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ABSTRACT

This thesis presents a sound level meter By transferring a sound wave to an electrical
signal, then to a digital data. In order to connect with microcontroller. The microcontroller
perform as transferring the digital data to the sound level. Which is then shown on LCD monitor.

And send measured data to the computer for stores in a database system and display
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1 Data Carrier Detect
2 Receive Data
3 Transmitted Data
4 Data Terminal Ready
5 Signal Common
6 Data Set Ready
7 Request to Send
8 Clear to Send
9 Ring Indicator
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ll'. 1 < o
A1ITN 2.6 ‘i'}UﬂZL‘SUﬂﬁﬂﬂN 9 vaInvULUNKDI DB-25

NIBYNT YY) 10 éwmm&&’qmm
| Protective Ground
2 Transmitted Data
3 Receive Data
4 Request to Send
5 Clear to Send
6 Data Set Ready
7 Signal Ground
8 Received Line Signal Detector
9 Received for Data Set Testing
10 Received for Data Set Testing
11 Unsigned
12 Secondary Received Line Signal Detector
13 Secondary Transmitted Data
14 Secondary Clear to Send
15 Transmitted Signal Element Timing ( DTE source )
16 Secondary Receive Data
17 Received Signal Element Timing
18 Unsigned
19 Secondary Request to Send
20 Data Terminal Ready
21 Signal Quality Detector
22 Ring Indicator
23 Data Signal Rate Select ( DTE/DCE Source )
24 Transmit Signal Element Timing ( DTE Source )
25 Unsigned
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oo , - msitldpuntla
(Hz) ( dBA) (W/m’) RIGLUIRIGE
(%)
Lﬁui‘fumﬂm ]
1,000 56.34 4.30527 x 107 S 1206.17
#11.5kHz
Lﬁuﬁummh 1
1,500 45.18 0.32961 x 107 . 17.49
112.0kHz
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1 2.5kHz
AAINAT I 7
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5,000 46.22 0.41879 x 107 36.61
5.5kHz
anaINA 1 11
5,500 48.20 0.66069 x 107 30.50
6.0 kHz
Lﬁ'ngumﬂfh I
6,000 49.78 0.95061 x 107 43.88

5.5 kHz

a @ o el W o ! ¥ A 4 ar ar o
- mmmﬁuwuﬁ'n"lﬂ "liJmmmmmmmwnm’m LAgMIZALANUAUTUIVDINGD

ASNARDIVDITSUZYINIS NARDINMAD AiB 0.2, 0.4, 0.6 1AL 0.8 1UAT

- ¥R error 3THANRAILALANUANTOIN 180 1NMIAIUIN AUAITEAUAIILAUT S

‘ﬂ' 1 9 (ﬂ'. o
'ﬂﬂ'luvlﬂﬁ]']ﬂQﬂﬂ‘jﬂ!ﬂﬂ']ﬂ']‘iBﬂﬂuUU




61

MM 4.9 A1T1UAARIA error TEHINITTAUANUALTLINAIUIN 1AT AITEAUANVAAUTYI

nemld nnginsaimhmsesnuuy MINHAaMIMARDINTELE 0.2 AT

STALAINY
f Y. Fe I o Error
Ksm ; , ATV
(Hz) ( dBA) (dBA) (W/m’) (%)
(dB)

1,000 65.56 78.50 149.968 x 107 71.76 9.39
1,500 60.60 57.28 3.373x 107 5528 3.62
2,000 54.58 48.28 67.608 x 107 68.30 2931
2,500 68.02 73.60 6.577 x 107 58.18 26.50
3,000 58.96 53.12 8.395 x 107 59.24 10.33
3,500 61.70 71.34 11.220x 107 60.50 17.92
4,000 61.52 75.84 15.922 x 107 62.02 2228
4,500 61.82 78.80 18.707 x 107 62.72 25.64
5,000 60.68 75.48 14.125 x 107 61.50 22.73
5,500 63.48 81.14 16.218 x 107 62.10 30.66
6,000 63.68 82.64 32.063x 107 65.06 27.02
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AN 4.10 AT 19UARNAT error SEMINTEALANUANTBINAIUIN LAz MsEAURNUANUTOS

i o/ o o1
nowld snglasaivhmsesnuun 9nkaMINAABITsTEE 0.4 1A

o

JEALNINY
f - X I . - Error
s ; ) AdLAEN
(Hz) (dBEa) (dBA) (W/m") (%)
(dB)

1,000 63.20 69.14 3357 x 107 55.26 25.12
1,500 44.10 46.62 1.738 x 107 52.40 11.03
2,000 51.70 47.26 5.702 x 107 57.56 17.89
2,500 57.28 48.92 1.738 x 107 52.40 6.64
3,000 53.18 47.92 1.556 x 107 51.92 7.70
3,500 54.38 51.48 3.451 x 107 55.38 7.04
4,000 56.40 61.10 5.754 x 107 57.60 6.08
4,500 57.40 68.90 7.015 x 107 58.46 17.86
5,000 56.42 61.70 5.272x 107 57.22 7.83
5,500 59.20 72.98 6.699 x 107 58.26 25.27
6,000 59.84 75.66 11.967 x 107 60.78 24.48
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A1 4.11 A1513UAAIAT error FTUINISAUANUAUTEANRIUIU AL ATLAUANYAUTLS

fiow’ld ngilnsalmhimsosnuuy 1INHAMINANEINIZUL 0.6 1NAT

. . . : sEAUA .

X X o o ITor
CHo) ( :; ) : ;B ) Wi AT %

(dB)

1,000 59.32 53.40 8.995 x 107 59.54 10.31
1,500 48.38 47.16 0.319 x 107 45.04 4.71
2,000 44.34 46.72 0.982 x 107 49.92 6.41
2,500 49.64 46.86 0.661 x 107 48.20 2.78
3,000 48.98 46.92 1.009 x 107 50.04 6.24
3,500 52.50 49.30 1.412x 107 51.50 427
4,000 52.52 51.04 1.318 x 107 51.20 0.31
4,500 51.00 51.04 2.023 x 107 53.06 3.81
5,000 51.02 50.38 1.698 x 107 52.30 3.67
5,500 54.28 54.92 2.691x 107 54.29 1.16
6,000 55.88 61.68 3.855 x 107 55.86 10.42
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AN 4.12 A1T1UAAIAT error TSHINTSAUANUAVTOINATUIN (AT AITZTAVANUAUTLS

fsmld nngilnsaifivhmseenuuy 91PHENINARBINIZY 0.8 1AS

FTAUANY
f . X I o = Error
o ; ) Faudus
(Hz) (dBA) (dBA} (W/m) (%)
(dB)

1,000 57.06 50.08 4.169 x 107 56.20 10.89
1,500 45.04 46.60 0.322x 107 45.08 337
2,000 44.38 46.62 0.375 x 107 45,74 1.92
2,500 45.46 46.72 0.391 x 107 4592 1.74
3,000 46.70 47.14 0.597 x 107 47.76 1.30
3,500 50.22 47.92 1.096 x 107 50.40 4.92
4,000 51.42 50.22 1.081 x 107 50.34 0.24
4,500 50.14 50.02 0.933 x 107 49.70 0.64
5,000 47.66 47.46 0.755 x 107 48.78 2.71
5,500 50.76 49.76 1.208 x 107 50.82 2.09
6,000 52.40 52.62 1.714 x 107 52.34 0.53
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#include "string.h"

sbit Row( = P170;
sbit Rowl = P171;
sbit Row2 = P1/2;
sbit Row3 = P173;

unsigned char data BufDisp([7];
void Wait(unsigned int x)
{unsigned int i;

for(i=0;i<x;1++) {}

/* -~ Delay ----------- ¥/
void Delay{unsigned int x )
{ unsigned int 1i,j;

for (i=0;i<x;1++)

{
}

for (=0;j<115;j++) { }

code unsigned char BufSEG[] = {0xC0,0xF9,0xA4,0xB0,0x99,0x92,
0x82,0xF8,0x80,0x90,0xFF,0xC6};
void Display (void)

{

P2 = OxFF; /* Display off */

PO = BufSEG[BufDisp[3]];

P2 = OxEF; /* Scan 7 - Segment */
Delay(4);
P2 = 0xFF; /* Display off */

PO = BufSEG[BufDisp[2]];

P2 = 0xDF; /* Scan 7 - Segment */
Delay(4);
P2 = OxFF; /* Display off */

PO = BufSEG[BufDisp[1]];

P2 = 0xBF; /* Scan 7 - Segment */
Delay(4);
P2 = OxFF; /* Display off */

PO = BufSEG[BufDisp[0]];



P2 = (0x7F,; /* Scan 7 - Segment */
Delay(4);
P2 = OxFF;

}

void ShowVal(unsigned int Num)
{

CountToDisp(Num});

Display();
}

/* LCD -/
sbit EN_LCD = P0”3;
sbit RS_LCD = PO~2;
sbit LIGHT = P0"I;

bit Light;

void Wr_ Register(unsigned char Data)
funsigned char Temp;
Temp = Data,
Temp = Temp | 0x0F;
PO = Temp;
if (Light) { LIGHT = 0;}
RS 1L.CD
EN LCD =
Delay(1);
EN LCD = 1;

]
o2

Temp = Data;

Temp = Temp <<4;

Temp = Temp | 0x0F;

PO = Temp;
if (Light) { LIGHT = 0;}

RS LCD

EN LCD

Delay(1);

EN LCD = 1;

}
void Wr_Char(unsigned char Data)

{unsigned char Temp;

Temp = Data;
Temp = Temp | 0x0F;
PO = Temp;
if (Light) { LIGHT = 0;}
RS LCD = 1;
EN ILCD = 0;

Delay(1);



ENLCD = [

Temp Data;

Temp = Temp <<4;
Temp Temp | 0x0F;
PO = Temp;
if (Light) { LIGHT = 0;}

RS LCD = 1;

EN LCD = 0;
Delay(1);

EN LCD = 1;

void Init LCD(void)

Delay(200);

Wr_Register(0x33);
Wr_Register(0x32);
Wr_Register(0x28);
Wr_Register(0x0C);
Wr_Register(0x06);
Wr_Register(0x01);
Delay(100);

void Goto XY (unsigned char x,y)

ifx=1)
{
Wr_Register(0x80+(y-1));
b

{
Wr_Register(0xC0+(y-1));
h
if(x ==3)
{
Wr_Register(0x94+(y-1));
}

{
Wr_Register{0xD4+(y-1));

}

if(x =2)

if(x=—=4)

}
void Wr_Page(unsigned char *dptr)
funsigned char 1

Goto_XY(1,1);
for (1=0;1<20;i++)



{ Wr_Char(*dptr);
dptr++; }
Goto_XY(2,1);
for (i=0;1<20;i++)
{ 'Wr_Char(*dptr);
dptr++; }
}
void Wr_String(unsigned char *dptr,Row)
{unsigned char 1,Count;
Count = strlen{dptr);
Goto_XY(Row,1);
for (i=0;i<Count;i++)
{ Wr_Char(*dptr);
dptr++;

}
void Cursor_Off{(void)
Wr_Register(0x0C);
void Cursor On(void)

Wr_Register(0x0F);

void SlideNum(void)

{

BufDisp[6] = BufDisp[5];

BufDisp[5] = BufDisp[4];

BufDisp[4] = BufDisp[3];

BufDisp[3] = BufDisp[2];

BufDisp[2] = BufDisp[1];

BufDisp[1] = BufDisp[0];

}

void CountToLCD( unsigned long Count)

BufDisp[6] =  (Count/ 1000000)+0x30;
if(BufDisp[6] == 0x30) BufDisp[0] = 0x20;

Count = Count % 1000000;
BufDisp[5] = (Count / 100000)+0x30;
if((BufDisp[5] == 0x30) && (BufDisp[6] == 0x20)) BufDisp[5] =

0x20;

Count = Count % 100000;

BufDisp[4] = (Count/ 10000)+0x30;

if((BufDisp[4] == 0x30) && (BufDisp[5] == 0x20)) BufDisp[4] =
0x20;

Count = Count % 10000;



BufDisp{3] = (Count/ 1000)+0x30;
if((BufDisp[3] == 0x30) && (BufDisp[4] == 0x20)) BufDisp[3] =

0x20;

Count =  Count % 1000;

BufDisp(2] = (Count / 100)+0x30;

if((BufDisp[2] == 0x30) && (BufDisp[3] == 0x20)) BufDisp[2] =
0x20;

Count = Count % 100;

ButDisp[1] = (Count / 10)+0x30;

if((BufDisp{1] == 0x30) && (BufDisp[2] == 0x20)) BufDisp[1] =
0x20;

Count = Count % 10;

BufDisp[0] = Count+0x30;
¥

void ShowNum(unsigned long Count,unsigned char Index)
{unsigned char i;
CountToLCD(Count);
for(i=0;i<Index;i++)
{
Wr_Char(BufDisp[Index-(i+1)]);
}

}
void ShowText(unsigned char Index,X,Y)

{unsigned char i;
Goto XY(X,Y);

for(i=0;i<Index;i++)

{

Wr_Char(BufDisp[Index-(i+1)]);

}
}
unsigned long GetNum(unsigned char Count,X,Y)
{unsigned char i,j,Key;
unsigned long Sum;
for(i=0;i<Count;i++){ BufDisp[i] = 0x20;}

i=0:Key=0;

while(Key !=11)
{Goto_XY(X,Y+(Count-1));
Cursor_On();
Key = KeyPress();
Sound();

if((Key < 10)&&(i<Count))
{ SlideNum();
BufDisp[0] = Key;
i+

B



}

if(Key == 10)
{ 1=0; _
for(j=0:j<Count;j++){BufDisp[j] = 0x20;}
}

Carsor_Of1();
Goto XY(X.,Y);
for(j=0;j<Count;j++)

{

if(BufDisp[Count-(j+1)] != 0x20){Wr_Char(BufDisp[Count-(j+1)]+0x30);}
else
{Wr_Char(BufDisp[Count-(j+1)]);}
}

Key Off();
}

Sum =(;
for(i=0;i<Count;i++)
{
if(BufDisp[Count-(i+1)]==0x20) {BufDisp[Count-(i+1)]=0 ;}
Sum = (Sum*10) + (BufDisp[Count-(i+1)]);

}
Cursor_Of1();
return(Sum);
}
* A/D */
sbit SCLK = P215;

shit CS = P26,
shit  Dat = P2°7;
/*
sbit SCLK= P276;
sbit  CS = P272;
sbit  Dat = P2°7;
* */
/funsigned char Write SPI(unsigned char Data)
unsigned int Rd_MCP3202(unsigned char Ch)
{unsigned int Temp;
unsigned char Data,i;
bit Out;
Temp = 0;
CS=0;
if{Ch==0){Data = 0x0D; }else { Data=0x0F;}
for (1=0;i<8;i++)

{

Out = Data & 0x80;



Dat = Out;

SCLK =1; Delay(1);
SCLK =0; Delay(1);
Data = Data << 1;

h
Dat=1;
for(i=0;i<12;i++)
{
SCLK =1; Delay(1);
if(Dat==1){Temp = Temp+1;};
SCLK =0; Delay(1);
Temp = Temp << 1;
¥
Delay(10);
CS=1;
return(Temp);
}
/217777777777 32 A2D*/

#include "reg52.h"

#include "absacc.h”
unsigned int Value,Valuel0;
float Value2;

float Value3;

int timetosend =50;
unsigned char Dataln;

bit condition=0;

void Serial Int(void) interrupt 4
{
if(RI==1)

{
Dataln = Rx_Byte();

if{Dataln==0x30)
{

condition=0;
Tx_Byte('X";

}

if(Dataln==0x31)
{

condition=1;
Tx_Byte("O";

}



main()

Init_Serial(96);

Init LCDY();

Cursor_Off();
Wr_String("Press Start.....",1);
Wr_String("to start testing",2);

while(!condition){}

Wr_String("Soundl = dB",1);

Wr_String("Sound2 =  dB",2);
while(condition)

Value = Rd_MCP3202(0);
Value2=Value;
Value2=Value2/4095;
Value2=Value2*55;
Value2=Value2+45;
Value2=Value2*(.84,
Value=(int)Value2;
Value3=Value2-Value;
Value3=Value3*10;
Goto_XY(1,10);
ShowNum(Value,3);
Wr_Char(.";
ShowNum(Value3,1);
Tx_Byte('A");
Delay(timetosend);
Tx_Byte((Value/100)+0x30);
Delay(timetosend);
Valuel0=Value/10;

if{ Value10==10) Tx_Byte(0x30);
else if(Valuel0>10) Tx_Byte((Value10%10)+0x30);
else Tx_Byte(Value10+0x30);
Tx_Byte((Value%10)+0x30);
Delay(timetosend);

Tx Byte('.");
Delay(timetosend);
Value=(int)Value3;
Tx_Byte((Value%10)+0x30);
Delay(timetosend),



Value = Rd_MCP3202(1);
Value2=Value;
Value2=Value2/4095;
Value2=Value2*55;
Value2=Value2+45;
Value2=Value2*0.84;
Value=(int)Value2;
Value3=Value2-Value;
Value3=Value3*10;
Goto_XY(2,10);
ShowNum(Value,3);
Wr_Char(".");
ShowNum(Value3,1);
Tx_Byte('B");
Delay(timetosend);
Tx_Byte((Value/100)+0x30);
Delay(timetosend);
Valuel0=Value/10;

if{ Value10==10) Tx_Byte(0x30);
else if{ Value10>10) Tx_Byte((Value10%10)}+0x30);
else Tx_Byte(Valuel0+0x30);
Delay(timetosend);
Tx_Byte((Value%10)+0x30);
Delay(timetosend);

Tx Byte('.");
Delay(timetosend);
Value=(int)Value3;
Tx_Byte((Value%10)+0x30);
Delay(timetosend);
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| Dim Dataln As String

Dim Sound1Str, Sound2Str, Sound1Compleate, Sound2Compleate As String
Dim CheckS1, CheckS2 As Boolean
Dim Sound1Val, Sound2Val As Single
Dim JOBID As String

Dim MyFSO As New FileSystemObject
Dim CurrentDate As String

Dim CurrentNo As String

Dim FolderLocate As String

Dim m As Integer

Public CommPort As Integer

Dim i, k As Integer

Private Sub cmdRealTM_Click()
Form2.Show vbModal

End Sub

Private Sub Form_Load()
Timerl.Enabled = True
Timer_Updatel.Enabled = False
IblDate.Caption = Date

I I TR O T TN T N W W A A O AT TR R T N S N WO I B T I T O BT I TR |
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MSComml.CommPort = 4
MSComm] Settings = "9600,N,8,1"
MSComml.InputLen =0
MSComml.RThreshold = 1

L B B B o o

ChartSound.Column = 1



For m =1 To ChartSound.RowCount
ChartSound.Row = m
ChartSound.Data = 50

Next m

ChartSound.Column = 2

Form = 1 To ChartSound.RowCount
ChartSound.Row = m
ChartSound.Data = 70

Next m

ChartSound.Plot. Axis(VtChAxisIdY). AxisScale. Type = VtChScaleTypeLinear
¢mbUDRI1.ListIndex = 0
Timer_Updatel.Interval = 250

End Sub

Private Sub cmbUDR1_Click()
Select Case cmbUDR 1. ListIndex
Case 0

Timer_Updatel.Interval = 250
Case |

Timer_Updatel.Interval = 500
Case 2

Timer Updatel.Interval = 1000
Case 3

Timer_Updatel.lnterval = 2500
Case 4

Timer_Updatel.Interval = 5000
End Select

End Sub

Private Sub cmdExit_Click()
End
End Sub



Private Sub cmdStart_Click() 7
If Not (txtS 1HLmit. Text = "0" Or txtS2HLmit.Text = "0") And {IsNumeric(txtS }HLmit. Text)
And IsNumeric(txtS2HLmit. Text)) Then

If MSComm1.PortOpen Then

MSComm1.0Output="1"

Else:

MSComml.PortOpen = True

MSComm!.Output ="1"

End If

JOBID = JOBIDCreator

Timer_Updatel.Enabled = True

Else: MsgBox

End If

End Sub

Private Sub emdStop_Click()
If MSComm 1.PortOpen Then MSComm1.Output = "0"
Timer_Update1.Enabled = False

End Sub

Private Sub MSComm1_OnComm()
Select Case M5SComm1.CommEvent
Case comEvReceive

Dataln = MSComm 1 .Input

If Dataln="A" Then
Sound2Compleate = Sound2Str
Sound1Str=""

CheckS1 = True

CheckS2 = False

GoTo JumpToFinish

Elself Dataln = "B" Then



Sound1Compleate = Sound1Str

Sound2Str =""

CheckS1 = False

CheckS2 = True

GoTo JumpToFinish

EndIf

1f CheckS1 Then Sound1Str = Sound1Str & Dataln
If CheckS2 Then Sound2Str = Sound2Str & Dataln

If (Dataln = "X" Or Dataln = "Q") Then CheckStatus
txtDataIn. Text = "Recieve Data is " & Dataln

Sound1Val = Val(Sound 1 Compleate)

Sound2Val = Val(Sound2Compleate)

xtSoundInl.Text = "Sound = " & Str{Sound1Val) & " dB"
txtSoundIn2. Text = "Sound = " & Str{Sound2Val) & " dB"
End Select

Exit Sub

JumpToFinish: txtDataln. Text = "Recieve Data is " & Dataln

End Sub

Private Sub Timer Updatel Timer()
DrawGraph
Write2DB

End Sub

Private Sub Timerl Timer()
IblTime.Caption = Time()
IblDate.Caption = Date

End Sub



Private Sub DrawGraph()
Dim k As Integer
Dim 1 As Integer

Dim tmp As Variant

For k=1 To ChartSound.RowCount - 1
ChartSound.Row =k + 1

tmp = ChartSound.Data

ChartSound.Row = k

ChartSound.Data = tmp

Nextk

ChartSound.Column = 1

ChartSound.Row = ChartScund.RowCount

ChartSound.Data = Sound1Val

Fork = 1 To ChartSound.RowCount - 1
ChartSound.Row =k + 1

tmp = ChartSound.Data

ChartSound.Row =k

ChartSound.Data = tmp

Next k

ChartSound.Column = 2

ChartSound.Row = ChartSound.RowCount
ChartSound.Data = Sound2Val

End Sub

Private Sub Write2DB()
On Error GoTo ErrorHandler
If Adodc1.Recordset. BOF And Adodel.Recordset. EOF Then
Adodcl.Recordset. AddNew
Else:

Adodc1.Recordset Movelast



Adodc].Recordset. AddNew

End If .

txtJOBID.Text = JOBID
txtTime.Text = Time
txtDate.Text = Date

tSoundl. Text = Str{Sound1Val)
xtSound2. Text = Str{Sound2 Val)

Adodc1.Recordset.Update
If Val{txtSound1.Text) > Val(txtS 1HLmit. Text) Then

If Adodc2.Recordset. BOF And Adodc1.Recordset. EQF Then
Adodc2.Recordset. AddNew

Else:

Adodc2.Recordset. MoveLast

Adode2. Recordset. AddNew

End If

txtJOBID2.Text = JOBID

txtTime2.Text = Time

txtDate2.Text = Date

txtSoundError.Text = "Sound Channel 1"
txtValue. Text = Sound1Val
Adodc2.Recordset.Update

End If

If Val(txtSound2.Text) > Val{txtS2HLmit. Text) Then

If Adodc2.Recordset. BOF And Adodcl.Recordset, EOF Then
Adodc2.Recordset. AddNew

Else:

Adodc2 Recordset.MoveLast

Adodc2.Recordset. AddNew

End If



txtJOBID2.Text = JOBID

l_xtTimeZ.Text = Time

xtDate2. Text = Date
xtScundError. Text = "Sound Channe] 2"
xtValue.Text = Sound2Val
Adodc2.Recordset.Update

End If

Form2.Adodc].Recordset. MoveLast
Form2.Adode2 Recordset. MoveLast

Exit Sub

ErrorHandler:
MsgBox (" & Err.Number & ":" & Err.Description & ")"
End Sub

Private Sub CreateNoOfTest()

Dim FSO As New FileSystemObject

Dim objFile As File

Dim objTextStream As TextStream

Set objTextStream = FSO.OpenTextFile("C:\Sound Monitoring
System\ProgramSetting\DateCheck.xt", ForReading, False)
CurrentDate = objTextStream.ReadAll 'CurrentDate =

objTextStream.Close

If (CurrentDate = Day(Now)) Then

Set objTextStream = FSO.OpenTextFile("C:\Sound Monitoring
System\ProgramSetting\NoCheck.txt", ForReading, False)
CurrentNo = objTextStream.Read All

objTextStream.Close

CurrentNo = Mid(Str{Val(CurrentNo) + 1), 2, 2)



If ((Len{CurrentNo) = 1)) Then CumreatNo = 0" & Mid(Str{CurrentNo), 2, 1)

If (E.en(CurrentDate) = 1)) Then CurrentDate = "0" & CurrentDate

Set objFile = FSO.GetFile("C:\Sound Monitoring System\ProgramSetting\NoCheck.txt")
Set objTextStream = objFile.OpenAsTextStream(ForWriting)
objTextStream. Write (CurrentNo)

objTextStream.Close

Else:

CurrentDate = Day(Now) '

Set objFile = FSO.GetFile("C:\Sound Monitoring System\ProgramSetting\DateCheck.txt")
Set objTextStream = objFile.OpenAsTextStream(ForWriting)

objTextStream.Write (CurrentDate)

objTextStream.Close

If (Len(CurrentDate) = 1) Then CumrentDate = "0" & CurrentDate '

CurrentNo = "01" '

Set objFile = FSO.GetFile("C:\Sound Monitoring System\ProgramSetting\NoCheck.txt")
Set objTextStream = objFile.OpenAsTextStream(ForWriting)

objTextStream.Write (CurrentNo)

objTextStream.Close

End If

End Sub

Private Sub CheckStatus()

If (Dataln = "O") Then
shStatus.FillColor = vbGreen
|blStatus.Caption = "ON"
Elself (Dataln = "X") Then
shStatus.FillColor = vbRed
IblStatus.Caption = "OFF”
MSComm1.PortOpen = False

Save2Excel



End If
End Sub

Function JOBIDCreator() As String

Dim CurrentMonth As String

Dim CurrentYear As String

Call CreateNoOfTest

CurrentMonth = Month(Now)

CurrentYear = Mid(Year(Now), 3, 2)

If (Len(CurrentMonth) = 1) Then CurrentMonth = "0" & CurrentMonth
JOBIDCreator = "T" & CurrentNo & CurrentDate & CurrentMonth & CurrentYear

End Function

Private Sub CreateFolder()

Dim MyFolder As Foider

Dim FolderName As String

FolderName = Month(Now) & " " & (Year(Now) + 543)
FolderLocate = "C:\Sound Monitoring System\" & "Report_on_" & FolderName
If MyFSOQ.FolderExists(FolderLocate) = True Then

GoTo FolderCompleate

Else: Set MyFolder = MyFSO.CreateFolder(FolderLocate)
End If

Folderl.ocate = MyFolder.Path

FolderCompleate:

Exit Sub

End Sub

Private Sub Save2Excel()

On Error GoTo ErrorHandler

Dim cnData As New ADODB.Connection

Dim rsSoundMonitoring As New ADODB.Recordset

Dim strDB As String



Dim recArray As Variant
Dim fldCount As Integer
Dim recCount As Long
Dim iCol As Integer
Dim iRow As Integer

Dim Temp As String

Set cnData = New ADODB.Connection

cnData.Provider = "Microsoft.Jet. OLEDB.4.0"

cnData.ConnectionString = "Data Source = C:\Sound Monitoring System\DataBasc¢\Sound
Monitoring System.MDB"

cnData.Open

Set rsSoundMonitoring = New Recordset

rsSoundMonitoring.Open "SELECT * FROM SoundMonitoringSystem WHERE JOBID LIKE
" & " & JOBID & "%'", cnData, adOpenDynamic, adLockOptimistic, adCmdUnknown

' Create an instance of Excel and add a workbook
Set xlApp = CreateObject("Excel. Application")
Set xIWb = xlApp. Workbooks.Add

Set x]IWs = x]Wb.Worksheets("Sheet1")

" Display Excel and give user control of Excel's lifetime
'If chkOpenORSave = 1 Then
xlApp.Visible = False

xlApp.UserControl = True

' Copy field names to the firsSoundMonitoring row of the worksheet
fldCount = rsSoundMonitoring.Fields.Count
ForiCol = 1 To fldCount

xIWs.Cells(1, iCol). Value = rsSoundMonitoring.Fields(iCol - 1).Name

Next



' check version of Excel
If Val(Mid(x1App.Version, 1, InStr(1, xlApp.Version, ".") - 1)) > 8 Then
'EXCEL 2000,2002,2003, or 2007: Use CopyFromRecordset

' Copy the recordset to the worksheet, starting in cell A2
xIWs.Cells(2, 1).CopyFromRecordset rsSoundMonitoring
"Note: CopyFromRecordset will fail if the recordset
'contains an OLE object field or array data such
'as hierarchical recordsets

Else

'EXCEL 97 or earlier: Use GetRows then copy amay to Excel

" Copy recordset to an array

recArray = rsSoundMonitoring. GetRows

"Note: GetRows returns a O-based array where the firsSoundMonitoring
'dimension contains fields and the second dimension

'contains records. We will transpose this array so that

'the firsSoundMonitoring dimension contains records, allowing the

'data to appears properly when copied to Excel

' Determine number of records

recCount = UBound(recArray, 2) + 1 '+ 1 since 0-based array

" check the array for contents that are not valid when
' copying the array to an Excel worksheet
For iCol = 0 To fldCount - 1
For iRow =0 To recCount - 1
' Take care of Date fields
If IsDate(rec Array(iCol, iRow)} Then
recArray(iCol, iRow) == Format(rec Array(iCol, iRow))
' Take care of OLE object fields or array fields

Elself IsArray(rec Array(iCol, iRow)) Then



recArray(iCol, iRow) = "Array Field"
End If
Next iRow 'next record

Next iCol 'next field

' Transpose and Copy the array to the worksheet,
' starting in cell A2
xIWs.Cells(2, 1).Resize(recCount, fldCount).Value =
TransposeDim(recArray)

End If

' Auto-fit the column widths and row heights
xlApp.Selection.CurrentRegion.Columns. AutoFit
x1App.Selection.CurrentRegion.Rows. AutoFit
'If chkOpenORSave = 2 Then

Call CreateFolder

FileName = JOBID & ".xIs"

xIWb.SaveAs (FolderLocate & "\" & FileName)
xIWb.Close

Se¢t xIWb = Nothing

xlApp.Quit

Set xIWs = Nothing

Set xIWb = Nothing

Set x1App = Nothing

rsSoundMonitoring.Close

cnData.Close

Set rsSoundMonitoring = Nothing

Set cnData = Nothing

" Close ADO objects

'New Program Copy Ermor

Set cnData = New ADODB.Connection



cnData.Provider = "Microsoft.Jet. OLEDB.4.0"

cnData.ConnectionString = "Data Source = C:\Sound Monitoring System\DataBase\Sou_nd
Monitoring System.MDB"

cnData.Open

Set rsSoundMonitoring = New Recordset

rsSoundMonitoring.Open "SELECT * FROM SoundError WHERE JOBID LIKE " & " &
JOBID & "%'", cnData, adOpenDynamic, adLockOptimistic, adCmdUnknown

' Create an instance of Excel and add a workbook

Set xIApp = CreateObject("Excel.Application")

Set xIWb = xtApp. Workbooks.Add

Set x]Ws = xIWb.Worksheets("Sheet1")

* Display Excel and give user control of Excel's lifetime
'If chkOpenORSave = 1 Then

xlApp.Visible = False

x1App.UserControl = True

' Copy field names to the firsSoundMonitoring row of the worksheet
fldCount = rsSoundMonitoring.Fields.Count
For iCol = 1 To fldCount

xIWs.Cells(1, iCol).Value = rsSoundMonitoring.Fields(iCol - 1).Name

Next

" check version of Excel
If Val(Mid(x1App.Version, 1, InStr(1, x]1App.Version, ".") - 1)) > 8 Then

'EXCEL 2000,2002,2003, or 2007: Use CopyFromRecordset

' Copy the recordsct to the worksheet, starting in cell A2
xIWs.Cells(2, 1).CopyFromRecordset rsSoundMonitoring
Note: CopyFromRecordset will fail if the recordset
'contains an OLE object field or array data such

'as hierarchical recordsets



Else
'EXCEL 97 or earlier: Use GetRows then copy array to Excel
' Copy recordset to an array

recArray = rsSoundMonitoring.GetRows

"Note: GetRows returns a 0-based array where the firsSoundMonitoring
'dimension contains fields and the second dimension

'contains records, We will transpose this array so that

'the firsSoundMonitoring dimension contains records, allowing the

'data to appears properly when copied to Excel

' Determine number of records

recCount = UBound(recArray, 2) + 1 '+ 1 since 0-based array

' check the array for contents that are not valid when
' copying the array to an Excel worksheet
For iCol =0 To fldCount - 1
For iRow = 0 To recCount - 1
' Take care of Date fields
If IsDate(recArray(iCol, iRow)) Then
recArray(iCol, iRow) = Format{recArray(iCol, iRow})
' Take care of OLE object fields or array fields
ElseIf IsArray(rec Array(iCol, iRow)) Then
recArray(iCol, iRow) = "Array Field"
End If
Next iRow ‘next record

Next iCol 'next field

' Transpose and Copy the array to the worksheet,
' starting in cell A2
xtWs.Cells(2, 1).Resize(recCount, fldCount).Value = _

TransposeDim(recArray)



End If

' Auto-fit the column widths and row heights
xlApp.Selection.CurrentRegion.Columns. AutoFit
xlApp.Selection.CurrentRegion.Rows. AutoFit

'If chkOpenORSave = 2 Then

FileName = "E* & Mid(JOBID, 1)

xIWb.SaveAs (FolderLocate & "\" & FileName)

rsSoundMonitoring.Close
cnData.Close
Set rsSoundMonitoring = Nothing
Set cnData = Nothing
' Release Excel references
xIWb.Close
Set xIWb = Nothing
x1App.Quit
Set xIWs = Nothing
Set x]Wb = Nothing
Set xlApp = Nothing
'End If
Exit Sub

ErrorHandler:

MsgBox Microsoft Excel (" & Err.Number & ";" & Err.Description & ")"

End Sub



Function TransposeDim(v As Variant) As Variant
' Custom Function to Transpose a O-based array (\_f)
Dim X As Long, Y As Long, Xupper As Long, Yupper As Long
Dim tempArray As Variant
Xupper = UBound(v, 2)
Yupper = UBound(v, 1)
ReDim tempArray(Xupper, Yupper)
For X =0 To Xupper
For Y = 0 To Yupper
tempArray(X, Y) = v(Y, X)
NextY
Next X
TransposeDim = tempArray

End Function



mavenlysunsaluauveslUsunss Hyperterminal

#include <t89c¢51rd2.h>

#include <stdio.h>

unsigned char temp;

Init_Serial() {

SCON=0x52; // Serial Port working in mode 1
PCON=0; // Serial port working in normal mode
T2MOD=0x00; //

RCAP2ZH=0xFF; // Set Baud rate to 9600 bps
RCAP2L=0xC4; // Set Baud rate to 9600 bps
T2CON=0x34; // Enable Timer2 TR2 = '1' and use overflow of Timer 2 to
generate clock signal for both Tx & Rx of serial

}

void main()

{

Init_Serial();

printf ("\nTEST Serial port\n");

while(1) {

if (RI==1) { // Incoming Data from Serial Port

temp=SBUF; // Read Incoming Data

RI=0; // Clear Register RI

TI=0; // Clear Register TI for transmitting data to Serial Port

SBUF=temp; // Transmit Data to Serial Port by writing data to register SBUF
while (TI==0); // Wait for Transmission Complete

printf("\nGot %c from serial port!\n" temp); // Transmit Data by using prinf
Function

}
}
}



P89V51RB2/RC2/RD2

8-bit 80C51 5 V low power 16/32/64 kB Flash microcontroller
with 1 kB RAM

Rev. 03 — 02 December 2004 Product data

1. General description

2. Features

The PBSV51RB2/RC2/RD2 are 80C51 microcontrollers with 16/32/64 kB Flash and
1024 bytes of data RAM.

A key feature of the PB3V51RB2/RC2/RD2 is its X2 mode option. The design
engineer can choose to run the application with the conventional 80C51 clock rate
(12 clocks per machine cycle) or select the X2 mode (6 clocks per machine cycle) to
achieve twice the throughput at the same clock frequency. Another way to benefit
from this feature is to keep the same performance by reducing the clock frequency by
half, thus dramatically reducing the EMI.

The Flash program memory supports both parallel programming and in serial
In-System Programming (ISP). Parallel programming mode offers gang-programming
at high speed, reducing programming costs and time to market. ISP allows a device
to be reprogrammed in the end product under software control. The capability to
field/update the application firmware makes a wide range of applications possible,

The P89V51RB2/RC2/RD2 is also In-Application Programmable {|AP), allowing the
Flash program memory to be reconfigured even white the application is running.

80C51 Central Processing Unit

5 Vv Operating voltage from 0 MHz to 40 MHz

16/32/64 kB of on-chip Flash user code memory with ISP (In-System
Programming) and IAP (In-Application Programming}

Supports 12-clock (default) or 6-clock mode selection via software or ISP
SPIi (Serial Peripheral Interface) and enhanced UART

PCA (Programmable Counter Array) with PWM and Capture/Compare functions
Four 8-bit /O ports with three high-current Port 1 pins (16 mA each)
Three 16-bit timers/counters

Programmable watchdog timer

Eight interrupt sources with four priority levels

Second DPTR register

Low EMI mode (ALE inhibit)

TTL- and CMOS-compatible logic levels

= PHILIPS
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Philips Semiconductors

4. Block diagram

P89V51RB2/RC2/RD2

8-bit microcontrollers with 80C51 core

f
[
f
I
|
|
]
|
|
|
I
I
<:E> PORT 3

HIGH PERFORMANCE
80C51 CPU
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Fig1. P89V51RB2/RC2/RD2 block diagram.
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5. Pinning information

~ P89V51RB2/RC2/RD2

8-bit microcontrollers with 80C51 core

3.1 Pinning

x
W o »
g 83 & o 8% 88
< & d& = & P a3 = N &
i s iig 2 EEZRE
[o] fo] [] [~] [~ [-] (3] [=] [S] =] [=]
=
CEx2/MOSIP1.5 (7 (39] PO.4/AD4
CEX3MISO/P1.6 8] [38] P0.5/ADS
CEX4/SCKP1.7 [9] [37] Po.6/ADS
RST [10] [36] Po.7/407
RXD/P3.0 [11] [35] EA
PBOV51RBZBA
Ne E P8OV51RC2FA E Ne
Txomea. [13] P89V51RD2FA EALE}P—RﬁG
NTo/P3.2 [14] 32] PSEN
NTPa.a [15] [31] P2.7/A15
ToP3.4 [18] [30] Pz &vats
T1Pas [17] [29] P2.50A13
=} [2] (3] &] I=] [R] (3] 2] [&] [57 [B] szusero
o 5 268 9 = o m %
s 2 BZ5gdEe
2 g Xk % 3 3§ 8 £ 8
3 2% %oz
Fig 2. PLCC44 pin configuration.
9397 750 14341 o ~ © Phifips Elaciranics N.V. 2004 AN rights reserved.
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Philips Semiconductors

'P89V51RB2/RC2/RD2

8-bit microcontrolers with 80C51 care

T2P1.0 1] U 40] vpp
T2E0P1.1 [2] 3] PO.0VADO
EC/P12[3] 38] PO.HAD1
CEXO/P1.3 4 [37] Po.21AD2
CEXV/55/P1.4 [ | 38] PO.¥AD3
CEX2MOSIP1.5 6 | [35] PO.4/AD4
CEX/MISOP1.6 [ 7 | 34] PO.SIADS
CEXa/SCKIP1.7 [ 8 | [33] Po.67ADS
rRsT[8] =z [32)PonisD?
Rx0/P3.0 [10 5 § [31] EA
TXD/P3.1 [11] g g 130] ALEFROG
Y 7 3 [5E]rsEw
TIP3 [13] 28] P2.7/A1S
ToP3.4[14 % P2.6/A14
T1/P3.515] [26] P2.5A13
WRP3.6 18] [25] P2.4/a12
Ro/P3.7 [17] [24] P2. 3011
xTAL2 18] 23] P2.21A10
xTAL1 [79)] [22] P2.1189
Vgs [20] [21] P2.0/A8
O0Zasad? T

Fig 3. DIiP40 pin configuration.
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Philips Semiconductors B P89V51 RBE/RCZ/RDz

8-bit microcontrollers with 80C51 care

*

W o »

O = _ O 9~ N oo™
- = = w - & 0O o O e o
a a4 o 4o a Z > 4 a a o
[z =] [B] [=] =] {&] [#] [&] [8] [8] [3]
/C) N

CEX2MOSUP1 .5 [1 | 33] PO.4/AD4

CEX3/MISO/P1.6 % [32] Po.51ADS

cEX4rscrP17 [3 [31] Po.6/aDS
RsT[2] [30] Po.728D7
RXDP3.0 5] 29| EA
- rosvmeisec oK
TXD/P3.1 E PB9V51RD2FBC E ALEPROG
NTOP3.2 [ 8] 26] FSEN
WTiPaa[9] 25] P2.7/A15

TOP3.4 EQ [24] P260A14
T1P3.S ﬁ__lk E] P2.5A13

\

] 2] ] L] B T2 2 RIS (8w
@ 0 8 5 e 2 02 %
B g g i g
Ep k& 338 c g
o < < <
Fig4. TQFP44 pin configuration,
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Phihps Semi;onductors P89y51 RBZIRCZ/RDZ

8-bit microcontrollers with 80C51 core

6. Special function registers

Remark: Special Function Registers (SFRs) accesses are restricted in the following
ways:
* User must not attempt to access any SFR locations not defined.

* Accesses to any defined SFR locations must be strictly for the functions for the
SFRs.

* SFR bits labeled '-', ‘0’ or ‘1’ can only be written and read as follows:

- -' Unless otherwise specified, must be written with ‘0°, but can return any value
when read (even if it was written with ‘0’). It is a reserved bit and may be used in
future derivatives.

-~ '0" must be written with '0’, and will return a '0’ when read.
= 1" must be written with *1’, and will return a ‘1’ when read.

9397 750 14341 © Xoninkkjka Phiips Elecironics NV 2004, Al rigias resarved
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MicROCHIP MCP32 02

2.7V Dual Channel 12-Bit A/D Converter
with SPT"" Serial Interface

Features Package Types
* 12-bit resolution PDIP, MSOP, SOIC, TSSOP
+ +1 LSB max DNL .
» +1 LSB max INL (MCP3202-B) CS/SHONCJ1 7 8 T Voo Veee
=

* +2 LSB max INL (MCP3202-C) CHOJ2 © 7 [OCLK
* Analog inputs programmable as single-ended or CH1 3 E 6§ 0o

pseudc-differential pairs v..[l4 2 5 0 our
+ On-chip sample and hold 88 D
+ SPI™ serial interface (modes 0,0 and 1,1)
+ Single supply operation: 2.7V - 5.5V Functional Block Diagram
* 100 ksps max. sampling rate at Vp, = 5V
* 50 ksps max. sampling rate at V, = 2.7V Ve V.
+ Low power CMOS technology T_ j

- 500 nA typical standby current, 5 pA max. F—— = — — — — = — q

- 550 pA max. active current at 5V | Inout |
* Industrial temp range: -40°C to +85°C gm’ Crﬁ?'mel DAC  |a———r |
+ 8-pin MSOP, PDIP, SOIC and TSSOP packages o |
Applications [ [ Comparator |
+ Sensor Interface | | Samele 128eSAR T
+ Process Control | Hold r—-f |
+ Data Acquisition I Control Logic | —» Shift |
+ Battery Qperated Systems | Register | |

- R ok Bt
Description
CS/SHON D,, CLK

The Microchip Technology Inc. MCP3202 is a succes-
sive approximation 12-bit Analog-to-Digital (A/D) Con-

verter with on-board sample and hold circuitry. The
MCP3202 is programmable to provide a single pseudo-
differential input pair or dual single-ended inputs, Dif-
ferential Nonlinearity (DNL} is specified at +1 LSB, and
Integral Noniinearity {INL) is offered in 11LSB
(MCP3202-B) and +2LSB (MCP3202-C) versions.
Communication with the device is done using a simple
serial interface compatible with the SPI protocol. The
device is capable of conversicn rates of up to 100 ksps
at 5V and 50 ksps at 2.7V. The MCP3202 device cper-
ates over a broad voltage range (2.7V - 5.5V). Low cur-
rent design permits operation with typical standby and
active currents of only 500 nA and 375 pA, respec-
tively. The MCP3202 is offered in 8-pin MSOP, PDIP,
TSSOP and 150 mil SOIC packages.

© 2001 Microchip Technology Inc. DS21034C-page 1



MCP3202

1.0 ELECTRICAL PIN FUNCTION TABLE
CHARACTERISTICS
Name Function
1.1 Maximum Ratings*
Voo Veer +2.7V to 5.5V Power Supply and

Vppe e s sasesssns s FOV Reference Voltage Input
All inputs and outputs w.It. Vg ...... -0.6V 10 V5, +0.6V CHO Channel § Analog Input
Storage temperature ..........................-65°C to +150°C CH1 Channel 1 Analog Input
Ambient temp. with power applied .....-65°C to +125°C CLK Serial Clock
ESD protection Il pins (HBM).........cocoevvvnc. > 4 KV

P on all pins ( : g D Serial Data In
“Notice: Stresses above those listed under *Maximum Ratings” may
cause permanent damage (o the device, This is a stress rating only D our Serial Data Out
and functional operation of the device at those or any other conditions
sbove those indicated in the cperational listings of this specification is C_S_ISHDN Chip Select/Shutdown Input

not implied. Exposure to maximum rating conditions for extended

peripds may affect device reliability.

ELECTRICAL CHARACTERISTICS

All parameters apply at Vpp = 5.5V, Vg = OV, Tyn = 40°C 10 +85°C, fg,um £ = 100 ksps and fg = 18" g um e
unless otherwise noted.
Parameter [ sym | min. [Typ. | Max. | units | Conditions
Conversion Rate:
Conversion Time teony —_— — 12 clock
cycles
Analog Input Sample Time teamPLE 1.5 clock
cycles
Throughput Rate TaamrLe — — 100 ksps  |Vpp = Vgegr =5V
— - S0 ksps |Vpp = Vaer= 2.7V
DC Accuracy:
Resoluticn 12 bits
Integral Nonlinearity INL — +0.75 1 LSB |MCP3202-B
-— +1 12 LSB |MCP3202-C
Differential Nonlinearity DNL — 10.5 1 LSB {No missing codes over
temperature
Offset Error - 11.25 +3 LSB
Gain Error — +1.25 15 LSB
Dynamic Performance:
Total Harmonic Distortion THD — -82 — dB Vi = 0.1V 10 4.9V@1 kHz
Signal to Noise and Distortion SINAD — 72 — dB |V, =0.1V1t04.9V@1 kHz
(SINAD)
Spurious Free Dynamic Range SFDR — 86 — dB Viy=0.1V tc 4.9V@1 kHz
Analog Inputs:
Input Voltage Range for CHO or Vss — Voo v
CH1 in Single-Ended Mode
Input Voltage Range for IN+ in IN+ IN- — VootIN- See Sections 3.1 and 4.1
Pseudo-Differential Mode
Input Voitage Range for IN- in IN- Vge-100 [ — | Vgs+100 mv See Sections 3.1 and 4.1
Pseudo-Differential Mode
Leakage Current — .001 +1 pA
Switch Resistance Ras — 1k — Q See Figure 4-1

Note 1: This parameter is established by characterization and not 100% tested.
2: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 for more information.

DS21034C-page 2 © 2001 Microchip Technoiogy inc.




MCP3202

ELECTRICAL CHARACTERISTICS (CONTINUED)

All parameters apply at Vpp = 5.5V, Vg = 0V, Tayg = 40°C 1o +85°C, fgaype = 100 ksps and fo = 18*fgaupie

unless otherwise noted.

Parameter Sym Min. Typ. Max, Units Conditions
Sample Capacitor CoampLe — 20 — pF See Figure 4-1
Digital Input/Cutput:
Data Coding Format Straight Binary
High Leve! Input Voltage Viu 07V | — — v
Low Level Input Voltage Vi — - 0.3 Vg, A
High Level Cutput Voltage Veu 4.1 - — v loy = -1 MA, Vp, = 4.5V
Low Level Output Voltage Vo — — 0.4 v lo. =1 mMA, Vpp = 4.5V
Input Leakage Current I -10 — 10 WA Vin = Vgg or Vpp
Output Leakage Current lo -10 — 10 HA Vour = Vg OF Vi
Pin Capacitance Cwn Cour — — 10 pF Voo = 5.0V (Note 1)
(Al Inputs/Outputs) Tamp =25°C, f=1 MHz
Timing Parameters:
Clock Frequency fork — — 1.8 MHz |V,5=5V (Note 2)
0.9 MHz V5 =27V (Note 2)
Clock High Time ta 250 - ns
Clock Low Time to 250 — - ns
CS Fall To First Rising CLK tsucs 100 — — ns
Edge
Data Input Setup Time tey —_ - 50 ns
Data input Hold Time to — — 50 ns
CLK Fail To Output Data Valid oo — — 200 ns See Test Circuits, Figure 1-2
CLK Fall To Output Enable ten — — 200 ns See Test Circuits, Figure 1-2
CS Rise To Qutput Disable tois - - 100 ns See Test Circuits, Figure 1-2
Note 1
CS Disable Time tesn 500 — - ns
Dgyr Rise Time tr — — 100 ns See Test Circuits, Figure 1-2
Note 1
Doyr Fall Time e - - 100 ns See Test Circuits, Figure 1-2
Note 1
Power Requirements:
Operating Voltage Voo 2.7 —_ 5.5 v
Operating Current loo — 375 550 HA Vpp = 5.0V, Dy, unloaded
Standby Current Ibps — 0.5 5 HA CS =V =5.0V
Temperature Ranges:
Specified Temperatura Range Ta 40 — +85 °C
Operating Temperature Range T, -40 — +85 °C
Storage Temperature Range T, -65 -— +150 *C
Thermal Package Resistance:
Thermal Resistance, 8L-PDIP 0, — 85 — "C/w
Thermal Resistance, 8L-SQIC 0,. — 163 — "CW
Thermal Resistance, 8L-MSOP 0,, — 208 — *CIW
Thermal Resistance, BL-TSSOP B, — — CIW

Note 1: This parameter is established by characterization and not 100% tested.
2: Because the sample cap will eventually lose charge, effective clock rates below 10 kHz can affect linearity
performance, especially at elevated temperatures. See Section 6.2 for more information.

® 2001 Microchip Technology Inc.
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FIGURE 1-1:  Serial Timing.
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T Waveform 2 is for an outpul with intemal conditions such that
the output is low, unless disabled by the output control.

FIGURE 1-2:

Test Circuits.
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2.0 TYPICAL PERFORMANCE CHARACTERISTICS
Note: The graphs provided following this note are a statistical summary based on a fimited number of samples
and are provided for informational purposes only. The performance characteristics listed herein are not
tested or guaranteed. In some graphs, the data presented may be cutside the specified operating range
(e.g., outside specified power supply range) and therefore outside the warranted range.
Note: Unless otherwise indicated, Vg = 5V, Vgg = OV, fouume = 100 ksps, o = 18" foaup e, Ta = 25°C
1.0 I 2.0 I
0.8 Positive iNL 151 Voo = 2.7
0.6 [
10 '
0.4 . ___ Positie ML
@ 02 o 08 ————
0N L]
4 00 J oo
2 02 . Z
£ b4 Negae ML z j_z Negative L
08 1.5
0.8
-1.0 20
0 2 50 75 100 125 150 ¢ » “ & ® 100
Sample Rate (ksps) Sample Rate (ksps)
FIGURE 2-1: Integral Nonlinearity (INL) vs. Sample FIGURE 2-4: Integral Nonlinearity (INL) vs. Sample
Rate. Rate (Vpp = 2.7V).
1.0 | T ; 10 '
0.8 t Feampre = 100 ksps 0.3 ! ! Fganere = 50 kKeps
- Pasitive INL —L . ) itive I —
gi ﬂtm gi — Pasitive INL
o o2 o 0.2
3 oo 4 oo
2' £.2 —_— g 92
0.4 T Negative INL — - 04 N
£.6 06 MNegative INL
.8 . 08
1.0 ; 1.0
2.0 25 40 45 5.0 26 20 35 4.0 4.5 6.0
VeelV) VoolV)
FIGURE 2-2: Integral Nonlinearity (INL) vs. Vo FIGURE 2-5: Integral Nonlinearity {INL) vs. Vp,
10 1.0 T T :
08 0.8 T Vop = 2.7V ‘
06 x 0.6 + Fsauere = 50 ksps
04 _ o4 | :
B 02 @ 0.2 1
g 0.0 w w 3 0.0
g 02 F 0z
= 04 = pa
06 5.6
08 0.8
-1.0 \ -1.0
0 512 1024 1536 2048 2560 3072 3584 4096 0 512 1024 1536 2048 2560 3072 3584 4086
Digital Code Digital Code
FIGURE 2-3: Integral Nonfinearity (INL) vs. Code FIGURE 2-6: Integral Nonlinearity (INL} vs. Code
(Representative Parl). (Representative Parl, Vo, = 2.7V).
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Note: Unless otherwise indicated, Vpy = 5V, Vag = OV, fonue e = 100 ksps, fox = 18" fpume T4 = 25°C
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FIGURE 2-7: Integral  Nonlinearity (INL) vs.
Temnperature.
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FIGURE 2-8: Differential Nonlinearty (DNL) vs.
Sample Rate.
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FIGURE 2-9: Differential Nonlinearity (DNL) vs. Vg

FIGURE 2-10: Integral  Nonlinearity  (INL)  vs.
Temperature (V= 2.7V).
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FIGURE 2-11: Differential Nonlinearity (DNL) vs.
Sample Rate (V= 2.7V).
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FIGURE 2-12; Differential Nonlinearity (DNL) vs. Y,
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Note: Unless otherwise indicated, Vo = 5V, Veg = OV, faupre = 100 ksps, Tk = 18* foappreTa = 25°C
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FIGURE 2-13: Differential Nonlinearity (DNL) vs.
Code (Representative Part).

FIGURE 2-16: Differential Nonlinearity (DNL) vs.
Code (Representative Pant, V= 2.7V).
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FIGURE 2-14: Differential Nonlinearity (DNL} vs.

FIGURE 2-17: Differential

Nonlfinearity (DNL) vs.

Temperature (Vpp = 2.7V).
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FIGURE 2-15: Gain Errorvs. Vi,

FIGURE 2-18: Offset Error vs. Voo
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Note: Unless otherwise indicated, Vpp = 5V, Vgg = OV, fgaupme = 100 ksps, fo i = 18" fgaupe T4 = 25°C
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FIGURE 2-19: Gain Error vs. Temperaturs.
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FIGURE 2-22: Offset Error vs. Temperature.
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FIGURE 2-20: Signal to Noise Ratio {SNR) vs. Input
Frequency.
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FIGURE 2-23: Signal to Noise and Distortion
(SINAD) vs. Input Frequency.
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FIGURE 2-21: Total Harmonic Distortion (THD) vs.
Input Frequency.

FIGURE 2-24: Signal fo Noise and Distortion
(SINAD) vs. Signal Level.
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Note: Unless otherwise indicated, Vi = 5V, Vg = OV, faaupe = 100 ksps, fo i = 18" foayp e To = 25°C
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FIGURE 2-25: Effective Number of Bits (ENOB) vs.

FIGURE 2-28: Effective Number of Bits (ENOB) vs.

Voo Input Frequency.
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FIGURE 2-26: Spurious Free Dynamic Range FIGURE 2-29: Power Supply Rejection (PSR) vs.
{SFDR) vs. Input Frequency. Ripple Frequency.
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FIGURE 2-27: Frequency Spectrum of 10 kHz input

FIGURE 2-30: Frequency Spectrum of 1 kHz input
(Representative Part).

(Representative Part, V, = 2.7V).
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Note: Unless otherwise indicated, Vpg = 5V, Vag = OV, feauem e = 100 ksps, fo = 18 fayape. Ta = 25°C
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FIGURE 2-31: Ipp vs. Vo
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FIGURE 2-32: Iy, vs. Clock Frequency.
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FIGURE 2-33: I, vs. Temperature.
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3.0 PIN DESCRIPTIONS
3.1 CHO/ICH1

Analog inputs for channels 0 and 1 respectively. These
channels can programmed to be used as two indepen-
dent channels in single ended-mode or as a single
pseudo-differential input where one channel is IN+ and
one channel is IN-. See Section 5.0 for information on
programming the channel configuration.

3.2 Chip Select/Shutdown (CS/SHDN)

The CS/SHDN pin is used to initiate communication
with the device when pulled low and will end a conver-
sion and put the device in low power standby when
pulled high. The CS/SHDN pin must be pulled high
between conversions.

3.3 Serjal Clock (CLK}

The SPI clock pin is used to initiate a conversion and to
clack out each bit of the conversion as it takes place.
See Saction 6.2 for constraints on clock speed.

3.4  Serial Data Input (DIN)

The SPI| port serial data input pin is used to clock in
input channel configuration data,

3.5  Serial Data Qutput (DouT)

The SPI serial data output pin is used to shift out the
results of the A/D conversion. Data will always change
on the falling edge of each clock as the conversion
takes place.

4.0 DEVICE OPERATION

The MCP3202 A/D Converter employs a conventional
SAR architecture. With this architecture, a sample is
acquired on an intemal sample/hold capacitor for
1.5 clock cycles starting on the’ second rising edge of
the serial clock after the start bit has been received.
Following this sample time, the input switch of the con-
verter opens and the device uses the collected charge
on the internal sample and hold capacitor to produce a
serial 12-bit digital output code. Conversion rates of
100 ksps are possible on the MCP3202. See
Section 6.2 for information on minimum clock rates.
Communication with the device is done using a 3-wire
SPlcompatible interfaca.

4.1 Apaleg Inputs

The MCP3202 device offers the choice of using the
analog input channels configured as two single-ended
inputs or a single pseudo-differential input. Configura-
tion is done as part of the serial command before each
conversion begins. When used in the pseudo-differen-
tial mode, CHO and CH1 are programmed as the IN+
and IN- inputs as part of the command string transmit-
ted to the device. The IN+ input can range from IN- to
Vaer {(Vop + IN-}. The IN- input is limited to +100 mV
from the Vg rail. The IN- input can be used to cance!
small signal common-mode noise which is present on
both the IN+ and IN- inputs.

For the A/D Converter to meet specification, the charge
holding capacitor (Cgusp ) Must be given enough time
to acquire a 12-bit accurate voitage level during the
1.5 clock cycle sampling period. The analog input
model is shown in Figure 4-1.

In this diagram, it is shown that the source impedance
(Rg) adds to the internal sampling switch (Ree) imped-
ance, directly affecling the time that is required to
charge the capacitor, Cgyme- Consequently, larger
source impedances increase the offset, gain, and inte-
gral linearity errors of the conversion.

Ideally, the impedance of the signal source should be
near zero. This is achievable with an operational ampli-
fier such as the MCP601 which has a closed loop out-
put impedance of tens of ohms. The adverse affects of
higher source impedances are shown in Figure 4-2,

When operating in the pseudo-differential mode, if the
voltage levei of IN+ is equal to or less than IN-, the
resultant code will be 000h. If the voltage at IN+ is
equal to or greater than {[V; + (IN-)] - 1 LSB}, then the
output code will be FFFh. If the voitage level at IN- is
more than 1 LSB below Vg, then the voltage level at
the IN+ input will have to go below Vg to see the 000h
output code. Conversely, if IN- is more than 1LSB
above Vg, then the FFFh code will not be seen unless
the IN+ input level goes above Vi level.

4.2  Digital Output Code

The digital output code produced by an A/D Converter
is a function of the input signal and the reference volt-
age. For tha MCP3202, V, is used as the reference
voltage. As the Vi, level is reduced, the LSB size is
reduced accordingly. The theoretical digital output code
produced by the A/D Converter is shown below.

4096V,

Do

Digitat Output Code =

where:
V,w = analog input voltage
Vpp = supply voltage

© 2001 Microchip Technology Inc.
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FIGURE 4-2: Maximum Clock Frequency vs. Input
Resistance (Rg) to maintain less than a 0.1LSB
deviation in INL from nominal conditions.
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VA = signal source
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CHx = inputchannet pad
Cenw = input pin capacitance
V. = threshold voltage
lemace = leakage current at the pin
due to various junctions
S5 = sampling switch
R; = sampling switch resistor
Ceomme = Ssample/hold capacitance
FIGURE 4-1: Analog Input Model.
2.0 S
T
L 18 Vo = 5V
s
z . - S
E’ 12 P
1.0
E‘ 0.8
L 08 VYoo = 27V
‘go 04 :
o 02 :
0.0 )
100 1000 10000
Input Resistance (Ohms)

0521034C-page 12

© 2001 Microchip Technology Inc.



dy ~ N o 1 N ~ = ' gj ' N ) N o N
wnansiidwenarsianubidmsunslsnuienisnyiniuu lweygnlmilulsdssleguaunisan

lunsdlla visdu Bnnamuiilndaudadiien wagnedonsdiisaivesenaisynasaninisilvly



MCP3202

B I B

FIGURE 5-2: Communication with MCP3202 using LSB first format.
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6.2  Maintaining Mini Clock Speed

When the MCP3202 initiates the sample period, charge
is stored on the sample capacitor. When the sample
period is complete, the device converts cne bit for each
clock that is received. It is important for the user to note
that a slow clock rate will allow charge to bleed off the
sample cap while the conversion is taking place. At
85°C (worst case condition), the part will maintain
proper charge con the sample capacitor for at least
1.2 ms after the sample period has ended. This means
that the time between the end of the sample period and
the time that all 12 data bits have been clocked out
must not exceed 1.2 ms (effective clock frequency of
10 kHz). Failure to meet this criteria may induce linear-
ity errors infoc the conversion outside the rated specifi-
cations. It should be noted that during the entire
conversion cycle, the A/D Converter does nol require a
constant clock speed or duty cycle, as long as ali timing
specifications are met.

6.3  Buyffering/Filtering the Analeg Inputs

If the signal source for the A/D Converter is not a low
impedance source, it will have to be buffered or inaccu-
rate conversion results may occur. It is also recom-
mended thal a filter be used to eliminate any signals
that may be aliased back into the conversion results.
This is illustrated in Figure 6-3 below where an op amp
is used to drive the analog input of the MCP3202. This
amplifier provides a low impedance output for the con-
verter input and a low pass filter, which eliminates
unwanted high frequency noise.

Low pass (anti-aliasing) filters can be designed using
Microchip’s interactive FilterLab™ software. FilterLab
will calculate capacitor and resistor values, as well as,
determine the number of poles that are required for the
application. For more informaticn on filtering signals,
see the application note ANB99 “Anti-Aliasing Analog
Filters for Data Acquisition Systems.

IN4, _":l__

MCP202

FIGURE 6-3: The MCP601 Operational Amplifier is
used to implement a 2nd order anti-aliasing fitter for
the signal being converted by the MCP3202,

6.4  Layout Considerations

When laying out a printed circuit board for use with
analog components, care should be taken to reduce
noise wherever possible. A bypass capacitor should
always be used with this device and should be placed
as close as possible to the device pin. A bypass capac-
itor value of 0.1 pF is recommended.

Digital and analog traces should be separated as much
as possible on the board and no traces should run
undemeath the device or the bypass capacitor. Extra
precautions should be taken to keep traces with high
frequency signals (such as clock lines} as far as possi-
ble from analog traces.

Use of an analog ground plane is recommended in
order 1o keep the ground potential the same for all
devices on the beard. Providing Vpp connections to
devices in a “star” configuration can also reduce noise
by eliminating current retum paths and associated
errors, See Figure 6-4. For more informaticn on layout
tips when using A/D Converters, refer to ANG88 “Lay-
out Tips for 12-Bit A/D Converter Applications”.

Connection

FIGURE 6-4: V., traces amanged in a ‘Slar'
configuration in order to reduce ermors caused by
current return paths.
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W AXI/

+5V-Powered, Multichannel RS-232

General Description

The MAX220-MAX249 family of line driversireceivers is
intended for all EIA/TIA-232E and V.28/V.24 communica-
tions interfaces, particularly applications where +12V is
not available,

These parts are especially useful in battery-powered sys-
tems, since their low-power shutdown mocde reduces
power dissipation to less than 5pW. The MAX225,
MAX233, MAX235, and MAX245/MAX248/MAX247 use
no external components and are reccmmended for appli-
cations where printed circuit board space is critical.

Applications

Portable Computers

Low-Power Modems

Interface Translation
Battery-Powered RS-232 Systems
Multidrop RS-232 Networks

AutoShutdown and UCSP are trademarks of Maxim Integrated
Products, Inc.

Drivers/Receivers

Next-Generation
Device Features

+ For Low-Voltage, Integrated ESD Applications
MAX3222E/MAX3232E/MAX3237E/MAX3241E/
MAX3246E: +3.0V to +5.5V, Low-Power, Up to
1Mbps, True RS-232 Transceivers Using Four
0.1pF External Capacitors (MAX3246E Available
in a UCSP™ Package)

¢ For Low-Cost Applications
MAX221E: +15kV ESD-Protected, +5V, 1pA,
Single RS-232 Transceiver with AutoShutdown™

Ordering Information

PART TEMP RANGE PIN-PACKAGE
MAX220CPE 0°C to +70°C 16 Plastic DIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°C to +70°C Dice*
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C to +85°C 16 CERDIP
MAX220MJE -55°C 1o +125°C 16 CERDIP

Ordering Information continued at end of data sheet.
*Contact factory for dice specifications.

Selection Table

Power Na. of Nominal SHDN Rx

Part Supply RS-232 No. of Cap. Value & Three- Activein Data Rate

Number v Drivers/Rx Ext. Caps ({(uF) State SHDN {kbps) Features

MAX220 +5 2/2 4 0047/0.33 MNo e 120 Ultra-tow-power, industry-standard pinout

MAX222 +5 2/2 4 01 Yes — 200 Low-power shutdown

MAX223 (MAX213} +5 4f5 4 1.0(0.1) Yes v 120 MAX241 and receivers active in shutdown

MAX225 +5 55 o] - Yes v 120 Available in SO

MAX23G {MAX200} +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown

MAX231 {MAX201) +5and 212 2 1.0{(0.1) No — 120 Standard +5/+ 12V or battery suppfies;
+7.51c+13.2 same furctions as MAX232

MAX232 (MAX202) +5 212 4 1.0(0.1) No — 120 (64) Industry standard

MAX232A +5 2/2 4 041 No — 200 Higher slew rate, small caps

MAX233 (MAX203) +5 2/2 0 —_ No — 120 No external caps

MAX233A +5 212 0 — No — 200 No external caps, high slew rate

MAX234 (MAX204) +5 4/0 4 1.0(C1) No — 120 Replaces 1488

MAX235 (MAX205) +5 5/5 D — Yes —_ 120 No external caps

MAXZ236 (MAX206) +5 413 4 1.0(0.1) Yes — 120 Shutdown, three state

MAX237 (MAX207) +5 5/3 4 1.0¢0.1) No — 120 Complements IBM PC serial port

MAX238 (MAX208) +5 4/4 4 1.0(0.1) No — 120 Replaces 1488 and 1489

MAX239 (MAX209) +5and 3/5 i 1.0(0.1) No — 120 Standard +5/+ 12V or battery supplies;
+7.5t0+13.2 single-package solution for IBM PC serial port

MAX240 +5 5/5 4 1.0 Yes —_— 120 DIP or flatpack package

MAX241 (MAX211) 45 4/5 4 10{0.1) Yes — 120 Complete IBM PC serial port

MAX242 +5 2/2 4 01 Yes v 200 Separate shutdown and enable

MAX243 +5 22 4 0.1 No - 200 QOpen-line detection simplifies cabling

MAX244 +5 8/10 4 1.0 No -— 120 High slew rate

MAX245 +5 8/10 0 — Yes v 120 High slew rate, int. caps, two shutdown modes

MAX246 +5 8/10 o} —_ Yes v 120 High slew rate, int. caps, three shutdown modes

MAX247 +5 8/9 o] - Yes v 120 High slew rate, int. caps, nine pperating modes

MAX248 +5 8/a8 4 1.0 Yes v 120 High slew rate, selective half-chip enables

MAX249 +3 6/10 4 10 Yes v 120 Available in quad flatpack package

MAXIM Maxim Integrated Producis 1

For pricing, delivery, and ordering information, please contact Maxim/Dallas Direct! at
1-888-629-4642, or visit Maxim’s website al www.maxim-ic.com.
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

18-Pin Plastic DIP {derate 11.11mW/°C above +70°C)..889mW
20-Pin Plastic DIP (derate 8.00mW/°C above +70°C) ..440mwW
16-Pin Narrow SO (derate 8.70mW/°C abave +70°C) ...696mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
18-Pin Wide SO (derate 9.52mW/°C above +70°C)......762mW
20-Pin Wide SO (derate 10.00mW/°C above +70°C)....800mW
20-Pin SSOP (derate 8.00mW/°C above +70°C) .......... 640mwW
16-Pin CERDIP (derate 10.00mW/°C above +70°C).....800mwW
18-Pin CERDIP (derate 10.53mW/C above +70°C).....842mW
Operating Temperature Ranges

Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (VTG oo v -0.3V to +6V
V+ (Note 1) (Voo - 0.3V} to +14V
V- (NOTB 1) +0.3V to +14V
Input Voitages

AN e raeraae e et -0.3V to (Ve - 0.3V)
RN (Except MAXZ20) ... +30V

RINCIMAXZ20). ... e +25V
TouT (Except MAX220) (NGte 2) ..o, +15V
TOUT IMAXZ20)... ..ot e +13.2V
Qutput Voltages

[ o]0 ) T O T R P OO P U PP TP T O UTTOPNt +15V
BOUT oottt e s -0.3V to (Voo + 0.3V)

Driver/Receiver Output Shart Circuited to GND......... Continucus
Continuous Power Dissipation (Ta = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C}..842mW

MAX2_ _AC_ _, MAXZ_ _C_ i 0°C to +70°C
MAX2_ _AE_ _ MAX2_ _E_ _ -40°C to +85°C
MAXZ2_ _AM_ _ MAX2_ _M_ _ ..-55°C to +125°C
Storage Temperature RaNge ............oc.ccceeevnane. -65°C 1o +160°C
Lead Temperature (soldering, 108} {Note 3} ................... +300°C

Note 1: For the MAX220, V+ and V- can have a maximum magnitude of 7V, but their absolute difference cannot exceed 13V.

Note 2: input voltage measured with TouT in high-impedance state, SHDN or Vo = OV.
Note 3: Maximumn reflow temperature for the MAX233A is +225°C.

Stresses bayond those listed under “Absolule Maximurm Ratings™ may cause permanent damage !o the device. These ate stress ratings only, and functionial
operation of the device al these or any other conditions bayond those indicated in the operational sgctions of the specifications is not implied. Exposure to
absolute maxirmum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243

(Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33pF, Ta = TMIN to TMAX, uniess otherwise noted.)

PARAMETER | CONDITIONS | MIN  TYP  MmaAX | uNITS
RS-232 TRANSMITTERS
Output Voltage Swing All transmitter outputs loaded with 3k to GND +5 +8 A
Input Logic Threshold Low 1.4 0.8 v
Ineut Loaic Threshold High All devices except MAX220 2 1.4 y
u i i
put-og 9 MAX220: VoG = 5.0V 2.4
Adl except MAX220, normal operation 5 40
Logic Pullup/input Current SHON = 0V, MAX222/MAX242, shutdown, HA
+0.01 +1
MAX220
Vee = 5.5V, SHDN = 0V, VouT = 15V,
o rane Curront MAX222/MAX242 001 £10
utput Leakage Curren A
. 9 —_ Vout = £18Y +0.01 +10 H
Voe = SHDN = oV
MAX220, VouT = £12V +25
Data Rate 200 116 kbps
Transmitter Qutput Resistance Voo = V4 = V- = OV, VouT = 2V 300 10M Q
\ =0V +7 22
Output Short-Circuit Current Vout = 0V OUT = mA
MAX220 +60
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range =30 Vv
P ge bperaling Hang MAX220 +25
All except MAX243 R2 08 1.3
RS 232 Input Threshold Low Voo = BV ks L v
MAX243 R2 |N (Note 4) -3
43 R . 4
RS-232 Input Threshold High Voo = BV All except MAX243 Rain 18 2 v
MAX243 R2 |y (Note 4) 0.5 -0.1
, MAXIMN




+5V-Powered, Muiltichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
(Vee = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047pF, C2-C4 = 0.33uF, Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MiN TYP MAX UNITS
All except MAX220/MAX243. Veo =5V, no 0.2 0.5 10
RS-232 tnput Hysteresis hysteresis in SHON v
putTy MAX220 0.3
MAX243 1
_ 3 5 7
RS-232 Input Resistance Ta = +25°C (MAX220) 3 5 - K&
TTL/CMOS Output Voltage Lo our = 32mA 0z 04 v
U e W
P 9 louT = 1.6mA (MAX220) 0.4
TTL/CMOS Qutput Voltage High louT = -1.0mA 35 Vee-0.2 v
L Sourcing Vour = GND 2 -10
TTL/CMOS Output Short-Circuit Current — mA
Shrinking VouT = Voo 10 30
SHDN = Vcc or EN = Vec (SHDN = OV for
TTL/CMOS Output Leak Current , 1
L/ Uiput eakage Lu MAX222), OV < Vour € Voe 005 +10 bA
EN input Threshaold Low MAX242 14 0.8 v
EN Input Threshold High MAX242 2.0 14 \
Operating Supply Voltage 4.5 5.5 v
MAX220 0.5 2
No load MAX222MAX232A/MAX233A/ 4 10
Ve Supply Current (SHDN = Vo), MAX242/MAX243 A
figures 5, 6, 11,19 MAX220 12 i
3kL} load both
in MAX222/MAX232A/MAX233A/
puts 15
MAX242/MAX243
Ta = +25°C 0.1 10
MAX222/ Ta = 0°C to +70°C 2 50
Shutdown Supply Current A
poly MAX242 Ta = -40°C 10 +85°C 2 50 H
Ta = -55°C 10 +125°C as 100
SHDN Input Leakage Current MAX222{MAX242 %1 HA
SHDN Threshold Low MAX222/MAX242 1.4 0.8 v
SHDN Threshold High MAX222/MAX242 20 1.4 Vv
CL=50pFt0 MAX222/MAX232AIMAX 233/
2500pF, Ri = 3KQ | MAX242/MAX243 6 12
- to 7kf}, Voo = 5Y,
Transition Slew Rate Th = +25°C, Vips
measurad from MAX220 1.5 3 30.0
+3V 1o -3V or -3V
MAX222/MAX232A/MAX233/ 13 35
PHLT MAX242/MAX243 ' '
Transmitter Propagation Delay TLL to MAX220 4 10
RS-232 (Normal Operation), Figure 1 MAX222/MAX232A/MAX233/ HS
tPLHT MAX242/MAX243 535
MAX220 5 10
Note 4: MAX243 R2puT is guaranteed to be low when R2)n is = OV or is floating.
MNMAXIN 3
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MAX220-MAX249

+5V-Powered, Multichannel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX220/222/232A/233A/242/243 (continued)
{Voo = +5V £10%, C1-C4 = 0.1pF, MAX220, C1 = 0.047uF, C2-C4 = 0.33uF, Ta = TmiN 10 TMAX, unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
MAX222/MAX232A/MAX233/ 05 1
IPHLR MAX242/MAX243 ’
Receiver Propagation Delay RS-232 to MAX220 0.6 3 <
TLL {(Normal Operation), Figure 2 MAX222/MAX232A/MAX233/ 0.6 ’ .
tPLHR MAX242/MAX243 '
MAX220 0.8 3
) tPHLS MAX242 05 10
Receiver Propagation Delay RS-232 to
TLL {Shutdown), Figure 2 HS
tPHLS MAX242 25 10
Receiver-Output Enable Time, Figure 3 1ER MAX242 125 500 ns
Receiver-Output Disable Time, Figure 3 [ 1pR MAX242 160 500 ns
Transmitter-Output Enable Time (SHDN t rﬁzﬁi mgésﬁ;a?;u-': um 250
Goes High), Figure 4 ET p ge-pump HS
start-up)
Transmitter-Output Disable Time (SHDN ¢ MAX222/MAX242, 600
Goes Low), Figure 4 o7 0.1uF caps ns
MAX222/MAXZ232A/MAX233/ 300
Transmitter + to - Propagation Delay o 4 MAX242/MAX243
Difference (Normal Operation) PHLT - IPLHT ns
MAX220 2000
Receiver + to - Propagation Delay MAX222/MAXZIZAIMAX233/ 100
) - MAX242/MAX243
Difference (Normal Opetation) IPHLA - IPLHR f ns
MAX220 225

Typical Operating Characteristics

MAX220/MAX222/MAX232A/MAX233A/MAX242/MAX243

AVAILABLE OUTPUT GURRENT MAXZ22/MAX242
OUTPUT VOLTAGE vs. LOAD CURRENT vs. DATA RATE ON-TIME EXITING SHUTDOWN

1 - n ——— 0V

. 1uF ¢ “ QUTPUT LOAD CLRRENT § e —1uF cars — % g

5 | ETHER V4 OR V- LOADED - 10 i~ FLOWS FHOM ¥ TOV- N L e
S 4 |VegeaSv ow_] g 4 LSS ] s w e e
= NO LOAD ON = ] = SHON
Z 2 | TRANSMITTER CUTPUTS o g P¥ce = +5.25V 2 W
S g | (EXCEPT MAX220, MAXZ33A) £ =
= I ! I = ALL CAPS s W
& -2 | V-LOADED, NO LOAD ON Vs 5 7 [Towf Fal =
S i 2 - IRAVEETI e \
S 4 0.1uF w1 3 6 =" % \ 1uF CAPS

‘__-—-‘ '-.____
+ o = \L\ —
] 5 w=p—0.1uF CAPS
o ¥+ LOADED, NO LDAD ON V- ) - v L
¢ 5 1w 15 AW % 01 2 W 0 0 & S00p8/div

LCAD CURRENT (mA)

DATA RATE (kbits/sec)

MAXIMN




+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX223/MAX230-MAX241

N et et e -0.3V to +6V
Vb {Vee - 0.3V) to +14V
o e irbrirrr e e e e e e n et e e et e e e +0.3V to -14V
Input Voltages

TAN ettt r ettt -0.3V to (Voo + 0.3V)

[ 0T T PP ST O PP P PUPUP PR +30V
Output Voltages

TOUT cveveeeee e e (V+ + 0.3V) to (V- - 0.3V)

ROUT ceev e -0.3Vto (Voo + 0.3V)
Short-Circuit Duration, TOUT «vvooeerenieeeneie e Continuous

Continuous Power Dissipation {Ta = +70°C)

14-Pin Plastic DIP (derate 10.00mW/°C above +70°C)....800mW
16-Pin Plastic DIP {derate 10.53mW/°C above +70°C}....B42mW
20-Pin Plastic DIP (derate 11.11mW/°C above +70°C)....889mW
24-Pin Narrow Plastic DIP

(derate 13.33mW/*C above +70°C) .......... 1.07W
24-Pin Plastic DIP {derate 9.09mW/°C above +70°C}..... 500mW
16-Pin Wide SO (derate 9.52mW/°C above +70°C)......... 762mwW

20-Pin Wide SO (derate 10 00mW/°C above +70°C)......800mW
24-Pin Wide SO (derate 11.76mW/°C above +70°C)....... 341mwW

28-Pin Wide SO (derate 12.50mW/C above +70°C) ... 1w
44-Pin Plastic FP (derate 11.11mW/C above +70°C} .....8B9mW
14-Pin CERDIP {derate 3.09mW/°C above +70°C) .......... 727mwW

16-Pin CERDIP (derate 10.00mW/C above +70°C}........ 800mwW
20-Pin CERDIP (derate 11.11mW/C above +70°C)........ 8BO9mW
24-Pin Narrow CERDIP

(derate 12.50mW/°C above +70°C) ............ 1W
24-Pin Sidebraze {derate 20.0mW/°C above +70°C)..........1.6W
28-Pin SSOP {derate 9.52mW/°C above +70°C)............. 762mw

Operating Temperature Ranges
MAX2 _ _C o o 0°C 10 +70°C
MAX2 __E__ ....-40°C 10 +85°C
MAXZ2 __ M __ e .-55°C to +125°C
Storage Temperature Range ... -65°C to +160°C
Lead Temperature (soldering, 10s) (Note 4) ................... +300°C

Note 4: Maximum reflow temperature for the MAX233/MAX235 is +225°C.

Stresses beyond those fisted under "Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings onty, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS—MAX223/MAX230-MAX241

(MAX223/230/232/234/236/237/238/240/241, Voo = +5V £10; MAX233/MAX235, Vg = 5Y £5%, C1-C4 = 1.0pF, MAX231/MAX239,
Ve = 5V £10%; V+ = 7.5V to 13.2V; Ta = TMiN to Tmax; unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Output Voitage Swing All transmitter outputs loaded with 3k to ground +5.0 +7.3 v
MAX232/233 5 10
Voo Power-Supply Current 2": fi‘;soc MAX223/230/234-238/240/241 7 15 mA
MAX231/239 0.4 1
MAX231 1.8 5
V+ Power-Supply Current mA
MAX239 5 15
MAX223 15 50
Shutdown Supply Current Ta = +25°C HA
MAX230/235/236/240/241 1 10
Input Logic Threshold Low | Tyn; EN, SHDN (MAX233); EN, SHDN (MAX230/235-241) 0.8 v
TiN 20
Input Logic Threshold High EN, SHDN (MAX223); 24 A
EN, SHDN {MAX230/235/236/240/241) '
Logic Puli-Up Current Tin=0V 1.5 200 A
v |
ey otage w0 | v

MNAXIMN
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ELECTRICAL CHARACTERISTICS—MAX223/MAX230—-MAX241 (continued)

(MAX223/230/232/234/236/237/238/240/241, Ve = +5Y £10; MAX233/MAX235, Voo = 5V £5%, C1-C4 = 1.0uF; MAX231/MAX239,
Voo = 5V £10%; V+ = 7.5V 10 13.2V, Ta = TmiN to Tmax: unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX | UNITS
Normal operation
SHDN = 5V (MAX223} 0.8 1.2
- s SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold Low Ta *23 ¢ v
Vec =5 Shutdown (MAX223)
SHON = 0V, 086 15
EN = 5V (R4iN, RSiN)
Normal operation
SHON = 5V (MAX223) 1.7 2.4
- ] SHDN = OV (MAX235/236/240/241)
RS-232 Input Threshold High \T,A = +§3 C. v
cc = Shutdown (MAX223}
SHDN = 0oV, 1.5 2.4
EN = 5V (R4, RSIN)
RS-232 Input Hysteresis Yoo = 5V, no hysteresis in shutdown Q.2 Q5 10 v
RS-232 Input Resistance Ta = +25°C, Voo = 5V 7 kQ
TTL/CMOS Qutput Voltage Low louT = 1.6mA (MAX231/232/233, louT = 3.2mA) 0.4 v
TTL/CMOS Cutput Voltage High louT = -1mA 35 vee-04 A
OV £ RpuTt = Ve EN = OV (MAX223);
TTL/CMOS Cutput Leakage Current EN = Vo (MAX235-241 ) 0.05 +10 pA
MAX223 600
Receiver Qutput Enable Time Norma_l ns
operation MAX235/236/239/240/241 400
MAX223 900
Receiver Output Disable Time Norma_l ns
operation MAX235/236/239/240/241 250
RS-232 IN to Normal operation 0.5 10
Propagation Delay TTL/CMOS OUT | SABN = ov PHLS 40 Hs
MAX223/MAX230/MAX234-241, Ta = +25°C, Vce = 5V,
Rl = 3kQ to 7kfL, CL = 50pF 1o 2500pF, measured from 3 5.1 30
+3V to -3V or -3V to +3V
Transition Begion Slew Rate Vius
MAX231/MAX232/MAX233, Ta = +25°C, Voo = 5V,
RL = 3k to 7k§2, CL = 50pF 10 2500pF, measured from 4 30
+3V to -3V or -3V to +3V
Transmitter Qutput Resistance Voo = V+ = V- =0V, Vour = £2V 300 Q
Transmitter Qutput Short-Circuit
Current +10 mA

MAXIMN




+5V-Powered, Multichannel RS-232
Drivers/Receivers

Typical Operating Characteristics
MAX223/MAX230-MAX241

TRANSMITTER OUTPUT VOLTAGE (Vou)
TRANSMITTER OUTPUT vs. LOAD CAPACITANCE AT TRANSMITTER SLEW RATE
VOLTAGE (Vo) vs. Voo DIFFERENT DATA RATES vs. LOAD CAPACITANCE
8 ' i B0 ITONSMITTER LOADED 7y 2257
2 TRANSMITTERS ; |§ o ; =25 §
LCADED 72 : oe=+
| g van LOADED, R, - 32
80 70 ) 100 €104 = 1F—
) 3 AN
1 TRANSMITTER />>( 3w —] 2 TRANSMITTERS -
s e ] LN TR = LOADED
75 ' STRANS-1 - = okbits/sec / N\ 2 80 \
£ P mmes | £ o | S P ] N
L 20kbily/sec > &
LOADED | 4 10
1 hense b [Ta=+25°C 3 TRANSMITTERS \\\
10 C1-Ca=1pF Voo =45V 80—\ oadeD |
e FRANSMITTER op |3 TRANSMITTERS LOADED U AT NN
ATRANSMITTERS LOADS = © | Re=3a 30 LOADED O
o LOADED | 32 Il 25000F s LEHCHWE w0 : |
a5 50 55 Co0 S0 1000 1500 2000 2500 0 50 1000 150 200 2500
ver V) LDAD CAPACITANCE (oF) LOAD CAPACITANCE (pF)
TRANSMITTER OUTPUT VOLTASE (Vou)
TRANSMITTER OUTPUT vs, LOAD CAPACITANGE AT TRANSMITTER OUTPUT VOLTAGE (V+, V-}
VOLTAGE {Vou} vs. Yoo DIFFERENT DATA RATES vs. LOAD CURRENT
50 . s 60 10
ATRANS-  Tp- 25°C |§ .- § X [~ I§
MITTERS  C1-C4= IuF | 62 Fyge= v ¥
A LOADED ™ TRANSMITTER 3 TRANSMITTERS LOADED / § Tae 250 "’ =t
LOADS = -84 P RL= 3 7 4 Vg = 45V 4
20 M \~ 3662 25009 op |CCt-wF /| C1-Ca = 1
: T 2 .
g 15 \& \\ S o5 | vk ,/ f ) e AND ¥-__:4'GLIP$RDEJED' Ve LoADID, |
2" [ ~ £ BOKbits/sec y ¥ WALLY =10 0 [ IND LoAD
1 TRANS- 70 | 20Kitssec < .3 {LOADED ON V-
-5.0 | MITTER ’
Lowen /* N 72 d ) a5
| 2 TRANG-__ STRANS- ' L 4 3 et
B T wimens — wimes 74 __,// P 4 ﬁ watl]
LOADED  LCADED
00 4 76 10 | ALL TRANSMITTERS UNLOADED
i5 50 55 0 00 1000 1500 2000 2500 0 5 101520 25 30 3B 40 45 50
Vee W) LOAD CAPACITANCE (pF) CURRENT (ma)
¥+, V- WHEN EXITING SHUTDOWN
{1.F CAPACITORS)
WAKZ0-13
Vi
0
: v-
. S

S00ms/div

*SHUTDOWN PLLARITY IS REVERSED
FOR NON MAX241 PARTS

MAXIMN 7
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MAX220-MAX249

+5V-Powered, Multichannel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX225/MAX244-MAX249

Supply Voltage (VEC) .o -0.3Vto +6V
Input Voltages
Tin, ENA, ENB, ENR, ENT, ENRA,
ENRB, ENTA, ENTB ... -0.3Vio (Voo + 0.3V)
FUN e
Tout (Note 5)...
ROUT «ovvveeenes
Shor Circuit (one output at a time)
TOUTIO GND ... e Continuous
ROUT 0 GND e Continuous

Continuous Power Dissipation (Ta = +70°C}

28-Pin Wide SO (derate 12.50mwW/°C above +70°C) ............ 1w

40-Pin Plastic DIP (derate 11,11mWFC above +70°C) ...611mW

44-Pin PLCC (derate 13.33mW/°C above +70°C) ........... 1.07W
Operating Temperature Ranges

MAX225C_ _, MAX24_C_ _ .l 0°C 10 +70°C

MAX225E_ _, MAX24_E_ _ ... ....-40°C 1o +85°C
Storage Temperature Range ..........ccocovvvrvee e -65°C to +160°C
Lead Temperature (soldering,10s) (Note 6} ................... +300°C

Note 5: input voltage measured with transmitler output in a high-impedance state, shutdown, or Vog = OV.
Note 6: Maximum reflow temperature for the MAX225/MAX245/MAX246/MAX247 is +225°C.

Stressas beyond Ihose listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the davice at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maxirmum rating conditions for extended periods may affect device refiability.

ELECTRICAL CHARACTERISTICS—MAX225/MAX244-MAX249
(MAX225, Voo = 5.0V £5%; MAX244-MAX248, Vo = +5.0V £10%, external capacitors C1-C4 = 1uF; Ta = TMIN to TMax; unless oth-

erwise noted.)

PARAMETER ] CONDITIONS | MIN TYP MAX | UNITS
RS-232 TRANSMITTERS
Input Logic Threshold Low 1.4 0.8 v
Input Logic Threshold High 2 1.4 \
Logic Pull-Upfinput Current Tables 1a-1d Normal operation 10 %0 WA
Shutdown +0.01 +1
Data Rate Tables 1a-1d, normal operation 120 64 kbps
Output Voltage Swing All transmitter outputs loaded with 3k 10 GND +5 +7.5 )
Qutput Leakage Current (Shutdown) Tables 1a-1d ya—=y WA
VSST“: sy 001 225
Transmitter Quiput Resistance Voo = V+ = V- = OV, VouT = £2V (Note 7} 300 10M Q
Output Short-Circuit Current Vour = 0V +7 +30 mA
RS-232 RECEIVERS
RS-232 Input Voltage Cperating Range +25 Vv
RS-232 Input Threshold Low Voo = 5V 0.8 1.3 Vv
RS-232 Input Threshold High Voo = 5V 1.8 24 Vv
RS5-232 Input Hysteresis Voo =5V 0.2 0.5 1.0 v
RS$-232 Input Resistance 3 5 7 k(2
TTL/CMOS Qutput Voltage Low louT = 3.2mA 0.2 0.4 A
TTL/CMOS Qutput Voltage High louT =-1.0mA 35 Vee-02 A
TTL/CMOS Output Short-Circuit Current Song|.ng Vour = GND 2 10 mA
Shrinking Vout = Vcc 10 30
TTL/CMOS Output Leakage Current ?;é:gi'faf’jrg’t'gcgvgsf Sd\;sca;"?ﬁ_ vec $0.05 010} pA
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ELECTRICAL CHARACTERISTICS-—-MAX225/MAX244-MAX249 (continued)

(MAX225, Voo = 5.0V £5%; MAX244-MAX249, Voi = +5.0V +10%, external capacitors C1-C4 = 1uF; Ta = TMIN to TMAX; unless oth-
erwise noted.)

PARAMETER [ CONDITIONS ] MIN TYP MAX | UNITS
POWER SUPPLY AND CONTROL LOGIC
o fing Suoply Voit MAX225 4.75 525 v
peraling Supply Vollage MAX244-MAX249 25 55
No foad MAX225 10 20
o loa
vVce Supply Current MAX244-MAX249 11 a0 mA
(Normat Operation) 3k loads on | MAX225 40
all outputs MAXZ244-MAX249 57
Ta = +25°C 8 25
Shutdown Supply Current A
uppY Ta = Tmin 1o TMAX 50 .
Leakage current +1 WA
Control Input Threshold low 1.4 0.8 y
Threshold high 2.4 1.4
AC CHARACTERISTICS
. C| = 50pF to 2500pF, RL = 3k to 7k, Voo = 5V,
Transition Slew Rate Ta = +25°C, measured from +3V 10 -3V or -3V 1o +3V |  ° 1030 | Vis
Transmitter Propagation Delay tPHLT 1.3 a5
TLL to RS-232 {Normal Operation), us
Figure 1 tPLHT 1.5 3.5
Receiver Propagation Detay tPHLR 0.6 15
TLL to RS-232 (Normal Operation). Us
Figure 2 tPLHR 0.6 1.5
Receiver Propagation Delay tPHLS 0.6 10
TLL to RS-232 (Low-Power Mode), us
Figure 2 tPLHS 3.0 10
Transmitter + to - Propagation
Delay Difference (Normal Operation) TPHLT - 1PLHT 350 ns
Receiver + to - Propagation
Delay Difference (Normal Operation) IPHLR - iPLHR 350 ns
Receiver-Output Enable Time, Figure 3 | ieR 100 500 ns
Receiver-Output Disable Time, Figure 3| tDR 100 500 ns
MAX246-MAX249 5
{excludes charge-pump stariup} WS
Transmitter Enable Time ET
MAX225/MAX245-MAX249 10
(includes charge-pump starlup} ms
Transmitter Disable Time, Figure 4 toT 00 ns

Note 7: The 300£2 minimum specification complies with EIA/TIA-232E, bui the actual resistance when in shutdown mode or Vi =
0V is 10M©2 as is implied by the leakage specification.

MNAXIMN 8
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TRANSMITTER SLEW RATE
vs. LOAD CAPACITANCE
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QuTPUT
tpLHT —— -
*EXCEPT FOR R2 ON THE MAX243
WHERE -3¥ IS USEQ.
Figure 1. Transmitter Propagation-Delay Timing Figure 2. Receiver Propagation-Delay Timing

&N

Ry OUT 1x02
Ry IN » Voo -V

a) TEST CIRCUIT

, 1500F
BN NPT — 2 '
: oV 1l
—— et OUTPUT ENABLE TIME (ter)
T
:‘ 1
RECEIVER T
QuTPUTS AN
» 1
' -' 3} TIMING DIAGRAM
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+3V E_N
ERnpuT — : 10R0
— s — QUTPUT DISABLE TIME (igg) 0 50pF
Vou |
“““ VoH- 0.5V I
RECEIVER | Voo- N = =
QUTPUTS '
A VoL +0.5V b} TEST CIRCUIT
VoL !
}
t) DISABLE TIMING '
Figure 3. Receiver-Output Enable and Disabie Timing Figure 4. Transmitter-Output Disable Timing
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Table 1a. MAX245 Control Pin Configurations
ENT ENR OPERATION STATUS TRANSMITTERS RECEIVERS
0 0 Normal Operation All Active All Active
0 1 Normal Operation All Active All 3-State
1 ¢ Shutdown All 3-State All Low-Power Receive Mode
1 1 Shutdown Al 3-State All 3-State
Table 1b. MAX245 Control Pin Configurations
—_— —_— OPERATION TRANSMITTERS RECEIVERS
ENT ENR STAT
us TA1-TA4 TB1-TB4 RA1-RAS RB1-RB5
0 0 Normal Operation All Active All Active All Active All Active
. . . RA1-RA4 3-State, RB1-RB4 3-State,
0 1 Normat Operation All Active All Active RAS Active RBE Active
All Low-Power All Low-Power
1 0 Shutdown All 3-State All 3-State Receive Mode Receive Mode
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RB5 Low-Power
Receive Mode Receive Mode
Table 1¢c. MAX246 Control Pin Configurations
N I OPERATION TRANSMITTERS RECEIVERS
ENA ENB
STATUS TA1-TA4 TB1-TB4 RA1-RAS RB1-RBS
0 0 Normal Operation All Active All Active All Active All Active
. ‘ . RB1-RB4 3-State,
0 1 Normal Operation All Active All 3-State All Active RBS Active
. RA1-RA4 3-State, .
1 0 Shutdown All 3-State All Active RAS Active All Active
RA1-RA4 3-State, RB1-RB4 3-State,
1 1 Shutdown All 3-State All 3-State RAS Low-Power RAS5 Low-Power
Receive Mode Receive Mode

12
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Table 1d. MAX247/MAX248/MAX249 Contro! Pin Configurations
TRANSMITTERS RECEIVERS
e e [ ——— [ ——— OPERATION MAX247 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RBS
ENTA | ENTB | ENRA | ENRB STATUS MAX248 | TA1-TA4 | TB1-TB4 RA1-RA4 RB1-RB4
MAX249 | TA1-TA3 | TB1-TB3 RA1-RA5 RB1-RBS
0 0 0 0 Normal Operation All Active | All Active | Alt Active All Active
All 3-State, except
0 0 0 1 Normal Operation Alt Active | All Active | All Active RBS stays active on
MAX247
0 0 1 0 Normal Operation All Active | All Active | All 3-State All Aclive
Alt 3-State, except
0 0 1 1 Normal Operaticn All Active | All Active | All 3-State AB5 stays active on
MAX247
0 1 0 0 Normal Operation All Active | All 3-State | All Active All Active
All 3-State, except
0 1 0 1 Normal Operaticon All Active [ All 3-State | All Active ABS stays active on
MAX247
0 1 1 0 Normal Operation All Active | Alf 3-State { All 3-State All Active
All 3-State, except
0 1 1 1 Normal Operation All Active | All 3-State § All 3-State RB5 stays active on
MAX247
1 0 0 0 Normal Operation All 3-State ; All Active | All Active All Active
All 3-State, except
1 0 0 1 Normal Operation All 3-State | All Active | All Active RB5 stays active on
MAX247
1 0 1 0 Normat Operation All 3-State | All Active | All 3-State All Active
All 3-State, except
1 0 1 1 Normal Operation All 3-State | All Active | All 3-State RB5 stays active on
MAX247
Low-Power Low-Power
1 1 0 0 Shutdown All 3-State | All 3-State Receive Moda Receive Mode
All 3-State, except
1 1 0 1 Shutdown All 3-State | All 3-State ;zgjvoewﬁg de ABS stays active on
MAX247
1 1 1 0 Shutdown All 3-State | All 3-State | All 3-State Low-Power
Receive Mode
All 3-State, except
1 1 1 1 Shutdown All 3-State | All 3-State | All 3-State RB5 stays active on
MAX247
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Detailed Description

The MAX220-MAX249 contain four sections: dual
charge-pump DC-DC voltage converters, RS-232 dri-
vers, RS-232 receivers, and receiver and transmitter
enable control inputs.

Dual Charge-Pump Voltage Converter
The MAX220-MAX249 have two internal charge-pumps
that convert +5V to £10V (unloaded) for RS-232 driver
operation. The first converter uses capacitor C1 to dou-
ble the +5V input to +10V on C3 at the V+ output. The
second converter uses capacitor C2 to invert +10V to
-10V on C4 at the V- output.

A small amount of power may be drawn from the +10V
{V+) and -10V (V-) cutputs to power external circuitry
{sea the Typical Operating Characteristics section),
except on the MAX225 and MAX245-MAX247, where
these pins are not avaitable. V+ and V- are not regulated,
80 the output voltage drops with increasing load current.
Do not load V+ and V- to a point that violates the mini-
mum +5V EIA/TIA-232E driver output voltage when
sourcing current from V+ and V- to external circuitry.

When using the shutdown feature in the MAX222,
MAX225, MAX230, MAX235, MAX236, MAX240,
MAX241, and MAX245-MAX249, avoid using V+ and V-
to power external circuitry. When these parts are shut
down, V- falls to OV, and V+ falls to +5V. For applica-
tions where a +10V external supply is applied to the V+
pin {instead of using the internal charge pump to gen-
erate +10V), the C1 capacitor must not be installed and
the SHDN pin must be tied to Vcc. This is because V+
is internally connected tc VCC in shutdown mode.

AS-232 Drivers
The typical driver output voltage swing is +8Y when
loaded with a nominal 5kQ RS-232 receiver and Vcc =
+5V. Quiput swing is guaranteed to meet the EIA/TIA-
232E and V.28 specification, which calls for £5V mini-
mum driver output levels under worst-case conditions.
These include a minimum 3k€2 load, Vcc = +4.5VY, and
maxirmum operating temperature. Unloaded driver out-
put voltage ranges from (V+ -1.3V) to (V- +0.5V).

Input thresholds are bath TTL and CMOS compatible.
The inputs of upused drivers can be left unconnected
since 400kQ input pull-up resistors to Voo are built in
{except for the MAX220). The pull-up resistors force the
outputs of unused drivers fow because all drivers invert.
The internal input pull-up resistors typically source 12pA,
except in shutdown mode where the pull-ups are dis-
abled. Driver outputs turn off and enter a high-imped-
ance state—where leakage current is typically
microamperes {maximum 25uA)—when in shutdown
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mode, in three-state mode, or when device power is
removed. QOutputs can be driven to £15V. The power-
supply current typically drops to 8pA in shutdown mede.
The MAX220 does not have pull-up resistors to force the
outputs of the unused drivers low. Connect unused
inputs to GND or VC¢.

The MAX239 has a receiver three-state control line, and
the MAX223, MAX225, MAX235, MAX236, MAX24Q,
and MAX241 have both a receiver three-state control
line and a low-power shutdown control. Table 2 shows
the effects of the shutdown control and receiver three-
state control on the receiver outputs.

The receiver TTL/CMOS outputs are in a high-imped-
ance, three-state mode whenever the three-state enable
line is high (for the MAX225/MAX235/MAX236/MAX239-
MAX241), and are also high-impedance whenever the
shutdown control line is high.

When in low-power shutdown mode, the driver outputs
are turned off and their leakage current is less than TuA
with the driver output pulled to ground. The driver output
leakage remains less than 1pA, even if the transmitter
output is backdriven between 0V and (Vg + 6V). Below
-0.5V, the transmitter is diode ctamped to ground with
1k series impedance. The transmitter is also zener
clamped tc approximately Voo + 6V, with a series
impedance of 1k,

The driver output slew rate is limited to less than 30V/us
as required by the EIA/TIA-232E and V.28 specifica-
tions. Typical slew rates are 24V/us unloaded and
10V/us loaded with 3£ and 2500pF.

RS-232 Receivers
EIATIA-232E and V.28 specifications define a voltage
fevel greater than 3V as a logic 0, so all receivers invert.
Input thresholds are set at 0.8V and 2.4V, so receivers
respond 1o TTL level inputs as well as EIA/TIA-232E and
V.28 levels.

The receiver inputs withstand an input overvoltage up
to £25V and provide input terminating resistors with

Table 2. Three-State Control of Receivers

PART (SHDN{SHDN| EN | EN(R) RECEIVERS
Low [X High Impedance
MAX223 - | High |Low _ Active
High [ High High Impedance
Low High Impedance
A
MAX225 | — | — | ~ |High |Active
MAX235 | Low Low High Impedance
MAX236 | Low _ _ High Active
MAX240 | High X High impedance

MAXIMN
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nominal 5k values. The receivers implement Type 1
interpretation of the fault conditions of V.28 and
EIATIA-232E.

The receiver input hysteresis is typically 0.5V with a
guaranteed minimum of 0.2V. This produces clear out-
put transitions with slow-moving input signals, even
with maderate amounts of noise and ringing. The
receiver propagation delay is typically 600ns and is
independent of input swing direction.

Low-Power Receive Mode
The low-power receive-mode feature of the MAX223,
MAX242, and MAX245-MAX249 puts the IC into shut-
down mode but still allows it to receive information. This
is important for applications where systems are periodi-
cally awakened to look for activity. Using low-power
receive mode, the system can still receive a signal that
will activate it on command and prepare it for communi-
cation at faster data rates. This operation conserves
system power.

Negative Threshold—MAX243
The MAX243 is pin compatible with the MAX232A, differ-
ing only in that RS-232 cable fault protection is removed
on one of the two receiver inputs. This means that control
lines such as CTS and RTS can either be driven or left
floating without interrupting communication. Different
cables are not needed to interface with different pieces of
equipment.

The input threshold of the receiver without cable fault
protection is -0.8V rather than +1.4V. Its output goes
positive only if the input is connected to a control line
that is actively driven negative. If not driven, it defaults
to the O or “"OK to send” state. Normally, the MAX243's
other receiver (+1.4V threshold) is used for the data line
(TD or RD), while the negative threshold receiver is con-
nected to the control line (DTR, DTS, CTS, RTS, etc.).

Other members of the RS-232 family implement the
optional cable fault protection as specified by EIA/TIA-
232E specifications. This means a receiver output goes
high whenever its input is driven negative, left floating,
or shorted to ground. The high output tells the serial
communications IC to stop sending data. To avoid this,
the control lines must either be driven or connected
with jumpers to an appropriate positive voltage level.

MAXIMN
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Shutdown—MAX222-MAX242
On the MAX222, MAX235, MAX236, MAX240, and
MAX241, all receivers are disabled during shutdown.
On the MAX223 and MAX242, twa receivers continue to
operate in a reduced power mode when the chip is in
shutdown. Under these conditions, the propagation
delay increases to about 2.5ps for a high-to-low input
transition. When in shutdown, the receiver acts as a
CMOS inverter with no hysteresis. The MAX223 and
MAX242 also have a receiver output enable input (EN
for the MAX242 and EN for the MAX223) that allows
receiver output contral independent of SHDN (SHDN
for MAX241). With all other devices, SHDN (SHDN for
MAX241) also disables the receiver outputs.

The MAX225 provides five transmitters and five
receivers, while the MAX245 provides ten receivers and
eight transmitters. Both devices have separate receiver
and transmitter-enable controls. The ¢charge pumps
turn off and the devices shut down when a logic high is
applied o the ENT input. In this state, the supply cur-
rent drops to less than 25uA and the receivers continue
to operate in a low-power receive mode. Driver outputs
enter a high-impedance state (three-state mode}. On
the MAX225, all five receivers are controlled by the
ENR input. On the MAX245, eight of the receiver out-
puts are controlled by the ENR input, while the remain-
ing two receivers (RAS and RB5) are always active.
RA1-RA4 and RB1-RB4 are put in a three-state mode
when ENR is a logic high.

Receiver and Transmitter Enable

Control Inputs

The MAX225 and MAX245-MAX249 feature transmitter
and receiver enable controls.

The receivers have three modes of operation: full-speed
receive (normal active), three-state (disabled), and low-
power receive (enabled receivers continue to function
at lower data rates). The receiver enable inputs control
the full-speed receive and three-state modes. The
transmitters have two modes of operation: full-speed
transmit {(normal active} and three-state (disabled). The
transmitter enable inputs also control the shutdown
mode. The device enters shutdown mode when ail
transmitters are disabled. Enabled receivers function in
the low-power receive mode when in shutdown.

15
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Tables 1a-1d define the control states. The MAX244
has no control pins and is not included in these tables.

The MAX246 has ten receivers and eight drivers with
two contro! ping, each controlling one side of the
device. A logic high at the A-side control input (ENA)
causes the four A-side receivers and drivers to go inte
a three-state mode. Similarly, the B-side control input
(ENB) causes the four B-side drivers and receivers to
go into a three-state mode. As in the MAX245, one A-
side and one B-side receiver (RA5 and RB5) remain
active at all times. The entire device is put into shut-
down mode when both the A and B sides are disabled
(ENA = ENB = +5V}).

The MAX247 provides nine receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each conirol four receiver cutputs. The
ENTA and ENTB transmitter enable inputs each control
four drivers, The ninth receiver (RB5) is always active.
The device enters shutdown mode with a logic high on
both ENTA and ENTB.

The MAX248 provides eight receivers and eight drivers
with four control pins. The ENRA and ENRB receiver
enable inputs each control four receiver outputs. The
ENTA and ENTB transmitter enabie inputs control four
drivers each. This part does nct have an always-active
receiver. The device enters shutdown mode and trans-
mitters go into a three-state mode with a logic high on
both ENTA and ENTB.

16

The MAX249 provides ten receivers and six drivers with
four control ping. The ENRA and ENRB receiver enable
inputs each control five receiver outputs. The ENTA
and ENTB transmitter enable inputs control three dri-
vers each. There is no always-active receiver. The
device enters shutdown mode and transmitters go into
a three-state mode with a logic high on both ENTA and
ENTB. In shutdown mode, active receivers operate in a
low-power receive mode at data rates up to 20kb/s.

Applications Information

Figures 5 through 25 show pin configurations and typi-
cal operating circuits. In applications that are sensitive
to power-supply noise, VCC should be decoupled to
ground with a capacitor of the same value as C1 and
C2 connected as close as possible to the device.
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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