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ABSTRACT

The MOSFET used as” magnetic field sensor is presented. It is a conventional
structure that has a source, a gate, a drain and a substrate-or body terminal fabricated
by standard CMOS process. It detects the harizontal y-direction magnetic field in
parallel and jperpendicular ‘to currents. The device-is biased for-ehannel current and
substrate current. The mechanism .is Hall. Effect. in currenttmode. The induced
Lorentz’s force deflects currents between drain ‘current-and substrate: forward current
cause output differential” current. The relation show.linearly dependence between
magnetic field “density. and Joutput differential’ current. | The wrelative [ sensitivity is
depending cn amount of bias currents. So, we made a checkerboard, that/relies on the

magnetic response and shows on the monitor by Arduino.and Visual/Basic programs.
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2.1.1.5. druninzane (Breakdown region)
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2.5 1Usunsy Arduino

Arduino Wun1w1dnd 81u3n (1-9-8-I e aqeli) Wuvesalulasreulniiaes

b

A3gNa AVR Nn13WAILILUY Open-Source Platform d1miun1sasafiuuuunig
Siannseling ﬁaﬁmsﬂmwa‘ﬁa;&aﬁ"’aﬁm Hardware wag Software #4 Ua$a Arduino gn
oonuuuliiedanslda flénugannsadauas iy faudesesiauain wie
TUsunsudalasnemie Ine Arduino Platform Usgnauluaie

1. dufidu Hardware Ao

vosadidnvseiindvuindn Aillulaseeulnsaasd (MCU) Wududrundnunysznou
sufugunseldidansednddus Tasueda Arduino usazjuenadimnuunnsrsiuluizesves
"U‘LJ']WUEN‘UQ‘%@ #I0aLUA (PR TIUTUVDIUN U Y T, wsesulnild Usyansninaes
MCU Judu

2. diifu Software Ao

w1 Arduino WWinwidmsuiligulusunsumuen MCU, s hensaluuifieniuniw

C %98 C++

5U#l 2.17 Vs Arduino fu LNO

2.5.1 uuiviiliueta Arduinedufide
1. drgremswan TeduguilidudoumnsdmiugFudu
2. awnsanelasdidnvsedndainasuenudaionsaiduiion 1/0 vesuesa
vi3aLflomuagainaunsnidendeiuuainias (Arduino Shield) Ussiawsng udaideuiu
UasAuLUesA Arduino Willaulsunsuiaiudeliiay
3. i Arduino Community Wungueuiiudsusesufudionamn
4. glaunsadveialusogenldaulavasd

5. 1AL
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6. Cross Platform aunsawaunlusunsuuy OS laAls

2.5.2 gluuunsiligulusunsuuu Arduino
1. Weulusunsuuumauimas d1unieluswnsy ArduinolDE

a | & i o w =
2. \fonjuuesia Arduino lduaznuneias Com port amuguy 2.18
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Programmer. "AVRSP midi” e
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Arduino/Genuina Micro
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Arduine Mini
sPin < 13: thisEuse) Arduing Ethemet
Arduno Fie
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LityPad Arcuino USE
LityPad &rdiine
Arduine Pro of Pro Mini
Arduaing NG or older
Arduine Robot Comtrol
Arduine Robet Metor
Lrying Gemra
Asiafrun Corevat Flaygreursd
v

o g . i
5U#1.2.18 Jumaunisideniuussn Arduino uagniietad Com port

3. nadal Verify IRansadauAsgnnasuay Compile Taa lagaisa Upload
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2.5.3 Layout & Pin out Arduino Board (Medel: Arduino WUNO R3)
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1. USBPort: ldseriu Computer lunissuluaalusunsudn MCU wazanelwlsiiu

UD3n

2. Reset Button: Lfutu Reset Ténauilasosnisli MCU Funisvihanilugl

3. ICSP Port 184 Atmegal6U2 1Junasaildlusunsy Visual Com port uu
Atmegal6U2

4. 1/OPort:Digital I/0 dausiwn DO ¢ D13 uanand u1e Pin azvimdniiaus
WRsudae 1y Pin0,1 1luan Tx Rx Serial, Pin3,5,6,9,10 waz 11 Wuw1 PWM

5. ICSP Port: Atmega328 1iunesaiildlusunsy Bootloader

6. MCU: Atmega328 1Ju MCU-iilduuuasn Arduino

7. /OPort: wenanagilu Digital /O w1 Sutagmdu dasfudayamounden
ausn AO-A5

8. Powef Port lWidBswnsunse vindesnsaaetuliifuasashieuen

9. Power Jack. JulWain Adapter TmaﬁLmﬁuaﬂiswm 7-12V
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2.6 191 Visual Basic
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i e o ot 5 o 2/ = 1 [ o
Microsoft fiinsviheumanuu Windows fuusznaulumelausiiveseananieg Wusiuau
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NIWIFNG
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- d@91u Controller

#define Group0 2
#define Groupl 3
#define Group2 4
#define Group3 5
#define Groupd 6

ftdefine Group5 7
#define Group6 8
#define Group7./9

#define Groug
#define Gr

int ij;

o
Aot
e

int msDelay =

void setup() {
pinMode(Group0, OUTPUT);
pinMode(Group1, OUTPUT);
pinMode(Group2, OUTPUT);
pinMode(Group3, OUTPUT);
pinMode(Groupd, OUTPUT);
pinMode(Group5, OUTPUT);
pinMode(Groupé, OUTPUT);
pinMode(Group7, OUTPUT);



pinMode(Group8, OUTPUT);
pinMode(Group9, OUTPUT);
pinMode(Group10, OUTPUT);
pinMode(LED BUILTIN, OUTPUT);

Serial. begin(9600);

char AnalogToCheckersCode(int analogReadin){

char result;

iftanalogReadin >155)
result = 'B';

}

else iflanalogReadin.>-110){
result = "W

}

else iflanalogReadin > 70)
result = 'w'

}

else iftanalogReadin > 25)

result = 'bj
}
else{

result = 'e’;
}

return result;

void AnalogToCheckersCodeGroup(int i)
delay(msDelay);
CheckersCodeli][0] = AnalogToCheckersCode(analogRead(A0));
CheckersCodel[il[1] = AnalogToCheckersCode(analogRead(Al));



CheckersCodeli][2] = AnalogToCheckersCode(analogRead(A2));
CheckersCodelil[3] = AnalogToCheckersCode(analogRead(A3));
CheckersCodelil[4] = AnalogToCheckersCode(analogRead(Ad));
CheckersCodeli][5] = AnalogToCheckersCode(analogRead(A5));
/%
Serial.print(analogRead(A0));
Serial.print(" ");
Serial.print(analogRead(A1));
Serial.print(" *);
Serial.print(analogRead(A2));
Serial.print(" ");
Serial.print(analogRead(A3));
Serial.print(" ");
Serial.print{analogRead(Ad));
Serial.print(" ");
Serial.println(anatodRead(A5));
4
}

void loop() {
digitalWrite(LED BUILTIN, HIGH);
Jfmmnmnn Greup 0 =---—----

digitalWrite(Group0, HIGH);
digitalWrite(Group1, LOW);
digitalWrite(Group2, LOW)
digitalWrite(Group3, LOW);
digitalWrite(Group4d, LOW);
digitalWrite(Group5, LOW);
digitalWrite(Groupé, LOW);



digitalWrite(Group7, LOW);
digitalWrite(Group8, LOW);
digitalWrite(Group9, LOW);
digitalWrite(Group10, LOW);

AnalogToCheckersCodeGroup(0);
//----—— Group 1 ——-—--

digitalWrite(Group0, LOW);
digitalWrite(Group1, HIGH);
digitalWrite(Group2, LOW);
digitalWrite(Group3; LOW);
digitalWrite(Group4d, LOW);
digitalWrite(Group5, LOW);
digitalWrite(Group6, LOW);
digitalWrite(Group?, LOW);
digitalWrite(Group8, LOW);
digitalWrite(Group9, LOW);
digitalWrite(Group10, LOW);

AnalogToCheckersCodeGroup(l);

digitalWrite(Group0, LOW);
digitalWrite(Group1, LOW);
digitalWrite(Group2, HIGH),
digitalWrite(Group3, LOW);
digitalWrite(Groupd, LOW);
digitalWrite(Group5, LOW);
digitalWrite(Group6, LOW);
digitalWrite(Groupd, LOW),
digitalWrite(Group8, LOW);



digitalWrite(Group9, LOW),
digitalWrite(Group10, LOW);

AnalogToCheckersCodeGroup(2);

digitalWrite(Group0, LOW);
digitalWrite(Group1, LOW);
digitalWrite(Group2, LOW);
digitalWrite(Group3, HIGH);
digitalWrite(Group4, LOW);
digitalWrite(Group5; LOW),
digitalWrite(Group6, LOW);
digitalWrite(Group7, LOW);
digitalWrite(Group8, LOW);
digitalWrite(Group9, LOW);
digitalWrite(Group10, LOW);
AnalogToCheckersCodeGroup(3);

/)~ Grouly § os—

digitalWrite(Group0, LOW);
digitalWrite(Group1,.LOWY);
digitalWrite(Group2, LOWY);
digitalWrite(Group3, LOWY);
digitalWrite(Group4, HIGH),
digitalWrite(Group5, LOW);
digitalWrite(Group6, LOW);
digitalWrite(Group7, LOW);
digitalWrite(Group8, LOW);
digitalWrite(Group9, LOW);
digitalWrite(Group10, LOW);



AnalogToCheckersCodeGroup(4);
J o (EROUE § ——ses

digitalWrite(Group0, LOW);
digitalWrite(Group1, LOW);
digitalWrite(Group2, LOW);
digitalWrite(Group3, LOW);
digitalWrite(Groupd, LOW);
digitalWrite(Group5, HIGH);
digitalWrite(Group6, LOW);
digitalWrite(Group?, LOW);
digitalWrite(Group8, LOW),
digitalWrite(Group9, LOW);
digitalWrite(Group10, LOW);

AnalogTaCheckersCodeGroup(5);
/- GrQ Ul o Dy

digitalWrite(Group0, LOW);
digitalWrite(Greupt, LOW);
digitalWrite(Group2, LOW);
digitalWrite(Group3,.LOW);
digitalWrite(Groupd, LOW):
digitalWrite(Group5, LOWY);
digitalWrite(Group6, HIGH);
digitalWrite(Group7, LOW);
digitalWrite(Group8, LOW);
digitalWrite(Group9, LOW);
digitalWrite(Group10, LOW);
AnalogToCheckersCodeGroup(6);

/2= Group, 7 —-—=—-—



digitalWrite(Group0, LOW);
digitalWrite(Group1, LOW);
digitalWrite(Group2, LOW);
digitalWrite(Group3, LOW);
digitalWrite(Group4, LOW);
digitalWrite(Group5, LOW);
digitalWrite(Group6, LOW);
digitalWrite(Group7, HIGH);
digitalWrite(Group8, LOW);
digitalWrite(Group9, LOW);
digitalWrite(Group 10, LOW);
AnalogToCheckersCodeGroup(7);

/f—— Group B —

digitalWrite(Group0, LOW);
digitalWrite(Groupl, LOW);
digitalWrite(Group2, LOW);
digitalWrite(Group3, LOW);
digitalWrite(Group4; LOW);
digitalWrite(Group5, LOW);
digitalWrite(Group6; LOW);
digitalWrite(Group7, LOW);
digitalWrite(Group8, HIGH);
digitalWrite(Group9, LOW);
digitalWrite(Group10, LOW);

AnalogToCheckersCodeGroup(8);

digitalWrite(Group0, LOW);
digitalWrite(Group1, LOW);



digitalWrite(Group2, LOW);
digitalWrite(Group3, LOW);
digitalWrite(Group4, LOW);
digitalWrite(Group5, LOW);
digitalWrite(Group6, LOW);
digitalWrite(Group7, LOW);
digitalWrite(Group8, LOW);
digitalWrite(Group9, HIGH),
digitalWrite(Group10, LOW);
AnalogToCheckersCodeGroup(9);

//—— Group 10 £#F—

digitalWrite(Group0,LOW);
digitalWrite(Group1,LOW);
digitalWrite(Group2, LOWS;
digitalWrite(Group3,L OW);
digitalWrite{Groupd,LOW);
digitalWrite(Group5,LOW);
digitalWrite(Group6;,LOW);
digitalWrite(Group? ,LOW);
digitalWrite(Group8,LOW);
digitalWrite(Group9,LOW);
digitalWrite(Group10,HIGH);
AnalogToCheckersCodeGroup(10);

bufCheckesrCode =",
strCheckersCode = "";
for (i=0; i<=10; i++)
{

for (j=0; j<=5; j++)

{



if(((i==10)&&(>=a)X // 64 Checker only
bufCheckesrCode = CheckersCodeli](jl; // Convert Array to String
strCheckersCode += bufCheckesrCode;  // Connect String

}

elsef

break;

}
//strCheckersCode +=""
}
Serial.printin(strCheckersCode);
//Serial.println{ChieckersCade[0][0]);
digitalWrite(LED_BUILTIN, EOW):
delay(msDelay);
}
_ drumaidiausassuing Arduino way Visual Basic
Option Explicit On
Imports System
Imports System.lQ.Rorts

Public Class frmSplash

Private Sub frmSplash_Load(sender.As.Object;e As EventArgs) Handles
MyBase.Load

Dim ports() As String
ports = SerialPort.GetPortNames()
If (ports.Length = 0) Then

MessageBox.Show("Please connect Arduino Board", "Electronics

Checkerboard", MessageBoxButtons.OK, MessageBoxlcon.Exclamation)



Me.Close()

Else
cboCheckerPort.ltems.AddRange(ports)
cboCheckerPort.Selectedindex = 0

End If

End Sub

Private Sub btnConnect Click(senderAs Object,.e As EventArgs) Handles

btnConnect.Click

PortNumber =

b —N S
frmEle eckerBoard

qqqqq

/ %
Me'Hi ‘ iezesy N
ceaan dl ‘o O4)
A
End Sul ARARRGN Luy :
e m———— 'n:\'f:\'::.'r.\'d‘ >
A TATATATA
Private tnrSplash, Tick(sender: Q, SV
CiTITeR ] LIJ}{”
tmrSplash. RN o
A
Try
pgbCkeckerboard:
Catch

btnConnect.Enabled = True
Return
End Try
End Sub

End Class



- #9uwa4 Visual Basic

Option Explicit On
Imports System

Imports System.Threading
Public Class frmElectronicsCheckerBoard

Delegate Sub InvokeDelegate()

Dim CheckersCode As String

Dim CheckersCodeOld As String

Dim CheckersArray(65).As Char

Dim bufCheckersCode As-String

Public TitlebarHeight As Integer

Public Delegate Sub SetTextCallback(ByVal CheckersCodeArduino As String)

Private Sub BeepSound()
Dim freq As Integer = Integer.Parse(1000)
Dim duration As Intéger = Integer.Parse(500)
Console.Beep(freq; duration)

End Sub
#Region "Form"

Private Sub frmElectronicsCheckerBoard Load(sendef As'Object, e As EventArgs)
Handles MyBase.Load
Dim pointer As Point
TitlebarHeight = (Me.Height - Me.ClientSize.Height)
DynamicBoardResize()

SerialPortSetting()

End Sub



Private Sub CheckerBoard Resize(sender As Object, e As EventArgs) Handles
Me.Resize
DynamicBoardResize()

End Sub

Private Sub DynamicBoardResize()
Dim pointer As Point
Dim x, maximizeMoveCenter As Integer
Dim ScreenWidth As Integer
Dim ScreenHeight As Integer
Dim TaskbarHeight As Integer

Dim CheckerBoardSize As-Integer

ScreenWidth = Screen:PrimaryScreen.Bounds. Width

ScreenHeight = Sereen.PrimaryScreen.Bounds Height
TaskbarHeieht = ScreenHeight - Screen.PrimaryScreen.WorkingArea.Height
If (Me.WindowState = FormWindowState.Normal) Then

Me.FormBorderStyle = Windows.Forms FormBorderStyle.Sizable
CheckerBoardSize = Me.Height - TitlebarHeight
Me.Width = Me:Height - (TitlebarHeight / 2)

Elself (Me . WindowState =" FormWindowState . Maximized) Then

Me.FormBorderStyle = Windows.Forms.FormBorderStyle.None
CheckerBoardSize = ScreenHeight

maximizeMoveCenter = (ScreenWidth - ScreenHeight) / 2
Me.Height = ScreenHeight

Me.Width = ScreenWidth

End If

% = CheckerBoardSize / 8



picCheckerl.Width = x
picCheckerl.Height = x
picChecker2.Width = x
picChecker2.Height = x
picChecker3.Width = x
picChecker3.Height = x
picCheckerd.Width = x
picCheckerd.Height = x

picChecker5.Width

picChecker11.Height = x
picChecker12 Width = x
picChecker12.Height = x
picChecker13.Width = x
picChecker13.Height = x
picChecker14.Width = x
picChecker14.Height = x
picChecker15.Width = x




picChecker15.Height = x
picChecker16.Width = x
picChecker16.Height = x
picChecker17.Width = x
picChecker17.Height = x
picChecker18.Width = x
picChecker18.Height = x
picChecker19.Width = x
picChecker19.Height = x
picChecker20.Width ="
picChecker20.Height = x
picChecker22.Width= x
picChecker21.Heighti= x
picChecker22.Width = x
picChecker22.Height =%
picChecker23.Width = x
picChecker23.Height =x
picChecker24.Width =%
picChecker24 Height =x
picChecker25.Width = x
picChecker25.Height =%
picChecker26.Width = x
picChecker26.Height = x
picChecker27.Width = x
picChecker27.Height = x
picChecker28.Width = x
picChecker28.Height = x
picChecker29.Width = x
picChecker29.Height = x
picChecker30.Width = x



picChecker30.Height = x
picChecker31.Width = x
picChecker31.Height = x
picChecker32.Width = x
picChecker32.Height = x
picChecker33.Width = x
picChecker33.Height = x
picChecker34.Width = x
picChecker34.Height = x
picChecker35.Width =%
picChecker35.Height = x
picChecker36:Width-—=| x
picChecker36.Height = x
picChecker37.Width = x
picChecker37,Height =%
picChecker38.Width-=-x
picChecker38.Height = x
picChecker39. Width = x
picChecker39 Height =
picCheckerd0.Width = x
picCheckerd0.Height =%
picCheckerd1.Width =X
picCheckerd1.Height = x
picCheckerd2.Width = x
picCheckerd2.Height = x
picCheckerd3.Width = x
picCheckerd3.Height = x
picCheckerdd.Width = x
picCheckerdd Height = x
picCheckerd5.Width = x



picCheckerd5.Height = x
picCheckerd6.Width = x
picCheckerd6.Height = x
picCheckerd7.Width = x
picCheckerd7.Height = x
picCheckerd8.Width = x
picChecker48.Height = x
picCheckerd9.Width = x
picChecker49.Height = x
picChecker50.Width =
picChecker50.Height = x
picChecker5 1'Width= x
picChecker51.Height ="
picChecker52.Width = x
picCheckerb2,Height = x
piChecker53.Width = x

picChecker53.Height =x
picChecker54. Width = x
picChecker54 Height-=x
picCheckers5.Width = x
picChecker55.Height = %
picChecker56.Width =X
picChecker56.Height = x
picChecker57.Width = x
picChecker57.Height = x
picChecker58.Width = x
picChecker58.Height = x
picChecker59.Width = x
picChecker59.Height = x
picChecker60.Width = x



picChecker60.Height = x
picChecker61.Width = x
picChecker61.Height = x
picChecker62.Width = x
picChecker62.Height = x
picChecker63.Width = x
picChecker63.Height = x
picChecker6d4.Width = x

picChecker64.Height = x

pointer.X = 0 + maximizeMoveCenter

pointer.Y = 0
picCheckerl.Locatien = pointer
pointer.X +=.x
picChecker2.Lacation = pointer
pointer.X 4+= X
picChecker3.Location = pointer
pointer.X 4= x
picCheckerd:Location.= pointer
pointer. X\ += x
picChecker5.Location. = pointer
pointer.X += x
picCheckeré.Location = pointer
pointer.X += x
picChecker7.Location = pointer
pointer.X += X

picChecker8.Location = pointer

pointer.X = 0 + maximizeMoveCenter

pointer.Y += x
picChecker9.Location = pointer

pointer.X += x



picChecker10.Location = pointer
pointer.X += X
picCheckerl1.Location = pointer
pointer.X += X
picCheckerl2.Location = pointer
pointer.X += X
picCheckerl3.Location = pointer
pointer.X += x

picCheckerl4.Location = pointe

pointer.X += x

picCheckerl
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pointer.X += x
picChecker21.Location = pointer
pointer.X += x
picChecker22.Location = pointer
pointer.X += x
picChecker23.Location = pointer
pointer.X += x

picChecker2d.Location = pointer



pointer.X = 0 + maximizeMoveCenter
pointer.Y += x

picChecker25.Location = pointer
pointer.X += x

picChecker26.Location = pointer
pointer.X += X

picChecker27.Location = pointer
pointer.X += x

picChecker28.Location = pointe

pointer.X += x

picChecker29.L

pointer.X += x
picChecker35.Location = pointer
pointer.X += X
picChecker3é.Location = pointer
pointer.X += X
picChecker37.Location = pointer
pointer.X += x

picChecker38.Location = pointer



pointer.X += x

picChecker39.Location = pointer
pointer.X += x

picCheckerd0.Location = pointer
pointer.X = 0 + maximizeMoveCenter
pointer.Y += x

picCheckerd1.Location = pointer
pointer.X += x

picCheckerd2.Location = pointe

pointer.X += x
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pointer.Y += x
picCheckerd9.Location = pointer
pointer.X += x
picChecker50.Location = pointer
pointer.X += x
picChecker51.Location = pointer
pointer.X += x

picChecker52.Location = pointer



pointer.X += x
picChecker53.Location = pointer
pointer.X += x
picChecker54.Location = pointer
pointer.X += x
picChecker55.Location = pointer
pointer. X += X
picChecker56.Location = pointer
pointer.X = 0 + maximizeMoveCenter
pointer.Y += x
picChecker57.kocation = pointer
pointer.X +='x
picChecker58.Location = pointer
pointer X += x
picChecker59.Location = pointer
pointer. X.4+=x
picChecker60.Lccation = pointer
pointer.X = x
picChecker61.Location = painter
pointer.X +=x
picChecker62.l.ocation’ = pointer
pointer.X += X
picCheckeré63.Locaticn = pointer
pointer.X += x
picChecker64.Location = pointer

End Sub

Private Sub CheckerBoard KeyDown(sender As Object, e As KeyEventArgs) Handles
Me.KeyDown
If e.KeyCode = Keys.Escape Then

If (Me.WindowState = FormWindowState.Maximized) Then



Me.WindowState = FormWindowState.Normal
Me.FormBorderStyle = Windows.Forms.FormBorderStyle.Sizable
Elself (Me.WindowState = FormWindowState.Normal) Then
If (srlCheckerBoard.IsOpen) Then
srlCheckerBoard.Close()
End If
Me.Close()
End If
End If
End Sub
#End Region
#Region "SerialPort"
Sub SerialPortSetting()
srlCheckerBoard.BaudRate = "9600"
srlCheckerBoard.Parity = |O:Ports.Parity.None
srlCheckerBoard.StopBits'= 10.Ports.StopBits.One
sriCheckerBoard.DataBits = 8
Try
If (Not sriCheckerBoard.lsOpen) Then
srlCheckerBoard.PortName =-PortNurmber
sriCheckerBoard:Open()
End If
Catch ex As UnauthorizedAccessException
MessageBox.Showlex.Message)
End Try
End Sub
Private Sub SerialPort DataReceived(ByVal sender As Object, ByVal e As
System.|O.Ports.SerialDataReceivedEventArgs) Handles srlCheckerBoard.DataReceived
ReceivedText(srlCheckerBoard.ReadLine())
End Sub



Private Sub ReceivedText(ByVal CheckersCodeArduino As String)
If (txtCheckersCode.InvokeRequired) Then
Dim x As New SetTextCallback(AddressOf ReceivedText)
Me.Invoke(x, New Object() {(CheckersCodeArduino)})
Else
CheckersCode = CheckersCodeArduino
txtCheckersCode. Text &= CheckersCodeArduino
End If
If (txtCheckersCode.Text.Count >=.66)-Then
txtCheckersCode Clear()
End If
If CheckersCodeOld<>-CheckersCode Then
CheckersCodeOld = CheckersCode
Console.Beep()
End If
tmrCheckerBoard.Enabled ="True
End Sub
#End Regien
#Region "ConvertCode"
Private Sub Canvert€ode()
Fori=1To 64
CheckersArrayli) = Mid(CheckersCode, i, 1)
Next
Select Case CheckersArray(1)
Case "e"
picCheckerl.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picCheckerl.Image = imlCheckerBoard.Images.ltem(1)
Case "B"

picCheckerl.Image = imlCheckerBoard.Images.ltem(2)



no,n

Case 'w
picCheckerl.lmage = imlCheckerBoard.Images.ltem(3)
Case "W"
picCheckerl.lImage = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(2)
Case "e"
picChecker2.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker2.Image-= imlCheckerBoard.Images.ltem(1)
Case "B"
picChecker2image = imlCheckerBoard:Images:item(2)
Case"w"
picChecker2dmage = imlCheckerBoard:mages.item(3)
Case "W'
picChecker2.mage = imlCheckerBoard.Images.item(4)
End Select
Select Case'CheckersArray(3)
Casex &'
picChecker3;image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker3.Image-= imlCheckerBoard.Images.ltem(1)
Case "B"
picChecker3.lImage = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker3.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker3.Image = imlCheckerBoard.Images.ltem(d)

End Select

Select Case CheckersArray(4)



Case "e
picCheckerd.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picCheckerd.Image = imlCheckerBoard.Images.ltem(1)
Case "B"
picCheckerd.Image = imlCheckerBoard.Images.ltem(2)
Case "w'
picCheckerd.lmage = imlCheckerBoard.Images.ltem(3)
Case "W"
picCheckerd.Image= imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(5)
Casef'g’
picChecker5dmage = imlCheckerBoard:images.item(Q)
Case "b’
picCheckerSimage = imlCheckerBoard.Images.ltem(1)
Case "B*
picCheckerbimage = imlCheckerBoardimages.item(2)
Case'w"
picCheckersimage = imiCheckerBoard-images.ltem(3)
Case "W
picChecker5.Image = imlCheckerBoard.Images.ltem(d)
End Select
Select Case CheckersArray(6)
Case "e"
picCheckeré.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker6.Image = imlCheckerBoard.Images.ltem(1)

Case "B"

picCheckeré.Image = imlCheckerBoard.Images.ltem(2)



Case "w"
picChecker6.lImage = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker6.Image = imlCheckerBoard.Images.ltem(d)
End Select
Select Case CheckersArray(7)
Case "e"
picChecker7.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker7.Image-="im|CheckerBoard.Images.ltem(1)
Case "B'
picChecker7image = imlCheckerBoard:mages:ltem(2)
Case/'w"
picCheckerT.image = imlCheckerBoard:Images.Item(3)
Case "W’
picCheckerf.lmage = imlCheckerBoard.images.ttem(4)
End Select
Select Case'CheckersArray(8)
Case\'s'
picChecker8.Image = imlCheckerBoard.mages.ltem(0)
Case "b"
picChecker8.Image-= imlCheckerBoard.Images.ltem(1)
Case "B’
picChecker8.Image = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker8.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker8.Image = imlCheckerBoard.Images.ltem(4)
End Select

Select Case CheckersArray(9)



Case "e
picChecker9.Image = imlCheckerBoard.Images.Item(0)
Case "b"
picChecker9.Image = imlCheckerBoard.Images.ltem(1)
Case "B"
picChecker9.Image = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker9.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker9.Image-="TmlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(10)
Casel'e"
picCheckerl0.Image = imlCheckerBoard.Images.Item(0Q)
Case "b’
picChecker10.masge =imlCheckerBoard:images.ltem(1)
Case "B"
picCheckerl0.image = imlCheckerBoardImages.ltem(2)
Case "w"
picChecker10.Image =, imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker10.Image. = imlCheckerBoard.Images.tem(4)
End Select
Select Case CheckersArray(11)
Case "e"
picCheckerll.lImage = imlCheckerBoard.Images.ltem(0)
Case "b"
picCheckerll.Image = imlCheckerBoard.Images.ltem(1)

Case "B"

picCheckerll.Image = imlCheckerBoard.Images.ltem(2)



noomn

Case 'w
picCheckerll.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picCheckerl1.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(12)
Case "e"
picChecker12.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker12.lmage = imlCheckerBoard.Images.ttem(1)
Case "B"
picChecker12.image = imlCheckerBoard.images.Item(2)
Case"w"
picCheckerl2.Image = imlCheckerBoard.Images.item(3)
Case "W
picChecker12image = imlCheckerBoardimages.ltem(4)
End Select
Select CaseCheckersArray(13)
Casel'e’
picCheckeri3d.Image = .imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker13.Image.= imlCheckerBoard.Imagés.dtem(1)
Case "B’
picChecker13.Image = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker13.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker13.Image = imlCheckerBoard.Images.ltem(d)

End Select

Select Case CheckersArray(14)



Case "e"
picCheckerld.lmage = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker14.lImage = imlCheckerBoard.Images.ltem(1)
Case "B"
picCheckerld.Image = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker1d.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picCheckerl1d.lmage = imlCheckerBoard.Images:item(4)
End Select
Select Case CheckersArray(15)
Case"e"
picCheckerl5.lmage = imlCheckerBoard.Images.ltem(0)
Case "b"
picCheckerl5imaee = imlCheckerBoard:mages.ltem(1)
Case "B"
picCheckerl5.image = imiCheckerBoard.mages.ltem(2)
Case'"w"
picChecker15.Image = imlCheckerBoard.Images.ltem(3)
Case "W"

picChecker15.Imdge. = imlCheckerBoard.Images.item(4)

End Select

Select Case CheckersArray(16)
Case "e"
picChecker16.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker16.lImage = imlCheckerBoard.Images.ltem(1)

Case "B"



picCheckerl6.Image = imlCheckerBoard.Images.ltem(2)
Case "w'
picChecker16.lmage = imlCheckerBoard.Images.ltem(3)
Case "W
picCheckerl6.lmage = imlCheckerBoard.Images.ltem(d)
End Select
Select Case CheckersArray(17)
Case "e"
picChecker17.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picCheckerl7.Imase =imlCheckerBoard.dmages.ltem(l)
Case "B"
picChecker17.lmage = imlCheckerBoard.Images.item(2)
Case"w"
picChecker17.Image =.imlCheckerBoard:images.item(3)
Case "W"
picCheckerl 7:dmage = imlCheckerBoard. mages.ltem(4)
End Select
Select Case CheckersArray(18)
Case "X
picChecker18.Image = imlCheckerBoard.lmages.|ten(0)
Case "b"
picChecker18.Image = imlCheckerBoard.Images.ltem(1)
Case "B"
picChecker18.Image = imlCheckerBoard.Images.ltem(2)
Case "W'
picChecker18.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker18.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(19)

Case "e"

picChecker19.Image = imlCheckerBoard.Images.ltem(0)

Case "b"
picChecker19.Image = imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker19.Image = imlCheckerBoard.Images.ltem(2)

n "

Case "w
picChecker19.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker19.Image =imiCheckerBoard.lmages.ltem(4)
End Select
Select Case CheckersArray(20)
Cagef'e”
picChecker20.Image =.imlCheckerBoard:mages.lter(0)
Case ‘b’

picChecker20:dmage-= imlCheckerBoard.Images.Item(1)

Case."B"

picChecker20.image = imlCheckerBoardiimages.ltem(2)

Case "W
picChecker20.Image = imlCheckerBoard.lmages.Itepn(3)

Case "W"

picChecker20.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(21)
Case "e"
picChecker21.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker21.Image = imlCheckerBoard.Images.ltem(1)

Case "B"



picChecker21.Image = imlCheckerBoard.Images.ltem(2)
Case "wW'
picChecker21.lmage = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker21.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(22)
{ase g
picChecker22.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker22.Image =imlCheckerBoard.lmages.ltem(1)
Case "B"

picChecker22.Image

imlCheckerBoard.Images.ltern(2)

Case/"wW"

I

picChecker22 Image = imlCheckerBoard:mages;item(3)
Case "W"
picChecker22dmage = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(23)
Case "e"

picChecker23.Image = imlCheckerBoard.lmages.ltem(0)

Case "b"

picChecker23.Image = imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker23.Image = imlCheckerBoard.Images.ltem(2)

Case "'w

picChecker23.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker23.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(24)

Case "e

picChecker24.lmage = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker2d.Image

imlCheckerBoard.Images.ltem(1)

Case "B"

I}

picChecker2d.Image = imlCheckerBoard.Images.ltem(2)
Case "wW'
picChecker24.Image = im\CheckerBoard.Images.ltem(3)

Case "W"

picChecker2d.Image =-imlCheckerBoard.mages.ltem(4)
End Select
Select Case CheckersArray(25)

Case "e"

picChecker25.Image

Case "p"

imlCheckerBoard:lmages.ltem(0)

picChecker254mage

imlCheckerBoard.Images.ltem(1)

Case "B"

oicChecker25.dmage = imlCheckerBoardiimages.ltem(2)
Case 'wW,

picChecker25.Image

imlCheckerBoard.Images.ltem(3)

Case "W'

picChecker25.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(26)
Case "e"
picChecker26.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker26.lmage = imlCheckerBoard.Images.ltem(1)

Case "B"



picChecker26.Image = imlCheckerBoard.Images.ltem(2)
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Case "w
picChecker26.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker26.lmage = imlCheckerBoard.Images.ltem(d)
End Select
Select Case CheckersArray(27)

Case "e

picChecker27.Image = imlCheckerBoard.Images.ltem(0)

Case "b"

picChecker27.Image =-imlCheckerBoard.lmages.ltem(1)
Case "B"

picChecker27.lmage

1]

imlCheckerBoard.Images.ltem(2)

Case/"w"

I

picChecker27.Image
Case "W'

imlCheckerBoardimages;item(3)

picChecker27.mage = imlCheckerBoard.Images.ltem(d)
End Select
Select Case CheckersArray(28)
Case "e\
picChecker28.Image = imlCheckerBoard.lmages.item(0)
Case "b"
picChecker28.Image = im|\CheckerBoard.Images.ltem(1)
Case "B"
picChecker28.Image = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker28.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker28.Image = imlCheckerBoard.Images.ltem(d)

End Select



Select Case CheckersArray(29)

Case "e"

picChecker29.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker29.Image

imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker29.Image = imlCheckerBoard.Images.ltem(2)

Case "w"
picChecker29.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker29.Image =imiCheckerBoard.lmages.ltem(4)
End Select
Select Case CheckersArray(30)

Case!"e"

picChecker30.lmage = imlCheckerBoard:images.item(0)

Case b’

picChecker30dmage = imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker30.image = imlCheckerBoard Images.ltem(2)

Case "w!

picChecker30.Image
Case "W'

imlCheckerBoard images.ltepn(3)

picChecker30.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(31)
Case "e"
picChecker31.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker31.Image = imlCheckerBoard.Images.ltem(1)

Case "B"



picChecker31.Image = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker31.Image = imlCheckerBoard.Images.ltem(3)
Case "W
picChecker31.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(32)
Caze e’

picChecker32.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

Il

picChecker3?.Image =-imlCheckerBoard.lmages.ltem(1)

Case "By
picChecker32.Image = imlCheckerBoard.Images.ltem(2)

Case "w"

I

picChecker32.mage =.imlCheckerBoard:images.item(3)
Case "W"
picChecker32:dmage= imlCheckerBoard.lmages.ltem(4)
End Select
Select Case CheckersArray(33)
Case "e"
picCheckerd3.Image = imlCheckerBoard.lmages.ltem(0)

Case "b"

picChecker33.Image = imlCheckerBoard.Images.ltem(1)
Case "B"

picChecker33.Image = imlCheckerBoard.Images.ltem(2)

Case "w"

picChecker33.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker33.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(34)

Case "e"

picChecker34.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker34.lmage

imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker3d.Image = imlCheckerBoard.Images.ltem(2)
Case "w"

picChecker3d.lmage = imlCheckerBoard.Images.ltem(3)

Il

Case "W"

picChecker3d.Image =-imlCheckerBoard.Images.ltem(4)
End Select
Select Cage CheckersArray(35)

Case/"e"

1l

picChecker35.Image =.imlCheckerBoard:images,ttem(0)
Case "D

picChecker354mage

imlCheckerBoard:Images.item(1)

Case'"B"

picChecker35.Image = imlCheckerBoardimages.ltem(2)

Case "w

picChecker35.Image

imlCheckerBoard.lmages.ltem(3)

Case "W"

]

picChecker35.lmage = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(36)
Case "e"
picChecker36.lmage = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker36.Image = imlCheckerBoard.Images.ltem(1)

Case "B"



picChecker36.Image = imlCheckerBoard.Images.ltem(2)
Case "wW"
picChecker36.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker36.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(37)
Case "e"
picChecker37.Image = imlCheckerBoard.Images.ltem(0)

Case "p"

picChecker37.Image =-imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker37.Jmage =imiCheckerBoard.Images.ltem(2)

Il

Case/"w"

picChecker37./mage
Case "W"

imlCheckerBoard.lmages.ltem(3)

picChecker37.Image = imlCheckerBoard.|mages.ltem(4)
End Select
Select Case CheckersArray(38)
Case "eV
picChecker38.Image = imlCheckerBoard.lmages.ltenn(0)
Case "b"

picChecker38.Image = imlCheckerBoard.Images.ltem(1)
Case "B"

picChecker38.Image

imlCheckerBoard.Images.ltem(2)

Case "w"

picChecker38.Image = imlCheckerBoard.Images.ltem(3)

Case "W"
picChecker38.Image = imlCheckerBoard.Images.ltem(4)
End Select



Select Case CheckersArray(39)

Case "e"

Il

picChecker39.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker39.Image

imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker39.Image = imlCheckerBoard.Images.ltem(2)

Case "w

picChecker39.Image

imlCheckerBoard.Images.ltem(3)

Case "W"

picChecker39.Image =imlCheckerBoard.lmages.ltem(d)

End Select

Select Case CheckersArray(d0)

Case/'e

I

picCheckerd0.lmage = imlCheckerBoard:images.ltem(0)
Case "b’
picCheckerd0.Image

Case "B"

1l

imlCheckerBoard:Images.ltem(1)

picCheckerd0.Image = imlCheckerBoard:mages:item(2)
Case "Wt

picCheckerd(.Image

1}

imlCheckerBoard.lmages.Iltem(3)

Case IIWII

]

picCheckerd0.lmage = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(41)
Case "e"
picCheckerdl.lmage = imlCheckerBoard.Images.ltem(0)
Case "b"

picCheckerdl.Image = imlCheckerBoard.Images.ltem(1)

Case "B"



picCheckerdl.lmage = imlCheckerBoard.Images.ltem(2)
Case "w"
picCheckerdl.lmage = imlCheckerBoard.Images.ltem(3)
Case "W"
picCheckerdl.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(42)
Case "e"
picCheckerd2.lmage = imlCheckerBoard.Images.ltem(0)
Case "b"
picCheckerd?.lmage ="imiCheckerBoard.lmages.ltem(l)
Case "B
picCheckerd?2.lmage =imlCheckerBoard.Images.ltem(2)
Case/'w"
picCheckerd2.lmage = imlCheckerBoard:mages.ltem(3)
Case "W'
picCheckerd2.image = im|CheckerBoard:.Images.ltem(4)
End Select
Select Case CheckersArray(43)
Case "e\
picCheckerd3.Image = imlCheckerBoard.lmages.ltem(0)

Case "p"

picCheckerd3.Image = imlCheckerBoard.Images.ltem(1)
Case "B"

picCheckerd3.Image

Il

imlCheckerBoard.Images.ltem(2)

no.m

Case "w

Il

picCheckerd3.Image = imlCheckerBoard.Images.ltem(3)

Case "W"
picCheckerd3.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(44)

Case e

picCheckerdd.lmage = imlCheckerBoard.Images.ltem(0)
Case "b"

picCheckerdd.Image

imlCheckerBoard.Images.ltem(1)

Case "B"

picCheckerdd.Image = imlCheckerBoard.Images.ltem(2)

n "

Case "w

picCheckerdd.Image = imlCheckerBoard.Images.ltem(3)
Case "W

picCheckerdd.image =-imlCheckerBoard.lmages.ltem(&)
End Select
Select Case CheckersArray(d5)
Case/"e"
picCheckerd5.Image = imlCheckerBoard:lmages;item(0)
Case b’

picCheckerd5dmage-= imlCheckerBoard.Images.ltem(1)

Case "B"

picCheckerd5.image = imlCheckerBoardilmages.ltem(2)
Case "w'

'picCheckerd5.Image

imlCheckerBoard images.ltern(3)

Case "W"

picCheckerd5.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(46)

n_n

Case e

picCheckerdé.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picCheckerdé.lmage = imlCheckerBoard.Images.ltem(1)

Case "B"



picCheckerd6.lmage = imlCheckerBoard.Images.ltem(2)

n n

Case "'w
picCheckerdé.lmage = imlCheckerBoard.Images.ltem(3)
Case "W"
picCheckerdé.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(47)

Case "e

picCheckerd7.lmage = imlCheckerBoard.Images.ltem(0)
Case Ilbll

picCheckerd.Image =-imlCheckerBoard.lmages.Item(1)

Case "B’

picCheckerd7.Image

imlCheckerBoard.Images.ltem(2)

Case/"w"

picCheckerd7.Image = imlCheckerBoard:images.item(3)
Case "W
picCheckerd7.lmage = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(48)
Case "et

picCheckerd8.Image = imlCheckerBoard.lmages.ltern(0)

Case "b"

picCheckerd8.Image = imlCheckerBoard.Images.ltem(1)
Case "B"

picCheckerd8.Image

l

imlCheckerBoard.Images.ltem(2)

n o

Case "w

picCheckerd8.Image = imlCheckerBoard.Images.ltem(3)

Case "W"
picCheckerd8.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(49)
Case "e"
picCheckerd9.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picCheckerd9.Image = imlCheckerBoard.Images.ltem(1)
Case "B"
picCheckerd9.Image = imlCheckerBoard.Images.ltem(2)
Case "wW'
picCheckerd9.Image = im\CheckerBoard.Images.ltem(3)
Case "W"
picCheckerd9.Image =imlCheckerBoard./mages.ltem(4)
End Select
Select Case CheckersArray(50)

Case'"e"

|1}

picChecker50.Image
Case 'b"

imlCheckerBoard:Images.item(0)

picChecker50:dmage

imlCheckerBoard.Images.ltem(1)

Case."B"

picChecker50.lmage = imlCheckerBoardilmages:ttem(2)

Case "W'
picChecker50.lImage = imlCheckerBoard.dmages.ltepn(3)
Case "W'
picChecker50.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(51)
Case "e’
picChecker51.Image = imlCheckerBoard.Images.Item(0)
Case "b"

picChecker51.Image = imlCheckerBoard.Images.ltem(1)

Case "B"



picChecker51.Image = imlCheckerBoard.Images.ltem(2)
Case "w'
picChecker51.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker51.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(52)

Case "e

picChecker52.Image = imlCheckerBoard.Images.ltem(0)

Case "b"

picChecker52.Image =-imiCheckerBoard.Images.ltem(1)
Case "B’
picChecker52.Image =/imlCheckerBoard.Imades.item(2)

Case/"W"

picChecker52.Image
Case "W"

imlCheckerBoard:Images.ltem(3)

picChecker52.image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(53)
Case "et
picChecker53.Image = imlCheckerBoard.lmages:ltem(0)

Case "b"

picChecker53.Image = imlCheckerBoard.Images.ltem(1)
Case "B'

picChecker53.Image

imlCheckerBoard.Images.ltem(2)

Case "w"

picChecker53.Image = imlCheckerBoard.Images.ltem(3)

Case "W"
picChecker53.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(54)

Case "e"

picChecker54.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker54.Image

imlCheckerBoard.Images.Item(1)

Case "B"

picChecker54.Image = imlCheckerBoard.Images.ltem(2)

non

Case "w

picChecker54.Image

imlCheckerBoard.Images.ltem(3)

Case "W"

picChecker54.Image =-imlCheckerBoard.Images.ltem(4)

End Select
Select Case CheckersArray(55)

Case'"e

1L}

picChecker55.image = imlCheckerBoard:mages.ftem(0)
Case "D

picCheckerb5dmage

]

imlCheckerBoard.Images.[tern(1)

Case "B"

picChecker55.0mage = imlCheckerBoardlmages.itern(2)
Case "W

picCheckers5.lmage

imlChéckerBoard.Images.Item(3)

Case "W"

picChecker55.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(56)
Case "e'
picChecker56.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker56.Image = imlCheckerBoard.Images.ltem(1)

Case "B"



picChecker56.Image = imlCheckerBoard.Images.ltem(2)

" n

Case "w
picChecker56.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker56.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(57)

Case "e

picChecker57.Image = imlCheckerBoard.Images.litem(0)

Case "b"

picChecker57.Image =-imiCheckerBoard.lmages.ltem(1)
Case "B

picChecker57.Image ='imiCheckerBoard.Images.item(2)

Case/"'w

I

picChecker57.Image
Case "W

imlCheckerBoard:Images;item(3)

picChecker57dmage = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(58)
Case "e!
picChecker58.Image = imlCheckerBoard.lmages.ltem(0)

Case "p"

picChecker58.Image = imlCheckerBoard.Images.ltem(1)
Case "B"

picChecker58.Image

imlCheckerBoard.Images.ltem(2)

n "

Case "w

picChecker58.Image = imlCheckerBoard.Images.ltem(3)

Case "W"
picChecker58.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(59)

Case e

1l

picChecker59.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picChecker59.Image

Il

imlCheckerBoard.Images.ltem(1)

Case "B"

picChecker59.Image = imlCheckerBoard.Images.ltem(2)

Case "w"
picChecker59.Image = imlCheckerBoard.Images.ltem(3)
Case "W"

picChecker59.Image =-imlCheckerBoard.Images.ltem(d)
End Select
Select Case CheckersArray(60)
Case/"e"
picChecker60.Image = imlCheckerBoardidmages:item(0)
Case "b'

picChecker60.image = imlCheckerBoard.Images.ltem(1)

Casel'B"

picChecker60.Image = imlCheckerBoard.Images.ltem(2)

Case "w

picChecker60.Image = imlCheckerBoard.lmages.itern(3)

I}

Case "W"

picChecker60.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(61)

Case "e
picChecker61l.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker61.Image = imlCheckerBoard.Images.ltem(1)

Case "B"



picChecker61.lImage = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker61.Image = imlCheckerBoard.Images.ltem(3)
Case "W"
picChecker61.Image = imlCheckerBoard.Images.ltem(4)
End Select
Select Case CheckersArray(62)
Case "e"
picChecker62.Image = imlCheckerBoard.Images.ltem(0)
Case "b"
picChecker62.Image =-imlCheckerBoard.Images.ltem(1)
Case "B"
picChecker62.lmage = imlCheckerBoard.Images.tem(2)
Case "w"
picChecker62.lmage = imlCheckerBoard:.Images.Iter(3)
Case 'W'
picCheckeré2dmage = imlCheckerBoard.Images, ltem(a)
End Select
Select Case CheckersArray(63)
Case "et
picCheckeré3.Image = imlCheckerBoard.images.ltem(0)
Case "b"
picChecker63.Image = im(CheckerBoard.Images.ltem(1)
Case "B"
picChecker63.Image = imlCheckerBoard.Images.ltem(2)
Case "w"
picChecker63.Image = imlCheckerBoard.Images.ltem(3)
Case "W"

picChecker63.Image = imlCheckerBoard.Images.ltem(4)

End Select



Select Case CheckersArray(64)

Case "e

picChecker64.Image = imlCheckerBoard.Images.ltem(0)
Case "b"

picCheckeré4.Image

1

imlCheckerBoard.Images.ltem(1)

Case "B"

picCheckeré4.Image = imlCheckerBoard.Images.ltem(2)

Case "w

picCheckeréd.Image

imlCheckerBoard.Images.ltem(3)

Case "W"

picChecker68.Image = imlCheckerBoard.Images.ltem(4)
End Select
End Sub
#End Region
Private Sub trrCheckerBoard Tick(sender As Object, e As EventArgs) Handles
tmrCheckerBoard. Tick
ConvertCode()
Me.Text ="Electronics'CheckerBoard™ & " *&DateTimeiToday & " /" &
TimeString
End Sub
Private Sub CheckerBoard’ MaximumSizeChanged(sender As-Object, e As
EventArgs) Handles Me.MaximumSizeChanged
Console.Beepl()

End Sub
End Class
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DRV5053 Analog-Bipolar Hall Effect Sensor

Features

Linear Output Hall Sensor

Superior Temperature Stability

— Sensitivity +10% Over Temperature

High Sensitivity Options:

- =11 mV/mT (OA, See Figure 17)

- =23 mV/mT (PA)

— =45 mV/mT (RA)

- =90 mV/mT (VA)

— +23 mV/mT (CA)

— +45 mV/mT (EA)

Supports a Wide Voltage Range

- 251038V

— No External Regulator Required

Wide Operating Temperature Range

— Ta=-40to 125°C/(Q, see Figtire 17)

Amplified Output Stage

— 2.3-mA Sink, 300 pA Source

Output Voltage: 0.2 ~ 1.8 V

- B=0mT,0OUT=1V

Fast Power-On: 35 us

Small Package and Footprint

— Surface Mount 3-Pin. SOT-23(DBZ)
— 2.92 mm x 2.37 mm

— Through-Hole 3-Pin TO-92 (LPG)
— 4.00 mm % 3,15 mm

Protection Features

— Reverse Supply Protection (up to —22 V)

— Supports up to 40-V Load Dump
— Output Short-Circuit Protection
— Output Current Limitation

Output State

Vour (V)

Buw (N) Buax (S)

> B(mT)

2 Applications

«  Flow Meters

+ Docking Adjustment
+ Vibration Correction
+ Damper Controls

3 Description
The DRV5053 device is a chopper-stabilized Hall I1C
that offers a magnetic sensing solution with superior
sensitivity stability over temperature and integrated
protection features.

The 0- to 2-V analog output responds linearly to the
applied -magnetic flux density, and distinguishes the
polarity, of magnetic field direction. A wide operating
voltage range from 2.5 to 38 V with reverse polarity
protection up to —22 V makes the device suitable for
a wide range of industrial-and consumer applications.

Internal protection functions are provided for reverse
supply conditions, load dump, and output short circuit
or overcurrent.

Device Information'!)
_ PARTNUMBER | = PACKAGE ~ | BODY SIZE (NOM)
S0T-23 (3) 2.92 mm % 1.30 mm
T0-92(3) 4.00 mm x 3.15 mm

DRVS5053

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Device Packages

S0T-23

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

For additional configuration information, see Device Markings and Mechanical, Packaging, and Orderable

Information.

DBZ Package

LPG Package

3-Pin SOT-23 3-Pin TO-92
Top View Top View
2| |out
GND 3 1 2 [
] Vec
L)
Vg OUT
GND
Pin Functiuns
en 1\ o TN D) v@" 'f? T k.l 6 ) e
A0
NAME DBz |\fpeS| <ENKNY v
GND 3 2 GND Ground pin
2.5to-38 V power supply. Bypass this pin to the GND pin with a 0.01-uF (minimum)
Vee i 1 \ |S¢ fower | ceramic capagitor rated,for Ve, '
ouT 2 3 Qutput Hall sensar analog output 1\ output ocrrespunds o B omT
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)("

www.ti.com
LAY

MIN MAX UNIT
Vee -220@) 40 v
Power supply voltage Voltage ramp rate (Vec), Vee <5V Unlimited Vips
Voltage ramp rate (V¢g), Vee > 5V 0 2
Output pin voltage -0.5 2:5 Vv
Output pin reverse current during reverse supply condition 0 =20 mA
Magnetic flux density, Byax Unlimited
Operating junction temperature, T, -40 150 G
Storage temperature, Tgq -B65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage 1o the device. These are stress ratings
only, which do not imply functional operation of the device at.these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure ta absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Ensured by design. Only tested to =20 V.

6.2 ESD Ratings

Il - B-UN7/ENR$O~0 — N\ vaue | onr

Electrostatic | Human body model (HBM); per ANSI/ESDA/JEDEC JS-001, all pins!"

2500

Vieso)

discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all pins'?) +500

(1) JEDEC document JEP155 states that 500-V'HBM allows safe manufacturing with a standard ESD cantrol process,
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

LTS "4 demmammy * 40 L7 (v fwax| unm

Vee Power supply voltage 25 38 \4
Vour Qutput pin voltage (OUT) W e > Joy 2 \
lsource Qutput pin current source (OUT) 0 300 HA
lsink Qutput pin current sink (QUT) 0 23 mA
Ta Operating ambient femperature —40 125 °C

6.4 Thermal Information

" Y Sa & ¥ AL 053
THERMAL METRIG() P 2) ULNA N\ oD T LPG (TO-92) UNIT
vy, SR jﬂv 3PINS
Roia Junction-to-ambient thermal resistance 333.2 180 °CIW
Raucttop) Junction-te-case (top) thermal resistance 89.9 98.6 “C/W
Resp Junction-to-board thermal resistance 86.9 154.9 “CIW
T Junction-to-top characterization parameter 49 40 “‘C/w
(AT Junction-to-board characterization parameter 65.2 154.9 °‘Ciw

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report, SPRA953.
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6.5 Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER I TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLIES (Vcc)
Vee V¢ operating voltage 25 38 v
] Vec=2.51t0 38V, Ta=25°C 27
e Operating supply current mA
Vee=2.51t0 38V, Ty = 125°C 3 386
L Power-on time 35 50 Hs
PROTECTION CIRCUITS
Veer Reverse supply voltage -22 \4
locp.sourRcE Overcurrent protection level Sourcing current 300 HA
locp.siNk Overcurrent protection level Sinking current e il mA
6.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER - |~ TESTCONDITIONS— | MIN . TYP  MAX| UNIT
ANALOG OUTPUT (OUT)
ty Output delay time l Ta=25°C i | 13 25 | us
6.7 Magnetic Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER | |~ || (TESTCONDIIONS | /| UNIT®
Va Quiescent output B =0—TC.:-“C 10 125°C \
faw Bandwidth®' 20 kHz
= Input-referred noise® %:T_:é?cpg 125°C 0.40 0.49 079 mTyp
Le Linearity ~Bgat < B < Bsar 1%
Vour min Output saturation voltage (min) B <—Bsat 0.2 3
Vourmax  Output saturation voltage {max) B > Bgar 1.8 \
DRV50530A: ~11 mVIimT
s Sensitivity ¥:§= R S -17.5 -" -5| mvimT
VCC =33V, ROUT =10 kﬂ;
Vi Oulput-referred noise | Cgur. = 50 pF 5 mVpp
Ta=-40°Cto 125°C
Bsat Input saturation field ¥:c= —430%gio 125°C 73 mT
DRV5053PA: =23 mVImT
s Sensitivity PR e -35 23 10| mV/mT
VCC=3.3 V; ROUT: 10 kﬂ; - it - - 1
Vi Output-referred noise Cout =50 pF 11 mVpp
Ta =-40°C to 125°C
BsaT Input saturation field ¥:C= —fﬁ%gto 125°C 35 mT

(1) 1 mT =10 Gauss
(2) Bandwidth describes the fastest changing magnetic field that can be detected and translated to the output.
(3) Not tested in production; limits are based on characterization data.

(4) Linearity describes the change in sensitivity across the B-range. The sensitivity near Bgat is typically within 1% of the sensitivity near
B=0.

Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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Magnetic Characteristics (continued)

over operating free-air temperature range (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT®
DRV5053RA: =45 mVIimT
s Sensitivity O o B 70 45 20| mvimT
VCC =33V; ROUT =10 kQ;
Vi Output-referred noise Cour =50 pF 22 mVpg
Tp =-40°C to 125°C
Bsat Input saturation field ¥:‘E__=_303°C\:/t0 125°C 18 mT
DRV5053VA: =90 mVImT
s Sensitivity e -140 -90 45| mv/mT
VCC =33 V, ROUT =10 kQ.
Vi Output-referred noise Coyt =50 pF 44 mVpp
Ta=-40°C10125°C
Bsat Input saturation field }rfgiijO%CVto 125°C 9 mT
DRV5053CA: 23 mV/mT ~
S Sensitivity ¥§§_,=_203§gm 1950 10 23 35| mvimT
Veo =3.3 Vs Rour = 10kQ;
Vi Qutput-referred noise Cout = 50 pF 11 mVgp
Ta=-40°C to 125°C
| Vee =383V
B Input saturation field 47 Vs y 3 T
SAT nput saturation fie | Ta=—40°C 10/125°C & Ei- | m
DRV5053EA: 45 mVImT
: \ %/
s Sensitivity o SBANTY 20 45 70 mvimT
VCC =33 V; RO'UT =10 kﬂ:
Vi Output-referred noise Cout =50 pF 22 mVpg
Ta = -40°C 10 125°C
Bgat Input saturation figld ¥:i=_4303er‘t0 125°C 18 mT
6 Submit Documentation Feedback Copyright © 2014-2015, Texas Instruments Incorporated
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6.8 Typical Characteristics

3.5 3.5
— T, =-40°C — Ve =2.5V
— Ta=25T — Vgc=83V
Ta=75C Vec=132V
— Ta=125T — Vep =38V
Y <
E oo E 3
2 _ / 2 /]I/
g 25 / B as|l—
0 10 20 30 40 -50 -25 4] 25 50 75 100 125
Supply Voltage (V) Ambient Temperature (T)
Figure 1. Ige vs Ve Figure 2. loc vs Temperature
60 60 T
DRV5053EA DRVS053EA |
40 40 4 : !
- DRV5053CA = DRVSC_)&_BCA e A S
A L =B =
> &
- : R T
’E DRV50530A =
2 =
£ g |DRVS053PA | =
c | c
o DRVS053RA | &
o 40 o
: | ok
E -60 ; { g 80 DHVSO?SVA = | 6=
T
80 I ORV053VA -100 ‘
-100 120 }
0 10 20 30 40 -50 -25 0 25 50 75 100 125
Supply Voltage (V) Ambient Temperature (T)
Ta=25°C Vee =33V
Figure 3. Sensitivity vs V¢e Figure 4. Sensitivity vs Temperature
1.035 - 0.7 | T T
1.03 L 5 0:65 ' '
— \\ = ! |
2 1.025 = 06 ¥
o | ‘\_E_, ] /
> 4
% 102 g — :% i | | f—__,.—"_,--'
£ |
S 1015 303 e
= V\_\ § |
g 1.01 R |
2 ;
2 1005 — Ta=—40°C Ta=85C 2 04
G —— Tp=25C — Ta=125T £
1 0.35
0.3
0.995 -50 -25 0 25 50 75 100 125
0 10 20 30 40 Ambient Temperature (°C)
Supply Voltage (V)
Ta=25°C Vee=33V
Figure 5. Vq vs Vgc Figure 6. By vs Temperature
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7 Detailed Description

7.1 Overview

The DRV5053 device is a chopper-stabilized Hall sensor with an analog output for magnetic sensing
applications. The DRV5053 device can be powered with a supply voltage between 2.5 and 38 V, and will survive
—-22 V reverse battery conditions continuously. Note that the DRV5053 device will not be operating when
approximately =22 to 2.4 V is applied to V¢ (with respect to GND). In addition, the device can withstand supply
voltages up to 40 V for transient durations.

The output voltage is dependent on the magnetic field perpendicular to the package. The absence of a magnetic
field will result in OUT = 1 V. A magnetic field will cause the output voltage to change linearly with the magnetic
field.

The field polarity is defined as follows: a south pole nearthe marked side of the package is a positive magnetic
field. A north pole near the marked side of the package is a negative magnetic field.

For devices with a negative sensitivity (that is, DRV5053RA: —40 mV/mT), a south pole will cause the output
voltage to drop below 1V, and a north pole will cause the output to rise above 1V.

For devices with a positive sensitivity (that is, DRV5053EA: +40 mV/mT), a south pole will cause the output
voltage to rise above 1V, and a north pole will cause the output to drop below 1 V.

7.2 Functional Block Diagram

25-38V

]— CVCC

VCC
71
Regulated Supply (—H—L]_I
’ Temperalure
Bias i Compensation
Y
Q
g T (i
Q Output =l =
o warj g Ll e TR
8 [ |
(et
[ = | ;
- S ; Equivalent
EF Optional RC Filtering  jmpedance to
GND ground
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7.3 Feature Description

7.3.1 Field Direction Definition
A positive magnetic field is defined as a south pole near the marked side of the package as shown in Figure 7.

SOT-23 (DBZ) TO-92 (LPG)
B>0mT B<OmT B>0mT B<OmT

N = North pele, S = Seuth pole

Figure 7. Field Direction Definition

7.3.2 Device Output

The DRV5053 device output is defined below for negative sensitivity (that is, -45 mV/mT, RA) and positive
sensitivity (that is, +45 m\V/mT, EA):

Vour (V)
F 3
Viax —+
- \
-‘h‘-""'\-..
Ve —= T O
I MIN — B [ITIT}
—Bsar (N) Bsar (S)
Figure 8. DRV5053 — Negative Sensitivity
Vour (V)
F 3
Vl’u\AX G
Va
1 Vi Ly B (mT)
—Bsar (N) Bsar (S)
Figure 9. DRV5053 — Positive Sensitivity
Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
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Feature Description (continued)
7.3.3 Power-On Time

After applying V¢ to the DRV5053 device, to, must elapse before OUT is valid. Figure 10 shows Case 1 and
Figure 11 shows case 2; the output is defined assuming a negative sensitivity device and a constant magnetic
field _BSAT <B< BSAT'

VCC Case #1
| » t(s)
B (mT)
BSAT ‘A—‘——’ ———————————————————————————————————————
» t(s)
'BSA‘[ s ol s e e R e e S s gk Ve s e S ol e e I L
ourt
4 e D0%
lhwalid Output / Valid Output
< 1 P t(s)
ton
Figure 10. Case 1: Power On When B < 0, North
VGC Case #2
A
P t(s)
B (mT)
B_‘;;A[ =N N g TN AT o=l Y
P t(s)
Baar =g St T
ouT
A
Invalid Output \ Valid Output
........ i 10%
7= - > t(s)
ton
Figure 11. Case 2: Power On When B > 0, South
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Feature Description (continued)
7.3.4 Output Stage

The DRV5053 output stage is capable of up to 300-pA of current source or 2.3-mA sink. For proper operation,
ensure that equivalent output load Ryt > 10 kQ.

The capacitive load directly present on the OUT pin should be less than 10 nF to ensure the internal operational
amplifier is stable. If an external RC filter is added to reduce noise, it is acceptable to use a resistor = 200 Q with
a capacitor 0.1 pF. For an application example, see Filtered Typical Application.

7.3.5 Protection Circuits

An analog current limit circuit limits the current through the output driver. The driver current will be clamped to
locp

7.3.5.1 Overcurrent Protection (OCP)

An analog current-limit circuit limits the ecurrent through the FET. The driver current is clamped to lgcp. During
this clamping, the rpg(gn) of the output FET is increased from the nominal value.

7.3.5.2 Load Dump Protection

The DRV5053 device operates at DC V¢ conditions up to 38 V. nominally, and can additionally withstand V¢ =
40 V. No current-limiting series resistor is required for this protection.

7.3.5.3 Reverse Supply Protection
The DRV5053 device is protected in the event that the V¢ pin and the GND pin are reversed (up to =22 V).

NOTE
In a reverse supply condition, the OUT pin reverse-current must not exceed the ratings
specified in the Absolute Maximum Ratings.

Table 1.
FAULT " .conpimion. [ pevice [ .~ | DESCRIPTION -~ |- [ RECOVERY
FET overload (OCP) Isink 2 locp . Operating : Qutput current is clampedio lgce la < lgce
Load Dump 38V <Veg<40V Operating Device will operate for a transient duration Ve 38V
Reverse Supply 22V e Ve <0V Device will survive this-condition Vec 225V

7.4 Device Functional Modes
The DRV5053 device is active only when V¢ is between 2.5 and 38 V.
When a reverse supply condition exists, the device is‘inactive.

Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 11
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the Tl component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The DRV5053 device is used in magnetic-field sensing applications.
8.2 Typical Applications

8.2.1 Typical Application With No Filter

ouT
(2] —<]
==fa vee
VCC
o/ 7] 1

~ -t
0.01 pF
(minimum)

Figure 12. Typical Application Schematic — No Filter

8.2.1.1 Design Requirements
For this design example, use the parameters listed in Table 2 as the input parameters.

Table 2. Design Parameters

DESIGN PARAMETER _ |-~ . 'REFERENCE - [~ EXAMPLE VALUE
System bandwidth few 15 kHz

8.2.1.2 Detailed Design Procedure

The DRV5053 has internal filtering that limits the bandwidth to at least 20 kHz. For this application no external
components are required other than the C1 bypass-capacitor, which is 0.01 uF minimum. If the analog output
OUT is tied to a microcontroller ADC input, the equivalentload must be R > 10 k&2 and C < 10 nF.

Table 3. External Components

COMPONENT PIN 1 PIN2 |RECOMMENDED RO
c1 Vee GND A 0.01-pF {(minimum) ceramic capacitor rated for Vce
12 Submit Documentation Feedback Copyright ® 2014-2015, Texas Instruments Incorporated
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8.2.1.3 Application Curve

TSP R [ g o =

/\ / /\\ /\ '1 \ /\ /\/
s \;
200my Joows _ d.00000us . 438mY 0A724eHaforme2s |

Figure 13. 10-kHz Switching Magnetic Field

8.2.2 Filtered Typical Application
For lower noise on the analog output OUT, additional RC filtering can be added to further reduce the bandwidth.

€2
1500 pF
| |
Il
e} OUT
jz
R1
_E 10 kQ VCC
VCC
o 11 7
|l
11
~ C1
0.01 pF
(minimum)

Figure 14. Filtered Typical Application Schematic

8.2.2.1 Design Requirements

For this design example, use the parameters listed in Table 4 as the input parameters.

Table 4. Design Parameters

DESIGN PARAMETER REFERENCE EXAMPLE VALUE
System bandwidth few 5 kHz
Copyright ©® 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 13
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8.2.2.2 Detailed Design Procedure

In this example we will add an external RC filter in order to reduce the output bandwidth.

In order to preserve the signal at the frequencies of interest, we will conservatively select a low-pass filter
bandwidth (-3-dB point) at twice the system bandwidth (10 kHz).

10KHz< —
2n xRy x Cy

(1)

If we guess R1 = 10 kQ, then C2 < 1590 pF. So we select C2 = 1500 pF.

8.2.2.2.1 Typical Noise Versus Cutoff Frequency

RC filters are an effective way to reduce the noise present on OUT. The following shows typical noise
measurements for different cutoff frequencies using the DRV5053VA.

Table'5. DRV5053VA Typical Noise Data

7 4 A 7 > e
R~ | C@R. | fourorr (kHz) - | NOISE (mVpp)
163 0.1 9.8 30.4
349 01 4.6 228
750 0.1 2.1 15,2
1505 0.3 1.1 9.7
8322 0.1 0.5 5.3
7510 041 0.2 2.5
8.2.2.3 Application Curves
—'“_:‘}5;_.7 0 T |_ - |. [-'_| ] TH
4|
A \\
/N i, LIRS [
F, \ ;( \ .l/-\ % | \
/ \ \ ¥ W = B SRR
{ ! / \ ! ') = ! \
/ \ / \e U 2 I
/ L\ __a’ 1 ; ‘I:=h -8 |- T TT—
Y/ \/ e iy
). J | . |
10 | H
Ti00ws 00000 B atbmy Teiseseruzosds ) 12 n BF AP 00
|
oY - A 11
100 200 500 1000 2000 5000 10000 100000
Freguency (Hz)
R1= 10k} pullup C2 =680 pF

Figure 15. 5-kHz Switching Magnetic Field Figure 16. Low-Pass Filtering

9 Power Supply Recommendations

The DRV5053 device is designed to operate from an input voltage supply (VM) range between 2.5 and 38 V. A
0.01-pF (minimum) ceramic capacitor rated for Ve must be placed as close to the DRV5053 device as possible.
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10 Device and Documentation Support
10.1 Device Support
10.1.1 Device Nomenclature
Figure 17 shows a legend for reading the complete device name for the DRV5053 device.
DRV5053 (RA) Q@) (DBZ) (R) 0
NS—— L ccamm
DRV5053: Analog linear Hall sensor Q1: Automolive gualification
Blank: Non-aulo
Sensitivity
OA: =11 mV/mT Tape and Reel
PA: =23 mV/mT R: 3000 pecs/reel
RA: =45 mV/mT T: 250 pes/reel
VA: =90 mV/mT M: 3000 pes/box (amma)
CA: +23 mV/mT Blank: 1000 pcs/bag (bulk)
EA: +45 mV/mT
R —— o[- 1
DBZ: 3-pin SOT-23
LPG: 3-pin TO-92
Temperature Range
Q: -10te 126
E:—40 to 150CT
Figure 17. Device Nomenclature
10.1.2 Device Markings
Marked Side Marked Side Front
3
H <X |
’ . L L
= = <J? 8
1 2
Marked Side
/ [———— b
[ ]
\—l_|—=—|-_l—l 1 2 3
(Bottom view)
Figure 18. SOT-23 (DBZ) Package Figure 19. TO-92 (LPG) Package
4r indicates the Hall effect sensor (not to scale). The Hall element is located in the center of the package with a
tolerance of £100 pm. The height of the Hall element from the bottom of the package is 0.7 mm £50 pm in the DBZ
package and 0.987 mm +50 pm in the LPG package.
Copyright © 2014-2015, Texas Instruments Incorporated Submit Documentation Feedback 15
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10.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see Tl's Terms of
Use.

TI E2ZE™ Online Community Tl's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

10.3 Trademarks

EZ2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

10.4 Electrostatic Discharge Caution

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘f'\ during storage or handling to prevent electrostatic damage to the MOS gates.

10.5 Glossary

SLYZ022 — T/ Glossary.
This glossary lists and explains terms, acronyms, and definitions.

11 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty (2) (6) (3) (4/5)
DRV5053CAQDEBZR ACTIVE SOT-23 DBZ 3 3000 Green (RoHS CU NIPDAU | CU SN Level-1-260C-UNLIM -40 o 125 (+ALCA, 1LX2) Samples
& no Sb/Br)
DRV5053CAQDBZT ACTIVE SOT-23 DBZ 3 250 Green (RoHS - CU NIPDAU | CU'SN . Level-1-260C-UNLIM -40 10 125 (+ALCA, 1LX2)
& no Sb/Br)
DRV5053CAQLPG ACTIVE TO-92 LPG 3 1000 - Green (RoHS CU SN N / Afor Pkg Type -40 1o 125 +ALCA Samples
&no Sb/Br)
DRV5053CAQLPGM ACTIVE TO-92 LPG 3 3000 . Green (RoHS CU SN N/ A for Pkg Type -40 10 125 +ALCA
& no Sb/Br)
DRV5053EAQDBZR ACTIVE  SOT-23 DBZ © 3 3000 Green (RoHS CUNIPDAU|CUSN - Level-1-260C-UNLIM  -40to 125 (+ALEA, 1LZ2)
& no, Sb/Br)
DRV5053EAQDBZT ACTIVE SOT-23 DBZ 3 250 Green (RoHS CU NIPDAU | CU SN - Level-1-260C-UNLIM -40 to 125 (+ALEA, 1LZ2) Samples
& no Sb/Br)
DRV5053EAQLPG ACTIVE TO-92 LPG 3 1000  Green (RoHS CU SN N/ A for Pkg Type -40 to 125 +ALEA Samples
& no SbiBr)
DRV5053EAQLPGM ACTIVE TO-92 LPG 3 3000 = Green(RoHS CU SN N/Afor Pkg Type- -4010 125 +ALEA Samples
& no Sb/Br)
DRV50530AQDBZR ACTIVE SOT-23 DBZ 3 3000 ~ Green (RoHS ~ CU NIPDAU | CU SN.  Level-1-260C-UNLIM -40 to 125 (+ALOA, 1M12) Samples
& no SbiBr)
DRV50530AQDBZT ACTIVE SOT-23 DBZ 3 250 Green (RoHS '~ CU NIPDAU [CU SN~ Level-1-260C-UNLIM -40 to 125 (+ALOA, 1M12) Samples
& no Sb/Br)
DRV50530AQLPG ACTIVE TO-92 LPG 3 1000 Green (RoHS CU SN N/ A for Pkg Type -40 t0 125 +ALOA Samples
& no Sb/Br)
DRV50530AQLPGM ACTIVE TO-92 LPG 3. 3000 Green(RoHS CU SN N/AforPkgType  -4010 125 +ALOA TR
& no Sb/Br)
DRV5053PAQDBZR ACTIVE SOT-28 DBZ 3 3000 Green(RoHS CU NIPDAU |CUSN ' Level-1-260C-UNLIM -40 to 125 (+ALPA, 1M22) Samples
& no Sb/Br)
DRV5053PAQDBZT ACTIVE S0T-23 DBZ 3 250 Green(RoHS CU NIPDAU |CUSN _ Level-1-260C-UNLIM  -40to 125 (+ALPA, 1M22)
& no Sb/Br)
DRV5053PAQLPG ACTIVE TO-92 LPG 3 1000 Green (RoHS CU SN N/ A for Pkg Type -40 fo 125 +ALPA Samples
& no Sb/Br)
DRV5053PAQLPGM ACTIVE TO-92 LPG 3 3000 Green (RoHS CU SN N/ A for Pkg Type -40 to 125 +ALPA
& no Sb/Br)
DRV5053RAQDBZR ACTIVE SOT-23 DBZ 3 3000 Green (RoHS CU NIPDAU|CU SN  Level-1-260C-UNLIM -40 to 125 (+ALRA, 1M32) Samples
& no Sb/Br)

Addendum-Page 1
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Orderable Device Status Package Type Package Pins Package EcoPlan Lead/Ball Finish MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty (2) (6) {3) (4/5)
DRV5053RAQDBZT ACTIVE S0T-23 DBZ 3 250 Green (RoHS CU NIPDAU|CU SN  Level-1-260C-UNLIM  -40 to 125 (+ALRA, 1M32) Sarmples
& no SbfBr)
DRV5053RAQLPG ACTIVE TO-92 LPG 3 1000  Green (RoHS CU SN N /A for Pkg Type -40 to 125 +ALRA o g
& no Sb/Br)
DRV5053RAQLPGM ACTIVE TO-92 LPG 3 3000 Green (RoHS CU SN N / A for Pkg Type -40 to 125 +ALRA T~
& no Sb/Br)
DRV5053VAQDBZR ACTIVE SOT-23 DBZ 3 3000 ~Green (RoHS ~CUNIPDAU|CU SN Level-1-260C-UNLIM  -40to 125 (+ALVA, 1M42)
&no Sb/Br)
DRV5053VAQDBZT ACTIVE SOT-23 DBZ 3 250 Green (RoHS CUNIPDAU | CU SN Level-1-260C-UNLIM -40 to 125 (+ALVA, 1M42) Samples
& no Sb/Br)
DRV5053VAQLPG ACTIVE TO-92 LPG 3 1000  Green (RoHS CU SN N/ A for Pkg Type -40 to 125 +ALVA 1
& no Sb/Br) Samp os
DRV5053VAQLPGM ACTIVE TO-92 LPG 3 3000  Green (RoHS CU SN N /A for Pkg Type -40 to 125 +ALVA Kl
& no Sb/Br)

M The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in praduction to support exisiing customers, but Tl does not recommend using this partin a new design,
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperaiures; "RoHS" produels are suitable for use in specified lead-free processes. Tl may

reference these types of products as "Pb-Free".
RoHS Exempt: Tl defines "RoHS Exempt" to mean praducts that contain lead but are compliant with EU RoHS pursuant fo a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

3) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC indusiry standard classifications, and peak solder temperature.

) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

@ Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "-" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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®) |ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a verlical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date thal it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as fo the accuracy of such information. Efforls are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurale information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall T!'s liability arising out of such information exceed the total purchase price of the T pari(s} at issue in this decument sold by Tl to Gustomer on an annual basis.
OTHER QUALIFIED VERSIONS OF DRV5053 :

o Automoative: DRV5053-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
14- KO |<—P1—b«
oo G} 61{9 @ e} @
Reel
Diameter
Cavity —JAO
A0 | Dimension designed to accommodalte the component widih
B0 | Dimension-designed.to accommodate the component length
KO | Dimension designed.to accommodate the component thickness
W | Overall width of the carrier tape
P1 | Pitch between successive cavity canters
_ﬂ Reel Width-(W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
=0 VReAI T/ O \S Sprocket Holes
1 L
T T
Q1 : Q2 o1 l‘ Q2
R e
Q3 1'Q4 Q3 | Q4 User Direction of Feed
=ow |
i T
3 j i
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package | Pins | - SPQ Reel Reel A0 BD KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1 (mm)
DRV5053CAQDBZR SOT-23 | DBZ 3 3000 180.0 8.4 85 MW7 | 1220 40 8.0 Q3
DRV5053CAQDBZT S0T-23| DBZ 3 250 180.0 8.4 218 =277 | 1.22%| 40 8.0 Q3
DRV5053EAQDBZR SOT-23 | . DBZ 3 3000 180.0 8.4 318 L2777 | 422 |# 40 8.0 Q3
DRV5053EAQDBZT SOT-23 DBZ 3 250 180.0 B4 3.15 | 277 1.22 4.0 8.0 Q3
DRV50530AQDBZR | SOT-23. | DBZ 3 3000 180.0 8.4 3.15 L 2387 | 72| 40 8.0 Q3
DRV50530AQDBZT SOT-23 | DBZ 3 250 180.0 8.4 SAS T 2.7 #22 | 40 8.0 Q3
DRV5053PAQDBZR SOT-23| DBZ S 3000 180.0 8.4 315 2377 | 122 | 4.0 8.0 Q3
DRV5053PAQDBZT S0T-23| DBZ & 250 180.0 8.4 4184 277 | 122 | 40 8.0 Q3
DRV5053RAQDBZR | SOT-23| DBZ 3 3000 180.0 8.4 316 | 277 | 1.22 | a0 8.0 Q3
DRV5053RAQDBZT SOT-23| DBZ 3 250 180.0 8.4 815 | 277 | 1.22 | 40 8.0 Q3
DRV5053VAQDBZR SOT-23| DBZ 3 3000 180.0 8.4 3145 | 277 | 1.22 | 440 8.0 Q3
DRV5053VAQDBZT SOT-23 | DBZ 3 250 180.0 8.4 315 | 277 | 122 | 4.0 8.0 Q3

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

H
2
<~ R
"»\’/),f &, ) *{‘,,./
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DRV5053CAQDBZR SOT-23 DBZ 3 3000 202.0 201.0 28.0
DRV5053CAQDBZT SOT-23 DBZ 8 250 202.0 201.0 28.0
DRV5053EAQDBZR S0T-23 DBZ - 3000 202.0 201.0 28.0
DRV5053EAQDBZT SOT-23 DBZ 3 250 202.0 201.0 28.0
DRV50530AQDBZR SOT-23 DBZ 3 3000 202.0 201.0 28.0
DRV50530AQDBZT SOT-23 DBZ 3 250 202.0 201.0 28.0
DRV5053PAQDBZR SOT-23 DBZ 3 3000 202.0 201.0 28.0
DRV5053PAQDBZT S0T-23 DBZ 3 250 202.0 201.0 28.0
DRV5053RAQDBZR SOT-23 DBZ 3 3000 202.0 201.0 28.0
DRV5053RAQDBZT SOT-23 DBZ 3 250 202.0 201.0 28.0
DRV5053VAQDBZR SOT-23 DBZ 3 3000 202.0 201.0 28.0
DRV5053VAQDBZT SOT-23 DBZ 3 250 202.0 201.0 280 |

Pack Materials-Page 2



PACKAGE OUTLINE
LPGO003A TO-92 - 5.05 mm max height
TO-92
41
ris.g -
ggg i __' r_ s 8}5;8
' | N7 4 P
it = L
i i " 3X (0.8)
Il
AT
#/ A
58 ‘ | ‘
W
kit~
N |
e
I | |l
) IS RN ¥
X0l 1= 1 [ $.051 ol "
\ & ! I--—--l—~I 2X1,27£0.05 o
Py
X (45°) __‘ _1fgg
ﬂ\J
(0.5425) —T ’ T_ g:gg
42213438 09/2016
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT

LPGO003A TO-92 - 5.05 mm max height
TO-92
FULLR
0.05 MAX ~— (1.07) —= e
ALL AROUND ¥$J AL 3X (0.75) VIA
TYP
I " 2X
METAL

e PN
(.7 —I¢H - 2X11.7)
\

]
| ™~—o%
. | ] \ SOLDER MASK
7 = E OPENING
(RO.05)TYP 2% (1.07)
a5 1'97) ‘
SOLDER MASK

OPENING e T BT s

LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED
SCALE:20X

4221343/B 09/2016

www.ti.com



GENERIC PACKAGE VIEW
DBZ 3 SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4203227/C

i3 TEXAS
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~ PACKAGE OUTLINE
DBZ0003A o3 SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

[l
S
o

PIN 1—|
INDEX AREA

1
3.04
EE N &' ! S 2:80

L T | ﬂ

==

33X i__ nSh! |
& [02@ [C|A[B] '——{0.95) »H- qTve

- -O-E')—] III. I'III

GAGE PLANE ' \ 020

4214838/C 04/2017

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. Reference JEDEC registration TO-236, except minimum foot length.

Texas
INSTRUMENTS

www.ti.com




DBZ0003A

EXAMPLE BOARD LAYOUT
SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

SOLDER MASK
OPENING X

=S

[}

= p—
——IL 0.07 MAX

ETAL

LAND:PATTERN EXAMPLE
SCALE:15X

SOLDER MASK
METAL UNDER-
SOLDER MASIK \ / OPENING
|- T _ _- - ..I'
b

-JL--D.D?MIN -

ALL ARQUND AlL. AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214838/C  04/2017

NOTES: (continued)

4. Publication IPC-7351 may have alternate designs.

5. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS

www.ti.com




EXAMPLE STENCIL DESIGN
DBZ0003A SOT-23 - 1.12 mm max height

SMALL OUTLINE TRANSISTOR

(R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON0.125 THICK STENCIL
SCALE:15X

4214838/C 04/2017

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.

www.ti.com



IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated Tl product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation-and judgment.in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and.compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or-distributing any applications that include Tl products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “T| Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downleading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting an-behalf of a company, Designer's company) agrees to use any particular Tl Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for T|
products, and no additional obligations or liabilities arise from T providing such TI Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular Tl Resaource.

Designer is authorized to use, copy and medify any individual Tl Resource only in connection with the development of applicalions that
include the Tl product(s) identified in such Tl Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER T! INTELLECTUAL PROPERTY RIGHT, AND NQ LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
regarding or referencing third-party produets or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of Tl Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or.other intellectual property of Tl.

TI RESOURCES ARE PROVIDED “AS 18" AND'WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR'A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. Tl SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF Tl RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER T| HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual produet as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and I1SO 26262), Tl is not responsible for any failure to-meet such.industry standard requirements.

Where Tl specifically promotes products as facilitating functional safety oras'campliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable lo their applications. Designer may nol use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.g., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer's non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated



SHARP

PC817XNNSZOF
Series

mDescription

PC817XNNSZOF Series contains an IRED optically
coupled to a phototransistor.

It is packaged in a 4-pin DIP.

Input-output isolation voltage(rms) is SkV.
Collector-emitter voltage is 80V.

mFeatures

1. 4-pin DIP package

2. Double transfer mold package (Ideal for Flow
Soldering)

3. High isolation voltage between input and output
(Viso(rms) : 5kV)

4. High collector-emitter voltage(Vepo < 80V)

5. Current transfer ratio (CTR : MIN. 50% at I;=5 mA,

Vee=5V)
6. RoHS directive compliant

PC817XNNSZOF

DIP 4pin
Photocoupler

mAgency approvals/Compliance

1. Approved by UL
file No. E64380 (as model No. PC817)
2. Approved by CSA
file No. CA95323 (as model No. PC817)
3. Package resin : UL flammability grade (94V-0)

mApplications

1. Programmable controllers
2. Facsimiles
3. Telephones

Notice The content of data sheet is subject to change withoutl prior notice.

In the absence of confirmation by device specification sheets, SHARP takes no responsibility for any defects that may occur in equipment using any SHARP
devices shown in catalogs, data books, etc. Contact SHARP in order to obtain the latest device specification sheets before using any SHARP device.

Sheet No.: OP14004EN
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PC817XNNSZ0F

minternal Connection Diagram

Anode @D @ Collector
V=
Cathode @) @ Emitter
mOutline
Rank mark
Anode mark

Factory identification mark *2

Date code *1

VA~ -
VW SR
PC817 /| Z|%
SHARP {2+~
6)

3

3 5 0:6
0.5TYE:

3.0 0.5

0.26-0'1“ ;

05'01

*1)

2-digit number shall be marked according to OLD DIN standard.
*2)

Factory identification mark applies to the below.
Without :  SUN-S Corporation (Japan)

WUXI WONDERFUL ELECTRONICS CO., LTD. (CHINA)
‘ or W : SUN-S Electronic Technology (KUNSHAN) Co., Ltd (CHINA)

Pin material : Copper Alloy
Pin finish : SnCu plating (Cu : TYP. 2%)

Product mass :  Approx. 0.23g

UNIT : 1/1 mm

.. . Name | PC817 Outline Dimensions
Marking is laser marking (Business dealing name : PC817X*NSZ0F)

Sheet No.; OP14004EN
2



SHARP PC817XNNSZOF

mAbsolute maximum ratings

Ta=25°C
Parameter Symbol Rating Unit
*]  Forward current I: 50 mA
*2  Peak forward current Ienm 1 A
Input
Reverse voltage Vr 6 v
*1 Power dissipation P 70 mw
Collector-emitter voltage Vero 80 V
Gitput Emitter-collector voltage VEco 6 v
Collector current I, 50 mA
*1 Collector power dissipation | P, 150 mW
*1  Total power dissipation Pt 200 mW
Operating temperature j =30 to+100 °C
Storage temperature L -55 to +125 °C
*3 Isolation voltage Vistds 5 kV
*4  Soldering temperature | - 270 2

*1  The derating factors of absolute maximum ratings due to ambient temperature are shown in Fig. 1 to 4.
*2 Pulse width=100us, Duty ratio: 0.001 - (Refer to Fig. 5)

*3  AC for 1 min, 40 to 60%RH

*4 Forl0s

mElectro-optical Characteristics

Ta=25°C
Parameter Symbol Condition MIN. | TYP. | MAX. | Unit
Forward voltage Vg IF=20mA - 1.4 Vv
Peak forward voltage Vien Ie=0.5A - - 3.0 AY
SIS Reverse current Tk V=4V - g 10 HA
Terminal capacitance GC; V=0, f=1kHz B 30 250 pF
Dark current Iceo V=50V, 1=0 - - 100 nA
Output | Collector-emitter breakdown voltage BVieeo | [50.1mA  1i=0 80 - - A%
Emitter-collector breakdown voltage BVico | T=10pA, 1:=0 6 - - v
Collector current I, I=5mA, V=5V 2.5 - 30 mA
Collector-emitter saturation voltage Veksn | 1F920mA [ =1mA - 0.1 0.2 A%
Isolation resistance Riso | DC500V 40 to 60%RH | 5x10""| 10" < Q
Transfer Floating capacitance Cs V=0, =1MHz - 0.6 1.0 pF
charac-
i Cut-off frequency f. gfi?ggb{“f;%A - 80 - kHz
Rise time tr V=2V 1=2mA - 4 18 us
Fall time i R;=100Q - 3 18 us

Sheet No.: OP14004EN



SHARP

I; (mA)

Forward current

P. (mW)

Collector power dissipation

(Fig. 1)
Forward current vs. ambient temperature
50 \
40 f N
30 E \\
20 ; X
|
I
10 {
|
)
1
O 1
3025 0 25 507775 100 . 125
Ambient temperature Ta (°C)
(Fig. 3)

Collector power dissipation vs. ambient temperature

250
200
150
100 “*\\\
50 \\
0
-30-26 0 25, W50 5y 75 100, \N175
Ambient temperature . Ta (°C)
(Fig. 5)
Peak forward current vs. duty ratio
) Pulse width £ 100ps
5. Ta=25°C
= 200
~ 100
5 500
5 200 il
T 100E =
E 50 T
=
= 20
5]
=¥ 10 3 =) 1 0
10 10 10 10
Duty ratio

Diode power dissipation P (mW)

Total power dissipation - Py, - (mW)

PC817XNNSZO0F

(Fig. 2)
Diode power dissipation vs. ambient temperature
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(Fig. 4)
Total power dissipation vs. ambient temperature
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SHARP PC817XNNSZOF

mSupplements

elsolation voltage shall be measured in the following method.
(1) Short between anode and cathode on the primary side and between collector and emitter on the secondary side.
(2) The dielectric withstanding tester with zero-cross circuit shall be used.
(3) The wave form of applied voltage shall be a sine wave.
(It is recommended that the isolation voltage be measured in insulation oil.)

eBusiness dealing name

Business dealing name Rank mark Ic (mA) Test conditions
PC817XNNSZOF with or without 2.5t030 I=5mA
PC817X1NSZOF A 401080 g2,
PC817X2NSZOF B 63516:13
PC817X3NSZ0OF G 10t0 20
PC817X4NSZ0F D 15 to 30
PC817X5NSZ0F AorB 40t013
PC817X6NSZOE BorC 6.5t020
PC817X7NSZOF CorD 10 to 30
PC817X8NSZOF A, BorC 4.0 to 20
PC817X9ONSZ0OF B,CorD 6:5t0.30
PC817X0NSZOF A, B, CorD 4.0t0 30

eThis Model is approved by UL.
Approved Model No.: PC817
UL file No. : E64380

o This Model is approved by CSA.
Approved Model No.: PC817
However, products shall:be approved from date code™AS5™(May 2010).
CSA file No. : CA95323
CSA approved mark " @ " shall be indicated on minimum unit package.
A

e This product is not designed against irradiation.
This product is assembled with electrical input.and output.
This product incorporates non-coherent light emitting diode.

©ODS materials
This product shall not contain the following materials.
Also, the following materials shall not be used in'the preduction process for this product.
Materials for ODS : CFCs, Halon, Carbon tetrachloride, 1.1.1-Trichloroethane (Methyl chloroform)

eSpecified brominated flame retardants
Specified brominated flame retardants (PBB and PBDE) are not used in this device at all.

e Compliance with each regulation
(1) The RoHS directive (2002/95/EC)
This product complies with the RoHS directive (2002/95/EC).
Object substances: mercury, lead, cadmium, hexavalent chromium, polybrominated biphenyls (PBB)

and polybrominated diphenyl ethers (PBDE)

Sheet No.: OP14004EN
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PC817XNNSZOF

(2) Content of six substances specified in Management Methods for Control of Pollution Caused
by Electronic Information Products Regulation (Chinese : E8-15 B F= Sh S U A & B 0E).

Toxic and hazardous substances
: Hexavalent | Polybrominated | Polybrominated
Cat
ategory %;ﬁ;‘ Mgf‘;ry Cafc'?g;m Shirpasini biphenyls | diphenyl ethers
£ €’ (PBB) (PBDE)
Photocoupler v v v v v v

v : indicates that the content of the toxic and hazardous substance in all the homogeneous materials of the part is
below the concentration limit requirement as described in SJ/T 11363-2006 standard.

Sheet No.: OP14004EN
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ENotes

eCleaning
(1) Solvent cleaning : Solvent temperature 45°C or less
Immersion for 3 min or less

(2) Ultrasonic cleaning : The effect to device by ultrasonic cleaning differs by cleaning bath size, ultrasonic
power output, cleaning time, PCB size or device mounting condition etc. Please test it
in actual using condition and confirm that any defect doesn't occur before starting
the ultrasonic cleaning.

(3) Applicable solvent : Ethyl alcohol, Methyl alcohol, Isopropyl alcohol
When the other solvent is used, there are cases that the packaging resin is eroded.
Please use the other solvent after thorough confirmation is performed in actual using condition.

oCircuit design
(1) The LED used in the Photocoupler generally decreases the light emission power by operation.
In case of long operation time, please design the circuit in consideration of the degradation
of the light emission power of the LED. (50%/5years)

(2) There are cases that the deviation of the CTR and the degradation of the relative light emission power
of the LED increase when the setting value of I is less than 1.0mA. Please design the circuit in consideration
of this point.

ePrecautions for Soldering
(1) Inthe case of flowsoldering (Whole dipping is possible)
It is recommended that flow soldering should be at 270°C or less for 10 s or less
(Pre-heating : 100 to 150°C, 30 to 80s). (2 times or less)

(2) Inthe case of hand soldering
What is done on-the following condition is recommended. (2 times or less)
Soldering iron temperature ;- 400°C or less
Time: 3sorless

(3) Other precautions
Depending on equipment and soldering conditions (temperature, Using solder etc.),
the effect to the device and the PCB is different.
Please confirm that there is no problem on the actual-use conditions in advance.
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mPackage specification

ePackage materials

No. Name Materials Purposes
HIP ABS with ti
@D | Sleeve .S of .S. WItL preventing Products packaged
static electricity
@ | Stopper Styrene-Erastomer Products fixed
@ | Packing case | Corrugated cardboard Sleeve packaged
@ | Kraft tape Paper Lid of packing case fixed
Model No.,(Business dealing name),Lot No.,
& | Label Paper Quantity, Country of origin , Company name
and Inspection date specified

®Package method
(1) MAX. 100pcs. of products shall be'packaged in a sleeve (I) and both of sleeve edges shall be fixed
by stoppers @.
(2) MAX. 20 sleeves (Product : 2000pcs.)above shall be packaged in-a packing case (3),
(3) Thelabel & shall'be put on the side of the packing case.
(4) Case shall be closed with the lid and-enclosed with kraft tape (2.

eSleeve (D outline dimensions

12

ik

v

10.8

(Unit :mm)

Note 1) Thickness: 0.5£0.2mm
2) Process with applying antistatic agent.
3) Unless otherwise specified tolerances shall be =0.5mm.
(However except for deformation due to the stopper in sleeve.)

Sheet No.: OP14004EN
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ePackaging case outline dimensions

Product Sleeve ©

Anode mark or

Stepping side @

/Stopper @

Anode mark shall be arranged (Without pulled portion)
at stopper side without pulled portion.

Stopper @
(With pulled portion)

-
-
- -
- -
= g
- -
- -
- -
-

—
-

o

_________ 20sleeves (5lineas X 4stairs) * Max.

It is disapproved to mix different model

@ or different rank model in one case.

Packing case @

Krafttape @

Label & —
ﬁ%mm

=

|"\_\| (544mm)

(70mm)

Regular packing mass : Approx. 860g

() :Reference dimensions

Sheet No.: OP14004EN
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Eimportant Notices

- The circuit application examples in this publication are provided
to explain representative applications of SHARP devices and are
not intended to guarantee any circuit design or license any
intellectual property rights. SHARP takes no responsibility for
any problems related to any intellectual property right of a third
party resulting from the use of SHARP's devices.

- Contact SHARP in order to obtain the latest device specification
sheets before using any SHARP device. SHARP reserves the
right to make changes in the specifications, characteristics, data,
materials, structure, and other contents described herein at any
time without notice in order to improve design or reliability.
Manufacturing locations are also subject to change without
notice.

- Observe the following points when using any devices in-this
publication. SHARP takes no responsibility for damage caused
by improper use of the devices which does not meet the
conditions and absolute maximum ratings to be used specified in
the relevant specification sheet nor meet the following
conditions:
(1) The devices in this publication are designed for use in general
electronic equipment designs such as:

--- Personal computers

--- Office automation equipment

--- Telecommunication equipment [terminal]

--- Test and measurement equipment

--- Industrial control

--- Audio visual equipment

--- Consumer electronics
(1) Measures such as fail-safe: function and redundant design
should be taken to ensure reliability and safety when SHARP
devices are used for or in connection

with equipment that requires higher reliability such as:
--- Transportation control and safety equipment (i.e.,
aircraft, trains, automobiles, etc.)
--- Traffic signals
--- Gas leakage sensor breakers
--- Alarm equipment
--- Various safety devices, etc.
(111)) SHARP devices shall not be used for or in connection with
equipment that requires an extremely high level of reliability and
safety such as:
--- Space applications
--- Telecommunication equipment [trunk lines]
--- Nuclear power control equipment
--- Medical and other life support equipment (e.g.,
scuba).

- If the SHARP devices listed in this publication fall within the
scope of strategic products described in the Foreign Exchange
and /Foreign Trade Law of Japan, it is necessary to obtain
approval to export such SHARP devices.

- This publication is the proprietary product of SHARP and is
copyrighted, with all rights reserved. Under the copyright laws,
no part of this publication-may be reproduced or transmitted in
any. form or by any means, electronic or mechanical, for any
purpose, -in. whole or in' part, without the express written
permission of SHARP, Express written permission is also
required before any use of this publication may be made by a
third party:

< Cantact and consult with a SHARP representative if there are
any questions about the contents of this publication.

10
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Amplifier Transistors
NPN Silicon

ON Semiconductor®

Features http://onsemi.com

® These are Pb—Free Devices

COLLECTOR
1
MAXIMUM RATINGS 2
BASE
Rating Symbol Value Unit
Collector - Emitter Voltage Veeo 45 Vde a
Collector - Base Voltage VeBo 50 Vdc EMITTER
Emitter — Base Voltage Vego 570 Vde
Collector Current — Continuous Ic 800 mAdc
Total Device Dissipation @ Ta =25°C Pp 625 mw
Derate above 25°C 5.0 mW/°C
Total Device Dissipation @ Tg = 25°C Pp 1% W
Derate above 25°C 12 mW/°C
Operating and Storage Junction Ty Tatg | —55.10 #150 °C h
Temperature Range 2
3
THERMAL CHARACTERISTICS STRAIGHT LEAD BENT LEAD
BULK PACK TAPE & REEL
Characteristic Symbol Max Unit AMMO PACK
Thermal Resistance, Junction-ta-Ambient Ruga 200 *C/W
Thermal Resistance, Junction-to-Case Ruic 83.3 “CW bl s 77
Stresses exceeding those listed in the Maximum Ratings table may damage the MARKING DIAGRAM

device. If any of these limits are exceeded, device functionality should not be
assumed, damage may occur and reliability may be affected.

-
" Bcas 3
T=xx
AYWW =

BC337-xx = Device Code
(Refer to page 4)

A = Assembly Location
Y = Year

Ww = Work Week

. = Pb-Free Package

(Note: Microdot may be in either location)

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques ORDERING INFORMATION
Reference Manual, SOLDERRM/D. See detailed ordering and shipping information in the package

dimensions section on page 4 of this data sheet.

® Semiconductor Components Industries, LLC, 2013 1 Publication Drder Number:
November, 2013 - Rev. 8 BC337/D



BC337, BC337-25, BC337-40

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic | Symbol l Min | Typ I Max ] Unit —|

OFF CHARACTERISTICS

Collector - Emitter Breakdown Voltage V(BR)CEO 45 - - Vde
(lc=10mA, Ig=0)

Collector — Emitter Breakdown Voltage V(BR)CES 50 - - Vde
(lc=100 A, I[g=0)

Emitter - Base Breakdown Voltage V(BR)EBO 5.0 - - Vdc
(Ig=10pA, Ic=0)

Collector Cutoff Current lcBo - - 100 nAdc
Veg=30V,Ig=0)

Collector Cutoff Current lces - - 100 nAdc
(Vce=45V, Vge=0)

Emitter Cutoff Current IEBO - - 100 nAdc
(VEp=4.0V,Ig=0)

ON CHARACTERISTICS

DC Current Gain hee -
(Ilc =100 mA, Vgg =1.0V) BC337 100 = 830

BC337-25 160 > 400
BC337-40 250 L 630

(lc =300 mA, Vge = 1.0V) B0 = iz

Base-Emitter On Voltage VBE(on) - - 1.2 Vde
(lg=300mA, Vce=1.0V)

Collector - Emitter Saturation Voltage VeE(at) - - 0.7 Vdc
(Ic = 500 mA, Ig = 50 mA)

SMALL-SIGNAL CHARACTERISTICS

Output Capacitance Cob = 15 = pF
(Vep=10V, Ig=0, f=1.0 MHz)

Current-Gain - Bandwidth Product fr - 210 - MHz
(lc =10 mA, Vge = 5.0 V, f = 100 MHz)

Product parametric performance:is indicated.in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product

performance may not be indicated by the Electrical Characteristics if operated under different conditions.

1.0 == ——— -
- 1 1 L 1 1 1 1 1 =
ﬁ 0.7 D=05 i . = ] [
% 0.5 __#— u — —
: Lt
£ w3 0.2 == Lo ——
w = 1 e
= Z 02 | ==
52 T Werd Buclt) = () buc
ragei 0.05 - ] G = 100°C/W MAX
o 0.1 . —5 C
W 20 07[0023 T = lei I | |  BuAl) =) 6y
=005 SINGLE PULSE == Dn = 375°CIW MAX
ol e~ -‘]:F‘- D CURVES APPLY FOR
E R LA P ueE g ESLWSERTHNN SHOWN
- ’ e
i M T DUTY CYCLE, D = tyf, READ TIME AT t;
T oo ) Tapk = Tc = Pk 8uclt)
“0.001 0002 0005 001 002 005 01 02 05 10 20 50 10 20 50 100

1, TIME (SECONDS)

Figure 1. Thermal Response

http://onsemi.com
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Ic, COLLECTOR CURRENT (mA)

VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS

8y, TEMPERATURE COEFFICIENTS (mV/°C)

BC337, BC337-25, BC337-40

1000 [r——— ) 1000 =1
S 1.0 Xy— 1.0 ms s T, = 135°C] s
N, N -
~ ~ N 1 i VCE =1V
~ ~ S o\ 100us _ [T=c
\\ N de o \\ \ g
= \TC =25°C g \ pat
d\ \\ N \ ﬁ - T ]
[ N N [ LoptetT N
100 Ta = 95°C = < 100
A= ‘ S 3
— AL = =
[ N, N W0
—— - —— CURRENT LIMIT S N 1= il
———— THERMAL LIMIT N
SECOND BREAKDOWN LIMIT | T+
10 (APPLIES BELOW RATED Vgeq) 10
1.0 3.0 10 30 100 0.1 1.0 10 100 1000
Vg, COLLECTOR-EMITTER VOLTAGE Ic, COLLECTOR CURRENT (MA)
Figure 2. Active Region - Safe Operating Area Figure 3. DC Current Gain
0T 77T 1.0 g L7
B . e ‘!I ! Iél\OLI H_m ez
e R
0,8 0‘8 = b b
pmr? 2
& T Vgeion) @ Ve =1V
2 06
o 0.
06 o
&
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‘ =
\ =
0.2 0.2 I P
\‘-. N L Ve @ loflg = 10—
i L 0 S
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Ig, BASE CURRENT (mA) Ic. COLLECTOR CURRENT (mA)
Figure 4. Saturation Region Figure 5. “On” Voltages
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Byg for Veg say L !
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Figure 6. Temperature Coefficients
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VR, REVERSE VOLTAGE (VOLTS)

Figure 7. Capacitances
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ORDERING INFORMATION

Device Marking Package Shipping’
BC337G i 5000 Units / Bulk
BC337RL1G 7 2000 / Tape & Reel
BC337-025G 7-25 5000 Units / Bulk
BC337-25RL1G 7-25 2000 / Tape & Reel
BC337-25RLRAG 7-25 (PE,‘:fSe) 2000 / Tape & Reel
BC337-25ZL1G 7-25 2000 / Ammo Box
BC337-040G 7-40 5000 Units / Bulk
BC337-40RL1G 7-40 2000 / Tape & Resal
BC337-40ZL1G 7-40 2000 / Ammo Box

tFor information on tape and reel specifications, including-part orientation and tape sizes, please refer to cur Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

http://onsemi.com
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PACKAGE DIMENSIONS
TO-92 (TO-226)
CASE 29-11
ISSUE AM
A NOTES
—>i i -B STRAIGHT LEAD . DIMENSIONING AND TOLERANCING PER ANSI
4 Y14.5M, 1982.
i ~ ': | ) BULK PACK 2. CONTROLLING DIMENSION: INCH.
R 3. CONTOUR OF PACKAGE BEYOND DIMENSION R
1S UNCONTROLLED.
p X 4. LEAD DIMENSION IS UNCONTROLLED IN P AND
1 - BEYOND DIMENSION K MINIMUM.
i L
INCHES MILLIMETERS
SEATING
PLANE § = _*_ K DiM | MAX | MIN | MAX |
A | 0175 | 0205 | 445 | 520
f B | 0170 | 0210 | 432 | 533 |
c 0.125 | 0.165 3.18 4.18
0018 | 0021 | 0.407 | 0533
X D G| 0045 | 0055 | 115 [ 139
Xl-_ G H (0095 T0305 | 242 | 266
J [ o015 | oo 039 | 050
Hr<— @ J 500 | =e- [0270 | -
L | 0250 635 -
—ﬂ v [“— &7 N_| 0080 | 0105 | 208 ] 268
= - 1 =
/7 SECTION X-X e iR
N V]0135] ---| 343] -=
—-l N fet— T
NOTES:
rR— T A /B BENT LEAD 1, DIMENSIONING AND TOLERANCING PER
o V2 FHERN 2 CONTROLUNG OIMENSION: WLUNETERS
-~ &L AMMO PACK 3. GONTOUR OF PAGKAGE BEYOND i
¥ DIMENSION R IS UNCONTROLLED.
P \ ry 4. LEAD DIMENSION IS UNCONTROLLEDIN P
v AND BEYOND DIMENSION K MINIMUM.
T 1
SEATING MILLIMETERS
PLANE " DIM [MIH | MAX
Al a4 [ 520
B 42| 53
€l 318] 419
D D} 040 ] 054
X ’X - ‘| ]' | 6 | “2i0] 20
G J | 033 o050
G g
v N | 204 | 266
| NN 65¢ | e T
- Y SECTION X-X v 3a
Ny STYLE 17:
T PIN1. COLLECTOR
2 BASE
3. EMITTER
ON Semiconductor and \,J are regi ks of Semiconducter Components Industries, LLC (SCILLC). SC\ LC owns the rights to a numbar of patants, trademarks,
copyrights, trade secrets, and other intellectual propeny. A listing of SCILLC's product/p ge may be d at www.onsem| comy/site/pdf/Patent-Marking pdf. SCILLC

reserves the right to make changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitabiiity of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without
limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications
and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer application by customer's technical experts. SCILLC
does not convey any license under its patent rights nor the rights of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for
surgical implant into the body, or cther applications intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where
personal injury or death may occur. Should Buyer purchase or use SCILLG products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and
its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly,
any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture
of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer. This literature is subject to all applicable copyright laws and is not for resale in any manner.
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