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SMART HOME POWER LINE SYSTEM

Mr. Pongsin Luckanakul
Mr. Prompong  Charoenwongrerk

Mr. Itthichai  Arungsrisangchai (Advisor)

Abstract

This project presents-a design  and construction of a prototype of Smart Home
Power Line System which can switch on-off any houschold electrical appliances from any rooms
in a house with a control keyboard or infrared remote control and can switch on-off electrical
appliances up to 36 units, with maximumn power up to 1100 watts ( 220 V SA) each. This system is
combined with two parts of working circaits as Control Unit and Switching Box. The interconnection
is done by using telephone cable or Twist Pair cable 24 AWG, and the data communication is used
RS-485 standard. These two parts use Microcontroller of MCS-51 to control the system.

This_technology provides the convenience of switch on-off electrical appliances
and reduce the requirement of electrical - appliance cable, while compare (with conventional
electrical installation, which is very complex and expensive. The advantage of this system is that it
also cans be designed to compatible with the other metworks such as Internet, Telephone and
Security network. This system  is-very case at usc and cam be further developed as

commercial product inthe future.
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2.1 gunsal aedn wiin nudmaes - NIUBaIALS a0dn ( Transistors — Transistor Logic
, TTL)
2.1.1 Propagation Delays

ﬁiymjm"?'whmam 293N (Logic) 9240 propagation delay times F 2w

{PLH fi® M13NHNIA1 (Delay times) vaizii 0990 0 (Low) Wi aoin 1

(High)

(PHL fi® m3niaanal vaizdi aodn 1 (High) wlavwihi assn 0 (Low)

1n@Auda (PLH waz PHL a1 Ty %uﬁudm’;m'q"lﬁﬁmvlﬂmws Hain
propagation delays f2Fvuiioy A asenie esaoinfisnediuld Fed PHL Ta9n
s 50% vesmsi/foudaygnuuin 0iilu 1 vesdyaa Buyn Hvuiy s8Ry 50% ves
msw/deudgyanann 1 ¥y 0 veadryaal 197N uag A1 PLE FAINszAY 50% voems
wasudyano 10 11iu 0 vesdgygna Bunn fAuTEAY 50% ypamsAvudganunn o

@ L4 (s a a a 4 (4 @ a
i 1 vesdayano o 1iyn vosginssinedn wila BuBIMADI (Invertor) HAALAIUR 2.1

Output 1

'glj‘ﬁ 2.1 waae A Propagation Delay Times , tPHL , tPLH

2.1.2 wanmsinuvesgUnisiaedn Aifluva (The TTL Logic Action )

ma TuTadvesgunsaififuoa 1éFumaiannudiunm 30 Yuds Jegiuld

o aa o 1 ' i \J é
Sunldluaesszan aaea fusdiuwsnay Winashiannsaswnssual Taqe 4



m"lwagiu;ﬂmanwssm (ICs) 39 ¥W (Chip) Tﬂﬁmsmmwmsmqmmmqﬂmmmmu
wwuiiesd 1Bud Tnssadranasndnmeianues fifiuen ¥iia NAND Gate oFuualugli
22 TaonimFames Q1 Ysznoudly 2 v 8371903 (Emitter) § 2 5007D E-B (Emitter - Basc
Junction ) ﬁmuanﬁmuz ON 3 Ql  dmiuniudaaesuuy Multiple-emitter input
transistor ﬁﬂmﬁaﬁ"lﬁqaqﬂ 8 BuWN YB3 NAND Gate daudm 11N ¥892993158N0Y
B nudmaed Q3 oz Q4 efiudnuaiznisdeiuLTotem-pole HaTWadUAY o ld

Faynat @1iymilu 0 (Low) n39 1 (High) ﬂatmmiu;ﬂms

21.2.1 M3NNHUBI1995 NAND Gate Iua@1us 0 (Low State)

w‘i’aﬁﬂﬁmiﬁmsmiwi‘fu 2 iResINUIBoAD E-B v8e Q1 i la
Ten D2 uaz D3 d1usoode AoalARIABS-UA (Collestor-Base , C-B) il laTen D4 Fagald
22 diol¥dna e 01TyNUe: NAND Gate 7l wosa X il Low tanedegUfi 23 @) e
Zoalvinosasumm Aunz B i +5 Taad i D2 uaz D3 oludeus OFF udanszudoz
lnaru R1 wag D4 Hunssudlusaivnusuns Q2 wlw Q2 egluaaiuz oN Mlvnseus
Funszualusaunuauss Q4 v W Q4 sgluda1uzoN dmwn Aoalanwes vee Q2 vnld
Ranszualani R2 iRaus sfundon R2 wildisedu anssousde C-B vos Q2 fiswiouns
wlorn eI ooRe B-E ¥os Q3 Tuiftwanedissihld 3 on 18 HipannIs sFUTOUAD
B-E ¥84 Q4 flunsTand  dAnlszana 0.7 19ad waz Q2 agludaugBua (Saturate) i
VCESAT Uszanm 0.1 Taad i1z asy seude B-E vee Q3 1szanest 0.8 Toad Fa'lliRuane
fozihld 3 uaz D1 egluamug ON wieuiuld@esldussduedinies 1.4 Taad) farfu
lunsdiil DI v’umﬂwﬁmnauﬁmus OFF 109Q3 dmiunimdanes Q4 ofludaiug ON
wazAefy Woda(Port) lLMWN X fifidussdudnnnn oz Q4 iiloudnins S Q4 afts
nsziaINgILBuNY vesgunsel fifuen Muderdu wesa X v lunsdiowiyneziiu
douzLow 1150 2030 0 tas qUnsaififiuea uansguaniATu undsiunszue (Curent -
Sinking Action)



Vee= +6V

Ry {
1302

otem po'e H
/’/ Te ;
+5V H
In|
puts
-]

Output

Multiple-
amitter

511 2.2 ueraslnssadaves TTL A NAND Gate

2122 M3MNUYBWI NAND Gate Tuaeuz 1 (High State)
A4 q Yo ¢ :i o o > b N y
iiolddaee owin Mwesa X Tauthu 1 High) sl menu
J a ' 3 ' 4 i
WosnduWN A uaz B wilauiiu 0 (Low) isgriaifieaud 1 wesn wazngalii 2.3 (o) 1
" w 1 -2 Jd s a
wosa B Aofuns1ug Aeanmzib Low du nosnA defiu +5 12ad (High) #1513
b4 » [
FaLUB92903aeT iielalen D3 domz ON  Mliussiuvessessonya Y Helszun
A 1 o ‘4 1 o o
0.7 Thad delifomerlisouso BB vee Q2 iiluaniuz ON I8 uazgwdeaiu il
Q4 waz Q2 Huaos OFF  unziiie Q2 OFF F ¥ usesunson R2 (Aa nszua ludaihun
4 o Y NS a v s
weawed Q3 auftsaneld Q3 uaz Q1 ifiuaamz ON 14 AnhuiioNnsa s Auingsn X
o A o e N o g e
o2 185 edu Uszanas 3.4 3.8 Tad. Fasedudenannaunsati ly198198e 18 guasel
] ] t 4
dudninn 1B uaeiug High wio aotn 118 unzlunsdil quasafiiueauaanaaudd

S undes1onsud (Curent-Sourcing Action) 85110 @AM 2.4



Iy = 10 pA ltypicall

A=4+5V

711 2.3 1aRININUYBI NAND Gate

a) AUy mﬁwm Low State b)ﬁmuzmw‘{vm High State

A o v o daat N .
213 mauaagueaiauwasiunssuaves gUnaiiiiuea (Current Singing
Action)
e s "o & ¢
eniymuesgunsaliifuea uaasgueifidu undefunszud die w1in
a o a L4 a A 4o " W
Syaous Low 50 aoin 0 sxfunszuanindu Suymuesgunsal aovnduiivhanseny
Jd e [ { 2 o a
wosalnail uandaglii 2.4 a) Tuvmsfieniynaaniziiu Low nsmdanes Q4 v
1Y o d o a { 24
wiiou §a2993 9a X funsmud ildifansdenszuann Q1 fiegludaug ON Fenszud
A sl a ' ' o o a o P on '
#3970 Q1 aINTIUATLEEAN TIL dauusaduinga X oununsauailisonn VOL uas
° 1 (Y 'd a o
o1 fnthiliu undeSunszua wie yaarnd nawdaiaes (Pull Down Transistor) W31

TWseRudgyanauo1vinm aouzidu Low



wa o LA daa
214 msuamqmauumﬂwmm%wmxuamm Qﬂnsm‘nmma (Current

Sourcing Action)

¢ s wa Vo A J
LEJ’WW!YI‘UENQ‘IJﬂSm‘YmLLﬂﬁ LLﬁﬂ\‘lﬂmﬁu‘Uﬂlﬂu LY ANUNIT ST LD lﬂ']‘yn'!(ﬂ@

[} . £ o 9) o Yo Y a L4 a A A o LY
giuamuz High mmwmmwm:uﬁ‘lﬁﬂumu i’)‘l«l‘V!‘YI‘Uﬂ\iQﬂﬂiﬂlﬁ@%ﬂﬁ)U'ﬂiﬂlﬂﬂﬁ)ﬂﬂ

9y [
wesmomnail udaadaguin 24 b) nuFaned Q3 sraglumaius ON @ Q4 uaz Ql

-é o A ' Y o 1 = &'
ziiuero1ue OFF @3 Q3 wimThnenseualiny Q1 uailuldoanszuasiInaves

ad [ ' 1 q’: a =) ' o A
ﬁﬂ1u3§tliﬁu1‘1jﬂﬁ YDITBYAD E-B INTUU umﬂsxmm IOHA 159N ITH LAY HIIAUN Lﬂ’lﬁ

a @ [ ~ ' P o o i @
Wn MYUNUNINIUANATYI L3UNT VOH %4 Q3 %xmwi’:’wmi‘lu UUQIUN T ‘YI%‘E) WadNn

a 4 o @ o
NITUYTADT st1gﬂ11ﬁ§3ﬂ‘l]ﬁmﬂg1mlﬂ1ﬁwﬂ ﬁﬂ’]u:’;tﬂu High

Qutput circuit
of driving gate

LOW
output

(a)

Input circuit
of load gate

HIGH
output
_________ . [—_————-——_.,.
+5V | | +5V
| |
| |
i |
R [ |
| |
| [ Ry
| | 4 kQ
A Q, | [
| |
| ,
|
Q, -
OFF
Qutput of Input of
driving gate load gate

(b)

917 2.4 werAIMIiUYes TTL

2) nsduiuunassunssua b) asendluuvasdonszud



[ LY daa 1 v
2.1.5 msfSeumsuguinyazvesgUnitinnuea UM

M319H 2.1 ueasnuanyuzveagUnsel fifinen juAen*

10

{uA199 ¥03 TTL

wndeed
74 74S 74LS 7T4AS | 7T4ALS 74F
dasiMsUgians
Propagation delay (ns) 9 3 9.5 1.7 4 3
Power dissipation (mW) 10 20 2 8 1.2 6
Speed-power product (pJ) 90 60 19 13.6 4.8 18
Max. clock rate (MHz) 35 125 45 200 70 100
Worst-Case Noise Margin 400 300 | - 300 300 400 300
(mV)
Fan-out (same series) 10 20 20 40 20 33
WISITRDIATULTIAY
VOH (min) 2.4 2.7 24 29 2.3 2.5
VOL (max) 0.4 0.5 0.5 0.5 0.4 0.5
VIH (min) 2.0 2.0 2.0 2.0 2.0 2.0
VIL (max) 0.8 0.8 0.8 0.8 0.8 0.8
a o
WIS AIUNTLLE
IOH (mA) -0.4 -1 -0.4 -2 -0.4 -1
Outputs
IOL (mA) 16 20 8 20 8 20
ITH (uA) 40 50 20 20 20 20
Inputs
IIL (mA) -1.6 -2 -0.4 -0.5 -0.1 -0.6

' a g a a
« wanoimg mvesmsiimesienenifoun/acld Taud1e8991n Data sheet
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22 ginsed 29933Adnemlszian wew (MOS Digital Integrated Circuit )
wa TuTat ued (Metal Oxide Semiconductors , MOS) ﬁmmm%mmﬂuiaﬁ
a '3 . U4 Y 1 a
NIUTAADTUUL 1IN (Field-effect , FETs) I81iuginsel MOS FETs 181ifi%iia N-Channel
|1 P-Channel {03484 MOS fip a313410, 111N , vwmdn , ldwdenud uazanse
' a 1Y ' o ad ' g 1ty A
swlsunanszud 1dnnadt gunselnsznafifiien iy 74, 74LS uag 74ALS uANYBLAY
ZunuEoniode vinliiadad udteesiels Ics aszqa fifuea eypiudmldsy
msth I 1w lulseseduumsnasisunu 9n31 2.5 uerAan1s luda(Bias) MOS
FETs Tiimihiiadiouaindedluaniuz oN uamsaomsidiudadumusiiin nienlso
sumsinszudvansans deinislude vas =+5 Thad uasadadeylusoiue OFF
o 9 ' & @ ] '
suaasaauziiudadmumigenn vionFoudunsdiaiees nszualicunse Inari
A = o o o o a
Tnaa'ld @iesins1usa vGs=01aad 909 MOS FETs ¥HA N-Channel 42zt 131 %UA
1 U] ° Y a 4 4 o 9y a L4
P-Channel f11 VGS = =5 Taassenzsinld aiad ON wag VGS =0 Taad s liadng OFF
HARIAIgUN 2.5

Drain

Drain
Gate 0———| ﬁ Gate .__J
Source Source
¢ N-channel P-channel
Voo OFF state ON state
+5V Vgs!ov Vgs = +5V
+5V +5V +5V
= . !
G c S D D
Rore ' R
Vv ON
y ooa & 1000 @
S r ;
(a) (b) (c)

q1lfi 25 wamadgydnualuazndnnsiianives MOS FETs

a) U.’cTﬂQﬁ']lMﬁQﬂ'lileﬁlﬂ VGS buaasaniue OFF c) aadaniue ON
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g RoFr = +5V
(logic 0) K 10100 (logic 1)
+5V B Ron= | Ron= +0.05 V
(logic 1) §§ 100kQ | 1kQ (logic 0)

(b)

51/ 2.6 UAAIINTTVDY N-Chammel MOS FETs INVERTER
2) LEA92995 N-MOS INVERTER ' b) tidasnaiauiiAves MOS Tuaa1usONuaz OFF

UM DsAUYB MOS FETs 183107995489 INVERTER %iia
N-Chammel MOS FETs 1iiasnngi 2.6 dait

el nedn onie vin=0Taad szldieniymiluaein 1 vie
VOUT szana +5 19ad anumaan13fiaiuues INVERTER  Tasilnd Q1 uaasiuilu RON
— 100 kKO w31z 145unslusa voD = +5 Taad wildegluaoiuz ON  dau Q2 szudas
sufunsiaiees nie ROFF =10 Tory faldegludoniz OFF  uazidielWdumymidu
203N 1 30 VIN=+5 T2ad 92 1&ienfymiluasin o nie vouT Yszuna +0 Taad Tas Q2
szianataiiu RON = 1 kO ¥4 VOUT Apnisuiauseduues RON(QI) = 100kE) uag RON
Q) =1k 14 vouT szum 0.05 Thadaalszanat 13 unid 0 Taadld

nnmdnmsendiedn1dimshiennduiugnlumsian
g1nseinodn A199 171U N-MOS NAND Gate , NOR Gate , FLIP-FLOP HUUANE) LA

° a 4 o o
vsvemteanusi luasesaeufianed Wudu uaasdegui 2.7



A 8 : X

LOW (0 V) Low || HIGH
HIGH (+5 V) LOW || HIGH
LOW HIGH || HIGH
HIGH HIGH || LOW

+5V
- il =
L= = e
X = AB
j02

(a)

J L Low | tow || HicH

Q, Qs Low | HIGH || Low

A d\ d ':} f Iy B HIGH | Low [] Low
7 HIGH | HIGH [| Low

(b)

91N 2.7 UerAII995903 ABINIAY ¥1iA N-Channel MOS FETs

a) N-MOS NAND Gate b) N-MOS NOR Gate

2.3 Complementary MOS Logic (CMOS )
gunsaltszian CMOs Aensti P-MOS 1oz N-MOS Channel 3nlFamsaudiu Tay
ihdedveaudazuuuin ldem MIA1E guasal Avhaw1dEnd ez ldwdanudnd

A38QA MOS 91liTU CMOS Invertir, CMOS NAND Gate L NOR Gate Uansrsguil 2.8



14

+Voo

> X « AB
CMOS NAND Gate
TRl %

(M)
Basic CMOS INVERTER
Ve Oy T | Vour
v OFF ON
u;om) Ross = 10190 | Roy= 1kQ RV,

ON -OFF
Ron=1kR | Rogr =100 | =+Voo

ov
(logic 0)

28 uansdnuuzlassadiaves CMOS
) NAND Gate ~ 9Y) NOR Gate = ) basic INVERTER

uazsuiReaty gunsel Ussnn CMOS s ianniunratuiite Wiz ay
Fumsidaunuua saudansh lulFnusudu gilnselasega TTLs A2o 1Aud aszqa
4000/14000 , 74C , 74HC/HCT (High-Speed CMOS), 74AC/ACT (Advance CMOS) Lag
74 AHC (Advance High-Speed CMOS)

wieldaunsaldnugnsslasinliimmsauduau adsfies ldnsuguanianie

WHhwosgunsel 2 Uszian dwansned 2.2
m31eh 2.2 Ml suifsuguantansIWihsznde cMos uag TTLs

A o
iiie VDD = vVCC =+5 1204

vDD = usenulusa cMos  vee = useaduluda TTLs



Aﬂ‘ = a wva 1
a9 2.2 mafFeuiouaaauiianalifhssnie cMos uag TTLs

iile VDD = vCC = +5 Thad

VDD = 115984 Jd e CMOS

vee = ussu'luda TTLs

15

CMOS TTL
Wﬁiﬁmﬂ‘g 4000 | 74 | 74H | 74AC | 74A | T4A | TAA | 74 | TALS | T4AS | T4ALS
B HC | CT CT HC | HCT
VIH(min) 3.5 o 2.0 3.5 2.0 3.85 2.0 2.0 2.0 2.0 2.0
VIL(max) LS 1.0 0.8 L5 0.8 1.65 0.8 0.8 0.8 0.8 0.8
VOH(min) 495 | 49 49 4.9 4.9 4.4 315 | 24 2.7 2.7 2.7
VOL(max) 0.05 | 0.1 0.1 0.1 0.1 0.44 0.1 0.4 0.5 0.5 04
VNH 145 | 1.4 2.9 4 2.9 0.55 1.15 | 0.4 0.7 0.7 0.7
VNL 145 | 0.9 0.7 1.4 0.7 g i 0.7 0.4 0.3 0.3 04
[TH(max)( LLA) il 1 1 1 40 20 200 20
160
[IL(max)( LA) 1 1 1 1 400 | 2000 | O.1A
0
IOH(max)(mA) | 0.4 4 24 8 0.4 0.4 2 400
IOL(max)(mA) | 0.4 4 24 8 16 8 20 8
Power dissipation
1w 2.5UW SHW 90nW 10 2 8 1.2
per gate (mW)
Static At 100kHz| 0.1 0.17 0.08 0.006 10 2 8 12
Propagation delay
50 8 4.7 3T 9 9.5 1.7 4
(ns)
Speed-power
5 1.4 0.37 0.02 90 19 13.6 4.8
(at 100kHz) (pJ)
Maximum
12 40 100 130 35 45 200 70
Clock rate (MHz)
Wrost-case
1.5 0.9 0.7 0.55 0.4 0.3 0.3 04

Noise margin (V)
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2.4 The 555 Timer

1 1
aaa =<

. Y | 1w Jd 4 { °
1 555 Timertiidlulo@i) 8 41 Fuon13defugilnsaimenenitonas 11 lodiny

Tuuuanee

GND ""'""——1 +Vee

6
5 g court | fommmnns THRESHOLD

ATOR

Vies INTH

2 7
TRIGGER “ron _{{———--—— DISCHARGE
2e X _Y

5  CONTROL
VOLTAGE

RESET

DS007851-3

U1 2.9 4AAIALINUINVBY IC 555 Timer

A v

Y
'i'IEIﬁZL’E)FJWUE)\‘lsUW]N‘"]iJﬂ\‘Iﬁ

J
- YU IMWN(Output)

Y
v =R Y

Jd A 3| @ @
Glnl,mvn/gwﬁmnm v esnu AN IaInInTEaIUI(sink current) HAZA)
9 A o ~ I3 a1 o :? <
Tnnszuaeon(source cun-entﬂﬂmu@ﬁmumwmwL@mwmmm"lwmmmmmamﬂueﬂﬂﬂﬂm
Y 1w = & W : £ A 1 ! A ib
wWhgaalod Tasvaiziiy gunae 1aa(floating supply load)HAUTUDUADADHDY ILITUNINIU
0 Y A g v 1 dy Y 1w = A o ~ J =
Taosimrhidlugriunssuana vlifoaneuendigas led taziiedyanuiiomynin
5 o v & ' ' o
g4 lofisss fazdniuginszualavdosnszualiflnag ns1udIvaa(grounded
i Y
load)¥30 11 0ANEUBANADDINUUIUL LD

- 91516 (Reset)

v '
o v A

= o A &£ o quu i A o
GU']iL“]fﬂLﬂusUTVM GIN‘VHTW 555 ﬁ']lniﬂﬂﬂlaﬂﬂiaﬁ\ieﬁ']@aﬁiy‘ﬂnmﬂ']ﬁ N

o

Y A

a Ja . ~ " Yq ¢ dy ~ ! 9 o dy
i]mmmﬂmmauwm(mgger)“lummm"hJ“l@“lwmmsmwamm"meuaﬂ wazauiela
A = :ér 1w Jd A A [ v Y J 4 ég Jd a
VIﬂJﬁL“H@UG]@ﬂUﬂSTJﬂW5’E]lJﬁzﬂﬂllix‘iﬂuu@ﬂﬂ’NOAI’Jﬁ@ ‘V]\‘161113Lm$ﬂﬂ7(‘111l@'11’l1/!‘1/l!,m$@ﬁ

J 3 a v o o &
F159)NVSUAULIIAUAINUN
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a L4
- 91913 9(Discharge)
a d P A o '8 P ::‘d Y A a J
e uiuni7 Wedyanauewiymiiad vilifwlnemsaaesnse
v o v 4 e o y o ' A o Jd a
uauesdunulszy@EaunuYlseyiiseiiminniineINUNININNGT) LS AU MK
¥y v
Aga wiiszimihidansesiazeygnalddaiiulseyfansmnsnszuannundiio v
Y o o
meusniiaunulsey
- 41AUANIITIAU(Control voltage)
Y a4 o o d o Y /e o A &
vinauquussiuiiuais Fududszyivimihiduiamesiinndenil

o Y

s mthinomaned hudaeasuniuinzissdunseifion(ripple voliage)nans1ad 1)
Q‘l’ dyo 9 a d @ ' A dar A o Y a A
i Idussdumsaleadusedy a amileidausuildidamsnlbouidasaomzyes
s a0 Y d’u o 9y 1 @ o A 4
niymiimgades uenvnfifimusoiunlduldounlasszduus wuiivinsalsaduasy
Snined
a 4 4
- yIMSNINBsHasmMI T l8an
10§ 555 Hamuzmaiausg2aeug uaslidamezmsiieg2aniug lay
’ :3 (Y & J P Jd a o a o Yo
gouzAen TusgFuaminineswnin2uazvinsalean(ifie) dyapusuynnloulidy
a 4 =) Y J @ 4 ° v
nnsninesszgniliouiisuduaeumisuassninaau2 Avlums sgadmualinsey
s a 71 o 2 U LY @ a
foufidunsaleadnidivioVitower thershold voltage) ¥ AN Vee/3 deygaidumnm
P [ o - o £ 3
fflouliuvimsalearszgrulsouivuiuneumisuaesuinoay] FagninualinfSoy
~ lﬁ‘ ' \ l& IS | P S
fovfisunsaleadnige Fevzauiin 2Vee/3
9y ] b4 v
Tunstlenduynuaasnsa awssduideoudmniuiv U 1dhedsunnd
o) 9 1 o) " @ o z o ° Y a A [
wiorveuni viemifumsaleadieaes Suszildinagomzaaouz laviioaglunis
v v ¥
'ﬁNmLmUAusaﬁuauvgwﬁﬂoun’hmﬁﬂ'lmmnﬁQﬁ’uﬁwmﬁwmmma%’uazmsﬁiaaﬁ N
3 o A d g ' ; ° v a o a0
Tuussdufivueniynizliige luazfinsihenuy D ussduduyniieuduniargs

1 Y a q‘: o Jd o ' o
nduseRudaBaiaaes usaduivue iy Idawih

46268
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A1519N 2.3 AULNTINNUUDLF 555

anugmsal VIN3TNND3 2 vunsalead 6 | wadws
M YUDINUN 3 WMAAWIID 7
A 81091 Vit 8109 Vut High 11a2995
B dndvie 4N Vat NTNULIANAD
1)
& gInN Vit 0 vat PaoUzIANAD
il
D qInN Vit 4N Vut low 5179

o @ ) 3 ) A A v o Aa
dmfulunsdimsiiausuuBuazcry szlusiian lod 555 dedren1uzian

o Taeiioussguniilonidhurnaasnina vue lilifouds Vit viaaniue B uaziioussiuh
) A o A L) A & ' Mgl A o A
Houdnnidous swundlowdhwunuiunnm vie lifiouds vat nioaniue € 29aszdndl

ﬂﬁ%?ﬁﬂWH%LﬁM@WUH’E)EJ

LU

2.4.1 Monostable Operation

= < ' = 4 o
1311 2.10 1Tumsan le@s55 e 1A 1w Monostable(one-

' '
AT Y

T & 4 A ' &
short) 11NN I8zt Pulse Mndouniimveennundg Pulse ash Tunaazassnsitlou
Foyana Trigger Pulse 1011995191200 10 1iloA1 voltage Yoadayay 1@ Trigger HA1anag
v ' N 1 ey o 2 4 ] =
Woun11+2Vee/3 Op-AmpAad1aniziite1ynesnu1dly high 4903 reset RS-FF NI 11 e

I3 v < A 1 al A d%’ '
InoINIZCut off AzAUAYTZYCAILYN charge (DA Threshold Voltagel ANNNALIUNINATD

Y o oy, 4 3 = 4 g A o

+2Vee/3 11810p-AmpAILUNIZ AL MYNOONUT U high FeAagset RS-FF Tuumgio1munQ

4 3| iES o q 9 7o ] o v g
wasuanuzan low wuilu high Nz insuGaeesiau Az lddunulszycgn

1 I~ J o : I I @ 4
Discharge PINTINTINUNTIUTTIADS AYYIU Trigger ﬂ%!,ﬂuﬁiy,iyim pulse ﬁLLﬂ‘U“’] uag
o o I Y] = A v 3 2] Il v Y
dyanasemynozdudyg s Pulse Aivasy AuAVYI2Y C H99890 charge MUAINIUMUR
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msfmuadeyalifiSanns SBUF dimsdmuam1¥du3imaes SBUF v ldm
FemsTowthedoya wu MOV SBUF#15H W39 MOV SBUF,@RI Ald mssu

doyalulnua 0 ﬂwuuwuiwaqamaﬂwmm RI=0 iz REN=1 dlulnue

B

s

UM ﬂ'ﬁiU‘\lﬂiJﬂﬂwlilmuliJﬂﬂ'lﬂuﬂUﬂ REN=1 lag i Start bit L‘U'liJ'I‘VﬁJ'I RXD

ﬁaqaﬁnﬁ 9 Amualu TR
StareBit|( 00 ST Data 8 Bit — l Stop Bit (1)

1 Do D1 D2 D3 D4 D5 D6 D7 D8 l

anuzTiolnd

U 37 dyaavesmsdedoyaveeinue 2uns Trnua 3

3.6.2 miﬁemﬁzﬂi]ﬁﬁgﬂmﬂﬁ? ( Multi Processor Communication )
a ' 1 o 9y a ' 4 i & Qo o
msaagedemsn legldnsAndefiomsuuuyaneyadliaam 1 adlaz
v @ @ ' M '3 £Y 0 4 £ :
it 1 i udlunendnsnugusuiudeshmsfemsuuunaiega Fuilumsieans
v 4 o A A J gy Y [y & 9y a Aa a a
sendielu Insnou Insameinaedigendeiddretuieliifamsniuguilidsedns
.&’ J 4 4 ' § o 1 Y v
amannay 'l nsneulnsamesiued 8051 aunsneureiiieiudadoyadiuldvanud

fanaaslugin 3.8



(V)MIIFOUADUVUYAIYYA

8051 TXD »TXD 8051
su/d9 RXD RXD =5/ 4dq
GND L_ GND
(1) MIABUVUYAADYA
gos1 XD
( Master) b 3 r r
A A A A
TXD RX TXD RX TXD RX TXD RX
8051 8051 8051 8051
( Slave 1) (Slave 1) ( Siave 1) (Slave 1)

51N 3.8 mseuaelulnsnou InsamasiuuyadoyaLazaLYA
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msthanvemesasynsuveslylasaeulnsainod MCs-51 lulnua 2 unz

Tiua 3 Smsheufidy fewnsalddmiunsdoudedomsssnhdiignawdild ms

o e’: Y a d o g3 a 4 o
Wi 2 Tnuaiideyadad 9 szgnirlhinuluia RBS Lsmwmmiﬂsuﬂsmﬁamﬂuﬂiﬁ'

waimauﬂiuﬂmmqmusawaaummiwwﬂﬁmaimanamumm'lﬂm'lu RB8 =1 “Nﬂ'\i

muauumwummmiwmm SM2 mg‘luswmas SCON msmamiumswaumﬁami

ﬂ‘ucnwg'ﬁawmauuaﬂumwmmmumu 1145ZUU‘VIWE)UVIEJLmUﬁﬁ']UQﬂﬁ1ﬂ'l14Uﬂi‘ﬂqf

o A

Ay

it Agwdn (Master) amsumuqummﬂmanwwqmauq Faoniniudiy

5904 (Slave) ﬂi‘gi}ﬁm TXD uawwqwaﬂmwmnﬂmmm RXD iJEN“BWQiﬂQ‘V]ﬂﬂ’J 'ﬂﬂ o

yanndigndnansodsludeifigsesldnnd fiddfgsosiduniisuosdaues
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Ao 4 4 [ Y 9 QY1
(Address) Ffmual3nn Wsunsundosriannd Taslimsumisdnuaizvesdoyaiilydeson
i 2 www fio

1) Yeyafidlufmvuadumiia (Address Byte)

A a 4 a 9
‘ueuamﬂumm'nuﬂ WU UY S Uﬂ'l'UVH,J’EHJﬂ‘UWV\ 9 (D8) nmﬁ‘lu 1 ‘1'15

o @

Smiuimuadumicedifigios MdRgndnAeamsdadeday Snvaizvesdoyaiifinua
Aundanaaslugyln 3.9

Joyaiini 9 dmualu TB8 =1

Start bit = 0 «———— @uMivey FAY 09 —"> l Stop bit = 1

i

|
T }Do D1|D2|D3|D4|D5|D6|D7|D8

aouzenuln@

717 3.9 wansdoyadmuadiuiiis (Address Byte)

2) meqaﬁ‘lmﬂmayammn (Data Byte)

HuludnlFdmsunmssuiazdedoya smwm"lﬂ“lmmiﬂwam”lumuﬂ fmua

Wiai o R0 Fephiwuvesluddeyass fudegalii a0

dioyaiing 9 Smualu TB8 =0

Start bit =0 <+——— guiniaves &y I ——> l Stop bit =1

TlDOD1D2D3D4D5DGD7DB

aoruzaulnd
51/ 3.10 uanedeyav1IAT (Data Byte)

i a o 1 3 o o O o
fedfignandesmadedoya 1 vienlulddfysesdladmialunaiwaaa

usﬂmwgﬁaﬂﬂmﬁam 1 lud «mnm‘i‘lumnenmumuwawwgsaa (Address byte) 80 11

namwaﬁ‘lumsmanwgsmmmmﬂﬁm*" foya Taudeya 1 lnﬂuwmﬂmmmanaeuq

k

a

dodinfi o fiduihu 1 'uaga"l‘umuqnmaan‘lﬂuwqumnnm winsimualddfigseann
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- L) A aa @ o 9 7o ] 9 a a @ o’-g
iiiendia sm2 = 1 diedRgsemadi 183 udeya luddumiuiaInziaMIBUIADINATUMY
] 9

Tuddnysea mﬁqsawzmmsmnamméinmmﬁmmuuummanummmﬁ?a"lu FNY
°  dd o ' @ o | Ao o da a [ o

speRumsiTidumiansstui sy 1dezihmanduiida sM2 wazieIoniudoyah

Husnmsdel dmiudigsesdumisihinssfudumisisumnezdone sM2 = 1 oy

' a Jo & [ o Y [}

a1 uazsnTysunsunsuaueansdwaes swaudandu lvilsunsunineey nazsems

a o oda L o 7o ' H 1t o oo o 19 o

s npdSnaiiRatuanms sy luddumisluadelnidn ndmindigndndedeyaludusn

& ° ' a &4 aa o
dosudumisoenliuds szdudedeyadsdodiuluddeyaiiiah o Wu o mueen’d {0

y ]
I Aada A4

= ° ] [ ] 3 Ao [l o ' A [
ua'u%zﬁmuwwgwumuwuqmsaﬂummumm’faqa“ﬁ' msdsdeyafziiusznhediigndn

&

@ Ad o ] o J : Y () ‘t’ ada [ 1 o
fudAysBaNNAUMUIATINUNIUY u‘iemsm%gaﬁuqﬂquwaﬂwv’\'mm%’aga"lmqﬂ
y o

y

o g T A % 1
ol diusuenividuiunsuhdugedeya Gee1eldare ASCILA1 03 (ETX End of

! v
text) W30 04 (EOT End of ransmission) A 14 tied@figsesldsusiaiiudanozys whilude
o 9) v 9 y 1A A a v o 1 P

yadgaiiuazvngamsfudeyn udaaain SM2=1 osuAusesumsdedeyaiiilu
fumislusousely

a ;

Sa sm2 vz lidnaluTnua 0 dwmfumsldeamiuivuae 1 vin SM2 =103

a o o 9 " a J (=) i 9
aumasswm‘ummiswmg‘mz'lmﬂﬂwmﬂ"luu Stop bit U1
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uni 4

WMATGIM RS — 485

4.1 ATFIU RS - 485

WIRIFIU RS-485 Lfluszunmsda*\’fagmmu Balanced Digital Signal N30
Balanced Data-transmission Schemes  iManzdminmsdedeyarumohdgygavuing?
uauag‘luﬁmwxmﬁauwuﬁtytmmsumum FananieswazPuaszuumsdedygiude
ya(Transmission Systems)lm“’qﬂﬂi m‘VI‘YINTu‘YlLﬂU’J‘ilm(Equnpment Commlttee) Li‘lusm"U‘n
avfuayunsiidrdedayeauuuvaion (Multiple Drivers) ua‘"'cm‘uﬁuummsu(Recewer)
uazdada(Driven)dayaas 1Agega 32 U.L.(Unit Load) Tumsdedayanalutiadoya(Data
Bus) AUN1AS§IH RS485 92i]uiy Half Duplex Aolunilagraanzeyaaldiidds
ﬁmuagwm"lﬁ'wﬁeﬁawhtfu ﬁ'u'fuqﬂﬂsnf%"u/daﬁtymﬂm(Transceiver) #oaiin5 Enable tiolW
fronudugdsdanna tasiz liamso Enable Wlidadsdyanonnnndt 1 drlunandes

fu18 szifadaandeyaluawsadaudsiu( Line Contention )

A
[ NI
Zr ez
B
D1 = driver

D3/R3 = transceiver

R2 = receiver

ZT = termination impedance

Up to 32 U.L.s [receiver, driver (off state), transceiver]

91t 4.1 uansdnpazdI ULz dedygalulaTIL RS-485

o @ @ 1w o 1
gunsaldrTunazAIdId gy Uszneudroaodyno 2 1dudoponn
4 d a o o
WO3AD1MYN 7D A Terminal 1103 B Terminal Lazdesdadafiudaynains19uA(Ground)
1 1Y v 3 @ ¢ 2 @ @
saufiu Tuszuy Rs-485 o2 lianlsdyga Moudunsua deegiadyg sy

Differential Measurement &03AMseAUFRIM5ENI1 A Terminal U B Terminal 1AUA7
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Y o

1w o { [ aa . 9! Jd ~ a o
dadayga sxiimslasuutladoyanuatnea(Digital) W 1Adygnaeyinn # imaula A

] o A b o/ ) A
wae B Teuilumdgyapuifingsdhudu uaaslddagy i 4.2

| A

Data from microcontroller

RS-485
Driver B

Data from microcontroller

Va

VB

VaB

Vss = ‘VOD-VED‘
0.2V < voD|lg 10V

g‘l_l“?l 4.2 e ﬂaﬁ“ﬂymzﬁmiymuuu Balanced Data Transmission (¢ Differential

Measurement

Asaudgyanuh ANNI0N5TU(Detect)itaznensia(Decodendudoyadineald

3 9 o :i
U Laae lafan1s1en 4.1
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M3190 4.1 UAAIATZAL “igaunmﬁfmniﬂmaﬁmmzmﬂsﬁm’faga"lﬁ

Applied Voltage | Resulting Resulting | Receiver Purpose of measurement
Vi Vig Vi V en output
state
<1V -6.8V -200 mV 69V 6 Minimum V| at extreme - Vi
+12V | +11.8V | +200mV | +119V Q Minimum V, at extreme +V
-1V 7Y S 4 4.5V 6 Minimum V| at extreme - V.
+12V +7V + -y Q Minimum V| at extreme +V
._...__...____..___._.__.__.___*%9
f\f-T—\ N—
Vip
e e e el
=200 mV — 3l <=Wo 1 --—--—\-—— —--————f—— Range
Vib Transition
: Region

200mV<|Vip| <10V

Ui 43 tansmsziuvesdyanuiidunsansniuuazaeasiadoyald
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4.2 Cable Termination
(] 9) @ 2 ﬁ
1umimaigimmwua“lusvuzma"lﬂa wazluseuutauns RS-485 iy
Yy Multlpomt ﬂﬂ Mﬂ?iﬁ/ﬁ&ﬁi‘gﬂ]”lm ﬂawm"luswuunmﬂmm mﬁ‘luﬂmumim Cable
Termination maaﬂﬁmimm’d.mau ua~mumnam1mmsﬂwaua"lﬂ UﬂfﬂUmJ‘U GN‘H

1) No Termination

! 9

gy a (9 19 1 a a [
Joa - srddlideddnszuaunnuas Lifamsgatonasny

Y
d @ Y

Loid - Tsaridanmsdadoyam(< 200 kbpsuaz 1 ldfumudedyaussuzdy

[ 7]

Dy RA
Din RouT
Dz RB

717 4.4 uaaegainuves. No Termination

v @

2) Parallel Termination ﬂamwammmmumu ZT N63 wfg ™ ﬂ'\LL‘H‘u%ﬂﬂ

U
Fhovestid Fa8ZT=Zo (o Zo ABAINNUAUMUIINYDITZUY %uaéﬂummummmm
LazATad YRy
$o8 - oadyonuayiould
- dadoxpldludasidage uazmoidygaed
o mingaususzuuiiiunuy fade 1 duezdasunaisdl (Multidrop
Applications)
doidty - i’hmuﬁﬁiymmﬁmmﬂtmumwﬁﬂﬁmuaumuazv’fau%u"lﬁ'
- AamsgyFowdaanuunnnd 1Y No Termination

v o 9 1 d Ay v ] A v 1o . .
- 2%y Waneninnd lduduowileddedayanauiiu High-impedant
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Dy RA
DIN —T- Zr g R RouT
= Dz \ 1 Rp -
R

NOTE : Zr=Zo

2‘1]“?\ 4.5 uﬁmgﬂlmmm Parallel Termination

3) AC Termination HanHULARWAY Parallel Termination uRinEuAUTEYCT)
ARRYNINAY ZT
for - msgqudwienuludads idaaaaissndniuy Parallel Termination
- ans naadganaiazioulutiald
Zoidy - {Aaf1 RC Time Constant daWaredas3IMIAIYA UazANL
yoaeruhdayans Wiiasna

- fiovldfumsdedeyanuy Low-speed Control Line

Dy Ra
ZT <}
DIN l ROUT
Cr
Dz Rpg

NOTES: A. Z1=Z¢
B. Choose CT so that the resultant RC time constant is small compared to the unit interval.

51/ 4.6 werAsgLUUYBY AC Termination

¢ " . . Vo Y A
4) Open-Line Fail-Safe Termination Tasn1sAoAIAUAIUNIY RUP Lo RDN 1N
swnssualasute Weldifaausfuszning meliuea A wag B UAWMIND +200 mV 1D

ado Vo Y U . . o 1 g a a
Wﬂsmwmmﬁmmmnﬂﬂmqiuﬂmuz High-impedance wihldauemnni Wuiiauilu

High-state N30 Logic 1
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9y

o 1 o o 1 o 13 Jd

Joa - lunsfifdedygnamndaegiuaaue Ide winlidyanauoinm
{ % VA ] " ' - Yo @ a0
f&3uiisfiuduou Ao High-state (W31$M30NIEUAVD RUP 1o RDN Wnutia UM
sEAUTRYYIM +200 mV

9 =) n' 1 d' 9q Yo o U

Joide - miumnseuanlglinnudasdygu
- ifams gagdendenulussuuge

0 v d @ @ U o a o
- ldrneniynuesiisuiisnasanat i igadundenu

Vee
i’ R
<
DIN Zre Rout

RpN

i i__/\/\v/\

NOTES : A. Z1=2,
B. Choose Ryp and Rp to be equal so that at least 200 mV develops across the receiver differential input.

ﬂﬁ 4.7 mesﬂuumm Open-Line Fail-Safe Termination

5) Open-Line and Shorted-Line Fail-Safe Termination TAgnISABAINNUA UMY Rs

pYNTUTEMIN AT RUP, RDN Ay ZT

]
A o

‘i’fﬂa - ’dW'ﬁﬂﬂﬂﬂﬁuﬂimﬂUﬂﬂﬂ’Nﬂi(Short curcuit) Y ﬁ’dlﬂﬂ’)d%’i(Open
curcuit)Tﬂuﬁaﬁﬂﬁ'ﬁﬁnmmsﬂszuﬂ'nm‘vanmmuau"lﬁ’ (High-
state)

Joiie - idomlduge

' v v o . vy .
- igunsaldufugunseitlszian Transceiver |AM3Z A3 Terminate

] { o [} J v 1 a v v @ o/
Ao I¥dumisveueniynussfde@uynuesiaiudigaeve )
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Dy

DIN RouT

RDN

<
>
j:

21]“7\ 4.8 ug ﬂdgﬂLm‘U‘UmOpen-Line and Shorted-Line Fail-SafeTermination

6) Multipoint Termination (HUZAMIUTE sHTiFTuLazAds SuIUra18299sh
dosuta@Eety domanudmui ZT figasuduuazyagaivvesiadeya lav ZT =
Zo

9 & o . .
YoA - WMUDUNULIUY Prallel Termination
- @aummyssdgyanaifimmang auiiga(Optimum)
a = =) o Q' J ' 9q
SR (Y - UMSYNINAINURNVUNINNITUUY Parallel Termination RERFART
ZT $1u2u 2 71 aeludnuaizunuiu@IUAINMUAARs) Funs

FuInanldnuads

i ==
—< = 7 [ <

NOTE A ZT=20

*
oW
)
L
—\—8

51/ 4.9 uaAIgUlULYD Multipoint Termination
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PARAMETER RS-422 RS-485 UNIT

Number of drivers and receivers 1 drivers 32 ULs
10 receivers (Unit Laod)

Maximum theoretical cable length 1200 1200 m
Maximum data rate 10 10 Mbps
Maximum common-mode voltage y.rg; 12 to -7 \Y
Driver diffcrential output level 2< l Vod l <t | 158 ‘ Vod | <5 A
Driver load 2100 >60 Q
Driver output shot-circuit current 150 to GND 150 to GND MA
limit 250to -7 or12V
High-impedance state , power off 60 12 kQ
Receiver input resistance 4 g2 kQ)
Receive sensitivity +200 4200 MV |

v
43 Differcntial Bus Transceiver 183 SN75176A - Hinaiaunia Asil

' 4
. 'ﬁamﬁuﬁmﬁmmsﬂﬁmmﬂummmtmzm

Sudty N

o

ulﬁl(Transcciver)

- penuuyyidmiuns IdeniuL  Multipoint  Transmission Tuaniwvosauin

o ' 9 S A
ﬁfgtgmmummmmzag1uﬂmwm¢1a DUNY

Enveronments)

- POALUURINUIATFIUID

ANSI  Standards

[

EIA/TIA-422-B Lo

ﬁigtywmsumuqa(Noisy

ITU

Recommendation V.11

Usenovudan 3 aouzvesdagnuvesilaaziIiy (Hiéh-state , Low-state Lf1e
High-impedance)

AnsanuguMsIHhaY (Enable) Whanuiludads niedaiy 14

a o a d LY
figrvosnnadygn Sunnae iy veatie ldnde
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- Fadadyanudiansziagege £60 mA

_ §531%) Thermal-Shutdown tiVedlesfiunnuiionisaeda IC ieRannuiou
- gansaiiaSinunsziavesiadald

- é’h%uﬁfgfmmﬂﬁwﬁuwwﬁuﬁxmwﬁéwqﬂ 12 k(2

- mm"l':(Sensitivity)‘lumsmw%’uﬁ'tymuwmmaﬁm%uvmMwﬁ'u +200mV

- Input Hysteresis AU 50 mV Typ

- ﬁmu“lﬁﬁm%"uuiaﬁu"lmﬁym 5 Taad

- ’quﬁuwﬁamw‘;n

[

4 ) Y ~ o @ o 1

C wed SNT5176A - peALULINEMIusSTLURdeInsITuLazA IR Ty I
Sy utasauiy wasdmsumsdadagulumoiaunag Faruziezih
¥ dsdyanadeyamuinaigiu RS-485 Ung RS-422 18 uazlu 1 szvuiiadeyamunsall

- Nk P
2995004 SN75176A IAgeea 32 2997 HITMINADIUEMITNINUAIWNTING 4.3

D OR P PACKAGE
(TOP VIEW)

U

R
RE[]
DE(

D]

S I N
oo ~N
| s— |
>

7101 4.10 LA UM IRV SNTS1T6A

A1519% 4.3 Llﬁﬂ\i’dQﬁWﬂﬁﬁN'\u Y93 SN75176A

DRIVER RECEIVER
UT | ENABLE | OUTPUTS || DIFFERENTIAL INPUTS ENABLE | OUTPUT
o = A-B RE R
A B

W = m 3 Vipz0.2V L H
~02V<Vp<02V L ?
L H . H Vip< -0.2V L L
X L Z z X H z
Open L ?

H = high level, L = low level, ? = indeterminate,
X = irrelevant, Z = high impedance (off)



logic symbolf

? W Y
vy
Yo
@ >

3
DE— ENA
Re—bﬁnz

Gt
-4 1

19
: )

R—<4]V 2 n’[

1 This symbol is in accordance with ANSI/IEEE Std 91-1984

and IEC Publication 617-12.
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logic diagram (positive logic)

3
DE
4
2
" 9 G%GA\l
1) > Bus
ﬁ«b»—’—a)

| o

A m

21]171 4.11 1) werag Logic Symbol U84 SN75176A 2) LAl Logic diagram Y93 SN75176A

y
Taeiis10aziBean15i11UYDWAaZYI(Pin Description) ANU

1 LY Jd S A o a
- 41D szandifumesaeynsy 1 TXD vosluTasaeulnsamesiitesudoyadu

W udAvun/asdnuagdyanalfillunuy Balanced Transmission Line idedosms1d ¥

wihisludade Tasdanraniue High 30 Logic 1 1n#1 DE 1iag RE

1 9 o Jd d A [
4R wandhdunesaeynsy 11 RXD vesluTasaoulnynmes iNoaemie

yandaLa 2o duundes il udnuns fygufiaoadeld fululnspoulnsames

Jszunanase i) dedeenislivhanuiiudsy Tnedeianne Low %50 Logic 0 iU RE

1o DE

4 d /s Y @ A [ v 9
- YV ALY VI B tﬂuwammmwmwwmﬂnﬂuu'd mamuazsumega“lmmu

Balanced Transmission Line #ag f3udgygnuzindysiouuy Differential Measurement

Taoaoitsy 11 A uaz V1B Y8R5 UdAeIiY

_ 1 RE MWitedmuald(Enable) HmihududriudeyaReceiver)

_ wiDE iesmuald imihiidudadedeya (Driver)
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a
unn s

uSansiauesszuuszuuInthidedenezluiu

x‘umgnmﬂ'l‘vlﬂ1615'@w“luﬁmr'ﬂmwummumiLﬂﬂﬂﬂqﬂmtﬂﬂﬁw
(Load)mulusin Tnsnsdsdaanuniuquiumedgganiuquiniu 2 By Seanunu
msianvesszuulaeldlylasaeuTnsameduesnszga MCS51  (wei AT89CS1 W
wﬁﬁdaﬁﬂgaﬁmmmumif{lﬂﬂﬂqﬂﬂimﬂwﬂumzdas{’fmgmt,ﬁmﬁmuzm’sfﬂﬂﬂmm
qﬂﬂsa‘f"l,w“ﬂmmﬁumﬂﬁmaqﬁaﬁnmﬂwm{umxﬁameNaiﬁ'é“l%’am(user)mm waglu
duussane i mEnszuaady 220 Toad) iedwnszualviifugunsel Infhdslgan
IR Tﬂaqﬂmﬂfﬂlmsznnﬁ%V’lmﬂwﬁvﬂuﬁ%ﬁ%ﬂmﬂumsﬁi'mﬂimm"m%mﬂmmw

winyestu lueginsel dhduaaslugii 5.1

Breaker

220VAC i

Main 220VAC 't
Circuit o) i %
Main Circuit 220VAC Switching \L/ | i Electric
L Equipment

Control Bus

Control Control
Unit Unit

51l# 5.1 ueAeHdaNN13H1NUYLITEUL HPPBX

210 HPPBX Uizneudandaunsieu 2 dau Tasl¥lulasneu nsamed
¥B3ATTA MCS-51 1as ATS9CS1 AIUANMITI Taedadyanudoyaavnoariy
aedayanuAILRN(Control Bus) Wodemsiuszniedumamaudemeluseuy e
1A IU RS-485 fswoziSoadeil

1. y¥ANUAN (Control Unit) Fludrumsiand i dnuaunsadonio
auaumsidlandeila gunsel T Tugumisieiusnatuld uazannsoudasmg
d01UL(Electrical Equipment Status) ﬂ%gﬁummqﬂﬂsmﬂlﬂﬁwﬁu Niamuzmsitlansollaog

N19MaeA LED Ingeeds ”tgﬂymmuﬂum%uﬁ'tgmﬂmi’fagaﬁmugmﬂﬂ;ﬂﬂﬁmﬁ‘iﬁ%a
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u,avﬂgﬂﬂamqummimmmmuLﬂumnmx,mmmmsummu"lﬂmummﬁzmﬂmm
AR Tnegamuquazilszneudas ganauAu (Control unit) wilsznoudieiduesa
A2UA(Control keyboard)15 ﬂu‘ﬂi‘ﬂq‘ﬂﬂimﬂ’mﬂuisUzvlﬂaﬂ’]ﬂ@uﬂ‘i’lﬁﬂ(lnfrared remote
control)

2. agﬂna'ma'iw?'m (Switching Box ) Sanpasdlundesiiivesniugumsse
oy liihnssuaady 220 hanliiuglnsalindhld 6 Fos do 1 9 uazluszyy HPPBX

=

9
HlAvanua 6 ga 929UTUTRYINUNINILRUIINYANILAN

NanMITeIUYBIT LU g’ﬂ%'amwﬂﬂﬂmﬁaﬂﬁumﬁaqﬂﬂstﬂﬂﬂwﬁﬁmmi

o A A ° v s A A Y
augumsitlavsetla 9ngaaILgy annsaion 1Agege 36 Aureglnial welasnua?
ammmufu‘vmfrmtywmmuﬂu‘lﬂﬂwﬂﬂammmmmammsLﬂﬂ/ﬂﬂaﬂﬂsm Hagnang
o %‘Nilwﬁ\‘i’dﬂgtU’Ileﬂﬁ‘lJiJ”I‘lJﬂﬂ‘lgﬂﬂ’J‘IJmJLWE]LLETﬂQNﬂ’J’!Qﬂﬂimlﬂﬂ/ﬂﬂLﬁﬂﬂiﬂﬂuﬁ'ﬂﬂt’l‘lgﬂ
o uammmmmwmammm& 2745 Tnsmoa(Protocol)M3ABaNs MLULRWIZ YBTZ UL
Lmzumiemmﬂmmwwuammmuimwu1u°lmﬁ°mﬂ°luﬂ1i'1amuua°ma‘uﬂauqﬂﬂim

I mndumisvestiu

5.1 ul’%fﬂmﬁBUﬂé’nn1sﬁ1a1umaaiznun1sﬁﬂé’lv’aqﬂnsm‘"lﬂﬁummﬁsm1smzizuu‘1wﬁ1

Arasdansacluim

nfs‘truLﬁﬂummummmaﬁ'mz,mﬁﬂLmzmmmmin‘lumiﬁmuﬁ
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‘Capacitor
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o :
Transistor
Q
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U
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2k

1kC2

200€2
180€2
4.7kC)
8.2k
100€2
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LM555
7805
HD74L.S00

AT89C2051

2N3904
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R
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Capacitor
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o
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GG,
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U,(AB,CD)

Transistor

4
914

QfQ}

2202
470C2
10kC2
8.2kC)

1uF
10pF

30pF

ATB9C2051
DM741.502
TSOP4838
7805
SN75176

2N3904

Crystal Oscillator 12MHz

LED(red)

LED(green)

7-Segment(Common cathode) 307
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U, AT89CS1
U SN75176
U, 74HC14
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U, 4N35
é‘uq
B,-B, Bridge Diode 1A
D,-D;, Diode rectify 6A

Crystal Osciilator 12MHz
LED(red)

LED(green)

DIP Switch 4 91
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Features

* Compatible with MCS-51™ Products

¢ 2K Bytes of Reprogrammable Flash Memory
- Endurance: 1,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Two-level Program Memory Lock

128 x 8-bit Internal RAM

15 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial UART Channel

Direct LED Drive Outputs

On-chip Analog Comparator

Low-power Idle and Power-down Modes

Description

The AT89C2051 is a low-voltage, high-performance CMOS 8-bit microcomputer with
2K bytes of Flash programmable and erasable read only memory (PEROM). The
device is manufactured using Atmel’s high-density nonvolatile memory technology
and is compatible with the industry-standard MCS-51 instruction set. By combining a
versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C2051 is a power-

ful microcomputer which provides a highly-flexible and cost-effective solution to many
embedded control applications.

The AT89C2051 provides the following standard features: 2K bytes of Flash, 128
bytes of RAM, 15 I/O lines, two 16-bit timet/counters, a five vector two-level interrupt
architecture, a full duplex serial port, a precision analog comparator, on-chip oscillator
and clock circuitry. In addition, the AT89C2051 is designed with static logic for opera-
tion down to zero frequency and supports two software selectable power saving
modes. The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial
port and interrupt system to continue functioning. The power-down mode saves the

RAM contents but freezes the oscillator disabling all other chip functions until the next
hardware reset.

Pin Configuration

PDIP/SOIC
L

RSTNVPP (] 1 20[avce

(RXD) P3.0]2 19[P1.7

(TXD) P3.10 3 18[1P16

XTAL2 ] 4 17[QP15

XTAL1 5 16 P14

(INTO) P3.2[16 153 P1.3

(INT9) P3.30O7 140P1.2
(TO) P3.4]8 13[J P1.1 (AIN1)
(T1)P3.50]9 12[J P1.0 (AINO)

GND[J 10 110P37

AImEY

R T

8-bit
Microcontroller
with 2K Bytes
Flash

AT89C2051

Rev. 0368E-02



LM555
Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external re-
sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

National Semiconductor

February 2000

Features

® Direct replacement for SE555/NES55

B Timing from microseconds through hours

m Operates in both astable and monostable modes
Adjustable duty cycle

8 Qutput can source or sink 200 mA

s Output and supply TTL compatible

® Temperature stability better than 0.005% per 'C
=

]

Normally on and normally off output
Available in 8-pin MSOP package

Applications

® Precision timing

® Pulse generation

® Sequential timing

m Time delay generation

m Pulse width modulation

um Pulse position modulation
® Linear ramp generator

Schematic Diagram

Vec O — e s
A2
i
RIS
Qs 0§ Qi |/{ 022 6.2k 1’
<R o——d
S s | azn
3 A6
S 1k 28
SR
[} b3
THRESHOLD u m\‘ 2 S 3.9k
2 o
5 SH a2
CONTROL 8 (23 Vel Sk
O {
VOLTAGE [
1 M an R? 3
GND O 15 a6 kﬂ an b—0 ouTPUT
q;._J i . MW < a2
2 (] as
(17:]
TRIGGER Oy a7 010 b 020 —
<8 s ™ 1;:
I AN 26
< RS L
i an ol Sk RES SR
RESET a2s bl LR 50

1
DISCHARGE o—
au

DS007851-1

© 2000 National Semiconductor Corporation ~ DS007851
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LM555

Connection Diagram

Dual-In-Line, Small Outline
and Molded Mini Small Outline Packages

1

(H Pr—— ‘*Vcc
7
TRIGGER pme= DISCHARGE
3 6
QUTPUT oy peemeee THRESHOLD
A 5 __ CONTROL
Ll VOLTAGE
DS007861-3
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin SOIC LM555CM LM555CM Rails MOBA
LM555CMX LM555CM 2.5k Units Tape and Reel
8-Pin MSOP LM555CMM Z55 1k Units Tape and Reel MUAQSA
LM555CMMX 255 3.5k Units Tape and Reel
8-Pin MDIP LM555CN LM555CN Pails NOSE

www.national.com




Absolute Maximum Ratings (Note 2)

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

Supply Voltage +18V
Power Dissipation (Note 3)

LM555CM, LM555CN 1180 mW

LM555CMM 613 mW
Operating Temperature Ranges

LM555C 0°C to +70°C

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

Electrical Characteristics (Notes 1, 2)
(Ta = 25°C, Ve = +5V to +15V, unless othewise specified)

Soldering Information
Dual-In-Lin2 Package

Soldering (10 Seconds) 260°C
Small Outline Packages

(SOIC and MSOP)

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

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

Parameter Conditions Limits Units
LM555C
Min Typ Max
Supply Voltage 4.5 16 \Y
Supply Current Vee = 8V, R == 3 6
Vee = 15V, R, = = 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature Ra = 1k to 100k, 50 ppm/°C
C = 0.1pF, (Note 5)
Accuracy over Temperature 1.5 %
Drift with Supply T X %IV
Timing Error, Astable
Initial Accuracy 2.25 %
Drift with Temperature Ra, Rg = 1k to 100kQ, 150 ppm/°C
C = 0.1yF, (Note 5)
Accuracy over Temperature 3.0 %
Drift with Supply 0.30 %N
Threshold Voltage 0.667 X Vee
Trigger Voltage Vee = 18V 8 \"
Vee = 5V 1.67 \
Trigger Current 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 Vv
Reset Current 0.1 0.4 mA
Threshold Current (Note 6) 0.1 0.25 HA
Control Voltage Level Vee = 15V 9 10 11 v
Vee = 5V 2.6 3.33 4
Pin 7 Leakage Output High 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, I; = 16mA 180 mV
Output Low Vee = 4.5V, I; = 4.5mA 80 200 mV

GGSNT

www.national.com



LM555

Electrical Characteristics (notes 1, 2) (Continued)
(Ta = 25°C, V¢ = +5V to +15V, unless othewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
Output Voltage Drop (Low) Vee = 15V
lsink = 10mA 0.1 0.25 \Y
lsink = 50mA 0.4 0.75 \Y
lsink = 100mA 2 25 \Y
lsnk = 200mA 25 v
Vee = 5V
lsink = 8mA \Y
lsink = 5MA 0.25 0.35 \
Output Voltage Drop (High) Isource = 200mA, Ve = 15V 12.5 \
Isource = 100mA, Vg = 15V 12.75 13.3 v
Vee = 5V 2.75 33 \
Rise Time of Qutput 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limils. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-

Note 3: For operating at elevaled temperatures the device musl be derated above 25°C based on a +150°'C m
of 106°C/W (DIP), 170°C/W (S0-8), and 204" C/W (MSOP) junction to ambient.

Note 4: Supply current when output high typically 1 mA less at Vee = 5V.

Note 5: Tested at Ve = 5V and Vg = 15V.

Note 6: This will determine the maximum valué of Ra + Rg for 15V operation. The maximum total (Ra + Rp) is 20MQ.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 8: Refer to RETS555X drawing of military LM555H and LM555J versions for specifications.

aximum junction temperalure and a thermal resistance

www.national.com 4
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54L.S00/DM54L.S00/DM74LS00
Quad 2-Input NAND Gates
General Description Features
This device contains four independent gates each of which B Altemate Military/Aerospace device (54LS00) is avail-
performs the logic NAND function. able. Contact a National Semiconductor Sales Office/

Distributor for specifications.

Connection Diagram

Duai-In-Line Package

Vee B4 " ve 83 A3 v3
1" F] lu In 10 9 8
1 Ia IJ 4 5 6 1

Al 81 Y1 Az B2 v2 GND

TLIF/6439-1
Order Number 54LS00DMQB, 54LS00FMQB, 54LS00LMQB, DM54L.S00J, DMS4LS00W, DM74LS00M or DM74LS00N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y = AB
Inputs Qutput
A B Y
L L H
L H H
H b H
H H L
H = High Logic Level

L = Low Logic Level

©1005 National Semiconductor Corporation  TL/F/6430 RRD-B30M106/Prinled in U. 8. A.
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Absolute Maximum Ratings (vote)

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

Note: The “Absolute Maximum Ratings" are those values
beyond which the safety of the device cannot be guaran-
teed. The device should not be operated at these limits. The

Supply Voltage v parametric values defined In the “Electrical Characteristics"
ot Vtago M ARy mtomes e e
Operating Free Air Temperature Range Z:&mr:ﬁg{dggwpe;vg operation.
DM54LS and 54LS -55°C to + 125°C
DM74LS 0°C to +70°C
Storage Temperature Range -65°C to +150°C
Recommended Operating Conditions
Symbol Parameter PS50 T Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 \"
VIH High Level Input Voltage 2 2 \'
ViL Low Level Input Voltage 0.7 0.8 v
loH High Level Output Current -0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature =55 125 0 70 °C
Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min (NB: 1 Max Units
Vi Input Clamp Voltage Ve = Min, || = —18 mA -1.5 V'
VoH High Level Output Vce = Min, lpy = Max, DM54 2.5 34 v
Voltage Vi pohiax OM74 | 27 3.4
VoL Low Level Output Voe = Min, lo, = Max, DM54 0.25 0.4
Voitage o e DM74 0.35 05 v
loL = 4mA, Vgg = Min DM74 0.25 0.4
Iy Input Current @ Max Vee = Max,V, = 7V 0.1 mi
Input Voltage
4 High Level Input Current Vce = Max, V) = 2.7V 20 BA
M Low Level Input Current Voo = Max, V) = 0.4V -0.36 mA
los Short Circuit Vee = Max DMS54 —-20 -100 mA
Output Current (Note 2) . DM74 —20 ~100
lccH g:?gz :‘,:ir;:nt with Vee = Max 0.8 16 mA
locL 2‘;‘;&’;&‘::“’ Wi AT MK 24 44 mA

Switching Characteristics atvec = 5vVand Ta = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2kQ
Symbol Parameter CL = 15pF CL = 50 pF —
Min Max Min Max
tPLH Propagation Delay Time
Low to High Level Output 3 10 4 15 ns
teHL Propagation Delay Time
High to Low Level Output 3 10 4 15 -

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

Note 2: Not more than one output should be shorted at a time, and the duration should not exceed cne second.
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54L.S02/DM54L.S02/DM74LS02
Quad 2-Input NOR Gates
General Description Features
This device contains four independent gates each of which B Altemate Military/Asrospace device (54L.S02) is avail-
performs the logic NOR function, able. Contact a National Semiconductor Sales Office/

Distributor for specifications

Connection Diagram
Dual-In-Line Package

Vi ve (1} At Y3 (1] Al

" 13 \H " |Il 9 J

ll |1 |1 ) Is 6 1
Y1 N (1 v2 az 82 (11
TL/F/6441-1
Order Number 54LS02DMQB, 54L.S02FMQB, 54LS02LMQB, DM54LS02J, DM54LS02W, DM74LS02M or DM74LS02N
See NS Package Number E20A, J14A, M14A, N14A or W14B

Function Table

Y=A+8B
Inputs Output
A B Y-
L L H
1o H L
H & b
H H L

H = High Logic Level
L = Low Logic Level

©1905 National Semiconductor Corporation  TL/F/6441 RRD-830M106/Printed in U. 8. A.
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Absolute Maximum Ratings (Note)

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

Supply Voltage w
Input Voltage w
Operating Free Air Temperature Range

DM54LS and 54LS —55°Cto +125°C

DM74LS
Storage Temperature Range

0°Cto +70°C
—65°Cto +150°C

Recommended Operating Conditions

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

Symbol Parameter il ol Units
Min Nom Max Min Nom Max
Veo Supply Voliage 4.5 5 5.5 4.75 5 5.256 v
VIH High Level Input Voltage 2 2 \
ViL Low Level Input Voltage 0.7 0.8 \
loH High Level Output Current —-0.4 -0.4 mA
loL Low Level Output Current 4 8 mA
Ta Free Air Operating Temperature ~55 125 0 70 °C
Electrical Characteristics overrecommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
(Note 1)
\ Input Clamp Voltage Vee = Min, Ij = =18 mA 0 V'
Vou High Level Output Vee = Min, oy = Max, DM54 25 3.4 v
Voltage YL ek DM74 | 27 3.4
VoL Low Level Output Vee = Min, Igy = Max, DM54 0.25 0.4
Voltags Vi = Min DM74 0.35 0.5 v
loL = 4 mA, Vgg = Min DM74 0.25 0.4
Iy Input Current @ Max Vee = Max, V) = 7V 0.1 DA
Input Voltage
{IT7] High Level Input Current Vee = Max, V)= 2.7V 20 LA
e Low Level Input Current Ve = Max, V) = 0.4V -0.40 mA
los Short Circuit Ve = Max DM54 -20 -100
Output Curent (Note 2) DM74 —~20 —~100 o
lccH g:;:gllj); sC:irg;nt with Vee = Max 16 3.2 mA
lcoL gl;;t);l‘); sClt-J;r‘:nt with Vce = Max 28 5.4 mA

Switching Characteristics atvo = 5vand Ty = 25°C (See Section 1 for Test Waveforms and Output Load)

RL = 2k
Symbol Parameter CL = 15pF CL = S0pF Okiite
Min Max Min Max
tpLH Propagation Delay Time
Low to High Level Output 13 18 ns
tPHL Propagation Delay Time
High to Low Level Output 10 15 ns

Note 1: All typicals are at Vgg = 5V, Ty = 25°C.
Note 2 Not more than one output should be shorted at a time, and the duration should not exceed one second.
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