B AL S AAKEA AL R LRI F72 1 S

gilnsalszudmmisinglagldnaudanilatin

ULTRASONIC OBJECT POSITIONING

TRy

Tag
nafadve gavnasnalay
WYY T IINSIIYNA
wealgna dué

a 4

=) dw L d‘ = 7 ) U a
Yrgantnusisiluaiuniiivesnsnymundngasisayanimnssumansiudia
MuIvIaInssuInsaunAy

w = S LY4
amumalulagnszasumna i gamnsaIanszii

Ymsdnwr 2545

v
(1171 | et

vnaden. 50113 Baiiivs o

Susdond 0. Y. b / e ——




d ° 1 s v A o v a
gilnsalssydmmiiainglagldnandaninlaiin

ULTRASONIC OBJECT POSITIONING

1EY

mahnAte  gavnasnele 42010020
Wenyd  aINIRIyna 42010081

wetigna  qud 42010106

a1sanifsnmn

s

a d
o.auNysA REITRY

o @

=Y 4 < v a L)
PaantnusiifludiuntisveimsanuamundngasilSygimnssuman slinuda
minImnssuinsnunay
aoiiumaluladnszesumnaudigammsaiansziia

=3 =
in1sanyl 2545



a a oz
Usayaniinusiinisfing 2545
MAI¥MAINI T8 InsauuIAY
Aa 4 Y @
anzdrmnssumens aotiuna Tulatwszeeundudgunnsaianszs
A o o v 9 A W Y a
5e9  gUnsaszyAwmisAeAaudans latia

ULTRASONIC OBJECT POSITIONING

L wwinase gsWnasagyly 42010020

2. Wwde w@Iwaasyna 42010081

3. wwdlgna Ao 42010106
<z £ o
.......... . BMIONYTRMN

= a

(o.aufivsd gadasae)



03 ° Y 4 o
gilnsalszydumiainglasldnaudannlaiin

Ultrasonic Object Positioning

Yo w1 Ardto qainasng Tay 42010020
UG YT LT WIS YN 42010081

w1 signa dudh 42010106
Za = a d o
81%155‘“1]%’(’\‘91 B.AUNYITA GNYITYLY

LT
ﬂ?muwﬂﬁwuﬁ‘t‘fﬁlumsﬁﬂynmzﬁmﬁuﬁaﬁ%’ﬂ%ﬁﬁmﬂs:qﬂﬁiﬁumsszuﬁumﬁa11@a

JaguSedsiavinluszunuunanen udninuaasadumiauifavesszoznuaz eam 4

ﬂ?ﬁgﬂg1ﬁwu§§mmmﬁﬂﬂxﬂmmwN'lumsﬁ’mmqﬂﬂsﬂfdwq fidesl¥mamawsalumssey

Aunsvesiaguavesfuoudiiudu

Abstract
This thesis is to study about ultrasonic and apply it to position object or obstacle in azimuth
plane. Then, display in form of distance and degree coordinate. In further application, this thesis could

be used to develop various equipments such as robot’s eye, which positioning ability is necessary.
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Automatic Gain Control (AGC)
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23.10 esteunalay Amares (Envelope detector)

28
mizdwdensilszney Tasliginesdsgl

o = o ] 9 9/ 9 o o 2 9/ =1 d
A MNNAYYIUNTUNIT AGC Ha3 13 1R8IN1NIHANAL vlyeesieuialal Anaaes

= 4
710 224 2999euUnaTal Anaaes

< e o o 1 v { o t:’
lasHauFURUTTEHINE A1 RC Hasa N measil

.
27 RC

23.11 9930389AINAMIKNIY (Low Pass Filter, LPF)
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a '3 . Y as 4;
L3NG IUN transfer function ﬂﬂﬂ?@ﬂiiﬂﬁﬂu

W93 THUA A Y89 op-amp

Ve Wl -0

(2.53)

Weanh Tnua B 409 op-amp
L S 0

R,

7 =0
i / S (-‘2

v =R (RL + SC:) (2.54)

2

fi Tvuac

1

R

vl(l—+%+ Scl)—;—"— %y SC, @55)

el 2 1 2

L e

+ (vl - v(l )SC] =0

unum v, = kv, aslu (2.54)

v, = kvoR{L +3C, ] (2.56)
R

2

UNUA V, 90 2.56) uag V, 910 (2.54) aalu (2.55)

kvaRz(—l—+SCZIL+—-1——+S(.})——V'—— =y SC,
R, R R, ) R R

7
Vs /RGCGRR,
2, CRE-D+EC,R +R) 1
iy kC,C,R,R, C,C,RR,
uamﬁmﬂ?wzﬁwﬁvmnwh;ﬁﬁ"ﬂﬂmmu%iﬂsmmméﬁ;wﬁm Faunsdi .57)
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@y = E b C,=C; = R =R, (2.58)
C.C,RR,

Yo
Llﬁziﬁ@ﬁi'lﬂ'ﬁﬂﬂ?ﬂlﬁu

~ldn

Gain =1+ Ei (2.59)
R,

2312 asudasdyanaeineeniluadnea (Analog to Digital Converter)
I o A ar a1 o - a
diedyanaiiszieundunignasessumas Ifa (code) ARsudisauyssinaziuei/dya
[P o o : ’ 3 < by aa
Tairfin 5 Taad ndas1921h code 1iuTaliu 1C ADC0804 riveualasTda smeutaen ldiduainea 8
a -~ T o 9 = o v o’:
dafedsuwesnuuuvu ) Waeuiueesiszinanade . Taoswzauguiuaenlums
uilasdaanadls MCS-51
a =3 o ¢ X

ADC 0804 iy A/D ¥u7a 8 fia Harunda lunsuilasdayana (Conversion Time) 110 us
ad I o ' a SEe—n FepEy @ ° ) =
FWeaann A/D hldlasdedygnoandin WRuaz CS fufinadl (Low) wdalvisedn 110 us

ar z t Qar 4’ iy ar $ T or d
ndenniu AD rdsdgygnausenuiivr  INTR (Redaanaiiveniudasdgygnataiwda) &

o a & o [ 5 a a 4
wﬁuaagapmﬂu Low viidinazAefun1INTR ves CPU teuenld CPU fvuiumsdumes
s e 4 L] ‘d' T 3 s b—— T
Flarerieyafiudawdi lify lunsemdeyalifiv cPu Aesdedaana RD wudh RD ves

AD (Iasw1 CS Aoeiilu Low agrouniil) Tasddsalunsaugudsgi 2.26

WR

i

|

DO-D7 Data out
INTR
Start Conversion End Conversion
RD
Read it

311 226 AIIAINITNIUYBY ADC 0804

£ o { oo o a &£ v o i vt o

Fedyanangnulasesninezinanua 256 sedu (8 4a) FurazseRuiiuesiiaulsiu
2 & ” < sS4 i g a 1
Yuaghu v, /2 Msrflouli dAwnsied 2.4 udfidldesliniiinessehf range vosdunnoyf 0-5
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V,./2 V. (V) | Step Size(mV)
Not Connect | 0toS | 5/256=19.53
20 0tod | 4/256=15.62
L5 0to3 | 3/256=1171
1.28 0t02.56 | 2.56/256 =10
1.0 Oto2 | 2/256=17.81
0.5 Otol | 1/256=3.90

A13197 2.4 wrasaruduRuUSsznae V_/2 fu V. 183 ADC 0804

#19819MsFPUADS NI MCS-51 flu ADC 0804 1ifudsgl

+.5V +.5V
+5V 40 20
I Vo p32 :2 § RD Veo o 10k 150PF
/——1 P3.3 ~ UR CLKR j—”—l
E CLKIN |4 1
+ RST P1.0 L 18 \po g
P1.1 17 /pq V. (+)1& . Input
o ©  p12)d 610 S v |7
1 w in
l 2 pald Slps © |
& = Pald M 8 aenp®
P15 <L gy Lo, ]
11.0592MHz P16 2lpg  pGND!? y
BT P17 (<& Mip7 : l
—— s ——]
P 19 GND P3.4 4 ? INTR =
33pF 203
fle: 1

d’ A ¥ \ o
E‘d‘ﬂ 227 BAMNIPFIUABITTIIN MCS-51 N1 ADC 0804
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2.3.13 lulasaeulnsalaes (Microcontroller)
M v ¢ iq 9 Y o A
TuTaseemitldih luTasaoulnsames MCs-51 unlszgndl¥&o Tagldlunsiuiia
o o o ar (] d a oo 9 ar o o ad
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1 a a & e o - &t
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MIMNUYBINGIA
7 L & o =
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WoTA 3 uARzHBTATIvUA 8 1a Hiunesauuy 2 fisne nande aunniiuldviduyadwmsusy
s o o a t a o Jd
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=1 o or aor o
51 nuunragiineesuandinzsssiusneasiviresdunea
a P o ¢ a & o @ ™
ANOIA 0 LAZHBIA 2 %x‘l%'amﬁjuwasﬁauummzmmuﬁmmuamm'h] uazlslums
a 1 o v o o o o .3" I'd 9 d
ArRBNUMINgAMIINoUSN FmSUNesa 3 Nanesa uaznesa 1 veviuennnee sy meda
a o a a ia 2 Vo ot o
'au‘rgmmmgmmﬂnﬂuﬁ'ammu1m1%'«1u'1uﬂﬁ1ﬁmﬁy'lé'§ﬂﬂuagnmnﬂu'lu"lﬂmauimma'e)s
s
MCS-51 yuumrawuss 1a
I IETM AUV lulasneulnsaaess MCS-51
o - d o ar o
TunsldonlulnsneuInsawmes McS-51  szdeamminudilidesanazms i ues
» v . » »
FiguazdauTuasunszananadife lunmsilszananafmidavesdiigiueliduaoundng 2
a’l’ o o o v o o
TuaeuAs nsTUIUMSIHGS (fech) lunmsiSondidsesnsnmiioanuii ldsunsuudaviims
e A A - A [ A 3 aa o
wilassWaddaniuiunmnieaiomsounisiszanana  duneudewie nszuIuMSISNTEE
o o o e o = 4 ' Y A o
(execute) IHuMsAssR WMt muanieawimasruinlasnssuunsteuntai e
q aan o o a a Lo a v
msendmamdusoudsouda fee lGunssuunsmadiidelulaelyl
o a =~ o
Tumsiinau 1 seunse 1 uadulmia FRglululasreulnsames Mcs-s1 wldar 12
o a a o s e t o a an o
ATLIANYBITYRNAUUIRN YuAe nantumaiau 1 Tedaliaundy 1 Taddud wSeliawuda

o a 4 Adg ¥ A o Y a d o n’; kY
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=3 ° - - o 9 1 P
Aeen1INsTUAIS wesmsamnelu lulasaeu Tnsames MCS-51 awsont18eIn srnamd
o A:A 1 o - ~
dyanautinmsds 12 nazddesmyniAIaIves 1 seumsiunse 1 uudu'lnfa awso
o 1 9 -
Mlalasmsmidmnduvesarnnsa
d
nszuIumsawa llulasneulnsaaes MCs-51
{ o &  ar A Y o
MTEn (reset)  lunszumumsiilianguluTasaeuTnsawmesndy lSuduin
1l [ ° 9 ar 5 a ¥ a a Jd
Tmifueawnsa 00008 Tumwauiililsunsy wieufniudidwaliinansndosdwesdeya
- o a o ar o [ A Y o 1
- hidTmaeimulululasneuInsames uagilisiamesnndndulidanmasuduiau
o L3 s é’ = 3
msinasisaluluinsaoulnsames Mcs-s1 Havuldfissnsdi@mfde fiv1 RST (11 9)
1dsuaein «17 edwdeniunat 2 wdulufa wie 24 aunawesdyanumiim Taofines
o Aa  a o o o t A a = 4 L3 d g/ o =
MiadyauRmdasinmey Weamanniiwaty  lulasaouInsamesswadudygnasian
moluduiersuaueINsI AN LN
msdaneanudiveslulasneulnsames MCS-51
TuluTasneulnsamesd MCS-51 fimiruausmdng ey 2 daufe mizearwi lusunswy
waznwaNs ey
#I8A UG 1156053 (Program Memory)
=1 o - o I'd { v
Minudeyaveslilsunsumruqumsiisiuveslulasaeulnsames niofisoni
a 4 o ar o A ]
Tilsunsuueilines (monitor program) @3 MCS-5Iuunas 1wes 89C51 awsofads
wihoarwinlisunsu1&gega 64 ATalud Tasewsnidenldniroauillsunsunwlusds
= @ v o v =3 =1 ~
RyanTeswiumouennsiaidenldmieanuiineuenedu@ean1d Tavaelu socs 5
v a o o
misauiimolu 4 flalud
miaanud1telya (Data Memory)
i 2uwufe mirsarwsfeyanouenuazaiolu Tas 89C51 awrsodadedy
N o 9 9/ a o = T o 9 ﬂ
wisaTwIveyanwuenlagega 64 ilalud uasiwirssruiweyamoluduuuuusy ®am
o o v ] ] ° ] U
: Random Access Memory) 4141 128 lud faassutiuiu 3 dau fe miroanuideyadaudis,
1 ~ o dao a 1 1 =1 4
AU uazT VAL FHINTFURIAH(SFR : Special Function Register) uazduiiviuta 128 lud
aa o o = aa g 9 ° o~ S o
SvmaesHanduiien uiiamesnldarugumsiamveslulasaeu Insames 1 22 §2
dm3 89Cs1 dineaiasragszndne 80H-FFH lufiufivesmizoanuiweyadauuu swisadids
v a o A o
18Tavass szvenandunneifiossSamesaafi 1dausiag
- STmmesudasaniuzved 1Usuns (Program Status Word : PSW) i3 sarnesonn 8
a 3 R w A =t ret o ¥ o <
damusaditeldluszduia Tusaasaegin DOH Hmihfifuaouemsiemvesldsunsaly
o> 3 v A aac 6 0 G a g
vaziiu wisnanuzalqueslisunsudil udan (flag) dieHyNIzMIAIdIn Nadlamaasuay

aednudufansldsunlasaaiusiu ravesmsldouulasszumlsingidadien ves PSW
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a a S @ a 14
- uenAIYAIABS (Accumulator : ACC) livuia 8 1ia annsadiieszduiala lueamsa
= Sa I o o & o = o 4
agh EOH 1ihisvmassnlddmiufutoyansenadnin ldnnmsimvedlulasaeunsaaes
1 1 A a = ]
lasmnizesoInsAnunadarmaasuazassn  Aeufissdelidfigde ) Sonduq 9
Simees A
a d a o o 1 e ¥ d4d 9
- 39mwes B flvwia 8 da aunsmiideszduiiald eghusamsa FoH fimihminudeya
o = Yy da A v a ¢ Y o ¥ 9 A
'l uaslindifieufe vndesnsaaunneadasnaas Asnieyafideemsnisnsogau
=] = a o oo o A o *
iy B3 hETamed B udiSinseiididsanienniistaaes A de'll
aa o @ A 1 g 3
3301793 SFR A0uqiznaislusesdeq T
Mst¥eulas MCS-51 fumbeanusifeyameuen (Data Memory)
v ° ' o = d a 4
whgarwideyamouen  Wumbsarwiwmifudeyaldts 64 Alalud  dlu
MR (RAM) deygnanin MCS-51 AlFlumseudoyasinusy As RD uaydggan
Hlunsidoudoyansusy e WR
] o c{ o Al g/
usy (RAM : Random Access Memory) ilumizoayimannsoidounazemudoyald
9 o A Y v a a R A
Yoyavzgymeniuiinnalidss uiaiu 2 ¥iia fe lauriinusy (Dynamic RAM) Laz ar1dnusy
(Static RAM)
a v o a & A ° ¥ ' A4 a4 o
aamdnusy  dumiwanudwilanisideumsiunmudsanegadiedoudsy la-
a £ v ve 2 da ¢ o = 1 °
WHIALTY  F5INRANTWAGIINIUINNABABINING  SIs% (Refresh) #wAI NS InABANAT
] a Sa ¢ t a2l ar o [} ° ofd
dwmamanusuniifedunsnandlis@rofunawesamwunasuyuesmienwi  wesh
_ Qs o or A v 1] o 4
doufunadwivounliluauminde wes TMS4016 w50 6116 Faiivuranug 2K x 8
nsesAsHas uniIveInIIEA NG
maneasiadumisvesmianuidisnuinueitansizhmisanusmiun 149
= v o d o c’: 2 ¢ o = ar b 9 ar o ' [ o
vaanam 64 dlalud duiu TedeniwnSosiundilFeesoeaniadumisvesniloanuin
v 1 ] o a ¢ a ar ' ar a g o
woniuudazag drldmiwanuima 4 Alalud $1uau 8 &2 el 32 Alalud Sl
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EPROM HRAIATH AL VR A A S s e s A,
& (HEX)
1 8000-8FFF 1 0 0 0 D e e e o Ml RN X
2 9000-9FFF 1 0 0 1 B e o X
3 AOQ00-AFFF 1 0 1 0 D T TNy My X
4 B000-BFFF 1 0 1 1 D, e e R X
S CO000-CFFF 1 1 0 0 A L i S X
6 DO000-DFFF i e T e e X
7 E0Q0-EFFF ATk ok Ol o o e G e NN i et X
8 FOOO-FFFF I o 0 e i B S IR T X

AT 2.5 @ AsasATHarain
1 v o 1 ] o Y 3 d
TIUMTIBATHAR WRLYeInUoA e 19 leF08a51a 3 to 8 line Decoder 111935 74LS138
<
2.3.14 wWaanvuy (Parallel Port)
- ¥ oA et o dq o gt o ¥
msdenlsnulunesneiail swmeiinsdssgndlfmlddmszaunsadiuldfiay
a a 1 ar < o @ A ar ¢ i o a
8 idnlumsfAsdedeyanvginssimenenliszdumssdunldsuninial TTL Hdyanansdnidy
f o & a t a o ~ = a 9 @ A
"Iy +5 1aad uazasvadluromwidy 0 Taad waztiawis lunsiu-aedeyaludaigs
= 1 o < T PPN [
Uszina 13 Mbytes/sec  ivoidofie iannseramluszosneilnaqsenivginssinidaded
a a Y ) A @ ar 15y T i A ' 3
NS 1I2IINARNNAANEIAYRI YRR I UMD NI AL s himinauedanedu)deen 19w
lunsaeslFmodyanaumaodu
s & o s ' a ' Y o
wosnvuniulszney 1A 25 viuas 3 wese TasnsouaziBousT 1o HuA

o a < [ ] ar 4
Address v8eWesa igndes TaoinAveiiu &H378 aunsauansdunisvesudazu 8@

D7|D6{D5{D4|D3|{D2{D1}DO

déeoo000000000/
6‘@'éﬁ/

5715615554 |53

E31C2|CTICH

711 228 JUuerAIYIYBY Parallel Port




D=Data Port (Adress=&H378)
S=Status Port (Adress=&H379)
C=Control Port (Adress=&H37A)
Data Port
1 v o > s . o v
awnsaldlumsdadoyaldsi 2 me Mewazsuuasds W EPP Mode Taonsimuadie
4 -~ a v A
Control bit 5 494 HosnvM LY Taslnaudreciansudwilu 00000000
. Status Port
e ldenldfies s da lumssusBuwaninaouen lanlndudesdadedudu
v ] i A ] o v
21 luudaz v1 udaziiv 7 nGuduilu 0 windeasnsdeziiaunilu 1
Control Port
] A I Sy ]
1318130 199714 Port control MNY Status Port W38 Data Port Maa1ufideents ualag
g M A o A t ar a
Unduds wldlunsdedeyasenieiinuideudeduginsdniousn auisaldemld 4 da
; = P ar a o ] =3 @ ~
wentiudlu i avufignduBlunsmugudlsdineufiomesioe (5udsaty Stats Port 80 3

el



Pin Job D/SIC Name

1 Output Co -Strobe

2 Output DO +Data Bit 0
3 Output DI +Data Bit 0
4 Output D2 +Data Bit 0
5 Output D3 +Data Bit 0
6 Output D4 +Data Bit 0
7 Output D5 +Data Bit 0
8 Qutput D6 +Data Bit 0
9 Output D7 +Data Bit 0
10 Input S6 -Acknowledge
11 Input S7 +Busy

12 Input S5 +Paper End
13 Input S4 +Select In
14 Output Cl1 -Auto Feed
15 Input S3 -Error

16 Output C2 -Initialize
17 Output 3 -Select
18-25 | Ground = Ground

{ v o
AN 2.6 LHASTDTUZA NN UBINDINUVUTU
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2.3.15 mstveuldsunsudIany Visual Basic 6.0 (VB )
a v 3 a d v =
wonTUsunsuAaAe VO WM Port YBUASBIABUNIUABS WIUNE Parallel Port 150
: o L. o A ' ]
Printer Port 14 131awn3ald VB i ud 1y Interface Hardware 18 lUANTHIRI0U HaZ18n31
o o 3 o g
i ifansodmnudluwe s il idem 1dazanuazsaasa
. i = =1 fo o ar o 4 a 4
Visual Basic 6 1z uliHsdudmsuaadenesa lasass aunsoaadenisnesaldlae
< o ar Py i a v
1% API(Application Programming Interface) Taazdnadi 1d DLL W3dmsuSeniledduiiofade
o -~ b3 4
Wo3A 1AsIZWeuUIUNY VC+, C++, Pascal 1iudu
a ¥ _ . A & 4 v o
s1ensnouldsunsylaely Visual Basic BAUANEISAIIT HIUNBIAYUIU(Paralle]
5 (K] o 1 3 kg o kY
Port) lénamsaean llauguOutpu) nazmssusnsIvaeudopuy) etideaianndlalums
a I8 § 4 o a 1 £ a g/ o
81989 Address Printer Port ifefeasiunauiiuseiligndeudoneu delulndudainmsldadiu
o 3 t A d 9 9 a 3 P
19 Inp32 1Az Out32 $uilued198sT1ed0981959 Address Printer Port lun1siisy lilasrnaeuuas
a1 lundaziaued Printer Port Tasazuiiseanilu 3 daufe
1 5 1 et o a o i a o o a9 9 >
1) Data Andaudidiudedoyaniismau 8 da 15y Printer (RouRuneIR0iUA 1R) i
sutiumazinssnuqudygnandazia  ierhlilldreduginseinousndmiudumiisdeds
199 Data Port 324111 WM 19U 84 base printer port
LPTI Data=H378
2) Status AR IUNTIUAIAOIATIVAD UL YDY Printer 15U M5TUASEY Error, NILATYNLA,
dedganamdeounenutudu
alis @il Status  Port ﬁu1‘1%"111»1mmmuqﬂﬂimﬁﬁiﬁmﬂuﬁﬁut?fgq;m
Input(+5 Vdc) d@WSUAWMUSUBWEY Data Port WIMTUAWMNUIYSS base printer port+1
LPT! Status=H379 (H378+1)
3) Control ABTIUTNMIUAUMINI9MYBY Printer 15U Strobe, Auto linefeed, Select printer
3 ar (1 a o o o [} a " @ o [
Wudu annsovsiutazdidoya’ld 6 da dmFudmied 198989 Data Port 32U MU Y09
base printer port+1

LPT1 Status=H37A(H378+2)
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23.16 MaVeuldsunsuABAIYN Visual C+ 6.0 (VC++)
namsfis liawsa@ou Tilsunsudaeirramdnliaunse Aaderunianesa Parallel
1§ Taumsaiiu 5139928090319 Wd DLL(Dynamic Link Library) e veduilrisufiade 1O port v04
muduqnld Farunsawsioudinmnlad diiHisuRadonesald  Tufitsudenldnmn
Visual C:++ 6.0 Taufiflafisu Aadefu Input ua Output veswesadsdl
1._inp Fushiflafduiezsusnndumisdunaneda Seifladstiged
_Tnp = swmuilulud sezfmuateilandurio 19l VB - - - > inpVB
_Inpw = smuA i3S e sz musdeilatduiieldu VB - - -> inpwVB
_Inpd —swmifuduiadtasnssmuaseiladduie 191y vB - - - > inpdwVB
FedausiBonldileiiuiifon Code ao i € awdnanumdaiu uldsunsy
Visual Basic @pailszniaited$u Feflgumudedt
Declare Function InpVB LIB "DLLPORT" (Byval port As Integer) As Long
Declare Function InpwVB LIB "DLLPORT" (Byval port As Integer) As Integer
Declare Function InpdwVB LIB "DLLPORT" (Byval port As Integer) As Long
drldalsenisnolu Form Lilsii lugand e199zdeqld f131 Private Husy
Private Declare Function InpVB Lib "DLLPORT"(ByVal port As Integer) As Long
2. _outp AoflsiFudem igumiseinaneda e umisiimun Fdileddudedd
_outp = denuiiulud isezdmuadeileisuio1dlu VB - - - > outve
_outpw = daauihuiia ez muadeilatduio 191 VB - - - > outwVB
_outpd = desnfuduiiaiia sz dmuadeadduito 19T VB - - - > outdwVB
Fmiuidafwdouiuilafuiisimuate Budniemsofousiu code a1 C
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3.1 2IMAAY
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deru Ty s e usesdade iendasdogna ldfviuadusanirluia iedieansime

o'l

o o b4

maran 1933 Tmae Suradres ol mszaunsoeenuuudygnauduswadisa

v [% 1 ' o = [y & v o A o (] ad ~ ﬂ
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Input 0.1uF .
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13 a ga = P4 o ar . € 3 = & o
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3101 36 Jiluarsmsdedsastivivesdveetluent wes LMe361

3..7  wsulasdyanalul (Voltage Regulator )
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3.1.8  sustuamifilaenes

@ ar > z 3 a o

mstirumesnyuvssmallwemesiiu luntis1diden1¥aeunuaes lumsaiugu Tao
= a = d o % o & a
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= o ° 5 a 1 LI | o z 5
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e az3.6 93 (Pseudo code ﬁ’&.mﬁﬂuﬁﬂ) AIUAUANIATITN

Clockwise | BitO | Bit1 | Bit2 | Bit3 | Bit4 | Bit5 | Bit6 | Bit7

AW N A
-
-

Unclockwise| BitO | Bit1 | Bit2 | Bit3 | Bit4 | Bit5 | Bit6 | Bit7

BW N A
B
-

i -4 ¢ ¢
a1 3.1 v nuaasdmlmsasuguamililaemess wwluTnans
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1 38 wammsiinuvesidsunsudumusunsuyuvesmalilauemes
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321 msa3eesnsuendniniy (Pre-Amplifier )
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ey ] ar 3 ] 1 4’ [ ]
vinfinanuwdaluaded 237 smisidenld R, Tawinndt R, wInq Wedioren1sn

o pRph/ s & v o {
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o /(,
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& et
! o—l—} BC549
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322  msaneesuuudmataiaes (Bandpass Filter)

1NEuMsH 2.42) Turiaden 238
@@, =0 03 =0

i5udenin @, = 38.73 kiz

®, = 30kHz
@, = 50 kHz
@3 = 2143 kHz
@, = 70 kHz
1IN (2.43) waz (2.44) 1214
@
Q, =2.4285
0 (2.45) uaz (2.46) 1214
n-377~4

Q, =1.9365

2
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v »
Wens 1 o udvz 1ddumus Twadatl
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P o v o
310 3.11 gduerasdwmisInavenssuuusmaianes

wiiseenilu 2 nsdl fe
Case 1
pole 84 — 1.2017 + j0.4978
2=1.2017,Q = 0.4978
91N Geffe’s Algorithm Tua4e 2.3.8 3514
g, =1.9365

C =1.6919
D =1.2411
E=44512
G =3.6948
@ =1.6261
K =1.0091

W =1.1442
f,, =44.3132 kHz

f,, = 33.8503 kiz

Case 2

pole ot — 0.4978 + j1.2017
> =0.4978,Q =1.2017
910 Geffe’s Algorithm 11248 2.3.8 9214
g. =1.9365
¢ =1.6919
D =0.5141



£ =4.4512
G =4.3308
@ =4.0758
K =4.0758
W =1.3604

f,; = 52.6871 kHz
f,, = 28.4701 kHz

Mumnedusnzdesesnuuuilames 4 mas Taoudazameiisan Q uaz £, dagUii 3.12
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"1/, =44 3132002 S =338503KHZ | f,=S268TWkHz |[,=284702KHS
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d o J

NAUNTTN (2.48) 15 AUA AT ISV IundazmaIna e 40 A latgsad agil
7, (o) = 4.84179
7, (jw) = 4.84185
7. (jw) = 12.1358
7. () = 12.1361
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|
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NMTUTIAT scaling Taoms I nuduiusaniaunsi (2.49),(2.50),(2.51)

Tamdenm &, , k, Tuusozans Al

Stage 1 k,, = 1104.4146 k, = 278428.0472
Stage 2 k,, = 1445.7817 k, =212687.7076
Stage 3 k,, = 370.6469 k, = 331042.8126
Stage 4 k, = 685.9211 k, =178883.5423
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! i
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g I e~ AA Il | i v Vi
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o v v
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583192925 Automatic Gain Control (AGC)
] o o £ o o 91 s PP o
#8995 AGC anvuzasgil 3.17 492995 AGC il sz ldanemyaamszAulszu

o v @ a a ¥ ar or = < 9 o
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FgesnyerI I uduas 1
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Al, A2 = LM368

310 3.17 uaAINIAeI9IT AGC

324  asadnneseunalal Amames (Envelope detector)
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325 23930303A1UBAINIY (Low Pass Filter, LPF)
A o Vvt & o as a ¢ A o o A
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3.2.6 mamauguadalulasneulnsaaes MCS-51

nifives MCS-51
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3.2.7 masullsunsumsrhaulumeauaasna
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3.2.8 M5ABIDIIIN
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Pseudo Code

MCS-51
ORG 0000H
START: MOV TMOD, #01H; (2) TIMER 0 MODE 1
MAIN: MOV THO, #1EH; (2) SET UP TIMER
MOV TLO, #34H; (2)
MOV RO, #04H; (1) SIGNAL TO GENERATE CODE
SETB P3.0; (1)
ACALL DELAY; (2)
CLR P3.0; (1)
ACALL DELAY; (2)
PULSE: SETB P3.1: (1)
ACALL DELAY; (2)
CLR P3.1; (1)
ACALL DELAY; (2)
DJNZ RO, PULSE; (2)
SETB TRO; (1) START TIMER
AD: CLR P3.3; (1) START A/D
SETB P3.3; (1)
ACALL D110; (2)
CLR P3.2; (1)
SETB P2.0; (1)
COM: JNB P3.6,COM; (2)
CLR P2.0; {1)
JNB TFO0,AD; (2)
CLR TFO (1)
CLR TRO (1)
ACALL DEL; (2)
SJMP MAIN; (2)
DELAY : MOV R1, #04H; (1) DELAY 2 mS
DELAY1: MOV R2, #71H; (1)
DELAY2: DJNZ R2,DELAY2; (2)
DJNZ R1,DELAY1; (2)
NOP; (s13)
RET; (2)
D110: MOV R7, #30H; (1) DELAY 110 uSs
D1101: DJNZ R7,D1101; (2)
NOP; (1)
RET; (2)
DEL: MOV R3, #0FAH; (1) DELAY 80 mS
DELL: MOV R4, #92H; (1)
DEL2: DJNZ R4,DELZ; {2)
DJNZ R3,DELI1; (2)
RET;

END;



Pseudo Code

Visual C++

4 o a T ar a o
myas191Wd DLL ey l¥ VisualBasic a1u150A960 UNDINYUIUYDIADNAUADS

#include <stdio.h>

#include <conio.h> // dmiuimualWddeds inp uaz outp

BOOL inpVB(WORD PORT)
{

return ( inp(PORT));
i

BOOL APIENTRY outVB(WORD port,BOOL bytedata)
{

return ( outp(port,bytedata)) :
}
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Pseudo Code
VB

"Option Explicit
Dim DataIn% (0 To 7)

Private Sub AboutMenu Click(Index As Integer)
About.Show
End Sub

Private Sub MotorMenu Click(Index As Integer)
Motor.Show
End Sub

Private Sub PlotMenu Click(Index As Integer)
Plot.Show
End Sub

Private Sub PortMenu Click(Index As Integer)

frmSelectPort.Show

End Sub

Private Sub OnExit Click() ' Saldsunsuuaz Reset s iflouldidu O
ShutDown

End

End Sub

Private Sub Writefile()

Dim ByteNumber$
For ByteNumber = 0 To 4
Select Case ByteNumber
Case 0
FileName = "c:\testfilel.txt"
Const ForReading = 1, ForWriting = 2, ForAppending = 8
Dim fs, f
Set fs = CreateObject("Scripting.FileSystemObject™)
Set f = fs.OpenTextFile(FileName, ForAppending, TristateFalse)
Set R = fs.OpenTextFile(FileName, ForReading, TristateFalse)
f.Writeline (BinToDec(lblBytelIn(5).Caption) * 5 \ 256)
'f.Writeline 1blByteIn(5).Caption

f.Close
Textll (0) .Text = R.ReadAll
R.Close
Case 1
FileName = "c:\testfile2.txt"

Set fs = CreateObject("Scripting.FileSystemObject™)
Set £ fs.OpenTextFile (FileName, ForBAppending, TristateFalse)
Set R = fs.OpenTextFile(FileName, ForReading, TristateFalse)
! f.Writeline 1blBytelIn(6) .Caption
f.Writeline (BinToDec(lblByteIn(6).Caption) * 5 \ 256)

I



f.Close
Textll (1) .Text = R.ReadAll
R.Close
Case 2
FileName = "c:\testfile3.txt"”

Set fs = CreateObject("Scripting.FileSystemObject")
Set f = fs.OpenTextFile (FileName, ForAppending, TristateFalse)
Set R = fs.OpenTextFile (FileName, ForReading, TristateFalse)
'"f.Writeline 1blByteIn(7).Caption
f.Writeline (BinToDec (1blByteIn(7) .Caption) * 5 \ 256)
f.Close
Textll(2).Text = R.ReadAll
R.Close
Case 3
FileName = "c:\testfiled.txt"
Set fs = CreateObject("Scripting.FileSystemObject")
Set f = fs.OpenTextFile (FileName, ForAppending, TristateFalse)
Set R = fs.OpenTextFile (FileName, ForReading, TristateFalse)
f.Writeline (BinToDec(lblByteIn(8).Caption) * 5 \ 256)
'f.Writeline 1blByteIn (8) .Caption
f.Close
Textll (3) .Text = R.ReadAll
R.Close
Case Else
FileName = “c:\testfile5.txt"
Set fs = CreateObject("Scripting.FileSystemObject™)
Set f = fs.OpenTextFile (FileName, ForAppending, TristateFalse)
Set R = fs.OpenTextFile (FileName, ForReading, TristateFalse)
f.Writeline (BinToDec(lblBytelIn(9).Caption) * 5 \ 256)
'f.Writeline 1blBytelIn(9) .Caption
f.Close
Textll(4) .Text = R.ReadAll
R.Close
End Select
Next ByteNumber
End Sub

Private Sub Form Load/()

StartUp

ReadPorts (BaseAddress)
"Out &H378, 0
Dim ControlPortData As Integer
'ControlPortData = ControlPortRead (BaseAddress)
BitSet ControlPortbata, 5
ControlPortWrite BaseAddress, ControlPortData
ReadPorts (BaseAddress)

End Sub

Private Sub Form Unload(Cancel As Integer)
ShutDown

End

End Sub

Private Sub mnuPort Click(Index As Integer)
frmSelectPort.Show
End Sub
Private Sub Cleartext Click()
If Optionl.Value = True Then
FileName = "c¢:\testfilel.txt"
n =20

86
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ElselIf Option2.Value = True Then
FileName = "c:\testfile2.txt™
n=1
ElseIf Option3.Value = True Then
FileName = "c:\testfile3.txt"™
n=2
ElseIf Option4d.Value = True Then
FileName = "c:\testfiled.txt"®
n =3
ElseIf Option5.Value = True Then
FileName = "c:\testfile5.txt™
n =14
End If
Const ForReading = 1, ForWriting = 2, ForAppending = 8
Set fs = CreateObject("Scripting.FileSystemObject™)
Set a = fs.OpenTextFile (FileName, ForWriting, TristateFalse)
a.Writeline ""
Textll(n) .Text = ""
a.Close
End Sub

Private Sub GetBytesFromDatalIn()
'Bits 3-7 of the 8 bytes contain data.
'To make 5 data bytes from these bits,
'each data byte contains one bit from each byte read.
'For example, data byte 0 contains 8 "bit 3s," one from each byte
read.
Dim ByteNumber$
Dim BitNumber$%
Dim BitToAdd%
For ByteNumber = 0 To 4

DataByte (ByteNumber) = 0

'BitRead gets the selected bit value (ByteNumber + 3)

'from the selected byte read (DataIn(BitNumber)).

'To get the bit value for the created data byte, multiply times
2”BitNumber.

'Add each bit value to the created byte.

For BitNumber = 0 To 7

BitToAdd = (BitRead(DataIn(BitNumber), ByteNumber + 3)) * 2 ~
BitNumber
DataByte (ByteNumber) = DataByte (ByteNumber) + BitToAdd

Next BitNumber
Next ByteNumber
End Sub

Private Sub cmdReadBytes Click()
Dim BitNumber$
'The control port selects a bit number to read.
'The status port holds the data to be read.
For BitNumber = 0 To 7
ControlPortWrite BaseAddress, BitNumber
DataIn (BitNumber) = StatusPortRead(BaseAddress)
Next BitNumber
GetBytesFromDataln
DisplayResults
Writefile
End Sub

Private Sub DisplayResults ()
Dim ByteNumber$
For ByteNumber = 0 To 4
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1blBytelIn (ByteNumber).Caption = Hex$ (DataByte (ByteNumber)) & "h"
1blBytelIn (ByteNumber + 5).Caption = DecToBin$ (DataByte (ByteNumber) )
Next ByteNumber

End Sub

Private Sub cndControlBitToggle Click(Index As Integer)

'toggle a bit at the control port

Dim ControlPortData As Integer

ControlPortData = ControlPortRead(BaseAddress)

BitToggle ControlPortData, Index

ControlPortWrite BaseAddress, ControlPortData

ReadPorts (BaseAddress)

End Sub

Private Sub cndDataBitToggle Click(Index As Integer)

'toggle a bit at the data port

Dim DataPortData As Integer

DataPortData = DataPortRead (BaseAddress)

BitToggle DataPortData, Index

DataPortWrite BaseAddress, DataPortData

ReadPorts (BaseAddress)

End Sub

Private Sub Run Click Click()

n=1

Dim ControlPortData As Integer
If n > 0 Then

Do

DoEvents

ReadPorts (BaseAddress)

a = Inp (&H378)

If a = 255 Then
'b = Inp(&H378 + 2)
'Debug.Print b
'Out (&H378 + 2), (b + 8)
'Out (&H378 + 2), (b - 8)
BitToggle ControlPortData, 3
ControlPortWrite BaseAddress, ControlPortData
BitToggle ControlPortData, 3
ControlPortWrite BaseAddress, ControlPortData
"b=Db+1
'Debug.Print b
cmdReadBytes Click

End If

Loop Until n = 0O
End If
End Sub

Private Sub Step Click Click()
Dim ControlPortData As Integer
ControlPortData = ControlPortRead (BaseAddress)
Dim DataPortData As Integer
DataPortData = DataPortRead (BaseAddress)
BitSet ControlPortData, 5
BitToggle ControlPortData, 5
ControlPortWrite BaseBddress, ControlPortData
BitToggle DataPortData, 2
DataPortWrite BaseAddress, DataPortData
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ReadPorts (BaseAddress)
End Sub
Private Sub ClearAll Click()

Const ForReading = 1, ForWriting = 2, ForAppending = 8

For n = 0 To 4
If n = o Then
FileName = "c:\testfilel.txt"
Set fs = CreateObject("Scripting.FileSystemObject"™)
Set a = fs.OpenTextFile(FileName, ForWriting, TristateFalse)

a.Writeline "*
a.Close
ElseIf n 1 Then
FileName = "c:\testfile2.txt"
Set fs = CreateObject(”Scripting.FileSystemObject”)
Set a = fs.OpenTextFile (FileName, ForWriting, TristateFalse)

a.Writeline ""

a.Close

ElseIf n = 2 Then

FileName = "c:\testfile3.txt"

Set fs = CreateObject("Scripting.FileSystemObject")

Set a = fs.OpenTextFile(FileName, ForWriting, TristateFalse)

a.Writeline "”

a.Close

ElselIf n 3 Then

FileName = "c:\testfiled.txt"

Set fs = CreateObject("Scripting.FileSystemObject™)

Set a = fs.OpenTextFile(FileName, ForWriting, TristateFalse)

I

a.Writeline ""

a.Close

ElseIf n = 4 Then

FileName = "c:\testfile5.txt"

Set fs = CreateObject("Scripting.FileSystemObject"™)

Set a = fs.OpenTextFile(FileName, ForWriting, TristateFalse)

a.Writeline ""
a.Close
End If
Textll (n) .Text = "
Next
End Sub
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Pseudo Code
VB

fuguStepping motor

Dim ValExit As Boolean ' @unlsdwmiungamismyuvesmed

Dim valStep, valCount As Long ' dulsvewhmml, dehiruguiia, fuinumel
Dim BitStep(4) As Integer

Dim valSpeed As Single ' wniwamsudazoal

Dim PortAddress As Long ' amusdmmimeianmi¥semumumdibenes

Private Sub Commandl Click()
" dlefimsnauliememudhe
ValExit = False
valSpeed = Val (Textl.Text) 'dmuammuirlundazmml
valStep = Val (Text2.Text) ' dwuasuauma
valCount = 0
If Optionl.Value = True And valAngle <> 0 Then * #&denmsmpuuuuansinuyuiitimua
valStep = Val (Text2.Text)
BitStep(l) = 2
BitStep(2) = 4

BitStep(3) =1
BitStep(4) = 8
Y =1
Do
DoEvents " ddeslf CPU  Tihlsanaransiaiutha
valCount = valCount + 1 U fudwnumdl

' deennein lf i laArmanhausmeasios sy livaaasududisusn

Out &H378 + 2, BitStep(Y)
DelayTime (valSpeed) 'wminnarfemugumaniiaseuusazmm!
Yo=Y
If Y > 4 Then ¥ =1 ' diedsiaf 4 Wienalilfin 1 lmi
Labell.Caption = valCount ' ummsmnumadiLabel 1
Label6.Caption = ConvertStep (Labell.Caption)
Loop Until valCount = valStep ' sumshansdlemimdusdnoumadicely

End If

If Option2.Value
BitStep(1)
BitStep(2)
BitStep(3)
BitStep(4)
Do

DoEvents
|

a g A
True Then ' fufeanis puanimaiddeding

nnn
@D N

Il

duieonmodaTid i Tadnmasiaummosious i vmaon
Out &H378 + 2, BitStep(Y)
valCount = valCount + 1
Call DelayTime (valSpeed) winanuderiuguainiiseudasmal
Y=Y+ 1
If Y >4 Then Y = 1 ' dodsdini 4 1WSnamdliia 1 hni
Labell.Caption = valCount ' wumasminoumeliLabel 1
Label6.Caption = ConvertStep(Labell.Caption)
Loop Until ValExit = True 'iunm?mun‘;amﬂuﬂqmmuiﬁmzé'umValExit=True
End If

If Option3.Value True Then ' &ufeanmmpuuvandnoupininue
Do Until ValExit = True
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valStep = Val (Text2.Text)
BitStep(l) = 2

BitStep(2) = 4
BitStep(3) = 1
BitStep(4) = 8
Y =1
Do
DoEvents " desl¥ CPU  Ndssananasdisiuihe

valCount = valCount + 1 ' fiusunumdd
' duoenmedald lsframamhaummoiuus s iemasudu i ausn
Out &H378 + 2, BitStep(Y)

Call DelayTime (valSpeed) ‘winnauomuguain§isoudazaay
Y=Y +1
If Y> 4 Then Y = 1 ' diofdiai 4 1Samathliida 1 lmi
Labell.Caption = valCount ' umwisnaummldiLabel 1
Label6.Caption = ConvertStep(Labell.Caption)
Loop Until valCount = 50 Or ValExit = True ‘'swmshinudenafungampdase:iu
ValExit=True

If valCount
BitStep (1)
BitStep (2)
BitStep (3)
BitStep (4)

Do

DoEvents
G 2

50 Then
1

I

Il

1l

4
2
8

I

defoonnaialid i Tadrmmenhaummesisussdul fvman
Out &H378 + 2, BitStep(Y)
valCount = valCount - 1
Call DelayTime(valSpeed) 'winnarieniuquringiisouusiazmal
Y =Y 4.1
If Y >4 Then Y = 1 ' disdedinfi 4 15eknii e 1 Tui
Labell.Caption = valCount ' usshinnummld Label 1
Label6.Caption = ConvertStep (Labell.Caption)

I

Loop Until valCount = 0 Or ValExit = True *iumsv’nuuuémﬂﬁﬂuuqauqu’lauﬁz%ud1
ValExit=True

End If
Loop
End If

End Sub

Private Sub Command2 Click()

valCount = valStep

ValExit = True 'dlfuswoinganyulnsszde ValExit=True

Out &H378 + 2, 0

End Sub

Public Sub DelayTime (DelayTime) ' gfumsmizimmmidin

Dim LoopTime As Long 'dmminausounm

Const SecInDay = 86400 ' sumdwiluliu

LoopTime = Timer + DelayTime fmusinnuseunannndud i domsss

If LoopTime > SecInDay Then ' dislsiinsnnusounmddosnirinouiuitliu

¥eo o

LoopTime = LoopTime - SecInDay ‘Mhihdsuwandmiilul fuavarinauseuna
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Do While Timer > LoopTime ' die lsAmnaneanissdnnandmiiayseunm
DoEvents ' wdesldCPU lihlsznasassieduiia
Loop ' nadvhlassaeudoulului
End If
Do While Timer < LoopTime ' dlsfinuamsusisddooniwinausounm
DoEvents ' 1desliCPU Niszmnasmedisduths
Loop
' adullasasasudenlmi Sasadenvidusiieunsdnmesnsingiin
End Sub
Private Sub Command3 Click()
' dlefimsealulfusme fiusmn
ValExit = False
valSpeed = Val (Textl.Text) dwuamudlundazeml
valStep = Val (Text2.Text) ' dwmusiuumal
valCount = 0
If Optionl.Value = True And valAngle <> 0 Then ' &6mnnmmmmmm%unmﬁﬁmua
BitStep (1)
BitStep(2)
BitStep(3)
BitStep (4)
Y =:1
Do
DoEvents ' ideeld CPU  hlihssnasadisduii
valCount = valCount + 1 ' frdinnuoudl
' diwanneda ld W rdnmmshinummosnussulimaecifuiidansn
Out &H378 + 2, BitStep(Y)
DelayTime (valSpeed) ‘wihwnarfemuquaintiseuusazaml
Yo= ¥. .01
If Y > 4 Then Y = 1 ' dlotiiait 4 WSamarllitta 1 i
Labell.Caption = valCount ' wmasdaummli Label 1
Label6.Caption = ConvertStep (Labell.Caption}
Loop Until valCount = valStep ' wmwhaudesiiniwudsnoummbiael’

([l
W N b=

Il

End If

If Option2.Value = True Then T Svdonmsmpumuuoaildesiies
BitStep (1)
BitStep (2)
BitStep (3)
BitStep (4)

Do

DoEvents
1

B
@XM

dedwonmoialud i xfnmast e urmos wuseinfmae
Out &H378 + 2, BitStep(Y)
valCount = valCount + 1
Call DelayTime (valSpeed) 'minnaufvaruguamiasendazmal
¥ =¥ 1+ 1
If Y > 4 Then Y = 1 ' dofiini 4 Wi lfiia 1 Tini
Labell.Caption = valCount ' umasiwunumatdiLabel 1
Label6.Caption = ConvertStep (Labell.Caption)
Loop Until ValExit = True 'iumsﬁmuu‘}‘ﬂﬂﬂﬂumgamuhm:?udxValExit=True
End If

If Option3.Value = True Then ' ddeamsmpuuuaninmnpiimus
Do Until ValExit = True

valStep = Val (Text2.Text)

BitStep(l) = 1
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BitStep(2) = 4
BitStep(3)
BitStep(4)
Y =1
Do
DoEvents " Aldonld CPU  Thisanarastsdutha

Il
@ N

valCount = valCount + 1 U i@l
' dadsenmeinluf i Tadrmasminummienhos s fremaisudiiiausn
Out &H378 + 2, BitStep(Y)

Call DelayTime (valSpeed) r uu'1mamiamuaumlm“nsawwiammﬂ
Y=%¥ % 1
If Y > 4 Then Y = 1 ' dlofiedindi 4 1amdiTiiiia 1 Tii
Labell.Caption = valCount ' wsmdiinoumaddLabel 1
Label6.Caption = ConvertStep (Labell.Caption)
Loop Until wvalCount = 50 Or ValExit = True 'eumsﬁ’)nmﬂamﬂunqawﬂﬂuazi’mh
ValExit=True

50 Then

If valCount
BitStep (1)
BitStep(2)
BitStep(3)
BitStep (4)
Do

DoEvents
' deesnmodalldiId lafnmanmhaummesioussiuliwan

Out &H378 + 2, BitStep(Y)
valCount = valCount - 1
Call DelayTime (valSpeed) ' mhmn‘uﬁiamummw i Ire uudnzmml
Y=+ 1
If Y > 4 Then Y = 1 ' disdieiinfl 4 185mniTaldidn 1 T
Labell.Caption = valCount ' ummménwoummli Label 1
Label6.Caption = ConvertStep (Labell.Caption)

o
Q=N

Loop Until valCount = 0 Or ValExit = True 'mﬂ'nﬁmim’famﬂunqaﬂquinuni"um
ValExit=True
End If
Loop

End If
End Sub
Private Sub Form Load ()

Out &H378 + 2, 0 ° é«ﬁ]ﬁﬂﬂﬁuf}nm'ﬁmuanma(:ard I/0 8255

End Sub

Private Sub valAngle Change ()
Text2.Text = ConvertAngle(Val (valAngle.Text))
End Sub

Private Sub Text2 Change()
valAngle.Text = ConvertStep (Val (Text2.Text)}
End Sub

Private Sub OnExit Click() " TalbsunsuuazReset aridouldidu O
valCount = valStep

ValExit = True 'dlbiomoingamplamsdiiValExit=True

Out &H378 + 2, 0

End

End Sub
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Module #uq#l¥snsiu

'Lptutil.bas

'General purpose routines for use with the PC's parallel port.
'Port accesses require a DLL with Inp and Out.

Option Explicit

Function DataPortRead$ (BaseAddressy)
'Reads a parallel port's data port.
DataPortRead = Inp (BaseAddress)

End Function

Sub DataPortWrite (BaseAddress$, Value%)
'Writes a byte to a parallel port's data port.
Out BaseAddress, Value

End Sub

Function StatusPortRead%(BaseAddress%

'Reads a parallel port's status port.

'Calculates the status—port address from the port's
'base address, and inverts bit 7 of the byte read.
'The status-port hardware reinverts these bits,

'so the value read matches the value at the connector.
StatusPortRead = (Inp(BaseAddress + 1) Xor &HB80)

End Function

Function BitRead$ (Variable%, BitNumber$)

'Returns the value (0 or 1) of the requested bit in a Variable.
Dim BitValue$%

BitValue = 2 ~ BitNumber 'the value of the requested bit
BitRead = (Variable And BitValue) \ BitValue

End Function

Sub BitReset (Variable%, BitNumber%)

'Resets (clears) the requested bit in a Variable.
Dim BitValue, CurrentValue$%

'The value of the requested bit.

BitValue = 2 ~ BitNumber

Variable = Variable And (&HFFFF - BitValue)

End Sub

Sub BitSet (Variable$%, BitNumber%)
'Sets the requested bit in a Variable.
Dim BitValue, CurrentValue$%

'The value of the requested bit.
BitValue = 2 ~ BitNumber

Variable Variable Or BitValue

End Sub

Sub BitToggle (Variable$%, BitNumber%)
'Toggles the requested bit in a Variable.
Dim BitValue, CurrentValue%
'The value of the requested bit.
BitValue = 2 ~ BitNumber
'Is the current value 0 or 17
CurrentValue = Variable And BitValue
Select Case CurrentValue
Case 0
'If current value = 0, set it
Variable = Variable Or BitValue
Case Else



'If current value = 1, reset it

Variable = Variable And (&HFFFF - BitValue)
End Select
End Sub

Function ControlPortRead: (BaseAddress%)

'Reads a parallel port's control port.

'Calculates the control-port address from the port's

'base address, and inverts bits 0, 1, & 3 of the byte read.
'The control-port hardware reinverts these bits,

'so the value read matches the value at the connector.
ControlPortRead = (Inp(BaseAddress + 2} Xor &HB)

End Function

Sub ControlPortWrite (BaseAddress%, Value#)

'Writes a Value to a parallel port's control port.
'Calculates the control-port address from the port's
'base address, and inverts bits 0, 1, & 3.

'The control-port hardware reinverts these bits,

'so Value is written to the port connector.

Out BaseAddress + 2, Value Xor &HB

End Sub

Option Explicit

Sub ReadPorts (BaseAddress As Integer)

'Read the data, status, and control ports of selected port.
'Display the byte read and each bit in the byte.

Dim ByteRead As Integer

Dim BitNumber As Integer

Dim BitValue As Integer

ByteRead = DataPortRead (BaseAddress)
frmMain.lblDataPortByte (0) .Caption = Hex$ (ByteRead) + "h"
For BitNumber = 0 To 7
BitValue = BitRead(ByteRead, BitNumber)
frmMain.lblDataBit (BitNumber) .Caption = BitValue
Next BitNumber

ByteRead = StatusPortRead(BaseAddress)
frmMain.lblStatusPortByte(0) .Caption = Hex$ (ByteRead) + "h"
For BitNumber = 0 To 7
BitValue = BitRead(ByteRead, BitNumber)
frmMain.lblStatusBit (BitNumber) .Caption = BitValue
Next BitNumber

ByteRead = ControlPortRead (BaseBAddress)
frmMain.lblControlPortByte (0) .Caption = Hex$ (ByteRead) + "h"
For BitNumber = 0 To 7
BitValue = BitRead(ByteRead, BitNumber)
frmMain.lblControlBit(BitNumber) .Caption = BitValue
Next BitNumber

End Sub
'Declare Inp and Out for port I/0

'Two versions, for 16-bit and 32-bit Visual Basic 4 programs.

#If Win32 Then
'DLL procedure names are case-sensitive in VB4.

'Use Aliases so Inp and Out don't have to have matching case in VB.

95



96

Public Declare Function Inp Lib "inpout32.d11" _

Alias "Inp32" (ByVal PortAddress As Integer) As Integer

Public Declare Sub Out Lib "inpout32.dll” _

Alias "Out32" (ByVal PortAddress As Integer, ByVal Value As Integer)

#Else

Public Declare Function Inp Lib "inpoutl6.D11" _

Alias "Inplé6" (ByVal PortAddress As Integer) As Integer

Public Declare Sub Out Lib "inpoutl6.D1l" _

Alias "Outlé" (ByVal PortAddress As Integer, ByVal Value As Integer)
#End If

These two declarations for the inpoutszdll are for getting data from

the
' parallel port, Inp, and sending data to the parallel port, Out.

Public Declare Function Inp Lib "inpout32dll”™
Alias "Inp3(ByVal PortAddress As Integer) As Integer

Public Declare Sub Out Lib "inpouts2dll™ _
Alias "Outs"(ByVal PortAddress As Integer, ByVal Value As Integer)

Dim PortAddress As String
Function BinToDec$ (BinNumbers$)
Dim Weight$%
Dim Dec%
Dim i%
Weight% =1
Dec% = o 'Reset decimal number

If BinNumber$ <> "oooooooo Then
For i% = Len (BinNumber$) To 1 Step -1
If Mid$(BinNumber$, i$%, n--1"Then
Dec% = Dec% + Weight% 'If bit=1 then add weigth

factor
End If
Weight% = Weight$% * 2 'Multiply weight factor by 2
Next
BinToDec% = Dec% *Store result
Else
BinToDec% = o
End If

End Function

Function DecToBin$ (Decnumber$)
'Conversion of decimal number (o.255to s bit binary string.

Dim Bin$
Dim Faktor%®, i%

Bln$ — nn
Faktor® = 128

If Decnumber% <> o Then
For i% =1 To s
If Faktor$% > Decnumber$% Then
Bin$ = Bin$ + "o
Else



Bin$ = Bin$ + "~
Decnumber% = Decnumber% - Faktor%

End If
Faktor% = Faktor% \ 2
Next
DecToBin$ = Bin$
Else
DecToBin$ = "oo000000"
End If

End Function

' These two declarations for the inpout3zdll are for getting data

from the
' parallel port, Inp, and sending data to the parallel port, Out.

Public Declare Function Inp Lib "inpouts2dll"™ _
Alias "Inp3(ByVal PortAddress As Integer) As Integer

Public Declare Sub Out Lib "inpoutsdll" _
Alias "Outsr@ByVal PortAddress As Integer, ByVal Value As Integer)

Dim PortAddress As String
Function ConvertAngle$ (Angle$)
If Angle$ <> "o"Then
ConvertAngle$ = Angle$ / 36
End If
End Function
Function ConvertStep% (StepAngles$)
If StepAngle$ <> "o Then
ConvertStep% = StepBngle$ * 36
End If
End Function

Option Explicit

#If Win32 Then

Declare Function GetPrivateProfileStringByKeyName& Lib "Kernels»
Alias "GetPrivateProfileStringA"™

(ByVal lpApplicationName$, ByVal lpszKey$, ByVal lpszDefault$,
ByVal lpszReturnBuffer$, ByVal cchReturnBufferg&, ByVal lpszFile$)

Declare Function WritePrivateProfileStrings Lib "Kernels>

Alias "WritePrivateProfileStringA"” _

(ByVal lpApplicationName$, ByVal lpKeyName$, ByVal lpString$, ByVal
1pFileName$)

Declare Function GetWindowsDirectory& Lib "Kernelsz
Alias "GetWindowsDirectoryA" (ByVal lpBuffer$, ByVal nSize$)

#Else

Declare Function GetPrivateProfileStringByKeyName% Lib "Kernel" i
Alias "GetPrivateProfileString"™

(ByVal lpApplicationName$, ByVal lpKeyName$, ByVal lpDefaults$,
ByVal lpReturnedString$, ByVal nSize%, ByVal lpFileName$)
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Declare Function WritePrivateProfileString% Lib "Kernel"™ _
ByVal _

lpApplicationName$, ByVal lpKeyName$, ByVal lpString$, ByVal
1pFileName$)

Declare Function GetWindowsDirectory$% Lib "Kernel"™ (ByVal 1pBuffer$,
ByVal nSize%)

#End If

Type PortData
Name As String
Address As Integer
PortType As String
EcpModeDescription As String
EcpModeValue As Integer
Enabled As Integer

End Type

Global Port (e To 3As PortData

Global BaseAddress$

Global PortType$

Global IniFile$

Global EcrAddress%

Global EcrData%

Global EcpDataPortAddress$

Global EppDataPortiAddress%
Global IndexOfSelectedPorti
Global PortDescription$

Global EcpExists$
Global SppExists%
Global PS:Exists%
Global EppExists%

Function GetEcpModeDescription$ (EcpModevValue%)
Select Case EcpModeValue

Case o
GetEcpModeDescription = “SPP"
Case 1
GetEcpModeDescription = "PS/2-
Case 10
GetEcpModeDescription = "Fast Centronics”
Case 11
GetEcpModeDescription = "ECP"
Case 100
GetEcpModeDescription = "EPP"
Case 110
GetEcpModeDescription = "Test”
Case 111
GetEcpModeDescription = "Configuration”
End Select

End Function

Sub GetIniData ()

'Use the Windows API call GetPrivateProfileString to read user
information

'from an ini file.
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Dim NumberOfCharacters%

Dim ReturnBuffer As String * i1
Dim Index%

Dim WindowsDirectory$

'The API functions read data into fixed-length string buffers
'and return the number of characters in the entry.

'Use Left$ to discard all characters to the right of the final
character in the entry.

'Get the path of the Windows directory, where the ini file is stored.
NumberOfCharacters = GetWindowsDirectory(ReturnBuffer, 127
WindowsDirectory = Left$(ReturnBuffer, NumberOfCharacters)

IniFile = WindowsDirectory + "\lptprogs.ini®

'If the ini file doesn't exist, don't try to read it.
If Not Dir$(IniFile) = "" Then

'The port addresses:

Port (0Address = CInt(VbGetPrivateProfileString("lptdata",
"PortoAddress", IniFile))

Port (nAddress = CInt(VbGetPrivateProfileString("lptdata",
"PortiAddress", IniFile))

Port (2Address = CInt(VbGetPrivateProfileString("lptdata",
"PortzAddress", IniFile))

Port (sAddress = CInt(VbGetPrivateProfileString(“lptdata",
"PortsAddress", IniFile})

'The port types:

Port (oPortType = VbGetPrivateProfileString("lptdata"™,
"PorteoType™, IniFile)

Port (nPortType = VbGetPrivateProfileString("lptdata”,
"PortiType"™, IniFile)

Port (2PortType = VbGetPrivateProfileString(“lptdata",
"Port2Type”, IniFile)

Port (s PortType = VbGetPrivateProfileString("lptdata”,
"PortsType™, IniFile)

'Port enabled?

Port (0Enabled = CInt(VbGetPrivateProfileString("lptdata”,
"PortoEnabled", IniFile))

Port (nEnabled = CInt(VbGetPrivateProfileString(“"lptdata",
"PortiEnabled", IniFile))

Port (2Enabled = CInt(VbGetPrivateProfileString(”lptdata”,
"Port2Enabled”, IniFile))

Port (33Enabled = CInt (VbGetPrivateProfileString("lptdata®”,
"PortiEnabled"”, IniFile))

'The selected port

IndexOfSelectedPort = CInt (VbGetPrivateProfileString ("lptdata",
"IndexOfSelectedPort™, IniFile))
End If
End Sub

Function ReadEcpMode? (TestAddressy)
'The Ecr mode is in bits s, ¢, and 7 of the ECK.
EcrAddress = TestAddress + &Hao2
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EcrData = Inp(EcrAddress)
ReadEcpMode = (EcrData And &HEo)\ &H2o
End Function

Function ReadEppTimeoutBit$% (BaseRddress$%)

*Reads and clears the EPP timeout bit (status port bit o).
'Should be done after each EPP operation.

'The method for clearing the bit varies, so try 3 ways:
"1.Write 1 to it.

*2Write o to it.

'3.Read it again.

Dim StatusPortAddress$

Dim ReadAgain$

StatusPortAddress BaseAddress + 1

ReadEppTimeoutBit BitRead (StatusPortRead (BaseAddress), o
Out StatusPortAddress, 1

Out StatusPortAddress, o

ReadAgain = BitRead(StatusPortRead (BaseAddress), o)

End Function

Sub SetEcpMode (EcpModeValue%)

*Store the Ecp mode's value and description in the Port array.
Port (IndexOfSelectedPort) .EcpModeValue = EcpModeValue
Port (IndexOfSelectedPort) .EcpModeDescription =
GetEcpModeDescription (EcpModeValue)

EcrAddress = BaseAddress + &H402

*Read the ECR & clear bits 5, 6, 7

EcrData = Inp(EcrAddress) And &HiF

'Write the selected value to bits 5, 6 7

EcrData = EcrData + EcpModeValue * &H2o

Out EcrAddress, EcrData

End Sub

Sub ShutDown ()
WriteIniData
End

End Sub

Sub StartUp()

Dim PortExists$

Dim Index%

'Get information from the ini file.
GetIniData

"Load the forms.

Load frmSelectPort

frmSelectPort.optPortName (IndexOfSelectedPort) .Value = True
frmMain.Show

End Sub

Function TestForEcp$ (TestAddress¥)

'Test for the presence of an ECP.

'If the ECP is idle and the FIFO empty,

"in the ECP's Ecr (at Base Address+snh),

'bit wFifo full)=o, and bit «Fifo empty)=L

'The first test is to see if these bits differ from the
'corresponding bits in the control port (at Base Address+a.
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'If so, a further test is to write 3¢h to the Ecr,
'then read it back. Bit 1 is read/write, and bit o is read-only.
'If the value read is 3sh, the port is an ECP.
Dim EcrBitoes

Dim EcrBiti%

Dim ControlBitos

Dim ControlBities

Dim ControlPortData$

Dim TestEcrAddress%

Dim OriginalEcrData%

TestForEcp = False

EcrAddress = TestAddress + &Ham

"Read ECR bits o & 1 and Control Port bit .
EcrData = Inp(EcrAddress)
EcrBito=-BitRead (EcrData, o
EcrBiti=BitRead (EcrData, n
ControlPortData = ControlPortRead (TestAddress)
ControlBiti-BitRead(ControlPortData, 1
If EcrBitoe=1 And EcrBiti=o Then
'Compare control bit 1 to ECR bit 1
'Toggle the control bit if necessary,
'to be sure the two registers are different.
If ControlBiti=¢ Then
ControlPortWrite TestAddress, &HF
ControlPortData = ControlPortRead (TestAddress)
ControlBiti-BitRead (ControlPortData, 1)
End If
If EcrBiti <> ControlBit: Then
OriginalEcrData = EcrData
Out EcrAddress, &H34
EcrData = Inp(EcrAddress)
If EcrData = &H3s Then
TestForEcp = True
End If
'Restore the ECR to its original value.
Out EcrAddress, OriginalEcrData
End If
End If
End Function

Function TestForEpp% (TestAddress$)

'Write to an Epp register, then read it back.

'If the reads match the writes, it's probably an Epp.
Dim ByteRead%

Dim StatusPortData$

Dim EppAddressPort$%

Dim TimeoutBit%

Dim StatusPortAddress$

StatusPortAddress = TestAddress + 1

TestForEpp = False

'Use EppAddressPort for testing.

'SPPs, ECPs, and PS/2 ports don't have this register.
EppAddressPort = TestAddress + 3

Out EppAddressPort, &Hss

'Clear the timeout bit after each EPP operation.
TimeoutBit = ReadEppTimeoutBit$ (TestAddress$)



ByteRead = Inp (EppAddressPort)
TimeoutBit = ReadEppTimeoutBit% (TestAddress$)
If ByteRead = &Hss Then
Out EppAddressPort, &HAA
TimeoutBit = ReadEppTimeoutBit$% (TestAddress$)
ByteRead = Inp (EppAddressPort)
TimeoutBit = ReadEppTimeocutBit% (TestAddress%)
If ByteRead = &HAA Then
TestForEpp = True
End If
End If
End Function

Function TestForPS»«TestAddress%

'Tests a parallel port's data port for bidirectional ability.
'First, try to tri-state (disable) the data outputs by
'setting bit s of the Control port.

'Then write 2 values to the data port and read each back

'If the values match, the data outputs are not disabled,

'and the port is not bidirectional.

'If the values don't match,

'the data outputs are disabled and the port is bidirectional.
Dim Datalnput$

Dim ControlPortData$

Dim OriginalControlPortData%

Dim OriginalDataPortData%

"Set Control port bit s.
ControlPortWrite TestAddress, &H2F
TestForPS2=False
'Write the first byte and read it back:
DataPortWrite TestAddress, &Hss
DataInput = DataPortRead(TestAddress)
'If it doesn't match, the port is bidirectional.
If Not DataInput = &Hss Then TestForPS:-True
'If it matches, write another and read it back.
If DataInput = &Hss Then
DataPortWrite TestAddress, &HAA
DataInput = DataPortRead (TestAddress)
'If it doesn't match, the port is bidirectional
If Not DataInput = &HAA Then
TestForPS2=True
End If
End If
'Reset Control port bit s
ControlPortWrite TestAddress, &HF
End Function

Function TestForSpp$ (TestAddress$)

'Write two bytes and read them back.

'If the reads match the writes, the port exists.

Dim ByteRead%

'Be sure that control port bit s-o(data outputs enabled).
ControlPortWrite TestAddress, &HF

TestForSpp = False

DataPortWrite TestAddress, &Hss

ByteRead = DataPortRead (TestAddress)

If ByteRead = &Hss Then
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DataPortWrite TestAddress, &HAA
ByteRead = DataPortRead (TestAddress)
If ByteRead = &HAA Then
TestForSpp = True
End If
End If
End Function

Function TestPort$% (PortIndex$

'Test for a port's presence, and if it exists, the type of port.

'In order, check for the presence of an ECP, EPP, SPP, and PS/2 port.
'Update the information in the Port array and the display.

Dim EcpModeDescription$

Dim EcpModeValue$

Dim TestAddress$

TestPort = False

EcpExists = False

EppExists = False
SppExists = False
PS:Exists = False
PortType = ""

TestAddress = Port (PortIndex) .Address

'Begin by hiding all port details.
frmSelectPort.1lblAddress (PortIndex) .Visible = False
frmSelectPort.1lblType (PortIndex) .Visible = False
frmnSelectPort.cboEcpMode (PortIndex) .Visible = False

EcpExists = TestForEcp (TestAddress)

If EcpExists Then
PortType = "ECP"
'Read the current Ecp mode.
EcpModeValue = ReadEcpMode (TestAddress)

Else
'If it's not an ECP, look for an EPP.
'If TestAddress = 3BCh, skip the EPP test.
'EPPs aren't allowed at 3BCh due to possible conflict
'with video memory.
frmSelectPort.cboEcpMode (PortIndex) .Visible = False
If TestAddress = &H3BC Then

EppExists = False
Else

EppExists = TestForEpp (TestAddress)
End If

If EppExists Then
PortType = "EPP"
Else
'If it's not an EPP, look for an SPP.
SppExists = TestForSpp (TestAddress)
If SppExists Then
'Test for a PS/2 port only if the SPP exists
' (because if the port doesn't exist, it will pass the
PS/2 test!)
PS2Exists = TestForPSxTestAddress)
If PS2Exists Then
PortType = "PS/2>
Else
PortType = "SPP"
End If
Else
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PortType = ""

End If
End If
End If
If PortType = "" Then

frmSelectPort.optPortName (PortIndex) .Enabled = False
Port (PortIndex) .PortType = ""
Port (PortIndex) .Address 0
Port (PortIndex) .Enabled False
Else
TestPort = True
Port (PortIndex) .Enabled = True
Port (PortIndex) .PortType = PortType
Port (PortIndex) .Enabled = True
If EcpExists Then
Port (PortIndex) .EcpModeValue = EcpModeValue
Port (PortIndex) .EcpModeDescription =
GetEcpModeDescription (EcpModeValue)
End If
End If
UpdateLabels
End Function

I

Sub UpdateLabels()
'Use the information in the Port array to update the on-screen
display.
Dim Index%
Dim EcpModeValue$
For Index = o To 3
frmSelectPort.lblAddress (Index) .Caption =
Hex$ (Port (Index) .Address) + "h"

If Port (Index) .Enabled = True Then
frmSelectPort.optPortName (Index) .Enabled = True
frmSelectPort.1lblAddress (Index) .Visible = True
frmSelectPort.1blType (Index) .Caption = Port(Index) .PortType
frmSelectPort.1blType (Index) .Visible True
If Port (Index).PortType = "ECP" Then

EcpModeValue = ReadEcpMode (Port (Index) .Address)
frmSelectPort.cboEcpMode (Index) .ListIndex = EcpModeValue
Port (Index) .EcpModeValue = EcpModeValue
Port (Index) .EcpModeDescription =

GetEcpModeDescription (EcpModeValue)

frmSelectPort.cboEcpMode (Index) .Visible = True
Else
frmSelectPort.cboEcpMode (Index) .Visible = False
End If
Else

frmSelectPort.optPortName (Index) .Enabled = False
frmSelectPort.1lblAddress (Index) .Visible = False
frmSelectPort.1lblType (Index) .Visible = False
frmSelectPort.cboEcpMode (Index) .Visible = False

End If
Next Index
End Sub

Function VbGetPrivateProfileString$ (section$, key$, file$)
Dim KeyValue$
Dim Characters%



KeyValue = String$ (12, o)

Characters =
KeyValue, 127, file)

KeyValue = Left$ (KeyValue, Characters)

VbGetPrivateProfileString = KeyValue
End Function
Sub
Dim
Dim
Dim
Dim

WriteIniData()
BaseAddressWrite?
PortTypeWrite®%
Index$%

IniWrite%

GetPrivateProfileStringByKeyName (section,
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key,

'Use Windows API call WritePrivateProfileString to save

initialization information.

'If the ini file doesn't exist,
Windows directory.

'The port addresses:

IniWrite = WritePrivateProfileString ("lptdata",
CStr (Port (0Address), IniFile)

IniWrite = WritePrivateProfileString("lptdata"™,
CStr (Port (nAddress), IniFile)

IniWrite = WritePrivateProfileString ("lptdata"”,
CStr (Port (2Address), IniFile)

IniWrite = WritePrivateProfileString("lptdata™,
CStr (Port (3)Address), IniFile)

*The port types:

IniWrite = WritePrivateProfileString ("lptdata™,
Port (o.PortType, IniFile)

IniWrite = WritePrivateProfileString("lptdata”,
Port (n.PortType, IniFile)

IniWrite = WritePrivateProfileString("lptdata®,
Port (2.PortType, IniFile)

IniWrite = WritePrivateProfileString("lptdata”,
Port (3.PortType, IniFile)

‘Port enabled?

IniWrite = WritePrivateProfileString("lptdata”,
CStr (Port (0)Enabled), IniFile)

IniWrite = WritePrivateProfileString("lptdata",
CStr (Port (nEnabled), IniFile})

IniWrite = WritePrivateProfileString("lptdata”,
CStr (Port (nEnabled), IniFile)

IniWrite = WritePrivateProfileString("lptdata”,
CStr (Port (33Enabled), IniFile)

'Find the selected port and save it:

Index = 4

Do

Index = Index - 1

Loop Until (frmSelectPort.optPortName (Index).Value =

0

IniWrite = WritePrivateProfileString("lptdata",
"IndexOfSelectedPort”, CStr(Index), IniFile)

End Sub

it will be created and stored in the

"PortoAddress",

"PortiAddress",

"Port2Address"™,

“PortaAddress",

"PortoType",

"Porti1Type”,

"Port2Type",

"PortsType”,

"PortoEnabled”,

“PortiEnabled",

"Port2Enabled”,

"PortaEnabled”,

True) Or Index =
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FAIRCHILD
SEMICONDUCTORT™

DM74LS151

August 1986
Revised March 2000

1-of-8 Line Data Selector/Multiplexer

General Description

This data selector/multiplexer contains full on-chip decod-
ing to select the desired data source. The DM74LS151
selects one-of-eight data sources. The DM74LS151 has a
strobe input which must be at a low logic level to enable
these devices. A high level at the strobe forces the W out-
put HIGH, and the Y output LOW.

The DM74LS151 features complementary W and Y out-
puts.

Features

B Select one-of-eight data lines

B Performs parallel-to-serial conversion

B Permits multiplexing from N lines to one line
M Also for use as Boolean function generator

M Typical average propagation delay time data input to
W output 12.5 ns

B Typical power dissipation 30 mW

Ordering Code:

Order Number | Package Number Package Description

DM74LS151M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narmow

DM74LS151SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide

DM74LS151N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Devices also avallable in Tape and Reel. Specify by appending the suffix letter *X" to the ordering code.

Connection Diagram Truth Table

DATA INPUTS DATA SELECT Inputs Outputs
Ve D4 DS 06 D7 A B peeic Select Strobe Y
I [+ B A S
16 15 14 13 12 1 10 |9
X X X H L H
L L L L DO Do
L L H L D1 b1
L H L L D2 D2
L H H L D3 D3
H L L L D4 D4
H L H L D5 D5
T T H H L L D6 D6
H H H L D7 D7
1 2 3 4 3 l 6 I 7 | 8
H =HIGH Level
D3 D2 o1 Do Y W STROBE GND L =LOW Level
X = Don't Care
DATA INPUTS OUTPUTS DO, D1...D7 = the level of the respective D input
© 2000 Fairchild Semiconductor Corporation DS006392 www.fairchildsemi.com
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DM74LS151

August 1986
Revised March 2000

1-0f-8 Line Data Selector/Multiplexer

General Description

This data selector/multiplexer contains full on-chip decod-
ing to select the desired data source. The DM74LS151
selects one-of-eight data sources. The DM74LS151 has a
strobe input which must be at a low logic level to enable
these devices. A high level at the strobe forces the W out-
put HIGH, and the Y output LOW.

The DM74LS151 features complementary W and Y out-
puts.

Features

M Select one-of-eight data lines

B Performs parallel-to-serial conversion

B Permits multiplexing from N lines to one line
M Also for use as Boolean function generator

M Typical average propagation delay time data input to
W output 12.5 ns

H Typical power dissipation 30 mW

Ordering Code:

Order Number | Package Number Package Description
DM74LS151M M16A 16-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-012, 0.150 Narmmow
DM74LS151SJ M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE If, 5.3mm Wide
DM74LS151N N16E 16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Devices also avallable in Tape and Reel. Specify by appending the suffix letter *X” to the ordering code.
Connection Diagram Truth Table
DATA INPUTS DATA SELECT Inputs Outputs
Ve D4 DS D6 07 A 8 ¢ Select Strobe Y w
| [+ B A S
16 |15 1a 13142 14 10 |9
X X X H L H
L L & L Do Do
L L H L D1 b1
L H L L D2 D2
L H H L D3 D3
H L L L D4 D4
H L H L D5 D5
T T H H L L D6 D6
' 1 2 3 4 5 l 6 I 7 | 8 s i n L d or
H = HIGH Level
D3 D2 D1 DO Y W  STROBE GND L =LOW Level
= X =Don't Care

DATA INPUTS

DO, D1...07 = the level of the respective D input

© 2000 Fairchild Semiconductor Corporation DS006392
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DM74LS151

Switching Characteristics

at Vg = 5V and Ty =25°C

From (Input) Ry =2kQ
Symbol Parameter To (output) C =15pF C_=50pF Units
Min Max Min Max

teun Propagation Delay Time Select 43 % .
LOW-to-HIGH Level Output (4 Levels)to Y

t P ion D Ti Select

PHL ropagation Delay Time e 30 35 =
HIGH-to-LOW Level Output (4 Levels)to Y

torn Propagation Delay Time Select 23 25 =
LOW-to-HIGH Level Output (3 Levels) to W

t P i |

PHL ropagation Delay Time Select 32 40 e
HIGH-to-LOW Level Output (3 Levels) to W

t P i Tii

PLH ropagation Delay Time Strobe 02 a -
LOW-to-HIGH Level Output toY

! P { Ti

PHL ropagation Delay Time Strobe 22 40 e
HIGH-to-LOW Leve! Output toY

t, P tion Delay Ti Strob

PLH ropaga elay Time e 2 27 e
LOW-to-HIGH Level Output toW

t P tion Delay Ti robe

PHL ropagation Delay Time St 20 3% .
HIGH-to-LOW Level Output toW
P tion Delay Ti Do D7

terH ropagation Delay Time thru 12 35 ol
LOW-to-HIGH Level Output toY

t Propagation Delay Time DO thru D7

e b % 26 33 ns
HIGH-to-LOW Leve! Output toY

teLH Propagation Delay Time DO thru D7 24 2 s
LOW-to-HIGH Level Output tow

t P tion Delay Time DO D7

PHL ropagation Delay thru 20 7 -
HIGH-to-LOW Levet Output toW

www.fairchildsemi.com 4




LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 —~ REVISED SEPTEMBER 2002

® Wide Range of Supply Voltages: LM158, LM158A . .. JG PACKAGE

- Si LM258...D OR P PACKAGE
Single Supply...3Vto30V G e er

(LM2904 and LM2904Q ... 3V to26 V) or LM358...D, P, PS, OR PW PACKAGE
— Dual Supplies LM358A. .. D OR P PACKAGE
® Low Supply-Current Drain Independent of LM2904. .. D, P, PS, OR PW PACKAGE
Supply Voltage . .. 0.7 mA Typ LMZB%?éé'V?E';C)CKAGE
® Common-Mode Input Voltage Range
- Includes Ground, Allowing Direct Sensing 10UT [} 1 |\ 8l Vee
Near Ground 1IN-[] 2 7[] 20uT
® Low Input Bias and Offset Parameters: 1IN+ [] 3 6 [] 2IN-
— Input Offset Voltage ... 3 mV Typ GND [] 4 5[] 2IN+

A Versions...2 mV Typ
— Input Offset Current. .. 2 nA Typ
- Input Bias Current . .. 20 nA Typ Fa1as, ng‘fg?, WE;:)( RECHARE
A Versions ... 15 nA Typ

® Differential Input Voltage Range Equal to (@) 8 TR 6]
Maximum-Rated Supply Voltage . .. +32V LZJLEZE,
(LM2904 and LM2904Q . . . +26 V) g 52120

® Open-Loop Differential Voltage 1 IY:JC 34 18[: 20UT
Amplification . . . 100 VimV Typ NC fl : :;E o

® Internal Frequency Compensation 1IN+ [] 7 15[] 2IN-

description/ordering information NG 389 10 11 12 1314[ o
g
These devices consist of two independent, g g % 3 g
high-gain, frequency-compensated operational 0O «

amplifiers designed to operate from a single
supply over a wide range of voltages. Operation
from split supplies also is possible if the difference
between the two suppliesis 3V to 30V (3 V to
26 V for the LM2904 and LM2904Q), and V¢ is
at least 1.5 V more positive than the input
common-mode voltage. The low supply-current
drain is independent of the magnitude of the
supply voltage.

NC — No internal connection

Applications include transducer amplifiers, dc amplification blocks, and all the conventional operational
amplifier circuits that now can be implemented more easily in single-supply-voltage systems. For example,
these devices can be operated directly from the standard 5-V supply used in digital systems and easily provide
the required interface electronics without additional +5-V supplies.

The LM2904Q is manufactured to demanding automotive requirements.

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

PRODUCTION DATA information is curent as of publication date. i Copyright © 2002, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments % T On products compliant to MIL-PRF-38535, all parameters are tested

o ok cosa ot Ty inclde unless otherwise noted. On all other products, production
INSTRUMENTS

processing does not necessarily Include testing of all parameters.
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 — REVISED SEPTEMBER 2002

description/ordering information (continued)

ORDERING INFORMATION

Vjomax ORDERABLE TOP-SIDE
Ta AT 25°C PACKAGET PART NUMBER MARKING
PDIP (P) Tube LM358P LM358P
Tube LM358D
SOIC (D) LM358
7mv Tapeand reel | LM358DR
SOP (PS) Tape and reel LM358PSR L358
0°C to 70°C
TSSOP (PW) Tape and reel LM358PWR L358
PDIP (P) Tube LM358AP LM358AP
3mv Tube LM358AD
SOIC (D) LM358A
Tapeand reel | LM358ADR
PDIP (P) Tube LM258P LM258P
5mV Tube LM258D
—25°C to 85°C SOIC (D) LM258
Tapeandreel | LM258DR
3mVv PDIP (P) Tube LM258AP LM258AP
PDIP (P) Tube LM2904P LM2304P
Tube LM2904D
T nd reel LM23904DR Luen:
ape and ree
SOIC (D) Be
—40°C to 125°C 7mV Tube LM23904QD
2904Q
Tapeandreel | LM2904QDR
SOP (PS) Tapeandreel | LM2904PSR L2304
TSSOP (PW) Tapeandreel | LM2904PWR 12904
Tube LM158JG LM158JG
CDIP (JG)
5mV Tube LM158JGB LM158JGB
LCCC (F T 158F
Sty = Tut: tm1 58AJK2 t::ZZ:JKz
u
CDIP (JG)
2mv Tube LM158AJGB LM158AJGB
LCCC (FK) Tube LM158AFKB LM158AFKB

T Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at

www.ti.com/sc/package.

symbol (each amplifier)

IN+

>v0UT

‘t? TEXAS
INSTRUMENTS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOSO068E — JUNE 1976 — REVISED SEPTEMBER 2002

schematic (each amplifier)

I T ¢ T- Vce+
::s-p,A ==6-p.A 51 OO'HA
Current Current Current
Regulator Regulator Regulator

IN+ =50-uA l
Current
[ [

Regulator

GND (orVgce-)

L—p To Other Amplifier

71 s
COMPONENT COUNT
- EpFET 1
Diodes 2
Resistors 7
Transistors 51
Capacitors 2

Q‘ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 — REVISED SEPTEMBER 2002

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

, LM158
Lzso, uzsoa | 2904 | e
LM358, LM358A
Supply voltage, Vcc (see Note 1) 32 26 \")
Differential input voltage, V|p (see Note 2) +32 +26 \"
Input voltage, V| (either input) -0.3t0 32 -0.3t0 26 \"
D T s e | unt
Operating virtual junction temperature, T § 150 150 °C
D package 97 97
Package thermal impedance, 0 A (see Notes 4 and 5) B padane o & °C/W
A PS package 95 95
PW package 149 149
5 FK package 5.61
Package thermal impedance, 0 ¢ (see Notes 6 and 7) °C/w
JG package 145
LM158, LM158A -55to0 125
Operating free-air temperature range, Ta Liead, LME0SA —2000 °C
LM358, LM358A 0to70
LM2904, LM2904Q —40 to 125
Case temperature for 60 seconds FK package 260 °C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds JG package 300 300 °C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds P package 260 260 °C
Storage temperature range, Tstg —65to 150 —65to 150 °C

1 Stresses beyond those listed under “absolute 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 under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1.

2.
3.
4.

All voltage values, except differential voltages and Vo specified for measurement of 1gg, are with respect to the network ground
terminal.

Differential voltages are at IN+ with respect to IN-.

Short circuits from outputs to Vg can cause excessive heating and eventual destruction.

Maximum power dissipation is a function of T j(max), 64, and Ta. The maximum allowable power dissipation at any allowable
ambient temperature is Pp = (T j(max) — TA)/6 . Operating at the absolute maximum T of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with JESD 51-7.

Maximum power dissipation is a function of T j(max), 8 ¢, and T¢. The maximum allowable power dissipation at any allowable case
temperature is Pp = (T j(max) — Tc)/8 . Operating at the absolute maximum T j of 150°C can affect reliability.

The package thermal impedance is calculated in accordance with MIL-STD-883.

‘!5‘ TEXAS
INSTRUMENTS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 — REVISED SEPTEMBER 2002

electrical characteristics at specified free-air temperature, Vcc =5 V (unless otherwise noted)

LM158
LM258 Ehes
PARAMETER TEST CONDITIONST Taf UNIT
MIN TYPS MAX| MIN TYPS MAX
Voo =5V to MAX, 25°C 3 5 3 7
Vio Input offset voltage | V¢ = VICR(min), mv
Vo=14V Full range 7 9
Average temperature
ay, coefficient of Full range 7 7 uvrece
19 input offset voltage
I Input offset t \% 14V 280 2 2 < 2 nA
nput offset current =1.
2 B g Full range 100 150
Average temperature
a coefficient of Full range 10 10 pAI°C
> input offset current
, 25°C -20 -150 -20 -250
IiB Input bias current Vo=14V nA
Full range -300 -500
Common-mode i VCOC:i1 -5 V(?(;c—," -5
VICR . Vce =5V to MAX \
input voltage range Oto Oto
Full range Voe=2 Veo-2
RL22kQ 25°C Vec-1.5 Vec-1.5
7 High-level R 210kQ 25°C v
50 output vottage e RL=2ka | Fullrange | 26 26
GG R 210 kQ Full range 27 28 27 28
Low-level
VoL output volt R <10kQ Full range 5 20 5 20 mv
Large-signal Vec=15V, 25°C 50 100 25 100
AvD differential Vo=1Vto11y, VimV
voltage amplification | R_ =>2kQ Full range 25 15
Common-mode Voe =5V to MAX, 5
CMRR rejection ratio VIC = VicR(min) 25°C 70 80 65 80 dB
Supply-voltage
kSVR rejection ratio Vee =5V to MAX 25°C 65 100 65 100 dB
(AVpp/AViQ)
Vo1/Vo2 Crosstalk attenuation | f =1 kHz to 20 kHz 25°C 120 120 dB
Vee=15V.Vip=1V. 25°C =20 =30 -20 -30
Vo=0 Fullrange | -10 -10 i
lo Output current Veec=15V.Vip=-1V, 25°C 10 20 10 20
Vo=15V Full range 5 5
Vp=-1V, Vp=200mV 25°C 12 30 12 30 pA
Short-circuit Vccat5V,GNDat-5V, %
10s airuficurant Vo0 25°C +40 60 +#40 460 | mA
Vpo=25V, Noload Full range 0.7 1.2 0.7 12
I Supply cumrent = = mA
cc (two amplifiers) Vog =~ MAX, Vig =05, Full range 1 2 1 2
No load

T All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. MAX V¢ for

testing purposes is 26 V for the LM2904 and 30 V for others.
FFull range is —55°C to 125°C for LM158, —25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2904 and L M2904Q.
§ Al typical values are at T = 25°C.

{'f TeExXAS
INSTRUMENTS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 — REVISED SEPTEMBER 2002

electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted)

LM2904
PARAMETER TEST CONDITIONST Tat LM2904Q UNIT
MIN  TYPS MAX
Vee =5V to MAX, 25°C 3 7
V] Input offset voltage mV
= B g Vic =VICR(min): VO = 1.4V Full range 10
Average temperature coefficient of
a 4
Vio input offset voltage Fulliange ’ HVIFG
I Input offset current Vo=14V ot = e nA
n =1.
L2 i e Full range 300
Average temperature coefficient of
a of
o input offset current Full range 10 pA/rC
! ; 25°C -20 250
B Input bias current Vo=14V nA
Full range -500
25°C Vé)c,g 5
VICR Common-mode input voltage range | Voo =5V to MAX o . \Y
Full range Veo-2
R 22kQ 25°C
R 210kQ 25°C 1.5
VOH High-level output voltage L vec- \%
RL=2kQ Full range 26
Voo =MAX
R 210kQ Full range 23 24
VoL Low-level output voltage RL<10kQ Full range 5 20 mv
Ao Large-signal differential Ve =15V, Vo=1Vto 11V, 25°C 25 100 ViV
voltage amplification RL=22kQ Full range 15
CMRR Common-mode rejection ratio VCC_= 3Vto Sy 25°C 50 80 dB
Vic = VICR(min)
Supply-voltage rejection ratio
Ve =5V to MAX 25° 65 100
KSR (avpp/avio) s < £R
Vo1No2 Crosstalk attenuation f=1 kHz to 20 kHz 25°C 120 dB
25°C -20 -30
Vee =15V, Vip=1V,Vp=0
Full range -10 ik
lo Output current 25°C 10 20
Vec =15V, VIp=-1V,Vp=15V
Full range 5
Vip=-1V, Vo =200 mV 25°C 30 HA
los Short-circuit output current Vecc atsV,GNDat-5V, Vo =0 25°C +40 +60| mA
: Vo=25V, No load Full range 0.7 1.2
Icc Supply cumrent (two amplifiers) mA
Vce =MAX, Vo =0.5V, No load Full range 1 2

T Al characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. MAX Ve for
testing purposes is 26 V for the LM2904 and 30 V for others.

¥ Full range is —55°C to 125°C for LM158, —~25°C to 85°C for LM258, 0°C to 70°C for LM358, and —40°C to 125°C for LM2904 and LM2904Q.

§Al typical values are at Tp = 25°C.

‘t’.‘ TeEXAS
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 — REVISED SEPTEMBER 2002

electrical characteristics at specified free-air temperature, Vgc = 5§ V (unless otherwise noted)

PARAMETER 1] 1 el e UNIT
ECCNDIONE Ta MIN TYP§ MAX| MIN TYP§ MAX
Vec=5V1o 30V, 25°C 2 2 3
Vio Input offset voltage | V¢ = VICR(min): mV
Vo=14V Full range 4 4
Average temperature
W coefficient of Full range 7 15* 7 15 | pvrc
input offset voltage
25°C 2 10 2 15
llo Input offset current Vo=14V nA
Full range 30 30
Average temperature
%o coefficient of Full range 10 200 10 200 | pArC
input offset current
: 25°C -15 50 -5 -80
IiB Input bias current Vo=14V nA
Full range -100 -100
250G v Oto . 0 to1 2
v Common-mode 2% cc-1.5 cc—1.
ICR : Vec=30V \
input voltage range : Oto Oto
Full range Voe-2 Vo2
RL22kQ 25°C Vee-1.5 Vee-1.5
High-level =
VoH output voltage Voo =30V R.=2kQ | Fullrange 26 26 \
R 210kQ | Full range 27 28 27 28
Low-level
VoL output volt R £10kQ Full range 5 20 5 201 mv
Large-signal Veec =15V, 25°C 50 100 50 100
AvD differential Vo=1Vto1l V, VimV
- voltage amplification | R =22kQ Full range 25 25
Common-mode =
CMRR rejection ratio 25°C 70 80 70 80 dB
Supply-voltage
ksvR rejection ratio 25°C 65 100 65 100 dB
(AVDD/AV|Q)
Vo1/Vo2 Crosstalk attenuation | f =1 kHz to 20 kHz 25°C 120 120 dB
Vee =15V, Vip=1V, 25°C -20 -30 -60) -20 -30 -60
Vo=0 Fullrange | -10 -10 oA
o Output (':urrent Vee=15V.Vip=-1V, 25°C 10 20 10 20
Vo=15 Full range 5 5
Vip =-1V, Vo =200 mV 25°C 12 30 12 30 pA
los Short-circuit output VC(iat 5V,GNDat-5V, 250 +40 +60 +40 460 | maA
current Vpo=0
Vo =25V, No load Full range 07 1.2 0.7 12
loe Supply current (two Vor = MAX Ve 205 mA
amplifiers) Ngclo;d YOTEO Y Ryl range 1 2 1 2

*On products compliant to MIL-PRF-38535, this parameter is not production tested.
T All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. MAX V¢ for

testing purposes is 26 V for LM2304 and 30 V for others.
Frul range is —55°C to 125°C for LM158A, —25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.

§ Al typical values are at Tp = 25°C.
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LM158, LM158A, LM258, LM258A

LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 — REVISED SEPTEMBER 2002

electrical characteristics at specified free-air temperature, Vg = 5 V (unless otherwise noted)

PARAMETER T 3 i UNIT
TEST CONDITIONS TA NN TYPS :
Vee=5Vto30V, 25°C 2 3
V Input offset voltage mV
9 B Vic = VICR(min). VO = 1.4V Full range 5
Average temperature coefficient of %
v, input offset voltage Full range 7 20 | pvIC
| Input offset t V 14V =i £ e nA
curren =1.
0 i 9 Full range 75
Average temperature coefficient of s
%o input offset current Full range 10 300 | pA/rC
| Input bi t Vo=14V Ca e il 1|
n ias curren =1.
B Pt SR Full range 200
25°C Vé’(;f i
VICR Common-mode input voltage range | Voo =30V Ol - \"
Full range Vo2
RL22kQ 25°C Vee-1.5
VOH High-level output voltage R =2kQ Full range 26 \"
Vee =30V
R 210kQ Full range 27 28
VoL Low-level output voltage RL<10kQ Full range 5 20f mv
Ay Large-signal differential Vec=15V,Vo=1Vto 11V, 25°C 25 100 VimV
D voltage amplification RL=22kQ Full range 15
CMRR Common-mode rejection ratio 25°C 65 80 dB
Supply-voltage rejection ratio
5°C 65 100
KSVR  (aVpp/avio) ; 0
Vo1No2 Crosstalk attenuation f=1kHzto 20 kHz 25°C 120 dB
Vec=15V,Vip=1YV, 25°C -20 =30 -60
Vo=0 Fullrange | —10 mA
lo Output current Ve =15V, Vip=-1V, 25°C 10 20
Vo=15V Full range 5
Vip=-1V, Vo =200 mV 25°C 30 HA
los Short-circult output current xgi%t O 25°C 40  +60| mA
Vo =25V, No load Full range 0.7 1.2
| Su| current (two amplifiers = = mA
cc pply ( plifiers) \I\Sgcb adMAX. Vo=0.5V Folkange 1 5

T All characteristics are measured under open-loop conditions with zero common-mode input voltage, unless otherwise specified. MAX Ve for

testing purposes is 26 V for LM2904 and 30 V for others.
¥ Full range is —55°C to 125°C for LM158A, —25°C to 85°C for LM258A, and 0°C to 70°C for LM358A.
§au typical values are at Ta = 25°C.

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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LM158, LM158A, LM258, LM258A
LM358, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

SLOS068E — JUNE 1976 — REVISED SEPTEMBER 2002

operating conditions, Voc =+15 V, Tp = 25°C

PARAMETER TEST CONDITIONS TYP | UNIT
SR Slew rate at unity gain ?siée: F1i 3"”?(; %'— moe e 03| Vis
B1 Unity-gain bandwidth RL =1 MQ, C_ =20 pF (see Figure 1) 0.7 | MHz
Vn Equivalent input noise voltage ?Sse:[;g?n_gz\)ll = U= ife 40 | nVWHZ

Vee+
'
Vi >‘ (o]
!
Voo CL RL
Figure 1. Unity-Gain Amplifier
200 Q
AV
'/
100Q ce+
vi=ovVv AN -
Vo
RS +
Vee-

Figure 2. Noise-Test Circuit

‘Q‘ TeEXAS
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SEMICONDUCTOR T

MM74HCT240 - MM74HCT244
Inverting Octal 3-STATE Buffer « Octal 3-STATE Buffer

General Description The MM74HCT240 is an inverling buffer and the

MM74HCT244 is a non-inverting buffer. Each device has
The MM74HCT240 and MM74HCT244 3-STATE buflers g active low enables (1G and 2G), and each enable inde-

utilize 'advanoed zi}ic:]on—g:; (?MO‘S techr;ology .angdeiare pendently controls 4 buffers.

general purpose high sp inverting and non-inverting < s
buffers. They possess high drive current outputs which 3"‘ '"p”és i pmt:fse"a'n“”d U da’:jge due to static. dis-
enable high speed operation even when driving large bus aige Dy Gocesto ¥ee Seas
capacitances. These circuits achieve speeds comparable

1o low power Schottky devices, while retaining the low Features

power oonsugnpﬁon of CMOS. All three devices are ’!TL | TTL input compatible

input compatible and have a fanout of 15 LS-TTL equiva-
lent inputs. )
MM74HCT devices are intended to interface between TTL M 3-STATE outputs for connection to system buses
and NMOS components and standard CMOS devices. B Low quiescent current: 80 pA

These parts are also plug-in replacements for LS-TTL B High output drive current: 6 mA (min)

devices and can be used to reduce power consumption in

existing designs.

M Typical propagation delay: 14 ns

Ordering Code:

Order Number | Package Number Package Description
MM74HCT240WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74HCT240SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide
MM74HCT240MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
MM74HCT240N N20A 20-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300" Wide
MM74HCT244WM M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide
MM74HCT244SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
MM74HCT244MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide |
MM74HCT244N N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Devices also avaifable in Tape and Reel. Specify by appending the suffix letter °X to the ordering code.

Connection Diagrams
Pin Assignments for DIP, SOIC, SOP and TSSOP

Vee 26 1Y1 244 12 203 1¥3 242 1v4 241 Vee 26 1Y1 244 1v2 243 13 242 1¥4 241
20 [19 |18 [17 |16 |15 [ |13 [i2 [s1 20 19 |8 [17 [16 |1s [1a [13 iz [

NIY Y YN 1Y
Al s
NN A AN

It 2[5 [« s [¢ |7 8 o Jro v 12 12 [« 1s [e |7 [e Jo o
1G 1A 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GNO 1G 1A1 2v4 1A2 2Y3 1A3 2Y2 1Ad 2Y1 GND
Top View Top View
MM74HCT240 MM74HCT244

© 1999 Fairchild Semiconductor Corporation DS005365 www.fairchildsemi.com
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MM74HCT240 - MM74HCT244

Truth Tables
MM74HCT240
1G | 1A ] 1Y 2G| 24 | 2v
L{L|H vL|{L]J|H
L|H|L L]H|L
HliLl2 B[|lL]|?Z
Hi{H|Z H|H]| Z
H=HIGH Level
L=LOW Level
Z = High Impedance
Logic Diagrams
MM74HCT240
244 0——| —on
243 0] o
242 0] —ar2
mo—{ —or1
Eo—Do—-l
1Ao——1 ~ J—otvs
1Aso——{ —o1v3
1A2 00— —oiv2
Vee
1A1 —o1v1
i —>o—

MMT74HCT244
1G | 1A [ 1Y 2G| 2A | 2y
L L L LR
L|H|H L|H]|H
HiL}Z H|L]Z
HiH|Z H{H]|Z
MM74HCT244
u4o——{ ]—oIYB
l
30— vz
|
2420—v-—{ _ |—otve
I
2410—————] ~ oivs
2_Go—Do——l
Mo— 1 F—otv4
il
N e | o3
I
1a20—— ~ }—oir2
Vee
1A10——>0— o111
iGo—>o—

www.fairchildsemi.com




Absolute Maximum Ratingsnot 1)

(Note 2)

Supply Voltage (Vcc) -0.5t047.0V
DC Input Voitage (Viy) —1510 Vec +1.5V
DC Output Voltage (Vour) —0.5to Vo +0.5V
Clamp Diode Current (I, lok) 20 mA
DC Output Current, per pin (loyr) £35mA
DC Ve or GND Current, per pin (Icc) 70 mA
Storage Temperature Range (Tgrg) —65°C to +150°C
Power Dissipation (Pp)

(Note 3) 600 mW

S.0. Package only 500 mW
Lead Temperature (T))

(Soldering 10 seconds) 260°C

DC Electrical Characteristics

Ve =5V £10% (unless otherwise specified)

Recommended Operating

Conditions
Min Max Units
Supply Voltage (V) 45 §5 \'
DC Input or Output Voltage 0 Vee \"
(Vin: Vour)

Operating Temperature Range (Ty) —40  +85 °C
Input Rise or Fall Times
(& t) 500 ns

Note 1: Absolute Maximum Ratings are those values beyond which dam-
age to the device may occur.

Note 2: Unless otherwi cified all voltages are refe to ground.
Note 3: Power Dissipatk e g — plastic *N” package: —
12 mW/°C from 65°C to 85°C.

Ta=25°C Ta=-40 to 85°C [ To=-55°to 125°C
Symbol Parameter Conditions Units
3 Typ Guaranteed Limits
Vit Minimum HIGH Level 2.0 2.0 2.0 v
Input Voltage
ViL Maximum LOW Level 0.8 0.8 0.8 v
Input Voltage
Vox Minimum HIGH Level Vinee =Viyor Vi
Output Voltage llourl = 20 kA Vee Vec0.1 Vec0.1 Vec0.1 v
llourl = 6.0mA, Voo = 4.5V 42 398 384 37 \
llour|=7.2mA, Ve = 5.5V 52 498 4.84 4.7 v
Vou Maximum LOW Level Vin=Vigor Vi
Voltage llour] = 20 pA 0 0.1 0.1 0.1 \
lloutl = 6.0mA, Ve = 4.5V 0.2 026 0.33 04 v
llourl= 72mA, Ve = 5.5V 0.2 026 0.33 0.4 v
In Maximum Input Vin=Vcc or GND, +0.05 0.5 +1.0 RA
Current VigorVy,
loz Maximum 3-STATE Vour= Ve or GND $0.25 2.5 +10 HA
Output Leakage G=Vy
Current G=V,
lcc Maximum Quiescent Vin=Vcc or GND 4.0 40 160 pA
Supply Current lour=0 pA
Vin=2.4Vor 0.5V (Note 4) 0.6 1.0 1.3 1.5

Note 4: Measured per Input. All other inputs at Vcg or GND.

www.fairchildsemi.com
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MM74HCT240 « MM74HCT244

AC Electrical Characteristics
MMT74HCT240, MM74HCT244 Ve = 5.0V, t == 6 ns, T, = 25°C (unless otherwise specified)

Symbol Parameter Condttions Tvp e Untts
Limkits

teHL touy Maximum Output C =45pF 14 18 ns
Propagation Delay

toz, tozy Maximum Output C_ =45pF 20 30 ns
Enable Time R =1kQ

terz: torz Maximum Output C =5pF 16 25 ns
Disable Time R =1kQ

AC Electrical Characteristics
MM74HCT240, MM74HCT244 Vee=5.0V+ 10%, t, =%=6 ns (unless otherwise specified)

Ta=25C Ta=-401t085°C| To=-55°to 125°C
Symbol Parameter Condtitions Units
Typ Guaranteed Limits
teHL tpey | Maximum Output C_ =50 pF 14 20 25 30 ns
Propagation Delay Cy =150 pF 20 28 35 42 ns
tezh, tpzy | Maximum Output R =1kQ C_=50pF 21 30 38 45 ns
Enable Time Cy =150 pF 26 42 53 63 ns
tprz, tprz | Maximum Output R =1kQ 16 25 32 38 ns
Disable Time C_ =50pF
tru truy | Maximum Output CL=50pF 6 12 15 18 ns
2 Rise and Fall Time
Cin Maximum Input 10 15 15 15 pF
Capacitance
Cour Maximum Output 15 20 20 20 pF
Capacitance
Cpp Power Disslpation (per buffer)
Capacitance (Note 5) G=Vee, G=GND 5 pE
G=GND, G=V¢¢ 90 pF
Note 8: Cpp the no load dy power Pp =Cpp V2 f+ lec Ve, and the no load dynamic current consumption,
Is=Cpp Vee f+lec.
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NNational Semiconductor

General Description

The ADCO0801, ADC0802, ADCO0803, ADC0804 and
ADCO0805 are CMOS 8-bit successive approximation A/D
converters that use a differential potentiometric
ladder—similar to the 256R products. These converters are
designed to allow operation with the NSC800 and INS8080A
derivative control bus with TRI-STATE output latches directly
driving the data bus. These A/Ds appear like memory loca-
tions or 1/O ports to the microprocessor and no mterfacmg
logic is needed.

Differential analog voltage inputs allow increasing the
common-mode rejection and offsetting the analog zero input
voltage value. In addition, the voltage reference input can be
adjusted to allow encoding any smaller analog voltage span
to the full 8 bits of resolution.

Features
® Compatible with 8080 pP derivatives—no interfacing
logic needed - access time - 135 ns

m Easy interface to all microprocessors, or operates “stand
alone”

November 1999

ADCO0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit yP Compatible A/D Converters

m Differential analog voltage inputs
® Logic inputs and outputs meet both MOS and TTL
voltage level specifications
® Works with 2.5V (LM336) voltage reference
On-chip clock generator
® OV to 5V analog input voltage range with single 5V
supply
No zero adjust required
0.3" standard width 20-pin DIP package
20-pin molded chip carrier or small outline package
Operates ratiometrically or with 5 Vg, 2.5 Ve, or
analog span adjusted voltage reference

Key Specifications

® Resolution 8 bits
m Total error +v4 LSB, %2 LSB and £1 LSB
®m Conversion time 100 ps

Connection Diagram

Ordering Information

ADCO080X
Dual-In-Line and Small Outline (SO) Packages
L /
S 20§~V (OR Vegr)
RD—{2 19f—CLKR
WR—{3 18}—DBO (LSB)
CLKIN—{4 17081
INTR—{5 16}—D82
(NOR 15—083
vu(=)—7 14}—084
AGND—{8 13}—085
Veer/2-19 12}—D86
DGND—{10 11}—DB7 (MSB)
DS005671-30

See Ordering Information

TEMP RANGE 0°'CTO70°C 0°'C TO70°C -40°C TO +85°C
+v4 Bit Adjusted ADCO0801LCN
ERROR +1% Bit Unadjusted ADC0802LCWM ADCO0802LCN
+% Bit Adjusted ADCO0803LCN
+1Bit Unadjusted ADC0804LCWM ADCO0804LCN ADCO805LCN/ADC0804LCJ
PACKAGE OUTLINE M20B — Small N20A —Molded DIP
Qutline

Z-80% is a registered trademark of Zilog Corp.

© 2001 National Semiconductor Corporation DS005671

www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

Typical Applications
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SEE SECTION 241

DS00s671-1

DS005671-31
Error Specification (Includes Full-Scale,
Zero Error, and Non-Linearity)
Part Full- Vgree/2=2.500 Vpe Vrer/2=No Connection
Number Scale (No Adjustments) (No Adjustments)

Adjusted
ADC0801 | +%: LSB
ADC0802 +% LSB
ADC0803 | 1'2 LSB
ADC0804 +1LSB
ADC0805 +1LSB

www.national.com 2




Absolute Maximum Ratings (Notes 1, 2) Infrared (15 seconds) 220°C
If Military/Aerospace specified devices are required, Storage Temperature Range -65°C to +150°C
please contact the National Semiconductor Sales Office/ Package Dissipation at Tp=25'C 875 mW
Distributors for availability and specifications. ESD Susceptibility (Note 10) 800V
Supply Voltage (V) (Note 3) 6.5V . .
Voltage Operating Ratings (otes 1, 2)
Logic Control [nputs -0.3V to +18V Temperature Range TrnSTa<Tmax
At Other Input and Outputs -0.3V to (Vec+0.3V) ADC0804LCJ —40°C<T ,<+85°C
Lead Temp. (Soldering, 10 seconds) ADC0801/02/03/05LCN —40°C<T,<+85°C
Dual-In-Line Package (plastic) 260°C ADCO0804LCN 0°C<TA<+70°C
Dual-In-Line Package (ceramic) 300°C ADC0802/04LCWM 0°C<T,<+70°C
Surface Mount Package Range of V¢ 4.5 Vpe to 6.3 Vpe
Vapor Phase (60 seconds) 215°C

Electrical Characteristics
The following specifications apply for Vec=5 Vpe, Tmin$Ta<Tmax and fo k=640 kHz unless otherwise specified.

Parameter Conditions Min Typ Max Units

ADCO0801: Total Adjusted Error (Note 8) With Full-Scale Adj. tva LSB
(See Section 2.5.2)

ADC0802: Total Unadjusted Error (Note 8) Vgree/2=2.500 Vpc % LSB

ADCO0803: Total Adjusted Error (Note 8) With Full-Scale Adj. % LSB
(See Section 2.5.2)

ADCO0804: Total Unadjusted Error (Note 8) Vger/2=2.500 Vpe +1 LSB

ADCO0805: Total Unadjusted Error (Note 8) Vgee/2-No Connection +1 LSB

Vree/2 Input Resistance (Pin 9) ADC0801/02/03/05 25 8.0 kQ
ADC0804 (Note 9) 0.75 1.1 kQ

Analog Input Voltage Range (Note 4) V(+) ar V(=) Gnd-0.05 Vect0.05 Voe

DC Common-Mode Error Over Analog Input Voltage £1/16 E47] LSB
Range

Power Supply Sensitivity Vee=5 Vpe £10% Over +1/16 =47 LSB
Allowed Vi (+) and V(=)
Voltage Range (Note 4)

AC Electrical Characteristics

The following specifications apply for Voo=5 Vpc and Tyn<Ta<Tpax Unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units
Te Conversion Time fcLk=640 kHz (Note 6) 103 114 us
Te Conversion Time (Notes 5, 6) 66 73 1k
foux Clock Frequency Vee=5V, (Note 5) 100 640 1460 kHz
Clock Duty Cycle 40 60 %

CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 conv/s
Mode CS =0 Vpe, fo =640 kHz

twewryL Width of WR Input (Start Pulse Width) CS =0 Vpc (Note 7) 100 ns

tacc Access Time (Delay from Falling C =100 pF 135 200 ns
Edge of RD to Output Data Valid)

tim, ton TRI-STATE Control (Delay C_=10 pF, R =10k 125 200 ns
from Rising Edge of RD to (See TRI-STATE Test
Hi-Z State) Circuits)

twi, tr Delay from Falling Edge 300 450 ns
of WR or RD to Reset of INTR

Cin Input Capacitance of Logic 5 75 pF
Control Inputs

3 www.national.com
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

AC Electrical Characteristics (continued)

The following specifications apply for V=5 Vpe and Tyn<Ta<Tmax Unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Units

Cout TRI-STATE Output 5 7.5 pF
Capacitance (Data Buffers)

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately]

Vin (1) Logical “1" Input Voltage Vee=5.25 Vpe 2.0 15 Voc
(Except Pin 4 CLK IN)

Vin (0) Logical “0" Input Voltage Vec=4.75 Vpc 0.8 Voe
y (Except Pin 4 CLK IN)
line (1) Logical “1” Input Current Vin=5 Vpc 0.005 1 HApc
(All Inputs)
line (0) Logical “0” Input Current Vin=0 Vpe -1 -0.005 HApc
(All Inputs)
CLOCK IN AND CLOCK R
Vo+ CLK IN (Pin 4) Positive Going 27 3.1 35° Voc
Threshold Voltage
V= CLK IN (Pin 4) Negative 1.5 1.8 21 Voc
Going Threshold Voltage
Vy CLK IN (Pin 4) Hysteresis 0.6 1.3 2.0 Voe
(Vr+)=(V1-)
Vour (0) Logical “0" CLK R Output 10=360 pA 0.4 Vbe
Voltage Vec=4.75 Vpc
Vour (1) Logical “1" CLK R Output 16=-360 pA 24 Voe
Voltage Vec=4.75 Vpe

DATA OUTPUTS AND INTR

Vour (0) Logical “0" Output Voltage

Data Outputs lour=1.6 MA, Vc=4.75 Ve 0.4 Voe

INTR Output lour=1.0 MA, Vc=4.75 Ve 0.4 Voc
Vour (1) Logical “1” Output Voltage 16=-360 PA, Vec=4.75 Ve 2.4 Voc
Vour (1) Logical “1” Output Voltage lo==10 pA, Vcc=4.75 Ve 4.5 Voc
lout TRI-STATE Disabled Output Vour=0 Vpc -3 VApc

Leakage (All Data Buffers) Vour=5 V,QC 3 pAGc
lsource Vour Short to Gnd, T,=25C 4.5 6 mApc
lsink Vour Short to Ve, To=25C 9.0 16 mApc
POWER SUPPLY
lee Supply Current (Includes fo k=640 kHz,

Ladder Current) Vrer/2=NC, Tp=25"C

and CS =5V
ADC0801/02/03/04LCJ/05 1.1 1.8 mA
ADCO0804LCN/LCWM 1.9 25 mA

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating conditions.

Note 2! All voltages are measured with respact to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd.

Note 3: A zener diode exists, internally, from Vg to Gnd and has a typical breakdown voltage of 7 Vpc.

Note 4: For Viy(-) Vn(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward conduct
for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low V¢ levels (4.5V), as high
level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause emors for analog inputs near full-scale. The spec
allows 50 mV forward bias of either diode. This means that as long as the analog Viy does not exceed the supply voltage by more than 50 mV, the output code will
be correct. To achieve an absolute 0 Vpc to 5 Vpc input voltage range will therefore require a minimum supply voltage of 4.950 Ve over temperature variations,
initial tolerance and loading. g
Note 5: Accuracy is guaranteed at fc k = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be
extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns.

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The
start request is intemally latched, see Figure 4 and section 2.0. :
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AC Electrical Characteristics (continued)

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on th_e_y;vﬁ pulse width. An arbitrarily wide pulse width will hold
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams).

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voitages see section 2.5 and Figure 7.

Note 9: The Vrer/2 pin is the center point of a two-resistor divider connected from Vg to ground. In all versions of the ADC0801, ADC0802, ADC0803, and
ADC0805, and in the ADCOB04LCJ, each resistor is typically 16 kI . In all versions of the ADC0804 except the ADCO804LCJ, each resistor is typically 2.2 K1 .

Note 10: Human body model, 100 pF discharged through a 1.5 KO resistor.

Typical Performance Characteristics
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ADC0801/ADC0802/ADC0803/ADC0804/ADC0805

TRI-STATE Test Circuits and Waveforms
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Timing Diagrams (All timing is measured from the 50% voltage points)
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Timing Diag rams (Al timing is measured from the 50% voltage points) (Continued)
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Note: Read strobe must occur 8 clock periods (8/fc k) after assertion of interrupt to guarantee reset of INTR .

Typical Applications

6800 Interface
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Note: before using caps at Viy or VReg/2,
see section 2.3.2 Input Bypass Capacitors.
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Specification

400ST160 Transmitter

400SR160 Receiver

Center Frequency 40.0%£1.0Khz

Bandwidth (-6dB) 400ST160 |2.0Khz
400SR160 [2.5Khz

Transmitting Sound Pressure  |{120dB min.

Level

at 40.0Khz; 0dB re 0.0002pbar

per 10Vrms at 30cm

Receiving Sensitivity -65dB min.

at 40.0Khz 0dB = 1 volt/ubar

Capacitance at IKhz +20% 2400 pF

Max. Driving Voltage (cont.) 20Vrms

Total Beam Angle -6dB 55° typical

Operation Temperature -40 to 85°C

Storage Temperature -40 to 85°C

All specification taken typical at 25°C
Closer frequency tolerance can be supplied
upon request.

Models available:

1 |400ST/R160 |Aluminum Housing

2 |400ST/R16B |Black Al. Housing

2 |400ST/R10P |Plastic Housing

3 |400ST/R16F |Al. Housing w/Solid Grid

Dimensions: dimensions are in mm

16.2
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400SR160 Receiver

Sensitivity Variation vs. Loaded Resistor
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400ST160 Transmitter

SPL Variation vs. Driving Voltage
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