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PRESSURE TO CURRENT CONVERTER AND INTERFACING UNIT

STAFFE MR. NUTTAPOO MAIPRADITH 36014137 .
MR. VIROJ LIMPASIL 36014413
MR. AKANAE OKADA 36014564
ADVISOR MR. PRASIT JULSELEEWONG
ABSTRACT

This project embhasized circuit de'sign and implementation of pressure
to current converter circuit for interfacing to RS-232.(LT he principal of this project is to
use a solid state pressure sensors for transducing the pressure to electrical voitage.
The voltage signal will be amplified by signal conditioning circuit and then convert it
from analog from into digital form before sending it to display and save in personal
computer via RS-232. in the same time, the voltage signal will be converted to current
by V/i converter circuit. The output voltage signal and current signal will be used to

drive and control some equipments of the process.
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Attribute VB_Name = "Modulel”
Option Explicit

Public Setport As Integer 'set port

Public instring As String * 1 'data of comport

Public Ddate As String 'data of date
Public Dtime As String 'data of time
Public Dpressure As Single 'data of pressure

'define for showgraph

Public i As Integer 'count for arrayX

Public j As Integer ‘count for arrayY

Public ArrayX(6000) As Integer  'point of graph in X
Public ArrayY(6000) As Integer  'point of graph in Y
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VERSION 4.00

Begin VB.Form frmPtol
AutoRedraw = -1 'True
BackColor = &H00COC0OCO0&
Caption = "Ptol"

ClientHeight = 6615
ClientLeft = 1935

ClientTop = 1530
ClientWidth = 6690
Height = 7020

Left = 1875
LinkTopic = "Forml"
MaxButton = 0 'False
ScaleHeight = 6615
ScaleWidth = 6690

Top = 1185

Width = 6810

Begin VB.CommandButton cmdExit
Caption = "Exit"
Height = 495

Left = 5160
Tablndex = 24

Top = 6000

Width = 1215

End

Begin VB.TextBox xtPrint
Height = 375

Left = 3120
TablIndex = 22

Text = "1

Top = 6120

Width = 495
End
Begin VB.CommandButton cndStopSave
Caption = "Save Stop"
Enabled = (0 'False
Height = 495

Left = 240



TabIndex

Top

Width
End

Begin VB.CommandButton cmdStopPrint

Caption
Enabled
Height
Left
TabIndex
Top
Width
End

19
6000
1215

"Stop Print”
0
495
3120
18
5400

1215

'False

Begin VB.CommandButton cmdPrint

Caption = "Print"
Height = 495
Left = 1680
TablIndex = 17
Top = 5400
Width = 1215
End
Begin VB.PictureBox ShowGraph
AutoRedraw = -1 'True
BackColor = &HOOFFFFFF&
FillColor = &HOO080FF80&
FillStyle = 6 'Cross
ForeColor = &HOOFFFFFF&
Height = 1815
Left = 600
ScaleHeight = 255
ScaleMode = 0 'User
ScaleWidth = 6000
TabIndex = 8
Top = 3240
Width = 4335
End

Begin VB.Timer TimerClock

Interval

1000



Left = 4080
Top = 1320
End
Begin GaugeLib.Gauge Gauge

Height = 5715
Left = 5880
Tablndex =1
Top = 180
Width = 705
_Version = 65536
_ExtentX = 1244
_ExtentY = 10081
_StockProps = 73
ForeColor = 16744576
BackColor = -2147483633
InnerTop = 12

) InnerLeft = 13
InnerRight = 14
InnerBottom = 11
Style = ]
NeedleWidth = 1
Picture = "ProjectPtol.frx":0000

End

Begin VB.Timer TimerComm
Enabled = 0 'False
Left = 3480

Top = 2160

End

Begin VB.Timer Timerprint
Enabled = 0 'False
Interval = 3000

Left = 4080

Top = 2160

End

Begin VB.CommandButton crndSave
Caption = "Save File"
Height = 495
Left = 240



Tablndex = 7
Top = 5400
Width = 1215
End
Begin VB.Label Labell ]
Caption = "Min"
BeginProperty Font
name = "MS Sans Serif"
charset = 222
weight = 400
size = 12
undertine = 0 'TFalse
italic = ( 'False
strikethrough = 0 'False
EndProperty
Height = 495
Left = 3720
Tablndex = 23
Top = 6120
Width = 615
End
Begin VB.Label Label9
Alignment = 1 'Right Justify
Caption = "Print Every "
BeginProperty Font
name = "MS Sans Serif"
charset = 222
weight = 400
size = 12
underline = 0 'False
italic = 0 'False
strikethrough = 0 'False
EndProperty
Height 495
Left = 1680
Tablndex = 21
Top = 6120
Width 1215



End

Begin VB.Line Line9
X1 = 480
X2 = 600
Y1 = 4680
Y2 = 4680

End

Begin VB.Label Labell0
Caption = "0.2"
Height = 375
Left = 120
Tablndex = 20
Top = 4560
Width = 255

End

Begin VB.Label Label8
Alignment = 1 'Right Justify
Caption = "0%"
Height = 375
Left = 5280
TabIndex = 16
Top = 5520
Width = 495

End

Begin VB.Label Label7
Alignment = 1 'Right Jusufy
Caption = "25%"
Height = 495
Left = 5280
Tablndex = 15
Top = 4320
Width = 495

End

Begin VB.Label Label6
Alignment = 1 'Right Jusufy
Caption = "50%"
Height = 495

Left = 5280



Tablndex = 14
Top = 2880
Width = 495
Ehd

Begin VB.Label Label5
Alignment = 1 'Right Justify
Caption = "75%"
Height = 495
Left = 5280
TablIndex = 13
Top = 1560
Width = 495
End

Begin VB.Label Label4
Alignment = 1 'Right Justify
Caption = "100%"
Height = 495
Left = 5280
Tablndex = 12
Top = 240
Width = 495
End

Begin VB.Line Line8

X1 = 240
X2 = 4920
Yl = 1920
Y2 = 1920

End

Begin VB.Line Line7

X1 = 240
X2 = 4920
Y1 = 1080
Y2 = 1080

End

Begin VB.Line Line6

X1 = 240
X2 = 4920
Yl = 2760



Y2 = 2760

End

Begin VB.Line Line5
X1 = 4920
X2 = 4920
Y1 = 2760
Y2 = 240

End

Begin VB.Line Line4
X1 = 4920
X2 = 240
Y1 = 240
Y2 = 240

'End

Begin VB.Line Line3
X1 = 240
X2 = 240
Y1 = 240
Y2 = 2760

End

Begin VB.Label Label2
Alignment = 2 'Center
Caption = "t"
Height = 255

Left = 4560
TabIndex = 10

Top = 5280
Width = 375

End

Begin VB.Label Labell
Alignment = 2 'Center
BackColor = &H00COCOCO&
Caption = "kg/cm2"
BeginProperty Font
name = "MS Sans Serif"
charset = 222
weight = 400

size = 12



underline = 0 'False

italic = ( 'False
strikethrough = 0 'False
EndProperty
Height = 495
Left = 3480
Tablndex =9
Top = 360
Width = 1215
End
Begin VB.Line Line2
X1 = 360
X2 = 5040
Y1 = 5160
Y2 = 5160
End
Begin VB.Line Linel
BorderColor = &H00000000&
X1 = 480
X2 = 480
Y1 = 3120
Y2 = 5280
End
Begin VB.Label IbIDate
v Alignment = 1 'Right Justify
BackColor = &H00COCOC0&
Caption = "Date/Month/Year :"
Height = 495
Left = 240
Tablndex =6
Top = 2160
Width = 1455
End
Begin VB.Label ShowTime
Alignment = 2 'Center
BackColor = &HO0C0COC0&
Height = 495

Left = 2040



Tablndex =5

Top = 1320

Width = 1215
End
Begin VB.Label IblTime
Alignment = 2 'Center
BackColor = &HO0COCOCO&
Caption = "Time: "

Height = 495

Left = 480

Tablndex = 4

Top = 1320

Width = 1215
End
Begin VB.Label ShowDate
Alignment = 2 'Center
BackColor = &HO00COCOC0&
Height = 495

Left = 2040

TablIndex =3

Top = 2160

Width = 1215
End
Begin VB.Label IblPressure
Alignment = 1 'Right Justfy
BackColor = &H00COCOC0&
Caption = "Pressure :"
BeginProperty Font

name = "MS Sans Serif"

charset = 222

weight = 400

size = 12

underline = 0 'False

italic = 0 'False

strikethrough = 0 'False
EndProperty

Height = 495

Left = 360



Tabindex = 2

Top = 360

Width = 1215
End
Begin VB.Label ShowPressure
BackColor = &HO00COC0C0&
BeginProperty Font

name = "MS Sans Senf"

charset = 222

weight = 400

size = 24

underline = 0 'False

italic = ( 'False

strikethrough = 0 ‘False

EndPropérty

Height = 495

Left = 2040
TabIndex =0

Top = 360

Width = 1215
WordWrap = -1 'True
End

Begin MSCommLib.MSComm MSComm1
Left = 3480

Top = 1320
_Version = 65536
_ExtentX = 847
_ExtentY = 847
_StockProps = 0
CDTimeout = 0
CommPort =1
CTSTimeout = 0
DSRTimeout = 0
DTREnable = 0 'False

Handshaking = 0
InBufferSize = 1
InputlLen = 0

Interval = 3000



NullDiscard = 0 'False
OutBufferSize = 512
ParityReplace = "?"
RThreshold = 0

RTSEnable = 0 'False
Settings = "9600,n,8,1"
SThreshold = 0

End

Begin VB Label Label3
BackColar = &HO00COCOC0&
Caption = "Kg/cm2"
Height = 375
Left = 120
Tablndex = 11
Top = 2880
Width = 615

End

End

Attribute VB_Name = "frmPtol"
Attribute VB_Creatable = False
Attribute VB_Exposed = False
Option Explicit
Sub drawgraphl()
Dim x1 As Integer  'start of line in X
Dimyl As Integer  'startof line in y
Dim x2 As Integer  'end of line in X
Dim y2 As Integer  'end of line in Y
ArrayY(i) = Dpressure
x1 = ArrayX(i)
x2=x]
yl =255 - ArrayY(i)
y2 = ShowGraph.ScaleHeight
ShowGraph.Line (x1, y1)-(x2, ¥2), 14410
i=i+l
End Sub
Sub drawgraph2()
Dim x! As Integer  ‘startof line in X

Dim vl As Integer  ‘startof line iny



Dim x2 As Integer  'end of line in X
Dimy2 As Integer  'end of linein Y
Dim k As Integer

Dim temp As Integer

temp = Dpressure

k=1

i=1

Forj=1To 2999 'change data form n+1 to n

k=j+3000
ArrayY(j) = ArrayY(k)
Next j
ArrayY(3001) = temp
ShowGraph.Cls
i=1 '
Forj=1 To 3000
x1 = ArrayX(j)
x2=xl
yl = ArrayY(j)
y2 = ShowGraph.ScaleHeight
ShowGraph.Line (x1, y1)-(x2, y2), 14410
Next j
x1 = ArrayX(3001)
x2=xl
yl = ArrayY(3001)
y2 = ShowGraph.ScaleHeight
ShowGraph.Line (x1, y1)-(x2, y2), 14410
i=3001
drawgraphl
End Sub
Private Sub cmdExit_Click()
Unload frmsaveText
Unload frmSelect
Unload Me
End Sub
Private Sub cmdPrint_Click()
Timerprint.Enabled = True
¢mdPrint.Enabled = False
cmdStopPrint.Enabled = True



Timerprint.Interval = txtPrint * 60000  'convert to minute
xtPrint.Enabled = False
End Sub
Private Sub cmdSave_Click()
frmsaveText.Show
frmsaveText.cmdCancel.Enabled = True
cmdStopSave.Enabled = True
cmdSave.Enabled = False
End Sub
Private Sub cmdStopPrint_Click(Q
Timerprint.Enabled = False
cmdPrint. Enabled = True
¢mdStopPrint.Enabled = False
txtPrint. Enabled = True
End Sub
Private Sub cmdStopSave_Click()
cmdSave.Enabled = True
cmdStopSave.Enabled = False
frmsaveText timerperiod. Enabled = False
frmsaveText.cmdCancel.Enabled = True
frmsaveText.cmdSave.Enabled = True
frmsaveText.xtFileName.Enabled = True
frmsaveText.txtperiod.Enabled = True
frmsaveText.Dirl.Enabled = True
frmsaveText.Drivel.Enabled = True
frmsaveText.Hide
End Sub
Private Sub Form_load()
Dim count As Integer
For count=1To 6000  'define array for graph on X axis
ArrayX(count) = count
‘Next count
TimerComm.Interval = 1000 ‘activate timercomm every 1 sec
i=1 ‘start for arrayX
j=1 ‘start for arrayY
frmSelect.Show "load form for select commnunication port
trmPtol.Hide
End Sub



Private Sub TimerClock_Timer()
' show clock and date
ShowDate.Caption = Format(Now, "dd/mm/yy")
ShowTime.Caption = Format(Now, "hh:mm:ss AM/PM")
Ddate = ShowDate.Caption
Dtime = ShowTime.Caption
End Sub
Private Sub Timercomm_Timer()
Dim Tempdata As Integer
Dim x1 As’Integer
Dim x2 As Integer
Dim yl As Integer

Dim y2 As Integer

*draw lower line of graph

x1=0

x2 = 6000

yl =204

y2 =204

ShowGraph.Line (x1, y1)-(x2, y2), vbYellow

MSComml.CommPort = Setport ' Use selected communication port.
MSComml.Settings = "9600,N,8,1" ' 9600 baud, no parity, 8 data, and 1 stop bit.
MSComm!.InputLen=1 ' Tell the control to read one byte buffer when Input is used.
MSComml .PortOpen = True ' Open the port.

wnstring = MSComm1.Input

Tempdata = Asc(instring)

' show and change input to true range

ShowPressure.Caption = Format(Tempdata * (0.8 / 204), "0.000")

Dpressure = Tempdata ' keep data for all form
MSComm].PortOpen = False ' Close the serial port.
' show gauge

If Tempdata >= 51 Then
Gauge.Value = ((Tempdata - 51) * (100 / 204))
Else: Gauge.Value =0
End If
Ifi<=6000 Then
drawgraphl



Else: drawgraph2
End If
End Sub
Private Sub Timerprint_Timer()
Dim temp As Variant
temp = Format(Dpressure * (0.8 / 204), "0.000")
Printer.Print Ddate; Tab(20); Dtime; Tab(40); "Pressure =" & temp & " kg/cm2"
DoEvents
End Sub



VERSION 4.00

Begin VB.Form frmsaveText
Caption = "saveText"
ClientHeight = 3015
ClientLeft = 1920
ClientTop = 1545
ClientWidth = 6690
Height = 3420
Left = 1860
LinkTopic = "Forml"
LockControls = -1 True
MaxBuiton = 0 'False
MinButton = 0 'False
ScaleHeight = 3015
ScaleWidth = 6690
Top = 1200
Width = 6810
Begin VB.DirListBox Dirl

Height = 1950

Left = 3120
TabIndex = 8

*Top = 720

Width = 2175
End
Begin VB.DriveListBox Drivel
Height = 330

Left = 5400
TabIndex =7

Top = 720

Width = 1215

End

Begin VB.Timer Timerperiod
Enabled = 0 'False
Left =0

Top = 2520

End

Begin VB.TextBox tFileName

Height

495



Left = 1440

Tablndex = 4
Text = "c:\viroj\testfile.txt"
Top = 120
Width = 5055
End
Begin VB.CommandButton cmdCancel
Caption = "Cancel"
Height = 495
Left = 1680
TabIndex = 2
Top = 1560
Width = 1215
End
Begin VB.TextBox txtperiod
Height = 495
Left = 1440
Tablndex =1
Text = ""
Top = 720
Width = 375
End
Begin VB.CommandButton cmdSave
Caption = "SaveStart"
Height = 495
Left = 120
TablIndex =0
Top = 1560
Width = 1215
End
Begin VB.Label IbIMin
Caption = "Min"
BeginProperty Font
name = "MS Sans Serif"
charset = 222
weight = 400
size = 12

underline = ( 'False



italic = 0 'False
strikethrough = 0 'False
EndProperty

‘Height = 375
Left = 1920
Tablndex =6
Top = 840
Width = 495
End
Begin VB.Label IblFileName
Alignment = 2 'Center
Caption = "Save File As"
BeginProperty Font
name = "MS Sans Serif"
charset = 222
weight = 400
size = 12
underline = 0 'False
italic = ( 'False
strikethrough = 0 'False
EndProperty
Height = 375
‘Left =0
TablIndex =5
Top = 240
Width = 1455
End
Begin VB.Label Iblperiod
Alignment = 2 'Center
Caption = "Save Every"
BeginProperty Font
name = "MS Sans Serif"
charset = 222
weight = 400
size = 12
underline = 0 ‘False
italic = (O 'False

strikethrough = 0 'False



EndProperty

Height = 375
Left = 240
TabIndex =3
Top = 840
Width = 1215
End
End

Attribute VB_Name = "frmsaveText"
Altribute VB_Creatable = False
Attribute VB_Exposed = False
Option Explicit

Public dname As String

Private Sub cmdSave Click()
timerperiod.Interval = txtperiod.Text * 60000
timerperiod.Enabled = True
cmdCancel.Enabled = True
cmdSave.Enabled = False
txtFileName.Enabled = False
txtperiod.Enabled = False
Dirl .Enabled = False
Drivel.Enabled = False
dname = txtFileName.Text
frmPtol.cmdSave.Enabled = False
frmsaveText.Hide

End Sub

Private Sub cmdCancel_Click()
timerperiod.Enabled = False
cmdCancel.Enabled = False
cmdSave.Enabled = True
xtFileName.Enabled = True
txtperiod.Enabled = True
Dirl.Enabled = True
Drivel.Enabled = True
frmPtol.cmdStopSave.Enabled = False
frmPtol.cmdSave.Enabled = True

frmsaveText. Hide

‘convert {0 minute



End Sub
Private Sub Dir! _Change()
txtFileName.Text = Dirl.List(Dirl .ListIndex) + "\"
End Sub
Private Sub Dirl_Click()
txtFileName.Text = Dirl.List(Dirl.ListIndex) + "\"
End Sub
Private Sub Dirl KeyPress(KeyAscii As Integer)
1f KeyAscii = vbKeyReturn Then
txtFileName.Text = Dirl List(Dir] .Listindex)
End If
End Sub
Private Sub Drivel Change()
Dirl.Path = Drivel.Drive
txtFileName.Text = Drivel.Drive + "\"
End Sub
Private Sub timerperiod_Timer()
Dim Dstringl As String
Dim Dstring2 As String
Dim dstring3 As String
Dim Pdata As Single 'variable for save
Dim temp As Variant
Pdata = Format((Dpressure * (0.8 / 204)), "0.000") 'change for true range
Open doame For Append Access Read Write Shared As#1 ' Open file for read and write
Write #1, Ddate; Tab(20); Dtime; Tab(40); "Pressure =" & Pdata & " kg/cm2"
Close #1
End Sub



VERSION 4.00

Begin VB.Form frmSelect
Caption = "Select Port"
ClientHeight = 2160
ClientLeft = 3045

ClientTop = 1530
ClientWidth = 3840
Height = 2565

Left = 2985
LinkTopic = "Forml”
MaxButton = 0 'False
MinButton = 0 ‘False

ScaleHeight = 2160
ScaleWidth = 3840

Top = 1185

Width = 3960

Begin VB.CommandButton cmdNext
Caption = "Next"
Height = 495

Left = 2160
Tablndex = 2

Top = 720

Width = 1215

End

Begin VB.OptionButton optPort
Caption = "Comm 2"
Height = 495

Index =1

Left = 720

TablIndex =1

Top = 1440

Width = 1215

End

Begin VB.OptionButton optPort
Caption = "Comm 1"
Height = 495

Index =0

Left = 720



Tablndex = 0

Top = 720
Value = -1 'True
Width = 1215

End

Begin VB.Label Labell
Alignment = 2 'Center
Caption = "Please select your Serial Communication Port"
Height = 375
Left = 120
TabIndex = 3
Top = 120
Width = 3615

End

End

Attribute VB_Name = "frmSelect"
Aftribute VB_Creatable = False
Attribute VB_Exposed = False
Option Explicit
Private Sub cmdNext_Click()
Dim index As Integer
If (index = 0) Then 'set communication port
Setport =1
Else
Setport=2
End If
frmPtol.Show
frmPtol. TimerComm.Enabled = True ’'start timer for recieve data from port
frmSelect.Hide
End Sub



MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MPX200/D

O to 200 kPa {C to 29 PSI)
Uncompensated,
Silicon Pressure Sensors

The MPX200'serdes device is a silicon piezoresistive pressure sensors provide a very
accurate and finear voltage output — directly proportional to the applied pressure. This
standard, low cost, uncompensated sensor permits manufacturers to design and add
their own external temperature compensating and signal conditioning networks.
Compensation techniques are simplified because of the predictability of Motorola’s single
element strain gauge design.

Features
¢ Low Cost

MPX200
SERIES

X—ducer;"‘l )
SILICON
PRESSURE SENSORS

« Patented Silicon Shear Stress Strain Gauge
¢ +0.25% (max) Linearity

¢ Full Scale Span 60 mV (Typ)

e Easy to Use Chip Carrier Package Options
» Ratiometric to Supply Voitage

¢ Absolute, Differential and Gauge Options

Appilcation Examples

» Pump/Motor Controllers BASIC CHIP DIFFERENTIAL
¢ Robotics CARRIER ELEMENT PORT OPTION
. CASE 344-08 CASE 352-02
¢ Level Indicators Styte 1 Style 1
e Medical Diagnostics
* Pressure Switching
s Barometers
» Allimeters
Pin Number
1 2 3 4
Ground +Vout Vg —Vout
MAXIMUM RATINGS
Rating Symbol Value Unit
Overpressure(8) (P1 > P2) Pmax 400 %Pa
Burst Pressure(8) (P1 > P2) Pburst 2000 kPa
Storage Température Tstg ~50to +150 °C
Operating Temperature Ta -40to +125 ’C
VOLTAGE OUTPUT versus APPLIED DIFFERENTIAL PRESSURE PIN3Q +Vs
The differential voltage output of the X—ducer is directly proportional to the PIN 2
differential pressure applied. +Vout
The absolute sensor has a built-in reference vacuum. The output voltage will ti) X—ducsr
decrease as vacuum, relative to ambient, is drawn on the pressure (P1) side. 4 N
X X N K | PIN4
The output voltage of the differential or gauge sensor increases with | AN

increasing pressure appiied to the pressure (P1) side relative to the vacuum
(P2) side. Similarly, output voitage increases as increasing vacuum is applied to
the vacuum (P2) side relative to the pressure (P1) side.

Figure 1 illustrates a schematic of the intemal circuitry on the stand-alone
pressure sensor chip.

X-ducer is a rademark of Motorola, Inc.

REVS

-Vout
PIN 1 £ .

Figure 1. Uncompensated Pressure
Sensor Schematic

- Motorota. Inc. 1995

@ MOTOROLA



MPX200 SERIES

OPERATING CHARACTERISTICS (Vg = 3.0 Vdc, TA = 25°C unless otherwise noted, P1 > P2)

Characteristic Symbol Min Typ Max Unit
Pressure Range(1) Pop 0 - 200 kPa
Supply Voltage(2) Vg — 3.0 6.0 Vde
Supply Current lo —_ 6.0 —_ mAdc
Full Scale Span(3) VeSS 45 | 60 90 mv
Offset(4) Voff 0 20 35 mv
Sensitivity . AV/AP —_ 0.3 — mV/kPa
Linearity(S) - -0.25 —_ 0.25 %VESS
Pressure Hysteresis(S) (0 to 200 kPa) — — +0.1 - %VESS
Temperature Hysteresis(5) (~40°C to +125°C) — - £0.5 — %VESS
Temperature Coeflicient of Full Scale SpantS) TCVEgss -0.22 - ~0.16 %Vggg/°C
Temperature Coefficient of Otfset(S) TCVoit — +15 — /e
Temperature Coefficient of Resistance(5) TCR 0.21 — 0.27 %Zjp/°C
Input impedance Zin 400 - 550 Q
QOutput iImpedance Zout 750- —_ 1800 Q
Response Time(6) (10% to 90%) tR —_ 1.0 —_ ms
Offset Stability(5) — - +0.5 — %VESS

MECHANICAL CHARACTERISTICS

Characteristic Symbo! Min Typ Max Unit
Weight (Basic Element Case 344) — -— 2.0 —_ Grams
Warm--Up - — 15 — Sec
Cavity Volume L - —_ 0.01 INS
Volumetric Disptacement —_ — — 0.001 In3
Common Mode Line Pressure(7) - - —_ 690 kPa

NOTES:

1.
2.

3.

4.
. Accuracy (error budget) consists of the following:

1.0 kPa (kiloPascal) equals 0.145 psi.

Devica is ratiometric within this specified excitation range. Operating the device above the specified excitation range may induce additional
error due to device self-heating.

Full Scale Sgan (VESS) is defined as the algebraic difference between the output voltage at full rated pressure and the output voltage at the
minimum rated pressure.

Offset (Vi) is defined as the output voltage at the minimum rated pressure.

* Linearity: QOutput deviation from a straight line relationship with pressure, using end point method. over the specified
pressure range.

» Temperature Hysteresis: Output deviation at any temperature within the operating temperature range, after the temperature is
cycled to and from the minimum or maximum operating temperature points, with zero differential pressure

applied.

e Pressure Hysteresis: Output deviation at any pressure within the specified range, when this pressure is cycled to and from the
minimum or maximum rated pressure, at 25°C.

» (Qftset Stability: Output deviation, after 1000 temperature cycies, — 40 to 125°C, and 1.5 million pressure cycles, with zero
differential pressure applied.

e TcSpan: Output deviation at full rated pressure over the temperature range of O to 85°C, relative to 25°C.

¢ TcOffset: Qutput deviation with minimum rated pressure applied, over the temperature range of 0 to 85°C, relative
to 25°C.

« TCR: Zin, deviation with minimum rated pressure applied, over the temperature range of —40°C to +125°C,
relative to 25°C.

. Response Time is defined as the time for the incremental change in the output to go from 10% to 90% of its final value when subjected to

a specified step change in pressure.

. Common mode pressures beyond specified may result in leakage at the case-to-iead interface.
. Exposure beyond these limits may cause permanestt damage or degradation to the device.

Motorola Sensor Device Data



LINEARITY

Linearity refers to how well a transducer’s output follows
the equation: Vout = Voft + sensitivity x P over the operating
pressure range (see Figure 2). There are two basic methods
for calculating nontinearity: (1) end point straight line fit or (2)
a least squares best line fit. While a least squares fit gives
the “best case” linearity error (lower numercal value), the
calculations required are burdensome.

Conversely, an end point fit will give the “worse case” error
(often more desirable in error budget calculations) and the
calculations are more straightforward for the user. Motorola’s
specified pressure sensor linearities are based on the end
point straight line method measured at the midrange
pressure.

TEMPERATURE COMPENSATION
Figure 3 shows the typical output characteristics of the
MPX200 series over temperature. The output is directly pro-
portional to the pressure and is essentially a straight line.
The X—ducer piezoresistive pressure sensor element is a
semiconductor device which gives an electrical output signal

70 .
i
50 LINEARITY L
%
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E
5
o (VFss)
5 30 ‘
Q S ¢
20 THEORETICAL 1
t
10 P i OFFSET
0 ]/ : i 3 | t | 4 pl! WY I (VOFF)‘
0 MAX ? PoP

PRESSURE (kPA)

Figure 2. Linearity Specification Comparison

SILICONE GEL  DIFFERENTIAL/GAUGE

MPX200 SERIES

proportional to the pressure applied to the device. This de-
vice uses a unique transverse voltage diffused semiconduc-
tor strain gauge which is sensitive to stresses produced in a
thin silicon diaphragm by the applied pressure.

Because this strain gauge is an integral part of the silicon
diaphragm, there are no temperature effects due to differ-
ences in the thermal expansion of the strain gauge and the
diaphragm, as are often encountered in bonded strain gauge
pressure sensors. However, the properties of the strain
gauge itself are temperature dependent, requiring that the
device be temperature compensated if it is to be used over
an extensive temperature range.

Temperature compensation and offset calibration can be
achieved rather simply with additional resistive components
or by designing your system using the MPX2200/MPX7200
series sensors.

Several approaches to external temperature compensa-
tion over both ~40 to +125°C and 0 to +80°C ranges are
presented in Motorola Applications Note AN840.

70
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Figure 3. Output versus Pressure Differential

SILICONE GEL 2 a6 UTE
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LEAD FRAME ° A ’ DIE LEAD FRAME DIE
DIFFERENTIALIGAUGE ELEMENT 8OND ABSOLUTE ELEMENT BOND
P2 P2

Figure 4. Cross—Sectional Diagrams (Not to Scale)

Figure 4 illustrates the absolute sensing configuration
(right) and the differential or gauge configuration in the basic
chip carrier (Case 344). A silicone gel isolates the die surface
and wire bond from harsh environments, while allowing the
pressure signal to be transmitted to the siticon diaphragm.
The MPX200 series pressure sensor operating characteris-

tics and intemal reliability and qualification tests are based
on use of dry air as the pressure media. Media other than dry
air may have adverse effects on sensor performance and
long term reliability. Contact the factory for information re-
garding media compatibiity in your application.
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MPX200 SERIES
PRESSURE (P1)/VACUUM (P2) SIDE IDENTIFICATION TABLE

Motorola degignates the two sides of the pressure sensor pressure applied, P1 > P2. The absolute sensor is designed
as the Pressure (P1) side and the Vacuum (P2) side. The for vacuum applied to P1 side.
Pressure (P1) side is the side containing the silicone gel The Pressure (P1) side may be identified by using the
which protects' the die from harsh media. The differential or table below:

gauge sensor is designed to operate with positive differential

Part Number- Case Type Pressure (P1) Side Identifier

MPX200A, MPX200D 344-08 Stainless Steel Cap

MPX2000P 352-G2 Sids with Part Macking

MPX200AP, MPX200GP 350-03 Side with Port Attached

MPX200GVP 350-04 Stainless Steel Cap

MPX200AS, MPX200GS 371-06 Side with Port Attached

MPX200GVS 371-05 Stainless Steel Cap

MPX200ASX, MPX200GSX 371C-02 Side with Port Attached

MPX200GVSX 371D-02 Stainless Steel Cap

ORDERING INFORMATION

MPX200 series pressure sensors are available in absolute, differential and gauge configurations. Davices are available in the-
basic element package or with pressure port fittings which provide printed circuit board mounting ease and barbed hose
pressure connections.

MPX Series
Device Type Options Case Type Order Number Device Marking
Basic Element Absolute, Differential Case 34408 MPX200A MPX200A
MPX2000 MPX2000
forted Eiements Diiferential Case 352-02 MPX2000P MPX2000P
Absolute, Gauge Case 350-03 MPX200AP MPX200AP
MPX200GP MPX200GP
Gauge Vacuum Case 350-04 MPX200GVP MPX200GVP
Absolute, Gauge Stove Pipe Case 37106 MPX200AS MPX200A
MPX200GS MPX200D
Gauge Vacuum Stove Pipe Case 371-05 MPX200GVS MPX2000
Absolute, Gauge Axial Case 371C-02 MPX200ASX MPX200A
MPX200GSX MPX200D
Gauge Vacuum Axial Case 3710-02 MPX200GVSX MPX200D

I Motorola reserves the nght to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantes regarding
;  the suitabiiity of its products tor any particular purpose, nor does Motorola assume any habilty ansing out ot the apphication or use of any product or circurt,
and specifically disclaims any and ait liability, including without limitation consequential orincidertal damages. “Typical® parameters can and do vary in different
appfications. All operating parameters, including “Typicals” must be validated for each customer apptication by customer's techmical experts. Motorola does
not convey any license under s patent nghts nor the rgnts of oners. Motorola oroducts are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other aogplications intenced to support or sustain Ide, or for any other application in whicit the failure of
the Motorola product could create a situation where personal injury or ceath may occur. Shouid Buyer purchase or use Motorola products for any such
unintended of unauthonzed applicaton, Buyer snall indemnify and nold Motorola ang its officers. emoloyees, subsidianes. affiliates, and distributors harmniess
aqamst all claims, costs, damages, and expenses, and reasorale attomey tees ansing out of, cirectly or ingirectly, any claim of personal imury or death
associated with such unintended or unauthonzed use. even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
P Motorola and , 44 are registered trademarks of Motoroia, inc. Motorola, Inc.1s an Equal Opportunity/Atfirmative Action Employer.
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MPX200 SERIES

PACKAGE DIMENSIONS
NOTES: -
1, DIMENSIONING AND TOLERANCING PSR ANSI
Y1450, 1982,
2. CONTROLLING DIMENSION: INCH:
WCHES | WLLMETERS
oM TN | WAX | N | WMAX
A 1 000 | 0515 | 1499 | 156
B | 0505 | 0505 | 1283 | 1a%
C | 0155 | 0.5 | 485 | 572 |
0 | 0016 | 0.020 | 041 | 0.5
£ om8 0062 | 2] 1%
G | 01008SC 254 B5C
J | 0014 | 0018 ﬁ | 0.40 |
L | 0585 | O.115 | 1740 | 1816 |
| 30° NOM 30° NOM
N | 0480 | 0.500 [ 1219 | 1270
R_| 0420 [ 0450 | 1067 | 1143
[@]0.136 (0.005) B[ T] A B SMEE:
7N 1, GROUND
2. + QUTAUT
3. + SUPPLY
4 -OUTPUT
CASE 34408
ISSUE M s
BASIC ELEMENT (A, D)
o SEATING [T - {-A-}
PUANE —— -~ y——> NOTER:
’ 1. DIMENSIONING AND TOLERANGING PER ANS!
R | TS Y1435, 1082
| H "1 2, CONTAOLLING DMENSION: INCH,
'y s
[ i ; WCHES | MILLBETERS
N PORT #1 : DM WM | VAX | SN WAX
L ' POSITIVE | I ,—{a] A | 1.140 [ 1,180 | 2885 1 2867
Pt~ PRESSURE e B | 0685 | 0.751 | 1739 1 18.6
| i C t 0305 | 021 | 7741 835
| g 0 } 0016 | 0.020 | 040 ; 0.50 |
7 F 1 oos (0062 | 121 7 1.2
B —Nowh- L 1 6 1 0.10085C 25550
I l // \ H 1 0182 { 0104 | 462 ' 48
d v ¢/ one 1 A L J_ 0014|0016 | 035 + 040
— __J ~ | K K 0865 | G715 | 1730 1816
—p= AR r____J_ L1029 io.:mo T34 7182 |
: AR R {TN_i 0420 [ 0.440 | 1067 _11.12
[%{@ 025 (0-010)@17 a Bl l‘ il fbY P 10153 '[0.153 388101
- | i TG 10453 10158 | 388 01
J = F"’_‘_’*,‘ ! A, 0231 | 0250 | 386 65
—i g - G g S 02%0fEr 584 Rer
¥ D 4pL —ipe— U+ 0910BSC 2311 BSC
$[0.130005®[T|s &0
sME
PN 1. GROUND
2. < OUTAUT
3, » SUPRLY
CASE 35003 4. -OUTPUT
ISSUEH

PRESSURE SIDE PORTED (AP, GP)
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MPX200 SERIES
PACKAGE DIMENSIONS — CONTINUED

NOTES:

‘ 1. DIMENSIONING AND TOLERANCING PER ANSI
Y145, 1982,

2, CONTROLLING DIMENSION: INCH.
SEATING
o N INCHES

WN | MAX | M
POSITIVE
/‘ PRESSURE

§

8k

1.140 | 1.180 | 2855
0685 | 0.751 | 1739
0305 | 0.321 | 774
0016 | 0.000 | 040
0048 [ 0052 | 121

0.100 BSC 254
0.182 | 0.194 | 462 1
0014 | 0.018 | 035
0685 | 0.715 [ 1739 | 1
0290 | 0360 | 124
0420 | 0430 | 1067 | 1
0,153 | 0.158 | 388
0153 | 0.158 | 388
0231 | 0250 | 588

0220 REF 5.84 REF

0.910BSC 23.11BSC

PORT #2
VACUUM ™

—
bod
=3

&

»[O=lole
i8] [KB[B[a

'sl'

=3
s
3

| 101
oleligizn

7

Ny
9

G ST:’;IS :: GAOUND
[6]20250010@[T]Q & —=e—Dar 2.+ QUTPUT

- 3, - SUPPLY
[ET0130009®[T(s ©[a®)] .

CASE 350-04
ISSUEH

VACUUM SIDE PORTED (GVP)

NOTES:
1. OIMENSIONING AND TOLERANCING PER ANSI
L Y143M, 1682,
—A-F 2. CONTROLLING DIMENSION: NCH.
3 u ¥ T INCHES . MILLIMETERS
>t L ot W [ MAX | M | MAX
—» —+ H

:
t
I Hinni]

| _ PORTH
32«5&”& \\I— 'J‘;";\ HILl POSITIVE PRESSURE
W i

¥

3

f

1140 | 1.180 | 2895 | 29.67
0.685 | 0.7¢5 | 17.33 | i8.16
0.380 | 0420 | 955 | 10.868
0018 | 0020 | 040 | 050
0048 | 0082 § 121 1.32
0,100 BSC 2.54 BSC
5482 | 0194 | 482 | 4.9
0014 | 0016 | 035 | 040
0485 | 0715 { 1739 | 18.18
0290 | 0300 | 734} 7.8
0420 ; 0430 t 1067 | 1092
! 0153 | 0133 ' 588 | 401
1 0153 | 0.158 ! 388 | 4.01

0,063 { 0083  1.60_{ 210

f
i S
PJ 3
P
X&ZQ:\U

Qivix r

|

S | 0230REF S84 REF
Ty _09108SC . 23.11BSC
V_ 0243 1 0273 517 1 693
D am TW 0310 | 030 787 | 838
WiT's ¢ S STVLE &
[@]0130005B[T's ® aQ)] NEL o
2, « QUTAST
3. « SUPPLY
4 ~OUTPUT
CASE 352-02
ISSUEF

PRESSURE AND VACUUM SIDES PORTED (DP)
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MPX200 SERIES
PACKAGE DIMENSIONS — CONTINUED

PORT #2 e———— NOTES:
VACUUM 1. DMENSIONING AND TOLERANCING PER ANSI
PRESSURE POSITIVE Y14.5M, 1982,
— PRESSURE 2. CONTROLLING DMENSION: INCH.

WCHES _ | MLLBAETERS
| OmE| MN | MAX | BN | MAX
0.690 | 0.720 | 1753 | 18.8

u—”B‘— v A
PIN1 B | 0247 | 0253 | 526 | 642
F WL T C | 0780 | 0.620 | 1981 | 2082
| i i } D | 0016 [ 0020 | 041} 030
L Y F | 0048 | 0052 | 122 | 13
G | 0.100BSC 2.54 BSC
K J 10014 (00181 036 | 040 |
K | 0335 | 0385 | 851 | 977
N | 0305 | 0315 | 775 | 8.00
R 1 0.178 [ 0.185 | 453 | 4
N ey f s | 02%0Re | SBARSF
TvTomw2 o9 483 ] 492 ]
R (e
DarL STYLE 1:
— PIN 1. GROUND
SEATING [T ; T -
0.13(0.005)@®|T|{ B8 W 2. + OUTPUT
PLANE ($0.13(0.005) I 14 3. + SUPPLY
4, - OUTAUT
CASE 371-05
ISSUE D

VACUUM SIDE PORTED (GVS)

NOTES:

1, DIMENSIONING AND TOLERANCING PER ANSI
e o BN s
PRESSURE BACK SIDE ' 2 CONTmLLNG DIMENSION: INCH.

\ - 1N NCHES | MRLWETERS
| J i D4l WN T WAX | N | MAX
A M S i ! A | 0690 | 0.720 | 1753 | 18.28

B | 0247 | 0253 | 628 | 642
v i ¢ 1 0780 [ 0.820 | 19.81 | 2082
= D | 0016 | 0020 | 041 | 030
[ i I | A\ 3 f 9048 | 0052 | 122 { 122
! T S TLTT
- G_|_ 01008SC 254 85C
I r ; 4V 0014 J 0018 | 036 ¢ 040
Y K 0335 | 0365 | 851 | 927
K i N__ 0305 1 0355 | 775 | 800 |
s R 10178 mes! 153 | 460 |
! . 1 f S . 0230RE 354 REF |
: _mﬁ] 0156 1 453 | 4%
o N e |
—> R pe— STLE 1
DapL PN;: -fnwfm
SEATNG(CT- |013(0005)®]n 3 B 3. - Sy
CASE 37106
ISSUED

PRESSURE SIDE PORTED (AS, GS)
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MPX200 SERIES
PACKAGE DIMENSIONS — CONTINUED

i g

=] T
—>1 E r— ; 1. DIMENSIONING AND TOLERANCING PER
ANSIY14.5M, 1982.

2. CONTROLLING DIMENSION: NCH.

INCHES MLLIMETERS
MIN | MAX | RN T MAX
1,100 | 1200 | 27.94 | 3048
0.740 | 0.760 | 18.80 | 19.30
0635 | 0.650 | 16.13 | 16.51
0016 | 0020 | 041 | 050
0.460 | 0.180 | 406 ) 4.57
0048 | 0052 | 122 | 1.2
0.1008SC 254 BSC
0014 [ 0016 | 036 | 040
0.230 REF 5.84 AEF
0.070 | 0080 | 178 | 203
0.150 | 0.160 | 381 | 4.06
0.150 | 0.160 | 381 | 406
0445 | 0460 | 1130 | 11.68
0.685 | 0.715 | 1740 | 18,16
0840 | 0.860 | 2133 | 21.84
0185 | 0195 | 469 | 465

.-
=

POSITIVE
PRESSURE

<=mzovzxsnmmonw>1§

sSNETL:
D 4 pL — o PIN 1. GROUND

[Bloos®[T[P ©]a®)] 2 Vinour

CASE 371C-02
ISSUE B

PRESSURE SIDE PORTED (ASX, GSX)

NOTES: .
1. DIMENSIONING AND TCLERANCING PER
ANSIY14.5M, 18682
2. CONTROLLING DIMENSION: INCH,

Rl
-

RE2ESE IR (S

WNCHES | MLLIMETERS
MIN | MAX | WN | MAX
1.100_|_1.200 | 2794 | 3048
0.740 | 0.760 | 16.80 | 19.30
0635 | 0.650 | 1643 | 1651
016 | 0020 | 041 | 0.50
160 | 0,180 | 406 | 457
048 | 0052 | 122 | 132
0.100BSC 254 85C
0014 | 0016 | 036 | 040
0230 REF 5,08 REF
Goro [ 0.080 | 178 | 203
150 | 0160 | 381 | 406
150 1 0.180 | 381 | 4.06
445 | 0.460 | 1130 | 11.68
0.855 i 0715 | 1740 | 18.18
F ) on 0820 | 0.860 | 2133 | 21.84
J —rile— F—"‘“ﬂ:_! 4 0.185 1 0195 | 469 | 495

v sm=t:
045 By - N 1, GROUND
i il — 2. V(s OUT
3[0130009@1T1P Dia®) 3 vuRLY
Lv@our

POSITIVE .
F:DT\-’ PRESSUFIE\\

[a—— T ——->

PORT #2
VACUUM ﬁ:}_// PIN1 \\

6[e025000@[110 &1 [l [

e . 1”4 o 2t

K

——

P

|

<n:u1:novzx=pﬂmonm>l§

CASE 371D-02
ISSUE B

VACUUM SIDE PORTED (GVSX)
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General Description

The ADCO801, ADC0802, ADCO0803, ADCO804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric ladder—
similar to the 256R products. These converters are de-
signed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-SSTATE® output latches di-
rectly driving the data bus. These A/Ds appear tike memory
locations or I/O ports to the microprocessor and no inter-
facing logic is needed.

Differential analog voitage Inputs allow incressing the com-
mon-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can
be adjusted to allow encoding any smatler analog voltage

ﬂNational Semiconductor

December 1994

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

Diffarential analog voltage inputs

Logic inputs and outputs mest both MOS and TTL volt-
age leve! specifications

Works with 2.5V (LM336) voitage refersnce

On-chip clock generator

OV to 5V analog input voltage range with single 5V
supply

No zero adjust required

0.3" standard width 20-pin DIP package

20-pin molded chip carrier or smalt outline package
Operates ratiometrically or with § Vpg, 2.5 Vpc, of ana-
log span adjusted voltage reference

siallanu0) q/V slqnedwo? d1 1g-8

span 10 the full 8 bits of resoiution.

Key Specifications

Features . ResAih 8 bits
® Compatble with 8080 uP derivatives—no interfacing ™ Total emor =% LS8, =% LSBand 21158
ioyic needed - access tme - i35 ns » Convarsion ima 100 us
® Easy interface to all microprocessors, or cperates
"stand glone”
i Typical Applications
1w
1 A I
l ———"& 1 Veo 2
w . ™ TRARSBUCER
| 4——-—7:0 L] clem Ll | ]surresoramon
+ ser < GVER ANY DESIRED
| 2 ARALOG WPVT
2y g [ TN [ < VOLTAGE RANGE
{ ¥ 3 % v fad Ay AT SEE SECTION 241
-— LE (V) Vintt 1’>°'
L3 F s 1 ‘____.r
| < 2 Jom s _manw U
2 om Veeri --—O{(‘EISECIIOI = =3
| 2 lose seno bt
i Lv TUH/SET 1~
t
8080 Interface \ Error Specification (Includes Full-Scale,
| t
i Zero Error, and Noa-Linearity)
| & b——adl ' Poopune r
Part Scale Vgrer/2=2.500 Vpc | Vrer/2=No Connection
o] I Number | Adiusted] MO Adjustments) | (No Adjustments)
' ; Adjus :
:,‘E i ) w ACC0801] =¥ 158 | i
e loe——{ { ADCO802 | AT
] 1 *
| <___: 1 ADC0803 | =14 LS8 i
] JATA 1 T H
' ADC0804 | : =z1LSB |
T ] H
, ADC0805 | - 1 £1LSB
! TU/H/SE71-31
't TRLSTATE® ima of Nationsl Com. i

2-80% 13 a regstare Tadwrwrk of Ziog Com. I

N ¥
51995 Naronss Semiconaucor Comonmon — TL/MH/SST1 ARD-B30M115/Prireed n U. 8. A

60800V /v0800AV/£08000AV/208000AYV/10800AV




Absolute Maximum Ratings (otes142)
if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Storage Temperature Range —~65°C to + 150°C
Package Dissipation at Tp—25'C 875 mW
ESD Susceptibility (Note 10) 8oov

TunSTaSTmax

ADCO0801/02LJ, ADC0802L.J/883 —55°C<Tag +125°C

—¢0PCZTAS +85°C

—40°CsSTo< +85C
O CaTA< +70°C
0°C<TAL +70°C
0°CSTAS +70°C

Supply Voitage (Vcc) (Note 3) 8.5V
Voitage e Ratings (Notes 1
Logic Controtf inputs —0.3Vto + 18V op ratinRg a gS (Notes 142)
At Other Input and Outputs ~0.3V to (Vg +0.3V) Temperature Range
Lead Temp. (Soldering, 10 seconds)
Duai-in-Line Package (plastic) 260°C ADC0801/02/03/ O‘“'g:‘
Dualr-Line Package (ceramic) 300°C Qggggglc‘ézé 03/05L
Surface Mount Package ADC0802/03/04LCV
Vapor Phass (60 seconds) 215°C ADC0802/03/04LCWM
Infrared (15 seconds) 220°C Ranga of Voo

Electrical Characteristics
The foltowing specifications apply for Voo =5 Vpe, TminS TaS Tyax and for =640 kHz unless otherwise specified.

45Vpct0 8.3 Vpe

Parameter Conditions Min Typ Max Units
ADCO801: Total Adjusted Error (Note 8) With Full-Scale Adj. ey LS8
(See Section 2.5.2) e
ADC0802: Total Unadjusted Error (Note 8) Vree/2=2.500 Vpc B LSB
ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. iy LS8
(See Section 2.5.2) b 4
ADC0804: Total Unadiusted Error (Note 8) Vaep/2==2.500 Vpc =1 LSB
ADCO0805: Total Unadjusted Error (Note 8) Vrer/2-No Connection > LS8
Yrer/ 2 Input Resistance (Pin 9) ADCO0821/02/03/08 2.5 8.0 k&t
ADC0804 (Note 9) 0.75 1.1 | £¢)
Analog Input Voltage Range (Note 4) V(+) or V(-) Gnd-0.05 Vee+0.05 Voc
£C Common-Mode Error Over Analog Input Voltage =Y =% LS8
Range
Powsr Supply Sensitivity Vee=5 Vpc = 10% Over b3 7 +14 LS8
Allowed Vin(+) and Vin(—)
Voitage Range (Note 4)
AC Electrical Characteristics
The following specifications apply for Voo=5 Vpc and Ta = 25°C unless otherwise specified.
. Symbol L Parameter Conditions Min ; Typ Max Units
Tc i Conversion Time foLk =640 kHz (Note 6) 103 114 us
Tc Convarsion Time {Note 5, 6) 66 | 73 1ok
fouk Clock Frequency . Vec=5V, (Note 5) 100 , 640 1460 kHz
Clock Duty Cycle | (Note 5) 4 ! 60 %
CR Conversion Rate in Free-Running i INTR tied to WH with 8770 ' 9708 conv/s
Mode S~ 0 Vo, foLk — 640 kHz i
twi@mL | Width of WR Inout (Start Pulse Width) | TS=0Vpc(Note 7) 100 ns
tace Access Time (Delay from Falling Cp =100 pF 138 200 ns
Edge of RO to Output Data Valid)
It tod TRI-STATE Control (Delay Cp =10 pF, R_ =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
HiZ State) ' Circuits)
twi. iRy Dslay from Falling Edge 300 450 ns
of WR or RD to Resset of INTR
om inout Capacitance of Logic 5 75 oF
} Control Inputs
! Cour TRI-STATE Output ' 5 7.5 pF
! Capacitance (Data Buffers)
i CONTROL INPUTS [Note: CLK IN (Pin 4) Is the input of a Schmitt trigger circuit and Is therefore specified separately]
i Vin(1) | Logical “1" Input Voitage 1 Vec=526Vpg 20 15 Voc
i | (Except Pin 4 CLK IN) |
i
5




AC Electrical Characteristics (contnued)
The following specifications apply for Vcg = 5Vpc and TMin € Ta S Tmax, uniess otherwise specified.

Symbol ] Parameter l Conditions i Min ! Typ l Max l Units
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separatoly)
Vin (0) Logical “0" input Voltage Vec=4.75Vpe 0.8 Voe
(Excapt Pin 4 CLK IN)
i (1) Logical “1" Input Current Vin=5Vpc 0.005 1 wApc
(All Inputs)
Iy (0) Logical “0” input Current Vin=0Voc -1 -0.005 uApc
{All tnputs)
CLOCK IN AND CLOCKR
Vr+ CLK IN (Pin 4) Positive Going 27 3.1 35 Vpe
Threshold Voltage
Vr-—- CLK IN (Pin 4) Negative 1.5 18 2.1 Voe
Going Threshold Voitage
Vy CLK IN (Pin 4) Hysteresis 0.8 1.3 2.0 Vog
(Vr+)-(Vr-)
Vour (0) Logical “0”" CLK R Qutput In=360 pA 0.4 Voo
Voltage Voo =4.75 Vpe
VouT (M Logicai 1" CLK R Output lo= —360 uA 2.4 Vpe
Voltage Vee=4.75Vpe
DATA OUTPUTS AND INTR
T
VouT (8 Logical “0” Output Voitage
Data Qutputs louT=1.6 MA, Vce=4.76 Vpg 0.4 Voc
INTR OQutput loyt= 1.0 MA, Vec=4.75Vpc 0.4 Voc
Vout (1) Logical **1" Qutput Voitage lo= —360 uA, Vcc=475Vpc 2.4 Voe
Vout (1) Logical “1" Qutput Voltage lg=—10 uA, Veg=4.75 Voo 45 Voc
lous TRI-STATE Disabled Output Vout=90Voc -3 uApc
Leakage (All Data Buffers) Vout=5Voc 3 pApc
lsource Vout Short to Gnd, T4 =25°C 45 (] mApc
IginK VouTt Shortto Veg, TA=25°C 9.0 16 mApgc
POWER SUPPLY
lcc ! Supply Current (Includes fouk = 640 kHz,
Ladder Current) Vaer/2=NC, TA=25°C
andCS=5v 4
ADCO0801/02/03/04LCJ/05 | 11 1.8 mA
ADCOB04LCN/LCV/LCWM 1 1.9 25 mA

Not-l:AbsolmanmmRnngshdcmaﬂvmsbeyondwrichmgemmaevlcomlyocmr.DCandACdecﬂcalsmﬁcaﬂwdonmnpptywhonupm
the dovice beyond its speafled operating conditions.
No(ctvaquesmmumadﬁhmmmGnd.uNmamwbosoecMﬁesepmAGndpdmshoulda!wmmmatotheDGnd.

Nots 3: A zener dicde exists, rtemally, rom Vg to Gna and has a typicat breakdown voitage of 7 Vpe-

Note & For Vig{—~12 Viy(+) the dightal output code will ba 0000 0000. Two on-chip diodes are tied 1o each analog input {see block dagram) which will forwerd
cnnducﬂoranalogrmvuugaomdocembdowgmmarmdmumpgremmanmavocswuly.aecareﬂd,wmgzaahgauwvcmwels(-l.sv).
as high level enalog nputs (5V) can cause this input diode to cor at and causo emors for anatog inouts naear full-scala, The
smaﬁmsomemblucfmdodmndsmmmatulmgasmnanalongdoosmlmasdmwpplyvdugsbymcmlhanSOmV.maouun
code wil be comect. To echieve an absoiute 0 Vpg 1B 5 Voc nput voltage range wil therefers require a minimum supply voitage of 4.950 Vpg over tomperaturs
varigtions, nital tolerance and loaoing.

Note 5: Accurecy s quaranteed &t foy g = 640 kHz. At higher ctack frequs K y can degf . For lnwer clack frequencies, tho duty cycte limits can be
emmodmlcng:smcmmmmdockr&ghﬂnoimsrvdornnmmclodclowumo'mwnllsmlassngISns.
Non':Wmamsmmwmsdmpmmmwmmmmdockmmaprupvtosmnmecorwmpmcess.Thc
start request is inemally latched, see Figure 2 and section 2.0.
Nolc7:TheC§irvulsassumeamurnckmmWﬁmbemnammaoemngmewWﬁujnmmumdywidemumwhold
mcnmemrncreutmadcmthemmmmumwmwmﬁ@wdimcfmmmls«mkqdugrams).
Notes:Nomo\‘m;\losmxmsamu:ﬂusl(seosacuunzs.i).Toumhmcmnomnranaloqmnvomqmseemmz5aml-‘gn5.
nntetmvmlzwummmmummmﬁxwmmmvccmmmuﬂmmmaocosm,mcqeozmcoeoo.m
ADCOB0S, and in the ADCIB0LLCJ, 08Ch resistor 15 typically 16 KIL. In ail versions of the ACC0604 except the ADGO8041L.CJ, each resistor is typicalty 2.2 k1.
Note 13 Fuman body model, 100 pF discharged through 8 1.5 kN2 resstor.




Typical Performance Characteristics
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic (staircase waveform) is
shown In Figure 1a. The horizontal scale is analog input
voitage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V ted to the Vpgr/2 pin). The digital
output codss that correspond to these inputs are shown as
D1, D, and D+ 1. For the perfect A/D, not only will center-
vaiue (A—1, A, A+1,. . . .) analog inputs produce the cor-
rect output ditigal ccdes, but giso each riser {the transitions
between adjacent output codes) will be located = 1 LSB
away from each center-value. As shown, the risers are ideal
and have no width. Correct digitat output codas will be pro-
vided for a range of analog input voltages that extend * %
LSB from the ideal center-vaiues. Each tread (the range of
analog input voitage that provides the same digital output
code) is tharefore 1 LSB wide.

Figure 1b shows a worst case error plot for the ADCO801.
Al genter-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent risers are guaranteed to
be no closer to the centervalue points than + % LSB. In

Transfer Function

o —

DIGITAL DUTIUT COOE

ARALOG INPWT IV )

other words, if we apply an analog input equal to the center-
value =Y, LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition is indicated by the horizontal arrow and It
is guaranteed to be no more than %, LSB.

The error curve of Figure 1c shows a worst case eror plot
for the ADCO802. Here we guarantee that if we apply an
analog input equal to the LSB analog volitage center-value
the A/D will produce the correct digital code. .
Next to each transfer function is shown the corresp%nding
arror plot. Many psople may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramp or by the discrete output
steps of a high resolution DAC. Notice that the error is con-~
tinuously displayed and inciudes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
Is + 1 L.SB because the digital code appeared 4 LSB in
advance of tha center-value of the tread. The error plots
always have a constant negative slope and the abrupt up-
side steps are aiways 1 LS8 in magnitude.
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FIGURE 1. Clarifying the Error Specs of an A/D Converter




Functional Description (continueq)

2.0 FUNCTIONAL DESCRIPTION

The ADCO0801 saries contains a circuit equivalent of the
256R network. Analog switches are sequencad by SUCces-
sive approximation logic to match the analog difference in-
put voitage [Vin(+) — Vin(—)] to a coresponding tap on
the R network. The most significant bit is tested first and
after 8 comparisons {64 clock cycles) a digital 8-bit binary
code (1111 1111 = full-scale) is transferred to an output
latch and then an Intermpt is asserted {INTR makes s high-
to-low transition). A conversion in process can be Interrupt-
ed by issuing a second start command. The device may be
opsrated in the free~unning mode by connecting iNTR to
the WR input with TS=0. To ensure start-up under all pos-
sible conditions, an external WR pulse is required during the
first power-up cycle.

On the high-to-low transition of the WH input the internal
SAR latches and the shift register stages are reset. As long
as the CS input and WR input remain low, the A/D will re-
main in a reset state. Conversion will start from 1 to 8 clock
periods aftar at least one of these Inputs makes a low-to-
high transition.

A functional diagram of the A/D converter Is shown in Fig-
ure 2. All of the package pinouts are shown and the major
logic controt paths are drawn in heavier weight lines.

The converter is started by having TS and WR simulta-
neously low. This sets the start flip-flop (F/F) and the result-
ing “1" level resets the 8-bit shift register, resets the Inter-
rupt (INTR) F/F and inputs a *1” to the D flop, F/F1, which
is at the input end of the 8-bit shift register. Internal clock
signals then transfer this “1" to the Q output of F/Ft. The
AND gate, G1, combines this “1” outputiwith a clock signat
to provide a reset signal to the start F/F. If the set signal is
no longer present (either WR orTSisa“1") thestart F/Fis
reset and the 8-bit shift register then can have the “1"
clocked in, which starts the conversion process. If the set
signal wera to still be present, this reset puise woutd have
no effect (both cutputs of the start F/F would momentarily
be at a “1" lsvel) and the 8-5it shift register would continue
to be held in the reset mods. This logic therefore ailows for
wide TS and WR signals and the converter will start after at
least one of these signals retums high and the intemnal
clocks again provide a resst signal for the start F/F.
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Functional Description (contnues

After the “1” is clocked through the 8-bit shift register
{which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1. As soon as this “1” is output
from the shift register, the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequenty enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set. An inverting buffer then suppliss the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 ot the extemal clock perlods (as the internal clocks run at
14 of the fraquency of the external clock). if the data output
Is continuously enabied (CS and RD both held low), the
INTH output wili still signal the end of canversion (by a high-
to-low transition), tecause the SET Input can centrol the Q
output of the INTR F/F even though the RESET input Is
constantly at a 1" level in this operating mode. This INTR
output will therefora stay low for the duration of the SET
signal, which Is 8 periods of the external clock frequency
{assuming the A/D is not started during this intervai).
When operating in the free-running or continuous conver-
sion mode (INTR pin ted to WR and CS wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causss the input to the C-type latch, LATCH 1,
to go low. As the latch enable input Is still present, the O
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resultng INTR output
puise to only a few propagation delays {approximately 300
ns).

When data is to be read. the combination of both S and
RD being low will cause tne INTR F/F o be reset and the
TRI-STATE output laiches will te enabled to provide the 8-
bit digital outputs.

2.1 Digital Control Inputs

The digital control inputs (CS, RD, and WR) meet standard
T2L logic voltage ievels. These signals have been renamed
when compared to the standard A/D Start and Output En-
able labels. In addition, these inputs are active low to aliow
an sasy interface to microprocessor control tusses. For
non-microprocessor based applications. the CS input (pin 1)
can be groundad and the standard A/D Start function is
obtained by an active low puise applied at the WR input (pin
3) and the Cutput Enable function is caused by an actve
tow pulse at the AD input (pin 2).

2.2 Analog Ditferential Voltage Inputs and
Common-Mode Rejection

This A/D nas additona! applications flexibility due to the
analog differantlal voltage input. The Vin(—) input (pin 7)
can be used to automatcally subtract a fixed voitage value
from the input reading (tare correction). This is also useful in
4 mA720 mA current loop conversion. In addition, common-
mode noise can be reduced by use of the differential input
The time interval between samoling Vin(+ ) and Viy(—) is 4-
14 clock osricds. The maximum error voltage due o this

stight time difference between the input voitage samples is
given by:

4.5
AVe(MAX) = (Vp)} @7ricm) (FC—LI )

where:

AVg Is the error voltage due to sampling delay

Vp is the peak value of the common-mode voltage

fem is the commen-mode fraguency
As an example, to keep this error to ¥ LSB {~ 5§ mV) when
operating with a 60 Hz common-mode frequency, fom, and
using a 640 kHz A/D clock, fc k, would allow a peak value
of tha common-mode voltage, Vp, which is given by:

Vp = [AVemax erx)]

(277 Tem) (4.5)

or
Vo = (5 x 10—3) (640X 103)

P (6.26} (60) (4.5
which gives

Vp=1.9V.
The allowed range of analog Input voltages usually places
more savere restrictions on input common-mode noise lev-
ols.

An analog input veltage with a reduced span and a relatively
targe zero offset can be handled easily by making use cf the
differential input (see section 2.4 Reference Voltage).

2.3 Analog Inputs
2.3.1 input Current

Normal Mode

Due to the intemnal switching action, displacement currents
will flow at the anslog inputs. This is due to on-chip stray
capacitance to ground as shown in Figure 3.
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Functional Description (continued)

The voltage on this capacitance i switched and will result in
currents entering the Vin(+) input pin and leaving the
Vin(—) input which wili depend on the analog differential
input voltage levels. Thess current transients occur at the
isading edge of the internal clocks. They rapidly decay and
do not cause errors as the on-chip comparator Is strobed at
the end of the clock period.

Fault Mode

if the voltage source applied to the Vin+) or V() pin
exceeds thé allowed operating range of Vcc+50 mV, large
input currents can flow through a parasitic diode to the Vcc
pin. If these currents can exceed the 1 mA max allowed
spec, an external diode (1N914) should be added to bypass
this current to the Vg pin (with the curent bypassed with
this diode, the voltage at the Vin{+) pin can exceed the
Ve voitage by the forward voltage of this diode).

2.3.2 Input Bypass Capacitors

Bypass capacitors at the inputs will average these charges
and cause a DC current to flow through the output rosist-
ances of the analog signal sources. This charge pumping
acton is worse for continuous conversions with the Vin( | )
input voitage at full-scate. For continuous conversions with
a 640 kHz clock frequency with the Vin(+) input at 5V, this
DC current Is at a maximum of approximately 5 uA. There-
fore, bypass capacitors should not be used at the anglog
inputs or the Vags/2 pin for high resistance sources > 1
K22, If input bypass capacitors are recessary for noise filter-
ing and high source resistance is desirable to minimize ca-
pacitor size, the detrimental effects of the voitage drop
across this input resistance, which is due to the average
value of the input current, can be eliminated with a full-scale
adjustment while the given source resistor and input bypass
capacitor are both in place. This is possible because the
average value of the input curent Is & preciss linear func-
tion of the differantial input voltage.

2.3.3 Input Source Resistance
Large values of source resistance where an input bypass
-capacitor is not used, will not cause emors as the input cur-
rents settle out prior to the comparison tme. If a low pass
filter is required in the system, use a low valued serles resis-
tor (< 1 k{2) for a passive RC section or add an op amp RC
active low pass filtar. For low source resistance applica-
tions, (£ 1 k), a 0.1 pF bypass capacitor at the inputs will
prevent notse pickup due 1o serles lead inductance of a long
wire. A 1000} series resistor can be used to isolate this ca-
pacitor—both tha R and C are placed outsida the feedback
joop—from the output of an op amp, if used.

2.3.4 Noise

The leads to the analog inputs (pin 6 and 7) should be kept
as short as possible to minimize input noise coupling. Both
nolse and undesired digital clock coupling to these Inputs
can cause system errors. The source resistance for these
inputs shouid, in general, be kept below 5 k(}. Larger values
of source resistance can cause undesired system neise
pickup. Inout bypass capacitors, placed from the analog in-
puts to ground. will eliminate system nolse pickup but can
create analog scale errors as these capacitors will average
..the tansient Input switching currents of the A/D (see sec-
tion 2.3.1.). This scale error depends on both a large source

resistance and the use of an input bypass capacitor. This
arror can be eliminated by doing & full-scate adjustment of
the A/D (adjust Vreg/2 for a proper full-scale reading—see
section 2.5.2 on Fuill-Scale Adjustment} with the source re-
sistance and input bypass capacitor in placa.

2.4 Reference Voltage

2.4.1 Span Adjust

For maximum applications flaxibility, these A/Ds have been
designed to accommodate a 5 Vpg, 2.5 Vpc or an adjusted
voitage reference. This has been achleved in the design of
the IC as shown In Figurs 4.
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FIGURE 4. The Vgereaence Design onthe IC

Notice that the reference vottage for the IC is either %; of
the vottage applied to the Ve supply pin, or is equal to the
voltage that is externally forced at the Vgrer/2 pin. This al-
lows for a ratliometric voltage reference using the Veg sup-
ply. a 5 Vpg reference voitage can be used for the Vco
supply or a voltage less than 2.5 Vpg can be applied to the
Vrer/2 input for Incraased application fisxibility. The inter-
nat gain to the Vrep/2 input s 2, making the full-scale differ-
ential input voltage twice the voltage at pin S.

An example of the use of an adjusted reference voitage is to
accommodate a reduced soan—or dynamic voltage range
of the analog input voltage. if the analog input voltage were
to range from 0.5 Vpgc o 3.5 Vpc. instead of OV to 5§ Vpe.
the span would ba 3V as shown in Figure 5. With 0.5 Vpe
appiied to the Vin(—) pin to atsorb the offset, the reference
voitage can be made equal 10 ¥ of tha 3V span or 1.5 Vpe.
Tha A/D now will encods the Vin{ +) signal from 0.5V to 35
V with the 0.5V input corresponding to zero and the 3.5 Voc
input cormesponding to full-scate. The full 8 bits of resolution
are therefore applied over this reduced analog input voltage
range.




Functional Description (continued)

“Add it VRgp/2 < 1 Vpc with LM358
0 draw 3 mA to ground.
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b) Accommodating an Analog Input from

0.5V (Digital Out = = 00uex) to 35V
(Digital Out=FFygx)

FIGURE 5. Adapting the A/D Analog input Voltages to Mateh an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be opsrated In a ratiometric mode or an
absolute mode. In ratiometrdc converter applicadons, the
magnitude of the reference voltage is a factor in both the
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital output
code. The ADC0805 Is specified particulanly for use in rato-
metric applications with no adjustments required. In abso-
lute conversion applications, both the Initial value and the
temperature stabillty of the reference voltage are important
tactors In the accuracy of the A/D converter. For Vreg/2
voltages of 2.4 Vpc nominal value, initial errors of =10
mVpe will cause conversion errors of £1 LS8 due to the
gain of 2 of the Vgeg/2 Inout. In reduced span applications,
the Initial value and the stability of the Vger/2 Input voltage
become even more important. For example, if the span is
reduced to 2.5V, the analog input LS8 voltage value is cor-
respondingly reduced from 20 mV (5V span) to 10 mV and
1 LSB at the Vrep/2 input becomes 5 mV. As can ba seen,
this raduces the aliowed initial tolerance of the reference
voltage and requires correspondingly less absociute change
with temperature variations. Note that spans smatier than
2.5V place even tightsr requirements on the initial accuracy
and stabllity of the reference source.

In general, the magnitude of the reference voitage will re-
quire an inttial adjustment. Errors dus to an improper value
of refarence voitage appear as full-scale errors in he A/D
transter function. IC voitage regulators may be used for ref-
erences if the amblent temperature changes are not exces-
sive. The LM3368 2.5V IC reference diode {from Mational
Semiconductor) has a temperature stability of 1.8 mV yp
(6 mV max) over 0°C=Ta< +70°C. Other temperature
range parts are also available.

2.5 Errors and Reference Voitage Adjustments

2.5.1 Zero Error

The zero of the A/D does not require adjusiment. it the
minimum anatog Input voltage vatue, Vin(MiNy IS not ground,
a zero offset can be done. The converter can be made to
output 0000 0000 digital code for this minimum input voltage
by biasing the A/D Viy(—) input at this Vingviny value (ses
Applications section). This utliizes she diferential mods op-
eration of the A/D.

The zero arror of the A/D converter relates to the location
of the first risor of the transfer function and can be mea-
sured by grounding the Viy () input and applying a smail
magnitude positive voltage to the Vin (+) input. Zero emror
is the difference between the actual DC input voltage thatis
necessary to just cause an output digital code transiticn
from 0000 0000 to 0000 0001 and the ideal ', LSB vaiue
(%, LSB = 9.8 mV for VRrer/2=2.500 Vpg)-

2.52 Full-Scale

The full-scale adjustment can be mads by applying a differ-
ential input voltage that is 1'% LSB less than the desired
analog full-scale voltage range and then adjusting the mag-
nitude of the Vreg/2 Inout (pin 9 or the Veg suooly ifpin9is
not used) for a digital outout code that s just changing from
1111 1110 to 19111 1111,

17



Functional Description ontinued)

2.5.3 Adjusting for an Arbitrary Analog Input Voltage
Range
If the analog zero voitage of the A/D is shifted away from
ground (for example, to accommodate an analog input sig-
nal that does not go to ground) this new zero reference
should be properly adjusted first A Vin(+) voltage that
squals this desired zero reference plus Y, LSB (where the
LSB Is calculated for the desired analog span, 1 LSB = ana-
log span/256} is applied to pin 6 and the zero raference
voltage at pin 7 should then be adjusted to {ust obtain the
00pex 0 014ex code transition.
The full-scale adjustment should then be made {(with the
oroper Vin{—) voltage applied) by forcing a voltage to the
Vin(+) input which is given by:
(Vmax — VMIN)]
Vin (+ = VYpyax— 151 ———1,
N (+) fs ad] = Vmax 5{ 256
where:
Vuax=The high end of the analog input range
and
Vmin= the low end (the offset zero) of the analog range.
(Both are ground referenced.)
The Vper/2 (or Veg) voltage is then adjusted to provide a
code change from FEpgy t0 FFuex. This completes the ad-
justment pracsdure.

2.6 Clocking Option

The clock for the A/D can be derived from the CPU clock or
an external RC can be added to provide self-clocking. The
CLK IN {pin 4) makes use of a Schmitt trigger as shown in
Figure 6.
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FIGURE 6. Self-Clocking the A/D

Heavy capacitive or DC loading of the clock R pin should be
avoided as this will disturb normal converter operation.
Loads less than 50 pF, such as driving up to 7 A/D convert-
or clock Inputs from a single clock R pin of 1 converter, are
allowed. For larger clock line loading, a CMOS or low power
TTL vutfer or PNP input logic should be used to minimize
the loading on the clock R pin (do not use a standard TTL
buffer).

2.7 Restart During a Conversion

If the AJD is restarted (CS and WR go low and retum high)
during a conversion. the converter Is reset and a new con-
version is started. The output data latch is not uodated if the

conversion in process is not ailowed to be completed, there-
fors the data of the previous conversion remains in this
tatch. The INTH output simply remains at the 1" level.

2.8 Continuous Conversions

For operation in the free-running mode an inltializing pulse

should be used, following power-up, to ensure circuit opera-

Hon. In this applicaton, the TS input Is grounded and the”
WH Input is ted to the INTH output. This WR and INTR,
nods should be momentarlly forced to logic low following a

power-up cycle to guarantee opseration.

2.9 Driving the Data Bus

This MOS A/D, like MOS microprocessors and memories,
will require a bus driver when the total capacitance of the
data bus gets large. Other circuitry, which is tied to the data
bus, will add to the total capacitive loading, even in TRI-
STATE (high impedance mode). Backplane bussing also
greatly adds to the stray capacitance of the data bus.
There are some altematives available to the designer to
handle this problem. Sasically, the capacitive loading of the
data bus slows down the response time, even though pC
specifications are sifl met For systems operating with a
relatively slow GPU clock frequency, more time Is available
in which to estaolish proper logic leveis on the bus and
therefore higher capacitive loads can be driven (see typical
charactenstics curves).

At higher CPU clock frequencies time can be extended for
1/0 reads (and/or writes) by inserting wait states (8080) or
using clock extending circuits (6800).

Finally, if time Is short and capacitive loading is high, exter-
nal bus drivers must be used. These can be TRI-STATE
butfers {low power Schottky such as the DM74LS240 series
is recommended) or special higher drive current products
which ara designed as bus drivers. High current bipolar bus
drivers with PNP inputs are recommended.

2.10 Power Supplies

Noise spikes on the Vg supply line can cause conversion
errors as the comparator will raspond to this noise. A low
inductance tantalum filter capacitor should be used close to
the converter Ve pin and values of 1 pF or greater are
recommendsd. It an unregulated voitage is available in the
system, a separate LM340LAZ-5.0, TO-92, 5V voitage regu-
lator for the converter (and other analog circuitry} will greatly
reduce digital noise on the Vg supply.

2.11 Wiring and Hook-Up Precautions

Standard digital wire wrap sockets are not satisfactory for
breadboarding this A/D converter. Sockets on PC boards
can be used and all logic signal wires and leads shouid be
grouped and keot as far away as possible from the analog
signal leads. Exposed leads to the anslog inputs can cause
undesired digital noise and hum pickup, theretore shielded
loads may be necessary in many applications.
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Functional Description (ontnued)

A singie point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (it used) shoutd
both be returned to digital ground. Any Vggg/2 bypass ca-
pacitors, analog input filter capacitors, of input signat shield-
ing should be retumned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converer. Zero emors in excess of V. LSB can usually ce
trackd to improper board layout and wiring (see secton
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests isto apply a
known analog input voltage to the converter and use LEDs
to display the resulting digital output code as shown in Fig-
vre 7.

For aase of testing, the Vaer/2 (pin 9) should be supplied
with 2.560 Vpg and a Vgc supply voltage of 5.12 Vpc
should be used. This provides an LSB value of 20 mV.

if a full-scale adjustment is to be made, an anaiog input
voltage of 5.090 Voc (5.120-1%, LSB) should be aooled to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the Vper/2 Input voltage snould then be adjusted until the
digital output cods s just changing from 1111 1110 to 1111
1111. This valus of Vpea/2 shouw'd then te used for all the
tests.

The digital output LED display can be decoded by dividing
the 8 bits into 2 hex characters, the 4 most significant (MS)
and the 4 least significant (LS). Tabls | shows the fractional
pinary equivalent of these two 4-bit groups. By acding the
voltages obtained from the “VMS” and “VLS" columns in
Table 1, the nominal value of the digital display (when
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FIGURE 7. Basic A/D Tester

Vger/2 = 2.560V) can be determined. For exarnple, for an
output LED disptay of 1011 0110 or B6 (in hex), the voltage
values from the table are 3.520 + 0.120 or 3.640 Vpc.
These voltage values represent the center-values of a per-
fact A7D converter. The effects of quantization eror have to
be accounted for in the intarpretation of the test results.
For a higher speed test system, or to obtaln plotted data, a
digital-to-analog converter is needed for the lest set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D. Errors of the A/D under test can Se
expressed as either analog voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage is shown in Figure 8. The 2 op
amps can be eliminated if a lab DVM with a numerical sub-
raction feature is available to read the difference voltage,
“A-C", directly. The analog Input voitage can be supplied
by a low frequency ramp generator and an X-Y plotter can
be used to provide analog arror (Y axis) versus analog input
(X axis).

For operation with a microprocessor or a computer-based
test system, it is more convenient to present the errors digi-
taily. This can be done with the circuit of Figura 9, where the
output code transitions can be detected as the 10-bit DAC is
incremented. This provides % LSB steps for the 8-bit A/D
under test. If the rasults of this test are automatically plotted
with the analog input on the X axis and the error (in LSB'S)
as the Y axis, a useful transfer function of the A/D under
test results. For acceptance testing, the plot is not neces-
sary and the testing speed can be increased by establishing
internal limits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the Interface with 8080A and 6800 microproces-
sors, a common samgle subroutine structure Is used. The
microprocessor starts the A/D, reads and stores the results
of 16 successive conversions, then retums to the users
program. Tha 16 data bytes are stored in 16 successive
memory locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separatsly for sach type of microprocessor.

4.1 Intertacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has bean designed to directly interface with
derivatives of the 8080 microprocessor. The A/D can be
mapped into memory space (using standard memory ad-
drass decoding for TS and the MEMR and MEMW strobes)
or it can be controlled as an 1/0 device by using the I7OR
and 7O W strooes and decoding the address bits A0 —
A7 (or addrass bits AB — A15 as they will contain the
same 8-bit address information) to obtain the CS input Us-
ing the 1/Q space provides 256 additional addresses and
may ailow a simpler 8-bit address decoder but the data can
only be nout to the accumulator. To make usa of the addl
tional memory raference Instuctions, the A/D should e
mapped into memory space. An example of an A/D in 1/O
spacs Is shown in Figure 10.




Functional Description (contaued

ANALOGINPUT ]

VOLTAGE
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FIGURE 8. A/D Tester with Analog Error Output
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FIGURE 9. Basic “Digital” A/D Tester !
TABLE |. DECODING THE DIGITAL QUTPUT LEDs
OUTPUT VOLTAGE
FRACTIONAL BINARY VALUE FOR CENIER YALUES
HEX BINARY WITH
VREF/ 2=22.560 Vpc
MS GROUP LS GROUP VMS GROUP® | VLS GROUP*

F 1 1 1t 1 15/16 15/256 4.800 0.300
E 1 1 1 0 7/8 7/128 4,480 0.280
] 1 1 0 1 13/16 13/256 4,160 0.260
G 1 1 0 O 374 3/64 3.840 0.240
g 1 0 1 1 11/16 11/256 3.520 0.220
A 1t 0 1 0 5/8 5/128 3.200 0.200
9 1 0 0 1 9/16 97256 2/880 0.180
8 T 0 0 04} 11/2 1732 2/560 0.160
7 o 1 1 1 7/18 77256 2.2490 0.140
8 o 1 1 0 3/8 3/128 1.920 0.120
5 0o 1 0 1 5/16 2/256 1.600 0.100
4 o t 0 0 1/4 1/64 1/280 0.080
3 o 0 1 1 3/16 3/256 0.960 0.060
2 o 0 1t O 1/8 17128 0.640 0.040
1 o o 0 1 1/16 1/256 0.320 0.020
0 o 0 0 O 0 0

*Display Output=VMS Group + VLS Group




Ordering information

TEMP RANGE 0°C TO 70°C 0°CTO 70°C *0°C TO 70°C —40°C TO +85°C
+ V. Bit ADCOB01LCN
Adjusted
ERROR +14 Bit ADCO802LCWM ADC0802L.CV ADCO0802LCN
Unadjusted
+ 14 Bit ADC0803LCWM ADC0803LCV ADCO803LCN
Adjusted
=18it ADC0804LCWM ADC0804LCV ADCO0804LCN ADCO805LCN
Unadjusted
PACKAGE QUTULINE M208—Small Outline V20A—Chig Cartler N20A—Moided DIP
TEMP RANGE —40°C TO +85°C ~55°C 7O +125°C
+ v/, Bit Adjustad ADCO801LCJ ADCO801L
ERROR * 1, Bit Unadjusted ADC0802LCJ ADCO802LY,
+ 1/, Bit Adjusted ADC0803LCY ADC0802L.1/883
+1Bit Unadjusted ADC0804LCJ
PACKAGE OUTLINE J20A—Cavity DIP J20A~—Cavity DIP

Ccnnection Diagrams

ADC080X
Dual-in-Line and Small Outline (SO) Packages
&St ~ 20 b=Vee (OR Vger)
fD~{2 19P=CLKR
W3 18 }—060 (LS8)
cxm—ts 178081
INTR—{3 164082
Vpd+) =16 15—083
Yl=) =17 14]~084
AGND—{8 13f—08s
Vagr/2-19 12}~—086
DGNO—}10 111087 (4SB)

TU/H/S671-30

ADC080X

Molded Chip Carrier (PCC) Package

See Ordering information
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Physical Dimensions inches (milimeters)
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Dual-in-Line Package (J)
Order Number ADC08011.4, ADC0802L.], ADCOSO1LCY,
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ADC0802LJ/883 or 5962-3096601MRA
NS package Number J20A
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