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ABSTRACT

At present, the technology progress so speedily because of computers were applied
to collaborate in varied kind of instrumentation and control systems. It is well accepted that
the computer is a device that operating by the digital signal, however, the control device
usually works with the analog signal. Thus, it is necessary to link these systems together,
that capably convert the analog to digital signal and digital to analog signal. The aim of
this project is to design a parallel port interfacing board for using to control the process

variables, and the programming of this project is based on the use of the Visual Basic

program.
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2.2.2.4 19950YAuuu1¥n151523n0iA1 (Successive Approximation A/D Converter)
9 VAW & ¢ I o o
2995 ADC suuldnisdszanmail adedusunuummimesniauludnyasms

floundu naaslddagal 2.19

Analog ~__ Analog
Input,Vi Reference,Vr
.~ DAC
:D Digital
Output
{SAR}Successive
Approximation
Clock |y Regaterand

gﬂ‘ﬁ 2.19 2993uasd Yy It Sucessive Appoximation ADC

A A 4 @ o o o | A Ad o 13 [
Weswhmsudasdygnn  Wadgausnesihmsadsdenivedfygegalilés DAC
. . ! o &L o
A8 SAR (Successive Approximation Register) 9¢30dyg1019In99sfSoumioy Faims

A3 908U TUBIARMYEY DAC nndm3edeanimssdusuym (v, ) duerdmues DAC &1
v v A J o = [ . o 2 a da
MIMTIAUBUNN 101NNV TIToumauzlisyAl “High” uag SAR seyimsiiudanil
o [ o v v a o ] )
tadhAgygegald duerdymues DAC nnndwssRudum mdymuesesSoudiouesd
v 9
TR “Low” lIAY SAR winsTiwalianiisdnygegeiu Wadgndeinsihausuie
o o~ 3 - 5 o/ s o J - 4 o/ o ;
i Taslian ldfedantiioddysesnan SAR szvienmuuil hlsuddanihisdwaydge
unzdinlddgyaaniinuiivsgnifes iliensuyniiands SAR fezvimsdsdygm EOC
(end of conversion) a0 11/
~ J % o/ v 1
293 ADC wilaiifianmsy uazarwazideags sufhnasminnldiuediems
v (Y v & . . . { &
waw daudiiguesasesegh SAR duflu'led MSI (Medium Scale Integrated Circuit) 11 145y
~ A 9 d'dy
myseAuuUNAINeT Wil Tasmniz
] o w - o a P 1 A o =
fidesinegnfe dyarueuaenduyn szdesndiilugianamimsn/asuuilas

dyana nienfdsunilasldlinu 4 LsB
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9 v %

2995 ADC nupiignnsoveu ldaesnua fe Tnuadivieulagdase (Free Run)

wazTuuaseMds (Start Conversion) nmeusn naWlFlumsulasdyaalddyan
a o = aa 4 3 ' o

Wi (n+1) gn TagwadgousnldlunsSiwaitmasimely guamvesszuvvuegiungm

n1Mved DAC lulsesedieanin
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a
unn 3

WOIAVUIY

3.1 Tnssahalaia lilvesszuuneuimesuazmdumeia
a o H ] ] @ v 1 1 o
ssuvneuRameswlsznen ldsofugudaulng Aol mibemawd
(Memory ~ Unit),ni3e5uosdedioya  (InpuvOutput  Unit)  uazwivilszuiananan
- '_ 2 v v ° 4 [ o a 1 i
(CPU:Central Processing Unit) Faanzdauianien Tlosduiusiulasiinsandeionlos
L é a A v é
nadunile llddndaunit
9 9 Y 9 = VAR SS v o 9 P
s Teudedeyanndeynrzdetiindsdsdeyounzunasivdeynmue  Feluvuou
9 ]
msseqeriindndivnediideyaymiusziiudumis (Address) niedoya (Data) didsen
v 9
gumislalilSsdumlanazezduiielavuiumsanqmariissdeserdodyaalums
A G4 oSl 1 A o v o
Feneilnsaiinzasianeunrumienvesunsaifiesdimiesudeyaneuaue dmiudeya
§ z 1 L3 -~ ~ 3 M
fiToudhe limiussedludnuuzvssunvguass swsziduving § i niels iaf 14 Yueg
9
AUTZUUTU
9 ]
299sdumesai Tanlndszlimifid wayed 4 Uszn1sfe fivles (Buffen),neasvia
19AAIY (Address Decoding),ﬂf)ﬂiﬁ'ﬂmﬁ\i (Command Decoding) nmzﬁmﬁvﬁmqum:

f1muaTnaliia (Timing Control)

32 madumesauuuvINY

msdumedntanuuviy de mssudsfeyandeyannqiia vzgndseen lunieuq
o 3 ~ d' v - 1] v 1 v =S o r 9
fulusiunon Tasfiugasiinezdewindromadudnzidy deavesmsiudeveyauuuvinu
fde s lunsdediedeynsziinnuigendwmveynsiinn  alideidefieldldny

v Ay b 3
szozdafifoud Y
9 v 3 o 9 o 9 =l [ =) v 9

Tunsudedoymiu uenvinmetindoyandrsdesiimedygudnedinies 2 idu
fi® Data Ready 118¢ Ground 1A8a18 Data Ready Shudyauuendinimmienvesdidedeyn

1 4 ] ) )
Suuziideyanderdiszduida daums Ground {13iNe1HiilugagwBevesussduiiih rive
nansaeuzaesnvesdeyn TasfiszAuns iy ihvesdeyneziifissnsdn <07 Ay “1” i1

9 9 v ¥
u lunsdedeyanuuuinuilaasiivedesiidyguguifiel Sruguifidaulvgndes
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a o o X ~ [ o

nssumesatunsesiuN (Printer) vzFumaneiaviu 8 da lReenuuuld

: " & 4 &
ansofiez Isnassumesaru Tnsting (Centronic) Felivina 25 1 Tagwesatidhldns
SunMuAZIBIAYMN

a o Aa Y a Py a J
mssumenauuuvuudisn1Fiuanni 2 nuy Ae nssumesiauuy IEEE-488 1asn13
a Jd a
sumasanuuy Insila
3.2.1 MydumesManyy IEEE-488
9 9
119A59819/50n IEEE-488 1191 GPIB (General Purpose Interface Bus) IN312316]Y
9 v v

auiiaves IEEE-488 finAwmanedss vaswaediafildaw'ldnaly EEE-488 iilutia

fyganasg1udi 1451599910 IEEE (Institute of Electrical and Electronics Engineers) 161u

Aady

a 1w 1 v 4 a o
msfAasesudideynsenineilnsel ldnamnses Taslideniannae lunstiidesnisvee
s A a g9 1o ) Al l asul A L dA a 4 '
atnssivu@Amdunluszoy hisulludeummandiuvensesniegunsaiouq enmown
a a v 4 oy 9 ;
mvmadanazud lumwizaauvesyeauIsviniu
n d
3.2.2 masume Inauuy wulnsiin
a i a o 4 a o @ v
Humssumesiadisionldiunesamsosiunilaoiall  Tasdeyagadeesnuuy
o) a a Jd o g
yuwdior 8 da Tageslimonsg 1 dunazmedyyialasd (Stwope) 9INIBIANAVRY

apuRneTRetielunsdelnsiasenitneufiames TunTeefiun

3.3 TrmmaauveIne sV
wosaviuilsyneudae medagnuaaugy 4 1dumedyguanue 5 1du uazae

9 < 0 @ dy
foya 8 1du HTuunsinudsi

1. Printer Mode (Centronic Mode)

ShiTnuamsihauvessiesfiuigumitiadeyaaunsodeeen ldmane

2. Standard & BI-Direction Parallel Port (SPP)
S Tnuamsshaufidadeyarunsesuddeyaldlunuazdrsnaiu mssudde
J o : o/
yaluTnuafiey1drerinslunsasisneudyg uueuinie (Handshaking) AugUnsaing

wen Midarud lunssudedeyageqaldifiss 150 Alaluddedui (Kbyte/s)
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3. Enhanced Parallel Port (EPP)
SuTnuansshaudiesnuuuTasuSHn Intel Xircom & Zenith Data Systems EPP i 2
nasgIude EPP 1.7 uaz EPP 1.9 Tash fiadeyailunuunesiismamileu Spp uaidaniy
J dy P=] o s a 9 9 ] o < Qw 1Y
quyaawes anuuiizlisrsausimndnnldlumsdaunzasreudyginuaurnniny

4 ° ] [ ' A
gunsaineuen shlianudilunsSudedoyade 2 mnns Tuddedundi (Mbytess)

4, Extended Capabilities Parallel Port (ECP)
s - A
SluTnuansiauiesnuuylasuisn Hewlett Packard and Microsoft 1vuaiill

4 s A 9 H @ [ e, G4 A a
g5 mudun1Flunsdwazasivaeudygaueuianiiugilnsaineusnmieuny
v % 2 ad 5 o A

Tnua EPP udAeza¥501d DMA Channels FailudznsfigUnsaimousnannsazniou
thedeya aviseawsidTasase Nigearuniiaeilszanananarsneunazdiansa 19
FIFO Buffer Tumsiudsfoyafugnssimeuen’d unzdiamnsommsiusadeyauun
o A = & [ J’
1181934 (Real Time Data Compression) 8@ aeusafiusadeyalagede 64:1 Tnua ECP 1l

o Jd A 9 o v 9 ~ -
e ﬂ‘]JQ‘lJ NIUNTUD ﬂ‘"ﬁﬂ\iﬂ'ﬁi‘ﬂﬁﬁlﬂgﬁﬂiu'ﬁu WINUASAIIUTIP

3.4 NeazBdaan 1514l ulnia SPP

Pin NO. D-type 25 SPP Signal Direction | Register | Hardware Inverted

1 nStrobe Out Control.0 Yes

2-9 Data 0-7 In-Out Data

10 nAck In Status.6

11 Busy In Status.7 Yes
12 Paper-Out In Status.5

13 Select In Status.4

14 nAuto-Linefeed In-Out Control.1 Yes
15 nError In Status.3

16 nlnitialize In-Out Control.2 No
17 nSelect-Printer In-Out Control.3 Yes

18-25 Ground Gnd

A15199 3.1 dnuaizvesndyamvesnasaviiuluTnua SPP
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3.4.1 Tumeunsastoyaveslnan SPP
.;’,' r Aa 4 o 9 v 19
1. #3A13 aN1@BIAILAY (Set Control Register) THagluTvuadveya
2. dadfoyalilinesadeya
1 L4 v (| 1 v Cd 1
3. asavaeuiigUnsaimousniisegnie i sesuniiglnsaimenening
4. defuyanaaTastidiu o siefumsuenlvgunsumouensudeyahl

= I 3 v Q/ o/
5. setlszana 5 Jurdl nrtudsdyanuaTasdaduiiu 1

342 Sumeumsudeyavesinua SPP
1. dasssmaesaaunu (SCR) IWegluTnuaiudeyn
2. asvdeudglnsaimousndtsegnie i sesunNglnsainEUsN I
3. dadygaalasthily o riedunsuenldeunsunsuendfeyadun

9
4. s91lszanas 5 Suri entiudsdaanaalasdndud 1

3.43 NUazPLAIvaINBIUDI SPP
LPT1: Base Address =378h
Status Address =37%h
Control Address =37Ah
LPT2: Base Address =378h
Status Address =37%h
Control Address = 37Ah

Address Name Read /Write | BitNo. | Properties Pin

Base + 0 Dataport | Read /write Bit 7 Data 7 9
Bit 6 Data 6 8
Bit 5 Data 5 7
Bit 4 Data 4 6
Bit 3 Data 3 5
Bit 2 Data 2 4
Bit 1 Data 1 3
Bit 0 Data 0 2

A ) aa o S 9
ATTNN 3.2 ﬂﬂuﬁiﬂﬁ!ﬂﬂ‘i‘“ﬂﬁ“ﬂiﬂ‘ﬂﬂuﬁ



Address Name Read /Write | Bit No. Properties Pin
Base +1 Status port Read Only Bit 7 Busy 11
Bit 6 Ack 10
Bit 5 Paper Out 12
Bit4 Select In 13
Bit 3 Error 15
Bit 2 IRQ
Bjt 1 Reserved
Bit 0 Reserved
a1 3.3 Yoynsvmansveanesanniuy
Address Name Read /Write | Bit No. Properties Pin
Base +2 Control Read /write Bit 7 Unused
port Bit 6 Unused
Bit5 | Enable bi-directional port =
Bit4 | Enable IRQ Via Ack Line :
Bit 3 Select Printer 17
Bit 2 Initialize Printer (reset) 16
Bit 1 Auto Linefeed 14
Bit 0 Strobe 1

o 9 aa o I'4
AT N 3.4 UBYATVNIABIVDINDI ANIUAY
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3.5 NgazPEAluN NN EPP

Pin No. | EPP Signal | Direction Register Function Hardware
| Inverted
1 NWrite Out Control0 | Fayaaiuonaniuzimesaaz Yes
SumSededoya
2-9 Data 0-7 In-Out Data Data bus Bi-directional
10 Int In Status.6 Interrupt Line (1!61]‘1]1%1‘1)
11 Wait In Status.7 faauuonnunTanYes Yes
aunsainwuen
12 Spare In Status.5 Not used
13 Spare In Status.4 Not used
14 NData In-Out Control.1 Data Transfer when low Yes
Strobe
15 Spare In Status.3 Not used
16 NReset In-Out Control.2 Reset when low No
17 NAddress In-Out Control.3 Address transfer when low Yes
Strobe
18-25 Ground Gnd Ground

#1519% 3.5 Pin Configuration va41vn EPP

3.5.1 TiHazPEA3AIND VDI EPP

Address Port Name Read/Write
Base+0 Data Port (SPP) Write
Base+1 Status Port (SPP) Read
Base+2 Control (SPP) Write
Base+3 Address Port (SPP) Read/Write
Base+4 Data Port (SPP) Read/Write

Base+5 Undefined (16/32bit Transfer) -
Base+6 Undefined (32 bit Transfer) -

Base+7 Undefined (32 bit Transfer) -

P Aa o
AT NN 3.6 'i‘ilmﬂﬂ’i‘llﬁNT‘IﬂJﬁ EPP
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1 a v o ] 1l o [} o
INA5 9 3.6 iy dweAmsa 3 dunsnegidumtiafediu SPP Inuauaz
awnsoiou limdeudunndszms fiufe wesavuudiaunsaim1®lulvuae EpP oy
ansaiuluInua spp 18lunanfeinu
s y A
wosavuuuuY EPP Tvuatieedl Time-Out Bit iand11ulu Status Port (Address
. P v a a 1 1 a y v
Base+1) bit 0 ARy spp Tnuadudandsed 3 lifinnldon daflezgnruad &
d v " W a Ay a a a
ansainouen lineuaussdedyanunawdafanuiu 10 Tulasiudi @s)
o 1 { A a o o Jd
113U Address Base +5,Base +6 A Base +7 n‘i‘lumuﬁmumuﬁmsumimmwam
] 3 v 9/ o v ~ & 4 o dy o
yunmuueminiu reliwesacunsadedeya 16 uay 32 iald Fawesayiiatissrinig
s/ I a o 1 9 L2
usndeyaiiaziia naziimsaa e TulAsuow

3.6 NaazBaan Yl ulvia ECP

Address Port Name Read/Write
Base+0 Data Port (SPP) Write

ECP Address FIFO (ECP Mode) Read/Write

Base+1 Status Port (All Modes) Read/Write

Base+2 Control Port (All Modes) Read/Write

Base+400h Data FIFO (Parallel Port FIFO Mode) Read/Write

Data FIFO (ECP Mode) Read/Write

Test FIFO (Test Mode) Read/Write

Configuration Register A (Configuration Mode) Read/Write

Base+401h Configuration Register B (Configuration Mode) Read/Write

Base+402h Extended Control Register (Used by all modes) Read/Write

A15197 3.7 S9a1me5 Ve InuA ECP

a a 4 &' J 9/ o v v b [ [V

Unfneufiunesazgnasiiimesavuueglulnua spp egd liaunseiudeya

o/ [ ;’,' ) a e { a 4

Wunadadeynld  doiululassnmsdSyapinuiildilfeuldnesavinuvesneuitune’
° P 4 < o v L%

HuTnua ECP (fmuadi BIOS) wesaviussaunsaiuuasdedfeynsennuadoynuina

8 fin'ld Tums@ouTdsunsuli T iwasfidmmia Baser402h (A3 197 3.7 tlszney) rite
o A o v o~

smuailu Extend Control Register A28 Tuddeyaiivhlviegu Byte Mode fio iin 7,6 naz 5

i 001 mmdrwunansluddeyadmsen 3.8



Bit Function
7:5 Selects Current Mode of Operation
000 | Standard Mode
001 | Byte Mode
010 | Parallel Port FIFO Mode
011 | ECP FIFO Mode
100 | EPP Mode
101 | Reserved
110 | FIFO Test Mode
111 | Configuration Mode
4 ECP Interrupt Bit
3 DMA Enable Bit
2 ECP Service Bit
1 FIFQO Full
0 FIFO Empty

#1390 3.8 Extended Control Register (ECR)
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422 marieudaiume saviTMIazAILRIM sBeNYe ST A

BUFFER1 (74L8245) simidhiidlutier 2 fememunumsiu-dedoya saufleaiu
auidomeiionsszifntufnesnielumesaunu Taow DIR imrhfinugunsuds
doyn & DIR=1 Buffer szvoulidoyannnesauuudseen lidmesansuen udez livew
I doyannwesanousndsinudnndmesavum wufeaiud DIR=0 Buffer szsonl
Joyannnesanmuusnduinudundmesavuuudes hiveulideyannwesavudsesn
swosanouenld Tavhi Buffer azeunseniununsdsiuldiredlondyana B-o
wiu

ICIA,ICIB (o¥ 74LS32) uaz IC2A (o4 74Ls04) simehilthundayane Dstruing
WR\ vinneuiiamesinaisdayga RD\ oy WR\ ileniuquimaz lumssmuazdoude

o

' a o I3 a : v o 14 o/ 9 9o
YAFTHINADUNAABINVLDIA Iﬂﬂ‘ﬂ’diyfg'lﬂ!‘ﬂﬂ 2 %31Hﬁ1ﬂ1iﬂﬂ'l\3'lu‘}1§ﬂﬂﬂu1ﬂ Llﬂﬂﬂllﬂﬂﬂ

AT
DUNA PIANA sy
DStr\ WR\ RD\ WR\
0 0 1 0 | newamesdedoyasen
a Jov 9 9
0 1 0 1 apuiaAesSudoyadh
1 0 1 1 lifinsSudedoya
= Y s 9
1 1 1 1 TaifisSudadoya

A5 4.1 M NLERITINUS VBT Y TR ILUATIS LKAz dedoyD

o { ) ] ° ] v J
LATCH (74LS374) nmifisesduvisvesdoya Tasszihmsnsilugieniu
vosfgyn Clock uazezvhmafusidoyain LATCH VBwnidygu LK Tauili 1 80
I T T ! A vy ' =
afamils Fandeyam Clock Heziwousefundagn Astt vesweiavuu wazrulod
A a o
74LS04 1iNeDUND I N QYR
Wiy OF\ szdoanindy 0 sl LATCH 13%sszeonummaendnn &1 OF\ =1
¢ . o A ™ o
191w 921 High Impedance Wunfioez litimsau
Awv a 9 s A [l Yo o I's e
IC2B (74Ls04) lunsaisuduwnidwesamedalifunsunaunestszurana Tih

sziflumsiudyauftnea ne sunen vuzSudeyn neuiuaeswiwavidye i Control
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(€0 - C3) il 1 Haviua 1B Latch agifanamianain Susinaihldmsdendumis
Aaauienatn Tsudlufiemsdunesn dyanu Ast fiesnnanesavuu & #7 Latch
sihmansidyanaudiensufiunedds Asm=0 uazesvhmafumdeyadi LaTCH P
i Astr S 0 8nade dasiifudoya1iodac Asel fufudelinsudoyadnn v
Control (CO- €3) 92i§iu 1 Wavun us hifinansenufuei 14 lach 13
DECODER (74LS138) Susidqyanss 3 T 1neu Latch 11 Decode (Hludaygyind
w8 On derh S lunsahedaanaudenleduuvesaiios i aunsouaas

9y E4
maadayguni 8 daldasil

c|B|A| |Y|Y|Y|Y]|Y|Y|Y]|Y To@iigniden
6|5 3 ! ¢
0lo]o g1, N /| dlial\ TSI Q 8255
0lo0]1 &t WAN T R8s N bNY/ 3 ADC
ol1]0 Tihagl LY/ 14ca2i0 \\ 173 d1599
0|1]1 h1 Q@ VI AYANGVIN N Ty f1309
1]0]o0 I et ST PR [ d15eq
101 1{1lof1]1]1l1]1 thieg
1l1]0 1R ORI TINE 1 Y oy
1011 ¥d 1 [ =R~ 1 DAC

a A 9 o
AT NN 4.2 Llﬂﬂ\‘lﬂ'lilﬁﬂﬂhf’d'lﬂﬁiyfy’lﬂl

Y] U U an

4.2.3 MIAMURNM IS VEIMIUVATARY
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a a o
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fdeeen aridaldnnTandined (Taad) wlesidua
nnuesa 3 AANAA
(Tad) CHO | CH1 | CH2 | CH3 | CH4 | CH5 | CH6 | CH7 | lRaY .
10 (%)
0 0.00 | 0.00 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 0.00 0.00
0.50 050 | 050 | 0.50 | 0.50 | 0.51 | 050 | 0.50 | 0.50 | 0.501 0.2
1.00 099 | 099 | 099 | 099 | 099 | 099 | 098 | 098 | 0.988 1.2
1.50 148 | 148 | 148 | 148 | 148 | 148 | 148 | 148 1.480 1.3
2.00 198 | 198 | 1.98 | 198 | 198 | 198 | 198 | 1.99 | 1.981 0.95
2.50 249 | 249 | 249 | 249 | 248 | 249 | 249 | 249 | 2.489 0.44
3.00 298 | 298 | 298 | 298 | 298 | 298 | 299 | 2.98 | 2.981 0.54
3.50 347 | 347 | 347 | 347 | 347 | 347 | 348 | 348 | 3473 0.77
4.00 397 | 397 | 397 | 398 | 397 | 397 | 398 | 397 | 3.973 0.67
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5.00 497 | 497 | 497 | 498 | 497 | 497 | 498 | 497 | 4973 0.54
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'ANALOG PART
Private Sub Command2_Click( )
Timerl.Enabled = False
End Sub
Sub latch()
Call delay
Out &H37A, &H5  'astr=00110
Call delay
Out &H37A, &HD  'astr=1 1110
Call delay
Out &H37A, &H5  'astr=00110
Call delay
End Sub
Sub delay1()
Dim doom
For doom =1 To 20
DoEvents
Next doom
End Sub
Sub delay()
Dim doom
For doom =1 To 100
DoEvents
Next doom
End Sub
Private Sub Commandl_Click()
Timerl.Enabled = True
End Sub
Private Sub Command3_Click( )

Timer2.Enabled = True



End Sub
Private Sub Command4_Click()
Timer2.Enabled = False
End Sub
Private Sub timerl_timer( )
Dim intp
Out &H37A, &H1 '0110
Call latch
'Select channel 3
Out &H378, &H67 'channel 3
Call latch
'select ADC
Out &H378, &H57 ‘channel 3
Call latch
"write ADC
Out &H37A, &H3 '0100
Call delayl
Out &H37A, &H1 '0110
'Read ADC
Out &H77A, &H22 '0110 1101
Out &H37A, &H22 '0110 1101
Call delay
Out &H378, &HFF
Call delay
' input Data
intp = Inp(&H378)
intp = (intp / 255) * 5
intp = FormatNumber(intp, -1, vbTrue, vbFalse, vbTrue)
Textl.Text = intp

Select Case Textl.Text



' CASE 1

CaseIs<2.72
Out &H37A, &H1 '0110
Call delay
' Choose Mux
Out &H37A, &H3 '0100
Out &H378, &HF0 'out channel 1
Call latch
Out &H37A, &H3
' Out Data
Out &H378, &H50 'voltage
Call delay
Out &H37A, &H7
Sleep (500)
Out &H37A, &H3
Labell.BackColor = &HFF&
Label2.BackColor = &H80000018
' CASE 2

CaseIs>2.8
Out &H37A, &H1 '0110
Call delay
' Choose Mux
Out &H37A, &H3 '0100
Out &H378, &HF1 'out channel 2
Call latch
Out &H37A, &H3
' Out Data
Out &H378, &H50 'voltage
Call delay



Out &H37A, &H7
Sleep (500)
Out &H37A, &H3
Label2.BackColor = &HFF&
Labell.BackColor = &H80000018
End Select

End Sub

Private Sub timer2_timer( )

¢ = Val(Text3.Text)
Select Case ¢
Case 1
addinl = &H20: addin2 = &H10
Case 2
addinl = &H28: addin2 = &H18
Case 3
addinl = &H60: addin2 = &H50
Case 4
addin] = &H68: addin2 = &H58
Case 5 |
addinl = &HAQ: addin2 = &H90
Case 6
addinl = &HAS: addin2 = &H98
Case 7
addinl = &HEQ: addin2 = &HDO
Case 8
addinl = &HES: addin2 = &HD38
End Select

Out &H37A, &H1 '0110
Call latch

' Select channel



Out &H378, addinl 'channel
Call latch
'select ADC
Out &H378, addin2 'channel
Call latch
"write ADC
Out &H37A, &H3 '0100
Call delayl
Out &H37A, &H1 '0110
'Read ADC
Out &H77A, &H22 '0110 1101
Out &H37A, &H22 '0110 1101
Call delay
Out &H378, &HFF
Call delay
' input Data
intp = Inp(&H378)
intp = (intp / 255) * 5
intp = FormatNumber(intp, -1, vbTrue, vbFalse, vbTrue)
Text2.Text = intp
End Sub
Private Sub Timer3_Timer( )
d =Val(Text4.Text)
Select Case d
Case 1: addout = &HF0
Case 2: addout = &HF1
Case 3: addout = &HF2
Case 4: addout = &HF3
Case 5: addout = &HF4
Case 6: addout = &HF5



Case 7: addout = &HF6
Case 8: addout = &HF7
End Select
a = Text5.Text
b=a*5l
Out &H37A, &H5
Call delay
' Choose Mux
Out &H37A, &H7
Out &H378, addout
Call latch
Out &H37A, &H7
' Out Data
Out &H378, b
End Sub



‘DIGITAL PART
Private Sub CD1_Click( )
Dim a, b, Dout, Din, stp
stp = TD3.Text
Fora=0To 5 Step stp
b=a*51
Dout = CInt(b)
'DIGITAL OUT
Out &H37A, &H5
Call delay
Out &H378, &H83 'address control port
Call latch
Out &H378, &H80 'control byte
Out &H37A, &H7
Out &H37A, &HS5
Out &H378, &H80 ‘'address choose port a
Caﬂ latch
Out &H378, Dout  'data out
Out &H37A, &H7
Out &H37A, &H5
'DIGITAL INPUT
Call delay
Out &H37A, &HS
Out &H378, &H81  'address choose portb
Call latch
Call delay
Out &H37A, &H6
Out &H77A, &H26 ‘'set Byte Mode
Out &H37A, &H26
Out &H378, &HFF



Call delay
Din = Inp(&H378)
Din =(Din/255) * 5
Din = FormatNumber(Din, 2, vbTrue, vbFalse, vbTrue)
TD1.Text = Din
Datal.Recordset. AddNew
TD4.Text=a
TD2.Text=TD1.Text
Datal .Recordset.Update
Call delayl
Nexta

End Sub

Sub delay( )
Dim doom
For doom =1 To 100
DoEvents
Next doom

End Sub

Sub delayl()
Dim doom
For doom =1 To 25000
DoEvents
Next doom

End Sub

Sub latch()
Call delay
Out &H37A, &H5  'astr=0
Call delay
Out &H37A, &HD  'astr=1
Call delay



Out &H37A, &H5  ‘astr=0
Call delay
End Sub
'ONE CLICK
Private Sub Commandl_Click( )
Dima,b,bi,c,d, e, f, g h, 1, j, k, |, m, data, Dhex
‘Textl .MaxLength =3
a = Val(Textl.Text)
data=""
b=a*5l
data=b
Ifa>5 Then
MsgBox "number must be no larger than 5"
Label2.Caption = ""
End If
' decimal to binary
Fori=7To 0 Step -1
c=b\ (279
If c >=1 Then
bi=bi & "1"
Else: bi=bi & "0"
End If
b=b-(c*(2"1)
Next
' Binary to Hex
d = Right(bi, 4)
e=0
Forf=4To 1 Step-1
g=Mid(d,5-1f, 1)
h=g*1@2” E=1))



e=h+e
Next
j=0
k = Left(bi, 4)
Forf=4To 1 Step -1
1=Mid(k, 5-1f, 1)
m=1*Q2"(f-1))
j=m+j
Next
Dhex = Hex(j) & Hex(e) 'data in hex
'OUT DATA
Out &H37A, &H5 '0110
Call delay
Out &H378, &HS83 'address control port
Call latch
Out &H378, &H80  'control byte
Out &H37A, &H7 'dstr=0
Out &H37A, &H5 'dstr=1
Out &H378, &H80  'address choose porta
Call latch
Out &H378, data 'data out
Out &H37A, &H7 'dstr=0
Out &H37A, &H5 'dstr=1
Labell.Caption = bi
Label2.Caption = "H" & Dhex
'DIGITAL INPUT
Call delay
Dim aa, aaa, aal, bb
Out &H37A, &H5
Out &H378, &HS81 'address choose port b



Call latch

Call delay

Out &H37A, &H6

Out &H77A, &H26

Out &H37A, &H26

Out &H378, &HFF

Call delay

aaa = Inp(&H378)

aa = (aaa/255)*5

aa = FormatNumber(aa, 2, vbTrue)
Text2.Text = aa

' decimal to binary

Foril =7 To 0 Step -1
cl=aaa\(2"il)

Ifcl1 >=1 Then

bil =bil & "1"

Else: bil = bil & "0"
End If

aaa=aaa-(cl *(2"1il))

Next

' Binary to Hex

dl = Right(bil, 4)
el=0

For fl=4To 1 Step -1
gl =Mid(d1,5-f1, 1)
hl =gl *(2"(fl-1))
el =hl +el

Next

j1=0

kl =Left(bii, 4)

1"



For fl =4 To 1 Step -1
11 = Mid(k1, 5-f1, 1)
ml=11*Q2*(fl-1))
j1=ml +jl
Next
dhex1 = Hex(j1) & Hex(el)  ‘'data in hex
Label7.Caption = bil
Label8.Caption = "H" & dhex1
End Sub
Private Sub CD2_Click()
Datal .Database.Execute ("delete * from DIGITAL")
End Sub
Private Sub Database Click( )
Form5.Show
End Sub
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May 1999
National Semiconductor

DAC0808
8-Bit D/A Converter

General Description Features

The DACO808 is an 8-bit monolithic digital-to-analog con- @ Relative accuracy: 0.19% error maximum
verter (DAC) featuring a full scale output current settiing time ~ ® Full scale cument match: 1 LSB typ
of 150 ns while dissipating only 33 mW with *5V supplies.  m Fast settling time: 150 ns typ
No reference current (Ixer) trimming is required for mostap-  m Noninverting digital inputs are TTL and CMOS
plications since the full scale output current is typically £1 compatible
LSB of 255 Iger/256. Relative accuracies of better than High speed muliplying input slew rate: 8 mA/s
+0.19% assure 8-bit monotonicity and linearity while zero P Ny +

B . ower supply voltage range: £4.5V to 18V
level output current of less than 4 pA provides 8-bit zero ac- ion: 33 MW @ £5V
curacy for lger>2 mA. The power supply currents of the Low power consumption: 33 m G
DACO0808 is independent of bit codes, and exhibits essen-
tially constant device characteristics over the entire supply
voltage range.
The DAC0808 will interface directly with popular TTL, DTL or
CMOS logic levels, and is a direct replacement for the
MC1508/MC1408. For higher speed applications, see
DACO0800 data sheet.

Block and Connection Diagrams

§F Famee Al
tu:mto-{ CURRENT SWATCHES J:é_lu

A-ZR LADDER BIAS CIRCUIT OGRo

V| O~
el NP CURRENT [—OVeo
SOURCE PAIR
VRer( ) O—
REFERENCE O comrPEN
CURRENT AP
VeE
DS005687-1
Dual-In-Line Package
J U s
NC (NOTE 2) —— rcmmnm
o = l’-v.ﬂH
3 14
Vee == = VREF(+)
‘ [E]
‘a ‘j oacesss [ VCC
s At LLPRTY
Az -L -'—|A7
- LW
Ll s
DS005687-2
Top View

Order Number DAC0808
See NS Package M16A or N16A
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Block and Connection Diagrams (Continued)

Small-Outline Package

Ve q! 16f—A8 LS8
Vaer (V)2 15p—A7
Voer (D)3 14]—A6
COMPENSATION —1 4 13f—AS
NC (NOTE 2)—{S 12— A4
GND—}6 11—A3
Ve =17 10f=A2"
0o=—48 Sh=At MS8
DS005687-13
Ordering Information
ACCURACY OPERATING
TEMPERATURE RANGE N PACKAGE (N16A) SO PACKAGE
(Note 1) (M16A)
8-bit 0°C<T,<+75C DACO0808LCN ] MC1408P8 DAC0808LCM

Note 1: Devices may be ordered by using either order number.
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Absolute Maximum Ratings (Note 2)

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

Storage Temperature Range
Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (Plastic)

-65°C to +150°C

260°C

Distributors for availability and specifications.

Power Supply Voltage

Vee

Vee
Digital Input Voltage, V5-V12
Applied Output Voltage, Vo

+18 Vpe

-18 Voo
~10 Vo 1o +18 Vo
~11 Vo 1o +18 Ve

Dual-In-Line Package (Ceramic)
Surface Mount Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Ratings

300°C

215°C
220C

Reference Current, l14 5 mA Temperature Range Tum S Ta € Thax
Reference Amplifier Inputs, V14, V15 Vee: Vee DACO0808 0 <To<+75C
Power Dissipation (Note 4) 1000 mW
ESD Susceptibility (Note 5) TBD
Electrical Characteristics
(Vee = 5V, Vee = =15 Vpg, Vree/R14 = 2 MA, and all digital inputs at high logic level unless otherwise noted.)
Symbol Parameter Conditions Min Typ Max Units
E, Relative Accuracy (Error Relative (Figure 4) %
to Full Scale lg)
DACO0808LC (LM1408-8) +0.19 %
Settling Time to Within %2 LSB TA=25C (Note 7), 150 ns
(includes te1) (Figure 5)
| P Propagation Delay Time Ta = 25°C, (Figure 5) 30 100 ns
TClo Output Full Scale Current Drift +20 ppmv/'C
MSB Digital Input Logic Levels (Figure 3)
Vin High Level, Logic “1” 2 Voc
ViL Low Level, Logic “0” 0.8 Voc
MSB Digital Input Current (Figure 3)
High Level Viy =5V 0 0.040 mA
Low Level V. = 0.8V -0.003 -0.8 mA
s Reference Input Bias Current (Figure 3) Tl -3 pA
Output Current Range (Figure 3)
New F —5¢F 0 20 21 mA
Vee = -15V, T, =25C 0 2.0 42 mA
lo Output Current Vger = 2.000V,
R14 = 10009,
(Figure 3) /18] 1.99 24 mA
Output Current, All Bits Low (Figure 3) 0 4 YA
Output Voltage Compliance (Note 3) E, <0.19%, T, =25C
Vee==5V, lggr=1 MA -0.55, +0.4 Voc
Vge Below -10V -5.0, +0.4 Voe
SRIger Reference Current Slew Rate (Figure 6) 4 8 mA/ps
Output Current Power Supply -5V < Vgg < -16.5V 0.05 27 YAV
Sensitivity
Power Supply Current (All Bits (Figure 3)
Low)
lec 23 22 mA
lee -4.3 -13 mA
Power Supply Voltage Range Ta = 25°C, (Figure 3)
Vee 45 5.0 5.8 Ve
Vee -45 ~1b -16.5 Voc
Power Dissipation
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Electrical Characteristics (continued)
(Vee = 5V, Vee = =15 Vpe, Vree/R14 = 2 mA, and all digital inputs at high logic level unless otherwise noted.)

Symbol Parameter Conditions Min Typ Max Units
All Bits Low Vee = 5V, Ve = -5V 33 170 mw

Vee = 5V, Ve = -15V 106 305 mw

All Bits High Vee = 15V, Vgg = -5V 90 mw

Vee = 15V, Vge = =15V 160 mw

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical spedifications do not apply when operating

the device beyond its specified operating conditions.

Note 3: Range control is not required.

Note 4: The maximum power dissipaion must be derated at elevated temperatures and is dictated by Timax, 844, and the ambient temperature, Ta. The maximum
power dissipation at any is Pp = (T max — TaV0,4 or the number given in the i Ratings, whi is lower. For this device,

Timax = 125'C, and the typical juncion-to- thermal of the dual-in-line J package when the board mounted is 100°C/W. For the dual-in-ine N pack-

age, this number increases to 175'C/W and for the small outiine M package this number is 100°CW.

Note 5: Human body model, 100 pF discharged through a 1.5 k(2 resistor.

Note 6: All current switches are tested to guarantee at least 50% of rated current.

Note 7: All bits switched.

Note 8: Pin-out numbers for the DALOBOX

P the dual-in-li The small outline package pinout differs from the dual-in-line package.

Typical Application

Vee -5V Al A2 A8
Vo=10V | S+ -+ 5

DS005687-23
11

DIGITAL MO— pacesss
WPUTS A5 O—r]

Veg - 15V

DS006687-3

FIGURE 1. +10V Output Digital to Analog Converter (Note 8)

Typical Performance Characteristics v.c = 5V, Ve = =15V, T, = 25°C, unless otherwise noted

Logic Input Current vs Bit Transfer Characteristics Logic Threshold Voltage vs
Input Voltage {u Temperature
’ 7 T ©
T V_ ik ] =) 2
= =z 12 114=2mA | s I
2 ¢ £ Al = |- -
= = 1 =]
E E E % \\"\
s = 08 |+ o 14 i~
3 4 2 > [
= & i a 12 =
2 | 5 08 |+ = N
= A = Pyl I 4
g, 1 THROUGH AS 2 el =L £
= i o /".vf'.s“. et s s
Y o o
L i L FAREAN| i EELRT g w I
; o e g
g . 02
12-10-8-6-4-202 4 5 81012141618 _12-10-8-5-4-20 2 4 6 8 101214 1618 E o,
>
V| - LOGIC INPUT VOLTAGE (V) V|~ LOGIC INPUT VOLTAGE (V) 55 -37-19 =1 17 3 53 71 89 107125
Urouese-1e DS005687-15 Ta - TEMPERATURE (°C)
DS005687-16
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Typical Performance Characteristics v = 5v, Vee = -15V, T4 = 25°C, unless otherwise
noted (Continued)

Output Current vs Output
s o Wh“; Output Voltage Compliance Tyieal Poweir Supply
= vs Temperature
Compliance) p Current vs Temperature
: Ll | T 80
28 ALL BITSHIGH OR LOW
ALL BITS "ON” % = g5 LA
! Rl |
-t e ! S n
£ Vgg =15V |Vgg = -5V = £ & IgE
| =3 2 o
= T ha-2mA € o [~{SHADED AREA INDICATES g g
= 15 L1 = PERMISSIBLE QUTPUT 5
3 - S ¢ VOLTAGE RANGE FOR S w
- s -
5 12 I1g=1mA > 0 VEE = -16V, 14> 2mA g
= = 3
5 { ) 3 3 o [
=|; 08 |+ | NN g 20 cC
o 2 R g
04 l1e=02mA gl Lt . 10
] I %0 0 s 10 150 0 aY .
14 -10 -6 -2 2 6 10 14 18 FenbehaTInE Oy
Vg — OUTPUT VOLTAGE (V) DS005687-18 TEMPERATURE (°C)
DS005687-17 DS005887-19
Eyuple ';z“(’“ Supply Typical Power Supply Reference Triput
= Current vs Vcc Frequency Response
'
o 7 | M ISRNDR oW [ ¥ [TALL BITSHIGH OR LOW 8
g e WITH I3 =2mA | = 7 fhes '
= 6 = ! £ b2
E I l =Y 3 =
£ 5 Ige MITH lig= 1 mA & % = NN,
=2 L - -3 ~
5. o T 2 = N .
> 4 | p E - N
E Igg WITH Iy = 02 mA > s
= — s 3 >
s = & =%l )
(-3 2 " <
g lec [ T4 =
e 1 Je== § g . & 4
I [ = -1
0 -6
0 -2 4 -6 -8 -10-12-14-16-18-28 o R g e 4% by s 6 : i
VEE — NEGATIVE POWER SUPPLY (V) Ve  POSITIVE POWER SUPPLY (V) ) W Yy
DS005687-20 DS005687-21 DS005687-22

Unless otherwise specified: R14 = R15 = 1 kQ, C = 15 pF, pin 16 o Vge; R = 50€, pin 4 to ground.

Curve A: Large Signal Bandwidth Method of Figure 7, Vrer = 2 Vp-p offset 1V above ground.

Curve B: Small Signal Bandwidth Method of Figure 7, R, = 2509, Vger = 50 mVp-p offset 200 mV above ground.

Curve C: Large and Small Signal Bandwidth Method of Figure 9 (no op amp, R = 50Q), Rg = 509, Vger = 2V, Vg = 100 mVp-p
centered at OV.
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Test Circuits

Vee
"C‘
13 W

3| 0
A1O— Ve

L s R1a
A20~—4 PR I

1 15 R1S

et 7
DIEITAL MO-; DACoRSE
INPUTS | a5 Qe SEMES

10 0 =

80— o0 ‘o
" ouTRUT
A70— -—
12 18 ‘o
A1t O—4 L8
by
+ 3

¢ =

/| o :

DS005887-6

V| and |, apply fo inputs A1-A8.
The resistor tied to pin 15 is to temperature compensate the bias current and may not be necessary for all applications.

—t—t =ttt =+t

|:K(A1A2A3MA5AG A7 _Aﬁ)
9 2 4 8 16 32 64 128 256

VRer
wh = —=
ere K R14
and Ay = *17 if Ay is at high level
Ay = 0" it Ay is at low level
FIGURE 3. Notation Definitions Test Circuit (Note 8)

070 18V OUTPUT

L

DACOS08 o
COUNTER

SERIES

Ys?-?—?~ -?- g

iwws

R

e j2

VEE
0S005687-7

FIGURE 4. Relative Accuracy Test Circuit (Note 8)
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Test Circuits (continued)

bl i! 'l 14v
2Voc o g = tppn < 10w
Q
L e AAA—4 LTV ey CLAMP LEVEL USE Ry T8 880 FOR THRN “SFF-
lll ¥ SETTLING e WEASIREIET WX TEXT)
iy | il (FIGURE §)
}- oun L »
0 + +
~ FOR SETTLIRG TieE
MEASUREMENT (ALL TS = 160m TYP
B “0'*0 guiTcHED LOW TO MG To1aLse
~ C0 < 28 pF
= 2 —l
TRARBIENT _—
REgPORSE K e i
10454 (LW CAPACITANCE, -
FAST AECOVERY DIOBE}
= ] |ty eHL

DS005687-8

FIGURE 5. Transient Response and Settling Time (Note 8)

Vee

2 b
DACE308 [
]
16 R
—Oj 50 SCOPE 5 ma }ﬁ
3 q5pF

SLEWING
TIME
di 1 dv

dt R dt

Vee
DS005687-9

FIGURE 6. Reference Current Slew Rate Measurement (Note 8)

Vee
R14=R1§
. 13
5 1"
A10— —O—Am—o’vng; JL
R s
»0— ‘:
MG?
DAC08ES
AS Q= =
10 4 = To "L
AGO';
A 12 16
3

o
i

SEE TEXT FOR VALUESOF C

Vee
DS005687-10

FIGURE 7. Positive Vgge (Note 8)
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Test Circuits (continued)

Vee

L

5 14

7 15

2] o0Acosss

11 4

&

V|

ASO-;- -2*)1

Mo 18
Pr " g
Ay
3 ¢
EE

R14 > A16

“vggr T

b LI

EE TEXT FOR VALUES OF C

DS005687-11

FIGURE 8. Negative Ve, (Note 8)

A O— —O NC

Az O—

WO

M

o] M [fov:

AS O—1

»707';- s
—O Vg

P

When Vg =0, |14 = 20 mA

v, v
v0=[ BB —il (A)Ro

R14  Rg

Ro

DS005687-12

FIGURE 9. Programmable Gain Amplifier or
Digital Attenuator Circuit (Note 8)

Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION

The reference amplifier provides a voltage at pin 14 for con-
verting the reference voltage to a current, and a turn-around
circuit or current mirror for feeding the ladder. The reference
amplifier input currrent, 1,4, must always flow into pin 14, re-
gardless of the set-up method or reference voltage polarity.
Connections for a positive voltage are shown in Figure 7.
The seference voltage source supphies the full current 1,,.
For bipolar reference signals, as in the multiplying mode,

R15 can be tied to a negative voltage corresponding to the
minimum input level. It is possible to eliminate R1 5 with only
a small sacrifice in accuracy and temperature drift.

The compensation capacitor value must be increased with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 kQ, minimum capacitor values are 15,
37 and 75 pF. The capacitor may be tied to either Ve or
ground, but using Vge increases negative supply rejection.
A negative reference voltage may be used if R14 is
grounded and the reference voltage is applied to R15 as
shown in Figure 8. A high input impedance is the main ad-
vantage of this method. Compensation involves a capacitor
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Application Hints (continued)

to Vee on pin 16, using the values of the previous paragraph.
The negative reference voltage must be at least 4V above
the Ve supply. Bipolar input signals may be handled by con-
necting R14 to a positive reference voltage equal to the peak
positive input level at pin 15.

When a DC reference voltage is used, capacitive bypass to
ground is recommended. The 5V logic supply is not recom-
mended as a reference voltage. If a well regulated 5V supply
which drives logic is to be used as the reference, R14 should
be decoupled by connecting it to 5V through another resistor
and bypassing the junction of the 2 resistors with 0.1 pF to
ground. For reference voltages greater than 5V, a clamp di-
ode is recommended between pin 14 and ground.

If pin 14 is driven by a high impedance such as a transistor
current source, none of the above compensation methods
apply and the amplifier must be heavily compensated, de-
creasing the overall bandwidth.

OUTPUT VOLTAGE RANGE

The voitage on pin 4 is restricted to a range of -0.55 to 0.4V
when Vge = -5V due to the current switching methods em-
ployed in the DAC0808.

The negative output voltage compliance of the DAC0808 is
extended to -5V where the negative supply voltage is more
negative than —10V. Using a full-scale current of 1.992 mA
and load resistor of 2.5 kQ between pin 4 and ground will
yield a voltage output of 256 levels between 0 and —4.980V.
Floating pin 1 does not affect the converter speed or power
dissipation. However, the value of the load resistor deter-
mines the switching time due to increased voltage swing.
Values of R, up to 500Q do not significantly affect perfor-
mance, but a 2.5 kQ load increases worst-case settling time
to 1.2 ps (when all bits are switched ON). Refer to the sub-
sequent text section on Settling Time for more details on out-
put loading.

OUTPUT CURRENT RANGE

The output current maximum rating of 4.2 mA may be used
only for negative supply voltages more negative than -8V,
due to the increased voltage drop across the resistors in the
reference current amplifier.

ACCURACY

Absolute accuracy is the measure of each output current
level with respect to its intended value, and is dependent
upon relative accuracy and full-scale current drift. Relative
accuracy is the measure of each output current level as a
fraction of the full-scale current. The relative accuracy of the
DAC0808 is essentially constant with temperature due to the
excellent temperature tracking of the monolithic resistor lad-

der. The reference current may drift with temperature, caus-
ing a change in the absolute accuracy of output current.
However, the DAC0808 has a very low full-scale current drift
with temperature.

The DACO0808 series is guaranteed accurate to within %2
LSB at a full-scale output current of 1.992 mA. This corre-
sponds to a reference amplifier output current drive to the
ladder network of 2 mA, with the loss of 1 LSB (8 pA) which
is the ladder remainder shunted to ground. The input current
to pin 14 has a guaranteed value of between 1.9 and 2.1mA,
allowing some mismatch in the NPN current source pair. The
accuracy test circuit is shown in Figure 4. The 12-bit con-
verter is calibrated for a full-scale output current of 1.992
mA. This is an optional step since the DAC0808 accuracy is
essentially the same between 1.5 and 2.5 mA. Then the
DACO0808 circuits' full-scale current is trimmed to the same
value with R14 so that a zero value appears at the emor am-
plifier output. The counter is activated and the error band
may be displayed on an oscilloscope, detected by compara-
tors, or stored in a peak detector.

Two 8-bit D-to-A converters may not be used to construct a
16-bit accuracy D-to-A converter. 16-bit accuracy implies a
total error of + of one part in 65,536 or +0.00076%, which «
is much more accurate than the £0.019% specification pro-
vided by the DAC0808.

MULTIPLYING ACCURACY

The DAC0808 may be used in the muitiplying mode with
8-bit accuracy when the reference current is varied over a
range of 256:1. If the reference curent in the multiplying
mode ranges from 16 pA to 4 mA, the additional error contri-
butions are less than 1.6 pA. This is well within 8-bit accu-
racy when referred to full-scale.

A monotonic converter is one which supplies an increase in
current for each increment in the binary word. Typically, the
DAC0808 is monotonic for all values of reference current
above 0.5 mA. The recommended range for operation with a
DC reference current is 0.5 to 4 mA.

SETTLING TIME

The worst-case switching condition occurs when all bits are
switched ON, which corresponds to a low-to-high transition
for all bits. This time is typically 150 ns for settling to within
+14 LSB, for 8-bit accuracy, and 100 ns to ¥ LSB for 7 and
6-bit accuracy. The tum OFF is typically under 100 ns. These
times apply when R, < 500Q and C,, < 25 pF.

Extra care must be taken in board layout since this is usually
the dominant factor in satisfactory test results when measur-
ing settling time. Short leads, 100 pF supply bypassing for
low frequencies, and minimum scope lead length are all
mandatory.
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Physical Dimensions inches (milimeters) unless otherwise noted
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DACO0808 8-Bit D/A Converter

Notes
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General Description

The LF198/LF298/LF398 are monolithic sample-and-hold
circuits which utilize BI-FET technology to obtain ultra-high
dc accuracy with fast acquisition of signal and low droop
rate. Operating as a unity gain follower, dc gain accuracy is
0.002% typical and acquisition time is as low as 6 ps to
0.01%. A bipolar input stage is used to achieve low offset
voltage and wide bandwidth. Input offset adjust is accom-
plished with a single pin, and does not degrade input offset
drift. The wide bandwidth allows the LF 198 to be included in-
side the feedback loop of 1 MHz op amps without having sta-
bility problems. Input impedance of 10'°Q allows high
source impedances to be used without degrading accuracy.

P-channel junction FET’s are combined with bipolar devices
in the output amplifier to give droop rates as low as 5 mV/min
with a 1 uF hold capacitor. The JFET's have much lower
noise than MOS devices used in previous designs and do
not exhibit high temperature instabilities. The overall design
guarantees no feed-through from input to output in the hold
mode, even for input signals equal to the supply voltages.

National Semiconductor

LF198/LF298/LF398, LF198A/LF398A
Monolithic Sample-and-Hold Circuits

July 2000

Features

Operates from 5V to +18V supplies

Less than 10 ys acquisition time

TTL, PMOS, CMOS compatible logic input

0.5 mV typical hold step at Cy, = 0.01 pF

Low input offset

0.002% gain accuracy

Low output noise in hold mode

Input characteristics do not change during hold mode
High supply rejection ratio in sample or hold

Wide bandwidth

Space qualified, JM38510

Logic inputs on the LF 198 are fully differential with low input
current, allowing direct connection to TTL, PMOS, and
CMOS. Differential threshold is 1.4V. The LF198 will operate
from *5V to £18V supplies.

An “A" version is available with tightened electrical
specifications.

ANALOG INPUT O

sv SAMPLE
LOGIC

v HOLD

DS005692-32

Functional Diagram

Typical Connection and Performance Curve

Acquisition Time

Viy =070 10V
Tj=25°C
et

' lll,1
_ ™)

— 3¢

TIME (ux)

0.01%
Hi

THH

1008
8.001

0.01 0.1

HOLD CAPACITOR (uF)
DS005692-16

LOGIC
REFERENCE

HOLD
CAPACITOR

DS005692-1
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LF198/LF298/LF398, LF198A/LF398A

Absolute Maximum Ratings (Note 1)

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

Supply Voltage
Power Dissipation (Package
Limitation) (Note 2)

LF198/LF198A
LF298
LF398/LF398A
Storage Temperature Range
Input Voltage
Logic To Logic Reference
Differential Voltage (Note 3)
Output Short Circuit Duration

+18V

500 mW
Operating Ambient Temperature Range

-55°C to +125°C

-25°C to +85°C

0°C to +70°C

-65°C to +150°C

Equal to Supply Voltage

+7V, =30V
Indefinite

Electrical Characteristics

The following specifcations apply for Vg + 3.5V < Vi < +Vg = 3.5V, +Vg = +15V,
R, = 10 kQ, LOGIC REFERENCE = 0V, LOGIC HIGH = 23

Hold Capacitor Short
Circuit Duration
Lead Temperature (Note 4)
H package (Soldering, 10 sec.)
N package (Soldering, 10 sec.)
M package:
Vapor Phase (60 sec.)
Infrared (15 sec.)
Thermal Resistance (6,,) (typicals)
H package 215°C/W (Board mount in still air)
85°C/W (Board mount in

400LF/min air flow)
N package 115°C/W
M package 106°C/W

8,¢ (H package, typical) 20°C/W

10 sec

260°C
260°C

215°C
220°C

Vg = -15V, To = T; = 25°C, Gy, = 0.01 pF,
V, LOGIC LOW = 0V unless otherwise specified.

Parameter Conditions LF198/LF298 LF398 Units
Min | Typ Max | Min | Typ | Max
Input Offset Voltage, (Note 5) T,=25C 1 3 2 7 mV
Full Temperature Range 5 10 mV
Input Bias Current, (Note 5) T,=25C 5 25 10 50 nA
Full Temperature Range 75 100 nA
Input Impedance T,=25C 100 101 Q
Gain Error T; = 25°C, R_ = 10k 0.002 | 0.005 0.004 | 0.01 %
Full Temperature Range 0.02 0.02 %
Feedthrough Attenuation Ratio T, = 25°C, Cy, = 0.01 pF 86 96 80 30 dB
at 1 kHz
Output Impedance T= 25°C, “HOLD” mode 0.5 2 0.5 4 Q
Full Temperature Range 4 6 Q
“HOLD~ Step, (Note 6) T, =25'C, Cp, = 0.01 yF, Vour = 0 0.5 20 1.0 25 mV
Supply Current, (Note 5) T225°C 4.5 5.5 45 6.5 mA
Logic and Logic Reference Input T,=25C 2 10 2 10 A
Current
Leakage Current into Hold T; = 25°C, (Note 7) 30 100 30 200 pA
Capacitor (Note 5) Hold Mode
Acquisition Time to 0.1% AVoyur = 10V, Cp, = 1000 pF 4 4 us
Cy = 0.01 yF 20 20 us
Hold Capacitor Charging Current | Viy—Vour = 2V 5 5 mA
Supply Voltage Rejection Ratio Vour =0 80 110 ‘| 80 110 dB
Differential Logic Threshold T,=25C 0.8 1.4 24 0.8 1.4 24 Vv
Input Offset Voltage, (Note 5) T, =25C 1 1 2 2 mV
Full Temperature Range 2 mV
Input Bias Current, (Note 5) T;=25C 5 25 10 25 nA
Full Temperature Range 75 50 nA
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Electrical Characteristics

The following specifcations apply for Vs + 3.5V < Vi < +Vg = 3.5V, +Vg = +15V, -Vg =-15V, To = T; = 25°C, Cy, = 0.01 pF,
R, = 10 kQ, LOGIC REFERENCE = 0V, LOGIC HIGH = 2.5V, LOGIC LOW = 0V unless otherwise specified.

Parameter Conditions LF198A LF398A Units
Min | Typ Max | Min | Typ | Max

Input Impedance T;=25C 10'° 10"° Q

Gain Error T; = 25°C, R_ = 10k 0.002 | 0.005 0.004 |0.005 %
Full Temperature Range 0.01 0.01 %

Feedthrough Attenuation Ratio T, = 25°C, Cy, = 0.01 pF 86 96 86 90 dB

at 1 kHz

Output Impedance T; = 25°C, “HOLD" mode 0.5 1 0.5 1 Q
Full Temperature Range 4 6 Q

“HOLD" Step, (Note 6) T; = 25°C, Cy, = 0.01pF, Vour =0 0.5 1 1.0 1 mV

Supply Current, (Note 5) T;225°C 45 55 4.5 6.5 mA

Logic and Logic Reference Input T;=25C 2 10 2 10 HA

Current

Leakage Current into Hold T; = 25°C, (Note 7) 30 100 30 100 pA

Capacitor (Note 5) Hold Mode

Acquisition Time to 0.1% AVour = 10V, Cy, = 1000 pF 4 6 4 6 us
C,, = 0.01 pF 20 25 20 25 us

Hold Capacitor Charging Current | V\y~Vour = 2V 5 5 mA

Supply Voltage Rejection Ratio Vour =0 90 110 90 110 dB

Differential Logic Threshold T,=25C 08 14 24 0.8 14 24 \

Note 1: “Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is

functional, but do not guarantee specific performance limits.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by T juax, 8,4, and the ambient temperature, Ta. The maximum
llowable power dissipation at any temperature is Pp = (T max — Ta¥0ya, or the number given in the Absolute Maximum Ratings, whichever is lower. The maximum

junction temperature, T jyax, for the LF198/LF198A is 150°C; for the LF298, 115°C; and for the LF398/LF398A, 100°C.

Note 3: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the supply voltages without

causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below the positive supply and 3V above the nega-

tive supply.

Note 4: See AN-450 “Surface Mounting Methods and their effects on Product Reliability” for other methods of soldering surface mount devices.

Note 5: These parameters guaranteed over a supply voltage range of +5 to +18V, and an input range of -Vg + 35V <V <+Vg - 3.5V

Note 6: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an additional 0.5 mV step

with a 5V logic swing and a 0.01pF hold capacitor. Magnitude of the hold step is inversely proportional to hold capacitor value.

Note 7: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or elevated ambient can

be calculated by doubling the 25'C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input signal range.

Note 8: A military RETS electrical test specification is available on request. The LF188 may also be procured to Standard Military Drawing #5962-8760801GA or to

MIL-STD-38510 part ID JM38510/12501SGA.

Typical Performance Characteristics

Aperture Time Dielectric Absorption Dynamic Sampling Error
(Note 9) Error in Hold Capacitor
58—y — T 100 00
! E=POLYPROPYLENE
a5af vt =V =15V MYLAR-nn POLYSTYREN
aso)2VouT <1 mV w  [HYSTERESIS /T riMe coNsTANT
AV = 10V = o - _
sof [ = = z
=518 10 & E
= 300" NEGATIVE Epy SEs: a =
£ el | mputsTEPL A ab Y 2 2
H y r 3= L - o«
= 200 3z MYLAR / % z -
y POSITIVE  _| zZz , | 13
158 7 INPUT STEP =3 %‘:‘f i
100y~ g /POLYPROPYLENE =
sa AND POLYSTYRENE
HYSTERESIS
-5 25 0 25 50 75 100 125 150 01 0.1
ol ! 10 100 INPUT SLEW RATE (V/ms)
JUNCTION TEMPERATURE (°C) SAMPLE TIME (ms) DS005692-19
DS005692-17 DS005692-18

Note 9: See Definition of Terms
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LF198/LF298/LF398, LF198A/LF398A

Output Droop Rate

Typical Performance Characteristics (continued)

Hold Step
100

“Hold” Settling Time
(Note 10)

2 —
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s 16
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Power Supply Rejection Output Short Circuit Current Output Noise
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Note 10: See Definition
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Typical Performance Characteristics (continued)

Input Bias Current Feedthrough Rejection Ratio Hold Step vs Input Voltage
2 (Hold Mode) 2
-130 S 18
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DS005692:29 FREQUENCY (Hz) Os003852:31
DS005692-30
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of Sample Mode of Hold Mode
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DS005692-12 DS005692-13

Logic Input Configurations

SameLE ~]8

JLs =

DS005692-33

Threshold = 1.4V

TTL & CMOS

3V < V| oeic (Hi State) < 7V

HOLD b 28v
JL 3
SAMPLE < 56k
DS005692-34

Threshold = 1.4V
*Select for 2.8V at pin 8
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LF198/LF298/LF398, LF198A/LF398A

Logic Input Configurations (continued)

CMOS

7V < Vi oaic (Hi State) < 15V

30k

DS005692-35

--]---- SAMPLE
e HOLD

Threshold = 0.6 (V') + 1.4V

AAA
\AAd

AA

nOLD 4
ﬂ :
SAMPLE y 20k

DS005692-36

Threshold = 0.6 (V') - 1.4V

Op Amp Drive

+13V

-12

DS005692-37

Threshold = +4V

Application Hints

Hold Capacitor

Hold step, acquisition time, and droop rate are the major
trade-offs in the selection of a hold capacitor value. Size and
cost may also become important for larger values. Use of the
curves included with this data sheet should be helpful in se-
lecting a reasonable value of capacitance. Keep in mind that
for fast repetition rates or tracking fast signals, the capacitor
drive currents may cause a significant temperature rise in
the LF198.

A significant source of error in an accurate sample and hold
circuit is dielectric absorption in the hold capacitor. A mylar
cap, for instance, may “sag back” up to 0.2% after a quick
change in voltage. A long sample time is required before the
circuit can be put back into the hold mode with this type of
capacitor. Dielectrics with very low hysteresis are polysty-
rene, polypropylene, and Teflon. Other types such as mica
and polycarbonate are not nearly as good. The advantage of
polypropylene over polystyrene is that it extends the maxi-
mum ambient temperature from 85°C to 100°C. Most ce-
ramic capacitors are unusable with > 1% hysteresis. Ce-
ramic “NPO” or “COG” capacitors are now available for
125°C operation and also have low dielectric absorption. For
more exact data, see the curve Dielectric Absorption Error.
The hysteresis numbers on the curve are final values, taken
after full relaxation. The hysteresis error can be significantly

+13v

-13v

Threshold = -4V

reduced if the output of the LF198 is digitized quickly after
the hold mode is initiated. The hysteresis relaxation time
constant in polypropylene, for instance, is 10—50 ms. If
A-to-D conversion can be made within 1 ms, hysteresis error
will be reduced by a factor of ten.

DC and AC Zeroing

DC zeroing is accomplished by connecting the offset adjust
pin to the wiper of a 1 kQ potentiometer which has one end
tied to V* and the other end tied through a resistor to ground.
The resistor should be selected to give =0.6 mA through the
1k potentiometer.

AC zeroing (hold step zeroing) can be obtained by adding an
inverter with the adjustment pot tied input to output. A 10 pF
capacitor from the wiper to the hold capacitor will give 4 mV
hold step adjustment with a 0.01 pF hold capacitor and 5V
logic supply. For larger logic swings, a smaller capacitor
(< 10 pF) may be used.

Logic Rise Time

For proper operation, logic signals into the LF198 must have
a minimum dV/dt of 1.0 V/us. Slower signals will cause ex-
cessive hold step. If a R/C network is used in front of the
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Application Hints (continued)

logic input for signal delay, calculate the slope of the wave-
form at the threshold point to ensure that it is at least
1.0 Vlus.

Sampling Dynamic Signals

Sample error to moving input signals probably causes more
confusion among sample-and-hold users than any other pa-
rameter. The primary reason for this is that many users make
the assumption that the sample and hold amplifier is truly
locked on to the input signal while in the sample mode. In ac-
tuality, there are finite phase delays through the circuit creat-
ing an input-output differential for fast moving signals. In ad-
dition, although the output may have settled, the hold
capacitor has an additional lag due to the 300Q series resis-
tor on the chip. This means that at the moment the “hold”
command arrives, the hold capacitor voltage may be some-
what different than the actual analog input. The effect of
these delays is opposite to the effect created by delays in the
logic which switches the circuit from sample to hold. For ex-
ample, consider an analog input of 20 Vp-p at 10 kHz. Maxi-
mum dV/dt is 0.6 V/us. With no analog phase delay and 100
ns logic delay, one could expect up to (0.1 ps) (0.6V/ps)
= 60 mVerror if the “hold™ signal arrived near maximum dV/dt
of the input. A positive-going input would give a +60 mV er-
ror. Now assume a 1 MHz (3 dB) bandwidth for the overall
analog loop. This generates a phase delay of 160 ns. If the
hold capacitor sees this exact delay, then error due to analog
delay will be (0.16 ps) (0.6 V/us) = =96 mV. Total output error
is +60 mV (digital) ~96 mV (analog) for a total of -36 mV. To
add to the confusion, analog delay is proportioned to hold
capacitor value while digital delay remains constant. A family
of curves (dynamic sampling error) is included to help esti-
mate errors.

A curve labeled Aperiure Time has been included for sam-
pling conditions where the input is steady during the sam-
pling period, but may experience a sudden change nearly
coincident with the “hold” command. This curve is based on
a 1 mV emor fed into the output.

A second curve, Hold Settling Time indicates the time re-
quired for the output to settle to 1 mV after the “hold” com-
mand.

Digital Feedthrough

Fast rise time logic signals can cause hold errors by feeding
externally into the analog input at the same time the amplifier
is put into the hold mode. To minimize this problem, board
layout should keep logic lines as far as possible from the
analog input and the C,, pin. Grounded guarding traces may
also be used around the input line, especially if it is driven
from a high impedance source. Reducing high amplitude
logic signals to 2.5V will also help.

Guarding Technique

vt

GUARD TOP AND
BOVTOM OF BOARD

ik
/)r‘:r\ ouTPUT
1)

BOTTOM VIEW

CAPACITOR

DS005692-5

Use 10-pin layout. Guard around Cyis tied to output.
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LF198/LF298/LF398, LF198A/LF398A

Typical Applications

X1000 Sample & Hold

AAA

OFFSET
ADJUST

AA,

-15v

Vin

*For lower gains, the LM108 must be frequency compensated

100
Use:A—thromcompZtogromd
v

Ramp Generator with Variable Reset Level

15V
At
8.2k

0UTPUY

DS005692-42

AV 1.2v

St anoe. 55~ ) 69

Sample and Difference Circuit
(Output Follows Input in Hold
Mode)

RESET
J_L TRACK

DS005692-40
Vout = VB + AVin(HOLD MODE)
DS005682-39
Integrator with Programmable Reset Level
vb
neser VR
LEVEL auTPUT
1NPYT
R2
RESEY i
— 1%
mesnmz—-'_l— A~
15V
AN 2 +* 1
Al e ¥ .
DIFFERENTIAL ™
INTEGRATING 1% ] Lm38 {
neuT - [
2
G—-—‘v:v;f 100 'FI
™ —
% -15V =
AAA
VA~
R
200k
1%
DS005692-43

Vour (Hold Mode) = [

e

:)det} + [VR]

www.national.com




Typical Applications (continued)

Output Holds at Average of Sampled Input

DS005682-46

Select (Rn) Cn) > S——s e (V)

Reset Stabilized Amplifier (Gain of 1000)

DS00569249

Vos < 20pV (No trim)

N = 1 MO

AV,

2Y0S = gouv/sec
At

AVos
— ), /°C
AT 0.1V

Increased Slew Current

Cx s
-

DS005692-47

Fast Acquisition, Low Droop Sample & Hold

p——1 6 5p—O IV TO 15V

< <
> >
1M < 33k

DS005692-50

www.national.com
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LF198/LF298/LF398, LF198A/LF398A

Typical Applications (continued)

Synchronous Correlator for Recovering
Signals Below Noise Level

SIGNAL
INPUT

SYNCHRONSUS
CLOCK 1NPUT

DC & AC Zeroing

oc

Vos
ZERD 15V
RESET
YT
uv—-l l—
CLoCK

Vour

\ 0UTPUY FREQUENCY
SET BY SWEEP RATE

2-Channel Switch

15V
O

“A" SELECT

oW
“3" SELECT

03 i R
1
. T 7 -Jt g 85 -4{ —-1 r'-lln A B
= 2" 3 Gain 1£002% 1+02%
Sin < % _"_ I U 5
wnzn g 5tz Zin 101°Q 47 kQ
via ] i BW = 1 MHz = 400 kHz
20 Qun
| Crosstalk -90 dB -90 dB
4 5 10 4 g 10 P & 1 kHz
Offset <6 mVv <75 mV
= 2m :’a m:: )
JW, £ /8
mnx SWEEP = *Select C1 1o filter lowest frequency
Jmﬂsﬁv component of input noisa
AT PG **Select C2 @ = 5 X 10 8/fyy

DS005692-52

Staircase Generator

oO—

18 pF

AC (HOLD STEP) ZERO

L o

DS005692-59

*Select for step height
50k — = 1V Step

DS005692-55

www.national.com 10




Typical Applications (Continued)

Differential Hold

- Vg WHEN IN
HOLD MODE
Ch = (Vg Vgm) WHEN N

—
SAMPLE MODE
100k

DS005692-57

Definition of Terms

Hold Step: The voltage step at the output of the sample and
hold when switching from sample mode to hold mode with a
steady (dc) analog input voltage. Logic swing is 5V.
Acquisition Time: The time required to acquire a new ana-
log input voltage with an output step of 10V. Note that acqui-
sition time is not just the time required for the output to settle,
but also includes the time required for all intemal nodes to
setle so that the output assumes the proper value when
switched to the hold mode.

Gain Error: The ratio of output voltage swing to input volt-
age swing in the sample mode expressed as a per cent dif-
ference.

Connection Diagrams

Dual-In-Line Package

Small-Outline Package

Capacitor Hysteresis Compensation

T

*Select for time constant C1 = ——

100k

**Adjust for amplitude

Hold Settling Time: The time required for the output to
settle within 1 mV of final value after the “hold” logic com-
mand.

Dynamic Sampling Error: The error introduced into the
held output due to a changing analog input at the time the
hold command is given. Error is expressed in mV with a
given hold capacitor value and input slew rate. Note that this
error term occurs even for long sample times.

Aperture Time: The delay required between “Hold” com-
mand and an input analog transition, so that the transition
does not affect the held output.

Metal Can Package

o/

14 — OFFSET ADJUST
13— NC

12f-v*

11} LoGIC

10 = LOGIC REFERENCE
] ol

8—G

vt —4 L Loic
INPUT —41
NC—2
OFFSET __2] |7 _Locic o)
ADJUST REFERENCE v —3
NC—4
3 ]
NPUT = — Cp NC=—5
NC—{6
o4 5
7 e— = OUTPUT OUTPUT —1 7
T0P VIEW
DS005692-11
Order Number LF398N
or LF398AN

See NS Package Number NOSE

Order Number LF298M or LF398M
See NS Package Number M14A

DS005692-15

TOP VIEW

DS005692-14

Order Number LF198H,
LF198H/883, LF298H,
LF398H, LF198AH or LF398AH
See NS Package Number H08C
(Note 8)

www.national.com
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LF198/LF298/LF398, LF198A/LF398A

Physical Dimensions inches (milimeters) unless otherwise noted

0.350-030
(8.890—9.398)
MA
0.025
) UNCOITIOLLED

4
0.165—0.185 | m)
{8.191—4.639) + ‘ ' LEAD DIA
|
REFERENCE PLANE w‘{_rl-—m]ﬂﬂ_] ER—
0.500 o.ms —0.040
(z.1) (um':xg’ {0.381—1.016)

[‘ 0.016-0019 . o

0.3150.335
{8.001-8.509)

{0,406 —0.483)
0.195-0.265 DIA
0.100 (4.953-5.207) P.C.
s
]
0.029-0.045
0TT-1.183)
0.028—0.034
e 0.115-0.145
{0.711-0.864) m
/< [7)
45° EQUALLY
SPACED HOBC (REV B

Metal Can Package (H)
Order Number LF198H, LF298H, LF398H, LF198AH or LF398AH
NS Package Number H08C

0.228 —0.244

{5.191 —6.198) ~ w
A e
LEAD NO. 1
I0ENT OB U U0
1 2 3 4 5 6 T ?
0.010 paax
{0.258)
0.150—0.157
™| Gae-35)
0.010-0.620 0.053 - 0.069
D25e—0seg < "_ {366 -1.759) )
8° MAX TYP 0.004 —0.010
=" g

(0.203-0.254) 1.270] .356—0.
TYP ALL LEADS (0.406 —1.270) : m) 0.008 et
-——(u 102) TYP ALL LEADS —><—(n 203) P

M144 REV hj

Molded Small-Outline Package (M)
Order Number LF298M or LF398M
NS Package Number M14A

www.national.com 12




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.373-0.400
5 (9.!7!——10.16)_7
0.090
I BT )
0.092 (7] [6][5 0.03240.005
23 TN o s ium osn ot
B T == <+> ; 635L0.121) PIN NO. 1 IDENT
oFmoN 1 L® y
bl el [s] 1
0.280 0.040
1112) I~ o030 wx  o08mT |« i
- 0.300—0.320 (0.762) o — *—m 0.145-0.200
gee—sazm |+ ‘ 2 i‘—>[/<— - (3.683—5.080)
A e i ¢ e A 013040005
; v (3.30210.127) ‘
J A 0.125-0.148
=k . o.o‘A_ss. - “r ¥ @1m-ase) OL
0.009—-0.015 Rl P 90° £4° {0:508)
ze-oasn) | iy TYP I
NOM 0.018+0.003
L nas o " {0.45720.075)
(8 255 +1_m5) 0.100+0.010
235 _.381 (2540£0.254)
0.04510.015
1.143£0.381
mesanr | |
woso_ | | (o
(1.210) ; NOBE (REV F
Molded Dual-In-Line Package (N)
Order Number LF398N or LF398AN
NS Package Number NOSE
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 AND GENERAL
COUNSEL 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 life, and
whose failure to perform when properly used in

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

accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a

safety or effectiveness.

significant injury to the user.
National Semiconductor

National Semiconductor
Corporation Europe
Americas Fax: +49 (0) 180-530 85 86

Tel: 1-800-272-9959 Email: europe.support@nsc.com

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 69 9508 6208

Emall: support@nsc.com English Tel: +44 (0) 870 24 0 2171
www.national.com Frangais Tel: +33 (0) 141 91 8790

National Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

National Semiconductor
Japan Ltd.

Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

National does not assume any responsibility for use of any circuitry described, no circuit patent licanses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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