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Abstract

— W e Pl s i i M.

The fuzzy logic is adopted to control the temperature of oven for industrj,al factory. It controls and
complied status by computer. The thermocouple will detect temperature , which §putput a low voltage,after
that it must be amplified and converted to 4-20 milliamps current for standar&, transmission process in
industrial line , which was sent from oven control room to proceed by visual basic program in order to display

data to monitor and all 8 channel will controled in same time.Data was processs by, fuzzy logic math
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__e(B) - e(A)
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L L L H DAC 2 Transparent '
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L L H | H DAC 4 Transparent ¥
L|{H|L}|L DAC 5 Transparent i
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o TuAnafA19Y ( Power Down Mode ) %

:ll v 0 w nil o~ [ -‘d 3 0'
Wulnualflumsssudaiidalnia Geawlasannsnegluluun thtdown hiANTEUARN
DO uaz PD1 lulus

] L v
pousy &l afinsdnede Powerdown daamaunf usrinoudsainmisudajdugassriniuluyne

4.6.1 s1aaziaaamsiienlad MAX199 Tuldeu

semdnantinsulals Taanisidan STBYPD w3a FULLPD annnassalilsunsuan

Tuum  Power-down n'm%'anm"arTumuﬁmﬁﬂfagju.ﬂ:ma‘dqunaf-nnnwuﬂmﬁm}ﬁnwﬂmﬁuﬁhu‘nﬁu

ulunne um Power-down Zegunsnfazndusyinenudhunfidiafinauanasshusnass WR szudn
]

PP -
NHMSTU . ;
nsALAuMNIENFawaf ( FULLPD ) Tutwaia powerdown axd19 A111 SHDN 1y low wila
v - 3 o o v 4
hardware shutdown gnéneieazifiananzznuauiuil uasinlimsulasdugane;
o matlaauuazEUUNAIRNE189BUNA ( Input Range and Protection ) f
mmmsnTﬂmnmmanmu‘umtmmmﬂﬂuwm‘la‘ﬂmﬂmﬂaﬂnmme?ﬁnmam ‘iquﬂqumﬂ
eigaeiundll 1v., + REF/2 0 T Vger 9178 0 119 Vg2 Tﬂﬂmmqmummuquwmmvzm (im D3,
D4 ) WilusinauRa ( ga1sne 42 uas 43 ) I.NﬂLLMM’Q’]H'HNN’MHH']HI&’M}lﬂ?N']V]‘H’] REFADJ U39
R R
PN REF TNEIU Ve = 1.6384"Vpernn, (24 VYV Vege 418 V) |
d‘- ' = ~ & - | 4 1 [ A ' ° b 4
Tdunaluwsiezuruuuassiiniiasfuussduiuly £165 v nisflgeaiudandmnazinanld

v
gunsniiysiasagluluun Power-down

D7 (MSB) D6 D5 D4 D3 D2 Dt DO (LSB)
D1 PDO ACQMOD RNG BiP A2 hi AQ
BIT NAME DESCRIPTION .

7.8 PD1,PDO | These two bits select the clock and power-down modes (Table 3). ,’
5 ACQMOD | 0 = internally controfled acquisftion (6 clock cycles), 1 = externally controlled acquisition
4 RNG Selects the full-scale voltage magnitude at the input (Table 2).
3 BIP Selects unipolar or bipotar conversion mode (Table 2). 1
21,0 A2. A1, A0 | These are address bits for the input mux 10 sefect the “on” channel (Tablp 4),

’ ’ i

AN397 4.2 wamaguuusasiuiacugn

BIP RNG INPUT RANGE (V)
0 0 0to VREFR2 '
0 1 010 VREF
1 0 +VREF2
1 1 £VREF

1 v
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PD1{ PDO DEVICE MODE

0 | O [Normal Operation/ External Clock Mode

0 1 | Normal Operation / Intemal Clock Mode
Standby Power-Down (STBYPD): clock mode

! 0 is unaffected
1 1 Full Power-Down {FULLPD): clock mode is
unaffected

e T S P

AN 4.4 udgmanaidandyyruunRniuay Power-Dowr

i gl e

® NMaliaNAaNNAARaa ( Digital interface ) }

) 73 } 4 - « =l o U -3 h J 1

fayaneinBuynuazioimpariansunihniaingn 3 douzinaTeNseuILIIIY
- - - y 1 ) d 1} L «
Anpuzrasdunauas weme ( 10 ) auduwuumnuiaidesaniadendenulaiasiungages ¢
CS ,WR uar RD azflummuauntsgmuasien 11 CS azdludtyeyradinnsgiliiqendu

arnsannauliivinlasisanes Tagrdunanefndunauay wisyes ( /0§ Waidy high duadhi
i

amnsnldandunn WR , RD uazinlinadensiesgluaniug high z i
',gﬂl.l.UU'u’a\l‘nNﬁu?!ﬂ { Input Format ) {
4 Ly «© * i - ] i
Anlurprupnazgnuandadlliuginsaiuni 07-00 szwinalaAadidinaun anaieed 4.2
Wunsudaagluuureslusaauny f
+
b b
A2 Al AD CHO CH1 CH2 CH3 CH4 CHS CHe CH7
o | o 0 . !
0 0 1 %
0 1 0 &
0 1 1 * 4
1 0 0 * H
1 0 1 L *
1 1 0 | *
1 1 1 H *
i
AT NT 4.5 udaanisiRandesdoy i
PIN HBEN = LOW HBEN = HIGH
D0 BOWSB) | B8
G B B9 !
02 B2 B10 L
03 B3 811 (MSB)
D4 B4 B11(BIP=1}/0(BIP=0) -
D5 B5 B (BIP=1)/0{BIP=0) |
D6 B6 B11 (BIP = 1}/ 0 (BIP = 0)
n7 87 B11 (BIP = 1}/ 0 (BIP = Q)

A3 N 4.6 uanaiadayaniaedivm
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avfiadidu low uaz HBEN il low azflunssudeya 8 fnane uazile HBEN ({1 high fiaziflunns
sudayanniinfiiaruddtygeqa ( MSB ) 1un 4 finfe D4D7 uazdeyathivwalin D4-D7 azgn

vioiu low ( Tutvng Unipolar ) viaimiduiiAtzes MSB ( agluluum Bipolar ) 4na13197 3.6

e Tuuadoynrnuuning ( Clock Mode )
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AryryrnsnRmlgainiinaauau ( D6 ,07) mMmsidauudasdinluiiuluim powef-down azlsifinansznu

1
ralunadtyu U Ang waluluum power-up ﬁnqzﬁuTq'lﬁ‘l"ﬁTuuﬂﬁtytqumﬂn AINNIEIUAN

antassusaenlduadeyyrnmnfnanalu ( Intemal Clock Mede ) liTaelusAcuA
D7=0 uax D6=1 laeidisiaifiuLlszquuin 100 pF semdneen CLK Aunsas Lﬁ'ﬂtﬁ; ntuuailgunsafazidu
daszannlilasingaresandumssianisinauaes SAR Conversion Clocfﬁqﬂnﬁqztﬂimmmwﬁ
14111 1.56 MHz

® UUANSILAN ( Internal W38 External Reference )

MAX199  aansarendliveannunassiedredeimewieniouen  Haguvdednedadenan
menanazgnaediniuen REF w3asn REFADJ uamsdegul 4.11 dannsldan Aer funmlnenseaiiv
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uF 791 REFADJ iUt AGND :

® UnRIRE8NBINE 1Y ( Internal Reference ) ]

nasdfuAuvaaeawdamely 25 Vv deeardnsnisaenedy 76384 dhuiinesues
REFADJ Anusiiulviidu 4.096 V taeiidaifiulsyqdn 4.7 oF sedihiyan RER fun AGND uaziian
REFADJ filsafiurlszqen 001 uF siefuan AGND dan wussdudneBemelluazanunsodsulidu

11.5% (165 LSBs ) datinsasnstfudtgneBauanasiagilii 4.12 ﬁ
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3 o « dl ] v 1 ‘. FS
Arsatesinmaas MAX199 anluluuififiealutuun Unipolar mamj! 1LSB = 109 uay

o FS
two complement binary Tt Bipolar fiatiA1 1 LSB = 2 4109|6 |

¢ arGumsulasatals
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nazutlasiuazFuannsdaudayalumadenuruuuatesiafingn Mariuuanisinnuaes

MAX199 292 lutan Unipolar v3a Bipolar atinelaasinauits neiadidiens ( writd pulse ,WR + CS )
1
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000 X X ><3?
ACOMOD = "1* ACOMOD - '
—  —lyn '
- 2
T § :
D %
&
HBEN )
by — o ‘—f—* }‘—lm
HIGH A AIGHTLOW /" RIGH T LOW HIGH-L
BT T BYTEVALD /N BY1LVALID
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1, douaaansdanssdiuraNiaAes ( Interface )

L At

7 gouildlunisusnuasandtyoyans ( Multiplex and Demultiplex )
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Fuzzy Process
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7U7 5.13 uananytiauanany View
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e Open Image File
Filo Namer Ditectories:
|=baed c\uzer\IN\projact
;_g::z B e\ *
| ) user
:.lh-:v &n
e g # pioject
) addin
O fuzzy
) projoct3
List Files of Jype: Driyes:
[BimacFies Cbmp)  [t] [Ecimrdoss [#]

7171 5.15 laazaaniiend Open File
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U7 5.17 uanaytion 181Ny Windows

3.1 1y Arange scon YinudirfidniFealanau

. - . -‘ o o ) o
3.7 1y Tile Herizontal inwlihndaGuenefugnauuuiusuiiuiludnaa m{y Ctel faniu T

?
|

-l o
HITHRNWIUS

103



104

3.3 1y Tile Vertical iwinfidaidtanafugnanuuuaiiiuiiudnie u Ctriifauriu U

gy

3.4 Wy Cascade WutiidnGuareiugniauiuiuiiutiudane 1n Ctl #aiiu S
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/'——' GueChy LbeTime.Caption ‘\ LbeDale.Luplion
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‘ TxtCh!l.Text

CmdC
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TxiMisc.text PriChl 1
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- peulnga Tacht Az lumnuannasgmniindaldanmeviiddussaispios Tnoacld

Amgnnlganasuinga Prch1 SeaziAniuiangi 10 Feannasi g

a4 12 Omdseneu

Faedingeuasiinfdeazsniléfiaz 8 dn thawh 2 inmuiulasimsudacitduagiu 16

L4 3 174
reuudndaulauduang 10 Wnidnafmidaeldllsunsutunisulasdail

' daunnsanuiiays

* §7UA1AIN Port ﬁ'qﬁmqqua:ﬁm'ﬁ
PCh1Bits =8 * fnuuaduaudaiild
PrtCh1.Port = 776 ' \@an Port # 308H (8 LA
PrtChi.Data = 81 * iMuum Control Word 51H
PriCh1.Action = 2 * 1TiIus8n Port
Do Until Dy > 50 * Wina19a1n987u,13iu Port
Dy = Dy + 1
Loop
PrtCh1.Action = 1 * 81U Port 308H

Loww = PrtCh1.Data  * fvussiauals = Arfiauls

PrtCh1.Port = 777 *1@8an Port # 309H (8 LML)
PrtCh1.Action = 1 * 914 Port 309H
Heigh = PtCh1.Data ' Aumuadauls = Arfigwla

“iARgwliudaaduagiu 10

If Loww < 16 Then

Hexi = Hex{Heigh) & (0 & Hex{Loww))
Else

Hexi = Hex(Heigh) & Hex({Loww)
End If

CurrentNum = Val{'&h® & Trim$(Hexi) & &)

Disp = (Format$(CurrentNum)) * (1200 / 4096) UAnIATIEILAN port
TxtCH1.Text = Disp * I TxtCh1 uasA1sauLe Disp

|
|
|
|
1
!
|
|
3

e e
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.’i

piawds Disp axiinsAtuAREIAN (1200/4096) %qmﬂ'\nﬁ'\qmuqﬁqmm 1200 ®
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-

wiskatAseALnsulsedyyiuneslaTiayd 12 DnTelinauun 4096 szAudnindfaninmas
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- pautnsa PrCh lﬂunau‘[ma?'nﬁtuﬁl‘i‘lumeﬁmﬁaﬁuwa?'wmﬁw-nmm?mnau ARe T

mmmmum‘lmwa" 8 Y7n 16 umfmﬂvnﬁm'msamwmm Bits 1y “PrtCh1.Bits = 8" NN

v
ol

ﬂﬂﬂﬂﬂlﬂﬂﬂu‘tﬂ?ﬂ PrtCh1 mumﬂwﬂumwwmmﬂa“ 8 umﬂumuuﬂnmnuuu wsfamwmmﬁu

1 unnaviauantaun ‘
Port 'n~1'l'nmuuﬂummawamwa"mwmL'zluutﬂuta'ug'\u 10 Hausivainbias 0 - 66635
Data fnm:'l%’%’uu%dwagawéwu‘lmmnw'asvmmuum }

Action finnualiinauinsariansshuvieidinudiayalaudn Action = 1 umiiﬁqmsﬂ"\um
anne uaz Action = 2 wnafiimndinudisannedv l
- pauIna Timel 'l'h‘lum?muQumuwmL‘?iﬂﬂ?ULI;am?uamuamqmuqﬁ,nﬂ uarne
ﬂ?:mauaﬂa%ﬁaaﬁnTmnm?ﬂ'JUﬂuﬂ?‘amw'aa‘ﬁv Interval 114 “Time1.Interval =2" uxhefarimua
mummwmmmmav:mumwnnu 2 Aumiiusiu l
. ﬂfauTma GueCh1 tflumsuamuamva'mwmmiman‘h]muquwwmmuLmauymmum 0-
255 §7u 10 Faazuamanaiunsuyiodsing 1 funmafiuaniasdiAviniy zsiqvu%umﬁ'\

,§ann 127 wilidazssazimiduiwndnzzaaiuddsataonsimualulilsun !
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If OUT = 255 Then

GueCh1.ForeCcler = &HFF avualsl GueCh1 RAuaatinsiaurls OUTEiAwiNL 255

Elself OUT <= 127 Then

GueCh1.ForeCeicr = &HBOFF80  ‘finvunlyi GueChi fiAvARudsauls oyt fAnteandn 127

End If

- paulnsa LbeTime 'l-i'uamin'\ﬂf{pjmwﬁﬂ~|.ﬁuTms.|ﬁpJuuu CH_Time.BMP 1y 1_12_30.BMP

nmumgﬂﬂm-nﬂqﬁ’tymmf 1 dudianan 1230 u. Fufulunedivm Bmp Husu
- aoulnga LbeDate azuamdunanilaqriuluguuy mmyddyy hhimmiss A FowiunAl datuy
/ t

WRAUN /

, : -~ - 'v 1 1 -~
- paunsa Gue_Ch1 ihABuInTAINALUIMUAAINATAURUUITIA LR iangL ARunETHA

|

Huanns (ApuInTa GphCh1) WETuamaziiAwmilauiuasulnga TxCnl fiatl

If Ch1 < Disp Then ,] ] {
txtCh1.ForColor = &HFF& * mvmmetCh1'luuaummﬂqmuqumnnfn SET }ZOPINT
Gue_Ch1 foreColor = &HFF& ‘rnuunGue Ch1'luuaummﬂqmuqumnm'\ gET POPINT

Elself Disp = Chf Then
txtChiForeColor = &HFFOOFF fivun TrCh1 Warmamdieguuqfivindu SE jPOPINT

/ ' . ‘

¥y
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Gue_Chi ForeColor = &HFFOOFF *finwnnGue_Ch1 WtiTisuvyfiagrunnfivinfiu SET POPINT

Else:

txtCh1.ForeColor = &HFF0000 ‘finuua TxtCh1 Wiifunduillegnumyiivias

Gue_Ch1.ForeColor = &HFF0000 ‘fimunGue_Ch1 Willundwuilaqunyiitigendn SET POPINT

91 SET POPINT

End If

. o o y % P
- Apulnsa Cmdch WurjuAdenlftumsGvinaulasldwsoumes@ Caption uapasiowiedaun

Janlu Start waz Stop adlilAFTIINMUAzE Caption (U Start uam:nﬂﬁﬂmﬂia Stop MA9AIN

Fuineuieazeglulnsfieeftieniimmeuauesfnderig « dsil

i

Private Sub Cmdch1_ClickQ
Select Case Runch1
Case False
Runch1 = True
emdch1.Caption = "&Close’
txt1.Enabled = False
Chl = InputBox(‘Tﬂmé’othmuqﬁ (aaAngaidus) ° "ﬁmd’rurmm‘?i 1*, 300)
' yinAnTildaan input box ULAAIT text box
I# Ch1 = Cancel Then
txtl.Text = =
cmdch1.Caption = "&Close"
cmdch1.Velue = False
GoTo line1:
Elself Ch1 <= 20 Then

‘dafiaAs AU

- ————

¥

MsgBox *Anbignanzosagruugiininda 20 esrsadea’, 16, ‘Tsunsuwudafin

nam'
txt1.Text = *
cmdch1.Caption = ‘&Close"
c¢mdch1.Value = Faise
GoTo Ene2:
Elself Ch1 < 1000 Then

' Run Program+fuzzylogic & plot graph

- et

. i s o
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nam'

Case True.

finel:

txt1.Text = "

FrmCh1.§how
Xa=0
Ya=0

txt1.Enabled = True

Time1.Interval = 3000 ‘set interval
txt1.ForeColor = &HCO  ‘rmum@umalu’text box
txt1.Text = Ch1 'fvuAAYT text box
Lbport.Caption = Cht

gphch1.Cls

gphch1.CurrentX = 0

gphch1.CumrentY = 100

Xb=0

Ya = 1500

X=0

X1=0

Delay

'Delay1

Elself Ch1 > 1200 Then

'‘datippnuIFAay

MsgBox ‘Ao liignansnsmigun)igandn 1,200 asAnaaidear, 18, Tsunsumudafin

txtl.Text = *
cmdch1.Caption = '&Close”
cmdchi.Value = False
GoTo fine2:

End If

Runch?! = False
cmdch1.Caption = *&Start’
Time1.Enabled = False

‘clear text box

Unload FrmCht

!

X

|
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Xb =0

Yb=0

Exit Sub

line2:
Runch1 = False
cmdchi.Caption = “&Start’
Time1.Enabled = False
txt1.Text = ™ ‘clear text box
Unload FrmCh1
FrmCh1.Show
Xa=0
Ya=0
Xb=0
Yb=0
Cmdch1._Click
Exit Sub

End Select

End Sub
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i

- pautnsa ImgOut vinwdirfilanesu FrmCh1 uqmm?v‘hmuua:muqmmauagj'lui!wﬁLﬂa?'tiauﬁm?

. -1
ADUAUDINITNINTUAIU

Private Sub ImgQOut_Click(
PrtCh1.Data = 0 * nawunAl 0 Wiy PrCh

PrtCh1.Action = 2 ' (Truaan Port

Unload FrmCh1 ¢ Uavlafy FrmChi !

End Sub
- ApuTNTA CmdOpt WFBLjH Qption 'lﬁqﬁuﬁqﬁfwzmﬁq:nﬁuFi'm'luna"\ﬂ'[mmzuémﬁuwmﬁﬂn'ﬂﬁﬁq
Ay f
i
=| =z vauyanmufi 1
fusadaarfiaziiufingr  [nfi) j
5

UM 5.22 uassdunaiandFudArnarfiasiufinaansmfiAniesiariagu 5 wi

wagluinFiwefiosnsuiimeauainisinnudail

Private Sub CmdOpt_Click) h

Opt = Lbe1.Caption

Opt = InputBox(TsaRanafiastiufindn wnfi) *, “Teedoyoyrnudi 1, 5)
If Opt = " Then

Opt = Lbe1.Caption
Elself Opt < 0.2 Then . i

MsgBox "lﬁmma‘ns‘;’qﬁqshnfhiﬁﬁ', 16, “Tusara"

CmdOpt_Click

Elself’Opt >= 0.2 Then Opt = Lbe1.Caption
Opt = InputBox(TzaRaranfiastiufindn (un¥l) *, “deedityeyrosdi 1, 5) i

Lbe1.Caption = Opt

LbeZ.CaQtion =2 * Opt i
Lbe3.Caption = 3 * Opt
Lbed.Caption = 4 * Opt

Lbe5.Caption = 5 * Opt

Ly o
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Lbe6.Caption = 6 * Opt
Lbe7.Caption = 7 * Opt

. Lbe8.Caption = 8 * Opt
Lbe8.Caption = 9 * Opt
Lbe10.Caption = 10 * Opt

by (gt oty i o deam bl s

Lbe11.Caption = 11 * Opt
Lbe12.Caption = 12 * Opt
End Sub

! . ~ [ :’; 3 s ] - -l 4 1 :'/ 3 ° ' -‘-l' -l a «
T b NG IRIE Opt TiaunasaAsIngn 0.2 Auhre 1 921981 fmaAmndtasivend

o

¥ -1
WRANTHAIU

- =] vhudusieh
@ Tiawmsndumdinsatng

oK

71 5.23 uaanianddieanuifiauMIsRAAING B LR

v WA M s

1
' v
& s - g

- poulnsa TkeSet MHlumsuassAranuuansinszwinguugifniuAguuligiadal

i
L
Set_P = (Ch1 - baCh1.Text)  ‘Wisaurls Set_p winfuAn sus Cht - 48 7 TICh1
TxtSetText = Set_P  * Wirhuils Set_P uamaA1irouinga TxiSet ?!

i

paulnea TxtDe MduamsAninfsuulssresguu)iinials

. o o . es 3 - : Q' X
= (Disp - Temp): “WWisiautl? DE winfuAgruugfiAnTy

v ar 0 AJ
TxtDe.Text = DE  * Wisinuds DE uameAasuInga TxtDe

g o] - asmfin [FPRY SO

- paulnsa TxtOut uamAnevinanidllaruguiasarugusnauilsiunannidlssunansiiad

94N

-

: iy de o
- pulnsa TxCh liuancArquugiivisaineuusniianisiuluunsy i
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Yo e e

o o
VNKRMINUUKT

).
=2

- paulnsa GphCht (ureutnga Picwre AlindannmArvesgumniindaldduiu

anunrainiufnduldduisana BMP ansmiuasy 120 fhi‘mﬂﬁ'mi'uﬁﬁﬁaﬁTﬂﬂ%n?n'lumm?ﬁq

newlatl f
gphCh1.ScaleHeight = 1200 ' AMUUAANAINAAING {
gphCh1.ScaleWidth = 120 * AMUUAAIRINAAINNT N

* Avuasiauls Yb winiuan 1200 - AFIRUINGR TxtChi

Yb = Val(1200 - txtCh1.Texy
* WinauMnsa GphChl anansnananmadl/is

gphCh1.AutoRedraw = True
‘ Maduaiuupauings GphCh1:m'mﬁ'1Lmﬁ\WiN 1

gphCh1.Line (Xb, Yb}-{rz, Yz, QRColor(12)

Xb = (Xb + 1) * @At sawls Xb1 An |
Xa = Xb -1 * anAduls Xa 1 A i
Ya = Yb  Wisiuls Ya = Yb :
If Xa = 120 Then < \flafn Xa = 120 WiinAndasigtufi i
Xa =0 ‘ IAREFAT Xa ;
Xb = 0 * 1ARLSAN Xb ;I
Ya = 1200 " A Ya = 1200 i
X=0 * \AREFAT X ;
X1=0 “\pRufAn X1 ‘

“ Winaulnsa GphCht mm?mqmmwa:ﬂﬂ'la’i

gphCh1.AutoRedraw = True
' vy luaouinea GphChl 'lﬁﬁiﬂmuﬁ’quﬂ? Pri

SavePicture gphCh1.lmage, Pri
gphCh1.Cls < irdafnsaaulnsa GphChi ,

Beep ' dadsaiimiudia 120 An !
1

M Tetdatniod NS Mt 1 g o o
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-

. ady 4
Tumadsulusunsulszananadyyugumgindalsn nmvnmw'auwm\!‘l WannsAILIAN

m"]qmuqﬁlﬁ‘lﬁ’muﬁﬁmm?ﬁ’uqzﬂqu'\?mmunuuww 4 devvesiaiasdnd|Finseanuunly

2‘, ° ' - -~ 3 &~ -~ ~ A (] -~al
meuu&nqumwﬁmmqulﬂuam'nn'nmmuﬂmmaxmnauwumnmLuJ? DE‘ 'nqtflumqnmquw

-\' 4\' ' -~ 'v L4 + 'v p P L9 ' o ' & 4 i +
Wadudanlfandquuniialalutiqiususiidnldnaum 1 mmmmnm[ﬂ? DE AlAnmaen

anudugindnainns g 4.5 Yma'l‘i'ng-naqmumﬁﬂu%qm'g’fhunuuauuavﬁq

v - "
1 Aadauidaule

wm‘lv”l‘lmmmﬂuqummnuaq'lu Private Sub Procedure 711841 Fuzzy_Logic_ Processf
uﬂn’-l'mml.l.ﬂ? DE 'ﬂu’lu"lﬁunqW'\ﬂ'\ﬂ’)']ulﬂuau']'ﬂnﬂ\’”’ﬂuwﬂlun'\?ﬂ?"“qa“ﬂﬁﬂ'ﬂﬂnﬂq

uilpesauls Set P 'nqLﬂuﬂ’m"lamnmqmuqunmm‘lqaumﬂmqmuquﬂqqu@ﬁmmmmqmﬂu

am'nnmunﬂwgﬂw 4.4 -nq'aq'lu Private Sub Procedure (Reriuil

-

Private Sub Fuzzy_Logic_Processf()
' Change Of Temperature input ;DE
' Negative
If DE <= 0 Then
If DE < -3 Then
LN=1%
Elself DE >= -3 And DE <= 0 Then
= (DE/-3)
End If
Else: LN =0
End If
' Zero
If DE >= -3 And DE <= 3 Then
If DE >= -3 And DE <= 0 Then
ZE=1-(DE/-3)
Elself DE->= 0 And DE <= 3 Then
ZE=1-(DE/3)
Eiself DE > 3 Then
ZE=0
End if
Else: ZE = 0
End If

e man e e At g et [ A e

-~
NP Ll Al AN N A EmAgae et metAmS W v e o iaam

i gl ey b s i
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* Small Positive ; SP
If DE >= 0 And DE <= 8 Then
{f DE <= 4 And 0 <= DE Then
SP = (DE/ 4)
Elself DE > 4 And DE <= 8 Then
SP=1-(DE-4)/4)
End If
Else
SP=0
End If
' Lage Positive ; LP
if DE >= 5 And DE <= 11 Then
If DE <= 8 And 5 <= DE Then
LP = ([DE-5)/3)
Elself DE >= 8 And DE < 11 Then
LP=1-{{DE-8}/3)
End If
If DE > 11 Then
LP=0
End If
Else: LP =0
End If
‘ Very Large Positive
If DE >= 8 Then
if DE > 11 Then
VLP =1
Elself DE >= 8 And DE <= 11 Then
VLP = ((DE-8)/3)
End if
Else: VLP = 0
End If
‘Error Between Setpoint and Tempesature

' NEGATIVE

B T e

N o e A b

e e W At e el e 88
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K
§
{
i
{
i
If Set_P <= 0 Then i
If Set_P <= -8 Then ;
Neg = 1 !
i
Elself Set_P <= 0 And Set_P > -8 Then
|

Neg=1-({{Set P +8)/8)
End If
* Set_P = Neg
Else: Neg =0
End If
' ZERO
If Set_P >= -8 And Set_P <= 6 Then
If Set_P <= 0 And Set_P >= -8 Then
Zero = 1 -(Set_P/-8)
Elself Set_P 3 0 And 6 >= Set_P Then
Zero = 1 ~(Set_P / 6)
End if
Else: Zero = 0
End If
' Small POSITIVE ; SM
If Set_P >= 0 And Set_P < 12 Then
If Set_P >= 0 And 6 > Set_P Then
Pos = (Set_P/ 6)
Elself Set_P >= 6 And 12 > Set_P Then
Pos = 1-(SetP-6)/6
End If
Else: Pos = 0
End If
' LARGE ERROR POSITIVE ; LEP
If Set_P > 6 Then
If Set_P > 12 Then
LEP =1
Elself Set_P > 6 And Set_P <= 12 Then
LEP = ((Sét_P - 6) / 6)

i Gty
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End If
Else: LEP =0
End If
End Sub

Wamdraruflusindneesdoulsiaesldudafasindanguarl
42 TagaungrasaiasdnaziuniniAdulsifidranuduannindasnd
luarhArsudsidaanin i lunssunaAievinauaz ianionin

- - e - 4 P

ReulymauFaudsuAmuylsredunaiinesniunganmsed 4.2

Procedure Rule uaztfiuAifauiuetiludaudeang 4 iy

i
E]
i
i
i
?
3
{
]
I
|
)

MAMINANAIT N

1 fre § > -l ‘.
T'\'l'nf-mmaqmﬂuwau

vagflu Private Sub

Private Sub Rule()
‘RULE BASE

If Neg < LN Then * nnuuadeuly dsuls Neg tiaandrsautls LN usia aa
OFF1 = Neg * Wisuls Off1 = Aauls Neg
Else: OFF1 = LN * 8sauls Neg dasindtsuds LN lunia aedu Wisauds Off1

End If ‘quideuly

if Neg < ZE Then

OFF2 = Neg
Else: OFF2 = ZE

.End If

If Neg < SP Then
OFF3 = Neg

Else: OFF3 = SP

End If

If Neg < LP Then

OFF4 = Neg
Else: OFF4 = LP
End If

If Neg < VLP Then
OFF5 = Neg
Else: OFF5 & VLP

End If

B e e | B T e

-

B

-

Aauys LN




w et

....................................................................

If Zero < LN Then

OFF6 = Zero
Else: OFF6 = LN
End If

If Zero < ZE Then

OFF7 = Zero
Else: OFF7 = ZE
End If

If Zero < SP Then

OFF8 = Zero
Else: OFF8 = SP
End If
If Zero < LP Then

OFF9 = Zero
"Else: OFF8 = LP
End If

if Zero < VLP Then

OFF10 = Zero
Else: OFF10 = Zero
End If

......................................

If Pos < LN Then

ON11 = Pos
Else: ON11 = LN
End If

If Pos < ZE Then
ON12 = Pos

Else: ON12 = ZE

End If

If Pos < SP Then
ON13 = Pos

Else: ON13 = SP
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End If
if Pos < LP Then

ON14 = Pos
Else: ON14 = LP
End If

If Pos < VLP Then
ON15 = Pos
Else: ON15 = VLP

End tf

If LEP < SP Then
ON16 = LEP

Else: ON16 = SP

End If

If LEP < LP Then
ON17 = LEP

Else: ON17 = LP

End If

If LEP < VLP Then
ON18 = LEP

Elsé: ON18 = VLP

End If

If LEP < LN Then

ON19 = LEP

Else: ON19 = LN

End If

If LEP < ZE Then

ON20 = LEP

Else: ON20 = ZE

End If

End Sub
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1
] 1} !
dielFAranunduamndnsesiudsiiiafeandtudasstirdaisanainlumArsaiulilug
A ' ; LE
wis TOTOFF waz TOTON aamiwirAsautls OFF uas ON filduranmadanguavianasldanimin

wAEANAIIN 4.2 minhldhganngudtiaesdneninaianirlauausely
1

}

1
Private Sub QUTPUTI() i
'SUMMATION OF ON AND OFF i
TOTOFF = OFF1 + OFF2 + OFF3 + OFF4 + OFFS + OFF6 + OFF7 + OFF8 + OFF9 + OFF10

TOTON = ON11 + ON12 + ON13 + ON14 + ON15 + ON16 + ON17 + ON18 + ON19 +,ON20
‘CENTRODE OF QUTPUT

'WIEGHT OF RUle_ AND ON
Rule_1 = OFF1 * 0
Rule_.2 = OFF2 * 0

g ok S e st

Rule_3 = OFF3:* 0
Rule_4 = OFF4 * 0
Rule_5 = OFF5 * 0

ORI

Rule_6 = OFF6 * 4
Rule_7 = OFF7 * 8
Rule_8 = OFF8 * 0

i P

Rule_9 = OFF9.* 8
Rule_10 = OFF10 * 4
Rule_11 = ON11 * 128

W ———

Rule_12 = ON12 * 128
Rule_13 = ON13 * 128
Rule_14 = ON14 * 128
Rule_15 = ON15 * 128
Rule_16 = ON16 * 255
Rule_17 = ON17 * 255
Rule_18 = ON18 * 255

O e

Rule_19 = ON19 * 255

Rule_20 = ON20 * 255

13

CT = (Rule_1 + Rule_2 + Rule_3 + Rule_4 + Rule_5 + Rule_6 + Rule_7 + Rule_8 + Ruie_Q +

Rule_10 + Rule_11 + Rule_12 + Rule_13 + Rule_14 + Rule_15 + Rule_16 + Rule;17 +
Rule_18 + Rule_19 + Rule_20) ' !

4

|



OUT = CT/ (TOTOFF + TOTON) * AnavinmsnisiainnisuiAtqagutitag

'@aAMIUAN PORT
PtCh1.Bits =8 ' mMuuasuquiln
PrtCh1.Port = 769 ' nMvium Port #301H
PrtCh1.Data = OUT ' finusAnfiazdanan Port
PrtCh1.Action = 2 ' #9A198N Port
If OUT = 255 Then

GueCh1.ForeColor = &HFF
Elself OUT <= 127 Then

GueCh1.ForeColor = &H80FF80
End If
GueCh1Value = OUT  * uAR3A1 OUT PUT 7unA 1
End Sub
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File Edit Scope Help . 1
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VERSION 4.00

Begin VB.MDIForm FrmMdi AutoShowChildren= 0 'False
BackColor= &H8000000C&
Caption = Tsunsumupugamgiimey

ClientHeight 7155

ClientLeft= 4980

ClientTop= 1710

ClientWidth = 9915

Height = 7785

lcon = *FRMMAIN .frx":0000
Left = 4950

LinkTopic =  “MDIForm1*
Top = 1110
Width = 9975
Begin VB.Menu MnuFile
Caption = "&File'
Begin VB.Menu MnuRun
Caption = "&Run
Begin VB.Menu MnuCh1

Caption = *Channel&1"
Shorteut = +{F1}
End
Begin VB.Menu MnuCh2
Caption = ‘Channel&2"
Shorteut = +{F2}
End
Begin VB.Menu MnuCh3
Caption = *Channel&3"
Shorteut = +{F3}

End



Begin VB.Menu MnuCh4

Caption = *‘Channel&4"
Shorteut = +{F4}
End
Begin VB.Menu MnuChb
Caption = *Channel&5"
Shorteut = +{F5}
End
Begin VB.Menu MnuCh6
Caption = *Channel&6’
Shortcut = +{F6}
End
Begin VB.Menu MnuCh7
Caption = *Channel&7"
Shortcut = +F7}
End
Begin VB.Menu MnuCh8
Caption = *Channel&8*
Shortcut = +{F8}
End

End
Begin VB.Menu Munlins1
Caption =
End
Begin VB.Menu MnuClose
Caption = "&Close'
Shortcut = A F4}
End
End
Begin VB.Menu MnuView



Caption = "&View'

Begin VB.Menu MnuTemp

Caption "Fuzzy Process”

End
Begin VB.Menu ins

Caption = o
End

Begin VB.Menu MnuGraph

Caption
End

*Graph Viwer"

End
Begin VB.Menu MnuWindow
Caption = "&Windows' Begin VB.Menu MnuArange
Caption
End

*&Arange Icon"

Begin VB.Menu MnuTile
Caption = Tile &Horizontal*
Shortcut = AT
End
Begin VB.Menu MnuVer
Caption = Tile &Vertical"
Shortcut = AU
End
Begin VB.Menu MnuCascade
Caption = *C&ascade’
Shortcut = AS
End
End
Begin VB.Menu MnuAbout
Caption = "Abo&ut'



Attribute VB_Name = "FrmMdi"
Attribute VB_Creatable = False

Attribute VB_Exposed = False

Private Sub MDIForm_Load()
'FrmCh1.Show
'FrmCh2.Show
'FrmCh3.Show
'Form1.Show
'FrmCh4.Show
PauseTime = 5 ' Set duration.
Start = Timer ' Set start time. FrmPic.CurrentX = 100
FrmPic.CurrentY = 100
FrmPic.Show
Do While Timer < Start + PauseTime
DoEvents ' Yield to other processes.
Loop
Unload FrmPic
End Sub
Private Sub MnuAbout_Click()
' Declare local variables.
Dim MsgText
Dim CR
Dim PB
" Initialize paragraph break local variable.
CR = Chr$(10) & Chr$(15)
PB = Chr$(10) & Chr$(13) & Chr$(10) & Chr$(13)
' Define message text.
MsgText = "aanuuuwasWmunlng
MsgText = MsgText & CR & "wel ussaw dmuziagalsad  3/1T 37013026"
MsgText = MsgText & CR & "wnel Usznig Ainanas 3/1T 37013030°



MsgText = MsgText & CR & "untl 1w ansatlawus 31T 37013033"
MsgText = MsgText & PB & "7 ENEN Na9TALAT "
MsgText = MsgText & CR & "a1an 3t finu"
MsgText = MsgText & PB & "Tasaauszauf3ryy ss nMagnddans s’
MsgText = MsgText & CR & *InsAnunAx e
MsgText = MsgText & CR & ‘Tn1s@nun 2539"
' Display the message.
MsgBox MsgText, 64, 'Tﬂ?LLn?Nﬂ'JUQquMn"ﬁﬁ'Jﬂ Fuzzy Logic 8 184" End Sub
Private Sub MnuArange_Click()
FrmMdi.Arrange vbArrangelcons
End Sub
Private Sub MnuCascade_Click()
FrmM(di.Arrange vbCascade
End Sub
Private Sub MnuCh1_Click()
FrmCh1.Show
End Sub
Private Sub MnuCh2_Click()
FrmCh2.Show
End Sub
Private Sub MnuCh3_Click()
‘FrmCh3Show
End Sub
Private Sub MnuCh4_Click()
'FrmChé4.Show
End Sub
Private Sub MnuCh5_Click()
‘FrmCh5.Show
End Sub
Private Sub MnuCh6_Click()



‘FrmCh6.Show

End Sub

Private Sub MnuCh7_Click()
‘FrmCh7.Show

End Sub

Private Sub MnuCh8_Click({)
'FrmCh8.Show

End Sub

Private Sub MnuClose_Click()
End

End Sub

Private Sub MnuGraph_Click()
FrmGraph.Show

End Sub

Private Sub MnuTemp_Click()
FrmFuzzy.Show

End Sub

Private Sub MnuTile_Click()
FrmMdi.Arrange vbTileHorizontal
End Sub

Private Sub MnuVer_Click()
FrmMdi.Arrange vbTileVertical
End Sub

Public Sub main()

End Sub



VERSION 4.00
Begin VB.Form FrmCh1
AutoRedraw

BackColor
BorderStyle
Caption
ClientHeight
ClientLeft
ClientTop
ClientWidth
Height

lcon =
Left =
MaxButton
MDIChild
MinButton
ScaleHeight
ScaleWidth
ShowInTaskbar
Top =
Width

FRMCH1.FRM

i

Begin VB.TextBox TxtCh

Alignment
ForeColor
Height

Left
MaxLength
Tablndex

Top

-1 'True
&H00COCOCO&

4 'Fixed ToolWindow
"ﬁmd’tyrmm‘?i 1
3165

105

1410

9750

3510
"FRMCH1_1.frx":0000
75

0 ‘False

-1 'True

0 'False

3165

9750

0 'False

1095

9810

=2 'Center

= &H00CO00C0&
=315

=1320

=7

=31

=2760



Private Sub MnuCh6_Click()

'FrmCh6.Show

End Sub

Private Sub MnuCh7_Click({)

'FrmCh7.Show )

End Sub

Private Sub MnuCh8_Click()

‘FrmCh8.Show

End Sub

Private Sub MriuClose_Click()

End

End Sub

Private Sub MnuGraph_Click()

FrmGraph.Show

End Sub

Private Sub MnuTemp_Click()

FrmFuzzy.Show

End Sub

Private Sub MnuTile_Click()

FrmMdi.Arrange vbTil_Engizontal
‘—End Sub

Private Sub MnuVer_Click()

FrmMdi.Arrange vbTileVertical

End Sub

Public Sub main()

“%nd Sub



Width
End

Begin VB.TextBox TxtMisc

Alignment
ForeColor
Height
Left
MaxLength
Tablndex
Top
Width

End

Begin VB.TextBox TxtOut

Alignment
ForeColor
Height
Left
MaxLength
Tablndex
Top
Width

End

Begin VB.TextBox TxtDE
Alignment
ForeColor
Height
Left
MaxLength
TabIndex
Top

=735

=2 'Center
=&HO00C000C0&
=315

=480

=7

=30

=2760

=735

=2 ‘'Center

= &H00CO00C0&
=315

=1800

=7

=29

=2400

=735

=2 'Center

= &HO0C000CO&
=315

=960

=7

=28

=2400



Width =735
End

Begin VB.TextBox TxtSet

End

Begin VB.TextBox TxtCh1

Alignment
ForeColor
Height
Left
MaxLength
Tablndex
Top =
Width

Alignment
BackColor
Enabled
BeginProperty Font
name
charset
weight
size
underline
italic
strikethrough
EndProperty
ForeColor
Height
Left =
MaxLength
Tabindex

1}

=2 'Center
= &H00CO00CO&
=315
=120
7
27
2400
735

1 'Right Justify
&HOOFFFFFF&
0 'False

="Arial'

=400

=30

=0 'False
=0 'False
0 'False

&HOOFFO000&
795
120
6
24



Top = 120
Width = 2175
End
Begin VB.CommandButton CmdExt
Caption = *Salwve’

BeginProperty Font

name ="Arial*
charset =1
weight =400
size =14.26
underline =0 ‘'False
italic =0 'False
strikethrough = 0'False
EndProperty
Height = 495
Left = 120
Tablndex = 22
Top = 1800
Width = 1215

End

Begin VB.CommandButton CmdOpt
Caption = *O&ption”
BeginProperty Font

name ="Arial'
charset =1

weight =400

size =14.25
underline =0 'False
italic =0 'False

strikethrough = 0'False



End

EndProperty
Height
Left =

Tabindex

Top =

Width

Begin VB.CommandButton CmdCh1

End

Caption

Default

BeginProperty Font
name
charset
weight
size
underline
italic
strikethrough

EndProperty

Height

Left =

Tablndex

Top =

Width

Begin VBX.Portz PrtCh1

Bits =

Data

Left

Port

It

495
1440

21
1200

1095

"&Start’

-1 'True

="MS Sans Serif*
=1

=400

=135

=0 'False

=0 ‘'False

0 'False

510
120

20
1200

1215

1200



Top = 3120
End
Begin VB.Timer Timel

Left = 1680

Top = 3120
End

Begin GaugeLib.Gauge GueCh1

Height = 135
Left = 120
Tabindex = 23
Top = 960
Width = 2175
_version = 65536
_extentx = 3836
_extenty = 238
_stockprops = 73
forecolor = 128
backcolor = 16777215
innertop = 2
innerleft = 2
innerright = 2
innerbottom = 2
max = 255
needlewidth = 3

End
Begin VB.Timer Timer2
Left

720

Top 3120
End

Begin VB.Frame FrameCh1



Tablndex

BackColor = &HOOCOEQFF&
Caption = 'nruaaeAguuni’
BeginProperty Font
name ="AngsanaUPC"*
charset =1
weight =400
size =14.25
underline =0 ‘'False
italic =0 ‘'False
strikethrough = Q'False
EndProperty
Height = 3135
Left = 2640
Tablndex = 0
Top = 0
Width = 7095
Begin VB.PictureBox GphCh1
AutoRedraw =-1 'True
AutoSize =-1 'True
BackColor = &H00COCOCO&
FillColor = &HOOEOEOEO&
ForeColor = &HOOCOEOFF&
Height = 1935
Left = 600
Mouselcon = *FRMCH1_1.frx":0442
MousePointer = 3 'l-Beam
ScaleHeight = 1200
ScaleMode = 0 'User
ScaleWidth = 240

1



Top = 600
Width 5775
Begin VB.Line Line36
BorderColor = &HOOFFFFFF&
BorderStyle =3 'Dot
X1 =220.574
X2 =220.574
Y1 =0
Y2 =1209.449
End
Begin VB.Line Line35 BorderColor =  &HOOFFFFFF&
BorderStyle =3 'Dot
X1 =200.522
X2 =200.522
Y1 =0
Y2 =1209.449
End
Begin VB.Line Line34 BorderColor =  &HOOFFFFFF&
BorderStyle =3 'Dot
X1 =180.47
X2 =180.47
Y1 =0
Y2 =1209.449
End
Begin VB.Line Line33 BorderColor =  &HOOFFFFFF&
BorderStyle =3 'Dot
X1 =160.418
X2 =160.418
Y1 =0
Y2 =1209.449



End

Begin VB.Line Line32 BorderColor

End

Begin VB.Line Line31 BorderColor

End

Begin VB.Line Line30 BorderColor

End

Begin VB.Line Line29 BorderColor =

End

Begin VB.Line Line28 BorderColor =

BorderStyle
X1
X2
Y1
Y2

BorderStyle
X1
X2
Y1
Y2

BorderStyle
X1
X2
Y1
Y2

BorderStyle
X1
X2
Y1
Y2

=  &HOOFFFFFF&
=3 'Dot
=140.366
=140.366
=0
=1209.449

=  &HOOFFFFFF&
=3 'Dot
=120.313
=120.313
=0
=1209.449

=  &HOOFFFFFF&
=3 'Dot

=100.261

=100.261

= 0

1209.449

&HOOFFFFFF&
= 3 'Dot

= 80.209

= 80.209

= 0

= 1209.449

&HOOFFFFFF&:



BorderStyle
X1
X2
Y1
Y2
End

Begin VB.Line Line27 BorderColor =

BorderStyle
X1
X2
Y1
Y2
End

Begin VB.Line Line26 BorderColor =

BorderStyle
X1
X2
Y1
Y2
End

Begin VB.Line Line25 BorderColor =

BorderStyle
X1
X2
Y1
Y2
End

Begin VB.Line Line24 BorderColor =

BorderStyle
X1

3 'Dot
60.157
60.157

0
1209.449

&HOOFFFFFF&
3 ‘Dot

40.104

40.104

0

1209.449

&HOOFFFFFF&
3 'Dot

20.052

20.052

0

1209.449

&HOOFFO000&
3 'Dot

0

240.627
302.362
302.362

&HOOFFO000&
3 'Dot
0



X2 =
Y1 =
Y2 =

End

Begin VB.Line Line23 BorderColor=
BorderStyle =
X1 =
X2 =
Y1 =
Y2 =

End

Begin VB.Line Line22

BorderColor =
BorderStyle =
X1 =
X2 =
Y1 =
Y2 =

End

End
Begin Gaugelib.Gauge Gue_Ch1

Height =

Left =

Tablndex =

Top =

Width =

_version =

_extentx =

_extenty =

_stockprops =

240

604.724
604.724
&HOOFFFFFF&
3 'Dot

0

242298
1209.449
1209.449

&HOOFF0000&
3 'Dot

0

240

907.087
907.087

1965
6480
19
600
135
65536
238
3466
73



forecolor = 255

backcolor = 16777215

innertop = 2

innerleft = 2

innerright = 2

innerbottom = 2

max = 1500

style = 1

needlewidth = 1

mouseicon = *FRMCH1_1.rx".0884

End
Begin VB.Label LbeDate

BackColor = &HOOCOEOFF&
BorderStyle = 1 'Fixed Single
Height = 255

Left = 4320

Tablndex = 28

Top = 240

Width = 1675

End
Begin VB.Label LbeTime

BackColor = &HOOCOEQFF&
BorderStyle = 1 'Fixed Single
Height = 375

Left = 3000

Tablndex = 25

Top = 240

Width = 1095

End
Begin VB.Line Line43



X1 = 480

X2 = 480
Y1 = 600
Y2 = 2520

End
Begin VB.Line Lined2

X1 = 360
X2 = 480
Y1 = 600
Y2 = 600

End
Begin VB.Line Line41

X1 = 360
X2 = 480
Y1 = 2520
Y2 = 2520

End
Begin VB.Line Line40

X1 = 600

X2 = 6360
Y1 = 2640
Y2 = 2640

End
Begin VB.Line Line39

X1 = 600
X2 = 600
Y1 = 2760
Y2 = 2640

End
Begin VB.Line Line38



X1 =
X2 =
Y1 =

End

Begin VB.Label Label34
BackColor =
Caption =
Height =
Left =
Tablndex =
Top =
Width =

End

Begin VB.Label Label33
BackColor =
Caption =
Height =
Left =
TabIndex =
Top =
Width =

End

Begin VB.Label Label32 Alignment
BackColor =
Caption =
Height =
Left =
Tablndex =

TOp =

6360
6360
2760
2640

&HOOCOEQOFF&

‘gl (B9 zaiTaa)”
255

600

18

360

1815

&HOOCOEOFF&
a1

255

6600

17

2640

375

= 2 'Center
&HOOCOEOFF&
g

255

360

16

2760



End

Begin VB.Label Label31 BackColor=

End

Begin VB.Label Label30 BackColor=

End

Begin VB.Label Lbel

End

Width

Caption
Height
Left
Tablndex
Top
Width

Caption
Height
Left
Tabindex
Top
Width

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
Tablndex
Top

Width

375

&HOOCOEQFF&
o

255

120

15

2520

255

&HOOCOEQOFF&
"1,200°

255

120

14

360

495

2 'Center

0 'Flat
&HOOCOEOFF&
5
&HB80000008&
255

840

13

2760

375



Begin VB.Label Lbe2

End

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
Tabindex
Top

Width

Begin VB.Label Lbe3

End

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
TabIndex
Top

Width

Begin VB.Label Lbe4

Alignment
Appearance
BackColor
Caption

ForeColor

2 'Center

0 'Flat
&HOOCOEOFF&
"o
&HB0000008&
255

1320

12

2760

375

2 'Center

0 'Flat
&HOOCOEOFF&
g
&HB80000008&
255

1800

1"

2760

375

2 'Center

0 'Flat
&HOOCOEOFF&
90"
&HB0000008&



End

Begin VB.Label Lbeb

End

Begin VB.Label Lbe6

End

Height
Left
Tablndex
Top
Width

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
Tabindex
Top

Width

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
Tablndex
Top

Width

255
2280
10
2760
375

2 'Center

0 'Flat
&HOOCOEOFF&
"5
&H80000008&
255

2760

9

2760

375

2 'Center

0 'Flat
&HOOCOEOFF&
30
&H80000008&
255

3240

8

2760

375



Begin VB.Label Lbe?

End

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
Tablndex
Top

Width

Begin VB.Label Lbe8

End

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
Tablndex
Top

Width

Begin VB.Label Lbed

Alignment
Appearance
BackColor
Caption

ForeColor

2 'Center

0 'Flat
&HOOCOEOFF&
35
&HB80000008&
255

3720

7

2760

375

2 'Center

0 'Flat
&HOOCOEOFF&
0"
&HB80000008&
255

4200

6

2760

375

2 'Center

0 'Flat
&HOOCOEOFF&
Y5

&H80000008&



End

Height
Left
Tablndex
Top
Width

Begin VB.Label Lbe10

End

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
TabIndex
Top

Width

Begin VB.Label Lbe11

End

Alignment
Appearance
BackColor
Caption
ForeColor
Height

Left
Tablndex
Top

Width

285
4680

2760
375

2 'Center

0 'Flat
&HOOCOEQFF&
50"
&H80000008&
255

5160

4

2760

375

2 'Center

0 'Flat
&HOOCOEOFF&
"5
&HB80000008&
255

5640

3

2760

375



Begin VB.Label Lbe12

Alignment
Appearance
BackColor
Caption
ForeColor
Height
Left
Tabindex
Top
Width
End
End

Begin VB.Image ImgOut

BorderStyle
Height
Left
Picture
Stretch
Top
Width
End

1t

= 2 'Center

= 0 'Flat

= &HOOCOEOFF&
= *60"

= &HB80000008&
= 255

= 6120

= 2

2760

375

1 'Fixed Single

1660

1800

420

'FRMCH1_1.frx":0CD6

-1 True

420

Begin MSComDlg.CommonDialog CommonDialog1 Left

Top
_version
_extentx
_extenty
_stockprops
copies

max

i

3120

10

65536
847

847

2160



Attribute VB_Name = ‘FrmCh1*

Attribute VB_Creatable = False

Attribute VB_Exposed = False

Option Explicit

Dim X, X1, Xa, Ya, Xb, Yb 'Graph Variable

Dim Heigh, Loww, Hexi As Variant

Dim CurrentNum As Variant

Dim Pri As String

Dim A, B, C, Opt, MyTime, MyStr

Dim Ch10n, Ch10ff

Dim Runch1, Ch1 As Integer

Dim XX, Disp As Single

Dim Neg, Pos, Zero, SMP, LEP, LN, ZE, SP, LP, VLP As Single

Dim Ermr, Set_P, DE, CT As Single

Dim OUT As Integer

Dim TOTOFF, TOTON As Single

Dim Rule_1, Rule_2, Rule_3, Rule_4, Rule_5, Rule_6, Rule_7, Rule_8, Rule_9, Rule_10 As Single
Dim Rule_11, Rule_12, Rule_13, Rule_14, Rule_15, Rule_16, Rule_18, Rule_19, Rule_20, Rule_17 As Single
Dim ON11, ON12, ON13, ON14, ON15, ON16, ON17, ON18, ON19, ON20 As Single
Dim OFF1, OFF2, OFF3, OFF4, OFF5, OFF6, OFF7, OFF8, OFF9, OFF10 As String
Dim Cool, Temp, Hot, Mid, Low, Mid_O, High As Single

Private Sub Form_Load()

‘Timer2.Interval = 1000 ' Set Timer interval.

A =True

B=0

C=0

' LbeDate.Caption = Now

‘MyTime = Time

‘MyStr = Format{MyTime, "hh_m")

End Sub



Private Sub Cmdch1_Click{)
Select Case Runch1
Case False
Runch1 = True
cmdch1.Caption = "&Stop"
TxtCh1.Enabled = False
Ch1 = InputBox('Tﬂmﬁ?whqmuqﬁ meraidea) *, “asdtynyinudi 1%, 300
YA IARTN input box NAWAAT text bo
If Ch1 < 20 Then
‘dediapnuiiion
MsgBox Andliiananndegamgiinnnga 20 asegadoe, 16, Tsunsumudafanana® TxCh Text = ™
cmdch1.Caption = "&Close" cmdch1.Value = False GoTo
line2: ‘
Eiself Ch1 <= 1200 Then
" Run Program+fuzzylogic & plot graph
TxtCh1.Enabled = True
Timel.Interval = 1000 'set interval TxtCh1.FpreColor = &
HCO  'Amuaduea
W text box TxtCh1.Text = Ch1 'fMUAANT text box

Lbport.Caption = Ch1

gphch1.Cls gphch1.CurrentX = 0 gphch1.CurrentY =
100Xb =0
Ya = 1200
X=0
X1=0
Delay
Elself Ch1 > 1200 Then '@adiaaauisiau

MsgBox *Aaulaignansassgrumggends 1,200 seAngaides’, 16, “Tsunsumudiafianansa® TxCht Text =



cmdch1.Caption = "&Close' cmdch1.Value = False GoTo
line2:
Else
TxtCh1.Text = " cmdch1.Caption = *&Close’

cmdcht.Value = False GoTo linel:

End If
Case True
linel:
Runch1 = False
cmdch1.Caption = "&Start"
Time1.Enabled = False
PrtCh1.Data = 0
PriCh1.Action = 2 ' \iuaan Port TxtCh1.Text = ™ ‘clear text box Unload
FrmCh1
FrmCh1.Show
Xa=0
Ya=0
Xb=0
Yb =0
Exit Sub
line2:

Runch1 = False

cmdch1.Caption = *&Start® Time1.Enabled = False
TxtCh1.Text = ™ ‘clear text box Unload FrmCh1
FrmCh1.Show

Xa=0

Ya=0

Xb=0

Yb=0

Cmdch1_Click



Exit Sub
End Select
End Sub
Private Sub CmdExt_Click()

SavePicture gphch1.Image, Pri ' Save picture to file. End Sub

Private Sub ImgOut_Click{)
PrtCh1.Data = 0

PrtCh1.Action = 2 * \litaan Port
Unload FrmCh1

End Sub

Private Sub Time1_Timer()
Dim Dy
Time1.Interval = 2000 ' set interval = 1 Sec.
MyTime = Time
MyStr = Format{MyTime, *hh_m?")
LbeDate.Caption = Now
LbeTime.Caption = *1" & *_* & MyStr & *.* & "BMP" Pri = LbeTime.Caption
' daunnsgnifiays
' 814ANRN Port v?qﬁmqqua:ﬁmﬁw
PrCh1.Bits = 8 ' fvuAsuaDaild Prichi.Port = 776 ' 1N Port # 308H (8
1Jma) PrtCh1.Data = 86 ' AMuuA Control Word
' PrtCh1.Action = 2 ' litueen Port
Do Until Dy > 50 ' widaaiaannasanu, idie Port
Dy = Dy + 1
Loop
PrtCh1.Action = 1 ' ©11 Port 308H
Loww = PrtCh1.Data ' finvuasiauls = Arfienlé
PrtCh1.Port = 777 ' (&N Port # 301H (8 Timwiy
PrtCh1.Action = 1 ' 811 Port 309H



Heigh = PrtCh1.Data

310

' Ravuasauls = Afieuld * datvgulfuudaaiuee

If Loww < 16 Then

Else

Hexi = Hex{Heigh} & {0 & Hex(Lowws))

Hexi = Hex{Heigh) & Hex{Loww)

End if

CurrentNum = Val("&h" & Trim${Hexi) & "&"} TxtCh1.ForeColor = &HFFO000 '

nMvuad

Disp = (Format$(CurrentNum)) * (1200 / 4096) ' WAAIAIAIN port 'NUUAATAIULT

Fuzzy
TxtCh1.Text = Disp
TxtCh.Text = Ch1
If TxtCh1.Text > Ch1 Then

TxtCh1.ForeColor = &HFF&

Gue_ch1.ForeColor = &HFF&

Elself TxtCh1.Text = Ch1 Then

TxtCh1.ForeColor = &HFFOOFF
Gue_ch1.ForeColor = &HFFOOFF

TxtCh1.ForeColor = &HFF0000
Gue_ch1.ForeColor = &HFF0000

Set_P = (Ch1 - TxtCh1.Text) ' ERROR Set Point DE = (Disp - Temp)

1 * v

TP

Temp = Disp
TxtMisc.Text = C
B=B+1
C=C+1

txtset.Text = Set_P



txtde.Text = DE
txtout.Text = OUT
CyinnaR1# Ll svanana Fuzzy Logic %N 10 U If A = True Then
Fuzzy_Logic_Process
Rule
OUTPUT
A = False
End If
if B >= 5 Then 1
Fuzzy_Logic_Process
Rule
OUTPUT
B=0
End
If C >= (Opt * 3) Then
C=0
Gue_ch1.Value = TxtCh1.Text ' meﬂ'ﬂﬁm"} 2 gphch1.ScaleHeight = 1200 '
WAAINANIIN gphch1.ScaleWidth = 120
Yb = Val{1200 - TxtCh1.Text)
gphch1.AutoRedraw = True
gphch1.Line {Xb, Yb)-{Xa, Ya}, QBColor{12)
Xb = {Xb + 1)
Xa=Xb-1
Ya = Yb
If Xa = 120 Then
Xa=0
Xb=0
Ya = 1200
X=0
X1

1}
o



gphch1.AutoRedraw = True
SavePicture gphcht.Image, Pri ' Save picture to file. gphch1.Cls
Beep * dadeaiiariuia 120 A
End If
End If
End Sub
Private Sub Delay{)
Dim Start
Dim Check
Start = Time1
Do Until Check >= Start + 1
Check = Time1
Loop
End Sub
Private Sub Fuzzy_Logic_Process)
' Change Of Temperature input ;DE
' Negative
If DE <= 0 Then
If DE < -3 Then
LN =1
Elself DE >= -3 And DE <= 0 Then

LN = (DE /-3)
End If
Else: LN =0
End If
' Zero

If DE >= -3 And DE <= 3 Then
If DE >= -3 And DE <= 0 Then
ZE=1-(DE/-3)
Elseif DE >= 0 And DE <= 3 Then



ZE=1-(DE/3)
Elself DE > 3 Then
ZE=0
End If
Else: ZE=0
End If
' Small Positive ; SP
If DE >= 0 And DE <= 8 Then
If DE <= 4 And 0 <= DE Then
SP = (DE/ 4)
Elself DE > 4 And DE <= 8 Then
SP=1-(DE-4)/4)
End If
Else
SP=0
End If
' Lage Positive ; LP
If DE >= 5 And DE <= 11 Then
If DE <= 8 And 5 <= DE Then
LP = ((DE-5)/3)
Elself DE >= 8 And DE < 11 Then
LP=1-(DE-8)/3
End If
If DE > 11 Then
LP=0
End If
Else: LP =0
End If
" Very Large Positive
if DE >= 8 Then



If DE > 11 Then
VLP =1
Elself DE >= 8 And DE <= 11 Then VLP = {{DE - 8) / 3)
End If
Else: VLP = 0
End If
‘Error Between Setpoint and Temperature****¥(edit 5 Feb)*** ' NEGATIVE
tf Set_P <= 0 Then
tf Set_P <= -8 Then
Neg = 1
Elself Set_P <= 0 And Set_P > -8 Then
Neg = 1-((Set_P + 8) /8
End If
' Set_P = Neg
Else: Neg = 0
End If
' ZERO
If Set_P >= -8 And Set_P <= 6 Then
If Set_P <= 0 And Set_P >= -8 Then
Zero = 1 - (Set_P /-8)
Elself Set_P > 0 And 6 >= Set_P Then Zero = 1 - (Set_P / 6)
End If
Else: Zero = 0
End If
" Small POSITIVE ; SM
If Set_P >= 0 And Set_P < 12 Then
If Set_P >= 0 And 6 > Set_P Then
Pos = {Set_P / 6)
Elself Set_P >= 6 And 12 > Set_P Then Pos = 1 - {Set_ P-6) /6
End If



Else: Pos = 0
End If
' LARGE ERROR POSITIVE ; LEP
If Set_P > 6 Then
If Set_P > 12 Then
LEP =1
Elself Set_P > 6 And Set_P <= 12 Then LEP = ((Set_P - 6) / 6)
End If
Else: LEP =0
End If
End Sub
Private Sub Rulef)
'RULE BASE
If Neg < LN Then
OFF1 = Neg
Else: OFF1 = LN
End If
If Neg < ZE Then
OFF2 = Neg
Eise: OFF2 = ZE
End If
If Neg < SP Then
OFF3 = Neg
Else: OFF3 = SP
End If
If Neg < LP Then
OFF4 = Neg
Else: OFF4 = LP
End If
If Neg < VLP Then



OFF5 = Neg

Else: OFF5 = VLP

End If

if Zero < LN Then
OFF6 = Zero

Else: OFF6 = LN

End If

If Zero < ZE Then
OFF7 = Zero

Else: OFF7 = ZE

End If

If Zero < SP Then
OFF8 = Zero

Else: OFF8 = SP

End If

If Zero < LP Then
OFF9 = Zero

Eise: OFF9 = LP

End If

If Zero < VLP Then
OFF10 = Zero

Else: OFF10 = Zero

End If

If Pos < LN Then
ON11 = Pos

Else: ON11 = LN

End If

If Pos < ZE Then



ON12 = Pos

Else: ON12 = ZE

End If

if Pos < SP Then
ON13 = Pos

Else: ON13 = SP

End If

If Pos < LP Then
ON14 = Pos

Else: ON14 = LP

End If

If Pos < VLP Then
ON15 = Pos

Eise: ON15 = VLP

End If

If LEP < SP Then
ON16 = LEP

Else: ON16 = SP

End If

If LEP < LP Then
ON17 = LEP

Eise: ON17 = LP

End If

If LEP < VLP Then
ON18 = LEP

Eise: ON18 = VLP

End If

{f LEP < LN Then
ON19 = LEP



Else: ON19 = LN
End If
if LEP < ZE Then

ON20 = LEP
Else: ON20 = ZE
End If
End Sub

Private Sub OUTPUT()
'‘SUMMATION OF ON AND OFF
TOTOFF = OFF1 + OFF2 + OFF3 + OFF4 + OFF5 + OFF6 + OFF7 + OFF8 + OFF9 + OFF10 TOTON
= ON11 + ON12 +

ON13 + ON14 + ON15 + ON16 + ON17 + ON18 + ON19 + ON20 'CENTRODE OF OUTPUT
'WIEGHT OF Rule_ AND ON
Rule_1 = OFF1 * 0

Rule_2 = OFF2 * 0

Rule_3 = OFF3 * 0

Rule_4 = OFF4 * 0

Rule_5 = OFF5 * 0

Rule_6 = OFF6 * 4

Rule_7 = OFF7 * 8

Rule_8 = OFF8 * 0

Rule_9 = OFF9 * 8

Rule_10 = OFF10 * 4

Rule_11 = ON11 * 128

Rule_12 = ON12 * 128

Rule_13 = ON13 * 128

Rule_14 = ON14 * 128

Rule_15 = ON15 * 128

Rule_16 = ON16 * 255

Rule_17 = ON17 * 255



Rule_18 = ON18 * 256
Rule_19 = ON19 * 255
Rule_20 = ON20 * 255
CT = (Rule_1 + Rule_2 + Rule_3 + Rule_4 + Rule_5 + Rule_6 + Rule_7 + Rule_8 + Rule_9 + Rule_10 + Rule_11 +
Rule_12 + Rule_13 + Rule_14 + Rule_15 + Rule_16 + Rule_17 + Rule_18' + Rule_19 + Rule_20)
OUT = CT/ (TOTOFF + TOTON)
'd9AIAUAN PORT
PCh1.Bits =8 ' MMvuAR MaullA PrtCh1.Port = 768 ' NwuA Port #300H PrtCh1.Data =
OUT ' fvumsnfiazdegen Port PCh1Action = 2 dAnean Port
GueCh1Nalue = OUT ' w@iAsAn OUT PUT 71ina 1 End Sub
Private Sub CmdOpt_Click()
Opt = Lbe1.Caption
Opt = inputBoxPTlsadaranfiastiufindn (undh "ﬂmd’ryty']mﬁ' 1%, ) If Opt = ** Then
Opt = Lbe1.Caption
Elself Opt < 0.2 Then
MsgBox i TORIANANNATIEL, 16, udeAnRn’ CmdOpt_Click
Elself Opt >= 0.2 Then
Lbe1.Caption = Opt
Lbe2.Caption = 2 * Opt
Lbe3.Caption = 3 * Opt
Lbe4.Caption = 4 * Opt
Lbeb.Caption = 5 * Opt
Lbe6.Caption = 6 * Opt Lbe7.Caption = 7 * Opt Lbe8.Caption = 8 * Opt Lbe9.Caption = 9
* Opt Lbe10.Caption = 10 * Opt Lbe11.Caption = 11 * Opt Lbe12.Caption = 12 % Opt
Else
MsgBox “lrignansaiannitle 16, “uden’ End i

End Sub



VIEWBMP.FRM
Option Explicit
Dim LoadPicFlag%
Private Sub CmdNew_Click()
' Hide and clear Picture2.
Picture2.Visible = False
Picture2.Picture = LoadPicture()
Caption = "Graphic Viewer"
LoadPicFlag% = False
End Sub
Private Sub CmdOpen_Click()
Dim Filename$
On Error Resume Next
' Open dialogbox.
CMDialog1.Flags = &H1000& Or &H4&
CMDialog1.Action = 1
If Err = 32755 Then Exit Sub
Filename$ = CMDialog1.Filename
Picture2.Picture = LoadPicture(Filename$)
Picture2.Visible = True
LoadPicFlag% = True
Caption = "Graphic Viewer : * & Filename$
End Sub
Private Sub Cmdprint_Click()
Dim Msg * Declare variable.
On Error GoTo ErrorHandler * Set up error handler.
PrintForm ' Print form.
Exit Sub
ErrorHandler:
Msg = "The form can't be printed.”
MsgBox Msg ' Display message.
Resume Next
End Sub
Private Sub Form_Load()
LoadPicFlag% = False
End Sub
Private Sub CmdClose_Click()
Unload FrmGraph
End Sub



General Description

The LM124 series consists of four independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
terns. For example, the LM 124 series can be directly operat-
ed off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

Unique Characteristics

| In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a sin-
gle power supply voltage

m The unity gain cross frequency is temperature
compensated

B The input bias current is also temperature
compensated

&National Semiconductor

December 1994

LM124/1.M224/1.M324/1L.M2902
Low Power Quad Operational Amplifiers

Advantages

® Eliminates need for dual supplies

=’ Four internally compensated op amps in a single
package

u Allows directly sensing near GND and Vouyr also goes
to GND

m Compatible with all forms of logic

m Power drain suitable for battery operation

Features
= Internally frequency compensated for unity gain
m Large DC voltage gain
u Wide bandwidth (unity gain)
(temperature compensated)
u Wide power supply range:
Single supply 3V to 32v
or dual supplies +1.5V to £16V
m Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage

100 dB
1 MHz

® Low input biasing current 45 nA
(temperature compensated)

B Low input offset voltage 2 mV
and offset current 5 nA

® Input common-mode voltage range includes ground
m Differential input voltage range equal to the power sup-
ply voltage

®m Large output voltage swing 0VitoV+ — 1.5V

Connection Diagram

Dual-In-Line Package

QUTPUT ¢ INPUTA™  (INPUTA® GND WPUT3* INPUTI- OUTRUTY
" 1 12 " 10 1 1
D
1 H ] 4 1 ¢ 7
OUTPUT 1 INPUTI™ INPUTI® vt WPUT2* INPUT 2 OUTPUT2
TL/H/9299-1
Top View

Order Number LM124J, LM124AJ, LM124J/883**,
LM124AJ/883%, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, LM2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

*LM124A avallable per JM38510/11006
**LM124 available per JM38510/11005

ouTd
IRd=

Nl LS
\Z
IN2+

N3+

n2-
T2

N 3-
ouT3

TL/H/9299-32
Order Number LM124AE/883 or LM124E/883
See NS Package Number E20A

0JTPUT ¢ : . “: QUTAUT 4
IRPUT 1= INPUT 4
[TRTS — IHPUT 4+
vi LMi24wW oND
INPUT 2+ i L_q: INPUT 3+
IKPUT 2= :‘ 1’:1 INPYT 3-
ouTPUT 2 QUTPUT 3

TL/H/9299-33
Order Number LM124AW/883 or LM124W/883
See NS Package Number W14B

©1995 Natlanal Semiconductor Corporation TL/H/9288
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Typical Performance Characteristics

Input Voitage Range Input Current Supply Current
15 % 4 v
2 - CEC .
o = mA
2 / g it V= 430V, E 3
g w 7 = 0 . |
E NEGATIVE g 50 ! L T E 2
/ © V= 415V & [+ =
£, 4 rm g w - = 1
2 "/ o il R Lk
- = - h—
: 11 A WY
° s 10 15 ~55-35 18 5 25 45 65 85 105125 [} 10 » 0
¥* OR V™ - POWER SUPPLY VOLTAGE (£Vpo) Ta = TEMPERATURE (°€) ¥* = SUPPLY VOLTAGE (Vpe)
Open Loop Frequency Common Mode Rejection
Voltage Gain Response g Ratio
160 140 ——— <= 12 ] : ‘
. Tr ) - 011 11 WA L
b2 2 b z
£ N8 A il
g ® R =2ka g L \g V'-SD\_I;;: N m © 1w "l[“
§ § 0 \\\ﬁﬂsﬂs’ 25 S "V I
I
P Y \ §
$ £, lv-on 15¥pe & g o [N
20 N X LCg'S}
0 -.550‘:?"‘4‘:1 2;':°C % é 0 - = didie bt )
[} 10 2 30 © 10 10 100 1.0k 10k 100K 1.0M 10M a 10 1k [ S I Y]
¥* = SUPPLY VOLTAGE (Vpe) f = FREQUENCY (H) 1 - FREQUENCY (Hz)
Voltage Follower Pulse Voltage Foliower Pulse Large Signal Frequency
Response Response (Small Signal) Response
4 — 500 = Tk
Es s .vl' =204 _| . | _ s
it i Sy 0 o B Rt e
o8 1 / \ g w l I w § 2™ M
°¢ é = INPUT 10 T
- Esso 4 — E X
3 N
Ty ? s
' § '.‘ %0 P T, S#25°C ;° N
3 1 A
S8 = 250 Vi=+30v, 0
[J 10 2 » © 001 2 3 4 5 & 7 8 1k 10k 100K w
t = TME (us) = TINE (9) f - FREQUENCY (Hz)
Output Characteristics Output Characteristics
. Current Sourcing o Current Sinking Current Limiting
TT )
v EV* = 45,
7 ! 2 Ve 015\‘;; ? & ( !T.I
42, £ Vv =430V En ::[>_§;.
E + /2 * § E= - 5w
e o : § o s
§ 8 ¢ o 5 Py © —
= = o [~
' 3 IR 5 ol b E % ~-
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N ENE T My e e .
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Typical Performance Characteristics (M2902 onty)

input Current
100
=
g 50
=
I e iV
&
0
0 10 20 30
v*= SUPPLY VOLTAGE (Vpe)
Application Hints

The LM124 series are op amps which operate with only a
single power supply voltage, have true-differential inputs,
and remain in the linear mode with an input common-mode
voltage of 0 Vpg. These amplifiers operate over a wide
range of power supply voltage with little change in perform-
ance characteristics. At 25°C amplifier operation is possible
down to a minimum supply voltage of 2.3 Vpg.

The pinouts of the package have been designed to simplify
PC board layouts. Inverting inputs are adjacent to outputs
for all of the amplifiers and the outputs have also been
placed at the corners of the package (pins 1, 7, 8, and 14).
Precautions should be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the resuft-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protection diodes are
not needed, no large input currents result from large differ-
ential input voltages. The differential input voltage may be
larger than V* without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than —0.3 Vpg (at 25°C). An input clamp
diode with a resistor to the IC input terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
to class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP external current boost transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias the on-chip vertical PNP
transistor for output current sinking applications.

For ac applications, where the load is capacitively coupled
to the output of the amplifier, a resistor should be used, from
the output of the ampiifier to ground 1o increase the class A
bias current and prevent crossover distortion.

Voltage Gain
"° ]
g R =20ka
- p R =20k0__|
3 7 L
g w
5
o
3
-
g 4
-
0
) 10 2 30

V*= SUPPLY VOLTAGE (¥oe)
TU/H/9209-4

Where the load is directly coupled, as in dc applications,
there is no crossover distortion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the loop stability margin. Values of
50 pF can be accommodated using the worst-case non-in-
verting unity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitance
must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Vpg 10 30 Vpg.

Output short circuits either to ground or to the positive pow-
er supply should be of short time duration. Units can be
destroyed, not as aresult of the short circuit current causing
metal fusing, but rather due to the large increase in IC chip
dissipation which will cause eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amplifier at a time will increase the total IC
power dissipation to destructive levels, if not properly pro-
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger value of
output source current which is available at 26°C provides a
larger output current capability at elevated temperatures
(see typical performance characteristics) than a standard IC
op amp.

The circuits presented in the section on typical applications
emphasize operation on only a single power supply voltage.
If complementary power supplies are available, all of the
standard op amp circuits can be used. In general, introduc-
ing a pseudo-ground (a bias voltage reference of V¥ / 2) will
allow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. In most cases, input biasing is
not required and input voltages which range to ground can
easily be accommodated.




Typical Single-Supply Applications (v* = s.0vpg

Non-Inverting DC Gain (OV Input = 0V Output)

Wiy w— — — — — —
O +Vo
@
-
s
£
2
=
R2
= 14—
GAIN i
|';|‘. = 101 (AS SHOWN)
*R not needed due to temperature
= independent Iy ] Vi (mV)
TL/H/9299-5
DC Summing Amplifier Power Amplitier

(Vin's 2 0Vpc and Vo 2 Vpc)

Vo = 0 Vpgfor iy = 0Vpc

Ay = 10 -
TL/H/9299-7
TL/H/9299-6
Where: Vo = Vy + V3 — V3 — V,
(V4 + V3) 2 (V3 + Vy) to keep Vg > 0Vpg
LED Driver “BI-QUAD" RC Active Bandpass Fiiter

R
100k

R2

TL/H/929-8 100k
N

>
3
W:k >>

1/4LMI24A
R?
100x
+ vt
+
] €

fo = 1 kHz 100K 10uF
Q = 50
Ay = 100 (40 dB) - -—

TL/H/8290-9




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

Fixed Current Sources

R1
- ()

Current Monitor
R1* I
X —

TL/H/9208-10

Vo
_ vy
Rl °T A
ik vpsvt —av
*(Increase R1 for I small}
Voltage Follower
O Vo
iy O Vo = Vin

TL/H/9299-14

TL/H/9209-12

0.001F

Lamp Driver

TL/H/9298-11

Driving TTL

Puise Generator
INB14

1/4 DM54XX
L
240

TL/H/9299-13

TL/H/8298-15




Typical Single-Supply Applications (v* = 5.0 Vo) (Continued)

Squarewave Oscillator Pulse Generator

R1 R1

. 188 a0k INs14

0.081,F
l
- 176 L1297 p—O Vo
HEgEgh M1
A2 7 0

100k

TL/H/9290-16
TL/H/9290-17
High Compliance Current Sink Low Drift Peak Detector
|
+V | llo
w0
WVin O
WF
Ag e (POLYCARBONATE OR
1 b POLYETHYLENE) =
lo = 1 amp/volt Viy = *hi gt AT 100 nA 0.001.F

(increase Rg for I, small) TL/H/9290-18 ‘a

2
HIGH Z)y ° l
LOW Zoyt

AUX AMP

R fa INPUT CURRENT
L COMPENSATION
TL/H/9299-19
Comparator with Hysteresis Ground Referencing a Differential Input Signal
in O l
I R1
™
O Vo
at
10k
*Vrer O + O Vo
Va
TL/H/8299-20
+Vem
Vo = Vn
t
] TL/H/9299-21




Typical Single-Supply Applications v+ = 5.0vpc) (Continued)
Voltage Controlled Oscillator Circuit

0.05.F
R/2 11
100k
wer /8 LM124A - J—u—L
51k
+ 1/4 LMI24A ouTPUT Y
S sk
R/2 v+
3 50K 51k - O +
100k
-0 0UTPUT 2

10k
E AN'

*Wide control voltage range: 0 Vpc < Vg < 2 (V+ —1.5Vpg)

TL/H/9289-22

Photo Voltaic-Cell Amplifier

AV

fcenr l

O Vo
(CELL HAS OV
ACROSS IT)

TL/H/9299-23

TL/H/9209-24




Typical Single-Supply Applications (v* = 5.0 vpc) (Continued)

AC Coupled Non-inverting Amplifier

Rl R2
160K M

10k
Viu
R2
10:F T A=+
Ay = 11 (As shown)
- = TUH/9298-25
TL/H/9299-26
High input Z, DC Differential Ampiifier
R2
180k
hd
:H] R4
100k
+Vy 1/4 LM124A Vo
W O
For % - -Eg (CMRR depends on this resistor ratio match) TUH/9260-27

R4
Vo-1+§§(Vz"V1)

As shown: Vg = 2(V, ~ V4)

i1




Typical Single-Supply Applications (v* = 5.0 vp) (Continued)

Squarewave Oscillator Pulse Generator

TL/H/9299-186

TL/H/9200-17

Vin O ' ll"

Re Zu . (POLYCARBONATE OR
1 w POLYETHYLENE) — 2N820°

lo = 1 amp/volt V|y - *hi 3 AT 100 nA
(Increase Rg for 1, small) TL/H/€299-18

{
HIGH Zjy 2 l
LOW Zout

AUX AMP

Is INPUT CURRENT
COMPENSATION

£

TL/H/9200-10
Comparator with Hysteresis Ground Referencing a Differential Input Signal
W |
i O
I Rt
™
O Vo
1]
10k
*Varr O + O Vo
Va
TUH/9200-20
+Vom
Vo =V
l
| TL/H/9299-21




Typical Single-Supply Applications (v* = 5.0vpc) (Continued)

Voltage Controlied Oscillator Circuit
0.050F

O OUTPUT Y

2 A2
2 ok /W
QO OUTPUT 2
\ 10k
[ W\
TL/H/9299-22
*Wide control voltage range: 0 Vpc < Ve £ 2(V+ —1.5Vpg)
Photo Voltaic-Cell Amplifier
Ry
™
ANA—
leect l
1/4 LM126A Vo
{CELL HAS OV
ACROSS IT}
- - TUH/0298-23

AC Coupled Inverting Amplifier

Ry
100k

TL/H/9209-24

10




Typical Single-Supply Applications v+ = 5.0 vpc) (Continued)

High Input Z Adjustable-Gain
DC Instrumentation Amplifier

Rt
100

If A1 = R5 &R3 = R4 = R6 = R7 (CMRR depends on match) TL/H/6269-28
2R1
-1 — -
Vo R2 (V2 = Vy)
As shown Vg = 101 (V5 — Vq)
Using Symmetrical Amplifiers to Bridge Current Amplifier

Reduce Input Current (General Concept) Vrer

/8 LMZAA +Vo

+

Fors <<t1andR;>>R

&\ R
— Vo = VRer ('2') a"

*hi B AT 50 A
1
-— TL/H/9299-30
| 2R
o - m
1/4 LM124A
—-——— AUX AMP
1
1.53 * INPUT CURRENT
COMPENSATION
TL/M/9209-29




Typical Single-Supply Applications (v* = 5.0 vpo) (Continued)

Bandpass Active Filter

R
380k

174 LM124A

AR

Vo

fo = 1 kHz
Q=25

TL/H/9209-31




Physical Dimensions inches (milimeters)

0.200 +0.005
(5.080£0.127)
v
(5o x 001520010
Vs L * jpaarzo, 252)
0.360:0.008 0.015 \
W . D052-0075 v j ‘“"" 2007 _0.011,
I“ ) e T Mk P o
A 0.022-0.028
- 10.559-0.711) 559 n 71
0.977-0.093 } 1 _i ! )
(1.95¢-2.362} =
= 3t
0.045 - 0.855 =
Z T -1.397) IIJ /) .
DETAIL A e 0.067-0.083 _| | 0.045-0.055
(1.sz ;Pz.wl) Ao
Top View Side View L
7 a5ex 004030010
{1.01620.254)
30LCS
Bottom View
w015
—(:::‘;: 10.381)
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Ceramic Dual-In-Line Package (J)

Order Number LM124J, LM124AJ, LM124AJ/883, LM124J/883, LM224J, LM224AJ or LM324J

NS Package Number J14A
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Physical Dimensions inches (millimeters) (Continued)
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Molded Dual-In-Line Package (N)
Order Number LM324N, LM324AN or LM2902N
NS Package Number N14A
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LM124/LM224/LM324/LM2902

Low Power Quad Operational Amplifiers

Physical Dimensions inches (milimeters) (Gontinued)

0.045
0.026
e

0.006
0.004
ve

LIFE SUPPORT POLICY

fe— 0.385 MAX —»
0.050 £ 0.005 - -—I [e— 0,005 MIN TYP
TYP i
14| [ f
! ! 0.370
I | 0.250
0.280 MAX ) 0.260
GLASS 0.235
DETAIL A 0.370
0.250
PIN #1
IDENT |7 |
0019 1vp -+ b e 0.045 WAX
’ TYP
Ceramilc Flatpak Package
Order Number LM124AW/883 or LM124W/883
NS Package Number W14B

DETAIL A

0.012
0.008

w140 (REV J)

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can

be reasonably expected to result in a significant injury

to the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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General Description

The LM135 series are precision, easily-calibrated, integrat-
ed circuit temperature sensors. Operating as a 2-terminal
zener, the LM136 has a breakdown voltage directly propor-
tional to absolute temperature at +10 mV/°K. With less
than 102 dynamic impedance the device operates over a
current range of 400 pA to 5 mA with virtually no change in
performance. When calibrated at 25°C the LM135 has typi-
cally less than 1°C error over a 100°C temperature rangs.
Unlike other sensors the LM135 has a linear output.
Applications for the LM135 include almost any type of tem-
perature sensing over a —~55°C to +150°C temperature
range. The low impedance and linear output make interfac-
ing to readout or control circuitry especially easy.

The LM135 operates over a —55°C to + 150°C temperature

NNational Semiconductor

LM135/LM235/LM335, LM135A/LM235A/LM335A
Precision Temperature Sensors

February 1995

temperature range. The LM335 operates from —40°C to
+100°C. The LM135/L.M235/L.M335 are available pack-
aged in hermetic TO-46 ftransistor packages while the
LM335 is also available in plastic TO-92 packages.

Features

m Directly calibrated in °Kelvin

| 1°C initial accuracy available

B Operates from 400 pA to 5 mA

=B Less than 102 dynamic impedance
® Easily calibrated

m Wide operating temperature range
m 200°C overrange

range while the LM235 operates over a —40°C to +125°C ™ Low cost
Schematic Diagram
& *
Sh
A’:lln ™ SK  Sw  Sar

o S Sum

<

o

2]
F M

AA
Vv
2

VAVAF— ADIUSTMENRT

AAA
\d

TL/H/5698-1
Connection Diagrams
TO-92 S0-8 TO-46
Plastic Package Surface Mount Package Metal Can Package*
hos + " 1] ./ LI
i %—j 7
NC — — NC
6
NC — — NC
4 5
TL/H/5698-8 - [— ADJ
Bottom View TL/H/6698-26
TL/H/6688~25
Order Number LM335Z or LM335AZ Order Number LM335M or Bottom View
See NS Package Number Z03SA LM335AM *Case is connected to negative pin

See NS Package Number MOBA

Order Number LM135H,
LM135H-MIL, LM235H, LM335H,
LM135AH, LM235AH or LM335AH
See NS Package Number HOSH

©1995 National Semiconductor Corporation TL/H/5696
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Absolute Maximum

Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

(Note 4)

Reverse Current
Forward Current
Storage Temperature

15 mA
10 mA

Specified Operating Temp. Range

Continuous
LM135, LM135A —55°Cto +150°C
LM235, LM235A ~40°Cto +125°C
LM335, LM335A —40°Cto +100°C

Lead Temp. (Soldering, 10 seconds)

Intermittent
(Note 2)
150°C 10 200°C

125°C to 150°C
100°C to 125°C

TO-46 Package —60°Cto +180°C TO-92 Package: 260°C
TO-92 Package —60°Cto +150°C TO-46 Package: 300°C
80-8 Package —65°Cto +150°C 80-8 Package: 300°C
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
Temperature Accuracy (m13s/1M235, LM135A/LM235A (Note 1)
Parameter Conditions LM135A/LM235A LM135/LM235 Units
Min Typ Max Min Typ Max
Operating Output Voltage Tc = 25°C, Iy = 1 mA 297 | 298 | 299 | 295 | 2.98 | 3.01 v
Uncalibrated Temperature Error | Tg = 25°C,Ig = 1mA 0.5 1 1 3 °C
Uncalibrated Temperature Emor | Tyin < Tg < Tmax IR = 1 mA 1.3 2.7 2 5 °C
Temperature Error with 25°C Timin < Tg < Tmax, Ir = 1mA 0.3 1 0.5 1.5 °C
Calibration
Calibrated Error at Extended Tc = Tmax (Intermittent) 2 2 °C
Temperatures
Non-Linearity Ir = 1mA 0.3 0.5 0.3 1 °C
Temperature Accuracy Lm3ss, LM335A (Note 1)
Parameter Conditions LM3SSA LM335 Units
Min Typ | Max Min Typ | Max
Operating Output Voltage Tc = 25°C,Ig = 1mA 295 | 298 | 3.01 292 | 298 | 3.04 \
Uncalibrated Temperature Error | Tc = 25°C,Ig = 1mA 1 3 2 6 °C
Uncalibrated Temperature Error | Tiyn < To < Tyax. lr = 1 mA 2 5 4 9 °C
Temperature Error with 25°C TMIN < Tg < Tpax, IR = 1 mA 0.5 1 1 2 °C
Calibration
Calibrated Error at Extended Tc = Tmax (Intermittent) 2 2 °C
Temperatures
Non-Linearity IR = 1mA 0.3 1.5 0.3 1.5 °C
Electrical Characteristics (ote 1)
LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA<Ir<5mA 25 10 3 14 mv
Change with Current At Constant Temperature
Dynamic Impedance IrR=1mA 0.5 0.6 n
Output Voltage Temperature +10 +10 mV/°C
Coefficient
Time Constant Still Air 80 80 sec
100 ft/Min Air 10 10 sec
Stirred Oil 1 1 sec
Time Stability Tc=125°C 0.2 0.2 *C/khr

Hote 1: Accuracy measurements are made in a welk-stired oll bath. For other conditions, self heating must be considered.
Note 2: Continuous operation at these temperatures for 10,000 hours for H package and 5,000 hours for Z package may decreass life expectancy of the device.

Nota 3: Thermal Resistance TO-92 TO-46 sSO-8
044 (Qunctionto amblent)  202°C/W  400°C/W  165°C/W
8¢ (junction to case) 170°C/W  N/A N/A

Note 4 Refer to RETS135H for military specifications.




Typical Performance Characteristics

REVERSE VALTAGE CHAKGE (mV)

VOLTAGE SWING (V)

THERMAL RESISTANCE (°C/®)

Reverse Voltage Change Calibrated Error Reverse Characteristics
] | I l 4 L — =
Tj= 25°C.
! 1] _ . |
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Application Hints

CALIBRATING THE LM135

Included on the LM135 chip is an easy method of calibrating
the device for higher accuracies. A pot connected across
the LM135 with the arm tied to the adjustment terminal al-
lows a 1-point calibration of the sensor that corrects for
inaccuracy over the full temperature range.

This single point calibration works because the output of the
LM135 is proportional to absolute temperature with the ex-
trapolated output of sensor going to OV output at 0°K
(—273. 15°C). Errors in output voltage versus temperature
are only slope (or scale factor) errors so a slope calibration
at one temperature corrects at all temperatures.

The output of the device (calibrated or uncalibrated) can be
expressed as:

T
Voutr = Vourr, X T

where T is the unknown temperature and T, is a reference
temperature, both expressed in degrees Kelvin. By calibrat-
ing the output to read correctly at one temperature the out-
put at all temperatures is comrect. Nominally the output is
calibrated at 10 mV/°K.

Typical Applications

Basic Temperature Sensor

vt vt
Rt a1
ouTPUT
18mV/K
LIS M35
-
TL/H/6688-2 =

Calibrated Sensor

t— CUTPUT 10 VK
<

To insure good sensing accuracy several precautions must
be taken. Like any temperature sensing device, self heating
can reduce accuracy. The LM135 should be operated at the
lowest current suitable for the application. Sufficient current,
of course, must be available to drive both the sensor and
the calibration pot at the maximum operating temperature
as well as any external loads.

If the sensor is used in an ambient where the thermal resist-
ance is constant, self heating errors can be calibrated out.
This is possible if the device is run with a temperature stable
current. Heating will then be proportional to zener voltage
and therefore temperature. This makes the self heating er-
ror proportional to absolute temperature the same as scale
factor errors.

WATERPROOFING SENSORS

Meltable inner core heat shrinkable tubing such as manu-
factured by Raychem can be used to make low-cost water-
proof sensors. The LM335 is inserted into the tubing about
14" from the end and the tubing heated above the mefting
point of the core. The unfilled 14" end melts and provides a
seal over the device.

Wide Operating Supply

v+
sv-4av

LM3

>
<

ouTPUT
10mv/'K

LMa3s
TL/H/5698-8

*Calibrate for 2.982V at 25°C

Minimum Temperature Sensing
15V 15v

B
o—p 'MIN
T A0mVAK
LM336 IM335 LM335
TL/H/6698 -4

Average Temperature Sensing

Tavg (38 mv/°K)

LMa3s

LMIS

LM3I5

TL/H/6698-10

Remote Temperature Sensing

o— OUTPUT

> 10k
>

-

TL/H/5698-19

Wire length for 1°C error due to wire drop

Ir=1mA Ig=0.5mA*

AWG FEET FEET

TL/H/5698-18 14 4000 8000
16 2500 5000

18 1600 3200

20 1000 2000

22 625 1250

24 400 800

*For Iy = 0.5 mA, the trim pot must be deleted.




Typical Applications (continued)

Isolated Temperature Sensor

QUTPUT
18mvrK
TL/H/6688-20
Simple Temperature Controller
w-nv
H|
en
HEATER
> L >
T Ju b3
1h ﬂ’ 1)
z +
,.
e s
* 1%. —L L F [L:3h] \ Li }/ LNDS
R 3l 4 kq
‘E Iy - 1
:.“ { s
TL/H/6690-5

Simple Temperature Control

1136
HEATER
W L 1
AQJ P d -
.'m
SEV &
TEMPERATURE *
A LM3ZSC
>
<
>
{7

-y
TL/H/5698-21




Typical Applications (Continued)

Ground Referred Fahrenheit Thermometer Centigrade Thermometer
"y
AN ™
L] L
g 12k
OUTAUT
< ne <m* ]unw'c
S o o
LM336 M3
| 455 outeur 2 ™
1aVvrF <
15k ]
-8V -
TL/H/6698-22
*Adjust R2 for 2.554V across LM336. TL/H/5688-23
Adjust R1 for corect output. *Adjust for 2.7315V at output of LM308
Fahrenheit Thermometer
95V
b3 :: "
] ouTIUT
v il U ravre

< . < .
> it ~ ) R2
i ?’:»m L3 F;.m

*To calibrate adjust R2 for 2.554V across LM336.
Adjust R1 for correct output.

"N

TL/H/5698~24

THERMOCOUPLE COLD JUNCTION COMPENSATION
Compensation for Grounded Thermocouple

*Select R3 for proper thermocouple type

e THERMO- R3 SEEBECK
COUPLE (£1%) COEFFICIENT
J 3770 52.3 uV/°C
T 3080 42.8 uV/°C
. K 29301 40.8 uV/°C
N s 45.80 6.4 uV/°C
"'_J- Adjustments: Compensates for both sensor and resistor tolerances
- 1. Short LM3298
2, Adjust R1 for Sesbeck Coefficlent times \p @n deg!
K} across R3.
3. Short LM335 and adjust R2 for voRage across R3 corresponding to ther-
- 4 mocouple type
ueTeR J 14.32mV K 11.17 mV
- THERMDCOUPLE T 11.79mV S 1.768 mV
-15v -
TL/H/6698-6




Typical Applications (continued)

Single Power Supply Cold Junction Compensation

15V
1%
200 - *Select R3 and R4 for thermocouple type
THERMO- R3 R4 SEEBECK
- THERMOCOUPLE COUPLE COEFFICIENT
J 1.05K 3850 52.3 uV/°C
T 8560 3150 42.8 uV/°C
K 81641 30092 40.8 uV/°C
1;/ ) 1289 46.30) 6.4 uv/°C
Adjustments:
1. Adjust R1 for the voltage across R3 equal to the Seebeck Coeffident
times ambient temperature in degrees Kein,
L+ 2. Adjust R2 for voltage across R4 coesponding to thermocouple
vt ouTPUT J 14.32 mV
WA
" - T 11.79 mV
Lunss D s K 11,17 mV
< S 1.768 mV
= = S
= TL/H/6688-11
Centigrade Calibrated Thermocouple Thermometer
102k Mk
VWA VWA — A 15V
3l Terminate thermocouple reference Junction in
<
LIS {338 A".'.ﬁ K1 s close proximity to LM335.
Qi Adjustments:
18V - _L 1. Apply signal In place of thermocouple and ad-
- - Just R3 for a gain of 245.7.
L 2. Short non-inverting input of LM308A and out-
< ;‘: put of LM3298B to ground.
> 3. Adjust R1 s0 that Voyr = 2.982V @ 25°C.
L_ 4. Remove short across LM329B and adjust R2
Vour > famvre 50 that VouT = 246 mV @ 25°C.
5. Remove short across thermocouple.
TL/H/5698-12
Fast Charger for Nickel-Cadmium Batteries
W .
Differential Temperature w l
Sensor
18V |— START
<
12x & 3 > K L
> < L < P.
< :;m Qi :: Qg 18
ET 10k
"V"*
Vo 4 CAL \
LM338 LM335 > 2 - S 20 b’ ny
T t i> M35
] nt [
Laa3s| \
= = \
= 0k \
TU/H/6608~7 AAA—
\ —
THERMALLY COUPLEN— ~—= —— — e —— —

tAdjust D1 to 50 mV greater Vz than D2.

Charge terminates on 5°C temperature iss, Couple D2 to battery. TL/H/5688-13

7




Typical Applications (continued)

Differential Temperature Sensor
1V

200k

12

oUTPUT
10 mvV/C

LMI35

TL/H/5698-14

Variable Offset Thermometert
1% 18V

;

CLOSE
FOR

wre

3
<
>
AAA
A A 4
»
~

15V
7

s ouTPuT

Lwagea 100 mv/°C
+
! 1005F
10n

~15V

TAdJust for zero with sensor at 0°C and 10T pot set at 0°C

* Adjust for zero output with 10T pot set at 100°C and sensor
at 100°C

$Output reads difference between temperature and dial seting
of 10T pot

TL/H/5698-16




Typical Applications (Continued)

Ground Referred Centigrade Thermometer Air Flow Detector*
15V
< <
::11k ::1“
SCALE L
FACTOR
e ouTPUT b
Wavre wa3s QUTPUT-HIGH
WITH AIR FLOW
100 pF =
>
::“ L
AAA
A\A A
50K ¢
TRIP POINT & LMaz5
ADUST .].
TL/H/5698~17
*Self heating is used to detect air flow
TL/H/E698-16

Definition of Terms
Operating Output Voltage: The voltage appearing across Calibrated Temperature Error: The error between operat-
the positive and negative terminals of the device at speci- ing output voltage and case temperafure at 10 mV/°K over
fied conditions of operating temperature and current. a temperature range at a specified operating current with

Uncalibrated Temperature Error: The error between the the 25°C error adjusted to zero.

operating output voltage at 10 mV/°K and case temperature
at specified conditions of current and case temperature.







Physical Dimensions inches (millimeters)
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Metal Can Package (H)
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8-Lead Molded Small Outline Package (M)
Order Number LM335M or LM335AM
NS Package Number MOBA




LM135/LM235/L.M335, LM135A/L.LM235A/L.M335A Precision Temperature Sensors

Physical Dimensions inches (milimeters) (Continued)

/'\\ 50 2 pLCS
2
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MIN

\_I)&‘_ N
0.500 {0.268-0.394]
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0.090
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[1.14-1.40)
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)
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0.41-0.5 .
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¥ [00..03';3 Max L03A (RLY 1)
Plastic Package
Order Number LM335Z or LM335AZ
NS Package Z03A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFé SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
1o the user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expecled to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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MAXIMN

Multi-Range (+4V, t2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

General Description

The MAX199 multi-range, 12-bit data-acquisition system
(DAS) requires only a single +5V supply for operation,
and converts analog signals up to +4V at its inputs. This
system provides eight analog input channels that are
independently software programmable for a variety of
ranges: +VREF. +VREF/2, OV to VREF, or OV to VREF/2.
This increases effective dynamic range to 14 bits, and
provides the user flexibility to interface 4mA-to-20maA,
+12V, and =15V powered sensors to a single +5V sys-
tem. In addition, the converter is fault-protected to
+16.5V; a fault condition on any channel will not affect
the conversion result of the selected channel. Other fea-
tures include a 5MHz bandwidth track/hold, 100ksps
throughput rate, internal/external clock, internal/external
acquisition contro!, 8+4 parallel interface, and operation
with an internal 4.096V or external reference.

A hardware SHDN pin and two programmable power-
down modes (STBYPD, FULLPD) provide low-current
shutdown between conversions. in STBYPD mode, the
reference buffer remains active, eliminating start-up
delays.

The MAX199 employs a standard microprocessor (UP)
interface. Its three-state data /O interface is configured
to operate with 8-bit data buses, and data-access and
bus-release timing specifications are compatible with
most popular pPs. All logic inputs and outputs are
TTL/ICMOS compatible.

The MAX199 is available in 28-pin DIP, wide SO, SSOP,
and ceramic SB packages.

For a different combination of input ranges (+10V, x5V,
OV to 10V, OV to 5V), see the MAX197 data sheet. For 12-
bit bus interfaces, see the MAX136/MAX198 data sheet.

Applications
Industrial-Control Systems

Robotics

Data-Acquisition Systems

Automatic Testing Systems

Medical Instruments

Telecommunications

Functional Diagram appears at end of data sheet.

MAXIM

Features
+ 12-Bit Resolution, 1/2LSB Linearity
4 Single +5V Operation

4+ Software-Selectable Input Ranges:
+VREF, £VREF/2, OV to VREF, OV to VREF/2

4 Internal 4.096V or External Reference

¢ Fault-Protected Input Multiplexer (+16.5V)

4 8 Analog Input Channels

4 6ps Conversion Time, 100ksps Sampling Rate
4 Internal or External Acquisition Control

4 Two Power-Down Modes

4 Internal or External Clock

Ordering Information

PART TEMP. RANGE  PIN-PACKAGE
MAX199ACN! 0Cto+70T 28 Narrow Plastic DIP
MAX199BCNI 0Cw+70C 28 Narrow Plastic DIP
MAXT199ACWI 0Cw+70T 28 Wide SO
MAX199BCWI 0Cl+70T 28 Wide SO
MAX199ACAI 0Ct+70T 28 SSOP
MAX199BCAl 0Ct+70T 28 SSOP
MAX199BC/D 0Cw+70T Dice*

Ordering information continued at end of data sheet.
*Dice are specified at TA = +25 T, DC parameters only.

Pin Configuration

TOP VIEW P
cLk[1] 28] DGND
cs [Z E Voo
wr[3] 26] REF
RD [4] 25] REFADJ
] M0
SHON [6 23] cH7
07[7] 22] cue
D6 [8] 21] chs
05 [9] 20] cHa
04 [19] [19] cH3
03/011[11] [15] cH2
p2/010[12] [17] chi
o109 i3 f16] cHo
00/8 [14] 5] AGND
DIP/SO/SSOP/Ceramic SB

Maxim integrated Products 1

Call toll free 1-800-722-8266 for free samples or literature.
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MAX199

Multi-Ran?e
+5V Supp

ABSOLUTE MAXIMUM RATINGS

VDD 10 AGND...c.oiiiiire st s -0.3Vto +7V
AGND to DGND....ooiririninrererniieiresirir e ceesenriees -0.3Vto +0.3V
REF to AGND..... -0.3Vto (Vpp + 0.3V)
REFADJ to AGND..... -0.3V'to (VoD + 0.3V)

Digital Inputs to DGN
Digital Outputs to DGND.
CHO-CH7 10 AGND
Continuous Power Dissipation (Ta = +70 C)

Narrow Plastic DIP (derate 14.29mW/ C above +70 T)....1143mW

(z4V, 2V, +4V, +2V),
, 12-Bit DAS with 8+4 Bus Interface

Wide SO (derate 12.50mW/ T above +70 T)......cou.... 1000mwW

SSOP (derate 9.52mW/ T above +70 T) wcoeviieeiriennns 762mW

Narrow Ceramic SB (derate 20.00mW/ T above +70 C)..1600mW
Operating Temperature Ranges

MAX199_C_ _ .......... O0CTw+70C
MAX199_E_ _. -40TCto+85C
MAX199_M_ _.cceerinnnnes 55Cto+125C
Storage Temperature Range........... 65 Cto +150 T
Lead Temperature (soldering, 1088C) .......ocoevvevirnnirennes +300C

Stresses beyond thoss listed under "Absdlute Maximum Ratings” may cause permanent damage to the device. These 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 to
absolute maximum rating conditions for extended periods may sffect device reliability.

ELECTRICAL CHARACTERISTICS

(VDD = 5V £5%; unipolar/bipolar range; extemal reference mode, VReF = 4.096V; 4.7uF at REF pin; extemal clock, fcik = 2.0MHz

with 50% duty cycle; Ta = TMIN to TMAX, unless otherwise noted.)

PARAMETER [ sYmBoOL | CONDITIONS MIN TYP  MAX | UNITS
ACCURACY (Note 1)
Resolution 12 Bits
MAX199A £1/2
Int | Nonlinearit; INL 4 LSB
niegral Roriineanty MAX199B +1
Differential Nonlinearity DNL £1 LSB
. MAX199A 13
Unipolar MAX1998 5
Offset Error L : LSB
Bipolar MAX199A 15
El
P MAX199B +10
Channel-to-Channel Offset Unipolar +0.1
; - LS8
Error Matching Bipolar +0.5
Uninolar MAX199A ) +7
nipol
Gain Error P MAX199B £10
LSB
(Note 2) Bivolar MAX199A 7
P MAX1998 10
Gain Temperature Coefficient Unipolar 3 o T
(Note 2) Bipolar 5 PP
DYNAMIC SPECIFICATIONS (10kHz sine-wave input, +4.096Vp-p, fsampLE = 100ksps)
M 9
Signal-to-Noise + Distortion Ratio | SINAD AXTIOA 10, dB
MAX199B 89,
Total Harmonic Distortion THD Up to the 5th hamonic -85 -78 dB
Spurious-Free Dynamic Range SFDR 80 dB
Channel-to-Channel Crosstalk 50kHz, VIN = 4V (Note 3) -86 dB
Aperwre Delay External CLK mode/external acquisition control . 15 ns
External CLK mode/extemal acquisition
. control <50 ps
Aperture Jitier Internal CLK modefintemal acquisition 10 ns
control (Note 4)
2 MAXIMN




Multi-Range (+4V, 2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

ELECTRICAL CHARACTERISTICS (continued)

(VDD = 5V £5%; unipolanbipolar range; extemal reference mode, VReF = 4.096V; 4.7uF at REF pin; extemnal clock, fcLk = 2.0MHz
with 50% duty cycle; TA = TMIN to TmaX. unless otherwise noted.)

PARAMETER | SYMBOL L CONDITIONS MIN TYP MAX | UNITS
ANALOG INPUT
Track/Hold Acquisition Time fcLk = 2.0MHz 3 s
+VREF range 5
) ) +VREF/2 range 25
Small-Signal Bandwidth -3dB roltoff 2 MHz
0V to VREF range 2.5
OV to VREF/2 range 1.25
. 0 v
Unipolar (see Table 2) REF
0 VREFR2
Input Voltage Range \'
. -VREF VREF
Bipolar (see Table 2)
-VREF2 VREFI2
Unipolar range 0.1 10
Input C t V -1200 10 A
nput Curren Bipolar +VREF range u
+VREF/2 range -600, 10
Unipol 40 MQ
Input Dynamic Resistance .n|po ar :
Bipotar 10 kQ
Input Capacitance (Note 5) 40 pF
INTERNAL REFERENCE
REF Output Voltage VREF TA=4+25TC 4076 4.096 4.116 \Y
REF Output Tempco MAX199_C £15
(Contact Maxim Applications
for guaranteed temperature TC VReF | MAX199_E 30 ppm/ T
drift specifications) MAX199_M +40
Output Short-Circuit Current 30 mA
Ato 0.5mA t t (Note 6 .5
Load Regulation Om mA output current (Note €) ! my
OmA to 0.TmA output current (Note 6) 0.8
Capacitive Bypass at REF 4.7 WF
REFADJ Output Voltage 2.465 2.500  2.535 v
REFADJ Adjustment Range With recommended circuit (Figure 1) +1.5 %
Buffer Voltage Gain 1.6384 VNV
REFERENCE INPUT (Buffer disabled, reference input applied to REF pin)
Input Voltage Range 2.4 4,18 \'
Normal, or STANDBY
power-down mode 400
Input Current VREF = 4.18V FULL power-down ; ] HA
mode )
. Normal, or STANDBY power-down mode 10 kQ
Input Resistance
FULL power-down mode 5 MQ
REFADJ Threshold for
Buffer Disable Vobp,- 50mV v

MAXIMN : 3
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MAX199

Multi-Range (4V, 2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

ELECTRICAL CHARACTERISTICS (continued)

(VDD = 5V £5%; unipolar/bipolar range; external reference mode, VReF = 4.006V; 4.7uF at REF pin; extemal clock, fcLK = 2.0MHz
with 50% duty cycle; TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER [symBoL | CONDITIONS MIN TYP  MAX | UNITS
POWER REQUIREMENTS
Supply Voltage VoD 4.75 5.25 \'
Normal mode, bipolar ranges 18 mA
Supply Current . Normal mode, unipolar ranges 6 10
Standby power-down (STBYPD) 700 850 JA
Full power-down mode (FULLPD) (Note 7) 60 120
Power-Supply Rejection Ratio PSRR External reference = 4.096V /2 LSB
(Note 8) Internal reference , 212
TIMING
Internal Clock Frequency foLk CcLk = 100pF 1.25 . 1.56 2.00 MHz
External Clock Frequency Range foLK 0.1 2.0 MHz
tacal | Intemal acquisition External CLK 30
e . Internal CLK 3.0 5.0
Acquisition Time — Us
External acquisition (Note 9) 3.0
WACQE A fer FULLPD or STBYPD 5
X 5 External CLK 6.0
Conversion Time tCONV 1 ps
Internal CLK, CcLk = 100pF 6.0, 1.1 10.0
External CLK 100
Throughput Rate ksps
Internal CLK, CcLk = 100pF 62
S;r:‘cfgzp.rli?rﬁgerence Power-up (Note 10) 200 ps
Reference Buffer Settling E;? ggsmc\gpzisor CREF = 4.7uF 8 ms
fully discharged CREF = 33pF i 60
DIGITAL INPUTS (D7-DO, CLK, RD, WR, TS, HBEN, SHDN) (Note 11)
Input High Voltage VINH 2.4 \'
Input Low Voltage VINL ' 0.8 v
Input Leakage Current liN VIN = OV or VDD 10 HA
Input Capacitance CiN (Note 5) 15 pF
DIGITAL OUTPUTS (D7-D4, D3/D11, D2/D10, D1/D9, DO/DS, TNT)
Output Low Voltage VoL VpD = 4.75V, ISINK = 1.6mA . 0.4 \
Output High Voltage VOH VDD = 4.75V, ISOURCE = TmA Vpp -1 \
Three-State Output Capacitance| Cout (Note 5) 15 pF

4 MAXIMN




Multi-Range (£4V, t2V, +4V, +2V),

+5V Supply, 12-Bit DAS with 8+4 Bus Interface

TIMING CHARACTERISTICS

(VDb = 5V 15%; unipolar/bipolar range; external reference mode, VREF = 4.096V; 4.7uF at REF pin; extemal clock, fcLK = 2.0MHz

with 50% duty cycle; TA = TMIN to TMAX, unless otherwise noted.)

PARAMETER SYMBOL CONDITIONS MIN  TYP MAX | UNITS
CS Pulse Width tcs 80 ns
WR Pulse Width WR 80 ns
TS to WR Setup Time tcsws 0 ns
TS o WR Hold Time tCSWH 0 ns
TS to RD Setup Time CSRS 0 ns
T3 10 RD Hold Time tCSRH o ns
CLK to WR Setup Time cws 100 ns
CLK to WR Hold Time tcwH 50 ns
Data Valid to WR Setup DS 60 ns
Data Valid to WR Hold 1DH 0 ns
D Low to Output Data Valid DO Figure 2, CL = 100pF (Note 12) 120 ns
HBEN High or HBEN Low to )
Output Valid tpo1 Figure 2, Ci = 100pF (Note 12) 120 ns
D High to Output Disable TR (Note 13) 70 ns
RD Low to INT High Delay UNT1 120 ns
Note 1:  Accuracy specifications tested at Vpp = 5.0V. Performance at power-supply tolerance limits éuaranteed by Power-Supply
Rejection test. Tested for the +4.096V input range.
Note 2: External reference: VREF = 4.096V, offset error nulled, ideal last code transition = FS - 3/2LSB.
Note 3: Ground “on” channel; sine wave applied to all *off” channels.
Note 4: Maximum full-power input frequency for 1LSB error with 10ns jitter = 3kHz. ¢
Note 5: Guaranteed by design. Not tested.
Note 6: Use static loads only.
Note 7: Tested using internal reference.
Note 8: PSRR measured at full-scale. Vpp = 4.75V to 5.25V.
Note 9: External acquisition timing: starts at rising edge of WR with control bit ACQMOD = low; ends at rising edge of WR with
ACQMOD = high.
Note 10: Not subject to production testing. Provided for design guidance only.
Note 11: All input control signals specified with tr = tF = 5ns from a voltage leve! of 0.8V to 2.4V.
Note 12: tpo and tpo1 are measured with the load circuits of Figure 2 and defined as the time required for an output to cross 0.8V
or2.4V.
Note 13: TR is defined as the time required for the data lines to change by 0.5V.

MAXIMN 5
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MAX199

Multi-Range (4V, 2V, +4V, +2V), |
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

Typical Operating Characteristics

(TA = +25 T, unless otherwise noted.)

INTEGRAL NONLINEARITY EFIEECTIVE NUMBER OF BITS
vs. DIGITAL CODE FFT PLOT :rs. INPUT FREQUENCY
0.250 3 0 T 1T T ¢ 120 LR IANALL ]
& 0200 5 frone = 10kHz 13 fsampLe = 100KH: |15
@ -20 fsavpLe = 00kHE] o, -
4
< 0.150 L L & 115 <
= i & 40 =
g 0.100 4 =2 o
H a B
S 0.050 ‘ 2 60 2 10 1
S A | = = \
0 i & g
g 2 @ g \
2 -0.050 } &
; 1 | I ' I | ' = 10.5
0100 T T
-0.150 10.0
0 1000 2000 3000 4000 1 10 100
DIGITAL CODE FREQUENCY (kHz) INPUT FREQUENCY (kH2)
REFERENCE QUTPUT VOLTAGE (VRer) POWER-SUPPLY REJECTION RATIO
vs. TEMPERATURE vs. TEMPERATURE
4100 o4 T 1 11 i
E Vpp =5V 1025V i

0.2 1 120Hz Vom

4.095 / ‘\ / \

- z oM
E 4090 / ] 100Mz N
= / & o2
g ™ W ]
/ o Ay = 1.6384 . \\\
+la -
4.085 / INTERNAL REF 04 . AN
REFERENCE
REFADJ
4,080 [ | | | -0.6
55 .35 .15 5 25 45 65 85 105 125 .70 -50 30 -10 10 30 50 70 %0 110130
TEMPERATURE ( T) TEMPERATURE ( T)
CHANNEL-TO-CHANNEL CHANNEL-TO-CHANNEL
OFFSET-ERROR MATCHING vs. TEMPERATURE GAIN-ERROR MATCHING 65. TEMPERATURE
0.20 . 0.33 o
; i
= ~
52 o048 gox . f
2g 2o i
£z S 2 o3 :
IE 0.6 35
o3 / S § 1
T / 2fow
25 014 £
LANEN Vi 22 :
o E \ &2 /
g o2 3 o \\ (/
\___/
0.10 027 ~
.70 -50 -30 -10 10 30 50 70 90 110130 .70 50 -30 -10 10 30 50 70 90 110130
TEMPERATURE ( T) TEMPERATURE ( )
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Multi-Range (:4V, 22V, +4V, +2V),

+5V Supply, 12-Bit DAS with 8+4 Bus Interface

Pin Description

PIN NAME FUNCTION
Clock Input. In external clock mode, drive CLK with a TTL/CMOS compatibie clock. In internal clock mode,
1 CLK place a capacitor (CcLk) from this pin to ground to set the internal clock frequency; fcLk = 1.56MHz typical
with CcLk = 100pF. 1
2 CS Chip Select, active low.
When TS is low, in the intemnal acquisition mode, a fising edge on WRlatches in configuration data and starts an
3 WR acquisition plus a conversion cycle. When TSis fow, in the external acquisition mode, the first rising edge on
WR starts an acquisition and a second rising edge on WRends acquisition and starts a conversion cycle.
4 RD When T3 is low, a falling edge on RD will enable a read operation on the data bus.
Used to multiplex the 12-bit conversion result. When high, the 4 MSBs are multiplexed on the data bus;
5 HBEN :
when low, the 8 LSBs are available on the bus.
6 SHDN Shutdown. Puts the device into full power-down (FULLPD) mode when pulled low.
7-10 D7-D4 Three-State Digital /O
1 D3/D11 Three-State Digital 1/0. D3 output (HBEN = low), D11 output (HBEN = high).
12 D2/D10 Three-State Digital /0. D2 output (HBEN = low), D10 output (HBEN = high).
13 D1/D9 Three-State Digital /0. D1 output (HBEN = low), D9 output (HBEN = high).
14 Do/D8 Three-State Digital /0. DO output (HBEN = low), D8 output (HBEN = high). DO = LSB.
15 AGND Analog Ground J
16-23 | CHO-CH7 | Analog Input Channels '
24 INT INT goes low when conversion is complete and output data is ready.
25 REFADJ Bandgap Voltage-Reference Output/ External Adjust Pin. Bypass with a 0.01F capacitor to AGND.
Connect to Vpp when using an extemal reference at the REF pin.
Reference Buffer Output / ADC Reference Input. In intemal reference mode, the reference buffer provides a
26 REF 4.096V nominal output, externally adjustable at REFADJ. In external reference rhode, disable the internal
buffer by pulling REFADJ to Vop.
27 VbD +5V Supply. Bypass with 0.1pf capacitor to AGND.
28 DGND Digital Ground
i
+BV
SINAXIN 3*§

24

+5V
510k
100k REFADJ Dour ——¢
3K Croan —
0.0
K

MAX199 Dout

a) High-Z to Vor and Vi to Vou b) High-Z to Vor and Vou o VoL

Figure 1. Reference-Adjust Circuit Figure 2. Load Circuits for Enable Time

MAXIMN
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MAX199

Multi-Range (+4V, 2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

Detailed Description

Converter Operation
The MAX199, a multi-range, fault-tolerant ADC, uses
successive approximation and internal input track/hold
(T/H) circuitry to convert an analog signal to a 12-bit
digital output. The parallel-output format provides easy
interface to microprocessors (UPs). Figure 3 shows the
MAX199 in its simplest operational configuration.

Analog-Input Track/Hold
In the internal acquisition control mode (control bit D5
set to 0), the T/H enters its tracking mode on WR's ris-
ing edge, and enters its hold mode when the internally
timed (6 clock cycles) acquisition interval ends. In bipo-
lar mode, a low-impedance input source, which settles
in less than 1.5ps, is required to maintain conversion
accuracy at the maximum conversion rate.

When configured for unipolar mode, the input does not
need to be driven from a low-impedance source. The
acquisition time (taz) is a function of the source output
resistance (Rs), the channel input resistance (RiN), and
the T/H capacitance.
Acquisition time is calculated by:

For OV to VREF: tAZ = 9 X (RS + RIN) x 16pF

For OV to VREF/2: taz = 9 x (RS + RIN) x 32pF

where RN = 7kQ, and taz is ngver less than 2ps (OV to
VREF range) or 3ps (OV to VREF/2 range).

In the external acquisition cofitrol mode (D5 = 1), the
T/H enters its tracking mode op the first WR rising edge
and enters its hold mode when it detects the second WR
rising edge with D5 = 0. See the External Acquisition
section.

Input Bandwidth
The ADC's input tracking circuitry has a 5MHz small-
signal bandwidth. When using the internal acquisition
mode with an external clock frequency of 2MHz, a
100ksps throughput rate can be achieved. it is possible
to digitize high-speed transient events and measure
periodic signals with bandwidths exceeding the ADC's
sampling rate by using undersampling techniques. To
avoid high-frequency signals being aliased into the fre-
quency band of interest, anti-alias filtering is recom-
mended (MAX274/MAX275 continuous-time filters).

Input Range and Protection
Figure 4 shows the equivalent input circuit. The MAX199
can be programmed for input ranges of +VREF. +VREF/2.
OV to VREF, or OV to VREF/2 by setting the appropriate
contro! bits (D3, D4) in the control byte (see Tables 1 and
2). When an external reference is applied at REFADJ, the
voltage at REF is given by VREF = 1.6384 x VREFADJ (2.4V
< VREF < 4.18V). C

e merfy
I100pF MAXIMN -
L MAX199 Voo |2 oo
2| — % T T a00v
CS REF 1T _I*
k] kT 125 101pF pray
wP WR REFADJ 4.7uf
CONTROL U ” —&
INPUTS 5 N OUTPUT STATUS
HBEN 2
51 ShpN ol
7 CH6
b7 2
8 CHS
9 oo CH4 ]
05 0 ANALOG
10 CH3 INPUTS
D4 18
1 paon ver
12 bt g:; s
3 pipg
44 poros ac 2
— B
1P DATABUS

BIPOLAR VOLTAGE
T REFERENCE
o]
UNIPPLAR
512k
CH_
H
ouT
TRACK oHOLD
1 8
S1 = BIPOLAR/UNIPOLAR SWITCH
S2Z = INPUT MUX SWITCH
S3.S4 = T/H SWITCH

Figure 3. Operational Diagram

Figure 4. Equivalent Input Circuit
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Multi-Range (+4V, +2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

The input channels are overvoltage protected to
+16.5V. This protection is active even if the device is in
power-down mode.

Even with Vpp = OV, the input resistive network provides
current-limiting that adequately protects the device.

Digital Interface
Input data (controf byte) and output data are multiplexed
on a three-state parallel interface. This parallel /O can
easily be interfaced with a pP. CS, WR, and RD control
the write and read operations. CS is the standard chip-
select signal, which enables a PP to address the MAX199
as an /O port. When high, it disables the WR and RD
inputs and forces the interface into a high-Z state.

Table 1. Control-Byte Format

Input Format
The control byte is latched into the device, on pins
D7-Do, during a write cycle. Table 1 shows the control-
byte format.

Output Data Format
The output data format is binary in unipolar mode and
twos-complement binary in bipolar mode. When read-
ing the output data, CS and RD must be low. When
HBEN is low, the lower eight bits are read. When HBEN
is high, the upper four MSBs are available and the out-
put data bits D4-D7 are either set low (in unipolar
mode) or set 1o the value of the MSB (in bipolar mode)
(Table 5).

D7 (MSB) D6 D5 D4 D3 D2 D1 DO (LSB)
PD1 PDO ACQMOD RNG BIP A2 Al AO
BIT NAME DESCRIPTION
7,6 PD1, PDO These two bits select the clock and power-down modes (Table 3).

5 ACQMOD | 0 = intemally controlled acquisition (6 clock cycles), 1 = extemally controlled acquisition
4 RNG Selects the full-scale voltage magnitude at the input (Table 2).
3 BIP Selects unipolar or bipolar conversion mode (Table 2).

2,1,0 A2, A1, A0 | These are address bits for the input mux to select the “on” channel (Table 4).

Table 2. Range and Polarity Selection

Table 3. Clock and Power-Down Selection

BIP RNG INPUT RANGE (V) PD1| PDO DEVICE MODE
0 0 0 to VREE/2 0 0 | Norma! Operation / Extemal Clock Mode
o 1 0t VRer 0 1 | Nommal Operation / Intemal Clock Mode
Standby Power-Down (STBYPD); clock mode
1 0 +VREF/2 1 0 is unaffected
1 1 +VREF Full Power-Down {(FULLPD); clock mode is
1 1 unaffected !
Table 4. Channel Selection
A2 Al A0 CHO CH1 CH2 CH3 CH4. CH5 CHe CH7
0 0 0 *
0 0 1 *
0 1 0 =
0 1 1 *
1 0 0 *
1 0 1 *
1 1 0 *
1 1 1 *

MAXIMN
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MAX199

Multi-Range (x4V, +2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

Table 5. Data-Bus Output

PIN HBEN = LOW HBEN = HIGH
Do BO (LSB) B8

D1 B1 B9

D2 B2 B10

D3 B3 B11 (MSB)

D4 B4 B11 (BIP = 1)/0 (BIP = 0)
D5 B5 B11 (BIP = 1)/0 (BIP = 0)
D6 B6 B11 (BIP = 1)/0 (BIP = 0)
D7 B7 B11 (BIP = 1) /0 (BIP = 0)

How to Start a Conversion
Conversions are initiated with a write operation, which
selects the mux channel and configures the MAX199 for
either unipolar or bipolar input range. A write pulse (WR
+ CS) can either start an acquisition interval or initiate a
combined acquisition plus conversion. The sampling
interval occurs at the end of the acquisition interval.
The ACQMOD bit in the input control byte offers two
options for acquiring the signal: internal or external.
The conversion period lasts for 12 clock cycles in either
internal or external clock or acquisition mode.

Writing a new contro! byte during the conversion cycle
will abort the conversion in progress and start a new
acquisition interval.

Internal Acquisition
Select internal acquisition by writing the control byte
with the ACQMOD bit cleared (ACQMOD = 0). This
causes the write pulse to initiate an acquisition interval
whose duration is internally timed. Conversion starts
when this six-clock-cycle acquisition interval (3us with
fcLk = 2MHz) ends. See Figure 5.

External Acquisition
Use the external acquisition timing mode for precise con-
trol of the sampling aperture and/or independent contro! of
acquisition and conversion tithes. The user controls acqui-
sition and start-of-conversion with two separate write puls-
es. The first pulse, written with ACQMOD = 1, starts an
acquisition interval of indeterminate length. The second
write pulse, written with ACQMOD = 0, terminates acquisi-
tion and starts conversion on WR'’s rising edge (Figure 6).
However, if the second control byte contains ACQMOD =
1, an indefintte acquisition interval is restarted.

The address bits for the input mux must have the same
values on the first and second write pulses. Power-
down mode bits (PDO, PD1) can assume new values on
the second write pulse (see Power-Down Mode).

te— lteses — ’-— lesr
1
I
R ~
INT \
R_D 1C /————
¥
HBEN N
—| o r ot — |-—lm
4
HIGH-Z e TIGH/ LOW HIGH7 LOW HIGH-Z
pouT Ly | BYTE VALID BYTE VALID

Figure 5. Conversion Timing Using Intemal Acquisition Mode
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Multi-Range (x4V, 2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface
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Figure 6. Conversion Timing Using Extemal Acquisition Mode

How to Read a Conversion
A standard interrupt signal, INT, is provided to allow the
device to flag the pP when the conversion has ended
and a valid result is available. INT goes low when the
conversion is complete and the output data is ready
(Figures 5 and 6). It returns high on the first read cycle
or if a new control byte is written.

Clock Modes
The MAX199 operates with either an internal or an
external clock. Control bits (D6, D7) select either inter-
nal or external clock mode. Once the desired clock
mode is selected, changing these bits to program
power-down will not affect the clock mode. In each
mode, internal or external acquisition can be used. At
power-up, the MAX199 defaults to external clock mode.

Internal Clock Mode
Select internal clock mode to free the pP from the
burden of running the SAR conversion clock. To select
this mode, write the control byte with D7 =0 and D6 = 1.
A 100pF capacitor between the CLK pin and ground
sets this frequency to 1.56MHz nominal. Figure 7

MAXIMN

shows a linear relationship between the internal clock
period and the value of the external capacitor used.
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Figure 7. Intemal Clock Period vs. Clock Pin Capacitance
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MAX199

Multi-Range (£4V, 2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus

External Clock Mode
Select external clock mode by writing the control byte
with D7 = 0 and D6 = 0. Figure 8 shows CLK and WR
timing relationships in internal and external acquisition
modes, with an external clock. A 100kHz to 2.0MHz

?nterface

external clock with 45% to 55% duty cycle is required
for proper operation. Operating at clock frequencies
lower than 100kHz will cause a voltage droop across
the hold capacitor, and subsequently degrade perfor-

mance.
H

<+—  ACQUISITION STARTS

s

L]
ACQUISITION ENDS -‘—»%‘— CONVERSION STARTS

|
|
|
!
]
|
1

|
|=—— ACQUISITION STARTS

SO IR 2 B S N S B S S B S
— s i
" vt '
ACQMOD = 0 WR GOES HIGH WHEN CLK IS HIGH ‘

fl

ACQUISITION ENDs'—.lI<— CONVERSION STARTS

Cromu B S 0 N S R S

1 b It

ACQMOD = 0"

WR GOES HIGH WHEN CLK IS LOW '

Figure 8a. External Clock and WR Timing (Intemal Acquisition Mode)
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Figure 8b. External Clock and WR Timing (External Acquisition Mode)
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Multi-Range (£4V, 2V, +4V, +2V),
+5V Supply, 12-Bit DAS with 8+4 Bus Interface

Applications Information

Power-On Reset
At power-up, the internal power-supply circuitry sets TNT
high and puts the device in normal operation / external
clock mode. This state is selected to keep the internal
clock from loading the external clock driver when the
part is used in external clock mode.

Internal or External Reference
The MAX189 can operate with either an internal or external
reference. An external reference can be connected to
either the REF pin or to the REFADJ pin (Figure 9).

To use the REF input directly, disable the internal buffer
by tying REFADJ to VpD. Using the REFADJ input elimi-
nates the need to buffer the reference externally.
When the reference is applied at REFADJ, bypass
REFADJ with a 0.01pF capacitor to AGND.

The REFADJ internal buffer gain is trimmed to 1.6384 to
provide 4.096V at the REF pin from a 2.5V reference.

Internal Reference
The internally trimmed 2.50V reference is gained
through the REFADJ buffer to provide 4.096V at REF.
Bypass the REF pin with a 4.7pF capacitor to AGND
and the REFADJ pin with a 0.01pF capacitor to AGND.
The internal reference voltage is adjustable to +1.5%
(65 LSBs) with the reference-adjust circuit of Figure 1.

External Reference
At REF and REFADJ, the input impedance is a mini-
mum of 10kQ for DC currents. During conversions, an

external reference at REF thust be able to deliver
400pA DC load currents, and must have an output
impedance of 10Q or less. If the reference has higher
input impedance or is noisy, bypass it close to the REF
pin with a 4.7pF capacitor to AGND.

With an external reference vdltage of less than 4.096V
at the REF pin or less than 2.5V at the REFAD.J pin, the
increase in the ratio of the RMS noise to the LSB value
(FS 7 4086) results in performance degradation (loss of
effective bits).

2%

REF
MAXIMN 4,096V

MAX199 he 4T

:l: Crer

Ay=1638 Voo

REFADJ | 25 T
10k
25v

Figure 9b. Extemal Reference 4t REF

REF § %6 4.096V
MAXIMN

MAX199

Ay=1638
REFADJ | 25

Lo
10k j::

28V

:

MAXIMN REF 1 26
MAX199 L 4
Crer

i

Ay=1638

. REFADJ | 26 25V

0.01uf

10k

HR B

Figure 9a. Internal Reference

MAXIMN

Figure 9c. The external reference at REFADJ overdrives the
intemal reference.
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MAX199

Multi-Ran?e (z4V, 2V, +4V, +2V),

+5V Supp

Power-Down Mode
To save power, you can put the converter into low-
current shutdown mode between conversions. Two
programmable power-down modes are available, in
addition to a hardware shutdown. Select STBYPD or
FULLPD by programming PDO and PD1 in the input
control byte. When software power-down is asserted, it
becomes effective only after the end of conversion. In all
power-down modes, the interface remains active and
conversion resufts may be read. Input overvoltage pro-
tection is active in all power-down modes. The device
returns to normal operation on the first WR falling edge
during a write operation.

For hardware-controlled (FULLPD) power-down, pull
the SHDN pin low. When hardware shutdown is assert-
ed, it becomes effective immediately and the conver-
sion is aborted.

Choosing Power-Down Modes
The bandgap reference and reference buffer remain
active in STBYPD mode, maintaining the voltage on the
4.7uF capacitor at the REF pin. This is a "DC” state that
does not degrade after power-down of any duration.
Therefore, you can use any sampling rate with this
mode, without regard to start-up delays.

ly, 12-Bit DAS with 8+4 Bus Interface

However, in FULLPD mode, Enly the bandgap refer-
ence is active. Connect a 33pF capacitor between REF
and AGND to maintain the reference voltage between
conversion and to reduce transients when the buffer is
enabled and disabled. Throughput rates down to 1ksps
can be achieved without aliotting extra acquisition time
for reference recovery prior to‘conversion. This allows a
conversion to begin immediately after power-down
ends. If the discharge of the REF capacitor during
FULLPD exceeds the desired limits for accuracy {less
than a fraction of an LSB), rup a STBYPD power-down
cycle prior to starting conversions. Take into account
that the reference buffer recharges the bypass capaci-
tor at an 80mv/ms slew rate gnd add 50us for settling
time. Throughput rates of 10ksps offer typical supply
currents of 470pA, using the recommended 33uF
capacitor value.

Auto-Shutdown
Selecting STBYPD on every'conversion automatically
shuts the MAX199 down after each conversion without
requiring any start-up time orj the next conversion.
i

OUTPUT CODE (s
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n..m TRANSITION ~ %
1. 10 !
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| |
] Y }
1 /
/ |
| // I
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1 /
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! / |
/ i
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Figure 10. Unipolar Transfer Function
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Figure 11. Bipolar Transfer Fupction
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MAX199

Multi-Ran?e (z4V, 22V, +4V, +2V),

+5V Supp

ly, 12-Bit DAS with 8+4 Bus Interface

Functional Diagram
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VI AKX/

CMOS Octal 8-Bit D/A Converter

General Description

Maxim's MX7228 contains eight 8-bit voltage output
digital-to-analog converters (DACs) with separate
input latches and output butfers for simple micro-
processor and TTL/CMOS interfacing. The MX7228
maintains 8-bit accuracy over the full operating
temperature range without external trimming.

Internally, data transfer into the data registers is via a
common 8-bit TTL/CMOS compatible input bus.
Logic inputs_A2, A1, and A0 control which DAC is
loaded after WR goes low.

Features

€ Buffered Voltage Output

€ uP Compatible

€ TTL/CMOS Logic Compatible

€ Requires No External Adjustments

€ 24-Pin Narrow DIP Package

€ Operates from Single or Dual Supplies

Ordering Information

- - PART TEMP. RANGE PACKAGE  ERROR
Applications 2
Mini c { Count Analog Syst MX7228KN 0°C 10 +70°C  Plastic DIP 42 LSB
(nimum Lomponent Lount Analog Systems MX722BLN 0°C to +70°C  Plastic DIP  +1LSB
Digital Offset/Gain Adjustment MX7228KCWG _ 0°C 1o +70°C _ Wide SO +2 LSB
Industrial Process Control MX7228LCWG  0°C to +70°C  Wide SO +1LSB
Arbitrary Function Generators MX7228K/D 0°C to +70°C  Dice +2 LSB
Automatic Test Equipment MX7228KP 0°C to +70°C__ PLCC +21SB
. MX7228LP 0°C 1o +70°C  PLGC +1LSB
Typical Operating Circuit MX7228BQ  -25°C to +85°C  CERDIP +2 LSB
MX7228CQ  -25°C to +85°C  CERDIP +1LSB
Vatr Voo MX7228TQ  -55°C to +125°C CERDIP +2 LSB
| MX7228UQ  -55°C to +125°C LERDIP +1LSB
E‘ Pin Configuration
LATCH DAC - Voum
3 Top View
LATCH pAC Lo~ Vour2
[} [ ‘
__—V—
:> LATCH :> 0AC @» Vours Voo [T_' . E AD
44 Vouts E 23] A1
s _~§i> LATCH :> DAC @» Youts VYoutr [I E A2
DATA
ooty | [YYY) [] Voure II _?_] WR
it I H LATCH oaC o MAXN
ours Vours (5] Mx7228 [20] OBo (LSB)
EEYYYY) v —@ Vours [§] [19] oB1
LATCH DAC Vi
: :> [~ Vours E E DB2
145444 T . Vourz [5] 7] oas
LATCH ) DAC = Vour?
> VouT1 E E D84
[YYYYYY) (] ves []
10 15| DBS
LATCH :> DAC $—+ Vours SS
Vaer [11] 1a] oBs
VAKX GND E . E D87 (MSB)
CONTROL MX7228
LOGIC
Py I 1 ) . ) )
WRAZAT1AD  GND vas See page 11 lor Plastic Chip Carrier Configuration
VAXI/VI Maxim Integrated Products 1

mAaxim is a registered trademark of Maxim Integrated Products,
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MX7228

CMOS Octal 8-Bit D/A Converter :

ABSOLUTE MAXIMUM RATINGS

Voo to GND ... -0.3V, 17V’ Operating Temperature Ranges

VDD 10 VSS evvevvrrernnnenneranonaevannenns -0.3V, +24V MX7228K, L virieeeiiiineiiiiiieenns 0°C to +70°C
VsstO GND ...oiiiiri i iaancaanes -7V, Voo MX7228B,C ..........ciinns LI -25°C to +85°C
Digital Input Voltage to GND ................. -0.3V, Voo MX7228T, U ..o | PR -55°C to +125°C
VREF IO GND Lt -0.3V, Vpo Storage Temperature ........... FRTREN -65°C to +165°C
Vour 10 GND (Note 1) .....ovvnniiinaiiiiinnn, Vss., Voo Lead Temperature (Soldering 10 sec.) ........... +300°C
Power Dissipation (Any Package) to +75°C ..... 1000mwW

Derating above +75°C ...vivereeeeeianeieaen. 12mwW/°C :

Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only. and
functional operation of the device al these or any other conditions above those indicated in the operational sections of the specilications is not
implied. Exposure 1o absolute maximum rating conditions lor extended periods may aflect device reliability.

ELECTRICAL CHARACTERISTICS—Dual Supply Operation
(Voo = +10.8V 10 +16.5V, Vss = -5V +10%, GND = OV, Vaer = +2V to +10V, Ry = 2k, C_ = 100pF, Ta = Tuw 10 Tmax unless otherwise
noted.)

PARAMETER [ symsoL | CONDITIONS T MmN TP MAX | UNITS ]
STATIC PERFORMANCE
Resolution 8 Bits |
Total Unadjusted Error xgg:;f:vi 10% fgLT) .:3 LSB
Relative Accuracy INL I'.(,'g,'LTJ ,'11/2 LSB
Differential Nonlinearity DNL Guaranteed Monotonic 41 LSB ]
Full Scale Error Lo hp | LB
Full Scale Tempco Ve = 10V 's ppm/°C

Ta = 25°C KBT 125 7
Zero Code Error LCU LB mv
Ta = s t0 Tmax KBT 130
LCU 120

Zero Code Tempco 30 uV/"E‘,—
REFERENCE INPUT )
Reference Input Range (Note 2) 2 10 v
Reference tnput Resistance 2 kQ
Reference Input Capacitance (Note 3) DAC loaded with 1s 500 pF"
AC Feedthrough {Note 4) ~70 dB
DIGITAL INPUTS
Input High Voltage Vinu 24 1 \
Input Low Voltage ViNL 0.8 V_
Digital Input Leakage Current Vin = OV or Vpp ) 41 uA
Digital tnput Capacitance (Note 3) 8 pf}"—

Note 1: The outputs may be shorted to GND provided that the power dissipation of the package is not exceeded. Typical short
circuit current to GND is 25mA,

Note 2: Vout must be less than Vpp by 3.5V to ensure correct operation.

Note 3: Sample tested at +25°C to ensure compliance.

Nole 4: Vper = 10kHz, 8V peak-io-peak sine wave.

Note 5: Code transition all Os to all 1s. Vaer = OV; WR = Vpp.

Note 6: Code transition all 0s to all 1s. Vaer = 10V; WR = QV.

2 /VIAX1I/vi




CMOS Octal 8-Bit D/A Converter

ELECTRICAL CHARACTERISTICS—Dual Supply Operation (Continued)

(Vop = +10.8V to +16.5V, Vgg = -5V +10%, GND = OV, Vrer = +2V to +10V, Ry = 2k, C, = 100pF, Ta = Tuw to Tmax uniess otherwise

noted.)
PARAMETER | symsoL | CONDITIONS | MIN TYP MAX | UNITS
DYNAMIC PERFORMANCE (Note 3) 1
Voltage Output Slew Rate 2 . Vips
Vour Settling Time To +1/2 LSB, Vger = 10V . 5 us |
Digital Feedthrough (Note 5) 50 nV-sec
Digital Crosstalk (Note 6) po nV-sec
Output Load Resistance Vour = 10V 2 kQQ i
POWER REQUIREMENTS
Positive Supply Range Voo For specified performance 10.8 16.5 \
Negative Supply Range Vss For specified performance -45 -5.5 A
Ta = 25°C Al ! 16 |
Positive Supply Current (Note 7) oo Ta = T 10 Toax KB.LC 20 mA
TU i 22
Ta = 25°C All 14
Negative Supply Current (Note 7) Iss Ta = Touns 10 Triax KBLC 18 mA
TU 20
SWITCHING CHARACTERISTICS (Note 3)
Address to WR Setup t ns
Address to WR Hold tz ns
Ta = 25°C At| 70 ]
Data to WR Setup ta Ta = Tunn 10 Twiax KLB.C 90 ns
TU 100
Data to WR Hold t 10 ns |
Ta = 25°C Al 95
WR Puise Width ts Ta = Trrm 10 Tuax KLB.C 120 T ns
TU 150
ELECTRICAL CHARACTERISTICS—Single +15V Supply Operation
{Vop = +15V +10%, Vss = GND = OV, Vger = +10V, Ry = 2k, C = 100pF, Ta = Tmin to Tmax unless Stherwise noted)
PARAMETER | srmeoL | CONDITIONS [ MmN Tvr mMAXx |uUNITS
STATIC PERFORMANCE T
Resolution 8 Bn;—4
Total Unadjusted Error oy W2 | e
Differential Nonlinearity Guaranteed Monotonic i1 LSB ’
REFERENCE INPUT All specifications are the same as for duai supplies.
DIGITAL INPUTS All specifications are the same as for dual supplies. h ’ 1
DYNAMIC PERFORMANCE All specifications are the same as for dual supplies.
POWER REQUIREMENTS T
Positive Supply Range Voo For specified performance 135 , 16.5 \"
Ta = 25°C Al 16 1
Positive Supply Current (Note 7) Ipo Ta = T 10 Tueax KB.LC 20 mA
TU 22

SWITCHING CHARACTERISTICS All specifications are the same as for dual supplies.

VA X1 /v
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MX7228

CMOS Octal 8-Bit D/A Converter

ELECTRICAL CHARACTERISTICS—+5V Supply Operation
(Voo = +5V £ 5%, Vss = 010 -5V £10%, GND = 0V, Veer = +1.25V, Ry = 2k, Cy = 100pF, Ta = Tmin to Tuax unless otherwise noted )

PARAMETER | symBoL | CONDITIONS T wN TP wax JuniTs ]
STATIC PERFORMANCE
Resolution 8 an:
Difterential Nonlinearity Guaranteed Monotonic 1 LSE_
Full Scale Error t.gl-: i; LS8
Zero Code Error Ta = 25°C Eg; gg mV 1
REFERENCE INPUT o ]
Reference Input Range (Note 2) 1.2 _—1—5 ~-—\_/_
Reference Input Resistance 2 k2
Reference Input Capacitance (Note 3) DAC loaded with 1s s 500~_1 pi___‘

DIGITAL INPUTS All specifications are the same as for dual supplies.
DYNAMIC PERFORMANCE All specifications are the same as for dual supplies.
POWER REQUIREMENTS

Positive Supply Range Voo For Spec Performance 4.75 5.25 V:
Ta = 25°C All 16
Positive Supply Current (Note 7) Ibo Ta = Tain 10 Tyax KB,.LC 20 mA
TU B 22
Ta = 25°C Al o 14 T
Negative Supply Current (Note 7) Iss Ta = T (0 Troax KBLC 18 mA
TU 20
SWITCHING CHARACTERISTICS {(Note 3) N
Address to WR Setup ty 0 ns ]
Address to WR Hold 17 0 ns b
__ Ta = 25°C Al 100 o
Data to WR Setup tg Ta = Tom 10 Tiiax KLB.C 140 ns
TuU 175
Data to WR Hold ts 10 ns |
. Tp = 25°C Al 125 ]
WR Pulse Width ts Ta = Tam 0 Twax KLB.C 160 ns
TU 200

Nofte 1: The outputs may be shorted to GND provided that the power dissipation of the package {s not exceeded. Typical short
circuit current to GND is 25mA.

Note 2: Vour must be less than Vpp by 3.5V to ensure correct operation.

Note 3: Sample tested at +25°C to ensure compliance.

Nole 4: Vagr = 10kHz, 8V peak-fo-peak sine wave,

Note 5: Code transition all Os to all 1s. Vrer = OV; WR_= Vpp.

Note 6: Code transition all Os to all 1s. Vger = 10V; WR = OV,

Note 7: Outputs unloaded.
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CMOS Octal 8-Bit D/A Converter

Digital Inputs
and Interface Logic

The digital inputs are compatible with both TTL and
5V CMOS logic, however the power supply current
(Iop) is somewhat dependent on input logic level.
Supply current is specified for TTL input levels (worst
case) but is reduced (by about 450uA) when the logic
inputs are driven near GND or greater than 4 volts
above GND.

Table 1 shows control logic truth table for WR, A2, A1,
and A0 operation. When WR is low, the input latch of
the selected DAC is transparent, and the DAC's output
responds to the activity on the data bus. The data is
jatched into the_addressed DAC's latch on the rising
edge of the WR signal. Figure 1 shows the timing
diagram for the MX7228.

Table 1. Control Logic Truth Table
WR | A2 | A1 | AO OPERATION

H | X X X No operation
Device not selected

DAC 1 Transparent
DAC 1 Latched

DAC 2 Transparent
DAC 3 Transparent
DAC 4 Transparent
DAC 5 Transparent
DAC 6 Transparent
DAC 7 Transparent

rirlr|||r| |
Tlxl|lz|rrlrr |
Il |||
riT|lrlT||[T|m 7

L H H H DAC 8 Transparent
H = High State, L = Low State, X = Don't Care, R = Rising Edge

Detailed Description

The MX7228 has eight matched voltage output digital-
to-analog converters (DACs) The DACs are “inverted”
R-2R ladder networks which convert 8 digital bits into
equivalent analog output voltages in proportion to the

applied reference voltage. All 8 DACs in the MX7228
share the same reference input (Vger) and GND. A
simplified circuit diagram of one of tﬁe eight DACs is
provided in Figure 2.

VHEF Input

The voltage at Ve sets the full-scale output of the
DACs. The input impedance of the ¥ggg pin is code
dependent. The lowest value, approximately 2 kohms,
occurs when the input code of all eight DACs is
01010101. The maximum value of infinity occurs when
all of the input codes of the eight DACs is 00000000.
Because the input resistance at Vgege is code depen-
dent, the DACs’ reference source should not have an
output impedance more than 4 ohms. The capacitance
at Vpgp is also code dependent and typically varies
from 120pF to 350pF. .

Voutt: Vourz: Voura Voyra: Voyrs: Vouts: Vourr. and
ouTs €an be represented by a igitally programmable
voltage source as:
VOUT = Nb x VHEFlzs,G

where Nb is the numeric value of the DAC's binary
input code.

5V

ADDRESS
ov
! 1
1 15 « —ﬂ 2 o
WR
N ov
l————13 -t
sv
Tavamy n
OATA W
Vi ov

]

Figure 1. Write Cycle Timing Diagram )

R
>
>

2R ] —
08B0 DBO DBS
HEFL—IE]H =t

VREF -

GND
L

Figure 2. DAC Circuit Diagram
VXA
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CMOS Octal 8-Bit D/A Converter

Output Buffer Amplifiers

All voitage outputs are internally buffered by precision
unity gain followers which slew at greater than 2V/us.
The output settles to +1/2 LSB in less than 5us when
driving 2kQ in parallel with 100pF with a full scale
transition (OV to +10V or +10V to OV) The buffers will
also drive 2kQ in parallel with 500pF to 10V levels
without oscillation. Typical dynamic response and
settling performance of the MX7228 are shown in
Figures 3 and 4.

A simplified circuit diagram of an output buffer is
shown in Figure 5. Input common mode range to GND
is provided by a PMOS input structure. The output
circuitry incorporates both a constant current source
and an actively driven n-channel device. The actively
driven n-channel device aids in discharging large
output capacitances.

MX7228

The MX7228 can operate from either a single supply
or dual supplies. The output buffer amplifiers are the
only part of the MX7228 that receive Vgg power.
Operating the MX7228 from dual supplies will improve
the negative going output settling time near GND. In
addition, the output amplifier can sink 500uA when
operating with dual supplies. The use of dual supplies
also extends the input reference voltage range. When
operating with a single supply, the output sink current
decreases when the output approaches 0 volts (see
Figure 6).

The output amplifier broadband noise is approxi-
mately 50iVgys and is not strongly power supply
voltage dependent. The output impedance of the
output buffer is approximately 1Q.

Vop = 15V, Vgs = OV

B-«—— DAC OUTPUT 2v/DIV ——

<+ ALL DIGITAL INPUTS SV/DIV

BOTH PHOTOS, Ci = 100pF, Ay = 2k0

Vpo = 15V, Vgg = -5V

Figure 3. Dynamic Response

+ ALL DIGITAL INPUTS

SETTLING
TO +1ov

~¢—— VREF
: (256

255
254

— VRep | ——
( 256

BOTH PHOTPS
Cy = 100pF, Ry = 2k(}, Vpp = 15V,
Vss = -5V, 1s/DIV, Vper = 10V

+ ALL DIGITAL INPUTS

+1LSB

oV —|

SETTLING
TO GND

Figure 4. Dynamic Response
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CMOS Octal 8-Bit D/A Converter

Voo
8 8
e O e

}-4 —- OUTPUT

4

Figure 5. Output Buffer Amplifier

Applications Information

Power Supply and
Reference Operating Ranges

The MX7228 is fully specified to operate between
+12V £10% and +15V 310% (10.8V to 16.5V), and with
Vss from OV to -5.5V. 8 bit performance is guaranteed
for single supply operation (Vgg = 0V), however, zero
code error is improved with Vgg = -5V.

For adequate DAC and butfer operation, Vggg must
always be below Vpp by at least 3.5V.

Power Supply Management

Careful PCB layout techniques should be used to
minimize crosstalk between Vggr, GND, and the digital
inputs. This is particularly important if the reference
input is driven from an AC source. Bypass capacitors
(0.14F in parallet with 6.8uF) should be used between
yDDSS;\d GND (also between Vgg and GND if Vgg
is -5V).

Unipolar Output

In unipolar operation, the reference voltage is the
same polarity as the output voltage. Since the refer-
ence voltage must always be positive with respect to
GND, the output voltage is also positive with respect
to GND. An example of a unipolar circuit configura-
tion is shown in Figure 7. The unipolar code is given
in Table 2.
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MX7228

CMOS Octal 8-Bit D/A Converter

Table 2. Unipolar Code Table

Vs |10 12} GND

ov OR -sv =

Figure 7. Unipolar Output Circuit

v Ay Az
DAC CONTENTS REF B A WA—
MsB LSB ANALOG OUTPUT \
255 \
1111 111 1 +Vaer ‘55_6) DAC OUTPUT— 2+ |4 >_-L_.> Vour
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1000 0001 +V —_—
REF ‘ 255) Vout = Da x VRer * (1 + R2/Rq) - VRer * R2/Ry
{F Rz = Ry, THEN Voyt = VRer * (2 * Da - 1)
1000 0000 wo (1281 Veer WHERE Da IS THE FRACTIONAL REPRESENTATION
REF | 256 2 OF THE DIGITAL WORD
0111 111 +Vogr (1;25%) Figure 8. Bipolar Qutput Circuit,
0000 000 1 +Vagr ( ﬁ) DAC OUTPUT
Ry
0000 0000 ov + Vour
Ry :’
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CHMOS Octal 8-Bit D/A Converter

Bipolar Output

Each DAC output may be configured for bipolar oper-
ation using the circuit in Figure 8. One op amp and
two resistors are needed per channel. Table 3 shows
the digital code versus output voltage for Figure 8
assuming R1=R2.

Table 3. Bipolar Code Table

DAC CONTENTS

MSB LSB ANALOG OUTPUT

1
~Vaee (ﬁ )

127
~Vagr ‘m ’

128
~Vrer ‘ﬁg) = -Vrer

Offsetting DAC Outputs

Each DAC can be offset using the circuit shown in
Figure 9. If the op amp does not have a negative
supply, then its common mode voltage range and
output voltage range must include GND. Also, one
DAC can provide the output offset for another DAC as
shown in Figure 10.

Using an AC Reference

In applications where Vger has AC signal components,
the MX7228 has multiplying capabilities within the
limits of the Vee input range specifications. Figure 11
shows a technique for applying an AC signal to the
MX7228. Since all eight DACs share a common
reference, they all will be AC modulated. Output

ViV /> V4|

distortion is typically less than Q.1% for frequencies
up to 50kHz.

Generating Vg

The performance of the MX7228 is specified with and
without a Vgg supply. When the improved performance
of dual supply operation is desired, but only a single
supply is available, a negative supply can be gener-
ated using any of the circuits shown in Figure 12.

Digital Interface Applications

Figures 13 through 16 shown examples of interfacing
the MX7228 to most popular microprocessors.

5V Operation

The MX7228 can also be used with a single SV power
supply or a £ 5V power supply. The timing specifi-
cations are degraded, and the reference voltage range
is reduced. The DNL of each DAC remains at = 1 LSB
guaranteeing monotonicity. For gevices with a nega-
tive offset and no negative supply there is a possibility,
near zero, that the DAC will not change when the
DAC code is incremented. Once the DAC has reached
the offset voltage of the output buffer, the DAC will
begin to increment in a normal faghion. Since the LSB
voltage is only a few millivolts, care should be used in
decoupling supplies, ground Ioops, etc.

15V

10V

10 2
'q . “2v
AC
nerenence ™ —+—+
INPUT
& Vner Voo
v 3 W
f\/ JL DAC Your | vours
-4V
AAAXIMN
MX7228
Vs GND

EY (o]n GND) _I_

Figure 11. AC Reference Input Circu?l
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MX7228

CMOS Octal 8-Bit D/A Converter
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CMOS Octal 8-Bit D/A Converter

Pin Configuration (continued)
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Package Information
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MX7228

CMOS Octal 8-Bit D/A Converter
Package Information (continued)
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&National Semiconductor

54L.S04/DM54LS04/DM74LS04 Hex Inverting Gates

General Description Features

This device contains six independent gates each of which W Alternate Military/Aerospace device (54LS04) is avail-

performs the logic INVERT function. able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

DuakIn-Line Package
Vee A6 Y6 AS 1] Y] vé
Ill

|IJ ||z In Iw |9 Ia

l ' Iz IJ ll Is ]s ‘7
Al 7 A2 2 A V3 GND
TL/F/6345-1
Order Number 54LS04DMQB, 54LS04FMQB, 54LS04LMQB, DM54L.S04J, DM54LS04W, DM74LS04M or DM74LS04N

See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y=A
Input Output
A Y
L H
H L

H =~ High Loglc Level
L = Low Logic Level

©1985 National Sericonductor Corporation  TL/F/6345 RAD-BIOM105/Primedin U, S A,

sajen BuipeAu| xaH y0STY2ZINA/Y0STYSNGA/ 0SS



Absolute Maximum Ratings mote)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage N
Operating Free Air Temperature Range

DM54LS and 54L.S —-55°Cto +125°C

0°Cto +70°C
—65°C to +150°C

DM74LS
Storage Temperature Range

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DMS4LS04 DM74LS04 Units
Min Nom Max Min Nom Max

Veo Supply Voltage 4.5 5 55 4.75 5 5.25 \
Vid High Level input Voltage 2 2 V.
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current ~0.4 -0.4 mA
loL Low Level Output Gurrent 4 8 mA
Ta Free Air Operating Temperature —55 125 0 70, °C

Electrical CharacteristiCs over recommended operating free air temperature range (unless otherwise noted)

Symbol Parameter Conditions Min (NH: 1) Max Units
V) Input Clamp Voltage Voo = Min, || = —18 mA —-1.5 \
VoH High Level Output Veg = Min, lgy = Max, DM54 25 3.4 . v
Voltage ViL = Max DM74 27 3.4
VoL Low Level Output Vee = Min, lgL = Max, DM54 0.25 0.4
Voltage Vi = Min DM74 0.35 05 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
h Input Current @ Max Voo = Max, V; = 7V 04 mA
Input Volitage
H High Level Input Current Ve = Max, V| = 2.7V 20 nA
IR Low Level Input Current Vgg = Max, V| = 0.4V —0.36 mA
los Short Gircuit Vec = Max DM54 —20 —~100 A
QOutput Current (Note 2) DM74 —20 —1p0 m
lccH gt;}::l{'y( :::;:nt with Vec = Max 12 24 mA
lcoL gt;,:gz sclixn( with Vec = Max 36 6.6 mA

Switching Characteristics atvee = 5vand Ta = 25°G (See Section 1 for Test Waveforms and Output Load)

Ry = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF Units
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 3 10 4 15 ns
tPHL Propagation Delay Time
High to Low Level Output 3 10 4 15 ns

Note 1: All typlcals are at Vgg = 5V, Ty = 25°C.
Note Z Not more than one output should be shorted at a time, and the duration should not exceed one second.
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54L.S04/DM54LS04/DM74LS04 Hex Inverting Gates

Physical Dimensions inches (millmeters) (Gontinued)
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LIFE SUPPORT POLICY
)

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a iife

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failwre to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semiconductor National Semiconductor
Cerporation Europe

1111 Wast Bardin Road Fax (+49) 0-180-530 85 86
Arington, TX 76017 Emait cnjwge@tevm2.nsc.com
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Fax 1{800) 737-7018 English Tek {+49) 0-180-532 78 32

Frangals Tel (+48) 0-180-532 93 58
Italiane  Tek {+48) 0-180-534 16 80
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Hong Kong Ltd. Japad Ltd,
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Ocean Centre, § Canton Rd. Fax 81-043-299-2408
Tsimshatsul, Kowloon

Hong Kong

Tel: (852) 2737-1800
Fex {852) 2736-9960
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54L.S245/DM54L.S245/DM74L.S245
TRI-STATE® QOctal Bus Transceiver

General Description

These octal bus transceivers are designed for asynchro-
nous two-way communication between data buses. The
control function implementation minimizes external timing
requirements.

The device allows data transmission from the A bus to the B
bus or from the B bus to the A bus depending upon the logic
level at the direction control (DIR) input. The enable input
(G) can be used to disable the device so that the buses are
effectively isolated.

Features

m Bi-Directional bus transceiver in a high-density 20-pin
package

m TRI-STATE outputs drive bus lines directly

m PNP inputs reduce DC loading on bus lines

m Hysteresis at bus inputs improve noise margins
m Typical propagation delay times, port-to-port 8 ns
m Typical enable/disable times 17 ns

| oL (sink current)

54L8 12 mA
74LS 24 mA

m oy (source current)
5418 —12 mA
74LS —15 mA

m Alternate Military/Aerospace device (54LS245) is avail-
able. Contact a National Semiconductor Sales Office/
Distributor for specifications.

Connection Diagram

Dual-In-Line Package

ENABLE
Vvee 6 B1 B2

B3
]20 19 18 17 I 16

84 B5 B6 87 [::3
15 | 14

Y

zg;

4

o
7

AN
rr i
l 1 2 I 3 4 I 5 I 6 7 8 9 |1o
DR Al A2 A3 A4 A5 A6 A7 A8 GND

TL/F/6413-1

Order Number 54L$245DMQB, 54LS245FMQB, 54L$245LMQB,
DM54LS245J, DM54LS245W, DM74LS245WM or DM74LS245N
See NS Package Number E20A, J20A, M20B, N20A or W20A

Function Table

Operation

Enable Direction
G Control
DIR
L L
L H
H X

B data to A bus
A data to B bus
Isolation

H = High Level, L = Low Level, X = Irelevant

TRI-STATE® s 2

of Nationa! it Corpor ati

©1995 National Semiconductor Corporation  TL/F/6413

RARD-BI0M105/Printed n U. S. A
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Absolute Maximum Ratings (Note)

i Military/Aerospace specified devices are required,
please contact the Netional Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage v
Input Voltage

DIRorG v

AorB 5.5V
Operating Free Air Temperature Range

DM54LS and 54LS ~55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined in the “Electrical Characteristics”
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DM54LS245 DM74LS245 Units
Min Nom Max Min Nom Max’

Voo Supply Voltage 4.5 5 5.5 4.75 5 5.25

ViH High Level Input Voltage 2 2

ViL Low Level Input Voltage 0.7 0.8 v

loH High Level Output Gurrent -12 —-15 mA

loL Low Level Output Current 12 24 mA

TA Free Air Operating Temperature ~55 125 0 70 *C

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)

: Typ
Symbol Parameter Conditions Min (Note 1) Max Units
\ Input Clamp Voltage Vo = Min, | = —18 mA =15 \
HYS Hysteresis (Vy+ — V=) Vee = Min 0.2 0.4 \
VoH High Level Output Voltage Vee = Min, Vi = Min DM74
27
ViL = Max, loq = —1 mA
Voo = Min, Vi = Min DM54/DM74
Vit = Max, loq = —3 mA 2.4 3.4 v
Vee = Min, Vi = Min DM54/DM74 2
ViL = 0.5V, Ioq = Max
VoL Low Level Output Voltage Vee = Min loL = 12mA | DM74 04
Vii=Max [ _Max | DMs4 0.4 v
VIH = Min
DM74 0.5
lozH Off-State Output Current, Vee = Max | Vo =27V 20 A
High Level Voltage Applied | Vi = Max B
lozL Off-State Output Current, Vin = Min Vo = 0.4V —200 A
Low Level Voltage Applied s
I Input Current at Maximum Vecc =Max | AorB Vi = 55V 0.1 mA
Input Voltage DIRorG Vi=7V 0.1
H High Level Input Current Voo = Max, V| = 2.7V 20 HA
n Low Level Input Current Vo = Max, V| = 0.4V ~b2 | mA
los Short Gircuit Output Current | Vo = Max (Note 2) —-40 —225 mA
lec Supply Current QOutputs High Voo = Max 48 70
Outputs Low 62 90 mA
Outputs at Hi-Z 64 95

Note 1: All typicals are at Voc = 5V, Tp = 25°C.

Note 2 Not more than one output should be shorted at a time, not to exceed one second duration




Swntchlng Characteristics Voo = 5V, Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

DM54/74
Symbol Parameter Conditions LS245 Units
Min Max
tpLH Propagation Delay Time, Low-to-High-Level Output 12 ns
tPHL Propagation Delay Time, High-to-Low-Level Output CL = 45pF 12 ns
tpzL Output Enable Time to Low Level Ry = 6670 40 ns
tpzH Output Enable Time to High Level N 40 ns
tpLz Output Disable Time from Low Level CL = 5pF 25 ns
oz Output Disable Time from High Level RL = 6670 25 ns
tpLH Propagation Delay Time, Low-to-High-Level Output 16 ns
tPHL Propagation Delay Time, High-to-Low-Level Output Cy = 150 pF 17 ns
tpzL Output Enable Time to Low Level R = 6670 45 ns
tpzH Output Enable Time to High Level . 45 ns
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Physical Dimensions inches (millimeters) {Continued)
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54LS245/DM54LS245/DM74LS245 TRI-STATE Octal Bus Transceiver

Physical Dimensions inches (millimeters) (Continued)
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
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&National Semiconductor

541L.S32/DM54LS32/DM74LS32

Quad 2-Input OR Gates

General Description Features

This device contains four independent gates each of which ~ ® Alternate Military/Aerospace device (54L.832) is avail-
performs the logic OR function. able. Gontact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Dual-In-Line Package
Vcc B4 A4 Y4 B3 A3 Y3
Jre 13 1z 1t o s e

Al B1 Y1 A2 B2 Y2  GND
TL/F/6361-1

Order Number 54LS32DMQB, 54LS32FMQB, 54LS32LMQB,
DM54LS32J, DM54L.S32W, DM74LS32M or DM74LS32N
See NS Package Number E20A, J14A, M14A, N14A or W14B [

Function Table
Y=A+8B
Inputs Output
A B Y
L L L
L H H
H L H
H H H H

H = High Logic Level
L = Low Logic Level

©1995 National Semiconductor Corporation TL/F/6361 RRD‘{anMmS/Pﬂnua nUS.A
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Absolute Maximum Ratings (Not)

¥ Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage v
Input Voltage A
Operating Free Air Temperature Range
DMS54LS and 54LS —55°Gto +125°C
DM74LS 0°Cto +70°C

Storage Temperature Range —65°C to +150°C

Recommended Operating Conditions

Note: The “Absolute Maximum Ratings” are those values
beyond which the safely of the device cannot be guaran-
teed. The device should not be operated at these limits. The
parametric values defined In the “Electrical Characteristics™
table are not guaranteed at the absolute maximum ratings.
The “Recommended Operating Conditions” table will define
the conditions for actual device operation.

Symbol Parameter DM54LS32 DM741.532 Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 v
ViH High Level Input Voitage 2 2 v
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
TA Free Air Operating Temperature —-55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
Vi Input Clamp Voltage Vcc = Min, [} = —18 mA —-1.5 v
VoH High Level Output Vee = Min, loy = Max DM54 25 3.4 v
Voitage ViH = Min DM74 27 3.4
VoL Low Level Output Voe = Min, gL = Max DM54 0.25 0.4
Voltage ViL = Max DM74 0.35 0.5 v
loL = 4 mA, Vg = Min DM74 0.25 0.4
] Input Current @ Max Ve = Max, V) = 7V 0.1 mA
Input Voltage ’
M High Level Input Current | Voo = Max, V) = 27V 20 pA
TR Low Level Input Current Voo = Max, V) = 0.4V ~0.36 mA
los Short Circuit Vcg = Max DM54 -20 ~1Q0
Output Gurrent (Note 2) DM74 —20 ~100 mA
lccH g:p:gzsc:lr;nt with Vcc = Max 31 6.2 mA
lcoL g:;: g&);scl?;:nt with Vcc = Max 49 98 mA

Switching Characteristics a Vcc = 5Vand Tp = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter C_ = 15pF Cp = 50 pF Units
Min Max Min Max

tPLH Propagation Delay Time

Low to High Leve! Output 3 " 4 15 ns
toHL Propagation Delay Time

3
High to Low Level Output " 4 19 ns

Note 1: All typicals are at Vgg = 5V, Ty = 25°C,
Note 2 Not more than one output should be shorted at a time, and the duration should not exceed one second.
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Physical Dimensions inches (millimeters)
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14-Lead Ceramic Dual-In-Line Package (J)
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NS Package Number J14A




Physical Dimensions inches (millimeters)
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541.S32/DM54LS32/DM74L.S32 Quad 2-Input OR Gates

Physical Dimensions inches (milimeters) (Continued)

LIFE SUPPORT POLICY
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14-Lead Ceramic Flat Package (W)
Order Number 54LS32FMQB or DM54LS32W
NS Package Number W14B

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failwe to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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LM108A/LM208A/LM308A Operational Amplifiers

General Description

The LM108/LM108A series are precision operational ampli-
fiers having specifications about a factor of ten better than
FET amplifiers over their operating temperature range. In
addition to low input currents, these devices have extremely
low offset voltage, making it possible to eliminate offset ad-
justments, in most cases, and obtain performance ap-
proaching chopper stabilized ampiifiers.

The devices operate with supply voltages from +2V to
+ 18V and have sufficient supply rejection to use unregulat-
ed suppliss. Although the circuit is interchangeable with and
uses the same compensation as the LM101A, an alternate
compensation scheme can be used to make it particularly
insensitive to power supply noise and to make supply by-
pass capacitors unnecessary.

The low current error of the LM108A series makes possible
many designs that are not practical with conventional ampli-
fiers. In fact, it operates from 10 M source resistances,

introducing less error than devices like the 709 with 10 k2
sources. Integrators with drifts less than 500 uV/sec and
analog time delays in excess of one hour can be made us-
ing capacitors no larger than 1 uF.

The LM208A is identical to the LM108A, except that the
LM208A has its performance guaranteed over a —25°C to
+85°C temperature range, instead of —55°C to +125°C.
The LM308A devices have slightly-relaxed specifications
and performances over a 0°G to +70°C temperature range.

Features

» Offset voltage guaranteed less than 0.5 mV

® Maximum input bias current of 3.0 nAover temperature
B Offset current less than 400 pA over femperature

=B Supply current of only 300 A, even in saturation

=’ Guaranteed 5 pV/°C drift

Compensation Circuits

Standard Compensation Circuit

Rt R2
“VYine
V,
- s out
iy '
1
R1Co
G= R1+R2
XL Co = 30 pF
TL/H/7759-1

**Bandwidth and slew rate are proportional to 1/Cy.

Alternate* Frequency Compensation
At R2

Vaur
‘vll
Cs
104 pF
*Improves rejection of power supply I
nolse by a factor of ten. =
TL/H/7758-2

**Bandwidth and slew rate are proportional to 1/Cy !

Feedforward Compensation

€2
§pfF

INPUT

500 pf

| |—
11

OUTPUT

TL/H/T758-3

©1995 National Semiconducior Corporation  TL/H/TT59
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LM108A/LM208A Absolute Maximum Ratings

K Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.
{Note 5)

Supply Voltage +20V
Power Dissipation (Note 1) 500 mW
Differential Input Current (Note 2) +10 mA
Input Voltage (Note 3) +15V
Output Short-Circuit Duration Continuous
Operating Free Air Temperature Range

Storage Temperature Range -65°C 1o +150°C
Lead Temperature (Soldering, 10 sec.) (DIP) 260°C

Soldering Information
Dual-In-Line Package

Soldering (10 sec.) ! 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See An-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

LLM108A —-55°Cto +125°C
LM208A —25°C o +85°C ESD Tolerance (Note 6) 2000V
Electrical Characteristics (Note 4)
Parameter Conditions Min Typ Max : Units
Input Offset Voitage Ta = 25°C 03 0.5 mV
Input Offset Current Ta = 25°C 0.05 0.2 nA
Input Bias Current Ta = 25°C 0.8 20 nA
Input Resistance Tp = 25°C 30 70 MQ
Supply Current Tp = 25°C 0.3 0.6 mA
Large Signal Voltage Gain Tp = 25°C,Vg = 15V, !
/i
VouT = £10V,R = 10k 80 300 Vimv
input Offset Voltage 1.0, mV
Average Temperature Coefficient
K .0 /°C
of Input Offset Voltage 10 5 4
Input Offset Current 0.4 nA
Average Temperature Coefficient .
of Input Offset Current 05 2'51 PA/°C
Input Bias Current 30, nA
Supply Current Ta = 125°C 0.15 0.4 mA
Large Signal Voltage Gain Vg = +15V,Voyr = 10V,
RL > 10k 40 V/mV
Output Voltage Swing Vs = +15V,R_ = 10k +13 +14 \
Input Voltage Range Vg = +15V +13.5 \
Common Mode Rejection Ratio 26 110 : dB
Supply Voltage Rejection Ratio 96 110 dB

Note 1: The maximum junction temperature of the LM108A Is 150°C, while that of the LM208A Is 100°C. For operating at elevated ter

iree, devi Inthe HO8

P

package must be derated based on a thermal resistance of 160°C/W, junction to amblent, or 20°C/W, Junction to case. The thermal resistance of the duakin-line

package is 100°C/W, junction to ambient.
Note 2: The Inputs are shunted with back-to-back diodes for overvoltage pr

Therefore,

ive current will flow if a differentlal input voltage in excess of

1V is applied between the inputs unless some limiting resistance is used.

Note & For supply voltages less than +15V, the absolute maximum Input voltage is equal to the supply voltage.
Note 4: These specifications apply for +5V < Vg < $£20V and —55°C < Tp < 125°C, unless otherwise spedtied. With the LM208A, however, all tamperature

specifications are limited to —25°C < Ty < 85°C.

Note 5: Refer to RETS108AX for LM108AH and LM10BAJ-8 miitary specifications.

Note & Human body model, 1.5 k2 in series with 100 pF.




LM308A Absolute Maximum Ratings

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.

Supply Voltage

Power Dissipation (Note 1)
Differential Input Current (Note 2)
Input Voltage (Note 3)

Output Short-Circuit Duration
Operating Temperature Range
Storage Temperature Range
H-Package Lead Temperature

—65°Cto +150°C

L]
Lead Temperature (Soldering, 10 sec.‘) (DIP) 260°C

Soldering Information !

Dual-In-Line Package '
+18V Soldering (10 sec.) 260°C

500 mW Small Outline Package
Vapor phase (60 sec.) 215°C
* 1:_’ mc Infrared (15 sec.) 220°C
. 15 See An-450 “Surface Mounting Methods and Their Effect
Continuous

0*Cto +70°C face mount devices.

ESD rating to be determined.

on Product Reliability” for other methods of soldering sur-

(Soldering, 10 sec.) 300°C
{
Electrical Characteristics (Note 4)
Parameter Conditions Min Typ | Max Units
Input Offset Voltage Tp = 25°C 0.3 0.5 mv
Input Offset Current Ta = 25°C 0.2 1 nA
Input Bias Gurrent Ta = 25°C 1.5 7 nA
Input Resistance Ta = 25°C 10 40 MO
Supply Current Ta = 25°C, Vg = £ 15V 0.3 0.8 mA
Large Signal Voltage Gain Ta = 25°C, Vg = 15V,
\
Vour = *10V, R > 10k 80 800 V/m
Input Offset Voltage Vg = 15V, Rg = 10002 0.73 mV
Average Temperature Coefficient Vg = +15V,Rg = 10002 .
of Input Offset Voltage 20 50 pvree
Input Offset Current 1.5 nA
Average Temperature Coefficient .
of Input Offset Current 20 10 PA/*C
{nput Bias Current 10 nA
Large Signal Voltage Gain Vg = 15V, Voyur = 210V,
RL> 10kD 60 V/imV
Output Voltage Swing Vg = +15V,RL = 10kQ2 +13 +14 \
Input Voltage Range Vg = 115V +14 \
Common Mode Rejection Ratio 96 110 dB
Supply Voltage Rejection Ratio 96 110 dB

Nate 1: The maximum junction temperature of the LM308A Is 85°C. For operating at elevated temperatures, devices in the HO8 package must be derated based on
a thermal resistance of 160°C/W, junction to ambient, or 20°C/W, Junction to case. The thermal resistance of the dual-in-ine package is 100°C/W, junction to

amblent,

Note 2: The inputs are shunted with back-to-back diodes for overvoltage protection. Therefore, excessive current will flow if a dme{enﬂal input voRage In excess of
1V is applied between the Inputs unless some imiting resistance is used.

Note 3: For supply voltages less than 115V, the absolute maximum Input voltage is equal to the supply voltage.
Note 4: These speclifications apply for £5V < Vg < $15Vand 0°C < Tp < +7(°C, uniess otherwise specified.




Typical Applications
Sample and Hold

vt R

INPUT

1Teflon, polysthylens or polycarbonate dielectric capacitor. 3: i‘:

Worst case drift less than 25 mV/sec.

High Speed Amplifier with Low Drift and Low Input Current
Re

RIN
INPUT —AAA——@ f A

002 «F

>

1SDK§

<

100 pF

150K

TL/H/7758-4

OuTPUT

TL/H/7769-6




Application Hints

A very low drift amplifier poses some uncommon application
and testing problems. Many sources of error can cause the
apparent circuit drift to be much higher than would be pre-
dicted.

Thermocouple effects caused by temperature gradient
across dissimilar metals are perhaps the worst offenders.
Only a few degrees gradient can cause hundreds of micro-
volts of error. The two places this shows up, generally, are
the package-to-printed circuit board interface and tempera-
ture gradients across resistors. Keeping package leads
short and the two input leads close together helps greatly.

Resistor choice as well as physical placement is important
for minimizing thermocouple effects. Carbon, oxide film and
some metal film resistors can cause large thermocouple er-
rors. Wirewound resistors of evanohm or manganin are best
since thaey only generate about 2 uV/°C referenced to cop-
per. Of course, keeping the resistor ends at the same tem-
perature is important. Generally, shielding a low drift stage
electrically and thermally will yield good results.

Schematic Diagram
COMPEN%AIIDN

COMPENS'ATIDN

Resistors can cause other errors besides gradient generat-
ed voltages. !f the gain setting resislors do not track with
temperature a gain error will result. For example, a gain of
1000 amplifier with a constant 10 mV. input will have a 10V
output. If the resistors mistrack by 0.5% over the operating
temperature range, the error at the joutput is 50 mV. Re-
ferred to input, this is a 50 pV error. All of the gain fixing
resistor should be the same material.

Testing low drift amplifiers is also difficult Standard drift
testing technique such as heating the device in an oven and
having the leads available through 'a connector, thermo-
probe, or the soldering iron method—do not work. Thermal
gradients cause much greater errors !han the amplifier drift,
Coupling microvolt signal through connectors is especially
bad since the temperature difference across the connector
can be 50°C or more. The device under test along with the
gain setting resistor should be isothermal.

& & v*
R4 < RS 2RA6 <R
20K Sax|  SwkSiok 2
< RS Q13
[} 09 an §.6X
as D—mw
J Q13 ouTPUT
as 16 UZFA }gi
2 -
- —o—{m
INPUTS
a3
3 "{zo
+
< Al
S«
R12
20

—

TL/H/T769-6




Connection Diagrams

Metal Can Package
com? 2

aurPuT

INPUTS

TU/H/7769-7
Pin 413 connected to the case.

**Unused pin (no internal connection} to allow for input anti-leakage guard
ring on primted circult board fayout.

Order Number LM108AH, LM208AH or LM208AH
See NS Package Number HO8C
Physical Dimensions inches (milimeters)

0.330-0.370

< (u.aso-s.am
OIA

Dual-In-Line Package

(9

comp — 1 cow ?
2 7
INPUT ~ =t : E —v*
weurt =3 L ouTPyT
s
v —ne
.
TL/H/T769-8
Top View

Order Number LM108AJ-8, LM208AJ-8, LM308AJ-8,
LM308AM or LM308AN
See NS Package Number JO8A, MOBA or NOSE

IISIS 0335

0.165-0.185 nusT l
@191 -4.6%9) j_l

{80078, 509)

nas WA ROLLED

‘“ 635) LEAD DIA

REFERENCE PLANE
0.095
0.500 10.889)

T__ﬂ[l H

=3 SEATING PLANE
0 015 —0.040

{0.387-1.016)

| e QU0 gy ;

0.100
(2.540)

0.029-0.045 \
@77 —1.43)

0.028 -0.024

0TI -0.564) 4/<

43° EQUALLY
SPACED

(0.408 —-0.483)

0.195-0.205 DIA
(4.953-5.207) P.C.

0.115-0.145
(2.921 -3.683)
MA

HOBC (REVY £)

Metal Can Package (H)
Order Number LM108AH, LM208AH or LM308AH
NS Package Number H08C

-




Physical Dimensions inches (millimeters) (Continued) ,

0.400 MAX ——]
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Ceramic Dual-In-Line Package (J)
Order Number LM108AJ-8, LM208AJ-8 or LM308AJ-8

NS Package Number JOSA ,
0189 -0.197
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] [} 7 ] 5
i AA :
02180204
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1 0010 yax
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S.0. Package (M)
Order Number LM30S8AM
NS Package Number MOSA f
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LM108A/LM208A/LM308A Operational Amplifiers

Physical Dimensions inches (millimeters) (Continued)

_, 0.373-0.400
[ (9.474~10.16)

0,090

i)
8} [7] [] [5]

] i iy
fe.43n S 0.25030.005 R
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Molded Dual-In-Line Package (N)
Order Number LM308AN
NS Package Number NOSE

LIFE SUPPORT POLICY

QPTION 2

NOSE (REV /1

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

2. A critical component is any component of a life

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain kife, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

National Semlconductor
Corporation

1111 West Bardin Road
Adington, TX 76017

Tei: 1{800) 272-9959
Feoc 1(800) 737-7018

]

National Semiconductor
Europe
Fax: (+49) 0-180-530 85 86
Emait cnjwge®tevm2.nsc.com
Deutsch Tek (+49) 0-180-530 85 85
English Tet {+49) 0-180-532 78 32
Frangals Tek (+49) 0-180-532 93 58
Itaflano  Tek {+49) 0-160-534 16 80

National Semlconductor
Hong Kong Ltd.

13th Floor, Stralght Block,
Ocean Centra, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fec {852) 2736-2960

' National Semiconductor

Japan Lid.
Tel: 81-043-299-2309
Foc 681-043-299-2408

National does not assume any responsboiity for use of any circutry described, no circult patant Scenses ars Implisd and Natonal resarves the Aght at any time without notice to change sud clreultry end spaciicatona



General Description

The LM129 and LM329 family are precision multi-current
temperature-compensated 6.9V zener references with dy-
namic impedances a factor of 10 to 100 less than discrete
diodes. Constructed in a single silicon chip, the LM129 uses
active circuitry to butfer the internal zener allowing the de-
vice to operate over a 0.5 mA to 15 mA range with virtually
no change in performance. The LM129 and LM329 are
available with selected temperature coefficients of 0.001,
0.002, 0.005 and 0.01%/°C. These new references also
have excellent long term stability and low noise.

A new subsurface breakdown zener used in the LM129
gives lower noise and better long-term stability than conven-
tional IC zeners. Further the zener and temperature com-
pensating transistor are made by a planar process so they
are immune to problems that plague ordinary zeners. For
example, there is virtually no voltage shift in zener voltage
due 1o temperature cycling and the device is insensitive to
stress on the leads.

The LM129 can be used in place of conventional zeners
with improved performance. The low dynamic impedance

i
December 1994

National Semiconductor

LM129/LM329 Precision Reference

simplifies biasing and the wide operating current aliows the
replacement of many zener types.

The LM129 is packaged in a 2-lead TO-46 package and is
rated for operation over a —55°C to +125°C temperature
range. The LM329 for operation over 0°C to 70°C is avail-
able in both a hermetic TO-46 package and a TO-92 epoxy
package.

Features

m 0.6 mA to 15 mA operating current

m 0.60 dynamic impedance at any currént

o Available with temperature coefficients of 0.001%/°C
B 7V wideband noise

5% initial tolerance

0.002% long term stability

Low cost

[ ]
[ ]
[]
B Subsurface zener

Connection Diagrams
Metal Can Package (TO-46)

TL/H/6714-6
Bottom View
Pin 2 is electrically connected to case

Order Number LM129AH, LM129AH/883, LM129BH,
LM129BH/883, LM129CH, LM329AH, LM329BH,
LM329CH or LM329DH
See NS Package H02A

Typical Applications

Plastic Package (TO-92)

TL/H/E714-4
Bottom View

Order Number LM32982,
LM329CZ or LM329DZ
See NS Package Z03A

90Ua.13)9Y UoIsSIdald 62ENT/6CLINT

Simple Reference
IV TO 40V
Ag
LM128
6oV
= TL/H/5T14-1

@195 National Semiconductior Corporation TL/H/ST14 RRAD-BIOM115/Printed In U, S. A.



Absolute Maximum Ratings

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Storage Temperature Range

Soldering Information

—55°C to +160°C

Office/Distributors for availability and specifications. TO-92 package: 10 sec. 260°C
(Note 2) TO-46 package: 10 sec. 300°C
Reverse Breakdown Current 30 mA
Forward Current 2mA
Operating Temperature Range
LM129 —55*Cto +125°C
LM329 0°Cto +70°C
Electrical Characteristics (ote 1)
A, B, M329A,B,C,D* .
Parameter Conditions LM129 ¢ L ’ . Units
Min | Typ | Max | Min | Typ | max
Reverss Breakdown Voltage TA = 25°C,
06mA < Ig < 15mA 6.7 6.9 7.2 6.6 6.9 7.25 \
Reverse Breakdown Change Ta = 25°C, 1
with Current (Note 3) 06mA <Ig < 15mA 9 14 9 20 mV
Reverse Dynamic Impedance Ta=25°C,Ig = 1mA 0.6 1 0.8 3 1
(Note 3)
RMS Noise TA = 25°C,
10Hz < F < 10kHz 7 20 7 100 uv
Long Term Stability Ta = 45°C £ 0.1°C, .
(1000 hours) In =1mA * 0.3% 20 20 ppm
Temperature Coefficient I =1mA
LM129A, LM329A 6 10 6 10 ppm/°C
LM129B, LM329B 15 20 15 20 ppm/°C
LM129C, LM329C 30 50 30 §O ppm/*C
LM329D 50 100 ppm/*C
Change In Reverse Breakdown 1mA<IR<15mA 1 1 ppm/*C
Temperature Coefficient
Reverse Breakdown Change 1mA<I|gR<15mA 12 12 mV
with Current
Reverse Dynamic Impedance 1mMA<IR<15mA 0.8 1 . )

Note 1: These speclfications apply for ~55°C < Ta < +125°C for the LM129 and 0°C < Tp < +70°C for the LM329 unless otherwise specitied. The maximum
ge must be derated based on a
thermal resistance of 440°C/W junction to ambient or 80°C/W Junction to case. For the TO-92 package, the derating is based on 180°C/W junction to ambient with
0.4 leads from a PC board and 160°C/W Junction to amblent with 0.125" lead length to a PC board.

junction temperature for an LM 129 is 150°C and LM329 is 100°C. For operating at el

Note 2 Refer to RETS129H for LM129 family military spedifications.

tod temperature, devi

tn TO-46 p

Note 3: These changes are tested on a pulsed basis with a low duty-cycle. For changes versus temperature, compute In terms of tempco.




Typical Applications (continued)
Low Cost 0-25V Regulator

Adjustable Bipolar Output Reference
50K

v N our 15V
35‘3 LMty | Vour
ABJ 240
<
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>
<
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= ¥
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External Reference for Temperature Transducer
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Typical Applications (continued)

Positive Current Source

1V T0 40V- *
L]
88
8.1%
H
i
i
LM128 2N219 :
sV
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ouTPUT i
fomA
4.3k
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+15V
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Schematic Diagram
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Typical Performance Characteristics

REVERSE CURRENT (A}

DYNAMIC IMPEDANCE (32)

Reverse Characteristics
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Physical Dimensions inches (millimeters)

0.176—0.195 _ 0.080-0.105
4.521—4.953 032—2.
0.030 ( - ) (2.032—2.687) ’
‘“,;,T:f’ A _0.0%5
(0.535)
‘v MAX
L UNCONTRGLLED
SEATING PLANE = n_Y Y LEADDIA
 J 0.500 ]
{12.70)
MIN i
0.016--0.019
{0.406—0.483)
DIA TYP

.0.036—0.046

(0.914—1.168)

¥
0.209-0.218
(5.308—5.563)
DIA
{
]
0.028—0.048
0711 -1.219)
HO2A (REV C}

Metal Can Package
Order Number LM129AH, LM129AH/883, L M129BH, LM129BH/883,
LM129CH, LM329AH, LM329BH, LM329CH, or LM329DH

NS Package H02A 1




LM129/LM329 Precision Reference

- ——

Physical Dimensions inches (millimeters) (Continued)

/vr\ 50 2 PLCS

P

0.500
—/J  [12.70]
SEATING PLANE

—L ?:;;::gg;‘:’; BEFORE LEAD FINISH
MIN 41

0.135-0.145
0.080 [3.43-3.68]
[2.29] ¥AX 0.045-0.035
(UNCONTROLLED [1.14-1.40]

=—=== 0.045-0.055 ...,
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T (oss)
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e

10° 2 PLCS q
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2034 (REY F)

Plastic Package

Order Number LM329BZ, LM320CZ, or LM329DZ
NS Package Z0SA

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR US
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTE
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

E AS CRITICAL COMPONENTS IN LIFE SUPPORT
N APPROVAL OF THE PRESIDENT OF NATIONAL

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect :its safety or
effectiveness.

National Semiconductor National Semiconductor

g

Corporation Europe
1111 West Bardin Road Fax {+49) 0-180-530 85 88
Arington, TX 76017 Emalt e @ tevm2.nsc.com

Tei: 1(900) 272-8959
Fax 1(800) 737-7018

Deutsch Tet (+49) 0-180-530 85 85
English Tet (+49) 0-180-532 78 32
Frangais Tet (+49) 0-180-532 93 58
Ntalano Tek (+49) 0-180-534 16 80

National Semiconductor
Japan Ltd.

Tel: $1-043-299-2309
Fexc §1-043-209-2408

National Semiconductor
Hong Kong Ltd.

13th Floor, Straight Block,
Ocean Centre, § Canton Rd.
Tsimshatsu, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax (852) 2736-9960

National doss not ssaums any responeidty for use of aty drculry descrived, no drcuit pateet fcensas are implisd

yand

and National the Aght atany aid




MOTOROLA

. SEMICONDUCTOR TECHNICAL DATA

Order this document
by MOC3081/D

UL

CSA

SET! | SEMKO | DEMKO | NEMKO | BABT

6-Pin DIP Zero-Cross

Optoisolators Triac Driver Output

(800 Volts Peak)

The MOC3081, MOC3082 and MOC3083 devices consist of gallium arsenide
infrared emitting diodes optically coupled to monolithic silicon detectors
performing the function of Zero Voltage Crossing bilateral triac drivers.

They are designed for use with a triac in the interface of logic systems to
equipment powered from 240 Vac lines, such as solid—state relays, industrial
controls, motors, solenoids and consumer appliances, efc.

« Simplifies Logic Control of 240 Vac Power

e Zero Voltage Crossing

o dv/dt of 1500 V/us Typical, 600 V/us Guaranteed

o To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V” must be included at end of part number. VDE 0884 is a test option.

Recommended for 240 Vac(rms) Applications:

« Solenoid/Valve Controls
¢ Lighting Controls

o Static Power Switches
e AC Motor Drives

e Temperature Controls
e E.M. Contactors

e AC Motor Starters

e Solid State Relays

MAXIMUM RATINGS
r Rating I Symbol I Value | Unit ]
INPUT LED
Reverse Voltage VR 6 Volts
Forward Current — Continuous Ig 60 mA
Total Power Dissipation @ Tp =25°C Pp 120 mW
Negligible Power in Output Driver
Derate above 25°C 1.41 mwW/°C
OUTPUT DRIVER
Off-State Output Terminal Voltage VDRM 800 Volts
Peak Repetitive Surge Current ITsMm 1 A
(PW = 100 ps, 120 pps)
Total Power Dissipation @ Tp = 25°C Pp 150 mW
Derate above 25°C 1.76 mW/°C
TOTAL DEVICE
Isolation Surge Voltage(1) Viso 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Ta = 25°C Pp 250 mwW
Derate above 25°C 2.94 mW/rC
Junction Temperature Range Ty =40 to +100 °C
Ambient Operating Temperature Range(z) Ta ~40 to +85 °C
Storage Temperature Range(2) Tstg | —40to +150 °C
Soldering Temperature (10 s) TL 260 °C

1. Isolation surge voltage, V|g0, is an intemal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

2. Refer to Quality and Reliability Section in Opto Data Book for information on test conditions.
Proferred devices are Motorola recommended choices for future use and best overall value.

GlobalOptoisolatoris a trademark of Motorola, Inc.

REV 1

© Motorola, Inc. 1995

MOC3081

[IFT = 15 mA Max]

MOC3082

[IFT = 10 mA Max]

MOC3083*

[IFT = 5 mA Max]

*Motorola Preferred Device

STYLE 6 PLASTIC

1

STANDARD THRU HOLE
CASE 730A-04

COUPLER SCHEMATIC

oo | Nyx 0s

ZERO
30| crossing 4
CIRCUIT

ANODE
. CATHODE
NC
. MAIN TERMINAL
. SUBSTRATE
DO NOT CONNECT
6. MAIN TERMINAL

;oW

@ MOTOROLA



MOC3081 MOC3082 MOC3083

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted) .

r Characteristic l Symbol Min Typ | Max T UnitJ
INPUT LED .
Reverse Leakage Current (VR =6 V) [=] —: 0.05 100 HA
Forward Voltage (IF = 30 mA) VE ' 1.3 15 Volts
OUTPUT DETECTOR (If = 0) )
Leakage with LED Off, Either Direction (VprM = 800 V(1)) IDRM1 -, 80 500 nA
Critical Rate of Rise of Offi-State Voltage(3) dv/dt 600 1500 — Vips
COUPLED .
LED Trigger Current, Current Required to Latch Output IFT ) mA
(Main Terminal Voltage = 3 V(2)) MOC3081 - — 15
MOC3082 — —_ 10
MOC3083 — —_— 5
Peak On—State Voltage, Either Direction VTM -, 1.8 3 Volts
(ITM = 100 mA, |E = Rated IFT)
Holding Current, Either Direction IH — i 250 — pA
Inhibit Voltage (MT1-MT2 Voltage above which device will not VINH - 5 20 Volts
trigger)
(IF = Rated IFT)
Leakage in Inhibited State IDRM2 — 300 500 pA
(IF = Rated IFT, VDRM = 800 V, Off State) N

. Test voltage must be applied within dv/dt rating.

N -

. All devices are guaranteed to trigger at an IF value less than or equal to max IFT. Therefore, recommended operating IF lies between max

IFT (15 mA for MOC3081, 10 mA for MOC3082, 5 mA for MOC3083) and absolute max | (60 mA).
3. This is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load—driving thyristor(s) only.

]

TYPICAL CHARACTERISTICS

T T T 1 18 [T 1
+800 —— QUTPUT PULSE WIDTH - 80 us 4 1.4 NORMALIZED TO
< 4600}— IF=30mA / 1.3 o |—
£ f=60 Hz / Ta=25°C
% +400—TA=25°C / g 1.2\
% +200 / g 1.1 ~
3 o T TS
= -200 - < 09 ™
7 / z" T
cz‘) -400 /7 < 08
E_‘ -600 7 0.7
-800 0.6
0.5
-4 3 2 - 0 1 2 3 4 5 -40 =20 o 1 2 40 60 80 100
VTM, ON-STATE VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C)
Figure 1. On—State Characteristics Figure 2. Inhibit'iVoltage versus Temperature
i
{
1
2 Motorola Optoelectronics Device Data



IDRM, PEAK BLOCKING CURRENT (mA)

IFT, NORMALIZED

MOG3061 MOC3082 MOC3083

500 15
1.4 \\
»
200 < 13 IF = RATED IFT
o 12 AN
N N
100 — 2 11 ™
2 = N
7 x N
50 P % 1 7 \
P - NG
/ 53 1 N
20 o 08 <
VDRM =800V N
1 0.7
0.8 T
s —40 =20 0 20 40 60 80 100 -40 -20 0 20 40 60 80 100
Ta, AMBIENT TEMPERATURE (°C) Ta éMBlENT TEMPERATURE {°C)
Figure 3. Leakage with LED Off Figure 4. IDRM2, Leakage in Inhibit State
versus Temperature versus Temperature
1
= 25 ]
2 T
1.6 NORMALIZED TO S o NORMALIZEDTO: | || |
1.4 Tp=25°C p PWin > 100 ps
w
1.3 8
12 B 2 15
® \ A
1 ~—— = \
\\ 8 10
0.9 N
\\ —
0.8 oo <
X z
0.7 o) ™=~
= ST —
ko, *
~40 =20 0 20 40 60 80 100 1 2 ) 10 20 50 100
Ta, AMBIENT TEMPERATURE {°C) PWin, LED ,TRIGGEH PULSE WIDTH (us)
Figure 5. Trigger Current versus Temperature Figure 6. LED Current Required to Trigger

+#00 = l

PULSE
INPUT MERCURY
WETTED
RELAY

versus LED Pulse Width

1. The mercury wetted relay provides a high speed repeated pulse
to the D.U.T.

2. 100x scope probes are used, to allow high speeds and voltages.

3. The worst—case condition for static dv/dt is established by
triggering the D.U.T. with a normal LED input current, then
removing the current. The variable RTEST allows the dv/dttobe
gradually increased until the D.U.T. continues to trigger in
response to the applied voltage pulse, even after the LED
currenthas been removgd. The dv/dtis then decreased until the

SCOPE

DUT PROBE

L 0 D.U.T. stops triggering. TRc is measured at this point and
recorded. 1

0.63 Vyyax 504 i
——— W=7 =R

Figure 7. Static dv/dt Test Circuit

Motorola Optoelectronics Device Data



]

) 1
v 8 : “Typical circuit for use when hotliné switching is required.
¢« o 6 3800 o HOT In this circuit the “hot” side of the line is switched and the

load connected to the cold gr neutral side. The load may be
:DD_Z MOC3081-83
o=

MOC3081 MOC3082 MOC3083

connected to either the neutral or hot line.

Rin is calculated so that l|: is equal to the rated IFT of the
240Vee ot 15 mA for the MOC3081, 10 mA for the MOC3082,
and 5 mA for the MOC3083 The 39 ohm resistor and 0.01
wF capacitor are for snubblng of the triac and may or may
not be necessary dependldg upon the particular triac and
load used.

o NEUTRAL

!
* For highly inductive loads (power factor < 0.5), change this value to

360 ohms.
Figure 8. Hot-Line Switching Application Circuit :
I
240 V:c\/ :
R1 D1 {
Suggested method of firing two, back-to-back SCR’s,
v i 6 with a Motorola triac drivef. Diodes can be 1N4001; resis-
cco A tors, R1 and R2, are optional 330 ohms.
w MOC3081-83|°—o SCR
SCR
o__._3 4 3/3(\)/9 NOTE: This device should not be used to drive a load directly. ltis
intended to be a tngger device only.

U

Figure 9. Inverse—Parallel SCR Driver Circuit

W e ——
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MOC3081 MOC3082 MOC3083
PACKAGE DIMENSIONS

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14.5M, 1982.
2, CONTAOLLING DIMENSION: INCH,
3. DIMENSION L TO CENTER OF LEAD WHEN
FORYED PARALLEL,

T MCHES | MILLMETERS
—c Diy [ 1N | MAX | an T waAX

F 4 PL—>jea— N je— L —>| A'] 0320 | 0350 | 813 | 889
i 0240 | 0260 | 610 | 660

0415 [ 0200 | 293 [ 5.08
0,016 | 0020 | 041 | 0S5
0040 | 0070 | 102 | 1.77
0010 ] 0014 [ 0251 036
0.100 BSC 254 BSC. .
0008 | 0012 | 021 | 030
0400 | 0150 | 254 | 38t
0,300 BSC 7.62 BSC
oo | 15°] o0°| {8°
0015 | 0100 | 038 | 2.54

b

—>\\<— J 6PL
e [$]01300005@[T][8 ®|A®)]

Z[(Z | R |D MO0 |®

DsrL

[QI 0.13(0.005)®|T| A ®|B @ STYLES:

PIN1. -ANODE
CATHODE

NG

MAIN TERMINAL
SUBSTRATE

. MAIN TERMINAL

@

CASE 730A-04 -
ISSUE G '

¢
NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.9M, 1982,
2. CONTROLLING DIMENSION: INCH.

i|___INCHES | MELLMETERS
R TR
0320 | 0350 | 843 | 889
0240 | 0.260 | 640 | 660 |
0.15 {0200 | 293 508
0.016 | 0020 | 041 | 050
0040 [ 0070 | 102 | 177
0010 | 0014 | 025 | 036
0,100 BSC 254 BSC
0020 [ 0026 | 051 | 063
0008 [ 0012 | 020 | 030
0006 | 0035 | 046 | 088
0.320 BSC 813BSC

0332 [ 0390 + 843 | 990

2

T
iEaaii

SEATING
PLANE

o

|

DerL [$o130005)@[T[8 ®[AD)]
[$]o.13(0.005@[T[ A BB @]

D e | R | [T |0 | |mio O] >

*Consult factory for leadform
option availability
CASE 730C-04

ISSUED i

Motorola Optoelectronics Device Data 5



MOC3081 MOC3082 MOC3083

INCHES MILLIMETERS

(ZA-] NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
’ Y14.5M, Je82.
(1 (101 2. CONTROLLING DIMENSION: INCH.
: 3, DIMENSION L TO CENTER OF LEAD WHEN
=B - FORMED PARALLEL
(T T 1T

 pwa [ WM | MAX | MIN | MAX
A | 0320 | 0350 | 813 | 880
) B [ 0240 | 0260 | 610 | 6.0
L c [ 0115 [ 0200 | 283 | 5.8
FapL—>f N i D [ 00i6 [ 0020 | 041 | 050
" E | ooko | 0070 | 1.2 | 1.7
| I F T oolo | cota | 025 | 036
y © ! ¢ 6 | 0100BSC 254 BSC
— . J | oooe [ 0012 | 021 | 080
(=T=| ) T K [ 0400 ] 0450 | 254 | ast
SEATING t L 0400 [ 0425 | 106 | 1080
PLANE G K —fle— J N ooi5 {oos0 | 0381 1.02
= DesrL .
EsPL —

@r0.13(0.005)®|T|A @[ @]

’

*Consuit factory for leadform
'option availability

CASE 730D-05
ISSUED

Motorola reserves the right to make changes without further notice to any products hereln. Motorota makes no war:ranty, representation orguarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circult,
and specifically disclaims any and all ljability, Including without limitation consequential or incidental damages. “Typical” parameters canand dovary in different
applications. All operating parameters, including “Typicals” must be validated tor each customer application by customer’s technical experts: Motorola does
not convey any license under its patent rights nor the rights of others. Motorota products are not designed, Intengled, or authorized for use as components in
systems intended for surgical implant Into the body, or other applications intended to support or sustaln fife, or fot any other application In which the failure of
the Motorola product could create a situation where personal Injury or death may occur. Should Buyer purchase or use Motorola products for any such
uninmended or unauthorized application, Buyer shall indemnify and hold Motorota and its officers, employ&es, subslidiaries, affiliates, and distributors hanmiess
agalnst all claims, costs, damages, and expenses, and reasonable attomey fees arising out of, directly or indirectly, any claim of personal injury or death
assoclaled with such unintended or unauthorized use, even if such claim alleges that Motorola was negiigent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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P.O. Box 20912; Phoenix, AriZona 85036. 1-800-441-2447 6F Sebu-Butsuryu—Center, 3-14-2 Tatsumi Kolo—Ku, Tokyo 135, Japan. 03-3521-8315
MFAX: RMFAX0@ email.sps.mot.com ~ TOUCHTONE (602) 2446609  HONG KONG: Motorola Semiconductors HK. Lid.; 88 Tal Ping Industrial Park,
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