite often the host will ignore the nAck line to save time. Latter in the Extended Capabilities
Port, you will see a Fast Centronics Mode, which lets the hardware do all the handshaking for you. Al
the programmer must do is write the byte of data to the I/O port. The hardware will check to see if the
printer is busy, generate the strobe. Note that this mode commonly doesn't check the nAck either.

Port Addresses

The Parallel Port has three commonly used base addresses. These are listed in table 2, below.
The 3BCh base address was originally introduced used for Parallel Ports on early Video Cards. This
address then disappeared for a while, when Parallel Ports were later removed from Video Cards. They
has now reappeared as an option for Parallel Ports integrated onto motherboards, upon which their
configuration can be changed using BIOS.

LPT1 is normally assigned base address 378h, while LPT2 is assigned 278h. However this
may not always be the case as explained later. 378h & 278h have always been commonly used for
Parallel Ports. The lower case h denotes that it is in hexadecimal. These addresses may change from
machine to machine.
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Address Notes:

3BCh - 3BFh Used for Parallel Ports which were incorporated in to
Video Cards and now, commonly an option for Ports
controlled by BIOS. - Doesn't support ECP addresses.

378h - 37Fh Usual Address For LPT 1

278h - 27Fh Usual Address For LPT 2

Table 2 Port Addresses

When the computer is first tumed on, BIOS (Basic Input/Output System) will determine the
number of ports you have and assign device labels LPT1, LPT2 & LPT3 to them. BIOS first looks at
address 3BCh. If a Parallel Port is found here, it is assigned as LPT1, then it searches at location 378h.
If a Parallel card is found there, it is assigned the next free device label. This would be LPT1 if a card
wasn't found at 3BCh or LPT2 if a card was found at 3BCh. The last por: of call, is 278h and follows
the same procedure than the other two ports. Therefore it is possible to have a LPT2 which is at 378h
and not at the expected address 278h.

What can make this even confusing, is that some manufacturers of Parallel Port Cards, have
jumpers which allow you to set your Port to LPT1, LPT2, LPT3. Now what address is LPT1? -.On the
majority of cards LPT1 is 378h, and LPT2, 278h, but some will use 3BCh as LPT1, 378h as LPT1 and
278h as LPT2. Life wasn’t meant to be easy.

The assigned devices LPT1, LPT2 & LPT3 should not be a worry to people wishing to
interface devices to their PC's. Most of the time the base address is used to interface the port rather
than LPT1 etc. However should you want to find the address of LPT1 or any of the Line PrinTer
Devices, you can use a lookup table provided by BIOS. When BIOS assigns addresses to your printer
devices, it stores the address at spedific locations in memory, so we can find them.

Start Address Function
0000:0408 LPT1's Base Address

0000:040A LPT2's Base Address

0000:040C LPT3's Base Address
0000:040E LPT4's Base Address (Note 1)

Table 3 - LPT Addresses in the BIOS Data Area

Note 1 : Address 0000:040E in the BIOS Data Area may be used as the Extended Bios Data Area in
PS/2 and newer Bioses, and thus this field may be invalid.
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Address Notes:

3BCh - 3BFh Used for Parallel Ports which were incorporated in to
Video Cards and now, commonly an option for Ports
controlled by BIOS. - Doesn't support ECP addresses.

378h-37Fh Usual Address For LPT 1

278h - 27Fh Usual Aadress For LPT 2

Table 2 Port Addresses

When the computer is first tumed on, BIOS (Basic Input/Output System) will determine the
number of ports you have and assign device labels LPT1, LPT2 & LPT3 to them. BIOS first looks at
address 3BCh. If a Parallel Portis found here, it is assigned as LPT1, then it searches at location 378h.
If a Parallel card is found there, it s assigned the next free device label. This would be LPT1 if a card
wasn't found at 3BCh or LPT2 if a card was found at 3BCh. The last port of call, is 278h and follows
the same procedure than the other two ports. Therefore it is possible to have a LPT2 which is at 378h
and not at the expected address 278h.

What can make this even confusing, is that some manufacturers of Parallel Port Cards, have
jumpers which allow you to set your Pait to LPT1, LPT2, LPT3. Now what address is LPT1? - On the
majority of cards LPT1 is 378h, and LPT2, 278h, but some will use 3BCh as LPT1, 378h as LPT1and
278n as LPT2. Life wasn’t meant to be easy.

The assigned devices LPT1, LPT2 & LPT3 should not be a worry to people wishing to
interface devices to their PC's. Most of the time the base address is used to interface the port rather
than LPT1 etc. However should you want to find the address of LPT1 or any of the Line PrinTer
Devices, you can use a lookup table provided by BIOS. When BIOS assigns addresses to your printer
devices, it stores the address at specific locations in memory, so we can find them.

Start Address Function
0000:0408 LPT1's Base Address

0000:040A LPT2's Base Address

0000:040C LPT3's Base Address

0000:040E LPT4's Base Address (Note 1)

Table 3 - LPT Addresses in the BIOS Data Area

Note I : Address 0000:040E in the BIOS Data Area may be used as the Extended Bios Data Area in
PS/2 and newer Bioses, and thus this field may be invalid.
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The above table, table 3, shows the address at which we can find the Printer Port's addresses in
the BIOS Data Area. Each address will take up 2 bytes. The following sample program in C, shows
how you can read these locations to obtain the addresses of your printer ports.

#include <stdio.h>
#include <dos.h>

void main (void)

{

unsigned int far *ptraddr; /* Pointer to location of Port Addresses */
unsigned int address; /* Address of Port */
int a;

ptraddr=(unsigned int far *)0x00000408;
for (a = 0; a < 3; a++)

{
address = *ptraddr;

if (address == 0)

printf ("No port found for LPT%d \n",a+l):;
else

printf ("Address assigned to LPT%d is $%Xh\n",a+l,address);
*ptraddr++;

}
}

Software Registers - Standard Parallel Port (SPP)

Offset Name Read/Wiite Bit No. Properties
Base + 0 | Data Port | Write (Note-1) Bit 7 Data 7 (Pin 9)
Bit 6 Data 6 (Pin 8)
Bit 5 Data 5 (Pin 7)
Bit 4 Data 4 (Pin 6)
Bit 3 Data 3 (Pin 5)
Bit 2 Data 2 (Pin 4)
Bit 1 Data 1 (Pin 3)
Bit0 Data 0 (Pin 2)
Table 4 Data Port

Note 1 : If the Port is bi-directional then Read and Write Operations can be performed on the Data
Register.

The base address, usually called the Data Port or Data Register is simply used for outputting
data on the Parallel Port's data lines (Pins 2-9). This register is normally a write only port. If you read
from the port, you should get the last byte sent. However if your port is bi-directional, you can receive
data on this address. See Bi-directional Ports for more detail.
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Base + 1 |Status Port| Read Only Bit 7 Busy
Bit 6 Ack
Bit 5 Paper Out
Bit 4 SelectIn
Bit 3 Error
Bit 2 IRQ (Not)
Bit 1 Reserved
, Bit 0 Reserved
Table 5 Status Port

The Status Port (base address + 1) is a read only port. Any data written to this port will be
ignored. The Status Port is made up of 5 input lines (Pins 10,11,12,13 & 15), a IRQ status register and
two reserved bits. Please note that Bit 7 (Busy) is a active low input. E.g. If bit 7 happens to show a
logic 0, this means that there is +5v at pin 11. Likewise with Bit 2. (nIRQ) If this bit showsa '1' then
an interrupt has not occurred.

Base +2 | Control Read/Write Bit 7 Unused
Port Bit 6 Unused

Bit 5 Enable bi-directional Port
Bit 4 Enable IRQ Via Ack Line
Bit 3 Select Printer
Bit 2 Initialize Printer (Reset)
Bit 1 Auto Linefeed
Bit 0 Strobe

Table 6 Control Port

The Control Port (base address + 2) was intended as a write only port. When a printer is
attached to the Parallel Port, four "controls" are used. These are Strobe, Auto Linefeed, Initialize and
Select Piinter, all of which are inverted except Initialize.

The printer would not send a signai to initialize the computer, nor would it tell the computer to
use auto linefeed. However these four outputs can also be used for inputs. If the computer has placed a
pin high (e.g. +5v) and your device wanted to take it low, you would effectively short out the port,
causing a conflict on that pin. Therefore these lines are "open collector” outputs (or open drain for
CMOS devices). This means that it has two states. A low state (Ov) and a high impedance state (open
circuit).

Normally the Printer Card will have internal pull-up resistors, but as you would expect, not all
will. Some may just have open collector outputs, while others may even have normal totem pole
outputs. In order to make your device work correctly on as many Printer Ports as possible, you can use
an external resistor as well. Should you already have an internal resistor, then it will act in Parallel
with it, or if you have Totem pole outputs, the resistor will act as a load.
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An external 4.7k resistor can be used to pull the pin high. I wouldn't use anything lower, justin
case you do have an internal pull up resistor, as the external resistor would act in parallel giving
effectively, a lower value pull up resistor. When in high impedance state the pin on the Parallel Port is
high (+5v). When in this state, your external device can pull the pin low and have the control port
change read a different value. This way the 4 pins of the Control Port can be used for bi-directional
data transfer. However the Control Port must be set to 00100 to be able to read data, that is all
pins to be +5v at the port so that you can pull it down to GND (logic 0).

Bits 4 & 5 are internal controls. Bit four will enable the IRQ (See Using the Parallel Ports
IRQ) and Bit 5 will enable the bi-directional port meaning that you can input 8 bits using (DATAQ-7).
This mode is only possible if your card supports it. Bits 6 & 7 are reserved. Any writes to these two
bits will be ignored.

Bi-directional Ports

The sd1ématic diagram below, shows a simplified view of the Parallel Port's Data Register.
The original Parallel Port card's implemented 74LS logic. These days all this is crammed into one
ASIC, but the theory of operation is still the same.
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The non bi-directional ports were manufactured with the 74L5374's output enable tied
permanent low, thus the data portis always output only. When you read the Parallel Port's data
register, the data comes from the 7415374 which is also connected to the data pins. Now if you can
overdrive the '374 you can effectively have a Bi-directional Port. (or a input only port, once you blow
up the latches output!)

What is very conceming is that people have actually done this. I've seen one circuit, a scope
connected to the Parallel Port distributed on the Intemet. The author uses an ADC of some type, but
finds the ADC requires transistors on each data line, to make it work! No wonder why. Others have
had similar trouble, the 68HC11 cannot sink enough current (30 to 40mA!)
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Bi-directional ports use Control Bit 5 connected to the 374's OE so that it's output drivers can
be tumed off. This way you can read data present on the Parallel Port's Data Pins, without having bus
conflicts and excessive current drains.

Bit 5 of the Control Port enables or disables the bi-directional function of the Parallel Port.
This is only available on true bi-directional ports. When this bit is set to one, pins 2 to 9 go into high
impedance state. Once in this state you can enter data on these lines and refrieve it from the Data Port
(base address). Any data which is written to the data port will be stored but will not be available at the
data pins. To tum off bi-directional mode, set bit 5 of the Control Port to '0'.

However not all ports behavein the same way. Other ports may require setting bit 6 of the
Control Port to enable Bi-directional mode and setting of Bit 5 to dis-enable Bi-directional mode,
Different manufacturers implement their bi-directional ports in different ways. If you wish to use your
Bi-directional port to input data, test it with a logic probe or multimeter first to make sure it is in bi-
directional mode.

Using The Parallel Port to Input 8 Bits.

If your Parallel Port doesn't support bi-directional mode, don't despair. You can input a
maximum of 9 bits at any one given time. To do this you can use the 5 input lines of the Status Port
and the 4 inputs (open collector) lines of the Control Port.

11Busy » . D7
10 Ack * D6
12 Paper Out+ + D5
13 Selecte o D4
17 Select Printere 0.C. =] +D3 8 Inputs
16 Init » 0L 1 * D2
14 Auto Linefeed* 0. G *D1
1 Sirobe » 0 G o00 ./

741505 Hex Inverter
Open Collector

The inputs to the Parallel Port has be chosen as such, to make life easier for us. Busy just
happens to be the MSB (Bit 7) of the Status Port, then in ascending order comes Ack, Paper Out and
Select, making up the most significant nibble of the Control Port. The Bars are used to represent
which inputs are Hardware inverted, i.e. +5v will read 0 from the register, while GND will read 1. The
Status Port only has one inverted input.

The Control portis used to read the least significant nibble. As described before, the control
port has open collector outputs, i.e. two possible states, high impedance and GND. If we connect our
inputs directly to the port (For example an ADC0804 with totem pole outputs) , a conflict will result if
the input is high and the port is trying to pull it down. Therefore we use open collector inverters.

However this is not always entirely necessary. If we were connecting single pole switches to
the port with a pull up resistor, then there is no need to bother with this protection. Also if your
software initializes the control port with xxxx0100 so that all the pins on the control port are high,
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then it may be unnecessary. If however you don't bother and your device is connected to the Parallel
Port before your software has a chance to initialize then you may encounter problems.

Another problem to be aware of is the pull up resistors on the control port. The average pull-
up resistor is 4.7k. In order to pull the line low, your device will need to sink 1mA, which some low
powered devices may struggle to do. Now what happens if I suggest that some ports have 1K pull up
resistors? Yes, there are such cards. Your device now has to sink 5mA. More reason to use the open
collector inverters. :

Open collector inverters were chosen over open collector buffers as they are more popular, and
thus easier to obtain. There is no reason, however why you can’t use them. Another possibility is to
use transistors.

The input, D3 is connected via the inverter to Select Printer. Select Printer just happens to be
bit 3 of the control port. D2, D1 & D0 aie connected to Init, Auto linefeed and strobe, respectively to
make up the lower nibble. Now this is done, all we have to do is assemble the byte using software.
Thefirst thing we must do is to write 000100 to the Control Port. This places all the control port
lines high, so they can be pulled down to input data.

outportb (CONTROL, inportb (CONTROL) & OxFO | 0x04);

Now that this is done, we can read the most significant nibble. This just happens to be the
most significant nibble of the status port. As we are only interested in the MSnibble we will AND the
results with 0xFQ, so that the LSnibble is clear. Busy is hardware inverted, but we won't worry about
it now. Once the two bytes are constructed, we can kill two birds with one stone by toggling Busy and
Init at the same time.

a = (inportb (STATUS) & O0xF0); /* Read MSnibble */

We can now read the LSnibble. This just happens to be LSnibble of the control port - How
convenient! This time we are not interested with the MSnibble of the port, thus we AND the result
with OxOF to dear the MSnibble. Once this is done, it is time to combine the two bytes together. This
is done by OR’ing the two bytes. This now leaves us with one byte, however we are not finished yet.
Bits 2 and 7 are inverted. This is overcome by XOR'ing the byte with 0x84, which toggles the two
bits.

a = a | (inportb (CONTROL) & OxOF); /* Read LSnibble */

a = a ”~ 0x84; /* Toggle Bit 2 & 7 */

Note: Some control ports are not open collector, but have totem pole outputs. This is
also the case with EPP and ECP Ports. Normally when you place a Parallel Port in ECP or EPP
mode, the control port becomes totem pole outputs only. Now what happens if you connect your
device to the Parallel Portin this mode? Therefore, in the interest of portability I recommend
using the next drauit, reading a nibble at a time.
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Nibble Mode

Nibble mode is the preferred way of reading 8 bits of data without placing the port in reverse
mode and using the data lines. Nibble mode uses a Quad 2 line to 1 line multiplexer to read a nibble
of data at a time. Then it “switches” to the other nibble and reads its. Software can then be used to
construct the two nibbles into a byte. The only disadvantage of this technique is that it is slower. It
now requires a few I/0 instructions to read the one byte, and it requires the use of an external IC.

8 Inputs using 74LS157 Multiplexer

+5V
e

4 VCC 3
11Busy0——71‘( 1B —G—-—OD?
10 Acko———QQY 2B ﬁ———ODEi
12 Paper Outo—12 3Y 3B 73———005
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1A D3 8 lnpu'[s
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The operation of the 74L.5157, Quad 2 line to 1 line multiplexer is quite simple. It simply acts
as four switches. When the A/B input islow, the A inputs are selected. E.g. 1A passes through to 1Y,
2A passes through to 2Y etc. When the A/Bis high, the B inputs are selected. The Y outputs are

connected up to the Parallel Port’s status port, in such a manner that it represents the MSnibble of the
status register. While this is not necessary, it makes the software easier.

To use this circuit, first we must initialize the multiplexer tc switch either inputs A or B. We
will read the LSnibble first, thus we must place A/B low. The strobe is hardware inverted, thus we
must set Bit 0 of the control port to geta low on Pin 1.

outportb (CONTROL, inportb(CONTROL) | 0x01):; /* Select Low Nibble (A)*/

Once the low nibble is selected, we can read the LSnibble from the Status Port. Take note that
the Busy Line is inverted, however we won't tackle it just yet. We are only interested in the MSnibble
of the result, thus we AND the result with 0xFO, to clear the LSnibble.

a = (inportb (STATUS) & OxFO0); /* Read Low Nibble */
Now it's time to shift the nibble we have just read to the LSnibble of variable a,
a =a > 4; /* Shift Right 4 Bits */

We are now half way there. It's time to get the MSnibble, thus we must switch the multiplexer
to select inputs B. Then we can read the MSnibble and put the two nibbles together to make a byte,
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outportb (CONTROL, inportb(CONTROL) & OxFE); /* Select High Nibble (B)*/
a = a | (inportb (STATUS) & 0xF0); /* Read High Nibble */
byte = byte ~ 0x88;

The last line toggles two inverted bits which were read in on the Busy line. It may be necessary to add
delays in the process, if the incorrect results are being returned.

Using the Parallel Port's IRQ

The Parallel Port's interrupt request is not used for printing under DOS or Windows. Early
versions of 0S-2 used them, but don't anymore. Interrupts are good when interfacing monitoring
devices such as high temp alarms etc, where you don't know when it is going to be activated. It's more
efficient to have an interrupt request rather than have the software poll the ports regularly to see if
something has changed. This is even more noticeable if you are using your computer for other tasks,
such as with a multitasking operating system.

The Parallel Port's interrupt request is normally IRQ5 or IRQ7 but may be something else if
these are in use. It may also be possible that the interrupts are totally disabled on the card, if the card
was only used for printing. The Parallel Port interrupt can be disabled and enabled using bit 4 of the
control register, Enable IRQ Via Ack Line. Once enabled, an interrupt will cccur upon a low to high
transition (rising edge) of the nACK. However like always, some cards may trigger the interrupt on
the high to low transition.

The following code is an Interrupt Polarity Tester, which serves as two things. It will
determine which polarity your Parallel Port interrupt is, while also giving you an example for how to
use the Parallel Port’s Interrupt. It checks if your interrupt is generated on the rising or falling edge of
the nACK line. To use the program simply wire oneof the Data lines (Pins 2 to 9) to the Ack Pin (Pin
10). The easiest way to do this is to bridge some solder from DATA7 (Pin 9) to ACK (Pin 10) on a

male DB25 connector.

/* Parallel Port Interrupt Polarity Tester */
/* 2nd February 1998 */
/* Copyright 1997 Craig Peacock */
/* WWW - http://www.senet.com.au/~cpeacock *)
/* Email - cpeacock@senet.com. au */

#include <dos.h>

#define PORTADDRESS 0x378 /* Enter Your Port Address Here */
#define IRQ 7 /* IRQ Here */

#define DATA PORTADDRESS+0
#define STATUS PORTADDRESS+1
#define CONTROL PORTADDRESS+2

#define PIC1 0x20
#define PIC2 O0xA0

int interflag; /* Interrupt Flag */
int picaddr; /* Programmable Interrupt Controller (PIC) Base Address */
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16. Transfer Modes and Cables

Mode 1A: nibble mode, using Data Out to Status In connection This version works with
all parallel ports; commercial xfer software style.

Side 1 Pin dir Pin Side 2 connection
DO 2 => 15 S3+ direct
D1 3 => 13 S4+ direct
D2 4 => 12 S5+ direct
D3 5 => 10 So6+ direct
D4 o => 11 S7- inverted
S7- 11 <= 6 D4 inverted
So+ 10 &= 5 D3 direct
S5+ 12 = 4 D2 direct
S4+ 13 <= 3 fous direct
S3+ 15 <= 2 DO direct
Gnd 25 === 25 Gnd (ground)

Mode 1B: nibble mode, using Data Out to Status In connection This version works with
all parallel ports; bit positions matched.

Side 1 Pin a1 Pin Side 2 connection
D3 5 => g5 S3+ direct
D4 6 => A S4+ direct
D5 7 = 12 SE+ direct
D6 8 = {40 S6+ direct
D7 9 => 11 S inverted
8§ = 13 <= 9 D7 inverted
S6+ 1.0 <= 8 D6 direct
S5+ 1.2 L= i D5 direct
S4+ 13 <= 6 D4 direct
S3+ 15 <= 5 D3 direct
Gnd 25 === 23 Gnd (ground)

Mode 1C: nibble mode, using Data Out to Status In connection; Controls wired for
additional interfaces. This version works with all parallel ports.

Side 1 Pin dir Pin Side 2 connection
D3 5 => 15 S8 direct
D4 6 => 13 S4+ direct
D5 7 => 12 S5% direct
D6 8 => 10 S6+ direct
D7 S => 14 S7— inverted
S7- 11 <= 9 D7 inverted
S6+ 10 <= 8 D6 direct
S5+ 12 <= 7 D5 direct
S4+ 13 <= 6 D4 direct
S3+ 15 G= 5 D3 direct
co- 1 <=>* 1 €o= direct

Cl— 14 L=5%* 14 €= direct



C2+% 16 <=>* 16 C2+ direct
C3= 17 <=>* 17 3= direct

Gnd 25 === 25 Gnd (ground)
* Note: Control Out bits on receiver set high (including inversion, ie: C0,C1,C3=0;

C2=1). Control feedback on receiver can read control out from sender. Can use some
lines each way, and could switch CO - C2 and C1 - C3 for symmetry if we want two lines
each way, or other variations.

Mode 2: 8 bits, using bidirectional parallel port
This version works only with bidirectional parallel port whose Data Out can be tristated;

the receiving side must tristate its Data Out port to use its feedback register as an 8 bit
input port.

Side 1 Pin dir Pin Side 2 connection
DO 2 <=>%* 2 DO direct

D1 3 <=>% 3 D1 direct

D2 4 <=>* 4 D2 direct

D3 5 <=>%* 5 D3 direct

D4 6 L=>* 6 D4 direct

D5 7 <=>* 7 D5 direct

D6 8 < 8 D6 direct

D7 9 <=>* ) D7 direct
€0= 1 => 13 S4+ inverted
Ccl- 14 => 12 S5+ inverted
C2+ 16 =5 |5 S6+ direct
C3= 17 =2 i, ol SHE direct
S4+ 13 <= 1 CcO0- inverted
S5+ 12 <= 14 gl & inverted
S6+ 10 <= 16 C2+ direct
ST~ 11 <= 17 € 357 direct
Gnd 25 = 25 Gnd (ground)

* Note: bidirectional cards only; receiving side must tri-state with C5=1

If a two bidirectional ports are left connected in this fashion, and they are both enabled
(eg: after powerup or reset) with different data outputs, then the 7418374 driver chips
could be "fighting". Just to be careful, when I created a cable like this (actually, a DB25
jumper box usually sold for RS-232 jumpering, along with straight through 25 line DB-
25 cables), I used 8 10K resistors between the corresponding Data lines, to limit current
in this case. (Actually, a DIP resistor pack fit perfectly on the PC board inside the DB-25
Jumper box). The resistors are large enough to keep TTL output from overstressing
another one if both enabled, but when one is disabled and the other enabled, the resistors
are low enough to allow the TTL output to drive a TTL input well enough.

Mode 3A: 8 bits, using Open Collector Control Outputs as inputs. This version uses 4
control outputs as inputs, plus 4 status inputs.



Side 1 Pin dir Pin Side 2 connection

|
|
|
|
|
|
|
1

DO 2 =Ssek 1 CO- inverted
D1 3 =>% 14 Cl- inverted
D2 4 =>% 16 C2+ direct

D3 5 =>%* 17 C3- inverted
D4 6 => 13 S4+ direct

D5 7 => 12 S5+ direct

D6 8 => 10 So6+ direct

D7 9 => 11 sS7- inverted
CO- 1 <=%* 2 DO inverted
Cl- 14 <=%* 3 D1 inverted
C2+ 16 <=% 4 D2 direct
C3- 17 <=%* 5 D3 inverted
S4+ 13 <= 6 D4 direct :
S5+ 12 L= 7 D5 direct
So+ 10 <= 8 D6 direct
S7- 11 = 9 D7 inverted
Gnd 25 = 25 Gnd (ground)

* Note: Control outputs used as inputs must be programmed high: C0, C1, C3 =0 and C2
=1

Mode 3B: 8 bits, using Open Collector Control Outputs as inputs This version uses 3
control outputs as inputs, plus 5 status inputs; remaining control output is bidirectional -
if left high by default, either side can pull low (remember inverted logic).

Side 1 Pin dir Pin Side 2 connection
DO 2 =>% 1 CO- inverted

D1 3 =>% 14 = inverted

D2 4 =>% 16 G2+ direct

D3 5 =>* 15 S3+ direct

D4 6 => 13 S4+ direct

D5 d => 12 S5+ direct

D6 8 => 10 S6+ direct

D7 9 = 11 SH= inverted
CO- 1 <=* 2 DO invcrted
Cl- 14 <=%* 3 D1 inverted
C2+ 16 <=%* 4 D2 direct

S3+ 15 <=%* 5 D3 direct

S4+ 13 <= 9 D4 direct

S5+ 12 <= 7 D5 direct

S6+ 10 <= 8 D6 direct

S7-- 11 <= 9 D7 inverted
C3- 17 <=> 17 C3- direct (OC shared)
Gnd 25 === 25 Gnd (ground)

* Note: Control outputs used as inputs must be programmed high: C0, C1, C3 =0 and C2
=1



[A future version of this document may sketch out the code to send and receive data
through these connections]
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