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ABSTRACT

This Project made for Signal Processing job by use microcomputer (IBM PC/XT/AT)
Because in the present we can fine the IBM PC easily and now it has low cost but high efficiency.
So that we can use for get data from Signal that we measure is too expensive cost and we must
order from foreign. Thus this project occurred for become to low cost Signal Processing
equipment by 128 level resolution. However, we think this project will be advantage on the Signal

Processing job.



.
naAnssuszmea

UTgygriinug ﬂﬂu'ﬁvﬁ'u?enqé’wn11u1‘s'uu§’aué’wmﬂﬁ'ﬂ11uﬁﬁur1uumnv§'ﬁm:ﬂmﬁq
e il

1. 0138 Inma Anslonana

2. q 1flou q uazeq q Haq 3L,

3. 1By q # USYN NS Blectronics Bangkok) $11n

4. 7 9 uazfiou  uwun . nen. dyar. my W hondae vnse uunys
nunguidahveveunan w. Audae

aily nzimﬁ'ﬁ'ﬁﬁwauauﬂmqwmwﬁﬁ’hﬂmvmﬂﬂ?q;tmﬁwufnﬁnffuﬁ im  uIm

- - =) v J
ansrsugnAtasnadduluudmnriu



P
unn 1.

Py
uny 2.

P
unn 7.

a1y

unih

nufmaheuvessoadalanlnl

2.1 esad lanIny
2.1.1 ¥aNTHUYBY Oscilloscope
2.12 msﬁnmuawnuumﬁ’q
2.1.3 MM IIUYBIUNUUUIUBY
2.1.4 midSuanumaidseveaduain
2.1.5 my B Insy

2.1.6 MInuNTYI

. Myduiaes ety IBM/PC

3.1 dynnuAN 9 UUEAeRYEN IBM/PC

3.2 ﬂ’li"ﬁ’fﬂﬂNﬂ'f'lﬁllt)ﬂlﬁ‘iﬁ'ﬂﬂi?:lmﬁﬁ

. 8254 Programmable peripheral interface
. malasudyanuesnnemilufdasadmsy BM/pC

¢ ¢
. MIMNUYBEITANIS

6.1 Block Diagram

6.2 “NI7 Port Decoder

6.3 199 Analog to Digital Converter
6.4 W7 Clock Generator

6.5 W97 RAM Uas Memory Decoder
6.6 NIT Address Counter

6.7 W97 Segence Co;nroller -
6.8 W7 Trigger

AN RIUVOI PC Oscilloscope

7.1 HaNMINNINYBY Software

7.2 Specification

7.3 MINATDULTHAMINANDY

P
7.4 flgminnulumshlnssnu

34

36

&

49
51
52
53

55
56
57

61
62
67



mih

7.5 maudgm 67
o - ¢
uni 8. unaguazinsal 68
MAHUIN

UTTANYNTY



Unii 1

YN

o A ) 1 -~ L) 1 11
flogifuiaTes Oscilloscope 1AunInmwlurasmsdidanseindifluedrnn Tuhenily
-~ Is ’ - d 9 ] - v a4 a LY
MuATIER uvey wTemmdudeyauniednlideds wdidlitu q Sawinue luilegu
4 . [ 'd @ " v A Y ‘v @ g . - .
1A383 Oscilloscope JulmimnudygranTetiufindeya nfeufudall Function Mruen q win
4 d a - ¢ o a o
e FenssinmguannuasluTnnugamnnss idinemsuiunesidunmuguindessns
4 - ' o - - - 4
Meaamsianma aanmmIggdeds 9 uasfiaunsaiudszdninmmationdgedy
~ s d 4 o
1ndefues Oscilloscope wazasuRumesiy SuiluilisuduyasInsamsiifnozadienmialdam
+ v - P - o
fafunsufiuned il Oscilloscope uapwanthsafinsufiune s Tan1ARALN Function Y84
Oscilloscope 890 11] IM313179 Function i légn1dimnh lusuiindyaomasiinnesd wu
Tihufindygpaveuntesnsasney 1c Tasmsassoeudygnoudygaiundoms
- w do 4 d a da a o
ey IC mwnsonandygulaendeglu spec ionor ldnandaniinaninmietlestuveude
nFolh Il SPC (Statistic Process Control) thilWiAmuys Tomigegalunisidnoufiuned
) 4 o4 4 . ' d 4
NIUIATEY  Oscilloscope  MiThil¥medndy  q  diteuflumsanssdslumsiesde
A 4 1]
Oscilloscope @18 < M lgaudae: hidy
< 4 -~ 4D ]
nzilu Widinmsafndesdlesianiisiuu Fond P BASE STORAGE Oscilloscope
A ! ' v 4 - o P v ' '
woudluilgnilugail uasiidodfe Wamsusuniosnsufiune 9 AT 1¥fMuetunsnare
' A a
ol CARD wed HARDWARE ey sLoT weundesneudiumed uasi
. - b
SOFTWARE (flusmuquidaeufiune Syl Digital Storage Oscilloscope TReiinAHn
A - : @ ] B ] 'y A o
88ANNIBNIN inTBaRud niominiufindoyaniuuiry Diskette 1RO ITLIRT BT ToEmY
Hewmanaly



unil 2
L) o =
ng¥gMIMnuvessensalaain

2.1 sea¥alaalml

o o ‘ [ Y
211 ninmainmnugiuvetseasalaainl
- A 1 ]

send lan Indmansauaasnmytadudnq ldTaomnaunaiussninaiuesd

« J J L 1 i H
dssnoudidy §e1Aun ne1 (unu X ) usaducunu Y) uaganuadng unu z ) delufim

] s d a d
wanmimIHaunmuvesesntsznewiveny  Taoldqf 1 drzneumssfing  qUR 2.
A < M o 4
ueas Iitudspaduaneidaihuwanomahauvesesdlszneuiamudengn menu
- p-| 4 v d 4 4 & a ' v '
noennamanilsuuuuuITy - Felusdunmuiuihugsaduslousy uyssunflouun

o v H = - A P P v
mamdovuuluuanuludnasiisadsuuu ldddidnasounasufiondw v Fundn
Sendu nnamw

U3 Ian

AAN A A
SO ES) -

2 o o A o o A
i 1 muduiuirsndnnatuusssulunsdigdaduaod

' A o ) v d ] [] L
ustlissnnsn i ilvwnahidaiuivey  mliaunsaddesIimsnnanmen
[ 4 »
Fwhlvnlalifidmuanm  dolidainimsssniuul¥mannanmeindielvndugaas

P - o <t - 3 Y [y ]
ngplaganiia @7un 2 dsznew) udMimnSudunnanmandielduning  drennduyy

1 4
.3

4 4 W, A . 4 N
fisgiTosq e l¥itvuiimannysuasgUnmpdadudygrausuusenin ldshudadsn



U0 2 matimusysveImsnManIn

A A 44 o ]
mnmmmuumzﬂﬂnuuuﬁamwnwmﬁﬁmﬁuuuau

' o et s d’dv ) - < v [
e IsimuTEmavuindeliilgm  ndnfeluvasimannenimdaundumsagaem
¥
o ™ ) A
fodu dumsnmanmenemlddhe didiidunn B T A dudauuusn A 1 B lugd
, OF P\ ¥ o py
2 Uringmasiisuil e I udmsuiuluplin 3 domgiteidiudeahildmanmanin
Y ¥ i
] o ¢ o = 3 4 o
910 B 1 A TidningIiduuusen saliTrenatladuditianasen lildindew lusisenn
o < - 1 A i A v 4 da '
ludasimsnmammndedundamnende  nandalonisifonfanyaivsenmily

quéluye B T A 51n1nﬂ1'1%’1&iuf;§1!ﬂﬁuﬁ"lé'ﬁwﬂuﬁ"q;ﬂﬁ 4

JunAuluti A—g

7UnRulugAs 8 — 4 (iFudonndy)

11 8. ummsmsfudouvesmannanmen A 1B uasfoundunns T a

1



2 4 pndusudiendy i 23 Wouwshdadudeundu Ty
.

Wi s Wumsuramndouuasmunavesesiilszneutimunanfie msnldoy
wilausedugadu (x) ﬁ'auﬂaduzﬂﬁnﬁaf{ﬁuﬁ afiudlwidos varziidnuaizadioiiues
Tuidley zﬂnﬁuﬁa:ﬁau’lﬁﬁnuﬁuﬂmqu'l_uuu'mmjawnaaﬂﬂnmé siauuHunuguly
uméaﬁ"w:ﬁxmé’u;ﬂﬂﬁu ( Y ) flousy uashinIanunudaimiiiiasuquanusiaiesd
usafugUndu (z) dould waitlduninguuseifosaefonfugilndusaans N ugld o

187 (X)

WU Af

. )

. ]

” ]

o } !
NN @ ( U U I |

d' v v '8 : o 1A
11111 5 ﬂ'nufmwufmawmﬂs:naummnmnmma

an uswuuasaNadIn Tru®owununuian



stulifimy  osfilszneufimudenanduiiuesdoahamalizamsmasi gy
pdwA Tevzldnmmug 6 uussvesssadTaalnmindimnhauvesssmlsznouisauil
Tiyzeudy  gundudli®ozdoutuiudegud 7 é’wmaﬁ"ﬁq1ﬁu'lé’1'wﬁn?anauém’fulu
msm‘lﬁmmfuﬁzﬁmmmﬁm ot1d

ilesnmannaneiptudiiunielushe a Tl B duilinsiiiven  aafunn
miﬂ'nﬁmw'hJ"lé’x’s"uﬁumwaﬁzmﬁ’uﬁfhﬂqﬁwhﬁ'u;ﬂﬁﬂﬁngumaﬁvzxﬂu;ﬂﬂf‘iuﬁﬁucﬁau
M Teoudacginduilesdeusedugaduduiiuandaiu ¢ a0l 7 ) uadhminesmldy
SamazmsnnanmidiFufitusidunsiigmituds shauitldesdouiuuuiuihigide
fu saqlit 6 mohildmsnnenmiGuduiitussduimituarduiunaliyaduilddauiy
fuplndudusuiFonh mrdssamsansuioslng lud

( Synchronize )




21.2 MINHIHYDMUAUUNIAS

4 ‘ L4 4' o 1 7
samfszneuiugIuas mimnmihuesdiunieg
P ¢ 4’ ; ) 9 d ]
UV 8 urasesAssneuRugvsnuuags  Tumssfunenihnmsvhaueeadau
C o w gl A\a B/
aqde lutiovdrdadegy 8 Tilhunast
o~ 1 - U - o \J ; “~
dygrududiesiuadng v stfjudenviavesdygranjudeniimurodsyldmy
1 d - & -~ 1 : Aot U ! 4
dumisfio AC, GND oy D lunsdindesmndengdgygnaIdedumimiunlsusuiium
' - da L v 4 < 4
"ac” uadmndeammdengdyanafidduverasiluegfaeisulului - e » iWenyu
U li 1 _ Ls LI
1Junfidunis * GND " ( #39nT1U4 - GROUND ) 205 mudvessoad Taa Tates ludeidh
& 1 [ J ! @ o ’ o
dygne mnesdsasdu ( vieninud ) Suwmhtuhdygpuvue o ¢ qud ) Taadderualay
o [ < v . ' A v - - A Y
nmylfudumiant  GND wuliligasanunaisssgrsauuniaudnds ¢ luntdiftiusedu o

Taad )



ajndidanuiavssdygao RAORN
(laumuUaouafiavasn1iduuas)

! L—cp-‘ WUty ’ - !
C/:‘C | dmau | funis 1““’5"
(o DO—”L Foyqro BNU —

[ ne _ 1uuu1m

-1

fygrou

; 4 Y
11 8 umnsesrilszneuRug BRI,

tﬁnﬂuﬁmﬁﬁanﬁq;tmma(jﬁmuuﬁq AC TQRNUIHINNITNTBWINGY ( HIGH
PASS FILTER ) filliinnuiifneen ( CUT-OFF FREQUENCY ) swin 2-10 Byad sait
ué’mm'[ﬂuﬁ%wanmmsmmmmmnmq'lﬂmq'luummqmmn:ﬂﬁa usiiletjutindaneg
fidumis Do dygnadmiusdeasuhgimeudyna dygrairveiadidendyyan:
muwa'ldsqmnauﬁtytmmmmnawNnmauﬂtytymnmﬂz’nmytmmnaamTaﬂTﬂﬂ
mmsni’mm:q‘lé’tfu Svmadaualudfad Tand u'faqmn'mwmoﬁ'fgtmmmu'luﬂﬂﬂﬁ
ﬁmwmumﬁ?ﬁqaanunu'lﬁmu'uzﬁuﬁrgtywu’fwmmﬁn Farfu 1ﬁaﬁﬁ'tgtmmn’x'wmﬂ
IngResuiudeanoudygraldivuainag Auruinduiuaeslszmvesdmendyna
T8un

tazmuan e Wrnsedasmsetuludea1d YTnaifigameudyn ussdes
imsfuisusdrgndesuaziniug

Yizmafimes seAnsmnsaneudgyg i ivinarilad Idmudeams

Somgiandrataaduil ameudygnaSalssnsudwdudmeudygadldFums
Wuisuudasududmoudygrafimunroulsa Ideswraiies dausmmoudyguild
fumsSudiouudadonduh  damewdyepanifudy ( STEP ATTENUATOR ) MiLveda
m)uﬁ'tutmmx‘i'ﬁ'n'lﬁfiav'l‘ﬁuﬂmsi'luﬂ?mmnﬁnuuﬁ'tgtmm winaauudanuveasiduds
1 yesmnavunasammuIediuTraddeyae ¢ vDIv ) uieq fummauﬁrymmﬁﬁnnu
tﬁuﬁumnﬁqmzxﬂuuumfu 1-2-5 «?4Lﬂus:nuﬁﬁmmauﬁ'tyqnmmﬁ"un: _61dun s

y
udfulurziniifuilu 1 SadTaoddedss 2 fadTaaddeves 5 GadTinsreves 10



uaahamwm hudu uanmnuuuumnuuuw 1-3 ( waumgtymawua - 10 1Agiua )
w3BuuusY 1-10 noudgygniauas - 20 iAFiua )
dudmeudygpaiiusmedudailes1d3enduh Ameudygauya 14
(VARIABLE ATTENUATION) ﬁvnauﬁtgtgmrhui‘:ﬁ:‘lﬁ’fummanuuu‘lﬁ’mmmﬂmmqu
ﬂ?mmmsnauﬁ'tyty"lmé’f'wdizm'wﬁ'mnuﬁtytmmunmfu mam'h’fmnauﬁtytmmmmq
muuﬂs:nauﬁwnumﬁﬂﬁmuwmmmmytymm‘lﬁwmﬂ'lﬂqmuﬁaqms'lé’
muﬂsmtmuduummnaqnﬂmuu ﬂmumﬂmumzﬂﬂauatytym’lﬁmﬂu-i‘fuwm
AUUIBHABANIN ﬁtytymm‘nmuaanmnmﬂwmxmmun:‘lé’mmwmu‘lﬁ'ﬁumfﬂmy-uu
the  usdallngjneflenioaundiBidnnyounelunasaninls Snfudygramndaiy
Aumisadesinsssvnendniovee Ifivinalngifieams  udadetlouse luSaumuiies

' 4
IUUYBIMADANIND NADH IS

ueuATIEvBNUIRNEsYe TR

HoUAMUAve NI uthuiitenudydeersasfoul¥ifiuferussausi
nusvessendalanlnd1d  sofudimarmenushlofsnnumunous il ifoer 1R
senda Taa Tnidudannumuisovenses

anwlavemnuunaevesssadaTaaTauy veimyySudiouiuusaiu Idasauet 13
mhq'l:ﬁmmﬁaMﬂﬂuﬁﬁtgimmq«‘fu Nesvewiygrumelua Indesusnsunuifves
299In789H A (LOW PASS FILTER) 88011 NANABSATIVIUA YR IBIVDINTIZABY 9 AR
audlonnuiidygoufugedy Srumgiisnant (upuNdga n30 AMPLITUDE) veedgyaioidi
Unnguusenmuasanmeslivinadnniunhefinsenih anuuandeifenfutuiden
ARy u‘i‘mhqn‘3’1waqﬁ'fyty1mﬁﬂﬂnguuﬁannaﬂmwﬁummﬁnniwhm%’wﬁmmz
Wutla 3 wdiua 510z ﬁummﬂqmmumﬂ'numzﬂuun upynNd  (BANDWIDTH
FREQUENCY) wesesadalanlad nands diwnmlfesadalaaIndfifiuouanud 10
wnzdsed  duneggadumeiinend 10 wnzdsed mesnuhraniuesegndy
dygruszdnnimmuiiueieey 3 wdwa ednlsimy meaameudygradondrly &y
i Tavdndnmmufidygugnasmenas 3 wdiun Tnezlifganhfmuiitasgiha
i 9 uansinuasmnimnnudvesesndalanInl 10 wnzdtnd 10114 anyazauFivy
'J'ﬁ‘fﬂ:xmnein'lﬂﬁwmuiun?o'[mﬂmmm?ai ududinFosfuidentufiorsuandaiuld
otn Isfimueendnldhdrdeimstalasianuuivimeluveus 3 nlefigududy ¥
anudiqapvesdyguitesSamldnsianlsza 18 vosunuanuiiveseoasalanlny



J o L4 v 1 & d 1
wienanfuduide SwndssmatasuiaSauvesdygruemud ¢ IWRuiud wdeald

- P ' d '
sanrga laa Inunluourieanuduinnd 3f Seosh

- - .
A0 (mn:tu‘m-n)

3 5 () Witlar T3
N umU

1 I~

T —<nTRYMASNT Y YIna A ~c" E
..ﬂ-.-{..{ ’.] !d ....... efeed-44-b \.—

dquiansygnagn “ac” 4

)
L

€ 4 o=

(adius
I/
=3
-t

. Y
TAIN
|
S

< o sy M~ d - -~
U0 9 dnuasnmimdinnutseadalasIny 10 wosdnd

c‘l « !J . 3 o - J []
lunsaintjudendyapusgfishumic Ac  Unngmsehhusadertuoniaiulugag

d . " A v d o ]
AN 1““56‘“1’“{}“ﬂﬂﬂlzﬂn'ﬂﬂnﬂﬂ'ﬂuﬂ‘lﬂQ'N'BTﬁ:ﬂg'\UﬂU'Nﬁ’ﬂiﬂq CR ﬂﬂ‘nﬁﬂlﬂu

1/ \j it ™~ VS e «1)

S d.4 QY & 1
Mnaumsil suanudgahldadinanaadiy o7 wedfidud ol

/Y 1+[fcfI2 = o9 (D)

J [ Y d ~ A ] ‘
mfinauouanudvesssadalaaTathelimrrey Wiiluasensd fs ielimydeidten

o« J W ) y
dygauuy Ac fuuuy deunsdiihuuuy Ac Wadsduiionessyii

AC : 5 Hz ~ 10 MHz (-3 dB)

034770

"5 Hz " 1uﬁ’auqmmuwﬁu MUANNT 5 18IRT fAB mwwwu'mmymmu
YVURNAN -3 IAFIUA muud’wmnﬁmmﬂ'ﬁ'aamm'[nﬁ‘lﬂﬂmuﬁquﬂﬂwu'mrfq;tmm'lﬁ'“



10

! |y v v 4 d_a ) -
anuiuhnely 3 wedidud sxdeslindyguiiinnnd s 51ad x 4 i vie 20 Bsag

} 4
nisumnnIy

( ! dB
1 -
A
—3 A
B
«E / E
= . R
-G E
g ~ DIV 2
2 / ’ 6.5
z [ ] 1A e
-] 7/ [ 438
12
il
0.5 10 : 100
Al (Hg)

o oy - P s 4
IIJ 10 ONNUSTUVANANUDYBINTTABIFOUIVY AC

2.1.3 MIRIMYBUAUIUIUBY
NENTIAMN |

fusudosumhunnusuvesnasanmessdaTanlny oxd "dyaneniudse foveg
ﬁ'tgtu'lmﬂu;ﬁam‘fﬂ:qnn?mnaf (TRIGGER) #3e nyzduldididenasiudygneuds wenmile
wnil mahauluunuusunTeununmesdeuiullsdngndeaniug Fahidiianuh
iudes IduladygaiudseiinsulsduSudustauiuduie 4nann

Tﬂﬂﬁ%’wvfupwmunuumuauoztﬂuﬁauﬁm'lu;ﬂﬁ 11 nngdszsmundgygeuth
ildAanSninedind  (TRIGGER PULSE) n?mnas’ﬁaﬁ'ﬁtﬁﬁ‘l‘fueznszoﬁ’uﬂﬁm:m'mmw



1

b 4
.

4 . " oa v o1 ad a . (.J " o 4 | - ' '
PITSUULYUUITUNNUTI "TNTAUNBTINOAIANH Wﬂ‘lﬂuu'mzﬂﬂ'nﬂ“ﬂ17ﬂ141u1‘0‘111ﬂn3f{1u

~

) 4
Troazidus Al

sygaumIniuie

L L™ e/
maniite mManiia t
st | nimnodviag Fyanounn
Fugmniningd
vy \ naganIN
(Fygaoutn)

=
A

mnuiuuay

. MAYNUNEn
TTAUURINOY

* } 4
T 11 Tassardudugveunuuuausy

neudusznanimatuiansunediad FauFunduinesdiiames (LIMITTER) 1495
ﬁaufﬁ:ﬂs:nam‘;’ummawﬂ?umﬁummﬁuua:Nﬁwﬁm? (SCHMITT) ﬂmﬁ'ﬁmiqﬂﬂﬂu
oo m‘sﬁw"m'(ﬁaazt‘a'umsanwsmﬂﬁ'mﬂq'lé'mn;ﬂﬁ 12 dedygaudwmuni
nerdfiawed  Fyapaiiiiuesnuiesgndadauuuuasduduenn @ullsznen) musd
fnumei 13 fiumﬁ‘u’i‘amnumamw'lumsﬁ'ﬂﬁ'tgmm SN srRumInininef
(TRIGGER LEVEL) szn"ué’qmh'szﬁunummﬁ'qﬂumiﬂmuaﬁumﬁ«?uﬁu‘lumsmmmn



(M

98 7elind

11 12 Tassadeveanmduiandminediad

Yyyiawdn (n)

-1':ﬁ'un§mnuf\

.
D

/ . ; ' ) I '
A . (o) ! ! ' ' i i
LTIARNININYaIT NG : ! h K ) i
1 ] 1
. ,_L_\: :/_.-1' l,.._—---\I lc-
y4 T 7 X ] X X
= 5 ra \ 1: Y 1:
a7 WY/ l\_._l: —)
g 1 1 i I i 4
dadui | ; ' : ' ! :
X Gt 74
vomIinnaines

(n)

< A @ § 1 o -~ o
U7 18 pUndudygnaludausie q vsanmduiianinineswad

d & N 1 &
uamamslagsunasmunm llﬂ:ﬂ’]TUﬂnWHf’ZH’J'N i

] W d a_— d ) A -~ o
ed Wiy dygnussni ldninuesdfmaedds limnsauies iiunInine fwad
- 4 3 o LY A n‘ AI Y
Sedealdnerlindiiendsgdyanaitiihdyyaudimion (SQUARE WAVE) Aimsiius
' v o - Id' @ o oty - o ' 2 d' 4 v
sENAUNAU NosvaativsldnuusaniRBmneIa (HYSTERESIS) agdan natitedlasedu
[ - & -~ A o o Q’I 1] 13 A'
fygraminned lldhaufanmadisanndygpasuniy - dAniuSeomddmuniadudy
Tunannanm lunsenunsafieudodynusuniuy

12



13

W 13 uﬁmnmﬂéauuﬂmmunmvaqgﬂﬂﬁuﬁmmmd’mdn aungdestunyn
w‘éuﬂ'wam?nma‘s’ﬁ'a?fﬁtuﬂzﬁw%m'w:ﬁ'unww?nmas’a{jﬁmﬁmfau vatifunannusedy
#1947 (THRESHOLD VOLTAGE) V83 195¥iiananiidnuasautinsomeida agelsfimy
daurdhilluinalumamsldausietala

s IdnIninedwaduda ¢ia‘lﬂﬁ'q;tmmdmi'i’ez'lﬂﬁfwﬁtgtmmmmﬁ‘ammmw 297
ﬁvui‘:ﬁ:ﬁmﬁnﬂuqﬂ @woop) fumeduiiadyg uiuidss Nefiven I 8dy g aitudos
#iSadd 1901801095 unTIAeS (MILLER INTEGRATOR) Fauarae Blugydt 14

C
L= i}
ninnafvad
mnmiiia D ()
o) MU — e |3 S
Rq,
<d)ﬁr,__l

T | _—g ) “AY
Taadoon matuiedygaiuiay
(r9v1diaraduinnined)

X O . 4
UM 14 nndutiadyguiuiney

A ¥ o J -~ ¥ d
Welidygraminnednadifuniinnduiiadygiauna  dygrusenvesieennney
8 1 e ; - . 4 -

nawiihi 0 il laTes D agluanmdiandelith It wioufniursesdufinamedeudy
udssgdiomnading (TIME CONSTANT) dlu  CR wais@ortunendwsamaduia
o o 1o 'y fw 49 =) d’ -~ 4
dyonounanssiauaslufuniuneifadidundn  Aumqiidygasenyesnesiiameses
[ - J -t o v o A - # LY ' 4'
fisy q Mugadusudessduusduiihidgauusenmiaioundediunga usiuduiles

™ o - W v oy 4 a >
feunduminaduiindygronnauasndumdygruesnyosneiniail dafulalen D 3
4 o ] A 'dv fod
wiasunduiulanToh il dssqiignifuegfidufiniszy ¢ wensssliamefesgnatween
1 a o I.l L Yy o o d A |
stufUNdu  unTsMuRANanahIfuussduiih Idgauusenindeunsgndrugaves
980N

4 - y -~ o P 4

dismsmelssgruaduasuds  wvsvudwesmaduiiadgygraunafzsdiaesniie

¥ ar -~ > ] z A ) J
wdonFudygnamInnednad Inidnads 2esleades @oLD-oFR) ez luganail

+ . - o
nanfe Mvuariamdudsuimsmelssqaunssiaiiansssudweinmaduiladygoing



14

d’ 1 - Iv‘; 1 - o v ¢ t o -
Nﬂw‘azmnqu'lu'lﬁ'mnma:mnauﬁqmnmmumytmmwaﬁ'lé’ﬁummumuﬂszwﬁmﬁu
“ A A ) :‘ - d
wuysel A 15 uamepdnaudygiudauee 9 muununm TienuduRuiTsnhegy
i d
AdwMA

(n) nimnainad w

(1) doygoaune

]
1

§

(n) Fygrouiwian

(v) Fyarmloadeer u U

U7 15 gUndudyaneludaume q veamnduiiadygnaiuiey

J ¥ g 1 [ 4
uﬁmnmﬂnuuuﬂnmwnmun:ﬂ'mmu wufs:n'mnu

v P P [ ] ] 3 : at §
ﬂtuqmuﬂumau'n'lé'aenmfozqnﬂmumohunuq'luumuaummnuummqmmuw
v P v v d o o
an (MAIN AMPLIFIER) iffeversWussdufvanedmnidowunddidnnsonld dygo
: 1 - o ' <
tiaullesgnase TuSwrwdeiuuunIus uYe RN B AN INE Nl a e
«t d [ [ d’ A " l‘ L.
dmnlimafdsundassansseyeinntnendni Junduezgnvene vy 11iSen
4 a4 a t A e { d 4 &
WTAUUN MAvwmannamn Faliwawwdndumsiithnnmnanwidwiues
o o 4
enundyg g .
} 4 b 4
uenmilenni ununamIounuueu Safianudiiyuudde
e v .
dizmansn unuiildifhiurmirgweann sofunnudalumsnnanindedeshms
USuiieuldgndes
; y o 1 v o d
tizmatioss ununn1ﬁ9:ﬁnammmﬂsmﬂnuummx‘?amimmmwmﬂmmytymn
o 9 v o s 4 '
Ianudd loudedygraniinnudinge 188 evdmssanudamsnnanmihly1e
- P v ’ P 4
Tavazaan senda ToaTalfi S dnuamsinmi B lumsnmanin Idndisesuusenasanm
| 4
- ] 1] 1 L d 4 1 o
nie ey (SECDIV) uasmilezaunotfudow1¥end 1.5 RN UN TNy
: JU ] o A 4 J 1 ] A
HUPN wenninlidalifinlfudenlfousiamananines e Fai i Taqu
[ 4
(VOLUME) 1uifeffunsdlunuuuasna



15

oA q lunmanamm

1. ananmdalui@ Tussuumannnednnanimiy whssinIninediadvwnyzdy
Wumsnnanm. uidminlifidygnaudimiemtiudrsdmInmne ity lmaneay
Aoz lufidygramInnediaditetu Mitmenmanmdy g dwalilulgundudsinguy
281 ABANIN uanmuamnmmqmmmuﬁ'z ms'luu;ﬂﬂauﬂﬂnguuﬂnnannmwuwmma
Bu 9 Bn W mstFudumislunadodeuauey Timuns rau Usutjuaaneudygaun
iyl wﬁﬂﬁ'myqpmmnmaswmﬂmrm'1u'amm:v’ju'lﬁ'msmzﬁﬁﬁ'q;tymn?mnafﬁ'nrf
o lmeilidhdy Tudouluse q d1edu St idushalnngiuuuse
HABANMN (Tﬁuﬁmsmmm'naw’lu’nﬁﬁ'am:ﬁnﬁ'tgtmmuf’uﬁ'lé’) fereyaslumyidam
sonda lasr a1l 1duin mnm:ﬁmmmﬁumgﬂﬂ51411'1‘01‘1’1)119:1@mnTﬂmJ:zmmmzﬂn511
dygald ﬂzﬁﬂﬁmmmmﬂi’uquszﬁ"un?nmaﬂmiwzﬂﬂﬁuﬁ'q;tmmnqﬂﬁq'lﬁ s
g nuazaInlumsinn ludrduss q T

n?a'lunn‘ﬁﬁﬂmﬁanmwim%auﬁ'tytymegjﬁ GND (feSusesumisue s duusedy
0 Taadl Smmrhidimnnaninide Wdaduhaeen | diszazaan lumy 1dausy
iy _

msnmnanm lnefarsdalisufiudeadimsiudygudidndimdonimang
MWuUUBAsE (FREE-RUNNING SWEEP) UASATiMInamwen s e ke umInanin
wuusrssfumsnnanmuuunnne fudsuvudisonas ideni mrmnamwuuuse Tuds
(AUTO-FREE-RUNNING SWEEP) uinidunde « 18 AUTO szuumsnnanmmsui o
hms  amemmuuuSasade lulidyganininedindey uathildygraminnedwadios
Wunlfeufumsnmenmuuumininad TaesaTusa

ssuunmanmuuse Tudan mnu'lﬁ'fﬂvmmnwﬂmmﬁtytymmmnamnﬁma
i usdmnanudveamininediadd Mt i1d sranudsindniinGendu
N anuisiravesmsnnanmuuyen Tuin mumznq"lumq 30 ~ 50 (B3

m'm"mmsznummmmmu6’n'[uﬁﬁﬁ°~:ndnf;ﬁ'urfluﬁnnsz'fﬂﬂﬁmﬁ'ty‘fqm'lﬁ'mﬂ%'
smseadaTaaTaildazmniy  dwivssuunsnmanmuuuninmedfy  udosly
ssannammuuudass 18 uit hifilymdwamaisidasuvunsdisaTudd sefuuwunsn
e SaifelAiSonlumsgdygrannudd 9 mInnenmuuundaindenduth suulnd
(NORMAL SWEEP %38 NORM)



16

1 C - i d a
2. MINNAaIRE upunmvesseada laa Tmhindmmannaniwvesdygaiiia
| 4
agnilidinazdaam (PERIODICAL) TrsliSamazmanmanmduiuifuvesdygpanfu q

ﬁﬂﬁ’xﬁﬁ;ﬂﬂ5uf7tutmmﬂnngumnnaaammgﬂs:nﬁaﬁtytymnqm‘iqadﬁuﬁ

: A J o ¥ ) - v
7141 16 UnuitaReuunsvunadusumismafsnSanedad

U 17 dygnunngli 16 (n) ilel$Ennanmeuuunlng



17

v A . -y’ d o v P
usilsirmiowdeenda lan Taduansgnaudygnadegdil 16 (n) vusenasaniy
-l 4 4o v < 4 o ‘ s
Taedtin@ialy qunduildeniiudegui 17 fle SUadusmaninndeuduey vldenuims
' ' « d d ¢ dd A o 4 ' -~ 4 - ' -
pwmmardunng Mithurutinwneldygruiudsovinaea q fatudumndumusesum
- ™ P [ ) 4 -~ J :4 o
minined Al 16 (v) uﬂﬁﬁmnmu1'm'ri‘|'lﬁamty1mﬂumnummmﬁmmuﬁmm;ﬂ 16
4 4 ' < d
() JusiuiUTnguuesnasanmezlianiz daw A veaplit 16 () Ml¥msandndss
y Y P d a4 v A v ¢d o d o
amddeudumacluglii 17 18 mInmanmiifaiuTaserdensminednadmantulundy
4 " 4 " o )
usniensuRsuTuTT SN MsANAMIMALI (SINGLE SWEEP)
< 4 a o g
mInnammuuuRse: gUaiudnnguusenasanmiisatirsesnmdn 9 uas
4 ' 4 < s v o v
HennmmANNAINYeImIssmi ldnusenasanmdunn AausSaumussdung
J ? o d « ..' o s J 4 o 3
gfomidr 118 FidunagiiléiuTaeia liferamsdiwg Ssevndrdalunoavidendelyl
4
- ' 4 o
8. amanemwuslizinm mannanmtuuiissyisTumvneyadudgea
' ] ' ' P [ ' '
mwizeu Faeznaniie ) msveepladudygnudinanrusiimssnoununm nan
a ' 4 da - 4 P , ' 4 o ac
snuinivnAsmaiuanuTmannanm galusmsundmespaaudyane F038ms
o« d 4 4 g 2 ' 4
il indeomhipnaufioguuununn lushedu q vowlvgesmifegluneasidenld
v ' < 4 .
ondethe 1w il 18 (n) Amindesmaveepatuludn A eenlyluuwausyTae
- v < 4 d . d v
maunmmannanmeenlfdnesIdfia 18 () FapUnauduidesmsdunagorngs
a 1t 4' o d o o d & v a . ° ]
eenusnanasan lunsdiyuhil Mminudulyldnde maldiTunianmondumige

4 4 P 4 v d d_ o v
A lupli 18 () Fuioynoldngiunes Idgadudeqi 18 0 Mndimunsadunagld

} 4
o Lod - Ll 4
HanNMIvey ﬂ'l!ﬂ’l']ﬂn'lﬂll].ll.lﬂﬁ'&"34l'Jﬁ'lﬁfJ’lﬁlelu’Jﬂﬁl‘lmﬁulﬂ‘i

\

(v)

(m

(n) (3)

< - 4 o 4 1
117 18 mslénalnnnanmuuulssSainauiedunagnduamenu



18

Fmmhmwesssiunsnmanmiine  mrlsiaanmanmiddneninnnd
o Tp uaslasmatiuvineanudimsnnanmlasdaszeshldyladudau A govewlng
fuﬁ'qﬂﬁ 189 Fmmmammsuiindenh  mynmenmuuulysiam (DELAYED
sweep)  Teudoumidtinludedonsh  msamanmudn  Teoialufumensuquues
sauda lan Tavesdhiud A SWEEP” dmiumsnnanmuuussdaiam

ﬂ1n%’uﬁtyimmmnﬁ'l-ﬂumm'mmmmmlsz‘immﬁ'u wiidyanuiudesnnman
nanmudnflewdisenSouiious1 (COM-PARATOR) tﬁnﬁ'ﬂgﬂpmﬁwmimjﬁmﬂnﬁq @
;ﬂﬁ 19 1hzney) ferlddyanmesniifudyapaunndmiumsnianmuuulsiaameen
mﬂu%’#ﬂmﬁﬁﬂ'mf]whxmﬁq'lumnﬂ?vmﬁuuﬁw'mmﬂﬂ?amﬁwfi'n&'unhﬂu DTM
(DELAY TIME MULTIPLIER)

(n)

b

—

gL 00c9c9¢1 W
fygrasudeuros %___

mrmanwnan DTM /‘
()

: 1 ~ v 4
(n) FQgnmuisnreams
il nammuUlIsinggT
i
I

R "

U 18 Badndygraunadmunmanmuuudysiaam



2.1.4 mmfuanunaBgveuduain

19

s = o "a o L o oA
dainaseuriuszgnvinm I8 Tasaun Ifhunsauuutingn Tasnnisogeswauss

1] d - - L : 1] :o -y - 1] - 1]
awnuuiiminfifannsssunasu ldunsautivinTanty ianSwadsssagalanlayly e

oy

nmnile fimuita

/

>

_ ~

s

(n)

grmnsignuluntisund

(¥ (n)

W 20




20

i 20 usra IdituhirmemineesagaTonTai kavesmuumindn
Tandiseiduainglfene i vinnmezsiudhudesnseasalaa Tny 3 s usen
mzuan ufmyuduniodlyl 180 sam 1ﬁ'uﬁ'i1mzx§auﬁuﬂ?am:ﬁnﬁﬂué’e;ﬂﬁ 20 (¥) uaz
77 20 @) vz luifiilgmilundnis enuslyzmsla ustminmmyundely 00 semuds
nyundesly 180 aemn vnuuunile ARz 20 (n) uazgUdl 20 (a) iuEINszmABes T
susrdsnaifudomyinld Sesuiludedlvligndes ‘

WesadaTaaTnhiy winalnduflvnsmadsveudurisuiiumamenauny
wimdnTan Fudsendniuaaslugli 21 (o) TaoRndavanan 1 iigmasanimudande T
nsus Inarumua ey w‘hiﬁtﬁﬁﬂmuuﬁmi‘ma‘mzuﬁﬂtymmsmﬁlﬁuwauﬁu
anld

wonalnmand 13}

\

- ~ - -
(n) IFMInAnITInIMduIvaNaY

xiwdwRasvinaunuindnian {1) nmydosairemnalavlinsoaln

i 21

st IsimumarmauudlvdsndumusdwmiumnuuingnTan Fativualulugiiin
d - P - ] v
TunsdindesldooagalaaTlaludoulvIdemdidauuunmdndunn Swaslgmsttande

] A [V ] .. -~ 1 J
¥a4 (SHIELD) nauiviinifevsadninavesmmuuiinin uadisenaniadramm



21

21.5 m3lFaminy
A d 1 - v
Twsu  (PROBE) iThunTeaiian ldvie Toamneesvudhvasssasa Tan Tatidasudh
dy @ a 3 ¢ : o .
Hugiineamsia Insulleguinnemuudqalrzasdmaldan s lsimumusaduunedr
] & A 'Y - d o L
At 9 TAduTnsuussduuas Tnsunssua WuitiimezefuofenduTnsuuredy Taomms
" - o - o
oeNEe Ao InTuaansudyn I (ATTENUATOR PROBE) #ii 1941w Taerialy)

o 1 A [ -~ [
Simnnlfamdnlifivadudsriedenssninnnssvidivesssada Taa Tnufy
dy v & W 4 o LY ) 4 - - '

thninenidesmsia Budnuandvesninheshddygrunnuige q ey elinga
" unsenn uammnldmedadsie swnuheim i lingadenanozaans usesiernsndiu
v P s d )
e dygruanuigesgnaanewtinanen fieuilunaeinaufiuizy (CAPACITANCE)
o - g Jv a o 4 v o v i o J [] . : M
BUINANINMUYRANUBN HUANTYBAIns Tamdseneuf T musesnTe sy Taowa
Wrnfiulssquudrvesesadalanlatorvinadnundotszma 30 flavhda ®F) uAdl
d @ d g - ] o U " 1
anuddygranieriaguauhidifeilynivessunlszynnmedadsindnthedu o
v " od 4 day 4 ' v
WssTeninmnqudnyuasuiivesn Tny14 woudlymmoSasn hedwonsenie Tndfu

]
-~

d o aaq - Y 4
flaniesin NinsAaduInsusansudyguiy

o SO )
Uawlniy Ameudyann zwlwiy  nownniagd
2y N

[
Yaulnry — S s oAl
¥ I Ve g TT o
o= T
: FwIaa [
- ! ,
BWNTIING aanfalaaleu] IITUNUBUIA

.’3.
U 22 TassadvssInsuaaneudygm %

TnnamduvedInsudananoniludogy 22 ¢ fu r; Whimmmuiudszyuazanudu
nududrvssaTlay dmiuTnsufuesdszneudas ¢ fu r vaINITAANBUT YT InaTNTY
wefnswamsed c, Tumsuflszgwonsiadim Cy ANuAURUTYOIWN q mad] ve
i



CR=(C; +Cg+Ci)Ry e 8)

Tao ¢, flermSuus fnowauresAusudous 1

anudmmudnudwesseadaTanTadda Taotszme 1 wnsTedly druanudiy
nMu R ¥83Insy 10:1 a1 9 wineTeviu a1 C 'um’Inmuummmnmqnumqmuwmaﬂw
s Tuitter 19 12 Alnthin ¢ (oF) Feii WiuTaoriall dsffumnaums (3) 9'1édh

CR=12x9/1= 108 C; +Cg+C; @®F) cceereee (4)

o« 1 A - g
frensodium ¢ iTnsulfaumsdhedudiuage Tnsufszeunsnaanoudoygouly

[ 1 1 y t A « y
o 10:1 14 TunsdisuilsnfudsspnnudumnsudrideussnndaeInsuoziiuged

Aullszquudr s CU(C + Co+ Gy )= 12//108 = 108 (F)  coeeeeee 5)

AR . R4Ri 2 ogp1o10 Mg e (©)

4 A " J L . ‘ ] &/

domgll mnlgTnsuaaneudynouruil MdedeusyniumanendivesaTayfy
v d v - v | 4
Tagidesmyipeziidufiuaudgaun mldmsamlussosanudqaihlyidady

' 4 t [ () ] - [
st lsfimu iesvinauiulssguudr ) o uanARAUMUIHYIIesada Taa Iy Ae

1 4

v P

Turedaumsi 3 eufluede suilussdsemhmatsuInsulinenndotuesadalan TnUf 12
-t P

'JIiﬂ'I‘E‘ﬂl%ﬂNBU'NHW‘i'HmU

UL UL

mvunwniy woR wwu‘lx'ivfuma
. © Ingiiinly)

<, niulty

1if 28 mvliud ¢, TaeWyalndudindon



3

o = w ‘4 4 d  avy a 4 « 1w
unziilsziminmdi Taol¥dyapadimiouanud 1 Aladmdiie 1Wlumsdiuuse dyaed

P - a » ] o d - v
wmasy 1 fladsagaananaunseaunlFldnnsinusanihilavesesasalaaTatialy Tae

v o Y d . > « 4
mstudien ¢, sshddyapadinfoniiyhandounladlifeiurna 13 ugui 23

2.1.6 MINUNTYY I
- P d ' - @ ) )
lussadalaalnnliuouanudqeni 30 wnzdtedinezimyl¥ermindgyu
(Rudy safitlszneudiAguesnesis meminnamIshindmod (DELAY LINE) vy

- o 1 g J ¥ 3 4 v ~ ¥ - L 4
ramIsmainidadinaesil Iavsadndiglin 24Teeliaamdnhguiiadu lviadundudiady

arafUa

awlwfiosau

invaau f

Infiagin

371991

7Y% 24 Taseadumeluvesmoniasiom

A H -~ o U : o t ) J
lua1?‘?{1Ulﬂujﬂﬂ‘1nﬂT’lu’NﬁiuﬂuuuQﬂq ﬁtytymﬂl’ll‘l’!”l‘uztlﬂﬂu’lﬂﬁﬁilmummmu
Y] o) d . | ' e v " ae ¢
'MN‘Hnﬂﬂmwm'lﬂtﬂm’lmmluuﬂ'uﬂ'mm ﬂ‘l’ﬂu’iiﬁiuty‘lmmﬂm’JuuU’J’llﬂuﬂizTﬂ'lmﬂUN

uvinlumsiagadanuige TaemmzsniFuuazyihodyger

d ‘ [ [
Uit 25 wamldifunnusuiluvesmsdesiiteermiznmengliiuinms nan
o A - J [ 4 d o 8 o ] P
i Tavdygnafiudes (9) Sutumondnnidygendr @) Jeuldturiuidisnuuves
D) o 5 d’d Py -~ ) ]
wasannlszur 100 wTwiud Asiidunailssnnifannuavesdygalulesan q
‘ v 1 g -3 @ L4 A
Yu AwealFouiourznindyaodr (1) nSnneivad ) dygraunaiennann Q)
‘ 1 1 5 \
unzdygnailudss (9) (MOTUBATURMITTIUNNYNVEIA A inTuLurasann AN
' o« . - J
memrawinna i dygrouduniidnaatiung ¢ =100 mTudund + o amfusuituu

o o a_ a o’: 1 s v -~ ad v
ﬁﬂﬂﬂﬂﬁﬂ’m‘ﬂztﬂuﬁ\!‘;lj (N) ABITUMILAYA B HIDNBUAYYPIUTUVIANUBY



24

--—-il_
i_
~1-

(m) 3Unéuﬁtiu t ,-() \

() Fygin

-

{n) nImnainad

N D ——

i
1
]
)
t
1

4
(3) Fygrmuna

]

1
i 1
tHONIANIN :
]
]
1

&

;}_ AR i Y R

i
1
1
—

1

]

]

]

1

1

(]

. Tud !
(3) FyyInWRiRay | !
;

]

I

g =2 LOUnaee

111'?; 26

' a4 g ¢ ¢ a a1 ' ' 4 4
nmmianTefnd Inil (DELAY TIME n38 tg) tgeriidumnme hlmuguvoanieeds
L4 1 1 L. - \'J : L3 ) 4
ineglutenin 100200 wiludwd nydivesssadalaalahialiiin dnfiasesminaaa
° ¢ 1 o A 1o - -
e lfinusansudggnaudh (nFe Tuguit 25) UszinalifdunTudundt dwmanduiiu
[y [ ' 1 @ 9 da ? cl' o o v -
Asviagrnnaudggnadmiifiganii nshuludsserfomsnnanuuulisiiom @lu
L J 1 L & d -~ b U
Wideiimadn 9 lumsamaniny senlsfmulunsdinadnimuiasinoudiedh myldss
- 4 4 P l o
anamwiuudssiwmes Idgustuiianadooas  GammnidiEmsminnmdygrasiesd

A



25
unt 3

miduasdinaiiy IBM/PC

8.1 Fygadn 9 uu adenves IBM/PC
= a m - o
amely BMPC TResnuuulmmsefssifiuw@dunesdumsfinadr I lunonde 18
' 4 4 . ¢ . v  d ¢ 4 a P
TaskunwaasaneguuuLesn Main Board) dmiuadenuuuuueiailseisiuiu 5 aden
v a d " . . T o a s a
(@ miulu IBM PCXT osll 8 afiea srnantalumends) Fwdasadensslid ey
! ' ] ) 4 J Ter 8
62 11 utivesmiy 2 19 q az 31 11 dwmsBendumisnvesaiemmaiissiusgiuin
v
v ] d 9
vueginla @Fenievn) vesafen TaeuifiognedudrovesadensziSonlneldsnuy B
1] 1 d L
Wi uavdumisvesn i v1 Bie Anevmmdudhevesadenniil 16 cluminnidiute
4
ERIGEE)
' o 1 q’ A () o [} [4 LY
usmzvvesrdeamaiisnssudsduidudygrudin 9 vuuveda Mldmsaduan
- L 4 g d A ] o 1]
ss8umefiady BMEC snsah 18 Tavasmin Fadudygruiivesdefuvivesadoama
1 4
fozilszneuludae dudygrauvesiausanse (Address Bus), Yadoya (Dat Bus), Yaaay
qudmiumavewgindeyannmizsanudrt wiemein 1o, dudygrudimiumvedy
meiswivesnesBumedie, (Fudygradimiumive DMA, dyomgNNe  (Timing
1 A L3 . o o
signal) @ AN lFlussuy, idudygranmamsTidsymisanud wasdygradmiumy
ATIVABUANNAANDIA (/O CHCK)
¥ ’ d’ o ¢/ o A4 1w " ' dq v
usnnnidudyanamariiuds adeauumuuefadussudatuunassslnie q ald

Tussuudnfae Ais +5Vdc, +12Vde UaY -12Vde

-3 ﬂ' v W \J
NEazBeANaINY Ty Im 4

OSC (Oscillator ; ¥1 B30) :
Jd d 4 " v o da o <
vilifhue niyniideudefudgygnaundenniisinnuiqaqruuuuyeda fe 1431818
P ' o o :
MHz $1inua 1152018l 70 nanosec. uazdl Duty Cycle (¥aalu 1 mufidygunieniae
- o . v 4 . <
St "17 wisdemunanionusy sz so% dyasndendu q vesssuy 1y afenil
Yo -~ - W 4 [} : ‘ | v o d' 1 o
foulvifiu 8088 nfe Fndwnednan q Mussgnadiiulremamdygraunieni sewlsf
- a4 d o Y y ' o
mudfaniisnesdesdiilsialumslfoudyapu osc e dygutierly Synchronize Ay
A LY @ : 1 4 g e o
dygudu q vulrvesszuy dniudslinasfieshdygpanan osc T dudgyan

o ~ 4 P ] Y
A ONdIMIUNTNWUBNDY 9 nnusNuTSUY



__GND 'h i I ] ~1/0 CH CK
+RESET DRV A 3r oA}l +07
+ 35V l: —J_ | +Ds
+IRQ2 ' { ] +Ds
-5VDC T * +Da
—-'.2\/ l l l + D2 '
RESERVED 1 ' l i + D1
+12V +Do
| 3! A8 .
GND e A i:' +1/0 CH RDY
-Mr_M‘.V ” l +AEN
~MEMR - !l +Atlo !
-IOW = *: +AI3
D— IgR T ' ¥ +A17
-DACK3
Sk 5 N i +A18
Ba%@ R | ” +AI1S
g (i s EL
—;\AC'-{O ' | | i!l +A13
e~ [ B200 ) R29 - +AI2
AT P AW ETh AV s Y
A
+IRQ5 ; ; b 1 :A’:
+[!§Q5 ] i 3] + A3
pr Q4 | ! ] + A7
+IRQ3 I | T + A5
+T/C - ' + A
i l ]
+5V l 2 +A3
+8;—é g ( + A2
+
I [83ai A3 ] + Al
+GND + Ag
L

71U 26 vidyn 0N 184 Siot PC

CLK (Clock; 91 B20) :

mﬁ'tgtmmi‘fti‘lmmﬁﬂn wl‘wiaﬁuﬁ'tutumﬂ5t)nﬁqnﬁfwéﬂﬂun“ﬁmsﬁmmm 0sC
o 3 Midamudtssine 4.77 Mz (14.31818 MHz3) wie Svawmly 1 my @unmues
afien 1 gn) MU 210 nanosec. (1/4.77 MHz) dmfum1 Duty Cycle umﬁ’miywmi‘fv:ﬁﬁ
Uszia 13 e T 1 muselvanafifiuassn "1° vhdy 13 vesmunanianua ude
V523181 70 nanosec. UazddaIAAEINABSN "0" i 23 vesmunainua ietlrzu

[ 4
. o  d
140 nanosec. Aggnailiudygrangnlifluadenvesszuy



27
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AEN A9 A8 | A7 A6 A5 A4 | A3 A2 Al A0
P7 P6 PS5 P4 P3 P2 P1 PO
Q7 Q6 Q5 Q4 Q3 Q2 Q1 Qo
0 1 1 0 0 0 0 0 0 0 0
0 1 1 0 0 0 0 0 0 0 1
0 1 1 0 0 0 0 ) 0 1 0
0 1 1 0 0 0 0 0 0 1 1
0 1 1 0 0 0 0 0 1 0 0
0 1 1 0 0 0 0 0 1 0 1
0 1 1 0 0 0 0 0 1 1 0
0 1 1 0 0 0 0 0 1 1 1

AT 11 Port Decoder
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Wy Control Sequence ATYNINYEY Hardware Port #305H 14lumsufuge Trg lumanSuifiy
BE e

Port No. Used for
300H Used for 8254 Prograrhming
301H Used for 8254 Programming
302H Used for 8254 Programming
303H Used for 8254 Programming
304H Used for read status and Sequence Control
30SH Used for trigger
306H not used
307H not used

mIni 12 Port Assignment
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6.3 197 Anaiog to Digital Converter
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6.4 397 Clock Generator
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6.5 1999 RAM iar Memory Decoder
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6.7 1197 Seqgence Controller
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7.2 Specification
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#include <dos.h>

#include <math.h>

#include <comio.h>

#include <stdlib.h>

#include <alloc.h>

#include <stdarg.h>

#include <graphics.h>

#include <fcntl.h>

#include <io.h>

#include <bios.h>

void Initg (void);

void Main_Window (void);

void Main_Winl (void);

void Read_kbd (void);

void Enter (void);

void Plot_screen(void);

void File_Ser(void);

void Get_Name(void);

void Display(void);

void Setup(void);

int x=8,y=13,x1,y1,count=0,idx=0,a,acpage=0,vipage=0,res1;
char menuf=0;

char  countl [J={0,3,0,0,0,3,0,3,0,2,0,1};

int GraphDriver,GraphMode;

int maxx,maxy,handle,stept=1,stept1=0,stepf=1,tg_index=2;
char ascii,scancode,in;

char  image[400] ,imageO['l 000],image1{4800],image2[2000];
char image3[4800];



char
char

image4[1000];/*image5[4000),image6[2400]*/
image8{3600],imagek{1000];

unsigned size;

void  far *image9,*imagel0,*imagell,*imagel2,*image7, *image14;
char  buffer{1000];

char  *point[]={imagel,image2,image3};

char fname[]={"TEST'.SCP "%

int trig=77,0ffset_time=0,run_mode=0;

int timediv[}={1,4,20,100,400,1000,4000};

char  *ctimediv[]={"10 uS","20 us",”S0 us”,"0.1mS","0.2 mS";

char "0.5 mS","1 mS"};

char  *div[]={"","250KHZ","125KHZ","62KHZ","","","","31KHZ"};
char  *t_mod[]={"NORMAL","MANUAL"};

char  *t_sowr[]J={"INTERNAL","EXTERNAL"};

char  *t_slope[J={"-","+"};

char *t_coup{]={"DC","AC"};

int cfdiv(j={1,2,4,8,16,};

int vt{]={102,90,77,70,64,57,51,38,25 };

char *VTGO={"+3.0 V","+2.0 V","+1.0 V","+0.5 V",” 0.0 V",

"-0.5 v","-1.0 V*,"-2.0 V","-3.0 V"};

char  FLAG;
#define TIME_PORT 0x300

#define COMMAND_PORT  0x303

#define LEVELTRIG 0x305

#define CONTROL 0x304



fdefine NEGATIVE 0x0

#define POSITIVE 0x01
#define DC 0
#define AC 1
#define PORT_STATUS 0x304
#define INTERNAL Oxfd
#define EXTERNAL 0x02
#define NORMAL Oxfb
#define MANUAL 0x04
#define AUTO 0xA2
ftdefine STOP 0x01

#define START 0x02

char DATA_CTR; ’

int SLOPE=NEGATIVE,VTRIG=25,SOUR_TRIG=INTERNAL,VOLT_DIV=1,

int TIME_DEV=0,TRIG_MODE=NORMAL,CONTROL_MODE,COUPLING=DC;
freq_div{]={2,4,10,20,40,100,200};

ex_run()

{
int y,y1,i,trig,data,page;

start_run();

}

set_trig()
{
if(SLOPE==NEGATIVE)
outportb(LEVELTRIG, trigi0x80);



if(SLOPE==POSITIVE)
outportb(LEVELTRIG, trig&0x7f);
if(SOUR_TRIG==INTERNAL)
CONTROL_MODE&=INTERNAL;
else

CONTROL_MODE!=EXTERNAL;
if(TRIG_MODE==NORMAL)

CONTROL_MODE&=NORMAL;
else

CONTROL_MODEI=MANUAL;

start_run()

{

int status;

set_trig();

prg8254(TIME_DEV);

CONTROL_MODEI=0x49; /* ON MODE & SELECT 8243 SAMPLING */
CONTROL_MODE&=0xcf; /* SET RAM TO WRITE MODE */
if(run_mode==0)

CONTROL_MODE&=0x{b; /* SET NORMAL MODE ¥/
else

CONTROL_MODE!=0x04; /* SET RUN MODE *



outportb(CONTROL,CONTROL_MODE); /* RESET STAT
CONTROL_MODEI=0x10;
outportb(CONTROL,CONTROL_MODE); /* MEASURE STAT

for(;;)

status=inportb(PORT_STATUS);

status&=0x01;
if(status==0x01) break;
if(bioskey(1)=1)
{
Read_kbd ();
if (scancode==1)
{
FLAG=STOP;
break;
} .
if(scancode==77)
if (offset_time<4000)
offset_time-++;
if(scancode==75)
if(offset_ time=0)

offset_time--;

*

*/



prg8254(int n)

{

int devider=0;

int b[2];
outportb(COMMAND_PQRT,OxB);
devider=freq_div([n];
b[0]= devider &OxO00ff;
b{1]= devider >8;
outportb(TIME _PORT,b[0]);
outportb(TIME _PORT,b{1]);
}

/*
volt_step(int v)
{

int v_buffl,v_buff2,;
vy=v*100;
v_buff1=5000/128;
v_buff2=v/v_buffl;
return(v_buff2);
}
*
/*
Main program
*/

void main ()

{



prg8254(TIME_DEV);
Initg (;

show _ status();
Main_Window ();
closegraph ();

}

void Initg (void)
{
int a, g_driver,g_mode;

g_driver=9;
initgraph (&g_driver,1,""); /* Initialized */

maxx=getmaxx (); /* Get MAX_X ¥/
maxy=getmaxy (); /* Get MAX_ Y ¥/
setactivepage(1); |

settextstyle (SMALL_FONT,HORIZ_DIR,4);
setfillstyle (SOLID_FILL,11);

bar (0,0,200,10);

getimage (0,0,150,10,imagek);

size=imagesize (0,0,131,130);

image7=malloc(size);

if (image7==NULL)

exit (1);
size=imagesize(0,0,300,200);
image 14=malloc(size);
if (image14==NULL)

exit(1);



setfillstyle (SOLID_FILL,14);
bar (0,0,131,59);

getimage (0,0,131,59,image7);
setfillstyle (SOLID_FILL,7);
bar (0,0,131,11);

getimage (0,0,118,10,image0);
bar (0,0,102,11);

getimage (0,0,89,10,image);

cleardevice ();

setcolor (6); /*MENU 1 ¥
rectangle (0,0,129,57);

rectangle (0,0,130,58);

rectangle (0,0,131,58);

setcolor (6);

outtextxy (0,5, " LOAD FILES ");
outtextxy (0,17, " SAVE FILES ");
outtextxy (0,29, " CLEAR SCREEN");
outtextxy (0,41, " QUIT b
putimage (0,0,image7,1);

getimage (0,0,131,58,imagel);

cleardevice ();

setcolor (6); /* MENU 2 ¥
rectangle (0,0,129,21);

rectangle (0,0,130,21);

rectangle (0,0,131,21);

setcolor (6);

outtextxy (0,5, " ENTER TO STRAT");
putimage (0,0,image7,1);

getimage (0,0,131,22,image2);



cleardevice ();

/***3******3**************/

setcolor (6); /* MENU 3 ¥
rectangle (0,0,129,57);

rectangle (0,0,130,57);

rectangle (0,0,131,58);

setcolor (6);

outtextxy (0,5, " TIME/DIV ");
outtextxy (0,17, " MODE s
outtextxy (0,29, " SLOPE "
outtextxy (0,41, " LEVEL_TRIG "),
putimage (0,0,image,1);

getimage (0,0,131,58,image);

cleardevice ();

setcolor (6);  /* MENU S ¥/

rectangle (0,0,129,45);

rectangle (0,0,139,45);

rectangle (0,0,1'31,46);

cleardevice ();

setcolor (15); /¥ SCOPE BOX MONITOR ... 1...%/
setfilistyle (SOLID_FILL,0);

bar(0,0,500,200);

rectangle (0,0,500,128);

rectangle (0,0,501,129);

rectangle (0,0,502,129);

line (0,32+32,500,32+32);

line (250,0,250,128);

setlinestyle (USERBIT _LINE,0x0303,THICK _WIDTH);



line (0,32+32,500,32+32);
line (250,0,250,128);

setlinestyle (DOTTED_LINE,0,NORM_WIDTH);
x1=50;

for (a=9;a>0;a-- x1+=50)
line (x1,0,x1,128);

y1=32;
for (a=3;a>0;a--,y1+=32)

line(0,y1,500,y1);
size=imagesize (0,0,502,129);
image9=malloc(size);
if (image9==NULL)

{

closegraph ();

exit (1);

}
getimage (0,0,502,129,image9);
setlinestyle (SOLID_LINE,0,NORM_WIDTH);
cleardevice ();
setcolor (15); /¥ SCOPE BOX MONITOR ..... 1. ¥
setfilistyle (SOLID_FILL,1);
bar (0,0,600,32);
rectangle (0,0,600,12);
rectangle (0,0,601,13);
rectangle (0,0,602,13);
size=imagesize (0,0,602,13);
imagel0=malloc (size);

if (image10==NULL)



{
closegraph ();
exit (1);
}
getimage (0,0,602,13,image10);

setfillstyle (SOLID_FILL,15);

bar (0,0,512,120);

rectangle (0,0,512,120);

rectangle (0,0,513,121);

rectangle (0,0,514,121);

setlinestyle (SOLID_LINE,O,NQRM_WIDTH);
cleardevice ();

setfillstyle(SOLID_FILL,15);

bar (0,0,35,11);

getimage (0,0,55,11,image);

putimage (0,0,image, 1);

bar (0,0,maxx,10); /¥ GET IMAGE FOR MENU ¥/
getimage (0,0,maxx,10,image8);

cleardevice ();

setcolor(15);

outtextxy(0,0, " TRIG SOUR : Y

outtextxy(0,13,” TRIG MODE : ")
outtextxy(0,26,” TRIG LEVEL : "%
outtextxy(0,39,” TRIG SLOPE : "%
outtextxy(0,52," COUPLING : "%
outtextxy(0,65," TIME/DEVI : ")

outtextxy(0,78,” VOLT/DEBVI :2.5V ")

size=imagesize (039;200,95);



image12=malloc (size);
if (image12==NULL)
{
closegraph ();
exit (1);

}

getimage(0,0,200,95,image12);

cleardevice();

setactivepage(0);

/*
DISPLAY MENU ON SCREEN WITH 2 PAGE
AND MAIN MENU TO ACCRESS FUNCTION

void Main_Window (void)
{
Main_Winl ();
show_status();
setvisualpage(0);
setactivepage(1);
Main_Win1();
show _status();
setactivepage(0);
getimage (x,0,x+131,y+100,image7);

putimage (x,y,image,1);

*



X1=x+5;

yl=y+25;

/* set loop display bar menu */

for ;)
{
Read_kbd (); /* Get Key Board */
switch (scancode)

{
case 1: /*Bsc Key Press */

if (menuf==1)
{
menuf=0;
putimage (x,0,image,0);
putimage (X,y,image,1);

}

case 28 : /* Bnter */
if (menuf==0)
{
menuf=1;
putimage (x,y+20,point[count],0);
putimage (x1,y1,image0,1);
}
else

Bater ();

break;



case 77. /* Ringth Key Press */
if (count==2)

break;

putimage (x,0,image7,0);

count++;

xX+=52;

getimage (x,0,x+131,y+100,image7);
putimage(x,y,image,1);

idx+=2;

x1=x+5;

y1=y+25+(count1[idx]*12);

if (menuf==1)
{ )
putimage (x,y+20,point{count],0);
putimage (x1,yl,image0,1);
}

case 75: /* Left Key Press */
if (count==0)

break;

putimage (x,0,image7,0);

count--;

X-=52;

getimage (x,0,x+131,y+100,image7);
putimage (X,y,image, 1);

idx-=2;

X 1=x+5;



yl=y+25+(countl[idx]}*12);
if (menuf==1)
{
putimage (x,y+20,point{count],0);
putimage (x1,y1,image0,1);
}

break;

case 80: /* Down Key Press */

if (menuf==0)

break;

if (countlfidx]==countl[idx+1])
{
putimage (x1,y1,image,1);
yl=y+25; 3
countl[idx]=0;

putimage (x1,yl,image,1);

}
else
{
putimage (x1,yl,image,1);
yl+=12;
count1[idx]++;
putimage (x1,y1,image,1);
}
break;

case 72 /* Up Key Press */



if (menuf==0)
break;

if (countl[idx}==0)
{
pﬁtimage (x1,y1,image,1);
y1=y+25+(count1[idx+1]*12);
putimage (x1,y1,image,1);
}

else
{
putimage (x1,y1,image,1);
yl-=12;
count1[idx]--;
putimage (x1,yl,image,1);
}

break;
}/* END LOOP CASE ¥/
} /* END LOOP Key_Borad Recive ¥/
} /* End Function */
/*
Draw menu on sceen with active page

*
void Main_Winl (void)



int xloc,yloc;
if (GraphDriver==7)
{ setfillstyle INTERLEAVE_FILL,0);

bar (0,28 maxx,maxy-15); }

else
{ setfillstyle (SOLID_FILL,0);
bar (0,26,maxx,maxy-13); }
setcolor (6);
outtextxy (0,1," < - KMIT'L- >
DIGITAL STORAGE OSCILOSCOPE Version 1.0");
putimage (0,1,image8,1);
setcolor (15);
outtextxy (0,14," FILE  START SETUP *);
setcolor (14);
putimage(o,maxy-ll,.image&l);
setcolor (15);
rectangle (0,0,maxx,maxy);
rectangle (0,12,maxx,25);

rectangle (0,maxy-12,maxx,maxy);

putimage ((maxx-502)/2,35,image9,0);

putimage ((maxx-602)/2,35+134,image10,0);
putimage ((maxx-602)/2,35+154+132,image10,0);
setcolor (15);

outtextxy ((maxx-600)/2,30," S");

outtextxy ((maxx-600)/2,30+32,"2.5");



outtextxy ((maxx-600)/2,30+64," 0");
outtextxy ((maxx-600)/2,30+96,”-2.5");
outtextxy ((maxx-600)/2,30+127,"-5");

outtextxy((maxx-602)/2,35+134+1,"DIGITAL STORAGE OSCILOSCOPE");

show _ status()

{
int v1,v2,xloc,yloc;
xloc=(maxx-610)/2;
yloc=30+159;
setcolor(15);

rectangle(xloc+5,yloc-S,xloc+220tyloc+120);

putimage(20,200,image12,0);

yloc+=12;

xloc+=75;

gprintf(&xloc,&yloc,” %s”,t_sour{0]);

yloc+=2;

gprintf(8&xloc,&yloc,” %s”,t_mod[run_mode]);

v1=VTRIG/10;

v2=fmod(VTRIG,10);

yloc+=2;

gprintf(&xloc,&yloc,” %s",VTG[tg_inQex]);

yloc+=2;

if(SLOPE==NEGATIVE)
gprintf(&xloc,&yloc,” -");

else

gprintf(&xloc,&yloc,” +");



yloc+=2;

gprintf(&xloc,&yloc,” %s”,t_coup{ COUPLING]);
yloc+=2;

gprintf(&xloc,&yloc,” %s”",ctimediv[TIME_DEV]);
/*

yloc+=8;

gprintf(&xloc,&yloc,” COUPLING :");

setcolor (15);

*/

Read Keyboard function use bios function 16h.
Inline assembly.

g ;

void Read_kbd (void)

{
union REGS reg;
reg.h.ah=0;
int86(0x16,&reg,&reg);
scancode=reg.h.ah;

ascii=reg.h.al;

/*
Enter key press entry the other functions
*

void Enter (void)



{
/¥ int ab,c;*/

switch (count)

{

case 1.
putimage (x,O,image?,O);
FLAG=START;
for(;;){
ex_run(); .
Plot_screen ();
if(FLAG==STOP! run_mode==1)

break;

}
putimage (x,y,image,1);
putimage (x,y+20,point{count],0);
putimage (x1,y1,image0,1);
break;

case O: /* FILE SERVICE ¥/
File_Ser (;
break;

case 2:



Function to read data from A/D Convertor
Display on screen both EGA/VGA &HERCULIS Card.
¥/

void Plot_screen (void)

{

unsigned char b,ex;
unsigned int a,c,d,e;

float max,min;

setfillstyle (SOLID_FILL,11);
if (GraphDriver==7)
setcolor (0);
else
setcolor (15);
acpage=acpage *1; [* Set Active Page */
setactivepage (acpage);
putimage ((maxx-502)/2,35,image9,0);
d=(maxx-500)/2;
moveto (d,35+64); /* Plot On Screen */
a=offset_time+1;
max=-100;
min=100;
outportb( CONTROL,CONTROL._MODEI=0x20);
for (e=1;e<=500;e++,d++,a+=1 /*stept *))
{
c=35+128-peekb(0xd800,a);
lineto (d,c);
F

vipage=vipage*1; /* Set Visual Page */



setvisualpage (vipage);
getimage (x,0,x+131,y+100,image7);
setactivepage (acpage);

setcolor (15);

/* Files service routine as save,load,clear,quit
*
void File_Ser (void)

{

int a,c,d,e;

switch (countl[idx])
{

case O:

Get_Name (); /* Get Key ¥/

if (scancode==1) /* Esc Check */
break;

handle=_open(fname,O_RDWR);  /* Load File ¥

_read(handle,buffer,560);

_close(handle);

putimage (x,0,image7,0); /* Restore Screen ¥/

if (GraphDriver==7) [*Detect COLOR */
setcolor (0);

else

setcolor(15);

d=(maxx-500)/2;



moveto (d,35+64); ' /* Plot On Screen */

a=(0;
for (e=1;e<500;e++,d++)
{
c=35+128-bufferfe];
lineto (d,c); }

getimage (x,0,x-+131,y+100,image7);
putimage (X’Yoimageol);
putimage (x,y+20,point{count],0);

putimage (x1,y1,image0,1);

/* Save Screen Image */

break;
case 1:
Get_Name (); /* Get Key *
if (scancode==1) /* Bsc Key Check */
break;

for(e=0;e<1000;e++)
{buffer{e]=peekb(0xd800,e);
}
handle=_creat(fname,FA_ARCH);
_write(handle,buffer,60);

_closethandle);
break;

case 2:

putimage (x,0,image7,0);

/* Save File */



putimage ((maxx-SOZ)/2,35,image,0);
getimage (x,0,x+131,y+100,image);
putimage (x,y,image,1);

putimage (X,y+20,point{count],0);
putimage (x1,yl,image,1);

break;
case 3:

closegraph ();
printf("KMIT L\o\a");
exit(0);
}
}
/*
Get input from Keyboard press & display in graphics mode
i
void Get_Name (void)
{

int oum,x,y keyf;

setviewport (100,50,400,200,1); /* Adj View Port ¥/
getimage (0,0,299,100,image14);

setcolor(0);

setfillstyle (SOLID_FILL,11); /* Fill Menu *
bar (0,0,290,30);

outtextxy (0,11, * Enter name :");

rectangle (0,0,290,30);

rectangle (0,0,291,31);

rectangle (0,0,292,31);



setcolor (0);
mum=0;
x=13*6;
y=11;
keyf=0;

setcolor(0);

outtextxy (13*6,11,"_");

for G;}) [* Loop Key Check */

Read_kbd();

if (scancode==1) /* Bsc Key Press */
break;

if (scancode==28) /* Enter Key Press */
break;

if (ascii==0) f* Allow Key Press ¥/

continue;

if (scancode==14) /* Back Space Key Press */
{ if (oum!=0)

{ putimage (x,y,imagek,0);

num--;

fname[numj=0x5f;

fname[num-+1]=0;

outtextxy (13*6,11,fname);



continue; }}

else /* Save Data To Buffer */
{ if (num==20)

continue;

fmame[num]=ascii;

num-++;

fname[num]=0x5f;

fname[num-+1]=0;

putimage (x,y,imagek,0);

outtextxy (13¥6,11,fname);

keyf=1; }

if (keyf=0) /* No Key Press */

fname[oum]=0;

putimage (0,0,image14,0);
setviewport (0,0,maxx,maxy, 1);

}

/*
DISPLAY BUFFER ON SCREEN FUNCTION.
*
void Display (void)

{
int a,c,d,e;
switch (count1{idx])

{



case 1: /* Clear Buffer */

for (e+0;e<=500;e++)

buffer{e]=0;
putimage (x,0,image7,0);
putimage ((maxx-502)/2,35,image9,0);
getimage (x,O,x+i31,y+100,image7);
putimage (x,y,image,1);
putimage (x,y+20,point{count],0);
putimage (x1,yl,image0,1);
break;

case 0: /* Display Buffer */

if (GraphDriver==7) /* Detect Color ¥/
setcolor (0);

else
setcolor (1);

putimage (x,0,image7,0);

putimage ((maxx-502)/2,35,image9,0);

d=(maxx-500)/2;
moveto (d,35+64); /* Plot On Screen */
a=0;
for (e=1;e<=500;e++,d++,a++)
{
buffer[a]=04;
c=35+128-buffer{a];
lineto (d,c);
}



getimage (x,0,x+131,y+100,image7); /* Save Screen Image*/
putimage(x,y,image,1);

putimage (x,y+20,point[count],0);

putimage (x1,yl,image0,1);

break;

[* Setup function to setup system
*
void Setup (void)

static int x=5,y=28;
static int a=0;
switch(count1{idx])
{
case 1
nun_mode=run_mode”1;
break;

case 2:

if(SLOPE==NEGATIVE)
SLOPE=POSITIVE,
else
SLOPE=NEGATIVE;
break;

‘case 3:



setviewport (250,50,371,300,1);
getimage (0,0,121,150,image14);
setcolor(0);

setfillstyle (SOLID_FILL,11);
bar (0,0,100,150);

rectangle (0,0,100,150);
rectangle (0,0,101,169);
rectangle (0,0,102,169);
rectangle (0,0,102,22);
- outtextxy (0,10-2,” TRIG LEVEL");
outtextxy (0,30-2," +3.0V ");
outtextxy (0,42-2," +2.0V ");
outtextxy (0,54-2," +1.0V ");
outtextxy (0,66-2," +0.5V ");
outtextxy (0,78-2," 0.0V "),
outtextxy (0,90-2," -0.5V ");
outtextxy (0,102-2,” -1.0 V");
outtextxy (0,114-2," 2.0 V ");
outtextxy (0,126-2," -3.0 V");
if (a>8),

{



putimage(x,y,image4,1);

for (;})
{
Read_kbd ();
switch (scancode)
{
case 72: /* Up Key Press */
if(a=0)

a--;
putimage (X,y,image4,1);
y-=12;
putimage (x,y,imaged4,1);
}

break;

case 80: /* Down Key Press */
if (a!=8)

{

at+;

putimage (x,y,image4,1);

y+=12;

" putimage (x,y,image4,1);

}

break;

case 28:
trig=vt{a];

tg_index=a;



. break;

case 1:

if (scancode==1)
break;
if (scancode==28)
break;

putimage (0,0,image14,0);

setviewport (0,0,maxx,maxy,1);

break;

case 0:

setviewport (250,50,371,200,1);
getimage (0,0,121,150,image14);
setcolor(0);

setfillstyle (SOLID_FILIL,11);
bar (0,0,100,120);

rectangle (0,0,100,120);
rectangle (0,0,101,119);
rectangle (0,0,101,119);
rectangle (0,0,101,22);

outtextxy (0,10-2," TIME/DIV ");



outtextxy (0,30-2," 10-us ");
outtextxy (0,42-2," 20-us *);
outtextxy (0,54-2," 50-us ");
outtextxy (0,66-2," .1-ms ");
outtextxy (0,78-2," .2-ms ");
outtextxy (0,90-2," .5-ms ");
outtextxy (0,102-2," 1-ms”);

if (a>6);

putimage(x,y,image4,1);

for G33)
{
Read_kbd ();
switch (scancode)

{

case 72:  /* Up Key Press */

if(al=0)

a--;

putimage (x,y,image4,1);

y-=12;

putimage (x,y,image4,1);

}
break;



case 80: /* Down Key Press */
if (a!6)
{
a++;
putimage (x,y,image4,1);
y+=12;
putimage (x,y,image4,1);
}
break;

case 28:
TIME_DEV=g;
break;

case 1:

break;

if (scancode==1)

—— . Jbreak;
if (scancode==28)
break;
}
putimage (0,0,image14,0);

setviewport (0,0,maxx,maxy,1);



acpage=acpage*1;
show_status();
acpage=acpage”1;
show_status();

int gprintf( int *xloc, int *yloc, char *fmt, ... )

{

va_list argptr; /* Argument list pointer
char str{140]; /* Buffer to build sting into
int cat; /* Result of SPRINTF for return

va_start( argptr, fmt ); /* Initialize va_ functions

cnt = vsprintf( str, fmt, argptr ); /* prints string to buffer

*

Y

*

%)

v

outtextxy( *xloc, *yloc, str ); /* Send string in graphics mode */

*yloc += textheight( "H" ) + 2; /* Advance to next line */
va_end( argptr ); /* Close va_ functions */
returr;( cnt ); /* Return the conversion count */
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National
Semiconductor
Corporation

NMC61256N/NMC61256N-L 32,768 x 8-Bit Static RAM

General Description

The NMC51256N/NMCSE1256N-L is a 32,763 by 8-tit, new
generation static RAM. It is fabricated with National's pragri-
etary microCMOS double-polysilicon technology which cam-
bines high performance and high density with low gower
consumption and exceilent relfiability.

* The NMC§1256N/NMCE1258N-L operates with a single 5V

gower supply with £10% tolerance. Adcitional tadery
back-up operation is available (L version) for data retensen
down to 2V, with low stancby current.

Packaging is in standard 28-pin plastc OIP,

In acdition to the inputs and outputs being TTL compatitle,
the outputs are also CMOS compatible, in that capacitve
loads are driven to Vcg or Vss.

~

ADVANCED INFORMATION

Aprit 1687

Features
n Single power supply: SV =10%
u Fast access Yma 70 ns/100 as/120 ns max
= Equal access and cycle times
u Completely st2tic RAM: no clock or timing st’ote
required
u Low stancby power and low power operaticn
Standby: SO pW, tycical
Operation: 10 mV//MHz, tygical
x Batiery back-up ogeration available (L versian) with
data retention supgly veitage: 2v-5.5%
x Common cata ingut and output, TRI-STATE? cutput
x T7L compatible: all inputs and outputs

® COS compaticle: cutputs drive capacitive leads to

Vco or Vss
x Stancard 28-pin package configuration -

Block and Connection Diagrams

Dual-In-Line Package

1 - 4 1 e (W, nl—w:
i | 1T 0 54 1
e o ] —_— Ve all;
aooagss | . | aow o | meworv auar 1 s
. NPT 3 DECICE . 128x312 O Yy 8.4 FIY T
% Jrpms g b 2y
[ ],,,‘ M s e AL
o . JUpng) n— 3
. o | caemx ' . eI ] L et
A o | deeze: | . seec? M3 o2
-_T —4 r—_
A0 a==g 3 18 b 173
- -
],,.l W3 =1t 13—ty
Sata vz —u ST tsCy
WPILICLTP
| seresirn vH —4n 18—ty
v
T l--ol Vo3 =itz - 18 b 172,
cup AZCRESS
- ! L —
a saueet I o SN Urss e Lrresia
w b e e e - Top View
I — READ/WATE . Orcder Number NMCE3235N¢r
NMC35128EN-L
BT T E See NS Package Numter NI3A
Order - . o= - I ’
Number NMCS1258N-70L]NMCS 1255N-70| NMC5 125N~ 1COLINMCS 1256N- 1C0I NMCS 1285N-120L NMC5 1258N-122
Parameter .
Access '
7 = 10 12 } 23
Time (n3) 70 70 132 i ] ' 120
lcc Stancly, za l
250 o - 380 =A mA £C0 pA oA
e 500 A 2mA 20 A 2mA 20 A [ 24




Absolute Maximum Ratings

Recommended DC Operating

If Military/Aerospace speciiled devices are required, Conditions
contact the Natlonal Semiconductor Sales Office/ Min Max Units
Distributors for availabliity and specliications. Veg Supply Voltage 45 5.3 v
Voltage on Any Pin Ralative to Vgs —0.6Vio +7V Vss Supply Voltage 0 0 v
Sterage Tempaeratura, Tg7g ~23'Ctlo +125°C Vi, Ingut High' Veltage
Temperature Under Bias, Tgas -~10°Clo +85°C (L_cgic 1
Power Cissipation, P 1.0 c':".:'os v ',.zf 0z v __sf oz \$
Current Through Any Pin 100 mA o v cc cc 0
ESO rating to be determined. /n. Ingut Low Voltags
(Legic )
s -0.3 Q0.8 v
MQOS -03 0.2 v
Tera, Cperating Temp 0 70 'C
DC Electrical Characteristics atrecommerces ccerating cenciticns
Symbol Parameter Cenditions Min Max Units’
Iy Incut Leakage Current Visg = Vg5 Ve -2 2 A
o Qutput Leakage Current TS CE = iy -2 2 2A
Vivg = Ves o Ves )
Ics Active Quiescent Current, TTL All Inguts 2t TTL Levels "
TS = Vi TTL Iyg = 0 A 25 mA
|/ Std. Active Cuiescent Current, CMOS Al Inguts 28 CMOS Levels 2 mA
L h T3 = Vu CMOS, g = 0 mA cco A
lecy ~ Avérage Operating Currant, TTL TRC ™ Tac Min
T3 = Tk lyg = OmA 20 mA
Alll=zuis 20 Tl Lavels
Average Cperaling Cumrent, CMOS Tac = VagMin
T3 =V, villyg = CmA 30 A
Aillrsuts 20 CLICS Levels
Is3 Sic. Standby Power Supply Current [ R ¥ 2 ] mA
v g = STA 2 | =A
Is31 | Std. | Stanchy Power Sugply Current T3 = V., SMCS | 2 | @A
L 3¢o =A
Vcu Qutput Lew Veltaga, TTL | loy = 372 | Q.4 \
Cutzut Low Vcltage, CHCS log = =10 =A | -02 62 | w
Vo Cutcut High Veitage; TTL oy = —2=A | 2.4 Y
Qutout Hign Veltage, CMCS I loq = =10 z2A ] Voo — 0.2 Voo + 0.2 v
Capacitance
Symbel I Parameler l Cenditions i Max | Units
Ciy | Input Cazaciance ] g = SV (Nate 5) | 3 i -z
Cio | inout/Cuicut Cazacitanca I oo w SV (Net2 3 ! s : =F
Truth Table
Moce | WE | S5 i 22T wo | 6..'.':"'1 :
o G ot " ;
el I R R R e ) I
CummutCisadted | K | L i 5 | #2Z | icat i
fead LA b vt b b Cour | teates: |
Writa I L ] Lo S ; lnz, nge ;

e = Contewre (M av L H = Lage MIGH Laver,

- L3 LT Lavel




AC Electrical Characteristics” (e 1)

NMCE1256N/NMCE1258N-L
Symbat Parameter 70 =100 i -120 Urits
Min | Max | Min | Max | Min | Max .}

READ CYCLE (Note ¢) ,

tac Read Cycla Time 70 | | 1c0 120 | | =as
tas Address Accass Time 79 | 10 | 120 ns
o Chip Selection (C3) to Cutout Valid 70 | 100 | 120 as
ez Outout Enable (OF) to Qutcut Valid | ] 0 | 20 &0 ns
by Chip Selection (C3) to Outout Active (Note 13) I 15 | [RE 15 .. as
oLz Cutout Enable (OF) to Output Active (Note 13) | s | | s "5 | as
ez Chip Deselection (CS) to Cutputin Hi-Z (Notas 2 anc 3) 0 a0 | o 35 [¢] 20 ns
oMz Qutput Oisable (TE) to Cutcut in Hi-Z (Notas 2 and 3) 0 A ) a5 0 20 ns
cHA Output Hold from Address Change | s | 10 10 | as
WRITE CYCLE

e Write Cyclé Time | 70 | . | ico | 120 | as
ot Chip Selection (T3) to Ead of Writa (Nete 3C) | 80 | | 20 85 | ns
tas Address Setun Time (Note 7) 1 o ) 1o o | ns
taw Adcress Valid to End of Write | &0 | |- z0 as | s
barp | write Pulse Width (Note 6) i <0 | [ 70 | P
‘WA Vrite Recovery Time from C3 (Nore 8) | o | o o |} ns
twhz Beginning of Write to Quicutin Hi-Z {Ncte &) o) 25 | o s 0 0 | as
low Data Valid io Write Time Cverlao | 20 | 35 49 | as
ton Data Hold from End ot Write | o | o ] | as
tenz Qutgut Cisadle (OF) to Cutsut in Hi-Z | o 25 | o 35 o} Q0 | =as
L Outout Active from Snd et Write 10 | o | I o | | ns
*Accties to Stancarg and L Yersicns.

Note 1: AC test concitions Ta = °C o #7868, Yes = 5V 210%. -

Hote T 4z And "oz 18 Cafined as e Sme at whch 9 CUTULS ACTLEVE N8 SCen ST ien e are as:

High 10 TRI-STATE, measured Ycu () ~ Qiey
Law 13 TRI-STATE. measured Yoy {CC + 0.33V
Note 3: A any Given temg ana vorage N, ez A IS €3S 133 %3 upe SC 10F 3 5¥EN SeviCe AT TM COVICE 1g Cavics (Guaraninec not tesiech,

Note 4: WE is hign lcr read C/cie.

Hote §: Ty = 25°C. [ = 1.0 MRz This parameter i3 samcted and rct 1007 tasiec,

Mote 6: A wiile ocsurs cunng he avenag (fwe) ¢t 3 ‘v T3 anc alew WS,

Note 7: tag is measured ircm 1@ accress changes W e Segrung o Tie wrile.

Nole 5: twa i3 measured fem e eariest of T3 of WE s2wg £iGN 13 16 enc 3t Te wrzs Sycle.

Note 3: 1t T3 is 'ow curing Dis sanod, I7C Zins re ‘a D18 oultut 321%0. Al Tug tTe, e 2and ingut SCraIS Cf $SSCHE SrAse 0 T8 SULTUIS WS Cl S8 13T G

Note 10: 1t he T3 tow ¥ cceurs Y wi) e WE ‘C TRRNCA of azter e WE Tans0c. e Uy wal remain 0 2 mD sl
Note 112 Cutout acsve laver 3 S8inad as $:0aCy 15352 TRIESTATE "evas 2 00, ¥
AC Test Conditions

Inzut pulse levels: Vi = 3LV, V=
lnput rise and fall imes:

Tt oan

Allinput Sming reference levels: 2
Cutput timing reference levels:  Vgu = 2.0V, Vo = C.2V

TLTSnLr-3



' Timing Waveforms

Write Cycle 1(OE Clocked)
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Timing Waveforms (Contnued)

Read Cycle (WE = Vi)
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Low V¢ Data Retention g varsien)

Symbol Parameter l Condltions Min Max Units
Ven Vg lor Data Retenten | TE>vu.CMCS 20 5.5 v
lcezr Data Retenticn Current Veo = 2V .

TS > Vi, CMCS 1 BA
R | Chip Caeselec: lo Cata fstenicn Timse Sae Aatenticn Wavelcem 0 ns
ta | Cceralion Reccvery Time S0 Retenticn Wavelcrm tac ns

Low V¢ Data Retention Waveform

---; e } 24T RETXTION NCOE S
Yoo -—————J ! )
v L -
4.3y 1 X v
. 4 \ f %,
Ton f AW 7 N\

T = ¥y OMCS




. A hlgh pertormance devlce featurlng pln and

functional compatlhlllty with the lndustry

= standard 8254 S e T
Suppons aoaslaa and 801 86/1 88 mlcro- SR
prCQSSOfS . .-

+ High Speed: zero walt slate 10 MHz and’'8 MHz
versions avallable . 9

Low power CcMOS lmplementaﬂon ~

TTL lnputloutput compatibliity . ’

? Compatlble with 8080/85 , 8086/88, 80286/386

. and 68000 uP 1amilles

igure 1 : CA82C54'BLOCK DIAGRAM 7

e seerelay

The CA82054'is a oounter/ﬁmer’d/evrce ihat- mcludes
complete’ pin and. functional compatibility wrth the industry

+standard 8254, Designed for fast 10 MHz aperation, it has

three independently programmable 16 bit counters and six -

4 'programmable countermodes. Countmg can be performed :

in-both binary and BCO lcrmats

S u

" The CAB82Cs54 oﬁers avery ﬂexfoler hardware soluuon 1o the

generation of accurate time delays in microprocessor

- systems. Ageneral purpose, mum-tlmmg element, tcanbe

used to implement event counters, elapsed time indicators, -
waveform generators plus a host of cther functions

4k The low power consumptnon of the CA82CS4 makes it

ideally suited to port.able systems or lhose wnh low power

Fully ‘statlc operat!on : ; standby modes., \: . » - 1.
. Threq Independent 16.blt counters * Al N H
Pt 5 ' iy |
s. Slx programmable counter modes Y ) N
: Status read-back command’ S . o-‘: X X
: 2 . - \
¢ Binary or BCD counting 8 859SER ..
' - A . gooonnng o
. SR A .-
. . o os s " osONC
* h SN 16542 03 (s / LTS
) ., . . 1 PGS '02 C 3 " Y 4 o n :j 'Af.'.‘
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PIN CONFIGURATIONS




Symbol Pins Type Name snd Function A —'_'i
PLCC oPIP
Ag. Aq 22,23 19, 20 1 Address: These two address ;ns are used to select the Control Word Regrs.eﬁﬁ:r
read or write operations), or one of tha three Counters. They are normally connected!
to ihe system address bus.
Ay Ay Selects:
- 0 0 Counter 0
o] 1 Counter 1
1 0 Counter 2
1 1 Control Word Register
ClX 0 10 9 } Clock 0: Clock input of Counter 0., N
CLK 1 18 15 | Clock 1: Cleck input of Counter 1. ‘ -
TLK 2 21 18 ] Clock 2: Clock Input of Counter 2. TN
cs 24 21 ! Chip Select: Active LOW control signal to enable the CAB2CS4 o respand o RD
and WA signals. Il CS is not LOW, RD and WR are ignored.

D;-Dg ! 2-9 1- e 10 Data: Bi-cirectional 3-state data bus lines, ccnnected 1o system data bus.

GATE O 13 11 { Gate 0: Gate u-pul of Coumer 0. ; Wil pR

GATE 1 17 14 | Gate 1: Gatle input olCoumerl YA,

GATE 2 19 16 ! Gate 2: Gate input of Counter 2. “Ya !
QuTO 12 10 o] Output 0: Oulpul of Ceunter 0. ll
ouUT 1 16 13 Q Qutput 1: Cutout of Counter 1.
ouT2 20 17 ; (@) Qutput 2: Cutput of Counter 2. i

RO 25 22 ! Read Control: Active LOW cantroi signal used ia enable the CABZCSH lor readi
cperations by the CPU. i

Voo 28 24 - _Power: 5v % 10% OC Sucply

Vss 14 12 - Ground: Cv

WR 27 23 } Vrite Control: Active LOW cantro! signalusad o enable the CA8<C=4 lobe ~nnerl
to by lhe C uU.
FUNCTIONAL DESCRIPTICN

The CA82C54 is a versatile programmable intervai timer/  Data Bus Buffer Bleck .

counter designed for use in high speed 8, 16 and 32-tit
micrcprocessor systems. It provides a means of generating
accurate lime delays in hardware that is fully scfiware
configurable. Itcan be treated as an array of VO perts, with

minimal software overhead.

The internal structure of the CA82C54 is illusirated in the 1 he readiwrile logic block cenerstes internal contre! signais
block diagram of Figure 1. Major functional blocks inciuce a ler the dillerent functional tlccks using acdress and contrct .
data bus butfer, readAwrite logic, control wotd register, ang  informaticn obtained irom the system. The aclive LOV/
three programmable counters.

The 8-bil. 3-state data bus buffer provides conircilable,
bi-directional intedzace between the CA8ZCS4 znc the
micrcorocessor sysiem bus.

Read/¥/rite Logic Block

signals; C$, RD and WR are used lo select the CA82054



Newbridge Microsystems

CA82C54

for operation, read a counter, and write to a counter (or the
control word register) respectively. CS mustbe LOW for RO
or WA lo be recognized. Note that HD and WR must NOT
be active at the same lime.

The inputs Aq and A, are used to select the control word
register, or one of the three counters that is to be written to
orread from (see Table 1). Ajand A, connectdirecty to the
corresponding signals of the micreprocessor address bus,
while CS is derived from the address bus using either a
linear select method, or an address-decoder device.

Control Word Register

The control word register is a write only register that is
selected by the read/write logic block when Ajand A, = 1.
When CS and WR are LOW, data is written mto the
CAB82C54 control word register from the CPU via the data
bus buffer, Control werd data is interpreted as a number of
ditterent commands which are used o program the various
device functions. For example, status informaticn is avail-
able with the Read-Back Command. These are discussed
further in the section cn programming.

Counter Blocks

The CA82CS4 contains three identical, indepencent coun-
ter blocks. Each counter provides the same funcuens, but
canbe programmed to operate indifferent meaes sefative to
each other. A typical CAB2CS4 counter is illusirated in
Figure 3, and contains the following functicnal elements:
control logic, counter, output latches, count regisiers and
status register.

The Control Logicprovides ihe interace tetween the coun-
ter proper, the program instructions contained in the control
word register and the external signals CLK n, GATE n and
OQUT n. It also keeps the status register infcrmation current,
controls the access of OL and CA 1o the intsrnal data bus,
and the loading of CE from the CR registers.

The Counter proger {shcwn in the Figure 3 as CE, fer
counting element) is a 16-bitpreseltable synchrcnous down
ccunter.

The Output Latches {shown as QL,, and Gl provide a
mechanism whereby the CPU canread the currentcontents
of the CE. These two 8-tit laiches (M lar mest signiticant
byte and L for least significant byte) together form a 16-bit
latch capable of holding the complele centents cf the CE.
Note that this arrangement is also convenient for comnuni-
cating 16-bit values over the 8-bil internal cata tus.

During normal operation, tha contents of CL track wiih the
cantents of CE. When a Ccunter Latch Commang is issued
by the CPU to a particular counter, its OL laiches the current

value of CE sothatitcanbereadby the CPU {the CE cannot
be read directly). OL then returns to tracking with CE. Note
that only one latch (OL,; foflowed by OL;) at a time is
enabled by the counter's control logic.

The Count Registers (shown as CR,, and CR, ) behave as
input latches to the CE, and provide a mechanism whereby
the initial count value can be downloaded from the CPU to
the CE. Similar in operation to OL, CR is controlled by the
counter controt logic. When a two byte initial count is to be
downloaded, itis transierred one byte at a time across the
internal CAB2CS54 databus tothe appropnate register {CR,,
if the most significant byte, CA__atherwise). CEisloaded by
rransterring both bytes simuitaneousty from CR. Note that
CRis the interface between CE and the data bus, since CE
cannot be accessed directly. .

Both CR,, and CR, are cleared automatically when the
counter is programmed and a new initial count is to be
written. Thus, regardless of the counter’s previous pro-
gramming, both CR bytes will be initialized to a known zero
state. This is important in the case where one byte counts
are orogrammed (either most significant or least significant
byte), so that the unused byte is always zero, and wont
corrupt the inital count value loaded into CE.

The Status Register and Latch is used 1o hold the cutrent
contents ol the controt word register 2nd the status of the
cutput and null count flag (see section gn Programming).
The contents of ihe.stalus register must be laiched to
beccme available 1o the data bus, where they can be reza
by the CPU.

Note that the Control Word Register is also shown in the
Counter block diagram. While not a pan of the ccunter
groger, ils contents datermine the {unctional eperaticn ¢f
the counter, including mode selecticns pregrammed.

A
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Figure 3 : BLOCK DIAGRAM of a COUNTER
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Table 2 .. AC CHARACTERISTICS (T, =—40° to +85°C, Vg = 5V £ 10%, V¢¢ = 0V) Bus Parameters’

s

Symbol |- Parameter Test Limits (8 MHz) l Limits (10 MHz) "Units
e S e -—~===1 "Condltions Min Max | Min Max
o . Data delay from acdress & o220 - 185 ns
Lia Address stable before RD@ FENEE 20 - ns
taw - Address stable before WAD 0/ o 0 - ns
oL CLK setup for count latch —40 a5 ~0 | 40 ns
i e Clock period ! ’ 125. | Dbc 100 | oC ns
“log RD= lo data floating | 5 1 e0 5 65 ns
tow Data setup lime before WR= 120 - 95 - ns
te Clock fall time - -3 : 25 ns
GH Gate hold time afler CLK= I Note 2 50 - 50 - ns
oL Gate width low | & . 20 - ns
tgs Gate selup lime to CLK= i 50 - l 40 E ns
tow Gale width high : sq - | 50 - as
tco Output delay from CLKO PO - 150 ; . 100 | ns
tooa Output deiay from Gate® i r ] - 120 ; - 100 ns
town High pulse width i Note 3 | - 80 - 30 - ns
towt _ Low pulse width . i Note3 | 60 - 50 - ns
ta Clock rise lime - 25 - | 2 ns
tra Address hold time after RG= ! 0 - : o | - ns
tan Data delay from R0@ - 120 | - 8 | os j
tra RO puise width ) 150 - 95 - b as
tay Command recovery lime g 200 | - 165 . i ns |
tsa CS stable before AT o} - i o0 - Y ns
tew CS stable telore WRO . oo - ¢ o i -1 s
Yeea Address hold time WR= : 0 < o - booes
e — | ClKceiay forioacing 0 55 8 i 55 : as
o Data hold time atter WA= boooo - o i - ©ms
bva Gate delay lor sampling ; -5 ] ¢ : -5 | 4 ; ns
two QUT delay lrom Mace Wrte | - | 20 ! - 1 20 1 rs
aw WH pulse width : j o0 | - ¢ es 1 -7 =as

Notes: 1. AC limings measured at Vo = 2.0V, Vo =08V

2. InModes 1 and 5 trggers are sampled cn each rising cock edge. A secsnd trigger within 120 ns of tre rising
clock edge may not be ceteciec. (70 ns lor CABZCS4-10).

3. Low-going giitches that viclzia Loya; teyw May Cause errcrs reguiring counier repregramming.
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Figure 4 : TIMING DIAGRAMS
a) Write Timing *
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Table 3 : DC CHARACTERISTICS (T, =—40°C 1o +85°C, V , = 5V £ 10%, V,, = 0V)

Symbol Parameter Test Limits Units
. Conditions Min Max
loo Voo Supply Current CLK Freq = 5 MHz, CA82C54~5
CLX Freq = 8 MHz, CAB2C54-8 . 20 mA
CLK Freq = 10 MHz, CA82C54~10 :
looss | Voo Standdy Supply Current ClX Freq = DC, CS = HIGH - 10 pA
) All inputs/data bus = HIGH
All outputs floating
loosar * | Voo Standby Supply Current CLX Freq = OC, T3 = HIGH - 150 BA
] All cther inputs, outputs, o . N
. VO plus floating .
LW Input Load Current Vo = Vpolo0V - +20 HA
lorL Output Fioat Leakage Veur = Voo 10 0.45V . +10 pA
Vs Input High Voltage 20 Vgo + 0.5V v
Vi Input Low Vollage 4.5 0.8 v
Vou Qutput High Voltage ‘ loyy = -4COpA Vpg = 0.4V . ! v
| low = -25mA 30| - ]V
Vou Output Low Voitage | oy = 2.3mMA e | 0.4 i v
Table 4 : CAPACITANCE (T, = 25 °C, V= GND = 0V)
Symbol Parameter | -Test Umits Units '
| % Conditions Min Max '
Cwn Input Capacitance ' FREQ = 1 MHZ i . 10 pF '
Cvo VQ Capacitance i Unmeasured pins - | 20 pF !
Cour Output Capacitarice raturned lo Vg - 20 pF !

Table 5 : RECOMMENDED OPERATING CONDITIONS

QOperating Vcitage Range | «4.010 +5.0 Veils
Operating Temperature Range 2 Commaercial ! 9°C lo +70°C
: Incustrial ! —10°C lo +85°C
Miftary i | -55°C'l0 +125°C

Table 6 : ABSOLUTE MAXIMUM RATINGS

v

Amacient emperature Under Bias ! 0°Cwi70°C
Storage Temperature ! -35°C o +120°C
Voitage on Any Pin with Raspect to Ground - - = ~0.5Vto -7V
Power Dissipation 1 Wan

Stresses beyond those listed above may cause permanent damage 1o the devica. These are siress ralings crly, and funcicral
operaticn of the device at these or any other conditicrs Seyond those incicated in the operational seciicns of this specificaticn is net
implied. Exposure lo maximum raling conditions for extanded pericds may atiect device reliability.
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CAB2C54

PROGRAMMING

Whaen installed in microprocessor systems the CA82C54
Programmable Interval Timer appears to the system soft-
ware as an array of perpheral VO ports, namely: three
counters, and a control register for MODE programming.

After power-up, the state of the CAB2CS4 is undelined.
Thus, the mode, the count value and the output of all the
counters are undefined. The subsequent operation of each
counter is determined when it is programmed. and each

countermust be programmed before it can be used. Unused .

counters need not be programmed. <

Counters are programmed by writing a Control Word and
then an initial count value for the counter in question. All
Control Words are written into the Control Word Register,
whichis selectedwhen A, Ay = 11. The Centrol Word itself
specifies which counter is being programmed. [t is illus-
trated in Figure 7.

By contrast, initial counts are written into the counters, not
the Control Word Register. A,, Aq inpuls are used to select
the counter to be written into. The format ¢l the initial count
is determined by the Control Word used. -

A number of commands are availztle to the user which
allow access tothe programmable feztures cf the CA82CS4.
These are described in detail below.

Sy O 9% % N 0y I 5y

[ o] e [ o ]

|

A

3 | 2NARY COANTEACE 4TS i

, | EAY To0E5 DB WAL 5o
Commaucimien |

?

HEEEREEEE 1
ENEEEET 1
X |1 |0 | MCCER ]
Fy 1 1oy WOCEd ]
IERERE::T .
1] 0 | 3 | MCCES !

3 ] 0 | CCUNTER LATOH COMMAND lise REAS S3ZIATCASI
3§t | REACWRITE LEAST SGRFCAHTIYTE SrLY )
1 | 3 | REAC'ARITE MCST SIGRFCANTIYTECRLY
1 | 1 | REAGWRITE LEAST SGIFIANTIYIE FAST,
THEN UCST SGMRCANT §YTE
@ [ 0 ] SSLECTCOUNTERS t
9 | 1 | SELiC:CCUNIZA1 }
1} 0 | SELECTCOUMIEAR |
1 | 1 | READ- BACK COMMAND tsee AEAD CFERATICHS,)

Figure 7 : CONTROL WORD FORMAT

Write Operations

Programming for the CAB2CS4 is very tlexible, and requires
that only t4o conventions be followed:

» For each Counter, the Control Word must be written
before the initial count is written.

- The initial count mustfollaw the count format specifiedin
" the Conirol Word (least significant byle only, most
significant byte only, or least significant byte and then
most significant byte).

. Since the Control Word Ragister and the three Counters

have Separate addresses (selected by the AL Aqinputs), and
each Control Word specifies the Counter it applies to (SCO,
SC1 bits}), no special instruction sequence is required. Any
pmgrammmg sequence that follows the conventions above

is acceptable.

A new initial count may be written ta a Counter at any time
vithout affecting the Ccounter's programmed Mode in any
way. Counting will be affected as dascribed in the Mod2
definitions. The new count must follcw the programmed
count format.

it a Counter is programmed to reaciwrite 2-byte counts, the
tollowing precaution applies: a program must not ranstar
control (between ‘writing the first and second tyte) o
another routine which also writes into the same Counter.
Ctherwise, the Counter will be loaded with an incerrect
count.

>

| Exampiej Step |
K

Operation

Cantrol Worg-Ccunter 0
LS8 of czunt-Counter 0
MS8 cf count-Counter 0
! Contrel Ward-Counter 1
! LS8 of count-Counter 1
: MSB of count-Counter 1
Controt Werd-Counter 2
LS8 of count-Ceunter 2
MS3 of count-Counter 2
Contrcl Word-Countar 1
Control Word-Counter 0
LS3 of count-Caunter 1
Centrol Ward-Counier 2
1 LSBofcount-Counter 0 |
| MSB of count-Counter 1
LS8 of count-Counter2 !
MS8 of count-Caunter 0 - §
| MSBotccunt-Ceunter2 |

Qc.c..,-()-....,..-c,”....-...oc...J’

e s mree s e | o

O OO A Ceretlot s d OO = QO =

i
i
;
i
i

OO ~NDO W LN O M@~ b DN =

Mota:  Inboth examples, ail counters are programmed 12 razc’
wiite 2-byte counts. These are two ¢t many progrzm-

ming saguences.

Figure 8 : SAMPLE PROGRAMMING SEQUEMNCES
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: TheRead;éackCommandmayaBobaixsedtolatchstams e ol

+information of selected. counter(s) by setting'bit O =0+ el e - ’
* (STATUSY). Status must be latched to be read; as coumar FT ] = l"‘"" Lc'"'lc": 2 k"’fl e 1 ]

statuals obtamed by a read from that counter:

Base Conditions: ;-I..~
The “counter status format is shown'in F')gure 11 an Ds oA Agm11e. Dg

Om Lalch count of selec‘ed countsr(s)
through Do contain the counter's programmed Mode exactly

as written in the last Mode Control Ward. OUTPUT bit D, "C5=0 * Dy 0=Latchstansof Sma_d w"“ws)

contains the current state of the OUT pin. This allows the  ~*A0=1"- Dy 1 Select Counter 2" -
* uyserto momtorcounteroutputvna 'software, mus ehmmanng “WR=0- oy D, 1= Select Counter 1

some hardware from a systemi.” - oL : g D‘ 1 = Select Counter 0

NULL COUNT bit Dg indicates when the last countwrmen to

the Coumer Register (CA) has been loacded into the count- Flgure 19« READ—BACK COMMAND FOHMAT

mgelement {CE). The exacttime this happens depends on ;_ D7 . Og '-05 . n.'- o,

the Mode of the counter and is  described in the Mode - - .- - {oueur| N fawr {awo | w2 | 1 | w0 ]

Definitions. .Until- the -count is loaded into the counting r l““’“l [ Lm
_ element (CE), it can't be read from the eounter. lfthe count . Y .' 1 l

. is latched or read before this'time, the count value will not
. reflect the new count just written. The operatmn of Null \ =L, *

Countis shown in Figure t2. . . LAY . Ve VA 6 - -

1-7 Nux.v.coum. B B 1

[ccumea PFIOGRAMMED MOOE (ses Figurs §) |

it mumple status latch operations of the wunler(s) are
- performed without readmg the status, all but the first are

18 "0 | COUNT AVARABLEFORREADNG - - ] .

xgnored. That is, the status that will be rezad is the status of [ Jomeesi ]
~thecounteratthatimethefirststatus Read—BackCommand . o | ouTewiso ; j

 was issued. Figure 11 ; STATUS BYTE -

Both count and status ot the selected wunter(s) maybe Jeente ]t - “ L e e
latched simultaneously by setting both COUNT afid STA- : a e

TUS bits D, D, = 0. Thisis functionally the same asissuing - - This Action: .| Causes: |

two separate Read—aack Commands at oncs, and the *1 A} Writs to the controt word regtsxer‘

A Null Count = §
*above discussions apply here also, Spectiically, if mUIUpIe -

ti : T
" .count and/or status Read—Back Commands are issyed to - | 5| Wite 1a the count registar (CR)® — - |Nut Count = 1

thé same counter(s) without any intervening reads, all but C| New count is loaded inta CE (CR Z£CE) lNuu Ceurt=0

Notes R

. 1. Cnly the countsr specified by the control word will hava its
. 3 . ot null count set = ‘1. Null counts of other counters ar@
- © Wy t .unatfected. .~ . -
R g e o TN 2 If the counter is programmed for two-byta counts ('aas‘

* the first are ignored. This is nl_lustrated inTable 7.°

| when seccnd byts is written .

ceee e SR _— sigmﬂcantbytathenmos:sxgmﬁcambyxe) nul count geas 10

_ Table 7 : READ-BACK COMMAND EXAMPLE { Flgure 123 NULL coum OPERATION
- Command De;f:ripllon .0 - Result G 5 Commaqd Word .d. |
o Lo 1 . . . |P7]Ps|Ds|D.|Ds|Ds; D10
;| Read back count and status of Counter 0 - Count and status laiched for Counter 0 t]1j0}j0j0]0},1 ;0
Read back status of Counter 1 . - - | Status latched for Ccunter 1+ .. 11}t jojo}t]oiog
% | Read back status of Counters 2,1 * ~ Status lawched for Counter 2 0nly .- - .1, ] 1 | 1 } O |1 ]3]0 0}
Read bagkccunlol Counter 2. . .-] Count latched for Counter 2 11101 jvio o0 i
.| Read back count and status of Counter 1", | Count latched ‘orCounleM o ettt jopiogd g
T s s L | btootstans .- R A B | =i
Raac.i‘baf:ks:atps ?l Counter1 - - .Cf)qlmgf:di_gmrgd. status already frjvjriojojogpviaod
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5.
. Tha followmg operanons are common to all modes
Control Word' Whén aControl Wordiswrittento aCounter,.
" all Corttrol Logic is Reset, and QUT is lﬂrbalized to aknown
i state No CLK pulsesare needed

Gate The GATEmput is alvlays sampled cnthe nsmg edge

ACART A el hdha RATE inmaif e louel .3

CA82C54

OPERAT!ONAL DESCRIP’HON

. .
et -

S Counter'Newcountsaxaloaded wxmthelarges&posslbla M

mmal count bemg zerc (0) equwa!ent to 2'¢ for bmary

countmg and 0 for BCD counting, asin.Table 8.-

Counters decremented on the. fallmg edga of CLK do nat -
stop when they reach zero: In Modes.0, 1, 4, and § the
i* Pavintare wran arnnnd to.tha hichest count (either FFFF -

Newbridge Microsystems

Read Operatlons

It is often desirable to read the value of a counter without
disturbing the count in progress, a procedue easily accom-
plished in the CA82C54.

There are three possible methods for readiog the counters.
The first is through the Read~Back Command. The second
is & simple read operation of the counter, which is selected
with the A,, A, inputs. The only requirement is that the CLK
input of the selected counter must be inhibited by using
eitherthe GATE input or externallogic: or the count must first
be latched. Otherwise, the count may be in process of
changing when it is read, giving an undefined result. The
third method invotves a special software command called
the Counter Latch Command, described in more datail
below.

Counter Latch Command

The Counter LatchCommand, like a Centrol Word, iswritten
to the Contraol Word Register, which is selected when A,
A, = 11, Also like a Control Word, the SCQ, SC1 bits select
one of the three Counters, but two other Eits, Ogand D,,
distinguish this command from a Cantrel Werd.

The selected counter's output latch (OL) lztches the caunt
at the lime the Counter Latch Command is received. This
countis held in the latch untit it is read by the CPU (or until
the counter is reprogrammed). The ccuntis then unlatched
automatically and the OU returns to fcllowing the ccunting
element (CE). This allows raading the contents of the
Counters on the fly without affecting counting in progress.
Muitiple Counter Latch Commands may te used to latch
more than onecounter. Each latched Counters CL holds its
count untilitis read. Counter Latch Commands do not affect
the programmed Mode of the counter in any way.

T T

el o]

Base Conditions:

c AA =t l

«RD=1

«+ CS=a0 3 19 jeoeunias i
3 11 ICQUNTEA
v 1 ¢ [crntEar

- WR=0 1o} 1 JREAD. 3ACK CMAND

SC1, SCO - specify counter to be latched

0,. D, - 00 designales Counter Latch Command

X - don’t care

Note: Don't care bits (X) should be 0 to insure compatitility
with future Newbridge Microsystem pracuc:s.

Figure 9 : COUNTER LATCH COMMAND FORMAT

It a counter is latched and then, some time later, laiched
again before the count is read, the secend Counter Latch
Commandis ignored. The countread will be the czunt atthe
time the first Counter Lalch Command was issued.

With either method, the count must be read according o the
programmed format; specilically, if the counter is
programmed lor two byte counts, two bytes must be read.
The two bytes do not have to be read one right after the
other; read or write or programming operations of other
Counters may be inserted between them.

Another feature of the CA82CS4 is that reaﬁs and writes of
the same counter may be interleaved: for example, if the the

counter is programmed for two byte counts, the following
sequence is valid:

1. Read least significant byte.
2. Write new least significant byte.
3. Read most significant byte.
4. Wrile new most significant byte.

It a counter is programmed-to read and write two-& e
ceunts, the following precaution applies: a program must
not transfer control (between reading first and second byte)
to ancther routine which also reads from that same counter.
Otherwise, an incorrect count will be read.

Read-Back Command

The Read-Back Command allows the user to check the
count value, the programmed Mode and the current state cf
the OUT pin and Null count flag of the selected countar(s).

The command is written into the Cantral Word: Register and
has the format shown in Figure 10. The ccmmand ecpiies
to the counters selected by setting their cortesponding tits
0,0, 0,=1.

The Read-Back Cemmand may be used 1o latch muiticle
counter cutputlatches (OL) by settingthe COUNT bt . = 0
and selecting the desired counter(s). This single ccmmand
is lunclionally equivalent o several counter laien corm-
mands, cne for eachcounter latched. Each counter's la'c‘:=q
countishelduntilitis read (or the counteris repregrammed
That counter is gutomatically unlatched when rezgd,
cther counters remain latched until they are rezd. If muitivie
countRead-Back Commands are issued to the same coun-
ter withcut reacing the count, all but the first 2r2 ignerze.
Thatis. the ccunt which wiil e read is the caunt 2t tha sm2
the first Read-3ack Command was issued.

[
ot 5y
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The followmg terms are usefulm descnblng the opefatxon of DU e i L
‘the CAB2CS4. . . o M VY [ WY PR OO
.+ ClKpulse: - Arising edge, followed by afalling < e W
o .. " edge, of a Counter's CLK input. : A .
. Trgger: . - Adsing edge ofa Counters GATE -~ = *% : - - =
. Input . , o _____\ ) .t , ety - I____.. '...-:
+ Counter foading: Transfer of a count from the CR to - l." [ . l . I . | . l . l . l ..l il
the CE (see Fuhctional Descnpuon) ) . A IR T B [ ” l " l
ModeO Interrupt on Terminal Count SNV b ot e s :
!/
Modeostypxczllyusedforeventcauntxng AﬂenheConu'ol A/ Ld
Word is written, OUT is set low, and remains low until the = J'UU'U'\_ﬂ_ﬂJLﬂJ'\J'U" B
Counterreaches zero. OUT then goes highand remains high N . .
. Until a new count or a new Moce 0 Control Word is written “n T
into the Counter. . . -
.GATE = 1 enables counting; GATE = 0 disables muntmg. 5 an \ L
" GATE has.no eifecton QUT. AR L el e et elatmd
AfteraControlWordandmxﬁalccuntarewrittentoa Il'l l"l’l_' ‘l'l‘."l"l
Counter, the initial count is loaded on the next CLK pulse. \f/ il N, : .
Since this CLK pulse dces not decrement the count, our 7 1752575, - -
- does notgo highuntil N + 1 CLK pulses aftertheinitiat count . VR S S S M0
is written (where N is the initial count 'valus). ! Yol — : ] . , .
If a new count is written to the Counter, it is loaded on s AN AW A WAUAWAUAWAWAW AW B
next CLK pulse and counting continues from the new count, g 3
it a two-byte count is written, the following happens: . ) . .
1. Writing the first byte disables counting. CUT is - o \ SR NE
. setlawimmediately(noc!cd(pulsarequited) )3 -I_ |'!_|_|.:“|: l:l.-l: ‘:l

" 2. Wiiting the second byte allows the new count o be
. loaded on the next CLK puisa.,

Thxs allows the counting sequence to be synchronized by Notes: Thesa canventions apply to ail moda tming ciagrams:

software. Again, OUT does not go high until N + 1-CLK - . 1. Counters are programmed for binary (nct ECT) .
pulses after the new count of Nis written. ~. . o . counting and for readmg/wnnng loas: signifcars '"y'e
*f an initial count is written while GATE =0, it wil sull be : el -
- loaded on the next CLK pulse. When GATE goes high, QUT 2.. The counteris always salected (CS al.vays lew}.
. will go high N CLK puises later.-A CLK pulse is not required “3.  CW stands for Control Word; CW =10 mears a -
to load the Counter as this has aiready been dene. contret word of 10, hex is wiritten to ths counter..

4. LSBisthe Lsast Significant Ey}s of count. -

5. Numbers below diagrams are count valves.
- The lower number is the least significant tyza.
Tha ugper number is the mast significant Sy-a. *
* Sinca the ccunter is programnied (o reacwrita LSS
. . <. only, the most significant byte cannot be-read.
. ) .. N stands for an urdafined count.
Verical lines show transmons batween couni van.=s.

v

thure 13 MOD‘-‘ O TIMING -
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’ Mode 1 Hardware Remggerable One-Shot 3

 OUTIis mmally mgh “To begin the one-shot pulse, OUT gaés
" Jowon the CLK, pulse following a trigger and remains low’
. until the Counter reaches zero. OUT. then goes high and
- remazns h»gh unm'the CLK pulsa followmg the next trigger." -

Aher aControl Word and mmal oounthave beenwritten, the .,
- Counteris armed. A lrigger causes the Countertobeloaded
e and "OUT to be set Jow on the next CLK pulse, starting the -
.. one-shot pulse. An initial count of N results in a one-shot
puiseN CLK cydes long.
- OUT remams low for N.CLK pulses after any trigger=-The -
~" .' ‘'one-shot pulse can be repeated without rewriting the same-
* count into’'the counter GATE has no effect on OUI'

"It a new countis wrrtten to the Counter dunng a one-shot

- pulse,. the ' current- onesshot_is .not- affected’ unless: the

- Counteris retriggered. In this case, ‘the new count is loaded

: into the Counter and the one—shot pulse | continues for Lhe
duratmn of the count. .

, e T Wy 3
i pa— P S
R R R R RN A R
U AU
ot .‘.f\ A

. v N
e R SR LT

Y oewan " rsed v

NN AW AW AN N WAy
o T Y . mayat _
ORI R b

[~ “Figure 14 : MODE 1 TIMING

our 1

Since the one-shotis retriggerable, .

R

.

;37 Mode 2 'Rater Generator )
: *This mode functions like' a dmde—byN counter and is "

typically used for generating Real Time Clock Interrupts.
" OUTisinitially high. When the initial counthas decremented :
.to 1, OUT goes fowfor one CLK pulsa, then high again. The :
. Counter reloads the_initial count and the process is )
repeated. Mode 2 is ‘periodic, with. the same sequence
repeated indefinitely. For an inktial count of N the sequence

_ repeals every N CLK c.ydes. e

GATE = 1.enables counting; GATE = Odzsables countmg..
.. If GATE goes low during an output pulse, CUT'is set

" highimmediately. ‘A trigger reloads.the initial count into.the "~

* Counteron the nextCLK puise; OUTgoes lowN CLK pulses ’
;'after the trigger. Thus the GATE. lnput can. be used o,
. synchromze the Counter N :

1

Aftera Control Word and initial counthavé been wntten, the .
Counter is loaded o tha next CLK pulsé. OUT. goes fow
NCLK pulses after the initial count is written, which allows
the Counter to be synchronized by software. ’

owaa

.
i¢_K2)

S. W,

2

; .

o T
N O

Nole: A GATE ‘ransition should nalcc....r cne clock cysa
to reaching the terminal count (TC).

Figure 15 : MODE 2 TIMING
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""Writlng a new count while couﬁﬁng does not-affect the . ..
.current counting sequence If & trigger is received aftera -

-new countis written, but before the end of the current period,

thé Counter is loaded with the new count onthe nextCLX

pulse and counting continues from the new count. Else, the
.. new countis loaded atthe end of the cirrent counting cycie.
© InMode 2, acountof 1is lllegal oty

Mode 3 : Square Wave Mode . ’ -

e .’

" :Mode 3 is typically used for Baud rate generation, and is .-
similar to Mode 2 except for the duty cycle of OUT. OUTis - -

initially high. When half the initial’count has expired, OUT
goes-low for the remairider of the count. Mode 3 is also

periodic; with the sequence dbove repeated indefinitsly. An * *

initial count of N results in asquare wave wnh a penod of N
ClK cycles. - : -

GATE=1 enables oounung, GATE = 0 disables counting.

If GATE goes low while QUT is low, OUT is set high -

- immediately (no CLK pulse is needed). A trigger reloads the
Countér with the initial count on the next CtK pulse. Thus
the GATE input can be used to synchronize the Counter.

The Counter is loaded on the néxt CLK pulse aftera Control
Word and initial count have been written. This allows the
Counter to be synchronized by software.

Writing a new .count while counting dces not affect the

current counting sequence. If a trioger is received after

wiiling a new count but befora the end of the current hatf-
- cycle of the square wave, the Counter is loadad with the new

count on the next CLK puise and counting centinues from
. thenewcount Otherwise, the new countis loaded atthe end
. of the current half-cycte.

. Mode 3is implemented as fcllows amrdmg to whethertre
. initial count value is even or odd:

Even counts:OUT is initially high. The initial countis loaded N

. on one’ CLK pulse and then decrem_erited by two on
+ succeeding CLK pulses. When the countexpires, OUT gees

" . Jow and the Counter is reloaded with the initial count. The -

; abaqve process is repeated indefinitely. )
. Oddcounts: OUT isinitially high. The lnmalcaum minus ora

- (to give an even number) is loaded cn crie CLK pulse and .

" then decremented by two on succeeding CLK pulses. One
. CLK puise after the count expires, OUT goes Jow and the
‘ Counter is reloaded with the initial count minus one.
. 8ucceedn~g CLK pulses decrement the count by two. When
. the count expires, OUT goes high again and the Counteris

-reloaded with the initial count minus one. The above pro-

‘cessis repeated indefinitely. So fcr odd counts, OUT ishish - -

for (N +1)2 oounts and low for (N - 1)/2 ccunts.

‘s

"l-l-l*l'l:I:I:l:I.:l:l:l:l.:l:l

_'__.!‘ [

Note: A GATE lransxuon should no{ocwr ong dock pnor o
terminal count. g

Figure 16 : "MODE 3 TIMING
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_" S . Modes Retrlggerable Hardware Trlggered Strobe .

“ OUT | is mmal!y h/gh When the initial count expues, OU\’ "OUT is initially high. Counting is triggered by 4 rising edge
- goes low. “for one. CLK. pulse and then goes high. agam. .of GATE. When tha initial count has expired, OUT goes, Iow .

Mode 4 ..Soﬂware Trlggered Slrobe

Countmg sequence is lnggered by wntmg initial count_ fOf ons CU( pulse. then goes high agam. ro
s GATE =1 enables counting; GATE 0 disables counhng Aﬁer a Control Word and initial count has been.written, the |,
GATE has no effect on OUT..#% * P .. counter s loaded on the fi rst CLK pulse foliowing a trigger. -

The Coumer isloaded onthe next CLK puise ‘afterd Control This CLK pulse does not decrement the count, so, givenan |

p ‘ Word and initial. count have been written. This CLK pulse. - nitial count of N, OUT, does not stroba low untitN + 1 CLK
" doés nat decrement the count, so for an initial count of N, © - -puises after a tiiggef. -1 St )
» OUT does not strobe !ow untl N +. 1 CLK pulses aﬂer the - ; A trigger catises the Countér to be loaded with the initial.

> mmal count is wntten " 28 ATYVT count on the’ next CLK pulse. The countmg sequence is
* ffanew countis wntten dunng count.mg, itis Ioaded onthe “religgerable; 50 OUT will ot go fow it N + 1 CLK P""S&‘ “

f +"next CLK pulse and countmg continues from the new oount. . ‘aﬂe"r any rigger: GATE has na effect on OUT:* .
AT wo-byfe count s written, the following events occur' .., fanewcountiswritten during courting, thé current countmg

3 ., ~sequence will not be ‘affected. If a trigger occurs after the

-1 1. Wiiting the f'rst byte has na sffect on counting,, 4 " new tunt is written, but befora the current count expires, _

2. Wntmg the second byte allows the‘new count to be */ the Counter will ba loaded with the new count on the next’
‘loaded on the next ClKpulse..» "":-* - = _CLK pulse and counung will conhnue frorn there

Thlsa}lowsthesequenceloberetnggeredbysoftware OUT MY s ; o Y
strobes low N + 1 CLK pulses aiter the new coum of Nis =~ =, - : A

wntten . 6 A 4

w AN AN AN
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