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ABSTRACT

This project, Electrocardiogram (ECG) Communication Via Internet, uses the ECG receiver
which consists of a differential amplifier, low pass filters and amplifiers. An analog to digital converter
card is used to convert the ECG signal to digital signal. Finally we write a program using C++ Builder

to control displaying and transferring the ECG signal between computers via the network.
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#include
#include
#include
#include

3.5.1.1 Tsunsuvesiaud ey

{vecl.h>
{time.h>
<dos.h>
{stdio.h>

#pragma hdrstop
#include "ServerUnit.h"

#include

"Poplp.h"

#include {(dstring.h>
#pragma package (smart_init)

#pragma

link "buffsock"

#pragma link "dWinsock"
#pragma resource "#.dfm"

TMainForm #»MainForm:

bool EndProg:

signed char dt[5000]:
const int n=5000;

FILE #DataStream;

int mx,my,count ,HR, NextX:
char® SaveAsName;

clock t

start, end;

double Timel:

_fastcall TMainForm: :TMainForm(TComponent#* Owner)
: TForm (Owner)

{

Image->Canvas->Brush->Color = clBlack:
Image->Canvas->Pen->Width = 1;

mx = Image->Width-1;

my = Image->Height-1;

Grid():

Image->Canvas->CopyMode = cmSrcCopy:

}

{

void __fastcall TMainForm::GetDataClick (TObject *Sender)

GetData->Enabled = false:
Exit->Enabled = false;
LabelB8->Caption = "";
if (SaveAsDlg->Execute())

{

ShowWin->Show();
ShowWin->Begin():
count = 1;

atl4_init(0x100,"BS"): s/#--— Initializing Card ---=/

start = clock():;
for{int i=0:id<n:i++)

ShowWin->Label3->Caption = count:
ShowWin->ProgressBarl->Position = i;
Application->ProcessMessages():

for (int i=0:i<30000;i++)

for (int i=0;i<3:;i++){}
}
{(unsigned char) dt{i] = atl4_in(0):
count++;

end = clock():
Timel = (end - start) ~ CLE_TICK:
ShowWin->Finish():

M m e m e Write Data Into Fils ---------e--cmo-o

HR = HeartRate():

SaveAsName = SaveAsDlg->FileName.c_str():
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DataStream = fopen(SaveAsNama, "wb+"}):
fwrite(dt,n,1,DataStream);
fwrite (&Timel,sizeof (Timel),1,DataStream);
fwrite (&8HR,sizeof (HR).1,DataStream);
fclose(DataStream) ;
Orid{):

}

8lse

GetData->Enabled = true:
Exit->Enabled = true;

}

void __fastcall TMainForm::StartClick (TObject #*Sender)
{

const int ST = 1;

int x = 0, i = 0, HR;

signed int ave =0,sum = 0;

Grid():

GetData~->Enabled = falss:

Start->Enabled = false:

Stop~>Enabled = true:

Exit->Enabled = false:

EndProg = false;

StatusBar->SimpleTezxt = "Data being displayed...":

for (int i=0;i<n;i++)

sum += dt[i]:
ave = sum-/n;

HR = HeartRate():
Label8->Caption = "Heart Rate = " + IntToStr(HR) + " bpm":

while ({EndProg)
{

Image->Canvas->Pen->Color = clLime;
Application->ProcessMessages();

/R mmm e Show signal on the screen -------=--e-- */

Image->Canvas->MoveTo (x, my/2-dt[i]+ave):;
Image->Canvas->LineTo (x+ST, my/2-dt[i+l]+ave):
if {x >= mx-8T-1)
{
Image->Canvas->CopyRect (Rect(0,0,mx-ST,my+1), Image->Canvas,
Rect (ST,0.mx. my+1});

Image->Canvas->FillRect (Rect (mz-ST,0,mx+1,my+1)):
NextX--:
Image->Canvas->Pen->Color = clGray;
if (NextX == mx-7)
{

Image->Canvas->MoveTo (mx-1.0):

Image->Canvas->LineTo {mx-1.my);

NextX = mx-1;

}
for (int y=0.y<my;y+=6)
{

Image->Canvas->MoveTo (mx-1,y):
Image->Canvas->LineTo (mx.y):

}

elsa x+=ST;
i+

if(i==sizeof (dt))

EndProg = true:

Stop->Enabled = false:
Start->Enabled = true;
Exit->Enabled = true:
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GetData->Enabled = true:
StatusBar->SimpleText = "All data displayed.":

break;
}

}
}
void _ fastrall TMainForm: :StopClick (TObject =Sender)
{

EndProg = trus:

GetData->Enabled = true:

Start->Enabled = true:

Stop->Enabled = false;

Exit->Enabled = true;

StatusBar->SimpleText = "Display stopped.”:
}
/B e Initializing A/D Card ------=-r=wcmmee—— ./

int atl4 ch def[] = {-1,-1,-1,-1,-1,-1,-1,-1};
void TMainForm::atl4_init (unsigned port_id,char =def_tbl)
{ .
int ch=0,tm.def;
switch (def_tbl[ch#2])
{
case 'B' : def = Oxal:break:
case 'U' : def = 0xB80:break:
default: def = -1; break;

¥
if (def |= -1)

switch (def_tbl{ch#2+1])

{
case 'D' : def += 0x40;:break:
case 'S' : break:
default: def = -1; break;

}

) .
at1l4_ch_def{ch] = def:
if (def 1= -1)

{

outp (port_id, (unsigned short) (def+ch+0x10));
outp(port_id, (unsigned shortjch);
for(tm=0:tm<250;tm++) ;

S e - Read in data of selected channel ------=~ ®/

unsigned char TMainForm::atl4_in(int ch)

{
int tm,rd:
unsigned char dt=0;
ch &= 7;
if(atl4_ch_def[ch] 1= -1}
{

outp(0x100. (unsigned short) (atl14_ch_def[ch]+ch)): /#--A/D start--=/
for(tm=0;tm<250;tm++)

e Check Busy ------—--=m-- */

rd = inp(0x101):;
if (rd & 0x80) break:

}
dt = inp(0x100):
if((atl4 _ch_def{ch] & 0x20) && dt>0x7f) dt l= 0xf££00:

return(dt):

*void TMainForm::outp(unsigned short iPort,unsigned short iDatum)

{
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DX = iPort;

_AX = iDatum;

—emit__ {0xEE):
}

unsigned char TMainForm::inp(unsigned short iPort)
DX = iPort:

emit__(0xEC):
raturn(_AL):

void __fastcall TMainForm::ListenClick (TObject =Sender)

{
Listen->Enabled = false; ;
SendFileServer->Listen( __classid (TBufferedSocket)):
StatusBar->SimpleText = "Server started":
StopServer->Enabled =true:

}

S e Receive Client Request ---=-—-=rm-e—eee— =/

void __ fastcall TMainForm::SendFileServerRead {TObject =Sender,
TSocketBase *Socket)

char buff;
((TBufferedSocket #)Socket)->ReadFromBuffer(Sbuff, 1):
( (TBuf feredSocket *)Socket)->ClearReadBuffer():
if (buff == 'a')
{

StatusBar->SimpleText = "Client requested for data.";

if (SendDlg->Execute())
F e e bt Send File To Client --——-—-=-=--- =/

((TBufferedSocket #*)Socket)->SendFile(SendDlg->FileNams):
( (TBufferedSocket #)Socket)->SendBuffer():

y

else
char deny[4] = "DENY"; s/%--- Cancel sending file ---=/
( (TBuf feredSocket *)Socket)->WriteToBuffer{&deny, 4):
{ (TBuf feredSocket #*)Socket)->SendBuffer():
StatusBar->SimpleText = "You canceled sending file.":

}

}

void __fastcall TMainForm::SendFileServerFileSent (
TBufferedSocketBase %*socket)

StatusBar->SimpleText = "Sending data...": /%~~~ Sending File ---=/

}

void ___fastcall TMainForm::SendFileServerWriteBufferEmpty(
TBufferedSocketBase *socket)

StatusBar->SimpleText = "File sent successfully."; /#---Data sent---»/

el bl Open File ---------mmemmeememee o *®/

void __fastcall TMainForm::OpenFileClick (TObject #*#Sender)
{

AnsiString Pathl,Path2;

LabelB->Caption = "";

if (OpenDlg->Execute())

Grid():
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StatusBar->SimpleText = "Opening file please wait...":
char* Name = OpenDlg->FileName.c_str():

DataStream = fopen (Name,"rb");
fread(dt,n,1,DataStream):

fread (&Timel,sizeof (Timel),1,DataStream);

fread (8&HR,sizeof (HR},1,DataStream);

fclose (DataStream) ;

if {(OpenDlg->FileName.Length() > 61)

Pathl = OpenDlg->FileName.SubString(0,28):;

Path2 = OpenDlg->FileName.SubString (OpenDlg->FileName.Length()-
27.,28);

ShowFileName->Caption = Pathl + "..." + Path2;

else ShowFileName->Caption = Name:

Start->Enabled = true:;

Stop~>Enabled = false;

SaveAsFile->Enabled = true;

StatusBar->SimpleText = "File cpened. Ready to view."; ,

F bbb bl D L Save File ====weec—mmm e ./
void ___fastcall TMainForm::SaveAsFileClick (TObject #Sender)

if (SaveAsDlg->Execute())

{
Start->Enabled = true;
Stop->Enabled = false:;
SaveAsFile->Enabled = false;
StatusBar->SimpleText = "Saving file...":
SaveAsName = SaveAsDlg->FileName.c_str():
DataStream = fopen(SaveAsName, "wb"):
fwrite(dt,n,1,DataStream):;
fwrite (&Timel,sizeof (Timel),1,DataStream);
fwrite (8HR,sizeof (HR),1,DataStream):
fclose (DataStrean) ;
StatusBar->SimpleText = "Save as done.”:
ShowFileName~>Caption = SaveAsName:

}

void __ fastcall TMainForm: :StopServerClick{TObject =*Sender)
{
int button:
button = Application->MessageBox("Are you sure you want to stop
server?”,
"Warning!" ,MB_YESNO + MB_ICONWARNING):
if (button == IDYES)

SendFileServer->CloseDown () :
Listen->Enabled = true;
StopServer->Enabled = false;
StatusBar->SimpleText = “Server stopped.”:

}

void __fastcall TMainForm::SendFileServerAccept (TObject *Sender,
TSocketBase *Socket)

StopServer->Enabled =true;
StatusBar->SimpleText = “Connection established.":;

}

void ___fastcall TMainForm::SendFileServerDisconnect (TObject *Sender,
TSocketBase #*Socket)

StatusBar->SimpleText = "";
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void TMainForm::Grid()
{
Image->Canvas->FillRect (Rect (0,0, ,mx, my+1)):
Image->Canvas->Pen->Color = clGray;
for (int x=0;x<{mx:x+=6)
{
Image->Canvas->MoveTo (x%.0):
Image->Canvas->LineTo (x.my):
NextX = x:

}
for (int y=0:y<my;y+=6)
{

Image->Canvas->MoveTs (0.y):
Image->Canvas->LineTo (mx.y):

}

int TMainForm::HeartRate()

{
int XMark = 0, Peak = 0, L, HR:
bool AddNextPeak = true:
for (int i=0:;i<n;i++)

if (I((dt[i] < dt[XMark]+10) &% (dt[i] > dt[XMark]-10)))
{

L = i-XMark:
if (L > 25)

if (AddNextPeak) Peak++;
AddNextPeak = false:

}
else AddNextPeak = true:

XMark = i;
}

¥
HR = (double)}Peak*60/Timel;
return (HR):

#include <vcl.h>

#pragma hdrstop

#include "PopUp.h"
#include "ServerUnit.h"
#pragma package (smart_init)
#pragma resource "*.dfm"

TShowWin =ShowWin:

—fastcall TShowWin: :TShowWin (TComponent#* Owner)
: TForm(Owner)

ShowWin->Caption = "";

}

void TShowWin::Begin()

{
Labell->Visible = false;
Label2->Visible = true:
Label3->Visible = true:
Label4->Visible = true;
OkBtn->Vigible = falss;
ProgressBarl->Visible = true;

}

vaid TShowWin::Finish()

Labell->Visihle = true;
Label2->Vigible = false:
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Label3->Visible = false;
Label4->Visible = false;
OkBtn->Visible = true;
ProgressBarl->Visible = false;

}

void __fastcall TShowWin: :0kBtnClick (TObject =Sender)

{
MainForm->ShowFileName->Caption = MainForm->SaveAsDlg->FileName.c_str();
MainForm->StatusBar->SimpleText = "Data written into file.";
MainForm->SaveAsFile->Enabled = true;
MainForm->Start->Enabled = true;
MainForm->GetData->Enabled = true;
MainForm->Exit->Enabled = true;
Close():

}

3.5.12 Talsunsuvasils laaueus

#include <vel.h>

#pragma hdrstop

#include "ClientUnit.h"
#include <stdio.h>

#include <stdlib.h>

#pragma package (smart_init)
#pragma link “"buffsock"
#pragma link "dWinsock"
#pragma resource "“=.dfm"

THMainForm *MainForm:

TBuf feredSocket #*MySocket;
int mx, my, HR, NextX;
FILE =DataStream:

signed char dt[5000];
const int n=5000;

bool EndProg:;

char* SaveAsNama:

double Timel;

—fastcall TMainForm: :TMainForm (TComponent# Owner)
: TForm(Owner)
{

Image->Canvas->Brush->Color = clBlack:;
Image->Canvas->Pen~->Width = 1;

mx = Image->Width-1;

my = Image->Height-1;

Grid():

Image->Canvas->CopyMode = cmSrcCopy;

e e Open file -===-v-—ceme—e =/

void __fastcall TMainForm: :0penClick(TObject #Sender)

AnsiString Pathl.Path2;
if (OpenDlg->Executs())
{

char® Name = OpenDlg->FileName.c_str():

Brid();
for (int i=D;i<dn;i++)
dt[i] = 0:

DataStream = fopen(Name,"rb"):
fread(dt,n.1,DataStream):;

fread (&Timel,sizeof (Timel),1,DataStream);
fread (68HR,sizeof (HR),1,DataStream);

fclose (DataStream) ;

if (OpenDlg->FileName.Length() > 61)
{
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Pathl = OpenDlg~>FileName.SubString(0,28):
Path2 = OpenDlg->FileName,SubString (OpenBDlg->FileName.Length()-~

27.28);
ShowFileName->Caption = Pathl + "..." + Path2;
}
else ShowFileName->Caption = Name;

Start->Enabled = true;
SaveAs->Enabled = true:

i ot Save ag ---~-------mmommeme */
void __fastcall TMainForm: :SaveAsClick (TObject =Sender)

if (SaveAsDlg->Executs())

{
SaveAsNanme = SaveAsDlg->FileName.c_str():
DataStream = fopen(SaveAsName,"wb"):
fwrite(dt,n,1,DataStream);
fwrite (&Timel,sizecf (Timel),1,DataStream);
fwrite (8HR,sizeof (HR),1.DataStreanm);
fclose(DataStream);
SaveAs->Enabled = false;
ShowFileName->Caption = SaveAsName;
}
} .
void __fastcall TMainForm: :ConhectClick(TObject %*Sender)
{
Connect->Enabled = false:
Start->Enabled = false:
Stop->Enabled = false;
Exit->Enabled = true;
GetFileClient->Address = Edit->Text:
GetFileClient->Open(__classid (TBufferedSocket)):
StatusBar->SimpleText = "Connscting to " + Edit->Text + “...":
}
2 Pt o b ottty T Connection --~----=-—mme—mo e »/

void __fastcall TMainForm::GetFileClisentConnect (TObject #*Sender,
TSacketBase #Socket)

{
MySocket = (TBufferedSocket #)Socket;
MySocket->ClearReadBuffer();
if {GetFileClient->Connected())
{
StatusBar->SimpleText = "Connected to " + Edit->Text +".";
Connect->Enabled = false:
Disconnect->Enabled = trus;
RequestData->Enabled = true;
else {
Connect->Enabled = trus;
StatusBar->SimpleTezt = "You are not comnnected to server.";
}
}
it File received -------ceeeaeauoo */

void __fastcall TMainForm::GetFileClientFileReceived (
TBuf feredSocketBase #socket)
{

Start->Enabled = true:
RequestData->Enabled = true:
SaveAs->Enabled = trne;
ShowFileName->Caption = SaveAsName:
Grid():

for {int i=0:i<n:i++)
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dt[i] = 0;
DataStream = fopen(SaveAsName,"rb");
fread(dt.n,1,DataStream):
fread (&Timel,sizeof (Timel),1,DataStream);
fread (8HR,sizeof (HR),1,DataStream);
fclose(DataStream):

StatusBar->SimpleText = "Data received successfully."”;
{ (TBuf feredSocket #*)socket)->ClearReadBuffer():
e it Server closed socket -----=---—-me- bl

void __fastcall TMainForm::GetFileClientDisconnect (IObject #Sender,
TSocketBase #*Socket)

{

GetFileClient->Close();

Connect->Enabled = true;

Disconnect->Enabled = false:

RequestData~>Enabled = false;

StatusBar->SimpleText = "Server closed the connection. Try to connect
later.";
}

Yl o it T S Start display -~—-----=mmcmneao

void __fastcall TMainForm::StartClick (ITObject *Sender)
{
const int ST = 1;
int x = 0, i = 0;
signed int ave =0,sum = 0;
Start->Enabled = false:
Stop->Enabled = true:
Exit->Enabled = false;
EndProg = false;
Grid():
for (int i=0:i<n;i++)
sum += dt[i];
ave = sum/n;

Label4->Caption = "Heart Rate = " + IntToStr(HR) + " bpm":

StatusBar->SimpleText = "Data being displayed.":
while (|EndProg)
{

Application->ProcessMessages();
/B e meem e Show signal on the screen -------—----- =/

Image->Canvas->Pan->Color = clLime:
Image->Canvas->Pen->Width = 1;
Image->Canvas->MoveTo (x, my/2-dt[i]+ave);
Image->Canvas->LineTo (x+ST, my/2-dt[i+1]+ave);

if (x >= mx-8T-1)
{

Image->Canvas->CopyRect (Rect(0,0,mx-ST,my+1), Image->Canvas,

Rect (ST,0,mx,my+1)):
Image->Canvas->FillRect (Rect (mx-ST,0,mx+1,my+1)):
NextX--:
Image->Canvas->Pen~>Color = clGray:
if (NextX == mx-7)

{
Image->Canvas->MoveTo (mx-1,0):
Image->Canvas->LineTo (mx-1,my):
NextX = mx-1;

}

for (int y=0;y<my;y+=6)
{

Image->Canvas->MoveTo (mx-1,y):
Image->Canvas->LineTo (mx,y):
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}

else x+=5T;
i++;
if(i==n)

EndProg = true:

Stop->Enabled = false;

Start->Enabled = true:;

Exit->Enabled = truse:

StatusBar->SimpleText = "All data displayed.":
break;

W Stop display ----~---=-~-=-- =/

void _ fastcall TMainForm::StopClick (TObject #=Sender)

{

EndProg = true:

Stop->Enabled = false:;

Start->Enabled = true:;

Exit~->Enabled = true:

StatusBar->SimpleText = "Stopped displaying.":

L Request for data -----------—-—--meo ./

void ___fastcall TMainForm: :RequestDataClick (TObject #Sender)

{

char rq = 'a';

RequestData->Enabled = false;

StatusBar->SimpleText = "Reguesting for data please wait....":
Label4->Caption = "";

if (SaveAsDlg->Exzecuta()) s/#%-- File sent by server ~-%/
{
MySocket->WriteToBuffer(&rq,1):;
MySockat->SendBuffar().;
SaveAsName = SaveAsDlg->FileNams.c_str():
MyScocket->RecvFile (SaveAsName, n+sizecof (double)+sizeof (int)):
if (MySocket->ReceivingStream)

StatusBar~>SimpleText = "Receiving data please wait...":
}
else
StatusBar->SimpleText = "You canceled recsiving the file.";
RequestData->Enabled = true;
MySocket->ClearReadBuffer():
}

e e Disconnect —--~--—ocmesmmeo—eo— =/

void __fastcall TMainForm: :DisconnectClick (TObject *Sender)

{

int button:

button = Application->MessageBox("Are you sure you want to disconnect?”,

"Warning!" .MB_YESNO + MB_ICONWARNING):
if (button == IDYES)

{
GetFileClient->Close():
Connect~->Enabled = trus:
RequestData->Enabled = false;
Disconnect->Enabled = false;
StatusBar->SimpleText = "Disconnected.";
}
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void __fastcall TMainForm::GetFileClientTimeOut (TObject #*Sender,
TSocketBase *Socket}

{
Socket->Close():
Connect->Enabled = true;
RegquestData->Enabled = false:
Disconnect->Enabled = false;
StatusBar->SimpleText = “Connection timed out.":
}

void ___fastcall TMainForm::GetFileClientRead (TObject *Sender,
TSocketBase *Socket)
{

Ve L E T Check whether server sent file or not ------- */

char buff[4]:
MySocket->PeekReadBuffer (&buff, 4):
if (buff == "DENY")

MySocket->ClearReadBuffer():

StatusBar->8impleText = "Server denied sending file. Try to request
again.";

RequestData->Enabled = true:

}

void TMainForm: :Grid()

{
Image->Canvas->FillRect (Rect(0,0,mx+1,my+1});
Image->Canvas->Pen->Color = clGray:
for (int x=0;x<mx;x+=6)

Image->Canvas->MoveTo (x,0):
Image->Canvas->LineTo (x.my):
NextX = x:

}

for (int y=0;y<my;y+=6)

{

Image->Canvas->MoveTo (0.v):
Image->Canvas->LineTo (mxz.,y):
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Get ECG In . Display

Place the slectrodes in the cormreet

positions. When you are ready | e "‘"

press ‘Gat Data' button below,

i

Getling 1231 data please wait...

Connection e :
REARRENEER

Press the buttoni below to send file

to client once the client request.

l StaxtServexl o sy ____._L___J

= ad o o v o
719 4. 12 @iMeiMdsudyg I ECG

GetECG In Display
' CAECG\LeadLecg

Place the elecirodes in the dorrect .
positions. When you are ready ;'“m' :

press ‘Get Data’ button below.

il

Connection

Press the button below to send file

 to client once the client requast. | - ; ; ; et

Start Server I Heart Rate = 73 bpm e psERY

Mata hoine denlaved

51l 4. 13 Finesuanldyu BCG HSudhun1d



- Connect Display
Enter IP address you wish to
commact to i the box below.

015 myN

Then press ‘Conueet' button. ;
1161.246.18.208 Conneot ]

IlEz,itPt'ogranLJ
Py A Ao A )
E‘]J'YI 414 5:uﬁuwmm"lawmﬂ°n1mswama
% Elecitogardingram Communication Via Ieriet ; =
Connect
Enter TP address yor'

connect to inmithe bot .

Then press 'Cornec!

|161.246‘18,206 5

Fiie name: lLea\'ﬂ

Jave as tupe; IEL‘GHes[“ecg] _'_j Cancal I

saein

{1 Exit Program

‘Reauestine for data please wait. ..

] 4 a ’ ) A ] [
51i1 4.15 Taaneuniesve s wnesde Inauaz ld¥e Inane sy
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[ Get ECG In Display
Place the aloctrodes ir ELusULL N ——
ce the electrodes in
L lookps [ AEcg 2 & ol 7 8
positions. When youa .

press 'Get Data' buttor

| Connection Fizpame  [Lead L_va—nl ; ‘

Press thie buttosi below 6 90pe [ECO Fiesteco) | Cancel

to client once the client request, AR A A :
LR

Stop SsrvarJ ! Heast Rate =73 bpm (3 Start | 7! |
A aierogram|

Cliant rarmastad Far data -

21l 416 w5 nefiden nanzde

Request Data Disconnect

‘Data received successfullv.

510 417 laaueun a5y Iwdudy



Comnnect “Display
Enter IP address you wish to DiGae\ I3 13\ Client\L eadlscg
connect to in the box helow, wis mvrfne

Then press 'Connect’ button.

116 1.246.18.206

Request Data | Disconnect !

: Héa&ka@sj;bpm | @ stop |

Data beine displaved..

- o - o
517 4.18 I nanowiuaamasn iran 145y
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ICL7660, ICL7660A

CMOS Voitage Converters

Features
« Simple Conversion of +5V Logic Supply to 15V Supplies
. Simple Volitage Multiplication (Voyr = (-) nVin)
* Typical Open Circuit Voltage Conversion Efficlency 99.9%
* Typical Power Efficiency 98%
. \n{lde Operating Voltage Range
- ICL7660 Cereeeneenaeas 1.5V to 10.0V
< JCL7BBOA. ...cevverneenrnnrnnnnnn. 1.5V to 12.0V
« ICL7660A 100% Tested at 3V

* Easy to Use - Requires Only 2 External Non-Critical
Passive Components

* No External Diode Over Full Temp. and Voltage Range

Applications

. (fn Board Negative Supply for Dynamic RAMs

o Lotalized Processor (8080 Type) Negative Supplies
* Inexpensive Negative Supplies

« Data Acquisition Systems

¥
Ordering Information

Description

The Harris ICL7660 and ICL7660A are monolithic CMOS
power supply circuits which offer unique performance advan-
tages over previously available devices. The ICL7660 per-
forms supply voltage conversions from positive to negative
for an input range of +1.5V to +10.0V resulting in comple-
mentary output voltages of -1.5V to -10.0V and the
ICL7660A doss the same conversions with an input range of
+1.5V to +12.0V resulting in complementary output voitages
of -1.5V to -12.0V. Only 2 noncritical external capacitors are
needed for the charge pump and charge reservoir functions.
The ICL7660 and ICL7660A can also be connected to func-
tion as voltage doublers and will generate output voltages up
to +18.6V with a +10V input.

Contained on the chip are a series DC supply regulator, RC
oscillator, voltage level translator, and four output power
MOS switches. A unique logic element senses the most neg-
ative voltage in the device and ensures that the output N-
Channel switch source-substrate junctions are not forward
biased. This assures latchup free operation.

: TEMP. The oscillator, when unloaded, oscillates at a nominal fre-
i RANGE PKG. quency of 10kHz for an input supply voltage of 5.0V. This fre-
PART NO, (°c) PACKAGE NO. quency can be lowered by the addition of an external
ICL7660GTV 01070 | 8 Pin Metal Can T18.C capacitor to the “OSC” terminal, or the oscillator may be
ICL7660CBA 0070 |8LdSOIC (N) MBi5 | overdriven by an external clock.
ICL7660CPA 0to70 {8LdPDIP E8.3 The “LV” terminal may be tied to GROUND to bypass the
ICL7660MTV+ 0t070 |8 Pin Metal Can T8.C internal series regulator and improve low voltage (LV) opera-
ICL7660ACBA Oto 70 8LdSOIC (N) M8.15 tion. At medium to high voltages (+3.5V to +10.0V for the
ICL7660ACBAT 070 |8LdSOIC(N) MB.15 ICL7660 and +3.5V to +12.0V for the ICL7660A), the LV pin
Tape and Reel ) is left floating to prevent device latchup.
ICL7680ACPA 0t070 |8LdPDIP E8.3
ICL7660AIBA 40t085 |8LdSOIC(N) M8.15
IC{.?BGOAIBAT 401085 |8LdSOIC(N) M8.15
: Tape and Reel
ICL7660AIPA 401085 |8LdPDIP E8.3
T Add /883B to part number if 8838 processing is required.
4
Pinouts
[ ICL.7660, ICL7660A (PDIP, SOIC) ICL7660 (METAL CAN)
t TOP VIEW TOP VIEW
\V V+ (AND CASE)
I e [1] 8] v+
' cAP+ [2] 7] osc
i ano [3] 8] w
| cap- [4] 5] Vour
i

13

i

CAUT] I¢N: These devices are sensitive to electrostatic discharge. Users shoukd follow proper IC Handling Procedures.

File Number 3072.3
Copyrig'ht © Hanls Corporation 1997 1

L3



ICL7660, ICL7660A

Absolute Maximum Ratings

Supply Voltage
ICL7660 . ....vvieinniaieeeeetiaiinniesinnnns +10.5V
ICK7BB0A .. ..\eeteeeiiaeaneeeeennennnennaenn. +13.0V
LV arjld OSC Input Voitage ....... -0.3V to (V+ +0.3V) for V+ < 5.5V
{Noje 2) (V+ -5.5V) to (V+ +0.3V) for V+ > 5.5V
CurrentintoLV(Note 2) .............cev.n.. 20pA for V+ > 3.5V
Outplt Short Duration (VguppLy S5.5V). vvevvninees Continuous
4
Operating Conditions
Temﬁerature Range
ICL7660M .. ...eeiiii i e -559C to 125°C
ICL7660C ...t 0°C 0 70°C

Thermal Information
Thermal Resistance (Typical, Note 1)

PDIP PACKAGO . «v v v v e vnneenneennne.
SOICPackage........cco.vvuvnnn., 165 N/A
Metal Can Package (ICL7660 Only) . ... 160 70

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

Maximum Lead Temperature (Soldering, 108) ............ 300°C
(SOIC - Lead Tips Only)

oT Iy £ -40°C to 85°C

ICL7660AC ... i er i iir et iiiiinnenenensnnsns 0°C to 70°C

CAU170N Stresses above those listed In ‘Absolute Maximum Ratings” may cause permanent damage fo the device. This Is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not impliad.

NOTE:

1. 8,4 Is measured with the component mounted on an evaluation PC board In free air.

Electrical Specifications ICL7660 and ICL7660A, V+ = 5V, Ty = 25°C, Cogg = 0, Test Circuit Figure 11
Unless Otherwise Specified
v ICL7660 ICL7660A
.  PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX | MIN | TYP | MAX ] UNITS
Sugply Current I+ R = - |170|s00] - | 80 [165] pA
Supply Voltage Range - Lo Vi+ |MINSTA<MAX, R =10kQ,LVtoGND [ 15[ - | 3515 - |as] v
Sup'ply Voltage Range - Hi VH+ MIN s T4 < MAX, R_ = 10kQ, LV to Open | 3.0 - |100] 8 - 12 \'
Out‘Put Source Resistance Rout |lout=20mA, Ta =25°C - 155}10] - | s0 100} a
. louT = 20mA, 0°C < Ty < 70°C - - [120] - - |12} @
l louT = 20mA, -55°C < Tp < 125°C - - lso] - - - Q
' louT = 20mA, 40°C < Ty < 85°C - . - - - | 120 Q
. V=2V, IgyT =3mA, LV to GND - - {300 - - | 300 Q
i 0°C < Tp < 70°C
. V+ =2V, loyt =3mA, LV to GND, - - j400] - - - Q
. -55°C £ Tp £ 125°C
Oscillator Frequency tosc - 10 - - 10 - kHz
Power Efficiency Per R =5kQ 95 | 98 - 96 | 98 - %
Voltage Conversion Efficiency Vouter |RL="ce 97 999} - 89 | 998 - %
Osgillator Impedance Zosc |V+=2V -f1o] - -] 1 - | ma
i V=5V -Jwo] -1 -7 -1T-1Tw
|Cl£7660A, V+ =3V, Ty = 25°C, OSC = Free running, Test Circuit Figure 11, Unless Otherwise Specified
Supply Current (Note 3) I+ }V+=3V, R =, 25°C E - - - |26 [100] pA
' 0°C < T < 70°C - - -1 -1 - Tis] A
E -40°C < Tp < 85°C -l -1 -1 -1]-|125] pnAa
Output Source Resistance Rour | V+=3V, lgyr = 10mA - - - -le7r 1501 Q
J 0°C < T < 70°C - - - - - |l200f Q
! ~40°C < T < 85°C -l -] -1 -1-]20f a
Osclilator Frequency (Note 3) fosc | V+ =3V (same as 5V conditions) - - - 50| 8 - kHz
{ 0°C < Ty < 70°C - - - 130 - . kHz
E -40°C < Ty, < 85°C - - - 30| - - | kHz
Vo’ﬂage Conversion Efficlency | VourEFF|V+=3V, R = - - - 99 - - %
! TMIN < TAa < TMAX - - - 99 - - %
]
}

F—
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ICL7660, ICL7660A

Eluitrlcal Specifications 1CL7660 and ICL7660A, V+ = 5V, Tp = 25°C, Coge = 0, Test Circuit Figure 11
Unless Otherwise Specified (Continued)
F ICL7660 ICL7660A
\  PARAMETER SYMBOL TEST CONDITIONS MIN | TYP | MAX] MIN | TYP | MAXJUNITS
Pov{er Efficiency Perr | V+=3V, R =5kQ -l -t -1} - - %
Tmin < Ta < Tmax - - -1} - . %
NOTES:

i

2. Connecting any input terminal to voltages greater than V+ or less than GND may cause destructive latchup. It s recommended that no
fnputs from sources operating from external supplies be applied prior to “power up” of the {CL7680, ICL7660A.

3. Derate linearly above 50°C by 5.5mW/°C.

4. In the test circuit, there is no external capacitor applied to pin 7. However, when the device Is plugged into a test socket, there is usually
& very small but finite stray capacitance present, of the order of 5pF.

5. The Harris ICL7660A can operate without an extemnal diode over the full temperature and voltage range. This device will function in
gxlsﬂng designs which incorporate an extemnal diode with no degradation in overall circuit performance.

Functional Block Diagram
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Typlical Performance Curves (TestCircult of Figure 11) (Continued)
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Typlcal Performance Curves (lest Circuit of Figure 11) (Continued)
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6. These curves include in the supply current that current fed directly into the load R|_from the V+ (See Figure 11), Thus, approximately half
the supply current goes directly to the positive side of the load, and the other half, through the ICL7660/ICL7660A, to the negative side
of the load. ldeally, VoyTt = 2ViN, Is = 2!, so Vi x Is = VouT X It

¥
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NOTE: For large values of Cogc (>1000pF) the values of C4 and C2 should be lncneased to 100pF.
! FIGURE 11. ICL7660, ICL7660A TEST CIRCUIT

Detailed Description

Thé ICL7660 and ICL7660A contain all the necessary cir-
cuitry to complete a negative voltage converter, with the
exception of 2 external capacitors which may be inexpensive
10pF polarized electrolytic types. The mode of operation of
the! device may be best understood by considering Figure
12, which shows an idealized negative voltage converter.
Capacitor C, is charged to a voitage, V+, for the half cycle
when switches Sy and S3 are closed. (Note: Switches S»
ang S4 are open during this haif cycle.) During the second
halif cycle of operation, switches S, and Sy are closed, with
Sq,and S3 open, thereby shifting capacitor C1 negatively by
V+voits. Charge is then transferred from C4 to Cp such that
the voitage on C, is exactly V+, assuming ideal switches and
no load on Cy. The ICL7660 approaches this ideal situation
mare closely than existing non-mechanical circuits.

In the ICL7660 and ICL7660A, the 4 switches of Figure 12
are MOS power switches; S¢ is a P-channel device and Sy,
Sa.and S4 are N-channel devices. The main difficulty with

this approach is that in integrating the switches, the sub-
strates of S5 and S4 must always remain reverse biased with
respect to their sources, but not so much as to degrade their
“ON” resistances. In addition, at circuit start-up, and under
output short circuit conditions (Voyt = V+), the output
voltage must be sensed and the substrate bias adjusted
accordingly. Failure to accomplish this would result in high
power losses and probable device latchup.

This problem is efiminated in the ICL7660 and ICL7660A by a
logic network which senses the output voltage (Vout) together
with the level translators, and switches the substrates of S3 and
S4 to the correct level to maintain necessary reverse bias.

The voltage regulator portion of the ICL7660 and ICL7660A is
an integral part of the anti-latchup circuitry, however its inherent
voltage drop can degrade operation at low voltages. Therefore,
to improve low voltage operation the "LV” pin should be
connected to GROUND, disabling the regulator. For supply volt-
ages greater than 3.5V the LV terminal must be left open to
insure latchup proof operation, and prevent device damage.

i
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FIG:URE 12. IDEALIZED NEGATIVE VOLTAGE CONVERTER

Theorstical Power Efficlenc Y
Considerations

In théory a voltage converter can approach 100% efficiency
if certain conditions are met.

4
A} The driver circuitry consumes minimal power.

BE The output switches have extremely low ON
} resistance and virtually no offset.

d The impedances of the pump and reservoir
*capacitors are negligible at the pump frequency.

The ICL7660 and ICL7660A approach these conditions for
negative voltage conversion if large values of C4 and C are
used.
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE
BET:WEEN CAPACITORS IF A CHANGE IN VOLTAGE
OCGURS. The energy lost is defined by:

| E=1,04 (V42-V2))

13 V+

| O] 5

i [_ ,Ez 3

‘:‘;O?F_ _EE E.m E} -=C
=4

Vour==V+

7

. 101J.F£L

FIGURE 13A. CONFIGURATION

where V4 and Vj are the voltages on C¢ during the pump and
transfer cycles. If the impedances of C4 and Co are relatively
high at the pump frequency (refer to Figure 12) compared to
the value of Ry, thers will be a substantial difference in the
voltages V4 and V3. Therefore it is not only desirable to make
C, as large as possible to sliminate output voltage ripple, but
also to employ a correspondingly large value for Cy in order to
achieve maximum efficiency of operation.

Do's And Don'ts
1. Do not exceed maximum supply voltages.

2. Do not connect LV terminal to GROUND for supply
voltages greater than 3.5V,

3. Do not short circuit the output to V+ supply for supply
voltages above 5.5V for extended periods, however,
transient conditions including start-up are okay.

4. When using polarized capacitors, the + terminal of C4
must be connected to pin 2 of the ICL7660 and
ICL7660A and the + terminal of C, must be connected
to GROUND.

5. I the voltage supply driving the ICL7660 and ICL7660A
has a large source impedance (25Q - 30Q), then a
2.2yF capacitor from pin 8 to ground may be required to
limit rate of rise of input voltage to less than 2V/us.

User should insure that the output (pin 5) does not go
more positive than GND (pin 3). Device latch up will
occur under these conditions. A 1N914 or similar diode
placed in paraliel with Co will prevent the device from
latching up under these conditions. (Anode pin 5,
Cathode pin 3).

Vour

+

FIGURE 13B. THEVENIN EQUIVALENT

FIGURE 13. SIMPLE NEGATIVE CONVERTER
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FIGURE 15. PARALLELING DEVICES

¥
] \J V+
} o onl
]
2] ICL7660 E] —
+| 2] ICL7660A K __9]—:|_
10pF uqm ==
i wr o g [ e @
[—-——-—|4 ot ICL7S80A ]

o T

Vout = =nV+

- [
QT
'I‘ll

+
|

FIGURE 16. CASCADING DEVICES FOR INCREASED OUTPUT VOLTAGE

Typical Applications

Simyple Negative Voitage Converter
majority of applications will undoubtedly utilize the ICL7660

and ICL7660A for generation of negative supply woitages. Fig-
ure, 13 shows typical connections to provide a negative supply
neqaﬁve (GND) for supply voltages below 3.5V.
The output characteristics of the circuit in Figure 13A can be
apéroximatad by an ideal voltage source in series with a
resistance as shown in Figure 13B. The voltage source has
a value of -V+. The output impedancs (Rq) is a function of
the ON resistance of the internal MOS switches (shown in
Figure 12), the switching frequency, the value of C4 and C,,
and the ESR (equivalent series resistance) of C1 and C2. A
go?d first order approximation for Rg is:

! Ro = 2(Rsw1 + Rswa + ESRcy) +

; 2(Rswa2 + Rswa + ESRg1) +

1
—————————+ESRQ

i (trump) (C1)

fosc
(fPump =
E 2

Cc}mblnlng the four Rgywyx terms as Rgw, we see that:

Ro= 2(Rsw)+

, Rgwyx = MOSFET switch resistance)

1
— + 4 (ESR¢1) + ESRc2
(frump) (C1)

RSW, the total switch resistance, is a function of supply
voitage and temperature (See the Output Source
Resistance graphs), typically 23Q at 25°C and 5V. Careful
selection of C4 and Cy will reduce the remaining terms,
m}ngmizing the output impedance. High value capacitors will

reducs the 1/(fpymp ® C1) component, and low ESR capac-
itors will lower the ESR term. Increasing the oscillator fre-
quency will reduce the 1/(fpymp ¢ C1) term, but may have
the side effect of a net increase in output impedance when
Cq4 > 10puF and there is no longer enough time to fully
charge the capacitors every cycle. In a typical application
where fogc = 10kHz and C = C4 = Cp = 10pF:

1

Rop =46 + 20 + 5 (ESR()

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/(fpypp ® Cq) term, rendering
an increass in switching frequency or filter capacitancs inef-
fective. Typical slectrolytic capacitors may have ESRs as
high as 10Q.

1

Ros=46 + 20 + 5 (ESRg)

Since the ESRs of the capacitors are reflected in the output
impedance multiplied by a factor of 5, a high value could
potentially swamp out a low 1/(fpypp ® Cq) term, rendering
an increase in switching frequency or filter capacitance inef-
fective. Typical electrolytic capacitors may have ESRs as
high as 10Q.

Output Ripple

ESR also affects the ripple voltage seen at the output. The
total ripple is determined by 2 voltages, A and B, as shown in
Figure 14. Segment A is the voltage drop across the ESR of

- Wl
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C» at the instant it goes from being charged by C4 (current
flow into C,) to being discharged through the load (current
flowing out of Cp). The magnitude of this current change is
2¢ fouT, hence the total drop is 2 loyT ® @SRc2V. Segment
B ig the voltage change across Cy during time tp, the half of
the_cycle when Cy supplies current to the load. The drop at
B is IgyT * t2/CoV. The peak-to-peak ripple voltage is the
sum of these voltage drops:

y 1
i —————
, VRIPPLE = [ 2 (fpump) (C2) +2(ESAc?) | lour

Agéin, a low ESR capacitor will reset in a higher
performance output.

Pan;a!lellng Devices

Any humber of ICL7660 and ICL7660A voltage converters
may be paralleled to reduce output resistance. The reservoir
capacitor, C», serves all devices while each device requires
its own pump capacitor, Cq. The resultant output resistance
would be approximately:

Rouyr (of ICL7660/ICL7660A)
n (number of devices)

| Rout =
t
Cascading Devices

Thfa JCL7660 and ICL7660A may be cascaded as shown to
produced larger negative multiplication of the initial supply
voltage. However, due to the finite efficiency of each device,
thg practical limit is 10 devices for light loads. The output
voltage is defined by:

) Vout =-n (VIn),

ere n is an integer representing the number of devices
cagscaded. The resulting output resistance would be approxi-
mately the weighted sum of the individual ICL7660 and
IC{7660A Royr values.

Changing the ICL7660/1CL7660A Oscillator Frequency

it inay be desirable in some applications, due to noise or
other considerations, to increase the oscillator frequency.
This is achieved by overdriving the oscillator from an exter-
nal clock, as shown in Figure 17. In arder to prevent possible
device latchup, a 1kQ resistor must be used in series with
thé clock output. In a situation where the designer has gen-
erated the external clock frequency using TTL logic, the
addition of a 10kQ pullup resistor to V+ supply is required.
Note that the pump frequency with external clocking, as with
internal clocking, will be 1/2 of the clock frequency. Output
t ! sitions occur on the positive-going edge of the clock.

V+ V+
\J
1kQ CMOS

icLreso P GATE
ICLTE80A  [g]

=T E‘-—_l—o Vour
O '*
FIGURE 17. EXTERNAL CLOCKING

It is also possible to increase the conversion efficiency of the
ICL7660 and ICL7660A at low load levels by lowering the oscil-
lator frequency. This reduces the switching losses, and is
shown in Figure 18. However, lowering the ‘oscillator frequency
will cause an undesirable increase in the impedance of the
pump (C4) and reservoir (Co) capacitors; this is overcome by
increasing the values of C4 and Co by the same factor that the
frequency has been reduced. For example, the addition of a
100pF capacitor between pin 7 (OSC) and V+ will lower the
oscillator frequency to 1kHz from its nominal frequency of
10kHz (a multiple of 10), and thereby necessitate a correspond-
ing increase in the value of C4 and Co (from 10uF to 100uF).

V+
7
i 8
Cosc
icLreso |

ICL7660A

I
:Tu

= Vout

+_]:_c2

FIGURE 18. LOWERING OSCILLATOR FREQUENCY

Positive Voltage Doubling

The ICL7660 and ICL7660A may be employed to achieve
positive voltage doubling using the circuit shown in Figure
19. In this application, the pump inverter switches of the
ICL7660 and ICL7660A are used to charge C4 to a voltage
level of V+ -Vg (where V+ is the supply voltage and Vg is the
forward voltage drop of diode D4). On the transfer cycle, the
voltage on C4 plus the supply voltage (V+) is applied through
diode Dy to capacitor Co. The voltage thus created on Co
becomes (2V+) - (2VF) or twice the supply voltage minus the
combined forward voltage drops of diodes D4 and D».

The source impedance of the output (VoyT) will depend on
the output current, but for V+ = 5V and an output current of
10maA it will be approximately 60Q.

\J V+
[
2] icues [T D4
_EE ICLT660A E VouT =
== (2v+) - (2Vg)
4] 5

FIGURE 19. POSITIVE VOLT DOUBLER

Combined Negative Voltage Conversion
and Positlve Supply Doubling

Figure 20 combines the functions shown in Figures 13 and
Figure 19 to provide negative voltage conversion and posi-
tive voltage doubling simuitaneously. This approach would
be, for example, suitable for generating +9V and -5V from an
existing +5V supply. In this instance capacitors C¢ and Cg
perform the pump and reservoir functions respectively for
the generation of the negative voltage, while capacitors Co
and C4 are pump and reservoir respectively for the doubled
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ositive voltage. There is a penaity in this configuration
which combines both functions, however, in that the source
impedances of the generated supplies will be somewhat
higher due to the finite impedance of the common charge
pump driver at pin 2 of the device.

: V+ Vour=
U = (nViN - VrDX)
E [ g._i_
—I——"E icLzsso |0 W 0 L Cs
+ ICL7660A
oL el =
= -
= D Vouyr = (2V+) -
(VrD1) = (VFD2)
= + l l
| l“; lc
: =
'FIGURE 20. COMBINED NEGATIVE VOLTAGE CONVERTER
; AND POSITIVE DOUBLER
Voltage Splitting

lI‘he bidirectional characteristics can also be used to split a
hlgher supply in half, as shown in Figure 21. The combined
‘oad will be evenly shared between the two sides. Because
the switches share the load in parallel, the output impedance
is much lower than in the standard circuits, and higher cur-
rents can be drawn from the device. By using this circuit, and
then the circuit of Figure 16, +15V can be converted (via
+7 5, and -7.5) to a nominal -15V, although with rather high
,senes output resistance (~250Q).

Regulated Negative Voltage Supply

In some cases, the output impedance of the ICL7660 and
ICL7660A can he a problem, particularly if the load current
varies substantially. The circuit of Figure 22 can be used to
overcome this by controlling the input voltage, via an ICL7611
low-power CMOS op amp, in such a way as to maintain a
nearly constant output voltage. Direct feedback is inadvisable,
since the ICL7660s and ICL7660As output does not respond
instantaneously to change in input, but only after the switching
delay. The circuit shown supplies enough delay to
accommodate the ICL7660 and ICL7660A, while maintaining
adequate feedback. An increase in pump and storage
capacitors is desirable, and the values shown provides an
output impedancs of less than 5Q to a load of 10mA.

Other Applications

Further information on the operation and use of the ICL7660
and ICL7660A may be found in A051 “Principals and
Applications of the ICL7660 and ICL7660A CMOS Voltage
Converter”.

>3
o
§l
g
]
§
|

100K .
AA
. Ve YYy ( A4
A | + e E
P 3Pu SE T Y b\ X\ .[_E ICL7660
. »0 [ [a}— ictsoes | o0 o 1+ = ICL7680A
Vour=Yeo¥ = oor = 3]
ouT*—3 12} icL7eso {7 I =7 5
E L+ r=1 ICL7660A P—* Vour
: < R 50pF == 13] [-] 2
:, 12 - = AAA A
4] B, Y )
A1+ 800K 250K J-1oo,.p
! 50uF .1._ VOLTAGE .
. ) e ADJUST e
! FIGURE 21. SPLITTING A SUPPLY IN HALF FIGURE2. REFJIEATING THE OUTPUT VOLTAGE
+5V LOGIC SUPPLY o
d T12 |1
¢ TTLDATA 16
INPUT 7 e{ R
4 4 1 13 ]  ms22
E N DATA 5V
E’ _— 15 i OUTPUT  .sv I _J L
[ o :
? .I.__E cLreso L7 15142
J + ICL7660A 13
g W] <] B
! = .
' 10uF f
, E

{ FIGURE 23. RS232 LEVELS FROM A SINGLE 5V SUPPLY




ICL7660, ICL7660A

EDual-ln-Line Plastic Packages (PDIP)

' IR Y Ay o ry
e os
L]

E8.3 (JEDEC MS-001-BA ISSUE D)

8 LEAD DUAL-IN-LINE PLASTIC PACKAGE

E1
I INCHES MILLIMETERS
E SYMBOL| MIN MAX MIN MAX |[NOTES
] E A - 0.210 - 6.33 4
3 j+————— D] Al 0.015 - 0.39 - 4
R r Tl A2 0115 | 0.195 | 293 | 4.95 .
seamia L &y A B 0.014 | 0022 | 0.356 | 0588 | -
PLANE b B1 0.045 | 0070 | 1.15 177 | 8,10
[ Dl -l a1 4 c 0.008 | 0014 | 0204 | 0355 | -
E B1 e e B 8 ec> D 0.355 0.400 9.01 10.16 5
B 3| |we-
t 0.010 (0'25)®JCIA[B®J D1 0.005 - 0.13 - 5
| ~ E 0.300 | 0.325 | 7.62 8.25 6
NOTES: E1 0240 | 0280 | 6.10 7.11 5
*1. Controlling Dimensions: INCH. In case of confiict between .
b English and Metric dimensions, the inch dimensions control, 4 01K 254 BSC
'2. Dimensioning and tolerancing per ANSI Y14.5M-1982. eA 0.300 BSC 7.62BSC 6
E 3. Symbols are defined in the “MO Series Symbol List” in Section eB - 0.430 - 10.92 7
. 2.2 of Publication No. 95. L 0.115 0.150 293 3.81 4
»4. Dimensions A, A1 and L are measured with the package seated N 8 9
I in JEDEC seating plane gauge GS-3.
5 Rev. 0 12/93

(3]

. D, D1, and E1 dimensions do not include mold flash or protru-

sions. Mold flash or protrusions shall not exceed 0.010 inch
(0.25mm).

. Eand are measured with the leads constrained to be per-

pendicufar to datum [-C-].

. eg and e are measured at the lead tips with the leads uncon-

strained. ec must be zero or greater.

. B1 maximum dimensions do not include dambar protrusions.

Dambar protrusions shall not exceed 0.010 inch (0.25mm).

. N Is the maximum number of terminal positions.
. Comner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3,

E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch
(0.76 - 1.14mm).
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?mall Outline Plastic Packages (SOIC)

- M8.15 (JEDEC MS-012-AA ISSUE C)

N —_ 8 LEAD NARROW BODY SMALL OUTLINE PLASTIC
} n [Bfo250010) @ [B @] PACKAGE
E INCHES MILLIMETERS
/ symBoL] MIN | MAX | MIN | MAX | NOTES
L s A 0.0532] 0.0688f 1.35 1.75 -
—_— L %\I A1 0.0040{ 00098] 0.10 | 025 -
]
) SEATING PLANE B 0013 | 0020 033 | 051 9
LE_ c 0.0075]{ 0.0098] 0.19 0.25 -
D— i A — |<— hx 45°
; "1 D 0.18%0| o.1968] 480 | 5.00 3
1¢ ‘
F Q—ﬂ- ! / 2\ ’, E 0.1497| o.1574| 380 | 4.00 4
] . o ~ e 0.050 BSC 1.27 BSC -
- |8 l ; A1 ’Y\ c_/l\ H 02284 02440 580 | 6.20 -
Bs| | [A]o-10(0.009) ] h 00099| o0o196| 025 | 050 5
[]o2s@010) ®[cTa@®[e®)] L 0016 [ 0050 [ 040 | 127 6
NOTES: N 8 8 7
it Symbols are defined in the “MO Series Symbol List” in Section 2.2 of & 0° J 80 o° I 80 N
, Publication Number 95.
Rev. 0 12/93

2. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Dimension “D" does not include mold flash, protrusions or gate burrs.
Moid flash, protrusion and gate burrs shafl notexceed 0.15mm (0.006
¢ jnch) per side.
Dimension "E” does not Include interiead flash or protrusions. Inter-
lead flash and protrusions shall not exceed 0.25mm (0.010 inch) per
side.
.’E. The chamfer on the body is optional. If itis not present, a visual index
feature must be located within the crosshatched area.
. “L” s the length of terminal for soldering to a substrate.
. ¥N” is the number of terminal positions.
.Terminal numbers are shown for reference only.
The lead width “B", as measured 0.36mm (0.014 inch) or greater
above the seating plane, shall not exceed a maximum value of
0.61mm (0.024 inch).
. Controlling dimension: MILLIMETER. Converted inch dimensions
ara not necessarily exact.
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Metal Can Packages (Can)

i REFERENCE PLANE T8.C MIL-STD-1835 MACY1-X8 (A1)
‘ —- A |=— 8 LEAD METAL CAN PACKAGE
i — -~ ';2 INCHES MILLIMETERS
—tie -t
P [ L1 SYMBOL| MIN MAX MIN MAX | NOTES
—___r__J—' ‘ r’ A A 0.165 0.185 4,19 4.70 -
i =Y ob 0.018 0.018 0.41 0.48 1
8D 201 2b1 0.016 0.021 0.41 0.53 1
l l =i b2 0.018 | 0024 | 0.41 0.61 -
A | ) 0.335 0.375 8.51 9.40 -
! abt oD1 | 0305 | 033 | 7.75 | 851 -
' Fesl | ob D2 0.110 0.160 2.79 4.06 -
[ BASE AND -] 0.200 BSC 5.08 BSC -
E Q— SEATING PLANE el 0.100 BSC 254 BSC -
F - 0.040 - 1.02 -
BASE METAL _LEAD FINISH
; ‘ ETA / k 0.027 0.034 0.69 0.86 -
: ) ki 0027 | 0045 | 069 1.14 2
obt “;2 L 0500 | 0750 | 1270 | 19.05 1
[ ; L1 - 0.050 - 1.27 1
i SECTION A-A 12 0.250 - 6.35 - 1
POTES: Q 0.010 0.045 0.25 1.14 -
1 (All Isads) @b applies between L1 and L2. @b1 applies between o. 45°BSC 45°BSC 3
L2 and 0.500 from the reference plane. Diameter is uncontrolied B 459 BSC 45° BSC 3
i in L1 and beyond 0.500 from the reference plane. N 5 3 7
2. Measured from maximum diameter of the product.
| Rev. 0 5/18/94
i 3. ais the basic spacing from the centerline of the tab to terminal 1
f and B is the basic spacing of each lead or lead position (N -1
*  places) from ¢, looking at the bottom of the package.
| 4. Nis the maximum number of terminal pesitions.
! 5. Dimensioning and tolerancing per ANS! Y14.5M - 1982,
; 6. Controlling dimension: INCH.
[
¥
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MOTOROLA

Low Power JFET Input
Operational Amplifiers

Ti'xese JFET input operational amplifiers are designed for low power
applicahons They feature high input impedance, low input bias current and
low mput offset current. Advanced design techniques allow for higher slew
rates, gain bandwidth products and output swing.

The commercial and vehicular devices are available in Plastic dual in-line

and'SOIC packages.

e Low Supply Current: 200 pA/Amplifier
. L&:w Input Bias Current: 5.0 pA

o High Gain Bandwidth: 2.0 MHz

e High Slew Rate: 6.0 V/us

® High Input Impedance: 1012 Q

® Lafge Output Voltage Swing: +14 V

. Qutput Short Circuit Protection

Order this document by TL062/D

TLO62
TLOG64

LOW POWER JFET INPUT
OPERATIONAL AMPLIFIERS

SEMICONDUCTOR
TECHNICAL DATA

i w DUAL 8@

D SUFFIX
PLASTIC PACKAGE
CASE 751
(SO-8)

PIN CONNECTIONS

P SUFFIX
PLASTIC PACKAGE
CASE 626

4
5 Representative Schematic Diagram
(Each Ampilifier)
T y vee
%
b
}
} -oe— N
Inptts ]
E +0O
+
3
!
03
}
i at
]
; R1 R2
' % RS VEE
4
E ORDERING INFORMATION
Op Amp Operating
Function Device Temperature Range Package
TLO82CD, ACD . SO-8
TLO62CP, ACP TA=0°10+70°C Plastic DIP
: Dual | TLO62VD e S0-8
t TLo62VP Ta=—40"10+85°C Plastic DIP
i TLOB4CD, ACD . SO-14
X TLOB4CN, ACN Ta=0°10+70°C Plastic DIP
;
Quad | TLOB4VD ,, SO-14
TLOS4VN Ta =—40°10+85°C Plastic DIP

*

1 1

P o A W

-

N SUFFIX D SUFFIX
PLASTIC PACKAGE PLASTIC PACKAGE
CASE 648 CASE 751A

(SO-14)
PIN CONNECTIONS
W/
Output 1 7] T Output 4
Inputs1{ } Inputs 4
B &
vee [4] 1] Veg
B o qf@
|nputs2{Ej>'] '—<KE} inputs 3
Cutput 2 [7] 3] Output3
(Top View)
© Motorola, Inc. 1996 Rev$5
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}

MAXIMUM RATINGS
I. Rating Symbol Value Unit
Sugply Voltage (from Ve to VEE) Vg +36 \'
lnpl:;t Differential Voltage Range (Note 1) VIDR 430 V'
Input Voltage Range (Notes 1 and 2) VIR #15 v
Out:put Short Circuit Duration (Note 3) tsc Indefinite sec
Opérating Junction Temperature Ty +150 °C
StoEage Temperature Range Tstg -60 to +150 °C
NOTES: 1. Memmxalvmagesamatme noninverting input tenminal with respect to the inverting input
i zt;hr:“r:aaléniwde of the input voltage must never exceed the magnitude of the supply or 15V,
whichever is less.

4 3. Power dissipation must be considered to ensure maximum junction temperature (T ) is not
excaeded. (See Figure 1.)

I
EL%CTR!CAL CHARACTERISTICS (Voo =+15V, VEE =15V, Tp = 0° to +70°C, unless otherwise noted.)

3 TLO62AC TL062C
" TLOS4AC TLO64C
; Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | unit
Input Offset Voltage (Rg =50 Q, Vg = 0V) Vio mV
A =25°C — | 80 | 60| — | 30 15
TA =0°to +70°C — — | 758 | — — 20
Avarage Temperature Coefficient for Offset Voltage AVIO/AT - 10 — — 10 — uvreCc
(Rg=50Q,Vpo=0V)
Ingut Offset Current (Vo =0 V, Vo = 0V) o
TA=25°C — | o5 {100 | — | o5 | 200 pA
TaA=0°to +70°C — | —j20 | — | — | 20 nA
Input Bias Current Vopm =0V, Vo =0V) iB
TA=25°C — | 30 |20 | — | 30 | 200 pA
Ta =0°to +70°C — — |20 | — — 10 nA
infut Common Mode Voltage Range VICR — |+145[+115 ] — [+145] +11 v
TA =25°C -115{-120]| — | -11 |-120| —
Large Signal Voitage Gain (R_ =10 kQ, Vg =+10 V) AvoL VimvV
TA =25°C 40 | 58 — | 30 | s8 —
Ta =0° to +70°C 40 | — — ]380 | — —
O{itput Voltage Swing (Rp = 10 k&, Vip = 1.0 V) v
Ta=25°C Vot+ +10 | +14 - +10 | +14 -_—
: Vo- — | 14| -10] — | <14 | <10
TA=0°10+70°C Vo+ +10 | — — | +10 | — —
! Vo- —_ — | -0 ] — — | =10
Common Mode Rejection CMR 80 84 —_ 70 84 —_ dB
(Rs =50 Q, Vom = VicRr min, Vo =0 V, Tp = 25°C)
Power Supply Rejection PSR 80 86 — 70 86 — dB

(Rs=50Q,Vcm =0V, Vg =0, Tp =25°C)

Power Supply Current (each amplifier) Ip — 200 | 250 —_ 200 250 HA
(No Load, Vo =0V, Ta =25°C)

‘RE;tal Power Dissipation (each amplifier) Pp —_ 6.0 7.5 —_ 6.0 7.5 mw
(No Load, Vo =0V, Tp =25°C)

|

L]

MOTOROLA ANALOG IC DEVICE DATA
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| TL062 TLO064

DC ELECTRICAL CHARACTERISTICS (VGG =+15 V, VEg ==15 V, Ta = Tiow t0 Thigh [Note 4], unless otherwise noted.)

TLOG2V TLO64V
\ -Characteristics Symbol | Min | Typ | Max | Min | Typ | Max | Unit
put Offset Voltage (Rg =50 Q, Vo = 0V) Vio mv
A =25°C — |80 {60 | — | 30 | 90
:"A = Tiow 10 Thigh — | — {90 | — | — | 15
Average Temperature Coefficient for Offset Voltage AV|Q/AT N
(Rg=500,Vg=0V) — 10 — - 10 -
put Offset Current (Vopm =0V, Vo =0V) o
A =25°C — | 50 {100 | — | 50 | 100 pA
TA = Tiow 0 Thigh - - 20 - — 20 nA
Input Bias Current (Vem =0V, Vo =0V) B
TA = 25°C — | 30 |20 | — | 30 | 200 | pA
TA=Tiow 1 Thigh - - 50 —_ - 50 nA
lnPut Common Mode Voitage Range (Tp = 25°C) Vicr — | +145 | +115{ — | 4145} +11.5 \'
15 [-120| — |-115]|-120| —
Lﬁrge Signal Voltage Gain (R = 10 kQ, Vo =110 V) AyoL V/imvV
TA=25°C 40 | 58 — | 40 | 58 -
,TA= Tiow to Thigh 40 | — | — | 40 | — | —
Cutput Voltage Swing (R =10k, VIp=1.0V) v
yTA=25°C Vo+ +10 +14 —_ +10 +14 —
I} Vo- — | -4 | -0} — | -14 | —10
*TA= Tiow 10 Thigh Vo+ +10 - — +10 - —_
, Vo- — — =10} — — | -10
Common Mode Rsjection CMR dB
(Rs =50 Q, VCMm = VICR min, Vo =0, Ta = 25°C) 80 84 — 80 84 —_
Power Supply Rejection PSR dB
:(Rs=50£2,VCM=OV,VQ=0,TA=25°C) 80 86 —_ 80 86 —
Power Supply Current (each amplifier) Ip pA
(No Load, Vo =0V, Tp = 25°C) — | 200 | 250 | — | 200 | 250
Total Power Dissipation (each ampliier) PD mw
; (NolLoad, Vo =0V, Tp =25°C) — | 60 | 75 | — | 60 | 75
NOTE; 4. Tiow=—40°C Thigh = +85°C for TL062,4V
AC ELECTRICAL CHARACTERISTICS (Vco=+15V, VEg =15V, Ta = +25°C, unless otherwise noted.)
. Characteristics Symbol Min Typ Max Unit
Slew Rate (Vin =10 V o +10 V, Ry = 10 k&, C|_ = 100 pF, Ay = +1.0) SR 2.0 6.0 — | vms
Rise Time (Vi = 20 mV, R = 10 kQ, Cy_= 100 pF, Ay =+1.0) t - 0.1 — us
Overshoot (Vin = 20 mV, R|_ = 10 kQ, C|_ = 100 pF, Ay = +1.0) 0s —_ 10 — %
Settling Time tg us
I (Voo =+15V, VEg =—15V, Ay =-1.0, To within 10 mV — 1.6 —
;RL=10kﬂ,Vo=0Vlo+1OVstep) To within 1.0 mV - 22 _—
Gain Bandwidth Product (f = 200 kHz) GBW —_ 20 — MHz
Equivalent Input Noise (Rg = 100 Q, f = 1.0 kHz) en — 47 — | nvWHz
Input Resistance Ri - 1012 - w
Channel Separation (f = 10 kHz) Cs —_ 120 —_ dB
' 5
!
1
H
]
i
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E Figure 1. Maximum Power Dissipation versus Figure 2. Output Voltage Swing
i Temperature for Package Variations versus Supply Voltage
= 35 ey
Z 2000 Z RL=10kQ
E = Ta=25°C
£ e
2 1600
2 S0-14 g > —]
B 1000 LI 5 L
g = = = pad
NS 5 15 -
= 8o} SO-8 gl
s =S % 10
% S A
= 4o S L 50 —
T 0 SSL oL~
, 5540 -20 0 20 40 60 80 100 120 140 160 0 20 40 60 80 10 12 14 16
Ta, AMBIENT TEMPERATURE (°C) Ve IVegl, SUPPLY VOLTAGE (V)
|
i
, Figure 3. Output Voitage Swing Figure 4. Output Voitsge Swing
l versus Temperature versus Load Resistance
d 40 30 1 I I
— —_ |__Vgg=+15V -
£ £ | Vee=-15v pd
o A TaA=5C
[ (O] A 7’
=z ¥ z /]
= =3 7
w & w 18 /
2] g /
= 2 s 7/
o] ° A
E 15 E 12 P
10 |—Vgo=+15V & L1
% VEE=-15V 'é 60 /r/
o 80w e LA
o 0
i =75 50 25 0 2 5 75 10 125 0.1 02 03 05 07 1.0 20 30 50 70 10
E Ta, AMBIENT TEMPERATURE (°C) R, LOAD RESISTANCE (k)
5
Figure 5. Output Voltage Swing Figure 6. Large Signal Voltage Gain
E versus Frequency versus Temperature
. 3 T 100 ——7——
2 ST TTT ]I ] R IRE S
= gl R =10k | = 70|-Veg=-15V
g Veg=+16V, VEg=-15V Ta=25°C S LR=0k
Z —— —
& BN Y \ W g = ~
w Veo=+12V,VEg=-12V \ = 40
= 2 g
o] 2
> 15 \ = A
5 \ 5
Yoo =50V, Vee = -S.0V \ g
S 50 T T T 1 \ 3
’ Voc=+25V, Veg=-25V h 3
d BN X O O T
100 1.0k 10k 100k 1.0M 10M 5 50 -5 0 %5 5 75 100 125
i f, FREQUENCY (Hz) Ta, AMBIENT TEMPERATURE (°C)
I
i
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Figure 7. Open Loop Voltage Gain

Figure 8. Supply Current per Amplifier

i
;
$
[
: and Phase versus Frequency versus Supply Voltage
~ 100 — 250
g, — Veg=#SV__|
VEg=-15V. & <
3 w \\ = Vo=V —f0 ©  Z 20
] N RL=10kQ | o E
5 e ANEAN A= s S £ 1w
g e\ |\ A=2 g 3
o x S
8 N\ s B 100
= 40 N 0 @2 &
i =1 | Ta=25°C
w N &) @
s \ = S Vo=0V
) 135 8 V—R =2
i} \ \ P -~
g
0 ALY 180 0
10 10 100 1.0k 10k 100k 10M 10M 100M 0 20 40 60 80 10 12 14 16 18 20
E 1, FREQUENCY (Hz) Ve, IVEEL SUPPLY VOLTAGE (V)
¥
5
k
E
E Figure 9. Supply Current per Amplifier Figure 10. Total Power Dissipation
; versus Temperature versus Temperature
‘ 250 25 I
- 1
o g TL064
3 20 Zz 20| —Vcc=+15V
= 2 VEg=-15V
= < [—Vo=0V
T 150 @ 15| — R ==Q
3 =) TLO62
- o« ——
= w
100 £ 10
B | Veg=+5V o
8 s0|—VEE=-15V 5 50
- Vo=0V 2
¥ — R =2 E
t 0 L L 0 -
-5 50 25 0 25 50 75 100 125 -5 50 25 0 5 50 75 100 125
\ T, AMBIENT TEMPERATURE (°C) T AMBIENT TEMPERATURE (°C)
!
i
; Figure 11. Common Mode Rejection Figure 12. Common Mode Rejection
versus Temperature versus Frequency
-—— 88 1 T A140 r1ll|l|l| LILRLLI T LR ELRL L] LRSI
8 Veg=+15V g
P2 = =+15V -
‘g O Vee=cisv g -¥§E°=I1§v l AoM>—0 avo 7]
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PSR, POWER SUPPLY-REJECTION (dB)

¥

11B, INPUT BIAS CURRENT (pA) -

TLO062 TL064

Figure 13. Power Supply Rejection
versus Frequency

Figure 14. Normalized Gain Bandwidth
Product, Slew Rate and Phase
Margin versus Temperature

140 14 I i 1.08
120 +PSR=20Log <A~'¥‘%ACQM) E W vecIhiey T 3
+PSR(AVCC =£15V) S, R0k |ios %
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T~ N Z 2 10 SlewRate__ = 10 ©
™ b3 / 7 . ~ w
60 < a +~ ¥ > 5
N S'g 09 — {\\ 088 <
4 . a 47 Phase Margin x
] F S0 08 0% o
N 5 & -
2 z 07 094 E
= O VEE L4
0 ORI RN 11 0.6 0.92
100 1.0k 10k 100k 1.0M -5 50 25 0 25 5 75 100 125
f, FREQUENCY (Hz) TA. AMBIENT TEMPERATURE (°C)
Figure 15. Input Bias Current Figure 16. Input Noise Volitage
versus Temperature versus Frequency
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Figure 17. Small Signal Response Figure 18. Large Signal Response
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* Figure 19, AC Amplifier Figure 20. High—Q Notch Filter
Vce
o]

o1,u=‘l- g P Vee
i X 10kQ
' J’iom AN 1oma R R 0 Output
o—p—WA- " Input

" Inputs TLO62 Output BT O VEE
50(:2 + R | R1=R2=2R3=15MQ
1 c2
10k 1 e c1=c2= F =110pF
' 0.1 uF t

1
L o= RiCT =10k

e et

A4

e we r——

Figure 21. instrumentation Amplifier
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E Figure 22. 0.5 Hz Square-Wave Oscillator Figure 23. Audio Distribution Amplifier
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OUTLINE DIMENSIONS

Bt T N —

P SUFFIX
PLASTIC PACKAGE
CASE 62605

|'L r“1 r"ll r" ISSUEK

0 i

; On ']],

-

iuomz — L —>

. f \ g / \
. __ 1 U—i A
== ] L

—

->”<—D LK >

[aa]rams(ooos)@]ﬂA ®[B®]

St
1. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL
2. PACKAGE CONTOUR OPTIONAL (ROUND OR
SQUARE CORNERS).
3. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982,
MILLIRETERS INCHES
| DM] MM | MAX | MIN | MaAX
Al 940 ] 1018} 0370 | 0400
81 610 | 6ep | 0240 [ 0260
C | 304 ] a4 10155 | 0475
D 03] o5t 0015 | 0020 |
E | 102§ 178 | 0040 [ 0070
[ 254 BSC 0.100 BSC
Wl or | 127 | 0030 | o
J 1 o2 0o 0012
X | 29 ] 343] o415 | 0135
L 14 0.300 BSC
Ml — 1 10°] —T 10°
N o7 ] 100 | 0030 | 0040

TS A T Tt

- ww =

D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SO-8)
ISSUER

[$] 025 ®|c] B ®[A®]

NOTES:

1. DIMENSIONING AND TOLERANCING PER ASME
Y14.5M, 1994,

2. DIMENSIONS ARE IN MILUMETERS.

3. DIMENSION D AND E DO NOT INCLUDE MOLD
PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 PER SIDE.
5. DIMENSION B DOES NOT INCLUDE MOLD
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 TOTAL IN EXCESS
OF THE B DIMENSION AT MAXIMUM MATERIAL
CONDITION.

D] N
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Ll
P

- — L G e ——y

e ——— " Y

A

.

8

MOTOROLA ANALOG IC DEVICE DATA



TL062 TLO64

OUTLINE DIMENSIONS

e o .

N SUFFIX
PLASTIC PACKAGE
CASE 846-06
ISSUEL

NOTES

AR AR 1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE
m N

POSITION AT SEATING PLANE AT MAXIMUM
MATERIAL CONDITION.

2. DIMENSION L TO CENTER OF LEADS WHEN
FORMED PARALLEL

O 3. DIMENSION B DOES NOT INCLUDE MOLD
FLASH,

‘:f YvYY<YyYy ‘171’ 4. ROUNDED CORNERS OPTIONAL

A > INCHES WLLIMETERS

WN_| MAX | N
. —»Fe— L—T

lt— 0 ]

MAX
0715 | 0.770 | 18.18 | 19.56
0.240 | 0260 | 610 | 860
0145 [ 0.185 | 369 | 469
0015 | 0021 | 038 [ 053
0.040 | 0070 [ 102 | 178
0.100 BSC 254BSC |
0.052 [ 0095 | 1.3 | 241
0.008 | 0.015 | 020 | 038 |
0115 | 0135 | 292 | 343

0.3008 1.62 %SC
0° 10° 0°| _ 10°

0015 [ 0039 | 039 | 101

-

e W v o
» ) >

z:r—x&.:mmaﬂu»[i

=

o

r
:
=]
)

=
z
v

' D SUFFIX
PLASTIC PACKAGE
E CASE 751A-03
} (SO-14)
ISSUEF

NOTES

' 1. DIMENSIONING AND TOLERANCING PER ANS!
Y1450, 1962
HHHHHUHBH CONTROLLING DIMENSION: MILLIMETER.
4 14 s
]
5 =B-| p7pL PER SIDE.
DIMENSION D DOES NOT INCLUDE DAMBAR

DIMENSIONS A AND B DO NOT INCLUDE
l[d& [025(0010®[B @] PROTRUSION. ALLOWABLE DAMBAR

MAXIMUM MOLD PROTRUSION 0.15 (0.008)

I )

MOLD PROTRUSION.
PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT

{ E ? i'é LH H MAXIMUM MATERIAL CONDITION.
{ RX4s° MLUR IMCHES
~-C _'| MIN_ | uax | win | MAX
[ 855 | 875 | 0337 | 0.344
380 | 400 | 0150 [ 0.157
* Eﬁﬁﬁﬁﬁﬂﬁﬁ_fl 5 s T is o T iow

035 | 049 | 0012 | 0.019
040 | 125 | 0016 | 0.049
127
019 | 025 | 0008 | 0,009
0,10 |
oD
500 |
025 |

3

e~ D1apL

[lo250010@[7]8 ©[4®)]

g
2
2

zv:xc—mnonw»lg
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8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

General Description

, The MAX155MAX156 are high-speed, 8-bit, muitichannel
analog-to-digital converters (ADCs) with simultaneous
¥ track/holds (T/HS) 1o eliminate timing differences between
{ input channel samples. The MAX155 has 8 analog input
channels, and the MAX156 has 4 analog input channels.
Each channel has its own TH, and all T/Hs sample at the
| sameinstant. The ADC convertsachannelin3.6usandstores
{ the resultin an internal 8x8 RAM. The MAX155/MAX156 also
+ feature a 2.5V internal reference and power-down capability,
E providing a complete, sampling data-acquisition system.
When operating from a single +5V supply, the
I MAX155/MAX156 perform either unipolar or bipokar, single-
&nded or differential conversions. For applications requiring

wider dynamic range or bipolar conversions around ground,

the Vss supply pin may be connected 1o -5V.

-

‘Conversions are initiated with a pulse to the WR pin, and
data is accessed from the ADC's RAM with a puise to the

,AD pin. A bidirectional interface updates the channel con-
‘figuration and provides output data. The ADC may also be

‘wired for output-only operation. The MAX155 comes in 28-pin
DIP and wide SO packages, and the MAX156 comes in

24-pin narrow plastic DIP and 28-pin wide SO packages.

Applications

Phase-Sensitive Data Acquisition

Features

4 8 Simultaneously Sampling Track/Hold Inputs
4 3.6us Conversion Time per Channel

4 Unipolar or Bipolar Input Range

4 Single-Ended or Ditferential Inputs

¢ Mixed Input Configurations Possible

4 +2.5V Internal Reference

4 Singte +5V or Dual +5V Supply Operation

Ordering Information
PART  TEMP.RANGE PINPACKAGE S[TOR l
MAX1SSACPI  0°C10+70°C_ 28Plastic DIP __ £1/2
MAXISSBCPI __ 0C10+70°C_ 28PlasticDIP 41
MAX1SSACWI _ 0'Clo+70°'C_ 28WideSO 12
MAXIS5BCWI _ 0Cto+70'C_ 28WideSO___ 1
MAX1S5BC/D  0'Clo+70°C  Dice* 11

Ordering information continued on iast page.
* Contact factory for dice specifications.

DIP/SO

Pin Configurations

L]
i
L]
, Vibration and Waveform Analysis
3
DSP Analog Input
E e TOPVIEW
3 AC Power Meters |
B Portable Data Loggers v l'_
1 AN 2
! Functional Diagram A 3
¥
\ ANO [4
MOCE | S
AAAXLAA
| (e w e MAX155 vsfe
- : gem{ - —
I A | e iz
. RO
PolAe ’r° 8 e REFOUT - 2
I e mw —-«l’a-— B
e oot THREE| g g 86N sy [10
-] A 8xs |8 8 DATA
i M | l R [ S 8US o 11
M~ M | ] ) DIALL 12]
: L o T 1 080 [13]
ANT — ™ Jo— — § 0GND 1:
; ¥ — s —— ‘—4
|
I R
MAX156 on last page
L1
! maxamn
! /MA XL/t is aregistered trademark of Maxim Integrated Products.
t
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8-/4-Channel ADCs with
, Simultaneous T/Hs and Reference

ABSOLUTE MAXIMUM RATINGS
VODIOAGND ... ittt iiiiiienneinnaeens 0.3V, 16V
VODWODGND ... i -0.3V, +6V
AGND to DGND -0.3V. Vpp +0.3V
VSSIOAGND ... ... ... .t +0.3v, -6V
VSSIODGND . . ittt +0.3V, -6V
CS, WR, RD,CLK, MODE 1o DGND ....... 0.3V, Vpp +0.3V
BUSY,D0-D7t0DGND .......cc.cenen. 0.3V, Vpp +0.3v
REFOUTIOAGND ........ccoiiieninnnn. 0.3V, Vop +0.3V
REFINTOAGND ... . iiiiiiiiiiaaanannns 0.3V, Vpp +0.3V
AINIBGAGND .........ccciininenn, Vss 0.3V, Voo +0.3V
Quiput Current (REFOUT) .....coviieninnnn.nn. 30mA
Siresses

operatron of the device at these or any other conditions beyond

Continuous Power Dissipation (T = +70°C)
24-Pin Plastic DIP (derate 8.7mW/'C above +70°C) .. 696mW
24-Pin CERDIP (derate 12.5mW/'C above +70°C) .. 1000mW
28-Pin Plastic DIP {derate 9.09 mW/"C above +70°C) .. 727mW
28-Pin Wide SO (derate 12.5mW/"C above +70°C) . . 1000mW
28-Pin CERDIP (derate 16.67mW/C above +70°C) . 1333mW

Operating Temperature Ranges:
MAX155/MAX1S6 C__ .......ovvieeinn.. 0'Clo +70°C
MAX155/MAX156_E_ . . ...ttt -40°C to +85°C
MAXISS MUl .. i 55 Cto +125°C
Storage TemperalureRange .............. -65°Cto +160°C
Lead lemperature (soldering. 10sec) .............. +300°C

those listed under ‘Absolute Maximum Ralings® may cause permanent damage lo the device. These are stress ralings only. and functional
those indicaled in the operational sections of the spectiications 13 nof impted Exposure 1

absolute maximum rating conditions for extended periods may affect device rehiabihly.

ELECTRICAL CHARACTERISTICS

(VDD = +5V, REFIN = +2.5V, Externa) Reference, AGND = DGND = 0V, Va5 = OV or -5V, fck = SMHz External, Unipolar Range.

Single-Ended Mode, Ta = TMiN to Tmax, unless otherwise noled.)

PARAMETER | symsoL | CONDITIONS | N TYP  MAX | uNTs
ACCURACY (Note 1)
Resolution 8 Bits
Integra! Linearity Error AR, +§2 LsB
MAX15_8B 1
No Missing Codes Resolution Guaranteed monotonic 8 Bits
. MAX15_A e
Olftset Error (Unipolar) MAX15.5 T ? LS8
[ . MAX15_A £
Oltset I%rrﬁr (Bipolar) MAX15.8 o LSB_
Unipolar X 2] '
MAX15_8B 1
Gain Error LSB
) MAX15_A F3]
BpXY MAX15_8 12
X MAX15_A 172
Channel-to-Channel Matching MAX15.8 i - LSB
DYNAMIC PERFORMANCE (ViN = S0kHz, 2.5Vp-p sine wave sampled at 220ksamples/sec) 1
i i MAX15, 48
Sraio ose ard L : ®
Total Harmonic Distortion THD -60 a8
Spurious-Free Dynamic Range SFDR 62
Small-SignalBandwidth 4 MHz |
Aperture Delay 20 ns
?m;: Delay Matching 4 - ns
2 /KLt




: 8-/4-Channel ADCs with
E Simultaneous T/Hs and Reference
}

ELECTRICAL CHARACTERISTICS (continued)
% (VDD = +5V. REFIN = +2.5V, External Reference, AGND = DGND = OV, Vsg = QV or -5V, fcLk = SMHz External, Unipolar Range, Sin-
gle-Ended Mode, Ta = TMIN to Tmax, unless otherwise noted.)

9GS LXVIN/SS IXVIN

PARAMETER { symBoL | CONDITIONS [ v 1P max | unms |
| -ANALOG WPUT _
‘Valtage Rangc
Unipolar, Single-Ended AIN_{+) to AGND o VREF
Unipolar. Differential AIN_(+) to AIN_(-) 0 VREF v
Bipolar. Single-Ended AIN_(+) to AGND VREF VREF
Bipotar, Differential AIN_(+)10 AIN_(-) -VREF VREF
Common-Mode Range Differential mode Vss Voo
' ["DC Input Impedance AN = VDD 10 MO
5 REFERENCE INPUT |
R (o angrihed 2375 250 2625  V
. |_Irer REFIN = 2.5V 1| mA
REFERENEE OUTPUT (CL = 4.7uF) ]
' OutputVollage ' ny Ta=+25C 2.44 250 256 v
| Ta=TmntoTmax| 2.38 2.50 2.62
Load Regulation Ta = +25'C, lout = OmA to 10mA -10 mv
Power-Supply Sensitivity Ia=+25C,VDD = SV 5% +1 +3 mv
% Temperature Drift +100 Lppml'c
| LOGIC INPUTS (Mode = Open Circuit)
CS, RD. WR, CLK,
00-D7 (when inputs)
Input Low Voliage vIL 08 v
} | Input High Voltage ViH 24
i Input éunenl Iin | e +10 HA
i Input Capacitance (Note 2) Cin 15 pF
MODE
Input Low Voltage ViL 05
E Input High Voltage ViH Vop-05 v
| Input Mid-Level Voltage VMID VDD2-05 Voo2+05
i Input Floating Voltage VAT vDD/2
Input Current Iin 50 +100 uA
i 4| LOGICOUTPUTS
. | BUSY. DO-O7
i Oulput Low Voliage VoL louT = 1.6mA 0.4 v
i1 Output High Voltage VoH IOUT = -360pA 4
* | Do-D7 7
Fl_oa_lmg State Leakage +10 HA N
| Ry cor o | o ]
Conversion Time L%gle: fhhg:l:el 38 38 | bs
s /21 K 7V
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8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

ELECTRICAL CHARACTERISTICS (continued)
{VDD - +5V, REFIN . +2.5V, External Reference, AGND = DGND = QV, Vss = OV or -5V, fcLk = SMHz External, Unipolar Range,

Single-Ended Mods, Ta = TMiN to Tmax. unless otherwise noted.)

PARAMETER [ symsoL | CONDITIONS T wnw 7P max_ | unms
POWER REQUIREMENTS
_Pt)-sﬁiv; Power-Supply Voltage Voo 4.75 5.2.5 v
B o MAX155 18 24 A ]
MAX156 9 12
Positive Power-Supply Current oo CLK.C3. WA,
PD =1 RD = QV or Vpp; 25 100 HA
Dout iov or VDD
M Power-Supply Vollage vVss 0 -5 v
Ne¢ Supply Cutrernt Iss F-r0 2 50 -~ pA
= PD=1 2 50
Pow siection VDD = 5V #5%. Vss = OV 0.1 4025 LSB_ ]
(cha sale error) VDD = 5V, Vss = -5V 5% 0.1

TIMING CHARACTERISTICS (Note 3, Figures 1-7)

(VDo = +5V. REFIN = +2.5V, External Reference, AGND = DGND = OV, Vss = OV or -5V, Ta = TmIN 1o TMAX. unless otherwise noted.)

PARAMETER . SYMBOL CONDITIONS MIN TYP MAX | UNITS
"5 10 WA Setup Time © tows A 0 s |
CS to WR Hold Time lcwH 0 ns
CStoRD Sctup Time tCRS Q ns
CS to RD Hold Time (Note 2) tcrH 0 ns
WH Low Pulse Width AV Vo . 0 B £ 0 ns
o MAX155M 120 2000
RO Low Puise Width tROL MR 10 ns
MAX155M 120
RD High Pulse Width (Note 2) tRDH RN A \ ns
) MAX155M 200
WR to RD Delay (Note 2) WRD WyK1s. O ! ns
MAX155M 300
WR to BUSY Low Delay twBD e Gelslty 220 ns
MAX155M 240
BUSY High to WR Delay
(to update configuration register) B8WD 50 ns
(Notes 2, 3) )
g&ﬁﬁ?sm%ﬁ)' (Note 2) 1 taca 800 ns_
BUSY Highto RD Detay (Notes 2.3)|  18RD 50 ns_ |
Address-Setup Time tas 120 ns
Address-Hold Time tAH 0 ns
4 A KL/
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8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

’
TIMING CHARACTERISTICS (continued) (Note 3, Figures 1-7)
(VoD = +5V, RFFIN = +2.5V. External Reference. AGND = DGND = 0V, Vss = OV or -5V, Ta = Tmin to TMAX, unless otherwise noted.)

-~

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

. _ MAX15_C/E 100
RD to Data Valid (Note 4 t —

j RO id (Note 4) OV ["MAx155M 120 ns
FD to Data Three-State Output R MAX15_CIE &0 ns
{Note 5) MAX155M 100

_CL.K to BUSY Delay (Note 2) ce ) 100 300 ns
CLK Frequency j l 0.5 5.0 MHz

Rejection tesi.

Guaranteed by design, not production tested.

Note 1: Vpp = +5V, REFIN = +2.5V, Vss = OV. Performance at +5% power-supply tolerance is guaranteed by Power-Supply

nals are specified with tr = tf = 20ns (10% to 90% of +5V) and timed from a +1.6V voltage level. Output

Note 2:
Note 3: Al input control si?
I signals are timed from VoK and Vor.
Note 4: tpv is the time required for an output to cross +0.8V or +2.4V measured with load circuit of Figure 1.
Note 5: tTRis the time required for the data lines to change 0.5V, measured with foad circuits of Figure 2.
‘5\( »,
]
’ 3k k3
DM < DN DN 26 DN
]
! 4 1 Vi 1
5 K 100pF 100pF x 10pF 10pF
s i 1 ] I
= DG T = DGND = = =
High-Z to Vou High-Zte Vo Vou 1o High-Z Vor 1o High-Z
Figure 2. Load Circuits for Three-State Oulput Timing

Figure 1. Load Circuits for Data-Access Timing

9SLXVIN/SS EXVYIN

Figure 3. Write and Read Timing
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' 8./4-Channel ADCs with |
Simultaneous T/Hs and Reference

—

}
g Pin Description
™ mAxiss " MAXISS
NAME FUNCTION
: DIP/SO , DIP SO
1 3 26 AIN3 | Sampling Analog Input. channel 3
E ) 2 24 28 AIN2 éampling Analog Input, channel 2
In 3 1 2 AIN1 | Sampling Analog Input, channel 1
™ 4 2 4 AINO | Sampling Analog Input, channel O
, § . S 3" 1 5 MODE | Mode configures multiplexer and convertar. See Table 4.
E 6 4 6 V.s; Negative Supply. Power Vss with -5V for extended input range. )
i 7 5 7 CS | CRIPSELECT Input must be low for the ADC to recognize RD, or WR.
; 8 6 8 RD | READ Inputreads data sequentially from RAM.
f 9 7 9 WA \m&p&g; r:lgﬁes eg’%mmates conversion and updates channel configuration register.
F 10 8 10 8USY | BUSY Output low when conversion is in progress. )
11 9 11 CLK External Clock Input X T
12 10 12 D7/ALL Thr.eeState Data Qutput Bit 7 {MSB) / Sequential or Specific Conversion
13 11 13 | O6/DIFF | Three-State Data Output 8it 6/ Single-Ended/Differential Select
14 12 14 DGND | Digital Ground )
i 15 13 15 DSMBIP | Three-State Data Output Bit 5 / Unipolar/Bipolar Conversion
16 14 16 D4/INH | Three-State Data Output Bit 4 / Inhibit Conversion Input
17 15 17 D3/PD | Three-State D;!a Qutput Bit 3 / Power-Down Input )
18 16 18 D2/AZ2 | Three-State Data Output Bn 2/ RAM Address Bit A2 (MAX155 only)
19 17 1é DV/A1 | Three-State Data Output Bit 1/RAM Address Bit At
[ 20 | 18 | 20 | DOm0 | ThreeState Data Output Bit 0/ RAM Address Bit AQ r
21 19 21 ‘ REFOUT{ Reference Output, +2.5V
22 20 22 REFIN | Reference Input, +2.5V nommally )
23 21 23 AGND | Analog Ground
24 22 24 Voo Power-Supply Voitage, +5V normalty
25-28 - AIN7-4 | Sampling Analog Input, channels 7-4
- | &% | NC. | Notntemal Connection - floating pin.
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8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

) Detailed Description
A/D Converter Operation

The MAX155/MAX156 contain a 3.6ps successive ap-
proximation ADC and 8/4 track-and-hold {T/H) inputs.
When a conversion is started, all AIN inputs are simulta-
neously sampled. All channels sample whether or not
ithey are selected for the conversion. Either a single-chan-
“‘nel or mutti-channel conversion may be requested and
channe! configurations may be mixed. ADC results are
then stored in an internal RAM.

In hard-wired mode (see Multiplexer and A/D Configura-
tions section) multi-channel conversions are initiated with
“ong write operation. In input/output (1/O) mode, multi-
channe! configurations are set up prior o the conversion
by loading channetl selections into the configuration reg-

Table 1. Multiplexer Configurations

ister. This register also selects single-ended/differential,
unipolar/bipolar (Figure 9), power-down and other func-
tions. Each channel selection requires a separate write
operation (i.e. 8 writes for 8 channels), but only after
power-up. Once the desired channel arrangement is
loaded, each subsequent write converts all selected
channcls without reconfiguring the multiplexer (mux). YO
mode requires more write operations, but provides more
flexibility than hard-wired mode.

To access conversion results, successive RD pulses
automatically sequence through RAM. beginning with
channet 0. Each RD pulse increments the RAM address
counter, which resets to 0 when WR goes low in multi-
channel conversions. An arbitrary RAM location may also
be read by writing a 1 to INH while loading the RAM
address (A0-A2), and then pertorming a read operation.

PN INPUT FUNCTION
ggﬁ? 1or 0 AD-A2 select a multiplexer channel for the contigurations described below, or select a RAM address for read-
ing with a subsequent RD.
D2/A2
¢} Normai ADC operation
D3P0 [~ g . W .
1 Power-Down reduces the power-supply current. Configuration data may be loaded and is maintained during
power-down.
0 A conversion starts when WR goes high.
D4/INH A
/ 1 Inhibits the conversion when WR goes high. Allows mux configuration 10 be loaded and RAM locations to be
accessed without starting a conversion.
: — 0 Unipolar conversion (Figure 8a) for the channel specified by AG-A2. Input range = OV to VREF.
1 Bipolar conversion (Figure 9b) for the channel specified by AG-A2. Input range = +VREF.
D6/DIFEF [} Single-ended contiguration for the channel specified by AD-A2 as described in Table 2.
IFE
1 Differential canfiguration ior the channel specified by A0-A2 as described in Table 2.
0 Al previously configured channcts are converted. Data is read with consecutive RD pulses, beginning with
D7/ALL the lowest configured channel.

L.

Only the channel specified by A2-AQ is converted. A single RD pulse reads the result of that conversion.

* Configuration inputs are shared with data outputs DO-D7. The functions of DO-D7 are not described in this table.
** DIFF and BIP are not implemented an the current conversion, but go into effect on the following conversion.

VI KLV
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8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

Multiplexer and A/D Configuration

A conversion is started with a WR pulse. All channels
sample on WR’s falling edge. Mux configuration data
is loaded on WR's rising edge. In 1/0 mode (MODE =
Open Circuit), selections for channel number, single-
or multi-channel conversion, unipolar or bipolar
input, and single-ended or differential input are made
with A0-A2, ALL, BIP, and DIFF (Table 1). These input
pins are also shared with the RAM data outputs
D0-D7. An alternate, simpler interface is provided by
the hard-wired mode, which selects some general
mux configurations without requiring ADC program-
ming. Hard-wired connections of MODE and Vss

select from 4 mux configurations as listed in Table 4 (see
Hard-Wired Mode section).

On the rising edge of WA, the mux configuration
register is updated; falling edge initiates sampling
of all inputs. A channel selection can be imple-
mented on the current conversion, but changes
from unipolar to bipotar (with BIP) or from single-
ended to differential operation {(with DIFF) do not
go into effect until the following WR. This can be
overcome by writing to the configuration register
while inhibiting the conversion (INH = 1). or by
changing DIFF and BIP one conversion early, i.e.
on the previous write.

Table 2. Single-Ended Channel Selection (MODE = Open Circuit)

' MUX ADDRESS = SINGLE-ENDED CHANNEL SELECTION
[ Ao Al A2 | DFF| O 1 2 3 | s s | s 7 | acnD

0 0 0 0 ] _

1 0 0 0 R -

0 1 0 0 - -

1 1 0 v} + -
R 1 0 + -

1 0 1 o] + -

o ! 1 0 + -
v T v | 1 <1 -
Note: Shaded areas represent MAX 156 operalion
Table 3. Differential Channel Selection (MODE = Open Circuit)

MUX ADDRESS DIFFERENTIAL CHANNEL SELECTION '|

A0 Al A2 | DFF o | 2 3 4 5 6 7

0 0 0o | 1 . -

o} 1 0 1 + -

aQ 0 1 1 + -

_—0 1 1 1 + - 7
1 [} 0 1 - *
1 1 0 1 - R
1 o I 1 N N

L ‘ ! L L J -]

Note: Shaded areas represent MAX156 operation.
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Interface Timing
Input/Output Mode,
Mutti-Channel Conversion Timing

1/0 mode is selected when the MODE input is open circuit.
In /O mode, the mux confi guration register determines
he conversion type. The register is updated on the rising
‘edge of WR.

Table t lists all conversion options. For example,
at D6/DIFF, a logic O or 1 selects a single-ended
or differential conversion. Data is loaded into
addressed locations in the configuration register
with a series of WR pulses. If INH is high while
R writing, no conversion takes place. A conversion
is started by writing INH = 0 to the configuration
register. When a change is made to the contents
of the configuration register, a “"dummy” conver-
sion may be necessary. This is due to a built-in
latency of one full conversion for unipolar/bipalar
. and singie-ended/differential selections.

It is not necessary to update the configuration regis-
ter before every conversion. A particular mux config-
uration must be loaded only once after power-up (but
the configuration may require several writes 1o be
loaded). A mux configuration is retained for succes-
sive conversions and during power-down (PD = 1) so
that recontiguring is unnecessary when the ADC re-
turns 1o normal operation (PD = 0). Configuration and
RAM data is lost only when power is removed from
the ADC at Vpp.

When updating the contiguration register, INH should be
high for all except the last WR so the conversion is not
started until the mux is set. On WR's falling edge, all input
channels sample simultaneously. BUSY goes low at the
beginning of the conversion, and channels are converted
sequentially starting with the lowest selected channel.
When BUSY goes high, conversion results are stored in
RAM. At conversion end, a microprocessor (uP} can
access the RAM contents with consecutive RD pulses.
The first accessed data is the lowest channel's result.

eV 4

8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

Subsequent RD pulses access conversion results for the
remaining channels.

The conliguration data determines which RAM locations
are sequentially read by consecutive RD pulses, so new
data should be placed in the configuration register only
after a full RD operation. It is not necessary to update the
configuration register for every conversion. A new conver-
sionis initiated with @ WR pulse (when INH = 0), regardless
of the number of channels that have been read.

Figure 4a shows the MAX155 timing for an 8-channel
unipolar configuration. 8 channels are configured and 8
consecutive RD pulses access data. Figure 4b illustrates
4-channet differential conversion timing involving 4 sam-
pled channels and 4 RD pulses. In cases where conflict-
ing differential configurations are loaded, the last channel
selected with DIFF = 1 will be the positive input of the
differential channel.

Input/Output Mode,
Single-Channel Conversion Timing

Figure 5a shows timing for a single-channe! (ALL = 1),
single-ended conversion; Figure 5b shows a differ-
ential conversion. With MODE floating, the configu-
ration register is updated on the rising edge of WR.
BUSY goes low at the beginning of the conversion
and returns high when the channel designated by the

configuration register has been converted. All chan-'

nels are sampled on the falling edge of WR even if
only a single channel has been requested. At con-
version end, the pP can read the result for the se-
lected channel with a single RD pulse. Subsequent
RD pulses will access old conversion results remain-
ing in other RAM locations. The next conversion is
initiated with a WR pulse, regardless of the number
of channels that have been read.

INH and AQ0-A2, in the configuration register, access
locations in RAM. INH = 1 allows the RAM address
pointer to be updated without starting a conversion. A
READ pulse then reads the contents of the addressed
location.

9SG IXVIN/GSEXVYIN
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8-/4-Channel ADCs with
Simultaneous T/Hs and Reference
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CONSECUTIVE RAM LOCATIONS ARE
ACCESSED BY CONSECUTIVE RD PULSES

THE FIRST RAM LOCATION READ IS CH O

CONVERSION END OF 8 CHANNELS
L L— UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
ALL 8 CHANNELS ARE SAMPLED HERE

| e Rt gaar s the conf P g Hliba BN e
v9n§ {ses Figure 3) are needed for a%hamelgeg limuing diagram begms‘

" A0 Al A2 | PD INH BIP DIFF

ot

NOTE: After power-up. and pnor 10 the above timing Once the is oaded, all channels are converted

address (thus is whe e Sbove

INH BIP DIFF ALL

1

|- = ~ws000O0
Aoooooooop

-~ O w0 —-0=0
O - S, i =
ccocoo0o0Q
- e

mnunununnonomn
scoooocooo

|

S = May be selected

A0 A1 Az | PD
0 0 o[ o

0

!

’

¢

g Figure 4a. Inpul/Output Mode Tiring - Eight Single-Ended Conversions
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8-/4-Channel ADCs with
Simultaneous T/Hs and Reference
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t COMSECUTIVE RAM LOCATIONS ARE
ACCESSED BY CONSECUTIVE RD PULSES
THE FIRST RAM LOCATION READ IS CHO. 1
L CONVERSION END OF 4 DIFFERENTIAL CHANNELS
UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
ALL 4 DIFFERENTIAL CHANNELS ARE SAMPLED HERE
] . 2
NOTE: Atter power-up, and prior 1o the above timing bove k chan nvened
seg}uenlce&‘an dlﬂgrenu?l chann;ls r&:‘sﬁ é)e so;t texp by Simmesﬁ;e Wﬁm':c?ddr:g's?g\is is :ﬁewlg e coabove
writing to the configuration register X are +, Nmina di .
and AIN1.3,5,7 a?e -for thggeuample). ﬁﬂﬁs {see g iatyan beghsl AT Q80 s
Figure 3) are needed for 4 channels: | .
. | A0 A1 A2l PO M BIP DIFF ALL
A0 Al A2 PD INH BIP DIFF AL_L__ 0 ) o 1 o 0 s 1 0
0 0 0 0 1 S 1 4]
0 1 0 0 1 S 1 0
0 0 1 [¢] 1 S 1 0
4] 1 1 [+] 1 S 1 4]

S = May be selected

" e

sFigure 4b. input/Output Mode Timing - Four Differential Conversions
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8-/4-Channel ADCs with
Simultaneous T/Hs and Reference
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® X ,J" ™~ A
" — B _
w0 AN

—_— 1 tcom
BUSY N —— —
0007 - DATAIN ) DATAQUT

MAX155/MAX156

T I {_ reaD DATA INDKCATED BY ADDRESS
] END OF CONVFRSION
L. UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
L CHANNEL 1S SAMPLED HERE

NOTE: A single-ended channel is converted by writing the
following data into the conliguration register (see Figure 3}.
The BIF and DIFF bits are not implemented uniil the next WR.

A0 At A2 ! PD INH BIP DIFF ALL

! _S S S 0 6] S 4] 1
4 S = May be selected

; iFigure 5a. Inpul/Output Mode Timing - Single-Channel. Singte-Ended Conversion

t o AP NS
: - _\;7](
J A o P

= IS
o~ LS~

]
L t t AEAD DATA INDICATED BY ADDRESS

L END OF CONVERSION
i UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
CHANNEL IS SAMPLED HERE

' ’ON'OTE Aéi{!emndﬁl\e chan{.\el isqonvenp;ib{vwiﬁé\gdw

lowing data into the conti registor (see Figura 3).
The BIP and DIFF bits are nol nplame%duﬂﬂtengnrﬁ
|- a0 .A1_ a2 [P0 wH BIP_ DFF AL
: s S8 s l.o o _s 1 1
$ = May be selected

Figure 5b. InputfOutput Mode Timing - Single-Channel, Differential Conversion
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8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

s
= . AN yd N/ N__ 7N, /S
5 W
b S, 4 AN AN /
'R
b . i o \__J \____/
Busy )L
i 4 e
Dbo-07 [TTH) INH =1
;P DATAN Y 4 DATAW
} ! )
L UPDATE CONFIGURATION
RLGISTCIL DLGIN CONVERSION
READ DATA AT ADDRESS
l UPDATE CONFIGURATION REGISTER WITH NEW ADDRESS
' READ DATA INDICATED 8Y ADORESS
H END OF CONVERSION
L UPDATE CONFIGURATION REGISTER AND BEGIN NEW CONVERSION
L ALL CHANNELS ARE SAMPLED HERE

NOTE: A RAM Jocation is read by writing the following
d%mto the configuration register and when performing
aRU. 1 INH = 0. a conversion will begin.

A0 A1 A2 | PD INH BIP DIFF ALL

S S S (4] 1 X X 1
S = May be selected
X = Don't Care for this WR f INH = 0, but may affect next
conversion.

'Figure 6. Input/Output Mode Timing - Reading Arbitrary RAM Locations
1

| Hard-Wired Mode  T.p10 4, Hard-Wired Mode - Multiplexer
For simpler applications, the MODE and Vss pins can be Selections

hard-wired to specify the type of conversion as outlined B

int Table 4. In this mode, the configuration register is not MODE | Vss CONVERSION TYPE

used, so input data on DO-D7 is ignored. For example, . 4 . .
with MODE tied low, an 8-channel, single-ended conver- C%P(!:E&T X me,: cﬁwﬂﬁgzﬁgﬁg detarmines
sion begins with WR. With MODE tied high, a 4-channel, : :

0 AGND| 8-Channel, Single-Ended, Unipolar Conversion

differential conversion is initiated with WR. Again, the
configuration register is not affected by the data present AGND|{ 4-Channel, Differential, Unipolar Conversion

1
. ; herw ical ‘
on DO-D7. These conversions are otherwise identical to o — nel, Sing B o on
1

those shown in Figure 4. b
- - -5V | 4-Channel, Differential, Bipolar Conversi
Analog Considerations oo T on

Internal Reference . s output from oscillating and generating unwanted

¥
The internal 2.5V reference (REFOUT) must be bypassed conversion noiss elsewhere in the ADC. If component
to AGND (Figure 8a) with a 4.7uF electrolytic and a 0. 1uF count is critical when using an external reference,
ceramic capacitor to ensure stability. REFOUT may be disabled by connecting it to VDD. In this
case, the unused internal reference does not need a
f External Reference bypass cap. A disadvantage of tying REFOUT to VoD is
if anexternal voltage reference is used at REFIN, REFOUT that power-down current will be increased by about
'must either be bypassed (Figure 8b) or disabled to pre- 250pA above the specitication limits.

|
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Figure 7a. Hard-Wired Mode Timing - Eight Single-Ended Conversions

N ST N 2 N

— ALL 4 DIFFERENTIAL CHANNELS SAMPLED HERE

I
o
T A Vg VAR e Y 7 A N
BUSY [ oy
S 1
Yy T
L lzcomzwnwmumcmogsm
ACCESSED BY CONSECUTIVE RD FULSES
TV FIRST RAM LOCATION READ 1S CHQ, 1

- ENDOF CONVERSION OF 4 DIFFERENTIAL CHANNELS

MOOE - 1

Figure 7b. Hard-Wired Mode Timing - Four Differential Conversions
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8-/4-Channel ADCs with

‘ Simultaneous T/Hs and Reference
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1 Figure 8a. Internal Relerence

3

Power-Down Mode

The MAX155/MAX 156 may be placed in a powered-down
state by writing a 1 10 the PD location in the configuration
register (Table 1). The register may be updated while in
this state (to change mux configurations or exit power-
down mode) and all register contents are retained; how-
ever, no data can be read from RAM and no conversions
can be started. The power-down command is imple-
mented on WR's rising edge.

To minimize current drain, the MAX155/MAX 156 internal
reference is turned off during power-down. When return-
ing to normal operation (PD = 0), up to Sms may be
nesded to allow the reference to recharge its 4.7uF
bypass capacitor betore a conversion is performed. If an
extemalreference is used, and remains on during power-
down, a conversion can be started within 50us after
“loading PO with a 0.

Bypassing

A 47yF electrolytic and a 0. 1uF ceramic capacitor should
bypass VDD to AGND. If input signals below ground are
expected, a negative supply is necessary. In that case,
Vss shouid be bypassed to AGND with a 4.7uF and 0. 1uF
combination.

The internal reference requires a 4.7pF and 0.1uF com-
bination. If an external voltage reference is used, bypass
REFIN to AGND with a 4.7uF capacitor close o the chip.
When an external reference is used, REFOUT must still
be either bypassed or connected to VDD.

Figure 8b. Exlernal Reference, +2.5V Full Scale

Track/Hold Ampiifiers

The MAX155/MAX156 TMH amplifiers’ high input imped-
ance usually requires no input buffering. All T/Hs sample
simultaneously. For best results, the analog inputs shouid
not exceed the power-supply rails (VOD. Vss) by more
than 50mV.

The time required for the T/H to acquire an input signat
for one channel is a function of how quickly the channel
input capacitance is charged. If the source impedance
of the input signal is high, acquisition takes longer, and
more time must be aliowed between conversions. Acqui-
sition time is calculated by:

1ACO = 8(Rs + RiN) x 4pF (but never less than 800ns),
where RIN = 15kQ, and Rs = source impedance of the
ADC's input signal.
Conversion Time
Conversion time is calculated by:
tCONV = (8 x N x 2)ffiCLK,

where N is the number of channels converted. This
includes one clock cycle of uncertainty. For a single
channel and 5MHz clock, the conversion time is
(9 x 1 x 2)/5MHz = 3.6us. For the MAX155, the maxi-
mum conversion time for 8 channels is (9 x 8 x 2)/6MHz
= 28.8uts. In the application example (Figure 10). six
conversions are configured, and the conversion time is
(9 x 6 x 2)/5MHz = 21.6ys.
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Figure 9a. Transler Function - Unipolar Operation
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Application Information
9-Bit A/D Conversion

In 4O Mode, a gth bit of resolution can be created by
performing two unipolar differential conversions with op-
posite input polarities (i.e. first with AINO[+] and AIN1[-],
then with AINO[-] and AIN{[+]). Oniy the AG bit must be
changed to reverse input channel polarity (Table 3). The
sign reversal also occurs on the current write without a
one conversion delay. For a differential input signal, one
of the two conversions will read 0 while the other will
contain an 8-bit result. The input polarity that provides the
8-bit result indicates the 9th (sign) bit. 4 channels can
be measured this way. A major drawback of this tech-
nique is that many of the sampling features of the
MAX155/MAX156 are defeated since two separate sam-
ples are needed.

If only two 9-bit channels are needed, then two separate
differential channels with reversed input polarities can be
connected so that both input pairs sample al the same
time. This way the simultaneous sampling advantages of
the MAX155/MAX 156 are retained.

Typical 1/0 Mode Application

MAX155/MAX156 address and configuration inputs for
this example were determined by selecting the desired
channel configurations in Tables 2 and 3. Figure 10 illus-
trates the configuration outiined in Table 5.

Table 5. Typical Multiplexer Configuration

T

Faz|ar | a0 DlFFI BIP FUNCTION
o o 1 1 1 (B:ir:)aox?:rel (1. 0), Differential,
o | 1] ol o] |G Single-Ended. |
0 1 1 0 1 g;;’aoril:rel 3. Single-Ended.
1 0 0 0 3 (B:ir’x::gg;al 4, Single-Ended,
ilol 1100 Sr‘:?pndng 5. Single-Ended.
1 1 0 , 1 0 82?;073: (6. 7). Diﬂeren(ial._

Figure 9b. Transfer Function - Bipalar Operation
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8-/4-Channel ADCs with

Simultaneous T/Hs and Reference

An ADD conversion in I/O Mode involves the following
three steps:

I

1. Configure the mux by loading data into the configuration
register based on selections from Table 2 and/for 3 (with
INH = 1 and MODE = open circuit). For this example, 6

b write operations (with each address and data setting in
Table 5 above) load the mux after power-up.

2. Sample all selected channels with a WR pulse (and
INH = 0), and update or rewrite any one location of the
configuration register.

This write operation may be skipped by loading INH with
a 0 on the last WR of the above step. The conversion then
starts on the 6th WR. DIFF and BIP cannot be changed
on the 6th WR if the conversion is started at that time.
i

When the conversion starts, BUSY goes low while all
selected channels are sequentially converted. Conver-
sion results are stored in RAM and are ready to read when
BUSY returns high.

3. Datais read from RAM with INH = L and consec-
utive RD strobes. Note that in the 6 channel con-
figurations described in this example (Figure 10),
6 RD pulses access all available data, starting
with the differential channel (1,0). Additional RD
pulses loop around, accessing the lowest chan-
nel data again.

4. To start a new conversion cycle with the same mux
configuration, repeat steps 2 and 3.

{428
25v(~. )25

S auF
kkd P pa ]
DEFERENTIAL
(4 - POLAR L
clminl( ]
REFIN |
2 OF |,
{2) UNiPOLAR 2= 4.7pF
L AN l_I_T
MAXISS
+
j> U (3)8pouaR
A {4) BIPOLAR vl 1 CLOCK
Shy
SENSOR | ——2} () haPOLAR g 3
L ot |2
2...15.13,12

m UNIPOLAR

AGND DGND ¥ss

? 7 TA
‘s’}nmmw 00.07 | DATAUO LIS

-1 75V

z /14

i}
—_
1,

Figure 10. MAX155/MAX156 Typical Operating Circuit
Vi1 KW 2vh
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8-/4-Channel ADCs with

‘ Simultaneous T/Hs and Reference

13
An A/D conversion in /O Mode involves the following
ttyee steps:
1, Configure the mux by loading data into the configuration
[ register based on selections from Table 2 and/for 3 (with
JNH = 1 and MODE = open circuit). For this example, 6
write operations (with each address and data setting in
i Table 5 above) load the mux after power-up.

2. Sample all selected channels with 2 WR pulse (and
i INH=0), and update or rewrite any one location of the
, «configuration register.

This write operation may be skipped by ioading INH with

aQonthelast Wﬁ of the above step. The conversion then
starts on the 6th WR. DIFF and BIP cannot be changed

on the 6th WR if the conversion is started at that time.

5

When the conversion starts, BUSY goes low while all
selected channels are sequentially converted. Conver-
sion results are stored in RAM and are ready to read when
BUSY returns high.

3. Data is read from RAM with INH = L and consec-
utive RD strobes. Note that in the 6 channel con-
figurations described in this example (Figure 10),
6 RD pulses access all available data, starting
with the differential channel {1,0). Additional RD
pulses loop around, accessing the lowest chan-
nel data again.

4. To start a new conversion ¢ycle with the same mux
configuration, repeat steps 2 and 3.

p 45
1 24
I 01 l.
AN Voo P 41F
d I T
DIEFERENTIAL
{14 BIPOLAR
@ f =
__I_‘ o 2
REFIN
0.1psf s
| (2)UNIPOLAR = 4IuF
AN i_l_]q
MAXI55
j>————‘ (3)BIPOLAR
{4 BPOLAR axp" CLO0K
oo |
’ s
i 8
; SENSOR I 71 (5)UIPOLAR i [
L s
2...15.13,12
— %], T} ——~4— oamaw0
DEFEREAIAL 200 8 LES
25v(~ ()23
mun DGND VSs
-175v /14
omF I
1
! —
] = =

Figure 10. MAX155/MAX 156 Typical Operating Circuit
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8-/4-Channel ADCs with
Simultaneous T/Hs and Reference

Chip Topography

L v .

VAKXV
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AGND
AGND
REFIN _ 0288"
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CLK J'

NOTE: LABELS N ( ) ARE FOR MAX158,

19

9GS EXVIN/SS EXVIN



L

8-/4-Channel ADCs with

Simultaneous T/Hs and Reference
Package lnformatlon
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