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ABSTRACT

This thesis presents Automatic Answer sheet Checking Machine. It has three steps of

operation. The first step is checking the answer of answer sheet by photoreflective sensor. The

second step is transferring answer from sensors to computer through parallel port. The final step

is comparing the answer which are received with the corrected answer.

According the process above, the data from testing such as score, subject and student

code, will show on computer screen. Then, they are saved on computer as a text file.

The result of testing found that this project has 2 % error because the sensoring is not

stable. More over, low sensitivity has an effect to checking. This project can check one answer

sheet per minute.
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;/***************************************/;

; /PROJECT ID.ED.KMITL 2000/;

;/***************************************/;

ORG 0000H
BEGIN:

MOV A,Pl

CJINE A,#11111000B, BEGIN
SETRO: MOV RO, #35

;/***************************************/;

; /MAIN/;

;/***************************************/;

MAIN:

MOV A,#11110111B
MOV P2,A

MOV A,#11111110B
MOV PO,A

LCALL DELAY 1

MOV A,#01111110B
MOV PO,A

{.CALE=PELARY

;/***************************************/;

;/IN PAGE/:
;/***************************************/;
IN 1: MOV A, Pl

CJNE  A,#11111100B,IN_2

LCEDIPvoxree

DJNZ RO, MAIN

LJMP  MOTOR

;/***************************************/;

;/IN LINE/:

,-/***************************************/;

IN 2: MOV A, Pl
CJNE  A,#11111111B,SETRO
LgallH) OoUs~T

IN 3: MoV A, Pl
CJNE = A,$11111110B,IN 3
LJMP  MAIN

,-/***************************************/;

; /OUT CHOICE/; :

,-/***************************************/;

OUT 1:

;/OUT 0
MOV A,$00111111B
MOV P2,A
LCALL ~ DELAY 2
MOV A,$11110111B
MOV P2,A
LCALL  DELAY 2
;/0UT 1

(o) A,#00111011B
MOV P2,A
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LCALL

; /OUT

;/0UT

; /OUT

; /00T

;./0UT

; /OUT

DELAY 2
MOV
MOV
LCALL

MOV
MOV
LCALL
MOV
MOV
LCALL

MOV
MOV
LCALL
MOV
MOV

A,#11110111B
P2,A
DELAY 2

A, #00111101B
P2,A
DELAY 2

A, #11110111B
P2,A

DELAY 2

A,#00111001B

P2,A

DELAY 2

A,#11110111B
P2,A

LCALL DELAY 2

MOV
MOV
LCALL
MOV
MOV
LCALL

MOV
MOV
LCALL
MOV
MOV
LCALL

MOV
MOV
LCALL
MOV
MOV
LCALL

MOV
MOV
LCALL
MOV
MOV
LCALL
RET

A, #00111110B
P2,A

DELAY 2
A,#11110111B
P2,A

DELAY 2

A,#00111010B
P2,A

DELAY 2
A,#11110111B
P2,A

DELAY 2

A,#00111100B
P2,A

DELAY 2
A,#11110111B
P2,A

DELAY 2

A,#00111000B
P2,A

DELAY 2
A,$11110111B
P2,A

DELAY 2
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,-/***************************************/;

; /FEED PAPER/;

;/***************************************/;

OUT 2:

MOV A,#$#11111100B
MOV PO, A

MOV A,#$11100111B
MOV P2,A

LCALL  DELAY 1

MOV A,#11110111B
MOV P2 A

RET

’-/***************************************/;

; /MOTOR OFF

’-/***************************************/,-

MOTOR: MOV
MOV
LCALL

OEE: MOV
MOV
LCALL
MOV
MOV
LCALL
AJMP

A,#11111111B
PO, A

DELAY 1
A,#11011111B
P2,A

DELAY 1
A,#11111111B
P2,A

DELAY 1

OFF

;/***************************************/;

;/* DELAY TIME 1

;/***************************************/;

DELAY 1: MOV R2, #2
STEP_DL1: MOV R3, #OFFH
STEP_DL2: MOV R4, #0FFH
DJNZ R4,$
DJNZ R3,STEP_DL2

DJINZ
RET

’-/***************************************/;

;/* DELAY TIME 2

,-/***************************************/;

R2, STEP_DL1

DELAY 2: MOV R2, #1
STEP_DL3: MOV R3, #O0FFH
STEP DL4: MOV R4, #070H
DJNZ R4, $
DJNZ  R3,STEP_DL4
DJINZ R2, STEP_DL3
RET
END

1 a1 Tsunsuarugumsyhaulagly Mcs-s1
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Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

Dim
Dim
Dim
Dim
Dim

Dim
Dim
Dim

Dim
Dim

Dim
Dim
Dim
Dim

A3 As Integer
A4 As Integer
A5 As Integer
A6 As Integer
A3 As Integer
A4  As Integer
A5 As Integer
A6_ As Integer

bonsay (10, 8) As Integer
bonkwa (10, 8) As Integer

langl (20, 8) As Integer
lang2 (20, 8) As Integer
lang3 (20, 8) As Integer

vicha As String
no As String
choice (60) As Integer

vichaerror As Integer
noerror As Integer

nvicha (11) As String
ans (11, 60) As Integer
n As Integer

score As Integer

person

Dim

Dim
Dim
Dim
Dim

alldata As String

timel As Integer
time2 As Integer
time3 As Integer
time4 As Integer

'present vicha
'present No

Al limof Ficha
'All of Ans

'No of vicha
'score of present

Private Sub decode (data As Integer)

Select Case data

Case 127

A3 =

Ad =

A5 =

A6 =

Case 119

A3 =

A4 =

A5 =

A6 =
Case 95

A3 =

Ad

A5

A6 =

ek N

Il
[ B

'hex is 7F

‘hex is 77

'hex is 5F
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Case 87
A3 =
A4
A5
A6 =
Case 79
A3
A4
AS
A6
Case 71
A3 =
A4
A5 =
A6 =
Case 191
A3 =
Ad =
A5 =
A6 =
Case 183
A3 =
A4 =
A5 =
A6 =
Case 175
A3 =
Ad =
A5 =
A6 =
Case 167
A3 =
Ad =
A5 =
A6 =
Case 159
A3 =
Ad =
A5 =
A6 =
Case 151
A3 =
A4 =
A5 =
A6 =
Case 143
A3 =
Ad =
A5
A6

it ([l
P OoRr o

FRO O O

It
coor

= oo

or

(il 0 O @ & L s ] O > =46

o O+ O

'hex

'hex

'hex

'hex

'hex

'hex

'hex

'hex

'hex

'hex

is

is

is

is

is

is

is

is

57

4F

47

BF

B7

AF

A7

oF

97

8F




89

Case 135 'hex is 87
A3 =0
A4 =0
A5 =0
A6 = 0
End Select
End Sub

Private Sub compare ()
Dim strBuffer As String
strBuffer = vicha

Select Case strBuffer
Case nvicha(0)
n=20
Case nvicha(l)
n=1
Case nvicha(2)
n=2
Case nvicha(3)
ng=_13
Case nvicha (4)
n =4
Case nvicha(5)
=5
Case nvicha(6)
nd=, 6
Case nvicha (7)
n =717
Case nvicha(8)
n =28
Case nvicha(9)
n=9
Case "saivinanain"
n = 10

Case Else
n.=-11
End Select

End Sub

Private Function convert (i As String) As Integer
Select Case i

Case "O"
convert = 0

Case "1"
convert = 1

MNaca M"OU
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convert = 2
Case "3"
convert = 3
Case "4"
convert = 4
Case "5"
convert = 5
Case "6"
convert = 6
Case "7"
convert = 7
Case "8"
convert = 8
Case "9"

convert = 9
Case Else
convert = 10
End Select
End Function

Private Sub first ()

col =7
row = 0

Dim t As Integer

While (row < 10) 'row is bantud of ID and
vicha

t = Inp(&H379)
decode (t)

If (A6_ <> A6) Then
If A6 = 0 Then
If+A5 = 1" Then

bonsay(row, «col) =1
End Tf
If A3 = 1 Then

bonkwa (row, col) =1

End If

col = col =1

If (col = -1) Then
colii=
row = row + 1
End If
End If
Endz=If
A= A3
A4 = A4
A5 = AS
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A6 = A6

Wend

'reset row and col for second (input value of choice)
row = 0
col i,

I

End Sub

Private Sub Cfirst()
Dim checkl As Integer
Dim check2 As Integer

checkl = 0 'check for repeat value of vicha
check2 = 0 'check for repeat value of No
vicha = ""

no = ""

For xcol = 0 To 7
For xrow = 0 To 9
I1f bonsay(xrow, xcol) = 1 Then
If checkl = 0 Then
vicha = vicha & xrow

checkl = 1
Else
vichaerror = 1
End If
End If
If bonkwa(xrow, xcol) = 1 Then

If check2 = 0 Then
no = no & Xrow

check2 =1
Else
noerror = 1
End If
End TF
Next
checkl = 0
check2 = 0

Next

If vichaerror = 1 Then

vicha = "sigdndAanaa" 'vichaerror
End If

If noerror = 1 Then
no = "smlszidmanan’
End If
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vichaerror = 0
noerror = 0

Command8 Click
End Sub

Private Sub second()

col =1
row = 0

Dim t As Integer
While (row < 15) 'row is bantud of choice

t = Inp(&H379)
decode (t)

If (A6_ <> A6) Then
If A6 = 0 Then
If A5 = 1 Then

langl (row, col) =1
End If
If A4 = 1 Then
lang2(row, col) =1
End If
If A3 = 1 Then
lang3(row, col) =1

End If

col, Silcodss=" 1

If (col = -1) Then
cel = 7
row = row + 1
Endv L f
End If
End If
A3 = A3
A4 = A4
A5 =.A5
A6 = A6

Wend

Open "all.txt"™ For Output As #1
For#i = 0.To 19
For j =0 To 7
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Print #1, langl (i,
Next
Print #1,
Next
Close #1

JO st ns v lang2 (1,141

vbCrLf

End Sub

Private Sub yakchoice()
checkcoll
checkcol?2
checkcol3
checkcol4

As
As
As
As

Dim
Dim
Dim
Dim

Integer
Integer
Integer
Integer
Dim bantud As Integer
bantud = 0

checkcoll =
checkcol?2
checkcol3
checkcol4

(]
S0 o o

0 JTowi
O g/

For xrow =
For xcol =

1 Then

I

If langl (xrow, xcol)
(left column)
If xcol < 5 Then
If checkcoll = 0 Then
choice (bantud) =
checkcoll =1
Else
choice (bantud) = 6
End If
End If
Laxcoly 5.5 Then
If checkcol2 = 0 Then
choice (bantud + 15)
checkcol2 = 1
Else
choice (bantud + 15)
End If
End If
End Tf

A5

If lang2(xrow, xcol) = 1 Then
(middle column)
If xcol < 4 Then
If checkcol2 = 0 Then
choice (bantud + 15)

checkcol2 =1

A4

& " " & lang3(i,

xcol

i

Ylanglf for

xXcol. =5

'lang2 for

xcol + 2




94

Else
choice (bantud + 15)
End If
End If
If xcol > 4 Then
If checkcol3 = 0 Then
choice (bantud + 30)
checkcol3 = 1

Else
choice (bantud + 30)
End If
End If
Endi If
If lang3(xrow, xcol) = 1 Then
If xcol < 2 Then
If checkcol3 = 0 Then

choice (bantud + 30)
checkcol3 = 1
Else
choice (bantud + 30)
End If
End If

I Xeol™=>%2J Then
If checkcold = 0 Then
choice (bantud + 45)
checkcold = 1

Else
choice (bantud + 45)
End If
End If
End If
Next 'end of xcol 0 to 7

bantud = bantud + 1

checkcoll
checkcol?2
checkcol3
checkcold =

I

I
O e o

Next 'end of xrow 0 to 19
Command9_Click

End Sub

Private Sub Csecond()

score = 0

1

xcoh % 4

xXcoldf - 42
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compare

For 1 = 0 To 59

If ans(n, i) = choice (i) Then
score = score + 1
End If
Next

|*Show*******************************************

Textl . Text = Textl.Text § nvicha(n) & " & ho.& T "o&
score & vbCrLf

Dim m As String

For i =#04#To 59
m =m & choice(i) & " "
Next
alldata = alldata & nvicha(n) & " " & no & " " & score & "

" & m & vbCrLf

'save choice for Check**********************************

Open "choice.txt" For Output As #1
For ) ={0" Eo%59

Print Rlseetie=t 1 17§ " & choice (i)
Next

'Print #1, alldata change to save
Close #1

'end of save to disk************************************

End Sub

Private Sub initial()
row = 0
coli =17

For xcol =i0-To i
For xrow = 0 To 9
bonsay (xrow, xcol)
bonkwa (xrow, xcol) = 0
Next
Next

|
o

For xcol = 0 To 7
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For xrow = 0 To 19

langl (xrow, xcol) 0
lang2 (xrow, xcol) = 0
lang3 (xrow, xcol) =0
Next
Next

For i = 0 To 59
choice (i) = 0

Next

no = wn

vicha:= """

alldata = ""

vichaerror = 0

noerror = 0

LoadAns

Forii ==0"To~9

Labell (i) = nvicha (i)
Next
timel = 0
time2 = 0
time3 = 0
timed = 0

End Sub

Private Sub LoadAns ()
Dim strBuffer As String
Dim temp As Integer

Open "temp.txt" For Input As #1
For i =)08To%9

Line Input #1, strBuffer

'Input #1, strBuffer

nvicha (i) = strBuffer

Eor:j =0 To 59

Input #1, strBuffer
temp = convert (strBuffer)
ans(i, j) = temp

Next

Next

Close #1
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Eoxr i -=.0 To, 59
ans (11, 4) =9
ans (10, i)
Next

|
\e]

nvicha (10)
nvicha (11)

"sadviRanain "

hifineinlumas”

'ShowVicha that can be check

Ak kkkhkkhhkhkkkhkkhkkkdhkkhkdkhkkhkhkkkkkkkkhhkkk

For i = 0 To 9
Labell2.Caption = Labell2.Caption & nvicha(i) & vbCrLf
Next

End Sub

Private Sub close Click()
End
End Sub

Private Sub Command8 Click() 'save rahut to disk
Open "rahut.txt" For Output As #1
Hor i= OF Témd)
FOX lny ==0=-Tokx]

Print #1, bonsay(i, j) & " " & bonkwa(i, j)
Next
Print #1, vbCrLf
Next
Print #1, vicha
Close #1
End Sub
Private Sub Command9 Click() 'save choice

Open "choice.txt" For Output As #1
For i =%08%To¥58
Print #1, choice (i)
Next
Close #1

'initial
End Sub

Private Sub Commandl_Click()
Timerl.Enabled = True
End Sub

Private Sub edit0 Click()
n=20
'nedit
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Timer3.Enabled = True
End Sub

Private Sub editl Click()
n-=-1
Timer3.Enabled = True
End Sub ’

Private Sub edit2 Click()
n=2
Timer3.Enabled = True
End Sub

Private Sub edit3 Click()
ni=13
Timer3.Enabled = True
End Sub

Private Sub edit4 Click()
n=4
Timer3.Enabled = True
End Sub

Private Sub edit5 Click()
n=2>5
Timer3.Enabled = True
End Sub

Private Sub edit6 Click()
n==~6
Timer3.Enabled = True
End Sub

Private Sub edit7 Click()
n=717
Timer3.Enabled = True
End Sub

Private Sub edit8 Click()
n =8
Timer3.Enabled = True
End Sub

Private Sub edit9 Click()
n=329
Timer3.Enabled = True

End Sub

Private Sub Form Load()
initial

End Sub
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Private Sub help3 Click()
Forml.Hide
Form2.Show

End Sub

Private Sub open2 Click()
Dim strBuffer As String
Dim temp As Integer

CommonDialogl.DialogTitle = "Open file"
CommonDialogl.Filter = "Text file(*.txt)|*.txt|All File

(*'*) ’*.*"

CommonDialogl.ShowOpen

If CommonDialogl.FileName <> "" Then
Open CommonDialogl.FileName For Input As #1

For i = 0 To 9

Line Input #1, strBuffer
Labell (i) .Caption = strBuffer
nvicha (i) = strBuffer
BOT gojt=110 \T6 59
Line Input #1, strBuffer
temp = convert (strBuffer)
ans(i, j) = temp
Next

Next
Close #1

saveans
End If

End Sub

Private Sub savel Click()
CommonDialogl.DialogTitle = "Save file"
CommonDialogl.Filter = "Text File(*.txt) |*.txt"

CommonDialogl.ShowSave

If CommonDialogl.FileName <> "" Then
Open CommonDialogl.FileName For Output As #1

Print #1, alldata

Close #1
End If
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End Sub

Private Sub save2 Click()
CommonDialogl.DialogTitle = "Save file"
CommonDialogl.Filter = "Text File(*.txt)|*.txt"
CommonDialogl. ShowSave

If CommonDialogl.FileName <> "" Then
Open CommonDialogl.FileName For Output As #1

Eor i:i=50-Tox9
Print #1, Labell(i).Caption
For j =g0* To=59
pPrimt #1, str(ans(i, Jj))
Next
Next

Close #1
End If

End Sub

Private Sub SSTabl Click(PreviousTab As Integer)

If PreviousTab = 1 Then
Labell2.Caption = ""
Por 1<& Pl 9
Labell2.Caption = Labell2.Caption & nvicha(i)
vbCrLf
Next
End If

End Sub

Private Sub startl Click()
Timerl.Enabled = True
End Sub

Private Sub stopl Click()
Timerl.Enabled = False
Timer2.Enabled = False

Imagel.Visible = True
Image2.Visible = False
Image3.Visible = False

0
0

timel
time2
End Sub
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Private Sub Timerl Timer ()
timel = timel + 1

If timel = 1 Then
Imagel.Visible = False
Image2.Visible True

End If

If timel = 3 Then
Timerl.Enabled
timel = 0
twod

End If

False

End Sub

Private Sub Timer2 Timer ()
time2 = time2 + 1
savechoice

If time2 = 1 Then
Image2.Visible = False
Image3.Visible = True

End If

If time2 = 5 Then
Image3.Visible = False
Imagel.Visible = True

End If

If time2 = 15 Then ' wait for next paper
Timer2.Enabled = False
startl Click
time2 = 0

End If

End Sub
Private Sub nedit ()

For i =20-To-59
ans(n, i) =0
Next

mmn

nvicha(n) =

first
Cfirst
second
yakchoice

Labell (n) .Caption = vicha
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nvicha(n) = vicha
For i = 0 To 59
ans(n, i) = choice (i)
Next

Timer3.Enabled = True
End Sub )

Private Sub helpList Click()
Dim strBuffer As String
helpshow.Text = ""

Select Case helpList.ListIndex

Case 0

Open "help0.txt" For Input As #1
Case 1

Open "helpl.txt" For Input As #1
Case 2

Open "help2.txt" For Input As #1
Case 3

Open "help3.txt" For Input As #1
Case 4

Open "helpd.txt" For Input As #1
Case 5

Open "help5.txt" For Input As #1
Case 6

Open "help6.txt" For Input As #1
Case 7

Open "help7.txt" For Input As #1
Case Else
Open "help99.txt" For Input As #1
End Select

Do While Not EOF(1)
Line Input #1, strBuffer
helpshow.Text = helpshow.Text & strBuffer & vbCrLf
Loop
Close #1
End Sub

Private Sub twod()

first
Cfirst
second
yakchoice
Csecond
startclear

Timer2.Enabled = True
End Sub
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Private Sub startclear()

For i = 0 To 8
For j = 0 To 10

bonsay(j, 1) 0
bonkwa(j, i) =0
Next

Next

For i = 0 To 8
For =0 -To 20
langl(j, i) =0

lang2(j, i) =0
lang3(j, i) _z=0
Next

Next

End Sub

Private Sub Timer3 Timer ()
time3 = time3 + 1

If time3 = 1 Then
Labell (n) .Caption = "Mdunay"
Image4.Visible = False
Image5.Visible = True

End If

If time3 = 2 Then
Timer3.Enabled = False
nedit

End If

If time3 = 3 Then
Image5.Visible = False
Image6.Visible = True

Enda L

If time3 = 5 Then
Timer3.Enabled = False
time3 = 0
saveans
Image6.Visible = False
Imaged .Visible = True
End If
End Sub
Private Sub saveans ()
Open "temp.txt" For Output As #1
For i = 0 To 9
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Print #1, Labell(i).Caption
Eoriu=:07To%59
Print #1, strans(i, 7))
Next
Next
Close #1
End Sub

Private Sub savechoice ()
Open "tempchoice.txt" For Output As #1
Print #1, alldata
Close #1

End Sub

Private Function str(i As Integer) As String
Select Case i

Case 0
str = "jO"
Case 1
str = P
Case 2
s =alipul
Case 3
sip e =2 (M 3T
Case 4
Stars=s4.I
Case 5
ste®="15Y
Case 6
str = "6"
Case 7
str = ugn
Case 8
st &8"
Case 9
strys "o
Case Else
str = w0
End Select

End Function

Private Sub Form Activate()
Timerl.Enabled = True
End Sub

Private Sub Form Load()
Dim strBuffer As String

Name3.Caption =
Open "We.txt" For Input As #
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Do While Not EOF (1)

Line Input #1, strBuffer

Name3.Caption = Name3.Caption & strBuffer & vbCrLf
Loop
Close #1

Name3.Top = 5700
End Sub

Private Sub Labell Click()
Form2.Hide
Forml.Show
Timerl.Enabled = False
Name3.Top = 5700

End Sub

Private Sub Timerl Timer()
Name3.Top = Name3.Top - 18

If Name3.Top < -24000 Then
Name3.Top = 5700
End If
End Sub

Dim time As Integer

Private Sub Timerl Timer()
Select Case time

Case 1
Labell.Visible = True
Case 2
Label2.Visible = True
Case 3
Label3.Visible = True
Case 5
Form3.Hide
Forml.Show
End Select

time = time + 1
End Sub

'Declare Inp and Out for port I/O

Public Declare Function Inp Lib "inpout32.dll" _

Alias "Inp32" (ByVal PortAddress As Integer) As Integer
Public Declare Sub Out Lib "inpout32.d1l1"

Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As
Integer)

51071 7.2 Tsunsumsiszuaana uazuaannlasldiaa wdn
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Sensors

Reflective photosensor (photoreflector)
RPR-359F

The RPR-359F is a reflective photosensor. The emitter is a GaAs infrared light emitting diode and the detector is a high-
sensitivity, silicon planar phototransistor. A plastic lens is.used for high sensitivity. In addition, since itis molded in plastic
with a visible light filter, there is almost no effect from stray light.

@®Applications @External dimensions (Units: mm)
Copiers
Compact disc players & :{aww«m
8704 shatibe +02.
05| 360536 |os 2 g‘;mz'm"“* are
v :
@Features _ S g;m“
1) A plastic lens is used for high sensitivity. e '—D"ﬁ g
2) Abuilt-in visible light filter minimizes the influence of T 2
stray light. 3 :
3) Low collector-emitter saturation voltage. “ap
4) Sturdy leads allow easy mounting. $ Ll
5) Lightweight and compact. o 5 b AL l; 3
H J 5
= i < e 2
<
] |
~ 4—0os%0.1
@Absolute maximum ratings (Ta = 25°C)
Parameter Symbol Limits Unit
’8 "Forward current Ir 50 mA
{_i ! Reverse voltage ' 5 . Y
E‘ Power dissipation - Po 80 mwW
— | Collector-emitter voltage Vceo 30 \
= % Emitter-collector voltage Veco 4.5 \
Qs v
5 2 & ! Collector current le 30 mA
Oss!
i Collector power dissipation Pc 100 mW
Operating temperature Topr —25~+85 '
Storage temperature : Tstg —40~+100 C

258 nOoHM
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Sensors RPR-359F

@Clectrical and optical characteristics (Ta = 25°C)

Parameter Symbol | Min. | Typ. | Max. | Unit Conditions

_ $ 8| Forward vottage : Ve — | 13 | 16| v | r=50mA
=)
2275 | Reverse current I — | — | 10 | pA | Va=5V
5§38 | Dark curent leo | — | — | 05 | gA | Vee=10V
=52
5 % ‘s | Peak sensitivity wavelength Ap — 800 e nm —
: Collector current lco | 200 | 500 | 1800 | wA | Vec=5V, l;=20mA, Ru=100Q, d=3.5mm
848 2 ; :
552 e sawration | yeeey | — | 01 | 03 | V| le=20mA, k=100 zA
62

Response time wvett | — | 10 | — | us | Vee=10V, IF=20mA, Re=100Q

* Standard paper (90%reflection)

@Clectrical and optical characteristic curves

100 1 20 S
Pc Ta=25C == S==——-= 8
3z = =
€ = 3 = [
O721:480 = " 2 16 S
4 Po \ ~ 10 === %= k 2
P & =3 = S £
8 4 . ra 4 8.
Ssoe S, S : b 12 =
33 ] < I e ey e
09 o | = = —+—{1omA_| 2
= 10 e, — <
is X s . g ! B
= 4 ) = =08 : ko)
3%} o ] [N (=] i <]
[=}=} \ o T EE( - =
< i ] a
cc B 3 S £ ! =
‘é‘ l%" 20 o ; = g 0.4 2
50 o] : Q 3
aa L T 1)
T k]
0 0.1 0 4
0 20 40 60 80 100 08 10 12 14 16 18 20 0 20 40 60 80 100
AMBIENT TEMPERATURE : Ta (TC) FORWARD VOLTAGE : V= (V) AMBIENT TEMPERATURE :Ta (T)
Fig.1 Power dissipation / collector power Fig.2 Forward current vs. forward Fig.3 Forward voltage vs. ambient
dissipation vs. ambient temperature voltage temperature
=
=
=
(=)
g S
10 v 24 5
:: Ae\:-SV Standard paper = == 2
i dard paper — 22 (90% refloction) 7 ]
< —11] (90% reflection) ‘é d=3.5mm = HE ] v/ =
E d-3.5mm =20 T < il / e
8 T 2 Vee-30V [<]
9 l @ 1 HHH- < =20 =
Gy A ) -40mA T ° 7 a
S = E CET 8 L)
S == 11 2 EENBENY;S
fri - u = T = 1 Y
4 - [=
o P4 < 12 =i 30mA_1 | z 0.1
= a3 w 4=
o O 10 = 1T @
U e S= 1] < =1 7
S 01 O 08fF 20mA] 3 =
] L] === T 15mA] %001 4 g é
1 111
g 7 ‘b‘ 0.4 10m1A n g 7/
o O 0.2 m y/s A
0.01 0 1 0.001 1/
01 1 10 100 (] B 10 15 20 25 SNk Q-2 0 N &0 8 & 101219
FORWARD CURRENT : I (mA) COLLECTOR—EMITTER VOLTAGE : Ve (V) AMBIENT TEMPERATURE : Ta (TC)
Fig.4 Collector current vs. Fig.5 Qutput characteristics Fig.6 Dark current vs. ambient
forward current 5 temperature

naHm =
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Sensors 120 RPR-359F

-
>

s o 100 -
X150 S :
o 140 it o 140 !
< 130 - < & f
| 120 120 E i
2 110 - i
100 100 :
o 60
§ 20 \‘\ Vee=5V = |1 \\ E i
o &7 -20mA S & s -
£ 70 o 3 ™
8 60 / 60 o 4
g% hiE : 2 ™
o 461 a 8 40 < N ¢
w 30’ g : E 20
g 20 g 2 o] ;
< 10 3 : !
o o 1 {
c 01 4567 8910111213141516 © —60—40—20 0 20 40 .60 80 100 52 20 60 80 100
DISTANCE :d (mm) AMBIENT TEMPERATURE : Ta (T) AMBIENT TEMPERATURE : Ta ('C»
Fig.7 Relative output vs. distance Fig.8 Itf(elative :)utput vs. ambient Fig.9 Forward current vs.
emperature

ambient temperature

@Circuit for testing transfer characteristics

Reflector

260 oEHITI
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Features

- MOSFET Input Stage

Very High Input Impedance (Zy) -1.5TQ (Typ)

Very Low Input Current (Ij) -10pA (Typ) at +1 5V

Wide Common Mode Input Voltage Range (Vicg) - Can
be Swung 0.5V Below Negative Supply Voltage Rail
Output Swing Complements Input Common Mode
Range

- Directly Replaces Industry Type 741 in Most
Applications .
Applications

Ground-Referenced Single Supply Amplifiers in Auto-
mobile and Portable Instrumentation

.

Sample and Hold Amplifiers

Long Duration Timers/Multivibrators
(useconds-Minutes-Hours)

Photocurrent Instrumentation

Peak Detectors

Active Filters

Description

The CA3140A and CA3140 are integrated dircuit operational ampli-
fiers that combine the advantages of high vottage PMOS transis-
tors with high voltage bipolar transistors on a single monoiithic chip.
The CA3140A and CA3140 BiMOS operational amplifiers feature
gate protected MOSFET (PMOS) transistors in the input circuit to
provide very high input impedance, very low input current, and
high speed performance. The CA3140A and CA3140 operate at
supply voltage from 4V to 36V (either single or dual supply).
These operational amplifiers are internally phase compensated to
achieve stable operation in unity gain follower operation, and
additionally, have access terminal for a supplementary external
capacitor if additional frequency roll-off is desired. Terminals are
also provided for use in applications requiring input offset voltage
nulling. The use of PMOS field effect transistors in the input stage
results in common mode input voltage capability down to 0.5V
below the negative supply terminal, an important attribute for sin-
gle supply applications. The output stage uses bipolar transistors
and includes built-in protection against damage from load termi-
nal short circuiting to either supply rail or to ground.

The CA3140 Series has the same 8-ead pinout used for the “741"

and other industry standard op amps. The CA3140A and CA3140
are intended for operation at supply voltages up to 36V ¢18V).

Sy o Ordering Information
« Interface in 5V TTL Systems and Other Low PART NUMBER TEMP. PKG.
Supply Voltage Systems (BRAND) RANGE (°C) PACKAGE NO.
« All Standard Operational Amplifier Applications CA3140AE -55t0 125 |8Ld PDIP £8.3
. Function delorats CA3140AM 5510125 |8LdSOIC M8.15
e Y (3140A)
Ealani 4 CA3140AS 5510125 |8 PinMetalCan | T8.C
: Power SUDP R CA3140AT 5510125 |8PinMetalCan |T8.C
+ Portable Instruments CA140E 5510125 | 8Ld PDIP E8.3
+ Intrusion Alarm Systems CA3140M 5510125 |8LdSOIC M8.15
(3140)
CA3140M36 -55t0 125 |8 Ld SOIC Tape
(3140) and Reel
CA3140T -55t0 125 | 8 Pin Metal Can T8.C
Pinouts
CA3140 (METAL CAN) CA3140 (PDIP, SOIC)
TOP VIEW TOP VIEW
TAB - ———
STROBE OFFSET E] ot 9
OFFSET (7 Ve ULt
HULL v inpuT 2] \ [7] v+
INV. oUTPUT +
INPUT Nom;ﬁvf 3 3 OUTPUT
NON-INV. OFFSET v-[a OFFSET
INPUT © NULL Kl NULL

V- AND CASE
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Absolute Maximum Ratings

DC Supply Voltage (Between V+ and V- Terminals).........: 36V
Differential Mode Input Voltage. . . ........ ..o 8V
DC INpUt VOlage ..........ooomeeeeeen- (V+ +8V) To (V- -0.5V)
Input Terminal Cument .. .......ooooiiiniie e 1mA
Output Short Circuit Duration (Note2). .:............. Indefinite

Operating Conditions

Temperature Range -55°C to 125°C

CAUTION: Stresses above those listed in "Absolute Maximum Ratings™ may cause

Thermal Information

Thermal Resistance (Typical, Note 1) 0a (°CIW)  04¢ (°CIW)
POIPPackage . .......oooemveeee: 100 N/A
SOIC PACKAGE . . -« v vvveeeeeannns 160 NIA
Metal CanPackage . ............-- 170 85

Maximum Junction Temperature (Metal Can Package) ... ... 175°C

Maximum Junction Temperature (Plastic Package) . ....... 150°C

Maximum Storage Temperature Range ......... -65°C to 150°C

Maximum Lead Temperature (Soldering 10s). . ........... 300°C

(SOIC - Lead Tips Only)
permanent damage to the device. This ks a stress only rating and operation

of the device at these or any other conditions above those indicated in the operational sections of this spedification Is not implied.

NOTES: ;

1. 844 is measured with the component mounted on an evaluation PC board in free air.

2. Short circuit may be applied to ground or to either supply.

Electrical Specifications  Vgypppy = £15V, Ta = 25°C

TYPICAL VALUES
PARAMETER SYMBOL TEST CONDITIONS CA3140 | CA3140A| UNITS
Input Offset Voltage Adjustment Resistor Typical Value of Resistor 4 18 kQ
Between Terminals 4 and 5 or
4 and 1 to Adjust Max Vjo
Input Resistance R, b 1.5 TQ
Input Capacitance C 4 4 pF
Output Resistance Ro 60 60 Q
Equivalent Wideband Input Noise Voltage, (See Figure 27) ey BW = 140kHz, Rg = 1TMQ 48 48 uv
Equivalent Input Noise Voltage (See Figure 35) en Rg = 100Q f=1kHz 40 40 nVAHz
f=10kHz 12 12 nVAHZ
Short Circuit Current to Opposite Supply lom* Source 40 40 mA
lom- Sink 18 18 mA
Gain-Bandwidth Product, (See Figures 6, 30) fr 45 45 MHz
Slew Rate, (See Figure 31) SR 9 9 Vips
Sink Current From Terminal 8 To Terminal 4 to Swing Output Low 220 220 HA
Transient Response (See Figure 28) te Ry = 2kQ Rise Time 0.08 0.08 ys
os |Ct=19%F  Tovershoot | 10 10 %
Settiing Time at 10Vp.p, (See Figure 5) ts Ry =2kQ To 1mV 45 45 Hs
VC\‘%lt:;eoggﬁFomr To 10mV 14 14 us
Electrical Specifications  For Equipment Design, at VsuppLy = +15V, Ta = 25°C, Unless Otherwise Spedified
CA3140 CA3140A
PARAMETER SYMBOL| MIN TYP MAX MIN TYP MAX | UNITS
Input Offset Voltage Viol - 5 15 - 2 s mV
Input Offset Cument ol - 0.5 30 - 0.5 20 pA
Input Current I - 10 50 - 10 40 pA -
Large Signal Voltage Gain (Note 3) AoL 20 100 - 20 100 - kVvV
(See Figures 6, 29) 86 100 3 86 100 - B
Common Mode Rejection Ratio CMRR c 32 320 - 32 320 pvnv
(See Figure 34) 70 90 - 70 90 - dB
Common Mode Input Vottage Range (See Figure 8)]  Vicr 15 |[-155t0+125) 11 15 |-155t0+125 12 Y




Electrical Specifications  For Equipment Design, at VsyppLy =
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=15V, Ta = 25°C, Unless Otherwisc Specified (Continued)

CA3140 CA3140A
PARAMETER SYMBOL{ MIN TYP MAX MIN TYP MAX | UNITS
Power-Supply Rejection Ratio, PSRR - 100 150 : 100 150 | pviv
AV|Q/AVs (See Figure 36) == 5 3 =e =5 e 7
Max Output Voltage (Note 4) Voum* +12 13 - +12 13 i v
(SeaFigues . 0) Vom- | 14 144 2 -14 14.4 3 v
Supply Current (See Figure 32) I+ - 4 6 - 4 6 mA
Device Dissipation Pp - 120 180 - 120 180 mwW
Input Offset Voltage Temperature Drift AV (/AT - 8 - - 6 - uvre
NOTES:
3. AtVg = 26Vp.p, +12V, -14V and R( = 2kQ.
4. AtR( = 2kQ.
Electrical Specifications For Design Guidance At V+ =5V, V- =0V, Ta=25°C
TYPICAL VALUES
PARAMETER SYMBOL CA3140 CA3140A UNITS
Input Offset Voltage Mol 5 2 mV
Input Offset Current 1ol 0.1 0.1 pPA
Input Current : Iy 2 2 PA
Input Resistance Ry 1 1 Q
Large Signal Voltage Gain (See Figures 6, 29) AoL 100 100 kviv
100 100 dB
Common Mode Rejection Ratio CMRR 32 32 %
S0 90 dB
‘Common Mode Input Voltage Range (See Figure 8) Vicr 0.5 -0.5 v
26 26 \
Power Supply Rejection Ratio PSRR 100 100 pvv
AUDEYS 80 &0 dB
Maximum Output Voltage (See Figures 2, 8) Vom+ 3 3
: Voum- 0.13 0.13
Maximum Output Curmrent: Source lom+ 10 10 mA
Sink ow- 1 1 mA
Slew Rate (See Figure 31) SR 7 7 Vigs
Gain-Bandwidth Product (See Figure 30) fr 37 3.7 MHz
: Supply Current (See Figure 32) I+ 16 16 mA
Device Dissipation Po 8 8 mw
Sink Current from Terminal 8 to Terminal 4 to Swing Output Low 200 200 pA
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Block Diagram

BIAS CIRCUIT
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Schematic Diagram
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Application Information

Circuit Description

As shown in the block diagram, the input terminals may be
operated down to 0.5V below the negative supply rail. Two
class A amplifier stages provide the voltage gain, and a

unique class AB amplifier stage provides the current gain
necessary to drive low-impedance loads.

A biasing circuit provides control of cascoded -constant current
flow circuits in the first and second stages. The CA3140
includes an on chip phase compensating capacitor that is
sufficient for the unity gain voltage follower configuration.

‘nput Stage

The schematic diagram consists of a differential input stage
using PMOS field-effect transistors (Qg, Qp) working into a
mirror pair of bipolar transistors (Q14, Q12) functioning as load
resistors together with resistors Ry through Rs. The mirror pair
transistors also function as a differential-to-single-ended
converter to provide base current drive to the second stage
bipolar transistor (Q13). Offset nulling, when desired, can be
effected with a 10kQ potentiometer connected across
Terminals 1 and 5 and with its slider arm connected to Terminal
4. Cascode-connected bipolar transistors Qp, Qg are the
constant current source for the input stage. The base biasing
circuit for the constant cument source is described
subsequently. The small diodes D3, Dy4, Ds provide gate oxide
protection against high woltage transients, e.g., static electricity.

Second Stage

Most of the voltage gain in the CA3140 is provided by the
second amplifier stage, consisting of bipolar transistor Q43
and its cascode connected load resistance provided by
bipolar transistors Q3, Q4. On-chip phase compensation,
sufficient for a majority of the applications is provided by C.
Additional Miller-Effect compensation (roll off) can be
accomplished, when desired, by simply connecting a small
capacitor between Terminals 1 and 8. Terminal 8 is also
used fo strobe the output stage into quiescence. When
terminal 8 is tied to the negative supply rail (Terminal 4) by
mechanical or electrical means, the output Terminal 6
swings fow, i.e., approximately to Terminal 4 potential.

Output Stage

The CA3140 Series circuits employ a broad band output stage
that can sink loads to the negative supply to complement the
capability of the PMOS input stage when operating near the
negative rail. Quiescent current in the emitter-follower cascade
circuit (Qq7, Qig) is established by transistors (Q14, Q1s)
whose base currents are “mirrored” to current flowing through
diode Dy in the bias circuit section. When the CA3140 is
operating such that output Terminal 6 is sourcing curment,
transistor Q1g functions as an emitter-follower to source current
from the V+ bus (Terminal 7), via D7, Rg, and Ry4. Under these
conditions, the coltector potential of Qq3 is sufficiently high to
permit the necessary flow of base current to emitter follower
Q47 which, in tum, drives Q1g.

When the CA3140 is operating such that output Terminal 6 is
sinking current to the V- bus, transistor Qg is the current
sinking element. Transistor Qqg is mirmor connected to Dg, Rz,

with current fed by way of Qp1, Rq2, and Qpq. Transistor Qyq. in
turn, is biased by current flow through Rq3, zener Dg, and Ryqg.
The dynamic current sink is controlled by voltage level sensing.
For purposes of explanation, it is assumed that outpu: Terminal
6 is quiescently established at the potential midpoint between
the V+ and V- supply rails. When output current sinking mode
operation is required, the collector potential of transistor Qq3is
driven below its quiescent level, thereby causing Qq7, Qg to
decrease the output voltage at Terminal 6. Thus, the gate
terminal of PMOS transistor Q1 is displaced toward the V- bus,
thereby reducing the channel resistance of Q. As a
consequence, there is an incremental increase in cumrent flow
through Qz9, R12, Q21. De. Rz, and the base of Q6. As a
resutt, Qqg sinks current from Termina! 6 in direct response to
the incremental change in output voltage caused by Qqg. This
sink current flows regardless of load; any excess curent is
internally supplied by the emitter-follower Qqg. Short circuit
protection of the output circuit is provided by Qqg, which is
driven into conduction by the high voltage drop developed
across Rq4 under output short circuit conditions. Under these
conditions, the collector of Q1g diverts current from Qq so as to
reduce the base current drive from Qq7, thereby limiting current
flow in Q4g to the short dircuited load terminal.

Bias Circuit

Quiescent current in all stages (except the dynamic current
sink) of the CA3140 is dependent upon bias current flow in Ry.
The function of the bias drcuit is to establish and maintain
constant current flow through D1, Qg, Qg and Dy. D4 is a diode
connected transistor mirror connected in parallel with the base
emitter junctions of Q1, Qp, and Q3. D1 may be considered asa
current sampling diode that senses the emitter current of Qg
and automatically adjusts the base current of Qg (via Qq) to
maintain a constant current through Qg, Qg, Do. The base
currents in Qp, Qg are also determined by constant current flow
D4. Furthermore, curent in diode connected transistor Q
establishes the currents in transistors Q14 and Qqs.

Typical Applications

Wide dynamic range of input and output characteristics with
the most desirable high input impedance characteristics is
achieved in the CA3140 by the use of an unique design based
upon the PMOS Bipolar process. Input common mode voltage
range and output swing capabilites are complementary,
allowing operation with the single supply down to 4V.

The wide dynamic range of these parameters also means
that this device is suitable for many single supply applica-
tions, such as, for example, where one input is driven below
the potential of Terminal 4 and the phase sense of the output
signal must be maintained - a most important consideration
in comparator applications.

Output Circuit Considerations

Excellent interfacing with TTL circuitry is easily achieved with a
single 6.2V zener diode connected to Terminal 8 as shown in
Figure 1. This connection assures that the maximum output sig-
nal swing will not go more positive than the zener voltage minus
two base-to-emitter voltage drops within the CA3140. These
voltages are independent of the operating supply voftage.
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FIGURE 2. VOLTAGE ACROSS OUTPUT TRANSISTORS (Q1s
AND Qq¢) vs LOAD CURRENT

Figure 2 shows output current sinking capabilities of the
CA3140 at various supply voltages. Output voltage swing to
the negative supply rail permits this device to operate both
power transistors and thyristors directly without the need for
level shifting circuitry usually associated with the 741 series
of operational amplifiers.

FIGURE 3A. BASIC

FIGURE 3B8. IMPROVED RESOLUTION

Figure 4 shows some typical configurations. Note that a
series resistor, R, is used in both cases to limit the drive
available to the driven device. Moreover, it is recommended
that & ceries diode and shunt diode be used at the thyristor
input to prevent large negative transient surges that can
appear at the gate of thyristors, from damaging the
integrated circuit.

Offset Voltage Nulling

The input offset voltage can be nulled by connecting a 10kQ
potentiometer between Terminals 1 and 5 and retuming its
wiper arm to terminal 4, see Figure 3A. This technique, how-
ever, gives more adjustment range than required and there-
fore, a considerable portion of the potentiometer rotation is
not fully utilized. Typical values of series resistors (R) that
may be placed at either end of the potentiometer, see Figure
3B, to optimize its utilization range are given in the Electrical -
Specifications table. S

An alternate system is shown in Figure 3C. This circuit uses
only one additional resistor of approximately the value
shown in the table. For potentiometers, in which the resis-
tance does not drop to 0Q at either end of rotation, a value of
resistance 10% lower than the values shown in the table
should be used.

Low Voltage Operation

Operation at total supply voltages as low as 4V is possible
with the CA3140. A current regulator based upon the PMOS
threshold voltage maintains reasonable constant operating
current and hence consistent performance down to these
lower voltages.

The low voltage limitation occurs when the upper extreme of
the input common mode voltage range extends down to the
voltage at Terminal 4. This limit is reached at a total supply
voltage just below 4V. The output voltage range also begins to
extend down to the negative suppiy rail, but is slightly higher
than that of the input. Figure 8 shows these characteristics and
shows that with 2V dual supplies, the lower extreme of the input
common mode voltage range is below ground potential.

FIGURE 3C. SIMPLER IMPROVED
RESOLUTION

FIGURE 3. THREE OFFSET VOLTAGE NULLING METHODS
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FIGURE 5. SETTLING TIME vs INPUT VOLTAGE

Bandwidth and Slew Rate

For those cases where bandwidth reduction is desired, for
example, broadband noise reduction, an external capacitor
connected between Terminals 1 and 8 can reduce the open
loop -3dB bandwidth. The slew rate will, however, also be
proportionally reduced by using this additional capacitor.
Thus, a20% reduction in bandwidth by this technique will
also reduce the slew rate by about 20%.

Figure 5 shows the typical settling time required to reach
1mV or 10mV of the final value for various levels of large
signal inputs for the voltage follower and inverting unity gain
amplifiers. The exceptionally fast settling time characteristics
are largely due to the high combination of high gain and wide
bandwidth of the CA3140; as shown in Figure 6.

Input Circuit Considerations

As mentioned previously, the amplifier inputs can be driven
below the Terminal 4 potential, but a series current limiting
resistor is recommended to limit the maximum input terminal
current to less than 1mA to prevent damage to the input pro-
tection circuitry.

Moreover, some current limiting resistance should be
provided between the inverting input and the output when
the CA3140 is used as a unity gain voltage follower. This
resistance prevents the possibility of extremely large input
signal transients from forcing a signal through the input
protection network and directly driving the internal constant
current source which could result in positive feedback via the
output terminal. A 3.9kQ resistor is sufficient.
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The typical input current is on the order of 10pA when the
inputs are centered at nominal device dissipation. As the
output supplies load current, device dissipation will increase,
raising the chip temperature and resulting in increased input
current. Figure 7 shows typical input terminal current versus
ambient temperature for the CA3140.

it is well known that MOSFET devices can exhibit slight

_changes in characteristics (for example, small changes in
input offset voltage) due to the application of large differen-
tial input voltages that are sustained over long periods at ele-
vated temperatures.

Both applied voltage and temperature accelerate these
changes. The process is reversible and offset voltage shifts of
the opposite polarity reverse the offset. Figure 9 shows the
typical offset voltage change as a function of various stress
voltages at the maximum rating of 125°C (for metal can); at
lower temperatures (metal can and plastic), for example, at
85°C, this change in voltage is considerably less. In typical lin-
ear applications, where the differential voltage is small and
symmetrical, these incremental changes are of about the

same magnitude as those encourtered in an operational
amplifier employing a bipolar transistor input stage.
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MM54HC151/MM74HC151 8-Channel

Digital Multiplexer

General Description

This high speed Digital multiplexer utilizes advanced silicon-
gate CMOS technology. Along with the high noise immunity
and low power dissipation of standard CMOS integrated cir-
cuits, it possesses the ability to drive 10'LS-TTL loads. The
MM54HC151/MM74HC151 selects one of the 8 data sourc-
es, depending on the address presented on the A, B8,andC
inputs. It features both true (Y) and complement (W) out-
puts. The STROBE input must be at a low logic levs! to
enable this multiplexer. A high logic level at the STROBE
forces the W output high and the Y output low.

The 54HC/74HC logic family is functionally as well as pin-
out compatible with the standard 54L.S/74LS logic family.

All inputs are protected from damage due to static ds
charge by intemal diode clamps to V¢ and ground.

Features
= Typical propagation delay
data select to output Y: 26 ns
® Wide operating supply voltage range: 2-6V
u Low input curent: 1 ptA maximum
@ Low quiescent supply cuent 80 wA maximum (74HC)
@ High output drive cument: 4 mA minimum

Connection and Logic Diagrams
Dual-in-Line Package
© DATA HPUTS DATA SELECT
———
Yce 4 s 6 7 A 8 C

116 15 14 13 12 u 10 l ®

03 c
02 o1 00 ¥ w s
1 2 3 4 s ‘e I wE
S O Y W STROBEGND
CATA NPUTS ouTPUTS TUF/8313-1
Top View
Order Number MMS4HC 151 or MM74HC 151
-1 -
s
o]
[

Truth Table
Inputs Outputs
Select Strobe
Coa. Bad A s Yo
X FPX X H L H
L [ L L #0 . 00
-, R L o1 D1
L H (b ik e 02
W H It L D3 D3
H L = = D4 D4
H L H L (o] g B ..,
H H L L o6 D6
H H H L D7 ©O7

H = High Level, L = Low Level, X = Don't Care
00, D1..D7 = the level of the respective D input

TUF/5313-2
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Operating Conditions

It Military/Aerospace specified devices are required, Min Max Units
please contact the National Semiconductor Sales Supply Voltage (Vo) 2 6 \
Office/Distributors for availabjlity and specifications. DC Input or Output Voltage 0 Vee v
Supply Voltage (Vcgo) -0.5t0 +7.0V (Vin. VouT)
OC Input Voltage (Vin) —15toVec+ 1.5V Operating Temp. Range (T )
DC Output Voltage (Vout) —0.510 Vee+0.5V MM74HC =40 +85 C
Clamp Dioda Current (k. low) +20mA MMBSHC - =53 b es N
. Input Rise or Fall Times
DC Output Cument, per pin (IoyT) +25mA (1) Vee=2.0V 1000 ~
OC V¢ of GND Current, per pin (icc) +50 mA Vee=4.5V 500 ns
Storage Temperature Range (TsTg) —65°Cto +150°C Vec=6.0V 400 ns
Powaer Dissipation (Pp) .
{(Note 3) 600 mW
S.0. Package only 500 mW
Lead Temp. (T ) (Soldering 10 seconds) 260°C
DC Electrical Characteristics (note 4)
54H
e Ta=25C 74HC C
Symbol Parameter Conditions Vee Ta=—40t085C | Tp=—55t0125°C | units
Typ Guaranteed Limits
Vi Minimum High Level 20V 1.5 1.5 5 v
Input Voltage 4.5V 3.15 3.15 3.15 v
6.0V 4.2 42 4.2 \
Vi Maximum Low Level 20v 0.5 0.5 05 v
Input Voltage** 4.5V 1.35 s 1.35 v
6.0V 1.8 1.8 18 \
Vou Minimum High Level | V=V or Vig
Output Voltage lloutl<20 A 20V | 20 1.9 1.9 1.9 v
4.5V 45 4.4 4.4 4.4 v
6.0V | 60 5.9 59 59 v
Vin=Vin o Vie
lloutls4.0mA 45V | 42 | 398 3.84 37 v
lioutls5.2mA 60V | 57 | 5.48 534 52 v
Voo Maximum Low Level | Vin=Viyor Vi
Output Voitage llout] <20 pA 20v| o 0.1 0.1 0.1 v
4.5V o 0.1 01 0.1 v
6.0V 0 0.1 0.1 0.1 \4
Vin=Vi ot Vie
lloutls4.0mA 45V | 02 0.26 0.33 0.4 \"
llourls5.2mA 60V | 02 | 026 0.33 0.4 v
N Maximum Input Vin=Vccor GND | 6.0V +0.1 +1.0 *1.0 pA
Current
Icc Maximum Quiescent | Vin=Vcgor GND | 6.0V 8.0 80 160 pA
Supply Current lout=0 pA

Note |:mwmnmmwmwbummym.
Note 2: Undess otherwise specified all voltages are referenced to ground.
Note 2 Power Dissipetion temperature derating — plestc “N™ psckage: —12 mW/~C from 65°C 10 85°C; ceramic “J” package: — 12 mW/"C from 100°C 10 125°C.

Note 4: For a power supply
with this supply. Worst case Vi end V,

o mntuwosnmﬁwwmwme.ovwmmum
“Vlmnmnshd.lzo%deﬂumVlMudmm%deﬂboMmmchnol‘m&

of 5V £ 10% the worst case output vottsges (Vo end VoU occur for HC st 4.5V. Thus the 4.5V values should be used when designing
locatl(Vx-sﬁvu\dl.SVrosp«:ﬁvﬁy.mnVleulﬂSﬂkl&Wmeﬂm‘Mawwﬂ“lq;,u\d
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Symbol Parameter Conditions | Typ Guar.an.(eed Units
Limit

tprL. tLH | Maximum Propagation Delay 26 35 ns
A BorCtoY

tpHL. toLH | Maximumn Propagation Delay 27 35 ns

' A BorCtoW

teHL, touH | Maximum Propagation Delay 22 29 ns
AnyDtoY

torL. oy | Maximum Propagation Delay 24 32 ns
anyD toW

tere. tetH | Maximum Propagation Delay 17 23 ns
Strobe to Y

tpHL. teen | Maximum Propagation Delay 16 21 ns
Strobe to W

AC Electrical Characteristics c =50 pF. t =t =6 ns (unless otherwise specified)

T, =25C 74HC S4HC
Symbol Parameter Conditions | Vee | 4 Tp=—401085C | To=—5510125°C | Units
Typ Guaranteed Limits
teL. L | Maximum Propagation Delay 20V | %0 | 205 256 300 ns
ABorCtoY 45V ] 31 41 51 €0 ns
6.0V | 26 35 44 S5 ns
teHL. Ly | Maximum Propagation Delay 20V | 95 | 205 256 300 ns
A.BorCtoW 45V | 32 41 51 60 ns
6.0V | 27 35 44 5] ns
toHL. teu | Maximum Propagation Delay 20V | 70 | 195 244 283 ns
anyDtoY 45V | 27 | 39 49 57 ns
6.0V | 23 33 41 48 ns
teHL, teLr | Maximum Propagation Delay 20V | 75 | 185 231 268 ns
anyDtoW 45V | 29 37 46 54 ns
6.0V | 25 32 40 46 ns
tpHL, trLr | Maximum Propagation Delay 20V | SO | 140 175 203 ns
Strobe to Y 45V | 21 28 35 41 ns
6.0V | 18 | 24 30 35 ns
oL, tew | Maximum Propagation Delay 20V | 45 | 127 159 185 ns
Strobe to W 4.5V 25 32 37 ns
6.0V | 17 22 28 32 ns
trune tra | Maximum Output Rise 20V 75 95 110 ns
and Fall Time 45V | & 15 19 22 ns
6.0V & 13 16 19 ns
Cep Power Dissipation (per package) 110 F
Capaditance (Note 5)
(o] Maxdmum Input 5 10 10 10 pF
Capaditance

Mle&&o“mmmhdmnkpmmPD-Cngcx:l(+b;Vq:.|ndmnoMmﬂicumwts-coovxl-vk»
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Physical Dimensions inches. (miimeters)
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UFE SUPPORT POULICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devi or syst are devi
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perorm, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

or 2. A critical component Is any component of a life

support device or system whose fallure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

& National Semiconductor Hational Semiconductor
1111 West Bardin Road Fex (+48) 0-180530 85 86
T 78017 Emek orjwpe@tevm2nsc.com

Deutsch Tet (+49) 0-180-530 65 65

Fangais Tet (+49) 0-160-632 93 58
Refieno Tet (+49) 0-180-534 16 80

National Semiconductor Hational Semiconductor
Ld Jepan Ltd
1%h Roox, Staight Tet 81-043-209-2309

Fax 81-043-290-2408
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Features

« Compatible with MCS-51™ Products

- 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
— 'SPI Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

2K Bytes EEPROM
— Endurance: 100,000 Write/Erase Cycles

4.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable VO Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

+ Programmable UART Serial Channel

SPI Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

- Power Off Flag

o e e e Se teatih e

« s e s

Description

The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel's high density nonvol-
atile memory technology and is compatible with the industry standard 80C51 instruc-
tion set and pinout. The on-chip Downloadable Flash allows the program memory to
be reprogrammed in-system through an SPI serial interface or by a conventional non-
volatile memory programmer. By combining a versatile 8-bit CPU with Downloadable
Flash on a monolithic chip, the Atmel AT89S8252 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

The AT89S8252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watch-
dog timer, two Data Pointers, three 16-bit timer/counters, a six-vector two-level inter-
rupt architecture, a full duplex serial port, on-chip oscillator, ana clock circuitry. In
addition, the AT89S8252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset. :

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

-!--III-IIIIII---I-I‘ll"lEl'

8-Bit
Microcontroller
with 8K Bytes
Flash

AT8958252

04010-A-12/97

4-105
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Super Sweep Function Generator

A function generator having a wide tuning range is shown in
Figure 10. The 1,000,000/1 adjustment range is accom-
plished by a single variable potentiometer or by an auxiliary
sweeping signal. The CA3140 functions as a non-inverting
readout amplifier of the triangular signal developed across
the integrating capacitor network connected to the output of
the CA3080A current source.

Buffered triangular output signals are then applied to a sec-
ond CA3080 functioning as a high speed hysteresis switch.
Output from the switch is returned directly back to the input
of the CA3080A current source, thereby, completing the pos-
itive feedback locp

The triangular output level is determined by the four 1N914
level limiting diodes of the second CA3080 and the resistor
divider network connected to Terminal No. 2 (input) of the
CA3080. These diodes establish the input trip level to this
switching stage and, therefore, indirectly determine the
amplitude of the output triangle.

Compensation for propagation delays around the entire loop
is provided by one adjustment on the input of the CA3080.
This adjustment, which provides for a constant generator
amplitude output, is most easily made while the generator is
sweeping. High frequency ramp linearity is adjusted by the
single 7pF to 60pF capacitor in the output of the CA3080A.

It must be emphasized that only the CA3080A is
characterized for maximum output linearity in the current
generator function.

Meter Driver and Buffer Amplifier

Figure 11 shows the CA3140 connected as a meter driver
and buffer amplifier. Low driving impedance is required of
the CA3080A current source to assure smooth operation of
the Frequency Adjustment Control. This low-driving
impedance requirement is easily met by using a CA3140
connected as a voltage follower. Moreover, a meter may be
placed across the input to the CA3080A to give a logarithmic
analog indication of the function generator’s frequency.

Analog frequency readout is readily accomplished by the
means described above because the output current of the
CA3080A varies approximately one decade for each 60mV
change in the applied voltage, Vagc (voltage between
Terminals 5 and 4 of the CA3080A of the function generator).
Therefore, six decades represent 360mV change in Vagc-

Now, only the reference voltage must be established to set
the lower limit on the meter. The three remaining transistors
from the CA3086 Armray used in the sweep generator are
used for this reference voltage. In addition, this reference
generator amangement tends to track ambient temperature
variations, and thus compensates for the effects of the nor-
mal negative temperature coefficient of the CA3080A Vagc
terminal voltage.

Another output voltage from the reference generator is used
to insure temperature tracking of the lower end of the
Frequency Adjustment Potentiometer. A large series
resistance simulates a current source, assuring similar

temperature coefficients at both ends of the Frequency
Adjustment Control.

To calibrate this circuit, set the Frequency Adjustment
Potentiometer at its low end. Then adjust the Minimum
Frequency Calibration Control for the lowest frequency. To
establish the upper frequency limit, set the Frequency
Adjustment Potentiometer to its upper end and then adjust
the Maximum Frequency Calibration Control for the
maximum frequency. Because there is interaction among
these controls, repetition of the adjustment procedure may
be necessary. Two adjustments are used for the meter. The
meter sensitivity control sets the meter scale width of each
decade, while the meter position control adjusts the pointer
on the scale with negligible effect on the sensitivity
adjustment. Thus, the meter sensitivity adjustment contrel
calibrates the meter so that it deflects 1/6 of full scale for
each decade change in frequency.

Sine Wave Shaper

The circuit shown in Figure 12 uses a CA3140 as a voltage
fcllower in combination with diodes from the CA3018 Array
to convert the triangular signal from the function generator to
a sine-wave output signal having typically less than 2% THD.
The basic zero crossing slope is established by the 10kQ
potentiometer connected between Terminals 2 and 6 of the
CA3140 and the 8.1kQ resistor and 10kQ potentiometer
from Terminal 2 to ground. Two break points are established
by diodes D1 through Dg4. Positive feedback via Ds and Dg
establishes the zero slope at the maximum and minimum
levels of the sine wave. This technique is necessary because
the voltage follower configuration approaches unity gain
rather than the zero gain required to shape the sine wave at
the two extremes.
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XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Table 1. AT89S8252 SFR Map and Reset ‘faIues

Special Function Registers

A map of the on-chip memory area called the Special Func:
tion Register (SFR) space is shown in Table 1.

Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indeterminate
effect.

0F8H OFFH
OFOH 12 OF7
00000000 H
0EBH 0EFH
ACC
O0BOH | 50000000 0E7H
0D8H 0DFH
PSW SPCR
0D0H | 50000000 000001XX 07H
T T2MOD RCAP2L | RCAP2H TL2 TH2 Ay
00000000 | XXXXXX00 | 00000000 | 00000000 | 00000000 | 00000000
CCOH 0C7H
088H 5
XX000000 9eEH
P3
0BOH | 1111111 087H
E SPSR
OABH | 1%000000 0OXXXXXX OAEH
P2
0AOH 11111111 0A7H
SCON SBUF
98H | 00000000 | xxXXXXXX sl
P1 WMCON
S0 1 1111111 00000010 S,
o TCON TMOD TLo R THO THA o
00000000 00000000 00000000 | 00000000 | 00000000 | 00000000
s PO sp DPOL DPOH DPIL DP1H SPOR PeoN: |
1111111 00000111 00000000 | 00000000 | 00000000 | 00000000 | xXxxXXXXXX | 0XXX0000
4-109
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Pin Configurations

PDIP
A
P10t 4w0pvee
(T2ex) P1.1002 39 [J P0.0 (ADO)
P1203 38 1 P0.1 (AD1)
P13d4 370 P02 (AD2)
() P14ds 36 [ P03 (AD3)
(Mos) P150J6 35[0 P0.4 (AD4)
(SO P1.6CJ7 34 7 P05 (ADS)
(scK)P17C]8 33 P0.6 (ADS)
RSTO9 32 [0 P0.7 (ADT)
(RXD) P3.0 (] 10 31D EAvee
axo)P3ign 30 D ALEPROG
(NTO) P32 12 29 D ASEN
(NTY) P33 13 283 P27 (A15)
(To) P34 14 27 QP26 (A1)
myprasdis 26D P25 (A13)
(WR) P36 16 25[1P24 (A12)
(RO)PATC] WY 24 QP23 (A1)
xTa2d]1e 231P22 (A10)
xTaL1d 19 22[3P2.1 (A9)
GnO O 20 21[3P20 (A8)
PQFP/TQFP
B - W g288
i
TanTo Oo-an
izzzagsecec
onononnNonnon
ITTIL9385883
(Mosy P15 1 33[Z P04 (AD4)
(MISO) P16 ]2 32[3 205 (ADS)
(sck) P17 Q3 31[5 206 (ADS)
RST(J4 30[2 P07 (AD7)
(RXD) P30 (5 29[ ZAvre
ncds 85N
Txo)P3a Q7 27 [0 ALEPROG
(iNTO) P32 8 26 [0 PSEN
(NT1) P339 251 P2.7 (A15)
(To) P34 Q10 4 P26(A14)
(TyPasd 2 FJ P25(A13)
g R it
UCUUUUUuUUUyg
VWNNTEFO OO, NM -
AeddZIoona
28256
g% gzszE
A S s,

Pin Description

Vee

Supply voltage.

GND
Ground.

Port 0
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Port 0 is an 8-bit open drain bidirectional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
impedance inputs.

Port 0 can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
lups.

4-106

PLCC

g as giiE

B gl 23d<

~nN-o VDorqAa

fizsagPEgee

o

- Nrsooce
(Mosy P150]7 0" YT Tnprosmao
(MisO) P16 ] 8 38[1P0.S (ADS)
(scxPirds 37D P06 (ADS}
RSTO 10 36[DPO.T (ADT)
(RxD) P30 11 35 D EANVPP

ncdz HPNC
(Mxp)P3.1(] 13 33D ALEFROG
(INT0) P3.2(] 14 320PSEN

WNT)YP33 1S 31[3P2.7 (A15)
(10) P34 16 30[IP2.6 (A14)
NP 17w B, v, [ i, 29 P PRAT

22RINSILERE

UU0U0GCoJdocuouoagg

erNcoOCS T NO

93722850 ag

aa s -0 aaadaw

g5 X X £357&

13 S W]

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I;) because of the internal pullups.

Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.
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AT89S58252

Block Diagram

P0.0 - PO.7 - P20 - P2.7
Vool i i
: I PORT 0 DRIVERS PORT 2 DRIVERS :
GND | 3 T T
S 4
T RAM ADDR. PORT 0 :
: | EEPROM REGISTER P RAM LATCH RORTED FLASH [¢ :
] 7y y Y 2
:
\ A 4 4 A r
: K y y
!
4 \ 4 & v
: PROGRAM
: 8 STACK ADDRESS
: REGISTER ACC POINTER REGISTER
H
0 A Y
! < BUFFER |[¢—»
: ™P2 T™MP1
PC
: ALU INCREMENTER >
INTERRUPT, SERIAL PORT,
' AND TIMER BLOCKS
H £ A
: | PROGRAM
H PSW ! COUNTER il
: 3 ?
PSEN 4— .
ALE/PROG 4—— TMING  fiuqrpucTion :
! AND REGISTER e : X, i & OFTR
ER | Vpp ——P| CONTROL - : :
RST ——p
: h A ) 4 y
: WATCH PORT 3 PORT 1 sPl |q¢—p| PROGRAM
DOG LATCH LATCH PORT LOGIC
E A 2 A
: osc

I
} P30 - P37 " P10 - P17

ATEL |
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Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured

as the SPI slave port select, data input/output and shift P i Fiact
clock input/output pins as shown in the following table. orta lemnate Bunctons
Port Pin Alternate Functions £29 R0 ConaLiobst porl)
P1.0 T2 (external count input to Timer/Counter 2), £8.1 : D eeriafoliputbail]
clock-out P32 INTO (external interrupt 0)
P1.1 T2EX (Timer/Counter 2 capture/reload trigger P3.3 INT1 (external interrupt 1)
_a_nd discion control : P3.4 TO (timer 0 external input)
Pl Sa(Slave portsdlcctinoul P3.5 T1 (timer 1 external input)
P1.5 'MCSI (Master data output, slave data input pin — >
for SPI channel) | P3.6 WR (external data memory write strobe)
P1.6 MISO (Master data input, slave data output pin 4k D iegensl ITNENEony read stiove)
for SPI channel)
RST
P1.7 SCK (Master clock output, slave clock input pin Reset input. A high on this pin for two machine cycles while
for SPI channel) the oscillator is running resets the device.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8 bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89S8252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.

4-108

ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakly pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memcry.

When the AT89S8252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each'access to external data memory.

EANpp e

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions. This pin also receives the 12-volt programming
enable voltage (Vpp) during Flash programming when 12-
volt programming is selected.
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