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Abstract

Gastric emptying is one of the most important physiological
function in the gastrointestinal tract. This thesis present the
design and construction of a tetrapolar epigastric impedance
equipment for measuring the epigastric impedances change occured
after gastric filling. A constant amplitude sinusoidal current of
4 wmA at 100 kHz is applied between two pregelled cutaneous silver-
silver cloride electrodes. Fluctuations of the current as it passed
through the epigastric region are collected via a pair of similar
electrode, amplified, and record on microcomputer. This equipment
will be used, as a non-invasive methode, to determine some disorders
of a gastric emptying in certain conditions. A result of in vivo

test by this equipment is also shown.
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Material Resistivity -
( Jo) ohm/ca
Blood 150
Plasma 63
Cereb;ospinal fiuid 30
Urine 30
Skeletal muscle 300
Cardiac muscle 750
Lung 1275
Fat 2500
Copper 1.724 * 1076
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"Clock
ON TIMER(1) GOSUB TimeUpdate:
TIMER ON '

TERERERRAARKRRARERRARRRARARRRRRRE  Main MEnU FEREEEERRRERERERRERERERS
’ - .

ON ERROR GOTO OnError:
MainMenu:
Str =0
CLS
SCREEN 7
COLOR 14, 7
DRAW “ bd12 br130 c6 1260 u76 r260 d76 bgl p1,6 "
LOCATE 7, 7: PRINT "EPIGASTRIC EMPTYING RECORDER"
LOCATE 9, 8: PRINT "(1) Display recorded graph”
LOCATE 10, 8: PRINT “(2) Record new graph”
LOCATE 11, 8: PRINT "(3) Quit”
TIMER ON
{OCATE 13, 14
PRINT "Time: "; TIME$
15.0)
choice$ = INKEY$
SELECT CASE choice$
CASE "t"
GOTO DisRecEd:
CASE “2"
GOTO RecNew:
CASE "3"
END
END SELECT
LOOP

TEERRRERER R KB R AR R R KRR R R R R R EXRE AR EERE AR AR R R ARG RN AR XA XS R e ARk K kX
TEKERRRERAAEEARKREREK MODE (1) Disp]ay Recorded Graph 1233233222233 ¢
DisRecEd:
TIMER OFF
CLS
SCREEN 9
COLOR 8, 7
LOCATE 3, 19 )
PRINT “**x%* MODE (1) REPLAY RECORDED GRAPH *#**%#"
LOCATE 7, 7
INPUT "ENTER DRIVE\PATH\FILENAME *.DOM “; OldFile$
IF O1dFile$ = "" THEN GOTO OpenErr:
OPEN Ol1dFile$ + ".DOM" FOR BINARY AS #3
IF ERR1 = 52 THEN GOTO OpenErr:
GET #3, , Datlong
IF DatLong = 0 THEN GOTO OpenErr:
GET #3, , HislLong
GET #3, , Baselmpt
GET #3, , DisYBasel
GET #3, , Baseline
GET #3, , DisYBase2
GET #3, , MaxAver¥




GET #3, , EndSlope
GET #3, , DisHalfT
- GET #3, , HalfTMin
GET #3, , HalfTSec
REDIM word(1 TO Datlong) AS INTEGER
DIM Hi$(1 TO 11)
DIM H AS STRING * 1
Ir =1
Hig(1) = ™"
FOR Ip = 1 TO DatlLong
GET #3, , Word(1Ip)

NEXT Ip
FOR Ig = 1 TO Hislong
GET #3, , H

IF H <> "“@" THEN Hi$(Ir) = Hi$(Ir) + H
IF H= "@" THEN Ir = Ir + 1

NEXT Iq
CLOSE #3

LOCATE 7, 12
PRINT "
LOCATE 6, 1
PRINT “  1.DATE
PRINT " 2.TIME '
PRINT “  3.NAME "
PRINT *  4.SEX "
PRINT *  5.AGE .
PRINT " 6.WEIGHT___
PRINT “  7.HEIGHT
PRINT "  8.MEAL :
PRINT “  9.VOLUME___"
PRINT "  10.Note.___"

FOR It =1 TO 10
LOCATE 1t + 5, 17
PRINT Hi$(It)
. Hig(It) = "
NEXT It
LOCATE 22, 27
PRINT "Press any key to continue.”
DO WHILE INKEY$ = "
LOOP
GOSUB Formt:
FOR N = 2 TO DatLong - 1
GOSUB DisPlayNorm:
NEXT N
GOSUB DisBasIm2:
GOSUB LineBase2:
GOSUB HalfTLine:
LOCATE 23, 31
PRINT "E: exit to Main menu”
Do
b$ = INKEY$
IF b$ = "e" OR b$ = "E" THEN GOTO MainMenu:
LOOP




e ———Eerror handling————
OpenErr:  CLOSE #3 .
- KILL OldFile$ + “.DOM"
BEEP
CLS
LOCATE 12, 22
PRINT "Bad filename or file not found..!"
FOR Iz =1 TO 12000: NEXT Iz
GOTO MainMenu:

’
I T s T T T T T T T T T T P PP T T Y
Thaxkkxkkxxxkxxxx - MODE (2) Record New Graph #*#s¥ssksxisstxaxssxss

RecNew:

TIMER OFF

DIM W(1 TO 60) AS INTEGER

REDIM Word(1 TO 540) AS INTEGER

N=1

CLS

SCREEN 9

COLOR 8, 7

OPEN "COMZ:SGOO,N,8,1,DSSO.RS,RBZO48" FOR RANDOM AS #1
IF ERR1 = 24 THEN GOTO Timelut:

’- RecNew: Main Loop

L1:
RS232in$ = INPUT$(1, #1)
LSBbyte = ASC(RS232in$)
Status = LSBbyte AND 240

SELECT CASE Status
CASE 64
Str =1
GOTO START1:
CASE 96
CLOSE #1
IF Str < 1 OR N < 61 THEN
BEEP
LOCATE 12, 32
PRINT "STATUS IS STOP..!"
FOR Iz = 1 TO 12000: NEXT 1z
GOTO MainMenu:
END IF
BEEP
GOTO STOP1:
CASE 112
CLOSE #1
IF Str <> 1 OR N < 61 THEN
BEEP
{LOCATE 12, 30
PRINT "STATUS IS ERROR..!"
FOR Iz = 1 TO 12000: NEXT 1z
GOTO MainMenu:
END IF
BEEP



GOTO ERROR1:
CASE ELSE
- GOTO L1:
END SELECT

! START1: part
START1: _

Ds$ = INPUTS(1, #1)

MSBbyte = ASC(Ds$)

word(N) = (LSBbyte AND 15) + ((MSBbyte - 128) * 16)

'Select case N value for separate data in-
'some parts to calculate Baseline & T1/2.
SELECT CASE N
CASE 1 TO 23 ——
CLS
LOCATE 3, 21
PRINT “s**xx% MODE (2) RECORD NEW GRAPH #**xx"
LOCATE 8, 30: PRINT "PLEASE WAIT 1 to 24~
LOCATE 13, 38: PRINT N
CASE 24
BOSUB CalBase1l:
GOSUB Formi:
GOSUB Displayl:
CASE 25 TO 59
GOSUB DisPlayNorm:
CASE 60
GOSUB CalAndLineBaseZ:
CASE 61 TO 539
GOSUB DisPlayNorm:
CASE 540
GOTO STOP1:
END SELECT
N=N+1
7 GOTO L1:
Ve CalBasel: part
'Calculate base imp. by average 24 data part.
CalBasel:
Sum1 = 0
FORI =170 24
Sumi = Sumil + Word(I)
NEXT I
Averi% = Suml / 24
DubBaseImpi¥ = (Aver1% / 50) * 2
BaseImp1l = DubBaselmp1% / 2
DisYBasel = Averi%
RETURN

e —Form 1: To make x-y axit and its detail

Formi:

CLS

SCREEN 9

COLOR 4, 7
SCREEN 9




COLOR 8, 7

CLS

PRINT

Head$ = “ *s3%%%  Epigastric Emptying Graph #**#s"
- . IF choice$ = "1" THEN

Po = LEN(O1dFiles) ’
LOCATE 2, 36 -~ (Po + 4) / 2
Head$ = "*** " 4+ UCASE$(O1dFile$) + “.DOM ¢%s"

END IF
PRINT Head$
LINE (60, 260)-(600, 260), 1 "x-axit
LINE (60, 260)-~(60, 60), 1 'y-axit

FOR Scy = O TO 200 STEP 50
LINE (57, 260 - Scy)-(59, 260 - Scy), 1
LINE (61, 260 - Scy)-(600, 260 - Scy), 9, , &H1010

NEXT Scy
' Show + , -
FOR ¢cy = 100 TO 200 STEP 50
LINE (41, 260 - cy)-(45, 260 - cy), 1
LINE (43, 261 - cy)-(43, 259 - cy), 1
NEXT cy
LINE (41, 260)-(45, 260), 1
FOR Scx = 60 TO 540 STEP 60
LINE (60 + Scx, 261)-(60 + Scx, 263), 1
LINE (60 + Scx, 259)-(60 + Scx, 60}, 9, , &H1010
NEXT Scx
? e — PSET CHAR ————
’ Impedance
FOR Sc = 1 TO 148
READ x, ¥y
PSET (-x + 100, -y + 50), 1
NEXT Sc
"time
FOR Qa = 1 TO 101
READ x2, y2
PSET (-x2 + 620, -y2 + 282), 1
NEXT Qa
'base
FOR @b = 1 TO 61
READ x6, y6
PSET (-x6 + 52, -y6 + 213), 1
NEXT Qb
* xNum5
DIM Ui(1 TO 5)
Ui(1) = 122
Ui(2) = 245
GOSUB Ui120:
FOR Ts =1 TO 5
RESTORE Numb:

FOR Qs = 1 TO 14
READ x3, y3




PSET (-x3 + Ui(Ts), -y3 + 271), 1
NEXT Qs
NEXT Ts
? XNumO
ui(2) = 185
GOSUB Ui120:
FORTb=2705
" RESTORE NumO:
FOR Ze = 1 TO 12
READ x4, v4
PSET (-x4 + Ui(Tb), -y4 + 271), 1
NEXT Ze
NEXT Tb
“Num1tod
DIM NumLong(2 TO 5)
Ui(2) = 179
- GOSuUB Ui120:
FOR Te =2 T0 5
READ NumlLong({Te)
NEXT Te
FOR Th =2 TC 5
FOR Ok = 1 7O NumLong(Th)
READ x5, y5
FOR Yr = O TO 60 STEP 60
PSET (-x5 + Ui(Th) + Yr, -y5 + 271), 1
NEXT Yr
NEXT Ok
’  NEXT Th
RESTORE Numi:
FOR Cf1 =1 TO 8
READ x7, y7
FOR Cd = 263 TO 163 STEP -100
PSET (-x7 + 52, -y7 + Cd), 1
NEXT Cd
NEXT Cf1
RESTORE Num2:
FOR Cf2 = 1 TO 13 -
READ x8, y8
PSET (-x8 + 52, -y8 + 113), 1
NEXT Cf2
RESTORE Num3:
FOR Cf3 =1 TO 13

READ x9, Y9
PSET (-x9 + 52, -y9 + 63), 1 .
NEXT Cf3

! Impedance( )

DATA 7,0,17,0,59,0

DATA 6,1,9,1,10,1.11,1,13,1,14,1,15,1,18,1,23,1,24,1,25,1,28,1,29,1
DATA 30,1,33,1,36.1,38,1,40,1,41,1,42,1,44,1,46,1,47,1,51,1,52,1,53
DATA 1,59,1,62,1,64,1,67,1,69,1,70,1,71,1

DATA 5,2,8,2,11,2,13,2,16,2,19,2,26,2,31,2,33,2,36,2,39,2,42,2,45,2




DATA 48,2,54,2,57,2,58,2,59,2,62,2,64,2,67,2,70,2

DATA 5,3,10,3,14,3,19,3,22,3,283,3,24,3, 25,3, 26,3, 31,3, 33,3, 36,3,39,3
DATA 40,3,41,3,45,3,48,3,50,3,51,83,52,3,53,3,54,3,56, 3,59, 3,62,3,64,3
DATA 67,83,70,3,5,4,10,4,14,4,19,4,22,4,26,4,31,4,33,4,35,4,36,4,39,4

DATA 45,4,48,4,50,4,54,4,56,4,59,4,62,4,64,4,66,4,67,4,70,4

DATA 6,5,11,5,12,5,13,5,18,5,23,5,24,5,25,5,28,5,29,5,30,5,34,5,36,5
DATA 37,5,40,5,41,5,42,5,45,5,46,5,47,5,51,5,52,5,53,5,57,5,58,5,59,5
DATA 60,5,63,565,5,67,5,68,5,70, 5

DATA 7,6,17,6,45,6,70,6

DATA 45,7,69,7,70,7,71,7

"time

PATA 2,0,20,0

DATA 1,1,4,1,7,1,9,1,10,1,12,1,14,1,17,1,21,1,26,1,27,1,28,1,31,1
DATA 33,1,36,1,38,1,39,1,44,1

DATA 0,2,4,2,7,2,10,2,12,2,14,2,17,2,22,2,29,2,31,2,33,2,36,2,39,2
DATA 44,2,0,3,4,3,7,3,10,3,12,3,14,3,17,3,22,3,25,3,26,3,27,3,28,3
DATA 29,3,31,3,33,3,36,3,39,3,44,3

DATA 0,4,4,4,6,4,7,4,10,4,12,4,14,4,16,4,17,4,22,4,25,4,29,4,31,4,33,4
DATA 35,4,36,4,39,4,44,4

DATA 1,5,5,5,7,5,8,5,10,5,13,5,15,5,17,5,18,5,21,5,26,5,27,5,28,5,32,5
DATA 34,5,36,5,37,5,39,5,44,5

DATA 2,6,20,6,44,6

DATA 10,7,39,7,41,7,42,7,43,7,44,7,45,7,46,7,47,7

'base

DATA 2,1,3,1,4,1,8,1,9,1,10,1,12,1,14,1,15,1,16,1,19,1,20,1,21,1,22,1
DATA 23, 1 5, 2 7, 2 13,2,16,2,18,2,22,2

DATA 1,3, 1 4,2,3,3,3,4,3,5,3,8,3,9,3,13,3,14,3,15,3,18,3,22,3

DATA 5,4, 10 4,13, 4,19,4,20,4,21,4,22,4

DATA 2,5,3,5,4,5,7,5,8,5,9,5,14,5,15,5,16,5,18,5,22,5

DATA 18,6,22,6

DATA 19,7,20,7,21,7,22,7,23,7

Num5 ;

DATA 1,1,2,1,3,1,4,1,0,2,1,3,2,3,3,3,4,3,4,4,1,5,2,5,3,5,4,5

NuqO:

DATA 1,1,2,1,3,1,0,2,4,2,0,3,4,3,0,4,4,4,1,5,2,5,3,5

NumlLong:

DATA 8,13,13,11

Num1 :

DATA 0,1,1,1,2,1,1,2,1,3,1,4,2,4,1,5

Num2 :

DATA 0,1,1,1,2,1,3,1,4,1,3,2,2,2,1,3,0,4,4,4,1,5,2,5,3,5
Num3:

DATA 1,1,2,1,3,1,0,2,1,83,0,5,3,5,1,4,2,5,4,2,4,5,1,5,2,3
Num4 :

DATA 1,1,0,2,1,2,2,2,3,2,4,2,1,3,1,4,1,5,3,3,2,4

1]

Jeeme—Display first part (24 data) in wright level-————————-
Display1i:
FOR Ia =1 TO 23



Y1Plot (-Word(Ia) + 210 + DisYBase1)
Y2Plot = (—Word(Ia + 1) + 210 + DisYBase1)
- IF YiPlot < 60 THEN Y1Plot = 60 .
IF Y2Plot < 60 THEN Y2Plot = 60
- IF Y1Plot > 260 THEN Y1Plot 260
IF Y2Plot > 260 THEN Y2Plot 260

-

+ 0

LINE (Ia + 60, YiPlot)-((la 1) + 60, Y2Plot), 4
NEXT Ia
DisBasIm2:
LOCATE 21, 8: PRINT "Base Impedance ="; BaseImpt
RETURN
! Display normal data
‘DisPlayNorm:
Y1Plot = (-Word(N - 1) + 210 + DisYBasel)
| Y2Plot = (-Word(N) + 210 + DisYBasel)
IF YIPlot < 60 THEN YiPlot = 60
| IF Y2P1ot < 60 THEN Y2Plot = 60
IF Y1Plot > 260 THEN YiPlot = 260
IF Y2Plot > 260 THEN Y2Plot = 260
LINE ((N - 1) + 60, Y1Plot)-(N + 60, Y2Plot), 4
RETURN
! v Calculate "Base impedance"” from 60 data
Ca1AndgineBase2:
Sum2 = 0
FOR Ic = 1 TO 60
Sum2 = Sum2 + Word(Ic)
NEXT Ic
Aver2% = Sum2 / 60
Wtotal = 0
Werr = 0
FOR Ib =1 TO 60
W(Ib) = Word(Ib)
IF W(Ib) > (Aver2% + 25) OR W(Ib) < (Aver2% - 25) THEN
w(ib) = 0
) Werr = Werr + 1
END IF
Wtotal = Wtotal + W(Ib)
NEXT 1Ib -
DisYBase2 = Wtotal / (60 - Werr)
LineBase2:
BaseLine = (-DisYBase2 + 210 + DisYBasel)
LINE (67, BaselLine)-(600, BaseLine), 2, , &H3F3F
RETURN
' STOP1: part
STOP1 :
LOCATE 4, 35: PRINT "..STOP.."
STOP2:

LOCATE 22, 25: PRINT "choose “; CHR$(34); "C”; CHR$(34);

PRINT “ caiculate T1/2 and SAVE “
LOCATE 23, 2%: PRINT “choose "; CHR$(34); "Q"; CHR$(34); " quit: "
DO .




.

IF HinSec >= 0 THEN HalfTMin = HalfTMin + 1
LOOP )
-HalfTSec = -HinSec
HalfTLine:
_ MaxLine = (-MaxAver¥ + 210 + DisYBasel)

LINE (61, MaxLine)—-(600, MaxLine), 2, , &H3F3F
HalfYBase2 = (MaxAver% ~ DisYBase2) / 2 + DisYBase2
HalfMaxLine = (-HalfYBase2 + 210 + DisYBasel)

LINE (61, HalfMaxLine)-(600, HalfMaxLine), 2, , &H18FF
EndSiLine = EndSlope

LINE (EndS1Line, 264)-(EndSlLine, MaxLine - 10), 14, , &HFOFO
HalfTlLine = DisHalfT

LINE (HalfTLine, 264)-(HalfTLine, HalfMaxLine - 10), 14, , &HFOFO

LOCATE 21, 35

PRINT "T1/2 ="; HalfTMin; ":"; HalfTSec; " min."

PRINT "
PRINT ™
RETURN

e e The impedances are out of range 5-40 ohm—————~—

LOCATE 4, 34: PRINT "..ERROR.."
' @OTO STOPZ2:

! Save:
Save:
LOCATE 23, 26: PRINT “Press any key to continue.”
DO WHILE INKEY$ = “"

LOOP
CLS
PRINT : PRINT : PRINT : PRINT
PRINT " Fill detail of the history.”
PRINT
INPUT 1.DATE ; Datels
INPUT * 2.TIME s Timel$
INPUT * 3.NAME "+ Name$
INPUT " 4.SEX ": Sex$
INPUT " 5.AGE "s Age$
INPUT " 6.WEIGHT __ "; Weig$
INPUT " 7.HEIGHT___ "; Heig$
INPUT 8.MEAL "; Meals
INPUT * S.VOLUME___ "; Vol%
INPUT ™ 10.Notes.___ "; Note$
Hist1$ = Datei$ + "@" + Timel$ + "@" + Name$ + "@" + Sex$
Hist2$ = "@" + Age$ + "@" + Weig$ + "@" + Heig$ + "@"
Hist3% = Meal$ + "@" + Voi$ + "@" + Note$

History$ = Hist1$ + Hist2$ + Hist3$
Hislong = LEN(History$)
Datlong = N
OpenF:
ERR1 = 0
LOCATE 3, 1
INPUT Enter DRIVE\PATH\FILENAME *.DOM "“: FileN$
IF FileN$ = "" THEN GOTO FError:



OPEN FileN$ + ".DOM" FOR BINARY AS #2
SELECT CASE ERR1
. CASE 57, 64, 71, 76

GOTO FError:
_ . END SELECT

PUT #2, , DatlLong ’
PUT #2, , HislLong

. PUT #2, , Baselmpt
PUT #2, , DisYBasel
PUT #2, , BaselLine
PUT #2, , DisYBase?2
PUT #2, , MaxAver%
'PUT #2, , EndSlope
PUT #2, , DisHalfT
PUT #2, , HalfT™in -
PUT #2, , HalfTSec

FOR Im = 1 TO DatLong
PUT #2, , Word(Im)
NEXT Im
PUT #2, , History$
CLOSE #2
RETURN

) m——————Frror Handling
FError:
BEEP
LOCATE 3, 1
Yug = "
PRINT " Path not found or Bad filename..!"” + Yu$
FOR'In = 1 TO 12000
NEXT In
GOTO OpenF:

Uii20:
Ui(3)
ui(4)
Ui(5)

RETURN

Ui(2) + 120
Ui(3) + 120
Ui(4) + 120

nnig

OnError:' e
ERR1 = ERR
RESUME NEXT
Tk kKRR KRR KKK RE R BN KRR R R KRR RS RN R B AR R R R R EE LRSS
TimeOut:
BEEP
BEEP
LLOCATE 12, 25
PRINT "RS232-COMMUNICATION ERROR..!"
FOR Ot = 1 TO 30000
NEXT Ot
GOTO MainMenu:
TimeUpdate:
LOCATE 13, 20
PRINT TIME$
RETURN

|
kL
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D HARRS - HI5813

CMOS 3.3V, 25us 12-Bit Sampling A/D Converter

ecember 1993 with Internal Track and Hold
Features Description
. 25p§ConvarslonTlmo The HI5813 is a 33V, very low power, 12.Lit successive

approximation analog-to-digital converter. it can operate from a single
* 40KSPS Throughput Rate 3V to 6V supply and typicalty draws a maximum of 1.0mA (at +25°C)
¢ Bulll-in Track and Hold when operating at 3.3V. The Hi5813 features a built-in track and hoid.
The conversion time Is as low as 25ps with a 3.3V supply.

The twelve data outputs feature full high speed CMOS tri-state bus
* 3.3mW Maximum Power Consumption (+25°C)  yriver capability, and are katched and held through a full conversion

.. cycle. The output is user selectable: (L.e.) 12-bit, 8-bit (MSBs), and/
Applications or 4-bit (LSBs). A data ready flag and conversion start input complete
the digital interlace. -

¢ Single +3.3V Supply Yoltags -

* Remote Low Power Data Acquisition Systems
The HIS813 is rated over the full industrial temperature range and is
ofered in 24 !2ad narrow body Plastic DIP, narrow body Caramic DiP,
* Pen Based PC Handheld Scanners and Plastic SCIC packggss. .

* DSP Modems
Genersl Purpose DSP Front End

+ Battery Opersted Systems

Ordering Information

* uP Controlled Msasurement Systems L (LSE)
PART {MAXOVER TEMP.
* PCMCIA Type Il Compllant NUMBER TENP) RANGE PACKAGE h
« PC Based Industrial Controle/DAQ Systems HISB13UIP 24.0 -40°C 1o +85°C |24 Lead Plastic DIP
. HI5813KIP 225 ~40°C {0 +85°C |24 Lead Plaswc DIP
HIsg1lJis 24.0 ~40°C to +85°C |24 Lead Plastic SOIC
HI5813KI8 125 ~40°C 10 +85°C |24 Lead Plasdc SOIC R
HIS81AJ 140 -40°C 10 +85°C |24 Lead Caramic DIP
HIS813KUY 25 40°C 30 +85°C |24 Lead Ceramic DIP
*
Pinout
H15813 (PDIP, COIP, SOIC)
TOP VIEW
oROY [1]
L38) D [Z]

< {
£333%82B8S

BEEERREREE

.

SAUTION: T’h:u dovices we sensitive 10 electrostatic discharge. Users should folow proper LG, Handiing Procadhures. File Numbar 3634
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Absolute Maximum Ratings . Thermal Inlormation

Supply Voltage Thermal Raslstance o
Voo 10 Vag (Vss0.5V) <Vpg < 48.5V  PlaSUCOIP...euernnennernnnennnnnns, 80°C/W

Viat o Ve« . (Vgs <0.5V) 10 (Vgq 48.5V) PlasticSOIC ... ..ve v i it 75°CW
B T < T S 203V Package Powsr Dissipation st +85°C (Ncte 1)

Ansalog and Relerence Inputs PlasticDIP.......eevnnee... e .

Vin, Vagr+, Ver (Vss 0.3V) < Viu < (Vpo 40.3V)  Plastie SOIC v..uee...n......
Digial VOPINS . ..ovnvnnnnnee (V33 0.3V) < VO < (V5 40.3V)  Power Dissipation Derating Fector abov -
Operating Temperature Range Lot LT 0 12mwWrC
Plastc DIP, Plastic SOIC, and Ceramic DIP ... ... ~40°C 10 +85°C PlRSUC SOIC L uitieiiiiiieinieiineennnenaas 13ImWwAC
Junction Temperatire

Plastic Dip ano Plastic SOIC. ... vvvnvennnnnnennnnn, +150°C

CoramicDIP . .viivviinnnnnnnns vesseessensranas « +175°C
Storage Tempaerature Range .......... ven. 65°C 10 4+150°C
Lead Tamperature (Soidering, 10s) . ...coevevnnnnnna.. +300°C

CAUTION: Stresses above those isied in “Absolus Maximum Ratings® mey cause permanant damace 10 the devicw. This is ¢ steas anly rating and cperstion
of the cevice at hasa or any otfier condiions abowe thass indicated h the cpemtione! sections of this specification o nol lmplea.

Electrical Speciflcations  Vpgw Vit = Vagrs = 3.3V, Vg = Vs« = Vigp- = GND, CLK & 600KHZ (J sutfix),
CLK = 500kHz (K sutfix), Uniass Otherwisa Specified.

"425°C ~40°C TO +85°C
PARAMETER TEST CONDITIONS MIN ] TYP l MAX MIN [ MAX UNITS
ACCURACY
Resolution 12 - B 12 . Bits
Integral Unearity Error, INL . J - - 24.0 . 14.0 Lss
(End Point)
X - - 225 - 22‘.5 Lss
Difterential Unearity Emror, CNL J . - 24,0 - 240 .| Lse
K - . 2.0 - 2.0 Ls8
Galn Error, FSE J - - 2.0 - 2.0 Ls8
(Adjustable to Zaro) -
X . - 20 - 220 Ls8e
Ofiset Ermror, Voe J d - - .0 - 23.0 LS8
(Adjustatle 1o Zero)
K - - 2.5 - *2.5 Ls8e
DYNAMIC CHARACTERISTICS
Signal to Nolse Rato, SINAD J | 1g = 600kHz, f,, = 1kHz - 815 - - - dB
RMS Signal -
Kjfsgm = 1k - - - -
RMS Noisa + Distortion s = S00KH2, foy = 1hHz e ®
Signal to Nolse Ratio, SNR J | 1y = B00KHZ, o = 1kH2 - 832 - . . B
’ RMS Signal
S Nota K f.-soouq,t.,..ﬂz.nz - | esa - - . @
Total Harmonic Dlistortion, THD & | 1y w 750Kz, fy = 1kHz . 684 | - . . - .| eBc
-. . . oo K| fgm 750KHz, oy = 1kH2 - {708} - - -+ |.08c
Spurious Froe Dynamic Range, J | {g =600kHZ, fy = 1kHz - .} 680 - - - d¢8
SFDR | ) .
et e . - K | Ig = 500kHz, 1y, = tkH2 - 718 - - m . a8

et b e e e+ eemes e —vae aie e meem - . .. e e e e e e
!




Electrical Specifications

Voo = Vaa = Vagre = 3.3V, Vgg = Vou- = Vags - = GND, CLK » B00KHZ (J sulfix),
CLK = 500xHz (K sutfix), Untass Otherwisa Specified. (Continued)

. +25°C ~40°C TO +85°C
PARAMETER TEST CONDITIONS MIN [ VP J MAX MIN l MAX UNITS

;NALOG INPUT i

input Current, Dynamic Al Vg & Vgps, OV - 50 { $100 . - 100 QA
input Current, Static Conversion Stopped - 20.4 | 210 - 210 pA
Input Bamx,widthg-ads - 1 ! - - MHz
Ralarence Input Current . 1€0 - - » A
Input Series Resistance, Ry in Sedes with input - 420 . . . a

Coaupre

input Capacitancs, Ceaum £ Duwing Semple State - 380 - - - pF
input Capachance, Cyuolo Duwring Hold Stale . 20 - ‘ . - pF
DIGITALINPUTS ~ OEL, OEM, STAT

High-Level Input Yohlage, Vi s 2.4 - - 2.4 - v
Low-Level Input Voltage, Vy, . - - 0.8 - 0.8 v
Ingtt Leakage Currant, by Except CLK Vg = OV, 5Y . - - 210 218 BA
Input Capacitance, Cy T - 10 . - pF
DIGITAL OUTPUTS : N -
High-Level Output Voltage, Vou lsounce = 400pA 26 . - 26 . v
Low-Level Cutput Voltaga, Vor, linx = 1.6mA - - 0.4 . 0.4 v
Tri-State Leakage, loz Except DROY, Voyy = OV, . - 210 - 210 BA

. 3.3v
Output Capacitancs, Coyr Except DROY - 20 . . . oF
TIMING — )
Conversion Time (tcouy + taca) Jd 25 - - 25 .- ns
(Inctudes Acquistion Time) ~  *  ° —f
. . K 30 - - 30 - s

Ciock Frequency (Note 2) 0.05 - 0.75 0.08 0.75 MHx
Clock Pulse Wi, &k ow, bucs {Note 2) : 100 . . 100 - . _ e
Aperture Delay, tpAPR o= (Nota 2) - 35 50 < ‘70 ns
Clock to Data Ready Detay, 1, 0RDY (Note 2) o - 180 | 210 - 240 ns
Cilock to Oata Ready Delay, to,ORDY (Note 2) - 180 220 - 250 ns
Start Removal Time, 1,.STRT - (Note 2) .- 75 0 - s - na
Start Setup Tume, 1 STRT === = * | (Now2) - - 85 | & | - 30 . ora
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TABLE 1. PIN DESCRIPTION :

PIN # | NAME DESCRIPTION 3

1 DROY | Output flag signtying now cata bs evailabia. Goes
Hg'saxmdofwd(po‘bdis.coesbwwwn

new convecsion is started. :

2 00 | Bit-0 (Least significant bit, LSB) .
3 01 | Bn- :
4 D2 |Bu2 !
5 03 |sit3

6 04 [Bit< ;
7 05 |Bit-s .
8 D8 {Bits :
9 07 |Bit7 i
10 08 |But8 i
11 D9 |&it-9

12 Vss | Cigial ground. {OV).

13 D10 Eit-10

14 D1t Bit-11 (Most s-3nificant bit, MS8)

15 OEM | Tistale smatia kr B4-D11. Acthe low nout.

16 Vaas | Anaicg groune, (V).

17 Vaa+ | Analog positive sucph

y. {(+3.3) (See text)
18 Vi | Anajog Input

19 Vaer+ | Relerence votage positive lnps, sets 4035
coda end of input range.

20 Vrer | Rslerence voniage negative input, sets O code
end of Input range.

21 STRT | Stan conversicn input actve kow, recognized
after end of clock penod 15,

22 CLK | CLX input Convarsicn functions are synchro-
mzed to positve going ecos. (Ses tax)

23 GEL | Tri-state enabie for DO - D3, Active low input.

24 Voo Digital positive suppty (+3.3V).

Theory of Operation

HIS813 is a CMOS 12-Bft  Analog-to-Digital Converter that
uses capacitor charge crtalancing to successively
approximate the analog input. A tinary weighted capacitor
network forms the A/D hsart of the devica. _ See the block
diagram for the H15813

The capacitor nerwork has a common node which is
connected to a comparator. The second termimal of each
capacitor is mdmduarly swﬂc!:ab&e to the lrput, VRE,.—o or
Vpge=s+ Ce— . .

During the first three clodt periods ofc eomersion cycle, the
switchable end of every capacitor is connected to the input

and the comparator Is belng auo balancec t the capacitor”

common node.

WA S b e, e

During the kurth parlod, all capacitors are disconnected

from the input; the one representing the MSE (D11) is
connected to the Vgpee+ torminal; and the remaining
capacitors 10 Vrep-. The capacitor common node, after the
charges balance out, will indicate whether the input was
above '/, of (Vagr+ - Vres-). Al the end of the fourth pariod,
the comparator output Is stored and the MSB capacitor Is
either left connected 10 Vipee+ (if the comparator was high)
or returned 0 Vgep-. This allows the next comparison o be
at either 3/, or Y/, of (Vaee+ « Vage-).

Al the end of periods 5 through 14, capacitors representing
D10 through D1 are tested, the result stored, and each
capacitor either left at Vgept or at Vgeg-.

Al the end of the 15th period, when the LSB (D0) capacitor is
tested, (DO) and all the previous resuits are shifted to the
output registers and drivers. The capacitors are reconnected
to the input, the comparator returns to the balance state, and
the data ready output goes active. The conversion cycle is
now compiete.

Anaslog Input

The analog input pin is a predominately capacitive load that
changes between the track and hoid periods of the
conversion cycie. During held, clock period 4 through 15, the
input loacing is leakage and stray capacitance, typically loss
than S5pA and 20pF,

At the start of input tracking, clock period 1, some charge ls
dumped tack 1o the input pin. The input source must have
low enough impedance to dissipate the current spike by the
end of the tracking period. The amount o charge is depen-
dent on supply and input voltages. The average current is
also proportional to clock frequency.

As long as these current spikas settle completety by end of
the signal acquisition period, converter accuracy will be
preserved. The analog input is tracked for 3 clock cycles
With a clock of 500kHz the track period is 6us.

A simpliified analog input model is presented in Figure 12.
During tracking, the A/D input (V) typically appears s &
38CpF capactor being charged through a 4200 internal
switch resistance. The time constant is 160ns. To charge
his capacitor from an external “zero Q" suurce lo 0.5 LSB
(1/8192), the charging time must be at least 9 time
constants or 1.4us. The maximum source impedance
(Rsounce Max) for a 6ps acquisttion lima settling io within
0.5LSB s 1.3k2

If the clock frequency was siower, or the converter was not
restarled immediately (causing a longer sample time), a
higher source ampedaneo could be tolerated.

- Yoo o n,,,-uvoa
Caaumg = 0pF
Rsounce T
. " .
Plaounce uax) * 20— - Rgy

Canspre N2
FIGURE 12. ANALOG INPUT MODEL IN TRACK MODE
PO I v .
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Signal-To-Noisa Ratlo

The signa! to noise ratio (SNR) is the measured RMS signal
to RMS sum of noise at a specified input and sampling
lrequency. The noise is the RMS sum of all except the
fundamental and the first five harmonic signals. The SNR is
deperident on the number of quantization levels used in the
converter. The theorelical SNR for an N-bit converter with
no differential or integral linearity error is: SNR = (6.02N +
1.76)dB. For an ideal 12-bit comerter the SNR is 74dB. Oil-
ferential and Integral linearity errors will degrade SNR. |

Sinewava Signal Power

SNA = 10
= 10log Totai Noise Power

Signal-To-Noise + Distortion Ratlo

SINAD is the measured R!S signal to RMS sum of noise
plus harmonic power and is expressed by the bllowing. |
i

Sinewave Signal Power

SINAD = 10 log -
Noise + Hamonic Power (2nd - §th)

Effective Number of Blts

The effective number of bits (ENOB) is “derived from the
SINAD data;

SINAD - 1.76
6.02

ENOB =

Tota! Harmonliec Distortion

The total harmonk distortlon (THD) is the ratio of the RMS
sum of the second through sixth harmonic components to
the fundamental RMS signal for a specified input and
sampling frequency.

Total Harmonic Power (2nd - §h Hamonic)

THD = 10
° o0 Sinewave Signal Power

Spurious-Free Dynamic Range

The spurious-free dynamic range (SFDR) is the ratio of the
fundamental RMS amplitude to the rms amplitude of the next
largest spur or spectral companent. !f the harmonics are bur-
ledin tr":e noise floor It Is the largest peak.

Sinawave Signa! Power
SFDR = 10 log

Highest Spurious Signal Power

-~

et
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TABLE 2. CODE TABLE

INPUT BINARY OUTPUT CODE
YOLTAGE?
Vegyt s 13V MSB Ls8
CODE Vegr-= 0.0V | DECIMAL
DESCRIPTION ) COUNT | D1t (D1O{ D9 | D8 | D7 | D6 | D5 ] D41 03| D2]0D1] D0
Full Scale (FS) 32992 4095 1 1 1 1 1 1 1 1 1 1 1 1
FS-1158 32984 4094 1 1 1 1 1 1 1 1 1 1 1 (]
Y. FS 24750 3072 1 1 0 0 ocjojofo]Jo]o|o 0
1, FS 1.6500 2048 1 0 0 0 o] o 0 0 0 0 0 0
Y, FS 0.8250 1024 (] 1 ol o o] o oJlotofol}o 0
1158 0.00080566 1 0 0 of o olojojlojoto 0 1
Zero 0 0 0 0 0 0 o}l o ofo{ojogijo 0

$The vollages fisled abova repraesent the ideal lcwer tansition of each output code shown as a function of the relerence voltage.

w3V
K
- le.i,.r lLTpF
T I T > L I
- 61cmF $o.mr $&D1uF = =
Vaae Yoo
o1t : ouTPUT
: DATA
v Vaere Do
DROY p——bo
m [¢——O
L]
anaea o v, B fo——o
INPUT ITAT
C1LX fe—0 S00kHz CLOCK
Vizr Vaa-  Vas
v ‘—.-_L L.

FIGURE 13. GROUND AND SUPPLY DECOUPLING
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Reference Input

The reference input Vpgr+ should be driven from a low
impedance source and be weil decoupled.

Current spikes are genserated on the reference pin during
each bit test of the successive approximation part of the con-
version cycle as the chasge balancing capacitors are
switched between Vpee- and Vpept+ (clock periods § - 14),
These current spikes must sattle completely during each bit
test of the conversion to not degrade the accuracy of the
converter. Therefore Vpep+ and Vgep- should be well
bypassed. Reference input Vgee- is normally connected
directly to the analog ground plane. it Vpee- is blased for
nulling the converters offsst #t must be stable during the con-
version cycle.

Full Scale and Offset Adjustment

In many applications the accuracy of the H!5813 would be
sufficient without any adjustments. In applications where
accuracy is of utmost importance full scale and offset errors
may be adjusted to zero.

The Vgep+ and Vpgp- pins referance the two ends of the
analog input range and may be used for offset and full scale
acjustments. in a typical system the Vgee- might be returned
to a clean ground, and the offset acjustment done on an
input amplifier. Vagp+ would then be adjusted to null out the
full scale error. When this is not possible, the Vagg- input
€an be adjusted to null the offset error, however, Vagg- must
be well decoupled.

Full scale and offset error can also be adjusted to zer0 in the
signal conditioning amplifier driving the analog input (V).

Control Signal

The HI5813 may be synchronized from an external source
by using the STRT (Start Conversion) input to inftiale conver-
sion, or it STRT is tied low, may be allowed to free run. Each
conversion cycle takes 15 clock periods.

The input is tracked from clock period 1 through period 3,
then disconnected as the successive approximatign takes
place. Attar the start of the next period 1 (specified by Tp
data), the output is updated.

The DROY (Data Ready) status output goes high (specified
by TpiDFRIDY) after the start of clock period 1, and returns
low (specified by Tp,DRDY) after the start of clock period 2.

Ths 12 data bits are avai!ab!g_in_pam{‘-el on tri-state bus
driver outputs. When low, the OEM input enables the most
significant byte (D4 through D11) while the OEL Input
enables the four least significant bits (DO - D3). Tgy and Tpig
specily the output enable and disable limes.

If the output cata is to be latched extemally, sither the trailing
edge of data ready or the next faling edge of the clock after
data ready goos hlgh can be used.

Figure 2 shows cperahon of the HIS813 when the STRT pin
is used lo initate a conversion. If STAT is taken high at {east
TgSTF{T bafore clock period 1 and is not reappled during
that period, the converter will stay in the track mode and the

DROY output will remain high. A low signal applied to STRT
will bring the DROY flag low and the conversion will continue
with clock period 3 on the first positive going clock edge that
meets the Tg;STRT setup time.

Clock

The clock used to drive the HISB13 can range in frequency
from 50kHz up lo 750kHz. All converter functions are syn-
chronized with the rising edge of the clock signal. The clock
can be shut off only during the sample (track) portion of the
conversion cycle. At other times it must be above the mini-
mum frequency shown in the specifications. in the above two
cases, a further restriction applies in that the clock should
not be shut off during the third sample pericd for more than
1ms. This might cause an internal charge pump voltage to
decay.

It the clock is shut off during the conversion time (clock
cycles 4 through 15) of the A/D, the output might be invalid
due o balancing capacitor droop.

The clock must also mes! the minimum TLO'N and THlGH
times shown in the specifications. A violation may cause an
internal miscount and invalidato the results.

Power Supplies and Grounding |

Vpp and Vgg are the tigital supply pins: they power all
internal logic and the output drivers. Because the oulput
drivers can cause fast current spikes in the Vpp and Vss
lines, Vgg should have a low impedance path to digital
ground and Vg should be well bypassed.

Except for Va4 +, which is a substrate connaction to Vpp, alt
pins have protection diodes connggted to Vpp and Vgs. input
transients above Vpp or below Vgg will get steered to the
digital supplies.

The V,,+ 8nd V,,- terminals supply the charge balancing
comparator only. Because the comparator is autobelanced
between conversions, it has good low {requency supply
rejectlon. It does not reject well at high {requencies howaver;
Vaa- should be retumed to a clean analog ground and V. +
should be RC dacoupled from the digital supply as shown in
Figure 10.

There is approximately 500 of substrate Impedance
between Vpp and Va,+. This can be used, for example, as
part of 2 low pass RC filter to attenuate switching supply

noisa. A 10uF capacitor from V,,+ to ground wouid
attenuate 30kHz noise by approximately 40dB. Note that
back to back diodes should be placed from Vpg 10 Vau+ 1o
handle supply to capacitor tum-on or tum-olf current spikes.

Dynamic Performance

Fast Fourler Transform (FFT) techniques are used to evalu-
ate the dynamic performance of the A/D. A low distortion
sine wave Is applied to the input of the A/D converter, The
input is sampled by the A/D and its output stored In RAM.
The data i3 than transformed into the {requency domain with
8 4096 point FFT and analyzed to evaluate the converters
dynamic performance such as SNR and THD. See typicai
performance characteristics.
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a"’Ffeatures

Photocoupler

) ,5uper-h|gh speed response
’ (t""., trin TYP. 45ns at RL"3500)

Y [solatmn voltage between input and output

; V... '2,500Vrms

* Low input current drive (Iry.: MAX. 5SmA)

? Instantaneous common mode rejection
% yoltage

§CMH TYP. 500V/us
LSTTL and TTL compatible output

:.&:' ; Overseas standard model

#L recognized, file No. E64380

e

Ly ngh speed mterfaces for computer
?'E:penpherals, microcomputer systems
z;:.Hwh.speed line receivers

Apphcatlons

)

;'1_ﬁN oise reduction™ ‘.
ﬁ' Interfaces for data transmission’ equip-
=< ment . .

.
>
1
3

¥ .

B Outline Dimensions

Super-High Speed Response OPIC

- (Unit : mm)

0.85 1.2

v

Internal connection
diagram

® O ®

6N137
SHARP

)& B g

92284
- Anode mark

k]
o

3‘52‘0‘!

3.0

DNC

@ Anode ®V,
@ Cathode @V,
@ NC

¥ OPIC is a trademark of Sharp and stands for Optical

1C. It has a light detecting element and signal proces-
sing circuitry integrated onto a single chip.

AT,
R’ Absolute Maximum Ratings (Ta=25'C)
R Parameter Symbol Rating . Unit
k. **Forward current Ir 20 mA .
% .l_nput .| **Peak forward current Iy 40 - mA .- - T
- Reverse voltage Ve 5 v
- **Supply voltage Vee 7 v
* *‘Enable voltage Ve 5.5 A\
Output High level output voltage Von 7 v
N T Low level output current Tou 50 mA
| S g P 85 mW
**Isolation voltage Vise 2.500 Vims
-~ QOperating temperature |- T, 0to +70 C
Storage temperature C T =55 to +125 C
“Soldenng temperature Taor 260 *C i

1. Ta=0 to 70°C
$32- Pulse width & Ims

*5 AC for 1 minute, 40 to 60% RH
Apply the specahc voltage between all the input

e, b 0L ntr s L

:3' For 1 minute MAX. electrode pins connected together and all the
: ‘ Not exceed 500mV or more than output electrode pins connected together.
X supply vollagc v “) %6 2mm or more away {rom the lead base for 10 -,
s R seconds

e : SHARD
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M Electro-optical Characteristics (Ta=0~+70"C unless otherwise SPeCify,y
- Parameter Symbol Conditions MIN. | TYP. MAﬁ\[[_\-\,I
Logic (1) output current | Iop Vee =55V, V=55V 1,=250..A, V, =2.0V — 2 250 | %
Logic (0) output voltage Voo Ve =33V, I, =5mA, V' =20V, ), (Sinking)= 13mA - 0.4 0.6 \\
Logic (1) enable current e Vee=55V, V, =20V - -0.38 - \m.\\
Logic (0) enable current | 1,, | V=55V, V,=05V — 1 -l2 | -20 [
Logic (1) supply current | leew | Vee=5.5V, I, =0mA. V, =05V — 7 15 | o
Logic (0) supply current | I | V=55V, 1,=10mA, V, =035V —~ 13 18 [ o
*'Leak current hioo | Relative Humidity =43, Ta=25'C. 1= 55 V,.= 3000V — = 10 | A
*salation resistance finput-outpat) Rio | Vio=500V, Ta=25C — 10" - | a
*'Capacitance (input-output} Cio f=1MHz, Ta=25C - 0.6 — ?
*?Input forward voltage Vy Iy=10mA, Ta=25C ~ 1.6 1.75 \\
Input reverse voltage BVy |14=10pA, Ta=25C 5 - - \\
Input capacitance Cin V=0, f=1MHz - 60 - T
*)Current transfer ratio CTR _{1y=5.0mA, R, =1000 — 700 — o
ot waron ey time trin | Ta=25C, V=5V, R,=3500, C, = 15pF, I, =7.5mA - 45 75 ns
*# Gaparation delay time true | Ta=25C, V=5V, Ry=3500, C, =15pF, I, = 7.5mA - 45 75 ns
Output rise-fal] time (10-90%) te, b R, =3500, C,=15pF, I, =7.5mA — 20, 30 ns
e e teuw | Ru=3900,C,=15pF, i =75mA. Veu=30V, Vo =05V | — | 40 - | w
T e Dropsgation tens | R=3500, C,=15pF, 1, =7.5mA V=30V, V,, =05V | — 15 — ns
" repetion vonage “ompn | _CMu | Vou=10V, R.=3500, V, (min) =2V, I, =0mA = 150 | — v,
et ity s hmon mede CM, 1 Vou =10V, Ry =3500, Vo (max)=08V. 1, =5mA | — | ~500 | = ] v

Note) Typical values are all at V=5V, Ta=25C
*1 Measured as 2-pin element. Connect pins 2 and 3, connect pins §, 6,7 and 8.
*2 At I;=10mA, V, decreases at the rate of 1.6mV/'C if the temperature goes up.

*3 DC current transfer ratio is defined as the ratio of output collector current to forward bias input currex:
*4, *5 Refer to the Fig. 1.

*5,*7_Refer to the Fig. 2.
*8 CMy represents a common mode voltage ignorable rise time ratio that can hold logic (1) state in outpu:
CM, represents a common mode voltage ignorable fall time ratio that can hold logic (0) state in outpu:.

Recommended Operating Conditions

i Parameter. Symbol | MIN, | MAX.| Unit
Low level input current Ir, 0 250 uA
High level input current e *6.3 15 mA
High level enable voltage Veu 2.0 Vee \Y
Low level enable voltage Ve 0 0.8 \
_Supply voltage Vee 4.5 5.5 \4
Fanout (TTL load) N — 8 -
Operating temperature Topr 0 70 C

1. No necessary external pull-up resistor to hold enable input at high level

2. Connect a ceramic by-pass capacitor (0.01 to 0.14F) between V¢ and GND at
the position within lem from pin.

3. * 20% giard band, switching threshold for degradation of CTR

are S5mA or less at initial value, Truth Table

Input Enable Qutput

Circuit Block Diagram H H L

; v L H H

(14

Anod - \Y H L H

noce 1 < t E‘nable) L L H
s % P —

Cilhodej i L : Logic (0) | + H : Logic (1)
GND \
——————

336 SHARP —
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ﬂ,ou)(;ouplel' . 6N137

g 1 Test Circuit for Propagation Delay time

v +5V"° 350mV{ly=7.5mA)
5. Te ! Input 5
P eeiliator g Vee | L. T~ o~ 17SmV(lp=3.75mA)
. oS
=500 .
" tz.°= Sns L E} Urne ‘ trin
> a
Ir 3 ~ lD B c o‘\:-ﬂ l Von
Input - Co Output Qutput
de:’ection 70¢ GND g T detection Vour o - —lgV
. p } ~VoL

-': Pulse

j oscillator l Input v
12790 hopurge . vee Ve -— - — L8V
< Ve tection

b O l teme L ELH

D
n: v

: Output oM
{ GND V.,

: s - —— - -15V
.. ) Vor

wr

i‘ig. 3 Test Circuit for Instantaneous Common Mode ‘

x Rejection Voltage = ) .

% : F%0% 1091 lov
-: Vv,

2 0% 0% —ov -
B t,” iy o :
il . at SW=A

¥ GND[3 Vo sV

;’ (l,—-OmA)

h Pulse oscillator

i Zo=500

;'{- ) atSw=B  /\

4 & ! Vo v,

= N o (1e=5mA) o

F Veu ¥

Xy

g 4 .. Output Collector Power .Dissipation vs. Fig. 5 Forward Current vs. Forward Voltage

X\

% Ambient Temperature
E S umlr 100
£% w S
,"; v ac 77 ll *
n, -
- — - .
I .5 70}~ \ E 10 e ===
=% & N = HE ’
By ¥
¥ \ g L
o %0 R £l Ta=0C
25 0 3 Fhifr
ff %& 30 - E A e
) = 2 70"
"é"g 2% g 5 oi== f2 44 . .
3 I 222,
3 i '
i: X £ 25 50 75 100 WS iz 16 18 20 22
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V - - SHARP
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Fig. 6 High Level Output Current vs. Fig. 7 Low Level Output Current vs
Ambient Temperature Ambient Temperature
~- Tr=250u R 05 T
< Vee=5.5V . lr=5ma
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Fig. 8 Output Voltage vs. Forward Current
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Absolute Maximum Ratings

“It Mliltary/Aerospace specified devices are required, Input Voltage Range {Note 2) “f15v
contact the National Semiconductor Sales Office/ Output Short Circuit Duration Continuous
Distributors for avallablilty and specifications. torage Temperature Range —65'Clo + 150°C
Supply Voltage rigv Lead Temp. (Soldering, 10 seconds) 260°C
Power Dissipation (Notes 1 and 6) 670 mwW Oia . 120°C/W
Operating Temperature Range 0°Cto +70°C ESOD rating to be determined.

Ditferential Input Voltage +30v
DC Electrical Characteristics (vote3)
L
Symbol Parameter Conditions TLo81C Units
Min Typ Max
Vos Input Offset Voltage Rg = 10k, Ty = 25°C S 15 mv
Over Temperature 20 mVv
AVos/aT Average TC of Input Offset Rg = 10 kN 10 WVIC
Vollage
los input Otfset Current Tj = 25°C. (Notes 3, 4) 25 100 pA
Tj<70°C 4 nA
g {nput Bias Current Tj = 25°C, (Notes 3, 4) 50 200 pA
Tj < 70°C 8 nA
RN Input Resistance T; = 25°C 1012 n
AvoL Large Signal Voltage Gain Vg = -2 15V, Ty = 25°C 25 100 Vimy
Vo= £10V,R = 2kN
Over Temperature 15 Vimv
Vo Output Voltage Swing Vg = 15V, R = 10kN +12 +135 v
Veu Input Common-Mode Vollage +15 v
\Z 15V 1
Range s = 18 11 —12 v
CMRR Common-Mode Rejection Ratio Rg < 10kN 70 100 ¢8
PSRR Supply Voitage Rejection Ratio {Note S) . 70 100 d8
Is Supply Current 1.8 2.8 mA
AC Electrical Characteristics (note3) i
Symbol Parameter Conditions TLos1C Units
. Min Typ Max

+SR Slew Rate Vg = 215V, Ty = 25°C 13 : + Vips
GBwW Gain Bandwidth Product Vg = 15V, Ty = 25°C 4 MHz
. " isa V. - 25 -
+@n Equivalent input Noise Vcitage Ta = 25°C,Rg = 100Q2, 25 VISR

{ = 1000 Hz . .
in Equivalent Input Noise Current Tj = 25°C,{ = 1000 Hz 0.01 pA/Rz

Note 1: For operating at elevated temperaiure, the device must be Cerated based on a inermal resistance ol 120°C/W uncuon to ambient lo' N package.
Note 2: Unless otherwise specified the absoluts maamum negatve input voltage is ecual to the negative pawer supply voitage.

Note 3: These specificauons epply for Vg = £ 15V ans 0°C £T, £ +70°C. Vs, ig and log are measured at Ve, = 0.

Nots 4: The iput bias currents are unclion 19skage curronis winch apprommalely dowtie for svery 10°C increass in ihe junction lemperature, Tt Oue 10 the bmviad
production lest ime, the input bias currents measured are correlated 1o juncbon temoerature. th normal opemdon the junction lemperslure rises above the ambet
tenperature as 8 result of Internal power dissipabon. Pp. Ty = Tu + 8,4 Pp where 8,4 I3 the thermal resszance rom junction 1o ambisnt Use of a heal snk s
recommanded U input bias current is 10 be kept to &8 Mmmwmum,

Note 5: Supply voilage rejsction ratio is measured for both supply magnitudes moreasing or Q 8i y in e with pracice kon
Vg = 25V o 215V,

WNote 6: Max. Power Di ip I3 defi by the p 3¢ chas f Operaling the pert near the Max. Power Dissipation may cause the part to opena
outside guaranised mits. ‘




RVY el ser

T (PE—— g ey

NERATIVE PUTIVT vaL1ASE Purme V)

BRIV B A BAREEnS 0 el

¥

MUY 1AL EUARTRY 194}

weLiaae tmaet fwy

Input Blas Current

T T
" vy by

L Ta-25°C

- -5 a 3 1"
COMMON-MOOE VOLTAGE (V)

Positive Common-Mode Input
Voltage Lim!t

regTag I
" 4

® /
V|

.

. $ i 3. 0
POSITIVE SUPPLY VOLTAGE (V)

Negative Current Limit
-1

S
\\‘\
28°c
-
well |re
.
REN
[ " 2 » @
OUTPUT 3INK CURRENT {mA)
Galn Bandwidth
; 1
Vgratby
LI
u €y =100 7
N
) \\
~
\\
N
u —
)
U X o4 R uR
TEMPERATURE (C}

INPUT BtAS CURRENRT (pA)
2

Typical Performance Characteristics

Input Blas Current
FVeuss

EV‘-NSV w4

/1‘
]

=
]

LN I T

TIMPERATERE ["C}

Negative Common-Mode fnput

Voltage Limit
Y

NEGATIVE COMMON MODE INPUT
YOUTAGE LT (V)

——r—
TLgT,gotre

ya

/

4

A

Vi

] " 13 n
NECATIVE SUPPLY VOLTAGE (V)

Voltage Swing
«@

T
= | a-n
H Toe e
s n A
H pd
B 7
an 7’*
=
2 Vs
> V
En r-
]
]
. + - u 0 0
SUPPLY YOLTAGE {:V)
20 Bode Plot
\\J if . apers Rl
u { H men),oo
AT ] Tﬁiq.:m oF
o [HES NGBy il 5
s ] b &
2 ’ 5 PHASE m
x ¢ i. =3 ° g
3 HeA g
-1 l.w ?"\ -sog
l’ g\¢ ' =2
-20 ; I? -100
-0 3 -1%
(X 1 9 100
FREQUENCY (atstz)

SUPPLY CURALET (mA)

OUTPUT VOLTAGE SWIKG (V) o} POSITIVE OUTPUT VOLTAGE SOUNCE (V)

SLEW RATE (V/ia)

Supply Current
2

T 1
Fglagere

¥

(] 1 " ] i ] i
SUPPLY YOLTAGL (:\)

Positive Current Limit

T

N

‘ 15°C

] " n » «Q
OUTPUT SOUACE CURRERT {mA)

Output Voltage Swing
n T
Vg t18¥
u b raerre - !
1
n
13
"
P
'
]
& t N 1
Ay - QUTPUT L8AD AN
Slew Rate
" o T
ALen }
Ayt
" v FALLIRG
—o—
7 RTNG
NP“ ¢
[
"
L} 10 25 % 4 U un
TImetraTOAC rG
TU/H/0388-8




Typical Performance Characteristics icontinuec) ]
: Undistorted Qutput Voltage Open Loop Frequancy
Distortlon vs Frequency Swing Response
B - Vgorlv » Vg ity b 4 !
.t (2]
en ,:_".‘ z .:.h g \ en r
wep ! = \ Ta-me = \\ ]
Aye=1 <
g”" | # Voirtves E u 1% 13T ; " N
E al 1= ! E S " \
o Ay im - e N
Funt = ] g s \
s z \' g “ N
- Sy £ £ N
L 1= a s
o - - . .
1" e W = 1L 10 [Ty " ' 1% h A - .
FREQUINCY (M) FREQUINCY () FREOYLRCT (g
Common-Mode Rejection ' Power Supply Rejection Equivalent Input Nolas .
Ratlo Ratlo Voltage A
= -] v - 1 T n
> Vgot1sv s Vge 115y
e Aen e ue 3 1]
3, - ~J r:-u'c % 3 T e W_‘
g mi =™ I~ i g & » t
s 2 . i 52 &
S bl OV 12: E. ° N “SUPRLT i! ® {
H g w D, Y % =
E L ' i > \\ sa Tt b4
3 aeR ~20106 "2 + ortx Lo t g N Ex N i
o » b A P : 2 | 1 g 19 ]
! YOLYASE SN = j l
s , I T | E, e .
" 1 n AL TR oM M 13 X In e N 1 1" 100 n m -
FAEQUENCY (M) FREQUENCY (R)) . . FREQUENCY pty
+
Open Loop Volitage Galn (V/V) Output Impedance Inverter Settling Time .
™ ema L -
T —— g T
E3 Tao¥CTE 23] - - MWay
x . 3 E e 3
a — o s 4 R 1] o,
g L Tanree H = ’
< e et g 5 U :" ’
g - < Tay -
g 2 §‘ " % 3
- g L \ o
4 H \ 1
o 13
1119 = -1 \
] " ts n 1 . o e i o 1 1 ]
SUPPLY VOLTAGE(:v) FREQUERCY () SETTUING Toet g
e




.

National '
% Semiconductor
Corporation

TLO82CP Wide Bandwidth Dual

PRELIMINARY

BLFET 117™ Technology

JFET Input Operational Amplifier

General Description Features
These davices are low cost, high speed, dual JFET input W Internally trimmed offsel voltage 15mv
operational amplifiers with an internally trimmed input offset = Low input bias current 50 pA
voltage (BI-FET ITM technology). They require low supply  m Low input noise voltage 16nV/VHz
current yet main{a}n a large gain banqwidlh product and_ fast g5 Low input noise current 0.01 pA/VH:
:lev./ rate. Ln %ddmon.I:rel‘lnma:ir‘msd hagdh \;:matga JFEll;r}rpr: a Wide gain bandwidth & MH:
évices provide very low input bias and offset currents. . 13V
TLOB2 is pin compatible with the standard LM1558 allowing " [ﬁgh slew' rate g 6 "’:
designers to immediataly upgrade the overall performance * ?w fuppy. current Fo12
of existing LM1558 and most LM358 designs.  High input smpeda'nce. ) 10t
These amplifiers may be used in applications such as high " ;ow:o:zlkh:,rmo-rm; gl\s,lorion Av = 10, <002%
speed integrators, fast D/A converters, sample and hold B\l;\' - ZO'H o 0 kH L
circuits and many other circuits requiring fow input offset ) z—2 z c
voitage, low input bias current, high input impedance, high % Low 1/1 noise corner 0H
s'ew rate and wide bandwidth. The devices also exhibitiow  M.Fast settling time to 0.01% 241
roise and offset voltage drift. .
Typical Connection Connection Diagram
—-—dv.\'/\,-—. Dual-In-Line Package (Top View)
v
" o outruTa —~ (R LN
b—0 INVERTING INPYT & —‘- L—"'"" L}
sonmvestie 31 S P11 4T e
INFUT A T
R ¥ asamvianat
v oty
-vie LY TSR

TUH/E387-1

Simplified Schematic
Ve¢ O

Order Number TL082CP
See NS Package Number NOSE

IMTERNALLY

mrEANALLY TRIMNED

Taumgo

“Yig O—

TUweas?-2
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. Absolute Maximum Ratings

- I Military/Aerospace specified devices are required, Differential Input Voltage + 30V
tontatt the Natlonal Semiconductor Sales Office/ Input Voltage Range (Note 2) 215V
Disiributors for avallabliity and spectfications. Output Short Gircuit Duration Continuous

| Supply v.°"_39°. x18v Storage Temperature Range ~65'Cto + 150°C

, Power Dissipation (Note 1) Lead Temp. (Soldering, 10 seconds) : 260°C
Operating Temperature Range 0°Cto +70°C ESD rating 1o be determined.

Towaxy 150°C

DC Electrical Characteristics (ote 4)

Symbol Parameter Conditions Tios2c Units
Min - Typ Max
Vos input Otfset Voltage Rg = 10k, Tp = 25°C 5 15 mv
Over Temparature 20 mvV
8Vos/AT Average TC of lnput Ofiset Rs = 10kN 10 pvrC
Voltage
los Input Offset Current Ty = 25°C, (Notes 4, 5) 25 200 PA
T) < 70°C 4 nA
l Input Bias Current Ty = 25°C, (Notes 4, 5) 50 400 pA
T| < 70°C 8 nA
Ry Input Resistance Ty = 25°C 1012 n
Avor Large Signal Voltage Gain . Vg = 215V, T, = 25°C 25 100 v/mv
Vo= £10V,R_= 2kn
Over Temperature 15 V/mv
Vo Output Voltage Swing Vs = 15V, R = 10kn 12 £135 v
Yeu Input Common-Mode Voltage +15 v
Vg = \4 +
Range s= £15 " -12 v
CHRR Common-Mode Rejectien Ratio Rg £ 10kn 70 100 3
PSRR Sugply Voltage Rejecticn Ratio (Note 6) 70 100 d38
Is Suggly Current 3.6 5.6 mA
AC Electrical Characteristics (Note 4
Symbol Parameter Conditions 110820 Unlts
Min Typ Max
Ampiifier to Amplifier Coupling Ta ™ 25°C,{ = 1Hz- ~120 dB
20 kHz (Input Referred)
| sa Slew Rate Vg = +15V,Tp = 25°C 8 13 ) Vius
| caw Gain Bandwidth Product Vg = +£15V,T, = 25°C 4 MHz
o Equivalent Input Noise Valtage Ta = 25°C,Rg = 100N, 25 nV/V Hz
{ = 1000 Hz
i b Equivaient Input Noise Cumrent Ty = 25°C,{ = 1000 Hz 0.01 pA/VHz

Note 1: For operating at e’evalec temperature, the device must be deraled based on a thermal resistance of 115°C/W junction 1o ambient for the N package.
Nots Z Unless otherw:se specified the adbscluts mammum negative input voltage Is equal to the negative power supply voltage.

Nots 3: The power it imit, . cannci be d.

Nt 4: These specifications apply for Vg = =15V and 0°C <Tp £ +20°C. Vos. g and los are messured st Vo = 0.

Note 5: The input bias currents are function leakag: which appr y double for every 10°C Increase In the Junction temperature, Ty Due to the krted
production test ime, the irOut bias curtents measured are < lo junction temp 6. In normal operation the h temp  rfises above the emaent
bmperature 83 a result of intemal power disspation, PoTy=Ta+ 9.4 P whare 64 I3 the thermal from | o ambx Use of & heat s is

recommaended if input bigs current is to be kept to & mimum.
Kots 62 Supply vollage reiecion ratio Is measwred for both supply magnitudes Increasing or d Ing si y In with practice.
Vs = 28V i0 & 15V. ‘
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. Absolute Maximum Ratings

- I Miitary/Aerospace specifled devices are required, Ditferential Input Voltage 30V
sontalt the National Semiconductor Sales Office/ Input Voltage Range (Note 2) +15V
Dl:tribl:/tors for avallablilty and speclfications. Oulput Shart Gircuit Duration Continuous

i :;pply.o'oll.age. x18v Storage Temperature Range —65°Cto +150°C

ower T “‘T'pa“" _ (ote) Lead Temp. (Soldering, 10 seconds) 260°C
Operating Temperature Range 0°Ctlo +70°C ESD rating to be determined.
Tpaaxy 150°C
DC Electrical Characteristics (vote 4)
Symbol Parameter Conditions TL082C Units
Min - Typ Max
Yos Input Otiset Voltage Rg o= 10k, Ty = 25°C 5 15 mv
Over Temperature 20 mVv
8Vos/aT Average TC of Input Offset Rg = 10k 10 uv/irC
Voltage
s Input Offset Current T = 25°C, (Notes 4, 5) 25 200 PA
T<70°C 4 nA
[} Input Bias Current Ty = 25°C, (Notes 4, 5) 50 400 pA
T <70°C 8 nA
R Input Resistance Ty = 25°C 1012 n
Avor Large Signal Voltage Gain Vg = 115V, Tp = 25°C 25 100 VimVv
Vo= 10V, R = 2k0 )
Over Temperature 15 vimV
Vo Output Voltage Swing Vg = £15V, R = 10kN 12 +13.5 v
1 Yeu Input Common-Mods Voltage - +1§ v
Range Vg = £15V ERR 12 M
CMRR Common-Mode Rejection Ratio Rs < 10kl 70 100 dB8
PSRR Supply Voltage Rejection Ralio (Note 6) 70 100 d8
Is Supply Current 4356 5.6 mA
AC Electrical Characteristics (ot 4)
Symbol Parameter Condltlons TL0s2C Units
Min Typ Max
Amplifier to Amplifier Coupling Ta = 25°C,{ = 1Hz- -120 dB
20 kHz (Input Referred)

! sa Stew Rate Vg = £15V,Tp = 25°C 8 13 Vips

| caw Gain Bandwidth Product Vg = £15V, T, = 25°C 4 MHz
" Equivalent Input Noise Voltage Ta = 25°C,Rg = 10002, 25 nV/VHz

{ = 1000 Hz

b Equivalent input Noise Current Tj = 25°C,f ~ 1000 Hz 0.01 pA/ YV Hz

Rote 1: For opecating at elevated tamperaiura, the device must be derated based on a thermal resistance of 115°C/W Junction 1o amblent for the N packeage.

Bots  Unless otherwise iked the absol i 9 Input volisge Is equai o the negative power supply voltage.

Kats 3: The power D Gt h . cannot be d.

Kots 4: These spectfications apply for Vg = £ 15V and 0°C £Ta £ 470°C. Vos. Ip and log ere meesured at Ve = 0.

#ate §: The input bias currents are Juncy leskage which spp y doudte lor every 10°C increase In the junction lemperature, T} Due to the Emited

reducuon test ime, the Input bias curtents measured are toh in nazmat operation the junction temp ¢ rises above the ambisnt

Brpeatire 43 & rasull of intemal power dissipation, Po.Tj= Ty + 04 Po whare 8, is the thermal resistance from junciion to ambiant Use of & hest sink Is
4 scommended i input bizs crrent is 1o be kept to 8 mnimum.

Kote 6: Supply voltage rejection ratio is measured for both supply mag o ing of di g s ly In d with practice,

V5= 26V 10 215V, )

de o




Typical Performance Characteristics
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Typical Performance Characteristics (continueq)
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+5V-Powered Multi-Channel RS-232

Drivers/Receivers

ABSOLUTE MAXIMUM RATINGS — MAX220/222/232A/233A/242/243

S.0ply VONAQe (VEC) v oveiveninninnnnnnnnnn, 03Vio +6V
inout Vollages
TN ettt e i, ....0.3V10(Vce - 0.3V)

RN . 30V
..................... 215V

e 215V
........................... 0.3V o (Vee + 0.3v)
C-iver/Receiver Qutput Shon Circuited to GND . .. Continuous
Continuous Power Dissi0ation (TA = «70°C)
16-Pin Plastc DIP (derate 10.53mW/C above +70°C) , B42mW
'8-Pin Piastic DIP (gerate 11.11mW/'C above «70°C) . BS9mW
20-Pin Prastc DIP (derale 8 COMW/C ebave «70°C) .. ¢40mwW

16-Pin Narrow SO (derate 8 TOmW/C above +70°C) .. 696mwW

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

18-Pin Wide SO (derate 9.52mW/C above «70°C) .... 762mw

20-Pin Wige SO (derale 10 00mW/C above +70°C)....... ?

16-Pin CERDIP (cerate 10.00mW/ C above +70°C). ... B00mW

18-Pin CERDIP (oerate 10.53mW/ C above +70°C).... 842mw
Operatng Temperature Ranges: :

MAX2 __AC__.MAX2__C.__....... ... 0Cto+70°C
MAX2  _AE __ MAXZ__E__....... 1.+ <40'C10 +05°C
MAX2 __AM __ . MAY2__M__ ........- 55°C 1o +125°C
Storage Temperalure Range .. 65Cto+160'C
Lead Temperature (soldenng. 108e¢) .............. «300°C

Note 13 Input voltage measured with Tout in sgn-mpedance state, SRDN or Vce u OV.
3resses beyond those ksied under ‘ADSOANe Mg srrmm Rap~gs* may cause permanent 0amage 1o the devece. These sre stress ramngs only, and funcronal

$oe3hon O ng Jevice 8t Ihese or any Other CnGioNS beyond INOSE NOICAIED 1 e COAIONS! 38C1ONS O Ihe SDECIERIONS & NOl STEbed, Exposwe o
ASEI4U1E MAXIUM (8MING CONCHIONS 10r #0100TeC DerOCS May affect Oevice renariy.

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

IS @ +5V 210%, C1-C4 » 0.110F, Ta = Tauiy 10 Tanax unless otherwise noted.)

PARAMETER ] CONDITIONS | MN _ TYP MaX | UNTTS
RS-232 TRANSMITTERS
Svitul Vollage Swing | Alivansmter ounputs ioaded win 3x02 10 GND *5 8 v
nout Logic Threshold Low 1.4 0.8 \4
~cut Logic Thresnota High 2 1.4 v
H
i SADN = vee S 40
ogic Pull-Upfinput Current ;
e Pul-Upfinout Cu {SFOR - OV 2001 21 wA
1 Vee = 55V, SHDN = OV, VouT = 215V =001 310
Cruiout Leakage Current
b ° Ve = SHON = OV, VOuT = 215V 201 210 pA
Exgep: L2AX220, normal operaton 200 116
ZataRate kbits/sec
LIAXD22D 22 20
Teansmitier Qulput Resistance VCC = Ve a V- x OV, VOUT = 22V 00 10M 0
C.iput Shon-Circuit Current VOuT = OV 47 =22 mA
RS-232 RECEIVERS
R5-232 Input Voltage Opersting Ranga £30 v
Except MAX243 R 0.8 1.3
£/5-232 input Trveshold Low VeC = 5V Zxceat 2 2N v
MAX243 R2in (Note 2) -3
Except MAX243 T8 2.4
A5-232 Input Ther shold Hign Veg = 5V x Raw v
MAX243 R2in (Note 2) 05 0.1
. | Except MAX 243V SV, no in shan, .2 Q. 1
73-232 input Hysteress ICER cce fyst in sh o 5 -y
MAXz43 1 .
AS.232 Input Resistance 3 5 7 Ve
_TUTMOS Oultput Vollage Low IouT » 32mA 0.2 0.4 v
TTUCMOS Output Vatiage High fOuT = -1.0mA 35 Vec0.2 v
Sowyre vOuT =« GMD 2 -1
“TLCMOS Output Shon-Cirewtt Currert pomaroivs YEUT = G ° mA
Sinwng VouT e Voo 0 20
STUTMOS Cutput Leaxage Corrent | SFOR = Ve or EN = Vec. OV s VouT s Vee =005 210 uA
4V P SVaY] [ 2

:
N
?
:
3
©




MAX220-MAX249

—_—

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

ELECTRICAL CHARACTERISTICS - MAX220/222/232

(VCC = +5V £10%, C1-C4 « 0.1pF, Ta = T to Tumax. unless otherwise notea.)

r

A/233A/242/243 (continued)

e e ar e gy
o © - —

PARAMETER CONDITIONS MIN  TYP MAX |UNITS
EN Input Thresnoid Low 14 08 v
EN input Threshotd High 2.0 1.4 v
POWER SUPPLY
Operating Suppty Voltage 4.5 5.5 v
MAX220Q 0.5 2
No load ~
vee Supply Custent MAX222/232A/23347242/243 4 10 mA
(SHON = vec). Figures 5.6, 9, 18 3562 losd bath outbus MAX220 12
s
- WP MaxzerssaziaAmeses 15
Ta = «25'C [+%] 10
’
Ta=0'Cl0+70°C 2 50
Shuldown Suppty Current MAX2221242 T: prers :; ‘a;'c ] A
Ta = -55"C10 «125°C 35 100
SRON Input Leakage Current B *1 HA
SHON Threshold Low 1.4 0.8 v
SHDR Theesnold High | 20 1.4 \
ACCHARACTERISTICS
Ct = S00F 10 2500pF, MAX222/232Ai2334/282/243 ] & 12 30
T Siew Rase Voo N8I e Vi
ransition Slew Ray /CC = 5V.Ta = +25°C, H
e " mggsured lram :3V o | MAX220 1.5 3 20
-3V or-3V10 +3v
_—_ MAX222/232A1233A72€2/243 1.3 35
Transmitier Propagation Delay L MAX220 4 10
1o RS-23. mai Operation), s
Feura 232 ormai Operasion) MAX222/232A/ 233472627243 15 35 | ¥
Lt MAX220 5 10
MAX222/232Ar233A222/243 0.5 1
Receiver Propaganon Delay . PHLA MAX220 . 06 3
RS-2322|o TTL (Norma! Operation), MAX222/23 2292421203 06 : Ms
gure .
{FLHR MAX220 08 3
Receiver Propagaton Defay PrLS MAX242 0.5 10 us
RS-232 10 TTL ( down), Figure 2 1PLHS MAX242 25 - 10
Recewer-Output Enable Time. Figu e 3| ga MAX222/242 125 500 ns
Feceiver-Output Disatile Time. Figre 3! 1on MAXD22/2¢2 160 SO0 ng
Traneminar-Destout Enabla Time o MAX222/242, 0.1 caos
{SHDN goes high), Figure 4 e unc»:é'es charge-pump siart-uo) 250 ks
Transnutter-Outoui Disable Time -
(SHDN goes low), Figure 4 o1 MAX222/242,0.1y7 caps (2o e) ns
Transmutier « 10 - Propegavon MAX222/232472334/242/243 300
Seiay Diflerence {orma: Cperangn) | PreT-teuT AXTZO 1 2000 s
) .o -~ - | e
Recewer + 1o - Pr. anon i MAX222/232A 233472421243 WO
Oeiay D.tterence (*ormat Operancn) | PHLA-PLMR MAXIZS } 208 "

Note 2: MAX2:3R2xtis guaanteen 10 De low when tne R2IN 15 2 OV or o llogung.

2-13
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Typical Operating Characteristics g
MAX220’222/232A/233A/242/243 :
OUTPUT VOUTASE vx. L0AD CORRENT AVAILABLE OUTPUT CURRENT OX-TIME EXITING SHUTDOWX ~ N
; . DATA RATE ) o MAX2ZZ2/MAX262 g
R QUTPUT LOAD CURRENT ’ T 1k cane 1 ¥
EMHER V- R V- {0ADED | s OIS TloWsFAOK VL OV - v q;"ﬁ:gs,[- i 'g
i Y ] Rl i S T N
Va2 25V NO LOAD ON B VeL o o8 25V " Son | | '
|- mwtn@wrs g : 2\1"! : ? \ g z _J~ | ><
K oiocn m'nwom! B’ --uws_!L \': T~ g l N
L0200, TS RN g ¥ v:c;u.rsvl I~~~ s \ = uF oS N
! T ¢ ) i1 ({o]
N 5 — v ANF CAPS
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- LOADED NOLDD O Y- .‘ o
0 s 10 13 P p-] 9 L] Fy B ] Q ] 60
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