5z20NINAIMANTZITY

s

foaianaiy ¢

° a a a ¢
sadsIvnanaeIalonIunNlAendNNAADS

EXPLORER CAR WITH VIDEO CAMERA CONTROLLED BY COMPUTER
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ABSTRACT

This project uses computer to control the moving of explorer car. It controls by radio
wave for long distance which uses for exploring the dangerous places instead of using the
human being. The computer sends the control signal to the car which has the camera. The car and
camera can be controlled to move forward, reverse, turn left or turn right. Pictures from the

camera will be sent to computer for monitoring.
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Driver output logic levels with 15V >0, >5V

3k to 7k load -5V > 0; >-15V
Driver output voltage when open V, <25V
Circuit
Driver output impedance with Power off R >300 ohms
Output short circuit current I, =05A
Driver slew rate dv/dt<30V/s
Receiver input impedance 7k> R, >3k
Receiver input voltage +15 compatible with

driver

Receiver output with open MARK
circuit input
Receiver output with +3V input SPACE
Receiver output with -3V input MARK
+15 LOGIC 0 = SPACE =
+5 CONTROL ON
+5 Noise Margin
+3
+3 Transition Region
_3 .
-3 Noise Margin
-5
=5 LOGIC1 = MARK =
-15 CONTROL OFF
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wenwitelnnmiu v.23 faunseldthesudedeyandumnlédisaimss 75 uea lay
1 4
a 1 ) s a . w 4
1% FSK 9519 ) 390 Hz unuanin uag 450 Hz unuendley lunsdiisuilimingdmsunsaadeiumes-
aou d 4 4 d a Jd 4 1 o a °
Tiafigldtloudeyanaduesailesnnanudwesmsiuivesuyudns hillasilafu 100 f
1 a [] o v o 9 LY Y s 9 a o A et a
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$2ULA2 100 §1-W19 (AEUIAY 40 X 100/60 = 66 UaaeIuIN
2.3 msdaveya DIGITAL Tuziluuy FSK

2.3.1 XR-2206 3395191s%a FSK

Tofiued XR-2206 iuluTudAniinileddunumesisined fnwawsalumswaanaugl
o] (sine), JUAAMAMIWALY (tiangle), AnAoY (square), MU (ramp) 18 Taofitiaaudaualsd
Fmadmanlesilasinlasdetnasmouendniimnies uenaniidiamsarhled Xr-
2206 3J1ﬂ’J‘1JFjiJ'Uu‘lﬁLLa$ﬂ’Jm% (AM 1lay FM) Llag phase shift or frequency shift keying 1éon

Sm3Y XR-2206 TinAalAou3En Exar Integrated System Inc Fsagluunaneled 16 v
unsafioz 9f IHE e (power supply) Fadeadelugas 10 8 26 Volt 'lé’ﬂ?amwz‘l.ﬂﬂzﬁvmé"lﬁ
Tugae 5 89 13 Vol vasfidewdadgyananauland ine) 11 A1 th.d. (total harmonic distortion)
ﬂ@ﬁﬁmm’lmiﬂﬂzﬁﬁ 2.5% wiede lfinsUsuuds uafewsesuldindedios 0.5% 181aums
mRuuesesiitiudesu Tasfidaaer output zﬂ‘lcvﬁifﬂzﬁﬂmﬁqaqﬂzwms) LaziiieAna

a o d Vv @ d
DUNLAUTININY 600 Loy

2.3.1.1 M3111914Y089 XR-2206
o o aa < a 4 do daa d
dygna FSK iudygnaddaeaiinawduldoumlasmuviiavesuauuuaiadnaioy
B as e .1 g Y d o g o a
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] k4 ]
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o o o ' e i P d 1 a o
16 11 Walvihfiguesauiiie VCO (Voltage control oscillator) ¥991ngUasitiudiminhinesia

A = 1 1 1 d‘ é
1281 (timing capacitor) Feiie 1811424 1000 pF ©4 100 uF defiv 5 uaz1 6 Fuiu input ¥OIVCO
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AM.INPUT | 1 U 16 SYMMETRY ADJUST
SINE OR RAMP l
2 e 15 SYMMETRY ADJUST
OUTPUT
sl EEE :
3 and Sinc E—— 14 WAVEFORM ADJUST
OUTPUT —-———,
Shaper
+V 4 1 13 l WAVEFORM ADJUST
TIMING [:5 :l 3 v
CAPACITOR
TIMING
! 6 11 SYNCOUTPUT
CAPACITOR
TIMING RESISTORS 7 10 REFERENCE BYPASS
Current =
Switches l
TIMING RESISTORS l 8 9 FSKINPUT

{ d o 1
E?Jﬁ 28 !,Lﬁﬁﬁ‘ﬂﬁi’]fﬂﬁi’]ZLLﬂiiJﬂ'li‘ﬂ'N'lulmz‘lnﬁ’N 9 994 XR-2206
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' ' o 9 - o & ' {
SEIN 1k 79 2 MQ ﬂwmme’ﬁwﬂmﬂﬁnamazmm‘uﬂizqimnmuu%zﬁwaﬁf:)ﬂ’nuﬁ‘lu

a é S 1 o ﬂ:
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d 1 { { ' A { 1 A A a
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Y a . J . 9/ Py 9/
AT3AIRIVRIRUNAT (temperature stability) uazaanuiouvesdaanalu (ine) Houniganlsezln
J a oIt 1 iy 1
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b4 9
Tumsidendedaamumniusanen (timing resistor) HUA19ADAUY1 7 %3891 8 HULTTWITHN
[] b 4

Tavgiimstleudagnafinn FSK INPUT 1n9) Huidladssuiededudggnaus siuruiaunn
a1 2 Volt vzAedadm-mutiifin 7 lunuendusudinn FSK INPUT fldefuussdulvidnd
1 Volt ¥1 8 9ABIABAIATUNTUA

' o a 4 a A &£ o
dauves veo vedledifundagiaduld 2 wilafe guladuusud Feezdloulifidauves

]
L=

e 5 a a & > T 3 o
multiplier and sine shaper block ¥NNHUI u.as;ﬂﬂauﬂmaﬂu (rectangular) Fevziloussniing
P 1 a ¢ & a A dzd tew o g o Baaies
output 1v1 11 Taoruns Uy Ao mmswaﬂiﬂﬂauunnuagﬂummuﬂszqaﬂnm (timing
3 o & o A | 2 ﬂ o 9 a ﬂ A -4 do o
capacito) lagdainuilszylissFuamnulse g uwa lvinauglaauusun  (amp) NIN1A9
[ 3 { d @ 5 { A { { ™ o

Heluuaziionednase 18danu “high” Miffugiladufimao (rectangular) wunseris iU Il
ﬁ&'d 4 da ' 3 ”nlcfoslu A 4 4 o ﬂ P
TUU AN UINIUN T “firing voltage 71qauﬂz‘nﬂﬂﬁmapmgﬂﬂauﬁmatmna‘unmtu U “low

o a 1Y S 7 =3 a o @ o o
uazdunuszyianal (timing capacitor) wifulszylufismendufuasuduiiunadi Iddgyana
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A d 2 " @ o 9/ A { { o
siladuusuiAnasTeezANaudega “firing voltage” LU wihldgladuamteundunatodu

E 4
SyanauseAy “high” tazyLauAsie q Aszndy lnduuiguiimiowdy

Sy auoIinn

s
L
6TO 12V +VE
-VE
C3 fI=1/(R1C1)
5] l N,
T~ 10 uF 1 16 3 £2-1/(R2C1)
R3 50 ] 15 1 R4
[ =530 e - 14 220
= @Sy B i
ov ¢ oS S 12 P =g
101097
) Cl— ¢ P =
7 10—
8 9
Bl B |
T 10w
1K 1K
R1 R2 G2 -~y
100K 100K {%E >2V f1
Keying _I—
Input
2 <1v 2

6TO 12V -VE

5171 2.9 29aswanden FSK 31/ lnfadiedts Taldunasoieihides

2.3.2 XR-2211 239308A3%0 FSK

MATUdyM FSK f:w%”uﬁ'mmw RF Tﬂa‘ﬁmﬂ‘fnzmmsuﬂmﬁ’mapm FSK i1 2
auid Iinaedudyanasinea o emudioussduilszunao v) waz 1 unudloussiulszun
sv) masuillfledued xr-2211 Feldgneenuuumnlasawiziterhinsulasdoyeu FSK W
{udeyguAtasa (FSK Demodulation) ms%e‘[aﬂmﬁu%’aga (Data Synchronization) N13D8A
sWadaygnaudvs (Tone Decoding) MsANATYQIM FM (FM Detection) uazn1samadayaes

4 ¢ :
ATAUNIN (Carrier Detection)

2.3.2.1 dnvalagialilvesled xr-2211
e ad o =] O
Tofiwes xr-2211 fiflu'lednvieuuuuimadongll (Phase Lock Loop : PLL) TWidesiils
t 4 Y ¥
fu'leFiegludaedaud 45 f920v wazawmoimlugualmdaua 0.01 Hz ds 300 Hz
A’l @ v o a (] 9 Ilél: 3 Aa a d o - 9 =)
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2.3.2.2 Iassadrameluvesled XRrR-2211

Tassadranuluuaasdgald 2.10 TasfiTassadrmdmiiuasesladengl Felszneudas
a Jd o g4 gy <
29951f5ueuilaneess (Preamplifier), 299359 T g 1UBUNON (Analog Multiplier) galdiluaens
d 3 ) [ o a P o
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1 a a d. 9t J 1 : P o 9
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d 4
LAZNITLLAIINI wilaAmARes

] Pre Amplifier LOOP
me (2 11) LDO
| -DET
——————@ LDF
Lock
€@ ™o @ <
et
omparator o L
TIM C2 (),__—
0! —
L Quad o . %
TIMR @ 6 -Det ° LDOQN
e @ Insteral
Vref Vref
FSK Comp DO
COMP 1 @

51011 2.10 ams Tassasunwluvesled XRr-2211

v [} t 4
1598181989 Reference Voltage : Vi, #1971 10) useduiivn 10 Hifluusedudredadmsuusg
a { { 7 1 a o o ¢ A
fudin 5,8,10 uaz 11 lasfiva 10 Hezdesdeanldiwesyuia 0.1 uF AUATIIUANBLEHT

o { 4 o o
Fyanuaungeansnud uas hsesihauaduae

o g - = 4 P & ¢

Fagnanewianmasqililafimames (Loop Phase Detector Output) fivt 11 fifluied
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A d o 1 o a ' ]

wihiiduasrsqlamesveurladengl nsdindelifidyanasuyanie litinnuuandramate

a8 o v A 3 a 9 1Y o a
vesnvsiadengy sefuusaduiinn 11 Heelialndifefuusedudieds vy

: ; . i
MIAIUANAIWAYEIINT VCO AIMAT89995 VCO gRaruquendadunu Ry &9

aunsan ldanaunisi 2
fo=r 1/ (R C5) Hz 1)

d' = A o ! o A =
Taghan C, f® Capacitor NABITHINYI 13 ALY 14 LASINBAITULADYITATHUYBIINIT

a2s1adumu R, fidegssndngas 10kQ 99 100 kQ
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+V

I,

FSK INPUT

S
>

0.

RL S.1K |
—AA—

XR-2211

_ia
By
=
2

V+ = 1
RF 100K _I_
7 B3 &g WA/ =
DATA OUTPUT
] ceN\sd
RB 510K CF

31 2.11 uamssesMsAe lo% XR-2211

o A o ar o o {
s led xr-2211 Tl ldivevinsAmasadyau FSK uaasdaglh 2.11 Ryuas ¢,
Yy A o & g v v S 9y A o da o a
HHesmuannudnavestiafengy (f,), Adumu R, Wulsefimuauuuaias, anhd-
4 Yo 1 o d 1 a 4 v 9
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o 4 3 ) o o d o 1
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t’fmné'mdufu'lé’ﬁmuﬁmmﬁmmgmwa CCITT V23 Aefiueaisn 1200 Sadeiuwii
Faflnawd £, uaz £, TM 1300 uaz 2100 Hz awddudniuezld
f, = (1300+2100)/2
= 1700  Hz
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2. densanuduniu R, Fe1 R, farsezeglugag 10K0 sufls 100kQ dmsud
A nues Ry A9 modem 1¥meiiuiien 1010

3. dnnasanhdines ¢, daaumsi 4
1/(, Ry) @

I

Co

1/(10 x 10° x 1700)

Co

58.8 nF
4. ANWNAUAIATIATUNTU R, INTUMITN S
R, = Ryx[g/(f-1,)] ®)

' d)’

a4 9/ n‘/‘ - 1 9 u.’: = 9t [
1NANAT IdnnTuAsud 1 uazaaamdunu luduaeud 2 sz 1ddwes R, Asll
R, = 10 10° x [1700/(2100-1300)]
= 21250 Q
o ' A ¢ A o . 2 PN
5. Annasamhdiees C, e muagiluauils (Damping Loop) gandseziinnlszuna

Y

o 9 1 a 4 [ P
0.5 muuﬂz‘lﬁﬁwmmﬂwmas C, ANTUNTIN 6

C; = Cq % (Damping Loop)” ©®
Cy = 588% 10° X025
= 147%x10°
= 147 nF
6. dnasanhdmes c, Srmuasanhdiaes ¢, Mvnaumsd 7
Cy = 3/Baud Rate uF @))
osnueasmiiulfirdy 1200 Gadedunit deifuselddwes cp deil
Cp = 3/1200 UF :
= 25 nF

HINEIHE
o o ¥ d : 1 { [} 1 { o 4
Smduavesanwaein Fluasesiuiidafnlndfssduai ldnnnsduaniga

[ [ { a 5 v A Vi @ S dpar o
dauarmudiunuiiFisinanin i ¥aitesnhdesynsufuanudumuiliuala

A o N v { {
e I annsadfuuds Il dqaauifvesitesnanga
2.4 In59a$19v89 MCS-51
2.4.1 uni

. 4 a { I a Qv a ' @
Iy Tasaeulnsaesiuudn@siaszga MCS-s1 dindalasudindumaiiegdrsiuvat

Lt a - o =
LU THINITWATIBYAAIAIT 1IN 2.3



finnomyAna1y WaztoNmdmanseii
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& :
AT NN 2.3 MCS-51 family
¥ Power
; i Serial | Global
) ROMiess | EPROM | poy | pam | &3t 1681 Programmable | agr | Expansion | Serisl | DMA AD, |/memupe D::;‘
Ds Version | Version | pytes | Bytes Ports| Courter *C A)nay Port Channel | Channels | Channels | ;0 idle
(SEP) | (GSC) Mt
8051 8031 ) 4K | 128 | 4 2 A 6/5
8751H
8051AH | 8031AH | ST | a4k | 128 | 4 2 VA 6/5
8052AH | 8032AH | 8752BH | 8K | 256 | 4 3 \/ 8/6
80C51BH | 80C31BH | 87C51 | 4K | 128 | 4 2 - 6/5 J
80C52 80C32 g 8K | 286 | 4 3 . 816 .
83C51FA | B0CS1FA |87CS1FA| 8K | 256 | 4 3 A A 1417 \/
83C51FB | 80C51FB |87CS1FB | 16K | 256 | 4 3 A A ur |/
83C152JA | BOC152JA - 8K | 256 | 5 2 VA o 2 11 |/
80C152J8 - - |28 7 3 =7 </ 2 111 |/
83C152JC | 80C152JC - 8K | 256 | 5 2 A V4 2 1911 \/
80C152JD = ¢ g% | 7 2 b7/ A 2 o1 |/
83cas2 | socas2 |s7cas2p| 8K | 256 | 6 2 4 018 <

2.4.1.1 gesauiiaveslulnsneulnsamesaszga MCS-51
- ABIMIUNALIY W +5V gaiRen
- fintioanus Talsunsa (Program Memory) Y414 4 A la luddmuiues 8051 waz 8031
dmsuiues 8052 Hurawarwitne s Alalud
- fmbomnuiidmsuifeya (Data Memory) vuna 128 ud dwmsuwed 8052 Tu'll

84256 lud

1 o_o [V | Y 1 a 4
e idmiuiu lsunsuuazdeyausnesiniuedisas 64 flalua

fnfsed amiines wina 16 G 2 ya (Fmsy 8052 & 3 ga) ew'ld 4 Tvua

v a o o 9 1 d o Y g 2 =1 1 Jd
5‘1]814191855‘“7“@ 6 L ad S NAKMBT AINITULLDT 8052 1!1«1'1‘1]31 8 LIVAY 6 NIANBYT

- finofnsudsdoyneynsy (UART) 2 wesauuy Full Duplex iaengdl 14 4 Tnua

J
s

Ed
- fig1dslumsii1 AND, OR 1158 Complement I@viaiiuy 8 iauas 1 4a

2.4.2 Tassasrameluves 8051
MCS-51 e luladlunswaaiiuiuy NMOS way CMOS wes 8032 way 8052 vdl
ROM BASIC agmelufsazamndmsulisunsumesnszdoulsunsudronuuudn Tasads

meoludmsuwes 8051 Awanslugilil 2.12 (2) uag 2.12()

46483



P2.0- P27

-

ey

PORT 2
DRIVERS

|
|
|
|
o
|
PORT 0 PORT 2
: 8 E :D R LATCH LATCH oM < [——L—:
| 3 & I
|
|
b
1 [ PROGRAM
| ADDR
| @ l REGISTER
| STACK
| POINTER
| ACC
: PCON SCON TMOD TCON
BUFFER

I J NZ T2C0N THO o THY
]
| TIMER2 TIMER1 =780 57 50 [ .
|
] REG[BSTER RCPAP2L* SBUF IE i Lo
| INTERRUPT SERIAL INCREMENTER
| \7 WATCHDOG*  pORT AND TIMER
| N BLOCKS
: ALU
| PROGRAM
| COUNTER
|
I

PSEN o |

AE ¢ Su
1 TIMING § DPIR
EA | AND E
cey ——H>] CONTROL (2% @ @
{ PORT 1 PORT 3
| LATCH LATCH
]
| 2 1
|
osc
! PORT 1 PORT 3
: DRIVERS DRIVERS
XThL —mz— ______ 1{{{— {% }} _____ I}II ~}I}} ——————————————————
PL1O- P17 P3.0- P3.7
* 83C154 and 83C154D only.

31l 2.12(2) viien lAvzUns VB MCS-51
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58

0 0 A8 e | o | [ s | e |
=Sl e e e

T = ] INTERRUPT REGISTERS TIMER CONTROL REGISTERS
] () [CIw] [El®s] [l e]
m;:_:g l ) I TH1 ][ 1 J

TINERJCOUNTER REGISTER

e ] %8 ST 0 NS e Gl I R (R R R
— L i e e 8 R agn

SERIAL DATA REGISTER AAGS

REGISTER

PURPOSE

AREA

7*

aIr
ADORESS BIT ADDRESSES FOR THIS RAM AREA ONLY

AREA

o0

REGISTER gl rgs s | & 16 ] _noOADORESS
BANK

3 DATA - |POINTER PROGRAM COUNTER

oPH oA

REGISTER

BANK

2

I SSINRST oA/ F A1 & ] e 5 ]

REGISTER FORT 0 PORT 1 PORT 2 PORT 3

1

R7

ysmor BYTE ADDRESS

e INDICATES BIT ADDRESSABLE
RS

R4

R3

R2

R1

/O

INTERNAL

RAM

07 2.12(b) Aumisye i daae A 9 Laznuluauinely

o1 4 vec
PLI ] 2 39 [3 P00
P23 38 [ PO.1
P13 ] 4 37 [ P2
P4 []5 36 [7 P03
P15 16 35 [ P04
P67 34 [ POS
P71 8 3 33 [ Pos
RST ] 9 9 2 [ P07
P3.0RXD [ 10 I 31 [ Ea
P3AMD [ 11 § 30 [J ALE
P32/INTD ] 12 2 2 [ psen
p33/Nm [ 13 28 [ P27
P340 [ 14 7 P26
P35T [ 15 26 [ P25
P3GWR [] 16 25 [1 P24
pariRD [ 17 24 [T1P23
XTAL2 ] 18 2 [Mr2
XTAL1 ] 19 2 [ P21
vss [ 20 21 [ P20

A -
U7 2.13 M3Ta21911989 8051

19
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2.4.3 NeInved 8051
o 4 a ' e
8051 1ilu'luTasaeuInsataesyuia 40 1 Feiiviang 4 Astl
-Vee (¥140) avfiu +5V
-Vss (1120) 15411 GND
-nedn 0 (113239) fivianua 8 1a A (P0.7-P0.0) i Tassad19uu Open-Drain

Bi-directional Aautaaslugilf 2.14

ADDR/DATA Control Vec

ENB |
READ |
LATCH :
I
I
\j |
|
|

- POX

PIN
SET :
INT.8US D Q :
WRITE POX ]

> LATCH | W\ l
- | /"
3 ! e |
aR l
To | P | 1
LATCH I
| v

|
=] |
|
I
I
|
I

PIN

A. Port 0 Bit

91 2.14 s lassasis wesa 0 (dn)

- woda 0 (9132-39) fvimua 8 fia As (20.7-20.0) 1114 2 wihfl e noaasadia
uazad e deemsAarefunysarsimousnviaiulelonesn  Sdeemsld
mauiudunanesadesdsasin “17 Wlfmedadi exiinald Q ves D-FF iilu
«» fnl¥ FET #ranfiaonz OFF dognaiildemdunanesauandlavdedagn
READ LATCH Wnsz@ufi Tri-State Buffer #21nuazmseu Port (pin) 9z 1ddFayanu
READ (pin)

- Woda 1(v11-8) ivtanua 8 Ta Ae (P17-PL0) Tlnssadrendre wosa 0 udvsldaaw
dumumolunasvuny Internal Pull up Register fiTaseardradegyii 2.15

- neda2 12128) Ivimua 8 O Ae (P27-P2.0) iilassadrendie wedn 0 laed
FET drandaudmadudmuuldanudmniuyadnuny (intemal pull up) wosativnamy

A s ~
2wt Aegwnsaldiuueamsaaunia s da (a15-A8) waziluleTenssaldam



21

o A a I'4 ] a o ¢ A § o o Y
walildeszlFmuiusunanesndesdeasin 17 wiiwesalinewieieful FET

ogluannz OFF Awaaslugili 2.16

READ ENB : : VvCC
LATCH [
|
|
| : INTERNAL
| PULL-UP*
|
!
|
SET |
INT.BUS D Q | P1.X
P1.X |
WRITE R : PIN
Q |
CLR |
o | =
LATCH |
|
/‘ |
|
|
|
READ
Ld B. PORT 1 BIT
a 9 o a
s 2.15 Iasearsnvesnesa 1 (Ua)
ADDR CONTROL Vee
ENB
READ
LATCH /
INTERNAL
] PULL-UP*
P2.X
PIN
SET
INTBUS D LG Q
WRITE > LATCH v
L i
ar @ T
10 ___]
LATCH |

i

PIN ENB

C. Port2 Bit

5171 2.16 Tassardraveanesa 2 ({in)
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- Wosa 3 (1110-17) iy § dia e (P3.7-23.0) il Tassadrendonesn 1142
wihi dediuleTewednines lsunsulfiusunnnesndesdeanin «1” wfinedn
fdou wazdnmihfinisife ¥ dyanauniuquesmuazfudygnandrll  Foygne
A8 9 atto]

P3.0/RXD (Serial Input Port) 1wl 195 udeyauuueynsu (UART)
P3.1/TXD (Serial Output Port) tfusnii 1¥dedoyauvueynsy (UART)
P3.2/INTO (External Interrupt 0) 1950 dgygnaumsvaianazninaioue ALues 0
P3.3/TNTI (External Tnterrupt 1) 195udaygnainsdadanazanmenenied 1
P3.4/T0 (Counter 0 External nput) viiudayanaiadounaidirlaldersss Counter 0 (iu
Sunalnuannine?)
P3.5/T1 (Counter 1 External Inpu) v 13udayanaiaddunaidrlalfiansss Counter 1 (ilu
dunalnuamnines)
P3.6/ WR (External Data Memory Write Strobe) mf?q;ty"tammfgnmsﬁﬂuﬁagaawﬁqu
anusveyaniouen
P3.7/RD (External Data Memory Read Strobe)  11d@Ja14A2ua1N13 'fhu{’fagamnﬁﬁaﬂ
ANNTIAUBN

Tseardnvesesa 3 dauaaslugiin 2.17

ALTERNATE
OUTPUT
READ ENB FUNCTION vee
LATCH /L‘
<t} INTERNAL
PULL-UP*
SET
INT.BUS 2 D Q F2o
P3X PIN

TO

:
N
:

LATCH
] —1
\’\F S|
READ
PIN ENB
ALTERNATE
INPUT
FUNCTION

01 2.17 Tassadrsvesnesn 3 (n)
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[l o Iy 4 7o { v
-ALE ¥130) dlundsalasudmiuidlunmsuandueaasaluddi (A7-A0) Mawesnin
d a 4’ = o’: ~ a
nanesa 0 Jyanatizueaiivyn q2aielul uyrsu landa
] 9
- PSEN (1 29) iiue Tasuiil¥dmiuemdoyanin Program Memory mewendoyay sl
wwdseonin 2 aseluudazunsdulefaudaduilunses Intemal Program
14 s d' d’
Memory 9¢ liilidgaaeaniiuni
—— 9 A 1 o
- BA (11 31) lndenrisanudi lasunsuaionen
Hou «0” wweullsunsuinaouenIn
fou «17 o Tilsunsuainaeludn
< -] t 4 a { H 1
_RST(19) ¥iSm wSiinldfdededouasin «17 hiniiuusdiinios 2 uuadu
JaniAa
9 1 a a 9 1 a d
-XTAL1 (¥119) I¥denSameaniouen laaiiudunadigissesadammeinuly

- XTAL2 (11 18) e nsansameuenlaniiuewiyavesasssesadaames mouly

N/ 10025 V
Vee
— #8051
RST
g 85K N
ra M AP

9111 2.18 msApvTTIiM IRy 8051

2.4.4 3395A80A Y8 MCS-51
1 A 1Y o A Yy o g a [ ]
MsABlBagALNY 2 sivdeuuyidadoamelunazadeannmeueniijluuumsaeds

q1fi 2.19



QUARTZ
CRYSTAL
OR CERAMIC
RESONATOR

EXTERNAL
CLOCK
SIGNAL

EXTERNAL
CLOCK
SIGNAL

EXTERNAL
CLOCK
SIGNAL

i
=
—

It
1A
Q
~

XTAL 2

MCS-51
HMOS
OR CHMOS

XTAL 1

Vss

XTAL2

XTAL1

(A) USING THE ON-CHIP OSCILLATOR

MSC-51
HMOS
OR
CHMOS

A. HMOS OR CHMOS

XTAL2

XTAL1
Vss

MSC-51
HMOS
OR
CHMOS

|
H

(NC)

B. HMOS ONLY

XTAL2

XTAL1L

| Vss

MSC-51
HMOS
OR
CHMOS

C. CHMOS ONLY

(B) USING THE EXTERNAL CLOCK

511 2.19 298503 19ndonve 8051

24
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2.4.5 fara1ves¥iig (CPU Timing)

S1 S2 3 4 SS S6 S1 S2 S3 4 S5 S6

M BRI R PR

1
I
|
I
]

] |

| |

READ 1 |
OPCODE | |
READ NEXT | READ NEXT OPCODE AGAIN |

OPCODE | |

(DISCARD) | |

| |

————— |

|

l

|

I

1

|

|

Y | 2 I @ ] s4 1 ss ] s |
______ : b ——
I |
(A)1- BYTE } - CYCLE INSTRUCTION e.g,, INC A :
| I
] I
| |
! READ | 1
| OPCODE 1 1
y READ . READ NEXT OPCODE
H 2ND BYTE | 1
| 1 |
______ | 27! /@ I
HEE [ ) | 3 | s | s [ 6 |
““““ T iy P !
I
(B)2-BYTE q- CYCLE INSTRUCTION e.g., ADD A. #DATA. : :
| | I
| | I
I | |
I ] i
| READ 1 READ NEXT OPCODE AGAIN |
! OPCODE ! |
; ﬁwneagxaxmwww) :
i ] l ] l l
i i |
______ | ¥ { HEAG
: s1 I s2 l s3 1 s4 I ss ( s6 ’ s ] 52 ] s3 | s4 [ ss | s6 i
\ _: i
(C) 1- BYTE 2 CYCLE INSTRUCTION e.g., INC DPTR. : :
| | I
1 | |
'. i ‘
|
\ READ | READ NEXT OPCODE AGAIN |
i [~ opcone oPco0E I N |
: (Mg (DISCARD) LT NOAE A RFETDY :
| l | l [ l I
| I
1 81 —I 82 l 83 l 84 ss s6 | S1 1 s2 J 83 S4 l 85 l S6 [
______ ! jSiseak:
1 l 1 1
(D) MOVX (1 BYTE 2 CYCLE) By il )
X
ACCESS EXTERNAL MEMORY

517 220 HaraMsiiHYBsUAAZATNS

mssantu 1 frdedgassfunaudios 1 ps iwusids INC A Fuflusida 11ud 1w
lmAa Ferrldnaenliivhiy 12 gn Tavafieagnii 1 uaz 2 swedlusae S1 P1 uaz SI P2
uazadengnd 12 fezegluzae S6 P2 thwes (snAudy Fiiger RUN daoanuiSady 12
MHz daiu aden 12 gnezfunaiiify 1 us)

k4
* 8191 1 uuryu lafia A9F9NIINITHAIA S1 9UD9 S6 *
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TaniAa

laniAa

lanAa

26

P o o o 2 o o d o g ~
101220 @ awihouvesiids INC A Fufludds 1 ludianuadenelu 1 wedu
P o o o 2 o d o 3 ~
5101 2.20 (b) M3fiaUIB RIS ADD A, #Data Failudrda 2 Tuavhanuaiolu 1unsdu
P o o o £ o o 4 1 o =] =~
310 220 () msvhmveaiide INC DPTR Faifudids 1 Tnd usvhanuadolu 2 unsiu

{ 0 o o & o 1o q
Eﬂﬁ 2.20 (d) NMITNNIUYBIATY MOVX ‘B‘il‘ﬂuﬂ’laq 1 uh.]ﬁ LLGI‘YI’N’IuL’d‘SﬂuZLuW%u

| ONE MACHINE CYCL!

lssls«slss|seTs1 ‘szisslsa |ss|s&
N 7 i
=an RO E

1]

:

. \

el
N

]

P2 pchour

PCH OUT ><_ﬁ PCHOUT X: PCHOUT )<
T

PCH OUT ><
I

; 6666

PCLOUT PCL OUT PCL OUT PCL OUT
VALID VALID VALID VALID

L G SOOI T

58

(A) WITHOUT A MOVX

le CYCLE 1

S‘lgl”l“ISSi“TS‘I’“‘IS’CYlm;I“I“l

o s

_‘
r

cE

DPHOUT OR P20OUT

>

(IO PREATA (S Sema ) SO RS,

PCL OUT ADDR OUT PCLOUT
VALID VALID VALID

(B) WITH A MOVX

117 22 1 namsdaaInIAaAeRuMBAINTIMEUBH
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{ Q/ "3 A 1 o g 1 1
311 221 () Wufsnawesdyapaduivadesiuilndiiodauyes Program Memory 8f

o o’: @ P=1 o 9 1 9 A —— b ~
mowen datu dyanaiiszihlyideweelifa 910 Program Memory Nf® PSEN Fa9zieaiin

9 ¥ .
2 a¥elu 1 uwsdulnda fotfu dyanadfildemdeyann Program Memory vz19dqyaen PSEN

71#i 221 (b) dludsnawesdyanaildniseudeyan Data Memory deyayiau PSEN 92

fifivs 1 gninsedsnndaunzdugiaralumsemdeyasn Data Memory Taulddayana RD

(M387eYaN Program Memory 2 1¥dqyaies PSEN uaznise1udeynnin Data Memory 92

e RD daudaans ALE fe dgananildiums Latch Address A7-A0 Wui09)

2.4.6 MIABHUILANUD Program Memory i@y Data Memory

msrenilsAmN W aslugiln 2.22

-

WR
RD
PSEN
9 5V
Rl R2 R3
= 36 37 Bk 3K 3K
] 16 17 > 208 20E 27RIW
C130pF 3 * e Al T TN 20cE— 2(CED
18 2 o2 e Al4 27 (PGM) S 1 AMNC.
XTAL S e A1 26 (N.C) W 2% AI3/CE2
16 MHz 5 A12 2 Al2 2
C230,F e A 5 e 5
»n Al10 21 21
» L 2 EPROM 29 0r RAM
2 AL 2 2764 (8K) el = & 6264 (8K)
27128 (16K) [  Alg e 62256 (32K)
8031 ATl18 19 3 27256 (32K) AT 3
A6) 17 ¥ . 2TS12(64K) A6 4
A5l 15 s AS 5
Adlyy  pgetd 6 A4 6
35— 151 A3l Lash 7 = !
34— umy : A2] 4 5 8 A2 8
33— 13(NTD  pogr3 Al 7 6 9 Al 9
3.2——12(INT0) Aol'g T 10 A0 10
S ) 1 918 17 16 15 13 12 11 ho 18 17 16 15 13 12 11
3.0 10(RXD) ALE
30 +5V D7 Do D7
17 s 32 AL
16 |7 3 ADS
15—6 34 AL
AD4
14——5 PORT1 PORTO0 35 s
13— 36
12— 37 AD2
1s=2 38 ADI
10— |1 39 ADO
0
e C310uF i
B2 Memory Size | EPROM RAM
) 8K None None
l._ 16K 7 NA
RESET 32K N 1435
64K 111213 NA

111 222 mesewiasrws1 Tsunsy uazmianuifeyaniouenan
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2.4.7 Msmarlszianvesnuian
1 o ot 9 o = 19 o a A
nuwamif 19y Mcs-51 Hagaaufiu 2 ¥iia Ao
- wiava S s Tsunsy (Program Memory)
- miwanuidmiuiudeya (Data Memory)
' o o v d ' o o d o '
1. wiseauddmiuduldsunsy  dumbeaaui iy Tdsunsudssmssyeglu
a [} P a ¢ o ' ¢
5 8051 @iy Program Memory fif® ROM 114 4 fla ludiiues uddufluwwes 8052 vzl

ROM 11 8 Ala'lud daaaslugid 2.23 uazgali 2.24

FFFF N FFFF
60K
BYTES
EXTERNAL 64K
1000 >— OR —p BYTES
AND EXTERNAL
OFFF
4K BYTES
INTERNAL g1
m m)

gt 223 AemiwmwidmsuAu lsunsudmiuwes 8051

FFFF N\ FFFF
56K
BYTES
EXTERNAL 64K
2000 >— OR —p BYTES
AND EXTERNAL
1FFF
8K BYTES
INTERNAL o
oo 0000

! o 1 o o v g o 1Y
510 2.24 famiavarwidmsuio sunsudmiuwes 8052

2. Data Memory (RAM) utieidlu 2 daufle missanuseyamuludndidios 128 lud
o 1 o @ 4 J 1 ° a
dmfuwes 8051 uaz 256 lud dmiuwes 8052 ¥uliluazmisvaawrteyanuouendniinaug

64 flalud dwanslugaln 2.25 uazgih 2.26
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INTERNAL N
FF | SFRs DIRECT &
ADDRESSING 64K
ONLY BYTES
0 >  AND —p | EXTERNAL
7F DIRECT &
INDIRECT
ADDRESSING
00 i 0000

717 2.25 Fambuaan$ MY Data Memory 183 8051

INTERNAL

INDIRECT
ADDRESSING ONLY

¢ 80H TO FFH FFFF

SFRs DIRECT

ADDRESSING 64K
O | BYTES

AND —» EXTERNAL

48
> (53

DIRECT &
INDIRECT
ADDRESSING

31/ 226 femriavAans§rdmsy Data Memory Luad 8052

> E .

eadee19vz asdu g umtsreanisanudd sy Tusunswy gara IR unuendreu
w a4 [] 1 a 1 o ' I3 A ] o 9 av Aa 9
ﬂwwgnzi’"iﬁ'ama"lnmﬁﬁaﬂwu’wmmﬂﬂﬂnmswswmvmmwumga ySEndumald
penuuULINA1FsenndY 3 au i

Mov I¥@aderiu RAM melu

MOVC l4¥farery Program Memory

MOVX 1¥aa@efl Data Memory muuendwn lauszydmnisiiu DPTR uaz PC

~ -4 { ~a & 1 = -
* Sriwed 8052 weiimunusne 8OH-FFH dednzifousmudeys a vinaiisdtdoya

k4 v
Tagmedeummiu fsdaniizoaminAggli 2.26 *
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5 4 ot ”
2.4.7.1 iufimheanudiihddeyalasmisdoniiiiiu (Indirect Address Area)
I 4 [ o a { 3 { Y ) d
Fufiniaoanuiwsiag (S0H-FFH) awgii 2.26 Wuiundeuruegedieas 128 lua lav
k4
duusnizilu SFR ueAlAsaLAg Indirect Address Area dariufilion TulsunsudozAadediu SFR
Y Yo o g =2 g & : S o 2 Y =
vdesldmiduuudidedoyalasasaniniy  (Direct Address Area) TIUNUNDNAIUNUIILIVIOG

b4 9
Foyauuun1edouyimiu(indirect Address Area)daud 1M (00H-7FH) sziddedoyaldvis 2 uuy

A T . T
2472 Huwbaanudinhdeyalasnsuaznaden (Direct and Indirect Address Area)
4 - o ] 1 ) P
i 128 Tud aregavziiaily 3 doudeguii 2.27
1.5%amesuuen (Register Banks 0-3)
c’/’ 1o (] [ aa d d 1 I'd
Saudd i ©oH-1FH) vwiluduve s samnsuud (0-3) Taoutaduuusdas
1 a d
8 luasauda1d 32 lud edazuueneisvaimes RO, R1, R2, R3, R4, RS, R6,
A o vl A d d @ o ~
R7) $Ffgihenegiinued 3 Wegnddnfszaduuihendiuusd o aue way
A g Ao ' ol ot
SP 9z SuAUNR MUY 07H Tiuf
2. USnamisaus i ids e nu@euiiaziald (Bit Addressable Area)
3 A U’ i o 1 - 1, s o~
Auidudueaasd 208-7FH) $1uau 16 Tudnsauuiludace 1awiiy 128 4a
4 o t A =3 '
Fadunuaiiasil 00, 01,02, 03, 04, 05, 06,07 WUDY TFH 13w
i 00 fAe DO YBIHUWANS AN UIN 20H
3@ 01 ffe D1 Y8IHULALS AWM UST 20H

a3 2.271)5en01 1udesnsidnila 00 Aeudisus1dedn SET 00H

2.4.7.3 V3namheanudilunuialy (Seratch Pad Area)
4 ’q’: 1 o ] o o A v A
fufidud GOH-TFH) wivsudeyaldfias ludmniu liannsaléidafeadudaléh

9/ d’ P> a e g = 9 o
EJ'IEJL‘H@‘Y]ﬁllﬁﬁﬂmilﬁﬂ!UIﬂiﬂiZ’Nl‘uﬂ’liLﬂﬂu‘llﬂuﬁil'mﬂ’duﬁﬁ



Byte
7FH

30H
2FH
2EH
2DH
2CH
2BH
2AH
29H
28H
27H
26H
25H
24H
23H
22H
21H
20H
1FH

18H
17H

10H
OFH

08H
07H

00H

(MSB) (LSB)
Scratch Pad Area

7F 7E 7D 7C 7B 7A 79 78
77 76 75 74 73 72 71 70
6F 6E 6D 6C 6B 6A 69 68
67 66 65 64 63 62 61 60
S5F 5E 5D 5C 5B SA 59 58
57 56 55 54 53 52 S1 50
4F 4E 4D 4C 4B 4A 49 48
47 46 45 44 43 42 41 40
3F 3E 3D 3C 3B 3A 39 38
37 36 35 34 33 32 31 30
2F 2E 2D 26 2B 2A 29 28
27 26 25 24 23 22 21 20
1F 1E 1D 1C 1B 1A 19 18
17 16 15 14 13 12 11 10
OF 0E 0D 0C 0B 0A 09 08
07 06 05 04 03 02 01 00

RO-R7

RO-R7

RO-R7

RO-R7

511 227 128 Tudves RAM fidde

9

a
3

)
]

a
3

31

a 4 4
NADT LLUNA

3
a 4 4
ADT LA
2

a 4 4
NADT LLLNA

1

aa 4 '4
JULADT LLUNA

9

0

VBYALVUNNATILASNNBBY

u



Special Function Register (SFR) {i5waz19uaden13199 2.4

{ o o/ A o ] \ ‘S' 1
A13 190 2.4 uaasdgydnualdouazdmniisans o Nileglu SFR

Symbol Name Address
*ACC Accumulator 0EOH
*B B Register 0FOH
*PSW Program Status Word 0DOH
Sp Stack Pointer 81H
DPTR Data Pointer 2 Bytes

DPL Low Byte 82H

DPH High Byte 83H
*P0 Port 0 80H
*P1 Port 1 90H
*P2 Port 2 0AOH
P Port 3 0BOH
*P Interrupt Priority Control 0B8H
*IE Interrupt Enable Control 0A8H
TMOD Timer/Counter Mode Control 89H
*TCON Timer/Counter Control 88H
*+T2CON Timer/Counter 2 Control 0C8H
THO Timer/Counter 0 High Byte 8CH
TLO Timer/Counter 0 Low Byte 8AH
TH1 Timer/Counter 1 High Byte 8DH
TL1 Timer/Counter 1 Low Byte 8BH
+TH2 Timer/Counter 2 High Byte 0CDH
+TL2 Timer/Counter 2 Low Byte 0CCH
+RCAP2H T/C 2 Capture Reg. High Byte | 0CBH
+RCAP2L T/C2 Capture Reg. Low Byte | 0CAH
*SCON Serial Control 98H
SBUF . Serial Data Buffer 99H
PCON Power Control 87H

* = Bit addressable

+ = 8052 Only

32



2.4.7.4 Instie s nanniens

o o < 4 A 9t ° C4 A 3 C AT ' P
"l‘wmuas/!mumm ﬁ'lll'liﬂl,aﬁ]ﬂiﬂilﬂ'liVI'N'luLﬂubh’lUlu'ﬂ5‘Hiﬂlﬂ1ulﬁﬂiﬂU'NiﬂﬂU'NH‘NQ

{ & = a Y { d d
Tavdenfida ©T WStmeesldnumwe T™™OD Fwaadlugilfi 229 Tnualniuesiuas

d 4 Y . o o & e §
wnlwesez ly up Counter Register (THX, TLX) mmmnumxﬂmmuuuﬂu

Tnualndies up CounterRegister (TH,, TL,) segaiiuamn q lunsdulmda (12 a1

E A
1987984 CPU osc) Tnuail lidesfloudaananinmoueniduuae 19dgyana CPU osc

I'd a ! £ A o
Tnuaaniiaes up Counter Register (TH,,TL,) wgniiusiiazniladlefloudayga

a 'A o o
wiRnnmeuendn 1 gaum1eu Topin) w3e Ti(pin) 8ghv1 14 waz 15 awdidulay

' ar iy o { 3
Taulemunawesiadudazgamaasnaeudygnaiidwmunilavezasiaeunn q S5 P2

E
vosusavuudulafa Auiumsaseaeuda-anuuiing 1gnezdesldte 2 unedulmaa (1/24

A1UIR1YBY CPU osc)

2.4.7.4.1 InssafravesInsimesuazimiines Alassadissan

¢ o
- 1AitAe3 uLITY up Counter Register (TH,, TL,)

' A ¢ % o /A da =
- ’d’Jum'i’JﬂI‘r’iﬂﬂ‘?’lﬂlﬁﬂiuﬂzm‘l‘l‘llﬁﬂiLﬁ@ﬂ‘n‘ﬂﬁ @R

1 L L A a o
- AIUAIUUNITUBLACHIZAUY (Start Counter) AIUAUNUAR TR,, GATE LLazagygiun

MuusANl

o v a o d o {
- TuTnuandiwesie suduymiadninadeadfigivs & 12 uda

v

INTx (pin)

a -

g d
- luTnuaeune s 12T UBUN

q

A 4
awaFINMBUBNTYI T, pin

¢ C4 o J o @ Y 4
= I‘I’TUﬂlﬁ’]umﬂgllﬁzil'ﬂllLﬂﬂii‘iﬁf’m“ﬁﬁ'ﬂiﬂ'uaﬂ?ﬂul'ﬁuuﬂﬂuﬂﬂu

TMOD

—» INTERRUPT

GATE CIT M1 MO GATE cIT M1 Mo
L =
e — TIMER 1 >y TIMER 0 ————+|
osc A l y———TIMER
\OC/'I‘ =0 O/ = = o &
| | Bis) | (8Bits)
COUNTER =
4 T CIT=1
TIFN CONTROL
TRI
__GATE
INTI PIN
TF1 _TR1 TFO TRO IE1 IT1 IEO ITO

TCON

{ o o o 4 d d . a g
9171 2.28 fansrieuves Indwesanitaes 1 (Tnua 0) 13-bit Counter Laz3 YaiAR S AIUAY



Timer/Counter Mode Control Register (TMOD) ag'lu SFR fMHH4 (89H)

GATE | CIT M1 MO |GATE | C/T M1 MO

) A A
e N
TIMER 1 TIMER 0
GATE When TRx (TCON) is set and GATE=1, TIMER/COUNTERXx will run only while INTx pin is high (hardware

control). When GATE=0, TIMER/COUNTERKX will run only while TRx=1(software control).

cIT Timer or Counter selector. Cleared for Timer operation(input from intemal system clock). Set for Counter
operation(input from Tx input pin).

M1 Mode selector bit.(NOTE 1)
Mo Mode selector bit.(NOTE 1)
NOTE 1:
M1 MO Operating Node
0 0 0 13-bit Timer
0 1 1 16-bit Timer/Counter
1 0 2 8-bit Auto-Reload Timer/Counter
1 1 3 (Timer 0) TLO is an 8-bit Timer/Counter contralled by the standard Timer 0 control
bits, THO is an 8-bit Timer and is controlled by Timer 1 control bits.
1 1 3 (Timer 1) Timer/Counter 1 stopped.

=
31191 2.29 Timer/Counter Mode Control Register (TMOD)

a oA d d d s o
GATE, - Wufiadenmsaain Indwesaanimes x
0 A2uAY 1Ay Software (Internal Control)
1 a7u7 1Ay Hardware (External Control 1AEA13NINIINAWUDN)
— o o 4 d A d o A ar d"
C/T -11maanmswNmﬁ]u‘lwmuasmmmumas‘Iﬂﬂmanmu
= s o ) a
&1¢/T = 0 WunsidenTnua Indwes (umnu'muw%u‘lcma)
_ -4 @ o ariid.
hor=1 L‘i‘lunﬁzﬁenTﬂummﬁLﬂﬁ)i (HUTUIUNAHINNWUBN)

M1, MO - thenTnuamsyiemld 4 Tvua

M1 MO Ivnua ASRNIU
(B A 13 9a Indiwesnsaanimes
a d d A d o
OE T 16 9a Indesnsennivmes
o ¢ ¢ a ¢ o s wa
1 g 8 Oa lnslwesnsaamimesuuy Inaassa luia
a o
et e s 8 9a Imiwesnsaamimes lasld TLO
a -4
iy 8 Ua Insiwes Tagld THO
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Timer/Counter Control Register (TCON) ag‘lu SFR #1HH9 (88H)

[ 7F1 [ R1 | 7P0 | TRO | €1 | m1 | 0 | mo |

TF1 TCON.7 Timer 1 overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by
hardware as processor vectors to the interrupt service routine.

TR1 TCON.6 Timer 1 run control bit. Set/Cleared by software to turn Timer/Counter 1 ON/OFF.

TFO TCON.5 Timer O overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by
hardware as processor vector to the service routine.

TRO TCON.4 Timer O run control bit. Set/Cleared by software to turn Timer/Counter 0 ON/OFF.

IE1 TCON.3 External Interrupt 1 edge flag. Set by hardware when External interrupt edge is detected.
Cleared by hardware when interrupt is processed.

1T TCON.2 Interrupt 1 type control bit. Set/Cleared by software to specify failling edgefflow level
triggered External interrupt.

IEO TCON.1 External Interrupt 0 edge fiag. Set by hardware when External Interrupt edge detected.
Cleared by hardware when interrupt is processed.

ITO TCON.O Interrupt O type control bit. Set/Cleared by software to specify failing edge/flow level

triggered Extemnal Interrupt.

;ﬂﬁ 2.30 Timer/Counter Control register (TCON)

a oA Ca J s
TF1 - udansuaasnmisinalaes Iatues lndiwes 1 szsniie Indlwes 1 Teres IWaTd uaz

o A § a a o d o
szgandusies Windfgielifi lusunsuniSnsdumessninieldfds CLR TF1

a o d g o
TR1 - danmguamsiuvesinfwesianines 1 aaugueinlilsunsy

o o 1A d d a o 1
1 17]11!3]‘85 NIB IATUABT 1 LTUNWNIUAD
4 o i 4 -4 o
0 17]“111’65 HNIB IATUABT 1 ﬂtjﬂ‘ﬂ'lﬂu

¥ -1 ad a [
(nsfitidpdNTsesEnia GATE 1 11 TMOD now)

a é ~
TFO - ulanduaasmsiialenes InatvesIndwes o gridniie Insdues o halees nal

WUIREINY TF1

TRO - WuRaiU TR1 ualFmaugyindwes o

[

Jd a o a do o g @ a Jd 4
IE1 - Lﬁ‘lﬁﬂ‘]ﬂlﬁﬁ\iﬂ'ﬁmﬁﬂﬂgm’lﬂlﬂumﬂiiWﬂﬂ']ﬁu@ﬂ'ﬂil']Um‘ll 1 lﬁ@ﬁﬂﬂgfg'\mﬂulﬁ@i NN

9 P T a Jd o o ] a a do d
WY INTO wezgniadusiedlaedds RETL Tuldsunsudiuuimsaumessny

d A o a do dd a L & ARG
IT1 - LManmmeﬂﬂizmﬂmsﬁi’mﬂﬂ‘ﬂ’dﬂgmmﬂumﬂﬁ‘vmmﬂmlumn INT1 Tau

1 ﬂZﬂi’m’dﬂﬂﬂ'ﬁﬂjaUuiséﬂtmﬂﬂﬂﬂﬂ?ﬁﬂﬁﬂ'] INT1

0 szAsARYITAURUivesdNUAiv1 INTI

a o a do o 3 [ a [
IEO - uranduaasmaiiadygnudumes suiaouenvuoay 0 Welldygnudumessun

9 P i - o o A v ' a a do o
LUIUINYT INT1 llazqﬂlﬂaﬂil@QIﬂﬂﬂ1ﬁq RETI ‘nﬂgiuiﬂiuﬂinﬁjuﬂﬁﬂTiﬂulﬁaiiwﬂ

ITO - WAy IT1



l\(;T=O

CIT=1
T Pm—————j

GATE
INT1 PIN

[y

o/:o

% (5 Bits)

TL1

TH1
(8 Bits)

TF1

— INTERRUPT

CONTROL

5117 231 Indlwesnaniines 1 (Tnua 0) 13 da 1aniined

g
A 4

/12

> /12
l T =0

o7 O

A 4

TL1
(8 Bits)

TH1
(8 Bits)

TFL

—® INTERRUPT

CONTROL

—» INTERRUPT

—O/ ) TFL
: o (8 bits)
CONTROL
RELOAD
THI
(8 Bits)

& gy a go iy Y wa
51 233 Insdwesaaniwes 1 (Inua 2) 8 da anives Inaadisn lula
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) 4

2 e V2fag

112 fog, 5
CIT =0

j CIT =1
TIPIN

\O——O/: ©, > (BTBLilts) TR ——> INTERRUPT

CONTROL
TR1
GATE
INT1 PIN
THL <
112 f o710 (8 Bits) TR > INTERRUPT
CONTROL
TRI

il 2.34 Infwesaaniiaes 1 (Ivwa 3)8 O aniines 2 ga

[ 1F2 [ exr2 [ roik [ Teik Jexena [ 1R2 | cim2 | criRiz |

TF2

EXF2

RCLK

TCLK

EXEN2

TR2

cIT2
CP/RL2

T2CON.7

T2CON.6

T2CON.5

T2CON.4

T2CON.3

T2CON.2

T2CON.1
T2CON.0

Timer 2 overflow flag set by hardware and cleared by software. TF2 cannot be set when
either RCLK=1 or TCLK=1

Timer 2 external flag set when either a capture or reload is caused by a negative transition
on T2EX, and EXEN2=1. When Timer 2 interrupt is enabled, EXF2=1 will cause the CPU
to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software.

Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its
receive clock in modes 1&3. RCLK=0 causes Timer 1 overflow to be used for the receive
clock.

Transmit clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its
transmit clock in modes 1&3. TCLK=0 causes Timer 1 overfiow to be used for the transmit
clock.

Timer 2 extemnal enable flag. When set, allows a capture or reload to occur as a resuit of
negative transition on T2EX if Timer 2 is not being used to clock the Serial Port. EXEN2=0
causes Timer 2 to ignore events as T2EX.

Software START/STOP control for Timer 2. A logic 1 starts the Timer.
Timer or Counter select.

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if
EXEN2=1. When cleared, Auto-Reloads will occur either with Timer 2 overflows or negative
transitions at T2EX when EXEN2=1. When either RCLK=1 or TCLK=1, this bit is ignored
and the Timer is forced to Auto-Reload on Timer 2 overflow.

iﬂﬁ 2.35 Timer/Counter 2 Control Register 80C52/83C154/83C154D
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a ° o o
AN 2.5 Iﬁﬂﬁﬂ’liﬂ']\ﬂuﬂﬂ\ﬂﬂﬂmﬁi 2

RCLK + TCLK | CP/RL2 | TR2 | MODE
0 0 1 | 16-bit auto-reload
0 1 1 16-bit capture
1 X 1 | Baud rate generator
X X 0 | (off

a I 4 Aa
TF2 - udanduaasmsifialenes Idatveslndwes 2 sudvilelndwes 2 iAnletaes
t 4 ' E 4
TaduazezgriadosTasldvesnmsimniulasldfids CLR TF2 winiuiia TF2 9
[] o a
lignidméniia RCLK = 1 way TCLK =1
o g o g [ a
EXF2 - udanduaainsifadumessninnmouenues 2 eflidaanunsniinatouen
WVOLYIANNYT T2EX pin tazdin EXEN2 @eaviiiu 1 mswndese dveswins
k4
191154 CLR EXF2
vlel ia" o o o o o o o 4
RCLK - didenunasiuiedyanaadeadmiudmuaueasndmiunesademsniedm
U
1=1dsnvn Tnles 2
0=1denvn Indwes 1
9 A 1 8§ I/ d ) o o o s ¢ A
TCLK - Ilffenundsiiladyanunasadmiuimuatsasndmiunesadeasnidm
9
1=tAonvn Tnifues 2
L4 d
0 = Henan Tniwes 1
a ] o a o {
EXEN2 - dinidon sygnanse lisyanadaaasuasssnnauueniin T2EX pin
1=0oygA
0 = lajoyga
a d o d
TR2 - danuquasaarsnues Indiwes 2 asuqueinldsunsy
o S A ¢ ¢ A o
1 ="lndues vie aniwes 2 Fukhau
4 S A 4 -4 o
0= Tndwes w3 tAnlwes 2 nyahe
prryrems i o G4 d A d -4
/T2 - DadenInuansyiteu Indwes nie Inniwes 2
o s A o 4 o o o a o
1 ="Indes vie tanimes 2 e Inuamniines laonSauuuveuviash
: d a 1
Y1T2EX pin tasdeudniaEXEN2 1 d9mth
4 g A d 4 - 3 4 -4
0="Tndlwes w3e tAniwes 2 denmsauInuannives
CP/RL2 - fintdenlnuamssie1u Capture 150 Reload

¢ ¢ A ¢ 4 o a o
1= 17111&1195 HIDATHIADBT 2 NTHIU Capture mode Iﬁﬂ'ﬂiﬂm.!‘l.l'ﬂi]ﬂ‘ll'laﬁﬂ
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d a 1

YIT2EX pin tazAvainiia EXEN2 Aa2ewi

¢ s A i A 3 1

0 = Tndiwes wie amiwes 2 1A9NNIIMIIUULY Reload mode InAAAI4N
s Q/QA a

saludifdie TF2 = 1 wSalaumsninuuy

o . 9 d a
youv1aeNv1 T2EX pin  tazaeusvie

EXEN2 13neu

2.4.7.4.2 msllsunsulnsiesianines
ms Tsunsuazdealilsunsuaily TMOD §ams1ei 2.6 34
- BonaAINULY Internal Control aa1in lavldA1de SETB TR,
- Bonaa UL Extemal Control aansnTavldnsnszquandaanamensniin

INT, pin 113 8051

P I'4 1
A15197 2.6 ms Tlsunsu lmiwesaaniiaesx (@ena1 TMOD)

TIMER/COUNTER 0
TMOD TMOD
MODE TIMER 0 INTERNAL | EXTERNAL mope | COUNTERO | |NTERNAL | EXTERNAL
FUNCTION CONTROL | CONTROL FUNCTION CONTROL | CONTROL
(NOTE1) | (NOTE 2) (NOTE1) | (NOTE2)
0 13-bit Timer 00H 08H 0 13-bit Timer 04H OCH
1 16-bit Timer 01H 09H 1 16-bit Timer 05H ODH
2 8-bit Auto-Reload 02H 0AH 2 8-bit Auto-Reload 06H OEH
3 Two 8-bit Timers O3H 0BH 3 One 8-bit counter O7H OFH
As a Timer As a Counter

Notes : 1. The Timer is turned ON/OFF by setting/clearing bit TRO in the software.
2. The Timer is tuned ON/OFF by the 1 to 0 transition on INTO (P3.2) when TR =1 (hardwarecontro).

TIMER/COUNTER 1
TMOD TMOD
MODE TIMER 1 INTERNAL | EXTERNAL mope | COUNTER1 | INTERNAL | EXTERNAL
FUNCTION CONTROL | CONTROL FUNCTION CONTROL | CONTROL
(NOTE1) | (NOTE2) (NOTE1) | (NOTE2)
0 13-bit Timer 0O0H 80H 0 13-bit Timer 40H COH
1 16-bit Timer 10H 90H 1 16-bit Timer 50H DOH
2 8-bit Auto-Reload 20H AOH 2 8-bit Auto-Reload 60H EOH
3 does not run 30H BOH 3 not available - -
As a Timer As a Counter

Notes : 1. The Timer is tumed ON/OFF by setting/clearing bit TR1 in the software.
2. The Timer is tuned ON/OFF by the 1to 0 transition on INT1 (P3.2) when TR1=1 (hardware controf).
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osc » /12
—l CIT2=0

TL2 TH2
B = : O > 8Bit) | @Bit) i RGHLE i g
T c/T2=1
T2 PN I CONTROL
|| || TIMER2
= \/7 ’\/7 E INTERRUPT
CAPTURE
TRANSITION
DETECTION RCAPZL | RCAP2H
y
T2EX PIN
— N Lo O —» B2
|
‘ CONTROL
EXEN 2
P o o d J
21“7] 2.36 17]3JL1!8'5/Lﬂ']11Lﬂ@5 2 Capture Mode
osc 1 /12
c/T2=0 > ST
L ae T O/:G ™ @B | @it
j cIT2=1
24y CONTROL AL
4 APTURE l—’xv r 7
TRANSTTION F
DETECTION RCAP2L | RCAP2H g2 T2 TIMER2
INTERRUPT

T2EX PIN —'——\_ O/{C N S

\ CONTROL

EXEN2

1712.37 Indlwesinniines 2 Reload Mode

2.4.7.43 mslsunsalndlies/mines 2
' o { 2
s ldsunsuezdnslalsunsuarly TMOD &eans19 2.7 &9
- AoNaA NI Internal Control a1 N Iav14d1ds SETB TR2

A I3 d 9 v o =
- 1ABNAATS MUY External Control a@13n lagl¥msnszquatndygnumeueninm

T2EX pin d1115U 80C154
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{ d 1
a1519h 2.7 A3 Talsunsylnfwesaaniwmes 2 ((@ensA1 T2CON)

TMOD TMOD
MODE INTERNAL | EXTERNAL MODE INTERNAL | EXTERNAL
CONTROL | CONTROL CONTROL | CONTROL
(NOTE 1) (NOTE 2) (NOTE 1) (NOTE 2)
16-bit Auto-Reload 00H 08H 16-bit Auto-Reload 02H 0AH
16-bit Capture 01H 09H 16-bit Capture 03H 0BH
baud rate generator
receive & transmit same
baud rate 34H 36H As a Counter
receive only 24H 26H
transmit only 14H 16H

As a Timer

Notes : 1. Capture/Reload accurs on Time/Counter overflow.

2. Capture/Reload occurs on Timer/Counter overflow and a 1 to 0 transition on T2EX (P1.1) pin except when
Timer 2 is used in the baud rate generating mode.

2.4.7.5 Ms3udeveyasyn i (UART) o4 8051 az 8052
wosademseynsuYes 8051, 8052 filassadasnmihouluuufiGenimagmindg Eul
Duplex) Tuntsfunazdedeyneynsyidlunanfvaiulasmedmddldn T (esn3.) me
& 50199 RxD (o34 3.0) SBUF Miihuiviesdmsusunazdedeyaannsy
wosmdeaseynsuues 8051 auinse WsunsumsiensldnateTnuadeiulaoident

o

A Y o L o ™ 4
fin SM1 uaz SMO asegli3daaesaaugy SCON n1sfheuyie4 Tnua YBINBIATBAITBYNIY
PR ¢
UAIH

4 é Aa (] A ~ a v & 1
Thua 0 : wesademseynsu 8 da lasnisdeszideuseniiaziialasdada DO eenliineums

41 RxD oz lifinsde start bit LA A shift clock 119971 TXD (AM57 1/12 1911984

CPU Clock)
S 0 1 2 3 4 5 6 7
LA
= B
TI

& a a :
Thua1 : wesafemseynsu 10 Ua doya 8 da 1startbit waz 1stop bituazarmisnulasu
=4 (] ‘3 o A Y
wlasaaud lumsdsdeya'ld Tasiuduia SMOD Tu PCON uazdastlones Inas

994 Timer 1
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K x Oscillator Freq. e e
dmsu 8032, 8052 laul¥

Baud Rate Mode 1 =
32x12x[256-(TH1)]

Timer 1

Oscillator Freq. a5t
Baud Rate Mode 1 = ATV 8032, 8052
32x[65536 - (RCAP2H, RCAP2L]
Tav% Timer 2
TXD 0 1 2 3 4 5 6 7
START BIT STOP BIT
I
Tvuaz : wedndeawoynsu 119a 198esya 99 1 start bituas 1 stop bit (TBS feanimnldds
Parity bit)
o 1 R e b ¢ ‘: v a
@ lumssudedoyamiiy 1/32 wes 1/64 ¥e1 CPU Clock lagaufuiiia SMOD
Tu PCON)
A
Baud Rate Mode 2 = 1/(32 Osc Freq) W8 SMOD =1
Baud Rate Mode 2 = 1/(64 Osc Freq) /8 SMOD =0
TXD 0 1 2 3 4 5 6 7 TB8
START BIT STOP BIT
TI
Twua3 : wesmdfemseynsuuuy 11 bit UART lavdadeya 9 1a 1startbit 1Az 1 stop bit

A o d 2o ia o 4
wilouInua 2 Uﬂl%uﬂﬁi’]ﬂ')’ulﬁ?ﬁzﬂuﬂvﬂﬂ SMOD 1u PCON Llazﬂﬁi’llﬂlﬂﬂs

o L ; s o o o
TaSues Timer 1 ¥y 8051 wioluiy sasilerres IWaives Timer2 dmsy

80C154D

K x Oscillator Freq. g
dmsu 8031, 8051 lawld

Baud Rate Mode 3 =
32x12x[256-(TH1)]

Timer 1
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Oscillator Freq. ke
Baud Rate Mode 3 = a3y 8032, 8052,

32x[65536 -(RCAP2H, RCAP2L ]

80154, 80154D lav
1% Timer 2

START BIT STOP BIT

TI

24.7.5.1 maiweude lulashisimae sifteSudeteyasiynsu (UART)
fing 2 Tnuadiuiude
- Single Processor Mode

- Multiprocessors Mode

i 4 '3
Single Processor Mode : lulnuaiiisnz 14 lulnsneuInsames 2 fudoudmiiu
¥
4 Y Y ]
MultiprocessorsMode : TuTnuaiiis1ezlflulnsneulnsames 1 daudludauel (Masten)
a1 o daa ddq v o (D
wagdn 256 @29 (Slave) 3VaMBINITAILAUMIIUTIVRYA

o =) -4 4
oYNTN AYITAZIBIARSZLIN 2.38



Serial Control Register (SCON) agflu SFR #iut#14a (98H)

SCON : SERIAL PORT CONTROL REGISTER (BIT ADDRESSABLE)
[smo [sm1 [sm2 [ReN [ T88 [ RB8 | T | RI |

SMO SCON.7 Serial Port mode specifier (NOTE 1).

SM1 SCON.6 Serial Port mode specifier (NOTE 1).

SM2 SCON.5 Enables the multiprocessor communication feature in mode 2 & 3. In mode 2 or 3, if
SM2 is set to 1 then RI will not be activated if the received Sth data bit (RB8) is 0. In
mode 1, if SM2=1 then RI will not be activated if a valid stop bit was not received. In
mode 0, SM2 should be 0 (See table SERIAL PORT SET-UP).

REN SCON.4 Set/Cleared by software to Enable/Disable reception

TB8 SCON.3 The Sth bit that will be transmitted in modes 2 & 3. Set/Cleared by software.

RB8 SCON.2 In modes 2 & 3, is the 9th data bit that was received. In mode 1, if SM2=0, RB8 is the
stop bit that was received. In mode 0, RB8 is not used.

A SCON.1 Transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the
beginning of the stop bit in the other modes. Must be cleared by software.

RI SCON.0 Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode O, or half
way through the stop bit time in the other modes (except see SM2). Must be cleared by
software.

NOTE 1:

SMO0 | SM1 | MODE DESCRIPTION BAUD RATE

0 0 0 SHIFT REGISTER Fosc./12

0 1 1 8 bit UART Variable

il 0 2 8 bit UART Fosc./64 OR Fosc./32

1 1 3 8 bit UART Variable

SERIAL PORT SET-UP

MODE | SCON SM2 VARIATION
o L% Single Processor
1 50H :

Environment

: 90 (SM2=0)
3 DOH
: A Multiprocessor
1 70H N
2 BOH Envnron:nent
3 FOH (SM2=1)

7171 2.38 uaneswazBoalu3deumes SCON uazn1s SET-UP

SM1 SMO0 Tvua ms#IeIu

0

0

0

Shift register s 132 TumsSundedsdoyairiniy 1/12 vesanudesadai
18389 CPU

8 bit UART é’m‘|L§ﬂun15%’un'§ﬂdai’faga€uﬁ’v Timer 1, 2 uazila SMOD
9 bit UART 8as 152 lumssunsedadeya = 1/32 wSe 1/64 vesARo0d
Gatames Juifuiia SMOD Tu PCON

9 bit UART $a5152 Tums sunsedsdeyatmuaf Timer 1,2 uazda

SMOD
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SM2 1iati@nn159 19U Single Processor Mode #38 Multiprocessors Mode
1: 1@en Multiprocessors Mode 1¥1éu Tnua 2:3
0 : 1den Single Processor Mode 1418 unnInua
ieidenmsihausudeyauuy Multiprocessors Mode 182
drdeyadiafi o fisu 18T auilu 1 RTazidin
drioyadiai 9 15y 1&Tiauilu o RT 1zindef
REN (Receive Enable) Tamugulnsunse lusudeya
1: Wisudeyald
0 : Hwsudeya
TBS (Transmit bit D8) Yoxyndinft 0 AvzdseenluinTnue 2,3 Wdludail
RBS (Receive bit D) Feyadaf 9 A5 neszanfiuludai
@oyafiafi o Adeslu TBS Medudaiuies)
TI uand Tr ez 1 iffeduganisdsdeyatingarin
RI uvand RI vzl 1 desudeyadagaiudwiass da Ry T1 fifeuTusunsuee
Aounfivsies)
astei 2.8 msents W ingiwes 1 Amusvensn
TIMER 1
Baud Rate Fosc SMOD —
C/T MODE Reload Value
(MODEOQ)Max : 1M 12MHz X X X X
(MODE 2) Max : 375K 12 MHz 1 X X X
(MODE 2)Min : 1875K |12MHz 0 X X X
MODE1,3 : 625K |I12MHz 1 0 2 FFH
192K 11.059 MHz 1 0 2 FDH
96K 11.059 MHz 0 0 2 FDH
48K 11.059 MHz 0 0 2 FAH
24K 11.059 MHz 0 0 2 F4H
12K | 11059 MHz 0 0 2 E8H
137.5 11.059 MHz 0 0 2 1DH
110 6 MHz 0 0 2 72H
110 12MHz 0 0 1 FEEBH




2.4.7.6 M3dUMBI NI
A o o ° a a dasr o "
Aamsvatenaz Ilsunsudrvazudnyi ldsunsuusn1sdunessny  (nterrupt Service
5 o a do o { o [
Routine ; ISR) MsAsNAeUTYgIUNIS0evedWADS S NIZATI9AOUTR LMY S5P2 YBaYN Y
q ' a 1 o
wwedu lmdadionuudr lugrauesduladad 2 wiilumsasrvasuiiiluvesginsalauazuss-
FulwAan 3 swnsylaaliinlisunsuuSasduiaessuyl (nterrupt Service Routine; ISR) A3/
a do o 9 J 1A Yo 1A 1Y
239 BUABITNNYES MCS-51 1Au191n 8 unas uATifios 6 Vector (TTuag RI 4@ wmiaudeari)

o ] d o o {
ﬂ'll.m‘uﬂﬂﬂﬁnﬂlﬂi’)iﬂﬁllﬁﬂﬂﬁ\iﬂ?i“ﬁ 2.9

i
B\ w2770
ﬁ—o/‘ 7 3y * @
S 2 Tii e

e v A @ a do o
2‘1.'71 2.39 LHAINUUBITYYIUBULADIINN

A1519 2.9 Butees sNIAIADS 18 s MCS-51 Lasddun uddgvesmssumassne

a1Au Fodgyanadumessn Vector Address Priority
1 o 0003H Highest
2 TFO 000BH
3 NT1 0013H
4 TF1 001BH
5 THRI 0023H
6 TF2+EXF2 002BH Lowest

Yy aa

o & Y A ! G
* fiidwans Sniidwmieusu INTo vl Priority qega *
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Interrupt Enable Register (IE) aq'lu SFR @149 (0ASH)

Mmuguauaes il s undsgasied 2.9 dseneustemsadetunse livwmsdu-
wesswitldvngsmneiyaiidaiswazBuadegui 2.40 emnsadeiu hitdifansdasameis
nuan 1Afosua lSiniin EA T Interrupt Enable Register (IE) 81304015 Enable 811235091910
qunssida lnufifivud dningunsaifaiull usedrdudniin EA swazBuaves E Fudns
Tugalfi 240

(MSB) (LSB)
|E_A[x IET2|ES|ET1|EX1IETO|EXO|

Symbol Position Function
EA IE7 disables all interrupts. If - EA=0, no interrupt will be acknowledged. If  Fheach
interrupt source is individually enabled or disabled by setting or clearing its enable
bit.
- IE6 reserved
ET2 IE.5 enables or disables the Timer 2 overflow or capture interrupt. If ET2=0, the Timer 2
interrupt is disabled.
ES IE4 enables or disables the Serial Port interrupt. If ES=0, the Serial Port interrupt is
disabled.
ET1 IE.3 enables or disables the Timer 1 overflow interrupt. If ET1=0, the Timer 1 interrupt
is disabled.
EX1 IE2 enables or disables External interrupt 1. If EX1=0, External interrupt 1 is disabled.
ETO IE1 enables or disables the Timer 0 overflow interrupt. if ET0=0, the Timer 0 interrupt
is disabled.
EXO0 IE.0 enables or disables External interrupt 0. If EX0=0, External interTupt 0 is disabled.

4
911 2.40 s10azBuavess dames IE

= A _ o

in  %eoia arRin Rty

paarey < 9 A o a do d a do o (N 9
E7 Ex  =1nwedwenliifennsidumes sminnduaesswiumass 4 14

v i 4
= 0 v LivenItiduwmesSwivinuvdsla 9 Hedu
[E6 X 13189
0 a d o A a

[E5 ET2 =1vnngiswenliidumessniide TF2 ifaleresvaf

1 o o/ A =
=0 nyeds lven WP umes sniidle TF2 1naTornes 1vas

9o a do o 4 é ]
IE4 ES =1 gaunfidumessnnnnesadeasoynsy1a
5 N 9o a do o o g
=0 liveu i umessunnnesadoarseynsy
0o a do o A& a
[E3 ET1 =1wuedsenldmdumessniiile TF1 iHalenesd 1vas

L o 2 s A -
=0 nuwd lisey Wit uees suiiiie TF1 thalenes Ia)



IE2

IE.1

IE.0

(U
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EXl  =1veuliiduaeisnivindganaumeveniineay 1
= 0 liveuvhdwmes s vIndyanunouenynu@y 1
0o a o oA a o I'4
ETO = 1wninedwenldidumesswiiiie TF iialeries IWa3
1 o a [y A a ['4
- 0 wueds lajseulivhaumes sniiide TFo ifaTlenes Inal
< Yo a do s e
EX0 = 1wuwdweyliidumessninndyananouenld (1 INTO)

< [] Yo a do o s PR o]
= 0 manwds liveu i duwes s vindagnunisusn (¥1 INTO)

- §1809m13 Disable Hanualiflddds CLR EA
- &1884M3 Enable Timer 0 ua Timer 1 1A 1481ds
SETB EA ; Enable Interrupt
SETB ET0 ; Enable ET0
SETB ET1 ;EnableETl
- £1884m5 Enable Timer 04ag Timer 1 4ag disable WOSAADIS
SETB EA ; Enable Interrupt
SETB ET0 ;Enable ET0
SETB ET1 ; Enable ETI
EGLR ES

ANuVINEvasdayanyal

E = Enable #50 Extemal

T = Timer

0, 1,2 = Channel 0, Channel 1, Channel 2

- Sutmesinrinely MCS-51 1891n Timer 0, Timer 1 Tagas29@oud TFO uaz TF1

LAZPUIABSINITIIN Serial Port Tatas 9aeufl TI @z RI

- 91 INTO wag INTT a1 2 wiidi Taodi
- iieR B uinessny ezidluvn External Interrupt Input
- e luifBuiaessnitaz 14 Start Counter W3ofiis 15831 Hardware Start
-msdatenizreematumes Sniinaansadmuadiduaudidyldnn

o - ‘4
Interrupt Priority Register (IP) A93100z1@uadag Ui 2.41

Interrupt Priority Register (IP) 8gly SFR #ilut11a (0BSH)

° o_ o o_w a do o
l%lﬂ'lﬂuﬁa'lﬁ"llﬂ?'ﬂJﬂ’lﬂq;\l@Qﬂ’]ﬁﬂum@iiWﬂ
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[Pt [ - Tez[ps [ et [pxi [ pmo [ pxo |

PCT IP.7 Defines the same priority level for all the source interrupt (83C154 and 83C154D only).
- IP.6 Not implemented, reserved for future use*.

PT2 IP.5 Defines the Timer 2 interrupt priority level (80C52, 83C154 and 83C154D only).

PS IP.4 Defines the Serial Port interrupt priority level.

PT1 IP.3 Defines the Timer 1 Interrupt priority level.

PX1 IP.2 Defines External Interrupt 1 priority level.

PTO IP.1 Defines the Timer 0 interrupt priority level.

PX0 IP.0 Defines the External Interrupt O priority level.

* User software should not write 1s to reserved bits. These bits may be used in future MHS C51 products to invoke
new features. In that case, the reset or inactive value of the now bit will be 0, and its active value will be 1.

91l91 2.41 wazBuave IP

ABTUIANUNIIBYBIUAALLIA U (IP)

PTo:

PS

RIY .

PTO :

PXO0 :

PET :

0
1

Timer 2 Hd18UA 1WA AYAGA
Timer 2 ¥H1duAUAAYYIA
wofafledisoynIN UART diddusawdwasinga

weSadteaeynsuiididuarmdifiygge

as

Timer 1 ¥MAUANNIRYA A

o/ o

Y
Hnduadigygege

Timer1

L4

Timer 0 IMAUANVTAYAILA
Timer 0 THAUANUTAYIYA
a o o a o o o v o
Bumeiswimuuenyiia 0 idwuawdAydige
a arniid: a o_ o o o
umassniinouenyila 0 IdWuaudRygega
v o W oo a o
vouliimssadiduanudRauesnsdumes e (Priority)
[l 9t v o w Y a do  dq Y a
TdwenlfiimsfadiduanudiigueInsduUABI THAN INAILAUAITBU-

A0S SHTIN [E Uny

a A v o o o U L Y A o/ o
dmndaiiu 1 nuaszdedmadiiddunuddygaganiiu Wedyanuumieuiue

Josdadu aasnd 2.9 naueaglszuumsdadinazves 8052 1adeg1 2.42
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HIGH PRIORITY
IE REGISTER IP REGISTER
INTERRUPT
Lo o—T. ot »
»
: INTERRUPT
I —— POLLING
TFO =% _)l' aii 4106 SEQUENCE
|
|
|
A P
| >
|
|
|
TF1 P> T gy
| L
|
|
RI |
1 —r=
TI | >
|
|
TF2 | .
Bt WS 1 e
EXF2 % |
INDIVIDUAL 8 GLOBAL LOW PRIORITY
ENABLES DISABLE INTERRUPT

51l71 2.42 510azPEAVEITTUUTATINIZYBY 8051, 83C154, 83C154D

* 83C154, 83C154D 1l Interrupt Source (1910 8051 8¢AB TF2 Loz EXF2 *

Interrupt Vector Y84 MCS-51 $18g) 8 unasasueaslumsian 2.10 daid

A15197 2.10 Tnterrupt Vector

Source Vector Address
IEQ 0003H
TFO 000BH
IE1 0013H
TF1 001BH

RI+TI 0023H

*TF2+EXF2 002BH

= ¥
* Tmniz luiues 8052 Yu'ly)

Fame N umsisendandsary Power Control Register (PCON) 8gjli SFR fiuniiis (87H)



s51

[sMop [ HPD [ RPD | - [ eFt [ ero [ p0 | DL |
SMOD PCON.7 Double baud rate bit. If SMOD=1, the baud rate is doubled when the serial port is used
in mode 1,2 and 3.

HPD PCON.6 Hard Power Down. (83C154 and 83C154D only). The falling/rising edge of a signal
connected on pin P3.5 Starts/Stops the Power-Down mode. A reset can also stop this
mode

RPD PCON.5 Recover Power Down bit. (83C154 and 83C154D only). It's used to cancel a Power-

Down/IDLE mode. If it's set, an interrupt (enable or disable) can cancel this mode. A
reset can also stop this mode.

- PCON.4 Not implemented, reserved for future used*.
GF1 PCON.3 General purpose bit.
GF0 PCON.2 General purpose bit.
PD  PCON.1 Power Down bit. If set, the oscillator is stopped. A reset or an interrupt (83C154 and

83C154D only) can cancel this mode.

IDL  PCON.O IDLE bit. If set the activity CPU is stopped. A reset or an interrupt can cancel this mode.

* User software should not write 1s to reserved bits. These bits may be used in future MHS C51 products to invoke
new features. In that case, the reset or inactive value of the now bit will be 0, and its active value will be 1.

1191 2.43 5 Saian M 1 lunsYsendandsanu (PCON)

fin SMOD - fiafmuasaninamiianssudsdoyaeynsy UART
0=8as1Ria 1wh
1=8a51ANUIE2 2007
{iwHPD - Hard Power Down bit (1 83C154, 83C154D W) wnedsans 19danaen
meusnannszdulivyandeiy Power Down Mode tilagniignaznyanisviem
TuTnuail
SARPD - Recover Power Down bit (11 83C154, 83C154D iimiw) sfu1&gniin U 1 mven

1an Power Down/Idle Mode

a do o o a a
1 = §1n15¥ovedunes sniign Enable WBvznselaalililsunsuuinmadu-
do o
193 TN
9 9 a do o X ° ] @
0 = finsdoseduneisnngn Disable 13Tsunsuvziitaudendsnn Power

Down/Idle Instruction
daGrl - udangldauiia’ly

facr2  -uvandldauialy

{ia PD - Power Down bit
1 = vyAosardalamesivesdiy
@ - A Aa do da J 1 ; =
0 = Fyasinmeliduneiniiiatu (83C154,83C154D winly) Tnuatey

QnEnIAN

J@IDL - Idle Mode bit
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1= Mgan1siIuvesdiy

@ < d A Aaa ot iaat. hd a
0= t@qmﬁwwmauﬂumasswmﬂﬂwlﬂnﬁuﬂzgﬂﬂman

T ﬁ /
X

The clock is stopped
on the falling edge

e 5 B, <

{ a a 3 A o d'
7171 2.44 wafifatuiiie HPD = 1 uazlidgyanunszquiiv T1

TOCON Register (83C154, 83C154D (¥11%%) egflu SFR @i (0F8H)
TFRIuAuMsIeTIYBINe T 29 NABA (Watch Dog 16/32 1in) azuandnuaasnssude

yaRANAA (Frame error ez Overrun error) A9516AZIDUARIIYN 2.45

[ wor | 732 |sERR| 1zC |P3Hz|Psz|P1Hz| ALF |

WDT |IOCON.7 Watch Dog Timer bit. Set when Timer 1 is overflow (TF=1). The CPU is reset and the
program is executed from address 0.
T32 IOCON.6 Timer 32 bits. The Timer 1 and Timer 0 are connected together to from a 32 bits Timer/
Counter. If C/TO=0, it's a Timer. If C/TO=1, it's a Counter
SERR |OCON.5 Serial Port Reception Error flag. Set when an overrun on frame error is received.
1IZC IOCON.4 . Set/Cleared by software to select 100/10 K pull up resistance for Port 1, 2 and 3.
P3HZ IOCON.3 When Set, Port 3 becomes a tri-state input. When cleared, the pull-up resistance value

is selected by IZC.

P2HZ I1OCON.2 When Set, Port 2 becomes a tri-state input. When cleared, the pull-up resistance value
is selected by 1ZC.

P1HZ IOCON.1 When Set, Port 1 becomes a tri-state input. When cleared, the puli-up resistance value
is selected by IZC.

ALF  IOCON.O All Port tri-state. When Set and CPU in Power-Down mode, port 1, 2 and 3 are tri-state.

317 2.45 IOCON Register (83C154, 83C154D (11141)

{in WDT - =0 Watch Dog =off
=1 Watch Dog =on

a A d 4 A d d a
ua T32 - =0 Laaﬂi‘numeimmmummuvn 16 1@



A CA A ¢ 4 a
=1 Lﬁ@ﬂiﬂﬂmﬂiﬂimﬂ'lulﬁﬂSLlﬂ_ﬁJ 32U@
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fin SERR - Serial Port Error Detection tHuunandiaasnisSudoyaranai (Frame error and

A S - = J
Overrun error) WANAIUHNANAIAINAYY

a 4 d :
{ia ALF - oSN ALF = 1 uaztn Power Mode '3 seiinaliiwosadis 3 Daouzilueaae

AMWAIUNIUGY (High Impedance)

9
iin PIHZ - {@enmsauvesesa 1 Tasasuguswiuia IZC Al

PIHZ IZC a0ue

0 0  We3A 1=Low Impedance
0 1 Wosn 1= High Impedance
1 X W93@ 1=Floating
fiap2HZ - W@enmavenivemesa 2 Tavmuqusauiuia IZC Fail

P2HZ 1ZC @a01ue

0 0 e’ 2=Low Impedance

0 1 W®3A 2=High Impedance

1 X o592 = Floating

iia P3HZ - denmsThemuemesa 3 Tavarugusauiuia 1IZC &t

P3HZ IZC doug

0 0 W85m3=Low Impedance

0 1 Weo$a 3=High Impedance

1 x  We3n 3= Floating

20SC. PERIODS

%

R

—
; |

D

el
PI1HZ

Bl B

vcc

=

I~

51t 246 Taseareveanesalu 83C154, 83C154D

VS§s



TIMER O MODE 3 8 bits
TIMER 1 MODE 0,1,2 13-16 bits
TIMER 0,1 MODE 32 bits 32 bits
TF1
WDT
RESET ’

91/91 2.47 A3n15%119114 999 Watch Dog

CPU RST CTRL

{ { s T o < o
A13197 2.11 wamstlfouuasdang 9 Ty SFR ndennsisn laudaanaein Watch Dog

54

REGISTER VALUE IN BINARY REGISTER VALUE IN BINARY
*ACC 0000 0000 *TCON 0000 0000
*B 0000 0000 +T2CON 0000 0000
*PSW 0000 0000 THO 0000 0000
SP 0000 0111 TLO 0000 0000
DPTR 0000 0000 TH1 0000 0000
*PO 1111 1111 TLY 0000 0000
*P1 1111 1111 +TH2 0000 0000
*P2 1111 1111 +TL2 0000 0000
*P3 1111 1114 +RCAP2L 0000 0000
*IP XXX0 0000 80C51 +RCAP2H 0000 0000
XXX0 0000 80C52 *SCON 0000 0000
0X00 0000 83C154/83C154D SBUF Indeterminate
HE 0XX0 0000 80C51 PCON 0XXX 0000 80C51 and 80C52
0X00 0000 83C154/83C154D and 80C52 000X 0000 83C154 and 83C154D
TMOD 0000 0000 -*IOCON 0000 0000
* : bit addressable. 3
+:80C62, 83C164 and 83C164D only.
-:83C164 and 83C154D only.
X : Undefined.
TXD 0 1 2 3 4 5 6 7 TBS
Start bit Stop bit Missing
SERR

:i o (it da 2 A
51/ 2.48 @289 Frame Error Mifiatuiiie Stop bit v1e'ly)
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byl
o | [ ommace:r | & | [ cmamacrerz ]
2
y i
SERR 22
Character 2 is overwritten l
by the first

d‘ -3 1 d‘ ~ ‘3
31N 2.49 #9819 Overrun Error AAYY
2.4.8 M3l¥u MCS-51 Funemeslnnss

2.4.8.1 mstunemoililnsidasdiva PWM

Faygner PWM 7 MCS-51 gudasiiu awsaill 9 iunemes aseld udlumsdy
Y93 MCS-51 ﬁ’ue’{mﬁaﬁ’q;npwhu'le%ﬁ’uinaﬁnsztmq@ W wed ULN2003 faileasamgilii
250 §mindaany PWM Tmenuntann stufeszifaussduiigesdmiviuveime’ duwald

d o 1 o - 1 FY 9 o o LY Jd
uamawqué’wmmmqa Llﬁﬁ"lﬁﬂgm’]ﬂ‘l PWM #AIRANUNINUDY mmuﬂm"lﬂwmmasmzaﬁ

o ] 4
RN 7|ﬂﬁ’ﬁ’3‘lllti’)11@ﬁll@tﬂﬂiﬁﬂﬁﬁ

: aya I PWM DC MOTOR
YINBIAYDY ” I |l U L”_ IC1 -

MCS-51 ULN 2003

=:

31 2.50 westunemesassedisivves Mcs-s1 & Tasmadedayane PwM inlodiu

Tnaanszuaqaiwed ULN2003 2eestaunsaldlAfunemes Ilassqega +30v, 500mA

2.4.8.2 m3tuemes Masauuy H-Bridge
i 1 1 { \ z 1 : 1
mstunemesWassetshefindranluneudwiu auguldmmearsanininla
ansanuguiamsnsnyuld mndesmsauquiirmennyudesldrsesfuuemesuuy

1S AT (H-Bridge) Aafinsasauyadamgalf 2.51
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+
|
It
]

<

w

|

VS =

(M) @ ()

5171 251 uramdnms Yuuewnes 1WA LY H-Bridge

{ a QAL o o ' o
Tugal 2.51 () Wuaanziudu szifiuiadagie 4 Fuillarseseennua i Lifiusedu
9)i: Sy Ay 9 3 ] a 9 o ' &
ﬂﬂuiﬁuﬂuamﬂi mﬂﬁﬂQﬂ'ﬁiﬂﬂﬂlﬂﬂi'ﬁuuﬂ'lﬂJL‘Uﬂu'IWﬂ'l 1ﬁ7]1ﬂ']591§]'3\1‘i)‘5 S1uay S4 ﬂ']il?ll?’l
q 1 Y (RN 1 oo g & 1
2.51 (V) LU UIIAU +V ﬂ]ﬂll’ﬂaq5]1U1ﬂﬁ3f;lﬂﬂ@Lﬂ"ﬂﬂﬂ’)ﬂ?ﬂ‘“ﬂﬁﬂﬂmﬂi tagvauuDLnal
1 1 9 o : ¢ ° 9 a ] d IR d a
il'lﬂvlﬂﬂﬂw']ﬂ'ﬂﬂ'éa‘ﬂﬂﬂﬁﬂﬁmﬂi ‘ﬂ'ﬂ“mﬁﬂi%’;tlﬂiﬂ'ﬁN'luil'é)mﬂi n@LﬁﬂiﬁQﬂuuﬁ1ﬂLﬂﬂu1Wﬂ1

(CW : Clock wise)

4 d v A a a
ifledeens IuemesmyundufieanisnsenyunaulduuIinl  (CCW : Counterclockwise)
o 1 = d o Iq @ @ o o o
1ﬁﬂ1ﬂ’]5ﬂ'ﬂﬂ')ﬂi’ S2 iay S3 LU Tuvsiehn S1uag S4 @299 “ﬂ!ﬂﬂiﬂﬁzqé‘iﬂlliﬁﬁuﬂaﬂ‘ug m

a o v a o
Wnszualnalufieneas -t ueiass samyunduniem iy luasuusn

v A w !

un A a AR Y P
TureesTuesees s mFmaesunuadadois 4 & dalidrednesuaalugili 2.52

Q1

fo3]

10K
ocw *—**—’\/\/V—E

51/#12.52 2995 duweiaes Ilas sy H-Bridge
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4 4 [ A < o P 4
eawazanlumsad1nsesduuuy H-Bridge 3eveuuziilodiues 1298 wldlums

o o o v a P Jd’d
Fuveiwes s dmuguaniamanatiamitaulveslediueiiie

L298 Full Bridge Driver Circuit

m Separate motor and logic power and ground

m Bypass capacitors across power |leads, atleast 0.1 pF
+¥e

+Vss , 0.1 pF |Digital GND

5171 2.53 uerA93995 1298 Full Bridge Driver Circuit

- aunsotunszuaInanldgegada
i 4
- aseldlidus lhgega 48v
9 o aa
- awsal¥dyanuataeaniuguldlaoass

S 45 o

a a ) A a
- 9090 “0” susatituns sdu 1ageds 15V iWedesmsgliguiudyanasunau
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2

sV 5V
4.7 uF T 1K T
S <c<c <
$332 VCCl o)
1K —rL0 vee ENABLEA  GND
e 1] o
== e o
) P2 op2
= — PS5 PO4ADY) —— == 173 oP3
—— 16 PO.S(ADS) P4 or4
|
. — CURRENT SEND A
—— P3.0(RXD) _EAf—— CURRENT SEND B
— 0O ==
T | P3.2(INTO) ALE/PROG [ L298
——P33(INT1)  P27A1S) T
—— P3.4(T0) PLE(A14) |—— =
— PS5 P25A13) (——
11.059 ——{P3.6(WR)  P24(A12) F—
1Mt S| Pai(zw) P23(AL1)
[ L] XT) A1)l
XTALL P2.1(A9) ——
nwL  ner —] o0 P2.0(48) f——

ATB9C8252

b4

51l 2.54 fredrerses funermes 1Wasse

2.4.83 mamuguadiilnlesuemesuvugillng s

d o ' ¢ & da o A
ﬁlﬂﬂﬂjﬂiuﬂmﬂi (steppermotor) L‘ﬂuﬁﬂlﬁﬂﬁlﬂﬂ"u@ﬂﬂﬂ'ﬁﬂHﬂ!!ﬂﬂlﬂuQQﬁQZﬁialﬁ'Uﬂ

' ﬂ d h Uy 4 7 o o oW (Y ¢ ﬂ o T
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o { 3 { 1 A @
aunu 625 1dunse 5251du dyanudiesn lumaewyaiziiudygnalvideies dagnanm
v J 1 4 o o A A o d Het i o
aananvzgnas v lius siundnildwansuda Ias ludewad (Synchronizing Pulse) udamh
o a @ & A o ! o
nswaudgygamuenddgatusaunniamne W lddggnan iy AM daudganandoas
Vo gk o v o o A ¢ a A Y a
gnaudgsveedyganeuflnaudyapafusauniidouie 1d Iddygnandouiiu M
A L Qs s o/ ﬂ’l’ o o 3 o
wiesfuInsimiveiudagnamnameemaduisnmuazidss idagenaildsins
J 1Y & 1 a
amamesusnamuazidesesn i auTasdgananm (CRT) Feilidmadwvasaseadalaalny
! ad { Y °
funfdemduadeunwgessmaudll mulunasariiiludidnaseunfimsiefunsdud iy

a o d a J 1
g lminei IdesHealesifamsiSesuastuiive

2.63 anaralnsimivesdis q

ANINIFIUYBY FCC Amualianwd InsimiRsnmuaziFedinnuniuseas 6 MHz
Tuvaizfivnasg CCIR fmualdindisde 7 Miz Taouisdniaawalusie VEF iy 2 uuud fe
HINAETUAT (Lowband) FULLUAAMES (Highband) ey lusae 30-300 Mz ualuthuaawid nins
denszorwidosuesantiiing BM fuiummdiuudiluszuy Feo Swssyvealnsiimd 2-6
o718 Tuvasfiszuy CCR ussyges 24 0113 arwduuudnaediuves FM wazniedm

UUUAZIVRY FCC w339%ee 7-13 Tnanizfives CCIR wssyves 512 1011}
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unn 3

MsmIazNMsag

3.1 mswlasdganamssauiludgyanas TTL

1c MAX-232 Tmihitlunifsudagenuussduiiesnsnmedaeynsy rs-232 iy
dyana TTL Taudfeussduiionnsin RS-232 Huwrauseduniiy 12 Taad uSoassn “0” o
ﬁmmﬂ‘é‘ﬂu'lﬂl.ﬂuﬁtysgm TTL v 0 T2a%i uawidlefiusedufioansin RsS-232 Huuausedu
iy -12 TamsivSeanin <17 vgshnsldow ludludayona TIL vwa 5 Thadt derwneq lu

2eesuazgihessmise lduaaseglugldi 3.1

+5 VINPUT

c3
{]
pll I 115
) 3
K 16
4 1 vee
s/, & +5TO +10V k2
¢ Ot b6l vee T3 {2 vouTacE DousLER
v+ [ 5] e i3 4
Y MAXIM C2+ +10VTO-10V 6 -10V
ci- 3] Tiout e .
PO [ A o "5 | ;. VOLTAGE INVERTER | =5
MAX232
> 5] vaxzaa [ Riem +
v- €] M Tia =
T2ou [T} o] T 14
nm Tiouf 1
R2in [5] (9] Room

TTL/CMOS
DIP/SO INPUTS
10 A
CAPACITANCE (uF) Lyt e

DEVICE_Cl_C2 C3 4GS
MAX220 47 47 10 10 47 12
MAX232 10 10 10 10 10 5

MAX232A 01 0.1 01 0.1 0.1 TTL/CMOS SK

OUTPUTS

3171 3.1 2995 MAX-232

3.2 130sis¥a FSK
sudenld 1€ xr2206 Amidhfiduasesifswauny FSK Fendnnisves FSK s
miﬁﬁmlaaizﬁuﬁ'agmm T ﬁu’fmﬂﬁ'ﬂmuﬁ‘luﬁmmmamﬁaﬂﬁﬁmmﬁaé 2 Al fie
TTL ww1a 5 Taaviuseasin <17 f; = 1200 Hz
TTL ww1a 0 Taavinseasin <0” f, = 2200 Hz
Tavn1 9 fimeidiuvdunauazan 2 imilidusiowna dauramiiilunsdadoya

AL 1w 4 4y 0 A 91
UAUNIAY 1200 Baud Rate HeA1MARIATUIUMIABA Ry LAz R, TasldAnC = 47 qF
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N1508ALLUTIUVBINSINITHE FSK
1. 19 ICc XR-2206
2. 1% Baud Rate 1200

o o ¢ o o LY d
3. Input tHuszduusadu 0 Taan fuszduusedu 5 Taad
4. quawiialaoia liues XR-2206

uvasswIn@es 1026 Taavt

a A ¢ - s 4 o
mmmwamgﬂﬂauimu TUHAYY T8l LLTUN

a P q’; WMo ad =3 9 a ad
usanaand ldaue luaEsnaudsvaisdsen ladsn

a 4 1 o 4 P
ﬂﬂ‘ﬁllﬁ‘u% WY 600 Ii’)‘ﬁil nv12

Output 31/ lanfiiergega 2 Vims

A1 th.d. (total harmonic distortion) ¥0431 lanianseilsultimieiios 0.5% lavdenau-
AUNUTEHINYT 13 1Az 14 Areanlszuia 200 D9 300 Tevy
5. Tassadunmeluves XR-2206 1szneudae 4 function block A

- a voltage controlled oscillator (VCO)

analog multiplier & sine shaper

- a unity gain buffer amplifier

a set of current switches

sunameilnsaiililines
- M4A Baud Rate 1200
- fMUA Logic“1” w3aussAy 5 Volt 19101M8una IC XR-2206 9£A0INAAAIND
f; = 1200 Hz
o Y d'Q ) A
- §1MUA Logic “0” ¥38U59AU 0 Volt 1§ 131fiduya IC XR-2206 1zABIHAAAID
4 o 9 o dy
- &9 £ oy £, dwsofunldded
f =1/RC
A S : L a0 ' =<
C A9A1 timing capacitor ¥INATOYILHIN 100 pF 94 1000 pF
' s > 4 a ( 1 A 4 a Y
R Aof1 timing resistor FeliA10gIzNIN 4kQ D9 200kQ ey IiAiansned
¥09QUN I (temperature stability) tazaouvesdega sine Hsofiga

fMuUAAMeY C = 471F

= 1/(1200 Hz X 47 nF)

= 17730.49645 Q



"o taenld VR YSus 20 kQ dease R,

f2 = 1/R2C
R2= 1/ f2C
= 1/(2200 Hz X 47 nF)

1l

9671.179884 QQ

. 1enld VR YSum 10kQ deass R,

vCC

- :L IuF
i

4

_
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51K 5.1K

711322993 XR-2206

3.3 290598A5Ha FSK

44 o d’ o a s s
1c xr-2211 fiuledfvimifineasia FSK Tasuidunaves Xr-2211 weiudgygu

suiden 2 mawadwimsuwlashidudyans TIL nduduin

f; = 1200 Hz

2200 Hz

f

N1580NUUVAINYBINIIABATHE FSK
1. 14108 xr-2211
2. Baud Rate 1200

TTL v11a 5 Taanvseanin «1”

TTL vw1a 0 Taaviwseantn «0”



3. SunAvesIsIsABAINE 1200 Hz uazAImid 2200 Hz
4. quaniialasialves XR-2211
- umastrelMi3osegszning 45 Volt 84 20 Volt
- a1 ludmaawBdad 001 Hz e 300 Kz
- s“uﬁ’mapmﬁunﬁ'lé’a?*nn%’wé‘:’mm’ 2mV s 3 Volt

1 Y C4 a 4 1
- Wwswiuginssinsasiniuiiuanasgm 1dun DTL, TTL, ECL

funameilnsainlilings
o { {a { Jd a [
1. Amualiaawd 1200 Hz hwifisuyaud e rdnaszdes ldaetn “17 n3eussdu 5v
o { da { d a )
2. fmualiaud 2200 Hz Wwisunaudiierayassaee ldaein “0” nieussdu ov
o ‘J o o W H
3. Annuanuinasveadladenglnse £, Tasfnusingasdsae il
4' :i 9 1
dieanudnediuds f = 1200 Hz

uag oA wANNAMES £, = 2200 Hz

(1200+2200) / 2
1700 Hz

fo
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o 1 A r 1 \ 1 o é
4. fuas timing capacitor (Cpp) HABZNINY1 13 Uazv1 14 Tawiiy S0nF Feadsden

¥fiegsznane 200 pF W9 10 uF
5. AMumIMIATINATINY R, nngasdsil
Fasamudmn i Ry iy timing resistor A239z3lA8YIININ 10KQ B9 100 kQ
Rg.=1/£5.Co
R( = 1/(1700 Hz X 50 nF)
= 11764.70588 Q

A ' {o & o s
. @enldianudnimu Ry dusudunusdiismilsiusmaudmmmliuali

Tavldanudmummiasiiiniy 82kQ fummdmmmunlfumld 10kQ

6. fmnumaudumu R, Feamudmumuiinmdfiesmuauuudiad
Ry = Rylfp/(5-5)]
R; = 11764.70588 Q) X [1700 Hz / (2200 Hz - 1200 Hz)]
Ry =20 kQ

. @enlFmanudumu 20 kQ

° ' A 4 iy ] a ¢ ] L an
7. amnaandiees ¢; edmuamiainnavesglilawmesuazagiuanile dadian

£ =05
2
Cy = 50mF X 05’
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= 1257F
. denldmmihdinel 12nF devuudusmanhdiaes 500 pF
v a 1w ° = : o o
8. frnhdiaes cp wazAwIAmMY Ry wmdfidiu One Post Detection dmsudam
o =3 a o a1 ° Yo o
1dwa Fesanhdaes cp Invhodlu pF awsadvanlddsil
dmsuA1 Rp = 100 kQ uaz Rg = 510 kQ
Cg = 3/Baud Rate pF
Cr

1

3/1200 pF

0.0025 pF

. 3 a 1 Qi a 4
o, denldmandines 2nF devuudusindiaes 500 pF

ot 1Y
L 1 114 ”
R0 RX
FSKINPUT s——||——— .
0.1
XR-2211
__' 0.1 uF Rl
RL5.1K I i
V+ &—\A— = = i
: ; 5 REIOOC I
DATA OUTPUT
]
RBSIK  (n

71l 332995 XR-2211

3.4 dauvesmsnIURMiIsaLazndediale

5 2
vsmuquilflunsauguisounzndesialessidlulasaeuInsames Mcs-s1dlu

@ o o s 2 ' {
Fraugu ozl ledues 1298 iiudiduuemes Fersvsaauguiluaas3nnanuan n.

t 4

(SN OUUNURS (Flowchart) LEAINISAFUGUAIUATS 9 TAAeT]
1 a 4
1. AIUMUANUUABNNIUADT
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a
1aen i3 FFH
DRIVER JOY 99 coml
i INCA
Waldsunsy uddsdoyn
UIAINA 00 coml
e 14 EEH
80 coml
¢ DECA
utrdeyn
call DCmotor 09 coml
call tla FOH
steppImowr 88 coml
call focus
call clear ol OFH
80 com!
t13 08, 04, 02,01
2

11201, 02,04,08

\
Al

14 0AH
081 coml

14 0BH
800 coml

1 7CH
08f coml

P o a I'd
E‘Lh’] 3.4 UFAUNUAITIUAIUANUUABUNAUABS

2. AIUANNUUAIIOT1TIY



START

Fudeyauuy
aynsy

call servo

call DCmotor

steppermotor

call focus

set P2.0, P2.2
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set P2.0, P2.3

Pi1=A

set P2.1, P2.2

call clear

51/%1 3.5 uAAIUNUASEIUAVAUUUATOT1529

set P2.1, P2.3




3.5 dauvesmsilszananadamamn

i 4
(STEMNIOTIUUHURAA (Flowchart) Y8 auvasnislsyulanadyaanin lddad

( START )

517 3.6 uaaWURTEIUYRIMI LT utaNadY g

A o o o
wad ldnnmsthamunimsidszuranadioTisunsuilssunanadgygnanmil

1. nmiln@
2. AINY1I-A

3. YBUM N

We file

* BMP

4

8714 Header file

YBINN * BMP

4

WAunsy lea

P !
Fm1'lanna

=
Ragn

9a0A

A

utlasnmdidly

ATHVTIMN

4

HIVBUUBINTN

Tas3imsves
T5iisa
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A 0 d a 1 d @ o
e liidlamsihevesmiilesuemesiuuugiiingrs Tavnstlendygrauuuramal

2
viland
gilnsel

g 4 d a v g
. mivulesuetmesuuuytInais

[y

1 a2

luTasaeuInsaees wes AT89S8252 1 &2

. ledduuemeinszuags wes 1298

. ASaAga 11.059 MHz

laTen 105 1N4002

2
3
4
- ]
5. aunusey 22 pF
6
7. DC Power Supply

AAVVUMINAABY

162
1 é2
2 @
48

1 49

1. #92995A%317 4.1 udnims@eu lsunsuaw lsunsud 4.1

v
v 5V v
47w By T
I 2 EE EE EE Vect V2
1K W vee ENABLEA  GND
—pL1 PO.0(ADO) 1 ENAGiE
—P12 PO.1(AD1)
—1n3 PO2(AD2) I" i o
~am| A -V f ammm—
= i s foil == = w5  ors RS
o 5(ADS) —— P4 o7 V|| D
—p7 PO.S(ADS) ——
KL RO7ADA) Fe v CURRENT SEND A
i P3.0(RXD) B 7Y
e oo, ZEA [ | CURRENT SEND B
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— P34 P26(AM) |
— ;B35 ) P25A13) e
11.059 1 P3.6{WR) P24(A12) |—
1 —P370R0)  P23AL) —
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2PF == 2F == GND RUAS) [——
ATBCB252

A | v A o a4 g P
5191 4.1 urasmsdeienaasTumALilesuelnes
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Po]
Talsunsuh 4.1

ORG 0000H
MOV PO, #00H
LOOP : MOV  PO,#01H
CALL DELAY
MOV PO, #02H
CALL DELAY
MOV PO, #04H
CALL DELAY
MOV PO, #08H
CALL DELAY
SIMP  LOOP
DELAY : MOV  RO0,#CH
DELAY 1: MOV Rl #BH
DINZ RL$
DINZ RO,DELAY_1
RET
END

A o o 0 o/
2. dievins IsunsuasludaluTasaou InsataesFeusouudaniinis RUN Program daina

AANIINADDBY
4 o o ' o Jd ¢ a =
e n15 RUN Program sz daina léendilulesuamed sznsulunamaauinasaian

° ' P o ' o
3. yhmsud luTdsunsuinaian TUsunsuh 42 ud1ns RUN Program Iniignass dana

WamINAABY
Tsunsuh 4.2

ORG 0000H

MOV PO, #00H
LOOP : MOV  PO,#08H

CALL  DELAY
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MOV PO, #04H
CALL DELAY
MOV PO, #02H
CALL DELAY
MOV  P0,#01H
CALL DELAY
SIMP  LOOP
DELAY : MOV  R0,#3CH
DELAY 1: MOV  RI,#BH
DINZ RL$
DINZ  RO,DELAY_1
RET
END

A o o o 1 <] 4
Fotinsudlulsunsuisudoundaiinis RUN Program szduna i@ hendsliles

yewed i nyundufirmasunannaaesvesde 2
° = ' ' P ' o
4. famsilaeusmsiasnanlaoaist@eunl RO 1 3cH 1y 8CH Funananisnaass
Y 9t [ 4 d 9
vinnsnaseszduna lanmadilesuemesizniueas
ol SETL A o« ¥ 1ol ' 5
5. fuguideatuts 4. ndldeust RO 91 3CH dlu 1CH dunawan1InAnes
: o '« W 4 4 4 &
nnsnaaszdang ldnmalnlesuames e iU

agluazdinszinan1snaaes
o 4 o P 0
snnsnaaeseziin1dims i miUlefuemesiuiinnmgsnnneauaisingzdes
o o [ (] d '3 o 4 1 ]
smsdeuussdulfudazaedgndesaftlesuemeitaszmyu ldamindesms wazdming
d ' d ¢ ¢ ' ' d o o 4 4
naiinadeniilideuemeidin  Sremiananlesfvilimdnleuemesmauldiiavu
1 a d ¢ 4 g/ J ] dy 9 ~ = o 9 a [} -]
uanseiavesamilnlofusmesssieras aAmarfizdeufivanenszilvifaaunnaivan
o o g o a -] [ o
nsnunuuesansilesuetmediinyuldmswintouiu W aiuledueme s liaunsafhon
o 1 J -1 Qo =3 4 d a ; 1
18 Ewansmimatldniudei itadldesuemesnyudnuaz sz liusslimnniu udd

' a o o I~ 4 d 2 o -1
wihanannnay i Bssiinaldesuemesdeudeniitaidnlefuemesidomeld
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42 manaaesindyanadalesinndss CCD
galsvasn

1. iftelinswiednuaz vesdannaialefildnnndes ccD

2. Lﬁeiﬁ’mmﬁaﬁﬂym:mﬂﬂﬁﬂuuﬂawmﬁagwm%ﬁlmﬁmﬂ?iuuuﬂaﬁﬁqﬁgﬂdwlﬁﬂ
ades ccD
gilnsel

1. ndes CCD 17

2. DC Power Supply 1 Lﬂ?m

3. poadalagleyl 1 1A%0q
sdudunmanes

1. flouuseduly pC Iunndes ccp

2 1endessyldinszandiniudi idesadalaalaiadygmialesnndes dudinka
11SNATDY

3. duswdofute 2. uallavuiagiludd Tufinwansnaass

4 fusuEnaiude 2. ualdndessulfianmuandounludes Lab dufinHamisnanes

o

...................................................

Ch1 Freq
1 15.63kHz

9 . . 4 7 N ) Low signal
A6 N7 L DI RESERIIL A g amplitude

Ch1 Pk—Pk
= 1.28V

{ o ! é A 4 < o/ o
31l 42 wamedgygnaidaumiisildnnndes cop iiendesiunmingdd
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Tok EIITER 2MS/s 441 Acgs
b t ¥ : sssm
T T - —T T T T
......................... 5 Chi Freq
15.61kHz
; 2 : ; : ¥ : 5 Low signal
..... 5 o B e R . PRI T W > 1 R : .o .. . e mp"tude
: ; : : L : : : chi1 Pk-Pk
..................... i d 2.08V
mE i i i R A i

[m7' A ‘ M 3SjE ChT 7 64omv

8 Aug 2001
12:38:11

{ s 1 44 { 4 . -
57 43 uaasdyanaduniisilénnndes ccp [Wendesiunmingdun

Tok HEH 2MS/s 43 Acgs
: £ ik }—=—}
Ch1 Freq
15.59kHz
Low signal
amplitude
( 1 Chi Pk-Pk
s 2.48V
Eﬂm‘ 7 prE £ 3TV o 1} R S B 2
11 Oct 2001
19:45:47

3 o 1 & A - 2
717 4.4 uerasdompaidiunisitldnnndes CCD diendasiuamanmuiadsyludies Lab

a d

apluazdinsizvinanminaass
A o Y o -~ { 4 - { o

snnsnaassierms Sadaanaialefildenndes cop Wedunmniduiagdn
at o @ Ao P = o act 8 o ' v Ads Hdo WY A o
muunmaqamﬂzumwﬂumamapmaia‘lﬂé’msanmmwmmaqamqmmlama‘lﬁmaw

o @ ] 1 o { o 1A o o a A
mw"hJm’mq?mnwﬁumﬁimgmnﬁqﬁtﬂuﬁm usileadaanaialed lévnanminadeulu
Y Y ax P & o < =y ¥
#oq Lab ﬁmqpmﬁlafnzumnﬂaﬂuuﬂmmnNﬂmummwmﬂﬂmmmmﬂL‘f]umswmwﬂﬂ

z - 'ﬂl A e o { 1 o/ ~
Juvafudiuns i luisagitimaeddzufuiilinrmuduvesdnldnnuasiiannse nuiagl
suauande e dudasifaeteudnndindes vinanazauivesdygaialeising

4‘ 1 A Y Y A A
wavuwilaspasanal LimileumsYunmiagaiag)
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43 msnaasdsosulasszauuseduen RS 232C Wludggns TTL
gailszaen
A 9 o o d‘ d a 4
1 e lfinswényazvesdae o anIINHB IABYNTUVBIABUNIAADT

2 e lnsudnyazvesdyaaifiennneIRAYed IC MAX 232

gilnsal
Aa d A
1. ABNHADI 1 1A589
2. eoadalaalall 1 1A509
4
3. DC Power Supply 1 1A399
4. 2vsutlasszduusedudiudyann TTL 1 2993

v
U QU

AAVUVHNINAABY

1. dszneudiuae g amgln s

+5V.

|

A = 2vnsulaesedy .
y 4 fayanamnmeda Buna b 191AYA
undsnioIfhaszunas oy \, Wi usssudiudgae
DYATUYBINDINIUADS \
TTL (MAX 232)
ponaalarini

qinas aasnAsienaaeieesuilasszfunsduiiudayane: TIL

2. flow DC Power Supply +5 V. Ifunasssulneseduussduiludanne TTL

3. foudoyn ssH drwdasusrlumsdedoya (Baud Rate) 1200 UoA MNHBSABYNITNVD
asufames Inuieesiassyduus sduivdaane TTL

4. 14 scope 5@5@@1&5%1@ﬁ'm@uvgﬁﬂanafnsuﬂmszé’mmﬁmﬂuﬁ'ﬂgwm TTLWsufiy

o g o Y o
friufmmmaé’mmﬁm=uaa'Nﬂsmlaassﬁnmmmi‘luﬁmmm TTL
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Tok EIXEH 50kS/s 6 Acqs
2

L

ch2 Freq
600.5 H2

Ch2 Pk-Pk
19.2V

Ch1 Freq
602.1 H2
Low signal
amplitude

Ch1 Pk—Pk
5.8V

4 Sep 2001
20:5%:55

21]71 4.6 uamaq;qpfumamuauummwfnsuﬂaai“ﬂmmﬁmﬂuﬁmmm TTL mn.ﬂuﬁq;qnm
11?311?! 55H ﬂ'lﬂ‘Yi?)iﬂ@'l{ﬂilﬂlﬂﬁﬂﬂﬂW’]Lﬁﬂi (Ch2) mWﬂumgmmma%’mmmuwm

2vsutlasszduuseduiiudogne TTL Fuiindaanudeya S5H filudana TTL

1147 (ChD)

nnnansnaassianmnvesiad Lawinfiy 820 psec/ bit

4
mszRztiy Sesnsdsdeyaninnsnaasslinnniny 1 bit/ 820 psec =1219.51 Dindedum

a‘;ﬂsmvamswﬁwamsmaea

[flosnnszdudyauvesesaoynay RS 232 fszdudaus 3 v Se£12 v luvaiziisedy
useduluTasneulnsaimed  MCS-51 egiszdu TIL N'lmnu1snwamanu‘lé’1ﬁmsa71’
o1fiuns i ender led il aessdudgaeInIT AR RS 232 lifuszdy TTL e
Tﬂmmsﬂmmuvana"lﬂua'luiﬁsﬁauimamai MCs-5118 Fennmisnaassled MAX 232 1y
Wipusedu +12V fioenain RS 232 dhudeyees TTL Tf1 0V n3e Logic “0” wazezidoy
Wseu -12V fieenen RS 232 ludygne TIL fish 5V w38 Logic“1”

erhmsnansufiemdasus lumsdeiudeya Taownnnsiamunawesdeya 1

a o d 1t s Y v W ] () [} a1 a o
UA ‘u'uﬂ3mN’J’Ii!ﬂ’ﬂﬂ'ﬁLﬂU»‘lﬂ‘Um@ﬁi‘IL’i’Jﬁlumi’sNNTﬂ'UE)igﬁ‘ﬂ’inJ’Iil’lﬂﬂ?)i.lﬂ’!&ﬂﬂ'i

4.4 MsNARBNsNsHad s FSK
ganlszaen
A 9 9 o o 9 v o
1 welaunsordhlandansinuuesesssnaagyga FSK

A ° 1 [} H
2. ma“tﬁ'mmsnaammuuasmmmmmqﬂniﬁma q 1ld s 18



gilnsal

1. AoudiAes

_poagalaalal

. DC Pow

299540

er Supply

2
3
4. 2vsulassyduuseduiludyg i TIL
5

sHadaanm FSK

0w
AAVVUMINAAB]

1. Usznevdiudis q awgiln 4.7

+12V

A

1 A3
A

| G RON
A

1 tA9Y

1 NI

1 193

+5V.

undasie Ifhnszuaase

fygnannnein

|

91

asonleared | A =
Suma_ | 2eesdaier Fsk Tao

aynavosmoTanDS

P! ussudiudoopel

WloSe? Xr-2206

TTL (MAX 232)

1A

sonalaalml

qin a7 Laasmsaafienaaesassidsadag e FSK

5 flow DC Power Supply +12V Wunssesdsiadyane FSK wazileu DC Power
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PROGRAM IMAGE PROCESSING BITMAP 24 BIT
Forml (Image Processing.frm)

Thhkkkhkhhkhkhkhkhhkhhkhkhhkhkhkhkhkdkhkhkhkhkhkdkhkhkdkhkhhkhhhkhkhkhkhkhkhkhhkhkhhhkh kb hkkkkkkkkkk

Option Explicit

Dim
Dim

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

Dim
Dim

myBitmap As Bitmap
BitmapHeader As BITMAPFILEHEADER

Memory As Long

I As Long

J As Long
WidthSize As Long
HeightSize As Long

Posision As Long
Redundency As Long
Gl As Long

G2 As Long
DataBitmap () As Byte

G() As Integer

Private Sub Commandl Click()

NumberPicture = 1
Forml.Hide
Display.Show

End

Sub

Private Sub Command2 Click()

NumberPicture = 2
Forml.Hide
Display.Show

End

Sub

Private Sub Command3_Click()

NumberPicture = 3
Forml.Hide
Display.Show

End

Sub

Private Sub Exit Click()

Unload Me

End

End

Sub

Private Sub Form Unload(Cancel As Integer)

Unload Me



End Sub

v////////// Open picture file ( *.bmp) //////////
Private Sub Open_Click ()

Commandl.Enabled = False

Command?2.Enabled False
Command3.Enabled False

Textl.Text = "2
Text2.Text il
Text3.Text
Textd.Text
Text5.Text
Text6.Text
Text7.Text
Text8.Text
Text9.Text = ""

Il

o

mu

mn

1l

1w

mwn

CommonDialogl.Filter = "* . BMP|*.BMP"
CommonDialogl.ShowOpen

On Error GoTo 1:

Filename = CommonDialogl.Filename

v///////// Backup swina//////1///

Set myPicture(l) = LoadPicture (CommonDialogl.Filename)
FileCopy CommonDialogl.Filename, "BackUpl.bmp"

Memory = FreeFile
Open CommonDialogl.Filename For Binary As #Memory

ReDim DataBitmap (0 To LOF (Memory))
Get #Memory, , DataBitmap()

/177771777 avwmevwnaves File /111111117

BitmapHeader.bfSize = LOF (Memory)
Text4.Text = BitmapHeader.bfSize & " Bytes"

Close #Memory
v////////// assaeuFile *.BMP //////////

Textl.Text = Chr$ (DataBitmap(0)) & Chr$ (DataBitmap(l))
BitmapHeader.bfType = Textl.Text

If BitmapHeader.bfType <> "BM" Then

MsgBox ("Can not open file")
End If

v///777717 7 aswaevaawndwesam//// /1177

myBitmap.bmWidth = Val (DataBitmap(19)) * 256 + Val (DataBitmap(18))
W = Val (myBitmap.bmWidth)

Text2.Text = myBitmap.bmWidth & " Pixel"

/117177777 avwsaeveawenesam /// /111117



myBitmap.bmHeight = Val (DataBitmap(23)) * 256 + Val(DataBitmap(22))
H = Val (myBitmap.bmHeight)
Text3.Text = myBitmap.bmHeight & " Pixel" '

v//117777 77 asawaousavesd i

myBitmapbmPlanes =Val®DataBitmap@s)
Texts.Text -myBitmapbmPlanes & "Bit"

s nswﬂounumumxﬁummunm i

If myBitmapbmPlanes =24 Then

nyBitmapbmWidthBytes =(Val(DataBitmap@en*@ss ~ 2)+(Val@ataBitmap (35)) *
256) + (Val (DataBitmap (34)))

myBitmap.bmWidthBytes = (myBitmap.bmWidthBytes) - (myBitmap.bmWidth
* myBitmap.bmHeight * 3)

myBitmap.bmWidthBytes = myBitmap.bmWidthBytes / myBitmap.bmHeight
Text6.Text = myBitmap.bmWidthBytes & " Bit"

ElseIf myBitmap.bmPlanes = 8 Then

myBitmap.bmWidthBytes = (Val(DataBitmap(36)) * (256 ~ 2)) +

(Val (DataBitmap(35)) * 256) + (Val(DataBitmap (34)))
myBitmap.bmWidthBytes = (myBitmap.bmWidthBytes) - (myBitmap.bmWidth
* myBitmap.bmHeight)

myBitmap.bmWidthBytes = myBitmap.bmWidthBytes / myBitmap.bmHeight
Text6.Text = myBitmap.bmWidthBytes & " Bit"

Else
Text6.Text = "0O"
End If

V117171171 dwmisdudwvedoyaom // /1 /11111

myBitmap.bmBits = Val(DataBitmap(11l)) * 256 + Val(DataBitmap (10))
Text7.Text = myBitmap.bmBits

If myBitmap.bmPlanes = 24 Then
Call Threshold24Bit

Call ImageBinary24Bit

Call RobertsOperator

Else

Text8.Text = "0O"

End If

1: End Sub

v/////7//// waThreshold 24 Bit //////////
Private Sub Threshold24Bit ()

WidthSize = myBitmap.bmWidth + 2
HeightSize = myBitmap.bmHeight + 2
Redundency = myBitmap.bmWidthBytes

Posision = myBitmap.bmBits
Threshold = 0



Text9.Text = "Amwwm...."
DoEvents
ReDim Y (0 To WidthSize, 0 To HeightSize)

For J

I

1 To (HeightSize - 2) Step 1

For I = 1 To (WidthSize - 2) Step 1

Y(I, J) = (Val(DataBitmap(Posision)) + Val (DataBitmap (Posision + 1))
+ Val (DataBitmap (Posision + 2))) / 3

Threshold = Threshold + Y(I, J)

Posision = Posision + 3

Next I

Posision = Posision + Redundency

Next J

Threshold = Threshold / (myBitmap.bmWidth * myBitmap.bmHeight)
Text8.Text = Threshold

Commandl.Enabled = True

End Sub
V171777111 amwai24 Bit [///1111 17
Private Sub ImageBinary24Bit ()

Redundency = myBitmap.bmWidthBytes
Posision = myBitmap.bmBits

DoEvents
For J = 1 To (HeightSize - 2) Step 1

For I = W ToWaidthsakze T2 ) =8tep L
If Y(I, J) < Threshold Then

Y(I, J) = 0

ElseIf Y(I, J) >= Threshold Then

Y (I, J) = 255

End If

Next I
Next J

Memory = FreeFile
Open CommonDialogl.Filename For Binary As #Memory

For J = 1 To (HeightSize - 2) Step 1

For I

I

1 To (WidthSize - 2) Step 1
Put #Memory, Posision, Y(I, J)

Put #Memory, Posision + 1, Y(I, J)
Put #Memory, Posision + 2, Y (I, J)

Posision = Posision + 3
Next I

Posision = Posision + Redundency

|

Next J



Close #Memory
Text9.Text = "lsasodnszus.”

Command2Enabled =True
Yummy Backup  ama-& s

Set myPicture@-LoadPictureCommonDialogiFilename)
FileCopy CommonDialogtFilename, -BackUp2bmp”

End Sub
U wweunm 24 Bit  TaddEesveslsdifamin/ // /

Private Sub RobertsOperator ()

Redundency = myBitmap.bmWidthBytes
Posision = myBitmap.bmBits

ReDim G(0 To WidthSize, 0 To HeightSize)

DoEvents
For J = 1/To (HeightSize .~ 1){sStepiil

For I = 1 To (WidthSize - 1) Step 1

Gl = Vali(y (#24 0% -LNaAIN6I\F 2 &9 )
G2 = Val (Y @) AL val=(R(L X2 )
G(I, J) = Abs(Gl) + Abs(G2)

If G(I, J) <= 0 Then

G(I, J) = 255

Elself G(I,"“J) ">= 255 Then
G(I, J) ¥

End If

Next I
Next J

Memory = FreeFile
Open CommonDialogl.Filename For Binary As #Memory

For J = 1 To (HeightSize - 2) Step=d

1

For I 1 To (WidthSize - 2) Step 1
Put #Memory, Posision, G(I, J)

Put #Memory, Posision + 1, G(I, J)
Put #Memory, Posision + 2, G(I, J)

Posision = Posision + 3
Next I

Posision = Posision + Redundency

Next J
Close #Memory

Text9.Text = "Robert's miv........ i



Command3.Enabled = True
v////////// Backup wewnwm//////////

Set myPicture(3) = LoadPicture (CommonDialogl.Filename)
FileCopy CommonDialogl.Filename, "BackUp3.bmp"
FileCopy "backupl.bmp", CommonDialogl.Filename

End Sub
v////1777// wweuam24 Bit awdimswes Prewitt ///////7///
Private Sub PrewittOperator()

Redundency = myBitmap.bmnWidthBytes
Posision = myBitmap.bmBits

ReDim G(0 To WidthSize, 0 To HeightSize)

DoEvents
For J = 0 To (HeightSize - 1) Step 1

For I = 0 To (WidthSize - 1) Step 1

Gl = Val @I, J)).=Peal (¥ A/ Wt 2eD)
G2 = ValllY( 1T i ldoar Vall BAGE /4yil \ <)%
G(I, J) = BAbs(Gl) + Abs(G2)

If G(I, J) <= 0 Then
G(I, J) = 255

ElseIf G(I, J) >= 255 Then
G(I, J) =

End If

4
0
Next I

Next J

Memory = FreeFile
Open CommonDialogl.Filename For Binary As #Memory

I

For J 0 To HeightSize Step 1

For I 0 To WidthSize Step 1
Put #Memory, Posision, G(I, J)
Put #Memory, Posision + 1, G(I, J)
Put #Memory, Posision + 2, G(I, J)

Posision = Posision + 3
Next I

|

Posision = Posision + Redundency
Next J

Close #Memofy

Text9.Text = "Prewitt's mis........ o

End Sub



Private Sub Show_Click()

Forml.Hide
Display.Show

End Sub
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' dauutaana
' Display (Display.frm)

Thkhkhhkdhhkhhkkkhkkhkhkkhkhkhkkkhkhkdhkhkkhkxk

Option Explicit
Private Sub Form Load()
Picturel.AutoSize = True

Picturel.Top = 0
Picturel.Left = 0

If NumberPicture = 1 Then

Set Picturel.Picture = myPicture (1)
Display.Width = Picturel.Width + 150
Display.Height = Picturel.Height + 450
End If

If NumberPicture = 2 Then

Set Picturel.Picture = myPicture (2)
Display.Width = Picturel.Width + 150
Display.Height = Picturel.Height + 450
End If

If NumberPicture = 3 Then
Set Picturel.Picture = myPicture(3)
Display.Width = Picturel.Width + 150

Display.Height = Picturel.Height + 450
End If

End Sub

Private Sub Form Unload(Cancel As Integer)

Display.Hide
Forml.Show

End Sub



Todkkdkkkkhkhkhhkhkhkhdkb bk kb hdhkhd kbbb hkhkhk bk kkhhhkhkx

L

tuveamsdsemedanls
TypeBitmap (TypeBitmap.bas)

Thkhkdhhkkhkhkhkhkhkhhkhkdkhhkhkkhkkhdhkkhkhhkdkhkhkdhhkhkhkhkhkdkkdkx

Option
Public
Public
Public
Public
Public
Public
Public

Public

Explicit
Y () As Byte

Threshold As Double
Filename As String

NumberPicture As Integer

W As Long

H As Long

myPicture(l To 4) As Picture

Type Bitmap '14 bytes
bmType As Long
bmWidth As Long
bmHeight As Long
bmWidthBytes As Long
bmPlanes As Integer
bmBitsPixel As Integer
bmBits As Long

End Type

Public Type BITMAPFILEHEADER

bfType As String * 2
bfSize As Long
bfReservedl As Integer
bfReserved2 As Integer
bfOffBits As Long

End Type

Public Type RGBQUAD

rgbBlue As Byte
rgbGreen As Byte
rgbRed As Byte
rgbReserved As Byte

End Type
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' SUB JOYSTICK we:frmMain

Thhkhkkkkhkkkkrkrhkkkkhkhkkkhk kkkkkkkkkkkkk
Option Explicit

Dim Stop_ As Boolean
Dim Servol As Integer
Dim Stepl As Integer

Implements DirectXEvent

Dim dx As New DirectX7

Dim di As DirectInput

Dim diDev As DirectInputDevice

Dim diDevEnum As DirectInputEnumDevices
Dim EventHandle As Long

Dim joyCaps As DIDEVCAPS

Dim js As DIJOYSTATE

Dim DiProp Dead As DIPROPLONG

Dim DiProp Range As DIPROPRANGE

Dim DiProp Saturation As DIPROPLONG
Dim AxisPresent(l To 8) As Boolean
Dim running As Boolean

Sub InitDirectInput ()

Set di = dx.DirectInputCreate()

Set diDevEnum = di.GetDIEnumDevices (DIDEVTYPE JOYSTICK,
DIEDFL;ATTACHEDONLY)

If diDevEnum.GetCount = 0 Then

MsgBox "No joystick attached.”

Unload Me

End If

'Add attached joysticks to the listbox

Dim i As Integer

For i = 1 To diDevEnum.GetCount

Call lstJoySticks.AddItem(diDevEnum.GetItem(i).GetInstanceName)
Next :

lstJoySticks.Enabled = True

' Get an event handle to associate with the device

EventHandle = dx.CreateEvent (Me)

Exit Sub

Error Out:
MsgBox "Error initializing DirectInput.”
Unload Me

End Sub

Private Sub DirectXEvent DXCallback(ByVal eventid As Long)
' This is called whenever there's a change in the joystick state.

' We check the new state and update the display.

Dim i As Integer
Dim ListPos As Integer



Dim S As String
If diDev Is Nothing Then Exit Sub

'' Get the device info
On Local Error Resume Next
diDev.GetDeviceStatedJoystick js

If Err.Number = DIERR_NOTACQUIRED Or Err.Number = DIERR INPUTLOST
Then

diDev.Acquire

Exit Sub

End If

On Error GoTo err out

' Display axis coordinates
ListPos = 0
MSComml.Output = Chr$(0)

For i = 1 T 8

If AxisPresent (i) Then
Select Case i

Case 1

S = "X:H¥ Gajs.X

If js.® & 5<Thén
MSComml.Output = Chr$ (&HFO)
ElseIf js.x > 9999 Then
MSComml.Qutput = Chr$ (&HF)
End If

Case 2

S = "Y: "\A jgTyV

If js.y < 5 Then
MSComml.Output = Chr$ (&HEE)
ElseIf js.y > 9999 Then
MSComml.Output = Chr$ (&HFF)

End If

Qe = RZNE g S 7

Case 7

So= USlider0s "ig gs.slider (0)
Case 8

S = "Sliderl: " & js.slider (1)

End Select

lstJoyAxis.List (ListPos) = S
ListPos = ListPos + 1



End If

Next

' Buttons

Tie For i =

0 To joyCaps.lButtons - 1

Select Case js.buttons(i)

Case O
lstButton.List (1)
Stop_ = False

Case Else
lstButton.List (i)

' Focus Buttons

If i = 4 Then
MSComml.Output =
ElselIf i =
MSComml.Output =
End If

' Sudumiandesmuannu X

If i =

Servol =
MSComml.OQutput =

End If
Ifii =

Servol =
MSComml.Output =

End If

' Ysudwmisndemumuannu Y

If i =

Stepl =
MSComml.Output =
MSComml.OQutput
MSComml.Output
MSComml .OQutput

Il

ElseIf i = 2 And
Stepl =
MSComml .Output
MSComml .Output
MSComml.Output
MSComml.Output
End If

I

Il

' pdundidwmisguidnais

If i = 6 Then

5 Then

Stepl - 1

"Button M HrEStr: (i 1)

"Button: "idi CSEr(iactl)

Chr$ (&HA)

Chrs (&HB)

1 And Servol <= &HE4 Then

Servol + 1

Chr$ (Servol)

3 And Servol >= &HI1E Then

Servol - 1

Chrs$(Servol)

0 And Stepl <= 23 Then
Stepli-+:i.1

Chr$ (&H1)
Chrs$ (&H2)
Chr$ (&H4)
Chrs$ (&H8)

Stepl >= -6 Then

Chr (&H8)
Chr$ (&H4)
Chrs$ (&H2)
ChrS (1)

+

+

L1
.

"o
.

Up ”

Down"



Servol = &H7C
MSComml.Output = Chr$ (&H7C)

If Stepl > 0 Then

While Stepl > 0

Stepl = Stepl - 1
MSComml.Output = Chr$ (&H8)

MSComml.OQutput = Chr$ (&H4)
MSComml.Output = Chr$ (&H2)
MSComml.Output = Chr$ (&H1)
Wend

End If

If Stepl < 0 Then

While Stepl < 0

Stepl = Stepl + 1
MSComml.Output = Chr$ (&H1)

MSComml.Output = Chr$ (&H2)
MSComml.Qutput = Chr$ (&H4)
MSComml.Output = Chr$ (&H8)
Wend

End If

End If

End Select

Next

' Hats

For i = 0 To joyCaps.lPQVs = 1
lstHat flistdip s POV COUrnaNd>- AN E—csty FHE, POV @ )
Next

Me.Caption = "Active Robot Control "

Exit Sub

err out:

MsgBox Err.Description & " : " & Err.Number, vbApplicationModal
End

End Sub

Private Sub Form Load()

running = True
InitDirectInput

I

MSComml .CommPort 1

MSComml.Settings "1200,n,8,1"
MSComml.PortOpen = True

Servol = &HYC

'FileCopy CommonDialogl.FileName, coml
MSComml.Output = Chr$ (&H7C)

I

End Sub

Private Sub Form Unload(Cancel As Integer)

If EventHandle <> 0 Then dx.DestroyEvent EventHandle
running = False



DoEvents

MSComml.Output = Chrs$(0)
MSComml.PortOpen = False
Unload Me
'diDev.Unacquire

End
End Sub

Private Sub lstdoySticks click()
On Local Error Resume Next
Call CLRLISTS

'Create the joystick device

Set diDev = Nothing

Set diDev = di.CreateDevice (diDevEnum.GetItem(lstJoySticks.ListIndex
+ 1) .GetGuidInstance)

diDev.SetCommonDataFormat DIFORMAT JOYSTICK
diDev.SetCooperativeLevel Me.hWnd, DISCL BACKGROUND Or
DISCL_NONEXCLUSIVE

' Find out what device objects it has
diDev.GetCapabilities joyCaps
Call IdentifyAxes (diDev)

' Ask for notification of events
Call diDev.SetEventNotification (EventHandle)

' Set deadzone for X and Y axis to 10 percent of the range of travel
With DiProp Dead

.1Data = 1000

.10bj = DIJOFS X

.1Size = Len(DiProp Dead)

.1lHow = DIPH BYOFFSET

.10bj = DIJOFS_X

diDev.SetProperty "DIPROP_DEADZONE", DiProp Dead
.10bj = DIJOFS Y

diDev.SetProperty "DIPROP DEADZONE", DiProp Dead
End With

' Set saturation zones for X and Y axis to 5 percent of the range
With DiProp Saturation

.1Data = 9500

.1lHow = DIPH BYOFFSET

.1Size = Len(DiProp_ Saturation)

.10bj = DIJOFS X

diDev.SetProperty "DIPROP_SATURATION", DiProp_Saturation

.10bj = DIJOFS Y

diDev.SetProperty "DIPROP_SATURATION", DiProp Saturation

End With

SetProp

diDev.Acquire
Me.Caption = " Joystick :Querying Properties"

' Get the list of current properties



' USB joysticks wont call this callback until you play with the
joystick

' so we call the callback ourselves the first time

DirectXEvent DXCallback 0

' Poll the device so that events are sure to be signaled.
' Usually this would be done in Sub Main or in the game rendering
loop.

While running = True
DoEvents

diDev.Poll

Wend

End Sub

Sub SetProp()

' Set range for all axes
With DiProp Range

.1How = DIPH DEVICE
.1Size = Len(DiProp_Range)

.1IMin = 0
.IMax = 10000
End With

diDev.SetProperty "DIPROP RANGE", DiProp Range
End Sub
Sub CLRLISTS ()

1lstJoyAxis.Clear
lstButton.Clear
lstHat.Clear

End Sub
Sub IdentifyAxes (diDev As DirectInputDevice)

' It's not enough to count axes; we need to know which in particular
' are present..

Dim didoEnum As DirectInputEnumDeviceObjects
Dim dido As DirectInputDeviceObjectInstance
Dim i As Integer

For i = 1 To 8
AxisPresent (i) = False
Next

' Enumerate the axes
Set didoEnum = diDev.GetDeviceObjectsEnum(DIDFT AXIS)

' Check data offset of each axis to learn what it is

For i = 1 To didoEnum.GetCount
Set dido = didoEnum.GetItem(i)
Select Case dido.GetOfs

Case DIJOFS X

AxisPresent (1) = True

Case DIJOFS Y



AxisPresent (2) = True
Case DIJOFS_Z
AxisPresent (3) = True
Case DIJOFS RX
AxisPresent (4) = True
Case DIJOFS_RY
AxisPresent (5) = True
Case DIJOFS_RZ
AxisPresent (6) = True
Case DIJOFS_SLIDERO
AxisPresent (7) = True
Case DIJOFS“SLIDERI
AxisPresent (8) = True
End Select

Next

frmMain.Hide

Forml.Show

DriverName = diDevEnum.GetItem(lstJoySticks.ListIndex +
1) .GetInstanceName

End Sub
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i Sub Program weiForml
ControlRobotic.frm

Tohkkdkkkkhkkkkhkhkhhkkkdkkkhkkkkkkkhkkkkkkkkxx

Option Explicit

Private Sub Exit Click()

Unload Forml
Unload frmMain

End Sub
Private Sub Form Load()

Forml.Hide
frmMain.Show

Label2.Caption = "Click #File wiwmiuClick #Run edalusunsuunasn”
End Sub
Private Sub Form Unload(Cancel As Integer)

Unload Forml
Unload frmMain

End Sub
Private Sub Run Click()

Dim RealPlay
RealPlay = Shell ("C:\Progra~1\Pixel\PixelTv.exe", vbNormalFocus)

'Run PixelTV.EXE

Textl.Text = DriverName

Me.Caption = "Active"

Label2.Caption = "Double Click firhuunawmafeldidnmuuy Full Screen”
End Sub

Thkkhhhkkhkhkhh bk kb hhkhkhkkkhhkhh bk hkhkhkh bk ok k ok hkkhkhkkkhkkkdkhkkhkhkkk Kk k ok kk %k

' dwdmusdudsveuy Gobal wesProgram Control

! Buttom.bas
1 **************************************************************

Option Explicit

Public DriverName As String



,-************************************************

; Program : Servo motor
; Description : Show servo operation
; Copyright : 2001

;************************************************

ORG 0000H

MOV P1, #0r¥FH
MOV P3, #00H

LOOP: MOV RO, #05H
MOV A, #00H
MOV A, Pl

CINE A, #0FFH, NEXT
CLR P3.7

SJMP LOOP

NEXT: SETB P3.7
ACALL PULSE ON
SJMP LOOP

PULSE_ON: MOV R1,A
DJNZ R1,$
DJNZ RO, PULSE ON
CLR P3.7

PULSE OFF: MOV R1, #01EH

LOOP1: MOV R2, #01EH
LOOP2: MOV R3, #04H
DJNZ R3,$

DJNZ R2, LOOP2
DJNZ R1,LOOP1
NOP
NOP
NOP
NOP
RET



;******************************************************

;Program :Robotic .Asm

;Copyright  :2002

;******************************************************

ORG 0000H
DATA EQU 30H
MOV PO, #00H
MoV P1, #OFFH
MOV P2, #00H
Mov SCON, #50H
MOV PCON, #00H
MOV TMOD, #21H

MOV TH1, #0E8H :1200 bps
MoV TL1, #0ESH

MOV TCON, #01000000B

SETB, TR1
MAIN: JNB RI,S
CLR RI

MOV = A, SBUF

ekkhkkkhkhkkhkhkhkhkhkhkhkkkhkhkhkkhkdhkkhkhkdkhkhkhkhkhkhkhkhkdkhkkhkhkkkkhkhkkxkk

; SUB CLEAR ALL

hkhkkkhkkhkhkhkhkhkhkhhkhkhkhhhkhhkhdhkhkdbhkkhkhkhkhhkhdhhkkhkhkkhkhkkdkhkkkkdhkkkx

CJNE A, #00H, NEXT
MOV PO, #00H
MOV - P1l,#O0OFFH
MOV P2,#00H
SJMP MAIN

kkkhkkkhkhkdhkhdhkhhhddhdhhkhhhhkdrhhbhhkhkhhkhhkhkhhkhkhhkdkdkddkdhhkddhkhkhrhkkddk

;
; SUB CONTROL SERVO MOTOR

;*******************************************************

NEXT: MOV RO, #OESH
LOOP: DJNZ RO,NEXT 1
NEXT 1: MOV DATA, RO

CINE RO, #12H, NEXT 2
SJMP EXIT_LOOP

NEXT 2: -CJNE A, DATA, LOCP
MOV P1,A

EXIT LOOP: NOP



ekkkkkhkkkhkhhkhkdhhkhdhkhkkkhkhkhkkkkkkkkdkkkkdkhkkkhkkkkkkkkkkddkkd¥k

CONTROL STEPPER MOTOR

ok ok ok ok Kk ok ok ok ok k ko ke ko Sk ke Kk k ok ko ok sk Sk ok ok sk sk ke k k ok Sk ok ok ok ko ok ok ok ok ok ok ok ko ok ok ok kK

Ne Ne N

CJNE A, #01H,STEPPER 1

MOV  PO,A

STEPPER 1: CJNE A, #02H, STEPPER 2
MOV ~ PO,A

STEPPER 2: CJNE A, #04H, STEPPER 3
MOV  PO,A

STEPPER 3: CJNE A, #08H,DC_1
MOV  PO,A

ekkhkhkhkhkhkhkhkhkhkkhkhkhhkhhdhhkhkhkhhkhkhkhhkdhkhhkhhkhdhhkhkhkhhkhkhkhhkhhkhkhkhkhkkkktk

CONTROL DC MOTOR

dhkkhkkkkhkkhkkhkhhkhkhkhkhkhkhkkdkhkhkhkhkhkhkhkhkhkdhkdhhkhkkhhkhkhkkkhkkhkhkkkkkkxd

Ne Ne N

Be.1: CJNE A, #0FH,DC_2
MOV P2, #09H

DE2: CJINE - A, $0FOH, DC_3
MOV P2, }#06H

DC. 3: CJNE A, #0FFH,DC_4
MOV P2, #0RH

DE At CJNE A, #0EEH,DC 5

MOV P2,#05H

,-******************************************************

; FOCUS

’-******************************************************

DC 5: CJINE A, #0AH, FOCUS 1
MOV PO, #01000000B

FOCUS 1: CJINE A, #0BH, FOCUS_2
MOV PO,#10000000B

FOCUS_2: NOP
SIMP  MAIN

END
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Catalog Number 276-2336

2-ARCHERSS>
TECHNICAL DATA

AN EXCLUSIVE RADIO SHACK SERVICE TO THE EXPERIMENTER

XR-2206 Monolithic Function Generator

Description

The XR-2206 is a monolithic function generator integrated circuit
capable of producing high quality sine, square, triangle, ramp and
pulse waveforms of high stability and accuracy. The output wave-
forms can be both amplitude and frequency modulated by an external
voltage. Frequency of operation car be selected externally over a
range o! 0.01 Hz to more than 1 MHz,

The XR-2206 is ideally suited for communications, instrumentation,
and function generator applications requiring sinusoidal tone, AM,
FM or FSK generation, It has a typical drift specification of 20
ppm/°C. The oscillator frequency can be linearly swept over a 2000 :
1 frequency range with an external control voltage with very little
affect on distortion,

As shown in Figure 1, the monolithic circuit is comprised of four
functional blocks: a voltage-controlled oscillator (VCO); an analog
multiplier and sine-shaper; a unity gain buffer amplifier; and a set of
current switches. The internal current switches transfer the oscillator
current to any one of the two external timing resistors to produce
two discrete frequencies selected by the logic level at the FSK input
terminal (pin 9).

Absolute Maximum Ratings

Power Supply 26V
Power Dissipation 625mW

Derate above +25°C 5 mW/°C
Storage Temperature Range —65°C to +150°C
Operating Temperature Range 0°C to +75°C

EQUIVALENT SCHEMATIC DIAGRAM
FUNCTIONAL BLOCK DIAGRAM

EQUIVALENT SCHEMATIC DIAGRAM

Features

® Low Sinewave Distortion (THD .5%),
insensitive to signal sweep

Excellent Stability (20 ppm/°C, typ)

Wide Sweep Range (2000: 1, typ)

Low Supply Sensitivity (0.01%/V, typ)

Linear Amplitude Modulation

Adjustable Duty-Cycle (1% to 99%)

TTL Compatible FSK Controls

Wide Supply Range (10V to 26V)

Applications
¢

e Waveform Generation
Sine, Square, Triangle, Ramp

Sweep Generation
AM/FM Generation

* FSK and PSK Generation
Voltage-to-Frequency Conversion
Tone Generation
Phase-Locked Loops

e o o o

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Fig. 2, V¥ =12V, Tp = 25°C, C = 0.01 uF, Rq =100 K2,
R2 = 10 K R3 = 25 KQ unless otherwise specified. S1 open for triangle,

closed for sinewave.

CHARACTERISTICS UNITS CONDITIONS
MIN. TYP. MAX.
Supply Voltage
Single Supply 10 26 \
Split Supply 5 *13 \
Supply Current 14 20 mA Rq 2 10 K2
Oscillator Section
Max. Operating Frequency 0.5 1 MHz C = 1000 pF,
Ry=1KQ
Lowest Practical Frequency 0.07 Hz C = S0"uE,
Ry1=2 mMQ
Frequency Accuracy &) %of fg | fg=1/RqC
Temperature Stability 120 ppm/°C 0°C<Tp L75°C,
R1=Rg=20KS
Supply Sensitivity 0.01 %IV Viow = 10v,
VHIGH = 20V,
Rq=Rg =20 K
Sweep Range 2000:1 fu=fL fHER =1 K
Sweep Linearity fL@R1 =2MQ
10:1 Sweep 2 % f)- =1 kHz,
f4 =10 kHz
1000:1 Sweep 8 % | fL=100Hz,
fH = 100 kHz
FM Distortion 0.1 % 10% Deviation
Recommended Timing Components
Timing Capacitor: C 0.001 100 MUF See Figure 5
Timing Resistors: Rq & Rg 1 2000 K2
Triangle/Sinewave Output See Note 1, Fig.3
Triangle Amplitude 160 mV/KS2 Fig. 2 S1 Open
Sinewave Amplitude 60 m/VKS) Fig. 2 Sq Closed
Max. Output Swing 6 Vpp
Output Impedance 600 Q
Triangle Linearity 1 %
Amplitude Stability 0.5 dB For1000:1 Sweep
Sinewave Amplitude Stability —4800 ppm/°C See Note 2
Sinewave Distortion R1=30K2
Without Adjustment 26 % See Figure 8
With Adjustment 0.5 1.5 % See Figure 9
Amplitude Modulation
Input Impedance 50 100 K
Modulation Range 100 %
Carrier Suppression 55 dB
Linearity 2 % For 95%
modulation
Square Wave Output MeasuredatPin11
Amplitude 12 Vpp
Rise Time 250 nsec | C_=10pF
Fall Time 50 nsec C_=10pF
Saturation Voltage 0.2 0.6 \" IL=2mA
Leakage Current 0.1 100 HA Vi1=26 V
FSK Keying Level {Pin 9) 0.8 1.4 2.4 \% See Section on
Circuit Controls
Reference Bypass Voltage 2,5 3 3.5 \% MeasuredatPin10.

Note 1:  Output Amplitude is direct!

y proportional to the resistance R3 on Pin 3. See Figure 3.
Note 2: For maximum amplitude stability R 3 should be a positive temperature coefficient resistor.
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Figure 2. Basic Test Circuit

DESCRIPTION OF CIRCUIT CONTROLS

Frequency of Operation:

The frequency of oscillation, fq, is determined by the external timing
capacitor C across pins 5 and 6, and by the timing resistor R con-
nected to either pin 7 or pin 8. The frequency is given as

fo =ﬁ1C—Hz

and can be adjusted by varying either R or C. The recommended
values of R for a given frequency range are shown in Figure 5. Tem-
perature-stability is optimum for 4 K§) <R <200 K. Recommended
values of C are from1000 pF to 100 uF.,

Frequency Sweep And Modulation

Frequency of oscillation s proportional to the tota/ timing current
IT drawn from pin 7 or 8

32017 (mA)
f=
C (uF)

Timing terminais (pins 7 or 8) are low impedance points and are in-
ternally biased at +3V, with respect to pin 12. Frequency varies
linearly with [T over a wide range of current values, from 1 LA to
3 mA. The frequency can be controlled by applying a contro! voltage,
Vg, to the activated timing pin as shown in Figure 7. The frequency
of oscillation is related to V¢ as:

1 R VC
f=— |1+—(1 = —)| Hz
RC RC 3

where Vg is in volts. The voltage-to-frequency conversion gain, K,
is given as:

0.32
K=0f/dve = ~Rgc Hv

NOTE: For safe operation of the circuit IT should be limited to
<3 mA.

Output Characteristics:

Output Amplitude: Maximum output amplitude is directly propor-
tional to external resistor R3 connected to Pin 3 (See Fig. 3). For
sinewave output, amplitude is approximately 60mV peak per K§)
of R3; for triangle, the peak amplitude is approximately 160 mV
peak per K§) of R3. Thus, for example, R3 = 50 K2 would pro-
duce approximately X3V sinusoidal output amplitude.

Amplitude Modulation: Output amplitude can be modulated by
applying a dc bias and a modulating signal to Pin 1. The internal
impedance at Pin 1 is approximately 100 K. Output amplitude
varies linearly with the applied voltage at Pin 1, for values of dc bias
at this pin, within X4 volts of V*/2 as shown in Fig. 6. As this bias
level approaches V*/2, the phase of the output signal is reversed;
and the amplitude goes through zero. This property is suitable for
phase-shift keying and suppressed-carrier AM generation. Total dy-
namic range of amplitude modulation is approximately 55 dB.

Note: AM control must be used in conjunction with a well-regulated
supply since the output amplitude now becomes a function of Vvt

Frequency-Shift Keying

The XR-2206 can be operated with two separate timing resistors,
R4 and Rgp, connected to the timing pins 7 and 8, respectively, -
as shown in Figure 13. Depending on the polarity of the fogic signal
at pin 9, either one or the other of these timing resistors is activated.
If pin 9 is open-circuited or connected to a bias voltage < 2V, only
R1 is active. Similarly, if the voltage level at pin 9 is < 1V, only Ry
is activated. Thus, the output frequency can be keyed between two
levels, f1 and f as:

f1 =1/R1Cand f3 = 1/RC
For splitsupply operation, the keying voltage at pin 9 is referenced
to.V—,

Output DC Level Control

The dc level at the output (pin 2) is approximately the same as the dc
bias at pin 3. In Figures 8, 9 and 10, pin 3 is biased mid-way between
V* and ground, to give an output de level of % V+/2.

APPLICATIONS INFORMATION

Sinewave Generation

A) Without External Adjustment
Figure 8 shows the circuit connection for generating a sinusoidal
output from the XR-2206. The potentiometer R4 at pin 7 pro-
vides the desired frequency tuning. The maximum.output swing
is greater than V*/2 and the typical distortion {THD) is < 2.5%.
If lower sinewave distortion is desired, additional adjustments
can be provided as described in the following section.
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XR-2208
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Figure 7: Circuit Connection for Frequency Sweep

Koo

Figure 8 Circuit for Sinewave Generation Without External
Adjustment. (See Fig. 3 for choice of R3)




The circuit of Figure 8 can be converted to split supply operation
simply by replacing all ground connections with V=, For split
supply operation, R3 can be directly connected to ground.

B

With External Adjustment

The harmonic content of sinusoidal output can be reduced to
2 05% by additional adjustments as shown in Figure 9. The
potentiometer R adjusts the sine-shaping resisitor; and Rg
provides the fine-adjustment for the waveform symmetry. The
adjustment procedure is as follows:

1. Set Rg at mid-point and adjust Ra for minimum distortion.
2. With Rp set as above, adjust Rg to further reduce distortion.
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Figure 9: Circuit for Sinewave Generation With Minimum Harmonic
Distortion. (R3 Determines output Swing — See Fig. 3)

Triangle Wave Generation

The circuits of Figures 8 and 9 can be converted to triangle wave
generation by simply open circuiting pins 13 and 14 (i.e., S openl.
Amplitude of the triangle is approximately twice the sinewave output.

FSK Generation

Figure 10 shows the circuit connection for sinusoidal FSK signal
generation. Mark and space frequencies can be independently ad-
justed by the choice of timing resistors R1 and Ra;
phase-continuous during transitions, The keying sig
pin 9. The circuit can be converted to split-supp
simply replacing ground with V—,

and the output is
nal is applied to
ly operation by

Figure 10: Sinusoidal FSK Generator

Pulse And Ramp Generation

Figure 11 shows the circuit for pulse and ramp waveform generation.
In this mode of operation, the FSK keying terminal {pin 9) is shorted
to the square-wave output (pin 11); and the circuit automatically
frequency-shift keys itself between two separate frequencies during
the positive and negative going output waveforms. The pulse-width
and the duty cycle can be adjusted from 1% to 99% by the choice
of Ry and Ry. The values of Rq and R7 should be in the range of
1 K to 2 MQL.
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Figure 11: Circuit for Pulse and Ramp Generation
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XR-2211
FSK Demodulator/Tone Decoder

The XR-2211 is 2 monolithic phase-locked loop (PLL) system especially designed for daggtommunications. Jt is particularly
well suited for FSK modem applications. 1t operates over a wide supply voltage range of 4.5 to 20V and a wide frequency
range o' 0.01 Hz to 300 kHz. It can accommodate analog signals between 2 mV and 3V, and can interface with conventional
DTL, TTL and ECL logic families. The circuit consists of a basic PLL for tracking an input signal within the pass band, a
quadrature phase detector which provides carrier detection, and an FSK vollage comparator which provides FSK demodulation

Externz] components are used to independently set center frequency, bandwidth, and output delay.

FEATURES

Wide Foequency Range
Wide Supply Veltage Range

DTL/TTL/LECL Logic Compatibility
FSK Demodulation, with Carrier-Detection

Wide Dynamic Range

Adjustable Tracking Range (£1% to 280%)

Excellent Temp. Stability
APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Detection

PACKAGE INFORMATION

0.01 Hz to 300 kH~
4.5V to 20V

2mVto 3 Vrms

20 ppm;°C, typ.

ABSOLUTE MAXIMUM RATINGS

Power Supply

Input Signal Leve!
Power Dissipation
Ceramic Package:

Derate above T4 = +25°C

Plastic Peckage:

Derate above T = +25°C

AVAILABLE TYPES
Part Number Package
XR-2211M Ceramic
XR-2211CN Ceramic
XR-2211CP Plastic
XR-2211IN Ceramic
XR-2211P Plastic

20V
2V rms

750 ngw
6mV/ C
625 ngw
S5.0mW/ C

Operating Tempernature
fss"Cto+125°C
0°C to+75°C
0°C to +75°C
-40°C to +85°C
-40°C 10 +85°C

FUNCTIONAL BLOCK DIAGRAM
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-~ CHARACTERISTICS

+ T % :
| G \J t+l.2V,TA +25 C,Ro JOKQ,CO

=0.033 uF. See Fig 2 for component designation

XR-2211/2211M XR-2211C
CHARACTERISTICS UNITS CONDITIONS
L. : MIN. | TYP. [ MAX. [ MIN. | TYP, MAX,
GENERAL
Supply Voltage 4.5 20 4.5 20 v
Supply Current 4 7 5 9 mA | Rg 210 KQ. See Fig. 4
OSCILLATOR SECTION :
Frequency Accuracy *1 13 3 - % FDeviation from fg = 1/RgCq
Frequency Stability Rj=oco ; :
Temperature £2Q | 50 120 pg’f €| See Fig. 8.
Power Supply 005 | 0.5 0.05 ®IV LVt =12 41V, See Fig. 7.
0.2 0.2 %/V | Vt=510.5V. See Fig. 7.
Upper Frequency Limit 100 | 300 300 kHz | Rg=8.2 K2, Cp = 400 pF
Lowest Practical
Operating Frequency 0.01 0.01 Hz | Ry =2 MQ, Cg = 50 pF
Timing Resistor, Ro See Fig. 5.
Operating Range 5 2000 S 2000 KQ
Recommended Range 15 100 15 100 K$ | See Fig. 7 and 8.
LOOP PHASE DETECTOR SECTION
Peak Output Current 150 | 200 ! £300 |+100 | 200 +300 MA | Measured at Pin 11.
Output Offset Current +1 12 HA
Output Impedance 1 1 MQ
Maximum Swing 14 &5 4 %5 V | Referenced to Pin 10.
Qﬁ%ﬁ%“mﬁ“mﬁﬁ““_—‘—*mw L 8/ Measured at Pin 3.
r‘ Peak Output Current 100 { 150 150 HA
Qutput Impedance | 1 MQ
Maximum Swing IL i1 Vpp
INPUT PREAMP SECTION 4 Measured at Pin 2.
Input Impedance 20 20 KQ
Input Signal
Voltage Required to Cause Limiting 2 10 2 mV rms
VOLTAGE COMPARATOR SECTIONS
[nput Impedance 2 2 M | Measured at Pins 3 aad 8.
Input Bias Current 100 100 nA
Voltage Gain 55 70 55 70 dB R =5.1 KQ
Output Voltage Low 300 300 mV o =3 mA
Output Leakage Current .01 .01 LA VO =12V
INTERNAL REFERENCE
Voltage Level 4.9 53 2 4.75 5.3 | 5.85 V | Measured at Pin 10.
Outpnt Impedance 100 100 Q

swkn Ag Rty

LooP OATA .
FILTER FILTEA 1@z Rp
outruT A
v-O€Y 5
“HE D —{ > i
° L Comp. 1
INVY ; £ o t;‘.dﬂ )
PREAMP ° =
soer | D: Lock oerect s
LOCK-DETECY  LOCK-DETECT :,',’ Co
PUTER . Come, X
Figure |1, Functional Block Diagram of a Tone and FSK Decoding Figure 2. Generalized Circuit Connection for FSK and Tone Detection.
System Using XR-2211.
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XR-2211 FSK Demadulator/Tone Decoder
Description

The XR-2211 Is s monolithic phese-locked loop (PLL} system espe-
clally designed for data communications. [t is particulsrly well sulted
for FSK modem applications. It opsrates over a wide supply voltage
range of 4.6 to 20 V and a wide frequency range of 0.01 Hz 1o 300
kHz. It can accommodate analog signals batween 2 mV and 3 V, and
can interface with convantional DTL, TTL, and ECL logic families.
The circuit consists of a basic PLL for tracking an input signal within
the pass band, 8 quadrature phese datector which provides carrier
detection, and an FSK voltege comparator which provides FSK
demodulation, External components are used to indepeadantly set
center frequency, bandwidth, and output delay,

Features

e Wids Frequency Range 0.01 Hz t0 300 kHz

© Wide Supply Voltage Range 45Vte20V

e DTL/TTL/ECL Logic Compatibility

¢ FSK Demodulation, with Carriar Detection

¢ Wide Dynamic Range 2mV 03V rms

e Adjustabla Tracking Range (¥1% to 180%)

e Excellent Temp. Stability 20 ppm/°C, typ.

Applications

e FSK Oemodulation

o Data Synchronization

° Tone Decoding

e FM Datection

e Carrier Detection

Absolute Maximum Ratings

Power Supply 20V

Input Signal Level 3V rms

Power Dissipation 825 mW
Derate above Ty = +25°C 6.0 mW/eC

Operating Temparature 0°Cto + 75°C

Punotional Bloék Disgram

xan NS
Vccl 1 $IGNA 14 ]
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&[] o]
DATA 5 5K
oureut E ‘e E COMP. INPUT
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Description Of Circuit Controfs

Signal Input (Pin 2); Signal Is ac coupled to this terminal. The internal
impedance at Pin 2 is 20 K$2. Recommandad Input slgnal level Is In
the ranga of 10 mV rme to 3 V rms.

Quadrsturs Phese Detector Output (Pin 3): This is the

pedance output of quadrature phase datector and is Intern-.ly con-
nected to the input of lock dstect voltage comparator, In tone detec-
tion applications, Pin 3 i connected t0 ground through a parallel
combination of Rp and Cp (ses Figure 2) 10 eliminate the chatter
at lock detect outputs. If the tone detect section Is not used, Pin 3
¢an be left open circuited,

Lock Detect Output, Q (Fin B): The output at Pin 5 is at “high” state
when the PLL is out of jock snd goes 1o “low” or conducting state
when tha PLL is locked. It is an open collector type output and
requires 8 pull-up resistor, Ry . to V+ for proper operation. At “low”
state, it can sink up to § mA of load current,

Loo¢ DATA
FILTER FILTER

~He ke P{>ﬂ=:,
18 =

G
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= LOCK DETECT
S0ET D: -—&::wu
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Figure 1: Functional Block Disgram of a Tone.and FSK Decoding
System Using XR-2211.

Figure 2: Gensralized Circuit Connection for FSK and Tone
Dstection.
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logic complement of the fock det_oct. ouﬁaut ot Bin 5. This ‘output
ls also an open coliector type stags which con sink B mA of load
current at low or “on" state,

FSK Dota Output (Pin 7)1 This output is en open collector loglc
stage which requires s pull-up reslstor, Ry, to V+ for preper opers-
tion. It can sink 6 mA of load current. When decading FSK signals,
FSK data output Is at “high" or “‘off"’ stste for low Input frequency,
and st “low” or “on” stats for high Input frequency. if no input
signel is prasent, the foglc-stats st Ptn 7 s indeterminate.

FEK Comparator Input (Pin B): This is the high impedancs input to
the FSK voltege comparstor. Normally, en FSK post-detaction or
date filter is connected betwesn thls terminal end the PLL phase
detector output (Pin 11). Thig dats filter is formed by RF and Cp
Figura 2, The threshold voltage of the comparator is set by the
{nternal reference voitsge, VR, svalleble at Pln 10.

Referanca Voltags, VR (Pin 10): This pin is Internally blased at the
referance voltags level, VR: VR = V+/2 — 650 mV. The dc voltage
(eve! at this pin forms an intemal referance for the voltsge levels at
Pins B, 8, 11 and 12, Pin 10 must be bypassed to ground with » 0.1
HF capatltor for proper operation of the clreuit,

Loop Phass Datector Qutput (Pin 11): This terminsl provides a high
impedance output for the icop phase datector. The PLL toop filter
is formed by Rq end Cq coonected to Pin 11 {see Figura 2). With no
Input signel, or with no phate error within the PLL, the dc level at
Pin 11 Is very nearly squsl to VR. The peak voltage swing evailsble
at the phase dstector cutput is equsl to TVR.

VCO Contral Input {PIn 12): VCO frae-running frequency Is deter-
mined by external timing resistor, Rg, connected from this terminat
1o ground, The VCO free-running fraquency, fo, 8z

fo= 1 Hz
RoCo

whers Cq is the timing capacitor across Pins 13 and 14. For optimum
tsmperature stability, Rg must be In the renge of 10K to 100 K

This tarminal is a low impedance paint, and is internally blased at @
dc level ‘equal to VR. The maximum timing current drawn from
Pin 12 must ba limited to <3 mA for proper operation of the circuit.

VCO Timing Capacitar (Pins 13 snd 14): VCO frequency is inversaly
proportionsl to the externsl timing capecitor, Cq, connected across
these terminals (see Figure 4}. Cqg must be nonpolar, and in the range
of 200 pF to 10 .

VCO Frequency Adjustmernt: VCO can be fine-tuned by connecting 8
ootentlometsr, R, in serles with Rq at Pin 12 (sse Figure 6).

VCO Fres-Running Frequency, fg: XR-2211 does not have a saparats
VCO output terminal, instead, the VCO outputs are intsmally
connacted to the phata detector sactions of the circuit, However, for
set-up or adjustment purposes, VCO fres-running frequency can be
measured at Pin 3 (with Cp disconnacted), with no Input end with
Pin 2 shorted to Pin 10,

AFPPLIGATIUNS INEUHVIA | TUN
FSK Décoding:

Figure 8 shows the baslc circuit connection for FSK. decoding. With
reference to Figures 2 and 6, the functions of external components
ere defined as follows: Rg nnd Cg sst the PLL center frequancy
Ry sets the system bend width, and Cq ests the loop filter .time
<constant and the loop damping factor. Cg and Rg form -2 one-pole
post-detection fliter for the F8K dsta output. The redistor Rg (=
610 KS) from Pin 7 to Pin 8 introduces positive feedback across
FSK comparstor to facilitate, repid trensition betwesn output logic
stetes.

Racommended componant values for some of the most commonly
used FSK bands are given In Table |,

Ve
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Figure 6: Clroult Conncoticn for F8K Decoding.

Deslgn Example:

76 Baud FSK demodulator with mark space frequencies of
1110/1170 Hz:

Step 1: Cslculats fo: fg = (1110 + 1170) (1/2) - 1140 Hz

Step 2: Choots Rg = 20 KS2 (18 K2 fixed rezistor In series with B
K2 potantiometar)

Step 3: Calculate Cg from Figure 8: Cqg = 0,044 F

Step 4: Calculate Rq: Ry = Rp {2240/60) = 380 K

Step §: Calculate Cq: Cq = Co/d = 0.011 |F

Note: All values except R() can be rounded to nearest standard
value. :

FSK BAND COMPONENT VALUES
300 Baud Cp=0.039 yF Cp=0.005 uF
fy = 1070 Hz Cy =0.01 uF Ry =18 KQ
f2=1270Hz R = 100KS}

300 Baud Cp=0.022uF Cp=0.005 uF
[1-' 2025 Hz C} = 0.0047 uF Rgo=18 KQ
f,=2225Hz R =200KQ

1200 Baud Cp=0.027 uF  Cg=0.0022 uF
fy = 1200 Hz Cy =0.01 puF Rg=18 KQ

f7 = 2200 Hz Ry =30K2

Toble 1: Recommended Companent Velues for Commonly
Uoed FSK Banda, (Se3 Clircult of Flgure 6.)




ELECTRICAL CHARACTEHIS1iLD
Test Conditiond: V= +12V, Ta = +26°C, Rg = 30 KQ, Cg = 0,033 11F, Ses Figure 2 for component designation.

PARAMETERS : UNIT CONDITIONS
MIN,| TYP. | MAX.
GENERAL
Supply Voltage 4.6 20 \Y
Supply Current 5 ] mA | RoS10KQ
OSCILLATOR SECTION
Frequency -Aocurscy H % | Deviation from fg = 1/RpCp
Frequency Stability Ry=e
Tomperature 0 ppm/*C .
Power Supply 0.08 ¥V | vt=i2iv,
0.2 %/v | vt=B5X06V.
Upper Fregquency Limit 300 kHz | Rg=8.2 KS, Cy= 400 pF
Lowest Prectical
Operating Fraquency 0.01 Hz Rg = 2 ME}, Co = BO uF
Timing Reslstor, Rg
Operating Range b 2000 | KQ
Recommended Range 18 100 KQ
LOOP PHASE DETECTOR SECTION
Peak Qutput Current 00 [2200 300 | pA | Measured stPin 11,
Qutput Offset Current 2 YA
Output Impedance 1 MO
Maximum Swing X4 15 v Referanced to Pin 10.
QUADRATURE PHASE DETECTOR { Maesured et Pin 3.
Peak Output Current 180 LA
Cutput tmpedance 1 V192
Maximum Swing 1" Vpp
TNPY FPHEAMP SECTION Moasured at Pin 2,
Input jmpedance 20 KQ
snput Signal \
Voltege Required to Cause Limiting 2 mV rms
VOLTAGE COMPARATOR SECTION
lnput Impedance 2 M | Moasured at Ping 3 and 8.
Input Bias Current 100 nA
Voltage Gein 70 a8 | R_+51KQ
Output Voltage Low 300 mV Ic=3mA
Qutput Leaksge Current ) 0.01 LA Vo=12V
INTERNAL REFERENCE
Voltage Level 4.76 6.3 6.85 A" Messured st Pin 10.
Output Impedance : 100 (9]
i "
g Rg=$ KL~
10
g AL
; AT T
[ 4',{ =l
T *-l> e

°
T ¢ 8 W 12 Wisw RN
BUPALY VOLTAGL Ve (VOLTS)

Figure 3: Typicel Supply Currant wa V* Figure 4: VCO Frequency vs Timing Rasistor.  Figuro §: VCO Frequency w Timing Capacitor.
(Loglo Outputs Opan Circuited)




TONE DETECTION:

Flgure 7 shows the generalized circuit connection for tone detection.
The logic outputs, Q and Q st Pins § znd 6 are normally at “high”
and “low" logic states, respectively, When a tone ks present within
the detection band of the PLL, the (oglc state at these outputs be-
come reversed for tha duration of the.Input tone. Each logic output.
cansink 6 mA of load current.

TONE INPUT

l 470K .‘[ [—‘C
[
Both logic outputs at Pins 5 and 6 are open collector type stages, '

CDI Rp $
and require- extamal pull-up resistars Ryt and Ry 2, & shown in

~

Co

‘Ag

)

|

Figure 7. v

With reference to Figures 2 and 7, the functions. of the extsrnal
circult componants can be explained as follows: Rp and Cg set
VCO center frequency; R9q sets the detection bandwidth; Cq. sets
the low pass-loop filter time constant and the loop dsmping factor,

Logic
ouTtPut
i

veo
FINE TUNE

Ryt and Ry 2 sre the respective pull-up registors for the Q and O
logic outputs.

Typleal valucs for detection bend of 1 kHz +20 Hz:
Rg* 18K
Cg = 0.06 uF
R1=1meg
Cq1=0.013 uF
Cp=0.42 uF

Fine-tune centsr frequency with Ry

Figure 7: Circuit Connection for Tona Datection.
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MAX220-MAX249

+5V-Powered, Multi-Channel RS-232

- -
Drivers/Receivers
TOPVIEW
45V INPUT o
&/ sk
o 1] ® BRE SHR
v [2] i5] GND 1 Voo 2 1 vov
R st TR g=4 ™ 45VT0 410V L [l
MAX220 T 1~ VOLTAGEDOUBLER
C2+ E MAX232 ié] Rin 4
MAX2324 ] G+ +10V10 -10V y 18w
c2- [3] 12 Riour 27 81, VOLTAGEINVERTER r—tLI o4
v- 6] TIN ey =
T2our (7] 10] Tan 400K S
R [8 9] Reour ) mm T Tiour| 14
7 TTCMoS o )
DIP/SO INPUTS o1 Surtoars
10] T Toout| 7
>t e
CAPACITANCE (1F) 12| Rtour on Rim| 13
DEVICE | CT™ CoYCaopmtgamt s NE %SK sk
MAX220 47 47 10 10 47 oUTPUTS . INPUTS
MAX232 10 10 10 10 10 4  dutli Al
IMAX232A BT 5 O S O T Orre o B
GND -
L 15
Figure 5. MAX220/232/232A Pin Configuration and Typical Operating Circuit
5V INPUT
TOPVIEW e O3 L CAPACITORS 0.10F
e A | & L \ ’
4 — (NCIEN [1] 20] SAON s Ay .svv%nov g I
(NC) BN 1] 1] SN ¢+ [2] [19] Ve T ¢ VOLTAGEDOUBLER
C‘*E E Vee V’E E GND cz_xﬁ' G2+ +10VT0 -10V v 7 -0V
i3] ig] oo O (4] anadaan il Ton T 8,  VOLTAGENVERTER B
o] mamam g ron 5] M2 elne ) i
c2 MAX222 c2- g s, 1] R oo
] M [ . 11 Riw 12] Tiw NO Tiow|1s
c2- 6] ] por V-7 14] Rigur — W L7 48
v-[7] 2] T Teown [g] [13] NG INPUTS Tg‘mk . outRuTs
1] 12w ot | 8
T2gu1 g ) ran Rew [ 12] Ty %
R2n g 10] Raour  Rout [10] 1] o
!' 13| Riour A Rin| 14
DIP/SO SSOP TIL/CMOS N 5 RS-232
QUTPUTS it
10] Reout A= Rw] 8
{ ) ARE FOR MAX222 ONLY. = N %
PIN NUMBERS IN TYPICAL OPERATING CIRCUIT ARE FOR DIP/SO PACKAGES ONLY 1| (NC) EN e 118
a0 L
L 16

Figure 6. MAX222/MAX242 Pin Configuration and Typical Operating Circuit
18 MAXIMN




Lyz.

L298

DUAL FULL-BRIDGE DRIVER

OPERATING SUPPLY VOLTAGE UP TO 46V
TOTAL DC CURRENT UP TO 4 A

LOW SATURATION VOLTAGE
OVERTEMPERATURE PROTECTION
LOGICAL "0" INPUT VOLTAGE UP TO15V
(HIGHNOISE IMMUNITY)

DESCRIPTION

The L298is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerS020 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logiclevels and drive
inductive loads such as relays, solenoids, DC and
steppingmotors. Two enable inputs are provided to
enableordisable the deviceindependentlyofthe in-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used forthe con-

BLOCK DIAGRAM

Multiwatt15 PowerS020

ORDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionofan externalsensing resistor. An additional
supplyinputis provided so that the logic works at a
lower voltage.

SENSE A ]
Rsa

1 2 3 ']
Ins
in? s 2 it
‘ B
nz |, o In3
o— -0
ol U n | En8
1 1 :
_[ L——on senses
S8

October 1998
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 \
Vss Logic Supply Vottage 7 V
Vi, Ven Input and Enable Voltage —0.3t0 7 Vv
lo Peak Output Current (each Channe))
— Non Repetitive (t = 100us) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 2.5 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \
Piot Total Power Dissipation (Tcase = 75°C) 25 w
Top Junction Operating Temperature —-25 to 130 €
Tsig, Tj  |Storage and Junction Temperature —40 to 150 °c
"PIN CONNECTIONS (top view)
j. g CURRENT SENSING B
/ 14 7773 outpuT4
'$' 10 Y7 i\ oy OUTPUT 3
12 1L TS NRUTE
{1 |1 e D ENABLE B
10} [0 SiGPuTs
Multiwatt15 : [SRATIARTY ;:?C SUPPLY VOLTAGE Vgg
7 XY YD) INPUT 1
6 JESiEaitiay S\ \enAp iy
B\ AN AT Ay INPUT 1
4 "3 SUPPLY VOLTAGEV,
.$_ P 17Ty OUTPUT 2
A S TTolTPuT 4
¥ f o~ 1 I CURRENT SENSING A
Z TAB CONNECTED TO PINS D95IN240
GND :(1 20 1 GND
SenseA [ 2 19 ] SenseB
NC. 1 3 18" LS ] N.C,
Oout1 1 4 17 [ Out4
Ouw2 [ 5 PowerS020 15 = ou3
vs 1 6 15 ] Input4
Input1 ] 7 14 1] Enable B
EnableA [ 8 13 7 Input3
Input2 [ 9 12 [ vss
GND 10 11 ] GND
D95IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rthjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rihjamb | Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mounted on aluminum substrate

2/13

q




e S N SO STE )

Features

® Compatible with MCS-51™ Products

® 8K bytes of In-System Reprogrammable Downloadable Flash Memory
SPI Serial Interface for Program Downloading
Endurance: 1,000 Write/Erase Cycles

2K bytes EEPROM
Endurance: 100,000 Write/Erase Cycles

2.7V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8 bit Internal RAM

32 Programmabile /O Lines

Three 16 bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

Description

The AT89S8252 is a low-power, high-performance CMOS 8 bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel’'s high density non-
volatile memory technology and is compatible with the industry standard 80C51 in-
struction set and pinout. The on-chip Downloadable Flash allows the program mem-
ory to be reprogrammed in-system through an SPI serial interface or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8 bit CPU with
Downloadable Flash on a monolithic chip, the Atmel AT89S8252 is a powerful micro-
computer which provides a highly flexible and cost effective solution to many embed-
ded control applications.

The AT8988252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watchdog
timer, two Data Pointers, three 16 bit timer/counters, a six-vector two-level interrupt
architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In addition,
the AT89S8252 is designed with static logic for operation down to zero frequency and
supports two software selectable power saving modes. The Idle Mode stops the CPU
while allowing the RAM, timer/counters, serial port, and interrupt system to continue
functioning. The Power Down Mode saves the RAM contents but freezes the oscilla-
tor, disabling all other chip functions until the next interrupt or hardware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a

AlmEL

8 bit
Microcontroller
with 8K bytes
Flash

AT89S8252
Preliminary




ATMEL

Pin Configurations

PDIP/Cerdip Froaler
<
(Te) Prooc]1 -wEvcc @ G20 as
(T2 EX) P1.1 2 391 P0.0 (ADO) @ (o) (St
P1.23 38 [0 P0.1 (AD1) INDEX - =
T Pisie] 37 O P0.2 (AD2) COANER 2" 2,8350e
(S8) P1.ads 36 [0 P0.3 (AD3) gt o= o0 d 00
(MOs1) P1.5 O 6 35[0 P0.4 (AD4) R T S T I Y L
(MISO) P1.6 O 7 34 0 P0.5 (ADS) (MOSI) P1.5]7 5§ 3 1 43 41395p0.4 (AD4)
(SCK) P1.7 8 33 [1P0.6 (ADS) (MISO) P1.6C]8 38 P0.5 (ADS5)
RST O 9 32 JP0.7 (AD7) (SCK) P1.7Q9 370 P0.6 (AD6)
(RXD) P3.0 10 31 P H/VPP RSTCJ10 3SZIP_O.7 (AD7)
(TXD) P3.1C 11 30 [0 ALE/PROG (RXD) P3.0]11 35[0 EA/VPP
(INTO) P3.2C] 12 29 [0 PSEN NC 12 34PINC
(INTT) P3.3C]13 28 [3 P2.7 (A15) (5:;_‘;; :g;é:i gzg%’"w
T0) P3.4 3 pithad 1 :
E-“; Pg.sg :g g; g;’::g 5::;; (INT1) P3.3H15 313 P2.7 (A15)
(WR) P3.6 0 16 - 2513 P2.4 (A12) (T0) P3.4C]16 300 P2.6 (A14)
(HD_T Pa.7c] 17 24 p2.3 (A11) (T1) P3.5 11761920212223242528272289jPz's (A13)
XTAL2 18 23 [ P2.2 (A10) uouotuouogyg
XTAL1 O] 19 22 [0 P2.1 (A9) K., rigs CIERLaRION
GND O 20 210 P2.0 (AB) gesss e
lHa N\ zZs=w
RN
PQFP/TQFP
2
e O e
3 BE 2232
E:NODRE&(ER "."’.".".":089".“‘.‘?
Tizaazogoge
W« O00000a0A6A
( 44,442, 40,38, .36, 34
(MOSI) P15 1 33 D PO0.4 (AD4)
(MISO) P1.6 ] 2 32 (O P0.5 (ADS)
(SCK) P1.7 0 3 31 [ P0.6 (ADS)
RST (] 4 30 [JPO.7 (AD7)
(RXD) P3.0] 5 29 O EA/VPP
NCC 6 28 [ANC
(TXD) P3.1] 7 27 D ALE/PROG
(INE P3.2] 8 26 DO PSEN
(INT1) P3.3 9 25 [JP2.7 (A15)
(TO) P3.4] 10 24 O P2.6 (A14)
(T1) P3.51 11 23 D P2.5 (A13)
12'%147 516" 716" %0222
Uuutbooooogg
eh 9 eR e ooy
Ceifoonn® &
x
l&a™ ggsTh
L
Pin Description Port 0 can also be configured to be the multiplexed low-or-
Vee der address/data bus during accesses to external pro-
gram and data memory. In this mode, PO has internal pul-
Supply voltage. lups.
GND Port 0 also receives the code bytes during Flash program-
Ground. ming and outputs the code bytes during program verifica-
Port 0 tion. External pullups are required during program verifica-
tion.
Port 0 is an 8 bit open drain bidirectional 1/0 port. As an Port 1
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-im- Port 1 is an 8 bit bidirectional I/O port with internal pullups.
pedance inputs. The Port 1 output buffers can sink/source four TTL inputs.

When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (liL) because of the internal pullups. (continued)

2 AT89S8252 mr e—



LM117/LM317A/LM317

General Description

The LM117 series of adjustable 3-terminal positive voltage
regulators is capable of supplying in excess of 1.5A over a
1.2V to 37V output range. They are exceptionally easy to
use and require only two external resistors to set the output
voltage. Further, both line and load regulation are better
than standard fixed regulators. Also, the LM117 is packaged
in standard transistor packages which are easily mounted

NNational Semiconductor

3-Terminal Adjustable Regulator

May 1996

the adjustment terminal to ground which programs the out-
put to 1.2V where most loads draw little current.

For applications requiring greater output current, see LM150
series (3A) and LM138 series (5A) data sheets. For the neg-
ative complement, see LM137 series data sheet.

LM117 Series Packages and Power Capability

to provide improved output impedance and rejection of transients.

R2
+1Voyr = 1.25V (1 + E) + lapy(R2)

and handled. Rated Design
A © = Part Number
In addition to higher performance than fixed regulators, the Suffix Package .POWEI.' Load
LM117 series offers full overload protection available only in Dissipation | Current
IC's. Included on the chip are current limit, thermal overload K TO-3 20W 1.5A
p.rote.ction anq safe area prlotection. A!I overlogd protection H T0-39 W 0.5A
circuitry remains fully functional even if the adjustment ter-
minal is disconnected. ; TO-220 20W 1.5A
Normally, no capacitors are needed unless the device is E LcC 2w 0.5A
situated more than 6 inches from the input filter capacitors S TO-263 4w 1.5A
in which case an input bypass is needed. An optional output
capacitor can be added to improve transient response. The
adjustment terminal can be bypassed to achieve very high Features \,
ripple rejection ratios which are difficult to achieve with stan- @ Guaranteed 1% output voltage tolerance
dard 3-terminal regulators. (LM3174)
4 : :
Besides replacing fixed regulators, the LM117 is useful ina ¥ GLuaranteed max. 0.01%/V line regulation
wide variety of other applications. Since the regulator is (LM317A) 5 »
“floating" and sees only the input-to-output differential volt- =~ 8 Guaranteed max. 0.3% load regulation
age, supplies of several hundred volts can be regulated as (LM117)
long as the maximum input to output differential is not ex- ~ ® Guaranteed 1.5A output current
ceeded, i.e., avoid short-circuiting the output. B Adjustable output down to 1.2V
Also, it makes an especially simple adjustable switchingreg- ~ ® Current limit constant with temperature
ulator, a programmable output regulator, or by connectinga  ® P+ Product Enhancement tested
fixed resistor between the adjustment pin and output, the  m 80 dB ripple rejection
LM117 can be used as a precision current regulator. Sup- g Output is short-circuit protected
plies with electronic shutdown can be achieved by clamping
Typical Applications
1.2V-25V Adjustable Regulator Digitally Selected Outputs
LM117 LM117
Viy > 28V Vi Vaut 1t V| v Vour| Vout
IN = A0 Vout IN *‘ N ADJ ouT
R1 R1
240 240
L i Sy, 3] -
AT § 1uf L
R2 R2*
5k
= TL/H/9063-1
Full output current not available at high input-output voltages
*Needed if device is more than 6 inches from filter capacitors. S | l - ] - I 1
‘tOptional—improves transient response. Output capacitors in the range of \ 2 ——
1 pF to 1000 wF of aluminum or tantalum electrolytic are commonly used INPVUTS e

TL/H/9063-2
*Sets maximum Voyt

©1996 National Semiconductor Corporation  TL/H/9063
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