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ABSTRACT

This project presents the Time Domain Reflectrometer (TDR) which measure the
transmission line faulty according to cause and length. The TDR principle uses the theory
of wave reflection by pulse signal transmitted into transmission line, The reflected signal
is returned according to the cause of cable damage. The propagation delay of reflected
signal indicates the distance. The Microcontroller MCS — 51 is used to implement and the
results are shown by LCD.
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insulate
Cable 16" 42.1 i 0.062 1.5
pair
"AWG

a1919f 2.1 fedmimniinedan q vemada
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17 2.3 madudug

C=r e
cosh™ (b/2a)
e,

" In(b/a)

L= Ha cosh™ (—b—)
T 2a

=y (-b—) & a?/b* << 1 (2.4)
T 2a

i a?/b* << 1 (2.3)

7o,

G =—_“:._i'__"'—

cosh™ (b/2a)
7o,

" in(b/a)
ra \! 20,

g, Ao ammuou'ld (Permittivity) wosmsfiegsevmuds

& a*[b? <<1 (2.5)

A
51)3;

u, Ao an 14 Permeability) vasmshoyiovmuds
o, fie anmir T (Conductivity) vasmshegseumuds

o, fio anmih Iiwesdnihildmods



dosmndathildiode il sdniauysel (Perfect conductor) avslsingnssd

mafia (Skin Effect) vziua L 3n

1
[o=— | He @7

" rma\2wo,
dio g, #e anmlddldvesdnimldmmeds

munalaueniSon

A

51/ 2.4 swiluenifun

_2n &
In(b/a)

(2.8)

T a

L= (EJ (2.9)

27 0o,
" In(b/a)

2.10)

1 jou {1 1
R=— [—| =+~ 2.11
2z QO'C(G bj N



1 @ Al ' = [} ' - a8 A0 o o [ o
Tasiaasinassriaraily d szdudnsiwesans Indidansanaudni 1AL AIAIAIN
fassyiidrai C  ezdhumnadnhiildiaods wazravelsingmssimnaioeili L I

L
IWuvUan

L,:_L f”..c__[Lrl] (2.12)
2r \2wo,\a b

meddhughivudu g

1 d'| =] o 3/} 1 dy 3 ) o - oa 1
awasluguyuou 9 mmmqmmmmmmmwu"lﬂﬁunwnms"lﬂﬂmnmﬂmgsﬂu 9

Summedt lianugade madmouldves C Smisadu pFim uog L fimiuih pH/m

= dl e > @2

N

Ly

i 2.5 mudsiifinnadusuguinovesdinhi iy

/)
G= 3 (2.13)
In
did,
L=04In 25 (2.14)

U 2.6 modawulaueniBuaiitiini 2 i
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C= 27.5 @.15)

- (21) D'z—DZ}
in

d D+ D

12 2
2D D DJ (2.16)

L=04ln| =2
d D°+D

......... Ih

11 2.7 et a1

55

4h
In—
d

C= (217

L =O.2]n% (2.18)

—
P

i
e

;\h'r"l 2.8 modaiinRinsuuui 2

C= 2eb (2.19)

2D

2
d 1+{£)
2h

in



1

2D
L=04In (2.20)
D 2
d,1+| —-
2h
23 BufiuaudSnuniziawisveameds (Characteristic impedance)
o o = PR 1 v A v o= A o

wiaveadygyadilowdidmodiedluglvendunivan b FawAanuezgn

3 T d d1 A a - o L r o - 9 [y
mioneag Inaniuhnodiedufiuaugvee Inaamsfud uazyn nyngeziiamIaznouna
yommFarnueauluglvesnauaziou (Reflected Wave)

+ v W .
wnAnsannmesdsauuAntinnue hilinduga (Infinite Line) Lﬁmﬂﬁﬂuﬁmmm
w1mmuwﬂﬁmmmfn:"luuTamﬁmﬂmumammuﬂmﬂ 3 lifimsaeioundy nwuuﬂm]mu
YOUITITU ABNTEUA M §A1AY yosmuaziimiach Ao Mifvafussuzdumia i sndas il

Z, (Characteristic Impedance)

o, o At o_ o .. . ¥ 1 St ¥ T ar
dmivmoRianueiifa (Finite Ling) dwelvan Z, Inldwify Z, al3ng
o] W Aa v 4 | 3/ ar o ' 1 g o
wmiloufumeifinnun ififuga da lifimsazfoundumszndanugnatonaag Inaniauh
Sanaldh sufuaudanyazmwz S sandmszniussdudenszud o gala 9 vos
p Al 2 a @
mwdeh lulinsazieunduvesdag) o
nimseaiiou (Equivalent) vasmoniinnue Ax Arvesdudnuaudsaufe LAx i1
3 ]
AMUATUNNIIN B RAY Ainousnuaud na GAx tagainaug fle CAx dsiuninaumsi 2.1
naz 22 9z ldn
ZAx

(R+ joL)Ax (2.21)

YAx

(G+ joC)Ax (2.22)
; g o r N d'
diolizaantuieialieglugdvesisesaumasuon T adugiln 2.9

Z1/2 7172
—D— F—o—

ZOI:] 722 [] ZL

% I
A “r

f——— Ax >

Ui 29 imnsonwileuvesmudum Ax denssmunasiy T
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Z, =ZAx (2.23)
Z, =—— (2.24)

4 - o a_ & [ .
dloRsunnddridaanudustd Z, il Input impedance wesmiouaz Z, =Z,,

2 e 5
vin Ax — 0, Z, fifile Characteristic Impedance 1iuiaq

Z 2
Zy =22, +— (2.25)
4
anuENMIT 2.23 nazaumsa 2.24 adluaumsi 2.25 218
YA
Z = e (2.26)
UNuAEAITR 2.21 uasaunish 2.22 aslurumst 2.26 0214
R+jol
PR A7 227)
G+ joC
< a0 A& '
Anvedde R>>wluaz G >> oC 31gah
R
7= S (2.28)
wazfanudganislunsdimods lilmsgadvias (Lossless Line) i R << ol
naz G <<wC 15ugldh |
L
Zo= |— (2.29)
0 C

3 9 = ar :l’ = 1 -y T 1 . =R vyl :{ o d‘
sz ldnaesnsdivdsfidiumadslisiay j Saludoaunoaiuanud uazmms
' 1 sa.:sy ] 3 A v 1 o = 8 3 "o oy
Tugrssznnansailiitivim Z; lumsmaussdou (Complex) upgfivanuinie
sy 5 1 o a4 ¥ A'! -ﬁ..
1uw1qﬂgumnﬂ%’ﬁm1sﬁ 229 wia1 Z, d@wmivaiaguuiu oanvo 20 kHz

2 . p 4 2
Auly drueeTaneniFua onawd 200 kHz ¥u'ly
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2.4 mnawavesmsiws (Propagation Constants) ¥eda1ngs

Load

210 sndamoigenanaumsiuiialiTvossumeds

ﬂi = 3 L F o = s &£ a
pingldl 2,10 nassesfsuvhvsansdedgauainunasiuiialldsinan el
E s v ' Y | 1 ' 9 & Y o .
Sufuaudifu Z, mumefuds Faniailudau g Stauniis anudumuidesynsu (Series
Impedance) iU R + joL uaz anuiriiiindevuiu (Shunt  Admittance) 11y
G + joC Tudszdinvesmvizinanaassenszud Ildya s (Fousdu) flnarmaiuly
o
adl
1. nszua dans (nisusadu) vezgnasvenluidazdiuvesmeiuduilusuaum
fu nande nszua Ivduds Alnadimosudadiud 1 zgnasneudae Series Impedance uay

gnéiariu Shunt Admittance maenszualul 7, #lwalldhdauf 2 fudnauiesas Tavauua

) -I é ) ] ‘ a’
1 2 =K delwihussdenu

I]
R
IZ
(0% uazgao q N
]3
b 1O
I] 2 I3
F
Ig
=
G
EE)
.g I]
- I
"z 2
=
]
3
e

5 2.11 mananeuvesnszulunsinzeuvesmuds
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wingilit 2.11 uamamsaanauvesnssud IMlundazduvesmeiuds Tunssiiimmiua

arduvesmeiudidan R, L, C uaz G HiflunguAou (Lump) fslugil msaaasvesnszualv
T a ] 3 = IS Il 12 Y gt 3 c[ u’: LY
Amenfudseziludn q Taell S="L =2 = = K dwaedwnniduifuiuiula
Il IZ 13
Tumalfid MR, L, C uaz G vesmedsez hiilunquieuudeznszaw (Distribute)
) » )
Nsia msasastesnszud gilutuazdesn Mldesmlvesnszualvanatetsainaveds
uaasoiduInasagl
qs d'l J 1 [ [} ] 1 [
2. nszuadgyana sxgniouclundazdmvesmofudaduduaui q fumane
% = o =§ = 1 wqé o ] ¥ ar ﬂ;
afudesamsnm lumadumed il lumadumadin il guaudi@dimneiuadinedyaun

1 L) o A k-3 2 . A - r T
awimrulusoanisaanousiae (Attenuation) uaznidouma (Phase Shift) Tuinazamung

A : . &4 .4 i I
wilsmiasauea 13uFond Propagation Constant Faunudae y Taeh y = ]n-IL = ln—I—z-
2 3

: ‘ R . T I
disanin 7, Weund I, uaz Hilaramda 7y Anluy iy ml—sﬂzﬂizﬂauﬁwz
1

' 1 2 t oo = N 6 ar ' = A
71U ﬁ')u"u{ll{]Uﬂ'lﬂ'Jlﬁ‘UﬂiQElﬁﬂ\‘]ﬂ'lu'luﬂJﬂQﬂ]iﬁﬂ“ﬂuﬂ']fN llﬁzﬁﬂﬂ']uﬂu\nﬂuﬂ‘]ﬂ‘HﬂﬂWW

. P q o 1 w I
(Imaginary) urassurumsidommavesdyanasznin I uay [ dudey = ln-I-i udanz
1

y=a+jp (2.30)

A a1 v w
HINAUNTAL

¥ = J(R+ joL)(G + joC) (2.31)

- o Foni1 Ansdavesnsaanou (Attenuation Constant) fua’l3iiu Neper wia
dB denilamizen e 19 Naper/km {udy

- B Bunh mssdrvouda (Phase Constant) fmua s Aoudenilaisanuen
1wy Radian/km 1§ludu

F
25 anupnuazanuiveIndueTUNMEL
A A A & 44 4 '
dleunagaiues llmumedainavuslavmenil szoemeduigassnang 2 g
A Ao ¥ = - 4 A A o A
anyenvewauimifidannfsunlawmsuseuninssunauned nieszezyaniiavesniu
¥ 9' A A ' ]
wWinly 2n s@ew Sonszezmaiinanueinau (Wavelengthy ddie B ushfiven
4 A & . A -
mfasunlameudalundudenilimboanuen fus1ld & dluanusadu mumiiom

A
UDINNUUTIAAU
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2z
BA=27 wio f=— (2.32)
A
A ' o < A A A Y 4
dionavhull szdunaiiuaduasiaieud himuanuoivesmosa aeanmi?
. T o i { § & § =
(Velocity) amihdunamnsoialdlasmszozmeiimainsfivanivesndudumalalldly
2 ] | ] A - q' t:i qy A
wiltmbioom  Sinsansduesannsznuiinm =4 fign x=x, mlafinauezyail Ao
A ) a o 1 ' H v o o i
ot, - Bx, ool ¢, maduivzdedneledenlmildqaiiilu x, dniuiign x, inm

¥
t, wimlmdlu o, - Bx, duiy

ot, - fx, = ot - fx, (2.33)

¥ )
~

2 4
mansifindoui I ldszozma x,,x lunm 1,1 92dana

- o
g2 8 R (2.34)

LA B
a 3w 3 o ol o o A o oo oor s
Unaudainezld v dludydnualunuanuse ndieseinez lilasedudydnyaives

o & o 3o o o
ui\‘mummﬂmﬂ%ﬁﬂgaﬂym U imu

e @ uag Jij

2z f
u=—-=-m—=4Af (2.35)
15

g o P o d A A = g A &
anusaam igiiuanud e anainsiivasnaues siSenaanubaiii anusure
. d ] [ - 2 a s
(Phase Velocity) fuasoatudinlidaanudfeoudslsznededygalmiyresinais 4
oW o 4 2 o P Y | ¥ ] '
anududunduzueadiuglinundus mvesadygroudsdeuiindou ludrsanuidduandis

a2 2 v o 1 %
%1ﬂﬂ’J'IIJL§’JLﬂﬁ?]ﬂﬁ,7JU BNLE'H‘%‘EIWJ'I ﬂ’ﬂllﬁ’]ﬂf}ll (Group Velomty)

d 1
2.6 ﬂ'l'llll‘:i"]'IlB-IfItIHﬁIIﬂﬂ‘I.lFI'INWIUﬂ'Q

o A A L | 4 = ¥ 1 =t o 1
ﬂ’ﬂmi")‘u@ﬂﬂﬁl\!ﬂu‘)‘ﬁﬂi’ﬂlﬂﬁﬂuﬂLl‘ljﬂ'!Nﬂ‘)"li]ﬂ']?ﬂﬂﬂﬁ]ﬂﬂﬁ%glﬂuﬂ'lﬂﬂ‘ﬂ ANUDURS AN

3
o A

o o 3 o w ol g o o
Freadanaumodssiinnuduiuiniusunnusa dsl

u=— (2.36)

1 @
= = = U

d? L 5 v a 1 £ w A o, P ﬂ ] & e
® Tusffudganailihianuiiils Savegiuniesiiiiannubifudimeiiimua
T ¥ T ] ) 1 ] [
Taodl4 udmnsiaredumatuedfumeds ifoddetuszeymaiindunioud luidaoudy
o oA

4 o = A = o
nafdygiwaldeulinilssey Wufe anvdvesdynw
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» ]
=

I~ E 1 1 ¥ = 1 o ]
1w 1S iJﬂ’]U’cT'IEJﬁQlliﬂ'J']ﬂquulﬁU FINTUNTIATAININTTUAT

T r ¥
weldmsmsied uh

Tuerunsi 2.30 uaz 231 21dN

y=a+jf=(R+joL)G+ jwC) (2.37)

4 ;. :
$ms 1FiTeuleiivild R << ol uaz G << wC 1510WUN

B=wJIC 238)
4 d ; :
deunuaunsh 2.38 aaluaumsi 2.36 a2'1dn

1
u= (2.39)
NELC
A 1 1 1 n’: ¥ i = 1
oumua L use C Tidmoduiu szifiumodugnismodslaueneaiaues1ah
1
{2.40)

U=
vV Hai€q
)

Tavf 1, Ao sy ldvesarsisgsoudnin ldhaemeds Tiefuomodanie
wilimén uag &, o anmoon Ivosmshogsoudnitildimeds oS moauianielidhan
g ' F] 4 4 ' s & o e = v o Aq ¥
aumitinuhanumiwemauiums hlawmsddusuauidvesmnegsoy q dnihileime
1 |g o 3 ] { ] U 1 4 ] ] - 1 1 a9/ L] 1
dalifusudniildhmess wnzhnmuimin thifiaiy nsznvegmauenvesdnimly
o 1 q A 1 | 1 £ A { L] . A
Wauds uazadumaeun |l uaisiegsou q Tasfimnemaedeungmiy (Guide) Tulusirma

ANANHE1IVDIR NIV IE 08
dndudansvenamwiddylduazanimeen ldvesmsla q dnezszyidanimiominn

qaaeiune feil

Hy = H (24D
£, = E,E, (2.42)

u, Gond aamld¥ulddning (Relative permeability) vesssldueniianaiii
ANN
ey Iaduivihvesquanmea dmsugqaenme g, Sauiify 1
u, Ao anm iy ldvesguanme a1 4zx107 H/m
g, Gon mnsiladidnmiaduning (Relative diclectric constant) wesans Haiieh
iy 1 dmuveaguaInIa
&, fin anmosyldvasgayanme K 8.854 pF/m



s o
WM ARANAI WizoaMAT ANy v

4
Wy mswediefdu fim & = 22 vneanuhmsiifianmeeulddeauiihdnd
gagme 2.2 1 aunledndamsladidanianidunuanlbih Tani les lidumsudmanuas
welanmiidu dveses Indifsadugeame 36l 4, =1
o = ¥ d A 4 '
idlouny g, une &, avtuaumsi 2.40 s2'ldanudwesnauiuns llawanueives

F
|

Aua Al

1

Ny

o > =] A A4 A F v A oA 1 a o
AIHUANIULTIVDINOU 'm.ﬂﬁﬂu'ﬂulﬂﬁ'lllﬂ’nuﬂ'n‘uﬂi'lfﬂﬂﬁq:]fquqmm1ﬂ1ﬂﬂ§5ﬂﬂ € AIUIN

(2.43)

Mavdavziing
- (2.44)
({7 R
N Hoby
A s 4 A o 4 v d
Faiimumauanuweamndennudwesniuaiman Wi lugyanms
1 1
Hy=——= = =3x10° m/s
VHiEy  A[4007%10° 8.854x10
Funudsuaums 2.44 131w Ao
U,
U= —2 (2.45)
Hrgf

1
ool

Tawialal svuihiduens lasidansaniin 4, =1 s wnsamanudiveandu

» »
Fumd Tmuanuewesmuds TasmwizaeduduguazmodaTauenFua 1At

u, 3x10°

e

¥
itlszneunnu (Velocity Factor: VF) 1ansintn@ondi dasidaunaimia

m/s {2.46)

. . 1 v &l ! A 1 i 1 a
(Velocity Ratio) vesmuds fin anlfuenindunumedsfianusuiiuinhivennuiies

] Fd
ueavseamuniman i lugyamea Al

m/s (2.47)

N30 VF = (2.48)
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A a a o ' ' o v ' '
Hioannas ladidaninlaoia llaziia £, winnd 1 3aild VE fianfeund 1 uaaah
) w o An¥o 1 o d a & o
modaniiusim Iavsovvesinid limesguiiiarsladdonsa wenmilennduqeyameuds

< A A ¥ ° )
anudesnaun ldnmaruemvesrodaslinnudwinihnnud e lugyime

27 mnafnisaaney

TupnfiusSadane lifimoded hidaanugmide Maamelditenlunensd
ausofinsenmedelfiafiowi hidanuguded wu nsdinaigalusiuanu@ing a4 dau
Tydunnui i anudluduauddssluasTnsdwst a1 50 Hz tussunlithids aaq
sz lansofinsanmeldidonlvil ] nasaedoaiinsmuaumsi hifimsausd

o

msseyneeds lilianugyde wlismemnen maiinsaaney o IAiugud
wizwaalunandueiuds Sz lndiRvafumedai hilaugede uamaedamsaaneun
Y o - ] A1 ; & 5 = 3 1 dg g =} -] ]
T3 dugud doudenaiimdwn Sanssiutmn Hmedahldaudinnusmeaunisszwuh
o) ﬂ o a "lﬂ {l o l'lﬂf o & ¥ 1 g o
asavuAanmaaanouwdugudenia hlvnnanthueidlding . Satundmsaaneulindnnnd
as ¥ e o Y A ;oo Aa a ¢ o
fansdonihmidnnadie  lunsdifimedalinnueann . uengiduiiaurdnvusmmsn:

Ls

d & v - el o
anudwansrsumodsiin idnsmsauudaiiiiumedeai lifanugadeding 9 1ded
o a’ i A i 1 1
wisnmludygna ihuaziindouiltmunnunivesmedineunsTnan 9198
1 d‘. ar L] 4 T L 4 :: P
wed/ouzwdsauiiuedion  Tudvesdggra b findesmsiibehufiamsgadu
T lumnodsenadlu 1 1dmuma Ao iHamsudndsany (Radiation) senuengiods manuiou
ﬂg W& [ = at ¥ as = - . . .
Fuludni (Conductor heating) uazifannuiauiiuludransladidansa (Dielectric Heating)
A o r o o 1 [ ur
nsgaduilosnnfiamiusandaudimon veihdumilousudlumeenns
w ! A 1ood { a2 W o T 1 i a
(Antenna) siindsnuundrulusduitdn ddhnmaduseudninesmsaumnaaus
= ] 1 W 1 A 1 1
nsznivinavenliluemessy q  Swgwiloudnfindsoudunidnnmedaoenlylugives
g L -1 T ' 4 1 1
afuivan thamedudugeziinsgyduipannmsuindsiumnniimodelauondoa  ms
1 » r ]
uindsnuestann - Sszesieszvhedinhriaesnldhmedadann - mammanugadv
A e = ¢ a o ¥ o = o =
HioannmauindsamuTaemsinsgidannahldon  TaoidllessmIagiEms annugaudvee
2 ) g o 4
DannMIA NS Mgy
£ o ﬂ. Ll 9 3 a a 3 e 1 =t d‘ o
migadvsuiionnnamafinanudeutuludni teaiafonihimagude laoh Mids
1 ¥
aueznlsfuTaeasefunseuaimds lvaagluddni (P=1*R) TuvaiBunfiu anugydoi
a T 4 4 P ¥ dsi" ¥ : puy = a8 da ] o = .
wdidgeiudionnudmsldnugetudis Ml AanndWiGenh  dnngmsainidy  (Skin
Effect) nanfe ionssua i naldmudndi aszuaszitesnduegldivesdnii tadnnnia
o o ¥ 4 9 d4 4 & 4 'q ya & o g ¥ y
gnind lilnszsumzdalesasnudiigeliunszuaizsdiumegldinnn  Jahivanudumu
] T é L} T { & L d‘ ar
vosmudedonilamioauen iashidlemoufuanudvesdyg
o M ow & = 3 d?, W = o a A ¥
fmdumsgadsiuiisannmsisanudontiuludims laddanianiegiou q mods

3 [ as v oo 4? = o = = 1 o 144
Tuvzulsiulaoaseivusuifatuuumoladidnniauaznum a1 lsAmuaz laflanuy
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)
= g

= qc? 3 S 14 3 o =] = T
qq;mﬂnimu“luqigtmmﬂ s*mm“&ummﬂﬂ"luuﬂ'nmuﬂﬁ]xummqumﬂnimummn GRIAEBEGE

.
¥ R

o A 1w ) g oo =3 =t I=} P=3 =
Wunlanhfivhiu  sedaildomadiumsladidonia ewlianugade dlesvinmaifanau
' 3 [ -] = ; 1 A 9/ = o = E |
Fouauludmmsladdnniadind dieldes ladiannsnwiindu 9

Qs 3 ] W ) =] 1 d‘ d'. =t o r-‘:i 9 o oa ﬂ vg 3

foriu mmadmsasnanvesmodats lad dadsutuamd dndnineziiiudinaing
s ) ] Y ] [} o
#amsaameum lglnnugudoiiumboedwedondisaueuumnmiens  wleudy
vynMud udiissnndniidd Ssenldunilumbusguadeanunnnn q wu huefuade

& e a4 ¥
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2.8 miAsInoariiummiifyono

28.1 nadimdfvene

Fundenrdmunash fudufuauduesmnsiisnmsdednuuziih

“uund” umedaiamdamdsauiidannundsiidialifInasezgnaandume i Tnaavun
Nitdmaazdoundsnundu ) v ldfanisgydendsnuuuanien ldd insarenea
wisouednauysel Sundimualdmiduivibewndsdudaniiy 12/Z, uas 1°Z,
MUHIALY

2.82 ardlhiamdfume

¥ 9 -l:i 101w = [y ) ;l o 1 J,,
mwemmnmmummﬂ"lmmﬂn LITUNDNHMUSIHUUI Ull.lllll‘l"l‘h’

nsalA1999

(a)

é\) NFRANIIDT
(b)
(c)

;ﬂ'?; 2,12 uaansalsimifumehdgyg e
(2) Tnaafivedlathivhin Z,
(b) dn3499 (short — circuit line)

(¢) illmses (open - circuited line)
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ar = = 1 = v a A o 3
wianuindeTnan whignganiusunue @eennsd indsumeldluTvoasunun) vild
A al y v td o qs L1 - o o 4
mfawassninadnasieundy lufwmdsmuiamilousumstignuealnsenudume - dms
= wl r o'yn 3 ) e & 4 [ = 3/ o =3 eg 3
hagane “luuums sermomaiy Tnaauniumwdsnuiasnoundunnezuiniua i

o u’: d‘ =5 9 [ ~ =)
wisnunanuanude Inangnazfounduumun 1 2 n3dl fia
2.8.2.1 nIQiNAI993

smua s wihf lvoashfugud  ufe  useduasoundud

ynanhifuuatinans e idnas ahdugudld
2.82.2 nitlitlanees

4 ¥ . = ¥ o + 1 = o P,

fnua i hnszuai Tnapdoaniidugudnaasdinszuaiazioundunea
Tiasafunszuafidumundsinansy 180 aem uazllivweniiuluwhueadvadu nididndens
Azl gz foundudasdiambousudnmidumanninTnaa @wanhiy)  hildda
msiasufuveaussin T

dmiunsdiad Inaadesguazvua luwhny Z, wodmdanuuidau

L or = 3/ 14 ~a 3/ Fo ]

agfeundunn Tnaauaziivwaoanindas sweniiesan1d 2 nsdl fie

- i@ R feonn Z, uswiuwthdwfazdeunduiieaseioi
= r 4 o i [ 1T 1 a A a u’:
@umanTvaney 180 o (nilsufunsding saflvna livhiuiesnnis i Tiihiame
Tildme i Ivan

- s R wnad Z, nssuaifhdauiasteunduiiladnndud
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S ) Al Pulse Output Range 1
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Pulse Generator
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Pulse Generator
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Range 3
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3.6 Nosguitgnm (#741.808,0scillator 25 MHz)

25 MHz
n >

input —»—— output

multiplier

1l 39 venlaezunTnvenserguiigana

7l k4

‘luﬁ'm'f':ﬁuwmmszunﬁaﬁmﬂmjmﬁ’aﬁmﬂD — Flip Flop 1 uilusadfifianunis
whfunafuanmefuvasaduIds wagWadnazioundu f"f’mumgmﬁ'affgﬂﬁaxmun’hmﬁ’mm
audyyu Taefidyanuiadgamaoy (Square Pulse) aimd2s MHz iiludage fiu
Fyanaiadisudun dnfusSind I8 iidygaueWiares D — Flip Flop 1 ezl

L1}
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187 m'mn':nwmwam:gﬂixuuuummmnﬂwmwaﬂﬂami‘lu NAaINan 4 VHIUNLLaL
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(] ¥ v
Tananedyai 14tz ihlszuanadeninde’ld  Taednwuzvesdygiuildnniesgu
Ty osuaeadagi 3.10

& ) ) ¥ < &
Feludamvesrinasgudyanuil 5114 IC#74LS08 - uilu AND-GATE 2 duwa

Jaduesadaamei 25 MHz

~ st

oscillator 25 MHz

;ﬂﬁ 1.10 FygnaBunaunzieIAveI TG N



34

3.7 2endy (#74HC393)

» Data 8 bits

Input Counter

on/off Counter

U4 3.11 vienlnozunsuvesneniy

. ' Ed o ¥ = " a .& 3 ¥

msvrenlududsimhiiudygiuduys soduifedudyanuildnnmsgu

' [ i . @ ow o o i § o o
senedyaaildsn D - Flip Flop 1 fudyanaiadanut 25 MHz Taohissesmaiuesi
msiunn q Frmagquiana Tufeesivesiummessifiasseshsvesiadndwaziad
o a " q’a’ s VoA ¥ 1 & o 3 =3 o s y;

azfoundumniundoufunsmimiyldegiimils ndsnniuaesnesvgatiu Taeamiminlatiae
delUfe TuTasnou Insawesmondnnusssuuiiugiam (e AMuuanenivesdygw
Waden D — Flip Flop 1 1iue) laviiminie tharfivlavinaesivuguduaivnaves
Fyaiadn0ud 25 MHz (0.04 usec ) Wuiea

diudyain  On/Off Counter Ywisl¥dygeuiin 2kHz  wkmdunesined

U o
¥

(Inverter) iefuiven il uiunazngafundoarisnsminiyld mnzdusnimsilou
Fagnai idvinmsasdhihiuTaoas szdeilymife matuy lidussdeuas higunsomen
naiiezi lilvsznana’ld

Faluduvenesiiion|R19 IC#74HC393 Suil IC 8 Bit Counter



3.8 Tulnsnoulnsamed (AT8958252)
e hlveslilasneuTninined nszga MCS-51 eynu AT89xx

- wluTnseeuinsamesn1ERyuna 8 Oa

35

¥
- meduiiviasanui Tusunsusuunuudarasoauuazitivu Iny 1dwuass
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AT89CI051 | yyuvtayvna 18Talud 153 64 lud 1
ATEIC2051 | ylazune 2nTalud | usw 128 lud 2
AT89C51 | yyugarve adlalud nsu 128 Tud 2
AT89C52 | yyunaawing salalud sy 256 Tud 3
ATRICSS | jnmwarvwa 20 ATalud | usw 256 Tud 3
AT89S8252 | jyuuaruua gilalud s 256 lug 3
aonson 2 Alalud
AT89S53 | yyuudarvute 128Talud | uin2selud 3
P8ICSIRD2 | yyuyraavuie e4flalud | usw 1 Alalud 3

s 3.1 uaneEazidoavedluinaneuTniaimed MCS-51 uuuurlnyl$luiegi
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o 4
3.8.1 mmdaviveslulnsneninininediues AT89S8252

lulasnouInsames MCS-51  ymuesezdaaiilavnssunazvinis1dau
d, A o ow = = = n’: - 4:1‘.
wugnunilouiudwanaluzilf 3.12 Taokwazdoatuaudall
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¥1 Vee Huntleuusaiuvidos s Taad
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I} = ' ] 3 :ﬂ ll v :
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o o o o =4 o 4
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] »
wldTaoms@oudeya “1” Tifwdnzfiaveameinfidesnisfnnadoe dawalfuimesaiueglu
¥
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wofaiifagnlfalunisaadefuvueansaluddwe imdssanusimouen (A0 — A7) uazn
LYY 1 A o o 5 - 1

Joyn (DO — D7) Taoldnssurumsifadmdndidrgag eadumsmeonldidu]diundade

3
HARAATAILAZVIVDYD
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o

d ' o o
wiwedn 1 (P10 —PL7) §i 8 1 udazu awsadmuabiiluldvdunaues
5w o o 4 - o
wnadmiuldawia il Smndeamsdmualivinesa 1 vrlavinilaiiudune snsodla
- ¥ PP ar i oA ¢ s 5w F
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Tuszuu
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ymein2 (P2.0-P2.7) i gviumaznaunsadmualiiiuldiduyauas
o 9 [ s a & = o
wyadmiulFauin’ll fmndesmidmualivinesa 2 vlavmilaihudune sunsen 18
a ¥ = d =y 1 1 ; L
Tasmailioudeya “1” lilfsudazdaveanasandoinmsaade dawaldvimesatuayinaniuy
' 4 an A o o 3 4 A ¥ 2 4 A
devasy Saidunadufiuaudgs aunsaldoudunmesadunald usnamivumesatidegn

HaoulumsAedetuyweamsa ludgevesmiasanuiinieuen (A8 — A15)

Y o

wiwesn 3 (P3.0 - P3.7) 1 s 1 udazvainsafmualidiulanbduyauas

o w o 4 - 4 o
widyad i lFauial) Smndeamsfmualduimesa 3 alevmilaiiuduna Amusadi

o F ) 4 - ] 1 & o";’ 1
A Taomsdoudoyn “1* Mlfudazinvomeiafidoamsiade danaldumesaiuegluaous
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Vdosase Selidunndufinaudgs mmrolsamduvivesaduyala uennaiuwimesia 3 s
da oy o ¥ ~ = 2w A
Hunitinthnms 1oufiey seazBoadall
P3.0 1%iuudunadmsusudeyavinmsdemauuueynsu niev1 RxD

P3.1 Miilundunedmiudadoyasinmsfemsuuueynsy nien TxD

QW

P32 iluundunadmiviuduanadunessdonmeusnyed o niow INTO

W

P3.3 dilundunadmiufudygnadueesiildnnnousnyes | n3oul INTI

)

P3.4 difundunadmiviudaanudwees lnwesvinatsuenses 0 visvr TO

o o

oy
oy
oy
P3.5 1fundsunadniusudy
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gnadwAes Inwesnnntwuenyed 1 niew Tl
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] +
1 at v

P3.6 ilundaans WR lunssinldsousenumiionnudiniouen
P3.7 ddundaenu RD lunsdifilnvendeiumianuinouon
vi3ion (Reset) 15umsTansiauveslulnsaoulnsaned Taglums
a A4 o 4 4?9! L] W 1 3/ =4 = = o =
HoudygrauioTisarauzinifaseglussiuiisnatiantos 2 unsdulnfia Tavivsduiia
Faanuwniimdmahanuaeiiodldedinlng
v1 ALE/PROG (Address Latch Enable/Program Pulse Input) fuufi
A o W o s A = Y ] o
M lumsaiugu iehmianmunsuans (latch) vewmein 0 Wellmslynunuienniud
q’: A’w 9/ o w o ow oo o ) ar 3
meuen uspnmiunidlfifiundmiviutadeesmsTdsunsudmivldsunsudoynaslu
'uTasnouTnsamed MSC-51 IujuniimbearusiTsunsudunoudnson
p—— H (Y 4 - J
%1 PSEN (Program Store Enable) 1iilflumsdadyainumiodovaiade
o ' o 4 ' ' ' o
Sunireanud Tsunsumeuen e lulasasuInsameidesmsaudoyasinmiiennud
o o 1 o = ‘: u’/‘ ) = a
Tsunsumouen @alulasneulnsamestsdidaanuoemniinni 2 a5y Tundazuusdulyfa
¥
uadmnAsdefumulenusdeyanisuen villvz lulimsdadaansla 9 senn
%1 EA/VPP (External Access Enable/Programming Voltage Input)
3 o = ] ] o ar o
¥ msudonnsdadeniasn nuh IdsunsunnmelunSenouenda lulnsaouiniawai Tay
itz <07 HumsdenlilulnsneuInsamesadedumbioanudi lusunsunionsn
uandeouzidhu “1” Humsiden It lwinineu Tnsamesaadadunioanudi Tsunaunisly
as & .3.:2 d,w W = o w as o s
#1'lulnsneuInsames venvnilfiviidalfiuvdunadmiuivusdu Irgs dmfums
Tusunsumissarusinielulylasaoulnsawes dwmivlulnsneulnsames MSC-51 il
uardoamans swudmiums Tlsunsuda +12 V
n XTAL1 unz XTAL2 dlundmiudensansaioasndyginuidmiy

mifmuasanazmsvhauveslulasasu Insames
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N
(T2) P1.0 ] 1 40 [ vee
(T2EX) P1.1 ] 2 39 [ P0.0 {ADO)
P1.20]3 38 [0 P01 (AD1)
P34 37 [ P0.2 (AD2)
(SS) P14 ] 5 36 [J P0.3 (AD3)
(MOSI) P1.5 C1 6 35 [ P04 (AD4)
(MISQ) P16 O 7 34 ] FO.5 (ADS)
(SCK) P1.7 ] 8 33 1 PO.6 (ADS)
RST ]9 32 [3 P0O.7 (AD7)
(RXD) P3.0 ] 10 31 [J EAWVPP
(TXD) P3.1 I 11 30 [ ALE/PROG
(INTO) P3.2 )12 29 [ PSEN
{(iINT1) P3.3 113 28 [ P2.7 (A15)
(T0) P3.4 ] 14 27 [ P26 (A14)
(T1) P35 (]15 26 [1 P2.5 (A13)
(WR) P3.6 []16 25 1 P24 {A12)
{(RD) P3.7 []17 24 [T1P2.3 (Af1)
XTAL2 ] 18 23 [ P2.2 (A10)
XTALT ] 12 22 {1 P21 {A9)
GND ] 20 21 [ P2.0 (AB)

1 3.2 madanivedliinsnouTnsninediued AT8988252

3.82 maaanefugUnialszyulle IC

I2C to11910 Inter-IC Communication nwefis midndedemssznigled
Taosia I2C 1¢3unmaanintuTaoiayd (Philips) drogaganuondn fe deamslilednie
Tugagusofade dea uazarugqumeldmodaanauiios 2 ifu idunilsfo medoya dridu
witsfe modyaaanimildlumsdmuaiinemiou midedmfuvesgilnstivutia °'C
W ladnn aﬁuawiﬂmtn’fﬂu“mmsmﬂﬁ'ngmu1mun?mwaqqﬂﬂsﬁfmin:ﬁ"mmun?ﬂﬂwﬁu"lﬂ au
mafHuaueas i edumilsdiniuRanegilnseiudazda vz s Wadoyauazmssmuarmis
aoinfivueansavesgUnisiipazaa

medoyauutin PC f¥aiSunedrauiiunamsin mwdoyaoynsy nis SDA
(Serial Data line) drumedyyianimiFedoni sudyanaundmeynsu uis SCL

¥ 3
(Serial Clock line) lumsosuas lflvziSonanodaygaiamesdh ae SDA uaz SCL

3.8.2.1 gaumudlasihlvesis I’C
210 SDA uaz SCL iflumodayanm 2 fiem1a (bi-directional line) dpslimsae
Fdumunasyiuusiu +5V Banssanm melimoilaoizasingsluvmsiihiimsdade 14

u’d‘ o f oo { o :; o
1y vadssslumsilessudygrasunuianildunlumedyguiires 2995 miyaves
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1 s ] s o . ot
ginsaldenguuiia PC dosildnuuuiurnsmsuiila (open-drain) wieasadnmesiia
(open-collector)

o ' ¥ LY 2 = - - TG = o

sarimInumeadoyauulia I'C gana 100 Aladadednilulnuadng uazgs
#4400 ATafiadauiiilu Tnuannus 13 ilnselfdeswsguuiia PC sxdvalimnnuy i

1 4
sufifAaTusynieas SDA naz SCL lsdifu 400 pF mmidhegunseluuiie I°C M¥doya
dmfumaidha 2 a1 Ae 7 1 (7-bit addressing) n3e 10 1ia (10-bit addressing)
¢ 1 ' w <2 o 3 = o o
qinsaimenfiresguuiia I'C sxhmihindneiu dsil

<4 1 ar 4

pilnsalndludaiadoyanSodedeya Sond dade (Transmitter)

a L)

pUnsaindiudfudoya Gond daiy  (Receiver) gilnseivutla PC amnin

U a

]

¥ )
dyidisdsuuasdads tagunsalimihidudrfediade e hitigUnsoila

yuile PC finmihmdudrdafissaadio

ailnsalfimifimugusiemsandeuutia °C Sundy mmmes (Master)

atlnsalfignaaugunieideviaud e PC Sund sav (Slave)

3822 Yeyaruguitdgueaia I’C

o aamhifaivuiy PC

figaufu s an1z Ae

() a3 (Bus not busy) AneiAeuiioaaizasiauuas SDA uaz
SCL nﬂuaaﬁnqaﬁa@: sunmeanem mm'wmﬂﬂﬁ'ﬂyaﬁ1msm§"nﬁu§ﬂﬁ

@  Susumsdwneadoya (Start data transfer) (Ras oo SDA fims
Wasundassziuasinnngsldr luvaeiinis SCL frauzasinga Gonannziih anaz
3udu (START)

3  deyadiseegumia (Data valid) annzilRatudaonanisdudy Tay

a 4 a 5 o o oy ' 4 - §
anuzneiniiiatuuuay SDA fredeyafishmstenea lame SCL Huaslngs anmed

| ]

¥
a1 SDA #eansit e lfaunsaifuideyaludamaziudnlu <0 nie “17 Joyaeruinms
i H o) = ; 1A e 4 = ] ]
nasuuas1dluwasfime SCL Huasind udidis lafauidosms Iiiamsaiuneadeyasdia

auysal aniuzasiniiv: SDA desnfinaeasauraiiicns SCL aouzaedings

ar

@) sujdeyn (Acknowledge) aumdininiimsniuneatoyanindada

k4
niadaiuiAnTustnauysel Taodadagimadadoyan 1 8a Send dafui (Acknowledge

. = s o LS 9 ] o 4 o L [
Bit) firauziluasings nfwindsdoyaiasud daugdnsslnmasisimsdadygnuivg

< & e ow dw w o o = ¥ = a1 M g owoa N 1 :
frpdduiuifudyapanniie gunsdmaniigndndlumsdadeniendianosg luvaeiiu

3yt

d o & A w a_ a A Y MY ¥ oy ¥
ﬂ%mmﬂuw3m‘n:uﬁmuzaa%nm’tmamammﬂﬂwm’tmﬂﬂsumagmﬁum‘auum

o

() ngamTaigneadoya (Stop data transfer) \finvwiioay SDA fims

H ’ v ¥
wasuulasszdvasinnndi llge Tuvazhias SCL fammzasinga Sonaniiziih anzyya
(STOP)
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AR

armsdudy
5DA - i
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i 313 TaezunnunmuraaemsAquussuLTe PC

o mvinuula FC
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Tn Fedoyailatnsdludazdaezgnimuamuinguia Tirnnsenlfouutaswdlyld daudn 3
Safudammuausamiaionnsalusunsy'ld (programmable address bit) Tavgldnudes
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= =~ o 1 A 4 o
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ey Al 1 - I Aayatudanli
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{ruamare 3 dauui o Ay By caniry wort dmven
[ [ 11110asss [RAW=D[5fl  A7-AQ |ag) o0 [ RW [5g] D700 o]
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Fnsrfiy FrsAndnRay
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383 wedneynsy

TuTnsnouTnsawmes MCS-51 finnsfemsoynsuuuudaqwing (full duplex) 1 4n
(evsdemsuuuyaguming  minois  wesdemsfirunsommsfuuazdidoyaludnuuz 2
Frmaldhunmiderf) Taoldu P3.0 simchilsudeya (RxD) uazut P3.1 vhmbiitdedoyn
(TxD) Tﬂmmiﬁ'amw"ﬂgmmuauﬂsmaq‘!niﬂsﬂﬂuimmaa{ MCS-51 nunulawiiuiuves
Falamia UndudmeineynsuvesulnsneuTnsame; MCS-51 wldlumsderodomsu
wosneynsuvosnauRunes Taulduasgu RS-232 ualuileyiumunssaanaiuluinasgu

RS-422 e RS-485 Tud TasiF ledRmuivimihilumsilasdgyapumsiemidand1n

3.83.1 mademsveynunue:aTania
msfemsdeyauuvezdslanie Ao mafuuazdedeyalavluiufiudesd
s =y 1 3 ] qr o v oor =] qs [ YA 1 1 o & A
aanuuEmssmdouasy lamsdmuanisasuir lumsivuazasteyalitinumiu - &eiFen
o -] y. o v df A 1 A .
fn3uF2101 daT1uea n3e usaisa (baud rate) Umrudluiindadund (bit per second : bps)

silvvesdsyaildlums fudwvesdsTaniaysenoudio 4 daudaeiu fe

nn‘.s"

1. DaSudAu (start bit) Bawa 1 1
2. diadeyauuveynsy Jvwia 8 Ua

= Qdy . . A = =3 ey
3. finasiaeounsa (parity bit) Hvua 1 danTe il

fintlamunsotianga (stop bit) Huua 1 On

&

4 ] o’ A 1 ]
717 317 neasginuvvefoyasynsunuvesBalasia e hilmsdedoyn n

¥ '
DATA sslanuzasin “1” Sunaruziid aoiuzvyase (waiting stage) msiSududitoya

] a ¥
szisuanms i DATA Taedn “0” dwtaszoznar 1 da Sendatlid dasudu (start bit)

.

q’: ~ T A = E} @ s I: = 1 é
nmiufiadeyaszgadeosn’ll  TavSunndeilfoddgdganielin LSB neu dedoyad

b.

¥ 3
L4 [ = o L L -« . l& =y
Fasmsdadisnau 8 ia miuamudluiianiia (parity bit) Faldlumsnsvaeuanuinnaiai
F 4 ]
Aavunnmsdidoya dagatuieedsie dellave wSe Savga (stop bit) Tavesilumshld
4 1
w1 DATA Saiuzasin “17 dansedoszozmeiiadon 1 1ia, 1.5 9 vie 2 a mediums

-1 o Y
uanINTugadoyauad

H LSB : ; M58 : :
RIS oo Gadu; TOMR  ABpn D odeuw i Yawn D Jeus : o vews © odmun | mpn | ﬁm«-ﬁ’g . Egpron
HGHTD : : um@ ¢ umit D w2 fe3 : Hac ons ' o6 b may n ; UHUgN : wgRTs
5}: -+ _._..._,,,_5
1 0 0 i 1 0 0 o i %

11t 317 pliudeyneynasmuvesaalnnt
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sasamudlumsfunazdedoyavesmssuduloyauuuozd Instianiodn

] y 1 =, (=)
voanioueaisailddmiunesneynsy RS-232 fdofuvasaidaud 110 83 19,200 dasoiui

A a4 j L= = s d'l ar ) r o = A
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B = =4 oo ¥ = = = n;dn - 3} =,
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