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v Abstract

; This thesis presents the effectiveness checking of producing process by means of the production’s
Eweight control, acquired from the specified standard packing process. Hereby, Load cell, a transducer
;dcccssory, is applied to sensor load cell’s output beam. This will be transferred to the computer through
; A/D converter. The standard of weight as specified will be. arbitrated by computer. Besides, the
, production quantity and individual data used in such varification will be simultaneously collected in
; memory unit. This data can help analysis and improve the whole system’s producing process-
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Ebh
; Ebh’
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(Vo/¥mas = S;S¢/E (2-16)

Tnasaduvuaundiasluissnaiaiisastdiuusesu (vyv) Mamzifudinn sznin 4
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(") Tmam¥aduuy29urIu (Ring-Type Load Cell)
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l SPR’
Vo =LT9— v, (2-19)
Ewt
a Ewt®
'vin P=0.56 v, =Cv, (2-20)
SRy,
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' Tay C=0.56—; (2-21)
SR v,
A 4 1w v a
e C fio Aoy
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E vy 1 SR’
! 8, =—-=—=179—7v, (2-22)
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| ussiu | 300g | 400g | S00g | 600g | 700g | 800g | 900g | 1000g
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1

10 Travt 1.2 1.6 2.0 23 2.8 32 36 4.0
11 Thavt 1.3 1.8 22 2.5 30 35 3.8 43
12 Taavi 1.4 2.0 2.3 2.8 3.3 37 42 47
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UIIAH MANNAzIRYA U5IAY (A19) mANNazBeA (AB)
v) V)

0 000 2.75 144
0.25 012 3 160
0.50 026 3.25 170
0.75 040 3.50 184

1 052 3.75 196
1.25 066 ’ 4 208
1.50 080 425 222
1.75 092 4.50 234

2 106 4.75 246
225 118 5 255
2.50 132 - -
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Yimin (® O/p N fewazBen | vmiin (g O/p 9n MANNAZ DA
Ins.Amp(V) Ins. Amp(V)
"o 0.4 24 550 2.7 146
50 0.6 34 600 3.0 160
100 0.8 46 650 32 170
150 1.0 56 700 34 182
200 1.2 68 750 37 192
250 1.5 80 800 3.9 204
300 1.7 90 850 4.1 214
350 1.9 102 900 42 224
400 2.1 114 950 44 232
450 23 123 1000 47 243
500 2.5 135 1050 49 254
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Source Code ‘uaﬂﬂsamsu Visual Basic

Private Sub Commandl_Click()
Unload Me
End Sub

Private Sub Timerl1_Timer()
'REFRESH TIME EVERY SECOND'
Label2 ="17a1: " & Format(Time, "hh:mm:ss ampm")

End Sub

Private Sub Form_Load()

Dim al As Integer

Dim wl As Integer

Labell = "’iuﬁ * & Format(Date, "long date")
Label2 ="t7a1; " & Format(Time, "hh:mm:ss ampm")
Timer6.Enabled = True

Timer7.Enabled = True

Timer8.Enabled = True

Timer9.Enabled = True

Timer10.Enabled = True

Text5=0

Text9=0

MSComm1.PortOpen = True

End Sub

Private Sub Timerl_Timer()

‘RECEIVE DATA'

MSComm].Output=""

¢ =MSComml.Input

b = Val(MidS(c, 15, 3))

Textl0=b

Ifb> 50 Then
Timer2.Enabled = True
Timerl.Enabled = False
End If
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End If
End Sub

Private Sub Timer10_Timer()

On Error GoTo errort

'PERCENT OF PASSED PRODUCTS/ALL PRODUCTS
num4 = (Val(Text6) / Val(Text5)) * 100
Text4 = Mid(num4, 1, 5)
Data4.Refresh

Text9 = Mid(Text8, 1, 5)
Timer10.Enabled = Faise

Exit Sub

errort:

Timer10.Enabled = Faise

End Sub

Private Sub Timer12_Timer()
MSComm1.0Output = Chr$(3)
Timer1.Enabled = True
Timer12.Enabled = False

End Sub

Private Sub Timer13_Timer()
MSComm1.Output =**
f = MSComm1.Input
g = Val(Mid$(f, 15, 3))
fg>=0Andg<=33Then Text3 =0
If g >=34 And g <= 46 Then Text3 = CLng(50 + (50 / 12) * (g - 34))
If g >= 47 And g <= 56 Then Text3 = CLng(100 + (50/ 10) * (g - 46))
If g >= 57 And g <= 68 Then Text3 = CLng(150 + (50 / 12) * (g - 56))
If g >= 698 And g <= 80 Then Text3 = CLng(200 + (50/12) * (g - 68))
If g >= 81 And g <= 90 Then Text3 = CLng(250 + (SQ/ 10) * (g - 80))
If g >=91 And g <= 102 Then Text3 = CLng(300 + (50/ 12) * (g - 90))
If g >= 103 And g <= 114 Then Text3 = CLng(350 + (50/ 12) * (g - 102))
If g >= 115 And g <= 123 Then Text3 = CLng(400 + (50 / 9) * (g - 114))
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If g>= 124 And g <= 136 Then Text3 = CLng(450 + (50/ 13) * (g - 123))
If g >= 137 And g <= 146 Then Text3 = CLng(500 + (50 / 10\ *(g - 135))
If g >= 147 And g <= 160 Then Text3 = CLng(550 + (50 /-14) *4g—4<53)
if g >= 161 And g <= 170 Then Text3 = CLng(600 + (50 / 10) * (g - 160))
if g >= 171 And g <= 182 Then Text3 = CLng(650 + (50/ 12) * (g - 170))
if g >= 183 And g <= 192 Then Text3 = CLng(700 + (50 / 10) * (g - 182))
If g >= 193 And g <= 204 Then Text3 = CLng(750 + (50/ 12) * (g - 192))
If g >= 205 And g <= 214 Then Text3 = CLng(800 + (50 / 10) * (g - 204))
If g >= 215 And g <= 224 Then Text3 = CLng(850 + (50/ 10) * (g-214)
If g >= 225 And g <= 232 Then Text3 = CLng(900 + (50/8) * (g - 224))
if g >= 233 And g <= 243 Then Text3 = CLng(950 + (50 / 11) * (g - 232))
if g >= 244 And g <= 255 Then Text3 = CLng(1000 + (50 / 11) * (g - 243))
End Sub

Private Sub Timer2_Timer()

MSComm1.Qutput =""

a = MSComm1.Input

e = Val(Mid$(a, 15, 3))

If e >50 Then
Text1i1=e
if e >= 34 And e <= 46 Then Text1 = CLng(50 + (50 / 12) * (e - 34))
If e >= 47 And e <= 56 Then Text1 = CLng(100 + (50 / 10) * (e - 46))
if @ >= 57 And e <= 68 Then Text1 = CLng(150 + (50/ 12) * (e - 56))
if e >= 69 And e <= 80 Then Text1 = CLng(200 + (50/ 12) * (e - 68))
Ife >=81 And e <= 90 Then Text1 = CLng(250 + (50/ 10) * (e - 80))
if e >=91 And e <= 102 Then Text1 = CLng(300 + (50/ 12) * (e - 90))
if e >=103 And e <= 114 Then Text1 = CLng(350 + (50 / 12) *-(e - 102))
If e >= 115 And e <= 123 Then Text1 = CLng(400 + (50/9) * (e - 114))
if e >= 124 And e <= 136 Then Text1 = CLng(450 + (50/ 13) * (e - 123))
if e >= 137 And e <= 146 Then Text1 = CLng(500 + (50/ 10) * (e - 135))
if @ >= 147 And e <= 160 Then Text1 = CLng(550 + (50/ 14) * (e - 146))
If e >= 161 And e <= 170 Then Text1 = CLng(600 + (50 / 10) * (e - 160))
If e >= 171 And e <= 182 Then Text1 = CLng(650 + (50/12) * (e - 170))
If e >= 183 And e <= 192 Then Text1 = CLng(700 + (50 /10) * (e - 182))
If e >= 193 And e <= 204 Then Text1 = CLng(750 + (50/12) * (e - 192))
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[f e >=233 And e <= 243 Then Textl = CLng(950 + (50 / 11) * (e - 232))
If e >=244 And e <=255 Then Textl = CLng(1000 + (50 / 11) * (e - 243))
If Textl < 475 Or Textl > 525 Then

MSComm1.Output = ChrS$(2)

Timer3.Enabled = True

Timer2.Enabled = False

Textl.ForeColor = &HFF& MAKE A RED FONT WHEN FAILED'

Text2.ForeColor = &HFF &

Text2 = " liHu"
Else

MSComm!.Output = Chr$(1)

Timer12.Enabled = True

Timer2.Enabled = Faise

Textl.ForeColor = &00&

Tex12.ForeColor = &00&

Text2 = "N1Y"
End If
Datal.Recordset. AddNew

Datal.Recordsetiunitweight = Val(Textl)
Datal.Recordset!qc = Text2
Datal.Recordset!Date = DateValue(Date)
Datal.Recordset! Time = Format(Time, "hh:mm:ss ampm")
Datal.Recordset.Update
Datal.Recordset. Bookmark = Datal.Recordset.LastModified
TimerS.Enabled = True

Else

Timerl.Enabled = True

Timer2.Enabled = False

End If

End Sub

Private Sub Timer3_Timen()
MSComm1.Output = Chr$(3)
Timerl.Enabled = True
Timer3.Enabled = False

End Sub
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MSComm1.Output = Chr$(3)
Timer1.Enabled = True
Timer3.Enabled = False

End Sub

Private Sub Timer4_Timer()

On Error GoTo errort

Dim t1 As Date

Dim t2 As String

Dim t3 As String

t1 = DateValue(Date)

2 = *Passed”

t3 = "Failed”

'PERCENT OF PASSED PRODUCTS/ALL PRODUCTS
num4 = (Val(Text6) / Val(Text5)) * 100

Textd = Mid(num4, 1, 5)

Data4.Refresh

Text9 = Mid(Text8, 1, 5)

'NUMBER OF ALL PRODUCTS

sglcmd1$ = "select * from products where date=#" & t1 & “#
sqlcmd1$ = sqglcmd1$ & * order by time"
Data1.RecordSource = sqicmd1$

Data1.Refresh

Data1.Recordset.MovelLast

Text5 = Data1.Recordset.AbsolutePosition + 1

'"NUMBER OF PASSED PRODUCTS

sqlemd2$ = "select * from passed where date=#" & t1 & "
Data2.RecordSource = sqlcmd2$

Data2.Refresh

Data2.Recordset.MovelLast

Text6 = Data2.Recordset.AbsolutePosition + 1
'NUMBER OF FAILED PRODUCTS

sqlcmd3$ = "select * from failed where date=#" & t1 & “#"
Data3.RecordSource = sqlcmd3$

Data3.Refresh
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End Sub

Private Sub Timer5_Timer()
On Error GoTo error}
'GRAPH'
If Datal.Caption = "Record: 0" Then
Form2.MSChart].Visible = False
MsgBox "hifideyadmFunsviingin®, 64, "NO DATA FOR TODAY"
Else
Form2.MSChart1.Visible = True
End If
n = Datal.Recordset. AbsolutePosition + 1 o
Datal.Recordset.MoveFirst
With Form2.MSChart]
'‘GRAPH OF PRODUCTS IN ONE DAY’
.chartType = VtChChartType2dLine
.ColumnCount = 3
.RowCount =n
For Column =1 To 1
ForRow=1Ton
.Column = Column
.Row =Row
.Data = Datal.Recordset!unitweight
Datal.Recordset. MoveNext
Next Row
Next Column
'GRAPH OF UPPER LIMIT'
For Columm =2 To 2
ForRow=1Ton
.Column = Column
.Row =Row
.Data = 525
Next Row
Next Column
'GRAPH OF LOWER LIMIT'

For Column=3To 3
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.Row = Row
.Data = 525
Next Row
Next Colpgmn
‘GRAPH OF LOWER LIMIT*
For Column =3 To 3
ForRow=1Ton
.Column = Column
.Row = Row
.Data = 475
Next Row
Next Column
'Use the chart as the backdrop of the legend.
.Showlegend = True
SelectPart MIChPartTypePlot, index1, index2, index3, index4
.EditCopy
.SelectPart VtChPartTypelLegend, index1, _
index2, index3, index4
.EditPaste
End With
‘Timer5.Enabled = False
Exit Sub
erori:

End Sub

Private Sub Timer6_Timer()

On Error GoTo errort

If Text6 = 0 And Text7 = 0 Then
MSChart1.Visibie = False
Text9 = "0.00°

Else
MSChart1.Visible = True

End If

n = Data1.Recordset.AbsolutePosition + 1

Data1.Recordset.MoveFirst
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With Form2.MSChart1
chartType = VtChChariType2dLine
.ColumnCount =3
.RowCount =n
For Column=1To 1
ForRow=1Ton
.Column = Column
.Row = Row
.Data = Data1.Recordsetiunitweight
Data1.Recordset.MoveNext
Next Row
Next Column
For Column =2 To 2
ForRow=1Ton
.Column = Column
.Row = Row
.Data = 525
Next Row
Next Cofumn
For Column=3To 3
For Row=1Ton
.Column = Column
.Row = Row
.Data = 475
Next Row
Next Column
.Showt.egend = True '
.SelectPart ViChPartTypePlot, index1, index2, index3, index4
.EditCopy
.SelectPart VtChPartTypelLegend, index1, _
index2, index3, index4
.EditPaste
End With
Timer6.Enabled = False
Exit Sub
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errort:

End Sub

Private Sub Timer7_Timer()
Dim t1 As Date
On Ermor GoTo errort
‘NUMBER OF PASSED PRODUCTS
t1 = DateValue(Date)
Data2.RecordSource = sqicmd2$
Data2.Refresh
Data2.Recordset.Movelast

Text6 = Data2.Recordset.AbsolutePosition + 1
Timer7.Enabled = False

Exit Sub

errori:

Text6 =0

Timer7 .Enabled = Faise

Text4 = "0.00"

End Sub

Private Sub Timer8_Timer()

Dim t1 As Date

On Error GoTo errort

‘NUMBER OF FAILED PRODUCTS

t1 = DateValue(Date)

sglemd3$ = "select * from failed where date=#" & t1 &
Data3.RecordSource = sqglcmd3$
Data3.Refresh

Data3.Recordset.MovelLast

Text7 = Data3.Recordset.AbsolutePosition + 1
‘Timer8.Enabled = False

Exit Sub

ermori:

Text7 =0

‘Timer8.Enabled = Faise
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End Sub

Private Sub Timer9_Timer()

Dim t1 As Date

On Error GoTo emor1

'NUMBER OF ALL PRODUCTS

t1 = DateValue(Date)

sqlemd1$ = "select * from products where date=#" & t1 & "#*
sqlemd1$ = sqlcmd1$ & ° order by time*
Data1.RecordSource = sqlcmd1$
Data1.Refresh

Data1.Recordset.MovelLast

Textd = Data1.Recordset.AbsolutePosition + 1
Exit Sub

error1:

Text6 =0

Text7 =0

End Sub
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DISBUF EQU 70H

s EQU P20
RRD - EQU P21
WWR EQU P22

INTR EQU P23

RITIIEII 2Ll LLLd)
’

;* START PROGRAM  *

o3l 2t afs s 2 e 2 e o e ok ok o o ol o e o o o
>

ORG

MOV
MOV
MOV
MOV
MOV
SETB
SETB

S1: JNB
CLR
MOV
CINE

0000H

TMOD,#20H
SCON,#52H
TH1,4#0FAH
TL1#0FAH
PCON,#0

TI

TR1

RIS

RI
A,SBUF
A#20H,S2

LCALL SENDENTER

MOV

DPTR#STR

LCALL SENDSTR

LCALL READAD

MOV
MOV

DPH,#0
DPL.A

; START ADDRESS 0000H

; SPACE BAR PRESS
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LCALL HTOD

MOV RO#DISBUF+2
MOV A,@RO
LCALL SENDCHAR
DEC RO

MOV A,@RO
LCALL SENDCHAR
DEC RO

MOV A,@RO
LCALL SENDCHAR
LCALL SENDENTER

SIMP S1

S2: MOV PlLA
SIMP Sl

: SEND CHAR

SENDCHAR: JNB TL$
CLR TI
MOV SBUF,A
RET

; SEND STRING

SENDSTR: MOV A#0
MOVC A,@A+DPTR
JZ SENDSTRO
LCALL SENDCHAR
INC DPTR
SIMP SENDSTR
SENDSTRO:  RET
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: SEND ENTER
SENDENTER: INB TL$ : SEND BACK ENTER
CLR TI

MOV  SBUF#10

INB TL$

CLR TI

MOV SBUF#13

RET

:READA/D

READAD: CLR CS

CLR WWR
NOP

NOP

NOP

SETB CS
SETB WWR
JB INTR,$
CLR CS
CLR RRD
MOV AP0
RET

RITIIIERIL L2 222 2
s

;* HEX TO DECIMAL *
;*input:dptr  *
;* output : rlir2:r3: *

o 320 2 2 200 2 2 200 2 o o o o o o o o o ok o ok
H
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HTOD:

5
o
=

HTOD2:

CLR A
RLA
R2,A
R3,A
R4#16

MOV
MOV
MOV
MOV
MOV A,DPL
RLC A
MOV DPLA
MOV ADPH
RLC A
MOV DPHA
MOV RS#3
MOV RO#3
MOV  A,@RO
ADDC A,ACC
DA A
@RO,A
DEC RO

MOV
DINZ RSHTOD2
DINZ R4,HTODI
MOV 5,1
MOV 6.2
MOV 73
MOV  RO#DISBUF
MOV
MOV

ANL

R1,#7
A@R1
AHOFH
ADD  A#30H
@ROA
A@RI

RR A

MOV
MOV

: INITIAL INPUT

; STORE TO DISPLAY BUFFER
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STR:

RR A
RR A
RR A
INC RO
ANL A#OFH
ADD A#30H
MOV @RO,A
INC RO
DEC RI
MOV A,@RI1
ANL A#OFH
ADD  A#30H
MOV @RO,A

RET

DB 'A/DValue:',0

; STORE TO DISPLAY BUFFER



MARNUIN ¥
A4 HYDITZ VY

wn

I ARl i R e Mo o tam Rttt i itacra it A St " Ca N GRGN gy, oy ———— . —— e Sl ych— . (A, A O W S . oS . L EANLAD.  ER wMmaARG




& a ¥ o [ N ~ = 'Y ' Yo - L -
wnanstuenansianubidmsunmslynuiiensfinviniu lueugralmilulydssloguaiunism

luansalla viedu Bnnsnuilndnudasilenuaraesedadiaivedenarsnasaninisiluly



dy ~ N o 1 N =~ = ' gj ' N ) N o N
wnansiiduenansianubidniunislynuionisfnewniiu lueygsinillydsslesuaunisan

lunsdllag visdu Bnvauiilusaudadienuasnesedaiuaivetenarsynasaminisinltuly



wnansiiduenansianubidwsunislynuiionisfnemniiu lueygysinilulydsslesuaunisan

lunsdllag visdu Snviauiilusaudadiienuasnesedaiuaivetenarsynasaminisinluly



P T R e S —

AARUIN A,

neazBuateyavedleFiwesiililulnenu



ANALOG -
DEVICES

‘ Precision
Instrumentation Amplifier

|

AD524

rs}x{runss _

Loa Nolise: 0.3 pV p-p 0.1 Hz to 10 Hz

Low Nonlinearity: 0.003% (G = 1)

High CMRR: 120 dB (G = 1000)

Low Offset Voltage: 50 pV

LoWw Offset Voltage Drift: 0.5 pV/°C

Gain Bandwidth Product: 25 MHz

Pljl Programmable Gains of 1, 10, 100,1000

Input Protection, Power On-Power Off

Ng External Components Required

Internally Compensated

MIL-STD-883B and Chips Available

1é-l;>in Ceramic DIP and SOIC Packages and
[20-Termina| Leadless Chip Carriers Available

Available in Tape and Reel in Accordance
‘with EIA-481A Standard

Standard Military Drawing Also Available
$

PRO%DUCT DESCRIPTION

The AD524 is a precision monolithic instrumentation amplifier
designed for data acquisition applications requiring high accu-
racy under worst-case operating conditions. An outstanding
combination of high linearity, high common mode rejection, low
offset voltage drift, and low noise makes the ADS524 suitable for
use {n many data acquisition systems.

The'AD524 has an output offset voltage drift of less than 25 uV/
°C, input offset voltage drift of less than 0.5 pV/°C, CMR above
90 dB at unity gain (120 dB at G = 1000) and maximum
nonlinearity of 0.003% at G = 1. In addition to the outstanding
dc specifications the AD524 also has a 25 MHz gain bandwidth
product (G = 100). To make it suitable for high speed data ac-
quisition systems the AD524 has an output slew rate of 5 Viis
and'settles in 15 ps to 0.01% for gains of 1 to 100.

As i{ complete amplifier the AD524 does not require any exter-
nal components for fixed gains of 1, 10, 100 and 1,000. For
oth%r gain settings between 1 and 1000 only a single resistor is
required. The AD524 input is fully protected for both power on
and} power off fault conditions.

E AD524 IC instrumentation amplifier is available in four
different versions of accuracy and operating temperature range.
The economical “A” grade, the low drift "B” grade and lower
drift, ‘higher linearity “C" grade are specified from -25°C to
+89°C. The “S” grade guarantees performance to specification
over the extended temperature range -55°C to +125°C. Devices
areiavaﬂable in 16-pin ceramic DIP and SOIC packages and a
20-ferminal leadless chip carrier.

s

t
REV.C

lnfo:rmadm furnished by Analog Devices is belleved to be accurate and
rellable. However, no responsibility is assumed by Analog Devices for its

nor for any infringements of patents or other rights of third parties
%Amay result from its use. No license Is granted by implication or
oth se under any patent or patent rights of Analog Devices.

jt
%;

CONNECTION DIAGRAMS

Ceramic (D) and
SOIC (R) Packages

~meur [7] 18] ng,
sweyt [ (7] outrut NuLL
na, outruUT
] ADS524 o o
st [4]  topview [BJG =0
INet o Seaiel SHOAT TO
weur oL [T 2] 6 =100 p RO FOR
OAN
nerenence 1 1] G = 1000
-va [7] 10] sense
+ve [V s | outrur

. "
+Vy -V,
[ IR
NPUT QUTPUT

OFFSET NULL OFFSET NULL

Leadless Chip Carrier (E) Package

T
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PRODUCT HIGHLIGHTS

1. The AD524 has guaranteed low offset voltage, offset voltage
drift and low noise for precision high gain applications.

2. The AD524 is functionally complete with pin programmable
gains of 1, 10, 100 and 1000, and single resistor program-
mable for any gain.

3. Input and output offset nulling terminals are provided for
very high precision applications and to minimize offset volt-
age changes in gain ranging applications.

4, The AD524 is input protected for both power on and power
off fault conditions.

5. The AD524 offers superior dynamic performance with a gain

bandwidth product of 25 MHz, full power response of 75 kHz
and a settling time of 15 s to 0.01% of a 20 V step (G = 100).

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 6§17/329-4700 Fax: 617/326-8703

)
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AD524-SPECIFICATIONS @u= stsun =210amn,- soscumessotbntsoncied .. .. .

[ ADSZIA ADS24B ADSs24C ADS24S
Model ; Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max | Units
GAIN !
Galn Equation 000
{Extemal Resistor Gain [m—k——ﬂ]tm 40,000” 120% [40'000”]120% 40.000 11220%
Programming) G G c Re
Gain m (Ptn Programmable) 1 to 1000 1to 1000 1 to 1000 1 to 1000
Galn . .
Ggl 40.05 10.03 10.02 10.05] %
G=10 10.25 10.15 0.1 10.25| %
G =100 10.5 10.35 10.25 05| %
G 4 1000 12.0 11.0 10.5 2.0 %
Nonlinearity
Gel +0.01 +0.005 +0.003 £0.01 %
G 410,100 £0.01 £0.005 +0.003 £0.01] %
G 4 1000 +0.01 +0.01 +0.01 £0.01} %
Gain vs. Temperature .
G=1 S 5 5 5 ppm/°C
G310 15 10 10 10 | ppmrC
G % 100 35 25 25 25 ppm/°C
G 5 1000 100 50 50 50 ppm/*C
VOLTA%E OFFSET (May be Nulled)
Input Offset Voltage 250 100 50 100 N
vs. Temperature 2 0.75 0.5 2.0 wvrC
Output Offset Voltage 5 3 2.0 3.0 mVY
vs. Temperature 100 50 25 50 pVi C
Offset Referred to the
Ingut vs. Supply
Gaul 70 75 80 75 dB
=10 8s 95 100 95 dB
§ & 100 95 105 110 105 dB
G = 1000 100 110 115 110 dB
i
INPUT €URRENT
Input Blas Current +50 +25 =15 +50 | nA
vs. Temperature £100 +100 £100 +100 pA/°C
Input Offset Current +35 x15 10 £35 | nA
vs. Temperature +100 £100 £100 £100 pA/IC
| 33
INPUT |
Input Jmipedance
Differentlal Resistance 10° 10° 10 10° Q
Differential Capacitance 10 10 10 10 pF
Cofnmon-Mode Resistance 10° 10° 10° 10° Q
Common-Mode Capacitance 10 10 10 10 pF
Input Voitage Range
Mak Differ. Inpat Linear (Vp)? | £10 £10 10 £10
Max Common-Mode Linear (Vcp) c G fe) G
Commjon-Mode Rejection dc to 12 V‘(T"VD] 12 V-(TX VDJ lzv“(—["vb} 12 V‘(?"VD)
60 Hrlwlt.h 1 kQ Source Imbalance
GCal 70 75 80 70 dB
G=10 90 95 100 90 dB
G 4100 100 105 110 100 dB
G * 1000 110 115 120 110 dB
OUTPUT RATING
Vour} Ry = 2 kQ t10 £10 £10 £10 \
T
DYNAMIC RESPONSE
Small Signal -~ 3 dB
Gdl 1 1 1 1 MHz
cd1o 400 400 400 400 kHz
G 4100 150 150 150 150 kHz
G 3 1000 25 25 25 25 kHz
Slew Rate 5.0 5.0 5.0 5.0 Vips
Settling Time to 0.01%, 20 V Step
G=1to100 15 15 15 15 s
G = 1000 75 75 75 75 s
NOISE |
Vi Noise, 1 kHz
RTI 7 7 7 7 nVAHz
R.T.O. 90 90 90 90 nVWWHz
R.T.Ii 0.1 Hzxto 10 Hz
G=21 15 15 15 15 BV pp
G410 2 2 2 2 v pp
G + 100, 1000 0.3 0.3 0.3 0.3 BV p-p
Current Notse
0.1 Hzto 10 Hz 60 60 60 60 PApp
' X
l ~ 4
] - 4
; —2- REV.B .
¥
!
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ADS24A ADS24B AD524C AD524S
Mod Min Typ Max Min Typ Max { Min Typ Max | Min Typ Max | Units
SENSE INPUT
R 20 20 20 20 KQ £20%
1,,3 15 15 15 15 BA
Valtage Range £10 10 10 10 v
Gajn to Output t 1 1 1 %
REFERENCE INPUT
Ry 40 40 40 40 kQ £20%
1 15 15 15 15 A
valluge Range £10 £10 10 10 \')
Calln to Output 1 )\ 1 1 %
TEMPERATURE RANGE
Specifled Performance -25 +85 -25 +85 -25 +85 -55 +1251 °C
Storage -65 +150 | -65 +150 | -65 +150 | -65 +150 | °C
POWER SUPPLY
Pdwer Supply Range £6 %15 18 | 26 15 =18 | %6 15 =18 | =6 t15 =18 |V
Qylescent Current 3.5 5.0 35 5.0 35 5.0 35 5.0 | mA
NOTES

'Dods not Include effects of external resistor Rg.
2V, Is the maximum differental Input voltage at G = 1 for specified nonlinearity.
Vpu at the maximum = 10V/G.
Vp = Actual differential input voltage. *
Exgmple: G = 10, Vp = 0.50.
Ve =12V -(10/2x0.50 V) =9.5V.
Specification subject to change without notice.
All and max specifications are guaranteed. Specifications shown in bold(ace are tested on all production units at final electrical test. Results from those tests are
used to calculate outgoing quality levels.

AB§OLUTE MAXIMUM RATINGS' NOTES
Supply Voltage ................................ +18V ISiresses above those listed under “Absolute Maximum Ratings” may cause

3 ety permanent damage to the device. This is a stress rating only and functional
I nterma] Powerz Dlssxpatxon """"""""""""""" 450 mW operation of the device at these or any other conditons abgove &nose Indicated in
Inpl:)t.vollagE, the operational section of this specification is not implied. Exposure to absolute
(Either Input Simultaneously) [Vin| + [Vs| ........ B6V apax iput voliage specihcaton sefars to reamdmurn voltage o which lthe loput
Output Short Circuit Duration ................. Indefinite terminal may be raised with or without device power applied. For example, with
Storage Temperature Range i;g ;l:littssupplies max Viy is £18 volts, with zero supply voltage max Vpy is
1 e ~65°C to +125°C '
(DyE) oot -65°C to +150°C ORDERING GUIDE
Opq‘rating Temperature Range
Temperature Package Package
DS24A/BIC ...oviiiiiie e -25°C to +85°C , g £
2D524S .......................... L55°C t0 +125C e T Demerloren ore
: 0 ADS524AD -40°C to +85°C | 16-Pin Ceramic DIP D-16
Lead Temperature (Soldering 60secs) ............ +300°C ‘Rgsg : AE _40,g t0+85°C | 20-Pin Leadless Chip Carrler | E-20A
METALIZATION PHOTOGRAPH ADSPIAR16-REEL| AC to +35°C. | Tope & Reel Pachaging. |
Contact factory for latest dimensions. ADS524BD ~40°C to +85°C | 16-Pin Ceramic DIP D-186.
Dimensions shown In inches and (mm). ggg.gg% ..4g:8 to +85°C | 20-Pin Leadless Chip Carrler | B-20A
ouTPuT 4 -40°C to +85°C | 16-Pin Ceramic DIP D-16
J """L'- °;=‘° °',;°° °"1‘°°° 55,"055 ADS524SD -55°C to +125°C { 16-Pin Ceramic DIP D-16
AD524SD/883B -55°C to +125°C | 16-Pin Ceramic DIP D-16
5962-8853901EA' |-55°C to +125°C | 16-Pin Ceramic DIP D-16
ADS24SE/3838 -55°C to +125°C | 20-Pin Leadless Chip Carrler | E-20A
AD524ACHIPS ~40°C 10 +85°C | Dle
ADS524SCHIPS -55°C to +125°C | Die

E ¥ 0.170 (AR) 1
PAD NUMBERS CORRESPOND TO PN HUMBERS FOR THE
i D18 AND R-16 1§-PIN CERAMIC PACKAGES,
CAUTION

IRefer to offictal DESC drawing for tested specifications.
FUNCTIONAL BLOCK DIAGRAM

ESD f(electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Altﬁough the AD524 features proprietary ESD protection circuitry, permanent damage may
occir on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
pre?aptlons are recommended to avoid performance degradation or loss of functionality.

RE}I: c
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INPUT OFFSET AND OUTPUT OFFSET

Voltage offset specifications are often considered a figure of
merit for instrumentation amplifiers. While initial offset may be
adjusted to zero, shifts in offset voltage due to temperature
variajons will cause errors. Intelligent systems can often correct
for this factor with an auto-zero cycie, but there are many small-
sl high-gain applications that don’t have this capability.

Voltage offset and drift comprise two components each; input

and gutput offset and offset drift. Input offset is that component

of offset that is directly proportional to gain i.e., input offset as
meastired at the output at G = 100 is 100 times greater than at
G = ]. Output offset is independent of gain. At low gains, out-
put offset drift is dominant, while at high gains input offset drift
dominates. Therefore, the output offset voltage drift is normally
specified as drift at G = 1 (where input effects are insignificant),
whilé Input offset voltage drift is given by drift specification at a
high gain (where output offset effects are negligible). All input-
relatgd numbers are referred to the input (RTT) which is to say
that the effect on the output is “G" times larger. Voltage offset
vs. power supply is also specified at one or more gain settings
and s also RTI.

By separating these errors, one can evaluate the total error inde-
pendent of the gain setting used. In a given gain configuration
both'errors can be combined to give a total error referred to the
inpu§ (R.T.1.) or output (R.T.Q.) by the following formula:

Tota) Error R.T.I. = input ecror + (output error/gain)
Tota\ Error R.T.O. = (Gain x input error) + output error

As ap {llustration, a typical AD524 might have a +250 uV out-
put ¢ffset and a -50 KV input offset. In a unity gain configura-
tion, the total output offset would be 200 pV or the sum of the
two. At a gain of 100, the output offset would be -4.75 mV or:
+250 iV + 100(-50 uV) = -4.75 mV.

I
The AD524 provides for both input and output offset adjust-
men}. ‘This simplifies very high precision applications and mini-
mize offset voltage changes in switched gain applications. In
such applications the input offset is adjusted first at the highest
programmed gain, then the output offset is adjusted at G = 1.

i
GAIN
The' AD524 has internal high accuracy pretrimmed resistors for
pin programmable gain of 1, 10, 100 and 1000. One of the pre-
set dalns can be selected by pin strapping the appropriate gain
terminal and RG; together (for G = 1 RG, is not connected).

W, INPUT

T e VN W ey

Figure 30. Operating Connections for G = 100
Thé AD524 can be configured for gains other than those that

L

are jnternally preset; there are two methods to do this. The first
method uses just an external resistor connected between pins 3

REV. C

and 16 which programs the gain according to the formula

40k
Rc =ES'—'1' (see Figure 31). For best results Rg should be a

precision resistor with a low temperature coefficient. An external
Rg affects both gain accuracy and gain drift due to the mismatch
between it and the internal thin-film resistors. Gain accuracy is
determined by the tolerance of the external Rg and the absolute
accuracy of the intemnal resistors (:20%). Gain drift is determined
by the mismatch of the temperature coefficient of R¢ and the
temperature coefficient of the intermnal resistors (- 50 ppm/”C typ).

-INPUT O
1500
OR b—0 Vour
1ha
O REFERENCE
HNPUT O

40,000
ST
-V, Q= 2.108 +1w20120%

Figure 31. Operating Connections for G = 20

The second technique uses the internal resistors in paralle] with
an external resistor (Figure 32). This technique minimizes the
gain adjustment range and reduces the effects of temperature
coefficient sensitivity.

-INPUT O
RG, |
—O Vour
"GJ O REFERENCE
+INPUT O -

Rlg . 1e = 444440
Rig _ 100 ™ 404.04Q Gu~—30000__ . onsir%
Rig - 1000 = 400400 -V, oo’ " !

* NOMINAL (£20%)

Figure 32. Operating Connections for G = 20, Low Gain
T.C. Technigue

The AD524 may also be configured to provide gain in the out-
put stage. Figure 33 shows an H pad attenuator connected to
the reference and sense lines of the AD524. R1, R2 and R3
should be made as low as possible to minimize the gain variation
and reduction of CMRR. Varying R2 will precisely set the gain
without affecting CMRR. CMRR is determined by the match of
Rl and R3.

At
2260

-INPUT M

S RZ

A

OVour
‘bf

o M

+HNPUT <R3
$22810

v (Ry+ Ry + UmLm'

Figure 33. Gain of 2000
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Table I. Output Gain Resistor Values

Output Nominal
Gaih R2 RI1,R3 Gain
2 5k | 226K | 2.02

1.05kQ | 2.05kQ 5.01
1 1kQ 4.42kQ 10.1
INPUT /BIAS CURRENTS

Input bias currents are those currents necessary to bias the input
transistxérs of a dc amplifier. Bias currents are an additional
source of Input error and must be considered in an total error
budget. The bias currents when multiplied by the source resis-
tance appear as an offset voltage. What is of concern in calculat-
ing bias current errors is the change In bias current with respect
to signal voltage and temperature. Input offset current is the dif-
ference bétween the two Input bias currents. The effect of offset
current Js an input offset voltage whose magnitude is the offset
current times the source impedance imbalance.

Although instrumentation amplifiers have differential inputs,
there ni.lst be a return path for the bias currents. If this is not
providefi, those currents will charge stray capacitances, causing
the output to drift uncontrollably or to saturate. Therefore,
when amplifying “floating” input sources such as transformers
and Lheirrﬁocouples, as well as ac-coupled sources, there must
still be i dc path from each input to ground.
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COMMON-MODE REJECTION

Common-mode rejection is a measure of the change in output
voltage when both Inputs are changed equal amounts. These
specifications are usually given for a full-range input voltage
change and a specified source imbalance. “Common-Mode Re-
jection Ratio” (CMRR) is a ratio expression while “Common-
Mode Rejection” (CMR) is the logarithm of that ratio. For
example, a CMRR of 10,000 corresponds to a CMR of 80 dB.

In an instrumentation amplifier, ac common-mode rejection is
only as good as the differential phase shift. Degradation of ac
common-mode rejection is caused by unequal drops across dif-
fering track resistances and a differential phase shift due to var-
fed stray capacitances or cable capacitances. In many
applications shielded cables are used to minimize noise. This
technique can create common mode rejection errors unless the
shield is properly driven. Figures 35 and 36 shows active data
guards which are configured to improve ac common mode rejec-
tion by “bootstrapping” the capacitances of the input cabling,
thus minimizing differential phase shift.

+V,

Figure 36. Differential Shield Driver

GROUNDING .
Many data-acquisition components have two or more ground
pins which are not connected together within the device. These
grounds must be tied together at one point, usually at the sys-
tem power-supply ground. Ideally, a single solid ground would
be desirable. However, since current flows through the ground
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Figure 37. Basic Grounding Practice

REV.C



rovEm e  r—

194323; Rev 3, 5/94

General Description

The MAX220—MAX249 family of line drivers/recaivers is
mtended for all EIATIA-232E and V.28/V.24 communi-
cauons interfacas, and in particular, for those applica-
uons whare £12V is not available.

.These pans are particulary useful in battery-powered
systems since their low-power shutdown mode reduces
lpower dissipation to less than SuW. The MAX225,
 MAX233, MAX235, and MAX245-MAX247 use no exter-
mal components and are recommended for applications
Ewhere printed circuit board space is critical.

t

Appiications

Portable Computers

Low-Power Modems’

Interface Translation
Battery-Powered RS-232 Systems
Multi-Drop RS-232 Networks

A e ]

MAXIL /W

! +5V-Powered, Multi-Channel RS-232

Drivers/Receivers

Features

Superior to Bipolar
4 Operate from Single +5V Power Supply
(+5V and +12V—MAX231 and MAX239)

¢ Low-Power Recelve Mode in Shutdown
(MAX223/MAX242)

4+ Meet All EIA/TIA-232E and V.28 Specifications
¢+ Multiple Drivers and Receivers

4 3-State Driver and Recelver Qutputs

4 Open-Line Detection (MAX243)

Ordering Information

PART TEMP. RANGE PIN-PACKAGE
MAX220CPE 0*Cto +70°C 16 Plastic OIP
MAX220CSE 0°C to +70°C 16 Narrow SO
MAX220CWE 0°C to +70°C 16 Wide SO
MAX220C/D 0°Cto +70°C Dice"
MAX220EPE -40°C to +85°C 16 Plastic DIP
MAX220ESE -40°C to +85°C 16 Narrow SO
MAX220EWE -40°C to +85°C 16 Wide SO
MAX220EJE -40°C 10 +85°C 16 CERDIP
MAX220MJE -55°C to +125°C 16 CERDIP

Ordering Information continued at end of data shest.
“Contact factory for dice specifications.

Selection Table

. v o e e —— ———

Power No. ot Nominal SHON. Rx
Part Supply AS-232 No. of Cap. Value & Three- Activein OstaRsts
Number { Drivera/Rx Ext Caps (uF) State SHON {kbps) Features
MAX220 +5 22 4 4710 No 120 URtra low-power, ndustry-standard pinout
+5 22 4 0.1 Yes 200 +5V IBM PC sertal port with receivers actve n shutdown
MAX223 (MAX213) +5 4/5 4 1.0(0.1) Yes v 120 MAX241 + receivers active in shutdown
MAX225 +5 5/5 0 - Yes v 120 Avallablg in SO
MAX230 (MAX200) +5 S0 4 1.0{0.1) Yas 120 § drivers with shutdown
v IMAX231 (MAX201) +5and 22 2 1.0{0.1) No 120 Standard +5/+ 12V o baltery suppiies; same
E +7510 +13.2 functions as MAX2Y2
MAX232 (MAX202) +5 4 1.0(0.1) No 120 (64) Industry standard
+5 2 4 0.1 No Higher siaw rals, small caps
MAX233 (MAX203) +5 212 0 - No 120 No extermnal caps
+5 22 0 - No 200 No extemal caps, high slew rate
MAAT TMAXZAY +5 40 4 16{0.1) No 720 Replaces {
MAX235 (MAX205) +5 S5 0 - Yes 120 No extemal caps
MAX236 (MAX206) +5 43 4 1.0(0.1) Yes 120 Shwtdown, three-state
MAX237 (MAX207) +5 53 4 1.0{0.1) No 120 Complemsnts I8M PC sarial port
MAX&(MAX@B) +5 4/4 4 1.0(0.1} No 120 Replaces 1488 and 1489
v [MAX239 (MAX209) +5 and s 2 1.0{0.1} No 120 Standard +5/+12V or battery supphes; sngle
+7510 +132 packaga sohtion ior IBM PC sartal pont
MAX240 +5 85 4 1.0 Yes 120 DIP or fialpack package
MAX241 (MAX211) +5 [l 4 1.0 (0.1) Yes 120 Comglete 18M PC sertal port
WACZ +5 7z T o1 Yos 4 X0 Separats ehidown and enabie
MAX243 +5 27 4 0.1 No 200 Open-iine detection simplifies cabing
I |MAX244 +5 &10 4 1.0 No 120 High slew rals
1 {MAX245 +5 &10 0 - Yes v 120 High siew rata, int. caps, two shutdown modes
MAX248 +5 810 0 - Yes v 120 High slow rats, Int. caps, vee shutdown modes
| [MAx247 +5 ] 0 - Yes v 120 High siow rate, int. C3p8, Nine cperating modes
r IMAX243 5 am 4 1.0 Yos v 120 High slew rate, selective hall-chlp enablas
I {fAX249 +5 610 4 10 Yos v 120 Avaigble In quad fRatpack package
b N——
FMAXM Maxim Integrated Products 15

Call toll free 1-800-998-8800" for freo samples or Iiterature.
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MAX220-MAX249

+5V-Powered, Multi-Channel RS-232

16-Pin Narow SO (derate 8.70mW/°C above +70°C)......696mW

16-Pin Wide SO (derate 9.52mW/°C above +70°C) ......... 762mwW

18-Pin Wide SO (derats 9.52mW/°C above +70°C).......... 762mwW

20-Pin Wide SO {derate 10.00mW/°C above +70°C)....... 800mW

16-Pin CERDIP (derate 10.00mW/°C above +70°C) ........ 800mW

18-Pin CERDIP (derate 10.53mW/°C above +70°C) ........ 842mW.
Operaling Temperature Ranges

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS—MAX220/222/232A/233A/242/243
Supply Voltage (Vec) 0.3V 10 +6V

Input Voltages

Tin -0.3Vto (Veg - 0.3V)

RiN +30V

Tout (Note 1) +15V

Qutput Voltages 'SV

T +

RgUT ...... 0.3Vio (Vee +0.3V)

Driveu;r/Receiver Qutput Short Circuited to GND......... Continuous
Continuous Power Dissipation (T = +70°C)
16-Pin Plastic DIP (derate 10.53mW/°C above +70°C)...842mW
18-Pin Plastic OIP (derate 11.11mW/°C above +70°C)....88SmW
20-Pin Plastic OIP (derate 8.00mW/°C above +70°C).......440mW

MAX2 __AC __ MAX2 __C _ crrncercncannad 0°C to +70°C
MAX2 __AE__ ,MAX2__E__. .-40°C to +85°C

MAX2 __AM__ ,MAX2 __M_ 55°C to +125°C
Storage Temperature Range............. 85°C to +160°C

Lead Temperature (soldeng, 10 SEC)....ccoveceuerserssainses +300°

Note 1: Input voltage measuted with Toyr in high-impedance state, SHDN or Ve = OV.

Stresses bayond those listed under “Absolute Maximum Ratings® may cause parmanent dam:age {0 tha davice. Thesa are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure {0
ahsolute maximum rating conditions lor extended periods may alfect davice refiability.

ELECTRICAL CHARACTERISTlCS—MAX220/22Z232A/233A/242/243

(Vce = +5V £10%, C1-C4 = 0.1uF, Ta = Tpun to Tppax, unless otherwise noted.)

PARAMETER ] CONDITIONS l MIN TYP MAX |UNITS
RS-232 TRANSMITTERS
Qutput Voltage Swing All transmitter outputs loaded with 3kQ2 to GND +5 +8 v
Input Logic Thrashold Low 1.4 0.8 v
input Logic Threshold High 2 1.4 v
. Normat operation 5 40 :
Logic Pull-Upfinput Gurrent EON = OV, MAX222/242, shutdown $001 & wA
Vce = 5.5V, SHON = OV, Vour = £15V, MAX222/242 +0.01  £10 ’
Output Leakage Current Voo = DN = OV, Vour = £ 15V 1001 T10 nA
Except MAX220, normal operation 200 116 kbits/-
Data Rate MAX220 % 20 sec
Transmitter Output Resistance Veg = V+ V-=0V, Vour = 12V 300 {0M Q
Output Short-Circuit Current Vout =0V +7 +22 mA
RS-232 RECEIVERS
RS-232 Input Voltage Operating Range +30 v
RS-232 Input Threshold Low Veg =5V Except MAXZLS R2W o 13 V-
MAX243 R2iN (Note 2) -3
1 RS-232 Input Threshold High Veg =5V Except MAX243 2N 18 24 v
R MAX243 R2iN (Note 2) 0.5 -0.1
. . Except MAX243, ycc = 5V. no hyst. in shdn. 0.2 0.5 1
RS-232 Input Hysteresis VAX243 3 v
RS-232 Input Resistance 3 S 7 kQ
TTL/CMOS Output Voltage Low lout = 3.2mA 0.2 04 v
TTL/ICMOS Output Voitage High lout = -1.0mA " 35 Vgc-0.2 v
o Sourcing Vour = GND -2 -10 -
TTL/CMOS Output Short-Circuit Current Sheinking VouT = Vg o 30" mA
TTL/CMOS Output Leakage Current SHD;N' = Ve or EN = Vg, OV S Vout s Ve +005 10 HA
16 MAXLW
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+5V-Powered, Multi-Channel RS-232

Drivers/Receivers

| ELECTRICAL CHARACTERISTICS—MAX220/222/232A1233A7242/243 (continued)
‘(Vog = +5V £10%, C1-C4 = 0.1F, Ta = T 10 Thuax, unless otherwise noted.)

PARAMETER CONDITIONS T WM VP MAX TUNAS
"EN Input Threshold Low MAX242 T4 08 v
! [ER Input Threshold High MAXZ42 T -
} | POWER SUPPLY |
Operating Supply Voltage Lz 5.5 v o
' No load MAX220 05 2
s | Vec Supply Current (SHDN = Vcc), MAX222/232A/233A1242/24% n ) "
4 | Figures 5,6,9,19 3k load MAX220 12
} both outputs MAX222/232A/233A12422¢7 15
: Ta = +#25°C 01 10
] Ta=0°t0 +70°C 2 50
i Shutdown Supply Current MAX222/242 A 20 5 185°C ~ - HA
Ta =-55°to +125°C 35 100
[ "SHON Input Leakage Current MAX222/242 1 wA
! "SFDN Threshold Low MAX222/242" T v
| [SFDN Threshold High MAX222/242 PE— v
g AC CHARACTERISTICS
: S oD 2o OPF. | Maxa22232A233A1242 75" 2 %
i Transition Slew Rate Vee = SVC.1 }’I%:\ :2;\:/’C Vigs
} ge.g?/u;? Gvto+av | MAX : 3 30
] MAX222/232A/233A1242 24" 1.3 35
" | Transmitter Propagation Delay PHLT MAX220 " o
1 ;:.gLU:g TS-232 (Normal Operation), AT NN e = 75 us
o MAX220 5 10
; MAX222/232A/233A/282.% ¢ 05 1
" | Receiver Propagation Delay PHLR MAKD20 0E 3
I ';2112:':;22(0 TLL (Normal Operation), — NAG 2N BNAEAE o 1 us
b MAX220 0.8 3
Receiver Propagation Delay PHLS MAX242 0.5 10
RS-232 to TLL (Shutdown), Figwre 2 | toris MAX242 25 . 10 o
" | Receiver-Output Enable Time, Figure 3 | teR MAX242 25 500 pos
}'Receiver-Output Disable Time, Figure 3 | toR MAX242 160 500 s
Transmitter-Output Enable Time MAX222/242, 0.1yF caos
* | (SFDN goes High), Figure 4 ter (inciudes charge-pump sa-.= 250 ps
e AX07242,0. 1 o - —
| Transmitter + to - Propagation WPHLT - PLHT MAX222/2320/233A242.2<2 300 e
l - lay Difference (Normal Operation) ;m);zzzzglm _ 2000
eceiver + to - i 2ARZRIAREZ 2L 100
' woiff:r:wz( (or\?:rrg::lo(gperaﬁon) IPHLR - tPLHR MAX220 25 ns

i Note 2: MAX243 R20yrT is guaranteed to be low when R2;N is 2 OV or is floating.

6V RV DT XV




- e —

MAX220-MAX249

- ———— T gt

" -

-

it — il e M e

-~

+5V-Powered, Multi-Channel RS-232
Drivers/Receivers

ELECTRICAL CHARACTERISTICS — MAX223/MAX230-MAX241 (continued)
(MAX223/230/232/2341236/237/238/240/241 Vg = +5V £10%; MAX233/MAX235 Vg = 5V £5%, C1-C4 = 1.0uF, MAX231/MAX239
Veg = 5V £10%, V4 = 7.5V 10 13.2V, Ty = TN 10 Tiax. unless otherwise noted.)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Normal operation
SHDON = 5V (MAX223) 08 1.2
- s SHDN = 0V (MAX235-MAX241)
RS-232 Input Threshold Low \T,“ = _"gf’, ¢ v
cc= Shutdown (MAX223)
=0V, 0.6 1.5
EN = 5V (R4, RS)
Normal operation
SHON = 5V (MAX223) 1.7 2.4
_ o SHON = OV (MAX235-MAX241)
RS-232 Input Threshold High \T/A = _’“2\5/ c v
cc= Shutdown (MAX223)
SHON = 0V, 1.5 24
EN = 5V (R4, R5)
RS-232 Input Hysteresis Vce = 5V: no hysteresis in shutdown 0.2 0.5 1.0 v
RS-232 Input Resistance Ta = +25°C, V¢ = 5V "3 5 7 kQ
TTIL/CMOS Output Voitage Low louT = 1.6mA (MAX231-233 lout = 3.2mA) 0.4 v
TTL/CMOS Output Voltage High tout = 1.0mA 35 Vcc-04 \
0V < Rour < Vee:
TTL/CMOS Output Leakage Current EN = OV (MAX223); EN = Ve (MAX235-241) 0.05 +10 HA
MAX223 600
Receiver Output Enable Time Norma'l ns
operation MAX235-MAX241 400
MAX223 900
Receiver Output Disable Time Norma'l . ns
operation MAX235-MAX241 250
RS-232 IN Normal operation 05 10
Propagation Delay S(EUCMOS SADN = OV tPHLS 4 40 us
CL=150pF | (MAX223) tPLHS 6 40
MAX223/MAX230/MAX234-241
Ta = +25°C, Voo = 5V 3 5.1 30
RL = 3kQ to 7kQ, CL = SOpF to 2500pF, ’
. measured from +3V to -3V or -3V to +3V
Transition Region Slew Rate Vius
MAX231/MAX232/MAX233
Ta = +25°C,Vce = 5V 4 30
RL = 3kQ to 7kQ, CL = SOpF to 2500pF,
| measured from +3V to -3V or -3V to +3V
Transmitter Output Resistance Ve =V+ =V-=0V,Vour =2V 300 Q
Receiver Out Short-Circuit Current +10 mA

20
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+5V-Powered, Multi-Channel RS-232
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Drivers/Receivers
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Figure 5. MAX220/232/232A Pin Conlfiguration and Tyfrcal Operating Circuit
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Figure 6. MAX222/MAX242 Pin Configuration and Typical Operating Circuit
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+5V-Powered, Multi-Channel RS-232

Drivers/Receivers
Ordering Information {continued)

PART TEMP. RANGE PIN-PACKAGE MAX232AC/D 0°Cto +70°C Dico*
MAX222CPN 0°C to +70°C 18 Plastic DIP MAX232AEPE -40°C10 +85°C 16 PlasticDIP
MAX222CWN 0°C to +70°C 18 Wide SO MAX232AESE -40°C to +85°C 16 Ptastc SO
MAX222C/0 0°Cto +70°C Dice* MAX232AEWE -40°C to +85°C 18 Wide SO
MAX222EPN -40°C to +85°C 18 Plastic DIP MAX232AEJE -40°C to +85°C 16 CERDIP
MAX222EWN -40°C to +85°C 18 Wide SO MAX232AMJE ~ -55°Cto +125°C 16 CERDIP
MAX222EJN -40°C to +85°C 18 CERDIP MAX232AMLP  -55"Clo+125°C  20LCC  ~-. _
MAX222MJIN -55°Cto +125°C 18 CERDIP MAX233CPP 0°C 1o +70°C 20 Plastic DIP
MAX223CAl 0°C to +70°C 28 SSOP MAX233EPP -40°C to +85°C 20 Plastic DIP
MAX223CW1 0°C to +70°C 28 Wide SO MAX233ACPP 0°Cto +70°C 20 Plastic DIP
MAX223C/D 0°C to +70°C Dice* MAX233ACWP 0°C to +70°C 20 Wide SO
MAX223EA| -40°C to +85°C 28 SSOP MAX233AEPP -40°C to +85°C 20 Plastic OIP
MAX223EW! -40°C to +85°C 28 Wide SO MAX233AEWP  -40°C to +85°C 20 Wide SO
MAX225CWiI 0°C to +70°C 28 Wide SO MAX234CPE 0°Cto +70°C . 16 Plastic DIP-
MAX225EWI -40°C to +85°C 28 Wide SO MAXZ34CWE 0°C t0.470°C 16 Wide SO
MAX230CPP 0°C to +70°C 20 Plastic DIP MAX234C/D 0°C to +70°C Dice*
MAX230CWP 0°C to +70°C 20 Wide SO MAX234EPE -40°C fo +85°C 16 Plastic DIP
MAX230C/D 0°C to +70°C Dice* MAX234EWE -40°C to +85°C 16 Wide SO
MAX230EPP -40°C to +85°C 20 Wide SO MAX234EJE -40°C to +85°C 16 CERDIP
MAXZ30EWP -40°C to +85°C 20 Wide SO MAX234MJIP -55°Cto +125°C 16 CERDIP
MAX230EJP -40°C 10 +85°C 20 CERDIP MAX235CPG 0°C to +70°C 24 Wide Plastic DIP
MAX230MJP -55°Cto +125°C 20 CEROIP MAX235EPG -40°C to +85°C 24 Wide Plastic OIP
MAX231CPD 0°C to +70°C 14 Plastic OIP MAX235EDG -40°C to +85°C 24 Ceramic SB
MAX231CWE 0°C to +70°C 16 Wide SO MAX235MDG -55°Cto +125°C 24 Ceramic SB
MAX231CJD 0°C to +70°C 14 CERDIP MAX236CNG 0°Cto +70°C 24 Narrow Plastic DIP
MAX231C/0 0°C to +70°C Dice” MAX236CEG 0°C to +70°C 24 Wide SO
MAX231EPD -40°C to +85°C 14 Plastic OIP MAX236C/0 0°C to +70°C Dice*
MAX231EWE -40°C to +85°C 16 Wide SO MAX236ENG -40°C to +85°C 24 Narrow Plastic OIP
MAX231EJD -40°C to +85°C 14 CERDIP MAX236EWG -40°C to +85°C 24 Wide SO
MAX231MJD -55°Cto +125°C 14 CERDIP MAX236ERG -40°C to +85°C 24 Narrow CERDIP
MAX232CPE 0°C to +70°C 16 Plastic DIP MAX236MRG -55°C to +125°C 24 CEROIP
MAX232CSE 0°C to +70°C 16 Narrow SO MAX237CNG 0°C to +70°C 24 Namrow Plastic DIP
MAX232CWE 0°Cto +70°C 16 Wide SO MAX237CEG 0°C to +70°C 24 Wide SO
MAX232C/0 0°C to +70°C Dice* MAX237C/D 0°C to +70°C Dics”
MAX232EPE -40°C to +85°C 16 Plastic OIP MAX237ENG -40°C to +85°C 24 Narrow Plastic DIP
MAX232ESE -40°C to +85°C 16 Narrow SO MAX237EWG -40°C to +85°C 24 Wids SO
MAX232EWE ~40°C to +85°C 18 Wide SO MAX237ERG -40°C to +85°C 24 Narrow CERDIP
MAX232EJE -40°C to +85'C 16 CERD!P MAX237MRG -55°C to +125°C 24 CERDIP
MAX232MJE 55°Cto+125°C__ 16 CERDIP MAX238CNG 0°C to +70°C 24 Narmow Plastic DIP
MAX232MLP -55°Cto +125°C ~ 20LCC MAX238CEG 0°Cto +70°C____ 24 Wide SO
MAX232ACPE 0°Cto +70°C 16 Plastic DIP MAX238C/D 0°C to +70°C Dice*
MAX232ACSE 0°Cto +70°C 18 Narrow SO MAX238ENG 40°Cto +85°C 24 Naow Plastic DIP
MAX232ACWE 0°C to +70°C 16 Wide SO

“‘Contact factory lor dice specifications.
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Features

* Combatible with MCS-51™ Products

* 8K BYytes of In-System Reprogrammable Downloadable Flash Memory
— SPI Serial Interface for Program Downloading
— Endurance: 1,000.Write/Erase Cycles

* 2K Bytes EEPROM

~ Endurance: 100,000 Write/Erase Cycles

4.0V to 6V Operating Range

Fully Static Operatlion: 0 Hz to 24 MHz

Three-Laevel Program Memory Lock

256 x 8-bit Internal RAM

32 Pr;ogrammablo VO Lines

Three 16-bit Timer/Counters.

Nine Interrupt Sources

Prog@ammable UART Serlal Channel

SPI é;‘erlal Interface

Low Power ldle and Power Down Modes

Interrupt Recovery From Power Down

Progtammable Watchdog Timer

Dual Data Pointer

Powe‘r Off Flag

Desér’jption

The A18958252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytds of EEPROM. The device is manufactured using Atmel's high densityqonv_ol-
atile memory technology and is compatibie with the industry standard 80C51 instruc-
tion se‘ and pinout. The on-chip Downloadable Flash allows the program memory to
be reprogrammed in-system through an SPI serial interface or by a conventional non-
volatile;memory programmer. By combining a versatile 8-bit CPU with Downloadable
Flash o'p a monolithic chip, the Atmel AT8958252 is a powerful microcomputer which
provides:a highly flexible and cost effective solution to many embedded contro! appli-
cations

The A'1389$8252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watch-
dog tim:er, two Data Pointers, three 16-bit timer/counters, a six-vector two-leyel inter-
rupt architecture, a full duplex serial port, on-chip oscillator, and-clock circuitry. In
additiori,'the ATB8958252 is designed with static logic for operation down to zero fre-
quencyiand supports two software selectable power saving modes. The Idle Mode
stops tl]e CPU while allowing the RAM, timer/counters, serial port, and interrupt Sys-

tem to continue functioning. The Power Down Mode saves the RAM contents-but. - .

freezes:the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reSet.

The Downloadable Fiash can be changed a single byte at a time and is accessible
throughé the SPI serial interface. Holding RESET active forces the SPI bus into a serial
prograrﬁming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.
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Pin Configurations

PDIP
S
P10 wivee
megPage2 33 [1P0.0 {ADG)
Pi2ds 38[1Pat (ADY)
Plags 373 P02 AD2)
SHreds 38 [1P03 (ADS)
Mos) P1sCle 35 [1P0.4 (AD4)
Mso) Pre7 34 1P (ADS)
scqPuzde 33 [3P0.8 (ADS)
RSTC]e 2[1PAT AOT7)
(RxDy P3.0 ] 10 D EAveP
. Moy Pt 0 [ ALEFROG
(RTd) Pa2C]12 20 PSR
(RTi)P3a(]13 2803P27 (A19)
(Toy P24 ] 14 27[3P28 A1)
T PasC]18 28{1P25 (A1)
WR)Paa(]18 25[1P24 A12)
(A0 Paz]17 24[3P23 A1)
XTAL218 223 P22 (A10)
XTAL ([ 18 22 [1P2.1 (A%)
GNO[]20 21[1P2.0 (A8)
PQFP/TQFP
— . SCRE
g &g 3338
TAaNnQ 8 Qa0
tiezassSggee
alalalalelalalcialalal
/ 3993539885383
(os) Prs o 2 [IP0.4 (ADY)
(is0) Pr.8 O] 2 32{1P0.s (ADS)
{scP17da 31 3P0.8 (ADG)
i ASTC}4 30 [3P0.7 (ADT)
{RxD} P3.0C] 8 29 3 EANvPP
3 y  Neds [N
mo)Pa107 27 Q) ALEFPROG
| (INTO) P28 26 1PSEN
&m'ﬁ) PasCe 25 [1P27 A15)
; O P40 24[IP2B(AN4)
* ryFascn 2303P25{A13)
gexeentz22l3y
ge5o503°99%
SEEE T Y
EE LR

¥
Pin Description

Vee

Supply yoltage.
GND

} Ground.

Port 0
. Port 0 is an 8-bit open drain bidirectional /O port. As an
output port, each pin can sink eight TTL inputs. When 1s
are wriace’n to port 0 pins, the pins can be used as high-
impedance inputs.
Port 0 can also be configured to be the multiplexed low-
' order address/data bus during accesses to externai pro-
. gram and data memory. In this mode, PO has intemal pul-
! Iups.

!
|

PLCC
—- 5 8T
g eg 8888
<N Q=q
traccedsdes
L- -]
(MOST) P15 TNy gan [1P0.4 (AD4)
{MISO) P18 4[] Pas (ADS)
{scq P17 37 [1P0.8 (ADS)
RST 26 7 PO.7 (AD7)
(AXD) P3.0 as O EAvee
NC MONC
(1051 8] 33 [ ALEFPROGS
(INT0) Pa2 2O PSR
(NTH) P23 3 P27 (A15)
(Toy Pa4 3011 P26 [A14)
Pas Pas
MPsVe 0 gz gnzaag &P
E?EBSEEEEEE
ErsEg psrny
313 238c?d
A <<

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional VO port with intemal pullups. .
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high.by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I;,) because of the intemnal pullups.

Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 extemnal
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.
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AC Characteristics

outputs

Exter{whl Program and Data Memory Characteristics

80 pF.

ATmEL

Under oée‘rating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance: for ali other -
1 .
'

é Varlable Osclillator
Symbol , | Parameter Min Max Units
1ReLed Osgcillator Frequency 0 24 MHz
twe | | ALE Pulse Width ey - 40 ns.
tavie | Address Valid to ALE Low tereL - 13 ns
b AX : " | Address Hold After ALE Low tceL-20 “ns-
v | | ALE Low to Valid Instruction In ' dtoLcy - 65 ns -
tupL E " | ALE Low to PSEN Low tereL- 18 ns.
teLpH PSEN Pulse Width 3teLoL - 20 ns
oy PSEN Low to Valid Instruction In 3tercL-45 s,
toxix Input Instruction Hold After PSEN 0 ns
texiz Input Instruction Float After PSEN tcieL - 10 ns
toxAv : PSEN to Address Valid ool -8 ns
taviv r Address to Valid Instruction In SteroL - 55 ns
tpLaz E | PSEN Low to Address Float 10 ns
tRLAH} RD Pulse Width BtoroL - 100 ns
twwd | WR Pulse Width BtorcL - 100 ns
taovi . | FD Low to Valid Data In Bty - 90 ns
tRHD)é Data Hold After RD 0 ns
tAHD2 Data Float After RD 2toLeL-28 ns
tiov ALE Low to Valid Data In 8tcLeL - 150 ns
tavovi Address to Valid Data In ’ _ Stcicy - 165 ns
tow ALE Low to RD or WR Low 3tor oL - 50 3tocL + 50 ns
tavwi Address to RD or WR Low dto o - 75 ns
tQuwX Data Valid to WR Transition tcreL - 20 ns
tavwH Data Valid to WR High Ttorcy - 120 ns-
bwncx' | Data Hold After WR toLee - 20 ns
tRUé RD Low to Address Float ' 0 nsy
bk RD or WR High to ALE High torcey - 20 toLoL+ 25 ns.
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ADC0802, AD(¢

0803

l Semiconductor
3 ADCO804
f 8-Bit, Mlcroprocessor-
August 1987 Compatible, A/D Converte(§
] ‘ M'
Features Description.’

Loglc Required
Converslon Time < 100us

*

*

On-Chip Clock Generator

N? Zero-Adjust Required

e 80€48 and 80C80/85 Bus Compatlble No Interfacing

Easy Interface to Most Microprocessors
WIh Operate In a “Stand Alone™ Mode
Differential Analog Voltage Inputs
Works with Bandgap Voitage References
. Tl."LxCompatlbla Inputs and Outputs

0Mto 5V Analog Voltage Input Range (Single + 5V Supply)

.The ADC0802 family are CMOS 8-Bit, successive-approx-
mation A/D converters which use a modified potentiometric
ladder and are designed to operate with the 8080A control
bus via three-state outputs. These converters appear to the
processor as memory locations or VO ports, and hence no'-~
nnterfacmg logic is required.

The dufferenhal analog voltage input has good common-
mode-rejection and permits offsetting the analog zero-inpot-
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Orc;lering Information

PART NUMBER | ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG. NO, | |
ADE0802LCN * | £'/5LSB | VRgp/2 = 2.500Vpc (No Adjustments) 01070 -| 20 Ld PDIP E203 . |i
ADC0802LCD 3/, LSB ' 401085 20 Ld CERDIP F203 . .|
AD lbc')eozu:» +1LSB -5510 125 20 Ld CERDIP F20.3
ADCO803LCN £V, LSB | VRer/2 Adjusted for Correct Full Scale 01070 20 Ld PDIP E20.3
Readi
ADC0803LCD FETAT I ~4010 85 20 Ld GERDIP F203 .. |
ADCOB03LCWM | 411SB 4010 85 20 Ld SOIC M30.3 .. |i
ADC0803LD +11SB 5510 125 20 Ld CERDIP F203.... |
ADCO804LCN' +1LSB | VRgp/2 = 2.500Vpg (No Adjustments) 01070 20 Ld PDIP E203 . |
ALIC0804LCD +11SB ~4010 85 20 Ld CERDIP F203 ..} |
Aticoso«chwm £11SB -4010 85 20Ld SOIC M203 i |
' A
PIPOUI Typical Application Schematic
_ADC0802, ADC0803, ADC0804 .
! (PDIP, CERDIP) N ISV V20 sy
©° 50pF
E TOP Vle ; m CLKR 1‘9
WR CLKIN 10K l L !
\J EE— ¢
s 20] V+ OR Vaer ] ’TR
"B 2| 5] cLKR — tlosy
! L o 12
wr [3] 18] 0Bo (L) ANY <:> 5 DBg
3 @ 123
CLKIN @ 7] 0By RPROCESSOR & DBg 8-BIT RESOLUTION'
Ylog, Vw5 o1 pEr | OVERANY. .
G [16] DB, 5 7 * DESIRED:
vk ¢ 08y Vm()|——o [ INPUTS: | sna10GINPUT
w (+) 6] 15] DB, 18| ps, acnD|® VOLTAGE RANGE
v}‘ vl 14 084 7] 08y Vage2| ¥ Vaerz L.
AGND [8} [13] oB5 e %lD8, DGND{10 =
VRer2 [3]. 12 DB o
D?ND @ E DBy (usB) . .

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © Harris Carporation 1997

]
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ARRIS ADC0802, ADCO803
* ADCU0804

i
!
| 8-Bit, Mlcroprocessor-
August 1897 Compatible, A/D Convgrters
[ ETRRY (M )
g .- s
Fealures - Description
+ 80G48 and 80C80/85 Bus COmpatlble No Interfaclng .The ADC0802 family are CMOS 8-Bit, successive-approxd-
Loglc Required mation A/D converters which use a modified potentiometric
ladder and are designed to operate with the 8080A control
version Time < 100
* Coia ersion }ime < T001s bus via three-state outputs. These converters appear to the
* Easy Interface to Most Microprocessors processor as memory localions or VO ports, and hence no
» Will Operate In a “Stand Alone™ Mode mterfacmg logic is required.
« Differential Analog Voltage Inputs The dufferenhal analog voltage input has good common-
N Wq*rks with Bandgap Voltage References mode-rejection and ;?e.rmits offsetting the analog zero-inpat-
voltage value. In addition, the voltage reference input can be
* TTL Compatible Inputs and Outputs adjusted to allow encoding any smaller analog voltage span
» On-Chip Clock Generator to the full 8 bits of resolution.
« 0V to 5V Analog Voltage input Range (Single + 5V Supply)
¢ Na Zero-Adjust Requlred
]
l © L3 »
Ordering Information
PART NUMBER | ERROR EXTERNAL CONDITIONS TEMP. RANGE (°C) PACKAGE PKG.NO, | :
ADCO802LCN * | #'/2LSB | VRep/2 = 2.500Vpc (No Adjustments) 01070 - | 20 Ld PDIP E203 .'|.
ADC0802LCD 3/, LSB ' 401085 20 Ld CERDIP F03 . |!
ADG0802LD +1 LSB -55 10 125 20 Ld CERDIP F20.3
ADG;}6803LCN +'/5 LSB | VReg/2 Adjusted for Correct Full Scale 01070 20 Ld PDIP E20.3
ADCO0803LCD DipLo8 | eading 401085 20 Ld CERDIP F203 .
ADEQBOSLCWM | +1LSB 4010 85 20Ld SQIC M20.3 ... |i
ADC0803LD +1LSB -55 10 125 20 Ld CERDIP F203.; |
ADC0804LCN +1LSB | VRep/2 = 2.500Vpg (No Adjustments) 01070 20 Ld PDIP E203 .. |
AD:Coao4LCD +1 LSB -40 10 85 20 Ld CERDIP | F20.3 ..}
ADCO804LCWM | +1LSB 401085 20 Ld SOIC M203 . |
i , . . A
PI?OUt Typical Application Schematic
‘ADC0802, ADC0803, ADC0804
1 (PDIP, CERDIP) 1S Vw2,
: TOP VIEW '\ﬂ—-ﬁ had CLK; +5V 150pF
L wm T
R CLKIN
= G [ v+orVaer 5] wrR
o (2] 5] cLx R — T8,
| %) 12
wr [3] 18] DBy (Ls8) ANY <:> 2 le DBg
ctkm 3] [i7] 0By KPROCESSOR 15 le—11 085 6-BIT RESOLUTION:
14 DB Vi (+) OVER ANY: ;..
8 1¢] 0B, 15 _°‘  DESIRED.
D8y "N"’ PUTS. ANALOG INPUT
Vi () [€] 15] DB, 181pe, AGND VOLTAGE RANGE
vi‘ 0 (7] [14] o8, 17108y Vper2{ 2 _ Vper2 l__ '
AGND [3] 73] DB . 18| pay DGND |10 =
Vrer2 [3] [12] 8; —;;”
DGND 9 11] DBy (MsB) ;
b | !
!
N i
GAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handiing Procedures. File Number 3094.1
ht © Harris Corporation 1997 i
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ADC0802, ADC0803, ADC0804

Fuch,tlanal Diagram
L2
@ o2 READ
C g “1" = RESET SHIFT REGISTER
TS oy > SET Q 0" = BUSY AND RESET STATE RESET
W o5 —
]
| CLKR INPUT PROTECTION
P FOR ALL LOGIC INPUTS
INPUT CLK
TO INTERNAL
CLKA CIRCUITS il
RESET =
CLKIN CLK BV =30V
) GEN [ orxs DFF{
IJ/\ﬂ CLKOSC I START FIF I Q
10
' ! DGND T
START
| . CLk8—7 '\\&)wsnsaou
w5 L
(V’lef) L LADDER successive [* &-BIT
AND APPROX. SHIFT
‘ DECODER REGISTER [*—] REGISTER
§ 9 AND LATCH I+ |~ IF RESET = “0"
s
Vger2 © ¢ * R e
I ¢ RESEY INTR F/F
' DAC :LSB Q
A‘;'ND 8 Vour | b
L Ve ctka™} |
] D
oo . T g
V? (+) ° - @. / v L Yy v¥evYyevey | [+ 3
THREE-STATE XFER : SET
OUTPUT LATCHES
Vin () o <—— i
; MSB Lsa 5
! TONV. COMPL INTR
]
[ 111213 1415161718
~ v |~— 8 X1
) DIGITAL OUTPUTS
i THREE-STATE CONTROL
: “1* = OUTPUT ENABLE
4
H -
§
¥
i
1
| 6-6
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ADC0802, ADC0803, ADC0804

Absoilute Maximum Ratings
SUPPhEVOMEGE . o o e veveerareevaniiiinseraaneeens 6.5V
Vonag!é AtARYINPUL. .t 0.3V to (V* +0.3V)
Opelz'atlng Conditions
Température Range
m ..... Ceetenereenarerarnanes -55°C 10 125°C
v {073 J A -40°C 10 85°C
ADCOBOZ/OBMOALCN . . oo v vereernsncarenranass 0°C 10 70°C
ADCOS03/04LCWM ........ e eerneaaeees -40°C 10 85°C

Thermal Information
Thermal Resistance (Typlcal, Note 1) aa (FCW) 8¢ (POW)
PDIPPackage . .ecevsecsrsnrecncnes 125 N/A
CERDIPPackage ...coevveveracnees 80 20
SOIC Package..co.eoeues cevenesens 120 N/A
Maximum Junction Temperature
Hermetic PAcKBge . c«vvvvvroernearooninssnnennsoss 175°C
Plastic PACKAGE . o v veveenesroasnsessasosnssssnenns 150°C
Maximum Storage Temperature Range .......... -65°C t0 150°C
Maximum Lead Temperature (Soldering, 108) .....cceeues

(SOIC - Lead Tips Only)

GAW?ON:S&wsasnbow those Ested in ‘Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
umyommma or any other conditons above thase indicatad in the operational sectons of this specification Is not implied.

NOTE:

1. 915 is measured with the component mounted on an evaluation PC board in free alr.
b

Electrical Specifications (Notes 1,7)
PARAMETER | TEST CONDITIONS [ wn ] 1w | mAX | uNms
CONVERTER SPECIFICATIONS V+ =5V, T5 = 25°C and fgy « = 640kHz, Unless Otherwise Specified
Totl Unadjusted Error .
ADC0802 VRer/2 = 2.500V - - 'y LSB
ADC0803 VRer/2 Adjusted for Correct Ful - - £ LSB
: Scale Reading
ADC0804 VReR2 = 2.500V - i +1 LSB
VRer/2 Input Resistance Input Resistance at Pin 9 1.0 1.3 - kQ
Anglog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 v
DG Commoan-Mode Rejection | Over Analog Input Valtage Range - +'4g t'/g LsB
Pdwer Supply Sensitivity Vi = 5V £10% Over Allowed Input - g £ LSB
O[ Valtage Range
CCJ:NVERTER SPECIFICATIONS V+ = 5V, 0°C 10 70°C and fcx = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
ADC0802 VREF2 = 2.500V - - ' LSB
ADC0803 VRer/2 Adjusted for Correct Ful . - A LsB
| Scale Reading
ADC0804 VRER/2 = 2.500V - - 1 LsB
VReg/2 Input Resistance Input Resistance at Pin 9 1.0 13 - kQ
Aréalog Input Voltage Range (Note 2) GND-0.05 - (V+)+0.05 v
De pommon-Mode Rejection Over Analog Input Voltage Range - 11/3 :!:1/4 LS8
Power Supply Sensitivity V+ =5V £10% Over Allowed Input - g +'g LsSB
- Voltage Range '
CONVERTER SPECIFICATIONS V+= 5V, -25°Clo 85°C and foyx = 640kHz, Unless Otherwise Specified
Total Unadjusted Error
! Apcoso2 VREr/2 = 2.500V - - e LsB
! ADCO803 VRer/2 Adjusted for Correct Full - - 34 LsB
Scale Reading
| ADC0804 VRER/2 = 2.500V - re +1 LSB
VReg/2 Input Resistance Input Resistance at Pin 9 1.0 13 - Tk
Analog Input Voltage Range (Note 2) GND-0.05 - (V+) +0.05 V.
Qc Common-Mode Rejection Over Analog Input Voltage Range - /g PN - LsBr
Tower Supply Sensitivity V4 =5V +£10% Over Allowed Input - 4 g LSBr
Voltage Range-

]

:
i

i
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ADC0802, ADC0803, ADC0804

T o oA T

Electri?a'l Specifications

(Notes 1,7) (Continued)

| PARAMETER | TEsTconpmons | TVP MAX UNITS
CONV ElRTEFl SPECIFICATIONS V4 = 5V, -55°C to 125°C and oy = 640kHz, Unless Otherwise Specified-
Total Unhadjusted Error
ADCD802 VRer/2 = 2.500V - - 11 LS8
ADC0803 VRer2 Adjusted for Comect Full - - +1 LSB
i Scale Reading
VReg/2 Input Resistance Input Resistance at Pin 9 1.0 13 - kQ
Analogr Input Volta'ge Range [ (Note 2) GND-0.05 - (V+) +0.05 v
DC Cq'mmon—Mode Rejection Qver Analog Input Voltage Range - -.t‘la -.t‘/4 LS8
Powes Supply Sensitivity V+ =5V £10% Over Allowed Input - /g VW, LSB
Voltage Range
AC TIMING SPECIFICATIONS V+ =5V, and Ty = 25°C, Unless Otherwise Specified
Clodj Frequency, foik V+ = 6V (Note 3) 100 640 1280 kHz
’ V4 =5V 100 640 800 kHz
Clock Periods per Conversion 62 - 73 Clocks/Conv
(Notd 4), \conv
Conversion Rate In Free-Running | INTR tied to WR with C5 = 0V, - - 8888 Conv/s
Modé, CR fok = 640kHz .
Width of WR Input (Start Pulse | CS =0V (Note 5) 100 - - ns
width), twwR)!
Accés]s Time (Delay from Falling {Cy. = 100pF (Use Bus DriverICfor - 135 200 ns f
Edga of RD to Output Data Valid), | Larger Cy) i
1AcC ;
Thrée-State Control (Delay from | Cy = 10pF, Ri= 10K - 125 250 ns
Rising Edge of RD to Hi-Z State), | (See Three-State Test Circuits)
14H; toH
Delay from Falling Edge of WR 1o - 300 450 ns
Fleéet of INTR, twi, Rt
Input Capacitance of Logic - 5 - pF
Control Inputs, Cin
Three-State Qutput Capacitance - 5 - pF
(Dhta Butfers), Coyr
DG DIGITAL LEVELS AND DC SPECIFICATIONS V+ = 5V, and Ty 10 Tuax, Unless Otherwise Specified
CONTROL INPUTS (Note 6) ' i
chglc *1* Input Voltage (Except | V+ =525V 20 - V+ \') '
Pt 4 CLKIN), ViNH : :
Ldglc “0° Input Voitage (Except | V4+=4.75V - - 0.8 v f
Pjn 4 CLK IN), VinL '
GLK IN (Pin 4) Positive Going 27 3.1 3.5 v
Threshold Voltage, V+cLx ‘ ,
CLK IN (Pin 4) Negatlve Going 15 1.8 2.1 v
Threshold Voltage, V-cLi :
GLK IN (Pin 4) Hysteresis, V4 0.6 1.3 2.0 v
Logic *1° Input Current ViN=5V - 0.005 1 pA
(All Inputs), linHs ) ,
Logic “0” Input Current ViN=0V -1 -0.005 . HA
(All Inputs), inLo '
Supply Current (Includes Ladder | foyy = 640kHz,Tp = 25°C - 1.3 25 mA
Current), 4+ and CS =HI
'DATA OUTPUTS AND INTR
Logic “0” Output Vollage, VoL [lo = 1.6mA, V4 =4.75V | - - - 0.4 v .

et Lty
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g ADC0802, ADC0803, ADCO0804
5

Electrical Specifications (Notes1,7) (Continued)

ELPARAMETER TEST CONDITIONS MIN. TYP MAX UNITS
Loglc “1%,0utput Voltage, Vo | lo = -3604A, V+ = 4.75V 24 - - v
Three-Sfate Disabled Output | Voyr = OV 3 - - #A
Leakagei {All Data Buffers), i o VouT =5V ~ ~ 3 WA
Output Short Circult Current, VouT Short to Gnd Ta = 25°C 45 6 - mA
Isoun
Output Short Cireuit Current, Vout Short to V4+ T4 = 25°C 8.0 16- - mA
ISINK_ ¢
NOTES:}

b,
1. All voltages are measured with respect to GND, unless otherwise specified. The separate AGND point should always be wired to the

DGND, being careful to avoid ground loops.

2. For:vw(.) 2 Viny(4) the digital output code will be 0000 0000, Two on-chip diodes are tied to each analog input (ses Block Dlagram) which
will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the V+ supply. Be careful,
during testing at low V+ levels (4.5V), as high Jevel analog inputs (5V) can cause this input diode to canduct - especially at elevated tem-
peratures, and cause errors for analog inputs near full scale. As long as the analog V) does not exceed the supply voltage by more than
50ri1V. the output cade will be correct. To achieve an absolute OV to 5V input voltage range will therefore require a minimum supply volt-

age of 4.950V over temperature variations, initial folerance and loading.
3. Wit' V+ = 6V, the digital logic interfaces are no longer TTL compatible.
4. Wiih an asynchronous start pulse, up to 8 clock periods may be required
prcfcgss.
5. The TS input Is assumed to bracket the WA strobe input so that timing is dependent on the WH pulse width. An arbitrarily wide pulse
wigth will hold the converter In a reset mode and the stan of conversion s Initiated by the low to high transition of the WR pulse (see

before the intemal clock phases are proper to start the conversion

Titning Diagrams).
6. CLK IN (pin 4} Is the Input of a Schmitt trigger circuit and is therefore specified separately.
7. Nén‘e of these A/Ds requires a zero-adjust. However, if an all zero code Is desired for an analog Input other than OV, or if a narrow full scale span
exists (for example: 0.5V to 4V full scale) the Vin input can be adjusted 1o achieve this, See the Zero Emor description in this data sheet.
i

Timling Waveforms

i Vs
E . RD
4 RO o DATA
’ = , OuUTPUT
-l- cL 10K
! l DATA
4 1 4. L L QUTPUTS
{ = - = = GND
l FIGURE 1A. tii FIGURE 1B. ty, Cp = 10pF
\
f
t = 20ns
} . V+ Ve A .
I 24V — =
5
I 10K RD %
i RAD o~ DATA
1 = | OUTPUT Ve - toH
_L I-CL DATA: /’

OUTPUTS
I = = = Voi 7 10%
E FIGURE 1C. tgy FIGURE 1D. tgy,.Cp = 10pF
' FIGURE 1. THREE-STATE CIRCUITS AND WAVEFORMS
1
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