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~ T Mg EIe & JEA A Frerferfas —
WA (CPU)—SIRW 1 feara &1 e Fad §1 98 Temmerer & & 31 FERW 50
T =4 fafer= Feel R B it sfafipan aman @ < Afow ofcrifes, afveea oik 1/0 dee <@
£ 7 w11 FAw Here ot e €, N 93 v fowem A vy weR) A HHiE T GG G 2
FAH (Memory)—HIghisgier F1 FAR F1 3w < #) wodld w0 ¥ for fear < 2, S
AR < @ ¢ i 3T P W Iw 2 F faw o wvdm fea s 2, AR TEE 0§ R
s o T 31 U AIgshiheeR A 2 e SH yER e
1. W AU (Program Memory)—3% € ZrT faw e fdeh 9t o w9 a% Sudd T
&1 S ARG AR A 2, free o 2, 5 w8 T wiE AW W % R ¥ A
T 7@l 2
2. 2T AWt (Data Memory)—3% WA 2/1 % 1w Woew & fou smavas ot €, o
AR Ao B, fae s 2, fF 9 W e @ @ sreunh @ otk Faw o v s € v feaRd
R A A ML |
/0O EIET (/O Peripherals)—33e 3R #i8eqz feary o S * fow 32099 o £
Yz I TR G F € SR A e F w9 F I B Yo ¥ AW 39 o |1 e
wa ¢ iR aseye feasdl | aavas Flw Swa 2, S 5 TeRmdeR ¥ A @ et
2l :
e ST, FHR SR 1/ 0 MEhEER ¥ AR STl % TR v €, T9 o W g
1/0 F9¢ T UeH & | ST ¢ S AA 3R SRR F WY o @ § 39l w2 wenw
oz €, R ATl SYSoT & w9 ¥ Tt e 1 g 2
HEHIHEITR & T4 Hed v Freferiad —
+ A § fefieer #aET (Analog to Digital Converter) (ADC)—ADC T& e YRue
) T fora @ fefes fome § agam #1 98 W9 B TEREaeR ¥ ue i
R TG SUHTN F WY HE FO F R 2@ 2, S Y
+ fefest ¥ werrT w7aet (Digital to Analog Converter) (DAC)—U%F ADC ¥ fauda
Fd T ¢ S T® T MW R AW F AR F AW @ e F aw
FHfHE T F1 AgEfa 2w ¢ ok fefoea fomar A o ¥ weem 2
+ faw@w @@ (System Bus)—f&wq a9 Connective wire AR 2, TGhHIeR & |
HTHI T TH WY Aed T |
& @S W (Serial Port)—Hifm® W YO ¢ w1 T W §, W ARAEIER B
e TEH W HAK FA R e TH USB A1 GHHIR U F WAH FE @ 8, A
T faz8 & ARE-weE % a0% § fim g &

1.4 FRPIGCIR & FHR (Types of Micro-controllers) 1 i
AR % YR fGu M smmm A fEm T ¥ ¥ aw fazw, 0 enidde,
Al Fearedg il sz U i fardta Tad §1 ST T AR F 9aw # == T
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Microcontrollers

Frley

8051 AVR PIC
89852 ATMEGA16  pic 10F XX

89551 ATMEGAS pic 12F XX
89C52 ATMEGA32 pic 16F XX...etc.
89C51 = ceereeen® 1c.

89V51XX...etc.

fem 1.2
1.4.1 fica @ T & MUR R AFHBZER S TOR

(Types of Microcontrollers Based on the Number of Bits)

TrEREEeR H 8-faza, 16-faza 3R 32-fagy T B R

8-faz TEAEEER §, w4 iafes 99 8-fae € ¥, T ALU Arithmetic 3R Logical Hemwem
F 21 8-z TR 3 TeTE, 13 8031/8051, PIC1x, 3T WA MC6SHC11 &1

g-frz F qoEN H 16-faz EAEIER U e YU F@ ¥ I F v, 8-fe
TEREIeR Had 8 fazm W IWEM X R €, fowsk afomrEsy ® W % A0 0 x 00-0xFF
(0-255) 1 sife T At 1 Tow fawda, I fe = fagg % wa 16-fr AEEdEd F e
=% ¥ T 0 x 0000-OXFFFF (0-65535) # € € &) o &7a % Tom & god Mfeeh s
¥ SEn i afbe ¥ swnh wfew @ wed €1 98 E@atea w9 F QA 16 fae den | R W

T 21 16-fa TEREIER ¥ T AR 16-f2 MCUs &, fF% 8051XA, PIC2x, Intel 8096 3

Motorola MC68HC12 & farfia ferdn man 21

32-firz TEEwER 32-fa2 YavH @ ITAM Arihmetic 3 Logical ¥ & forq fFan S
3 T ITAm Tt ew ey, T F@ o, IATHY WY, IR Sl I R
e fawy wfed w@ifen 9 @ Frf[ Susen § i S @1 $9 39 Intel / Atmel 251,
PIC3x % :

1.4.2 1A Rapd & IR R ARDBLER S TSR
(Types of Microcontrollers Based on Memory Devices)

G T F1 S i ¥ fawfea fean s €, 38—

1. Ta2E JER) HighEerer (Embedded memory micro-controller)

2. TEERAe AH AEkIHeeR (External memory micro-controller)

1. TAST AHA AEEmIEEER (Embedded Memory Micro-controller)—S™ T e fowm ¥
ﬁ%%%w.%gﬂﬁmﬂﬁ%%ﬂ%@ﬂﬁmwﬂﬁ%
¥ wF TAST MEHEIE HeAn ¢ SA & fag, 8051 9t S 3R TR AN, 10 9, ifEs
HaR, FEX 3R TR iR fa T 3L T AL WEHIHA Bl

2. WFEEHE HERT TrgAIEEIET (External Memory Micro-controller)—v# @ waiss fawed #
ﬁnﬂ&ﬂ%ﬂﬁm%&w.%ﬂaﬂaﬁﬁﬁﬁﬂiﬂﬂ%i@ww.ﬂ@%
TR FEe 81 I & fag, 8031 H A S A W E, o o ww aw d

I

b p

TEEeger Ut | 5
1.4.3 ERATH A & IR R AFHBLR & TSR
(Types of Microcontrollers Based on Instruction Set)

CISC—CISC T e Fgad 2 $9X o 2, 98 WOrR $ 9gd-9 fedl & ®H W
e Fid 1 M FT @ 2

RISC—RISC Reduced Instruction Set Computer 811 2, 30 WFR & $EavA 9 TAM & HAFHI
¥ forg TEEERE % o B FH FW € 97 TSw fow @ fed e W EEfed $E @
fpet S UfET Hre W IEEM F F e @ # ot we @ wa dwm @R S w1 I ST
2l

CISC : Mov AX, 4 RISC : Mov AX, 0
Mov BX, 2 Mov BX, 4
ADD BX, AX Mov CX, 2
Begin ADD AX, BX
Loop Begin

CISC 3fR RISC ¥ Sergtur—Iqiiad 320 § RISC faen ufa féw wwils =6 & HH &6
frore TG FY F €, 3R CISC faww Wit dmm FRw 1 §en W W F0h fwEeT 9 6
%9 T 21 RISC,CISC & #zat foaea 2a1 21

1.4.4 308 fHEFR & NUR R AFBBEIER S TSR

(Types of Micro-controllers Based on Memory Architecture)
ARFIEHETR @ AAR s 31 WK @1 e €, 4 §—
& TES WA et dﬂmm_ﬂ..l&ﬂ.« (Harvard memory architecture micro-controller)
& firge Aur snféeewer WgsmseraT (Princeton memory architecture micro-controller)
FACES % anfdew=r HIgmIdhereit (Harvard Memory Architecture Micro-controller)—3&
fig @ TF ARALER ghE B 9wW Sk e T % o o omee W W 9 a2, @
TEshIFweIer & WAE § g HUR enfdhersn grar €1
Tz aard enfédeaer .n._wm..u.d.dwmﬂ. (Princeton Memory Architecture Micro-controller)—3a&
fig s st A9 Sl TR AN ¥ fo O Ao ¥ T W B OgE A €, @ S
¥ Tkt orent g T sfheaeR g g
B 1.5 8051 AHLIBLIC (8051 Micro-controller) .

P ot iR et DAL A R S el e s

TFAE T ¥ 3V INTEL MCS-51 3=t % 9 A 1 el €, 8051 Wigshiahalent J@en i
INTEL ZR1 &9 1980 ¥ fasrfa firan a1 @1 3R 80 % <& ® 4% agd @isnd 01 (3 @ dsf
)1 8051 TEFIHIR § H@en FAFHUA (series communication), TFW, T TG @ wE
filiand § sk gefee @ga-¥ o 3R M 8051 TEHIHER % WY WEAHEITR Hl SEERON W
I T Y& A § (T 78 W3 Arduino F YEAT & WY €A gE TR 7))

ﬁ?m&_ﬂ%ﬂﬂﬁﬂﬁw,jﬁﬁﬂ%‘%g%ga
3R saeh SF) % WY YE T F o ged IS Wewn ¥ ¥ j :
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¥2 I 1 9@ Service Branch F! Interrupt Service Routine QME H ¥ i ], W e Wi
B T ¥ v AEd T aw @ o g, o T e T W F R v
Interrupt G THRITF 70 NI I 8, TR RN AW 9 F Interrupt T 7, 39
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3. 39} (Memory)

2

T A F I TR T T § T N F Y A A e 6 2, e

firdh i wH ¥ fafore W W w0 F foU WEAESE B R 99E 3R Ve 1 W 4y -
TERFAR % T W w ¥ A IEm w9 a6 A RS AN W e @
T A9 F w9 ¥ 9 9 31 3 AEREae A ROM @ wed €, W AU st vy
MEFIFEER B T2 A SR B WR FO F o ki F) 0 e o #8051 F o iy |

N ITA AR F e e B9 Y TR 1 RR B & 6 fFm S 2, R RAM FR d

8051 WEFImEeR ¥ 4K FE a1 simm 30 A €, frd AKBROMEA s T Al s i

128 arEe ot Bt 21
4. BUS

e €9 ¥ Bus T F1 Th GYE O €, W A TWRU & A GO 49 A1 WeAH F wY §
Fd Hal 1 @i A 8, 16 1 ifuw AEmieaer % ar B ¢ 56 WK, 4 8 faew, 16 faew wi uw
W A GFHA €1 W N WHER F1 Bus Bl ¢, S Freafafaa ad §—

(i) U89 99 (Address Bus) |

(ii) 1T &9 (Data Bus)

(i) Address Bus—2/21 I MW FH & fau wEhween 8051 % 16 fae 3w
THH I[N FER A H Hagd S AR Gy ¥ T AshEeer S aEi
FO ¥ v fma s 21 39% IR R A ¥ W 59 TR 8

(a) Immediate addressing modes.

o
F TR

(b) Bank address (or) Register addressing mode.

(c) Direct Addressing mode.

(d) Register indirect addressing mode.

(ii) Data Bus—WA@2Ier 8051 ¥ =@ 99 ¥ 8 faz® € €, N 3w fird s %
TR A 9 fae o s 21
5. sifemex (Oscillator)

& SR ¥, fr TSRO U ST €, THIY T8 AP ST % Yee ¥ fw
it 7 Tew 3 T N 21 6 S & fo, WA 8051 ¥ W a-fay sy
v 2, W e & dge S qfe F frg FE F A F TH I S ) s
e e oo Bl &1 TEfAT, 7€ 8051 WS & Tl ol 3 RS T e ey 3
6. Input/Output Port e .

W AR § Wi & waer @ FrEb Sl AR Ser
Fdn fear ST Rl ﬁ@n.m@sﬂﬂ;aﬂ%sm@ﬂﬂ%@%w.ﬂﬁi

.m,i. LR

T »‘
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‘< X " oy -

§

TR e 1 9

| tzgm ¥ 1/ 0 sl ¥ 9 s A 4w e ¥ oy TR 8051 ¥ 4 TR,

sz W B & S T T A Suol & wire W o @
7. Timers/Counters

8051 TEEEIER A A 16 forr F T ok wEw oW T w FEA B T 8 faw o ¥

. | fyofm fem T @1 wew # s freif w0 & o siooe & W & fag Tm W s i
AR F T W A v A 8, 9 PR & W d # 9 Fe e gy

e 2
8051 ATZIdTeT ATfehearor sl fargraard—
T I WS F 8051 WMEAHIER F AARE WA F @ 81 34, TH 8051 WHHHER
afbeeR # fadmansh 1 a0 < 79 R d—
& TN 8-3 X A (Accumulator) 3R B ¥ @ig faz CPU €@
& 8K ET3EH T A I—a7 TF W T 2, S fawew sonf F wwda wwa @1
& 256 aTEEE @ aiafE W F TS 128 9wy IF 00H ¥ 7FH F R A IS
% ¥ 8 W= (RO-R7) & = 4 S=1 ¥ fawfom form s 2, 16 foe wdw oy iR
80% Teva ot W F I=9 128 @we™ 4ri 80H ¥ FFH ¥ SFR a1 fadw wave
Fret W 21 SFR ¥ I7AM 0% o9 fafis w Iuen; SR—ew, H@ifge 9,
R /0 9 anfz =t Frdf w waa €
& 3210 i (372 / Imseye i )—4 9 & 9 #§ =Efea: PO, P1, P2 3R P31
& 8faz B WX (SP) IR TRW e 7€ (PSW)!
& 16-faz 9w FEw (d) R TR 9ER (DPTR))
& A 16-frR TR / FERA-T, 3 A 1)1
4 f@F0 F=I—SCON, PCON, TCON, TMOD, IP 3 IE|
+ difae e g i fdia % fo -2 @=em-SBUFI
& TEYR: Q) 9wd R A st
& sifeerR it ots wikel

P T ———— e

B 1.7 8051 AEHIGEICR BI o S (Pin Diagram of 8051 Micro-controller)
8051 HEHIHeIeR (89C51, 8751, DS8ICAXO, 89C52) Fare-Tete UHw (quad-flat package),

| e fag HRE (leadless chip carrier) 3R gIE-3A-wET T (dual-in-line package) & faf=

Tl am #1 T W TS § 40 i O ¥, W 10, WRE, RD, WR, 3T 3t e o %

| % fau wuft 9 %1 3f, $9 FwkE V0 U R T B wW S0 s Foam ¥ fag

Mmiﬂ@mnﬂno.auﬁdmﬂsgﬂ%w_@m&.z@ﬂawﬁis-ﬂxﬂdﬂ%m&
|

8051 MR % fi ent@ ¥ 40 i Tt § S e fom ¥ fmm mn ?1 32 fm @ W
Wzd; SR—Po, P1, P2 3 P3 & ¥ fFm s 21 v, w9 A 8 f O ¥ TeEmIER 8051
1 i e sk eyeiao 1 fo 1.5 o g9ia man 2
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pro[ |1 Q 40| |Vee
P[] 2 39 [ ] P0.0 (ADO)
p12[ |3 38 | ] P0.1(AD1)
pa[]4 8051 37| |Po2(AD2)
p14[_| 5 36| | P0.3 (AD3)
p1s[ | 8 35| | P0.4 (AD4)
p1s[ |7 34| | P05 (ADS)
Pz |8 33| P06 (ADS)
rsT[ | © 32 |Po7 (AD7)
®x0)P30[ |10 31| | EAVgp
mxo)P34[_| 1 30 [ ] ALE/PROG
(NTo)P32[_| 12 29| | PSEN
anT1)P33[ |13 28| P27 (A15)
(ro)P3.4[_| 14 27| | P26(A14)
q:vu.mm 15 26| | P25(A13)
(WR)P36[ | 16 25| | P24 (A12)
RO)P37[_| 17 24| | P23 (AN)
xtaLz[_| 18 23| | P22(A10)
xtaL1[_| 19 22 ] P21 (A9)
GND[_ |20 21[ ] P20 %8

i 1.5 : TpPERIR @1 e sma
¢ W1 (R 1R e 8)—d° 1 ¥ Pinl.0 ¥ Pinl.7 B ¥ o W i W FE AW
IR fim % ®9 ¥ whgw e w1 w2

¢ o9 RST )—zw f 1w Wisfea yew 391 8051 ARmIEer $ (e w1 & fag
{2 i =1 3vdm fFa s 1

¢ W3 (RM10717)—K 3fm % 1| fm 5 oom 2 ol @ ofda TR @
AR A & w9 3w fra 1w 21 A fR SR-wd 9 it wew @ w
F4 F w9 F Ry m &

@ au_fxxslaeaaﬁgﬂmnﬂﬂﬁﬁ&nﬁmﬁﬁﬁg@ma&i
FEHH AR 2

¢ B 11 (IXD)—wfEe s Fafim oo @1 diaa Risre S
Tl PR

¢ T 12 (INTO)—$&= 0 % 712

mgEEger Ws | 11

¢ 7 13 (INTH)—%ex2 1 &1 3
¢ i 14 (TO—FRR 09 =1 3752
¢ 715 (T)—FR_R 1 98 =1 7
& fr716 (WR)—am 1 W %%z foay ¥ fo famet fora
¢ f17 RD)—am@ & #t %22 9 w5 ¥ faw forre vgm
4 T 18 3 19 (XTAL2, XTAL)—X2 3iv X1 fr sifosre &

w.ﬁﬂ&ﬁﬁ%nﬁﬂ@ﬂ&%mﬂ%@ﬁ@@«wwggﬂéﬂ
& T 20 (GND )—f\ 20 @& 7Eg fim 2

o W2 (7 21 % 7 28)—9 2 % i 21 3 fim 28 et &, Pt Tqe/eTRege
% w9 FFFR o1 wwa 21 afF, 9 af Ove 2, 59 o e A Aea
gi%_ﬁﬁgwﬁoﬂgﬂ&wéwﬂmqﬂmﬂﬁﬁﬁﬁg
q A15) % &Y H wE w0

< 07 29 (PSEN)—W A =1 swim =y om0t 9t wam = ¥ fou fen s 21
4fe ¥ 99 H W FW F Y @ 9@ ROM T 35 w0 £, @ 39 W A
0 fearg am 2, S AU A T v ¥ faw v fris 91 i S B

+ To 30 (ALE)—Address Latch Enable pin fri @& ©ffa swo-smseq o o1 21
e T Fga-d AR fav # 39w wW €, @ fE oW s o 9 sim s
% fore fivar s @1 7% f EPROM ! Shnfiin % <hm S vew 39qe A 24 21

+ T 31 (BA)—3R o aga-® 391 =1 svam w09 2, 9w fw ¥ fow o@fws 1 @
n@wﬂ&&%@wﬂﬂq«wwﬂm%&?@wﬁwimﬂmﬂ
i fpe amd

@ e 0 (T 32/ 39)—ar 2 3i 3 & w9, W 9 &1 3w wq/ensegE fim ¥
w9 H foom 1 wwa 31 9E T fRE @ TR F 9wEm 7 3§ 99 ALE 41 Pin
30, 1 W B 2, @ 39 9 H I9Em oR1 99 F w9 A RO 9 31 99 ALE fH 0w
TR, q W W N 3T TF AR AR WRE wW (A0 R A7) F w9 ¥ fear wwr &

+ T 40 (vCOy—swm vec i %1 sy faweht 5t sofd ¥ for e s &1
B 1.8 ARDIBICR 8051 3 gege/aMaeqe 9 | ANREE
L. (Micro-controllers 8051 Input Output Ports) =
8051 TrwwEerd ¥ 8-fae & 4 YO W M ¥ wlw, F@ 32 FweTEE fF et
SUFTH F W AFRIFHIITR F1 et F A 21 8
i Fifwmm, o fm = et ferft % orqar smege ¥ fae 1 ol smeeq & faw 0 ¥
T Y FER f w81

FYe/aseye (Vo) =

IR ¥ Wi Wi Po U A SeH W Rl uw e § 9 O wfen wifs T
TA-379 e faee-3 & 2 @)

e
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i 1.6 : TEBIBLIR S FAYS/AFYT
Fge o
difvw | P X & @ fae W @n] € ?1 78y FE Tifeex &1 o8 o fem s @ ek
TH0 i 3=a Sy & o-ar9 Wiy R e ot eyl dees | 9@ @ Bl
W 0-P0 () U & & wl §—
& V9 9 YA w1 I R S €, 9 3§ W fraen 29 w52 (WRE A0A7) @
W 2, A9 3H U & wfl fagg F/AEeRE % w9 A SR R 9 #
¢ 9 PO YR #I ReyE W SR fam W ], @ erw ded ol sfifda go-em
2, 9 39 SV Al A o1 A 2, TW U WA A 9w e B @
FIE BIRGREM

A% W W Ft B N T R F w9 A FheR R w2, @ gw &Y w2, N fF owe
‘i’ F 2, A T ¥ rifi 3qe Wiy sik w-Fraifa e B 21

HITYT BIHRIA

v i TR & &9 F FhHR o 2, @ 9 A 3 F w9 X w1 w21 @ 0
F W fr R FH ¥, I9gw i aEE (0V) [ T A, 3R s 1 H O S W, 9w
HRTFE A, T T AReye f W Wi 1 (5V) e F0 ¥ o, A qee SR i i
HT AT B 2

W€ 1—P1 TF 1/0 W 2, Tite Tl PO ¥ WM w0 Swfeuss wavm ¢ B 2, e 3w 0

Hl Faw WH 1/ 0 F w9 F FEFR o 1 v 31 560 U siafien qo-o19 Yae g f ek
70 T A TTL 9fbz % we g 21

e 9 | 13

g 2— P2, PO % WM R VE A A @ swdm R s 21 5w 9 % e g 29

¥ for Fioifta T30 T R F &Y 1 v D = IwEm AS-ALS ¥ wRE ¥ W I WE Awe

¥ for foF o1 T 1 S B A T S e 2 @ v 0 0 1 R S T
sEeqe U F T H 3w fFa s w21

&wulﬁﬂw,ﬂﬁmsﬂﬁwﬂmwaﬂﬁ#Wmﬁm_&Bﬁﬂwﬁmﬂ
fare W @ fman s =few ‘

T Tt ———

e Loy T ] o i A LT °s Rt S e
1.9 T BXC WHE (Pins Current Limitations) .« o
T s s ™ - - 2 ) N S

i R e L e Bl it

o W@ fi7 F AEeR F w9 ¥ *ER fFw v ¢ (e o@fes 0), @ fama 9 e
F 10mA 1 F2 fia g 21

o @ H A A TR (I d e 1) F e § Stew e a2, @ siafike 1o

ﬁnﬂﬂsm@ﬂ%gﬁ&w,%rmgwa%ﬁm«ﬁ%ﬁ
TFHd 2

o Az 9 F wdt ¢ faw whirg A0 %, A T@ T 15 mA (I PO: 26 mA) wE i
2 =few

+ a9 & wd (32 fR) whra 7, 9 3w sfuwan S 71 mA 9% St B =t

—— SO ——— g —— g W g = -

H 1.10 8051 AFHIBEICR B HARY ARMERSATH -~ = oo
ST 2 ; N e N B ) Cta O (sl o N
ﬂ. - (8051 g_n_.o.nosr.o__o.ﬂz_poimm« .m_..mm_.._umcoa N e e s At

21 8051 T le] ¥ afditd ROM @it sl RAM

A B € AR el WA srEE €, @ e v
Wiz &1 ITEM F awd TH e T 2

s Program Memory (ROM) D

[ ]

8051 TR ¥ Frefe A @ wre @ F [ | |(ALU.CY) =
F MW A A duda fF w8, R TR *

F RAM a1 91 &1 329 20 O 8051 AERAeR [ [ ]

[ ]

[

H 37afts ROM ¥ 4KB Wit 2t 21 s@en 8051 & 559
Mdz; SR—8031 3R 8032 ¥ FF svaRm W (huw D |
gvﬂwaw%wﬂ@wﬂaﬁgwﬂ_u
MR T A F wy eway fEm S e e
|dl snyf 8051 WEmmereH, 4 fF 8052 g@en #

Program.
Memory

(ROM)"
8KB # e Wmm #9d (ROM) ¥l &, S W
TR ((ROM) & F9 § 2t 2 ik 9 i Goipm F3 DDDDD
F foshew wem w2 Rz 1.7 : s



14 | TrPrRIeR ts Tl Rrew

. ) T S TRy
siafs ROM 3 4KB #, 729 @ 0000H ¥ OFFFHER 21 af% 5w < =
nﬂ@%w.&o«cﬁm@mﬁwig%@%ﬁ%_ﬁw@ﬁﬂﬂgﬁ
(EA fM) ® 353 Io FC Aieq @idfd 5@ EA fi w1 B 2, @ @dig et 0000H & OFFFH %
@mﬁm%ggwﬂaiﬂﬂw%ﬁ%ﬁd # ¥ ¥ afuw 2, fig
fireii =) = 79 Y 10000 % TE ¥ § FFFFH ¥ &1 w1 21

+5V FRFFH External
a EA Program
N Memo
(EAPinsis 1) Awo_ﬁ_.v<
100004 84K
)

[

OFFFHI™ nternal

Program

Memory

(ROM)

4K

0000H

1.8
fiZe ® T W TE AR Tl 8 AaiE UW F R HE I Faa awd NwEm JEa

(= W) | v FE S F W wigvd F fag, EA f@ GND ¥ 3@ @ =ifew 39 feafa
# 9t ROM 1 36 TSH 0000H ¥ FFFFH ErmI

FFFFH

— External
EA < Program
m .| Memory
A 8051 Micro-controller (o)
(EAPins is 0) 10000H 84K
/A:”m_.:m\_\
Progrém
Memary
(ROM).,_
fem 1.9
81eT B Data Memory (RAM)

ApEegeR witet | 15
7FH FFH FEH
80 FOH|B

General - -

Purpose :

Registers )

BBH|IP
2 BoH|P3 138B for
16 ABH|IE SFRs -
Bit-Addressable AOH|P2 (Special 128B Additional

Registers geHiseur  Function Memory
20H 90H registers)
1FH|R7 *

BANK3 DOH| T
b i
the BANK2 o
OFH [R7 mmm 12N

BANK1
I 31 |gen
: BANKO wﬁ Wm
00H RO 80H
Lower 128B (00H - 7FH) Upper 128B (80H — FFH)
(Direct and Indirect (Direct Addressing (Indirect Addressing

Addressing)

fm1.10: s dm

@ 4 9% F1 9 Bank0, Bank!, Bank2 3 Bank3 #1 W% &% #§ R0 - R7 % 7 ¥ 8 e
B R T TR F 2 Tl [ FA s gEw f—a @ T ¥ W W [ W ) oAm
wafa # F fau, ved wefaa 9@ 1 I €M 9% W 99 3 % fag, ¥ RS0 3k RS faew
1 ITAN HA DM IR F A A RF I 12H H I FE el F) gaiud Sa 9,
Tafea S wafa € g € @ 7@ (12H Bank2 ¥ R2 ¥ 3 @/ 2)1

RAM F1 3TTe 16B 9 20H & 2FH fae - w3dee A9k AieeA &1 308 $o 128 faey &, i
e 9 | 00H A 7FH &1 ST S qRnfyd fFan <1 weha € 1 R @152 F 20H A 2FH F
® # yftafa fm w0 wwar 21 3eRw ¥ fau 32H siaRe W @ 26H 1 faz 2 21 Sl RAM
%1 3ifam 80B A 30H ¥ 7FH 0% &1 U3 , WHFY 3539 RAM 2 2, 5t i @9 vaw &1 ¢ 5w
128B RAM ! W&l 41 375ca% &9 ¥ Halya a1 1 e 2l

RAM &1 S0 128B a1 ¥Hd 189 80H ¥ FFH 6% ¥via Hawr (W& (SFR) ¥ fau smfen
fowan Smar 21 SFR 8051 WrEReer ¥ faftre @l 1 frifm @t {1 SFR § 99 V0 9 e
(PO, P1, P2 3k P3), PSW (3 ®@2d 3€), A (Accumulator), IE (372 F4ad), PCON (Wi
3ra), afs B B
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7 Name of Qm_.w,o.nmw...nw{m o toa Function TR ,.—=mn..=.n__§.>nn.¢mu amumlvg
ACC Accumulator EOH
B B Register (for Arithmetic) FOH
DPH Addressing External Memory 83H
DPL Addressing External Memory 82H
IE Interrupt Enable Control ASH
P Interrupt Priority B8H
PO PORT 0 Latch 80H
Pl PORT 1 Latch 90H
P2 PORT 2 Latch AOH
P3 PORT 3 Latch BOH
PCON Power Control 87H
PSW Program Status Word DOH

SCON Serial Port Control 98H
SBUF Serial Port Data Buffer 99H
SP Stack Pointer ILlc 81H
TMOD Timer/Counter Mode Control 89H
ICON Timer/Counter Control 88H

‘ TLO Timer 0 LOW Byte 8AH
THO Timer 0 HIGH Byte 8CH
TLI Timer 1 LOW Byte . 8BH
THI Timer | HIGH Byte 8DH

SRFs 4t W3W %4 Direct addressable 313 21 %ol & 80H 3R FFH & 99 % F9 W©H
st SFR %1 371z 7@l fopu U €, @fT 3= aifaftad RAM 89 & §9 ¥ Sy & forar s weha

21 F9 Wohmeed ¥ ifafta 128B RAM efal €, it #8911 T3W &1 SFRs It 80H ¥ FFH % W19
1 A1 &1 Al 98 SIfafe RAM =60 Sael a7ael §9 § Wayd #ie qea ol €l
mmmm,.\_dwm.mwﬂj,i e T T R
___(Interfacing External Memory with 8051 Microcontroller)

(o

T @l § f U fafre 8051 W@iedler ¥ 4KB 1 RAM 3t 128B RAM &t # (
amgfTF 8051 AEFHIdSIeN aRUe § 8K ROM 3R 256B RAM 2)1 8051 HshIarert efa somedt
1 fese 8051 WHhweeR ¥ Iufedd afiafie RAM ik ROM a% wifim 7 & wear &1 T

- AEEEeR W | 17
. S 2 H e @ wEee
Q%Zﬂﬁ?iﬁéﬁw.@ﬂﬁuﬁﬁmgéﬂwﬂﬂhﬂm@mﬁwﬁ
# 3 HfF qH0 W F B A 1 o eyt B 9w 2, 8031 @1 803238 Fa. R
1 Internal ROM &l R, External ROM % 19 T5a&iy 11 811 S1fuahad 64B S st RO
%«EgAgzvﬁﬂ.ima_i&mﬂw%g@asgﬂ .
fear a1 8051 FEHIHIEK F WA External RAM % 64KB 31k External ROM ¥ 64KB T

External RAM 3R ROM arft =1 et afk

U5 & =ils 3@ F) quian 21
0o 2207 Data (0-7) _
i _llv" Latch * RAM
| L NI
WR R — WR
RD > OE
8051
Micro-controller Address (0-7)
— ROM
Address (8-15) (64K)
PSEN > OE
R 1.14
Step 1: Connect EA pin to ground
Step 2 : Connect the PSEN to the CE and OE.
Step 3 : Then, Port 2 (P2.0 — P2.7) to A8 — Al2 pins of ext. ROM.
Step 4 : Connect ALE to G of 74LS373 latch to enable it.
Step 5: Next, connect the OC of 74LS373 to GND.
Step 6 : Connect Port 0 (P0.0 — P0.7), which consists of both address and data multiplexed into
Port 0 to 1D — 8D pins of 74LS373 latch to demultiplex it and 1Q — 8Q of the latch to
. A0 — A7 of ext. ROM.
Step 7 : Connect Port 0 (P0.0 — P0.7) to DO — D7 of the ext. ROM.
Step 8 : VPP of ext. ROM to VCC.

TR, 8Kx8 ®1 wd € fF i ROM T U@ g ¥ amdfem fem man €, frmd 8K wee =
T 2 ol xg @ ad R, 5 ww T A 8 fagm B 3w 9 R 32Kx8 T ROM B, o
2K VI St e B, St e 8-foem o vl H, v i @ 56 32,000 T ¥ o 8-for R
¥ Tmm sl e A 1K X8, 2Kx8, 4Kx8, 8Kx8, 16Kx8, 32Kx8 3t 64K x8 THR F B THd! 21

e
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s s, 9 SR % w Y W

e
¥4 2 16Kx8 Data RAM Chip # & Sﬁm wmm_ﬁwuam@w»_
qE, M2415=32K, 15 Address TEH

fag 7 % T HERS FQA ¥, o
mﬂ:%@w@n%«ﬁm@w;ﬂﬁu%é. A

TEEEgeR W | 19
AR F Heer H Frred sf Frebm @ 1 a9 Intemal RAM e 1 Frderr 5
2, @ 80H & FFH 1% %1 U3W W SFR 1 aMmfed vt wmn 21 o 128 T A ¥ (80H |
z,.S_ﬁmN_ﬁmwé%ﬂmmmwm&%ﬁw_iﬂmmwmﬁmﬂﬂd@a»%@
%ﬂﬂn5@3»%%&%&%3@A@mmmssan_g%ﬁﬂaﬁﬁﬁ
w,«m@nﬁzﬁﬁgﬂﬁﬁw.w@@%_..aam_gﬂm%ﬂ«ww_mﬁﬁﬂﬂm
B (Address space) §: WEE 128 FEEH (00H ¥ 7FH) Frafid Internal RAM 3 faw ® s smmen
128 9152d (80H ¥ FFH) SFRs ¥ fam 21

8051 ABBIBLICR Wt Bawr ey o Feh

2 Vee
RD :
EA P37 R _\\\! , L
ﬁ P36 gE OE V.
PSEN
p2.7 A12 A12 Nmmb
. : AB Amwng
AB x8
w43 1 G i program
A= AT ROM
P07 AD7 DQ
A0
- 7418373 = —
. ADO oc
W D7 1
DO
R 142 4

gwoz%ma_%dﬂﬁ@mmﬂwwﬂnﬁul . . t
ﬁ@@ﬁﬂ% ROM # T ¥ 4000H 7% g T & %Ewﬁmbomﬁﬂﬁ

A =R

ORG 0000H

MOV DPTR, #4000H ; Load DPTR with the location where data is stored

MOV RO, #40H
rep: MOV A, #00H

)

g
"'

: Load RO with the int RAM loc where you want to save the data
; Clear accumulator

MOVC A, @A+DPTR ; Syntax to mode data from ext. ROM to accumulator

MOV @R0, A
INCRO
INCDPTR

CINE A, #00H, rep
stay:SIMP stay
END

ORG 4000H

DB 1H, 2H, 0AH, 0F2H, 30H, 5CH, 2AH, 01H, 00H, FFH, 0

P T ——— e 2 FTY g T T e T e e

; Copy the value of accumulator in location pointed by RO VA
; Inc RO to point to next int RAM location

; Inc DPTR to point to next ext. ROM location

; Repeat this process until 0 is received from the DPTR
; Stay here

; Let’s say that the data present at 4000H is

; Here 0 is the stop bit that we’re assuming

e

r....w_._n .ﬂ:»m._m:_ﬂ......ﬁ_ ¥ X 4_.w.am.,.m_ ﬁmvlom,m_ _uxc_.om_o: wumm,m_nm.qw Amﬂmmwvvi : 4
ma;%ﬂ%aaﬂmﬁﬂﬁmﬂs%mﬂwﬂmﬂaﬁm_w.&maf

e S e S O A > 0Nt S e —

% AorACC 4 B

¢ DPL & DPH
% IE & IP
¢ PO <+ Pl
* P2 ¢ P3
< PCON & PSW
% SCON & SBUF
% SP < TMOD
< TCON ¢ TLO
< THO < TLI1
< THI

8051 ATgFwIFSIX SFR # Sforaf—asit 21 8
RAM TZH ¥ @ frifafas afae & fqg o &)

051 WEAIFEeR SFRs 39% &Ml 3K Internal

|

Name of the Register | ' ' Fudction | _'Internal Ram Address (HEX) /'
ACC Accumulator EOH
B B Register (for Arithmetic) FOH
DPH Addressing External Memory 83H
DPL Addressing External Memory 82H
IE Interrupt Enable Control ASH
P Interrupt Priority B8H
PO PORT 0 Latch 80H
Pl PORT 1 Latch 90H
P2 PORT 2 Latch AOH
P3 PORT 3 Latch BOH
PCON Power Control 87H
PSW Program Status Word DOH
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SCON Serial Port Control 98H
SBUF Serial Port Data Buffer 99H
SP Stack Pointer 81H
TMOD Timer/ Counter Mode Control 89H
ICON Timer / Counter Control 88H
TLO Timer 0 LOW Byte 8AH
THO Timer 0 HIGH Byte 8CH
TL1 Timer 1 LOW Byte 8BH
THI Timer 1 HIGH Byte 8DH

51 21 SFRs 91 Tiigd &0 F F 7 ¢, e T Frferfaa @ S I9gE B 2 8051
TeAIEAER ¥ 21 SFRs 1 W TR § i foan o 1A —
Math or CPU Registers: Aand B

Status Register: PSW (Program Status Word)
Pointer Registers: DPTR (Data Pointer—DPL, DPH) and SP (Stack Pointer)

1O Port Latches: PO (Port 0), P1 (Port 1), P2 (Port2) and P3 (Port 3)
Peripheral Control Registers: PCON, SCON, TCON, TMOD, IE and IP
= Peripheral Data Registers: TLO, THO, TL1, TH1 and SBUF
v CPU a1 ¥ IBREH (CPU or Math Registers)
1. A or Accumulator (ACC)—Accumulator @1 Register A Fadl WeeIqul AR w8 s IwEm
fiFa S AT 8051 WA SFR #1 TR A SFR FHR €9 ¥ w39 EOH W feem & 2
Accumulator 1 SN G B ALU RETeH! ¥ 211 i 1@ % ferg farn s 1
Accumulator BRI TN fFT 91 a1 59 Sty Frefatad §—
& Siwnfor HHer; Se—are, ¥, O 3
& e HEeH; S8—AND, OR, NOT &gl
& 2 TEHT SATRIA (8051 A External Memory & &)

‘Accumulator’ 79 39 928 ¥ N £ 1% T€ Wit @t Arithmatic 3R SfHHW Logical R

& YRUTTEEY 5T (1 ©R) A F foag 3vdn e s 2
0 0 0 0 0 0 0 0 (ValueonRESET)
ACC | bit7 | bite | bits | bita | bit3 [bit2 | bit1 | bito |Address = EOH
MSB LSB
2. B (Register B)—B &= &1 I94M ACC & @19 1on ik 9 & fopan s 21 3 <1 fwwd
gﬂ@ﬁw&ﬁmiﬁa\y%wmaﬁj%w%m%wﬁw%,%ams
) § A T B et § 2R @ @ iR wRom a1 3= we oft g @1 i sifter & B IR
§ o g g 3R A 9o i 7w g deen ¥ A o g st e % s o

aﬁsgﬁﬁaw%ﬁﬂggﬁﬁ%ﬁww@ngﬂdg%w ;

w9 ¥ 374 fFa S d) -

TEBELeR W | 21
X B SFR G3H ¥ ¥ FOH U39 W feg 21 &1
0 0 0 0 0 0 0 0 (Value on RESET)

B _,\_[MM | bits [ bits | bia [ bita [oiz | bitt | bito | Address = FoH
LsB

WM Red 3@ Program Status Word (PSW)

PSW T Program Status Word ISt it v treer ft w1 wman € aik Teayi f
Aﬂw_.wmé%wé@ﬁa@mmﬁw.%gﬂgﬁgﬁﬁaﬂﬂwﬁﬂ
F ¢ 3 Fofa &) {1 Wi 1-fe ©R T 2, 5 3o B % e @ e wRom =
wfa 1 W S 3t e €1 et s pSw hreR 3t w9 a1

0 0 0 0 0 0 0 0  (Value on RESET)
bit7 | bité | bit5 | bit4 | bit3 |bit2 | bit1 | bito

Address = DOH

PSW|cy [ Ac | Fo |Rst1|RrRso|ov | - | p
MSB P
o= wfera s Wi & F1 1 avl =
Bit_ | Symbol | ' ' Flag Name " Description

7 C or CY |Camry Used in Arithmetic, Logic & Boolean
Operations
Used in BCD Aritlunetic

General Purpose User Flag

AC _|Auxiliary Carry
FO  [Flag 0

6
5
4 RS 1 |Register Bank Selection Bit 1
3 RSO |Register Bank Selection Bit 1

RS1 RS0 Bank

0 0 Bank 0

0 1 Bank 1

1 0 Bank 2

1 1 Bank 3
2 OV |Overflow Used in Arithmetic Operations
1 —  |Reserved May be used as a General Purpose Flag
0 P Parity Set to 1 if A has odd # of I's; otherwise Reset

uigex Wi (Pointer Registers)

STeT UigeT Data Pointer (DPTR — DPL and DPH)—3RI WX & 16-faz et £ sk
ffSer ®9 ¥ DPL (S 9 @) ik DPH (¥@1 WX w) SFR &1 Wi 2 &1 2 Wiie
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22 | mEmiageR s wads R .

v (DPTR % ¥9 %) 1 @ 8-fire X (DPL 3R DPH) & w9 ¥ Iwim fovan
= 16-faz A Ta 7@ e ¢, SfE DPL (DPTR ¥ TR 91%) 3R DPH
wEal 2l c.oﬂw mMN V@m_mwymwim g & STET-3T RE A §1 DPL=82H 31y DPH=83H)
Aow._.wh_w et %1 S9A External Memory (STTH-ROM a1 STI-RAM) I Haifid &1 3y

S ST
RRIL DPH oPL

— A N _A
i ] [ T (O O (Y
DPTR @ _ bitd bit0 bit7 bit0

0 0 0 0 0 0 0 0  (Value on RESET)
DPL | bit7 | bit6 _ bits | bitd | bitd |bit2 | bit1 _ bitd |Address = DOH
MSB LSB

0 0 0 0 0 0 0 0 (Value on RESET)
DPH | bit7 | bité | bit5 | bit4 bit3 | bit2 bit1 | bit0 |Address = 83H
MSB LSB

e T Stack Pointer (SP)—SP a1 Stack Pointer Stack % ¥ T w 3R a7 I MM
% T 1 T 3 21 Stack pointer F PUSH, POP, CALL 3R RET Instructions %1 3wdr

Access TRl S TE@ $1 OF e 8-far R ? ot 4 W, BF WX W 0TH F w9

1 fiey) @afad ST 1 Q
itialized f W 81 B § wH T4 TR 952 faw g, SP (WF W) !
Mwﬁﬂﬁ%ﬁ@ﬂﬁ%mm+_ﬂ_w@ﬂ§w_%ﬂ@wﬂﬂﬁwﬁﬁ.guwmwwi
3 i foran e & 3R 3 @G SP A 1 (TE -1) BRI 5 S ¢

o o o0 0 0 1 1 1 (Value on RESET)
SP | bit7 | bits | bit5 | bita | bit3 |bit2 | bit1 | bito |Address =81H
MSB LSB

10 T VO Port Registers (PO, P1, P2 and P3)—8051 AIghIhIer % =R Wi, forean
gsﬁ%&s#ﬂmgﬁﬂaw_w%ﬂvo.E.B_&N P33 TRE e A @
T % WY TF e Wt g 71 9 ored F W 39 ¥R & PO - 80H, P1 - 90H, P2 - AOH
3t P2 - BOH! ¥ SFR & Wi faz 8051 wmacrer § w& wifvs fi ¥ ¥ @t 21 3 =t 0
e fae wdam @it a2 e A §1 9 ey fae W 1 @ 0 faeT gl i W@
IUgH deed (5V 3R 0V) F ¥ ¥ wfififed €m Ak #% 9 fae SET (Declared as 1) 8, @
Hafed W A #1 T F w9 § FEeR fra e ik T e 9 9 e #) W (Declared

as 0) fovan e 2, @t Weftm 9 f sy % w9 § HRER fra T 8 99 F0 W, @f O
form 2 (1) ¥ it e, woft 9 o S92 F w9 & SRR frg T )

TEEEeeR W | 23

1 1 1 1 1 1 1 1 (Value on RESET)
P0.7 | P0.6 | PO.5 | P0.4 | PO.3 | PO2 | PO.1 P0.0

PO | bit7 | bit6 | bits | bit4 | bit3 | bitz bit1 | bitd |Address = DOH

1 1 1 1 1 1 1 1 (Value on RESET)
P1.7 | P16 | P15 | P14 | P13 | P12 | P11 P1.0

P1 | bit7 | bit6 | bit5 | bita | bita |bit2 | bits bitd | Address = 90H

1 1 1 1 1 1 1 1 (Value on RESET)
P27 | P26 | P25 | P24 | P23 | P22 | P21 | P20

P2 | bit7 | bit6 | bit5 | bit4 | bit3 |bit2 | bit1 | bito Address = AOH

1 1 1 1 1 1 1 1 (Value on RESET)
P3.7 [ P36 | P35 | P3.4 | P33 | P32 | P3.1 | P3.0

P3 | bit7 | bit6 | bits | bitd | bit3 |bi2 | bitt | bito |Address = BOH
IR Bogher A (Peripheral Control Registers)

W@nﬁﬁ%ﬁﬁﬂﬁﬂ%ﬁ%ﬂﬁ&:ﬂa@a_aﬂﬂ.man&wmomnaasiﬂdﬂ
gﬁﬁ%uﬁfaﬂﬁ@ﬂa&_ﬁﬂﬂﬁ&w&gﬁwwﬁmﬂiﬁ%ﬁﬁﬁ
1 I9ENT HEAT B
ﬁ&&%ﬁ@mﬁ.mnozgﬁmﬂzmasamﬁéwgagggm_
vnozawnﬁmngwmﬁﬁ%&,ﬁdﬁ%&wﬂ%ﬂwaﬂwwaﬂgaﬂm_
PCON Tt & & wmr Sivg v farzg €t €, o swam stomm &m0 fireares 3 ot fear
a2
0o 0o 0 0o 0 1 1 1 (Value on RESET)
SCON |sMoD| - | - | - |eFi|ero| Po | DL

Address = 87H

SCON (Serial Control)—Serial Control 1 SCON SFR 1 T4 8051 WEHEIER F Serial
Port i fifa %03 % o fifan str 21 7 98H % W ¥ w9 4 feqm &1 SCON 1 598m =k a9
Serial Port % Ry Hre # frafm o ¥a 2, Serial Port ¥ afs ¥ 3l Serial Port & IGM
FH TR U THS A1 F R B

SCON Tz # forzg +ff 4 €, <0 =1 1 e e 1 Wit 30 e s9 A AR 3
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0 0 0 0 0 1 1 1  (Value on RESET)
8| TI _ E?&Bmm =98H
o | w1 | smz | Ren | Te8 | RB _
e __,Hmm _ _ _ _ LSB
Sfae O His BE R (Serial Port Mode Control Bits)
TCON (Timer Control)

SMO |SM1’ |Mode
ol ol o

% Baud Rate. ]

8-Bit Synchronous Shift Register Mode |Fixed Baud Rate

R " Description

(Frequency of oscillator/12)

0 1 1 |8-bit Standard UART mode Variable Baud Rate (Can be set by
Timer 1)
Fixed Baud Rate
1 0 2 |9-bit Multi-processor Comm. mode |(Frequency of oscillator/32  or
Frequency of oscillator/64)
1 1 3 [9-bit Multi-processor Comm. mode |Variable Baud Rate (Can be set by

Timer 1)

Timer Control a1 TCON TRT&R &1 394 8051 WighHarerk & Timer 1 Y& FLA a1 T &
for e s 21 9% ¥ w01 F fag faem @ € fF 0 Timer fawEre 81 TCON SFR ¥ $oX@
eiftra fagg ot 21 €1

© 0 0 ©0 ©0 0 0 0 (ValueonRESET)
scon | TF1 [ Tr1 [ TFo [ TRo | 11 | M1 | e | mo | Address = 88H
MSB LSB

TMOD (Timer Mode)—TMOD 41 Timer Mode &% 41 SFR &1 3941 239 TO 3R T1%
R s F1 H2 A & g fmar s 21 Ffrad 9r faed F1 398 Timer 09 SR 33 % fau
fen s @ SR Timer 4% FFFTR #03 ¥ e I=am fazg o g fFa s )

0 0 0 0 0 0 0- 0

(Value on RESET)
TMOD QET_ CIT1 _ TIM1 | TIMO [GATEO| C/TO | TOM1 | TOMO | Address = 89H
MSB LSB
gﬂﬁa@:gxEwﬁmms_zaxﬁmﬁqﬁa@pﬁae%;&%
T ¥ o fovan s 21

GATE1=1=> Timer] is operated only if INT1 is SET.

GATEI =0=> Timerl is operates m..amuoo:«n of INT1 pin.

GATEO= 1=> Timer0 is operated only ifINTO is SET.

GATEO=0=> Timer0 is operates irrespective of INTO pin.

The C/Tx bitis used selects the source of pulses for the Timer to count.

g 9 | 25
C/T1=1=>Timer] counts pulses from Pin T1 (P3.5) (Counter Mode)
C/T1=0=> Timer] counts pulses from internal oscillator (Timer Mode)
C/T0=1=>Timer0 counts pulses from Pin TO (P3.4) (Counter Mode)
C/T0= 0= Timer0 counts pulses from internal oscillator (Timer Mode)

‘.“ > H.v.nzﬁ

©TxMO 2 | e Mode 5 | o T E Description Lty ]
o 0 0
0 1 1
1 0 2
1 1 3

13-bit Timer Mode (THx — 8-bit and TLx — 5-bit)
16-bit Timer Mode
8-bit Auto Reload Timer Mode

Two 8-bit Timer Mode or Split Timer Mode

Note : x=0 for Timer0and x=1 for Timer 1.
IE (Interrupt Enable)—IE &1 Interrupt Enable ISt %1 I9am =faama Interrupt T T&H 41
e 0 % fau fFm s R1 9k 9 fae SET R, 9 wefan wam fran € ok afz fae e @

@l ®, @ Interrupt 318 B S @1 IE WX ¥ fag 7 7 EA faz %1 S9@m 9 In
[T 41 W F * fow fmar s &

0 0 0 0 0 0 0 0 (Value on RESET)
IE _ NE _mS_ Es | e 22 | ETo _ mxoT&awmugz
MSB LsB

IP (Interrupt Priority)—IP &1 Interrupt Priority INR=X &1 IWM Interrupt Fi nafisrar
¥ A = w9 2 F3 F fag e s @1 3Rk fie F CLEARED far wmn &, @ gafim
AU I FH Mafwa o § 3 af e 32 2, @ Interrupt F 37 Mfiwa @ S #1

0 0 0 0 0 0 0

terrupt £l

0 (Value on RESET)

Pl - | - _EN_ Ps | P11 | px1 | PTo | Pxo |Address = 881
MSB LSB
ARWBeT 31eT IWSRLR (Peripheral Data Registers)
1. SBUF (Serial Data Buffer)—Serial Data Buffer @1 SBUF Wit &1 3wdm Z@fag @

&= % S Serial Data F1 Hold %% 3 fere fifan s 21

X X X X X X X X  (Value on RESET)
SBUF | bit7 | bits | bits _ bitd _ bit3 _zm _ bit1 _ bito T&a&u%x
MSB LsB

TLO/THO (Timer 0 Low/High)—255 0 % & SFR 811 ¥—TL0 3R THO! TLO firaeht =rge 2
3 THO 3= wee € ot wg ¥ 3 s 16-fae 2w 0 oret oA €1
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THO TLO
YO |V /
r— Vo=
o =51 - Tl R M Y Y | I T i _. ]
bit7 bit0 bit7 bit0
0 0 0 0 0o 0 0 0 (Value on RESET)
TLO | bit7 | bits | bits [ bits [ via [bic2 | bitt | bito [Address = 8aH
MSB LSB
0 0 0 0 0 0 0 0 (Value on RESET)
THO | bit7 | bit6 _ bits | bitd | bit3 |bit2 | bitd | bitd |Address =8CH
MSB LSB
TLU/THI (Timer 1 Low/High)—TL1 3R TH1 TEW 0 % f=el 3iX 359 9”<H €
TH1 TL1
r A= \/ \
TMERT [T T T 1 1 1 1 U 1 [ 1 T 1T 11
bit15 bit8 bit7 bitd
0 0 0 0 0 0 0 0 (Value on RESET)
TL1 | bit7 _ bit6 | bit5 | bitd | bit3 |bit2 | bit1 | bito |Address = 8BH
MSB TsB
0 0 0 0 0 0 0 0 (ValueonRESET)
TH1 | bit7 | bite _ bit5 | bit4 | bit3 |bit2 | bit! | bitd |Address = 8DH
MSB =B

8051 AFHIBEICR & WA External Memory B Interface
(Interfacing External Memory with 8051 Micro-controller)

T 3@ ¢, 5 o fafre 8051 TEAmEeR ¥ 4KB # RAM 3k 128B RAM %gama. A
8051 T Zert 3G & 8K ROM 3 256B RAM 2t 21 ,

8051 WERIEIER W A WoTER = ResTE 8051 . e
ROM 7 i 7 &1 30 amey tw sk 2 ARhIFHIIR ¥ IR Internal RAM iR

3121 A4 3R S 2 w5 Sre w1 S 2
R ST A 91 ROM ) S0 9 7 =hmeey fir 353 Wi £} S
gﬁ%m@%w%%ﬁ%ﬂmﬁw i b T
T i meEyl B u §,
External RAM % W19 §&819 &1 |

8031 8032 St faw, R F Internal ROM 7 2,
YA 64B S T

—NOZ. y 3
. : ( vﬁ_ﬂ Sl mn_ﬂ_ Agv nmﬂﬂ m.: 8051 n_mg._mwm._m_m % 99
: 3 o

e Wi | 27
PO ‘.63 Data s.dw
ALE Latch <l RAM
» 64K
oy [RETS ) (64K)
WRIE » WR
‘RD » OE
8051
Micro-controller Address (0-7)
< ROM
Address (8-15) | (64K)
PSEN » OE

firx 1.13 : Micro-control & W™ Externaly Memory @) Interface &1

A

| .,.,WW miEe e e
1. ARHEEE 3R AEwEeeR § 3R e St
2. WEhEReR % fafy= sEEn 9 ?
3. 8051 WigshIh2leR &1 3G TS S Hifwy|
4. 8051 AIghEIeR &1 07 SAEm =5
5. 8051 WiEgHIHZIOR % TIGE/IMEEYE U (VO TE) Fi TS Gt SRS FHifwg|
6. TR ARSI 1 STEN 8051 WERECR & T=d § Hig)
7. vE e ISR (Special Function Registers — SFR) @ =TT &ifsie)
8. External ¥HRI <R ¥ w@5u)
9. PIN PSEN &1 %/ 8051 WEhish=iol & W< o WHARY
10. 8051 foren | Hum WM frg weR Hafem T 2
Q
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icro- ller Programminay !
ion Set for Micro-contro Ming)|
(Instruction L |

SYLLABUS

@ Instruction Set of 8051
® Addressing Modes,
@ Types of Instructions ! ;
' @ Time operation
' @ Serial Port operation
@ Interrupts

I 2.1 5051 TePIBINR SRIA S B e

T c.::dn:n.zm: 8_,mom._.,‘gm.m%..mo‘a_,o__m_. Instruction Set)

£k . S

; w?ﬁggﬁmﬁﬁmnﬂm&ﬂ&nﬁﬁ@a&
gﬁ“ﬁﬁww@mggﬂém_%ﬂw ,.Ww_w«wﬁnmmwm&ﬂ. $|
S B % w0 9 S @) o TR T e v § 9 9 €, I IR O A
S e {7 A &1 s A ferd e e eI 1w €, o e we e
el =1 @& W2 SR F fw s @ 21 8051 WEHIHAICR FRERE W H MCS-51 FRRA W
<} et Sl . .

st 7 e F 8051 wRER 8-fae SR ¥, 8051 MREEEER $EwE ¥ W 8-
wom e % g srelen e T 1w fafre 8-fore SRR % w9 W, 8051 HIERSIRK
M 4 §-fae sivers 2 € wRom w@Ey, 8051 WEEEeeR SigavE we B 28 =256 Fw A
T ¢ :

2.2 8051 ARPIGGICR & (E¥ 3K wg
ﬂ (8051 Micro-controller Instructions and Groups) '

8051 WIEFHHAIR T We, ST fﬁ%ﬂ@%wgm%@ﬂ@@ﬁ
T 8051 WRAIHITH $HRA e (MCS-51 Instruction Set) F Fiehi 3ik el % A § wiEa T
ST ®1 e e vl FE A 8051 Instruction groups 31T instruction fE@md 21 805l
A FRA % e ¥ 49 $Rav Pl § ol 5 49 S = v @l A fetE

™ &

s

B 2.3 8051 E3Ri WS (8051 Addressing Modes)

AEEEEeR St & e P ¥z | 29
Data Transfer Arithmetic Logical ~_Boolean " |Program Branching
MOV ADD ANL CLR LIMP
MOVC ADDC ORL SETB AJMP
MOVX SUBB XRL MOV SIMP
PUSH INC CLR JC JZ
POP DEC CPL JNC INZ
XCH MUL RL JB CINE
XCHD DIV RLC JNB DINZ
DA A RR JBC NOP
RRC ANL LCALL
SWAP ORL ACALL
CPL RET
RETI
JMP

n—

T e e A R e e o B RN B s e SRARIE e
TS AT O W S F T @ 0wl 2, ol ss o we #8051 Sl sitw
ARSI SR 1 Felifem 03 % fog o wm 3 wdfem g €1 3 §—

< Immediate Addressing

< Register Addressing

< Direct Addressing

% Register—Indirect Addressing

% Indexed Addressing

1. 3Wifsde Aw._vﬁd (Immediate Addressing)—Immediate Addressing Mode #, Opcode I
STHVT A T AW, 8 Al 16 fazg =1 ©F R 2@ #1 Immediate Addressing 9 39 9= 9§

_ gw.@%mgg%aggﬁgﬂgﬁww_g%%

mﬂﬂ@w»ﬂﬁﬁﬁﬂ@x@ﬂ%wﬂﬂmwn@mgg@ﬁﬂg?ﬂ%
wﬂﬂﬂ&@aﬁmﬁn.ﬂwﬁxmm@%@mzﬂﬁwg@ﬁ%_

Example : MOV A, #030H

F&l, Accumulator 30 (FFERfemer) ¥ w1 g3M B 4 e H w quim 2, fF e ww s &
f forelt oz =1 w2

Fiifee wgfim =ga @ 2, s dre fra st amen e fl @ fo a2

2. T TR (Register Addressing)—8051 WEAIEEIeR AR ST § T RAM 3
gﬁm%iﬂﬁﬂ%ﬁﬁ#@a%%#%mﬂ%ﬂw.%%
uﬂmﬁaﬁﬂmwﬁﬁokd&mmsm%ﬁwﬁmwmmﬂﬂﬂ»_ PSW fere =it

: Mm@ﬁwﬂwﬂﬁmﬂﬁﬂnﬁﬁ@wﬂﬁdﬁmﬂﬂwﬁ%ﬂﬁﬁﬁﬁaﬁ
| i




30 | smisgier vs v R

W, Farer T Wit
Example : MOV A, 47H
7%, RAM ¥ 47H ¥ 211 Accumulator W & ST Sl ]

et FemaEe T ister Indirect Addressing)—Indirect Addressing Mode a1
ﬁﬂu.ﬁﬂ&ﬁ%&ﬂm.&aﬁﬂﬁﬁ%w%wﬂmnm&géw_ﬁmﬁ
I & TG WL B S
- R1
WMMM«WK%&%?%@ o1 e snra ) <vi 81 Ak Swew ¥ g, R1# wmnh S6H €, Nw
sitits FaRE RAM T S6H & #1 af t0 M S6H %1 %22 24 HR, @ 24 HH Accumulator ¥
R fea s 21 . . .
%ﬁmﬂmwcs#w_ﬁmﬁaw_ﬁﬂﬂﬂ%&wwﬁﬁﬂﬂ%ﬁ%

ETken A

71 W FTER (PC) B Tl 2, Tl SiwHe WX Accumulator (A) T 21 2T TfHm #is
Fad MOVC 3t IMP e =1 3w for w1 ol 81w @i Hie gF-om 3@ ¥ IR
W T8 G9F I9ART o 2l

Example: MOVCA, @A+DPTR

i, 3TRE % fo a1 DPTR 3R Accumulator @l Wt &1 4 21

I 2.48051 TEBIBEIR FaeH Ve A g@HA S FOR
(11 (Types of Instructions in 8051 Micro-controller Instruction Set)

7391 (Instructions) & a1 § WFA ¥ YEd, T B9 8051 WEAIHICR F Fiw @ W Y@
21 8051 fidw & TH 3MTFIE (Short of Operation — Code) Bl &, F6 AT HR S AE2, TH AR
71 3 AELH N AWS BT @1 FRE F sw-wre v A Al wive €, 9 wevl ¥ waR w1 fifde
ﬂﬂw.@mﬂﬂggunaoaomﬁogoan o TF 9152 AR F e o) ey ¥ sifgis wm A
ST 9% el gRT weifia fR W1 W@ S W sRwifi s 31 site frefafan 8 Q @ R @
Tl e—

< No Operand

< Data value

< 1/0O Port

< Memory Location

¢ CPU register

5. $3%S USRI W (Indexed Addressing Mode)—Indexed Addressing HIE w RS =
Effective address 3 (e 3it Siwde Wt &1 4m o @1 99 e @1 @ 3w 9 (DPTR)

TEEIEgeR Hfi & e ffw de | 31
% At 3 W 1 ey 39 van 2—
2.4.1 Mnemonic Destination Operand, Source Operand

e wERY W & e Opeode €rm 21 9 fdvl ¥ w aftw siitE @ w81 flw
-z F3w @ e 2, forad Faw Opcode 71 Bi-are 3w 2 ¥, Sl g@a e s a1 dF
mﬁmﬁﬁaw.ﬂﬂﬂwﬂa%g%g»_ﬁwggéﬂwgﬁ 8051
%W%Wﬁwi%ﬁ&m%mgﬁg@&%wl

« Data Transfer Instructions

& Arithmetic Instructions

< Logical Instructions

< Boolean or Bit Manipulation Instructions
+» Program Branching Instructions

1. STeT e FE9r (Data Transfer Instructions)—=w@1 ZigwR fidy e =1 am S
w&&d_m@@ﬂgwq%wﬂwwgﬁﬁﬂw&ww_Qﬂwﬁﬁ@d@gnaoanu%wmﬂ
L

<+ MOV < MOVC
< MOVX < PUSH
< POP < XCH

< XCHD

=1 mfe o/ Gvifam ol % wg-wg o faawon; SR—ire, seR F w3 a9 ok Wy
F ! ) GEaS w2

Mnemonic

Instruction | ~ Description [Addressing Mode| # of Bytes |# of Cycles

MOV |A, #Data A < Data Immediate 2 1
A, Rn A < Rn Register 1 1

A, Direct A « (Direct) Direct 2 1

A, @Ri A «— @Ri Indirect 1 1

Rn, #Data Rn « data Immediate 2 1

Rn, A Rn « A Register 1 1

Rn, Direct Rn « (Direct) Direct 2 2

Direct, A (Direct) « A Direct 2 1

Direct, Rn (Direct) < Rn Direct 2 2

Direct 1, Direct2|(Directl) « (Direct2) Direct 3 ]

Direct, @Ri (Direct) « @R i Indirect 2 2

Direct, #Data (Direct) « #Data Direct 3 2

| — @Ri, > @Ri e A Indirect 1 1




32 | mmiageR vs vads Rrew
@R, Direct @Ri « Direct Indirect
@Ri, #Data @Ri « #Data Indirect
DPTR, #Datal6 |DPTR « #Datal6 Immediate
MOVC |A, @A+DPTR |A « Code Pointed by Indexed
A+DPTR
A, @A+PC A « Code Pointed by Indexed
A+PC
A, @Ri A « Code Pointed by Indirect
Ri (8-bit Address)
MOVX |A, @DPTR A ¢« Extemal Data Indirect
Pointed by DPTR
@Ri, A @Ri « A (Extemnal Indirect
Data 8-bit Addr)
@DPTR, A @DPTR « A (External Indirect
Data 16-bit Addr)
PUSH Direct Stack Pointer SP « Direct
(Direct)
POP Direct (Direct) ¢«  Stack|  Direct
Pointer SP
\ XCH s Rn Exchange ACC with Rn Register
Direct Exchange ACC with| Direct
Direct Byte
@R i Exchange ACC with| Indirect
Indirect RAM =
A @RI Exchange ACC with| Indirect

Lower Order Indirect

RAM

2. wftaifes frder

om S M HR TR ¥

8051 HIFHIHIITR TZHMA 2 ¥ wfeaifes v & 92 i e 8—

% ADD
< SUBB
% DEC
% DIV

TEBwgER st & fre frker ¥ | 33

(Arithmetic Instructions)—uRedfes fwli =1 s9dm =0F @9 I, W,

| e PR ¥ ©F R ofe, @ F w0 v sk w fee flw @
Decimal Adjust Accumulator %81 ST 21 .

% ADDC
& INC
4 MUL
& DAA

%ﬁ@ﬂﬂgﬂwﬂaﬂﬂww%ﬂii@%wimmmnoa.czmmmuoa.>mn=,
BCD, 31f%| 36% e, TRemifes PR gra fre g warem PSS e & 24, s, S

& N W w1 B
wftaifes $EFIE § I3 9 NI Mnemonics Frefafiaa aifers & sfeafaa 31
Muemonic | Instruction| ' Description | Addressing Mode| # of Bytes # of Cycles
ADD A, #Data |A < A + Data Immediate 2 1
A; Rn A < A+Rn Register 1 1
A, Direct |A « A + (Direct) Direct 2 1
A, @Ri |A « A + @Ri Indirect 1 1
ADDC A, #Data |A « A + Data + C Immediate 2 1
A, Rn A« A+Rn+C Register 1 1
A. Direct |A « A+ (Direct) + C Direct 2 1
A, @Ri |A « A + @Ri+C Indirect 1 1
SUBB A, #Data |A < A — Data — C Immediate 2 1
A, Rn A« A-Rit-C Register 1 1
A, Direct |A < A — (Direct) — C Direct , 2 1
A, @Ri |[A«—A-@Ri-C Indirect 1 1
MUL AB Multiply A with B - 1 4
(A < LowerByteof A*13and B
« Higher Byte of A*B)




wh_%ﬁm&ﬁg J AEmegeR smfi & e féw ¥ | 35
1 4 = )
DIV AB Divide A by B — Direct, A |(Direct) « (Direct) AND A Direct 2 1
(A « Quotient and B « Direct, #Data |(Direct) < (Direct) AND #Data | Direct 3 2
Remainder) =
DEC A A A= 1 Register 1 1| ORL |A, #Data A « A OR Data Immediate 2 1
Rii Rn « Rn -1 Register 1 1 A, Rn A < A OR Rn Register 1 1
. - 2 1 A, Direct A « A OR (Direct) Direct 2 1
Direct __|(Direet) ¢ (Direct) = 1 Direct :
" - Indirect 1 1 A, @Ri A < A OR @Ri Indirect 1 1
@Ri @Ri 4 @Ri - 1 o '
Direct, A (Direct) « (Direct) OR A Direct 2 1
= 9 Sy Registe 1 1 Direct, #Data |(Direct) < (Direct) OR #Data| Direct 3 2
Rn Rn < Rn + 1 Register 1 1 XRL |A, #Data A « A XRL Data Immediate 2 1
- ; A, Rn A « A XRL Rn i
Direct  |(Direct) « (Direct) + 1 Direct - 1 : . Register 1 1
@Ri @Ri « @Ri + 1 Indirect 1 1 A, U:d.z A < A XRL (Direct) Direct 2 1
_ |pPTR _ |DPTR « DPTR + 1 Register ! 2 AGH A« AXRL @R Aogieest : ~
Direct, A (Direct) 4 (Direct) XRL A Direct 2 /o
DA A Decimal Adjust Accumulator  |— 1 1 Direct, #Data |(Direct) 4 (Direct) XRL #Data| Direct 3 2
3, % P (Logical Instructions)—Fiell =1 swen T witvwe fRw €, W aifaea
arer; SA—AND, OR, XOR, NOT, Rotate, Clear 3R Swap FTd €| @ifwa a9 fae & S9R W CLR A A « 00H = 1 1
21 % a5z W Ry Sm 2
it fdel & W 8 e Frefated §— CPL A AcA - 1 1
¢ ANL < ORL
% XRL . % CLR : .
& CPL ¢ RL RL A Rotate ACC Left — 1 1
< RLC % RR
% RRC . % SWAP RLC A Rotate ACC Left through Cany —_ 1 1
1 wiferan mfdhe fEe % et Wefid Mnemonics 3 2wt 21
o) -y L ey 2 T s THVE o F TN TN - 5 >
x Emaeen\ Instruction | - Description - |Addressing | # of Bytes |# of Cycles RR A Rotate ACC Right — 1 1
\ PR : Mode 1 2|
ANL |A, #Data A « A AND Data i
‘ Immediate 2 1 RRC A Rotate ACC Right through Carry = 1 1
A, Rn A <« A AND Rn Register 1 1
, Di A i : "
T Direct ‘ < A AND (Direct) Direct 2 1 | swap A Swap Nibbles within ACC — 1 j =
o @ri__|a « A aND @R Indirect |~ 1 !
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: i ion Instructions)— ™ { 156
frfyr (Boolean or Bit Manipulation : . @ el — :
a.ﬂwﬁ%ﬂaﬁw&wﬂaﬁﬂﬁmﬂﬁﬂwﬂg?ﬁiwwgwﬁg > P Ay (©) s Sd 2 B
M_m Mw.@mﬂ. &7 ¢ ¥l $o fadw Function Registers (SFRs) A addressable ¥ 7 T fr INC _ : Jump is Camry (C) is Not Set 2 2
Afrgaer Frei 3 s T e E— JB Bit, rel  |Jump is Direct Bit is Set 3 2
¢ CLR i % SRIB INB Bit, rel __ |Jump is Direct Bit is Not Set 3 2
¢ MOV - ..“M . JBC Bit, tel Jump is Direct Bit is Set and Clear Bit 3 2
&
(@ s > ,
M __Mw & JBC 5. gﬂ.ﬂdw_ﬁq (Program Branching Instructions)—8051 AighIderer feen & fwl =1
4 & ORL sifem g S wiren fw #1 A fy som dfvs F w91 fefe ww € m wifan e
¢ ANL % Mnemonics 39 ¥FK B
& CPL . .
3 Pt foe T W e, W o, W, T AR e R w § et FRE S W ot i bl
i et § ffde g
Mnemonics Freifafes . H ! wﬂwﬁ R = - & INZ ¢ CINE
o e o | SN U Description (PNE=L 0t |1 # of Bytesi| #.0f Cycles ¢ DINZ & NOP
CLR C C « 0 (C = Cany Bit) 1 1 % LCALL ¢ ACALL
; % RET
Bit Bit ¢ 0 (Bit = Direct Bit) 2 1 o < RETI
zomvaoonnanoaiﬂmﬂwﬁ&w_msgmaﬂ (PC) ! TF A1 TR TH & wwifam
SET C C el 1 1 FQ 2 T ¥ 79 RN A sEe o W W e wEiaiE 53 ¥ Yed Fofg o @t e
Bit Bit « 1 - 1 L o
foret ferent rdsen & frdw & gaw § g aufeaen =1 far 21
CPL c G 1 1 Mnemonic| - Instruction |- . ' . Description .. |# of Bytes |# of Cycles
Bit Bit « Bit 2 1 ACALL |[ADDR 1 1 |Absolute Subroutine Call 9 9
[ PC + 2 — (SP); ADDRI 1 — PC
? C, /Bit C « C. Bit (AND) 2 1 LCALL |ADDR 16  |Long Subroutine Call 3 1
\ . . PC + 3 — (SP); ADDRI6 — PC
C, Bit C « C. Bit (AND) 2 1 :
j RET = Return from Subroutine 1 9
= (SP) 3 PC
NOE. C, /Bit C « C+ Bii (OR
\ Ll 2 L RETI — Return from Interrupt 1 2
. AIMP ADDR 11 Absolute Jump 2 2
\ \O, Bit C « C+ Bit (OR) 2 .| ADDRI11 —» PC
ﬁ \ . LIMP  |ADDRI6 Long Jump 3 2
MOV C, Bit C « Bit 2 1 ADDRI6 3 PC .
‘ ?:. C Bit « C 2 2 SIMP rel Short Jump 2 2
j ‘ PC + 2 + rel 3 PC
PR
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MP  |@A+DPTR |A + DPTR > PC L 2 %Mﬁ&ﬁaﬁﬂhwﬂﬁu@?ﬂﬂgﬁ_%um?ﬁn#gg
1z rel If A = 0, Jump to PC + rel 2 2 Hmmaaoﬁmﬂ@aw_ fo 2w 1| F svdm fea s @1 TEm W wRE SREA ¥ g
Nz - e If A#0, Jump to PC + rel @?M%@mmu Mm%mﬁd,\_oc (TFR qE) TF SFR ¥ 79 W9 F TZ@ 89H ¥ ¥ 7®
CINE A. Direct, rel |Compare (Direct) with A. Jump to PC +rel if 3 2 ‘ﬂ:—mn Timerl Mode . Timer0 Mode = :
. not _equal Bit Details | Gate (G) _ Cr _ Ml _ MO | Gate AQ_ CIT _ Ml _ MO
Compare #Data with A. Jump to 3 2 7@, T wfhe H 3@ €, S T F T 7 Frifa s f—

A, #Data, rel

PC + rel if not equal
Compare #Data with Rn. Jump to PC + rel if] 3

Crystal
B 0sC.

Rn, #Data, rel

«—— To timer increment input

not equal
C/T* =1 | Run control

Counter input pin

w . Compare #Data with @Ri. Jump 3 2
. @Ri, #Data, rel P : 1= Run
. to PC + rel if not equal TR bit (in TCON) 0 = Stop
. 2 Gbit
DINZ Rn, rel Decrement Rn. Jump to PC + rel if not zero 2
Direct, rel Decrement (Direct). Jump to PC + rel if not 3 2 INT* input
zero fem 2.1 : TR ST
= afersmt 9, &w 3=a 1 e e 3 o fae faeon ofR o fafsmr <vedf &1 s
NOP No Operation 1 1 Bit Details High Value(1) Low Value(0)
- R, C/T Configure for the Counter operations [Configure for the Timer operations
mmm«aam»m :E_wm_m {(TimerOperation) [eSaataiitad it b= iR o § i a8 Gate (G) | Timer0 or Timer! will be in RunMode|Timer0 or Timer] will be in RunMode when
INTEL 8051 & @ 16-fae 2 et o #1 37 Woreed 91 2o 0 ok 29w 1 % 7w A when TRX bit of TCON register is high. | TRX bit of TCON register is high and INT0
1 S S §1 2R R A A e F 3w e o wha 213 A ¥ e e sl s Al or INT1 is high.
: S I & it G S e e ) wgh W g g @ Bit Details [~ 00 01 : 10 15 11 SRS
“ iq_m«?m_w_uﬁ. &M Qﬁam_zm@lgmﬁ e A sl W wh A S 1 g aw W M1 MO |This is for Mode 0.|This is Mode 1.|This is Mode 3 (8-bit|This is Mode 3 (The
f m.m.ﬂ L Q_M—w 5 .&M ,m. { @ FeilE F T 12 .?:mﬂ& it 2, @ v firelt e A (8-bit timer/counter, |(16-bit auto reload-timer/| function depends on
" e ﬂﬂ&ﬂ mn_ LLl anmm_wﬁwmn”wwﬁwmmﬂduw wﬁm.m._u%m: 2l with 5-bit pre-scaler) |timer/counter) _ [counter) Timer0 or Timerl
s ounter Mode)—FT3 el wes H e W @1 3w e ¥ aed A :
b T TR T R AW 0 W 2 F e F 2w e fore s m

9 i & 9&% 1 /0 3ot ¥ o 2w ey i :
ﬂnigm_iﬁﬁﬂﬂmﬂu&ﬂ%dﬂwﬂﬁﬂuﬂwﬁﬁz%w %Mﬂ_ﬂ“ﬂaﬂ IEEOT—Timer0 F1 16-fa2 382 F1EeX 3 Timerl F 8-fa2 Auto-reload Counter F &9 ¥
ﬂn%ﬂ»#@nﬁ%%ﬁﬂgg_ﬂ&wmﬂ-@.ﬂr&ﬁ?m&.% uaﬂﬂzﬁwwg,ﬁﬂmioo__oo_ooﬂﬁa%ﬂaﬂw_ﬁummwﬁﬂw_uﬂ
ST €l &1 1 ST 12MHz ?, @ s TF ST 12MHz / 24 = S00KHz 2ril 3 S ¥ 7 faz Y % w19 TMOD TRt FTT e &, i 77 78 e a1 Iudm W #—
#1 TN % forT g emafy 2psEt 2 MOVTMOD, #25H ; el B

T A FRA & AN FAT-3T WS B W 0} e 2 TR A . I iy 5 Froufea fFan s €, fR 2m /RS B b fw smem
mmﬂaa_ﬂm%?n&wuﬁﬁsﬂgaw_gocﬁﬂﬂﬁmmﬂ%mwﬂﬁw% fren =) T frifa W ¥ ©9 § FEER F0 F fag, fR e g i L e e 10101

: 100=1H &m




=

40 | mepiagIeR Us wads Rivew
¥ v gy 1 ST W EH E—
MOVTMOD, #0ADH
2.5.1 TIRAR/®TEEX | 0 (Mode 0 of Timer/Counter)
0 aﬁﬁmm.ﬂﬁﬂam-ﬂﬁ-ﬁﬂwﬁa
FRA &1 7% TLOF TL1 3% 5 fire S THO A THI % 8-facq =
Timer1 5 bits 8 bits

FER oA 2 A T @ 13- Ty
Iqdn Fa 2
Cause Timer1

interrupt if
conditions are met

increment
input

Set TF1

L1 TH1

R 2.2 : TRAX AIS 0

ﬁﬁa«smﬁmﬂ~ﬁmﬂ@ﬂ§w.ﬁﬂ&mﬁuﬂ%ﬂmw§ﬁﬂﬁne
i@ W THW SR F fA¢ 32 WA T, THI T 1 @ﬁé_ﬂmz:@ 00H 7%
,_.Eo&aoﬁ.ﬁq:noz%ﬂwﬂ@a.s#ﬁgmﬂ\ﬁmﬁmwgw_ﬁmﬁﬂ
m&ﬁswaﬁﬁﬁaﬁw@%a_gm&ﬂwm@.%ﬁﬂﬂ&www.&ﬁ_ 10H
*32=512 T¥A 6 F 91§ 359 & |

MOVTMOD, #00H

MOVTH1, #0FOH

MOVIE, #88H

SETB TR1

T FET § 2TER 1 @) IR 9 & ©9 § FEEWR A T 21 39 42 =0, 7 FIHF
W9 THI 7 & fFar e, fR 2= 1 anen & 9&m &t 3ifim 9k TCON et % TR1 &t ¥
X, 3N T TE A 2
2.5.2 TEAR/®1Ee< A1S 1 (Mode 1 of Timer/Counter)

e | FRYA ¥ 16-f5 THR 7 FRA T ¢ et fay ¥ 79 W 1 ¥ AU A 1 @
I W @ B

Timer1 16 bits 8 bits
Increment

input THO, TLO Set TFO

Cause Timer0
interrupt if
conditions are met

R 23: e AR 1

wﬂgwﬁﬂﬂﬁﬁw@nﬂﬂ&%sﬁﬂﬁwﬂnﬁﬁ.g?? |

Worer-sirgl 1 § a5 el w9 FFFFH @ 0000H 7% e Sigl simvea @ et 2, 9t TCON

IR FT TFO I B, 3R 78 AR / FER 91 9% 3 30 &1 T I ¥ fw, 59 FE o

@mem%wm.mﬂc%ﬁi(mﬂoﬁﬂw%w%ﬁ%&wmw%_duo 10H = 16
| 9 Tl 12 Fmeest €t 8, @

& 91T T Interrupt 16 ps 3691 #3381 R A

MOVTMOD, #01H
MOVTLO, #0FOH
MOVTHO, #0FFH

MOVIE, #82H
SETB TRO

AEmIEgeR nfi & fre féw de | 41

IqdE WA A TR 0 R AW A F w9 YA whER 5w T f @ A e = 0. 79
TLO @ FOH ¥ W4 e fFa smem it THO = FFH % wa <irs fran wmom, fo 2 0 ) wem
xm| 3ifad FR TCON IR %1 TROFZ H, 3 23 & +X)

2.5.3 TN [®TER HS 2 (Mode 2 of Timer/Counter)
e 2 STRYA 8- Auto Reload Timer 71 Tt #1 g 7w s &9 2 1 & fow e 2

Timer1 5 bits
increment
input ©

Cause Timer1
interrupt if
conditions are met

Reload value

fm24:zeR A2

7y faafa & T AYm & fou RS Aym 31 79iF 9% % fag & 92, TLI register 1 9
¥g STCMl 5@ FFH ¥ 00H 7% o simwe €1 9 &, &t TCON It %1 TF1 3=9 &, TT1
= off % TS fFar oM THI %1 9l &R fR 3 iotvm ¥& s 81 sefan o see & fag,
&9 &% T4 ¢, fF it THI ofit TL1 Trex 2R % FOH 3R 4% @ 5irs § €, & TF1 10H =16
7Y W % 9] I WM WA Sl H e 12MHz o R, & 9 16 ps ¥ W Bt 7, @
frefafaa e 2RM | F 9o F 918 ® 16ps ¥ 918 TF R 0F a0 30 53 2

MOVTMOD, #20h

MOVTL1, #OFOH

MOVTH1, #OFOH

MOVITE, #88H

SETBTR1

IR AW F T 1 N IEW oS F w9 § SR fH T ] 39 aee ¥ R =0, 9™
TL1 $iR TH1 %I FOH & 919 &re R 71 31 36% 9% Timerl 7€ # &M FX e a) TCON
T F TRI A F2 HX, 3R TR Y& HL

Trg 2 ¥ 2 | aifod SiE R IO FI 8, 9@ GiREe 9 7S 1 913 W HH F T A 2

2.5.4 TR /@13 WS 3 (Mode 3 of Timer/Counter)

TRE 0 3R zEE 1 ¥ foe Hre 3 e §) @ W 0 W 3§ w1 w@ ], @ TLO F IwEM
8-fiaz TR / FRR F w9 F fear S #1 7@ WS Timer0 Frimn fagg, TO 3t INTO Fge &/
firifa firan oM THO =1 5w 8-fae e & &9 # fian s R, AfT $RR W R 7% T
| %3 fae TR1 0 Frfsm @ 21 5@ FOH ¥ 00H 7% THO slavwsl 80 8, 7@ TF1H 1 W ¥
foren wen 1 P o #, @ 1S 3  Timer0 3 ¥4 €1

S TEA | fire 3% w1 T 2, 9 g% Faw e TEa €, A Tew = 2 9= Timer WS
uww.ﬂmso:mw&wo._%wmﬂﬂﬂmﬂﬂmﬂzgﬂﬂ 21 79 ffd ¥ Timer | AERIHeR
N Wi 7 T g & @ TF 1 %1 I THO Timer ER1 1 ST €, R Timer 1 1 3w wfe
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42 | mpvigee s R 1
Y itz ¥ w9 & i T 8

Cause Timer0
Timer0 interrupt if

conditions are met

increment o

input
] tal RE 0 THO Set TF1 Cause Timer1
o%mwn. E‘\ I interrupt if
i il conditions are met
un con
TR1 1= Run
0= Stop

Rm25: R A3

s 3 % fAT Timer 0 i1 Timer 1% 2 fae &1 314 38 ¥R 8—

T WS 0, 1, W 2 F W 8-fae T/ FRA TLO F I F1 Frifim Fwar 31 THO =7 <y
Saet TRI faz gr Frifm fovan s €1 91 25w 0% fose oie ¥ e fae =1 o fl vfte i )

e 3 sfiftad 8-fag TR / FRA F HAWHA a9 FPEMN F A SRS 21 Timer 0 3.
e 3 ¥, 8051 ¥ I TR ¥ THO B W 8-fae o9, TLO B T iR 8-fae e’ / ey |
3R Timer! &0 G 16-fie 2wt / 1) :

I Timerd WS 3 ¥ 2, 3 Timerl 0, 1 41 2 W @ F @ 2, @ 12 fae &9 71 INTI aifes
B R Timer] F1 frm T g @1 R s B SR INTI FH S M s A R o 81

26 5057 s (Sl Commarieaton 8087) 11 TR

T B AR S R o T S R S, F o s W A e 5
G TR FA T AN A ¢ T GIN G T Y 3w Y o I E—amei s
«%ﬁ&w.ﬁmﬂ&ww@ﬂ@ﬁ&mﬁﬂwﬂfﬂaﬂ?ﬂwi@%@sg
w.@mﬂﬁﬁaﬂﬂwﬂﬁﬂﬁw.aﬁﬂmwﬁﬂwaaﬂﬁﬁamﬁwﬂ%
& I FA 8051 TSR H UART a1 Hifaet Tar fras 31 e & f @ S0 50

wﬂ%%&ﬂﬁwﬁgﬂawﬂ@%@mﬂm@ﬁmﬁﬂm&ﬂ% ‘

: Z A IYFUN F A
Maﬂz&ﬁﬁ.ﬂw“ﬁ@ﬂﬂﬁﬂwﬁ“ﬂ%ﬂﬂw_ﬁ%wﬂwﬁ&wmﬁﬁﬂmﬁu
fere Wit 3 W19 8051 % FeTheT H1 AV Fear B RARE S g & =5

2.6.1 et # PRae 9 Srfi (Serial Port Programming in Assembly)

¥ IBM PClcompatible #212X 8051 W snenfeq wonferd & i
§ 7 5T IR €, PC ¥ COM W% ¥ g 8051 W?aﬂﬂﬂﬁﬁﬁﬂwaﬂ MMEMHM

3 % fow PC it 8051 fawew ¥ i o fet & W 7 7 g
%zaﬂimwﬁwoonz%&mwﬁ@wmmg»_ B iy

TEBERER st & fre fike ¥ | 43

XTAL1

XTAL2

2RST

10uF
PSCN 1 al w1
P2 B/AY c1+ ci-
dehighis THN TioUT
3 P3.0/RXD RIOUT RN vCcC
TXD T2IN WW
P32INTO .I...ﬁ T20UT T2IN 7 H
VS+
vs- ; Em_
6
uF

L,
[

—4

tn

forx 2.6 : s # Wae 9 Wl
2.6.2 8051 ¥ §7% YT (Baud Rate in 8051)

8051 TIFFIY Tl & 3R FE Ia-Iem @8 U W FHE Y Y TR W F@ 21 8051 F
Hiftge =R # COM U’ & wWierm | PC & w9 i faan mn ?1 9% gfifraa w0 =feq fi
8051 fawen #1 |fg T PC & COM WR/fFst i fawn 1 399 &0 % ais ) ¥ ¥a @« 2
8051 ¥ @fe 3T M + 4rg R g% TEW F1 Weg ¥ fF 9w 21 w9 d@iftae 92 F fag swEm
fra T €, @ eEw F emfa (XTAL / 12) / 32 3R Fffid ) 9t @ oIk wo&is 2w o
(TEW Y& w1 ¥ TR guia F1 99g IEy) F fog | fe s 5 s 21 8051 § firew
aafe iR s ¢ & die Fay 9% ¢ 5 8051 Wi W ol ww w0 ¥ fou e smfa =1 12
q fawfom st 2, S fi fam 2.7 ® R m #1 7@ XTAL = 11,0592 ¥R 2, Wi =% =
N 921.6 kHz #1 8051 F UART afe ¢ # 92 3 & fag 2@ | 30 39dm frg o & et
921.6 kHz %! Tef7 =% oTafd Fi U aR IR 32} fawfem wear 2132 fafem 921.6 kHz 28,800
TSl 31 21 TR 1 W s 2 # v fen e =iten, S i 8-fae, sfd-dere R

11.0592 MHz
XTAL Machine cycle freq. | +32 28,800 Hz
oscillator fitil2 921.6 kHz by UART [ToTimer1to
set the baud rate

RE27:d6%
Wiftrs Ter A afz 21 9600 F &S T 3R XTAL % WM % Wy wHaRe fFan s €, @
11.0592 2, 39% =g TH1 9F F1 &g 1 & fog @ & g Frefafed ol = wwem fean s



44 | memdper s wase Rew
i = 28,800Hz ¥&F FiH F Ty
— el = Feite amgfe: f=(11.0592 Fmees /12) /32 28,800Hz
MmENMM T0=1/f=1/28800 TR F (e ,_“.agmma%mﬂﬂﬁ@uwv%%mﬂw_
it T 3 1/9600 1/9600 =n * T0=n * 1/28800 n=//9600 =28800/9600 = mom ﬂ..mﬂﬂ
SR, ats ¥ fu 2400 n =7/ 2400 = 12 — THI = -12 ST osmzo<azﬂw%.w o .
%ﬂ“ﬁﬂ_.nﬁpA&wiﬂzgﬁikomooﬂﬂﬁ fa ¥ TR 1.
R TR 1 e
jon—are | g g I ¢ 3R TR 1 W =
T MM_MMMMMMM_M. AW NNMMw. g-faz, FA-Tars u s fFa S e PC ¥ Wy
nﬁmﬁm«nﬁﬁwwﬂﬁﬁﬁ_%aﬂﬂ;gﬁiwﬂsmﬁg@é
Table. 1 Timer 1 THI register values for different baud rates

Tahd SRate T | o TH1 (Decimal). |~ TH1 (Hex) =
9600 -3 FD
4800 -6 FA
2400 -12 F4
1200 24 F8
Note : XTAL = 11.0592 MHz.

2.6.3 WRua war & e Wi (Registers for Serial Communication)
SBUF (Serial Buffer) Register—ag 8051 # wiftget w=r & faw i w1 & swam fFan i
wF 8 fae R &1 TxD @54 & Hegn | WHiaRa fHe 91 91 €T % a5e J SBUF e

@1 WA =IfEw 9@ RxD WEF WS @6 €, @ SBUF 2@ &1 @3¢ W0 & 21 3 Rl ot o=
T i e WO 6 1 9 e—

MOV SBUF, #'D’ ; load SBUF=44H, ASCII for ‘D,,
MOV SBUF, A ; copy accumulator into SBUF
MOV A, SBUF ; copy SBUF into accumulator
59 TF a5 for it €, @ $9 Start and Stop oz F Wg TR fFa s € ok TxD fF F
wem | i T WAk R S} 9| fazw F RxD ¥ mem | Fie w9 ¥ W R
mmﬁw.wmansqms: fazs 91 Te, Wa ¥ ww AR TR, R fR ™ SBUF A @
ST 8

SCON (Serial Control) Register—7¢ T 8 faz Ifowex 2, fwat Iwdm W & Start Bit,
Stop Bit, 3 <Ter fafen % w1 fazm =1 o i ¥ wirw 7 & forw e T 21

[ smo | sm1 [ sm2

REN

. 1B8

RB8 Tl Rl

vest 3t fagg SMO, SMI €, <t wiftas 9 Wi foem #1 T svEm G wew B fiffe w0
& foq foan s €, afe F o B9 F IR F faw Ak (SMo, SM1) = (0,1), Hrs 1: 8-fe
s, | R fag, | wi fae, IRva sfe R TEw g7 Foifa fen o1 95a 81 3 99 S @
IT W & F e S @ SR 3§ (SMO, SM) = (0,0), e 0: free dfe = XTAL / 12,

mREegeR sk & e fdu e | 45
(SMO, SM1) = (1,0), WS 2 : 9-faz ==, firas e, (SMo), SM1) = (1, 1), ®I8 3: 9-fae ==,
e el TR 2 F 3wm R & fog s fey s e SR YR F 9w FS
ferg foran T @1 A% SM2 02, T 7% e Wi TR 21 A SM2 1 2, 9 9% TeAaE e 3
en forz REN feft s 2, foream swdm fliwm @t wem / sem 0t 3 fore o < 31 ot
REN =1 %, 7 8051 Hiftaet W & 21 o1t =1 #t =i wom g REN =0 2, 41 feivaw 31em 21
<& SETB REN, CLR REN, SETB SCON.4, CLR SCON.4| wi=di faz TB 8 # = 8-fae ziafawe %
forg, A1 2 iR 3 BRI 39 R 0 @1 9@ A | 3w few o €, @ Re TBS W W W
femn w1 <fewl B3 a2 RB 8 1 3wim fae & frdem & foa e 2 3k 3 g fea s #1 =i
faz ® ©R T F fau @2 1 50 @ SwEn fem w31 et fae T1 2, S grahe dewe & e
8051 8-farz =G & T H1 70 Fe 2, T 77 fiw =X F fag TIH 1§ W2 www ¢, B Tw

s = F WERE FH & o TR {1 T1 H1 =iy fae 3t yeema § Somn s 21 #ifem fae RI

3, < W TEEE €1 9 8051 M UF WA fuwl €, A UART =R faz 91 721 3 # ok fie @1 U
@ ?1 UART SBUF # 8-faz afts eremm 21 RI 91 | R R ¥ v o 2, 4w e =0 & fog
SBUF & @& ¢ @152 o1 % fag dam 21 wiv fae & wream § o v & wom s €

2.6.3 31T B WAFFR H9 A U5 & TRUT (Steps to send data serially)
1. ¥ 9ig F W 20H 99 F WY TMOD Wie &, 9% a1z ot ¥ &1 F fau A 2
(8-faz =d-Ocie) & 2rm | #1 GFa a1 2
2. wiftae s gew % fog af R feifa w0 % fo sfaa 9ol % @ THI w0 R

3. SCON Is&=x H1 50H 9F & W4 drs fFa wn 2, <t difias Are 1 9 gwia 2, w@i
8-faz =1 F StarvStop fozm F W9 w7 T 7

TRl ® TR 1 Y& 3 & fou | v F2 fem mn
TI #1 CLR TI fdw a0 ot 2 & st 21

AR ae F HUF B9 ¥ HEEd S0 F fau SBUF e ¥ foamn s 21

fda =1 90 Te ¥ wEaie =T T @ W 9w 2@ T faw fRY INB TIL xx ¥
I & WY TI = faz e # 9@ 2

8. 3R AR F TIMGRG HA & A, WO 5 T =)
2.6.4 Program to Transfer letter ‘D’ Serially at 9800 Baud, Continuously
MOV TMOD,#20H ; timer 1,mode 2(auto reload)
MOV TH1, #-3 ; 9600 baud rate
MOV SCON, #50H ; 8-bit, 1 stop, REN enabled
SETB TR1 ; start timer 1
AGAIN: MOV SBUF, #'D'; letter ‘D’ to transfer
HERE: JNB TI, HERE ; wait for the last bit
CLR TI ;clear T for next char
SIMP AGAIN ; keep sending A

2.6.5 TI et &1 W™ (Importance of the T Flag)

TI R faz = sig X, 9 9T §, FF 8051 Rt o7 ame i Mo 3 % fog dam @
A T TR ¥ T F @R TI Flag 52 8051 % I8 S0 21 ‘CLRTI 51 & &/ TI Flag

S s



46 | "eidgeR Us Trass Ried
TR B clear fF1 T €1 SBUF # arge faad @94, TI Flag drgl F9TT WA | TEA, T A

 fe ) wiaia BN w1 THEE 8 g el

2.6.6 Steps to Receive Data Serially . 3
1. Aﬂwomwﬁz?oa&ﬂ%ﬂwmﬁﬁ%ﬁ.ﬁﬂﬁ@mﬂ@#

@n&w:m.ﬁwﬁﬁ-ﬁ&ﬂmﬁﬂ_ﬁﬁw&wﬁw.

2. stz o fifa w0t ¥ for Sfea ged ¥ W THL 98 € R :
3. SCON e 1 S0H 7 ¥ Wi @ fear man 2, <t wifcae de 1 #1 <whn 2, i

g.fire =12 F Starv/Stop FEE ¥ W T T R
4 TR1 9 2R 1 Y& O & oy 1 ® ¥ fFw =

5. RI ®1 CLR RI ¥ fidw grn o foan < @1
6. RI Flag fa # feel INB RI ¥ 390 & W9 91 9 3, 78 3@ & fau & =1 g

= At 7% WE g & A Tl
7. 5 RI 9@ < €, ¥ SBUF #1 a2 ¥l &; 30! 9roll 9l T A & | ]

S .
8. @Ten 9RE WE F & fag, WO 5 W S
2.6.7 Program to Receive Bytes of Data Serially, and Put Them in P2, set the Baud Rate

at 9600, B-bit data, and 1
stop bit : Y
MOV TMOD, #20H ; timer 1,mode 2(auto reload)
MOV TH1, #-3 ; 9600 baud rate

MOV SCON, #50H ; 8-bit, 1 stop, REN enabled
SETB TR1 ; start timer 1
HERE: JNB RI, HERE ; wait for char to come in
MOV A, SBUF ; saving incoming byte in A

MOV P2, A ; send to port 1

CLR RI ; get ready to receive next byte

SJMP HERE ; keep getting data

T T T T T T e g e s P T T ——

B 2.7 8051 FEHITGICR 3 AGUH (Interrupts in 8051 Micro-controller), .

8051 TEhrHLIeR ¥ Fad Wl it Tewryvl fivard s ¥ sfuwin vt @ #
um:nﬂ&ﬂm@%ﬁ%ﬂ@ﬁﬂ»%ﬂﬁmﬁmﬂﬂaﬁﬁgwgﬁmsﬂa
ST - T4 SaF FTAE T ¢ - 3R R T w1 W oaE st it 3@ eR % FHEE
1 Fromfia F03 % o, v s #1981 w9 Q4 weer vah @ e a2, e S 9
FaF T A ¥4 feaed Wi w0 ey i 7 Yo e, B o S T @S9

ﬁiq&ﬁi&gﬁi%m@ﬂﬁwﬁa&?@%iwiﬁ%
il

AR s & fre ffw e | 47

ofit R AN AU FHY T (ISR) =em By W ¥ o 2, sk R S <
%ﬁ%ﬂnm@mﬂﬁaﬂw#@nﬂﬂw.%_mzwﬂﬁﬂuwﬂﬂnw&wmmﬂ&usmyw

2.7.1 8051 % % Zaum $ ABR (Types of Interrupts in 8051 Micro-controller)

mou_iﬂﬂﬂsﬂ.ﬁﬂﬁﬁiaﬁmﬂa» N T R T AW e
R AU FT F TR 21 8051 H w1 3 i i e 3

1. Timer 0 overflow interrupt- TFQ

2. Timer 1 overflow interrupt- TF1

3. External hardware interrupt- INTQ

4. External hardware interrupt- INT]

5. Serial communication interrupt- RU/TI

Interrupt Flag —En.ld.w» vector address
Reset - 0000H
INTO (Ext. int. 0) IE0 0003H -
Timer 0 TFO 000BH
INTI (Ext. int. 1) IE1 0013H
Timer | TF1 001BH
Serial TURI 0023H

Reset—az wa@ aifis wiafirar a1en =7a9M 2, 0x0000 W39 ¥ 8051 TEhIHLIeR R HI
ot 7 (Executing) Y& 31 T Reset e § |

Internal Interrupt (Timer Interrupt)—8051 ¥ 2 3fiaRe =aum & 9@ 19 Timer 0 3k
Timer 1 81 9@ %t Timer Outerflow Br 2, Timer Overflow Flag (TFO / TFl) | 2R & @
TERHSR AT I QR T aH I A 81 9% e, IRaF 9K Timer =19 =)
T o s e

Serial Interrupt—8051 % % wiftae FgfHa T2 2 § iR Feifem e seve weim (11
/RI) B 1 v w a5 H1 sifow fae (=i faz) wfa o 2, @ TI SREE tee Wi 9 A2

| o men 2, siv @1 i v e W aife fare (W fare) W B 2, B RIT ¥ @ R

IE Register : Interrupt Enable Register—IE T &1 3941 a8 &l $1 enable/disable

| F ¥ form o s
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7 6 5 4 3 2 §v=3. 20
Cea | [ e [fen [ex1 | Em | exo |
Bit 7 EA : Enable Al Bit

1 =Enable all interrupts
0 =Disable all interrupts
Bit 6,5 — Reserved bits
Bit 4 — ES : Enable Serial Interrupt Bit
1 =Enable serial interrupt
0 =Disable serial interrupt
Bit 3 - ET1 : Enable Timerl Interrupt Bit
1 =Enable Timerl interrupt
0 =Disable Timer1 interrupt
Bit 2 - EX1: Enable Externall Interrupt Bit
1 = Enable Externall interrupt
0 =Disable Externall interrupt
Bit 1 - ETO : Enable TimerO interrupt Bit
1 =Enable Timer0 interrupt
0 =Disable TimerQ interrupt
Bit 0 — EXO : Enable ExternalO Interrupt Bit
1 =Enable ExternalO interrupt
0 =Disable ExternalQ interrupt
Interrupt Priority : SHaHM &1 Safiewal WSt (IP) I T W S FEA 8 —
Priority to the interrupt can be assigned by using the Interrupt Priority Register (IP)
Interrupt Priority after Reset :

0

o Priority Interrupt source - Intr. bit / flag
1 External Interrupt 0 INTO
2 Timer Interrupt 0 TFO
3 External Interrupt 1 INT1
4 Timer Interrupt 1 TF1
5 Serial interrupt (TI/RI)

afereht #, Reset T Mafaamaiati S o< fra o 21 8051 & =yaum =1 wafrmasl % SITER
A T ARSI F Ied WAfiwA A FH WG g T8 e v S, .ﬂ.@ﬁ@d
gisﬂm&ﬁi&i@ﬁﬂ&wﬁ&ﬁm_@%ﬁﬂmﬂ

TR AEhI SIeR H Fak B T 2

TREegeR Hmfi & e fidn A | 49
’ H n — 2 . . o
& IP Regis m..w A_ nterrupt Priority Register)—8051 % =qaum =1 mafysa 33 % foT © ==

7 6 5 4 3 2 1 0

e [t e L B | Px1 [ o [pxo | e
Bit 7,6,5 — Reserved bits.
Bit 4 — PS: Serial Interrupt Priority Bit
1 =Assign a high priority to serial interrupt.
0 =Assign low priority to serial interrupt.
Bit 3 — PT1 : Timerl Interrupt Priority Bit
1 =Assign high priority to Timer1 interrupt.
0 =Assign low priority to Timer1 interrupt.
Bit 2 — PX1 : External Interrupt 1 Priority Bit
1 =Assign high priority to Externall interrupt.
0 =Assign low priority to Externall interrupt.
Bit 1 ~ PTO : TimerO Interrupt Priority Bit
1 =Assign high priority to Timer0 interrupt.
0 =Assign low priority to TimerO interrupt.
Bit 0 — PXO : ExternalQ Interrupt Priority Bit
1 =Assign high priority to ExternalQ interrupt.
0 =Assign low priority to ExternalO interrupt.
8051 ¥ &6 QUM (External interrupts in 8051)

< 8051 ¥ ¥ 9@ = .4 INTO 3K INT1 &1

% 9@ a9 POKT3.2, PORT3.3 W level or edge &M &%, 4@l a9 A 8051
s 1 sgauE e st wwar 2

& 7 IS F 9w A F WEE ¥ TR B ZEuE X gEd § otz dfes
3R 4w =EY e 2

< R o adam fiw @ freaf wm ok wETm w0 F fau e offe
®EA (ISR) W W9 FHT S|
<« difem ¥ fafa 1 fim 9 o % @ vo F O Tsemeer @ P St sl
ed 2, safs, agE fifn § TEREeeR B AeeH 0 9 SEvEE T o 21w e
f P Ay T ¥ @ AEHHIOR FaHH FHINY F FE R |
AR AU % S FHR F YR W |
1. Edge triggered (Interrupt occur onrising/falling edge detection)
2. Leveltriggered (Interrupt occur on high/low-level detection)
80511, 21 YR 3 ThAgv TR & I9am fRar v 213 R,
Low Level Triggered : 5/  INT0 / INTI ff | @& = & =1 wa @ s @, wafe
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m@mﬂ%ﬂ@ﬂmﬁdﬁﬁw.@m&ﬂ@ﬂemaﬂm@aﬂ@wg%ﬁmﬂmﬂd
w0 el "

i i —@ ! Falling ed 2 INTO / INT1 fiF W Tl S0 Sl €, Srafes
wmmum,..u%h_ mﬂﬂ.“ﬁ.ﬂﬂm%nﬂmnﬂms .ﬂ_mw_.: w.qmmw.n Service Routine (ISR) 1 T FHF fom @m_
I AL F@ R

ﬁm«&ﬁ&g%_mw@aﬂaﬂ%%ﬂ@wﬁﬂzﬂﬁgozﬂﬂm

fireret = R o B R
TCON: Timer/ counter Register
7 6 5 4 3 2 1 0

e [ e | TFO [T7ro [ tEr | i |"iE0 | IO

Bit 3- IE1—sTa S5 1 edge Wi, TR g1 Fe a1 S 2, 5@ INT1 f W =agm
%w%ﬁmﬁ&wﬂ%w&@mﬂ%w.

w=~.§|ﬂn~g_§ﬂmﬁwﬁ&§§£mﬁﬁaw.

1=sets interrupt on falling edge

0= sets interrupt on low level

Bit 1. TEQ—S3a¥ 0 edge T, TEAR &R ¥¢ INTO fif W =rawr i £ it =aum W
T TR B ferR foRa v € |

Bit0-IT0—%% faz INTO i R AT SFa 9 Tl ¥ S 1 9 H 8l

1 =setsinterrupt on falling edge

0=sets interrupt on low level

Example : TF & f& AT89CS1 %1 1@ =7aum U@ &, fF 5 fred =1 FRm INTO fomt v

ol 2, A AEmEeer P10 Fi =g Fam

Train of pulse
on
INTO pin
R 27

Toggeled
Output
on P1.0

Programming Steps:
1. Enable global interrupt i.e. EA =1
2. Enable external interrupt i.e. EX0 = |

3. Enable interrupt trigger mode i.e. whether interrupt is edge triggered or level triggered,

here we will use falling edge trigger interrupt, so make IT0 = 1.

TEEwgIeR Hhm & e fw A | 51
Program: '

\*
* 8051 _External_Interrupt
* http://www.electronicwings.com
*/

#include <reg51.h>

/* Include x51 header file X
sbit LED = P17 0;

) /* set LED on portl */

void Ext_int_Init()

{

EA =1; /* Enable global interrupt */

EX0 = 1; /* Enable Ext. interrupt0 */

ITO = 1; /* Select Ext. interruptO on falling edge */
}

void ExternalO_ISR() interrupt O
{

LED = ~LED; /* Toggle pin on falling edge on INTO pin */

}
void main()
{
Ext_int_Init(); /* Call Ext. interrupt initialize */
while(1);
}
Note : For level triggered interrupt ITO needs to be cleared i.e. ITO=0.
1. AEhE2er % =y o fafe= tgfan 9rg (Addressing mode) i =@ IR Wiew Q)
2. fafi= wom & fAdfell & o o =saw)
3. WEhIEmReR ¥ T SRYA fRY TR O R2
4. WEEERER  Hiae W st T sren Htw
5. WEReR A fRat YR & SauE B €2 T fawgE Sen Sk
6. 8051 % fwii =t wfirm =ared Hifwl
7. 8051 A T ¥ M IR AR W F =S HiTw
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9.
10.
11.
12.
13.

14.
15.
16.

17.

18.

19.
20.
21,
22,
23.
24.
25.

5051 iftaet 9 3 Separating mode 0", mode 2 wd mode 3 i A EIEi
8051 & CALL statement 1 &A1 Fifeg)

8051 # JUMP statement I ﬂwu_s %MMA

8051 & A wEmsk HI et H !

30H Accumulator, DPH afR DPL ¥ Load 1 & fag 8051 wm wmm fafaw
FaEIR A T GIA ¢

SWAP &1 51 % 82

feafiin & = wed €2 .

8051 WERIEIGR ¥ Arithmetic operations I aofq FifTy ST & T o wHERy R
FLAG f® YR wifed 8 €7

£ Addressing mode 1 SATEAT HifvT—

(a) Immidate (b) Register (c) Register Indirct (d) Direct.

8051 ¥ fau fr=fafEd Instructions F A F—
(a) SETB 86 H (c) SETB

(b)CLR 87H (d) 0A7H

TCON register %1 I AT

TCON register & 1 g FT =feq? A Timer 0 3R Timer | B YE HCT 22
8051 ¥ fafy=1 =5au™ =1 =grE wifsid) Highest priority interrupt FA-91 B 87
Micro-controller F1 FI7-H1 Port, bit addressible 22

SCON register % few 8 bit & = fafaw

PCON 3 ISCON Register % 3941 @Y

8051 Internal 3 External memory ® 7<R fof¥ W e 22
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A%?ﬂnﬂﬂﬁﬂnosncﬁﬁﬁdw.ﬂ@@%mﬁmmﬁxwlﬁ.ﬂaw.wwmﬂﬂuﬂ&ﬁﬂ
#) wds oy W 991 TEAW F TF YA (Combination) T 81 TAZE H 319 €, Th a8y
ﬁ%‘m&@ﬂa_&ﬁﬂzﬁﬂmﬂw.@ﬁﬁﬁﬂnﬁyﬂﬂﬂ%ﬂaﬂn».
ol WA 1 TIN o1 21 wase faww ww Wi fown @ ea € 9 iR 9w 9% 98
fgen F1 @& 91 8 Gl 2

PSR SR P AT A W, e e Sends

(User Interface)

it

Input 3 ,,macmnam.a Computer - M Output
Variables ———'" " " Software |~ Tv Variables
[+ Hardware .
| et Hfu.L...uL
Link to Other Systems

fir 3.1 : Embedded System

TF TASs fa=H Microcontroller @ Microprocessor W 3nuifta faen g € ok & s
@dﬁﬂﬂ%ﬂmgQa_w_wmﬁﬂsﬁ?n»_u:nmwmaaﬂﬂ%gw.&wﬂﬂ
gt R A Yy g ¢, TS foen T w8, el T s dm @ e
%g%%m%@ﬁw_@%g%ﬂuwgﬂ?og%_oﬁ
Non-programmable €1 ¥ | Tads farn & i & IR & 91 @ ¥ Afes Frl &1 5,
ﬂ?%.ﬁ%i%%%ﬁﬂﬁ%ggw_%gﬂimﬂm&@
WY T B ¥ aiR SEEE % omEn wd W € vase feed % sewwl ¥ amhed S,
i T, fiiee, SerETeE, S S T BE ST W €Y R I, eI
F Wg-wy Srogd S8 MW F1 I9ET FQ@ 2

%Eﬂ%nﬂﬁ%mi.ﬂﬂ?%ﬁ@ﬁﬂﬁ.ﬁﬂr%ﬁa%
Wi 1 gafi, v qEde faed =4 T A w8, T g I At w & w6 S
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e e 2, ST W & g % T R S g = @
ﬂimﬁ.i 1 e ) v feafi 3 o, e & ST ¢ WA €1

%aﬂnﬁﬂﬁﬁﬂmﬂgwg%ggw%%g
ﬂﬂnﬁ%nﬁmmﬁﬁm%s%mﬁﬁg%uﬁﬁﬁ@&ﬁﬂwwwa%gf
m@@n&w«mﬂnﬂﬂmﬁﬂﬁzwnﬂmﬂ%mﬁsﬁww.w@l&mﬁﬂﬂ
st Y, ST, Saw, Wiq I, Ead-ve, dfeeT Wi st faett % wa-gy
il ftet 33 Faftee SUEON & o o9 TS foeT I 3@ wEd §1 Taee R sk w
WA TG T ARG R §1 TGABIAT ST A FeR F Ao H TH B AW M R,
7% f TRATAE B e g e i e W Im T A €, vl R A vy Y
ey F SEEEd TN &, W TR §6 WA ¥ dew o §, Fie 3 6y F -
fafiesrar = & 3w 3R T o B 71

wade fgen ¥ @ F0MCE TEAW, WWRAE 3 TF Real Time Operating System (RTOS)
@Qw.%@%ﬁmgﬂggw%gﬂﬂﬂ%mﬂwﬂBanrmnmmB
(§9) ¥em T §1 RTOS 7¢ Fifvea ot €, o faen o fFg &R oM 98 wheshys Som =)
Execute T % 31 s =11 Fraffta e €1 0% 9R ¥R & w=de faen ¥RTOS 74 2 21

87 =W R ds i O 9

T 193040 ¥ Frfe 1 IV Fae T FE F fau @ fFwm s @1 sk ¥ srEw  wgw 92
A 8, N 9 F o A eds we fawen 91 ge ¥ W w8 d R dR-oR e
TR H W S w1 STE B IE g3
T T e SR weee faww el medE weegm o, R W 1960 F v ¥ e
B MIT sl $egiiew # el Terh 0 g i fven 7 o ol TRy FEERR (AGC)
T A fefen wmget @, < e waie Argge (CM) #it o HrEgE (LM) SR F sl
ggﬂ%ﬁﬁs_ﬁigﬂﬁﬁ%ﬁm&agﬁmﬂiﬁwmﬂ

aﬂﬂ&ﬁé%nﬂﬁﬂ%nﬁm&ﬁm@@ﬂa_ﬂﬂﬁﬁgg FR AERY
(4K ¥1=%) SROM F1 A9 FH (32K Weg) |

3 S

fem 3.2: Apollo Guidence Computer

vz Rrea s oaa | 55

Teen 7% I W I WE frren Minuteman firaree ¥ o faerfaa fe T A ST
zifeex @i (Discrete transistor logic) ¥ fififa @1 sik wo¥ wer ¥t ¥ fo s o fowr ol
o 91 1966 ¥ Minuteman Il %1 S & g2, & D-17 Teen woget gan fogd o dem §
e Wi 1 ITEM g

e wEnaE, fd A A 6, frem v dagee sl s 9 sl ¥ fea

o, 9% 8-for FIHRIMIAET, 8008, 8080, 8085, 6800, 6502, Z-80 &1 Apple FEHA BT 6502 F

S Apple-11 1 FESTE HT3 & fora fovan o o, o webren o g =t o el
weree fawen 1 Tfem F9 7 v §—

@ 1960 #, MIT ¥ =redl ®rh IW g0 andrent My faew fasfad 01 % fow weet 3R
= faww = wam e w9

& T 1965 H, erfer I €78 F1 fawfaa v, 30 Fvoe &1 swdm fageds firamse
Trfeea wome ® far mn A

& T 1968 H, TF T F fau wwen wads faww @ m @ @

o FEE THCH (Texas Instruments) 3 T 1971 ¥ Taen Wishimerer fastaa fFan 4 |
& W9 1987 ¥, fis TA2T B ween WALE 0OS, VxWorks forfea fmar mn am

& ¥ 1996 # Microsoft ¥ ween fagi w2 CE 9/ fran o

& T 1990 F TF F Fa 9%, Yee THSS o (Linux ) fosen == mn w 4n

& T 2013 H TESe aem § 140 fafems 9% wgw @

o fawows @1 Fe €, 6 ad 2030 9% wards amR 40 faferm Ser |/ =@ @ S

[y e NN i AL el S p 0 5 0 Sl o S b o P i (S 2 T PN T
B 3.2 TRaSs RReH & WO (Types of Embedded Systems) . |
Types of Embedded
m<m~_m_._._m
' }

Based on
Performance & Functional
Requirements

_
__q @ I } - )

Real Time Stand Networked || Mobile Small womi Medium ||Sophisticated
Alone- : ~'Scale
e fowy F 399 Al i FEER SEvEEael (Functional requirements) % STER W
IR Ao aitera fae €, S —
1. ¥ g waes fed (Stand Alone Embedded System)

Based on the Performance of
the Micro-controller

2, fram 2ren wade fred (Real Time Embedded System)
3. ¥eaad waRe faeq (Networked Embedded System)
4. Hiremea TR faeen (Mobile Embedded System)
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3.2.1 W= va wds R (Stand Alone Embedded System)

@w%%@ﬂ&ﬂﬂﬁ&qﬂ@ﬁ?ﬂuﬁﬂﬁﬂgiawﬁﬁﬂ
ﬁaﬁwmﬁﬁ@aw.ﬁﬁ%ﬁwﬁaﬂsgﬁsﬁﬁ&aﬂsmﬂw.%ﬁ#
wﬂ%aﬁ%ﬁaﬂsﬂam.%%gwﬁﬂgwﬂmﬂw.%
wafm feasa = Frifm @1 999 @ &, SR i SER wafda w1 MP @R, ffea @,
S i w o, WEARE S A ST TEH Taes faey F 39 €

3.2.2. qge eizH TS A (Real Time Embedded System)
ww fTe-ord TEEe faRT Strictly time specific €, g aid ® 5 7% wade fown w

253

fasro/afofia G99 SiaE § SEE YoM Fdl €1 39 YR & vese fawen weayel uRfefed ¥
wfa whlF TeF S 8, S o9 W AfE w1 Yevd S SEed F wafrEa § wed ofuw |
mafra 28 ¥ 98 FRW 2, 5 e 8w, fafean ok wrem dawe 8, ot 3o o sife
srprnt F Wl Gae g § e W v wew e W g, 98l {uw oww wass famn w

IqAn fan ST B e v fawen, fedg e 3R e ek T 39am fRan o R |
W 9a-2rF Taes fawen =1 1 wanri A fawfaa e g o

1. Wive e 20 waeE fART (Soft Real Time Embedded System)—3d ¥&R & TSRS
foren ¥ gra/awa WM w1 FeE ¥ oW TE fA W @ AR e w® w9 gna
(zoa1 @4 ¢ o foem fruifa 9w o ftomm = 2 ?) @@ ot wRom @1 snseye wien fem s

2

SiRTET) S e R R ST T ST GRT/STEeYe e TE T S g
3.2.3 Jcags vass RReH (Networked Embedded System)

W YR ¥ wade foew gWe 9% e § i o dead ¥ gefug @0 € 9w s
FzaF LAN, WAN a1 Internet 8 FF1 &, F4avE 99 71 ey fFdl i qe A A wwa 2 | W@
TR H TAE oA w1 ad9e 999 ¥ wass fawy s ¥ wam fEm s # ) wads 99
TR F TFR Fi woTe €, fored Tt wade feand T 39 O ¥ 92 N g, 3N A 99 qEW

ZRT THE i frefa e s € 3k ¥ TCP/AP WRTe W 9ed § | e i faww, ATM

T TS Y WY T SSeRVI § |
3.2.4 Hrarse vass f{ed (Mobile Embedded System)

Hard TEee fawm B8R ot Wi st § aran € o o fau o dud w1 sravEsd
Bt 21 A vl vede vt fawn ¥ ddfafad F gfewion ¥ Hana wads fowy 9t el o=
? HaRa wase fawn 1 3@ Portable embedded devices S8 e HH, Hrargw, fefiea w97,
T 3 @I 3R v fefiea sfgez onfe & frr S € |

WG (Performance) 31T ATSEhI~Sh2 o 3 HTHTTUT 20 w1 Ware 3 fersqrfora feman mam §—

1. B w % gase fawew (Small Scale Embedded System)—&hal e fawq 8-fae &
16-f2 HEhI-FIT F I FH T T R G A G WA B o v 81 7 e
T S AR v ¥ agn FAERT S w1 v s ) qe w3 foed |

2. ¢ faw-esw wAse foew (Hard Real-Time Embedded System)—3d ¥R & .,
waes fowy ¥ w6 F wewaTd 9w geh § v fe s @ w6 g (it wm

R Rrea s aRaa | 57

ot % &9 A B T FQ T, A o frwm F e .
e i & g gﬁmﬁ»ﬂwéiﬁwﬂ%ﬁwﬂﬂ&w&@xﬁn

2. AT T & TS FIT (Medium Scale Embedded Systems)—qer wR & warss fawn
a._,mmsS.manaﬂ-w&_ﬂﬁgﬂ%ﬂaéw_wnﬁﬁaﬁww?ﬂ%gw
pads fawd F I ¥ O W T e § wr s oo 9 v S g d
JAVA, C, @ C+ Tt snfiin g 2, forast i s =m & wide forew =) fofed &1 5
g@iw.ﬁﬁzﬂ@ﬁ&%ﬂ@wgiﬂgw&ﬂwﬂﬁ.
g\%ﬂ%ﬂ%ﬂ%@d@ﬁgﬁ 1 35 fora s 2 .

3, @l (Sophisticated or Complex Embedded S —ufteha a1 sfesd
waes fawen 32-fr 7 64faz na&-ﬂﬂﬂﬁﬁ%%ﬂﬂﬂuﬂ anmam__&ﬁ ﬂﬂ&ﬁ& a3
ﬁnﬁwwmwﬂaﬂ%a”ﬁwngggﬁa@ﬁﬁgmﬁﬂ%ﬂ%ﬂﬁwﬁ
Sfeeard | & 7 T IR F e H F fo w sk v SR
HeE! 1 3T F € i * =
B 3.3 T35 Riee SNfEBUR (Embedded Systems Architecture) |

ST R §9 €, 9 R o T A g9 e 4w weEe e w dwi e
fears % &9 A 9o @ e &, formll wivedm sum vt §) w vt e o Aoy foe
@ﬁawﬁﬁﬁm«ﬁaﬂﬂwﬁ%gw.ﬁ%ﬁiﬁ%ﬂﬁ
EREE Y@ ®Y F Eia e €, S e fim ed # w0 & R a1 T 8 e
fo, wrR @ & wads fawy 2

e e e
<7 Application Software >
3,.:.‘.«,:“2 — L g SR

Sond

fora 3.3 : Architecture of embedded system

| T TEEs fawn ¥ anfhed § O wew wrdam, Weaw 3R Wi U s Gue-end
ARfen fgzn (RTOS) B 2, W Pfefedt wieTR 1 T@-t@ Fw@ ¢, 3 R & o 5@ %
T T w1 wid w0 ¥ wem @ S B R Fw Y 9ee w0 3 ¥ fae w w 2w
RTOS famy ¥ w1 01 % 7% & wvfid @ 81 98 fedyd Siam & feed & Shm
Frai =8 0 e 31 @ o W F wAds feard # RTOS 7 € @

T T T wERE e F) @ TEhEeeR F §1 ¥ 0 We § i, widde, arafis
T yeiftra feargq F w9 A wRenfia F:40)

R @ i ¥ w0 wEE faew w1 AR T R, R wads sifRe @ i aw
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e Wy e ¥ 7% S w9 R O Stfife 3ol F T Y wT - CPU (Microproce
B a1 e s 7 e, 3 9 Yo e T ¢, A 9 T B e i
aﬁmﬁimmﬁﬁ%%gﬂﬂwﬂiﬁ%gwn% SRR E System bus
%%%aﬁﬂ_ﬁﬁ%zﬁﬂwiﬁg.ﬂ%ﬁﬁﬁs | ; Instruction
(peripheral devices), VO W& o fafe frias wifve €1 RS iR H R W TEdy
e fe 3 fafe= Ufeer B € Instruction
[ . Embedded mw.ms.:.j
; Software 3 1/0 modules ! Data
Application| [Embedded 0S{e®® ~ | - | Data
Buffer
[ Input j%v _ : T :
, Hardware | 5 | External device 1 | | External device 2 |
e 3.5 : Computer Architecture
| Embedded Peripheral| ®ee® | Y
| microprocessor| | device aH Jmﬂ FfHedax (Von Neumann Architecture)
| 3 T fReF (Bryed suffdwe % ®9.4 o 9 s &) veeh AR W a
& L , %ﬂﬁﬂs_ﬁﬁﬁwﬂ%ﬁ@mﬂ%ﬁwﬂi%wﬁﬁ&wﬂmﬂ
R 3.4 ; Basic Architecture of an Embedded System | ; Sl ST 221 2, s e sho €
v ok amsege fed @ S fen @ famnd €, ofit Tads faww A AR W R Memory
TR R, TR SR WA SR AR & fafve Ty wedl 3 fved ¥ fag wedm s
# sk ST W 9 3o wH ¥ WMo § SSeE 31 8 TR foHa @ Qi feaed, S | ___Instruction ___ |
F-aE, 7w A 79 T, T et o Tt faen ¥ S e 1 SAECR B WA 81 SR Instruction 0
sy, e, Faereht n Faeh 373 et ferer a1 S 3 o i o wiget & w9 3 @ W @ ordormug
21537 anfdeaer (Hardware Architecture) Instruction 3
T TR WO & Tew- A, FE o g sl emeye Aiegw ¥ ¢ 4 W g | Lo T |l INTEE ]
%aﬂﬁ%iiﬁﬁaﬁ&%i%%%wﬂgﬂ%% i - Datz 1
Data 2
waSe fired H, UEhNe F e SR GeNE AR W general ; i CPU e
P ! : F -purpose HHX H Y
F g ¥4 € SR FER v | frifm F €, B 91 frofes # § ok 3 @1 e F i 3.6 : Von Neumann Architecture

&1 % wel B, v fren ¥ i B iy 9w 9w 1 w6 w1 s fre i

3 @ W ; 3 i 221 RFE bl S i 130 s darm
e ﬁw»w%%ﬂ%%%&%ﬁ%&%ﬁ%ﬁ%wﬂw g%ﬁw&.%@%%ﬁwwwaﬁﬁw%aa?%
s 2 v S s 6 1 e o € o A, ) o 10 G F Ry R 9 = s o 1w ok S - v 0
farer WeR iR Zrafiem 9 Prifia w8 . T 1 3 e e
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s - A 8- | TEq w_
¢ i fop < & P ol 31 @ WIS st ;
8 Tafe G 74 % w9 N ST fEa S #; S
Program memory
. _\ i Address Instruction 0
Instruction 1
Controller Instruction 2
Instruction Instruction 3
— Datachannel | Aidrass Data memory
- Orge Data 0
Datai
Data 2
i Tata Data 3

fr= 3.7 : Harvard Architecture

it Tdd AESER ¥ UE FE-em W i el o i €, @ fuw ST
»«mﬁﬁzﬁgw.gﬁmﬁﬂm@ﬂm%wﬂmﬂimﬂﬁﬂg@%
o R (SEd) & fore fewme fn T s Rrew e SfREEE W SR € A

=i R § W TR feaed SR wal W st 31 WS w1 gl § o @ e |

WG IR AR wead wasE faen & e 3 S @) :

R & FeeEEE wefrey ¥ fag, TR ger T ¥ @ g T o €, AT cache A |

TART T T Bl AR T, THE fheHE R 9 T MR F A THAH HR T
77 Sredt L1 cache 21 @€ affewn &, L1 cache 3T U 729 cache (I cache) 31X 2 F9 (D
cache) ¥ fauifora € 2, Afe a1 a7 snffesat & w4 cache B 21

Von-Neumann Architecture vs Harvard Architecture

frefefay fag eefE snffeesn @ o i anffan F1 oem =@ 8

ﬁ Von-Neumann Architecture Harvard Architecture
T e ol 321 SR B A w9 el G| e ol 2 < g e @ e Al
T gt 2 AR S-St e R

SRR 1 T il TR Frs 3R gt i (7ol Fie 9 e ) e w0 ¥ e
TRfFE ¥ T2 AW FA T ARG A ¢ 9| wolm wRiEE @ w8

T AU Q) il WRHe @1 S el gl
TR I I Sl R, SRS T 5 T e &1 (5 i e ) # g agd T e 2
3} feuma # w@ Bn 2 ¥ foomm ¥ wfew 21 &

wRds fRvew &1 aRea | 61
pads Rivew @1 AFEHRRR snffdwer

(Microprocessor Architecture of Embedded Systems)

wade fae A AT et um R %1 U fad w9 § R e w0 ok
s TRl G iR fren wfhe 9 e, o e it frew @ s ww 3
iR SReFE Friw @1 Frefor e %, R wffe o e wffe w1 gEd S 2
AT F 4-, 8-, 16-, 32- 3 64- e, At A et 7 6 et ¥ w3 @ D
S Tl o 7 T faga sfmen 21

dﬁﬂ%ﬂ.&nﬂz#%%ﬁ%ﬁ%wﬁﬁaﬁﬂﬂﬂﬁaﬁa
[nstruction Set Computer (RISC)} #R wimetam fidy ¥ FgE {Complex Instruction Set
Computer (CISC)} | RISC SR W Brer, Hftw, weet fidm ¥z =1 vwim a1 81 was Frder o
o TR T F ST w0 @ R o @ g g 2, <t By wevens ¥ orged wt
%ﬂﬁw.ﬁﬁﬂm%ﬂ%i%g,%iﬁgw%%
frell § gafosm €1 1 CISC MR T Wiweht 3w T2 #i fafiry Frdr ovard et el 2,
< fordl & ferafed froare =1 gfaen S @1 RISC 3R CISC %t gorn wfem 3 6 1 )

Table : Comparison of RISC and CISE

] RISC - L ik s | S {CISC il b Tt
Instruction system Simple and efficient instructions.|Rich instruction system. Performs
Realizes uncommon functions through|specific functions through special

combined instructions. instructions; handles special tasks
efficiently.

Memory operation Restricts the memory operation and{Has multiple memory operation
simplifies the controlling function. instructions and performs  direct
operation.

Program Requires a large amount of memory|Has a relatively simple assembler and

- space for the assembler and features|features easy and efficient programming
complex programs for special functions. jof scientific computing and complex
y operations.

Interruption Responds to an interrupt only at the|Responds to an interruption only at the
proper place in instruction execution.  |end of execution.

CrU Features fewer unit circuits, small size,|Has feature-rich circuit units, powerful

and low power consumption. functions, a large area and high power
consumption.
Design cycle Features a simple structure, a compact{Features a complex structure and long

layout, a short design cycle and easy|design cycle.
application of new technologies.
Usage Features a simple structure, regular|Features a complex structure, powerful
instructions, simple control and easy ?:n:o:m and easy realization of special
learning and application. functions.

Application scope Determines the instruction system per Becomes more suitable for general-
specific areas, which is more suitable|purpose machines.

for special machines.
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RISC 3 CISC ) srem-arem frwad s @ &, A RISC AT CISC % 19 30 g
IR & # ﬁﬂﬁwﬁaw_ﬂﬁﬁao_mnmamn#%%%ﬂ»wﬁ
RISC 3t feset &1 I9dm T & Intel x86 W I A fafre {1 IR CISC AFFFH 7y
gﬂ@w%ﬂﬁgﬂwaﬁnwEmnw@rm&mxmaﬂaﬁﬁﬂma&w%amn
ﬁ@ﬂwi%ﬁﬁw%&%ﬂ%mﬁmﬁzﬁww‘ggowﬂﬁ%
gﬁ%iw.ﬁ%%%%ﬂéﬁ%ﬂ&-&%ﬂﬁﬁw.g
dﬂ&f%%ﬁﬁmﬂﬁmﬂ% Aaébﬁaovvwmﬁam%gw_wﬁ#g. xmo.ﬂmﬂmw.
-3 e R R R o ) o A e T R
, Processor

Micro-ops Execution
- Execution unit|

Decoder (Intemal Instruction) result

Macro-ops
(x86 Instruction)

fra 3.8 : Micro and Macro Operations of an Intel Processor

AR W, T ekl SR 2 fregf 50 ¥ fou T A -2 Afuw wen AR ¥
g«ﬁﬁﬁﬂw.%ﬁ?ﬂ&ﬁﬁ%%ﬂw%@nﬁﬂﬁ%ﬂ%
=0 & oo, = A S B S g 1 T AR A x86 FRY T (- ) &
=T 3 T 9§ S ¥ fe, ST x86 CMP (comparision) A1 SR x86 JMP (Jump) fw
F TH-8 W AR, comparision 3R jump ¥ frdw F wirg THA 2 T WA % T TN ¥
ﬁnﬁ.&%ﬁmﬂwiﬂgwﬁ%&ﬁawsﬁﬂﬁ%&@m&w%
T ) S F A qaE T & SR TR S F FEied qa IR 8l

%w..&%%gwu%ﬂ%m&%&aﬂ%wl

RISC, CISC, MIPS, PowerPC 3R SuperH fores ferator o1 W @ —

MIPS Acchitecture : Microprocessor without Interlocked Piped Stages (MIPS) st T& RISC
TR 21 30 99 VI § 2 issues ¥ A9 F Qe B Qo IW FTA ¥ € el
AR 1980 % TUF F YEAN § WG favafaeer & SRE SH S F g § TH W <@ B
famfia fa a1 &1 ik =g & 39E e NIPS EIeield gRT fan 7 @1 ARM &1 &, MIPS
S, STER (IP) FR ¥ Wem ¥ e FEEE F MIPS MRS $RFeH wa ¢ 3
3% RISC MfE2aeR ¥ wade WM famfag S 1 o7gfd 21 31 WEE ¥ waste processing

E:.aﬂ@é@myﬂﬁﬂ%%Wﬁammmﬁmmﬂmﬂw&an_.dnnmmimcaawqda&:m&mzﬁw
& AT Core technology T multi-issue capability €1 .
PowerPC Architecture : PowerPC RISC 52t  T& wig 1 ¢ War anfese ¥
@ 8, 3K @F. 79 5 [BM PowerPC 601 Wiy foeat @ aman ¢ = weies RISC
(Power) & @19 FIgHic &1 1990 % =0 #, IBM, Apple 3 Motorola % wherargd® PowerPC
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Connector
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This structure is a SW structure
) v of a system containing an operating system. Com-

and/or threads (see Chapter S on OSes), and their connecters
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g and

ignwﬁc-gﬁuutﬁl- =
. system containing an OS, and in which
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be &re any p with shared aswall as to ina whial sw can

In system.
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Safety and Reliabiity

Work Assignment
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Implementation
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e system. .

Deployment
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The essential services of the Micro kernel are :

Memory management, Process management, Timer system, Interrupt handler

Ex.0S,MACH, ONX, MINIX3

A3 SRR Rived & WO (Types of Operating System) . ..
Soe st o A F FER ¥ UK W SR wefen fen 08 F R B Qo §
Fiftga foan T 7
1. IR YA #qifen fawd [GPOS]
2, T 2w &fqifen faea [RTOS]
4.3.1 TG WrAeH STRET REH (General Purpose Operating System[GPOS])

wmr wegfen fewew & §4@ 0S F WA Ivw 08 ¥ w9 & Wi fewm s @1 T8 os A
TR s T o € el Tl AR s ¥ Feie @ fag o wl s R
Fard wnfaer €t §1 GPOS =aeR # TR-Fraamea €

Ex : PC/Desktop system, Windows XP & MS-DOS.
4.3.2 aR<fa® w99 SATRET fieH (Real Time Operating System [RTOS])
RTOS 1 %1 Wrdsifies w1 3ueied 7 21 RTOS & OS 3, foree 3y arafas @7 &
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Ex : Windows CE, UNIX, VxWorks, Micros/OS-II Real Time Kemnel :
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Real Time Kernel & §&a &1
1. s / SfHAT FEYT (Task/Process Management)
2. @ / Wfwar 90T (Task/Process Scheduling)
3. w4 / ¥fsHa gegated (Task/Process Synchronization)

4, 3 1 TR Ffem (Error/Exception Handling) mﬂww e
5, B WeHq (Memory Management)

6. A ¥ 19T (Interrupt Handling)

7. @aa ¥4 (Time Management)
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ﬁ&ﬁﬁﬁ&%@ﬁﬁiw. RTOS T s wfcdrern =t fafere smavaedel & foe w Memory Size ww-wwwz_w 16 -32 MB 1-16 MB 1 KB
Units Sold - 100 - 1000 100 - 10,000 1,000,000 +
ﬂ%ﬂgﬂl%ﬂﬁ@mﬂ@ Wt Development Cost|$20-$ 100M |$10M-$50 M $1M-S10M S100K-$1M
R e — S Lifetime 15-30years |20 - 30 years 25 - 50 years 10 - 15 years
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Embedded computers typically have tight constraints on both functionality and mav_aBo_.ﬂS:oP
In particular, they must guarantee real time operation reactive to external events, conform to size and

weight limits, budget power and cooling consumption, satisfy safety and reliability requirements, and
meet tight cost targets.

4.6.1 Real Time/reactive Operation

Real time system operation means that the correctness of a computation depends in part on the
time at which it is delivered. In many cases the system design must take into account worst casé
performance. Predicting the worst case may be difficult on complicated architectures, _nwamnm. to
overly pessimistic estimates erring on the side of caution. The Signal Processing and Mission Critical

example systems have a significant requirement for real time operation in order to meet external /O
and control stability requirements.

Reactive computation means that the software executes in response to external events. These
events may be periodic, in which case scheduling of events to guarantee performance may be

mmmsx._oma reactive component.
pesign Challenge :

statistical performance characteris

4.6.2 Small Size, Low Weight

. pessimism in the face of hardware with
tics, e.g., cache memory.

sically located within some lar i i
. S ger artifact. Therefore, their
form factor may be dictated by aesthetics, form factors existing in pre-electronic versions, or having
Bl mponents. In transportation and portable systems, weight
may be critical for fuel economy or human endurance, Among the examples, the Missi
nd ia_.mr” requirements than the others because of its use ina
flight vehicle, although all examples have restrictions of this type.
pesign Challenges :

% Non-rectangular, non-planar geometries.
4 Packaging and integration of digital, analog,
4.6.3 Safe and Reliable

Some systems have obvious risks associated with failure. In mission-critical applications such as
aircraft flight control, severe personal injury or equipment damage could result from a failure of the
embedded computer. Traditionally, such systems have employed multiply-redundant computers or
distributed consensus protocols in order to ensure continued operation after an equipment failure.

However, many embedded systems that could cause personal or property damage cannot tolerate
the added cost of redundancy in hardware or processing capacity needed for traditional fault tolerance
techniques. This vulnerability is often resolved at the system level as discussed later.

Design Challenge :

and power circuits to reduce size.

% Low-cost reliability with minimal redundancy.
4.6.4 Harsh Environment

Many embedded systems do not operate in a controlled environment. Excessive heat is often a
problem, especially in applications involving combustion, e.g., many transportation applications.
Additional problems can be caused for embedded computing by a need for protection from vibration,
shock, lightning, power supply fluctuations, water, corrosion, fire and general physical abuse. For

¢xample, in the Mission Critical example application the computer must function for a guaranteed, but
brief, period of time even under non-survivable fire conditions.

Design Challenges :

% Accurate thermal modelling. : - .

% De-rating components differently for each design, depending on operating environment,
4.6.5 Cost Sensitivity . ;

Even though embedded computers have stringent requirements, cost is almost always an issue

(even increasingly for military systems). Although designers of systems large and small may talk
about the importance of cost with equal urgency, their sensitivity to cost changes can vary
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dramatically. A reason for this may be that the effect of computer costs on profitability is more 5
function of the proportion of cost changes 83_.3:& 8. the total &Gmma cost, rather Eun.o.oq.svwaa to
the digital electronics cost alone. For nowEo...: the Signal anum.m_mm system cost sensitivity can pe
estimated at approximately $1000, i.e., a designer can make aan_mwo.am at the w.Soo level Without
undue management scrutiny. However, with in the small m«mﬁ._.: .%n.m_osm increasing costs by even 5
few cents attract management attention due to the huge multiplier of production quantity combined
with the higher percentage of total system cost it represents.
Design Challenge :

& Variable ‘design margin’ to permit tradeoff between product robustness and aggressive
cost optimization.

-

[l 4.7 System-level Requirements

~ % A

In order to be competitive in the marketplace, embedded systems require that the designers take
into account the entire system when making design decisions.

4.7.1 End-product utility

The utility of the end product is the goal when designing an embedded system, not the capability
of the embedded computer itself. Embedded products are typically sold on the basis of capabilities,
features and system cost rather than which CPU is used in them or cost/performance of that CPU.

One way of looking at an embedded system is that the mechanisms and their associated /O are
largely defined by the application. Then, software is used to coordinate the mechanisms and define
their functionality, often at the level of control system equations or finite state machines. Finally,

computer hardware is made available as infrastructure to execute the software and interface it to the
extemal world. While this may not be an exciting way for a hardware engineer to look at things, it
does emphasize that the total functionality delivered by the system is what is paramount.

Design Challenge :

# Software and I/O-driven hardware synthesis as opposed to hardware-driven software
compilation/synthesis.

4.7.2. System Safety and Reliability

An earlier section discussed the safety and reliability of the computing hardware itself. But, it is
the safety and reliability of the total embedded system that really matters. The Distributed system
example is mission critical, but does not employ computer redundancy. Instead, mechanical safety
backups are activated when the computer system loses control in order to safely shut down system
operation.

A bigger and more difficult issue at the system level is software safety and reliability, While
software doesn’t normally ‘break’ in the sense of hardware, it may vo. so .noav_cm that a set of
unexpected circumstances can cause software failures leading to unsafe m_Em:.osm. This is 3 difficult
problem that will take many years to address, and may not be properly appreciated by non-computer
engineers and managers involved in system design decisions discusses the role of Computers in
system safety.

Design Challenges :

4% Reliable software.

N\

TRSs Ay fiwew | 81

& Cheap, available systems using unreliable components.
4 Electronic vs. non-electronic design tradeoffs.

4.7.3 Controlling Physical Systems

The usual reason for embedding a computer is to interact with the environment, often by
monitoring and controlling external machinery. In order to do this, analog inputs and outputs must be
transformed to and from digital signal levels. Additionally, significant current loads may need to be
switched in order to operate motors, light fixtures and other actuators. All these requirements can lead
to a large computer circuit board dominated by non-digital components.

In some systems ‘smart’ sensors and actuators (that contain their own analog interfaces, power
switches and small CPUS) may be used to off-load interface hardware from the central embedded
computer. This brings the additional advantage of reducing the amount of system wiring and number
of connector contacts by employing an embedded network rather than a bundle of analog wires.
However, this change brings with it an additional computer design problem of partitioning the
computations among distributed computers in the face of an inexpensive network with modest
bandwidth capabilities.

Design Challenge :

% Distributed system tradeoffs among analog, power, mechanical, network, and digital
hardware plus software.

4.7.4. Power management

A less pervasive system-level issue, but one that is still common, is a need for power
management to either minimize heat production or conserve battery power. While the push to laptop
computing has produced ‘low-power’ variants of popular CPUs, significantly lower power is needed
in order to run from inexpensive batteries for 30 days in some applications, and up to 5 years in
others.

Design Challenge :

< Ultra-low power design for long-term battery operation. i

— B e e ————pery—— - S—

H 4.8 Components of an Embedded System

=S e

Embedded systems are divided into two types of components :

Hardware components and Software components
Hardware components include :
Power supply :

% A power supply is an essential part of an embedded system. The power supply may be

provided from a emzmQ or an adapter. Depending on the application that the embedded
system is being used in.

% A good power supply means.
4 Efficiency, stable and smooth output, transient response.

Processor:

4 The processor acts as the main brain in an embedded s

: ystem. An embedded system can use
a micro-controller or a micro-processor.
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<& Some of the criteria that is considered when choosing a processor are : Speed, amount of
RAM and ROM, operating voltage, packaging.

Memory :

& There are usually three types
ROM are more common).
Read-Only Memory(ROM) : . .
& This is used to store a program. When the system 15 powered on, the system will get the

code it requires to operate from the ROM memory.
Random Access Memory(RAM) : o,
4 This type of memory is volatile memory and is used to store data temporarily in storage.
Electrically Erasable Programable Read-Only Memory (EEPROM) : '
& This type of memory is unique, it is the least used from the three. It allows content to be
erased and reprogrammed by using a high volt pule input. This is used to store the data by
the program itself.

of memory associated with embedded systems: (RAM and

Timers-Counters : . .
& For applications which require a delay to function or to operate, a timer and counter is
used to generate a delay for a specific time interval without affecting the normal code

execution.

Communication ports : .
& Embedded systems have a number of differcnt types of communication ports to
communicate with other embedded systems/devices.

Input and Output :
< To communicate and interact with these systems, some form of input is required. The input
can be in the form of a user touch screen.
Application Specific Integrated Circuit (ASIC) :
4 The circuit consist of a chip that is customised for a particular use.

Software components include

Assembler :

% Assembly language is converted to HEX code using this utility.
Emulator:

< Hardware or software which has a similar functionality to the target system which will be
deployed. It can be considered as a replica of the target system.
Debugger :

< Allows programmers to find and solve errors when the output is trying to be achieved but
fails.

Compiler :
< Converts programming language into target code that an interface can understand.

< It converts high level code to low level code like, machine code, assembly language, OF
object code.

e — e —

i 4.9 Advantages of Embe

1410 Limitations of Embedded Systems

R g Ry e
==.0LEmbedded Systems |
The advantage of adding embedded systems to the system enviro

small size & Specific :
4 Embedded systems are specific to ca : ;
system which incorporates fiiny m:_nMw out certain and unique functions, rather than a

ns, this mean ir si i i
only have the necessary components for So.B e w:En:. size and custom design will

Reduced Cost :

4 Considering it is function specific, the user will
desire, rather than many functions which are in
for them, this inevitably means that cost can be

Portability :
& As the first point mentioned ‘size’, this also enca i
3 Shab s psulates another . attrib ich i
advantageous, and that is portability. Portable systems include Boc:oomvwnnm e L
Low Power Operation :

4 Many applications for example in medicine require energy saving appliances that can

function for hours without having to plug them back into a pow i
er supply t
useful feature allows embedded systems to be reliable when _M.Ennoamm.« e

Real Time Response :

be paying for a specific function that they

cluded anyways, regardless if a user asks
reduced.

& mn&n&&. systems are also called real time systems, where the response to external event
has to be instant. Therefore, they are beneficial for applications where the response to an

.on:,m_ stimuli is critical. E.g: the deployment of airbags inside a car after collision for
instance.

——— —
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The limitations of any particular embedded system are the specifications for which it was

designed for. Some of the limitations are listed below :

Difficult to Upgrade :

* mac.&aom systems are hard to upgrade, this is because they are system specific, you may
require to remove and produce/add a new embedded system instead, designed specifically
for the upgrade being done.

Nearly not scalable :

% Carrying on from the point above, a system upgrade could means that if a system becomes
more evolved, or if a working environment becomes more enhanced, then the embedded
system will not be able to function as efficiently.

No Upgrades Available :

% Once the embedded system is configured and placed into functioning order, it cannot be
changed, moreover this means any enhancement or any upgrade of any sort can not be
executed.

Difficult Maintenance :

% Not only are embedded system difficult to i fain 8. ftiey, TV S, Specific: Idedvare
constantly, it is also known to be difficult to obtain back-ups of embedded files.
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.ﬂ 4.11.6 HUR ¥aexX (Telecommunication Sector)

4.11.2 faffmfor 381 (Manufacturing Industry)

¢ TR WA & WieH
37 SO F faf YR S TvE w5 ST w0 ¥ fau it 3 aeie A wedd FEl F SR W %+ Yead faw & s FEET
% wage e d ¢ Fewz wH @ eafEn
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4.11.9 RP=7 3R XA (Defense and Aerospace)
firarser mEe freew, A Sl arfev & fo fawem, Siiicw, S vaawied ()|
4.11.10 &fFT e (Banking Sector)
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4.42.2 $ERga@ A&E (Industrial Robots)
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o THw fefoea afgRe @t wads fomn @1 w98 oo Semm & =20fF 2 T R
wuifea feany; SR—ew ams, daga BH, THe fotea afes e #)
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4.12.4 3iicrits SeR 7l [(Automated Teller Machine (ATM)]

¢ TOF A W F R N S ¢, 39 WA B I o fPeer & fag fea s
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o TN TR AR T AT i W, S erem-arem e W fem

¢ % 2Y T - T TS A @ W A W = w0 e
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‘Low Cost A = V ‘Specific. g
A o e : :
; : B Characteristi Minimal
Requires: '\ / of - =+ User:
Less Power 7 Embedded : e - Interface«
B et A R System ST 2o
High )/ . High_. :

o/ High \
~Reliability

P mlvEmE R A
1. TaEe fgem & ar # 9= s

2. uEiEe foey w1 G gAE e Hif)

3. T fowd F w1 el S Gt sEren St

4. 9= 2iE9 SFRfEn fFT (Real Time Operating System RTOS) % @R | =41&a1 Hifea|
5, WAL foey H ydfad 3 9 FRE 6 ARl Hirerg)

6. waes fawm & fafv= srpant =i foawm =gren wifts)

7. TEeE fawn F afumem K o R e wis

8. waes fawn ¥ faf= yar w1 99d F SR ¥ fafaw

9. Small scale 3R Medium scale embedded system %! AT FHifeT)

10. wass fawew & afyasw fafay)

11, Tage fgey &1 Tt % ar # fafay

(Introduction of PIC Microcontroller)

SYLLABUS

Introductin of PIC micro-controller, block diagram, functio i i
I scontroller, block diagram, ion of each block, introduction of AVR

5.1 PIC AEPIBLICR B1 IR (Introduction of PIC Micro-controller) | |

Sl e s e lid

PIC .ﬁm.mﬂﬂwﬂ TARE TSRS IR (Peripheral Interface Microcontroller) 2, foraes wtat

i EHELIE B T 1993 F fawfa fRa mn m e ik @ frife fea ST § ok

S S FHN F F FH % oA qomw A T ¥ PIC WA B Swdm Ao s
F—eE W , e fearzw, snaf dfewe feara stz ¥ fa s 1 .

e 5.1 : PIC TRBEEER

IR # PIC16F84 & PICI6C84 & % PIC 39eied €1 Wihitay I & @ ¥ fafe= ward %
e werw fav s fR ¥, S—16F628, 16F877, 3R 18F4521 16F877 & Ted [ 16F84 |
&ﬁw.@ﬁﬁ&wd@@ﬁaﬁ%ﬂw. s 9 it 5gd s 1/ 0 i\, W UART,
ADFRE 3T wga s fadigarsh F wa 3o 2 |

W 5.2 PiC ARmIGEIR @1 AETER (PIC Micro-controllers Architecture) |
PIC Wrghiadier ¥ anfddw=R & CPU, VO ¢, T SRS, A/D F=E, TR,

Mﬁm.gwﬂﬂ&mﬁm.&mﬁ@ﬁ%nnwaﬂm%mw%%mﬁsﬂzmg@
™ '
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OSCILLATOR SPI T — m _ Y2 — SFR .
w.,.s 20MHz) e | USART s |
| —
! INTERNAL lll_ﬂ.ﬂll— =
| OSCILLATOR COMMUNICATION — Program -
¢ Memory 8K
B — cPU :
| 2% » .3.« (35 INSTRUCTIONS) ——
TOAS EEPROM(266)
| : | —ed
| CONVERTER CERyECr? _ INTERRUPTS | WOT | =S
_ Vref PWM —
i CCRPPWA _ .. RESET .
N MODULES i
- LOPORTS 25 m4) POWER' 722
| LoFORTS s e oh sers oL
Toma» _ | voxqm\_ 330\_ voxqo_ PORTE _ 256V

fir7 5.2 : PIC TEPIBLIER B AfBLTR
5.2.1 Jger ARRiT e CPU (Central Processing Unit)

@ 3 WEAEIEX CPU § s 7@ € PIC WEsr@errk CPU # ALU, CU, MU 3ik
TR (Accumulator) 3% €13 #1 stRedfes wifvea g2 (ALU) & 9 ¥ SHIG Heer
¥ fau ok = fofg o7 % foe WM | SR @) A9 g (MU) F ST SRR & R
Frvl T G w3 ¥ forg e T 1 saRe SR AR SRl ) rif w0 % fae e i

(CU) &1 37dm fian o €, S CPU & 9@ ¥ 8 3l T

& I SR iR 3 # WhEA @ WUEl s & fau fE
T &

5.2.2 79K} JMFEATHE (Memory Organization)

PIC Wigheiek ¥ WU Hrgge ¥ RAM (Random Access
Memory), ROM (Read Only Memory) 3 STACK B € |
1. =w ﬂm&.ﬂ TERT Random Access Memory (RAM)—RAM
T et AERY €, fore SwE s 91 aT e B sreurh w9
e 0 F fau fm s @1 RAM 3R @1 & 3 anif f
Tt fovan T B, AR wedE @ A wga WR T W ¥ RAM
W F A WER H aliFa fFm S @—Special Function
Registers (SFR)) 3 General Purpose Registers (GPR)|
() 9T WO W (General Purpose Registers
(GPR))—w1 & W =1 & @d & 37 ot =1 swdm
WA A F fau e s @ semw ¥ R, af

RAM

PROGRAM
MEMORY 8K

MEMORY

EEPROM .

& PIC WGHHeR 1 IWM % & wensl #

F RGBT WM T I TR ¥ wemed =y % fra 5.3 : Memory Organization

!

|

Ramdeh wmiegier =1 wRaa | 93

WM w1 .
ﬂﬁﬁmﬂ:ﬁﬂﬂﬂnwwgﬁ%%

F0 ol W % fog ey
ﬁuuﬁwlnvcﬁi@imﬂ

%E&ﬂ@%ﬁwwgwﬂgﬂwzng%ﬁﬁgmgzsﬁ%

3. B (Stack)—54 FI M (Interrupt) T &, F A PIC TSR A
Suftea 541 TEH 1 Execute T TSl 21 f0 1 Execute firar < we mw,msn_nm.u.m e MM

w_ﬂmﬁwwgﬁﬁxss_.oaﬁﬁﬂﬂwﬁ.,; ‘
ﬁd_w.awmﬁoxmﬂu%mgw%ngﬂg% nmﬂzmw Aw.m H T ¥ Fid

3.1/0 Ui (IO Ports)

¢ PICI6 FI sf@en & 4™ 9 Port A, Port B, Port C, Port D and Port E 81 &

@ Port A TF 16-bit 1 U Tl 2, S TRISA (Tradoc Intelligence S rt Activi
MR &F MR N AR A1 HRER W ww IR L R

¢ Port B TF 8- bit 1 U %, fwsl TR ok smeege W % we sw@m e w3

@ Port C W& 8-bit F U ? 3l TR AW = FR TRISC TR ¥ oew @

fruifa o s 21
% Port D UF 8-bit # U 2, W AEHNEW BUS ¥ FiRA ¥ fow ©9 9 # we
F w2
® Port E TF 3-bit U B, S i ¥ fefoea s o e w5 ¥ e
FE Fa B
4.BUS

T IT W ¥ GR W S F AR T R T A F o e s 2
¥R 7l & i oo e 8, e o R 0 A
@ wﬁaﬁﬂdmﬁw:&lwﬂﬁd%wﬂﬂwﬂwﬂaaﬁgﬂ%#gggw_
(i) TIW =W (Address Bus)—TS¥ @@ F 9 WG@E (Peripherals) ¥ I @ A
%&Am%ﬁmﬂ@%?ﬁ%ﬁgw yo firt A Wdtew A e FA F fog
ST e W ¥ UART @i USART SFi ¥ifae o Sdreie €, forem swm
wifaet Suel, S—GSM, GPS, =2, IR, 3t % e fran < # |
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. ALU . Input
Input Device
Device . Y
Control
Unit
Data Bus
Address Bus
RAM
fira 5.4 : BUS

5. AID Converters

A/D R T TE Ry W des @ fefed dww § age #1 PIC R F
A/D e & 28 i feara ¥ fow 5 w32 3 40 fr feam & fer 8 92 B €1 A/D TR
%1 G ADCONO 3it ADCON1 fiti wfreedl g frafa fomn wman €1 &t & o foem
(Upper bits) e ADRESH # Gudia fw s € ok #7adt & f9a @ (Lower bits) et
ADRESL & 6ueia fu 91 €1 30 SifRye & fog o wei Hed diees % SV F sl e

)

CAD

Digital
Signal

V

CONVERTER

00
01
10
. 11 000110 11

a1 5.5 : AD Converter

6. TIRAY / ®I3cH (Timers/ Counters)

PIC Wighrdeiek 9N 2EW / FEX BN 2, forad wF 8-fae w1 epm s Sm g H 8 T
16-faz ¥ Tz F1 991 FO w1 fahed T 2 THR F ITAN Wl FEl w S FA F 0

T T ©, SeeRwl & fo, < STRyEr F o fafre ang ¥ 38

N

7 Z@aa™ ::8:.:3&

NI wEpiEgeR o1 wRaa | 95

pIC TEAHT T 20 s Interrupts 3y
ey S3—ADC, USART, I, 3iit 380 aeg § ﬁ«%@wﬁa
%ﬁmﬂ&?ﬂz@ﬁzwﬂﬂmﬁﬂﬂﬂﬁﬁﬁm
& USART—USART # TU M Universa]
Transmitter 8, S 1 Semra Wﬁmﬂhﬂm%mwﬂs
wﬁd%%@ﬂﬂﬂgﬁw%iﬂw@aﬂ%ﬁg@ PIC
e ETALSL axc%ggw_ﬁm&ﬂg%ﬂ@ G
yaif@ F SR M@ FA & o o w2 e

Interrupts & ¥R &, < fafu=
BT I Wi e ) fafy 2

pheral Interface 21 3 Worta = IqFnT

D F2, ¥w ol farwe e & g =

.%msﬁzﬂﬁ%ﬂw@ms%ﬁ@mﬁgﬁqﬂﬂﬂé@%%%

¢ 12C Protocol—I2C W& i 34 Inter Integrated Circyi Hifge St
®, fow@ 3w@m EEPROMS, iﬂﬂawhmmwﬁ%ﬂﬁﬂmﬂ A A ST
%%_@W@Aaﬁ_ﬂ@w;ﬁﬂmymﬁﬂﬁaﬂw@n&mﬂgs
gdﬂzﬁﬁ%ﬂ&ﬂ&n@&zﬁmgiwﬂm%ﬁww.

Serial Cable

™

PC
! Level Converter
PIC Microcontroller (MAX 232 or Terminal Program
Compatible)
RX
fRr1 5.6 : Protocol

8. AR (Occilator)

AMHAR H1 ST 2R SReE ¥ foe R @ 2 FIC Hghiseiet i RC AffEerRt o
?%%i%ﬂ%w.i?%ﬂ&%ﬁ?%%mﬁ@a@
ﬁw&wg&w,ﬂ'%&w%&.gﬁ@ww_wn Hfaered ¥ o 3 gafx =1

| TR safa Fvifta s € sl e st # dm 30kHz ¥ 4 MHz 360 )

8. CCP Higget (CCP Module)

CCP Wiggst =M SwR / FHaT / PWM (Capture/compare/PWM) §, W&l 78 SR HrE, ot
APWM e 3 F e A I AR

~.mﬂaﬂ.~d4wamv?=d Zoa&lﬁ«wﬂ@ﬂﬂwﬂ%#ﬁnﬂﬂaﬂ_w. = TR
R TR o o R 2, A 7w 2w 1 % T A s o 8 |

2. gorT wre (Compare Mode)—gel Hi$ Th Analog compare F w0 Y w5 wa 2 E

T
§,

_ggﬁﬁﬂmﬂﬁ&mﬂmﬂn@aw.&ﬁﬁgaﬁﬂg@

#%.wiz&wlwiz i 10-fae ffeg Sl S T T F WA v
Modulate BTG ¥ FT@ 2
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En%ﬂ.—?mﬂﬁ.gm@sﬂgﬂﬂlg.%g
mﬂs.&@féﬁ_ﬁ:nﬂﬁu&ﬂw%%gwﬁﬁnwl
5.3.1 @mmﬁ%@ﬂa%ﬂﬂ%ﬂﬂﬂaw

(Street Light that Glows on Detecting Vehicle Movement)

ﬁ%ﬁmﬁ%%ﬂiﬁ%ﬂ%@wﬂmﬁ%%ﬂm%ﬂaw.
sk soh @) dE FQ F o e W AR ae FN {1 W IR F, PIC AHRHIW
sl §s (Assembly language) 3 TASE C (Embedded C) &1 IWM & TuH fF s
forae wfte s Fr fam & w1 )

it

Transformer Rectifier Regulator
_ Row of LEDs treated as street lights
n
WEM N Av LT [ bttt
q
|

|
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a0

Asm/C
Program

I it lﬂiﬁé‘i’

JLEELEH: B4
SR,
4

IR Receiver
Road ;
IR Transmitter

j ©
m- ‘lm %’.‘l

IR Transmitter

o 5.7 : Wie e @ sraI™

39 Wk W R T AC YR T H WY o, PRwE & fFe @ 4 9| 8 @
ﬁiﬁmﬁmﬁ,ig.aﬁém@ﬁ@g@.s@gﬁ%ﬁ@séﬁw_mﬁﬂ
i 3 W 3 o IR F TEH T I 9 T A A ¢, A IR e e H M
F A W9 A 2, ¢ FW LED W / 3% T F AU PIC Wb $ e W € e

¥ W F YW I W LEDs 1 T =01 =g @ i .mn
LED % diwral 9 &1 w@h o o i B

R — RN PR 31 uRea | 97
MUK faens -A..‘..Wew_ﬁ—ﬁ.. .,a>..m.1{.¥.l im..n_,.ﬁua.ou.

. ANtages of PIC Micro-controller) . . &
. PIC FERFER FEW (Consist Mictocontroller) S

nsistent) § i p
AFRRFR F IEM Y IC sfowm % ugeter wga 9 41 RISC
(Fast) ¥ 81 PR PIC W WG (Performance) @gd I
2. I WEHHIEH F OGN H oW fee
S e R o H AW AW F o E sh st =g

3, el o SRR Sz % BT et feaen an e svern o 4

————— T

5.5 PIC TEPIBEITR

¢ ARPIDKICIX P IPH (Disadvantages of PIC Microcontrollen

1. RISC Architecture (35 instructions) = 35am =33 ¥ :
L i baliothg | FRO T F A s e R

m_,mrm AVR ATGDIDGITR DI amdd-caﬁmnmmmmm:o« AVR Micro-controller)
AVR Atmel B0 ¥ 1996 % a1 ¥ fawfa g o) 78 oremsdrerd

Noaw%%wa Fferdia faan mar am >§§ﬂ&&ﬂﬂﬁ%&ﬁ

w@nﬁmﬂq&agﬁwﬂimﬂiﬁﬂﬁﬂﬂﬂm&ﬂmﬁ%gﬁmgg

EPROM, &1 EEPROM 1 ITAM & &1l AVR Wehalert ¥ F4 wirde fawn & asrprm 31 3

¥ &7 | TR iR Ifew TR [ : .
e e P 3 an.&a T ¥ 3T TR semde 9l % %E Arduino

fir 5.8 : AVR TEBIGGIER

A T T FO (PC) W qo T AEAGA H g T ¢, For O s dm
| I TR ¥ T WERERE (AMD, Intel chip) T 3T W 2, R W W, fewd
Mﬁﬁ%mﬁwﬁﬂ»@gw%wﬁw@ﬂ.mﬁgz%ggﬁmg
| T TR w fag A Rt i w2 2, i @ e ik
9 T R s T A R )

AVR HiEshieheier 3Tem-37am FEFTEA H o ¢, F9 H WH AERT (Surface mounting)
m.._.ﬁ.&:ﬂu,wﬂ@?ﬂ%.@mn&w:Eo_oaoggmvﬁm%aggﬂaw_ﬁwmuﬁu
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e T F ST T $9 AVR TR T TR 8 —
< ATmega8 .n._wm.u_ﬂm_ﬂm
< ATmegal6 HIGHIHEITR
¢ ATmega32 TRFHHTH
¢ ATmega328 AIEHIHEICR ,
I/5.7/AVR eI 5 K (Types of AVR Misro-controllen) (1)
AVR TERIFIR JETE 1 FHR F B .w...u
1. Tiny AVR—38 WeRedw # 30w o ¢ ol 7w e ¥ O ¥ e swm
FO M T € R e |
2. Mega AVR—7% WA Wad s wfes ¥ T 256KB TF TR @ R sk
e T & e TRoted O €, 1 i 9 S S Srgmdn & fo w9 R

3. Xmega AVR—30 ARG FI ST FUSE FPrarl & g Am=wfas &9 F fFm v
2 form =2 M AR 3R 3= 1 W o sTavasEa B 2l

L=

w...rw.,wmmlow.,.ann.,.Y.A....,w._...,u\.-lumﬂ Flash Memory  Special Feature. = |
Tiny AVR 6-32 0.5-8 KB Small in size
Mega AVR 6-32 4-256KB Extended peripherals
Xmega AVR 44-100  16-384KB DMA, Event System included
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758 AVR TRmIOGITR SBETIR (AVR Micro-controller Architecture) [

ek SISO DS R

AVR ¥ anfieam @1 9 fax A femm @ €, 98 ‘e anfhees 1 I9dm N 7 R W
WER 39H 1 AR S % fau sem-stem 99 (BUS) @it Fd @1 e som 36 # e daa
UEYENERi % W Performed T | TolF UF FLAVA R NG FN N W R TWH I A R F
fadw = S A9 A A-F=s (pre-fetched) FF wman 81 98 e TEFA F Y& CLK wifed
¥ fieqifed (Performed) S 1 SR 21 & 3K AVR &9 1 MIPS/MHz W < 21

_IP/OP
Register
“ADC
‘ Central Processing Unit Memory |
CPU
.| ‘USART
* | Timers.

forx 5.9 Block Diagram Showing Architecture of AVR Micro-controller
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AVR TERIEHEIOR 1 S FH-dreese Suriee whe sem wvolati
Flash program memory) ¥ H%Ela fFa wrr 2, S amed sp ﬁmwﬁﬁyﬁwuﬁc.w w%ﬂma%u _%
A B R ST AR L g ¥ o e 1 veeh v it wdw S 21 98
¢ WM @ 5@l AVR F1 S0 HIET R e 3 g w9 9 Wi smem ¥ w9 ¥ A e
T SR T Y B W feAnE F1 wuien w0 W Y wevi w5 ¥ fau s few W g
21 & 3 A OF WeEYl 9% 7% R, wehederd v W A9 ¥ Fu-8-99 10,000 SH
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3. Static Random Access Memory (SRAM)
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T 1 I7Em 0 i FefEE (Execute) ¥ foe fFm e 2, SRAM 1 394 TieRT ¥ HreAm
[T H A F F A v s @1 9w dorema W 8- el  weafi 2 3

4. Electronic Enable Programmable Read Only Memory (EEPROM)

EEPROM #1 314 soiaeiiTs Romd te-aimel 341 2 8, 98 @ AH-driesd 390 8 2,
W T T P S T e T ¢, S T S R T A S F e R
{1 7% w11 R Fearew e oi v W fre % HREREE 1 ER 70 H @ 2
5. RfSreer 10 gy (Digital 110 Modules)

fefireat 1/0 nigge AVR wEFmEeR ot ar afFdl & W fefied HER a1 |t 1 HER
F ¥ T HHA TTL/CMOS i 3 81 81
. T 10 HegEw (Analog 10 Modules)

TR YO Hige 1 SN $gE A SAGEgE T o § A A e F foe s
{1 ¥ Hirege 3 e Eie s wEi-2-fefea Fdd (ADC) WiE B ¥
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T UREEeR 31 ufterhed W W F N
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8. TR (Timer)
: . ] R X B :
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9. gEsM (Watchdog) P i )
¥l AVR TEAEOEE § TH EE &mﬂamﬁﬂ@ﬂ._ el I fordians &

33 37em-37em 128kHz CLK 6, TE@aier #1 {02 01 3 272 31 3 Fa |

10. USART / SPI/ I2C

USART/ SPUI2C St sogdi 1 S0 e gferdl o wig Wiftae wen & fo fean s 2
T ITET USART HTet €, St RS232 WFeh 1 39T T 21

/5.9 AVR ATpIdgIeTd & WOR (Types of Avr Micro-controllers)

AVR WEHIFeR IR Sl # 3qeey §— .

1. Ffa® AVR (AT90S xxxx)—3 &4 AVR fam &, f= Tq AVR Chip 511 o8at fian mqp
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T (Programming Concepts of Microcontroller)

SYLLABUS

Introduction, programming concepts of microcontrollers basic introduction of Software used in
micro-controllers, how to transfer C or ASM code in micro-controllers. ,

B 6.1 9Red (ntroduction) .~ s
u@ﬂﬂg%i%%gﬁﬁ@ﬁg%%_%ﬂ
Swnfi # S0 & w9 ¥, 78 Frefatas o vemEe w awe % fau g vaia 2)

Program

ggm@@ﬁ%%ﬂm&ﬁﬁ%ﬁ%ﬁ%ﬂﬂﬂﬂw. 3fa A ¥
Pl o e g o 0's & 1's % w9 & Fifea foran o ik ort & e fen <t 21
Paging

TS W 1 U Aisa il gl @1 UF Teithd Bu faten § uw fafre 10 9 o
=1 5 F foe v g wRw ol uw frene wd i swam e s
Bank

%ﬁﬁm@ﬂmmﬂﬁ&ﬂ%ﬂﬁg@%wﬁmﬂﬁg%ﬁ%%‘

T iR fagw %1 e J fsifta @ R, ok S 3§ fav a9 den ¥ on e )
Pointer

A H e faftre et w1 G T S 39 sievae @) a3 faw swdn e s
Stack

IS W A H G A 2, o 3wm e v @ e F e ) we w0 %
e, fofan ST €1 T R R T Sifim--vam o (LIFO) TR # wea i v 8, i
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Stack Pointer

T W o erdam 2 & i =1 van 2
Program Counter

T wfera H PC F Y H I 9 R 9w O R 2, fl etz fve s a@ e R
o A R RF W W@ B F A” MW FEE N wgm s € (1 incremented

once/instruction cycle)!
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_ao::un Vector :
78 9% WM ¢, & ¥ Wm w ey
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clock

Machine Cycle

- TH W 9E W R, S faen A w9 o
Feiid §992 {7 W 4 MHz 1 = 0SC wm a8,
Instruction Cycle
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TR %1 =5 1/4000000=250 = g -
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We can also say that a CPU that is running @ 4 MHz executes FOSC/4 instructions per second =
I MIPS (Million Instructions Per Second).

ﬁﬁzﬁaw&ﬁZocm&%ﬁﬂdww.ﬁ%moﬁmﬂﬂ@%ﬂﬂzﬂﬂnw ;

gﬁwwoﬁ%ﬂww.m’_ﬁ.Un<a_ov53~.u§gﬂ§w_m%.ww«=§x%%ﬂ
w_ﬁﬂa&mﬁzﬁmmﬁﬁﬁAﬁmnvﬁ%ga%.ﬂﬁaﬁ%%wg
A A Em S e Wi (SR O3S, oreieE, R, S7) W S $ W e
%ﬂ.wﬂmﬂd.ﬂ%w.%ﬁﬂ&wwﬁwﬂgW@m@Qw_%.%W@ng
R ST 3 et st s ST EeR e S 21

TS oo fawfaa F0 9 swm w0 % fou awE 3 5 fwfim s seee § T,
n.imsﬁﬁ&iaﬂwﬁﬂﬁ%ﬁmﬂﬁ%ﬂ%ﬂw%gﬁa%w?
R T Fvw wh T aHfert I - A WHRAR C W A g
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2. Fetched Instruction %1 g& Faiieh W% # fedre fpan s 21 o fau = o P F fav Bt u<§%%%§.%§@ﬂﬂ.

3. @mﬁﬁgﬁsﬂ@w.ﬁgpmg,zg.c?s%5@5@%

1Q4 - Result Save ﬂmﬁﬂﬂw.@mﬂmﬂ%gmﬂﬂgw.mﬂﬂﬂmﬁﬂﬁﬂﬁnﬂmy&ﬂﬁgm

Q%w.%ﬂﬁ%%gﬂ%%m%ﬂwwﬁ%ggw_%

- fawa s R
AR Tl 5% F N B B o G i B SRR e ST € o T o WEE
A.Mwﬂﬂ&mmﬂmﬂa%mﬂwﬂﬂ@@%ig. & o SRR TR fr G sieae ¥ 93 8 @
ol =0T 911 = T T T S % TP (e T (S TR AT e —_ A, FA B
) . 6.2 TEPIGLIER S A Juam fee S d@ SR
" e 8 e g J f o o4 Fdwd ks ww w5 (natrument That are Used in Micro-controller Program) .
| 1 Q1 - Latch in Fetched Instruction o w9 QA v T e v A e, T, TR ¥ Fre wn T e T ¥ R
" - Increment PC g%%ﬁ%dﬁ%ﬂdﬁ%ggwﬂmﬁ%wﬂ%g@ﬂ%ﬁ
| _Dm-_:vcammm_&oq\omﬁ_..omn Hﬁ%ﬁgwwﬂﬂwﬁ&ﬂn%mﬂgﬁﬁdﬂww.% ﬁﬂ.mm.w@m.m%bﬂﬁ..n o
“ | @3 - Operation . mggw.g%@ﬁ%ﬂm%ﬂﬂﬂﬂw.?&im{wﬂaNﬁom?osn&wﬂ
_
|
[

ﬁmmﬂi@ﬂuw@n%ﬁgaﬂﬁﬁﬁmﬂ@a%_ﬂnﬁﬂﬁéﬁﬁ

Ijl\lE L B A i g ez # R ST 81w demst & s w0 % fan i o ®
_ : | %ﬁ%%wﬁmﬁ%gﬁs.ﬂﬂgﬁaﬂﬁ%ﬁw%%m@g
¢ 1 Instruction Cycle —— .@ﬂlﬁﬂ.w_

forx 6.1 : v BE=X




106 | mpmisgeR vs vess Rwew

S B9 FE SFem-37em A el S—C, JAVA, ORACLE 3R 37 %1 354m ¢
1 3 ek F 3= WY AW FEd §; W H I W 9w F ey F o w9y mﬂ#ﬁ
ﬂ@%&%ﬂgiﬁ%w%wﬂ%%ﬁmwgwgggﬂéﬂ
e -0 FH F R TR AL FA A ety o 2, i 0 g
¥ 3= wha W 1 ITE g < @1
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Keil uVison
Code Editor
Assembler

C compiler
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< Bumer/Programmer
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ﬁﬂmwﬂEoﬁﬂ&Un<n_ovaoam=<=o=8n=~ Eumuw%_ w_J_.nE ﬁﬂﬂ ﬂm Wm.%_ T w
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IDE for Microcontrollers
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R 6.2 : Keil uVsion Software
Keil uVison % @ &t 3 ot (Steps to Start Working with Keil Uvison)—
1. ST W Keil uVison 3 W foemr w1
W Wi ¥ frefafa o wie 2—
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; S e AP SRR R S NG SRR - [ e
D (o et e o Pt ok 30 e 0 e o]
YT I IE e Rt - Y
m@GQoRlsers g
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fRE 6.5

4. Then Click on save button above.
Select the component for your project. i.e. Atmel......
Click on the + Symbols as for your requirement. Example here selected Atmel.
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17 Use Ctwrnciont Lord o B850 ] i of 8051
T Ui Corrdnd Asswntion A1) ewtnad of AST
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5. m&aon >._.moom_ as shown below
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Fifth Step

6. Then Click on *OK’
The mo:oiiw steps involve in the above process :
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9, The next screen will be as shown in text page i,

7. Then Click either <mm. or NO.........mostly ‘NO’.

Now your project is ready to USE. .
Now double click on the Targetl, you would get another option ‘Source group |’
as

shown in next page.
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11. Now right click on Source group 1 and click on ‘Add files to Group Source’.
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3 ¥ TR G o P o 8, o wein w9 € 9 v ok w9 e
BRI 1 W 81 T WAL F Wl 8, (T O A A B g i o 2,
ST 3 SRR T O T AR F A 8 R e < _

. PICPgm Development Programmer 1.6.3.0
[Fllo " Command = Hardware Extras’ |Help

|ER| O [reiearc <11 60 @) © W @
Options | Code Mem | oo.szs.._ Config Mem | no:“m.:_ rMol_
HEX Filo T — e S b b i iy
| Fi\orofectsiworkipicircSdemolr cSdemo. hex |

, “ngzﬂoﬂsgﬂﬁw‘ggg&x
|/ 2] EEPROM data in HEX fie has dummy bytes

-Programming Options — " Device Information
& Program Code Memory (FLASH) PIC: PIC16FE86
.mvaﬁgoﬁazmgﬁm;osz oo wvmnmgowo

[ Program 1D Locations | | eePrROM: 256 Byte

| = Program Configuration Bs _ —no.&.i.o&: 0x3283
f ke on =i, i3 i

PICPom LVISP Programmer (Autodetect) P13 (0xe800) |

fira 6.16 : Burner

1. MIDE-51 Studio =
Supported OS : Windows

MIDE-51 is freeware Integrated Development Environment (IDE) for MCS-51 micro-controller,
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2. &ﬂmma
Supported OS : Windows, Linux.

gpsim is a full-featured software simulator for Microchip PIC micro-controllers distributed under

the GNU General Public License, Version 2 or higher and some of it’s libraries under GNU Lesser
General Public License, Version 2 or higher.

3, Lab-sticc
Supported OS : Windows.

Power consumption analysis tools for embedded systems. MARTE to AADL model
transformation with ATL for tools interoperability.

4, GNUSIm 8085

Supported OS : Windows, Linux.

GNUSim808S5 is a simulator and assembler for the Intel 8085 Micro-processor.
5. Ktechlab

Supported OS : Linux.

KTechlab is an IDE for micro-controllers and electronics.
6. MC34063 Universal Calculator

A calculation tool for the MC34063.
7. MCU 8051 IDE

Supported OS : Windows, Linux.

MCU 8051 IDE is integrated development enviroment for micro-controllers based on 8051.
8. MSPgcc

Supported OS : Windows, Linux.
mspgcc tool chain provides binutils, gee, gdb and a lot of other tools for the MSP430 processor.

9. OpenOCD

Supported OS : Windows.

Open On-Chip Debugger provides JTAG/SWD access from GDB (or directly with TCL scripts)
to processors with ARM and MIPS based cores.

10. PIC Development Studio

Supported OS : Windows.

PIC Development Studio is a simulator for the PIC16F84 micro-controller. It also provides a
plugin framework making it possible to develop custom components, A library of ready-made
components is included.

11. PicoForth
Supported OS : Linux.

picoForth is Forth compiler for PIC12 and PIC16 families. It is written in gForth and requires
gpUtils. Produces hex file ready to be programmed into the device.
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12. PICsim

Supported OS : Windows

PICsim emulates a micro-controller PIC16F628/16F877A/18F452 and periferics such as U AR
and timers, the simulator architecture permit easy implementation of external elements in ¢ | s T
PicsimLab is a realtime emulator of development boards. ge.

13. UrJTAG

Supported OS : Windows.

UrJTAG aims to create an enhanced, modern tool for communicating over JTAG with flash chi
CPUs, and many more. It is a descendant of the popular openwince JTAG tools with a lot of ma&:ouwm
features and enhancements. na

14. V-USB

Supported OS : Windows, Linux.

V-USB is a software-only implementation of a low-speed USB device for Atmel’s AVR

B_.nB.aoEd:na.BmEnm_._vommmEoSwEEmerﬁaiﬁoiﬁn_aom;u><W.
not requiring any additional chip. Y Hu-controllen

15. Yagarto
Supported OS : Windows

. <>O>w._.o.mm a cross-development environment for the ARM architecture, running on a
Windows host. It includes the GNU C/C+ + toolchain and the Eclipse IDE.

M/6.7_Esteil elvaa Wi, (Assembly, Language Programming) - . .

frelt ol &3 A Tooh FR F) FO qgE-@ Tewq A R fHg @ o T R, s g
T AR A @ W TH-E 9w A @ el A R e F R -4 R F e @
e W R B e S oo srF § T w6 9 S WIgheer M ¥ wed g i %
fo fore amar 1 Wi o & 9wt ST (Assembly language)’ &4 €1

‘TR S A et @ e W we A R

S W (Program), Tt dret ¥ for@ o & IR Y 07 SR A U H wmw F wqer
HI HAAYEF Bl ¢, Frad fF A ier 38 99F W

R A (Assembly language) 3R ST (Assembler) B ST Vg B

it FAW (Assembly Language)— ettt aaw Frandl 1 W2’ (Set of rules) 2, fomaht
AN WEhIEZIER % WM (Program) fora g fean S 21

ST (Assembler)—aramn el HUEX o1 9 o 8, W ‘SR A9 B gm 00 aik
TH ‘1’ e A e 2
6.7.1 wefi 51 (Machine Language)
< st 0" st 1 3 w9 3 e g @, 3R Tl A (Machine language)’ FE & -

N
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RA2 RA{

R&3 RAO
RMTOCK  0SCH

Program.asm _sta_zoqvga el i =
vis 16FB4 wd
e Gt D I C
RB{
R82
RB3

Man

w
1w
*
"
g

3

11

RE$

RBS
[

R84

R 6.47
mﬁmmgaogv.ﬂuﬁﬁﬂwﬂgnﬂaﬂwﬂ%%vm%ﬂwg&
o A T gu ferelt T w1 Wi e 2
ﬂwﬂwﬂwgwﬂsﬂwﬂ&gsﬂ%%gwgwgﬁﬁw&ﬁ
for@ = %)
ﬂwﬁﬂﬂﬂﬂmﬂﬂﬂ%gg».%ﬁﬂ&%ﬂm%ﬂgwﬂmﬂ%
= B 2

6.7.2 graeie (Translater) ,
ﬁﬂ@ﬁ..ﬁ@ﬂ%éﬂm@@ﬁgw;@ﬂ@mﬂﬁaﬁaos% ‘0 #R 1 FEY Y
o e 21 0 3 1 ¥ w9 B Emheer SEr ¥ WY W 2
dﬂﬂﬂlﬁﬂﬂ%ggcéqog@%mggm%wng@@wﬁ
(Instruction) ‘RETURN® &1 ST Tl 81
T STvEET T TR (Translate) @ €, & & 14 bit R <0 3k ‘1 A sfEen W B E,
ﬂﬂdﬁ%gim%.@ﬂw_
RETURN 0000000000 1000
6.7.3 .EXE File
ﬁggﬁﬂ%%qg_wmo&?ﬁﬁﬂﬁgﬂw.ﬂwgﬂ
(Execution) HEd FEd 2
sqereR @] W ‘HEX? Rt R B 21 7€ I TRl H1 Hexadecimal % w9 # W
2| Tererur— test.hex’|
Aﬂmnﬁﬂmmagaana@iw.adwﬂﬂﬂ%ﬂagw_.omBBBna.&Jdﬂum_
.@mﬁﬁwﬁﬂddﬂﬁw@&ﬁﬂw_
. i%m%&%&ﬂgﬂwﬂﬂ% (Text processing) ¥ forg, foran v ® @ik
= T TE TR few W ASCII file Generate T ¥ W&/ Bl 21
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6.5 3RYmeR A Wi o1 wara a3l (Representing Nubers in Assembiey)

MPLAB r&aet wrer # el (Numbers
srefii fora ST 1 SR HE 240 | T A 2

240 decimal

OxF0 hexadecimal
b¢1111 0000° binary

decimal number dot () & Y& &t R
hexadecimal Ox A Y& &t ? 3k
binary

) # Decimal, Hexadecimal 4 Binary ¥ Y

b E Al ¥ R TSR ¥ wem @ wm

Il 6.9 3Rl 61751 & UEd (Elements of Assembly Language) |7

ST A ¥ SR 92 (Elements) T R $—

1. Labels
2. Instructions
3. Operands

6.9.1 A& (Labels)

e, S el T we w Sem ¥ e e
ferg Wfee W7 (Textual designation) Bt 1 Sreret firdt
I Program branching & it 35 fargr 1 warar €; _—Goto
¥ SAfafaa S ¥ v F W R Goto instruction execute 2 T B
W& F1 Alphabet % Rl Letter 3191 Underline ©
&1 S B @ 32 character T 8 T 31 Saet wg

First column

4. Directives
5. Comments

Y

Correctly written labels

Start
_end
P123
Is_it_bigger?

Incorrectly written labels

Start - does not begin in first column

2_end - begins with a number!

6.9.2 91 (Instructions)

AEHIFICR F FTER @ iy (Instruction) for@ 23 € @ ¥R | ¥ Instructio
34 ‘Instruction syntax’ F& §1 F9 G 3tk T a0 ¥ FT@ T Instruction TAT T |

for 6.18 : e

sl

STl HEH (Micro) jump F0F 1 TF ¥
ST 3 Set of lines %1 WR™ 9t 8 Tt 31

* % WY YE O TGN SavE
e (First column) / ¥& 21 =ifew

n forad %,

EPIEgIeR & Wl saed | 119
Correctly written instructions

moviw H'O1FF'
goto Start

Incorrectly written instructions

movlp H'O1FF'
gotto Start
frx 6.18 : Instruction
6.9.3 3ifa¥s (Operands)

Operand, = f1E9 (Instruction) Execute A 2 39% AU Instruction element BT 21 A
3 Registers dT Variables 31 Constants W

msﬁowaﬂm..mnmo: ; Program for initialization of port B and setting pins to status of logic one

onthe ®——tiVersion1.0 Date: 10,10.1999. MCU:PIC16F84 Written by: John Smith
program

; Declaration and configuration of a processor
PROCESSOR 16F84
#include “p16B4.nc” ; Processor title

Directive o—

CONFIG _CP_OFF & WDT_OFF & PWRTE_ON & XT_0SC

; Start of program
org  0x00 ; Reset vector
goto  Main ; Go to the beginning of Main

; Interrupt vector

ion of _ org 0x04 ; Interrupt vector . 2
:..oo_qﬂw_%oo goto Scnu_“*._-ﬁ H Intarrupt routine doesn't exist
#include >
Comment &—— - ; Beginning of the main program
M
|._ BANK1 ; Select memory bank 1
Label 8&———— moviw 0x00 A
Instruction & i TRISB ; Port B pins are output
BANKD ; Select memory bank 0
erand e— 1
% moviw OXFF
moww! PORTB ; Set all ones to port B

Loop goto Loop ; Program remains in the loop

end ; Necessary marking the end of a program

firx 6.19 : Operands

6.9.4 srfaesd (Directives)

Dircctives T U T % Instruction & B ¥, AT A eprrder W Rk 78 w@ ¥ 3
Instruction ST F fog En 7 g

Diggative S Variables a1 Registers 3 STanT gR1 31&qoi T S R
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FERUT—RAM 3 ¥, LEVEL fiFst Variable % T, Address ODR Weffm #an ) vy Tan noaaaaw&.‘mﬂﬁw ot feren i werm @ e fordt 3 A A R o w1 2
w&%mhﬂﬂu%“waw_w\ﬂmwwwﬂ g nnma.wmﬂw & 9 TR F ODR 7R @ ﬂﬂz mﬁﬂmﬂ“ﬂﬁﬂ_ M_ Comments f&@ <1 % 2, N 6% a2 Directive 2w forad =few) &M I
F9 qEIEA A g B a1 Directive T THR — . N R
PROCESSOR 16F84 %a%mwwg & e gﬁwwm@ﬂm_ e S o €, el fevan T o @ R
#include "p16f84.inc" T & type of oscillator,
l.ooz_qalnwloﬁhlgﬁlomblwsﬂmlozkluﬂ.u‘Omo & whether watch dog timer is turned ON o watch dog timer 3 fFan T R
% (Comments) ’ & whether internal reset circuit is enabled
il s R 3=t TER ¥ 9WEd A TR % fAe Semw gm Comments fod wmy n dﬂuﬁd&ﬂﬂnﬂz%cmaﬁ?oﬁwﬂnﬂzﬂgﬁaﬂmﬂﬂﬂwl
el Instruction % a5 ** ;" eteptert wrmaRt fer i 21 CONFIG_ CP_ OFF&_WDT_OFF&__PWRTE__ON&XT__0SC
T8 T aTavaE e 1 uRiya F fen s 2, 36 w e foe ¥E w0 e
TR Ve T% W AT O 8, R aemeeer R Address ¥ I B € iR 3E% 4R

. oy a_w . ﬁjw power Supply Start-up Y& &1 el 7€ Address @—(ORG 0x00)
s 9 F el 1 we w1 ey, F—IOH ¥ S w0 T feran e, 3% Interrupt A & A A @ @ ¥ o S WA *“goto Main’” Instruction
1 T 2, Version, date of writing the program, &g : i

o Rorad ) (S A AEFTEheer % I 4w e fern 3 e e 3 2l
j -
R T ( ) &AW Sfam e 21 FitE 3 : & ‘Main® & ferdt T Instruction, memory bank 1 (Bank 1) % Il ¥, ford TRISB register 7%
T T e ¥ iy W . . RSk TR F fo M
e TR ‘comments’ ¥ T ¥ fo@T s smEws w2 R 2 fE Amﬂsdw_mmﬂﬂvﬁw%.o%s%n%mg%_
- () sk T L .w_ (mov Iw 0x00, mov wf TRISB).
. — W Logic ‘1’ status T@Tl
,a%haan.mc__ ; Program for initialization of part B and setting pins to status of logic one e WY —IA & 0 BT &R Port B gic
u.__,n M...a ®—iVersion 1,0 Date: 10.10.1999. MCU:PIC16F84 Written by: John Smith (mov Iw OXFF, mov wf Port B).
T YR T W FE A 2
3&2%:%05&3 of a procassor o T& Loop 3ttt == F a9fey, g micro w@ .ﬂﬂw_ .M.M nmﬂﬂ..nw nﬂﬂ“—ﬁw Afwg%“vhﬁ .w afg
6FB4 : .
finclude “PAGMBAINC™ ; Processor title ¢ T 21 76 IQW F T Infinite loop FA I, ¥ Micro osnw m.m
WA Oy : iw.%ﬂ%ﬁﬂmga%ﬁ&@gﬂw.ﬂ%ﬁ%ﬁgﬁaisﬁﬂﬂmma :
Diractive ———— CONFIG _CP_OFF & WDT_OFF & PWRIE_ON& XT_0SC _
; Start of program EiE @:.m. EJM .mwm Instruction Jﬁ g nwn
og 0x00 mﬂ t vecto T ¢ T ro s Faba s e oA AN A DA S R O R el AN B A A M L P e Ta
I s st i W61 Control Directives -~ .- s T
; Interrupt vector " R e Ald A b
Famoc | +—— ’ . of text for anoter
s mecr oo Main } Intarrupt routine dossnt exis 6.11.1 #DEFINE : Exchanges one part
i Syntax :
c —— MHchde "RMEE”  « Zio Y
omment s ; Beg g of the main program P ﬁAm:on:Q text>)
Label ® I_ BANK1 ; Select memory bank 1
Instruction e- movwl ﬂﬂ“ﬂ j Port B pins are ﬂcsmbo : Cmmnzomo: s : g ifos comn LIl
Operand oo VEpISmammrL R Each time <text> appears i the program, it will be exchanged for <ano .
movwl ﬁa ; Set all ones to port 8 . +
e ample :
Loop goto Loop ; Program remains in the loop il *am@”m E«:maloz 1
end ; Necessary marking the end of a program define tume alon 0
: . ctives : # UNDEFINE, IFDEF, IFNDEF.
firx 6.20 : Sample Program Similar direct
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6.11.2 INCLUDE : Include an additional file in a program
Syntax :
#include <file_name>

#include “file_name"

Description : An application of this directive has the effect as though the entire file was cop;
to a place where the “include” directive was found. ~.n the file name is in the square brackets ivsa
dealing with a system file, and if it is inside quotation marks, we are dealing with a user m__ € are
directive “include” contributes to a better layout of the main program. €. The

Example :
# include <regs . h>
#include “subprog.asm”
6.11.3 CONSTANT : Gives a constant numeric value to the textual designation
Syntax:
Constant <name> = <value>
Description : Each time that <name> appears in program, it will be replaced with <value>
Example: .
Constant MAXIMUM=100
Constant Length=30
Similar directives : SET, VARIABLE

m.:.a<>x_>m_.m"Q<mmm<m_._nu_o:.._Bo_‘mo<m_:ano$x~=m_ aom_n:m:o:
Syntax : .
Variable<name> = <value>
Description : By using this directive, textual designation changes with particular value,

It differs from CONSTANT directive in that after applyin the directi
designation can be changed. KPIEE e cledive. the alue: teipal

Example :

variable level=20

variable time=13

Similar directives : SET, CONSTANT

6.11.5 SET : Defining assembler variable
Syntax :
<name - under score variable>set<value>
- Description : To the variable <name_variable> is added expression <value>, SET directive
similar to EQU, but with SET directive name of the variable can be redefined following a definition.
Example :
level set 0
length set 12
level set 45
Similar directives : EQU, VARIABLE
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g1 gEQU: Defining assembler constant

Syntax :
<name_constant> equ <value>

Description : To the name of a constant <name-constant> is added value <value>

Example :
fiveequ d
sixequ 6
seven equ 7
Similar instructions : SET
6.41.7 ORG : Defines an address from which the program stored in micro-controller

memory
Syntax :
<iabel>org<value> T
Description : This is the most frequently used directive. With the help of this directive we,

define where some part of a program will be start in the program memory.
Example:
Start org Ox00
moviw OxFF

movwf PORTB 0
The first two instructions following the first ‘org’ directive are stored from address 00, and the

other two from address 10.
6.11.8 END : End of program
Syntax :

m:a - . . "’ - - 9
Description : At the end of each program 1t is necessary to place ‘end’ directive, so that

assembly translator would know that there are no more instructions,
Example :

moviw OxFF
movwf PORTB
end
6.11.4 IF : Conditional program branching

Syntax:
if<conditional_term>

. If condition in <conditional term> was met, part of the program which, IF

Deactlpsis ted. And if it wasn't, then the part following ELSE or ENDIF directive

directive would be execu
would be executed.
Example:
if level=100
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goto FILL

else
goto DISCHARGE

endif
Similar directives : #ELSE, ENDIF.

6.11.10 ELSE : The alternative to ‘IF’ program conditional terms

Syntax :

Else
Description : Used with IF directive as an alternative if conditional term is incorrect.

Example :

Iftime< 50

goto SPEED UP

else goto SLOW DOWN

endif
Similar instructions : ENDIF, IF

6.11.11 ENDIF : End of conditional program section

Syntax :

endif
Description : Directive is written at the end of a conditional block to inform the translator that it

is the end of the conditional block.
Example :
If level=100
goto LOADS
else
goto UNLOADS 5

endif
Similar directives : ELSE, IF
6.11.12 WHILE : Execution of program section as long as condition is met

Syntax :
while<condition>

endw
Description : Program lines between WHILE and ENDW would be executed as long as

condition was met. If a condition stopped being valid, program would continue executing instructions
following ENDW line. Number of instructions between WHILE and ENDW can be 100 at the most,
and number of executions 256,

Example :

Whilei<10

i=i+1

endw
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61113 ENDW : End of conditional part of the program

Syntax:
endw
Description : Instruction is written at the end of the conditional WHILE block, so that assembly

r would know that it is the end of the conditional block.

whilei<10
w“TTH

endw
Similar directives : WHILE.

6.11.14 IFDEF : Execution of a part of the program if symbol was defined

Syntax :
ifdef<designation>
: If designation <designation> was previously defined (most commonly by

Description :
4DEFINE instruction), instructions which follow would be executed until ELSE or ENDIF directives

would be reached.
Example :
#define test

ifdef test ;how the test was defined
......; instructions from these lines would execute

endif
Similar directives : #DEFINE, ELSE, ENDIF, IFNDEF, #UNDEFINE

6.11.15 IFNDEF : Execution of a part of the program if symbol was defined

Syntax :

ifndef<designation>

Description : If designation <designation>
erased with directive #UNDEFINE, instructions

ENDIF directive would be reached.
Example :
#define test

#undefine test

ifndef
; instructions from

directives : #DEFINE, ELSE, ENDIF,! IFDEF, #UNDEFINE.
K : Defining a block for the named Constants

was not previously defined, or if its definition was
which follow would be execute until ELSE or

.Hmm" ;how the test was undefined
these lines would execute

endif

Similar
6.11.16 CBLOC

Syntax :

OU_Onx HAnma
<labe

m>]
|>[:<increment>], <label>[:<increment>]......
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endc ; .
Description : Directive is used to give values to named constants. Each following term

. . 3 —.OOﬂ.

a value greater by one than its precursor. If <increment> parameter is also given, then valye m?o”. b

<increment> parameter is added to the following nonms.z... . N in
Value of <term> parameter is the starting value. If it is not given, it is considered to be zero,

Example:
Cblock 0x02 .
First, second third ;first=0x02, second=0x03, third=0x04

endc
cblock 0x02
first : 4, second : 2, third ; first=0x06, second=0x08, third=0x09
endc
Similar directives : ENDC
6.11.17 ENDC : End of constant block definition
Syntax :
endc

Description : Directive was used at the end of a definition of a block of constants, so assemb]
translator could know that there are no more constants. Y

Similar directives : CBLOCK
1.11.18 DB : Defining one byte data
Syntax :
[<label>]db <term> [, <term>.,.....,<term>]

Uanlﬁmg : Directive reserves a byte in program memory. When there are more terms which
need to be assigned a byte each, they will be assigned one after another.
Example :

db‘t', OxOf, ‘e, 's', 0x 12
Similar instructions : DE, DT
1.11.19 DE : Defining the EEPROM memory byte
Syntax :
[<term>]de <term> [, <term>,.....,<term>];

. Description : Directive is used for defining EEPROM memory byte. Even though it was first
intended only for EEPROM memory, it could be used for any other location in any memory.
Example :

org H'2100'
de "Version 1.0”, 0
Similar instructions : DB, DT
1.11.20 DT : Defining the data table
Syntax :
[<label>] dt <term> [, <term>.,........., <term>]

Description : Directive generates RETLW series of instructions, one instruction per each terms.
Example :

dt "Message", 0
dt first, second, third
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Similar directives : DB, DE

m.g._.na CONFIG Setting the configuration bits
Syntax :
\..nonzmAazav or__config<address>,<term>
pescription : Oscillator, watchdog timer application and internal reset circuit are defined.

Before using this directive, the processor must be defined using PROCESSOR directive.
Example: 3

_CONFIG _CP_OFF& WDT_OFF& PWRTE_ON& XT_0SC
Similar directives : _IDLOCS, PROCESSOR.
6.11.22 PROCESSOR : Defining micro-controller model
Syntax :
Processor <micro-controller_type>
Description : Instruction sets the type of micro-controller where programming is done.
Example:
processor 16F84

6.11.13 Files created as a result of program translation

As a result of the process of translating a program written in assembler language we get files
like :

« Executing file (Program_Name.HEX)

* Program errors file (Program_Name.ERR)

» List file (Program_Mame.LST)

The first file contains translated program, which was read in micro-controller by programming,.
Its contents cannot give any information to programmer, so it will not be considered any further.

The second file contains possible errors that were made in the process of writing and which were
noticed by assembly translator during translation; process Errors can be discovered in a “list’ file as
well. This file is more suitable though when program is big and viewing the ‘list’ file takes longer.

The third file is the most useful to programmer. Much information is contained in it, like
information about positioning instructions and variables in memory, or eror signalization.

Example of ‘list’ file for the program in this chapter follows. At the top of each page is stated
information about the file name, date when it was translated and page number. First column contains
an address in program memory where an instruction from that row is placed. Second column contains
a value of any variable defined by one of the directives : SET, EQU, VARIABLE, CONSTANT or
CBLOCK. Third column is reserved for the form of a translated instruction which PIC is executing.
The fourth ; column SE»E.W »mmomuc_.nn .Em.zdnmosm and programmer’s comments. Possible errors will
appear between ToWs following a line in which the error occurred.




Makro: Probha.lst

:18: PAGE 1 5
.ASM 4-26-2000 7:18:17 o
MPASHM 02.40Released PROBA.AS . : R
EXT Y
LOC OBJECT CODE LINE SOURCE T
VALUE
00001 ;Progrem for initialization of port B and setting its pins
00002 ;to the state of logic e
00003 ;Version: 1.0 Date: 10.05.2000. HCU: PIC16F84 Written
00004 ;by: Petar Petrovic . X
00005 4 o L HO
00006 ;Declaration and configuration o e processor .
00007 PROCESSOR 16F84 |
00008 finclude "pl6f84.inc" ;Processor title
00001 LIST
00002 ;P16F84.INC Sctandard Header File, Versiom 2.00 Hicrochip
;Technology, Inc.
00136 LIST
00009
2007 3FFl 00010 _ CONFICG _CP_OFF & UDT_OFF & _PURTE ON & _XT_osc
00011
oooc 00012 CONSTANT BASE = OxOc
0Qol3
00014 ;Start of a program
0000 0001S org O0x00 ;Reset vector
0000 2805 00016 goto Main ;Go to the beginning of the main Program
00017
00018 ;Imterrupt wvector
0004 00019 orxg 0x04 ;Interrupt vector
0004 2808 00020 goto Main sInterrupt routine does not exist
00021
00022 ;Beginning of the main program
00023 ginclude "Bank.inc" 7 File with macros
ooool ;*Qi***t”***'*f""’Qtf”*i‘"'"Q"*"t'"'"',”’”’"'f’t’
00002 ; Hakros BANKO and BANKL
00003 ;ﬂ!****t’t"**fi"Q**?*QQQ*’"*”*f**Q"*"Q"**"Q“*’..”QQ’
00004
0000 0o0l0 00005 W_Tenmp set BASE+4
0000 00l 00006 Stat_Teup set BASE+S
0000 o012 00007 .Option_Temp set BASE+6
00008
00009
00010 BANRC macro
00011  bct STATUS ,RPO ;s Select memory bank 0
00012 encm
00013
00014 BANK1I macro .
00015 bsf STATUS ,RPO ; Select memory bank 1 .
00016 endm
00017
ooos 00024 HMain
00025 BANRL ; Select memory bank 1
000s 1683 H bsf STATUS ,RPO ; Select memory bank 1
0006 3000 00026 movliw 0x00
Hessage(302]: Register in operand not in bank 0. Ensure that bsnk bits are
correct. )
0007 o0ss 00027 movwf TRISB ;Port B pins are output
00028
00029 BANKO ;Select memory bank 0
0008 1283 N bef STATUS, RPO ;Select memory bank O
0009 30FF 00030 moviw OxFF
000A 0086 00031 movws PORTB ;Set all ones to poxt B
00032
ooas 280B 00033 Loop goto Loop ; Program stays in the loop
90034 rogram
00035 Emp ;Necessary marking the end of a prog
MEMORY USACE HAP ('X' = Used, '~' = Unused)
0000 x“"MOOOOO(---- e - o e o i
2000 : —eeee Ko mmm o o TR e s
All other memory blocks wunused.
Pr
Proyem emory Words veas:
emory Words Free: 1015
Exrrors: ‘0
W, >
x:::i.m': 9 reported, 0 swpressed
s 1 reportea, 0 supressed
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At the end of the “list” file there is a table of symbols used in a program. Useful element of ‘list’
file is a graph of memory utilization. At the very end, there is an error statistic as well as the amount

of remaining program.
Table 1 Assembler Directives
" Name of Assember Directive |what it does? | Al FOr e R RS | s e A
END end program
DB define bytes FCB
DW define words FDB
DS define sotrage RMB
EQU equate
FCB form constant byte
FCC from constant characters
FDB form double bytes
ORG set origin
RMB reserve memory bytes
#INCLUDE include source file
SINCLUDE include source file #INLUDE

The <OPERAND> contains a value, an expression, an address, or a label that the opcodes or the
directives need. The operand could be up to 4 bytes long, separated by commas. Some opcodes or
directives do not require operands (inherent mode).

The constants used in hex, decimal, binary, or octal numbers. Table 2 gives the assembler
symbols used to this purpose.

-~

Table 2 : Assembler synaibois for coastants

Symbol Meaning Example
$<number> hex number $A1
<number> decimal number 20
%<number> binary bumber %11001010
<number> octal number @73
‘<string>’, ‘<string>’ |ASCII string ‘A’ or ‘A (the latter does not work with #INCLUDE)

The expressions used any of the operators listed in Table 3

Table 3 : Assembler symbols for constants

Symbol Meaning Example
- unary minus -4
& binary AND %11111111&%10000000
! binary OR %11111111!%10000000
b multiplication 3*$2A
A division $7E/3




|
|
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* addition 142

2 subtraction 3-1

@) parentheses used for grouping [3*(1+2)

Important convenstons used are given in Table4:
Table 4 : Assembler symbols for coastants

Symbol Meaning Example

# immediate mode (IMM) #SA3

: start of comment line and of|LDAA #$FF; Load accA

. comment inside a program
statement

* A alternate sign for start of|*This is a comment
comment line only

X index X mode (IND,X) LDAA TFLG1,X

Y index X mode (IND,Y) LDAA TFLG2,X

The <LABEL> is a very powerful concept that can greatly simplify the programmer’s task, The
<LABEL> consists of a string of alphanumeric characters that make up a name somehow meaningful
to , the programmer. The placement of the <LABEL> can be in one of the following positions :

1. In the first column and terminates with a tab or blank character.

2. In any column and terminates with a colon (:)

There are three different usages of the <LABEL> :

(i) To assign the name inserted in the <LABEL> to a location in a program. The <LABEL>
will be assigned the address of that location.

(ii) To assign the value of an expression or constant to the name inserted in the <LABEL>
using the EQU (equate) or SET directives.

(iif) To define the name of a subroutine (macro). Essentially, this is the same as 1), since an

address (the subroutine starting address) is assigned to the label.

When labels are assigned to certain addresses, one can tell the program to go to that address by
referring to the label (case | above). Alternatively, one can use the contents of a certain address by
referring to its label, just like when using variables (case 2 above).

A comment is prefixed by semicolon (;).When the assembler detects an semi-colon, it knows that
the rest of the line is a comment and does not expect any executable instructions from it. A comment
can be a separate line (comment line) or can be inserted in a program statement. A comment line can
be also prefixed by an asterisk (*). The comments, either in the comment field or as a separate
comment line are of great benefit to the programmer in debugging, _maintaining, or upgrading a
program. A comment should be brief and specific and not just reiterate its operation. A comment that
docs not convey any new information needs not be inserted. When writing a comment, use lower case
characters, L

A program written in Assembly language is called source file. Its extension is .ASM. When the
source file is assembled, two files are generated ;

l. Object file that can be run in the micro-controller. .35. Z.o"oqo_n object file is in
ASCII-HEX format. Its generic name is *S19 file’. Its extension is .S19

ARBIBLITR & Wf ey | 131

2. List file, extension .LST, that contains the original code in Assembly language and the
corresponding hex codes resulting from the Assembly process. The list file is used by the
programmer to verify and debug his/her coding of the program.

The .ASM files can be opened, viewed, edited and saved in the THRSIMI1 application.
Alternatively, m:. three file types (ASM, .IST, .519) can be also processed in a text editor, e.g., the
Notepad application.

Examples of .ASM and .IST files follow.

Addressing Modes : Inherent Mode is implied and requires no programming action.

Immediate Mode means that the number contained in the operand will be immediately used.

Direct and Extended Modes use the number contained in the operand to signify an address where

the required information should be retrieved from or deposited to. The Extended mode is
automatically used for addresses greater than FF.

Index Mode is used by adding the operand to the value already existing in the Index X or Y, as
selected. In this case, the operand acts as an offset.
Relative Mode uses the operand as an offset relative to the present Program Counter value.

gy
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1. TEhEReeR ¥ YW fae % geE s & avi sifsa

2. TEREERR ¥ f5E ¥R w1 wiweas wan e s €2
3. TEFELER H C 1 ASMcode f5FE W ZHAWT (Transfer) fy v 27
4. ThvEREh S S w2 w82
5, i w2 F e sifae—
1. BYiH waw 4. Mnemonics
2, e e 5. Directives

3. TEAR

6. et draw ¥ Wum famn g feE-fem adi 1 =m v A (Basic rules ¥
fafa) ?

7. 8051 WEAESIER § Analog data F Digital data ¥ wZeit % faq ADC S fafiaw

Q



. 7.2.1 28R ¥ (Temperature Sensor )

..........

PN
& Z ‘n' ..... .

/31ITYT FexGyy.
(Inputioutput interface) m

e -

SYLLABUS
Sensors, 7-segment display, LCD, LED and relay.

— e ey

et Lo

1.“.‘[.% Amﬂ—.—woﬂﬂv.ﬁﬂ 2% |l|‘||..-.|.H.|A 3+ L , p 5 dceina\ Ve LY SIS,
¥ T T I 8, S A A T R A W ey e ¢
foreet = A 1 A ST H T 4 s R e e ¥ (s W i
3@ § wfafda fa @), dfF 39 Afve W an ¥, SR—wrw T, T e v
ﬂaw_@ﬂﬁmﬁmaﬂsﬂaw_@ﬁﬁnﬁ@ﬁg&ﬂwﬁ@%ﬂaﬁﬂi

]
H— I T F S, I9A, T4, A @R f FE T e

B 7.2 3R & 7R (Types of Sensor) ||
1. 28<R §WT (Temperature sensor)
2. I W (Infrared sensor)
3. Misafie dat (Proximity sensor)

4. 3R ¥ (Pressure sensor)
5. %9 §H (Level sensor)
6. %1% 3R 79 FW (Smoke and Gas sensor)

7. SIS WE (Ultrasonic sensor)

T HW F 37 et o e F A B W
% fe o < €; SR—afs o Rt frremg & ©a TF @
TR T H R, W IEF 0 7 38R Y F ST
ETGR &

T T i ThR—3E Y H e w1 9 sgEn )
fF s 21 2 I B @ Aew A Sz o o B /
A T A AuF G W e F Wy # wRad w
w.%wﬁdy@ﬂwgﬂﬂm@%dﬂgﬂ
Il S 2
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722 #%Re ¥ (Infrared Sensor)

za T H IR sensor M FT ¥ 7% T TR S G 21 T AR F I AR
aﬂn%m&mjﬂmﬁﬁmﬂgg? IR sensor & 31 91 € €1 TF IR Transmitter & THU

R Wana?nn%_ﬂ_ 21

R 7.2 : IR sensor Aigge
IR sensor 3 T4 T &1 Al@T—afs 39 FH IR sensor FI @I €, A 39! T4 2 LED

fedf 39 S 1 STer-37e i e 2

No Object Present-
No IR light detected by sensor

Object Present-
Reflected IR light detected by sensor

fm7.3
LED ¥ Tiaiiex g &, St 9 g H Yewgm M A9 = w1 war €1 39F 9% d
ﬂdﬂﬁ%%ﬂﬂﬁ%ﬂgﬁ@a@ﬁ%wiiﬁﬁm%waﬁﬁim_ﬁ%
T 71 Yo F 4 A A 2, A 39 v e R 7 @ v e € ol W wwE R
.mnsmo_.ﬂ.mmﬂd_w_

7.2.3 wif¥afel I/ (Proximity sensor)
ot @ e & R B W A 3§ el SR 3@ a1 Wi @ oad

B’ e 2




Rm7s: Proximity Sensor

STRUT—AT @ T fF 59 a9 A W A\ A €, 2R I Y WG 99 dand 5 56
U S R, W B T age 9 3 W #1 9e T Wit F9 F s 3 @ o

Vit det & yam (Types of Proximity Sensor)—

1. Fewiea Mt (Inductive proximity)

2. SR S (Capacitive proximity)

3. Wrifes Tifraid (Magnetic proximity)
7.2.4 "R AW (Pressure Sensor) 1

SR ¥R F Tgd-Q R W I 5w
FW A 7R Y o f e F IR (@) F O
T S T 2

IERO—AH F4 fFd aed F o ° T
wag gl W Tl W g @ s owm e
B 2, I F R T s T v ) 39 99
S HEIR 2R F 37T N T w2, I @ IR FE e ¢

@A
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7.2.5 o@@ I (Level Sensor)
el A % T D E TR T R A AT T 1 F

Ry 7.7 : Sae JAX (Level Sensor) il
@uﬁ@ﬂ%%lﬁﬁiﬁg&waw@mﬂﬁwﬂwﬂ &
T W 2, 79 T A YW T v o 81 7 e ft TR & A F 3yan e S g

R

o 7.8 : taw IR
sﬂﬁw%im&@ﬂ@ﬁﬁg@agw.gﬁﬂawﬁr@
Ummv_mzﬂ%&%ﬂﬂﬁm%mmwgﬁdﬂﬁ:gw_
Srae daT & W (Types of Level Sensor)—

. wféz Sre FaL (Point level sensor)
5. T Taw AT (Continues level sensor)

7.2.6 @ AR i1 |- (Smoke and Gas Sensor) .
. .iﬂﬂ&ggﬂﬁ § T %) 9% TR IgI-d A B W 0 o gEA @ @) e qWm
reaeH A, Taitem, WA, e, T o e A A R

A




Trdm—afz T W W € AR T @ E, 5 T e @ i @ @ R, R s
& T AT (MQ2) F Weg R Ta1 F §Hd ¢, 1 anad § 1 i ¢ 41 7
g FR F1 FEG S ST TR HI F ¥ F o o R
7.2.7 3cgm® W) (Ultrasonic Sensor)
79 A T 39 <l A fa S d—
1. fereit oft ag 1 Sufedfa var a3 H
2. forsit 4t 95 1 g0 T FA A
SEEIF §R F qe I fevH o @
9 & fore & e < 21
3 TR & < G W e 8—
1. TR qRE
2. fd dm
Frifafr—zedd dwA em s @
HETIfF W A I €1 39E AR a% Ve /N Ground
g & A F 2, F wead e e A Trigger  Eho
MMJM T (fwee) ame frdiae dem & e 7.10 : IEgRItE [ (Ultrasonic Sensor)
I

¥4 WFR ultrasonic sensor ¥t st avg =1 g0 &1 vam FX e 21

Transistor - /
—Nmﬂmm<mﬂ - \

U.s U
......

W\W\mﬁ%\w@?ﬁ%ﬁ%a Display) e R e
7z fefea =1 - gamedi = fefsz @1 Alphanumeric 7 % wefifa

0 F1 T IIIE FAAH {1 F9H FW 7 LED @ LCD = At £, F «%/

iz #ed €1 LED # A Point 3 ¥, f° 3 w 91 Cathode w TR R

Anode Fed € Fh & ST TR B (Decimal number format ) 3iaiq N

(0-9) T (A-F) H1 W= o st 21

adl LED 1 3051 % 8 91 Te #t% wifers ®9 & 7@ W #1 W :
<1 LED 1 T1 & 41 4t T < )
T F 8 TE FAE A T, B A | A T 2 F R 742 33 e

21 2, A% W FF LED ¥ fau 81 &1 7% sHfefiaa qomen % fow w@ PN
7@ & LED & Point f&an g )

[ 7.4 3 e ¥ & WO (Types of Seven Segment Display) | /]
ffef@d < ¥R % Display 991 & 3962 21 —
1. ST &are fS&et (The Common Cathode Display ( CCD ))—3 A dre feqat s@fag

Fgd &, FfF $9% 8 LED & Fot 8 v Wi § | S F199 95 o1 8, 9% DA F faw 2 2.

safa ‘0" AT F o 2 ® | St i fo w1 waAfE o 7 ieE @R ¥ faw en
%, fera® Wel%h LED % fou stem-arem sqe e sman 21

Common Cathode

T
”W ”W ”W”W.&w MW”W Z.W

R 713 : B s Rt
2. T wArg fe@et (The Common Anode Display ( CAD))—3% #in4 Fdre fevat =1 fawda
B 1 39 LED ¥ 8 FaH WigH H ¥ S ©F i iz € 2, % Tie o ® g 1 F fe
M ¥ wafs o 7 T, s F v @ R, Y wd% LED % fore svem-stem T fean s @
| T0% Wi LED @13, be ... alphabets ¥ 751 Waw Mark i s 21
Common Anode

EERENN

R 7.14 : 39 wiE et
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fust 3 Alphabet 3 STHR T e LED # T & @ T &1 ¥6 MR T TH Mew) 7.8 foiferas foheeel %@l LCD (Liquid Crystal Dissiay ) 0
¥ 4 display mWﬁ“—nw.. a1 #-99-9 LED F1 Glow T =IfeUl % f,g bc 3 R LED ¥ _nﬂ\ﬁlu\y e e -EF—-DC—Q qu~ﬂ— U—MW.—D<V AR st AR
Wer W &H digit4 Wef¥ia g

@@w@ﬂdwﬁ@srncﬁﬂa (Matter) #t 2 sTaeenati, 3 2R 59 &1 Hdrs & 2)

i@ # G e w9 T ¥ fay s we frew w1 s e a2 e S feedt

\/“ T e 5 G 3 4, e w4 W Ay s @, 99, S 9 ok
e difed M H ITM 6 ¥ Hde-X 77w (CRT) T 5 gorn 3 LOD siferss e 2 1

F B fafaae free fovat =8 vl & o1 o 2, ol @ ydia U7e fFeet (Polarized panel filters)

vt FrE B ¢ WHE T W Ivm e s R—AeaE W 9 99 R

xghu | sl 8 o w1 fRee 9t 36 2f (Gray-scale image) % WG TA FH™1 F1 Ao TH
C

%Ano—oaﬁaum&mﬂﬂ.w_ﬁ%ﬁ%ﬂnﬂ@m@%».
e & el ﬁw_ﬁﬁgmﬂmﬂﬂﬁjﬁwgﬁwﬁ matrix display grid) 7 U& fifera weeiq
fire (A passive display grid) § @ ¥ 21 TR ) sfiww e TEAE § wbeg A feu
/\@ 9 1 TT FF S 2, o FT T feud ot ot fifera feedt fre feer @1 SWEM w@ 81
Sy RIS TR @ ®Y A fafEs frea foom 7is ® @@ e € fafes &
e 7.15 T W HAE-t A F g A 9 e F @9 o F G e 9 21 ks frea fee
9% foe oy f=1 @R %1 9 WROR (Truth table) st =1 wa R 39 Wi & 59 LEp = G YW 3cEiSd (Emitting light) F01 F ™M W YFW F1 3956 F1 § fGa@ (Principle of
Value 1 €, 3791 34 FE1vH § 81 =1 feafa § 98 TFarSHimer o 91 Alphabets S&fefa g | blocking light) T FH Tl 81 CordE! F1 dFelze F1 JEWEHT 26 ¢, FH T8 TH H G
————— 5 ™ T FT | BH AGEA 39 ITHN F 3G FQ €, FFH LCD Display Bl ® Hdrg 248 ToEiEl
Segments Inputs 7 Segment Display Output ) e & o U A & A W 3R g o 2 R
d | e

o 7.9 LCD @ FRE (Constructionof LCD) 1
LCD aA1d 993 T 92 W faur fan s =nfee—
I. LCD %! W& H{=A & Tess Fie (Applied current) ¥ axaa frifim fan s =nfew
2. ¥ siFa S (Polarized light) FT TY4M T e
3, fafeae frea = U9fm &0 & fog 6 ity =1 frdfe =01 & 95m 39 =fee @
i TR H age H ff wam e =fen)

=== o

0
1
0
0
1
¢ _z__._.%.u.u‘
0

1

0

o O O = = O O O ©O o o

f
0] 0
1 1
0 1
1 1
1 0
1 0
0 0
1 1
0 0
1 1

o O M lio O o O o == = 8

1
1
2
3
4
5
6
7
8
9

o ©o o 0o © © © = © © o

0
1
0
0
1

0
0
0
0
0

0
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7.5 33 Ric Rt & argrai (Applications of Seven Segment Display) |

1. Seven Segment Display ®1 wam fumat fefed FATA, TR ey, fefsed
wgl, sienie, wg e, afk # S 2

2. sawﬁuﬂaqgw%%ﬂﬁ%ﬂ%w.ﬁ?ﬁmgﬁ

_ nhe

- iocir

OE s ryst

Eatlee thYer A8
@AY 9gd F9 Bl B -




140 | mrgmrgier os TS Ren

S fr s s fea T ¢, Fr o ffee fRed TR W QA Gl S gy
g%w.%%ﬁ%ﬂ%@ﬂi%w.%ﬁﬂ%%@ﬂﬂﬂ%
s m&ﬁqﬂa@mﬂﬂﬁﬂﬁnﬂ&%ﬁ 778 (Microscopic grooves) T g =) M#wd.
fren % oA fow & O wfew @ & gEEa F9 & gAR R # W W W any
% fiFeel (Pneumatic liquid phase crystal ) F1 T T FI SIS AN WG wnmﬁﬂﬁﬂ_ﬂw
sfafa=arg a_ﬁnomnuamoavwndﬁnwam.ﬂwﬂﬂﬂﬁ%dﬂ%ﬁﬂ%ﬂﬂw.ﬂmdﬂ
ﬁwﬁwﬂﬁ%mﬁwﬂw.&ﬁ%%wﬂﬁaﬂﬂﬂﬂg%%ﬂﬂg
ﬂﬁgﬁ_s@ﬂﬁaw%@ﬁ%ﬁ?ﬂﬂsmgwﬁw%ﬂaw_ﬁg
nﬁaiﬂﬂmwaﬂn@iﬁaw%ﬁﬁuﬁﬁmwuﬂ@aﬂmﬁmﬂ@g@ﬁaﬂﬂ
1 A A TH F Y FEW & F F A T FGGeN b AU SR T T o
T 3 o7 % 9 7% W & A ¢ T AR A @ E, D o1 F w0 R s v g

o 81 v T feary ¥ AW F0 F AT FG a0 WA L, 9= ydwa s B )
71 3ifem T ¥ W o @ ESAREEL

Wiz 10/ Lcois iRt (Working) i S0 Ao T e
LCD 71 faer 4% €, i va & fige 90 91 wa fred 9 w o

sﬁ:@ﬁaw_ﬁnﬁsw%sﬁ%ﬁaw%ﬁﬂiﬂ#ﬂ%&@%ﬁwﬁ%ﬁmﬂm
et & im § o et 1 01 70 @ SROTEST LOD F @ W 49 % wom Y e
T F 9 T F A ad I AR ¥ R T R & e R qe ¥ e @)
g_rncgﬂaﬁwﬁwwauaﬂﬂiw_rocﬂﬂasﬁwﬁﬁﬂnamwm
T WS A S A B RIS O Seam-fea-siwae ¥ W A 2 A SR @ 9
..,»ﬂ.:m&ﬂgwﬁﬁm&ﬂﬂaégwﬂﬂ%ﬂgw;gﬁﬂﬁﬁ

Wi

T RS F W W F g e
I 2, R T, @ ol g e
T WA S A O s wd ww
W 1@ T wE  we T @

—

H AR AN 9 R amE ¥ ey N
S e
! A
B

,.\ N . III
/ - Crystal molecule™~

i N

<.
"

Vertical filter

.Io:No:nm_ filter
= 747
T LCD ¥ F T ¥ o o &1 T uh eRsw, JAE W, LCD W, wawaiy

FARE AR B B (An LCD panel is made of many layers. These consist of a polarizer, polarized
glass, LCD fluid, conductive connections etc.)

V'~ N

d
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%Aﬂ@.nﬂsw.%giﬂﬂﬂﬁ%mﬂggw.?ﬁw
foTREE T N P i e % w9 % @ #1 (Polarization is a process in which
the vibration of light waves is restricted to a single plane, resulting in the formation of light waves
known s polarized light.) :
fr fafe e = = & W W 2, % W w0 F fan aed s ek R
AT Al 21 LCD e ¥yl Wi ¥ W2 wn ¥, f i 3 fafae G i o 2
@ A0 T G AFa T ¥ TR 2 iR e frea s W freg aw an e 2, 33

i W TN TR ¥ HiEd w0 2, B adiee o v v 9 T T @,
Mw%ﬁﬁ%mﬁﬂw_ T o

711 LCD & ¥R (Types of LCD)

7.11.1 Raws FiR® A< (Twisted Nematic Display)

TN (fea=s Fifes) LCDs %1 swcd amardt A frm o1 o € 1 3w offis e g
i fFe SR €, T 3 o feedt g § T@ 3R Quick response time 9@ B ¥ 3 fev
T TS THEA E 2, 6 T % e % W9-9i9 A $ZRE WA (Partial contrast ratio),
@Y F F (Viewing angles) 3R Fer &1 foieawm g 21 afF, ¥ suem 3 9em & fag
e §1 3 wwaE A foed €, /240 7 H Iveren 7 7 fora @ Figne N e 3 21

7.41.2 s9-2 Raftim /@ (In-Plane Switching Display)

e L3 T

e e
28 LA S LN

1PS forat 1 a® 37991 LCD Wl Wil €, Fife A 2=t T8 oW, I99 @A & i, e
Fr ffged 3R Sebe W 7@ € A el sfiew oies feomm ol 9 o= s |
I fRe o ¥, TerdEl W W i wer F follewm & fau sfawan i ol 9 sEesa
B B

7.11.3 adioa vaRric U9a (Vertical Alignment Panel)

AffFa sEETe (VA) T faee s ot s-on fafin T 2t & 9= 3 o ?
7 a3 TN R ¥ ferd Fi ge § 3= AW 9 Wed F 99 9%add Viewing angle 3
Fer foireswA B 21 3 el @ W wiafEn e w21 3 3 swEm & fon agn v st
iR g o 2l

0 e = G faes T fouwt i gem T R i F we-we dew O F e
Te= w21 o FFRE §@W (Crystal alignments) TN ¥R % ferat #it gomn § Sem
Viewing angle 23 ¥1 ¥ fovi T 223l & wa o ¥, Fifw A o7 foedt A qom § N AW R
o e e R T A W e <A ¥
7.11.4 weais B5st ies Rafim LCD (Advanced Fringe Field Switching (AFFS))

AFFS LCDs , IPS fee@l 3 gt & o) o7edl Woidw 3t wen folesn 3w a8 &
ser w0 81 AFFS F R g8 38 ¥, ¥ A Viewing angle W T fru fir

erfadE # FH F R T AR W, 79 Feut T I vou P ol snewmi e
e TSR % e (Viable airplane cockpits) ¥ foan s #1

N
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7.11.5 ¥R 3k ofiea ARaw RES (Passive and Active Matrix Displays)
?.»mﬁ%rncﬂ%ﬁwgaﬁgw.a@rncﬁﬁmaamﬂaﬂ
mﬂ@sﬂﬁ.ﬁ%ﬁﬁ%&%@mﬁﬁgw%ﬁ&ﬁﬂwﬂmﬁaﬂn@
aﬂ%aw.&@im%ﬁ%w_ﬁﬂaﬁﬂﬁﬂﬁw.ﬁ@ﬁiﬁw&
Sfam-fe- SiTEs S T e W 1 ST Hh ST H W ¥
ﬁ&mﬂgﬁ%%ﬁ%ﬂgw?%w.%ﬁgmgﬁaﬂﬂn
.%_HQw&ﬂg»_@mﬁﬂmﬂW%%ﬂmﬂ&QW%agw,iﬁﬂ
#mﬁﬂﬁ.ﬁm&ﬂs@ﬂ%&ﬁﬂgw:nﬁﬁﬂﬂwﬂﬂnwﬁﬁmﬂ
Id HT e | - b
wfFg-Hfged FFR % LCD Y& &Y ¥ TFT (Thin Film Transistor) W sk a2d &) 3 =
%g%wﬁ.ﬁﬁaﬁ@ww,%ﬁgaﬂﬁmmﬁwﬁ_wﬁ
7 s 3 T @ 9 2, A T T T e 5 A 3w R o ) §
Rt frae @ WA (addressed) FFA 1 W, TS W % SRRE TR T o m o
e #, 7@ e e & et = fre 81 "
W7:12]LCD & o (Advantages of L) I
LCD ¥ frefafas amm 8—
¢ LCD¥ CRT &R LED #t ol § %% wrn ¥ fasrell 23 @wa o1t 21
¢ LED # go ¥ fevat & faw LCD ¥ $9 =iy o) &)
¢ LCD %% @[ e 2t &
¢ IFR FIR WH W 2
+ #Urs-1 Zg9 3 LED #} qe § LCD waeh @ik wet ot 21
I17:13 LD & o (Disadvantass of LoD) 1 I
g W WI —— e L T T L T NP IR.
< Jfaftem yFm 6 91 sEvasa et g
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i 7.19 : Light Emitting Diode (LED)
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Free electrons jumping from
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* f7.20: Process of Emission in LED
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[l (Types of LEDs Depending on the Material) |

Light Emitting Diodes fi@eaX FmSe arl T6% &oh 11 3k oM ¥ a@%e LED @ &

YR W FHe fee feay on §1 fafi wor ¥ Sfimeay, vig ol 9 wyss # faae 9@
¥em § LED W@ 21 €1 378 4 g9 A9 feg ¥ —

< Zinc selenide (ZnSe) )

< Gallium Nitride (GaN)

% Gallium Phosphide (GaP)

< Silicon Carbide (SiC)

< Gallium Arsenide (Ga 4s)

< Gallium Arsenide Phosphide (Ga AsP)

M 7.22/LED & o (Advantages of LED)
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Electro-magnetic attraction type relays, Rectifier relay, PMMC relay, Gas actual relay, Numerial
and micro-processor based relay, Reed switch relay, Static relay, Solid state relay, Frequency
monitoring relay, motor load monitoring relay, Liquid monitoring relay, Machine tool relay, Mercury
relay, Coaxial relay, Contactor relay, Mercury wetted relay, Multivoltage relay, Safety relay,

Polarized relay, Over voltage relay, Time delay relay, Over current relay, Vacuum relay, Buchholz
relay and negative resistance relay,

1“.4.»4 w&@?ﬁ.&d (Uses of Relay) : ;
1. T & B9 Circuit 801 @ o F ¥ 3% Circuits (IR99) 3 ON Or OFF FtIl
2. T4 Circuit ¥ fageia w9 & forn 92 gw 3§ Control T #H Tem Bt 21
3. F9 W G FF 9ga AU fagd ufE S Control T TEHA €
4. |l automatic ITHFN ¥ & w1 swEM fFa W 2, Afed 9 Iumn A @ & SwEm
R fF T R, 9 el e e fagd 39 (Electric iron) ®1
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2. TSR ¥ 7-amiw ferd fem weR Seh? = St
3. WEEEeR ¥ LED 3R LCD fag wr sirgh?
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8.5.1 wiE @9 # loT (loT in Smart Home)
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8.5.4 B F IoT (10T in Agriculture)
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Connected Car 9% =Te 2, W @4 waweM, T@@E & 99-919 3@ do R 3
FARFL F1 3T 0 W 3 s 3 ferw, s S ¥ it

w&ﬂm&ﬂaﬂﬁﬁ%ﬂ#ﬁﬂzwgﬁﬂaﬂ%%%mgﬂaw_

T WEE A FR A 0 P e o ww €, T B @ W W w0 ok o @

-3 anfE T waha 8
AYFN TG iR FtE e wR % wAEE W FE W W ¥ da
AR, T, T WY e S § seh T P e WA R R Y =
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3.5.6 ¥ Riél # 10T (IoT in Smart City)

e fft o e TAHE /1 e o i # v ¥ o W, S—,
faerelt SR, SHF, FEH T oo gt wenel &1 farw fea o1 wwa #)1 Intemet Of
Things 1 T&% ¥ Web Application ¥ Sensor FI ST Fh ITY HI-TIRRT & Slots 91 THd €
8.5.7 FIFIATA ¥ IoT (loT in Hospitals)

Hospitals 3 Treen &9 ¥ 20 sifw firg =t wew ergeria €1 s %S9 oK e@
1 #0 @ & FE-FE TG F A0 F qe i RoEg w1 e @ s §1 1oT e # fed
A AfTE T e ot SAIHIER o 1 i Siaet oF Tean 3 o weraw o @ 8

[ 8.6 10T ) RIS (Features of foT) i

b e 4 b —— am

FATEfaS (Connectivity)—FafRfad &1 319 2, IoT @™ & IoT H1 IR IYHWI & &4
@ HIO1 FARE T FEN S GR 71 FASE A G 81 IoT STHON Hi Sigt F e fyeawd,
e @i w3 Ay Sl e Fse % wie TS e HeR F ST e ¢

AATATERAT (Analyzing)—IoT STHUN &I e w1 & a2, feamy ¥ wH@ g =R
areafas T B faveror w0 39 Business intelligence Fafor 3 feg swdm vt €1

anfEwmiyrae gRfeo® (Artificial Intelligence)—IoT TGt Hardware, Calculation &R
Software TF T @l ¢, S IoT fEam® = T2 == B1 T8 TRVl B AUA G@SH - ag T,
< Tyl o fedh i feafa & afenm 7% ¥ s 33 F S I 2?1

WA (Sensing)—IoT FHIGist ¥ I7EM foQ S 9141 Sensor device WrE H TN I UitEdA
F U@ T § 3R sue feafs F amEn =@ @ g ST ¥ loT technology Head ® WhEA
Yzad =1 21 Sensorh fa1 IoT Fraraww it feafa &1 3hfaea 41 Gl Ya1 7l o Hehell €1

AT (Security)—IoT devices T&T F TR § w@qfas &9 ¥ agifam €, Ffs et
fearat ¥ Wem | ST TEER @ Ueuie A TR feany 9% e BN EEd S 21 getan
T A W @ wHeel B T FHR H e 2rfll [oT System FI A WA @@ HAA,
T g T S BEEE S ST O e €, WE Data W GEEEM SREFH W g
@ W GF

I 8.7 1oT & TE& (Components of o) .

ToT S T&A G e T e et §—

1. FT (Sensors)—AT T HH-TE F T ¥ Data THHE FT1 ¢ 3K T§ THHW Data
F TEReT a9 @ ARE ¥ S Complex difedt f W Fal @1 TF Device H F% JaT &l 81
T € TR ST SH—GPS, Camera, Microphone, Temperature ¥5R 21fE 213 2l
5. =wtaefagt (Connectivity)—Connectivity THAE e W SWEN W& UEfAA Data @
Cloud Tt & Sl &1 FWIGC HE HuR % fafer= mweswli; SRM—WiFi, Setellite Network, Bluetooth,
Wide AreaNetwork 3% R FISS | F28 ¥ ¥

3, greT WA (Data Processing)—Data processing % & g3 =R1 Cloud W Sl #,
e s A TR A NE ST R TE g E gl o F 0 D T 2, W
Sl W Temperature reading i T4 T 71 Agd Hio Tegall A Teww T 3R]
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4. TG Interface)—TEarEd I 79d $PE W TERI H End y ; R TRAT :

A %M mﬂw.w_ %Mnm_w:ﬂ. text, email, message F BRI gfaa e 1 g 2 .ﬂw««% Wﬂmﬁﬂ ’ )E.ﬁmww_o: rm:m_swmw ayers _

9 ¥ RS w.%?EEﬁﬁmﬂ?ﬁmﬂw. r>uu=8=o: _.36_.._

TS e et o hings Examples) L L Mo | oo ]
et N

1. T it (Smart Lock)—%2 W% 1 T 919 41 T WH | FAeR H o § =
STl ) TEE ¥ ¢ A 9 Al SR S fh S # TR W ek o ¢, H@& ~ Perception [iTEneportieysis|
@Aﬁ%i%gﬁmuﬁ%@ ¥ layer y _ ' Perception layer _

2. ameifea TR $ET ST (Automatic Car Tracking Adapter)—Automati g
>§§ﬂz@ﬁ&ﬁ§m&&wﬂﬂﬂw_ﬁg%ﬂﬁ:ammwamﬂwh%a%sm @ Q
mﬂﬂ%«ﬂ&% wafed ﬂﬁﬂ:&.ﬂ%ﬂﬂ«ﬂ%%ﬁi%%ﬂﬂﬂ? [, R, fRr# 8.1 : Architecture of loT (A : three layers) (B : five layers)

3. quIRZ (Smart Thermostat)— gHiRz W F A sk wr wfeufm f-am SR loT ¥ ¥ed fiam 91 wiwfi @t 2, afFT 78 loT W W % fag v
miaw_mu.ﬂwamwﬂmﬂwﬂﬁm_:n:&_m_u._wm_ﬁﬁﬂw.ﬂw%mﬁﬁwﬁﬂm &w.%%msﬁﬁ%&m&ﬂﬁa&ﬂwﬁm@aw_ﬂﬁsm.@ﬁwﬂﬁwﬂm
feeh ufever eares; S—ed 3 1 T B 1 e & A s foen < s 3 i o o st W SufRe 1 T v-vw stk 2, o sifafte w9 @ e

...Avﬂm&u.ﬂ«@aasqﬂanrilﬁwmmﬁmﬂ&wﬂwﬁmﬂﬂxﬂ@.&Qﬂﬂa_w.ﬂ %Hﬂm@ﬂﬂw%ﬂmw,ﬁm%g.%ﬁﬂnﬂﬂs.é&:%%ﬂawnﬂm
IoT Wficrvwrt #1 & a1 W B § R R ST # w em f-w R R ¢ 1B 2a) | SR SR S T g A9 T e & e # w0 dH W S
%ﬁ.aﬂﬂlﬁaﬁﬁm&ﬂwﬁ%ﬂﬁzﬁdﬂﬁmﬁ&ﬁgw.glﬁﬁ Frd 1 aifen F €

S e S . ramuﬁqﬂﬁaagar&nw%ﬂmaﬂ%ﬁwﬁﬁﬂsaw&Aﬁ&m.u%.
e i e ¥, =24, RFID 3t NFC S Feath % wemm § T T €

?ﬂ-@.”ﬂ.ﬁ.%ﬂmﬁaﬂ—d_mﬂﬂn:ﬂ@OM._ro.._-vlnulnlolal.. r‘ X L .,” 77y J.m 2. %L@%%ﬂn@h«mmﬁm g%ﬂ“ﬂﬂw&”ﬂ | F ﬂ%@&”ﬂﬁ d.:.m.m .W_ ﬂﬂww._mw%ﬂg@dw
IoT % fau s W 5 " G A A = H e , TAferas F@ 2 T
aiﬁgmﬁﬁ%mﬂﬁﬂmﬁmﬂy TR, e w3 e ), Tl 3 faf T F FE S R A 81 9E SR, TS FR I fom
8.9.1 &= 3k uim feR afEmeR = S Hrege S = a @ FrifE w
(Three- and Five-Layer Architectures) 3. =raaifas WA (Business Layer) FP01 IoT WOl &1 S&eA e ¢, food srpEm,
.g%&?%'ﬁﬁ@ﬂzw_wa@mmmgﬁ@ﬁﬂﬁm %%Q;Aﬂm.%%&%%%@%ﬁﬁﬁw
ST 3 YTl ol 3 ¥ o T o g i o ¥, v, Som, e, o awpwEm v R ¥ e ¥ T, o T ar § e we Wl wa .

l. URUI WA (Perception Layer) U iifas ww 2, forgd e w.”w.a e ¥ o o ?%mﬂwﬁ%ﬁ%ﬁ%ﬂmﬁﬁ%mg%awg@ﬂmi
gnﬁﬂﬂ#ﬂn@ﬁw.ﬁ&@&ﬂﬂﬂﬂ@&ﬁﬂmgwﬁ N %m@%@ﬂ».dﬂmﬂw.ﬁaﬂ.mﬁ@w%%ﬂ%ﬂ%ﬁw%gw
w_smu%ﬁaq&&ﬁﬁmmmﬂw_ ) i wﬂ@ﬁﬁ:ﬁ%iwﬂsﬁaw%@aﬁnﬂﬂ&wﬂ.%«ﬁﬂnﬁ%wﬂﬁﬂﬁma

2, T (The Network La = e 3. YeaF IYHH g@ﬁ#%w.ﬁd.@dﬁ@ , S T W I & fafm Tos &
ngzw.ﬁ%&ﬂﬁ%ﬁggﬂgaﬁwﬁw@%ﬂﬁ %w.%%@%ﬂyﬁ%w.%%mﬁm%g@ﬁ%w

y & fou éwﬂ ST B 8.9.2 IS 3K B W amenfa anfdeamr (Cloud and Fog Based Architectures)

i e fafire dand wem w@ & fAaw e 9@ (Application | s ¥ fowen afhaa Tl F 6 Fee R W sy, v R @
Q_,ﬂﬂﬁmﬂ_ﬁw_wﬁmﬁﬁ ﬂw%.%%nﬁmﬁﬂw‘@ﬁmmﬁwmﬁ#@%%ﬁa»ﬁ %@Mﬁ%m&ﬁg@ﬂﬂ@&@%ﬂ%ﬁﬁﬁﬁﬁ o fadw w9 H/, T

) ST F fow, = Bm, v fad o v g Fa%nﬁnﬁﬂﬂ%nﬂﬂ.%ﬂﬂ%%%%%ﬂ&ﬂﬁ.ﬂﬂﬂww_waﬂﬂu

3 e FER BN SR TR w3 Fga hem A R W R W ww F Feee
%az__ﬁﬁ%nﬁ:ﬁﬁ&ﬂﬂﬂgwﬂwﬂwé%%ﬁwﬁﬁniﬁwﬁ
mmaw%ﬁué&ﬂaw.%ﬁnwm%%gﬂmgw_ﬁ%
; .&mﬂn.zﬂwﬁ%%gwﬂnﬁmg@wmﬂiﬁy%ﬁ.aﬂwﬂ
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o @ ¥, wF o e SR, i B HERT R A T e R, Wi e
ﬁwwﬂ%%ﬁ@mﬁﬁﬁﬂm_ﬂi%ﬁ%ﬂgﬁuﬂaﬂﬂd
fir fiag o fearr T &, 9 sifew it oRaEEd WAl %S9 IR, SERRE, stero i

fér1 8.2 : Fog Architecture of a Smart loT Gateway

IR G YR SR T BGRT F IR - § e
&ﬁiw%%ﬂ%jgw_ﬂﬁwgﬁaﬁaﬂﬁﬁﬂﬂmwﬂﬂ%ﬂﬁwﬂm
ﬂaﬂ@w.ﬁ@ﬁ%gm&ﬂsﬁﬁqﬂ@ﬁu@nﬂ&ﬁ.ﬂ.ﬂ%%%&
gwﬁ&ﬂﬂ%ﬁﬁ&%%ﬂ@ﬁﬂ%ﬁﬁﬂ&mgﬁ%ﬂ&-g
%mﬁq.ww_&uﬁ%wﬂwﬁﬂﬂﬂg@g?wﬁnﬂsﬂwﬂ
ﬁw@wﬁwﬂﬂuﬂ@ﬂﬂi@g.ﬁﬁﬂ@ﬁﬂdﬁdﬂﬂriﬁww.

ﬁw.%ﬁﬂ&ﬁ&:?ﬁnﬁ%ﬁw%ﬂﬁﬂm@%iwﬁﬂ
g%@ﬂ%ﬁiw.ﬁ%%%%i%@mgm&ﬂi
TRIFA R 1 358 F0

B 810767 I (1T Protocol). RS AR |

@ggﬁﬁgﬁ%w%m@%ﬂgﬂ@- : Wﬁ_mﬁmﬂ.ﬂm
ﬁﬁn@»ﬁw.ﬁ@m&méﬂﬂ@aw@gnﬂnwﬂwﬂ&wﬂdgmﬂwgwwﬂﬂg.u
%sﬂﬂww@m%ﬁﬂwﬂmﬂiga@w%@mﬁﬁﬂmﬂgﬂi@
loT et loT Stehfira) oo a1 o wearl feeean 2, 7% FoFTl TSR 3 @1 e s 1o

g%ﬁﬁm%ﬁﬁﬁw@wﬂﬁﬁﬂm-ﬂﬂﬂwmﬁﬁﬁw%wﬁ# T
w&w@.%m@iwﬂnm&ﬂmﬂamﬂ%éﬁﬂw;ﬁ#sﬁmﬂw%mﬁ
F T, T T AR H AR A G ¥ e, Feary, o3, TR IR TR oo 3 49
ﬁ»ﬂzsﬂﬁﬂgw%_wﬁﬁ%@ﬁ&ﬁéw.%ﬂmﬂﬁw&:ﬁmjﬂww
foe s@ vt = w9t @ gam @ 2 0T SeEtE S e F T J@ W $ o g

FA & A loT Serter o1 39am s 31
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810 10T et 5 W (15988 o1 o1 Profocole o i
.aa% AR R 1 2 S-S A ¥ i o < w31

J. ToT Yzad: Hrerehtet 2:10T STeT Wierahier
§.40.1 10T Jead MBI (IoT Network Protocols)

JoT eadh AR F1 ST Feadh W IRl 1 et F fw fea i #1 g0 W s
ppg T A T ST H T ) 10T ek drww W oI wR U, FeH F o A
fg-3-1E T WA F ST AR R0 e LoT e serter freaffia §—

1. HTTP (HyperText Transfer Protocol)—3RTEFR ZME Wi loT ook Wi
F GO 39T I ¢ TW U 3 3 W TR TR A A9 9 ) q@ gay g
T 8, omE I 0T 3wl & fon fem s @1 9 agd Sfus S e
fara w1 R wEilE, HTTP SE&ia @ 399 @, dei-9iad, S 9 99a 3R afus
Al F FRO E T fFE@ S R Additive fafmfor 4 3D fifén HTTP W@ ¥
IMEM el B A TF R 9% g W 4edd § 3D B Fee w1 @R 3-D I
iR - e Aoy A iz F01 ¥ gaw o R

2. LoRaWAN (Long Range Wide Area Network)—3% T o=l g, FH Wal
TReEE ¢, W@ W W F A fgee W feeA WeE A § AE ded wefed
Fegell B Fef o dfes Yead A fetie | IOEE F9 W Se@ @ 9E FER W
Te w1 ¥ TR W ¥ 3Em fEm o 8, el el feame @6 g, W @ ufe @R
TR WY FE € T T R diEd AEsiE N @ SEeis S9an
3| 39 SElE W STWEM H0h Wi @6 # AN 74 ¥ SE W g ¥ W ER,

. wed ¥, Tase oy ¥ Fe 9 €, S uEw YW 6 ER W OYEW g H

daa ) =ated w9 § frfa s 2, 9 A & g faoel @ @ @ oFW S0 o
HeE w2 ;

3. =EA (Bluetooth)—FH T & W F oy =Ry =ww ®9 q IWM fFy S
Sl § ¥ 21 9% TR SRl e ¥ fau ©F A4S loT W ?1 9
T SR R ST % W w9 gd, F9 Ui, 9 AW S aeed
ziafee ¥ fau gfm SR 9RO ¥ BLE (%RA @ ©RH) w4 WG T
Fn-Fs F T 8, W e F W W OHH S € SR oT ST W wed X
Tl g O ¥ wRE e w1 I s e e, weA i
s W 9Tl A e i €, el 3= wfE SR W F fam e % OR owe
=1 TEE-eA R S TEa §1 3w A S wd loT feany s dewia @
T & T TR

4 %Aﬁnwna‘mmmnoﬂﬂﬁﬁ_oa&@ﬂﬂw%ﬁaﬁﬂﬂwﬂﬁﬂﬁﬁﬂ
" oA g R W SRRE ¥ swEm R s @ e e % fag
o S, Zighee F ITM 3 TR F wa frn o R, I W @ F A9 ww-w
< TR W B W A e i e e % d, o
feelt #) @I T FW@ ¥, I ZigBee TN S W ITM fhw s #1 sww

e e SR SR T W A R e
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P ET A Types of o1, Protocols T i T HEHA T H T T F HA L, 59 7 5 i
S S RL VD ) G2 bt el W W far e fawem ¥ whoa
‘ 4. Machine-to-Machine (M2M) Communication Protocol—7g TH gl UM SR
‘ : . (Open industry protocol) 2, S IoT 390l ¥ T L op
5 T T ¥ M2M W T T S ¥ s weete Yo @ avam w2
7§ T T A T R T D A TR ¥ ol = arE-em w@ )
©) ©) ®) 7% S WA F E-F F wwd e € ok feen B aeen Tem ¥ eEER
. FIHeR T W AR AWM A MM TR I & wvEm R W, @R o
loT Network Protocols loT Data Protocols : T, AT W SR e wie ¥ e e s
8.3 5. Nn”:&e_nw Messaging and —..SM.»—MMM”SSS_ nguyﬁwm@ﬂaﬁ ® q ﬁ
- T §l g% drdfas 9ud | T ARH-NEH TH dF &l
8.10.2 loT 3121 Wi (loT Data Pretocols) T §1 XMPP el § R 6 w9 ¥ W F e wiea 5 aEd 81 S XML
IoT Srer Shertel &9 fowreit IoT 90 1 Sie & foe ST e s &1 o Weveter i (uFiaae ArheT W) I e Hea R T, XMPP U Sufefd e
o feChe FARM o ST H1 AR A TEAR F Y fg-F-fig T WRE F@ R loT ey | F W FW A R, WO A TG FA A TG FE A TR A ITRO F
el ¥ A T W AqR Tk F weEm ¥ AW A T e Wowh ¥ A o ¢ . syeer feafd #1 guim #1 Google 2fF it =remwy W wf #HAfam T & o,
frefafaa— XMPP &1 398 3AiAemga i, TAER J99Ee R aFg S 3T WeEa (VolP)
1. Message Queue Telemetry Transport (MQTT)—IoT 3IU&U) % T gag Tt H ot fon < @
Al # A T @, MQTT fifir= el STevll & 31 1 Tt #eam @ 3k oy P Rty wOE e e o e et P e o
feamm FARAl 71 WoefT e @1 9F T WO / WHWE W (Subseribe/publish 811 Arduino & ST s e U e e S S
protocol) %, Wit ZEARA F2a WerHle (TCP) W el €, foma oid 2, fF Tz T Arduino T ATH-U THRTEE WREH ¢, S TR T sk diRiR ® a1
Fadh F MW ¥ [We-yulaad w2 fafma =1 wwdy T 8 MQTT 489 &9 ¥ = Arduino 3¢ =1 %qﬁmaﬁww@ﬁmﬂﬂuﬁaﬁmﬁﬁﬁ%@ﬁm_ﬂﬂ
e DL A LR T v sl o e P e, o TR T T, 5 ST e e ST S A R R , B
TP PR T e ~eefd A % ﬁ%&gﬂﬁﬁﬁﬂﬁdﬂ@gﬁwwﬂn%%wﬂgﬂ
2 M“W.Hm:oa Application Protocol (CoAP)—CoAP Wfdafia #@Nﬁ F fag TR AT - I v ?‘.a:maoﬁﬂmwﬁ abmvﬂdq&dm..«w.w_
¥ v e .m.%&d v.&Awa.o i MM M Arduino Board TF -9 CPU &, ol w fau ot &t 2, Fl & Z_n—.c.nonad:ﬂ 4
ab ek i - S S E TR B b o e & % B B s L o
3 R WA feanrd Y 39 Control a1 Hack A1 Project 51 1 .
&&ﬂﬂﬁ T O W W) mﬂi wew & Aoy swan 3 i A Y Arduino Board % F% Variants 3T €, S—Arduino UNO, Arduino nano, Arduino mega,
: M_WH&A%:._N_ &Y m.u%r (Efficient Eraw“_aargmnmv ﬁwuﬂ?._ FI g1 CoAP Arduino promini 3 | 77 2 W S Arduino UNO 21
Srerwie & §Y § WaEeH, dEgd WEhEeeR § fF w21 SR
W] S SR—ufterv Ueiien % fou U Sy dem # ek %ﬂﬂw_ Y el 8.11.1 Arduino UNO
R T F wffE o Arduino UNO T& 121§ Electronic Board #, St 39% @19 ¥ 98 amarit & fre & wmem @
3. Advanced Message Queuing Protocol (AMQP)—AMQP ,m.wa-.admﬁ frged® Board & ATmega328P navigw.@mﬁ & 32 KB B 2 |
M_%Mmmum? oriented Eaa_niwﬁov FAE F far & SRR W SR & s Arduino Uno ATmega328 %t ferdrwand Frfefiaa @—
FAREEA FEH A ¢l T S favaEitd WR-3-WiE wawm ¥ fou o TEE SR e sV
v @ik .ﬂwmww feargw 3k e & W9 IR & e ﬂ# e fafnmg 1 wadd & TOF HET FIE e (recommended input voltage) 7V R/ 12V TF =il 21
%wﬁw%ﬁsﬁ?ﬁianﬁﬁaw_Qeiﬂmﬂwwﬁﬂﬂm o o feforeel T / ST £ 1490 &
.ﬂa@»@:d@d.ﬂgﬂaﬂ@ﬂﬂ&%%gdﬁgjgw& #wﬁmﬁ_ﬂi_\vﬂnow_
_ : & T TOF T / AR fR ¥ faw DC ar 40 mA ¥
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& ¥ 33V A ¥ fag DC @ 50 mA &l 2
+ v T 32KB 2
¢ w9 SRAM 2KB & 2
& T@% EEPROM 1 KB & €1
o Toi T wiE 16 FES o gl
8.11.2 Arduino UNO &% & Component
Arduino UNO @€ % Y@ Component Frfafaa #—
USB #a=, W W, ARsmerer, Ter 3992 i, fefvea fm, iz fiaw, frey
USB $2t3:d fag, TX/RX LEDI &1@ Wi ¥e% W HUa § 791 Tl g iRt
1. ﬁmﬂg Fqes (USB Connector)

el Component USB F+442X &, 7¢ & Bt USB 9 %, A 3% Arduino IDE 3 -
S ) Arduino 9 W &S 7 ¥ o At S 81 Laptop/PC A 70 A 9 78 W ¥ e 4
500mA, 53ree W At Geifera faan <1 geal 21

2. U e (Power ports) Barrel Connector
Arduino 3¢ F1 AC§ DC X a1 420 & Weam / Faan 1 W #1 39 W W {9

firefitet_Center-positive bamrel jack 1 3% a1 91 ¥Fa@ 1 Arduino UNO &t O

e g ¥, S T S 20 9 W SEE 1 9EA 219 €9 59 9 9 High
#, W voltage regulator, &< %1 s | == 21 igh s 3

3. Power Pins

Vin f, Arduino 9r€ ® @ Voltage regulator ¥ F21 ¥t €, v fEmmAL W7 12
e Apply F ¥, @ 98 Voltage regulator, Arduino UNO BRI 394 f&u s/ ay fer sv &
REfdd FX 3o 1 Arduino A€ 1 e F F AT Vin fF W 9 volt F it 3 vz =hie =)
SR GND fi %1 ¥ifea firr @ g w3 21
. umszwsm:o_aﬁﬁm@%w.g%ﬂ%m?&?&@%%@a@@wﬁﬂ
w_w<§ﬂﬁm~%u<&mwﬂ%ﬂuﬁiﬂﬂ.i&ﬁﬂ&maﬂﬂﬁ.%%?
oltage regulator I 999 @ %1 9% S volt 500ma F1 Power supply ¥t ¥ &, Rl et =l
IYFHTN Y power supply € Fed €1

9 33V i &1 3wEm gl ¥ sl Hiege ¥ faw w wwd €, fEE 33V H
e g 150ma WX

GND f, Arduino Uno ¥, 319 5 GND fi &, S @it a8 & 991 & #1 GND fiq =7 swdn
Fifigwe Wb F de T ¥ forg Fem < & sl SR R A F U W o et o
S F 1 T TE G FX TR GND (Arduino, 9T S TH-TW A 93 7w § v
FF A8 (GND) @& @ 2

4. AFBIGZIR (Micro-controller)

¥ ¥ Arduino W€ W T UF wga-dl FEAYUl Component W TR TRH ¥, W Atmega328
naﬂﬂﬂ»_ﬁwmﬁwgmﬁﬁﬂm@ﬂ@mﬁn%iﬁ%gﬂaﬂzmaw_ww%wssm

AR

aﬁﬂﬁﬂﬂw.czo%_uﬁgg%mﬂﬁ .
Mﬁ AR frfan) g ffda 2 ﬁ%m&ﬂ>§£&~%.>§:ﬁ
Atmega328p ¥ Frefafas fdom §— ,

& 32kB H R WA R Arduino IDE & wire firy Ty S <) et wadn e

& 2kB F1 RAM, S TRy W 2
5.CPU

7% 79 F9 FAba @ 2, < feamw F o wem 21 9w wiw 0 A S B S T
7 & 3 T RAM %) 7eg & weman 31

1 kB &1 EEPROM (Electrically Erasable Programmable Read-Only Memory) €t & &1 @&
pon-volatile memory ®, 7% fearma 3 s ¥ oiv e 503 3 12 W =1 T 2l

Atmega328p TR % WA T ¥ € Program TN 21 Forll R A SRR SR
Fydm Y o1, 7 et W fearw & ¢ F91 Arduino T e F F1 AR Ta1 &1 Rred
Arduino UNO &€ &1 394 &¢1 3K ot 3imam =7 s 21
6. TIENT $9¢ O (Analog Input)
© e e $192 i 2, Arduino UNO 4r€ # ‘Tt 0 & 5 (A0 AS ) 6 T T A
#12 f oF wem WSY avre R F foe @ v 9 € eIk 39 foww wng ¥ fau
fefieet ®9 3 acd T&d 2

3 fir Faw Adw # A € T 5w 5 w@itn T agn s i ST W 81 s
A el & wom | Fa@ 9 um § w2 Al i €1 Fal, @ i @ fovie w9 X wiem %
w9 H gt a2, fR ot 3 e 1 svdm fefiea gz a1 seege % faw o foren s wsban 21
7. RfSee = (Digital Pin) .

s fefoea fm i T@@ €, 7 fm 1 fefoes 09 13 9% (DO R D13) <wiar wn 81 & R
A TR A ARy M F wY F Ivam fFa 51wk @1 Ry ¥ w4 A svEn fey Wi W, 3 fm
A oA IuRON & fou fasel sfd wn % wu d w1 R € R @ W TE W ¥ s A
gt o et 8, A A 3T I3 SUSON W WrE GHal 1 vged 81

v fefoea fm #0137 AR A % &9 & fem a2, @ 3 5 92 W 40 fireide =t
Y 3 €, <0 6 O TR 1 v 3 % fo vata | s R .

o fefirea fm, i Fav (A 91 3,5,6,9, 10 3K 11) ¥ 97t ¥ Tilde (~) Wi F w9 <k
T %1 A fim e fefeea f & w9 F w0 #xdt €, AfF Pulse Width Modulation (PWM) ¥ fa
it 3w F o T €, S AnalogWrite HoH & W19 8-faz PWM 3329 WM & 21
8. O Raa (Reset Switch)

sren e e 2, 9@ 7w faw e frn R, 9 o TemmdeR ¥ 0 fm W
A ea S 2, 3R 3 R Y IF | Program F1 wiemn §1 3R v 1S ewar 76 2 s
7 TR FE AR T FE T €, W AT qg ST & W 2
9. fiswea AMEIeY (Crystal Occilator)

7q 4 1 16MHz 1 fFee siffecrex o 2 €, < 1 3w ¥ 16 faferem an e w2
fordy s wEd € S T F T W, AGAHEI T SR O 2, SEe 3 fau, e
TR ARl

a2
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10. USB geX3¥ R (USB Interface Chip) | |
3@ ¥4 USB 39 9 ATmegal6U2 m.u.w@ 7% © e geas } 9w ysp g -
Hehal I E%aoczo&uwﬁﬂwmzﬁﬁﬁ_n%amﬂﬂw_
11. Tx/Rx gf&ex (Tx/Rx Indicator)

: TX RX G0 &, TX LED §39 %o 3R RX LED 6=¥ 319 8 W Srerat , 5
%oﬁwﬁgﬁaaﬂg»awrmcﬁnﬁiﬁww_ ki

e ——

il 6.12 371 HRAT A1 (Arduino Programming Language) 7

. . & S C Based ¥, 9% 39 Wed #99 C language
g ﬁﬁ%—mﬁ%uﬂ% 319 A ¥ Arduino Programming #X M_._m..wm wa_ﬁ i
8.12.1 ARDUINO IDE '
ARDUINO #1 #1§ ﬁ:%%ﬂiﬂm@ﬂ%go&ﬁng@%ﬂaw
3Rt 38 ARDUINO C % 7 & STl 1 §1 ARDUINO C ¥ fi@ 7T %1 %1 SKETCH % &1
ARDUINO IDE &1 &% ARDUINO Integrated Development Environment 21 IDE % IWT ]
¥4 ARDUINOFI Code %4 € 31t IDEF1 %% ¥ @ ARDUINO ¥ 18 Dump (3176i1e) # 81
. 319 ARDUINO IDE % www.arduino.cc § SEaE T TFd 1
8.12.2 ARDUINO IDE @} 336113 & & a=0l
4 ¥a¥ YA 3 arduino.cc W ST
¢ 5 &9 Menu bar ¥ software>downloads W faas U faed &3 W am9E) FT wwE
whA ferd, .
¢ ARDUINO community 3@ 395! ARDUINO #! #1g F % fau o) fawew 2 @ 21
e ARDUINO web editor—39® 3m9 fal $9 eR+as fFu 33 ARDUINO #i
TR A Fe F T 2
., ® ARDUINO IDE—3¥ IDE % Wi=i" § #Ie &Ml IDE & R ¥ aifus wHart am
T atticle ¥ @ T R
¢ Downloads % ¥ ¥ Y S W I TS T F YA Frerm T W oA
Windows, Mac 3R Linux @1 OS & g semirs 1 sifwm fiaem
¢ [ @ siem W fios F0 F 9% 9 I W A9 e S g B 9w A

U@ ? ' ARDUINO open source et §, T 39 3991 DONATE F 3791
Hefed # R 2
9§ Wl TN 1 W T4% ¥ e fmw e, @ ST ARDUINO IDE W&t 4 =eaie ¢
foran 1 =feg & o g ik ¥ Sy otk wEE #1399 Menu Bar F w files, edit, sketch, tools
3R help 3fe TABS fadm
ARDUINO project #1 Save, rename, Open File Menu ¥ & W File F ety MU
Examples 91 #ifr fiimi fad sosl ARDUINO #1 0% & & @ 9R SKETCH vet § 4 firdl
fS= @y T STEE | B ARDUINO project FX Wrdh Edit option ¥ sy Copy & Paste &
e faeii e <) Fire foar € 39 ey compile 3R upload, sketch TEA T Lot

(I

FeAe 3 i | 163

@ ARDUINO F1 T30 &7 23, Tools, 3 @ %73 &1 70 o9 wadl Ted BOARDS ¥ at §
@ F@ & ARDUINO IDE ¥ 39 %ae ARDUINO ® @ T 4% nodeMCU, adaFruit
BOARDS it g FIE W TR B A Tools > BoardsceW WIT 3K 2191 d12. Select X
i) W& =€ Select FT T Important STEP 2

@ 39 Tools > Board ¥ Y A ava amvam 2aeadiz € 7@ frem @ f5X 319 Tools
>Board > Board Manager ¥ S5T 3t 31qe1 @1 Search #e¥ 0% HT3eq =r3aie 37 Al

7@ aa fF em W@ R, 9} Portl W Port select N Tewq 2, FE SH PC/
LAPTOP % ¥4 %aei ARDUINO & 7 afes 3k %% Wit DEVICES 32 2l

Setup
1. Power the board by connecting it to a PC via USB cable.
2. Launch the Arduino IDE.
3. Setthe board type and the port for the board.
4.TOOLS ->BOARD -> select your board.
5.TOOLS ->PORT -> select your port.

Supported Datatype

Arduino supports the following data types :
1. VoidLong
Int
Char
Unsigned char
Unsigned int
. Unsigned long
. Float
String
9. Array String
10. char array
Arduino Function Libraries

1. Input/Output Functions : )
(i) The arduino pins can be configured to act as input or output pins using the pinMode() function : *

Void setup ()

{
pinMode (pin , mode);

}

Pin- pin number on the Arduino board Mode- INPUT/QUTPU

&mzm_iamc _ rites a HIGH or LOW value to a digital pin.

W RyE g e
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« analogRead() : Reads from the analog input pin i.e., voltage applied across the pin. _ } T i Riv | 165

o Character functions such
isspace() return 1(true) or O(false)

» Delay( ) function is time mani ;
delay of specified time. It accepts integer value (time in miliseconds)

Control Statement :
o [f statement

« if(condition) {
Statements if the
condition is true ;

}

o |f...Else statement
o if(condition ) {
Statements if the
condition is true;

}

else{

Statements if the
condition is false;

}

4
o If.......Elseif.....Else
e if (condition1){
Statements if the
condition1 is true;
} .
else if (condition2){
Statements if the
condition1 is false
and condition2 is true;
}
else{
Statements if both the
conditions are false;

as isdigit(), isalpha(), isalnum(), isxdigit(), islower(), ,mcvvch.

one of the most common time manipulation function used to provide ,

» Switch Case

» Switch(choice)

{

case optl: statement_1;break;
case opt2: statement_2;break;
case opt3: statement_3;break;
L

L]

L ]
case default: statement_default; break;

}

e Conditional Operator.
o Val=(condition)?(Statement1): (Statement2)

Loops

o Forloop

o . for(initialization; condition; increment){
Statement till the condition is true;

}

¢ While loop
» while(condition){

Statement till the condition is true;
}

* Do... While loop
* do{

Statement till the condition is true;
vsz_mano:a&o:x

* Nested loop: Calling a loop inside another loop

* Infinite loop: Condition of the loop is always true, the loop will never terminate.
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$e¥e oif fivg (ToT) § S0 a1 THEn €7
$o04e &% {679 (Internet of Things) % STIFAN i AT Hifsra)
Internet of things aNfEHeaFeR SFTHT ST SHifSTl
Internet of things & Wierhial fafEy)
$ee 31T foivg & fafir=T hemer scle 1 JUiF hifora)
e ot e & atfaerr fafew)
& (Aurduino) IDE & sR H Fargul
IoT =i fafs=1 aoeell 1 =aredn Hifsq)
TAA-Z-We (Machine-to-machine) =R T BHT 272
IoT ¥ fafi=1 YR & wired 3R wireless T FuiF HifoQ
IoT WEisid # Standardize (WF&HIFHA) F i SEIFHA H 22
Internet of things security 1 STTF¥ahar =am|
IoT security ¥ 47T Y& 272
= W feooht fag—
(i) Trust for IoT
(if) Security and privacy for IoT
(iii) Physical IoT security.




&1 w9 A, N-MOS Tieist F1 v w0 8051 WA ffed fRu T &, 9 428

<o SUHON & 394 3R 96 *H fasieil @9a & ¢ F9 CMOS THreis 1 39am faar s
21 INTEL 3 8051 Higshrheier fawfaa farg &, fomen womem o9 2007 & =< & 71 411 20 & s
i fofar a1t @ 8051 WA HEEESER gl WEE w1 fmi WX W@ € S MSC-51
afdaR W anuia €1 fafis et g fiftfa 8051 Agader § & 9 ¥—Atmel (AT89CS],
AT89S51), frferas (S87C654), STC High! (STC89CS2), Infineon (SAB-C515, XC800), Siemens
(SAB-C501), fafer esa (C8051) , NXP (NXP700, NXP900), 3fal e 8051 Hemingierd
R afysiy dE fafas sTEq FR (Intellectual Property Cores) €, S 210d 8051 HIghIdhgIer
I R SuEey €1 T FH faoel W @, O AER SR WA aRgwen & HROI, IAA LHARH
(ARM) af#2%=R ameaia MCUs % @< FPGAs (Wies Hmmee 2 ®) 3R S0Cs (faem &
) A 8051 IP Cores F1 3T fihar il €1

1.6 8051 AIZBIBEICR BT JAfdea (8051 Microcontroller Architecture ) |
ECt &ﬁ@%ﬂﬁﬂs.%l%ﬁsmﬂzﬂﬁﬂﬂaﬁaamﬂwwéﬁaﬂs
%ﬁa%%mﬂmﬁﬂlﬂgﬁmﬂ&w%@ﬁ%%%mﬁﬁgnﬁlﬁﬁ
sﬂaﬂ.&w.ﬁa%aﬂ%ﬁﬁ&ﬂﬂ%%ﬂ&w.ﬁﬁﬂsgwﬂw.iﬁ
805] HIFFRIHEIEI @aﬂﬁaw%_ﬁaﬁs&—@aﬁﬁwm@ﬁﬂﬂ@ﬂw%ﬁgﬁﬁ

Feae ) Tra Y& fora, o 8051 TR SAfHEFR ot FEa 2
805] AR T 8-faz R ¢ arf € 8-fae F = F1 W, o S s
@ 21 Atmel, NXP, TI 33 el &1 @ w9¢ €, < 8051 THHLR F AT G
siafes TrEAa feseT A 8051 AHHHI TR T

W&sﬁww_waamwdﬁa@mﬂﬂnmm :

2| foan o o 1.4 @& =AF . ,
%ﬂm_om“nmﬂy&ﬂ. %@wﬁﬂwﬂﬂ%ﬁ@ﬁmﬂw.@mgﬂﬁﬂﬁwiﬁ#
(TEUEIR 3R =@ ), wiw (EEPROM), _é_m\wcawﬂ Ports gﬁws MMWMM ﬁﬂgmw ﬂﬁwﬂ?
i i o ¥ 8051 MEAwEIER A F |l - = N
A e ﬂ&.w.@@ﬁﬂmﬂ. <21 9 7 el S 8l

Mo A TH-ER & g F

TgEEgeR Uk | 7

External Interrupt

N | 4K byte 128 byte Timer 1 {+— Counter
Interrupt Control ROM RAM =l inputs
“CcPU_ [«
Bus Serial

osc Control I/0 Ports Bort
T ¥ :: ﬁﬁ ~ u TDX RDX

PO P2P1P3

(Address/Data)

1.4
8051 ARFHIHITH TR F siafts v Frefafad E—

1. Central Processor Unit (CPU)

St 5 w0 wa €, fF diig AEsmeeer & Rl R i feamm w ufass €@ ?1 aw
MBI FHRA W fFT 91 el gt SRAl Y Frifa st 31 @iy F S W swEned 5
¢ frsor 7@ € 41 9% ROM FArd # ford s =) year € ek 3= frofea =t @ ok 3@
wfierHTA % Tifea F B w21
2. Interrupts (aaer )

e f $9% A § 9 2 €, Interrupt T Sub-routine call ¥, S WEFEIATH ¥ TET TaEH
W FwE H A S @ 3R TR wRv R o FEE 9 Ao R €, 9 oTRyE & g
¥fir Teat B ¥ Interrupt F Gaw wga S ¢, i T SARHERR FHEFH F TEEH F
wuﬁﬂﬂw.ﬁﬂmﬁﬁ.mﬂ@g&wﬂ#@ﬂnﬂm:foﬁgauwmﬂ_mmﬁw&A
it T s % Haer & o i @ e w0 & fau e R

TGRSR 8051 1 3@ WER ¥ FEGR w1 gl €, 5 9% =EEA | 9eN W
ﬂ&mﬂﬂsﬁ@ﬂ@ﬁsﬂﬁaﬂmﬁwﬁﬁﬂﬁﬂu@@gw}wm@%ﬁ”
Frome g 2 1 8051 WrmIREIeR ¥ WEr ©Y F i A wa B &, S i e o E—

INTO
TFO
INT1
TF1
RI/T1

¥ (INTO) INT iR (INT1) a1t =35 &, < Teroenss afg =1 =
THa & v T gt F,navﬂﬂdﬂu@aﬂﬂw.&%ﬁmmwnﬂhwﬁﬂﬁﬁﬂw




