: [ 3 »
; AUNNEIIANTN_ WIZIoUNMMIRGTET

£ ey 3
t ddeanmszes 1na

o em oo pewcoe
o

o & aw 4
' wogssing Alanisnans

UNAIMIUAT @MU

E £
¥
k]
: T@31561”
i
j
|
¥
E = d" ] é o/ " o o)
Tasenuirsiidudunilwesmsanmaundngasingnmansiudia
f K amInildndiszgnd
3 4727 8 aaizInemans
[ Y = Yy v ar
' ; P A amuumﬂTuTaawsmamnmmmmwmsmﬂﬂszm
foUny 2
"4 2166 1 Unsinm 2540
if\‘ﬂﬂ"lUUu .......................

'm oy, .03 88 L S



T o e SRR e e mm—— T e o o - wm el aw Rt omee W

[ T

- ™

o M w

Remote Picture Sender

Mr. Surasak Pipatsart

Miss Panida Laohapoonrungsi

A Special Project Submitted in Partial Fulfillment of the
Requirement for the Degree of Bachelor of Science
Department of Applied Physics
Faculty of Science
King Mongkut’s Institute of Technology Ladkrabang
1997



v e vem

e

2 i P v rdewa, e

</

MavelasenunIAY faanwszez lna
Remote Picture Sender

o & o A.’ o o e L4

1nANE wwgsAna ANanimeaas

NN I YUTIY

= a Jd J
MAI Wandilszgna
p19138M3InmN A¥ermans 10158330 A3 19@

p13dgiiung Jumdsidani
a a ¢ a 4 as - y v (7
mniviandUszgnd aazdnomand doniuma Tuladnszeeundudgunmsmansziiy

b4
. o a LY 1 2 [ a @ A
81!11ﬂiﬁuﬂiﬂiq\ﬂuwlﬁ'ﬂﬂ‘U‘lJﬁlﬁuﬁﬁuﬂu\ﬁ‘\lﬂQﬂ'liﬁﬂlal'lﬂ'lll“ﬁﬂ@"ﬂi’J‘Ylﬂ'lﬁ'lﬁﬁi'l_liucl’lﬁ

DN~ wanthaminidndissgnd

o v av
(5DIMNANITNNITIYING TIVY)

AMEATINMIIATINUNIAY

se51un550MS

9 <\ d
(A% MR 191383%0 A5 19A)

S p— ASSUMS

L4

(589MaART 195 IgIWa $I00)

ﬂ%‘\r"w Q\/\)@M@'\(K@N\i AITMS

Y

('EJ'Iil'lifJﬂlJu‘Yli iJUﬂ'I%‘ﬁ'I’J%lH)

v

m—) ATIUNT

LAY 4 o o
(®1915YUAUNT ATIADA)

a a o o a J l4 a .4
ﬁﬂ]ﬂﬂ‘ﬁ‘l‘ﬂ\?ﬂ'lﬂ'l‘]ﬂﬁﬁﬂﬂﬂi%@ﬂﬂ AMUSINYIAITAT

aoniumaluladwszveumndudganmsmanseil



i ——— e ww

T G w——

B

e

#adplassnuniay drdenmszezlna

o =R s n( ~ o Jd I'd

nfnw wegsAng Ananimons
wnannia |myusd

10158 U3AMN deaoenans1913635a A5 19A
91913890uns Fumdsriand

Al Handilszgnd

Unisfinmn 2540

UNANYD

- L] § J H . ¥ L4
drdesnmszer lnailugilasai® 1Resnuuuuazadiume 1¥5unmuazdanmlud
9 Ay a 3 1 Yo o A  a
PC server 538y 1na ndesddalcesiladadsuudiuniugundeslddunmuayiufladyann
£ o/ ks é L.
1ATIgIU PAL awnn1ese led LMissl fluduenduynnaialedees Idyanuiale
o a o 5 @ a o a ¥ s & o
dygudlas ludundunzdygnugdas luduuaueu Inmsadsuesadgalsznenlfan
TuTnsasulnsames 89C51 mintgnwd1siia SRAM vuin 128kB tasiidulasdyaaemn
senifludyguadaeasiiamusigelaeidled cA3306 Tnnwaziden 6 1n msviauves
] L4 ] k4
vesmersimrhiudasduanunwia levasiuuazifu 13 sraM Taslddasnsuvulae s
[ 4 Ao & 1 [ v a
MHz uag 64 szaunsdamina mwhiufinannsodeluds PC server szoy InariuTunudae
a ~ T A @ ] { i
AMISY 9600 Tindedufi Aadennszes nafigmjamneilfduginselifudeyn ield

warnluszuunsauanmnisesns lusuiande 1y



o -

A e s

Special Project Title Remote Picture Sender
Name Mr. Surasak Pipatsart
Miss Panida Laohapoonrungsi
Special Project Advisor Asst.Prof. Wichit Sirichote
Mr. Phumin Jindajitawat
Department Applied Physics
Academic Year 1997

Abstract

A device used for capturing and sending pictures to a remote PC server, namely Remote Picture
Sender, has been designed and built. A close-circuit CCD camera mounted on the scanner captures
pictures and generates a real-time standard PAL signal. An LM1881 video sync separator provides
a video signal, vertical and horizontal synchronizing signals. A dedicated microcontroller board,
89C51 including a 128kB SRAM and the high speed flash converter, CA3306 6-Bit resolution,
converts the video signal, captures a still picture and saves to the SRAM. The flash converter is
capable of providing a SMHz Sampling rate and 64 levels gray scale. Additionally, the recorded
picture in SRAM can also be transmitted to a remote PC server through a 9600BAUD MODEM.
Application of the sender is intended to be a traffic acquisition front-end for further development

of traffic monitoring system.
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ORG  00QOH
SVER_INTO EQU  O0H
EOS EQU  10H
CR EQU  ODH
LF EQU  O0AH
END_LINE EQU  20H
ASCIL_0 EQU  30H
TEXT EQU  3IH
DATA EQU  32H
LINE EQU  33H
DATA_LEFT EQU  34H
DATA_RIGHT EQU  35H
CHK_BACK EQU  36H
LIMP  MAIN
;ttt‘ttttttttt‘t“‘tl.‘t‘ttll--- L 1] EEERRAERSEKSRAS NSRS R R R U R
ORG  0003H JINTO INTERRUPT VECTOR HERE
LIMP  SVER_INT

-‘."‘#.".‘#‘#““‘“t.“““‘!“t.‘.““t.ttt“t‘t"“‘i.““‘t“.t##‘#“‘#‘t‘lt‘t“'.t‘.“
H .

SVER_INT:

JB
LCALL
CLR
SETB
SETB
RETI

SVER_INT0,JMP_DOWNLOAD
DELAY_CAPTURE

P33 ‘SELECT = LOW WRITE DATA TO SRAM
P3.5 :START COUNTER
SVER_INTO

-ttk‘tt.'t"“““““l‘l“‘“#“.i‘i‘.‘.‘.‘t‘i.“‘#““.t###‘#l‘..“t##“.‘.#‘."lt.“.#“#t

JMP_DOWNLOAD: CLR  EA
CLR  ITO
CLR  EX0
LIMP  DOWN_LOAD
MAIN: MOV  SP#50H
MOV P2,#00000000B
LCALL INIT
MOV  ASCII_0,#48
CLR  SVER_INTO
SETB P34 :OFF LED GREEN
SETB P36 {OFF LED RED
CHECK: LCALL RECEIVE
CINE  A#c,CHK_RIGHT
MOV  CHK_BACK#00H



MOV  CHK_BACK#c'
LCALL CAPTURE
CHK_RIGHT: CINE  A#¢.CHK_LEFT
LUMP  RIGHT
CHK_LEFT: CINE  A#T,CHECK
LMP  LEFT
O R,
CAPTURE: MOV  A#M
LCALL SEND
MOV  ASCII_0.#48
CLR  SVER_INTO
CLR P35 ;CLEAR COUNTER
SETB  EA
SETB  IT0
SETB  EX0
MP CHECK
ST U PP P
RIGHT: CLR P36 :ON LED RED
MOV  CHK_BACK¥00H
LCALL RECEIVE
SUBB  A,ASCI_0
MOV  DATA_RIGHT.A
LCALL RETURN R
MOV P2,#00000000B
MOV  A¥@
LCALL SEND
MOV  CHK_BACK#r
CHK_CR: LCALL RECEIVE
CINE  A#c¢ CHK_NOR
LIMP  CAPTURE
CHK_NOR: LCALL RECEIVE
CINE  A#n.CHK_CR
BACK_RIGHT: MOV  ADATA_RIGHT
LCALL RETURN_L
MOV A’
LCALL SEND
SETB  P3.6 ;OFF LED RED
MOV P2,#00000000B
RETI
cone e votns
LEFT: CLR P36 ;ON LED RED
MOV  CHK_BACK,#00H

LCALL

RECEIVE
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CHK_CL:

CHK_NOL:

BACK_LEFT:

PRSP RER SRS RS R AR EX AR IR ERAEE ISR AR R E RSN R SRR AR ERB R RS AR R IR RA DTN AP ESHEF IR B SRS E S S SRS R R RNk
T

DOWN_LOAD:

UP_LOAD:

CHK_AGAIN:

CHK_R:

CHK_L:

CHK_RETL:

SUBB
MOV

MOV
MOV
LCALL
MOV
LCALL
CINE
LIMP
LCALL
CINE
MOV
LCALL
MOV
LCALL
SETB
MOV
RETI

SETB
CLR
CLR
SETB

MoV
LCALL
CINE
LCALL
CLR
LCALL
DINZ
SETB

MOV

CINE

LIMP
CINE

AASCI_0
DATA_LEFT,A
RETURN_L
P2,400000000B
A¥@

SEND
CHK_BACK #1'
RECEIVE

A #¢ CHK_NOL
CAPTURE
RECEIVE
A#w,CHK CL
ADATA_LEFT
RETURN_R
AR

SEND

P3.6
P2.#00000000B

P33
P3.5
P34
P3.5

TEXT,#07
RECEIVE
A#u,UP_LOAD
BEGIN
END_LINE
LOAD_DATA
TEXT,UP_LOAD
P34

A,CHK_BACK
A#c ,CHK_R
CHK_RETI
A#r,CHK L
BACK_RIGHT
A#T,CHK_RETI
BACK_LEFT

;OFF LED RED

;SELECT = HIGH READ DATA FROM SRAM

;CLEAR COUNTER

;ON LED GREEN

:START COUNTER

;OFF LED GREEN

PP~
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LOAD_DATA:

LOAD:

LOAD!:

LOAD2:

LOOP_DATA:

L_CHK:

L_DI:

L_D2:
L_DD:

L_GO:

edcae e oo ok ok ok Rk ok ko
3

RETURN_R:

MOV
MOV
SETB
CLR
CLR
MOV
ANL
CINE
LIMP

LIMP
CINE
LIMP
SETB
CLR
CLR
MOV
ANL
LCALL
DINZ
CLR
LCALL
SETB
CLR
CLR
MOV
ANL
CINE
LIMP
CINE
LIMP
CINE

MOV
LCALL
SETB
CPL
LIMP
MOV
DINZ
RET

LINE,#40

DATA #256

P37 CLOCK =H
P3.7 :CLOCK =L
A

APl

A,#00111111B

A,#00H,LOAD!

LOAD

A#O1H,LOAD?

LOAD

A#02H,LOOP_DATA

LOAD

P3.7 CLOCK =H
P3.7 :«CLOCK =L
A

APl

A#00111111B

SEND_ASCIH

R6.LOOP_DATA

END_LINE

BEGIN

P3.7 :CLOCK =H
P3.7 CLOCK =L
A

AP!

AHO0111111B

AH00H,L_D1

L_DD

AH#OIHL D2

L_DD

A#02H,L_GO
END_LINE,L_CHK

ARY

SEND

END_LINE

P3.4 ;ON/OFF LED GREEN
L_CHK

DATA,#256

LINE,LOOP_DATA

MOV

LR AR L IR P22 2 2L L] LA 2t 2]

RO,A
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MOV DPTR,ATABLE

LOOP_R: MOV R3,07
MAIN_R: MOV  R1%04
MOV R2,#00
SEND_R: MOV  AR2
MOVC  A@A+DPTR
MOV  P2A
LCALL DELAY_STEP
INC R2
DJNZ  RISEND R
DINZ  R3MAIN R
CPL P36 ;ON/OFF LED RED
DJNZ  ROLOOP_R
RET
S TP
RETURN_L: MOV ROA
MOV  DPTRATABLE
LOOP_L: MOV R3,#07
MAIN_L: MOV  RI404
MOV  R2,#03
SEND_L: MOV  AR2
MOVC  A,@A+DPTR
MOV  P2A
LCALL DELAY_STEP
DEC R2
DINZ  RISEND_L
DINZ R3MAIN_L
CPL P36 :ON/OFF LED RED
DJNZ  RO.LOOP_L
RET
— -
INIT: MOV SCON,#010100108
MOV TMOD,#00100000B
MOV  TH1#0FDH
SETB  TRI
RET
R .
BEGIN: SETB  P3.7 ;CLOCK =H
CLR P37 ;CLOCK =L
CLR A
MOV APl

ANL AB00111111B
CINE A,#00H,BEGIN
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: ee esssssassnstsasasreresseorarasTanEETROSSENIONS
SEND_ASCII: ADD  A#30H

LCALL SEND

RET
essassansas waes sssssasrasrarastrertassastT i

;RECEIVE RECIVE BYTE PUT TO AFROM SERIAL PORT
;WAIT UNTIL RECIVER BUFFER READY
RECIVE: JNB RLS

CLR RI

MOV A,SBUF

LCALL SEND

RET

I EILE L S LA d e il d s ) L2 ] SERESRREXRSBLBASEXEDERRSHAEL A REREPE PR BRI NS AR e wd N
’

:RECEIVE RECEIVE BYTE WITE NO ECHO
RECEIVE: JNB RLS

CLR RI

MOV A,SBUF

RET
L T P T P T P PR T RE I
'SEND SEND A TO SERIAL PORT
;CHECK TRANSMITTER BUFFER BEFORE SEND
SEND: JNB TLS

CLR TI

MOV SBUF,A

RET
T S
DELAY_CAPTURE: MOV R7,#03
DE_CAPTURE: MOV  R6#212

DINZ R6,$

DINZ R7,DE_CAPTURE

RET

LAt 4 L1 ETT 1] T -

DELAY_STEP: MOV R7#0FFH

DE_STEP: MOV  R6#10
DINZ  R6S
DINZ  R7,DE_STEP
RET
rerants . AR RS R RRR R R NS

DELAY RETURN: MOV  RS,#200H

DE_RETURE: MOV  R4#20H
LCALL DELAY_STEP
DINZ R4S
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DINZ RS,DE_RETURE

RET
PYYYYTTITTT TR Y PYPT PP PR R PR L 2 T o LTI EY ] P
TABLE: DB 00001000B,00000100B,00000010B,00000001B

NITEYI IS RS I DR SR 21 2]
’

END
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Dim port As Integer

Private Sub Commandl_Click()
Scannerform.Show

End Sub

Private Sub Command2_Click()
Wellcomeform.Comm1.PortOpen = False
Unload Me

End Sub

Private Sub Command3_Click(Q

Wellcomeform.Comml.Output = ChrS(128) + ChrS(81)

Wellcomeform.Commi.Qutput = Chr$(27)
Wellcomeform.Comm].Output = "ATH" + ChrS$(13)
End Sub

Private Sub MDIForm_Load()
Text2.Visible = False
Optioal = Empty
Option2 = Empty
Option}.Enabled = True
Option2.Enabled = True
Option3.Enabled = False
Option4.Enabled = False
Command1.Enabled = False
Command2.Epabled = False
End Sub

Private Sub Optionl_ClickQ
Wellcomeform.Comml.CommPort = 1
Wellcomeform.Comm!.Settings = "9600,N,8,1"
Wellcomeform.Comml.PortOpen = True
Option2.Enabled = False
Optionl.Enabled = False
Command].Epabled = False
Command2.Enabled = True
Option3.Enabled = True
Option4.Enabled = True

End Sub

Private Sub Option2_Click(Q

Wellcomeform.Comm|.CommPort = 2
Wellcomeform.Comm|.Settings = "9600,N,8,1"
Wellcomeform.Comm1.PortOpen = True
Option].Enabled = False

Option2.Enabled = False

Command!.Eaabled = False
Command?2.Enabled = True

Option3.Enabled = True

Option4.Enabled = True

End Sub

Private Sub Optioa3_Click(
Text2.Visible = True
Text2.Enabled = True
Option4.Enabled = False
Option3.Enabled = False
Command1l.Enabled = False

End Sub

Private Sub Optiond_Click(Q
Text2.Visible = False
Option3.Enabled = False
Option4. Enabled = False
Commandl.Enabled = True

End Sub

Private Sub Text2_KeyPress(KeyAscii As Integer)
Dim Response, check As String
Dim i As Integer
If KeyAscii = 13 Then

Wellcomeform.Comm1.Output = "ATDT" + CStr
(Text2.Text) + ChrS(13)

Label6.BackColor = "&HO00000FF"

Label6.Caption ="  Wait Connected "

Text2.Enabled = False

Textl.Enabled = True

Command?2.Epabled = False

i=0

Texti.Text=""

Do ©

DoEvents

Response = Wellcomeform.Comm].Input

¢t
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If Response <> " Thea
i=zi+l
Textl.Text = Textl.Text + Respoase
Response ="
End If
If Len(Textl.Text) = 23 Then
Label6.BackColor = “&HO0COFF00"
Label6.Caption = "Connected By 9600,0,8,1"
Textl.Text = "Connected By 9,600,0,8,1"
Exit Do
End If
Loop While (i < 6)
Command].Enabled = True
Command2.Enabled = True
Command|.SetFocus
End If
End Sub
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TIUNTINIUNUAAB CCD (Scanner)

Dim LR As String

Private Sub Command1_ClickQ
Dim Instring As String
Dim i%
Wellcomeform.Comm1.Output = "¢”
NotDegreeButton
Option4 = Empty
Option3 = Empty
Textl.Text = Empty
Do
DoEvents
Instring$ = Wellcomeform.Comml.Input
If Instring$ = "!" Then
Unload Me
Downloadform.Show
Exit Do
End If
Loop
End Sub

Private Sub Command2_Click(Q)
Dim Instring As String
Command1.Enabled = False
Command?2.Enabled = False
Wellcomeform.Comm].Output = "n"
Wellcomeform.Comm|.Output = "n"

Label2.BackColor = "&HOOFFC0C0"

Label2.Caption = "Ttsasednag nfeefrdeanyunduly

Fadmmriadudur
Do
DoEvents
Instring$ = Wellcomeform.Comm1.Input
If Instring$ = ">" Then
Commandl.Enabled = True
Command4.Enabled = True
Option3.Enabled = True
Option4.Enabled = True
Option3 = Empty
Option4 = Empty

Textl.Text = Empty
NotDegreeButton
Label2.Caption = ™"
LabeR2.Visibie = False
Exit Do
End If
Loop
End Sub

Private Sub Command3_ClickQ

Datal.Recordset.Bookmark = DBCombol.Selecteditem

Datal.Recordset.Delete
DBComboi.ReFill
'DBCombol.Text = Datal.Recordset.

'Picture].Picture = LoadPicture("d:/bmp/"

DBCombol.Text + ".jpg™
End Sub

Private Sub Command4_Click(Q
Unload Me
Wellcomeform.Show

Eand Sub

+

Private Sub Datal_.\/alidatc(Action As Integer, Save As

Integer)
DBCombol.DataChanged = False
End Sub

Private Sub DBCombol_Click(Area As Integer)

If DBCombol.DataChanged = Truec Then

Picturel.Picture = LoadPicture("d:/bmp/"

DBCombol.Text + ".jpg™
End If
End Sub

Private Sub Form_Activate()

Picturel.Picture = LoadPicture("d:/bmp/"

DBCombol.Text + ".jpg")
End Sub

Private Sub Form_Load(
Command1.Enabled = True
Command2.Enabled = False

+
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Command4.Enabled = True

Optioa4 = Empty

Optioa3 = Empty

Textl.Text = Empty
Fori=0To 5

Option5(i) = Empty

Option5(i).Enabled = False
Next i

End Sub

Private Sub Option3_Click()
Command}.Enabled = False
Command4.Enabled = False
LR = "$g"
Wellcomeform.Comm1.Output = "r*
Textl.Enabled = True
Textl.SetFocus
Textl.Text = Empty
Option4.Enabled = False
Option3.Enabled = False
DegreeButton

End Sub

Private Sub Option4_Click()
Command1.Enabled = False
Command4.Enabled = False
LR ="y71"
Wellcomeform.Comml.Output = ""
Textl.Enabled = True
Textl.SetFocus
Textl.Text = Empty
Option3.Enabled = False
Option4.Enabled = False
DegreeButton

End Sub

Private Sub Option5_Click(Index As Integer)
Dim OutStr As Integer
AfterClickDegree (Index)
Index = Index + 1
Textl.Text = CStr(30 * Index)
Textl.Enabled = False
OutStr = 48 + (30 * Index)

Wellcomeform Comm].Output = ChrS(OutStr)

LabeR2.Visible = True

Label2.BackColor = "&HO0FFC0OCO"

Label2 Caption = "Mdanyulunie” + LR + § e
Textl.Text+" 94M"

Option5(Index - 1).Enabled = False

Rotate

End Sub

Private Sub Textl_KeyPress(KeyAscii As lnteger)
Dim x%
If KeyAscii = 13 Then
x=1
Forx=1To 180
If Text}.Text = CStr(x) Then
Wellcomeform.Comml.Output = Chr$(43 + x)
Label2.Visible = True
Label2.BackColor = "&HOOFFC0C0"
Label2.Caption = "fdantyulUnia” + LR + i
+ CStr(x) + " pam”
Exit For
End If
Next x%
Textl.Enabled = False
NotDegreeButton
Rotate
End If
End Sub

Public Sub AfterClickDegree(N As Integer)
Dim i As Integer
Fori=0To$
Ifi < N Then
Option5(i).Enabled = False
End If
Next i%

End Sub

Public Sub Rotate()
Dim Rotate$
Do
DoEvents

Rotate$ = Wellcomeform.Comm|.Input
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Loop Until Rotate$ = Chr(64)
If Rotate$ = Chr(64) Then
Command|l.Enabled = True
Command2.Enabled = True
Command4.Enabled = False
Label2.BackColor = "&HOOFFC0C0”
Label2 Caption = "§1#84M3 Caprure nn Click #
{Ju Caprure”
End If
End Sub

Public Sub DegreeButton()
Dim i As Integer
Fori=0To S5
Option5(i).Enabled = True
Next i%
End Sub

Public Sub NotDegreeButton(
Dim i As Integer
Fori=0To 5
Option5(1).Enabled = False
Option5(i) = Empty
Next i%

End Sub
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AUMIHUAIMN (Digitizer) j=i+1

End If
. Ifi= 10279 Then
Dim Present As String
Exit Do
End If
Private Sub Commandl_ClickQ
Unload Me Loop
k=k+1
Scannerform.Show
1=1+1
End Sub
ProgressBarl.Value = m
Next m%
Private Sub Command2_ClickQ
ProgressBarl.Visible = False

Dim i&, j%, k%, 1%, c1%, m%, image$

. . Picture! .Picture = Picturel.image
Dim strings As Integer

SavePicture Picture!.Picture, "D:/Bmp/" + Present +
Dim PictureDatabase As Database

] " JPG"
Dim PictureRecordset As Recordset .
. With PictureRecordset
Set PictureDatabase =
AddNew

OpenDatabase("D:\aun\DBPicAun.mdb")

. !Name_of Pic = Present
Set PictureRecordset = _

. . .Update
PictureDatabase.OpenRecordset("DBPicAun”,

.Bookmark = .LastModified
dbOpenDynaset)

End With
Command|.Enabled = False

Labell.BackColor = "&HO0COEQFF"
Command3.Enabled = False

Labell.Caption = "Save Picture at " + Present
Command2.Enabled = False

k=0 Command!.Enabled = True

=0 Command3.Enabled = True

End Sub
cl=0
ProgressBarl.Visible = True
Private Sub Command3_Click()

Form=0To 6
(=0 Wellcomeform.Comm1.PortOpen = False
i=
‘=0 Unload Wellcomeform
J -
Unload S rf
Do While (1 <= 279) - o -
Unload M
RichTextBox1(m).SelStart = i e
End Sub

RichTextBox!(m).SelLength = |

image$ = RichTextBox1(m).SelText

L. Private Sub Form_Activate()
i=i+1 -

Dim Instring$, i%
If image$ = ("#") Then m 85, 1%

Command].Enabled = False

k=k+1
j=0 Command?2.Enabled = False
Command3.Enabled = False
I=1+1 '
Else Present = Format(Date, "yyyy-mm-dd") + "_" + Format

ime, "hh-mm"
strings = (Asc(image$) - 35) + 1 (Time m’)

Labell.Visible = T
cl = strings * 3 + (strings - 1) isible = True

Labell BackColor = "&HO .
Picture1.PSet (j, k), RGB(cl, ¢, cl) ackl-olor 0COCOFF
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Labeil.Caption = "Please Wait For Uploading Data

Picture”

Wellcomeform.Comm].Output = "u"
Fori%=0To6
RichTextBox1(i). Text = "
Instring$ = ""
MaxLeogth = 10280
Do
DoEvents
InstringS = Wellcomeform.Comml.Input

RichTextBox1(i).Text = RichTextBox1(i). Text +

Instring$

If Len(RichTextBox1(i). Text) = MaxLength Then
Wellcomeform.Comm!.Output = "u"
Exit Do
End If
Loop
ProgressBarl.Value = i
Next i%
Labell.BackColor = "&HOOCOCOFF"
Labell.Caption = "Completed Data”
ProgressBarl.Visible = False
Command3.Enabled = True
Command].Enabled = True
Command2.Enabled = True

Command2.SetFocus

End Sub



V& v ¢ [
gilemslyxennns
gonurineenuuu i lFiuddenmszos Inavzunia18idly 3 daufe
1.dumsAnaodedideyaiy Modem
2.@2UMIAIVANAABI CCD (Scanner)
3. 4UAIAINN (Digitizer)
4 o’n’: a e’/’ A o [ [ v d
TaogeanrsnanuaszAndauy PC Server IiWohInsiu-dadoyariumalum@uin

v o '
ﬂsxmawauammﬂum)"lﬂ

A' o o o [y a :J d 4
dasuluamSumsaanasennns
v
1.ABUNUADS 80486 Dx4-100 H30geNINIY
a wa a 4
2.53uuiamsdulad 95
3. 1UwA NN (RAM) 16 w0z lud
d a ld‘d dy d' o v
4. g13naaaniieninanedmivussy llsunsuuazilszanana
' v
5.T1l5un5u Visual Basic Version 5 iandsuuszuuilfianisiulad o5
< ) P a 1 4
6. TuAutazanemy Insdnny 15 lunsandedeas

7. 8e9mNs2o2 1na (Remote Picture Sender)

a o d. © 53¢
msannarerans
@ a = do =t 1 9 a a n’/' I'4 o dy
M9 INNSNUNTAIANAAINIET 1519E UM ARA RN A ATl
LidgszuulfiiamsiuTad o5
v
2. iy Setup aalu'lasyl 2.5 1a
' A A Jd = vy
3.AA1J1 15)-Start {ADURNNUIN Run HAINA Enter
a d 1
4.WUN Ax\Setup NATJY Ok

v v
vmiuTlsunsuazdansasuuaindanuaziiungu lensudr 1) luiulad

aulszneuvesreiiniuu PC Server 321l52n0UAY 3 dIUAD
LaumsAnrededsdoya
2.87UM3AIAUAABY CCD (Scanner)

3.42UAa90 W (Digitizer)



U a U 4’ £
AIUNMINANDADAIVUBYD

d' -~ 1 a 1 4' 9 9 [ dy
lﬂﬂliﬂiﬂjﬂillﬂﬂmu PC Server ﬁﬁuﬂliﬂﬂﬂﬂﬂﬂfﬂiﬂﬂgﬂﬂzﬂﬂﬂg]'riu'l"l]i')ﬂ\m

@ WELCOME TO REMOTE PICTURE SENDER

WELCOME TO REMOTE PICTURE SENDER

~Comport Control
€ Comm 1 © Comm 2

-Modem Control————
@ Connect
@ Disconnect
Telephone Number

Department of Applied Physics Faculty of Science
King Mongkut's Institute of Technology Ladkrabang

1997

4§ ~ act & [ o 1 N
iielinmsaane Tao lise Tunal¥natly Comm? 1azDisconnect 9z1/51ng M9l

& WELCOME TO REMOTE PICTURE SENDER

WELCOME TO REMOTE PICTURE SENDER

-Comport Control-———
@ Covum 1 @ Comm 2

~Modem Control-——
@ Connect
@ Disconnect
Telephone Number

Department of Applied Physics Faculty of Science
King Mongkut's Institute of Technelogy Ladkrabang

1997




=2,

4 a 1 < J £ @
dielimsanae Tuan 1Al Comm?2 Az Connect 921510 NTNIBAY

& WELCOME TO REMOTE PICTURE SENDER

WELCOMETO REMOTE PICTURE SENDER
.Comport Control--

f @ Conm 1 ® Comm 2

{
L

~Modem Control--—-
! @ Connect

@ Disconuect
Telephone Number

|
|
|

Department of Applied Physics Faculty of Science
King Mongkut's Institute of Technology Ladkrabang

1997

4
v

A g v & ey o a9
lllﬂTillﬂllﬁuﬂ']\iﬂﬂﬂaﬂuilﬂﬂuﬂa‘wﬂ']\iuﬁjﬂzu"u'mﬂﬂqu

@& WELCOME 10 BEMOTE PICTURE SENDER

WELCOMETO REMOTE PICTURE SENDER

~Comport Control———
€ Conm 1 @ Comun 2

~Modem Control-—— .
® Connect
@ Disconnect
Telephone Number

Department of Applied Physics Faculty of Science
King Mengkut's Institute of Technology Ladkrabang

1997

A1y Next o1 ludauniugundes CCD nienaily Exit ileoenin Tusunsy



AIUAIVANNABY CCD (Scanner)

Ed
daunuundes CCD sx)snguihvedsil

W, SCANNER CONTROLS CCD CAME

RA

~Rotate Control

© Left

@ Right

@ 30 Degrees
@ 60 Degrees

@ 90 Degrees

~Degrees Control

Degrees ( 0 = 130 )
@ 120 Degrees
@ 150 Degrees

@ 180 Degrees

SCANNER CONTROLS CCD CAMERA

~Data Picture Control-——-uy

ifoAvIMINyUNABINI1I 30 B3 I NAL)Y Right 1Az 30 Degrees 921/ M99

ae
=,

W, SCANNER CONTROLS CCD CAMERA

@ 30 Degrees
@ 50 Degrees

@ 90 Degrees

b4
-Rotate Control
@ Left @ Right
-Degrees Control
o . Degrees ( 0 = 180 )

@ 120 Degrees
@ 150 Degrees

@ 180 Degrees

SCANNER CONTROLS CCD CAMERA




& Yy o 9 oy 9 [ dy
maﬂaamqummmuuazqummmiﬂzﬂﬂngnmaamu

w. SCANNER CONTROLS CCD CAMERA

SCANNERCONTROLS CCD CAMERA

-Rotate Control

@ Lef

@ Right

~Degrees Control
|3o

@ 30 Degrees

@ 60 Degrees

@ 90 Degrees

Degrees ( 0 = 180 )

@ 120 Degrees
@ 150 Degrees

@ 180 Degrees

-Rotate Control

@ Left

& Right

-Degrees Control
I'w

@ 30 Degrees

@ 60 Degrees

@ 90 Degrees

Degrees ( 0 = 180 )

@ 120 Degrees
@ 150 Degrees

@ 180 Degrees

iiendeanyunduindadumiaiuduudmiveszmilouduminesuduvesdu

AIWANNADI CCD




' 3 ; 9
trdeamsgamiiny Aaunsaideng 14v1ndau Data Picture Control 921/51ng11i190

[

&
NU

&, SCANNER CONTROLS CCD CAMERA

SCANNER CONTROLS CCD CAMERA

-Rotate Control ~Data Picture Contro]--

€ Left @ Right

~Degrees Control

| Degrees ( 0 = 180 )

@ 30 Degrees @ 120 Degrees
@ 650 Degrees € 150 Degrees
@ 90 Degrees @ 180 Degrees

o

' 4 4
Mwniaenazsingluaau Data Picture Control 9315 1nguil1vefaiinail

w. SCANNER CONTROLS CCD CAMERA

SCANNER CONTROLS CCD CAMERA

~Rotate Control ~Data Picture Control
¢ Left © Right

~Degrees Control

I  Degrees ( 0 = 180 )

@ 30 Degrees @ 120 Degrees
@ 60 Degrees @ 150 Degrees
@ 90 Degrees @ 180 Degrees

=4 N & o 1 o o '
tdesmsinunmIinaly Capture Faazaiamlududufiunin (Digitizer) Ao 1)



AIUAANUNIN (Digitizer)
¥ v o o 1% U ¥
AuA NN Upload Yoyadamnunimnasnnnaify Capture Tudauniuny

9y 9 [ dy
Nav3 CCD ﬂzﬂi‘lﬂﬂﬂu'ﬁ]ﬂﬂqu

w. DIGITIZER

DIGITIZER

~Picture Area

2
|
i

v
=~

4 @ (] @
1ii® Upload Yoyadgyananimass wzilsingnihnedsil

«u

w. DIGITIZER

DIGITIZER

-Picture Area




0 ; S o
ifedesnsgnmiinallu Display Picture 1182 PC Server Nvzalszudana vziinive

v
I

Usingaail

w. DIGITIZER

DIGITIZER

Completed Duta

~Picture Area

;Plcture Control-—— 3

' o (]
1ife PC Server szuranaaione Save ity File JPG uazinvasgudoya aiinh

v &
v0Y31n AN

w. DIGITIZER (@] X

DIGITIZER

-Picture Area

r Picture Control——— }

nA1jy Back ivenau luaiuniuguades CCD nienaify Exit ileoenin Tulsunsy



[—’eatu res

* Compatible with MCS-51™ Products

4K Bytes of in-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

* Fully Static Operation: 0 Hz to 24 MHz

»* Three-Leve| Program Memory Lock

« 128 x 8-8it Internai RAM

* 32 Programmable 1/Q Lines

«* Two 16-8it Timer/Counters

» Six Interrupt Sources

» Programmable Serial Channel

* Low Power Idle and Power Down Modes

-

Description

The AT8SC51 is a low-power, h;gh -performance CMOS 8-bit microcomputer with 4K
bytes of Flash Programmable and Erasable Read Only Memory (PEROM). The
device is manufactured using Atmei's high density nonvolatile memory technoiogy
and is compatible with the industry standard MCS-51™ instruction set and pinout. The
on-chip Flash allows the program memory to be reprogrammed in-system or by a con-
ventional nonvolatiie memory programmer. By combining a versatile 8-bit CPU with
Flash on a monolithic chip, the Atmel AT89CS51 is a powerful microcomputer which
provndes a highly flexible and cost effective solution to many embedded control appli-
' cations.

(continueq)
. . p
Pin Configurations S
2101 ™~ «of vee
P11 2 3s [- P00 (ADO)
1.2 73 38 £ P01 (ADYY
P13 s 37 |7 PO.2 (AD2)
P14 s 38 {= P0.3 (ADD)
P15 s 35 (= P0.4 {AD4)
P16 7 34 = PO.5 (ADS)
P17s 13 £ PO.6 (ADS)
RST 9 312 £ P07 (ADT)
(RXD) P3.0 T 10 31 {= EXIveP
PQFPTQFP (TX0) P3.1.J 11 30 [= ALE/PFROG
g 4 (MY P3.2 7 12 29 £ FSEN
=X-X-X-] (TATN P3.3 313 28 - P2.7 (A15)
Y (TO) P3.4 7314 27 = P2.6 (A14)
INDEX cr-o orme (T1y P3.8 =115 26 C P2.5 (A13)
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Block Diagram
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; : 7Y x x x T l |
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The AT89CS51 provides the following standard features: 4K
bytes of Flash, 128 bytes of RAM, 32 /O lines, two 16-bit
timer/counters, a five vector two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM. timer/counters,
serial port and interrupt system to continue functioning. The
Power Down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next
hardware reset.

Pin Description

Vee
bSupply voltage.

‘GND
Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional I/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 may also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PQ has internal pul-
lups.

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 /0 port with internal puilups.
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 intemal 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.

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

Port2

Port 2 is an 8-bit bidirectional /O port with intemnal puliups.
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 intemnai pullups and can be used as inputs. As inputs,
Port 2 pins that are extemally being puiled low will source
current (Iy ) because of the internal puliups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
extemal data memory that use 16-bit addresses {(MOVX @
DPTR). in this application it uses strong internal pullups

ATmET

when emitting 1s. During accesses to extemal data mem-
ory that use 8-bit addresses (MOVX @ Rl), Port 2 emits the
contents of the P2 Special Function Register.

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

Port3

Port 3 is an 8-bit bidirectional /O port with intemal 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 puilups.

Port 3 also serves the functions of various special features
of the ATBIC51 as listed below:

Port Pin | Alternate Functions

P3.0 | RXD (serial input port)

P3.1 f TXD (serial output port)

P3.2 | INTO (external interrupt 0)

P3.3 | INTT (external interrupt 1)

P3.4 l TO (timer 0 external input)

P35 I T1 (timer 1 external input)

P3.6 : WR (external data memory write strobe)
P3.7 ! RD (external data memory read strobe)

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

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to extemal memory. 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
puise is skipped during each access to external Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit O 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 memory.
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Wtien the AT89CS51 is executing code from external pro-
grdm memory, PSEN is activated twice each machine

cylle, except that two PSEN activations are skipped during
each access to extemal data memory.

EANpp _

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gfam 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 Vg for internal program execu-
tibns.

This pin also receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1
Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
¥ dnconnected while XTAL1 is driven as shown in Figure 2.
! There are no requirements on the duty cycle of the external
I clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
j mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the intemal reset algorithm takes control. On-chip hardware
inhibits access to intemal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset. the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
—p———e—— XTAL2
1 -
—)————e— XTAL1
i
° GND

Note: C1,C2 =30pF = 10 pF for Crystals

=40 pF + 10 pF for Ceramic Resonators
Figure 2. External Clock Drive Configuration

NC —— 1 XTAL2
EXTERNAL
OSCILLATOR S 77 | XTALA
SIGNAL
[— GND

Status of External Pins During Idle and Power Down Modes

Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
Idle External 1 1 Fioat Data Address Data
Power Down Internal 0 0 Data Data Data Data
Power Down External 0 0 Float Data Data Data

4-32



¥

Power Down Mode

In.the power down mode the oscillator is stopped, and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values untii the power down mode is termi-
nated. The only exit from power down is a hardware reset.
Reset redefines the SFRs but does not change the on-chip
RAM. The reset should not be activated before V¢ is
restored to its normal operating level and must be heid
active long enough to allow the oscillator to restart and sta-
bilize.

tLock Bit Protection Modes

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the table below:

When lock it 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

N Program Lock Bits 1 Protection Type
| LB1 | LB2 | LB3 |
1 U o+ U U No program lock features.
o2 P i U U MOVC instructions executed from external program memory are disabled from fetching code
! bytes from internal memory, EA is sampled and latched on reset, and further programming of the
! Flash is disabled.
3 e u ] Same as moede 2, also verify is disabled.
4 p i P P | Same as mode 3. also external execution is disabled.

Programming the Flash

The AT89CS51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage
(Vce) program enable signal. The low voltage program-
ming mode provides a convenient way to program the
AT89C51 inside the user’'s system, while the high-voltage
programming mode is compatible with conventionai third
party Flash or EPROM programmers.

The AT89C51 is shipped with either the high-voltage or
low-voitage programming mode enabled. The respective
top-side marking and device signature codes are listed in
the following table.

9 Vpp =12V Vpp =5V
Top-Side Mark AT89C51 AT89C51
XXX X0OX-5
yyww yyww
Signature (030H)=1EH (0O30H)=1EH
(031H)=51H (031H)=51H
(032H)=FFH (032H)=05H

The AT8SCS1 code memory array is programmed byte-by-
byte in either programming mode. To program any non-
blank byte in the on-chip Flash Memory, the entire memory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the

AT89C51, the address, data and control signais should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89CS51, take the follow-

ing steps.

1. Input the desired memory location on the address
lines.

2. Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

4. Raise EANVpp to 12V for the high-voltage programming
mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array or the lock bits. The byte-write cycle is seif-timed
and typically takes no more than 1.5 ms. Repeat steps
1 through 5, changing the address and data for the
entire array or until the end of the object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written wiil result in the com-
plement of the written datum on PO.7. Once the write cycle

has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is puiled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

@



érogram Verify: if lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1"s. The chip erase operation must be executed
before the code memory can be re-programmed.

:Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
¢locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be pulled
to a logic low. The values returned are as follows.

ATmEL

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

(032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itseif to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Flash Programming Modes

Mode | RST | PSEN | ALE/PROG EANpp | P2.6 | P2.7 | P36 | P37
Write Code Data boH S HI12V L H | H | H
; NSO S ’
Read Code Data (8 | H P H B L H
Write Lock Bit - 1 L | I HA2v H H
, | >
Bit - 2 H L ‘ , HM2v H H L L
S\ M |
Bit - 3 H L ' I HA2v H L H L
=S 5
)
Chip Erase H L o) H/12V H L L L
~_~
Read Signature Byte H L H ‘ H L L L L

Note: 1. Chip Erase requires a 10-ms PROG puise.

e



f:igure 3. Programming the Flash

4

Figure 4, Verifying the Flash
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’ A8 - A1L o2 A8 -_A1; P26 PULLUPS)
SEE FLASH — o P27 ALE {+—— PROG SEE FLASH l ——» P27 ALE l4—y
s PROGRAMMING— PROGRAMMING i ‘
v MODES TABLE t —— % P36 MODES TABLE l ——»| P36 x. v
- —-M P37 L —-» P37 .
; ————{ XTAL2 EA le— V, NV, ———————{ XTAL2 A i
328 MHz _ = 324 MHz _ =
e |,
¥ = H E = l
‘——b———}— XTAL1 RST |[¢—— V., —0———}— XTAL RST l4—— V,,
' o | GND PSEN p— e -{ GND PSEN ——
= = = =
+ Flash Programming and Verification Characteristics
T, = 0°C to 70°C, Vg = 5.0 £ 10%
Symbol I Parameter ’ Min Max Units
Vpp! ! Programming Enable Voltage 11.5 12.5 \
lpplV Programming Enable Current 1.0 mA
heLeL Oscillator Frequency 3 24 MHz
taveL Address Setup to PROG Low 48te oL
toHax Address Hola After PROG 48te oL
toveL Data Setup to PROG Low 48te oL
taHOX Data Hold After PROG 48tor oL
teHsH P2.7 (ENABLE) High to Vpp 48te; oL
tsHGL Vpp Setup to PROG Low 10 us
tamus " Vpp Hold After PROG 10 ps
taLgH PROG Width 1 110 us
tavav Address to Data Valid 48teL oL
teLav ENABLE Low to Data Valid 48te L
tenaz Data Float After ENABLE 0 48tc oL
taHBL PROG High to BUSY Low 1.0 us
twe Byte Write Cycle Time 2.0 ms
Note: 1. Only used in 12-volt programming mode.
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Flash Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

. b10. P17 1 PROGRAMMING | VERIFICATION
. . - . ——_——_—(7 *
P20 - P23 { ADDRESS A——( ADDRESS r————
: | — <+ lyvav
. L l
\ PORT 0 ORA N P ( DATA OUT _p———
+~—tog  lowox > !
tavgL +——* <+ lgnax
ALE/PROG BN A
t - —
, SHGL | —tg e —> tonsL
— A Ve i "NLOGIC 1l
: EANpe  _______ e e LOGIC O __ .
5 P2.7 ” e L tagu—e — = tenaz
E (ENABLE) i N v
tohet =
; P34 ; :
(ROY/BSY) : BUSY ¢/ READY
WA twe .

" Flash Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

VERIFICATION

13
PROGRAMMING
- |
g;:g ) g;:g —q ADDRESS ;L——J' ADDRESS
¢ = || /55 tavav
PORT 0 {\F DATA IN ¢ —DATA QUT p—
{ ¢
" tova  lgHox [+
taver [+ 1 tonax
ALE/PROG (
l
tsa il A
— LOGIC 1
EANge 00 o do_____LOGICO} | ___
. ]

P2.7 "] D terav Pl " tenoz

_ (ENABLE) /I
toHeL — l

P34 |

i (RDY/BSY) BUSY READY
1 ¢ tV‘C

3
14
k




Absolute Maximum Ratings”®

Operating TEMPerature.............ocwweresirsrssrsens -55°C to +125°C *NOTICE:  Stresses beyond those fisted under "Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature.............cveeeeecuererecsescenncs -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Voltage on Any Pin other conditions beyond those indicated in the
with Respect to Ground ........ooeieeeniineeinnenne -1.0Vto +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
Maximum Operating Voltage..........ccovvvervieniniieniieneeees 6.8V conditions for extended periods may affect device
reliability.
DC Qutput CUITBAL......coiirrrnrmeiarreeeetrens s 15.0 mA
DC Characteristics
Ta = <0°C to 85°C, V¢ = 5.0V.£ 20% (unless otherwise noted)
Symbol Parameter | Condition Min | Max Units
Vi Input Low Voltage (Except EA) 0.5 02y -01 v
Viey Input Low Voltage (EA) 0.5 02V -03 v
Vin input High Voltage | (Except XTAL1, RST) 0.2Vee +0.9 Ve + 0.5 v
Ving Input High Voltage | (XTAL1, RST) 0.7 Vec Ve + 0.5 v
VoL Output Low Voltaget!) (Ports 1,2,3) loL =16 mA 0.45 v
Vour Output Low Voitagel! loL = 3.2 mA 0.45 v
(Port 0, ALE, PSEN)
Vou Output High Voltage lon = -30 WA, Vee = 5V = 10% 2.4 ! v
Ports 1,2,3. ALE. FSEN n
(Ports : lon = -25 A 0.75Vee | v
lOH =-10 HA 0.9 Vcc v
Vor1 Output High Voitage lon = -800 pA, Ve =5V £ 10% 2.4 v
Port 0 in External Bus Mode
( ) lOH =-300 |J.A 0.75 Vcc "
lon = -80 A 0.9 Ve v
e Logical 0 input Current (Ports 1,2,3) Vin = 0.45V -50 HA
b Logical 1 to 0 Transition Current ViN =2V, VCC =5V £ 10% -650 HA
(Ports 1,2,3)
I Input Leakage Curent (Port 0, EA) 0.45 < Vyy < Ve +10 pA
RRST Reset Pulldown Resistor 50 300 KQ
Cio Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
lee Power Supply Current Active Mode, 12 MHz 20 mA
Idle Mode, 12 MHz 5 mA
Power Down Mode®® Vee =6V 100 A
Vcc =3V 40 H-A
Notes: 1. Under steady state (non-transient) conditions, lg_ must be externally limited as follows:

Maximum lg per port pin: 10 mA
Maximum lg_ per 8-bit port:  Port 0: 26 mA

Ports 1, 2, 3: 15 mA
Maximum total lg_for all output pins: 71 mA

“1f 1o, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater

than the fisted test conditions.
2. Minimum Vg for Power Down fs 2V,

ATMEL
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AC Characteristics

(Under Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all other
outputs = 80 pF)

External Program and Data Memory Characteristics

Symbol Parameter | 12 MHz Oscillator 16 to 24 MHz Oscillator Units
| Min i Max Min j Max
eLcL Osciftator Frequency | 0 | 24 | MHz
tHLL ALE Pulse Width P27 2tercl40 | ns
taviL | Address Valid to ALE Low L a3 tere-13 | ns
tLAX Address Hold After ALE Low | 48 toer20 t ns
Y ALE Low to Valid Instruction in 233 | atec65 | ns
tpL ALE Low to PSEN Low 43 tereL-13 ns
toLpm PSEN Pulse Width b 205 3teer-20 ns
toLiv PSEN Low to Valid Instruction In 145 tercL45 ns
toxix Input Instruction Hold After PSEN ! 0 0 ns
toxiz Input Instruction Float After PSEN 59 | tee-10 ns
toxav PSEN to Address Valid ‘ 75 tercL-8 I ns
taviv Address to Valid Instruction in 312 SteLcL-55 ns
toLaz PSEN Low to Address Float 10 10 ns
tRLRH RD Pulse Width ) 400 BtecL-100 ns
BALWH WR Puise Width © 400 BtercL-100 ns
taLov RD Low to Vatid Data in ; 252 SteeL-990 ns
tRHDX Data Hold After RD ; 0 0 ns
S~ Data Float After RD } 97 2oy cL-28 ns
tov ALE Low to Valid Data In | 517 8ter o150 ns
tavov Address to Valid Data In | 585 ' Stcc-165 ns
tom ALE Low to RD or WR Low i 200 300 3ter e -50 3teper +50 ns
taviL Address to RD or WR Low 203 Moy 75 ns
tavwx Data Vaiid to WR Transition i 23 terc-20 ns
tovi Data Valid to WR High I 433 Ttorer-120 ns
hHaX Data Hold After WR ! 33 toeL-20 ns
tRLAZ RD Low to Address Float I 0 0 ns
towHLH RD or WR High to ALE High | 43 123 teLeL-20 teLcL+25 ns

4-38 AT389C51 meessessssssssssssse—————
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External Program Memory Read Cycle

AT89C51

b P
~— ‘
' ALE A N Vo
\ <+ * torpn
t ta * > * !
— tyup +— )
PSEN . N A : , ~
+—lpxav—>
— e toxiz e—ni :
[T — MR
tPXlX—" L"— !
PORT 0 S A0 AT INSTRIN 5 __Ao-a7 >~
] . [ .
[N + tAVN ol
PORT 2 pal A8 - A15 X A8-A15

External Data Memory Read Cycle

-— tLHLL_"

ALE A
¥ et
PSEN =2 ) =
+~— R »
) bt o S5

RD <+ tyax —»= N1

¢ t t i i tRLDV el tRHDZ
r_ AL tRaz s — ’

et tRHOX

: I

. PORT 0 A0 - A7 FROM Ri OR DPL

Ny 7
KX < DATA IN

2

0 - A7 FROM PCL>—INSTR IN

i

i % ta

™

r——‘— tavoy

A15 FROM DPH

Ve

A8 - A15 FROM PCH

PORT 2 ><‘ P2.0 - P2.7 OR A8 -

g

ATmEL
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External Data Memory Write Cycle

+—— t‘LHLL—_.

ALE A \ / RN /

* PSEN N,
tLL.‘M. - t'M.'.r\.'r-q —>
WR —t oy — AN ___/
b —» tavwx —= +— —> +— bymax

PORT 0 _ < A0 - A7 FROM RI OR DPL{_ DATA OUT X XA0 - A7 FROM PCL<(INSTR IN

- tavt >

! PORT 2 X P2.0 - P2.7 OR A8 - A15 FROM DPH K A8 - A15 FROM PCH

External Clock Drive Waveforms

| oasy 0.2 Vee- 0.1V AN <
RO erex s 5 J
- tetet *
External Clock Drive
Symbol Parameter ! Min Max Units
heLeL Oscillator Frequency | 0 24 MHz
toLoL Clock Period i 41.6 ns
tomex High Time { 15 ns
terex Low Time | 15 ns
tcLeH Rise Time 20 ns
teneL Fall Time 20 ns
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Serial Port Timing: Shift Register Mode Test Conditions
(Vee = 5.0 V = 20%: Load Capacitance = 80 pF)

Symbol 1 Parameter | 12MHzOsc | Variable Oscillator Units
i Min | Max | Min Max
txixL i Serial Port Clock Cycle Time j 1.0 | 12tereL us
Yo Output Data Setup to Clock Rising Edge i 700 | 10to o133 ns
txHQX Qutput Data Hold After Clock Rising Edge | 50 I 2oe117 ns
‘xx-pmx i Input Data Hoid After Clock Rising Edge ! 0 0 ns
KoV ; Clock Rising Edge to Input Data Valid ! 700 10t o133 ns
Shift Register Mode Timing Waveforms
INSTRUCTION 0 2 O A -5 _‘s_‘gr_j:__i_a_ﬂ__
3 ALE — — —— e e e ) e b e e e — e e e e
= b L _
i CLOCK X ZUrATE N T
tovxH - -m ]
e t)(HQ)(
' WRITE TO SBUF N0 K1 (T2 X 3 X4 X s X8 X7
0 : o+ box seTT
~ OUTPUT DATA txroy +—— % ]
' octearm T i imid_ i G i ik i i
v A
INPUT DATA SET RI

v

B

AC Testing Input/Output Waveforms(!)  Float Waveforms("

\% rowv _Jg \:Von.' a.1v
v, Timing Reference —

Points

Voo 03V £0.2 Vg + 0.9V =<

' TEST POINTS
0.2 Ve - 0.1V

0.1V
Vau*

0.45Vv S

Note: 1. AC Inputs during testing are driven at Ve - 0.5V for  Note: 1. For timing purposes, a port pin is no longer floating

a logic 1 and 0.45V for a logic 0. Timing measure- when a 100 mV change from load voltage occurs. A
ments are made at Vy, min. for a logic 1 and Vy_ port pin begins to float when 100 mV change from
max. for a logic 0. the loaded Vop/Vo level occurs.

=
q
m
F
k
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Ordering Information
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-

ATmEL

Speed | Power |
(Ps'ﬂHz) ! Supply l Ordering Code l Package i Operation Range
12 sv=20% t AT83C51-12AC | A i Commercial
ATBICS1-12JC o oaay {0°C to 70°C)
AT89CS1-12PC ' 40Ps ,
' | ATBIC51-12QC I aq i
f | ATBSCS1-12Al I 44 Industrial
; g AT89CS1-1241 | 44J (40°C to 85°C)
, ' | ATBICS1-12PI | 4oPs
. AT8gCs1-12Ql i 44Q
! [ ATBICS51-12AA L 44A * Automotive
' ,  AT89C51-12JA 44J (<0°C to 105°C)
j ,  ATB9CS1-12PA 40P6
‘ | AT89CS1-12QA 44Q
16 L 5V £20% AT89C51-16AC 44A Commercial
i ATBIC51-16JC 44) (0°C to 70°C)
' ! AT89C51-16PC 40P6
5 ; AT89C51-16QC 44Q
d ' AT89CS51-16Al 44 Industrial
' ’ | atsecst-eu D 44y (-40°C to 85°C)
AT8IC51-16P 40P6
AT89C51-16Q | 44Q
AT89CS51-16AA . 44A Automative
ATBIC51-16JA L a4l (40°C to 105°C)
ATBICS51-16PA 40P6
AT8IC51-16QA 44Q
20 5V £20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44J (0°C to 70°C)
ATBIC51-20PC 40P8
. ATB9CS51-20QC 44Q
ATBICS51-20Al 44A Industrial
: AT89C51-201 44) (40°C to 85°C)
AT89C51-20P 40P
ATB9C51-20Q1 44Q
B
4-42 AT39C51 m———eesssss——————s—
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Qrdering Information

I $peed i Power ] .
! {(MHz) Supply Ordering Code Package Operation Range
| " 24 5V=20% |  ATBOCS1-24AC 444 Commercial
P i ATBSCS51-24JC 444 (0°C to 70°C)
P | ATB9CS1-24PC 44p6
o AT89C51-24QC 44Q
- . AT89C51-24Al 44A Industrial
! ! | ATBICS1-24J1 44y (-40°C to 85°C)
; . AT89C51-24P 44P6
! ; | aTsocsi-24q | waq
4
£
E
3
.
i
}
Package Type
g44A 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
fa4y 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
40P6 40 Lead, 0.600" Wide, Plastic Dual Infine Package (PDIP)
* 44Q l 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

3
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M HARRIS

CAJ sesmiconDUCTOR

CA3308
|

CMOS Video Speed
6-Bit Flash A/D Conveiter

December 1993

Features
* CMOS Low Power with Video Speed (70mW Typ.)

Description

The CA3306 family are CMOS parallet (FLASH) analog-to-digital
. Conversion T iqu converters designed for apphcations cemanding both low power
P‘a.rallel on on Technique consumpdon and high speed digdization. Dighizing at 1SMHz, for

. » Signal Power Supply Voitage (3V to 7.5V) exampie, requires only about SOMW.
* 15MHz Sampling Rate with Single 5V Supply The CA3306 family operates over a wide, ful scale signal input

. * 6-8Bit Latched Tri-State Output with Cverflow Bit voltage range of 1V up to the supply voitage. Power consumption is

f  « Pin-for-Pin Retrofit for the CA3300 as low as 1SmW, depending upon the clack frequency selected. The

] CA3X0E types may be directly retrofitted ints CAZI00 sockets,

H 3 offefing improved lineanty at a lower reference vokage and high

Appl{cabo.nf . operating speed with a SV supply.

* TV Video Digitizing . The intrinsic high conversion rate makes the CA3306 types ideally

+ Uitrasound Signature Analysis suited for digitizing high speed signals. The averflow bit makes pos-

» Transient Signal Analysis sble the connection of two or more CA3306s in saries to increase

+ High Energy Physics Research the resolution of the conversion system. A ‘seri‘es connection of twa
. . R CA3X06s may be used to produce a 7-bit high speed converter.

* High Speed Oscilloscope Storage/Display Operaton of two CAZ306s in paralie doubles the conversion speed

* Generat Purpose Hybrid ADCs (i.e., increases the sampiing rate from 1SMHz to J0MHz).

* Ogtical Character Recognition

* Radar Pulse Analysis

Sixty-four paraleled auto talanced comparators measure the input

voltage with respect to a known reference to produce the paralef bit

. . . : outputs in the CA320S. Sixty-three comparators are required to
Mo Signature Analysis quantize af input voltage levels in this 6-bit cormerter, and the

* Robot Vision additional comparator is required foc tie averow bit.
Ordering Information
PART NUMBER UNEARITY (INL, DNL) SAMPUING RATE TEMPERATURE RANGE PACKAGE
CAZ306E +05 LSB 15MHz (67ns) ~0°C to +&5°C 18 Lead Plasac DIP
CA3306AE 025 LS8 15MHz (67ns) -40°C to +85°C 18 Lead Plistic DIP
CAZA06CE 05158 10MHz (100ns) —aO°C to «85°C 18 Lead Pastic DIP
CAZ0eM #5188 1SMHz (67ns) -40°C to +85°C 20 Lead Plastic SOIC
CAZ0SCM #5188 10MHZ (100ns) -0°C to +85°C 20 Lead Phastic SOIC
CA33060 05158 1SMHzZ (67ns) -S°Cto +125°C 18 Lead Ceramic OIP
CAZ0EAD 0D25LSB 1SMHz (67ns) S5°C to +125°C 18 Lead Ceramic DIP
CA306CD #5158 10MHz (100ns) -55°C to +125°C 18 Lead Ceramic DIP
CASI0RL3 H05LS8 1SMHz (67ns) -S°Cto +125°C 20 Lead LCC
CAZ3063 05158 10MHz (100ns) -S5°C to +125°C 20 Lead LCC
Pinouts
CA3308 (PDIP, COWP) CA3306 {(SOIC)
TOP VIEW TOP VIEW
(ms8) 86 [1] ~ Hdes
overrLow(zZ] ee
Vss E u ggn'az Vss
v |4 H5 B3 V%
=3 ez w
== g1 (Ls8) =
o [I] Voo =
prasE[s]| 1] Vi
Veer+ 3] id Vrer-

CAUTION: Theae devices are sensitive to
Copyright © Harris Corporation 1993

ic discharge. Users should follow proper {.C. Handing Procedures.
6-16
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CA3306, CA3306A, CA3306C

Functional Block Diagram
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Specifications CA3306, CA3306A, CA3306C

Absolute Maximum Ratings Thernmal Information
OC Suppty Vottage Range, Vg Thermal Resistance 0.4 8
Voitage Referenced to Vgg Terminat, ... ........ 05V to +8.5V Ceramic DIP Package ............... W 12°Cw
input Voltage Range PasticOIP........................ 9E°CwW -
All Inputs Except Zeaes, ... .............. DSVIgVap + 05V Plasic SQIC ........ . .......... SS°CW -
DC Input Curent Ceramec LCC. .. ................. &B°CM  12°CW
CLK PH, CET,CE2 Vigu e el =20mA  Maximum Power Dissipation
Storage Temperature Range ................. £5°C to +150°C EMorDPackage .......... .................. 31Smw
Lead Temperature (Soldering 10s). . .................. +300°C  Operatng Temperatre Range (T,)
Ceramic Package (DSuffix) ... ........... S5°C lo +125°C
Plastic Package (EorM Suffix). ... ........... -APC to +85°C

umws&mmm&dh‘Mwmm‘mmsmmblmm. This 5 a stress only rating and operation
of the Cavice at these or any other cancifions above those indicated in he cperational sectons of s soeceicanon o not implied.

Operating Conditions

Supply Vottage Range . ............................ 3Vto 8V  Max Junction Temperature
CeramicPaciage ...... .................... ... +175°C
PlasticPackage......... ...................... +1S0°C

Electrical Specifications T, = +25°C, Voo = SV, Vage+ = 48V, Vss = Vagr- = GND, Clock = 1SMHz Square Wave for CAZX06 or
CAZI06A, 10MHz for CAZI0SC

PARAMETERS | TEST CONDITIONS D | Tve | max [ unms
SYSTEM PERFORMANCE
Resoiution 6 - - Bits
Integrat Linearty Error, INL.  CA3306, CAZI06C = 025 405 Ls8
CA3R06A 5 0.2 025 LSB
Differential Linearity Error,  CA3306, CA3306C . 30,25 05 LSB
DKL CAZT0A = 02 | 025 (s8
Offset Ertor (Unadjusted) ~ CA3306, CAZ306C | (Note 1) = 105 + LSB
caxoea | . 0325 | 208 Ls8
Gain Estor (Unadjusted) CA308, CAZ30EC | (Note 2) . 05 1 Ls8
cazmeA | ) 025 | 05 LS8
Gain Temperature Coefficient - +Q.1 - mvreC
Offset Temperature Coefficert Y 0.1 4 mVAC
DYNAMIC CHARACTERISTICS (Input Sigral Level 0.54B Below Futt Scate)
Maximum Conversian Speed CA3306C 10 13 - MSPS
CAZ06, CAZ06A 15 20 - MSPS
Maximum Conversion Speed CA3306C {Note 4) 12 - - MSPS
CAZA06, CAZ306A | #1: 92 2 Minimum 18 ; ; MSPS
Alloweble Input Bandwidth (Note 4) Dc - {ocxn MHz
3dB Input Bandwicth - o - MHz
Signal to Noise Ratia (SNR) Fg = 1SMH2, f,, = 100kHz - 346 - dB
_ RMS Signat Fg = 1SMHz, f, = SMHz - 34 - d8
RMS Noise
Sigrai to Noise Ratia (SINAD) Fs = 1SMHz, f,, = 100KHz - 342 . dB8
- s :’;‘;S:%:Lrﬁon Fg = 15MHg, {, = SMHz - 20 - a8
Total Harmonic Distartion, THO Fs = 1SMHz, {,, = 100kHZ - 60 - dBc
Fs = 1SMHz, fy, = SMHz - 300 - dBe
Effective Number of Bits (ENOB) Fg = 1SMHZ, fpy = 100kHz - - 55 - | ss
Fs = 1SMHz, fiyy = SMHz - 45 - Bits
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Specifications CA3306, CA3306A, CA3306C

Electrical Specifications T, = +25°C, Vpo = SV, Vgep+ = 4.8V, Vgg = Ve~ = GND, Clock = 15MHz Square Wave for CATI0S o
CAZ06A, 10MHz2 for CAS206C (Cortinued)

PARAMETERS | TEST CONDITIONS | w8 | v | wmax | unms
ANALOG INPUTS
Positive Ful Scale input Range (Notes 3, 4) 1 48 Vo 05 v
Negative Full Scale input Range (Notes 3, 4) oS 0 Voo - 1 v
input Caoacitance - 1S - pF
Input Current Vin = 492V, Vpg =5V - - 500 l HA
INTERNAL VOLTAGE REFERENCE
Zener Votage Iz = 10MA 54 6.2 7.4 v
Zener Dynamic impedance iz = 10mA, 20mA - 12 25 Q
Zener Temperature Coefficient - 05 - 11/
' | REFERENCE INPUTS
Resistor Ladder impedance | | &0 | 110 | =0 ] o
OIGITAL INPUTS
Maximum V,y, LogicO Al Digital Inputs (Note 4) - - 0.3x Vog v
Maximum Vy, Logic 1 All Digitat Inputs (Note 4) Q.7% Vg - - v
Digital input Curtent Except CLK, V), = OV, 5V - +1 5 gA
Digital Input Current CLK Onty - =10 200 HA
DIGITAL QUTPUTS
Digttat Output Tri-State Leakage Vour =0V, 5V - +# b~ A
Digital Output Source Current Vour = 4.6V -1.86 - - mA
Digitat Output Sink Current Vour = 0.4V 32 - - mA
TIMING CHARACTERISTICS
4 WAuto Batance Time (91) CA306C 0 - o ns
. CA3206, CAZX06A es - ca
Sample Time ($2) CAZR06C (Note 4) 3 - [Seeel ns
3 cAa06, Ao | z |~ =0 | =
Aperture Delay - 8 - ns
L | Aperture Jittar - 10 - PSpo
Output Data Valid Delay (Tp) CAII06C - 3] Se] ns
CAZ06, CAZ306A 0 40 ns
Quiput Data Hold Time (T (Note 4) 1S 25 - ns
Output Enable Time, (Tgy) - 20 - ns
Output Disable Time (Toe) z 15 - ns
POWER SUPPLY CHARACTERISTICS
oo Cutrernt, Refer to Figure 4 CAS306C Cantinuous Conversion (Note 4) - " 2 mA
CAZI06, CASG06A | - 14 s mA
lop Curmrent Cantinuous ¢1 - 75 15 mA
NOTES:

t. OFFSET ERROR is the difference between the input voitage that causes the 00 to 01 cutput code transition and (Vrer+ - Vees-¥128.

2. GAIN ERROR s the difference the input volage that causes the 3F,q (0 overflow output code transition and (Vrer+ - Vrer) X 1271128,
3. The total input voltage range, set by Vgeee+ and Vpep-, may be in the range of 1 to (Voo + 1} V.
4. Parameter not tested, but guaranteed by design or characterization.
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CA3306, CA3306A, CA3306C

— AT

Timing Waveforms

COMPARATOR DATA IS LATCHED DECODED DATA IS SHIFTED TO OUTPUT REGISTERS

<

CLOCK F
PHASE 1S HIGH

CLOCK IF AUTO
PHASE IS LOW l BALANCE l

to
W e
DATA DATA DATA
N-2 N-t N

FIGURE 1. INPUT-TO-OUTPUT

DATA

BAPEDANCE
oF DATA DATA

Ei
:
/Eﬁ

i

|

SAMPLE ENOS
cLocK 2 o1 /¥
—-—‘ To
-2
oLD NEW DA’ oLD oLn
ouTPUT DATA EWDATA  GUTPUT paTa X DATA +4 DATA
* Y2
FIGURE 2A. FIGURE 28
SAMPLE ENDS
cLocK o2 b1 $2 44 $2
! To
1
ot oo X =
92
RGURE 3C.

FIGURE 3. PULSE MODE
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CA3306, CA3306A, CA3306C

o

Typical Performance Curves

50 . 125 -
Ta = *25°C, Vggr+= Voo ! Fu_l :3&11\1‘-\ \\FCLX= 1MHz
\ Viag =0 TO Vygp+ SINE WAVE AT Fouxz ' > ! oo = toMz AN
' «a L ! : £ e Foux = 15Wz—] \\ N
i ‘ I I i w 19 Ferx = 20MHz =5 \ T~
CISSIPATION LIMITED . -3 1 1 \ \
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Typical Performance Curves (Continued)
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Typical Performance Curves (Continued)
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Pin Descriptions
PIN NUMBER
o} o4 SOIC NAME DESCRIPTION
1 1 BS Bit 6, Output (MSB).
2 2 QF Qverflow, Qutpud.
3 3,4 Vsg Digital Ground.
4 S vZ Zener Reference Ouput.
S [ CcE2 Tri-State Output Erable Input, Active Low. See Table 1.
6 7 CE1 Tri-State Qutput Erable Input, Active High. See Table 1.
7 8 CLK Clock tnput.
8 9 Phase Sample dock phase contral input. When PHASE s low, “Sampie Unknown™ occurs
when the dlock is low and "Auto Bakance* occurs when the clock is high (see text).
9 10 Veert Reference Voltage Posdive Inpul.
10 1 Ve Reference \oitage Negative input.
1 12 Vin Anzlog Signal Inpt.
12 13 14 Voo Power Supply, +5V.
13 1S 81 Bk 1, Output (LSB).
14 16 B2 B 2, Output..
1S 17 B3 81t 3, Output.
18 18 REF(CTR) Reference Ladder Midpaint.
17 19 B4 Bt 4, Cutput.
i
18 20 BS 8t S, Cutput.
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TABLE 1. CH® ENABLE TRUTH TABLE

CE1 CE2 B1-88 Of
0 1 Vaid Vaid
1 1 Tri-State Vaid
X s} Tri-State Tri-State
X = Don't care
TABLE 2. OUTPUT CODE TABLE
(NOTE 1) INPUT VOLTAGE BINARY OUTPUT CODE (LSB)
Veer Veer Ve Ve
6.40 512 430 3.20 DECIMAL
CODE DESCRIPTION ) vl v ) OF 21 BS B4 83 B2 B1 COUNT
Zero 0.00 0.0 Q.00 0.0 o} o] 0 o] aQ 0 o] s}
tLSB Q.10 0.08 007 005 o g o] [o] o] o 1 1
2188 020 0.16 0.15 0.10 o s s} o] o} 1 0 2
112 Full Scale -1 LSB 3.10 2.48 23S 1.5 o o] 1 1 1 1 1 31
‘lz Full Scale 320 255 2.0 1.60 Q 1 0 0 Q Q 0 3R
1/2 Full Scale + 1 LS8 3.0 2.64 2475 1.656 Q 1 0 9] o} Q 1 3
Full Scale - 1 LS8 620 498 465 310 Q 1 1 1 1 1 o] 62
Full Scale 6.0 S04 4.72S 3.15 o, { 1 1 1 i 1 63
Cwverflow 6.40 5.12 4.80 3.20 1 1 1 1 1 1 1 127

NOTE:

1. The voitages iisted abave are the ideal centers of each output code shown as a funclion of ils 2ssociated reference voltage.
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Device Operation

A sequentiai parallel technique is used by the CA3306 con-
verter 1o obtain its high speed operation. The sequence con-
sists of the "Auto Balance™ phase ¢1 and the *Sample
Unknown" phase a2. (Refer to the circuit diagram.) Each
conversion takes one clock cycle.” With the phase control
low, the "Auto Balance® (¢1) occurs during the High period of
the clock cycle, and the “Sample Unknown® (62) occurs dur-
ing the low period of the clock cycle.

During the "Auto Balance' phase, a transmission-gate switch
is used to connect each of 64 commutating capacitors to
their associated ladder reference tap. Those tap volages will
be as follows:

Vrap (N) = [(Vrep®4) x N] - [Vrer/(2 x 64)]
= Vigegl(2N - 1)/126]

Where: Vyap (N) = reference ladder tap voitage at point M
Vger = voltage across Vggee- 10 Vgert
N = tap number (I through 64}

* This device requires only a single-phase clock The terminology of
o1 and o2 refers to the High and Low periads of the same clack.

The other side of the capacitor is connected to a single-
stage inverting amplifier whose output is shorted to its input
by a switch, This bases the amplifier at its intrinsic trip poirt,
which is approximately, (Voo - Vss)2. The capacitors now
charge to their associated tap voitages, priming the cireuit for
the next phase.

In the “Samplte Unknown” phase, all ladder tap switches are
opened, the comparator amplifiers are no fonger shorted,
and Vy is switched to all 64 capecitors. Since the other end
of the capactor is now looking inta an effectively open cir-
cuit, any voltage that differs from the previous tap voltage will
appear as a voitage shift at the comparator amplifiers. All
comparators whose tap voltages were iower than Vyy will
drive the comparator outputs to a “low” state. All compara-
tors whose tap voltages were higher than Vpy will drive the
comparator outputs to a °high® state. A second, capacitor-
coupled, auto-zeroed amplifier further amplifies the outputs.

The status of all these comparator amplifiers are stored at the
end of this phase ($2), by a secondary tatching amplifier stage.
Once tatched, the status of the 64 comparators is decoded by
a 64-bit 7-bit decode array and the results are clocked into a
storage register at the rising edge of the next ¢2.

A tri-state buffer is used at the output of the 7 storage regis-
ters which are controlled by two chip-enable signals. CET
will independently disable 81 through 86 when it is in a high
state. CEZ will independently disable B1 through BG and the
OF buffers when it is in the low state (Table 1).

To faciiitate usage of this device a phase-coatral input is pro-
vided which can effectively complement the clock as it enters
the chip. Also, an on-board zener is provided for use as a ref-

erence voitage.

Continuous Clock Operation

One complete conversicn cycle can be traced through the
CA3306 via the following steps. (Refer to timing diagram, Fig-
ure 1.) With the phase control in a *High® state, the rising
edge of the dlock input will start a “sample” phase. During this
entire “High" state of the clock, the 64 comparators will track
the input volitage and the 64 latches will track the comparator
outputs. At the falling edge of the clock, after the specified
aperture delay, all 64 comparator outputs are captured by the
64 latches. This ends the “sample” phase and starts the “auto
balance® phase for the comparators. During this “Low” state
of the ciock the output of the latches propegates through the
decode afmay and a 7-bt code appears at the D inputs of the
output registers. Cn the next rising edge of the clock, this 7-
bit code is shifted into the output registers and appears with
tima delay to as valid c¢ata at the output of the tri-state drivers.
This also marks the start of a new *sample® phase, thereby
repeating the conversion process for this next cycle.

Pulse Mode Operation

For sampling high speed nonrecumrent or transient data, the
converter may be operated in a puise mode in one of three
ways. The fastest method is to keep the converter in the
Sample Unknown phase, ¢2, during the standby state. The
device can now be puised through the Auto Balance phase
with a single puise. The analog value is captured on the
leading edge of ¢1 and is transferred into the output registers
on the trailing edge of o1. We are now back in the standby
state, ¢2, and ancther conversion can be started, but not
fater than Sus due to the eventual droop of the commutating
capacitors. Ancther advantage of this method is that it has
the potential of having the lowest power drain. The larger the
time ratio between o2 and ¢1, the iower the power consump-
tion. (See Timing Waveform, Figure 3.)

The second method uses the Auto Balance phase, ¢1, as
the standby state. In this state the converter can stay indefi-
nitely waiting to start a conversion. A conversion is per-
formed by strobing the clock input 'with two &2 pulses. The
first puise starts a Sample Unknown phase and captures the
anatog vatue in the comparator latches on the trailing edge.
A second ¢2 pulse is needed to transfer the data into the out-
put registers. This occurs on the leading edge of the second
pulse. The conversion now takes slightly longer, bt the rep-
etition rate may be as slow as desired. The disadvantage to
this method is the higher device dissipation due to the iow
ratio of 42 to ¢1. (See Timing Wavefarm, Figure 38.)

For applications requiring both indefinite standby and lowest
power, standby can be in the ¢2 (Sample Unknown) state
with two ¢1 puises to generate vatid data (see Figure 3C).
Vatid data now appears two fult clock cycles after starting the
conversion process.

Anaiog Input Considerations

The CA3306 input terminal is characterized by a small
capacitance (see Spedifications) and a smail voltage-depen-
dent cumrent (See Typical Performance Curves). The signai-
source impedance should be kept low, however, when oper-
ating the CA3306 at high ciock rates.
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The CA3306 outputs a short (less than 10ns) current spike
of up to several mA amplitude (See Typical Performance
Curves) a the beginning of the sample phase. (To a lesser
extent, @ spike aiso appears at the beginning of auto bal-
ance.) The driving source must recover from the spike by the
end of the same phase, or a loss of accuracy will resuit.

A‘locally terminated 500 or 75Q source is generally suffi-
cient to drive the CA3306. If gain is required, a high speed,
fast settling operational amplifier, such as the HA5033,
HA-2542, or HASQ20 is recornmended.

Digital Input And Output Interfacing

The two chip-enable and the phase-controt inputs are stan-
dard CMOS undts. They should be drven from less than 0.3
X Vgp to at least 0.7 x Vpo. This can be done from 74HC
series CMOS (QMOS), TTL with pullup resistors, of, if Vpp
is greater than the logic supply, open collector of open drain
drivers plus pull-ups. {See Figure 20.)

The clock input is more critical to timing variations, such as
¢1 becoming too shot, for instance. Pull-up resistors should
*generaily be avoided in favor of active drivers. The clock
input may be capacitively coupled, as it has an internal S0kQ
feedback resistor on the first buffer stage, and will seek its
own trip point. A clock source of at least 1Vpp is adequate,
but  extrermely non-symmetrical waveforms  should be
avoided.

The output drivers have full rail-to-rail capability. if driving
CMOS systemns with Vg below the Vg of the CA3306, a
CD74HC4050 or CD74HC4049 should be used to step down
the voltage. If driving LSTTL systems, no step-down should
be necessary, as most LSTTLs will take input swings up to
10Vto 15V.

»Although the output drivers are capahle of handling typical
data bus loading, the capacitor charging curtents will pro-
duce local ground disturbances. For this reason, an extemal
bus driver is recommended.

Increased Accuracy

in most cases the accuracy of the CA3308 should be suffi-
cient without any adjustments. In applications where accu-
racy is of utmost importance, three adjustments can be
made to obtain better accuracy; i.e., offset trim, gain trim,
and midpoint trim.

Offset Trim

In general offset correction can be done in the preamp cir-
cuitry by introducing a DC shift to Vyy of by the offset trim of
the operational ampfifier. When this is not possiole the Ve
input can be adjusted to produce an cffset trim. The theoret-
ical input voltage to produce the first transition is 1/2 LSB.
The equation is as follows:

Vipe (0 to 1 transition) = 1/, LSB = Yo(Vres64)
=Vgep/128

If Vy, for the first transition is less than the thearetical, then a
single-tumn S0Q pot connected between Vgep~ and ground
will accomplish the adjustment. Set Vpy to '/5 LSB and trim
the pct until the 0 to 1 transition occurs.

If Vy for the first transition is greater than the theoretical,
then the 50Q pot should be connected between Vgep and a
negative voltage of about 2 LSBs. The trim procedure is as
stated previously.

Gain Trim

In general the gain trim can aiso be done in the preamp cir-
cuitry by introducing a gain adjustment for the operational
amplifier. When this s not possible, then a gain adjustment
circutt should be made to adjust the reference voitage. To
perform this trim, Vy, should be setto the 63 to overflow tran-

sition. That voltage is '/, LSB less than Vgeg+ and is calcu-
lated as follows:

Vi, (€3 to 64 transition) = Vper - Vred 128
= Vier(127/128)

To perform the gain trim, first do the offset trim and then
apply the required Vi for the 63 to overtlow transition. Now
adjust Vgep+ until that transition occurs on the outputs.

Midpoint Trim

The reference center (RC) & available to the user as the
midpoint of the resistor tadder. To trim the midpoint, the off-
set and gain trims should be done first. The theoretical tran-

sition from count 31 to 32 occurs a 31 '/, LSBs. That
voltage is as follows:

V(31 to 32 transition) = 31.5 (Vger/G4)
= Vper(63/128)

An adjustable voitage follower can be connected to the RC
pin or a 2K pot can be connected between Vgept+ and Veer
with the wiper connected to RC. Set Vi to the 31 to 32 tran-
sition voltage, then adjust the voitage follower or the pot urt
the transition occurs on the output bits.

The Reference Center point can also be used to create
unique transfer functions. The user must remember, however,
that there is approximately 12002 in series with the RC pin.

Applications
7-Bit Resolution

Jo obtain 7-bit resolution, two CA3306s can be wired
together. Necessary ingredients include an open-ended lad-
der network, an overtiow indicator, tri-state outputs, and
chip-enabler controls - all of which are available on the
CA3306.

The first step for cannecting a 7-bit circult is to totem-pole
the tadder networks, as illustrated in Figure 17. Since the
absolute resistance value of each ladder may vary, extemnal
trim of the mid-reference voltage may be required.

The overflow output of the lower device now becomes the
seventh bit. When it goes high, at counts must come from
the upper device. When it goes low, all courts must come
from the lower device. This is done simply by connecting the
lower overflow signal to the CE1 control of the lower AD
converter and the CE2 control of the upper AD converter.
The tri-state outputs of the two devices (bits 1 through 6) are
naw connected in paraliel fo complete the circuilry.
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Doubted Sampling Speed

The phase control and both positive and negative true chip
enables aliow the parailel connection of two CA3306s to
double the sampiing speed. Figure 18 shows this configura-
tion. One converter samples on the positive phase of the
clock, and the second on the negative. The outputs are aiso
attemately enablfed. Care should be taken to provide a near
square-wave dock it operating at close to the maximum
clock speed for the devices.

3-8it to 12-Bit Conversion Techniques

To obtain 8-bit to 12-bit resolution and accuracy, use a feed-
forward conversion technique. Two A/D converters will be
needed to convert up to 11 bits; three A/D converters to con-
vert 12 bits. The high speed of the CA3305 aliows 12-bit
conversions in the S500ns to S00ns range.

The circuit diagram of a high-speed 12-bit A/D converter is
shown in Figure 19, In the feed-forward conversion method
two sequerttial conversions are made. Converter A first does
a coarse conversion 1o 6 bits. The output is applied to a 6-bit
DIA converter whose accuracy levei is good to 12 bits. The
D/A converter output is then subtracted from the input voit-
age, muttiplied by 32, and then converted by a second flash
A/D converter, which is connected in a 7-bit configuration.
The answers from the first and second conversions are
added together with bit 1 of the first conversion overtapping
bit 7 of the second conversion.

When using this method, take care that
+ The linearity of the first converter is better than '/, LS8,

< An offset bias of 1 LSB (1/64) {s subtracted from the first
conversion since the second converter is unipotar.

< The D/A convefter and its reference are accurate to the
total number of bits desired for the final conversion (the AD
converter need only be accurate to 6 bits).

The first converter can be offset-biased by adding a 20Q
resistor at the bottom of the ladder and increasing the refer-
ence voltage by 1 LSB. If a 6.4V reference is used in the sys-
tem, for exarmple, then the first CA3306 will require a 6.5V
reference.

Definitions
Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion
sine wave is applied to the input, it is sampled, and the cutput
is stored in RAM. The data is then transformed into the fre-
quency domain with a 4096 paint FFT and anatyzed to evalu-
ate the dynamic performance of the A/D. The sine wave input
{o the part is -0.5dB down from fullscale for ail these tests.

Signal-to-Noise (SNR)

SNR is the measured RMS signal to RMS noise & a speci-
fied input and sampling frequency. The noise is the RMS
sum of ail of the spectral components except the fundamen-
tal and the first five harmonics.

Signal-to-Noise + Distortion Ratio (SINAD)

SINAD is the measured RMS signal 0 RMS sum of all other
spectral components below the Nyquist frequency excluding OC.
Effective Number of Bits (ENOB)

The effective number of bits (ENOB) s derived from the
SINAD data. ENOB is calculated fromr

ENOB = (SINAD - 1.76 + VcgrgV6.02
where: Vcorr = 0.5dB
Total Harmonic Distortion (THD)

THD is the ratio of the RMS sum of the first 5 harmonic com-
ponents to the RMS vatue of the measured input signat.

Operating and Handling Considerations
1. Handling

All inputs and outputs of Hams CMOS devices have a net-
work for electrostatic protection during handling. Recom-
mended handling practices for CMOS devices are described
in ANB525. “Guide to Better Handling and Operation of
CMOS integrated Circusts.”

2. Operating

Operating Voltage

During operation near the maximum supply volttage limit,
care should be taken to gvoid or suppress power supply
tumon and tum-off transients, power supply rpple, or

ground noise; any of these conditions must not cause Vgg -
Vss to exceed the absolute maximum reting.

Input Signals

To prevent damage to the input protection circuit, input sig-
nals should never be greater than Vg nor less than Vss.
lnput currents must not exceed 20mA even when the power
supply is off. The zener (pin 4) is the only terminal allowed to
exceed Vpg.

Unused Inputs

A connection must be provided at every input terminal. All
unused input terminals must be connected to either Vg or
Vs, Whichever is appropriate.

Output Short Circuits

Shorting of outputs to Vpg or Vge may damage CMOS
devices by exceeding the maximum device dissipation.
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Application Circuits (Continued)
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FIGURE 18. TYPICAL CA3306 6-8BIT RESOLUTION CONFIGURATION WITH DOUBLE SAMPLING RATE CAPABILITY
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General Description

The LM1881 Video sync separator extracts timing informa-
tion including composite and vertical sync, burst/back porch
timing, and odd/even field information from standard nega-
tive going sync NTSC, PAL*, and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated circuit is also
capable of providing sync separation for non-standard, fast-
er horizontal rate video signals. The vertical output is pro-
duced on the rising edge of the first serration in the vertical
sync period. A default vertical output is produced after a
time delay if the rising edge mentioned above does not oc-
cur within the externally set delay period, such as might be
the case for a non-standard video signal.

February 1995

National Semiconductor

LM1881 Video Sync Separator

Features

| AC coupled composite input signal

® >10 kQ input resistance

<10 mA powsr supply drain current
Composite sync and vertical outputs
Odd/even field output

Burst gate/back porch output
Horizontal scan rates to 150 kHz
Edge triggered vertical output

Default triggered vertical output for non-standard video
signal (video games-home computers)

Connection Diagram

LM1881N
COMPOSITE
SYNC QUTPUT 1!
0.1 uf
COMPOSITE
VIDEQ INPUT °_‘_i l_ z

VERTICAL
Oo—
SYNC OUTPUT 3

Yee
=0 5-12V

P () 000/EVEN OUTPUT
0.1 uf o/¢ .

Rser

680%0
BURST/BACK PORCH
OUTPUT

sk

YIDEO INPUT _ L r-/‘\ln U

COMPOSITE
|

COMPOSITE ‘L L
SYNC OUTPUT

E)

L[l

VERTICAL

SYNC QUTPUT

BURST QUTPUT “

0DD/EVEN

U u i

U u u

QUTPUT

TL/H/9150-1
Order Number LM1881M or LM1881N
See NS Package Number MO8SA or NOSE
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Absolute Maximum Ratings

It Mlitary/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Otfice/Distributors for availability and specitications.

Supply Voitage 13.2v
Input Voitage 3 Vpp (Vec = 5V)

6 Vpp (Vcg 2 8V)
Output Sink Currents; Pins 1, 3,5 SmA
Output Sink Current; Pin 7 2mA
Package Dissipation (Note 1) 1100 mw
Operating Temperature Range 0°C - 70°C

Electrical Characteristics

Storage Temperature Range
ESD Susceptibility (Note 2)
Soldering information

Dual-In-Line Package (10 sec.)

Smalil Outline Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

—65'Cto +150°C

2kv

260°C

215C
220°C

See AN-450 “*Surface Mounting Methods and their Effect on
Product Reliability” for other methods of soldefing surface

mount devices.

Vee = SV:Rset = 680 k2 T4 = 25°C; Unless otherwise specified

Tested Deslign Units
i
Parameter Conditlons TYP | Limit (Note 3) | Limit(Note4) | (Limits)
Supply Current Outputs at Logic 1 Vee = 5V 52 10 mAmax
Ve = 12V 5.5 12 mAmax
OC input Voltage Pin 2 A 1.3 Vmin
1.5
1.8 Vmax
Input Threshold Voltage Note 5 70 55 mVmin
85 mVmax
Input Discharge Current Pin2; ViNy = 2V 3 6 RAMIN
16 pAmax
input Clamp Charge Current Pin2; Viy = 1V 0.8 0.2 mAmin
Rset Pin Reterence Voltage Pin 6; Note 6 1.10 Vmin
1.22
1.35 Vmax
Composite Sync. & Vertical lout = 40 pA; Veg = 5V 4.5 4.0 Vmin
Qutputs Logic 1 Voo = 12V 11.0 Vmin
loutr = 1.6 MA Vee = SV 3.6 2.4 Vmin
Logic 1 Vee = 12V 10.0 Vmin
Burst Gate & Odd/Even lout = 40 pA; Vee = SV 4.5 4.0 Vmin
Outputs Logic 1 Vgo = 12V 11.0 Vmin
Composite Sync. Output lour = ~1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output loutr = — 1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output louT = — 1.6 mA; LogicO; Pin § 0.2 0.8 Vmax
Odd/Even Output lour = — 1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 psmax
Burst Gate Width 2.7 k1 from Pin § to Voo 4 a5 psmin
4.7 psmax
Vertical Default Time Note 7 32 psmin
65
80 psmax

Note 1: For n

resistance of 110° C/W, junction to ambient.
Note 2: £SD susceptbility test uses the “human body model, 100 pf discharged through a 1.5 kQ rasistor”.
Note 3: Typicals are at T, = 25°C and represent the most fikety parametnc norm.
Note 4: Tested Limits are guaranteed to National's AOQL (Average Qutgoing Quality Level).
Note §: Relative difference betwsen the input clamp voltage and the minimum input voltage which produces a horizontal output pulse.

Nots 6: Careful attention should be made to prevent parasitic capacitance coupling from any output pin (Pins 1, 3, 5, and 7) to the Ager pin (Pin 6).

Note 7: Delay tme between the start of vertical sync (at input) and the vertical output puise.

a8 above 25°C, the device must be derated based on a 150°C maximum junction temperature and a package thermal
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Application Notes

The LM1881 is designed to strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. tormat. Input signals with positive polarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM1881 operates from a single supply voitage between
5V DC and 12V DC. The only required external components
beside power supply and set current decoupling are the in-
put coupling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync pulse; a burst gate
or back porch clamp pulse; and an odd/even output. The
odd/even output level identifies which video field of an inter-
laced video source is present at the input. The outputs from
the LM1881 can be used to gen-lock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
lines.

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(a-¢)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC OUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using a comparator thresho!d set just above this
voitage to strip the sync signal, which is then buffered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude {(shown by the dashed
line on Figure 2(a) ). This threshold separation is indepen-
dent of the signal amplitude, therefore, for a 2V (p-p) input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0.1 uF is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst pulse pres-
ent throughout the vertical blanking period so that the burst
actually appears on the sync tips for three line periods in-
stead of at black level. A clean composite sync signal can
be generated from these sources by filtering the Input sig-
nal. When the source impedance is low, typically 750, a
6200 resistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filter with a comer fre-
quency of 500 kHz. This bandwidth is more than sufficient to
pass the sync pulse portion of the waveform; however, any
subcarrier content in the signal will be attenuated by almost
18 dB, effectively taking it below the comparator threshold.
Filtering will also help if the source is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to this filter.
This much delay will not usually be significant but it does
contribute to the sync delay produced by any additional sig-
nal processing. Since the original video may also undergo
processing, the need for ime delay cormrection will depend
on the total system, not just the sync stripper.

VERTICAL SYNC QUTPUT

A vertical sync output is derived by internally integrating the
composite sync waveform (Figure 3). To understand the
generation of the vertical sync pulse, refer to the lower left
hand section Figure 3. Note that there are two comparators
in the section. One comparator has an intemally generated
voltage reference called V, going to one of its inputs. The
other comparator has an intemally generated voltage refer-
ance called V;, going to one of its inputs. Both comparators
have a common input at their noninverting input coming
from the internal integrator. The internal integrator is used
for integrating the composite sync signal. This signal comes
from the input side of the composite sync buffer and are
positive going sync pulses. The capacitor to the integrator
is internal to the LM1881. The capacitor charge curent is
set by the value of the external resistor Rger. The output of
the integrator is going to be at a low voltage during the
normal horizontal lines because the integrator has a very
short time to charge the capacitor, which is during the hori-
zontal sync period. The equalization pulses will keep the
output voltage of the integrator at about the same level,
below the V4. During the vertical sync period the narrow
going positive puilses shown in Figure 2 Is called the serra-
tion pulse. The wide negative portion ot the vertical sync
period is called the vertical sync pulse. At the start of the
vertical sync period, before the first Serration pulse occurs,
the integrator now charges the capacitor to a much higher
voltage. At the first sermration puise the integrator output
shouid be-between V4 and V;. This would give a high leve!
at the output of the comparator with V4 as one of its inputs.
This high is clocked into the “D" flip-flop by the falling edge
of the serration pulse (remember the sync signal is inverted
in this section of the LM1881). The “Q" output of the “D”
flip-flop goes through the OR gate, and sets the R/S flip-
flop. .The output of the R/S flip-flop enables the internal
oscillator and also clocks the ODD/EVEN D" flip-flop. The
ODD/EVEN field pulse operation is covered in the next sec-
tion. The output of the oscillator goes to a divide by 8 circuit,
thus resetting the R/S flip-flop after 8 cycles of the oscilla-
tor. The frequency of the oscillator is established by the
intemal capacitor going to the oscillator and the external
Rset. The “Q" output of the R/S flip-flop goes to pin 3 and is
the actual vertical sync output of the LM1881. By clocking
the “D" flip-flop at the start of the first serration pulse
means that the vertical sync output pulse starts at this point
in time and lasts for eight cycles of the internal oscillator as
shown in Figure 2.

How Rge atfects the integrator and the internal oscillator s
shown under the Typical Performance Characteristics. The
first graph is “Rger Value Selection vs Vertical Serration
Pulse Separation”. For this graph to be valid, the vertical
sync pulse should last for at least 85% of the horizontal halt
line (47% of a full horizontal line). A vertical sync pulse from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement (the serration pulse is the
remainder of the period, 10% to 15% of the horizontal
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Application Notes (continued)

START OF FIELD {000)

YERTICAL BLANKING INTERVAL

vOEo  OND OF RELD 2 (EVEN) [o— EQUALZING SIRRATED
\gmmuofm MASES YERTICAL PULSE

ued

CQUALITING oy

Pses _.1; o oo 3

- “"1"“5"""""5"“““'7"‘“"'9"’|°"’“°‘1|"— \

11T

b

833 us

| WUUIHMHHHHWW"

St8us ‘JN

24 us

Po—— 250 us typ ——41

EVEN FELD

S RRRRU TN

—
43 typ. 835 ps
TL/H/9180-3
FIGURE 2. (a) Composite Video; (b) Composite Sync; (¢) Vertical Qutput Pulse;
(d) Odd/Even Field Index; (e) Burst Gate/Back Porch Clamp
SUPPLY
COMPCSITE O C,< I pvoL e
SYNC REC | O O
iDEo A s
NPUT % 2
200 O1uf o 7 0CD/EVEN
!
it i S 5
510 pF e o
L oL
CAPACITOR 5
VERTICAL C CHARGE
STNC CURRENT 01, 680k e
p:
0.1 uf
osc
‘ _L < auns?cm/
I —O BACK PORCH
CLAMP
*Compenents Optional, TL/H/9150-4
See Text
FIGURE 3
5

-,




Application Notes (continued)

haif line). Remember this pulse is a positive pulse at the
integrator but negative in Figure 2. This graph shows how
long it takes the integrator to charge its intemal capacitor
above V.

WITH Rgq to0 large the charging cumrent of the integrator
will be too small to charge the capacitor above V4, thus
there will be no vertical synch output puise. As mentioned
abave. Rgqq also sets the frequency of the internal oscillator.
if the oscillator runs too fast its eight cycles will be shorter
than the vertical sync portion of the composite sync. Under
this condition another vertical sync puise can be generated
on one of the later serration pulses after the divide by 8
circuit resets the R/S flip-flop. The first graph also shows
the minimum Rgar Necessary to prevent a double vertical
pulse, assuming that the serration pulses last for only three
full horizontal line periods {six serration pulses for NTSC).
The actual pulse width of the vertical sync pulse is shown in
the *Vertical Pulse Width vs Rget” graph. Using NTSC as an
example, lets see how these two graphs relate to each oth-
er. The Horizontal line is 64 ps long, or 32 ps for a horizon-
tal haif line. Now round this off to 30 us. In the “Rege Value
Selection vs Vertical Serration Pulse Separation” graph the
minimum resistor value for 30 us serration pulse separation
is about 550 kfl. Going to the “Vertical Pulse Width vs Rge”
graph one can see that 550 kQl gives a vertical pulse width
of about 180 us, the total time for the vertical sync period of
NTSC (3 horizontal lines). A 550 k1 will set the internal
oscillator to a frequency such that eight cycles gives a time
of 180 us, just long enough to prevent a double vertical
sync pulse at the vertical sync output of the LM1881.

The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually long and has no
serration puises. With a very long vertical sync time the inte-
grator has time to charge its internal capacitor above the
voltage level V,. Since there is no falling edge at the end of
a serration pulse to clock the D" flip-flop, the only high
signal going to the OR gate is from the default comparator
when output of the integrator reaches V;. At this time the
R/S flip-flop Is toggled by the default comparator, starting
the vertical sync pulse at pin 3 of the LM1881. If the default
vertical sync period ends before the end of the input vertical
sync period, then the falling edge of the vertical sync (posi-
tive pulse at the “D" flip-flop) will clock the high output from
the comparator with Vy as a reference input. This will retrig-
ger the oscillator, generating a second vertical sync output
pulse. The "Vertical Default Sync Delay Time vs Rge”
graph shows the relationship between the Rgq value and
the delay time from the start of the vertical sync period be-
fore the default vertical sync pulse is generated. Using the
NTSC exampie again the smallest resistor for Rgg¢ is 500
k. The vertical default time delay is about 50 us, much
longer than the 30 us serration pulse spacing.

A common question is how can one calculate the required
Rget With a video timing standard that has no serration puls-
es during the vertical blanking. If the default vertical sync is
to be used this is a very easy task. Use the "Vertical Defauit

Sync Delay Time vs Rge" graph to select the necessary
Rset t0 give the desired delay time for the vertical sync out-
put signal. if a second pulse is undesirable, then check the
“Vertical Pulse Width vs Rget”* graph to make sure the verti-
cal output pulse will extend beyond the end of the input
vertical sync period. In most systems the end of the vertical
sync period may be very accurate. {in this case the preferred
design may be to start the vertical sync puise at the end of
the vertical sync period, similar to starting the vertical sync
pulse atter the first serration pulse. A VGA standard is to be
used as an exampie to show how this is done. In this stan-
dard a horizontal line is 32 us long. The vertical sync period
is two horizontal lines long, or 64 ps. The vertical default
sync delay time must be longer than the vertical sync peri-
od of 64 ps. In this case Rggy must be larger than 680 kQ.
Rggt Mmust still be small enough for the output of the integra-
tor to reach V, before the end of the vertical period of the
input pulse. The first graph can be used to confirm that Rger
is small enough for the integrator. Instead of using the verti-
cal serration pulse separation, use the actual pulse width of
the vertical sync period. or 64 us in this example. This graph

is linear, meaning that a value as large as 2.7 M0 can be

used for Rge (twice the value as the maximum at 30 ps).
Due to leakage currents it is advisable to keep the value of
Rget under 2.0 M. In this exampie a value of 1.0 M2 is
selected, well above the minimum of 680 k. With this value
for Rget the pulse width of the vertical sync output pulse of
the LM1881 is about 340 pus.

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be useful in frame memory storage appli-
cations or in extracting test signals that occur only in alter-
nate fields. For a composite video signal that is interlaced,
one of the two fields that make up each video frame or
picture must have a haif horizontal scan line period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field" or “field 1”. The “even field"
or “field 2" has a complete horizontal scan line at the end of
the field. An odd field starts on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the vertical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figure 3). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync puises is enough to allow the
capacitor voitage to reach a threshold level of a comparator
that clears a flipflop which is also being clocked by the sync
waveform. When the vertical interval is reached, the shorter
integration time between equalizing pulses prevents this




Application Notes (continued)

threshold from being reached and the Q output of the flip-
fiop is toggted with each equalizing puise. Since the half line
penod at the end of the odd fiald will have the same effect
as an equalizing puise period, the Q output will have a differ-
ent polartty on successive fields. Thus by comparing the Q
polarity with the vertical output puise, an odd/even field in-
dex is generated. Pin 7 remains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In a composite video signal, the chroma burst is located on
the backporch of the horizontal blanking period. This period,
approximately 4.8 us long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
a pulse at Pin 5 that can be used either to retrieve the chro-
ma burst from the composite video signal (thus providing a
subcamier synchronizing signal) or as a clamp for the OC
restoration of the video waveform. This output is obtained
simply by charging an internal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simuitaneocusly the
output of Pin 5 is pulled low and held until the capacitor
charge circuit times out—4 us later. A shorter output burst
gate pulse can be derived by differentiating the burst output
using a series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normal (60~120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
el allows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individual lines within the vertical blanking
period (or anywhere in the active scan line period) can easi-
ly be extracted by counting the required number of tran-
sitions in the composite sync waveform following the start of
the vertical output pulse.

The verticat blanking interval is proving popular as a means
to transmit data which will not appear on a normal T.V. re-
ceiver screen. Data can be inserted beginning with line 10
(the first horizontal scan line on which the color burst ap-
pears) through to line 21, Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different from field to field. in the U.S.,
line 19 is normally reserved for a vertical interval reference

signat (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining lines are used in a
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delete vertical interval test
signals (VITS) while lines 14 through 18 and tine 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data on line 17 and cable
systems use the available lines in the vertical interval to
send decoding data for descrambler terminals.

Since the verticai output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later will be the start of line
14 in either field. At this point simple counters can be used
to select the desired line(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded information applied to line select bits
b0-b7. A line is selected by adding two to the desired line
number, converting to a binary equivalent and applying the
result to the line select inputs. The falling edge of the
LM1881°s wvertical pulse is used to load the appropriate
number into the counters (MM74C193N) and to set a start
count latch using two NAND gates. Composite sync tran-
sitions are counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to tum on
the analog switch (CD40668C) during the desired line. The
falling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circuit, as shown, will provide a single line output for
each field in an interlaced video system (television) or a
single line output in each frame for a non-interlaced video
system (computer monitor). When a particular line in only
one field of an interlaced video signal is desired, the odd/
even.field index output must be used instead of the vertical
output pulse (invert the field index output to select the odd
field). A single counter is needed for selecting lines 3 to 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output buff-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEQ LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The clrcuit In Figure 5 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used to gate the video input's black level
through a low pass filter (10 kQ2, 10 pF) providing black level
restoration at the video output when the output selected
line(s) is not being gated through.
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LM1881 Video Sync Separator

Physical Dimensions inches (milimeters)

LIFE SUPPORT POLICY
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SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b} support or sustain lite, and whose
failure to perform, 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.

2.

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

02624, OSCEMBER 1975 ~REVISED SEPTEMBER 1386

HIGH-VOLTAGE HIGH-CURRENT DARLINGTON TRANSISTOR ARRAYS

® 500-mA Rated Collector Current D OR N PACKAGE
{Single Output) {TOP VIEW)
High-Voitage Outputs . . . 50 V 18 v’:-;EI ic
. 280z sp2C
.
Output Clamp Diodes 3813 ‘45 ac
® Inputs Compatible With Various Types of ag s 134 j4C
Logic s8(s 120jsC
. . 68(Js 1 6C
* =
Reiay Driver Applications 71807 o3 7C
3 Designed to Be Interchangeable With zs 3[] com

Sprague ULN2001A Series

description

The ULN2001A, ULN2002A, ULN2003A, ULN2004A, and ULN200SA are monolithic high-voltage, high-
current Darlington transistor arrays. £ach consists of seven n-p-n Dartington pairs that feature high-voltage
outputs with common-cathode clamp diodes for switching inductive loads. The collector-current rating
of a single Darlington pair is 500 mA. The Darlington pairs may be paralleled for higher current capability.
Applications include relay drivers, hammer drivers, lamp drivers, display drivers (LED and gas discharge),
line drivers, and logic buffers. For 100-V (otherwise interchangeable) versions, see the SN75465 through
SN754689.

The ULN20O1A is a generai-purpose array and may be used with TTL, P-MQOS, CMQS, and other MOS

ltechnologies. The ULN2002A is specifically designed for use with'14-to 25-V P-MOS devices. Each input
of this devica has a zener diode and resistor in series to control the input current to a safe limit. The
ULN2003A has a 2.7-xQ series base resistor for each Darlington pair for operation directly with TTL or
5.V CMOS devices. The ULN2004A has a 10.5-kQ series base resistor to allow its operation directly from
CMOS or P-MOS devices that use supply voltages of 6 to 1 S V. The required input current of the ULN2004A
is below that of the ULN2003A, and the required voltage is less than that required by the ULN2002A.
The ULN200SA has a 1050-Q series base resistor and is specifically designed for use with TTL devices
where higher output current is required and loading of the driving source is not a concern.

logic symbolT logic diagram

1EC Publication 617-12.

‘ (9)
CLAMP ‘-x———(g) com p———— COM
A (1} % 118 ¢

(16)
18 (1) ! D Q> 1c
(2 L 51 '
28 —— . 7 2c g 12 (s .
38 ._(i)__. e 3C e
3 3 -
a8 ::: :2: - (3 l LI
58 ——— b~ 5C 38 D% *
1
o8 2 Por Haal™
e | 7C ag Y % S ac

r—”—db
TThis symbol is in accordance with ANSI/IEEE Std 91-1984 and (5} (12
58 Dcﬁ sC

[—ﬂ-—o
Ll Jl>w (LALIPS
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ULN2081A THRU ULN200SA
DARLINGTON TRANSISTOR ARRAYS

schematics {(each Darlington pair)

com i—-)}—com

7V 'y

OUTPUT C | [ T ouTPUT C
— ——"-R-W'—*
INPUT B = INPUT B 10.5 k0

7.2 %2
VW A
7.2 %0 3k € R E

——N—q)
r

lesd

ULN2001A ULN2002A
coMm
Rg ouTPUT C
INPUT B

ULN2003A: Rg = 2.7 k0
ULN2004A: Rg = 10.5 k2
ULN2005A: Rg = 1.05 k2

ULN2003A. ULN2004A, ULN200SA

All resistor values shown are nominal.

absolute maximum ratings at 25°C free-air temperature (uniess otherwise noted)

Coliector-eriittBr yoltape~OITTCT . M) JAA A NA N 2. S (.~ 10 ... ..

Input voitage (see Note 1): ULN2002A, ULN2003A, ULN20O4A . ... .. ... 30V
ULN2COSA . ..o e 15V

Peak collector current (see Figures 14 and 18) .. ................ ... .. ... .. ... .

Qutput clamp diode current. .. ... ik G e i L

Operating free-air temperature range .. ................... ... ...
Storage temperature fange ... ... .............uii i

NOTE 1: All voitage values are with respect to the emirter/substrate terminal, E, unless otherwisa noted.

DISSIPATION RATING TABLE

PACKAGE Ta = 25°C DERATING FACTOR Ta = 85°C
POWER RATING  ABOVE Tp = 25°C  POWER RATING

) 950 mw 7.6 mwW/oC 494 mW

N 1150 mw 9.2 mw/eC 598 mwW

-2.5A
See Dissipation Rating Table

—20°C to 85°C
—-65°C to 150°C
260°C

Texas ’t?
INSTRUMENTS
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ULN20O1A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

electrical characteristics at 25 °C free-air temperature (unless otherwise noted)

POST OFFICE BOX 658303 - DALLAS, TEXAS 75285

TEST ULN2001A ULN2002A
PARAMETER FIGURE TEST CONDITIONS WMIN_TYP MAX | MIN TYP MAX UNIT
Veg =50V, h =0 50 50
ICEX Collector cuszcff current ! Ve =50V, | =0 100 160 #A
2 Ta =70°C [y =6V 500
i{oth) Off-state inocut current 3 \TI'EE=_7;(‘)’C/' 'c = 300uA. 30 85 50 65 #A
1 input current 4 Vi= 17V 0.82 1.2% mA
Static forwara current
hFE transter ratio 3 Vee = 2V, e = 350 mAll
Vitont  On-state incut voltage 3 Vez = 2V, g =300 mA 13 v
. If = 250 2A, ¢ = 100 mA 09 1.1 09 1.
Vegisad :::L’r:;";nex::;e 5 [ = 350 jA. ic = 200 mA 1 1.3 1 13| V
| = 500 yA. Ic = 380 mA 1.2 1.6 1.2 ©§
i VR = 50 V 50 50
5] Clamp dioge reverse current 7 VR = 50V, Ta = 70°C 100 100
Vg Clamp diode forward voltage 8 Ig = 350 mA 1.7 2 1.7 2 \4
C; Input capacitance Vy =0, f = 1 MHz 15 25 15 25 pF
electrical characteristics at 25°C free-air temperature {unless otherwise noted)
PARAMETER TEST TEST CONDITIONS a2 LiNgoosA UNIT
FIGURE MIN TYP MAX | MIN TYP MAX
[ Veg =30V, ) =0 50 50
ICEX Collactor cioff current Vee =30 V.[h =0 100 100 A
2 Ta = 70°C |V =1V 500
lotfy  Off-state incut current 3 Z:E::ﬁ CV' Rt A v g ) HHE S =0 50 65 uA
Vi = 3.85 V 0.83 1.35
i Input current 4 Vy =585V 0.35 Q0.5 mA
Vi =12V 1 1.45
Ic = 125 mA 5
Ic = 200 mA 2.4 6§
Vion)  On-state inout voitage 6 Vge = 2V :f::; : ;:g :2 X, 3 v
ic = 300 mA 3
Ic = 350 mA 8
. I} = 250 A, l¢ = 100 mA 0.8 1.1 0.9 1.1
VCE(say O ectoremimer 5 [l = 350 sA, I = 200 mA 1 1.3 T 13| V
saturation voltage
I} = 500 pA, Ic = 350 mA 1.2 1.6 1.2 1.6
IR Clamp diode reverse current 7 y iV 50 59 rA
VR =50V, Ta = 70°C 100 100
Vg Clamp dioce forward voitage 8 lg = 350 mA 1.7 2 1.7 2 v
C; Input capacitance Vi=0, f =1 MHz 15 25 15 25 pF
3
INSTRUMENTS
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‘ULN2001

A THRU ULN2DUOSA

DARLINGTON TRANSISTOR ARRAYS

3

e

electrical characteristics at 25°C free-air temperature (unless otherwise notad)

TEST ULN2C05A
ARAM R NOITIONS UNIT
P ETE FIGURE TEST CO ° MIN  TYP MAX
VCE =S50V, |} =0 50
J ICEX Collector cutoff current 1 Voe = 80V, 1| = 0. Ta = 70°C 100 pA
Woth QOff-state input current 3 Ve = 50V, ¢ = 500 A, Tp = 70°C S0 65 ®A
Fly Inout current 4 V=3V 1.5 2.4 mA
P | Vijgn1  On-state inout voitage & Vee = 2V, o = 350 mA 2.4 v
Collector-emitter ) = 250 yA, I = 100 mA 0.9 1.1
VCE(sat . °w°n ans 5 Iy = 350 sA, Ic = 200 mA 1 13| Vv
ur v
N I = 500 A, Ic = 350 mA 1.2 1.6
! Clamp diode reverse current 7 Ve = S0V 50
i u
e P Vq = 50V. Ta = 70°C 0] A
Ct diode f d
. | VE amp dioce forwar s I¢ = 350 mA 1.7 2] v
voltage
C; inout capacitance Vi =0, f =1 MHz 16 25 pF
' switching characteristics at 25°C free-air temperature
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
PLH Propagation dalay time, low-to-high-level output . 0.25 1 1
5 = See Figure 9
R tPHL Propagation delay time, high-to-low-ievel output 0.25 1 ns
i o~ W Vg = 50V, Ig = 300 mA,
[ 3 High-level outout volt ft tch Vg-20
OH igh-level outout voitage after switching See Figure 10 S mv
L3
i
'
5
\
3
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ULN2001A THRU ULN20G5A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

OPEN Vee

1CeX
OPEN .

FIGURE 1. IcEX

OPEN Veg

"(off) llc
1 T

FIGURE 3. lj{off)

OPEN

et

X % DI

1|}t——§

NOTE: 1} is fixed for meesuring VCE (sat), variable for measuring hpg.

FIGURE 5. hgg, VCE(sat)

VR
'
OPEN

FIGURE 7.1R

OPEN VcE
IcEX
Vi
FIGURE 2. Icex
OPEN
liton)
vy = QPEN
FIGURE 4. ||
OPEN

Vilen}

he

VeE
+ I

X

FIGURE 8. VE

TEXAS
INSTRUMENTS
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

PARAMETER MEASUREMENT INFORMATION

INPUT £ s0% soa'.\\
t ]
| |

! |
— tPHL —¥

OUTPUT

VOLTAGE WAVEFQRMS

FIGURE 9. PROPAGATION DELAY TIMES
Vs

INPUT
ULNZ2001A onily

2.7k
[

2 mH

163 Q
4 QUTPUT

PULSE
GENERATOR {—0~~-~~--

{See Note Al 20025 Cy =15pF
ULN2003A ":
ULN2004A = TR

ULN200SA
TEST CIRCUIT

—’{ b~ <5 as — [‘4—<10ns
!

|
!

! i
| 1
50% 50%

| F90% So%X |

INP ; |

uT F1s5Vv 15v!
10% 10%

!
i
1
40 us ¥

ouTPUT \

VOLTAGE WAVEFORMS

¥~

NOTES: A. The puise generator has the following characteristics: PRR = 12.5 kHz, Z, = 50 0.
B. C includes orobe and jig capacitance.

C. Fortesting the ULN2001A, ULN2003A, and the ULN200SA. Vi = 3 V: for the ULN2002A, Vi = 13 V; for the ULN2004A,

Viq = 8 V.
FIGURE 10. LATCH-UP TEST

—————————— ViH

{See Note C)

qVv

TExas ‘tir‘
INSTRUMENTS
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ULN20Q1A THRU ULN2005A

DARLINGTON

TRANSISTOR ARRAYS

COLLECTCR-EMITTER
SATURATICN VOLTAGE
v
COLLECTOR CURRENT
IONE DARLINGTON)

TYPICAL CHARACTERISTICS

COLLECTOR-EMITTER
SATURATION VOLTAGE
v
COLLECTOR CURRENT
LTWO DARLINGTONS PARALLELED)

COLLECTOR CURRENT

vi
'MPUT CURRENT

>
. S — T ] 1 b 1.| zsl'c T T 1 1 | :Laf-mﬁ [
3 LTa =25 3 —Ta- r . 26
3 20 - ! 1 E zal 1 ll'-?san/ < wo!:' i /V 1
i |1 jn=250ua 3 i | ! ,,.550,.,{\14 : 50 vs-mv//f v
23730 I A I N L W 78> . R I W £y (LTI B
' | Lo RN~ « - TN S i
H : N T 0 rs0uA | 3 /1 i |
4 49 A I oo—s — 3 mo
| b 5 ! ' 7 150 [ :
: | : i 1] ! ~ :
S os , 3 05 e —— - . 100
3 i [ 2 N YR i ~ !
5 | 77 SN\ X 1
> 0 100 200 300 400 500 600 700 800 S O 100 200 300 400 500 600 700 800 0 25 50 75 100 125 1S0 175 200
¢ -Callector Current—mA 1C{tor)=Total Coltector Current—mA i =ingut Current—uA
FIGURE 11 FIGURE 12 FIGURE 13
k
\ THERMAL INFORMATION
D PACKAGE N PACKAGE
MAXIMUM COLLECTOR CURRENT MAXIMUM COLLECTOR CURRENT
vs vs
DUTY CYCLE DUTY CYCLE
600 600
< <
£ £
| 500 T 500 4 —
B ERENANINE 5 K\\ N
5 400 NEAN s, 5 400 S -
Q \ AN O \ ~d "
5] \ I~ H ~
g AN Y~ 3 \ ™ 2
' 2 300 \\ < & 2 300 l s\\ P
Q 3 ~
© E\;\\,\I 3 N -6 Vo~
= \ 1 ~
é 200 N T ik ‘\ T~ g 200 _N - 7 §§J\}:}44\\\
E N = 79 \ \\-\. 3 \\;\‘
3 \\ s Sw=
|, 100 FTp - 85°C — = — [ 100;Tp = 85°C m—
t - N = Number of Outputs \ L2 N = Number of Outputs
; o Conducting Simuitaneously 0 Conducting Simuitaneously
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
Duty Cycle—% Duty Cycla—%
FIGURE 14 FIGURE 15

-
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ULN2001A THRU ULN2005A
DARLINGTON TRANSISTOR ARRAYS

APPLICATION INFORMATION

ULN2002A
Vss uwzoozA Vce ULN2005A W
| ¥ .
[j [ t"_—l i . ST !
Eg — Gy
E-_"-—{)c—% - | [f‘ —o———r— 3=
:; —P—e i; § [ VS A |
> —Do———— L L Der—1z {
: —t— ! P
Erpor— Y e DAl
-;—-Do—-v——'—q - -—-{>°—o—'—‘= )
p=E R { —
PMOS S : =3
oUTPUT [T [ > o—f/ -3 ’ { -
L €+ - e | Lame
3. P 9" TesT
ouTPUT N
PMOS TO LOAD TTL TO LOAD

Voo ULN2004A +V

cMos L
ouTPUT OUFRUT
BUFFER FOR USE OF PULL-UP RESISTORS
HIGHER CURRENT LOADS . TO INCREASE DRIVE CURRENT

Texas ‘b
INSTRUMENTS
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