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ABSTRACT

This thesis is putpose to learning structure and application of “MCS-517 series single
chip microcontroller. This application use microcontroller for control start / stop compressor in
temperature range and control speed of fan determines current temperature and setting temp. Fan’s
speed has three levels high, medium and low. The power switching device use solid-state relay
instead of magnetic mechanical relay-is it has no contact spike. The special of this controller is it
can control operation by infrared wireless remote control, in rang of distance 5-8 metric.

Temperature is display by LCD MODULE.
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U0 2.1 uaesAsFoNde LCD Module 19171 MCS-51
223 4AMA9Y29 LCD Module
DATA BIT EXECUTE
INSTRUCTION RS | R/W
g a3 (1|12 1, | jf JTIME (nS)
CLEAR DISPLAY 0 0 0 0 0 0 0 0 0 1 1640
CURSOR AT HOME 0 0 0 0 0 0 0 0 1 r 1640
ENTRY MODE SET 0 0 0 0 0 0 0 1 I/D S 40
DISPLAY ON/OFF 0 0 0 0 0 0 1 D G B 40
DISPLAY SHIFT 0 0 0 0 0 1\, PS/C_|#ROL#| * i 40
FUNCTION SET 0 0 0 0 A g o F e a 40
SET CGRAM ADDR. 0 0 0 1 CGRAM ADDRESS 40
SET DDRAM ADDR. 0 0 1 DDRAM ADDRESS 40
BUSY, ADDR.READ 0 1 BF ADDRESS 0
CGRAM, DDRAM WR 1 0 WRITE DATA 40
CGRAM, DDRAM RD 1 1 READ DATA 40
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9 I/D = 0 LpAATAY0d DDRAM 3za9ad
0 v '
0 UD = 1 10AIA5av0d DDRAM 22MUAY a2UIADS 05 9ADUMUA N

HoaIaUed DDRAM

g a 4AqYo o A = = P
~i 58 Lﬂuv@ﬁ’ﬂ“ﬁﬂﬂ"f‘uﬂﬁﬂ‘Hﬂl3‘1]@\3fﬂﬂiﬁﬂ\?wﬁliJ’E)JJﬂ'lﬁl"’lJUuslI@Ha
a P = Y ] Y w 4 o to A ' w 9 a
ua S =1 I.Nalmﬂumaﬂuaiﬁﬂﬁ\‘]vlﬂuajﬂQlﬂ@ﬂcﬁ@ﬁﬂz@gﬂﬂﬂlm@]'}@ﬂ‘ﬂiﬂl@iﬂﬁlﬂﬂﬂz
annan lniedne

a

A A ] : ! Y o 7 s A A
uan S =0 mm%u‘umgaiwum"lﬂummmaiwaifﬂmaaullﬂmwama




4. MAINWAUMIUAAIHA (DISPLAY ON/OFF)

RS R/W DB7 DB6 DBS DB4 DB3 DB2 DBI DBO
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o 3 o @ g Y a a P P Y
danrugumsuanina Wudideanldlumsitallaseuaainatazinesivesianyuzaall
= 0 Mmualiaveudaina (Display OFF)
= 1 fmualdiaveudasna (Display ON)
o 0 Y o o
fmualvitlanoses (Cursor OFF)
o 0 Y af 4 4
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o Yy 1 a 4 s ¢
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6. MFamMIMHUATIATUAININY (FUNCTION SET)

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

DL = 0 fvualifaneiy LCD Module Hutuy 4 da
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N =1 AMruamItaawadd 2 ussnavuly

F=0 SIMUAANNAZIDUAURINIUAAINAITY 5x7 Dot.
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MUY

I. LCD Module U1 16 §18AHT 1 UIIHA UPazimsuaaanaiiod 1 ussvia 1A
A998 1MUA N =1 11109910U0AIATAUDI DDRAM 9201999y 2 929 Ap 8 @a8AYINIAIZISNR
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7. MdudenueAATaUdd CGRAM (SET CGRAM ADDRESS)

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO0

0 0 0 1 CGRAM ADDRESS

fe. ﬁ‘l%’ﬁm%"uﬁmuﬂﬁumﬁa Address U939 Character Generator ‘H?’O CGRAM lauay
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° U G 9 a ' o ¢ o = ! vy
él}’ilx‘]ﬂ”l‘l‘iuﬂﬂ']u“l{]ﬂﬂﬁﬂumﬂ"uﬂu‘rﬁﬂﬂTH‘fJJBQﬂﬂU CGRAM %QﬂTﬁuﬂ‘V] (DB0-DB5) @YU DB6 €94
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8. MAUADNUDAINT AV DDRAM (SET DDRAM ADDRESS)

"RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO

0 0 1 DDRAM ADDRESS
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8.1 HUU 16 AI9NHT 1 UTINA

80 | 8l 82 83 94 | wsl g6 87 co L ez €3 €4 €5 |°C6 | T

82 YUY 16 AIDNHT 2 UTINA

80 | 81 82 83 84| 8 | 8 | 87 | 8 | 89 | BA | 8B 8C | 8D | 8E | 8F

oo e €263 [-cd |05 te | E7 e’ [ Co | CA ] BB | CC | €D CE | CF

83 1UY 16 AIDNHT 4 UIIVA

80 | 8l 82 83 84 | 8 | 86 87 QeI g A—|-—-RR——RE——8b——8E—|8E

colci|lca|ca| ca @it CT | C8 | Comm{NCB|CC|CD CE | "CE

90 | 91 92 93 94 95 {06 97 R/ A A9 | 9A [MBN,9C | 9D | 9E | 9F

po | D1 | D2 | P3A D4 T™P5— D5 B | D&Y |- DA DB |'RE, | DD DE: |- DE

84 LU 20 AA0AYS 2 UITNA

80 | 81 | 82| 83 | 84 |“85.| 86 | 87| 88 | 89 [ 8A-| 8B.| 8C | 8D {:8E 8F | 90 | 91 | 95

93

colct| @ ea | CF | osu=eR WCHIYIUS R CRANLE/ | fessisll |YCE CF | DO | D1 | D2
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Taoii (1000.0000B = 80H)
(1001 0000B = 90H)
(1100 0000B = COH)
(1101 0000B = DOH)

9. frdasuuran BUSY 1oy Address (Read Busy Flag & Address)

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DBI DBO

0 0 BF CGRAM/DDRAM ADDRESS

0 Ed 1
Sdan 1M 8 A1uee Busy Flag (BF) 3u8nnanuniauued LCD lumsiy

& BF=0 nwofs LeD wiouivzSudeyano 1@
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81 BF=1 mnoiende linsouiioziuveya
4 v Zodiizaan y y g Y o : &
yonaniindamnasefigmavan BE funudafezlddmnisves CGRAM wie

DDRAM Address 928 lTuguimiiaves (DBO-DB6)




2.2.4 AI0HINIYNU LCD Module
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22.5 maeudeyaliny DDRAM ved LCD Module
1. lumsi@ounazeudoyal¥iu LCD Module 9231 2 dnyMe fie Instruction 130
SWad1d9nIu9L 1Az Data vSodeyaiinzI¥icaanazgnimunlasdayane RS
RS=0 %1609 Instruction NIDOIMUAIVOIUNANTDIULNTHINUYDI LCD Module
RS=1 nweds msilounsosudeyadidnysiuds LCD Module
msWeudeyadidnys iy LCD wdeald Rw Wy «o”
mse1udoyannda LCD wdeald Rw W «1»

2. ileioudeyaliiu LD Module asluda & LeD sxdealdnalumisviauni
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Flag (BF) #150udesudisammsodadmsnuside’ll]d niesndinilmeldisnmsnursaamud
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aauandea DL Tu Function Set ﬂ'auﬁ"sﬂ

-5

»,

2.2.6 M3veudBYaliny CGRAM 493 LCD Module

[ Character Codo (DDRAM data) |  CGRAM Address | CGRAM Data " Pattern |
D7 D6 D5 D4 D3 D2 D1 DO A5 Ad A3 AZ A1 AQ[P7 P6 P5 P4 P3 P2 P1 PO number
[old D=0 =~ & #[ld 0% 5 POE0T O e B 0 M A1l B, | pategre |
| ‘ (MAARER e _omo| Lo~ ‘

i A+ g 1. "Oypm(l] Liage™t
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‘
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0000 T T i U 0 | T #0 0 T patemt |
! s 1.0 o o ’
! 6. 1.0 4.0 0 0 g i
| Okt Ty i
! a0 ol 150 0 0 ¥ !
| s 1 a0 0 0 ‘
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| 1 1 071070101470, |

@
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2.3 maftlaemes
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msmauvesmnlaemes quinjun 24 iluamifanome s NL unumManmames (stator
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MODE 0 MODE 1 MODE 2

IN OUT IN GROUP A ONLY
PA, IN OuUT IN OUT <>
PA, IN OUT IN ouUT <P
PA, IN OUT IN OouUT «—p
BA: IN OUT IN OUT SRS
PA, IN OUT IN ouUT > il -
PA. IN OUT IN ouT i
PA, IN OUT IN ouT ey
PA, IN OUT IN OUT <>
PB, IN oUT IN ouT
PB, IN OUT IN OUT
PB, IN QUT IN OUT
PB, IN OUT IN OUT
PB, IN OUT IN OUT
PB, IN OUT IN OUT
PB, IN oUT IN QuUT
PB, IN OUT IN OUT
EC, IN oUT INTR, INTR, /0
PC, IN ouUT IBF, OBF, /O
PC, IN OUT STB, AE(B 1/0
HE. IN OUT INTR, INTR, INTR,
PC, IN OUT STB, i¥le) STB,
Pe. IN OUT IBF, /o) IBF,
PC, IN OuT /0 AHA ACK,
PC, IN OUT /0 OBF, @A
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VITYYINAN ] YD 8255

o 9y &4 o
YeveyaenToany CPU

o
Ididonwosn A,B,CuazwoinaILAY

A aw Yo o 9 a o Y a a3 o ° Y & Er LS o
ol Idsudyannszquanin 1 agsii i 8255 gnsmimah Inyawesmiusuwniuh



< s a
PA,-PA, 1HuUnasnvLu 8 Un

q| J a
PB,-PB, (1iluwosnvuiu g in

PC,-PC, 1Humasnuuu 8 in

RD lumsemdeyaiinesnues 8255 douinliniiduaein o wieusu cs

WR Tums@oudoyanie lUsunsuauu 8255 Foa il fuasin 0 wieusy TS
cs Fuvudendn 8255 14 41l Tavsieiu VO DECODER

1811 WR, RD,A0,A1,CS a1 5 ez iifladdumsiiaudemsiein 2.5

Al A0 RD WR CS
Input operation (READ)
0 0 0 1 0 Portt A ——®  data bus
0 1 0 1 0 Port B ———p  data bus
1 0 0 1 0 Port C-— __p . databus
Output operation (WRITE)
0 0 1 0 0 Databus — > Port A
0 1 1 0 0 Data bus —®Port. B
1 0 1 0 0 Data bus ——®Port C
1 1 1 0 0 Data bus ————pControl
Disable function
X X X X 1 Data bus. ———® 3-state
1 1 0 1 0 Illegal condition
X X 1 1 0 Data bus ~—— - 3-state

A Y o
1IN 2.5 LLﬁﬂx‘iWﬁﬂ‘b’Hﬂ]i‘Vﬂﬂu“U@Q 8255
o ° ] o 9y 4 o [ ds‘
NINDATUTA WU UINDINUDI 8255 i]z"lﬂmmwasmau

( 8000H — 8FFFH )
( 9000H - 9FFFH )
( AOOOH - AFFFH )
( BOOOH — BFFFH )
( COO0H - CFFFH)
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( DOOOH — DFFFH )
( EO0O0H — EFFFH )
( FOOOH — FFFFH )

wazFte il uimis (FOOOH - FFFFH ) innoasvasauiy  As,A9,A10  Tavld741s 138 1d

J
WOIN

( FSOOH — F8FFH )
( FOOOH — FOFFH )
( FAOOH — FAFFH )
( FBOOH — FBFFH )
( FCOOH — FCFFH )
( FDOOH - FDFFH )
( FEOOH — FEFFH )
( FFOOH — FFFFH )

Yayaaudondu 8255 1Huesnesn (FCOOH - FCEEH ) 1Az A, A, d0id1 A0, Al v038255 9z Idived

WOTNUDY 8255 FaA1T 19N 2.6

I/0 ADDRESS 8255 (PORT)
FCOOH A
FCOIH B
FCO2H C
FCO3H CONTROL

A15190 2.6 1aAd /O ADDRESS 494 8255



2.5.2

v RES

WAF |
| INT O
INT 1
24
]

o~ Ten bt

LI
EANVP

X1

X2
RESET

INT 0
INT 1
10
T1

P1o
> A
1z
P
P14
P
P16
D

P

ANCH

d‘ Y o
Ms¥oulea 8255 19111 CPU

¢ 5V
40
i D
Do — 2
\; l Do Vee
N | D1
J 1 D2
J ! D3
! ) 24D 4
D5
3 | -E> 6
N 1 7
16031 S * 5V
v i 20
8 ., Vce 1 19 AD SafA G
. g ; 15; N ] B i q 8255
. A 4 e | b
% il ; ; 122
13 !
% ) 5 Tl
\ ’ 1§ - 8 b W RESET
11 18 . i
<0C GND
i 1Y o™
e, v Rl
! [ - R
17 ! O E j/ |
I = ) .. Wi — . ND GS
X 1 . &
i ¢
N
s ¥
E )
\ oy 5 COU0-CFI
poAd3861 & WEo Boo0BrFF
i £9GZAT U1 E a7 E00D-EFFF
i TG2B 7 FODD-EFFF
! i U SGND 1
i ’s {
- 25 g Shadi | '//v
fr ERERY
‘f" 15 £RO0-FBFF
. 1 14 FOUQ FOFT
4 » 13 FAQO-FAGE
: b 12 EBOO-F8FF
! i 11_ECO00-FCEE. s
! 10 EDOD-FOFF
v 9 EEOO.FEFF
t .y 1. FEDO-FFFF
oy A T ey
'g’jlhfl 2.25  uaeensoun 1o 8255 11Ny CPU
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253 msllsunsu 8255

vz 1dm1sams Isunsuasgun 226

D7 D& DSD4 DI D2 DI Do

O x| X

Bit select

1=3et O = reset

Yy vy
| u)
-
o

0 0~ BN\

D7 06 Di D4 D3 D DL DO
1

Group & LJ

Port C (upper)

1 =input W2
0= cudput [y

Port &

1= input

0 =output relf

Mode selection

00 =rmode 0

01 =rmode 1

1% = mode2

517 2.26 1aA CONTROL WORDS 14 2 11/1483 MODE tiay

Group B

Port C (lower)
1 = input

0= output

Port B

1=input

0 =output
Maode selection
1=made 1

0 =mode 0

BIT DEFINITION FORMAT

41



42

The Bit Set / Reset Mode

wonerniswzldwein ABC lumsTusunsulifuunn wriwnudusdiannsafio
Tusunsuwesm ¢ 9n pco - pe7 Iiiuanin o nie 1 (Feuueninn ) olifudaa v stobe
1¢ 55ms Tsunsumesn ¢ dutanaluglil 227

D7 D6 D5 D4 D3 D2 DI DO

L Bit set/ reset
1=0

, 0 =reset

Bit select

L Pwf, 6 7
OF 1 e R et

001 1

o SO O KT
o
B
A

00 0l 1 .-

' v
707 227 uaewms Tilsunsuiinveanesn ¢ (dHuprsiynimnni)

MODE 1 : Strobe I/O

g P s ! oy ) s Y, A
Tﬁhﬂu%ﬂ%wmﬂ A B Gluﬂ']iﬁ\‘lllaxiﬂmﬂuuallﬁgcl‘lfW'ﬂi‘V] C AS290DUATUNIDN LUD

y
Tdsunsuudn wosn ¢ azszydundysudsde [

Lﬁm‘ﬂuau‘wwwa{w Input configuration

PC,=INTR, D7 D6 D5 D4 ajlwD? & JPo
FLS] TR TE IBF, [INTR
PC, = IBF, 7O [ 1O | I1BF,[ INTE,] INTR,[INTE, [ 1BF, 2
PC, = INTE, \ X - >
Group A Group B

PC, =INTR,
PC,=INTE,
PC,=1IBF,
RPC, =T/O
PC, =10

§ & ¢ ¢

LﬁmﬂumngﬂW’e}W Output configuration
PC,=INTR, D7 D6 D5 D4 D3 D2 L D1 DO
PC, = OBE, OBF, |INTE, | VO | VO | INTR, INTE,| OBFg| INTR,
PG, = INTE, e — —  —

Group A Group B

PC, =INTR,

PC, =10
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PC, =1/0

PC, = INTE,

PC, = OBF,
Tauh INTR fi0 Interrupt request ( mﬁmma%umaﬁwﬁ)
IBF fi® InputBuffer full ( 1ilosian)
STB f® Strobe( @las)
A a Jd Y
/0 79 Input/ Output (BUWN/LDINNN ) Tdsunsula
INTE 19 Interrupts Enabled ( 8UiA033W9 diuidia )

ACK o Acknowledge

Wosn WA ¥o aoulnsadrodndnsidnues
A Input INTEA PC4
A Output INTEA PCé6
B Input INTEB PC2
B Output INTEB PC2

A1519M 2.7 wanam3 1alsunsu INTE 489Was A,B

faa1 ( Tnual ) Bunynwesn

4 I~ @ 1 @
dovesn A, B lagnTusuas wiluwesnlunisfudedeyandivzdeladynruniugu 3

Ty 1aufe IBF, STB,INTR

a o

d = < 4 ' o
IBF Lﬂu”UHEHVTV!WLLE)ﬂ‘ﬁV\IV] 1 LLE‘TﬂQﬁQ@HWV}U‘NMﬂ{LﬁM (Lﬁ@ CRU @'IU%@HE‘]%WWW@TVI

q

9

Sunnludrezi liunfiudnuduasinofie Sewdeudinziudoyal
(T e s ) a a I a k3 | v ya s 7Y
STB  iiuniduwnueand®- o, WuunfigUnseinouendaninszqulvisuynwesnuansve
yald
TR Huvneiynuoadivd 1 szuoafidudeninitldsy sTB ueadivl 0 929fl  STB
o v e s (o A = a a T '
Wieuainszaumligenn INTR  szueniivliiu@ (fesdiuda Sumesinid Watvae/1d Aew) Tav

2 A { g 9 s
G pea 1l nufinesn A wazdni pC2 tldaunesn B
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; Wzt Y et
f 1 1 'y g g 1
i ek | ! !
e B
| e e, ey i TR G i LR N e i P
— e :

sl 228 uaasfana (Tnua 1) Suynwesy

nnfanavziiuh deuiigthssinuuenizds STB wid1 8255 9zfoans29aOLY1 IBF 11919
wSenldr (0 find1e) Fezdedeta 8 dn maunEadas STB wonfinii o w&antiu i IBF fio
fu 1 uansifeyagniand 1ldud7vash  STB wasundudu i F10fi109. INTR flozuoniiv
(Naodn 1 )ﬁ“q;mmifgﬂ@iaﬁum INT 983 CPU faznszlanlylusunsuusamsdumessni alu
Tsunsuu3nisuaessmi sxdmssnidoyalilifiu oo wdoyaluifuiaionda B fari1eniBnnss

(Wuandn 0)

1 J d
fana (Tnue 1 ) e1ynnesy
fowesn AB IdgnivsunsuluTnua Lo lFlunisdedoya 8 iin wosn Cazgadmuald
g ¢ o o < o ~Br Al
Huwosnlumsasanaeudann ( Handshake) dyanuin 191 3 dyyrune OBF, ACK , INTR
~prl & q ' = Ee I
OBF (Juunoviynuendivl o e cPU dedoyapanuifinesnuos 8255 udawiil vziilu o
g 1 g s d' d 1 ¥ o 17 y o g a a
wEImnTvenTues  WR nazezeaouidu 1ludnveusiuves ACK (w1 OBF d1iiasin 0
o a 1
vinedaewiymivivesidu udu 1rinedaing)
7 A1, S a A | o @ 4 1 @ @ {
ACK Wuvidunnuoaiini o dudyyraaeuiuglnssinsusndauida 8255 ndend
a g e g Yy 9 i
dunnwosmiudoyalduds
a A [l a o [ a @ F5 ]
INTR v ierinnueafind L delyBumessui cpU ndsnnd 8255 185y ACK 49

¥ 1 a 1 a =
YouvIAuS0z e INTR noniiw 1 oen'l (@ealdsunsy INTE Wnouduiuwesn A Aeudnh PCo

s y &
HAZWOIN B ADILENN PC2)
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] Sl
[SIRNRER T><
o AP
: iy s e

51229 waasifanar(Inua 1) e1VRNNETH

b4 H
— o J ~

o =] 1 o a @ . [ ' [ d g
i]']ﬂNQL'JﬁW%%Lﬁu"ﬂﬂTﬂ/]N'luﬁ']lﬂSﬂ@ﬁU?thlf:{ﬂ\‘]u noUN CPU ﬂ%ﬁﬂ%@iﬂﬁiﬂuuTUﬂL@WﬂW@i‘ﬂ

< ~Bd A= 1 1 1 = o 1
1wd09ns905n OBF noudi-OBF = (flodi) Aaunsaddeyalndmnmeninnnesy ldvazaisds

Se

o ¥ a ] W P ' dy ° ~D - <t
oyamdaaal WR azmeafi 0uazahe WR' faowiilu 1 easfiiesszihln OBF uag INTR iilu

5]

(IR (2 o

& ' o d V.. oz .19 YN L3 @

0 pgrvitaaunNeruayas ACK (@FyanuneusunIngUasalmeuenueniisudoyaliudavds
< of o e o : R Y w3y N

nn ACK ifuaniuzdnihld OBF Wiu 1 feeniyniiilossziadnasuie ACK n/vwiu

1 94 leading edge =M 11H INTR 11/d otiilu 1 druafastiealysunsusznsz Iaalyl ISR (Interrupt

s 1 & Yoo 9 4 g s
Service Routine) Lwa%z”lﬂuwaua%ummamwmwasm

U

3

q 9 v Ty o a 3 < Jd J
8255 ( Tnua2 ) Wwesn A Suddeyauvutia 2 Hams wein B ith Telowein uazwoin

v 1w Y

¢ M msusvdedaanansnaeuanunson Ia1313 Control Word LagHIIaAIgUN 2:30-2.33

PC, ——== INTR,
PoPé, =

e L,

CONTROL WORD
> PC, & —— iCK
D7 De DSD4 DID: DL Il

HE [;(1}’]3’]1] t i pC, e STE

FCT-10
PC, ———=+18F,
1=INFOT
= QUTPUT 3
o o Plu k= > 10
= =0 PB?—PBI e
WE =G

gﬂ‘ﬁ 2.30 LaAIR1514 Control Word U®4 mode 2 14A¢ mode 0 (input )



PC, ——=+ INTR,
pa,-pa, e
PC, ———= OFF,
CONTROL WOERD PC 5 BCK
D7 Dé D3D4 DIDZ DI Dl e i i
S S T T
BOENOnT )
PC, [&—STB,
FCT-0
PC, |———=IEF,
1=INMFUT
0= QUTFIT 3
= Plu e =0
B PRUFPE il
WE ——= O

Eﬂﬁ 231 UaAIN11N Control Word mode 2 1182 mode 0 (output )

POy —= INTR,
Ph-PA, =

P2 == 0BR
CONTROL WORD =

PC; W<——— 4CK
D7 Ds DiD4 D3 D2D1 Dl

BRI A=

PC

PB,-PB, 1L Lo~

N 7 PC. | ——>2"0BFs

. E=omora

PC, —— INTR

gﬂ‘l?l 232 @991 N control word U8 mode 2 Laig mode 1 (output)

PC; = INTR,
PhPA, =

PC, ——— OBF,
CONTROL W

COWTROL WORD pe Lo K
D7 D6 DiD4 D3ID2D1 DI

i .
BRI =

. [F—5TB,
PC, ———>IEF,
PE,-PE, |<——
PG PC, | STE,
WR ————=

gﬂﬁ 2.33 LERIA13 1N control word UBY mode 2 mode 1 (input)
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2.6 In-System Programming (ISP)

1981991 Flash Microcontroller fie (3osiiAniigadmivasnsgaenentl 2000 Snisasiido
e luudnulugandel 2000 ffio ISP #1791 ISP 6031910 In-System Programming (g IAP 69
11910 In-Application Programming Fufudafifanluasznainthndios ndnfe fanlulas
nouTnsamos iy Flash Memory 18gmifanniduniunissalusunsy i ldheduniududnumud
i)zﬁmﬁwnu%uﬂ'é‘aﬂﬂiuﬂmﬁa«'] 1 (Sondims Tdsunsuuuy Parallel) 151a1:508a Ts50As A
mandyyandiodlifidu meglfmsdidoyalunuy Serial unu Humnoanud sFnfigniians
adlluvesaudr Adwannsagminndalusunsulmild Tasveldiindyanudinandeesnuldds

= g o v wa a S > A o ' 2 e
liﬂﬂ'ﬂlﬂu ISP HUIDY llﬁgﬂ’JUﬂmﬁNUmﬂU]ﬂuu U1Q'ﬂ5\11115L&ﬂﬁlJV]‘Wﬁllu'lf)QUuUaiﬂLﬁa']uu RER

a

) ya g v ' y & o o v o Y 4 g
wdosms Inimaiudoyadin 9113 Jusinawnsoildsunsuldifavuiumssudoyaiomuas
g ol (Y S~ 1 g o
11 Flash Memory meludald #a5 undniu 1ap1fures

a9 a a A o a o ~ wva c? [
Idnaasmnneiieudw iy lasaoulnsamesvosdues Tfiguavtiauuy sp § hidwe

< 4 ] 1 1
iuaszna MCS-51 %30 PIC (Microchip) N30 9 q Bax1ning tazuwzna1 laiouunnaoves

o

@ v a d o a 1 ooy 1Y 1 1
mawand3w lulasneulnsamos Mauthgzduuuves ISP Aumih dvediusy
a J o = '
Fnies 8958252 (Aszga MCS-51) wod Atmel Idndannalums Tsunsy 4 1du Sond

SPI (Serial Peripheral Interface) A9 P1.4(/SS) P1.5(MOSI) Pl.6 (MISO) P1.7 (SCK) n1sTusunsy

E4
1w

o Y o ad i £ 2 a
AseiAleseaunsall SVDC wniu 35ms Il sunsuuuvilseiazainiuuin Taoisie1iziou

o

» . v v
Tdsunsuuunsed pC wWie ldinaduanailunms Tsunsuiy 4 & liaz@oid Parallel Port U8d1AT04

[ 2]

] ° oy m— | @ 1 [ 4
pC Tavasanld wieervezfuiludrvavdalsunsuin q dunin Tassudeyasinnies PC N
RS232 nazhdoyainasedyanusinan e lisunsuasgidnoni
Fiues 89CSIRD+, 89CSIRD2 (AS¥Ra MCS-51) a4 Phillips Tdundayaaslums Tusunsy

2 1%y Taoilu Serial Port (RS232) 1@IF1UIUOY fio P3.0/(RX) P3.1(TX) M3 1Usunsudealdiss

=t '

Y Y & J oq Y A ' ' 3 a'dy A
I 12VDC @10 uaauidiues RD2 dlsdoann SsVDC My taziuosHEsuaauas a1u1so

]

Mamldisindn 1 e Xl audy nanfie 1 dideves Mcs-s1 sialaelddygrannin 12

1 = 1 q)/I T dy 0 vy
Clock tgiues RD2 v 191f03 6 Clock m1iu 3 Tusunsurmnie Seral Port 1nasgiudl vzl

= [ 9

1 o Y 1 Y o A'A Y o 1 a 3
VYUIUNTIANN 9 ‘Vﬂvlﬂﬂﬂiﬂﬂ L‘Wﬁ&ifﬂl’ﬁﬂﬁﬂiﬂﬂﬁi\?L‘lﬂﬂULﬂ‘i’l’N b@ l[l,fﬂ‘lfl"lﬂl“»’] (ENFNG’]’ENNTN%‘W‘}J‘S‘U

=

v o A S —— P ¥y 1y A g
LL?QVLW) llazPjWﬁﬂﬂl'ﬂi]zllﬂﬂiﬂﬁuﬂﬁﬂ!'W@ﬂ15ﬁﬂﬁaﬂU@]'JulilTﬂSﬂ@uimsala®5N11W6glla’) ‘Vﬁ@vll]ﬂ

mmmi%’ﬁuiﬂmﬂmﬂnmw Terminal Emulator "l@ﬁaa
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REMOTE
CONTROL DRIVER
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7R 3.1 uaasudonlaezunsy

911310 3.1 vziitudy cpu andwialalumsiauvessyuy Taesudunauiain RTC,
REMOTE CONTROL Liaz 4Aasa9iugmugl ud1vszuranaoenldaiugu DRIVER uas
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#pragma code
#include <reg52.h>
#include <absacc.h>
#include <ctype.h>
#include <intrins.h>
#include <math.h>
#include <stdarg.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

sbit ICD'RS = b2td;
sbit - IiCD BW = B2A5;
sbit  ICD E .= P2%6;

sbit KEYO = P1"°0;

sbit  KEYl = P17];
shit - KEY2 = P1%2;
sbit. 'KEY3 = P173;
sbit KEY4 = P1"4;
Shit: - IKEYS = P1255
sbit KEY6 = P176;
sbit KEY7 = P3"70;
sbit KEY8 = P371;
sbit. KEY9 = P3%2;
sbit IPSCL = P¥2; WS [ AEY T PPN
sbit IPSDA = jpg 3

sbit TMDAT = PR¥/:;

sbit P8255A0 = P270;
sbit PB8255A1 3 P27 ;
sbit P8B255WR = P376;
sbit P8255RD & [[P349;

unsigned char TIMBUF[8]; // ss,mm,hh,ww,dd, mm, yy, cc
unsigned char DISBUF[16];

unsigned char HEXBUF [3] ; // hex buffer

unsigned char TIMEOFEBUE[3];

unsigned char TEMBUE[2];

unsigned char temperature, fan level, step value;

int step delay,step count.L, step count Ri

bt - timeoff flag;

bit. turn off;
bit .step flag;
bit step first time;

/7*?******** FUI’]CthI’l **********/

void dmsec (unsigned int count) { /* Delay mSec */
unsigned char i;
while (count) {
for (i=1;1<=113;i++);
count==7;

3

void wporta (unsigned char xxx){
PO=xxx;
P8255A0=0;
P8255A1=0;



P8255WR=0;
P8255WR=1;
}
void stepping L() {
wporta (step value);
dmsec (350) ;
step value = step value << 1;
if (step value==0x10){ step value=0x01;}

}
void stepping R() {
wporta (step value);
dmsec (350) ;
step value = step value >> 1;
if (step value==0x0){ step value=0x08;}

}

void LCD WI(unsigned char ins) {
FEEE 0
LCD RW = 07
LCD RS = 0
PO = ins;
dmsec (1) ;
PEDE = 1/
dmsec (1) ;
LCD_E = 0f

}

void LCD WD (unsigned .char dd){
LCD E = P}
LCD RW = 0;
LCD RS 4 |
PO = dd;
dmsec (1)
LCD E =
dmsec (1)
LCD E =

i 3

@
}

void INIT LCD() {
LCD_WI (0x38
LCD_WI (OxOE
LCD_WI (0x01
LCD_WI (0x06

’
’
’

’

)
)
)
)
}

void display LCD(unsigned char *str)
{

unsigned char i;
LCD_WI (0x80);
Fors(1=0p1<8  i+F)
{

LCD WD(str([i]);
}
LCD_WI (0xCO) ;
for (i=8;i<16;i++ )
{

LED WD (str{i]):.
}



}

dnsigned char scan_key () {
unsigned char xx;

P1=0x7f;

if (KEYO==1) { return(0x0);}
if (KEY1l==1) { return(0x1);}
if (KEY2==1) { return(0x2);}
if S (KEY3==1) { return(0x3);}
if (KEY4==1) { return(0x4);}
if (KEY5==1) { return(0x5);}
if (KEY6==1) { return(0x6);}
if (KEY7==1) { return(0x7);}
if (KEY8==1) { return(0x8);}
if (KEY9==1) { return(0x9);}

if (step flag==1) {

if (step count ILg#

stepping L(); step.count Lr-;

if (step count L==0) \{
step_value = step value >>1;
if (step value==0x0) {

step value=0x08;

}

}

elsgl if (speh jecon tPRAE
stepping R(); step count R--;
if [step)count \R==0) A
step value = step wvalue << 1;
if (step value==0x10) {
step. value=0x01;
}
}
}
else {step count{L=8;step count R=87 >}
}
return (0OxXFF
}
void ipdel (void) { V7 19€” delay
_nop_ (
Cnoepr o
wHOP L
~hep i
_nop_ {
LR
i OR i
—nop..

}

void ipchigh (void) { £/ 12C clock ‘high
IPSCL =-1:
ipdel ();

}

void ipclow (void) { L/ E2C elock low
IPSCL = 0;
ipded (1)



}

void ipstart (void) { // start condition

}

void ipstop.

bit

}

IPSDA = 1
IPSCL = 1;
IPSDA = 0
ipdel ()

IPSCL =
IPSDA =

void) { // stop condition
IPSDA
IPSCL =
ipdel ();
IPSDA =

Il
[ o

=~

(]

irwrbyte (unsigned dat) { //-write one byte for dsl307
unsigned char i; // return 0 = ok
bit outbit; fA\veturn 1 = errex
for (i=l;i<=8:i++) 4

outbit = dat & 0x80;

IPSDA = outbit;

dat = dat #&¥1;

ipchigh ()7

ipclow ();
}
IPSDA = 1;
ipchigh ();
outbit = IPSDA;
ipclow (
return (

’

)
ou i tw

unsigned char irrdbyte () ({ // read last byte for dsl1307 (not ack)

}

unsigned chary idat;
bat inbit;
dat = 0;
for (i=1;i<=8 0Nt )S¢
ipchigh ();
inbit = IPSDA;
dat = dat << 1%
dat = dat | inbiltyg
ipclow: () ;
}
IPSDA = 1;
ipchigh ();
ipelow- ()
return (dat);

unsigned char irrdbytex () { // read one byte for DS1307

unsigned char i,dat;

bit inbit;

dat = 0;

for (i=1;i<=8;i++) {
ipchigh ()7
inbit = IPSDA;
dati==dat <<l
dat = dat | inbit;



()d;

ipclow

}

// change hex to segment

IPSDA = 0;
ipchigh ();
ipclow ();
IPSDA = 1;
return (dat);
}
void rtset (void) { // set RTC status bit
TIMBUF[0] = TIMBUF[0] & O0x7f; // clear CH (clock halt)
TIMBUF([2] = TIMBUF[2] & Oxbf; // set 24 hour
TIMBUF[ 7] = TIMBUF[7] & Oxec; // bl=out bd=sqgwe bl,bl=rs
}
bit rtwr (void) { [/-ds 1300 ¥te write
unsigned char 1i; // return O=ok l=error
bit err;
ipstart ();
err = irwrbyte (0xd0); //address & r/w bit
it (lerr) {
err = irwrbyte (0x00); // start register addr=0
if (lerr) {
for (i=0;d&%#7;i++) T
err = irwrbyte (TIMBUF[i])
if (err) break;
}
}
}
Ipstop ()
return (err);
}
bit rtrd (voidd il { AL dsiBOfldrteacead
unsigned char 1; // return 0=ok l=error
bitlerr;
ipstart: ()}
err = irwrbyte «(0xd0); /Waddresspdd by bit
1f i lere) - { {
err = irwrbyte (0x00); // / start register addr=0
if (lerr)\S
ipstopNW
ipdel ()%
ipstart (N
err = irwrbyte. (0xdl)s; // address & r/w bit
ifh (flerr) i
for (i=0; i<=6%di+%)u{
TIMBUF[i] = irrdbytex ()7
}
TIMBUF[7] = irrdbyte (); // last byte
}
}
}
ipstop ():
return (err);
}
voidihtiolcd: (vodid)
DISBUF([8] = ((HEXBUF[O0] & Oxf0) >> 4)+0x30; // hex[3] to disbuf[6]
DISBUF[9] = (HEXBUF[0] & 0x0f)+0x30;
DESBUE[10]="2""
DISBUF[11] = ((HEXBUF[H & 0xf0) >> 4)+0x30;
DISBUF[12] = (HEXBUF[1l] & Ox0f)+0x30;



DISBUF[13]=":";
DISBUF[14] = ((HEXBUF([2]
DISBUF[15] = (HEXBUF[2]

& 0x£0)

>> 4)+0x30;

& 0x0£)+0x30;

unsigned char hex2dec(unsigned char xx){

}

unsigned char yy;

vy = xx & 0x0f;

xx = xx & 0xf0;

if (yy<O0xOA) return (xx+yy):;
glse "

switch (yy)

{

case OxO0A: return (xx+0x10)
case 0xO0B: return (xx+0x11)
case 0x0C: return (xx+0x12)
case 0x0D: return (xx+0x13)
case 0x0E: return (xx+0x14)
case 0x0F: return (xx+0x15)

}

r

%

’

r

r

r

/*************TEMPERATURE DSlBZO************/

volid tmreset

}

void tmpre

bit

}

unsigned char tmrbyte

void tmwbyte

(void)# {
unsigned int/i;
TMDAT = 0;

i = 103; while
TMDAT = 1;
4; while

(1>0pp7 T s

i= (€3 Ol L2}

(volid) {
unsigned int ij;
while (TMDAT) ;
while (~TMDAT) ;
Al

i =4; whil@ Qi) i--;

tmrbit (void) '}
unsigned int 1i;
bit dat;
TMDAT =
TMDAT =
dat =

1x=8;
return

Qi
Qo sl
TMDAT;
while
(dat);

i++;

(i1>0)

i-=;

(void) A

unsigned char i, j,dat;

dat = 0;

for (i=1;1<=8:1++) |
Jo=ntmebit )5
dat = (3 << 1) | (dat >> 1)7

}

return (dat);

(unsigned char dat) {

/7

1/

1/

1/

s

I

Reset TX

Approx 900 usS

Wait for Presence RX

read one bit

RApprox. 65 uS

read one byte

// write one byte



unsigned int i;
unsigned char j;
bit testb;
for (j=1;3<=8;7j++) {
testb = dat & 0x01;
dat = dat >> 1;
if (testb) {
TMDAT = 0;
i4++; i++;
TMDAT = 1;

i = 8; while (i>0)

TMDAT = O0;
i = 8; while
TMDAT = 1;
i++; 1++4;

(1>0)

}

void tmstart
tmreset
tmpre (
dmsec (
tmwbyte

tmwbyte

(void) {
()3

)i
1);
(Oxcalf 3
(0x44);
}

void tmrtemp (void) {
unsigned char ‘a, bs
TEMBUF[0] = 0;
TEMBUF[1] = 0;
tmreset ();
tmpre. ();
dmsec (1);
tmwbyte (0Oxecg);
tmwbyte (Oxbel);
= tmrbyte W%
= tmrbyte (W
(b==1) return}
MBUF[1l] = a & Oxi;
=t
EMBUF([0] = a + 1;

O o

1
=
E

(= [ )G == el o

void wportb(unsigned char xxx) {
PO=xxx;
P8255A0=1;
E8255A1=0;
P8255WR=0;
P8255WR=1;
}
void wportc(unsigned char xxx) {
PO=xxx;
P8255A0=0;
P8255A1=1;
P8255WR=0;
P8255WR=1;

1/

1/
//

pL

// Write 1
// Bpprox 4 uS

// Bpprox 65 uS
// Write O
// Rpprox 65 uS

// Bpprox 4 uS

ds1820 start convert

skip rom
convert

read temp

skip rom

convert

LSB

MSB

don't care negative temp
O0=x.0.1=x.5

adjust for thailand



void wportx(unsigned char xxx) {
PO=xxx;
P8255A0=1;
P8255A1=1;
PB255WR=0;
P8255WR=1;

/**********'MAIN **********/

void main (void) {

bit power off;
dmsec (100) ;

INIT LED():
wportx (0x80) ;
temperature = 25;
timeoff flag = 0;
turn off=0;

fan level=1; //L=0, M=1,- H=2
wportb (0x02) ;
power off=1;

step value=0x01;
step flag # /0;
step delay = 20;
Step_count L=8;
step_count R=8;

while (1) {
unsigned char key,x,toggle mode;
bit loop. key;
bit loop time key;
bit loop time2;
bit fime flagl;
bit first time;
bit time flag loops

bit err;

if (power off==] j
tmstart();
tmrtemp () ;

qf (TEMBUF [0] >temperature) {wportc (0xff) ; }
else wportc (0x00);

DISBUF[1]= (TEMBUF[0]%10)+0x30;
DISBUF[0]= (TEMBUF[0]/10)+0x30;
DISBUF([2]=".";

if (TEMBUF[1l]==1) // display .0 or
DESBUFE[3 ] ="10";

else
DIESBUE:[Bi] =15l

DISBUF[4]=0x2F;
DISBUF[6]=(temperature%10)+0x30;
DISBUF[5]=(temperature/10)+0x30;
DISBUF[7]=0x20;

switch (fan level) {



case 0x0:
DISBUE [8]="1" ;
break;
case 0x01:
DISBUF[8]="M"';
break;
case 0x02:
DISBUF[8]='H';
break;
}
DISBUF[9]=0x20;
i (timeoff_flag== ) {
DISBUF[10]=( (TIMEOFFBUF[0] & 0xf0) >>4)+0x30;
DISBUF[11]=(TIMEOFFBUF[0] & O0xO0f) +0x30;
BISBUF{ 12 =1 1%
DISBUF [13]=( (TIMEOFFBUF[1] & 0xf0) >>4)+0x30;
DISBUF [14]=(TIMEOFFBUF[1] & 0x0f)+0x30;
DISBUF [15]=0x20;

else(
DISBGFT10]="TY;
DIEBUF [ 1NN,
DISBUF [ T2
DISBUF [ 130
DISBYF [140 = -®"):
DEFSBEE [ LS A
}
display LCD{DISBUF);
}
else {
while (1) {

wportb (0x0);

wportc (0x0);
step flag=0;
x = Oxff;
e T tgma st A Wb [/ /[display
hh.mm. ss
if (TIMBUFI[0]t=x) | // check second
change
strncpy (DISBUF,"P.off : Y, &) ;
HEXBUF [0] = TIMBUF[2];
HEXBUE [1] = TIMBUE[1];
HEXBUF [2]. = TIMBUF{O0];
Meg ey () ;

display_LCD(DISBUF);

}

key = scan key();

if (key==0x04) {
power off=1; dmsec(1500);wportc (0xff);
wportb(OxOZ);fan_level=l; break; }

if (timeoff flag==1)|{

x=0xff;
erro=trtadiif); // display hh.mm.ss
if (TIMBUF[O] !=x) { // check second

change



key
isf
{

= scan_

(key !=

if (TIMBUF[2]==TIMEOFFBUF[Q])

if (TIMBUF[1]==TIMEOFFBUF[1]) {

timeoff flag=0;

switch (key) {

case

case

case

case

case

case

power off=0;

wportb (0x0) ;

wportc (0x0) ;

}

key () ;
OxFF)
0x00:
if (step_£flag==0) {step_ flag=1;dmsec(1000);}

else {step_flag=0;dmsec(1000);}

break;

QR OdF:

wportb (0x01);

fan level=2;

dmsec (1500);

break;

0x02:

wportb (0x02);

fan level=l;

dmsec (1500);

break;

@ 30Gsps

wportb (0x04) ;

fan! level=07;

dmsec (1500) ;

break;

0x04-

if (power_ off)
power, off=07;

else
power off=1;

dmsec (1000);

break;

0x05:

toggle mode=0;

loop key=l;

while (loop.key){

switch (key)

{

case 0x05:

if (toggle mode==0) {
toggle mode=1;
strncpy (DISBUF, "Time off
display LCD(DISBUF);
dmsec (1500) ;
loop timez2=1;
while(loop time2) {

key=scan_key () ;
if (key==0x05) {

loop time2=0;

}

" 16}



else if (key==0x09) {
dmsec (1000) ;
first_time=0;
time flagl=0;
time_ flag loop=1;

while (time_flag loop) {
afis
(first time==0) {first_time=1; key=0x05; }
else

key=scan_key();
switch (key){

case 0x05:
i
(time flagl==0) {

time flagl=1;

timeoff flag=0;

strncpy (DISBUF, "Disable
display LCD(DISB

dmsec (1500) ;

time flag
timeoff f£I
strncpy (DIS

display L

dmsec (1500)

(timeoff flag==0) {
time_flag loop=0;

loop_time2 = 0;

loop key=0;
dmsec (1000) ;
strncpy (DISBUF, "Time : LBl
}
else{
dmsec (1000) ;
X = 0xff;

err-="rtrd ();

// display hh.mm.ss
if (err)

{strncpy (DISBUF, "error ... ",16) ;display LCD(DISBUF); }

= { Yo w v = = Y | v o AP ey 1%
wnansiluwenasianulidmsunislidnuienisnwviu lheygslmhluldusslenidunisd
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s

(TIMBUF[0] '=x) { // check second change

HEXBUF [0]

Il

TIMBUE 27 ;
HEXBUF([1] = TIMBUF[1];
HEXBUF[2] = TIMBUF[O0];

strncpy (DISBUF, "H:M:S il 6

display LCD(DISBUF);
loop time key=1;
while(loop_time_key){
key=scan key();
switch (key) {
case 0x06:
TIMBUP[£] L=
TIMBUF [ 2 ]ye= hex2dec (TIMBUF [2] ) ;

if (TIMBUF[2]==0x24) TIMBUF[2]=0;

HEXBUF[0] = TIMBUF[2];

HEXBUF[1] = TIMBUF[1];

HEXBUF [2] = TIMBUF[O0];

strncpy (DISBUF, "H:M:S " AGTE
eolegy ();

display LCD(DISBUF);
dmsec (90Q) ;
break;
case 0x07:
TIMBUF[1] += 1;
TIMBUF[1] = hex2dec(TIMBUF[1]);

if (TIMBUF([1]==0x60) TIMBUF[1]=0;

HEXBUF[O] = TIMBUF([2];
HEXBUF[1] = TIMBUF[1];
HEXBUF[2] = TIMBUF[O0];

htolcd



strncpy(DISBUF,"H:M:S "o 160
htoled ();
display LCD (DISBUF);
dmsec (900) ;
break;
~case 0x08:
TIMBUF[0] += 1;
TIMBUF[Q] = hex2dec(TIMBUF[O0]);

if (TIMBUF[0]==0x60) MB 01=0;

HEXBUF[0] MEUE [2] ;
HEXB I

HEXBUF[2]

NSRS

b4
dmsec (900) ;

strncpy (DISBUF, "Time off success",16);
display LCD(DISBUF) ;

dmsec (1500);

loop_time key=0;

loop time2=0;

loop key=0;

y \ v o ) v Y & I v o v 3% v
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time_flag loop=0;

break;

break;
}
}
}

}
}///Time.off
else if(toggle mode==1) {

toggle mode=2;

strncpy (DISBUF, "Temperature WadB )i

c",16);

DISBUF[13]=(temperature%l0)+0x30;

DISBUF[12]=(temperature/10)+0x30;

while (loop_time key) {

key=scan key();

temperature += 1;
(temperature==31) {temperature=18; }
DISBUF([13]=(temperature%l10)+0x30;
DISBUF[12]=(temperature/10)+0x30;
display LCD(DISBUF);

dmsec (900) ;

display LCD (DISBUF);
dmsec (1500) ;
loop time2=1;
while (loop time2) {
key=scan key();
if (key==0x05) {
loop time2=0;
}
else if (key==0x09) {
dmsec(1000) ;
strncpy (DISBUF, "Temp

DISBUF[14]=0xDF;

display LCD(DISBUF) ;
loop time key=1;

switch (key) {
case 0x06:

if

break;
case 0x07:



temperature -= 1;

1.F

(temperature==17) {temperature=30;}

DISBUF[13]=(temperature%10)+0x30;

DISBUF[12]=(temperature/10)+0x30;

display LCD(DISBUF);

dmsec (900) ;

dmsec (900) ;
loop time key=0;
loop time2=0;

loop key=0;

break;
case 0x09:

strncpy (DISBUF, "Set temp success"; 16);

display LCD(DISBUE);

dmsec (1500);

// display hh.mm.ss
{strncpy (DISBUF, "error
// check second change
TIMBUF[2];

TIMBUF[1];

break;

}
else if(toggle mode==2) {
toggle mode=3;
strncpy (DISBUF, "Set time mode i)
display LCD(DISBUFE) ;
dmsec(1500) ;
loop time2=1;
while (loop time2){
key=scan key();
if (key==0x05) {
loop time2=0;
}
else if (key==0x09) {
dmsec (1000) ;

Xi= Oxff:
err. = rtrd {);
if ‘(exrr)

",16) ;display LCD(DISBUF);}
if (TIMBUF[O]!=x) {

HEXBUF[0]

Il

HEXBUF[1]



HEXBUF[2] =
TIMBUF[0] ;

strncpy (DISBUF, "H:M:S Y1600
htoled ()

display LCD(DISBUF) ;
loop time key=1;
while (loop time key) {
key=séan_key();
switch
(key) {

case 0x06:

TIMBUF([2] += 1;

TIMBUF[2] = hex2dec(TIMBUE[2]);

if (TIMBUF[2]==0x24) TIMBUE[2]=0;

HEXBUF[Q] = TIMBUF[2];

HEXBUF[1] = TIMBUF[1};

HEXBUF[2] = TIMBUE[O0] ;

strncpy (DISBUF, "H:M:S ", VE%
htfollcd go( )=

display. LCD(DISBUE) ;
dmsec (900) ;
break;
case 0x07:
TIMBUF[1]N%=1%
TIMBUF[1] = hex2dec (TIMBUF[1]) ;

if (TIMBUF[1]==0x60) TIMBUF[1]=0;

HEXBUF[0] = TIMBUF[2];

HEXBUF[1] = TIMBUF[1];

HEXBUF[2] = TIMBUF[O];

strncpy (DISBUF, "H:M:S 6 )
hteled - ();

display LCD(DISBUF) ;

dmsec (900) ;



break;
case 0x08:
 TIMBUE[O] += 1;
TIMBUF[0] = hex2dec(TIMBUF[O0]);

if (TIMBUF[0]==0x60) TIMBUF[0]=0;

. HEXBUF[0] = TIMBUF[2];
HEXBUF[1] = TIMBUF[1];
HEXBUF[2] = TIMBUF[O0];

strncpy (DISBUF, "H:M:S e 160

htoled, ()

loop time2=0;

loop key=0;

break;

}
}
}// if key==0x09

}

}
else {loop_ key=0;dmsec(1000);

r

& = Yo w v = = Y | o o v 5% 1%
enansiiluenansianulidmiumsldnuienisnwvintu leugelviluldussleviaunise

Laidnsdiles vivau Snvivinudlvidaudastomuazdetdnddiadiveaenarsynasaninisiluly



break;
}
key=scan_ key();

}

break;
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Philips Semiconductors

Product data
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80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2Hxx

S R S S R R R e S it

DESCRIPTION

The P89C51RB2/RC2/RD2Hxx device contains a non-volatile
16KB/32KB/64KB Flash program memory that is both parallel
programmable and serial In-System and In-Application
Programmable. In-System Programming (ISP) allows the user to
download new code while the microcontroller sits in the application.
In-Application Programming (IAP) means that the microcontroller
fetches new program code and reprograms itself while in the
system. This allows for remote programming over a modem link.

A default serial loader (boot loader) program in ROM allows serial
In-System programming of the Flash memory via the UART without
the need for a loader in the Flash code. For In-Application
Programming, the user program erases and reprograms the Flash
memory by use of standard routines contained in ROM.

This device executes one machine cycle in 6 clock cycles, hence
providing twice the speed of a conventional 80C51. AnOTP
configuration bit lets the user select conventional 12 clock timing
if desired.

This device is a Single-Chip 8-Bit Microcontroller manufactured in
advanced CMOS process and is a derivative of the 80C51
microcontroller family. The instruction set is 100% compatible with
the 80C51 instruction set.

The device also has four 8-bit I/O ports, three 16-bit timer/event
counters, a multi-source, four-priority-level, nested interrupt structure,
an enhanced UART and on-chip oscillator and timing circuits.

The added features of the PB9C51RB2/RC2/RD2Hxx makes it a
powerful microcontroller for applications that require pulse width
modulation, high-speed I/0 and up/down counting capabilities such
as motor control.

2002 May 24

FEATURES
® 80C51 Central Processing Unit

® On-chip Flash Program Memory with In-System Programming
(ISP) and In-Application Programming (IAP) capability

@ Boot ROM contains low level Flash programming routines for
downloading via the UART

® Can be programmed by the end-user application (IAP)

® Parallel programming with 87C51 compatible hardware interface
to programmer

® Six clocks per machine cycle operation (standard)
® 12 clocks per machine cycle operation (optional)

® Speed up to 20 MHz with 6 clock cycles per machine cycle
(40 MHz equivalent performance); up to 33 MHz with 12 clocks
per machine cycle

® Fully static operation

® RAM expandable externally to 64 kbytes
® Four interrupt priority levels

® Seven interrupt sources

® Four 8-bit I/O ports

® Full-duplex enhanced UART
— Framingerror detection
~ Automatic address recognition

@ Power control modes
— Clock can be stopped and resumed
— |Idle mode
— Power down mode

® Programmable clock out
® Second DPTR register
® Asynchronous port reset
® | ow EMI (inhibit ALE)

® Programmable Counter Array (PCA)
- PWM
— Capture/compare

853-2349:28312



Philips Semiconductors

Product data

80C51 8-bit Flash microcontroller family

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

P89C51RB2/P89C51RC2/
P89C51RD2Hxx
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Philips Semiconductors Product data

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2Hxx

ORDERING INFORMATION

e MEMORY TEMPERATURE il o FREQUENCY (MHz)
NUMBER FLASH | RAM RANGE (°C) RANGE 6 CLOCK 12 CLOCK DWG #
AND PACKAGE MODE ; MODE

1 | P8IC51RB2HBA 16kB | 512B | 0to+70, PLCC 4555V | 0to20MHz | 0t033MHz | SOT187-2
2 | P89C51RB2HBBD 16kB | 512B [ 0to+70, LQFP 4555V | 0t020MHz | 0to33MHz | SOT389-1
3 | P8scs1RC2HBP 32kB | 5128 0to +70, PDIP 45-55V | 0t020MHz | 0to33MHz | SOT129-1
4 | P89C51RC2HBA 32kB | 512B | 0to+70, PLCC 4555V | 0t020MHz | 0to33MHz | SOT187-2
5 | P89C51RC2HFA 32kB | 512B | —40t0+85 PLCC | 4.75-525V | 0t020MHz | 0to33MHz | SOT187-2
6 | P8IC51RC2HBBD 32kB | 512B | 0to+70, LQFP 4555V | 0t020MHz | 0t033MHz | SOT389-1
7 | P89CS1RC2HFBD 32kB | 512B | —40t0+85,LQFP | 4.75-525V | 0t020MHz | 0to33MHz | SOT389-1
8 | P89C51RD2HBP 64kB | 1kB 0to +70, PDIP 4555V | 0to20MHz | 0t033MHz | SOT129-1
9 | P8aCs1RD2HBA 64kB | 1kB 0to 470, PLCC 45-55V | 0t1020MHz | 0to33MHz | SOT187-2
10 | P8IC51RD2HBBD 64kB | 1kB 0to 470, LQFP 4555V | 0t020MHz | 0t033MHz | SOT389-1
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Product data

P89C51RB2/P89C51RC2/
P89C51RD2Hxx

Philips Semiconductors

80C51 8-bit Flash microcontroller family
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM

LOGIC SYMBOL

Plastic Leaded Chip Carrier

6 1 40
Vec  Vss
XTAL1 «—>| <> o)
I_,, DR S 7 : | 139
<) <—»
il <—»| O < » |ADDRESSAND
T <> —g <> DATA BUS LCC
i <> 0L <>
—) <> <>
XTAL2 <> <
=1 = 17
<> «—— T2 329
L <— T2EX
P d s L ]
AR S Thie—o» < E 18 28
EANpp __, ("— o
—> o]
PSEN «— PR Pin  Function Pin  Function Pin  Function
ALE/PROG<——»| <« TG 16 P3.4/T0 31 P2.7/A15
%) RxD—— 5 =2 2 P1OM2 17 P3.5/T1 32 PSEN
s =5 R e, 3 P1L1/T2EX 18  P3.6/WR 33  ALE/PROG
e %9 > % > 4 P1.2ECI 19 P3.7/RD 34 NIC*
2 —13&, o E | 5~ P1.3/CEX0 20  XTAL2 35  EANpp
= ild e - i > Z—> \bpRessBUS 6 P1.4/CEX1 21 XTALY 36  PO.7/AD7
el g > 37 PO.6/AD6
i gl E < | & 7 P15/CEX2 22 Vgs X
g > . 5/ADS
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Philips Semiconductors Product data

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/
16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM P89C51RD2Hxx

PIN DESCRIPTIONS

PIN NUMBER
MNEMONIC TYPE NAME AND FUNCTION
PDIP PLCC LQFP
Vss 20 22 16 | Ground: 0 V reference.
Vee 40 44 38 | Power Supply: This is the power supply voltage for normal, idle, and power-down
2 operation.

P0.0-0.7 39-32 43-36 37-30 I/0 | Port0: Port 0 is an open-drain, bidirectional /O port. Port 0 pins that have 1s
written to them float and can be used as high-impedance inputs. Port 0 is also the
multiplexed low-order address and data bus during accesses to external program
and data memory. In this application, it uses strong internal pull-ups when emitting 1s.

P1.0-P1.7 1-8 2-9 40-44, I/0 | Port1: Port 1 is an 8-bit bidirectional I/O port with internal pull-ups on all pins.

1-3 Port 1 pins that have 1s written to them are pulled high by the internal pull-ups and
can be used as inputs. As inputs, port 1 pins that are externally pulled low will
source current because of the internal pull-ups. (See DC Electrical Characteristics:
h)-

Alternate functions for P8B9C51RB2/RC2/RD2Hxx Port 1 include:
il 2 40 1/10 T2 (P1.0): Timer/Counter 2 external count input/Clockout (see Programmable
Clock-Out)
2 3 41 | T2EX (P1.1): Timer/Counter 2 Reload/Capture/Direction Control
3 4 42 | ECI (P1.2): External Clock Input to the PCA
4 5 43 110 CEXO0 (P1.3): Capture/Compare External I/O for PCA module 0
5 6 44 110 CEX1 (P1.4): Capture/Compare External I/O for PCA module 1
6 7 1 110 CEX2 (P1.5): Capture/Compare External I/O for PCA module 2
7 8 2 1/0 CEX3 (P1.6): Capture/Compare External I/O for PCA module 3
8 9 3 110 CEX4 (P1.7): Capture/Compare External I/O for PCA module 4

pP2.0-P2.7 21-28 24-31 18-25 110 | Port 2: Port 2 is an 8-bit bidirectional /O port with internal pull-ups. Port 2 pins that
have 1s written to them are pulled high by the internal pull-ups and can be used as
inputs. As inputs, port 2 pins that are externally being pulled low will source current
because of the internal pull-ups. (See DC Electrical Characteristics: I ). Port 2
emits the high-order address byte during fetches from external program memory
and during accesses to external data memory that use 16-bit addresses (MOVX
@DPTRY). In this application, it uses strong internal pull-ups when emitting 1s.
During accesses to external data memory that use 8-bit addresses (MOV @Ri),

port 2 emits the contents of the P2 special function register.

P2.7 must be a “I" to program and erase the device.

P3.0-P3.7 10-17 14 5,7-13 I/0 | Port3: Port 3 is an 8-bit bidirectional I/O port with internal pull-ups. Port 3 pins that
13-19 have 1s written to them are pulled high by the internal pull-ups and can be used as
inputs. As inputs, port 3 pins that are externally being pulled low will source current
because of the pull-ups. (See DC Electrical Characteristics: Ij ). Port 3 also serves
the special features of the P89C51RB2/RC2/RD2Hxx, as listed below:

10 11 5 I RxD (P3.0): Serial input port
11 13 7 0 TxD (P3.1): Serial output port
12 14 8 | INTO (P3.2): Externalinterrupt
13 15 9 | INTT (P3.3): External interrupt
14 216 10 | TO (P3.4): Timer 0 external input
15 17 11 | T1 (P3.5): Timer 1 external input
16 18 12 0 WR (P3.6): External data memory write strobe
17 19 13 o) RD (P3.7): External data memory read strobe
RST 9 10 4 | Reset: A high on this pin for two machine cycles while the oscillator is running,

resets the device. An internal resistor to Vgg permits a power-on reset using only
an external capacitor to Vge.

ALE 30 33 27 0 Address Latch Enable: Output pulse for latching the low byte of the address
during an access to external memory. In normal operation, ALE is emitted twice
every machine cycle, and can be used for external timing or clocking. Note that one
ALE pulse is skipped during each access to external data memory. ALE can be
disabled by setting SFR auxiliary.0. With this bit set, ALE will be active only during a
MQVX instruction. s
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Philips Semiconductors Product data

80C51 8-bit Flash microcontroller family P89C51RB2/P89C51RC2/

16KB/32KB/64KB ISP/IAP Flash with 512B/512B/1KB RAM v P89C51RD2Hxx
PIN NUMBER
MNEMONIC TYPE NAME AND FUNCTION
PDIP PLCC LQFP
PSEN 29 32 26 O Program Store Enable: The read strobe to external program memory. When

executing code from the external program memory, PSEN is activated twice each
machine cycle, except that two PSEN activations are skipped during each access
to external data memory. PSEN is not activated during fetches from internal
program memory.

EA/Vpp 31 35 29 | External Access Enable/Programming Supply Voltage: EA must be externally
held low to enable the device to fetch code from external program memory
locations. If EA is held high, the device executes from internal program memory.
The value on the EA pin is latched when RST is released and any subsequent
changes have no effect. This pin also receives the programming supply voltage
(Vpp) during Flash programming.

XTALA1 19 21 15 | Crystal 1: Input to the inverting oscillator amplifier and input to the internal clock
generator circuits.
XTAL2 18 20 14 6] Crystal 2: Output from the inverting oscillator amplifier.
NOTE:

To avoid “latch-up” effect at power-on, the voltage onany pin (other than Vpp) must not be higher than Vgg + 0.5 V or less than Vgg - 0.5 V.

2002 May 24 6



g. DALLAS ' 518520

B SEMICONDUCTOR High Precision
1-Wire® Digital Thermometer

FEATURES PIN ASSIGNMENT
Unique 1-Wire interface requires only one
port pin for communication BOTTOM VIEW
* Multidrop capability simplifies distributed DALLAS
temperature sensing applications DS18520
* Requires no external components ' ’
* Can be powered from data line. Power supply 1.2"3
range is 3.0V to 5.5V
» Zero standby power required DS18S20 To-92
* Measures temperatures from —55°C to Package
+125°C. Fahrenheit equivalent is -67°F to
| +257°F
» 10.5°C accuracy from ~10°C to +85°C N [ [} 2 :[D b
* Temperature is read as a 9-bit digital value ne [ 11| 2 7 [ 1] ne
» Converts temperature to digital word in

VDDIj_\:3 GIDNC

750 ms (max.)

aYodla
= User-definable, nonvolatile temperature Z0Q9 |
 alarm settings ! 2\~ [t b 5 [ [[]enp
* Alarm search command identifies and
~ addresses devices whose temperature is DS18520Z
outside of programmed limits (temperature 8-Pin SOIC (150 mil)

alarm condition)
* Functionally compatible with DS1820 1- Wire PIN DESCRIPTION

~ digital thermometer GND - Ground
-i Applications include thermostatic controls, DQ - DataIn/Out
industrial systems, consumer products, Voo - Power Supply Voltage
thermometers, or any thermally sensitive NC - NoConnect
system
DESCRIPTION

The DS18S20 Digital Thermometer provides 9-bit temperature readings which indicate the temperature
of the device.

[nformation is sent to/from the DS18S20 over a 1-Wire interface, so that only one wire (and ground)
needs to be connected from a central microprocessor to a DS18S20. Power for reading, writing, and
performing temperature conversions can be derived from the data line itself with no need for an external
pOWer source.

Because each DS18S20 contains a unique silicon serial number, multiple DS18S20s can exist on the
same 1-Wire bus. This allows for placing temperature sensors in many different places. Applications
where this feature is useful include HVAC environmental controls, sensing temperatures inside buildings,
equipment or machinery, and process monitoring and control.

loof 27 050400



DS18520

DETAILED PIN DESCRIPTION

PIN PIN
8-PIN SOIC | TO92 | SYMBOL | DESCRIPTION

b 1 GND Ground.

4 2 DQ Data Input/Output pin. For 1-Wire operation: Open drain.
(See “Parasite Power” section.)

3 3 Vb Optional Vpp pin. See “Parasite Power” section for details of
connection. Vpp must be grounded for operation in parasite
power mode.

DS18520Z (8-pin SOIC): All pins not specified in this table are not to be connected.

OVERVIEW

The block diagram of Figure 1 shows the major components of the DS18520. The DS18S20 has three
main data components: 1) 64-bit lasered ROM, 2) temperature sensor, 3) nonvolatile temperature alarm
triggers TH and TL. The device derives its power from the 1-Wire communication line by storing energy
on an internal capacitor during periods of time when the signal line is high and continues to operate off
this power source during the low times of the 1-Wire line until it returns high to replenish the parasite
(capacitor) supply. As an alternative, the DS18520 may also be powered from an external 3 volt - 5 volt

supply.

Communication to the DS18S20 is via a 1-Wire port. “With the 1-Wire port, the memory and control
fg‘unctions will not be available before the ROM function protocol has been established. The master must
first provide one of five ROM function commands: 1) Read ROM, 2) Match ROM, 3) Search ROM, 4)
Sklp ROM, or 5) Alarm Search.  These commands operate on the 64-bit lasered ROM portion of each
device and can single out a specific device if many are present on the 1-Wire line as well as indicate to
the bus master how many and what types of devices are present. After a ROM function sequence has
been successfully executed, the memory and control functions are accessible and the master may then
pr0v1de any one of the six memory and control function commands.

One control function command instructs the DS18S20 to perform a temperature measurement. The result
of this measurement will be placed in the DS18S20's scratch- pad memory, and may be read by issuing a
memory function command which reads the contents of the scratchpad memory.  The temperature alarm
triggers TH and TL consist of 1-byte EEPROM each. If the alarm search command is not applied to the
DS18S20, these registers may be used as general purpose user memory. ~Writing TH and TL is done
using a memory function command. - Read access to these registers-is through the scratchpad. All data is
read and written least significant bit first.
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DS18520

DS18S20 BLOCK DIAGRAM Figure 1

<— MEMORY AND
< CONTROL LOGIC
DQ » ¢
INTERNAL V Sa-a1l ROM g———| TEMPERATURE
nn AND o
I » 1-WIRE PORT SCRATCHPAD .
HIGH TEMPERATURE
¢ TRIGGER, TH
POWER
LOW TEMPERATURE
SUPPLY 8-BIT CRC
- sense [ GENERATOR TRIGGER, TH

PARASITE POWER

The block diagram (Figure 1) shows the parasite-powered circuitry. ~This circuitry “steals” power
whenever the DQ or Vpp pins are high. DQ will provide sufficient power as long as the specified timing
and voltage requirements are met (see the section titled “1-Wire Bus System”).. The advantages of
parasite power are twofold: 1) by parasiting off this pin, no local power source is needed for remote
sensing of temperature, and 2) the ROM may be read in absence of normal power.

In order for the DS18S20 to be able to perform accurate temperature conversions, sufficient power must
be provided over the DQ line when a temperature conversion is taking place. Since the operating current
of the DS18S20 is up to 1.5 mA, the DQ line will not have sufficient drive due to the 5k pullup resistor.
This problem is particularly acute if several DS18S20s are on the same DQ and attempting to convert
simultaneously.

There are two ways to assure-that the DS18S20 has sufficient supply current during its active conversion
cycle. The first is to provide a strong pullup on the DQ line whenever temperature conversions or copies
to the E* memory are taking place. This may be accomplished by using a MOSFET to pull the DQ line
directly to the power supply as shown in Figure 2. The DQ line must be switched over to the strong
pull-up within 10 ps maximum after issuing any protocol that involves- copying to the E* memory or
initiates temperature conversions. ‘When using the parasite power mode, the Vpp pin must be tied to
ground.

Another method of supplying current to-the DS18S20 is through the use of an external power supply tied
to the Vpp pin, as shown in Figure 3. The advantage to-this-is that the strong pullup is not required on the
DQ line, and the bus master need not be tied up holding that line high during temperature conversions.
This allows other data traffic on the 1-Wire bus during the conversion time. In addition, any number of
DS18S20s may be placed on the 1-Wire bus, and if they all use external power, they may all
simultaneously perform temperature conversions by issuing the Skip ROM command and then issuing the
Convert T command. Note that as long as the external power supply is active, the GND pin may not be
floating.

The use of parasite power is not recommended above 100°C, since it may not be able to sustain
communications given the higher leakage currents the DS18S20 exhibits at these temperatures. For
applications in which such temperatures are likely, it is strongly recommended that Vpp be applied to the
DS18S20.
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DS18S20
For situations where the bus master does not know whether the DS18S20s on the bus are parasite
powered or supplied with external Vpp, a provision is made in the DS18S20 to signal the power supply
scheme used. The bus master can determine if any DS18S20s are on the bus which require the strong
p,hllup by sending a Skip ROM protocol, then issuing the read power supply command. After this
command is issued, the master then issues read time slots. The DS18S20 will send back “0” on the
1-Wire bus if it is parasite powered; it will send back a “1” if it is powered from the Vpp pin. If the
master receives a “0,” it knows that it must supply the strong pullup on the DQ line during temperature
conversions. See “Memory Command Functions” section for more detail on this command protocol.

STRONG PULL-UP FOR SUPPLYING DS18520 DURING TEMPERATURE
CONVERSION Figure 2

+3V - +5V

+3V - +5V CI [
o T
1L 4.7k

1/0

DS18S20

L@JSING Vpp TO SUPPLY TEMPERATURE CONVERSION CURRENT Figure 3

TO OTHER
1. WIRE DEVICES
DS18520
WY iy
GND 6 o
s EXTERNAL +3V - 45V
i | 1/0 —OguppLy
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DALLAS

SEMICONDUCTOR

DS1307

DS1307
64 X 8 Serial Real Time Clock

FEATURES

® Realtime clock counts seconds, minutes, hours, date
of the month, month, day of the week, and year with
leap year compensation valid up to 2100

® 56 byte nonvolatile RAM for data storage

® 2-wire serial interface

® Programmable squarewave output signal

e Automatic power fail detect and switch circuitry

e Consumes less than 500 nA in battery backup mode
at 25°C

e Optional industrial temperature range —40°C to
+85°C (IND)

@ Available in 8-pin DIP or SOIC

ORDERING INFORMATION

DS1307 Serial Timekeeping Chip;
8-pin DIP

DS1307Z Serial Timekeeping Chip;
8-pin SOIC (150 mil)

DS1307N 8-pin DIP (IND)

DS1307ZN 8-pin SOIC (IND)

DESCRIPTION

The DS1307 Serial Real Time Clock is a low power full
BCD clock calendar plus 56 bytes of nonvolatile SRAM.
Address and data are transferred serially via a 2-wire
bi—directional bus. The clock/calendar provides
seconds, minutes, hours, day, date, month, and year
information. The end of the month date is automatically
adjusted for months with less than 31 days, including
corrections for leap year. The clock operates in either
the 24—-hour or 12-hour format with AM/PM indicator.
The DS1307 has a built-in power sense circuit which
detects power failures and automatically switches to the
battery supply.

OPERATION
The DS1307 operates as a slave device on the serial bus.
Access is obtained by implementing a START condition

PIN ASSIGNMENT

SR Vee

xe [ 2 7] sawout
Verr L] 3 6[] scL
GND [ 4 5[] spa

DS1307 8-PIN DIP (300 MIL)

X1 0o 1 8 [1] Ve

X2 | 2 7 [ sQw/ouT
Vgar O] 3 6 [0 scCL
GND [rlf 4 510 SDA

DS1307Z 8-PIN SOIC (150 MIL)

PIN DESCRIPTION

Vee Primary Power Supply

X1, X2 — 32.768 KHz Crystal Connection
Vear — +3 Volt Battery Input

GND — Ground

SDA — Serial Data

SCL — Serial Clock

SQW/OUT — Square wave/Output Driver

and providing a device identification code followed by a
register address. Subsequent registers can be accessed
sequentially until a STOP condition is executed. When
Ve falls below 1.25 x Vgat the device terminates an
access in progress and resets the device address
counter. Inputs to the device will not be recognized at this
time to prevent erroneous data from being written to the
device froman out of tolerance system. When V¢ falls
below Vgar the device switchesinto a low current battery
backup mode. Upon power up, the device switches from
battery to Vg when Vg is greater than Vgap+0.2V and
recognizes inputs when Vg is greater than 1.25 x Vgar
The block diagram in Figure 1 shows the main elements
of the Serial Real Time Clock. The following paragraphs
describe the function of each pin.

‘©Copyright 1995 by Dallas Semiconductor Comporation.

All Rights Reserved. For important information regarding
patents and other intellectual property rights, please refer to
Dallas Semiconductor data books.
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DS1307 BLOCK DIAGRAM Figure 1

O
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CONTROL
LOGIC
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GND CONTROL
[
SCL ——— &
SERIAL BUS > ADDRESS
INTERFACE REGISTER

it i

ft

SIGNAL DESCRIPTIONS

Vce, GND — DC power is provided to the device on
these pins. Vg is the +5 volt input. When 5 volts are
applied within normal limits, the device is fully accessi-
ble and data can be written and read. When a 3 volt bat-
tery is connected to the device and V¢ is below 1.25 x
_ Vpar reads and writes are inhibited. However, the
Timekeeping function continues unaffected by the lower
input voltage. As Vg falls below Vgar the RAM and
timekeeper are switched over to the external 3 volt bat-

tery.

Vpar — Battery input for any standard 3 volt lithium cell
or other energy source. Battery voltage must be held
between 2.5 and 3.5 volts for proper operation. The
nominal write protect trip point voltage at which access
to the real time clock and user RAM is denied is set by
the internal circuitry as 1.25 x Vgar nominal. A Lithium
battery with 35 mAh or greater will back up the DS1307
for more than 10 years in the absence of power.

SCL (Serial Clock Input) - SCL is used to synchronize
data movement on the serial interface.

SDA (Serial Data Input/Output) — SDA is the input/
outputpin forthe 2—-wire serial interface. The SDApinis
open drain which requires an external pull-up resistor.

SQW/OUT (Square Wave/ Output Driver) — When
enabled, the SQWE bit set to 1, the SQW/OUT pin out-
puts one of four square wave frequer<zies (1 Hz, 4 KHz,
8KHz, 32 KHz). The SQW/OUT pinis open drain which
requires an external pull-up resistor.

X1, X2 - Connections for a standard 32.768 KHz quartz
crystal. The internal oscillator circuitry is designed for
operation with a crystal having a specified load capaci-
tance (CL) of 12.5 pF.
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RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the
DS1307 is shown in Figure 2. The real time clock regis-
ters are located in address locations 00h to 07h. The

DS1307 ADDRESS MAP Figure 2

RAM registers are located in address locations 08h to
3Fh. During a multibyte access, when the address
pointer reaches 3Fh, the end of RAM space, it wraps
aroundto location 00h, the beginning of the clock space.

00H
SECONDS

MINUTES

HOURS

DAY

DATE

MONTH

YEAR

= CONTROL

08H

RAM
56 X 8

3FH

CLOCK AND CALENDAR

The time and calendar information is obtained by read-
ing the appropriate register bytes. The real time clock
registers are illustrated in Figure 3. The time and calen-
dar are set or initialized by writing the appropriate regis-
ter bytes. The contents of the time and calendar regis-
ters are in the Binary—Coded Decimal (BCD) format. Bit
7 of Register 0is the Clock Halt (CH) bit. When this bit is

settoaone, the oscillatorisdisabled. When clearedtoa
zero, the oscillator is enabled.

The DS1307 can be run in either 12—hour or 24—hour
mode. Bit6 ofthe hours register is defined as the 12—or
24—hourmode selectbit. Whenhigh, the 12-hourmode
is selected. Inthe 12—hourmode, bit 5 is the AM/PM bit
with logic high being PM. In the 24—hour mode, bit 5 is
the second 10 hour bit (20-23 hours).

041697 3/11



DS1307

DS1307 TIMEKEEPER REGISTERS Figure 3

| a7 | | [ | | | &mo |
00H | CH 10 SECONDS SECONDS 00-59
X 10 MINUTES MINUTES 00-59
" 10 HR 01-12
X 2 [ pp | 10HR HOURS e
X X X X X DAY 1-7
01-28/29
01-3
X X 10 DATE DATE g0
X X 10 MONTH MONTH 01-12
10 YEAR YEAR 00-99
o7H | ouT | X X | sawel  x X | Rst-| RSO

CONTROL REGISTER
The DS1307 Control Register is used to control the
operation of the SQW/QUT pin.

BIT7 | BIT6 | BIT5 ( BIT4 | BIT3 | BIT2 [ BIT1 | BITO

ouTt X X SQWE X X RS1 | RSO

OUT (Output control): This bit controls the output level
of the SQW/OUT pin when the square wave output is
disabled. If SQWE =0, the logic level on the SQW/OUT
pinis 1if OUT = 1 and is 0 if OUT = 0.

SQWE (Square wave Enable): This bit when set to a
logic 1 will enable the oscillator output. The frequency of
the square wave output depends on the value of the
RS0 and RS1 bits.

. RS (Rate Select): These bits control the frequency of

the square wave output when the square wave output
has been enabled. Table 1 lists the square wave fre-
quencies that can be selected with the RS bits.

SQUAREWAVE OUTPUT FREQUENCY Table 1

RS1 RSO SQW OUTPUT
FREQUENCY
0 0 1Hz
0 1 4 KHz
1 0 8 KHz
1 1 32 KHz

2-WIRE SERIAL DATA BUS

The DS1307 supports a bi—directional 2-wire bus and
data transmission protocol.. A device that sends data
onto the bus is defined as a transmitter and a device
receiving data as a receiver. The device that controls
the message is called a master.. The devices that are
controlled by the master are slaves. The bus must be
controlled by a master device which generates the serial
clock (SCL), controls the bus access, and generates the
START and STOP conditions. The DS1307 operates as
a slave on the 2-wire bus. A typical bus configuration
using this 2—wire protocol is show in Figure 4.

041697 4/11



DS1307

TYPICAL 2-WIRE BUS CONFIGURATION Figure 4

Vee

Rp Rp
SDA @ @
2-WIRE
SERIAL DATA
BUS
SCL
DS1307 OTHER
MICRO-
REAL TIME PERIPHERAL
PROCESSOR CLOCK DEVICE

The following bus protocol has been defined (see Figure
5).

e Datatransfermay be initiated only whenthe bus is not
busy.

e During data transfer, the data line must remain stable
whenever the clock line is HIGH. Changes inthe data
line while the clock line is high will be interpreted as
control signals.

Accordingly, the following bus conditions have been
defined:

Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data line
from high to low, while the clock line is high, defines a
START condition.

Stop data transfer: A change in the state of the dataline
from low to high, while the clock line is high defines the
STOP condition.

Data valid: The state of the data line represents valid
data when, after a START condition, the data line is
stable for the duration of the high period of the clock sig-
nal. The data on the line must be changed during the
low period of the clock signal. There is one clock pulse
per bit of data.

Each data transfer is initiated with a START condition
and terminated with a STOP condition. The number of
data bytes transferred between the START and the
STOP conditions is not limited, and is determined by the
master device. The information is transferred byte—
wise and each receiver acknowledges with a ninth bit.

Acknowledge: Each receiving device, when
addressed, is obliged to generate an acknowledge after
the reception of each byte. The master device must
generate an extra clock pulse which is associated with
this acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the SDA line is stable low during the high period of
the acknowledge related clock pulse. Of course, setup
and hold times must be taken into account. When
receiving data from a slave a master must signal an end
of data to the slave by not generating an acknowledge
bit on the last byte that has been clocked out of the
slave. In thiscase, the slave must leave the data line
high to enable the master to generate the STOP condi-
tion.

DATA TRANSFER

Figures 5, 6, and 7 detail how data transfer is accom-
plished onthe 2—wire bus. Depending on the state of the
R/W bit in the transmission protocols as shown in Fig-
ures 6 and 7, two types of data transfer are possible:
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DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 5

=

i

Ac s )

VULUWW

'S:\ﬂ_/LVJH_/ %——/%’—/

ADDRESS DATA

START
CONDITION

STOP
CONDITION

1. Data transfer from a master transmitter to a slave The DS1307 may operate in the following two modes:.

receiver. The first byte transmitted by the master is

the slave address. Next follows a number of data 1.
bytes. The slave returns an acknowledge bit after
eachreceived byte. Datais transfered with the most
significant bit (MSB) first.

2. Data transfer from a slave transmitter to a master
receiver. The first byte (the slave address) is trans-
mitted by the master. The slave then returns an
acknowledge bit. This is followed by the slave trans-
mitting a number of data bytes. The master returns
an acknowledge bit after all received bytes other
than the last byte. At the end of the last received
byte, a 'not acknowledge’ is returned.

The master device generates all of the serial clock
pulses and the START and STOP conditions. A transfer
is ended with a STOP condition or with a repeated
START condition. Since a repeated START conditionis
also the beginning of the next serial transfer, the bus will
notbe released. Data is transfered with the most signifi-
cant bit (MSB) first.

DATA WRITE - SLAVE RECEIVER MODE Figure 6

Slave receiver mode (DS1307 write mode): Serial
data and clock are received through SDA and SCL.
After each byte is received an acknowledge bit is
transmitted. START and STOP conditions are rec-
ognized as the beginning and end of a serial transfer.
Address recognition is performed by hardware after
reception of the slave address and direction bit (See
Figure 6). The address byte is the first byte received
after the start condition is generated by the master.
The address byte contains the 7 bit DS1307
address, which is 1101000, followed by the direction
bit (RAW\) which for a write is a 0. Afterreceiving and
decoding the address byte the DS1307 outputs an
acknowledge on the SDA line. After the DS1307
acknowledges the slave address + write bit, the
master transmits a register address to the DS1307
This will set the register pointer on the DS1307. The
master will then begin transmitting each byte of data
with the DS1307 acknowledging each byte
received. The master will generate a stop condition
to terminate the data write.

A
12
<Slave Address> ¢ <Word Address (n)> <Data(n)> <Data (n+1)> <Data (n+X)>
| s | 1101000 | 0 [ A~ | XXXXXXXX [ A ]xxxxxxxxl A }xxxxxxxx | A | XXXXXXXX IE | PJ
S - START ‘ )f )( l
A — ACKNOWLEDGE
P - STOP DATA TRANSFERRED

(X+1 BYTES + ACKNOWLEDGE)
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2.

Slave transmitter mode (DS1307 read mode): The
first byte is received and handled as in the slave
receiver mode. However, in this mode, the direction
bit willindicate that the transfer directionis reversed.
Serial data is transmitted on SDA by the DS1307
while the serial clock is input on SCL. START and
STOP conditions are recognized as the beginning
and end of a serial transfer (See Figure 7). The
address byte is the first byte received after the start
condition is generated by the master. The address
byte contains the 7 bit DS1307 address, which is

1101000, followed by the direction bit (R/W\) which
for a read is a 1. After receiving and decoding the
address byte the DS1307 inputs an acknowledge on
the SDA line. The DS1307 then begins to transmit
data starting with the register address pointed to by
the register pointer. If the register pointer is not writ-
ten to before the initiation of a read mode the first
address that is read is the last one stored in the reg-
ister pointer.  The DS1307 must receive a Not
Acknowledge to end a read.

DATA READ - SLAVE TRANSMITTER MODE Figure 7

A
12
<Slave Address> cs <Data(n)> <Data(n+1)> <Data (n+2)> <Data (n+X)>
| s [ 1101000 [ 1 [ & XXOOOXXX |-A_|x00xxxx | A ] x| A | xooooxx [ & | P
}(){
S - START
TA TRANSFERRED
SRRl o (X+1 BYTES + ACKNOWLEDGE)
A - NOT ACKNOWLEDGE
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ABSOLUTE MAXIMUM RATINGS*

Voltage on Any Pin Relative to Ground -0.5V to +7.0V
Operating Temperature 0°Cto 70°C

Storage Temperature -55°C to +125°C
Soldering Temperature 260°C for 10 seconds

* Whisls astress ratingonlyandfunctional operationof thedevice atthese orany other conditions above those
indicated in the operation sections of this specificationis notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

The Dallas Semiconductor DS1307 is built to the highest quality standards and manufactured for long term reliability.
All Dallas Semiconductor devices are made using the same quality materials and manufacturing methods. However,
standard versions of the DS130¥ are not exposed to environmental stresses, such as burn—in, that some industrial
applications require. Products which have successfully passed through this series of environmental stresses are
marked IND or N, denoting their extended operating temperature and reliability rating. For specific reliability informa-
tion on this product, please contact the factory at (972) 371-4448.

RECOMMENDED DC OPERATING CONDITIONS (0°C to 70°C)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Vee 4.5 5.0 5.5 \ 1
Logic 1 Viy 2.2 Veo+0.3 \ 1
Logic 0 ViL -0.3 +0.8 \" 1
Vpar Battery Voltage VeaT 2.5 3.5 Vv 1

DC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vgc=4.5V to 5.5V)
PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Input Leakage I 1 A 10
I/O Leakage ILo 1 HA 11
Logic 0 Output VoL 0.4 \ 2
Active Supply Current lcca §.5 mA 9
Standby Current lccs 200 HA 3
Battery Current (OSC ON); IBAT1 300 500 nA 4
SQW/OUT OFF
Battery Current (OSC ON); IpaT2 480 800 nA 4
SQW/OUT ON (32 KHz)
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3055-2.2
INFRA RED REMOTE CONTROL PREAMPLIFIER
(Supersedes version in April 1994 Consumer IC Handbook, HB3120 - 2.0)
The SL486 is a high gain preamplifier designed to form an ;
interface between an infra-red receiving diode and the digitalinput "
of remote control receiving circuits. The device contains two other DIODE CATHODE [ 1 6] DioDE ANODE
circuit elements, one to provide a stretched output pulse facility GYRATORC2 [] 2 15 1ST STAGE DECOUPLE
and a voltage regulator to allow operation from a wide range of
supplies. GYRATORC1 [ 3 147 INPUT Vg (Veg)
" INPUT Vee (Veai) [ 4 13| ] OUTPUT Ve (Veeo)
SL486
FEATURES 2ND STAGE DECOUPLE [ 5 12| | REGULATOR INPUT (VReGIN)
B Fast Acting AGC Improves Operation In Noisy 4TH STAGE DECOUPLE [ 6 11| ] STRETCH OUTPUT
Environments OUTPUT Ve (Veeo) [] 7 10[] STRETCH INPUT
E Differential Inputs Reduce Noise Pick-up and Improve AGe DECOUPLE (] 8 o[ outpur
Stability DP16
B Gyrator Circuit Allows Operation in Environments with MP16
High Brightness Background Light Levels Fig. 1 Pin connections - top view
B Output Pulse Stretcher for use with Microprocessor
Decoders
B On-chip Regulator allows Operation from Wide Range ABSOLUTE MAXIMUM RATINGS
of Power Supplies Supply voltage, Vg, +10V wrt Veg
B Low Noise Output Supply voltage, Vceo +10V wrt Vego
5 Regulator input voltage, Vreain -20V wrt VCCX
Output current 5m
ORDERING INFORMATION Stretch output current 5mA
SL486 NA DP Operating temperature range 0°Cto +70°C
SL486 NA MP Storage temperature —55°C to+150°C
GYRATOR ~ 2ND STAGE 4TH STAGE
Vel C1 c2 DECOUPLE DECOUPLE Veeco
Femamagts % RS (Y AN < ( E s B3 >3 2 0 - i 1
| |
I
STRETCH
| & AT "0 oUTPUT
I GYRATOR STRETCH | 10l g7RETCH
1 INPUT
| |
I LSRN I
DIODE #_ . w 15K *8 output
CATHODE [' | pirFERENTIAL : |
DIODE 216 | INPUT STAGE s s b I
ANODE 5k
| T |
AGC PEAK
: . o1 ASC PEAK REGULATOR :
VRea”
| < , I
| |
| ERpSE e = e &___15___4)&1_____013 __________ 12|

VEEl 1ST STAGE AGC
DECOUPLE DECOUPLE

VEes REGULATOR
. : INPUT
When regulator is used  (VReain)

(see Application Notes).

Fig. 2 5L486 block diagram



ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated):
TAMB = +25°C, VCCI = VCCO = VCC =+45V to +70V, VEEl = VEEO = VEE =0V

|
Characteristic Pin Velue Units Conditions
Min. Typ. Max.
Supply current (see note 1) 4,7 65 9:0 mA Vee =50V, Ip = 1-0pA
4 3-5+3lp | 4-2+3lp 5+3lp mA Vee =45V, Ip<1-5mA
4:7 85 10 mA VCC = 18V, ID =1 OHA, VHEGIN =0V
Low voltage supply wrt Veg) &Veeo | 4,7 45 95 \Y
ngh voltage Supp!y wrt VREGIN 4,7 84 18 Vv VEg = VilEEO = VREG (see FlgS 4 & 6)
Int. regulated VOltage, VREG, wrt 13 59 62 65 Vv VCCO+VREG|N =+16V
Veco 4,7 15 Y
Veci—Vecol 141 Y% Tamg = +70°C
1,16 9:0 2:3 nA Ip = 1-0pA
Minimum sensitivity of differential 740 185 nA Ip = 100uA
input 168:0 420 nA Ip = 0-5mA
1,16 35 dB
Cqm'mon m.ode rejection 116 3.0 40 mA (k)
Maximum signal input 680 dB
Aac g 9, 11 550 kQ
Output and Stretch output internal
RUlEUp o5 Btance 11 2:4 ms Capacitance pin 9 to pin 10 (C8 on
Stretch output pulse width, tp Figs. 4 and 8) = 10nF;
tp= —RxCg Ioge[—tﬂ ms
Ve
where Ry = 200kQ +25%
and Ry = internal resistance)
ol 07 %/°C
Temperature coefficient of Ry 9 Verot 085 |V | id =0-2mATmak.
Output low voltage
5 5 g | 9 |Veco=05 v Isource = SHA
SR adilvoltage 11 Veeo+05] - V| Ignk = 1-6mA max.
BUSIchOUPLEIoW yoltage 11 | Veeo—0-1 V Isource = SUA, output open circuit
stretch output high voltage 4 15 V (pk) | Ripple amplitude at 100Hz,
Vi supply rejection VReain = 0V
08 V (pk) | Ripple amplitude at 100Hz,
Veeo and VEEI =0V

NOTE 1. Ip = IR diode forward current
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Fig. 7 Microprocessor interface, using the SL486 pulse stretching facility
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CD4514BCe CD4515BC

General Description

The CD4514BC and CD4515BC are 4-to-16 line decoders
with latched inputs implemented with complementary MOS
(CMOS) circuits constructed with N- and P-channel
enhancement mode transistors. These circuits are prima-
rily used in decoding applications where low power dissipa-
tion and/or high noise immunity is required.

The CD4514BC (output active high option) presents a logi-
cal “1” at the selected output, whereas the CD4515BC pre-
sents a logical “0” at the selected output. The input latches
are R-S type flip-flops, which hold the last input data pre-
sented prior to the strobe transition from “1™ to “0”. This
input data is decoded and the corresponding output is acti-
vated. An output inhibit line is also available.

4-Bit Latched/4-to-16 Lirng Decoders

October 1987
Revised August 2000

Features

W Wide supply voltage range: 3.0V to 15V

M High noise immunity: 0.45 Vpp (typ.)

M Low power TTL: fan out of 2
compatibility: driving 74L

W Low quiescent power dissipation:
0.025 pW/package @ 5.0 Vpg

M Single supply operation
& Input impedance = 10'2Q typically
M Plug-in replacement for MC14514, MC14515

Ordering Code:

Order Number | Package Number Package Diagram
CD4514BCWM M24B 24-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
CD4514BCN N24A 24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-011, 0.600 Wide
CD4515BCWM M24B 24-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
CD4515BCN N24A 24-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-011, 0.600 Wide

Devices also available in Tape and Reel. Specify by appending suffix letter “X" to the ordering code.

Connection Diagram

VDD INHIBIT IND INC S0 S11 S8 S8 si4

24

§15 .§12  $§13

23 |22 li'l 20 f19. 118 |17 16 [15 [14 {13

LATCH 4.TD-16 DECODER

YyVYvYY

VY, ¥V YW Ly

1

STROBEINA INB §7 S6 S5 sS4 83 ST S2 S0 Vgs

2 3 4 5 ] 7 8 9 10 |11 12

Top View

© 2000 Fairchild Semiconductor Corporation
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Truth Table

Decode Truth Table (Strobe = 1)

O
m
Te]
g
Y9}
E Data Inputs Selected Output
O Inhibit D c B A CD4514 = Logic “1”
6 CD4515 = Logic “0”
m 0 0 0 0 0 S0
A 0 S40 Hiw| = 51 0 1 St
g 0 0 0 1 0 S2
o) 0 0 0 1 1 s3
(®) 0 0 1 0 0 S4
0 0 1 0 1 S5
0 0 1 1 0 S6
0 0 1 1 1 S7
0 1 0 0 0 S8
0 1 0 0 1 S9
0 1 0 1 0 S10
0 1 0 1 1 S11
0 1 1 0 0 S12
0 1 1 0 1 S13
0 1 1 1 0 S14
0 1 1 1 1 S15
1 X X X X All' Outputs = 0, CD4514
All Outputs = 1, CD4515

X - Don't Care

Logic Diagram

CD45158 ONLY
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