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ABSTRACT

This thesis presents a project of variable speed drive for three phase induction motor by
using Microcontroller AT90S8535 which the quality of Microcontroller AT90S8535 can be used
with a 1/4 horse power induction motor. This system uses the pulse width modulation signals
which is generated from Microcontroller AT90S8535 to control the speed of three phase motor, to
set the speed and the direction of movement of three phase motor. The principle of this project

can be applied for other industries.
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' k2

[ =\ o v} @ [ Yo ] v ]
7o SPames 1Hauna 1 1ans 32 @1 Tae ALU lddaumisszuumsiamstoeya’ld 3 daude
1 [} a 4 1 o a 1 )
AIUVDINITIANITNINAVUAFANT FIUVDINITNTERINIEIN LAz IUFAIUUDINITNILIN
N192090 Laz luaINUININIZMALLS

3.) HHIUAINT SRAM

Y
1 ) [ ) ] 1 o w 1 I~

Wieanudmelu Mcu a1 608 dwmiiaIaeniteanusinaruagnuiaeenily
dy - ==t 7q Y @ Ay I Y 1 )
WuRUeITawos 1¥auna l Sawes 19911 /0 uazniiieauiinielu SRAM

o ] 1 I~ ] ==t 4 ) 1 @ I~

Tag 96 @unitausnazgneenuUuiuadINvedEImaos 512 dwwvis gnia il

N1UIWAWIINE 1Y SRAM
Y KR Y ' < ! A . . 5 : .
mswmwauﬁagmmmamﬂu 5 @U A® Direct, Indirect with Displacement, Indirect

with PreDecrement L% Indirect with Post- Increment

Registers Data Address Space
RO [ T $0000
R1 $0001
R2 $0002
R29 $001D
R30 001E
R 001F
/O Register
$00 $0020
$01 $0021
$02 $0022
3D $005D
33E $005E
S3f $005F
Internal SRAM
$0060
30061
$015E/$025E
$015F/$025F

=< 9

51 2.35 M39AMIHUIBANUT SRAM Msnnatowya

u
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4.) marndatveya
s 7 y &
luTasnouInsaaos AT90s8535 1Wu'luTlasnouInsamedignadatiuyinin
< =4 )
aoiasnssuuuy RISC 1ag PROGRAM MEMORY (1t FLASH &4 Tasaaiamelugn
Vet Yy 2y Py o o &
ponuup Iiimainaedoya lavawanymeaail
1 @ o <} A
4.1) Register Direct, Single Register Rd Avesddnsziziny B lussames d(RD)

[

A931/9 2.36

REGISTER FILE

15 4 0

31
gﬂﬁ 2.36 Register Direct, Single Register Rd

1 @ o < ==
4.2) Register Direct, Two Register Rd And Rr A1v04a3n5zi10ziny 13 uSiames

r(Rr) a2 d(Rd) nagwaveamsnszinzmnu 3 lusiames dRd) A3 2.37

REGISTER FILE

15 5 0

Y
=5

8

gﬂﬁ 2.37 Register Direct, Two Register Rd And Rr
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o 1 o o < a v o w o 1
4.3) 1O Direct §n1avaeaansziazgninulilu 6 Tavesswamid n fie dum

¥933eAps NIl SOURCE #350 DESTINATION 14317 2.38

REGISTER FILE

15 5 0
Lo [ n [ P ]

63

31]‘?1 2.38 mn%ﬁﬁq%’agmmu Direct Register Addressing Rd and Rr

4.4) DATA Direct §1uM1aniea1us1 16 1a v2iiu' 130 16 daaevessriasided
1119 2 WORD Tag Rd, Rr 9214 umsdmuailusiaines SOURCE %39 DESTINATION

Aa312.39

Data Space

$0000

31 16

OP | Rr/RD
16 LSBs

15 0
$015F/
$025F

< y 2y . :
31N 2.39 M3iDaTOY ANV Direct Data Addressing

4.5) Data Indirect With Displacement #111H1U4Y84AINTLHIAONALINYDISIAIADT

Y %30 Z AUAILMIHEIoANNE19IA 6 Taiussysiamidensgili 2.40
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Data Space

$0000
15 0

[ YORZ-REGISTER

15 10 65 0

$015F/025F

a Y =y ; ; :
31]7] 2.40 MILNINUBY ALY Data Indirect with Displacement

(3 1 o o 1 A 4
4.6) Data Indirect Addressing ﬁﬂlﬁ“L!\‘WﬂQﬂ?ﬂiﬁﬂWﬁ@ﬂﬂumﬂﬁﬁﬁJﬁm@i XY ‘Vi?@ Z

Data Space

$0000

15 0
| XYORZ-REGISTER }—

Y

$015F/025F

= y 2 g ; .
gl]‘ﬂ 2.41 MIINUDY ALV Data Indirect Addressing

S J o
4.7) Data Indirect With Pre-Displacement 353819935 X, Y U182 Z 3¢9NAAAINDUNT
o o 1 & o 1 Y o A A v A d A [ ~ 1
NAIFI 1 A “l)'W]WLL‘WLN"’U’ENG]?lﬂﬁzWWﬂ@ﬂWﬂ@giuizﬂﬁmai X, Y 99 Z Myradnnann

Y 1w ~
1ad 1 a1 g 2.42
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Data Space

$0000
15 0

—> XY OR Z- REGISTER

$015F/025F

;Sﬂﬁ 242 ﬂm%ﬁﬁq%ymmu Data Indirect with Pre-Displacement

4.8) Data Indirect With Post- Inclement §111114v03AIn5zA0mNUTIY0d 1Y
A 4 = d'l ) o'.z Y 1 A 4 = q' d? 1 [
SeM003 X, Y ¥30 Z Tasomamidaudinlusiames X, Y vie Z aggniiniiv 1 a1 69

3111 2.43

Data Space
$0000

15 0
—>» XY ORZ-REGISTER }—

$015F/025F

g‘ljﬁ 2.43 ﬂﬁLEIBJIWG{’JJEJ‘gl,mL‘UU Data Indirect with Post- Inclement
4.9) Constant Addressing Using The LPM Instruction ANMUINUIEANNIIN CPU
o o ] 9q A J _ A A J Y o
wenszimdazguinu1333mees z Tas 15 Tavu ves33aans z 1zgnl¥lunadivua
o 1 1 o 1 1 a ==t 4 I~f A A Y A
AUHUIVOINUIBANNI U 0-2K/4K @u LSB 1 1u5awmes z aziluianldiasn

LOW BYTE 150 HIGH BYTE (LSB = 0 317 um31don HIGH BYTE) 317 2.44



49

PROGRAM MEMORY

0000
15 10 $

[ Z-REGISTER [ }—

$07FF/$FFF

31]ﬁ 2.44 ﬂm%ﬁﬁqsﬁ}agmmu Constant Addressing Using the LPM Instruction

4.10) Indirect Program Addressing, RIMP And RCALL CPU 9203211 A8

o 1 1 o A A J v ~
@WMﬂuQﬁﬂ?ﬂﬂﬁ?h%?%ﬂiiﬂiﬂiﬂﬁ@@i§N2ﬂ71245

PROGRAM MEMORY

0000
15 0 s

[ Z - REGISTER —

$07FF/$FFF

=2 9

517 2.45 MstdatoyaUVy Code Memory Constant Addressing

U U

4.11) Relative Program Addressing, RIMP And RCALL CPU 12n32 laa lusiama

AWMU PC+e+1 TABAIY03 k 1209855119 —2048 D9 2047 9317 2.46

PROGRAM MEMORY

$0000

! Z - REGISTER

15 1211 0
[ oP ] k

S07FF/$FFF

~ Y =y . :
E‘IJT] 2.46 MILUDIUDY ALY Relative Program Addressing
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5.) HigaNuIYeyauLy EEPROM
TuTasnouInsaiass ATI0S4434/AT90S8535 UHUIBAINI LY EEPROM 19
' E)
256/512 BYTE d9enunsneiuuaziounssag 1 byte Iagawisaiimsavuazifoudoyaln

18 100,000 753 fag1lii 2.47

T2 T3 4T
| ‘ |
) \ AN
| |
| |
| |
T !
T |
} T
|
l
|
| I

—
—

System Clock ¢

1st Instruction Fetch

1st Instruction Execute
2nd Instruction Fetch
2nd Instruction Execute
3rd Instruction Fetch
3rd Instruction Execute
4th Instruction Fetch

___L_____%__L(_

51/# 2.47 M5 Fetch 11ag Executions LUVUYHIY

U

2.9.5 msldan Tulvina PWM

maiauluTuue PwM vedluTasnenInsames AT9088535 vzegludinues
Timer/Counterl 3zenusaanldsnuld ¢ 89 9 1ia Tﬂmmﬁwmﬂﬁﬂzaaﬂﬁm PD5(0CIA)
1iagu1 PD(0C1B)

Tum5%1970 Timer/Counterl 31TUiuaz1Tuas Faoz1iuiuIA 000 D9A IR (A1
fitmualumsnad 1) uazesiuanmigeaaasni 0000 R aiuiusnat

ios 1y Timer/Counter! i1fuslu33mans OCRIA 138 OCRIB aeihlffun PDs

(OC1A)/PD1(OCIB) tilasunilasauiiivualuia COMIAT/COMIAO 159 COMIBO

M990 1 MINHUAAIGIZATDI PWM

PWM Resolution Timer TOP value Frequency
8-bit $00FF(255) F. /510
9-bit $01FF(511) F, /1022
10-bit $03FF(1023) F,/2046
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o

M3199 2 MIMMuAanyudyIUNY PD5(OCIA) tag PD6(OCIB) TuTvua PWM

COMIX1 COM1X0 Effect on OCX1

0 0 Not connected
0 1 Not connected
1 0 Cleared on compare match,

Uncounting. Set on compare match;

Downcounting (non-inverted PWM).

1 1 Cleared on compare match,

Downcounting. Set on compare match;

upcounting (inverted PWM).

Note: X=A or B

1o OCR1 HAWNIAY 0000 nof1gage 17 e IdNAY1 OCIA/OCAIB Taeinilu
LOW %39 HIGH anuiiimualuiin COM1B1/COM1BO Gaueaalugid 53

A i a ' v o Ya 3 o
(10 Timer/Counter] tN9 Overflow HaZA1NITHUIIU 0000 32K 1IHUATOV 1¥anila 1

Compare Value change

Counter Value
Compare Value

M M M | | | | PWM Output OC2

Synchronized OC2 Latch

Compare Value change

Counter Value
Compare Value

PWM Output OC2

Unsynchronized OC2 Latch

Glitch

gﬂ‘ﬁ 2.48 WAU®DN Unsynchronized OCR1 Latching
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M519 3 191ANAVEI PWM (OCRIX W30 TOP)

COMIX1 COM1X0 OCRIX Output OC1X
1 0 $0000 L
1 0 TOP H
1 1 $0000 H
1 1 TOP L

Note: X=Aor B

2.9.6 manasawanaeinsenilufanea lu AT90S8535

[

Tu AT90S8535 daliinsulasdyanaeuiaeniluaineauuia 10 4a 8 Channel

o kY

& 1 @ 1 4 =
Gdﬁﬁllﬁﬁz Channel €T UTUUINUVININIILOASUVIUDINDIA A Iﬂﬂiuigﬂﬂﬂgujﬁﬂi SAMPLE

(3]

AND HOLD tiose i dyauomasniiudimuiounlasdyauaineaisedudyanand
~ o [ an =} L 4 @ 1
1 Tagresudasdyanaewrasniluadaeasziuvastie lvuaznsnaleniua1aningg
] 1 :é 9 a ] £ 1 (%
unaenie Ivesszuy delumsldauaiahinaslvanuuana1aue s s@duuedranseuiaon
nazusean Ivesssuuuanannuny +- 0.3V delumsldauzdestioussiu Ind et was
P [} o @
N519ANU1 AREF U5 NUDI52AVNTIAU Avee - AGND
1 [ 3 an o
Tudhuvesmsmlasdyanuemaoniluadaea amnsoiinuld 2 MODE fs wuw
Single Conversion Mode t@a¢ L1111 Free Running Mode
o F 5 g ¥ I Yo 9 d? 1 1
M3 Single Conversion Mode #15ApalugiMuamM s IFuInes ualudiu
. - Y 1 I~
U939 LYY Free Running Mode 999 Analog to Digital FﬂsLflumwmimu%’agmgazmﬂu
. & a . I~ A A Y A Y
ADC Data Register 441# ADFR 1u Register ADCSR veiilutaildiaen Tnuanislaau
UBINIT Analog to Digital
o Y s & o o Y 3 a
M3fnualigns Analog to Digital 1911 a1m15ahld laems el ADEN 1u
aa % v & £ o . A I a Y
59Ma03 ADCSR 11y 1 aad g iien1asnazgn Conversion oisaiia ADSC iy 1
a dy < o . o I A o a dyd
Tagtatiaziilu 1 lleaoarunszny Conversion dayananziasatousos i1ttt o
% B2 1Y A z:' (2 dl a [
TagdaTuda uao1unsasy Channel vodmsuladdyaiaumzi Channel 1AUEY
s e . v a < 1
Conversion 8¢ 2999 Analog to Digital 3¢ Conversion @tyty1t4 Channel wulviaSonanudina

. @ o Y Ay v o I an
Conversion fyq194 Channel 0@ 11 Tagdoyai ldvinmanlasdyanaeuiaoniluainea oz
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3 Yq  aa 4 & vy v vy aa s
wul33Tanes ADCH waz ADCL #amserudoyarzdessiudeyaninivanes ADCL
U Y KX Y
NOUIEIIDUTDYAIIN ADCH

2993 Analog to Digital #94n15Clock 145 Sampling 11924 50-200 KMz Taglu Free
Running Mode 79935804015 13 Clock Tumsualasdayananin Analog to Digital H4M118AI Y
31952998109 311891139 65-260 us

aIUUBINT Single Conversion 9219 14 Clock %3n13A7UAY Clock Naza1e 1903

Analog to Digital @13150A2UAN 1491010 ADPS0-ADPS2

¢ a d ¢
2.9.7 NoINdUNA HasnaIneInNNn

J
1. Wo3M A
< 4 a a = ' o 1 4 =
Wunweia 2 MM 8 U Taeiiniionruaumithiauaeg vednesa ao
aa 4 1A o 1 aa 4 . .
3901A05 PORTA (Data Register) 9gN@1LHUI $1B($3B), 59e1@05 DDRA (Data Direction
Register) 9gNA1HUT S1A(S3A) UAPINA (Port A Input Pins) 0gRduiie $19($39) Iaw
PINA dzasaonldeduder hiansoloudoyaasld luvaigin PORTA uaz DDRA
amsaeuuazlenld  Tasuaazndyaimveanesa A auisasimualianudiun
o . ! . < 1 o
PULL-UP /1191 1uen192 Active 150 1 Active n1¢ Tnsuaazandaynnaveanasa A amis
% . v 2 9 ¢ ¥ ) a -
Junszua (Sink Current) 14 20 mA Fadwiveanesa A IFnuilusunauazneuoniinny
AU Pull Low Tuasizinudiumiu Pull Up miglu Active 923 1¥ MCU s1enszugonn
ILREITLIY
4 ) 0 9 = 1 & A I~ a -
wosa A azgmi lldauBnedianiiefio 1uv1BUNAT992995 Analog to Digital
s d ¢ s o~
Taodanveanesa A galdnuiuvierdnavoaesa Tluvazinanvenesa A gnld
< a ' a o
TuV1BUNAYD Analog to Digital §199zdes inlaswmlasanigmsmauveanesa A Tu
YWZNI995 Analog to Digital 184 Conversion dyaiadservszilinmsiinmalasdyga
anUaanaz aziina lvmsulasdyanaianaia
J
2. W30 B
4 | 4 a a A o EY 4 1 @
woin B ilunesaaesnian1aviig 8 Ua laelsimmosnldniuguwesa B og 3 @1
A J 1A o 1 Ao J 1A o 1
A9 39e1ADT PORTB 9gNALHUISI8($38),59819DT DDRB 9gNAMIMUY $17(&37) uag PINB
= o ' Jd ! o =
PENAINUY $16(336) Taenosn A uaazyiawInuensvualiianudunu PULL UP

g
1dmudeans ¥aluudazniasasunszua (SINK CURRENT) 18 20mA Taguivesness

& o O A o =
B awnsa ldautiuiladudu o 1ddamnsan 4
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A ¥ o A %
M990 4 M lyuilaFudu q veanesin B

Port Pin Alternate Function
PBO TO (Timer/Counter 0 external counter input)
PB1 T1 (Timer/Counter 1 external counter input)
PB2 AINO (Analog comparater positive input)
PB3 AINI (Analog comparater positive input)
PB4 SS (SPI Slave Select input)
PB5 MOSI (SPI Bus Master Output/Slave Input)
PB6 MISO (SPI Bus Master Output/Slave Input)
PB7 SCK (SPI Bus Clock)

3.We3n C
wesa C iWunedaaosiirnieuing 8 da Tasiniisaiunumstauvenesa
119U 3 W19 AD PORTC(Data Register - PORTC) @giﬁﬁmmiwﬂwmmﬁw $15(3353),
DDRC (Data Direction Register — DDRC) agiﬁﬁmmhmha $14($34) tag PINC (Port C Input
Pin — PINC) agfidumniis $13(533) Tne PINC szamnsosudediudion Tuvmedi PORTC
1Az DDRC dzamnsaisiuazifion 1 Tnoudazi1ueanosa C dnsauenntsfuany
Fumu PULL UP 18 Tuvasfinesa ¢ udazviannsasunszus (SINK CURRENT) 14
20mA Tasdineluimualdianudiuniu PULL UP wazmeueniinnudimumu PULL
LOW 2z 1i MCU 319n52ieeannienon
4.1193A D
wosn D Wunesadesficnianing 8 o ilwheaiugumsiauvemesa fo
PORTD(Data Register — PORTD) ﬂyjﬁﬁmﬁﬂﬁ $12($32), DDRD(Data Direction Register) agjﬁ
AUNUQ $11($31) 1Az PIND(Port D Input Pins) @gi‘ﬁﬁmmia $10($30) Tag PIND #1113091U

' E
ldog1a@er Tuvagh PORTD tagz DDRD @1u1509id0 uuazilen laonesa D d131505

Wy & ' 2 A o @ o A Y v ~
NITLLE lﬂ 20mA BIULNAZVIVDINDIN D ﬁ1m1iﬂla@ﬂquﬁuﬂ1jm’Nﬂ|u@u 9 Ulﬂ@ﬂﬂﬁmiﬁﬂ 0
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a o A 7
MINN S quau €] VOIWOIH D

Port Pin | Alternate Function

PDO RDX (UART Input line)

PDI TDX (UART Output line)

PD2 INTO (External interrupt 0 input)

PD3 INT1 (External interrupt 1 input)

PD4 OCI1B (Timer/Counter 1 output compare B match output
PD5 OCI1A (Timer/Counter 1 output compare A match output
PD6 ICP (Timer/Counter 1 input capture pin)

PD7 Os2 (Timer/Counter 2 output compare math output)

U o \
2.9.8 NAUAITI
1. nguMIEIMsnsziimaendinmansuazasdn
ADD Rd,Rr
o w 9 1 aa o @ @ P Y 3 Y aa 4
MdIDINToYATENINTIANDT 2 A3 waansh iy 1A 1uSTanes Rd
ADC Rd,Rr
o v 1 Aa s o v AN YIS Yy aa ¢
MdIINTOYATENNTIANADT 2 Auaz Carry Flag vaansn lamnu'131usanes Rd
ADIW RdLK
o w 9 1 aa < v 1 ~ ] P Y 3 9
AdeuInveyauuy WORD 52 HINIvaa0inua1aen waansn lamy 131
33ma0s Rdl
SUB Rd,Rr
o v v 1 aa s o v JANY L Yy aa s
MaauUToyaIzHINGIanes 2 a1 waanwsn lamnu 1A lusimmes Rd
SUBI Rd,K
6 v £ 1 AA J v 1 A ] S 7~ Y aa o
MFAVVBYATLHINT VAT ANUAIAIN Haans N lany U5 Taaes Rd
SBC Rd,Rr
o vy 1 Aa ) o AN YL YWYg aa s
MTI@VTIYATEHINTIANNADT 2 9 U Carry Flag naansh lann 13 1u35ames rd
SBCI Rd,K
o W 3 1 Aaa J v 1 = @ s Y 3 Y
MAI@VVOYATTHINTINADTNUAINN 1Az Carry Flag  maansn lainy'131u

S3aa05 Rd
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SBIW Rd,K

'
[

MdsaudoyarLIn WORD

AND Rd,Rr

'
[

AT9 AND Toyaszrniesiames 2 @2

ANDI Rd,K

'
@

199 AND Joyaszniesiamesnumnei

__6)0
>

OR Rd,Rr

R YoyaszninGvanes 2 i

Re-
)

A
ORI Rd.K
6 o EY U aa 7 v 1 ~ [ P T~ Y oA 4
A9 OR VoYATTHINTIANADT NUAIAIN waawni lamny 13115 aimes Rd
EOR Rd,Rr
A4 Exclusive OR 993a32 111933105 2 §2
COM Rd

o ) o aa 4
A1T3N1 One Complement %agaclm%mmﬁ Rd

AT Two Complement %aaga“lu?%amm’l{d
SBR Rd,K
o S A aa 4
Mdusadaluivames Rd
CBR Rd,K
o o A Jda aa 4
ﬂ?ﬁ\‘ﬂﬂﬁﬂﬁﬂ@iﬂi%ﬁm@ﬁ Rd

'
[

Mduiiumvesdoyaliiames Rd 1
DEC Rd
Midsanmivestoyaliiisanes Rd ae 1 i
TST Rd
mdamaaoutoyalu3ianes Rd Tnseziinaify Flag ZN,v
CLR Rd

o 7Y

2 Aa J Y 1 o
1unaeTIeyaluTImaed Rd 1A uilu 0o

_60

SER Rd

v I

o ~a A g
Mdudadoyalusiames Rd 1WAy FF



57

2. nguMdInInszlaa
RIMP k

A1a9nse 1aaLYY Relative

IJMP
) q'J v o 1 1 o d' dy =0=% 4
Ardansslan llfadumianirenuiignilasitames z
RCALL k
Mdansz Iaa ldaTdsunsudosn k
ICALL
o o'J o 1 d'dyo ] aa I'd
mdanselaa lianuldsunsudosnsdumialnesaaes z
RET
f1deanavn llsunsuos
RETI
[ Q'J [ a a L4 I'4
A199NaUN 15T UUTMIDUNDI SN
CPSE Rd,Rr

'
o o

v
MdufTeuisudeyaluiiames Rd nudeyalusimaes rr Tasddoyaiaanadia
119U CPU thumsiiddasa il 1 d1da
CP Rd,Rr
o o =} 1=} 9 A 4 v Y aa o = 1
MmdufTeuneutveyaluiiames Rd nudeyaluiidnes Rr lavsziinane Flag Z,
N,V,C, H
CPC Rd,Rr
) o =1 1= £ aSa 4 v Y aa o =
Mdudseumentoyalusiames Rd Audoyaluidames Rr 1ag Carry Flag lagdl
M35z Rd-Rr-C H91 19 5mafi Flag Z, N, v, C, H
CPIRd,k
) q’/ =) e | Y aa 4 [} 1 d. ) d! = q./
mdulTeuneutoyalu3idees Rd numneh Tag CPU 32n5231 Rd-k aimafiy
FlagZ, N, V,C, H
SBRC Rr.,b
A o o i o v 9 6 o @ w o v Y a o
e CPU M1A1de SBRC 3z 1¥ CPU umsnszyididadald 1 d1dq d1iah b lu

aa 4 P~
FE1995 Rr YA UL 0
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SBRS Rr,b

iiio CPU hdda SBRS wi i cpU Shwmsnsziddasaly) 1 fds drdadt b Tu
33eADS Rr gnLdin
SBIC P.b

o CPU shdds SBIC vl cPu dhwmsnszididadaly 1 fds Sadait b u
3303 1/0 grindos
SBIS P,b

dio CPU vhida SBIS 2zl cpU fumsnszindidesald 1 dade daidadi b Tu
STanes 10 gridn
BRBS s,k

Fuirdanss Taadhu lsmdaludumiad pe 5 & Flag Status 1153a1995 SREG
Qniia [(SREG(s)) = 1] Taga1 i PC = PC + &k + |
BRBC s,k

dufrdanss Taadw lsidmdaludumiad pc 5 & Flag Status 1U33e1793 SREG
gnindes [(SREG(s)) = 0] Taoarlu PC = PC + k + |
BREQ k

Fusrdansz Taadm liddaludumisd pC & &1 Zero Flag 150 (Z = 1) Tage1lu
PC=PC+k+1
BRNE k

furdanse Taadw limidaludumiaf pC & &1 Zero Flag 19 (Z = 0) Tagelu
PC=PC+k+1
BRCS k

duidansz Taadw limidaludunnisii pc 3 &1 Carry Flag 150 (C = 1) Tagalu
PC=PC+k+1
BRCC k

FHuidanse Taadwliiamdaludgumniad pc 3 &1 Cany Flag 1A383 (C = 0) Tags
lupPC=pPC+k+1
BRSH k

Surdanss Taadw liimdaludumdad pe 3 &1 Carry Flag 10@85 (C = 0) Tagain

lupPC=PC+k+1
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BRLO k

Husidanse Taadw v idaludunnied pC s &1 Carry Flag 159 (C = 1) Taoalu
PC=PC+k+1
BRMI k

Fuddanss Taadhw I ludumiad PC 3 81 Flag 150 (N = 1) Tawshlu pC =
PC+k+1
BRPL k

Fumdanss Taadhw Iy idalugumiadi pc 3 &1 Flag 1A883 (N = 1) Taganlu pC
=PC+k+1
BRGE k

usidanse Taadw liindidaluguniad pc 3 &1 Flag 1385 (N © V = 0) Taga1
lupc=PC+k+1
BRLT k

fusidanse Taadw lihindidaludumiadt pc 3 &1 Flag 1A885 N ® V = 1) Taga
lupPC=PC+k+1
BRHS k

Husrdanse Taadu iamdaludunnisdi pC & 81 Half Carry Flag 1 (H = 1) lag
AU PC=PC+k+1
BRHC k

Wuddanse Taadwliimdsludusmiad PC & &1 Halr Carry Flag 1A883 (H = 0)
Taganlu PC=PC+k + 1
BRTS k

Huidansz Tandhw limdalusunishi PC = PC + k + 13 81T Flag 15
BRTC k

Husrdansz Taad imda ludunnisi PC=pC+k+ 13 81 T Flag 1A385
BRVS k

Fumidanss Taadu liiidalusumiaft PC = PC + k + 13 #1 Overflow Flag 1@
BRVC k

Fufdanss Taadw liimdaugumiadt PC = PC + k + 15 81 Overflow Flag

a 7
IAaYT



60

BRIE k

' ' v v
{lumdanszTaadw lUvimidaludumian PC = PC + k + 1% 81 Interrupt Enable 19

BRID k

Fusdanse Taadw llsiddaludunniadl pC = pC + k + 13 &1 Interrupt Disable
1A (1=0)

3. nquiddlumsnaeudiedoya
MOV Rd,Rr

Humdlumaadoudiedoyannitanes WiGTmaes

Rd i 53e1A05 RO - R31

Rr 10 59e1A035 RO - R31

LDI Rd k

'
@

Wudrdaililums Tnaadeyavina 8 e i 15 Tanes

Rd fio 53e1A05 R16 - R31

k Ap AIAIAVLIA 8 1M 0 — 255
LD Rd,X

o o g 9 a A 1 o o | Aaa J

udrdailFlunsTnaadoyavia 8 dafioglumbeanuidumianiimees x
4
= a J
5191105 Tames

Rd fio 53e1A05 RO - R31

A Aaa J

X fio 59a1A05 X

LD Rd, X+
o v Aqu 9 a A 1 o o | Aaa 4
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;* File Name
;¥ Title

;¥ Date

;* Version

;* Target MCU

; Start program

RESET:

95

"inv.asm"

:2/3/42

1.0

:AT90S8535/AT90LS8535

nclude "8535def.inc"

.org

rjmp

.org

rjmp

.org

rjmp

.def
def
def
def

1di
out
1di

out

$000
RESET ;Reset Handle

$009
TIM

$O00E ;interrupt vector for ADC

ATOD

tmpl =rl6
tmp2 =rl7
hiad =r18

load =r19

tmp1,low(RAMEND)

SPL,tmpl ;* init Stack Pointer Low
tmp1,high(RAMEND)

SPL+1.,tmpl ;* init Stack Pointer High

rcall delay ;* delay before initial display

rcall delay



1di
out
1di

out

rcall

1di
rcall
1di
1di

rcall

1di
rcall
1di
1di

rcall

sel

1di
out

out

1di

out

1di

out

96

1r29,0xff ;* Config port C for LCD
DDRC,129
r29,0xff

PORTC,129

initled ;* init LCD

r21,0x00 ;* Home position

gotopos

ZH high(str1*2) ;* Show : 3 Phase Inverter
ZL,low(strl*2)

text

r21,0x40 ;* Home position
gotopos
ZH high(str2*2) ;* Show : Frequency :

ZL,low(str2*2)

text

;¥ clear golbal interrupt
tmp1,0x00 ;¥ set porta as Hi impledance
DDRA, tmp1
PORTA, tmpl
tmp1,0x00 ;¥ set chanl 1 ADC
ADMUX tmpl
tmp1,0b00011000 ;¥ set sampling rate

ADCSR,tmpl



adcloopl:

97

sbi  ADCSR,ADEN ;* enable ADC

Idi  tmpl,0xff ;* set portd as output
out DDRD,tmpl
Idi  tmpl,0xb0

out PORTD,tmpl

Idi  tmpl,0x04 ;* Set timmer 0

out TCCRO,tmpl

di  tmpl,0x01 ;* Enable timmer 0

out TIMSK,tmpl

bi ADCSR,ADSC ;% start conversion

Idi  r21,0x4a ;* set position

rcall gotopos

andi hiad,0x03 ;detect 3 bit low of ADCH
Idi  ZH, high(HEXTBL*2) ;get high of pointer
Idi  ZL,low(HEXTBL*2) ;getlow of pointer
add 130.hiad

Idi  hiad,0

adc  r31,hiad

Ipm ;get data from program memory
mov 121,10 ;put data to rs232

rcall wrled

push load



SS:

98

swap load

andi load,0xOF ;detect 4 bit high of ADCL
Idi  ZH,high(HEXTBL*2) ;get high of pointer
Idi ZL,Jow(HEXTBL*2) ;get low of pointer
add r30,load

Idi  load,0

adc r31,load

Ipm ;get data from program memory
mov 121,10 ;put data to rs232

rcall wrlced

pop load

andi load,0xOF ;detect 4 bit low of ADCL
Idi  ZH,high(HEXTBL*2) ;get high of pointer
Idi  ZL,Jow(HEXTBL*2) ;get low of pointer
add r30,load

1di load,0

adc 131,load

Ipm ;get data from program memory
mov 121,10 ;put data to rs232

rcall wrled

rjmp adcloopl

jmp  ss

;* Display text string to LCD

:* input : Z point to start of string



text:

texto:

lpm

mov 121,10
cpi 1210
breq texto

rcall wrled

Id 21,72+
jmp text
ret

;* Set cursor position

;¥ input : 121

gotopos:

;* Initial LCD

initled:

sbr  r21,0x80

rcall wrins

ret

cbi  PORTC,I

Idi  r21,0x33
rcall wrins
Idi  r21,0x32
rcall wrins
Idi  r21,0x28
rcall wrins
Idi  r21,0x0c
rcall wrins
Idi  r21,0x06
rcall wrins

Idi  1r21,0x01

99

;set DL = 1 3-time

;clear DL = 0;1-time

;Function set

;DL=04bit,N=12 line



rcall wrins

ret

;* Write command to LCD

;¥ input @ 121

Wwrins:

c¢bi  PORTC,1
mov 122,121
andi 121,0xf0

in 1rl6,PORTC
andi rl16,0x0f

or rl6,;r2l

out PORTC,rl6
rcall enled

swap 122

andi 122,0xf0

in rl6,PORTC
andi r16,0x0f

or rl6,r22

out PORTC,r16
rcall enled

ret

;* Write charecter to LCD

;¥ input @ 121

wrled:

sbi  PORTC,1
mov 122,121
in rl6,PORTC

andi r16,0x0f

100

;clear RS LCD

;send high byte

;send low byte



andi r21,0xf0
or rl6,r2l1

out portc,rl6
rcall enled

swap 122

in  rl6,PORTC
andi rl16,0x0f
andi  r22,0xf0
or rl6,r22

out PORTC,16
rcall enled

ret

;* Sub function of LCD

enlcd:

busy:
busy2:

busyl:

cbi  PORTC,0
rcall busy

sbi PORTC,0
ret

Idi r25,0x10
Idi  1r26,0xff
dec 126
brne busyl
dec 125
brne busy2

ret

;* Delay function

101



delay:

delay2:

delayl:

de:

del:

102

Idi  r28,0xff
Idi  129,0xff
dec 129
brne delay!
dec 128
bme delay?2

ret

push 129

Idi  1r29,0x10
dec 129
brne del

pop 129

ret

;* Interrupt function for ADC

ATOD:

in load,ADCL ;read low byte
in  hiad, ADCH ;read high byte
reti

;* Timmer Interrupt

;* Gennerate Pulse Width Modulate (PWM)

TIM:

in  tmpl,PORTD
Idi  tmp2,0xb0
eor tmpl, tmp2

out PORTD, tmpl

rcall de
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in tmpl,PORTD
Idi  tmp2,0x4f
eor tmpl, tmp2

out PORTD, tmpl

out TCNTO,load

reti

HEXTBL: .db  0x30,0X31 ‘table for convert hex to ascii
db  0X32,0X33
db  0X34,0X35
db  0X36,0X37
.db  0X38,0X39
db  0X41,0X42
.db  0X43,0X44

db  0X45,0X46

pwmdata: db  63,71,79,87,94,101, 108, 113, 118, 121, 124,125
db 126,125,124, 121, 118, 113, 108, 101, 94, &7, 79
db 71,63, 55,47,39,32,25,18, 13, 08, 05, 02, 01, 00

db 01,02, 05,08, 13, 18,25, 32,39,47,55

% 3 Phase Inverter
strl: db  0x33, 0x20, 0x50, 0x68, 0x61, 0x73, 0x65, 0x20

db  0x49, 0x6e, 0x76, 0x65, 0x72, 0x74, 0x65, 0x72,0

¥ Frequency -
str2: db  0x46, 0x72, 0x65, 0x71 ,0x75, 0x63, 0x6e, 0x63, 0x79

.db  0x20, 0x2d, 0x20, 0
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Features

Utilizes the AVR® Enhanced RISC Architecture
AVR - High Performance and Low Power RISC Architecture
118 Powerful Instructions - Most Single Clock Cycle Execution
8K bytes of In-System Programmabie Flash AT90S/LS8535
4K bytes of In-System Programmable Flash AT90S/LS4434
— SPI Serial Interface for In-System Programming
— Endurance: 1,000 Write/Erase Cycles
512 bytes EEPROM AT90S/L.S8535
256 bytes EEPROM AT90S/L.S4434
- Endurance: 100,000 Write/Erase Cycles
512 bytes Internal SRAM ATS0S/LS8535
256 bytes Internal SRAM AT90S/LS4434
8-Channel, 10-8it ADC
32 x 8 General Purpose Working Registers
32 Programmable I/O Lines
- Programmable Serial UART
Vce: 4.0 - 6.0V AT90S4434/AT90S8535
Vee: 2.7 - 6.0V AT90LS4434/AT90LS8535
Speed Grades:
— 0 -8 MHz AT90S4434/AT90S8535
— 0 -4 MHz (AT90LS4434/ATS0L.S8535
Power-On Reset Circuit
Up to 8 MIPS Throughput at 8 MHz
RTC with Separate Oscillator and Counter Mode
Two 8-Bit Timer/Counters with Separate Prescaler and Compare Mode
One 16-Bit Timer/Counter with Separate Prescaler and Compare and Capture Modes
3 PWM channels
External and Intemal Interrupt Sources
Programmable Watchdog Timer with On-Chip Oscillator
On-Chip Analog Comparator *
Three Sleep Modes: Idle, Power Save, and Power Down
Programming Lock for Software Security

.

.

Description

The AT90S4434/8535 is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing powerful instructions in a single clock
cycle, the AT90S4434/8535 achieves throughputs approaching 1 MIPS per MHz
allowing the system designer to optimize power consumption versus processing

speed. (continued)
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Block Diagram

==

[ NTERRUPT
N E—g —

EEPROM

ANALOQ

COMPARATOR

The AVR core combines a rich instruction set with 32 gen-
eral purpose working registers. All the 32 registers are
directly connected to the Arithmetic Logic Unit (ALU),
allowing two independent registers to be accessed in one
single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving through-
puts up to ten times faster than conventional CISC micro-
controllers.

The ATS0S4434/8535 provides the following features:
4K/8K bytes of In-System Programmable Flash, 256/512
bytes EEPROM, 256/512 bytes SRAM, 32 general purpose
1/0 lines, 32 general purpose working registers, RTC, three
flexible timer/counters with compare modes, internal and

2

x X E
HHH
PO0-POT

external interrupts, a programmable serial UART, 8-cha:
nel, 10-bit ADC, programmable Watchdog Timer with inte
nal oscillator, an SPI serial port and three softwar
selectable power saving modes. The Idle mode stops tt
CPU while allowing the SRAM, timer/counters, SPI pc
and interrupt system to continue functioning. The Pow:
Down mode saves the register contents but freezes tr
oscillator, disabling all other chip functions until the ne.
interrupt or hardware reset. In Power Save mode, the tim:
oscillator continues to run, allowing the user to maintain
timer base while the rest of the device is sleeping.

The device is manufactured using Atmel's high densit
non-volatile memory technology. The on-chip ISP Flas

AT90S/LS4434 and AT90S/LS8535 s
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s A | 90S/1.S4434 and AT90S/L.S8535

allows the program memory to be reprogrammed in-system
through an SPI serial interface or by a conventional nonvol-
atile memory programmer. By combining an 8-bit RISC
CPU with In-System Programmable Flash on a monolithic
chip, the Atmel AT90S4434/8535 is a powerful microcon-
trolier that provides a highly fiexible and cost effective solu-
tion to many embedded control applications.

The ATS0S4434/8535 AVR is supported with a full suite of
program and system development tools including: C com-
pilers, macro assemblers, program debugger/simulators,
in-circuit emulators, and evaluation kits.

Comparison between AT90S4434 and AT90S8535

The AT90S4434 has 4K bytes of In-System Programmable
Flash, 256 bytes of EEPROM, and 256 bytes of internal
SRAM.

The. AT90S8535 has 8K bytes of In-System Programmable
Flash, 512 bytes of EEPROM, and 512 bytes of intemnal
SRAM..

Table 1 summarizes the different memory sizes for the two
devices.

Table 1. Memory Size Summary

Part Flash EEPROM SRAM
AT90S4434 4K bytes 256 bytes 256 bytes
AT90S8535 8K bytes 512 bytes 512 bytes

Pin Descriptions
Vee

Digital supply voltage
GND

Digital ground

Port A (PA7..PAQ)

Port A is an 8-bit bi-directional I/O port. Port pins can pro-,

vide intemal pull-up resistors (selected for each bit). The
Port A output buffers can sink 20mA and can drive LED dis-
plays directly. When pins PAO to PA7 are used as inputs
and are externally pulled low, they will source current if the
intemal pull-up resistors are activated.

Port A also serves as the analog inputs to the A/D Con-
verter.

Pcrt B (PB7..PB0)

Port B is an 8-bit bi-directional VO pins with intemal pull-up
resistors. The Port B output buffers can sink 20 mA. As
inputs, Port B pins that are extemally pulled low will source
current if the pull-up resistors are activated.

Port B also serves the functions of various special features
of the AT90S4434/8535 as listed on page 52.

Port C (PC7..PCO)

Port C is an 8-bit bidirectional /O port with intemal pullup
resistors. The Port C output buffers can sink 20 mA. As
inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. Two Port C
pins can alternatively be used as oscillator for
Timer/Counter2.

Port D (PD7..PDO)

Port D is an 8-bit bidirectional /O port with intemal pull-up
resistors. The Port D output buffers can sink 20 mA. As
inputs, Port D pins that are extemnally pulled low will source
cument if the pull-up resistors are activated.

Port D also serves the functions of various special features
of the AT90S4434/8535 as listed on page 59.

RESET

Reset input. A low on this pin for two machine cycles while
the osdillator is running resets the device.

XTAL1

Input to the inverting oscillator amplifier and input to the
intemal clock operating circuit.

XTAL2

Output from the inverting oscillator amplifier

AV

This is the supply voltage pin for the A/D Converter. It
should be extemally connected to V¢ via a low-pass filter.
See page 47 for details on operation of the ADC.

AREF

This is the analog reference input for the A/D Converter.
For ADC operations, a voltage in the range AGND to AV
must be applied to this pin.

AGND

Analog ground. If the board has a separate analog ground
plane, this pin should be connected to this ground plane.
Otherwise, connect to GND.

Crystal Oscillators

XTAL1 and XTAL2 are input and output, respectively, of an
inverting amplifier which can be configured for use as an
on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or a ceramic resonator may be used. To drive the
device from an extemal clock source, XTAL2 should be left
unconnected while XTAL1 is driven as shown in Figure 2.
For the Timer Oscillator pins, PC6(OSC1) and PC7(OSC2),
the crystal is connected directly between the pins. No
extemal capacitors are needed. The oscillator is optimized
for'use with a 32,768 Hz watch crystal. An extemal clock
signal applied to this pin goes through the same amplifier
having' a bandwidth of 256 kHz. The extemal clock signal
should therefore be in the interval 0 Hz - 256 kiiz.

ATMEL 3
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Features Package

« 12A end 16A, 450V - 500V O N
| < rpglon) = 0.40 and 0.50 ) :

l = ] § DA TR {I————> scunc=
< Single Pulse Avalanche Energy Rated” (TAB) l '

- SOA is Power-Dissipation Limited Cr\/-‘JN

CA
< Nanosecond Switching Speeds

{inear Transfer Characteristics

.

h input Impecance

Description

The IRFP4S0, IRFPAST, IRFP452, and liRFP4S3 are n-chznvel | Tormiinal Dl'acram

enharcement-mode silicon-cale power field-cifect transis- - ]

tars. IRFPLS0R. IRFPASIR, IRFP4S2R and IRFP4S3A types N-CHANNEL ENHANCEMENT MCDE
scvenced power MOSFETs desigred, tested, and guaran- .

1o withstand a specified lavel of ene:gy in the breakdown
snche miede of cperation. All of these povser MOSFETs are
casigned lor apglicatlons such as swilching regulalors.
swilching converters, molor drivers, relay drivers, and drivers
{or high-zower bipaoiar switching transistors requlring high
speed ang low gate-dsive power. These types can be operated
cirecily from integraied circuits.
Tha IRFP tvpes are suponlied In the JEUEC TO-247 plastic
package.
Absolute Maximum Ratlngs (Tc = +259C). Unless Othenwise Specified
IRFP A4S0 IRFPAST IRFPEs2 IRFP4S3
IRFPE5S0R IRFPE31R IRFP4S2R IRFF52R UriITS
Drain-Source Voltage (1) o eeeverennnrnemnemmonenes Vos 500 450 60 230 Y
Crain-Gale Voitage (RGS = ZOKO (1) e eeeees VoGn 500 456 £CD <50 bl g
Céntinuous Crain Current
TC=425%C e 14 12 A
T = +100°C ... &8 8.€ £
Puised Orzin Current (3} 58 3¢ A
Source Voltage ........- =20 =20 =20 \Y
1iaximum Power Dissipation
T = +25°C o 180 1€0 1€ (2] N
Liresr Derzling Factor. .. 1.44 1.2 T.es 1.42 v.cC
Incuctive Currenl, CRRMPED .. .ocunnrnnnnennsecess 8] 52 52 25 <3 2
(See Ficure 14, L = 100p:H)
Single Pu'se Avelanche Energy [EETT:Te X (3 NP Eas® 860 £SO Z82 &0 ~J
QCperaling end Siorage JUNCHON L. veenreenne =t Tuls7G -55tc+150 _5510+150 =55 +iS3 -35%0 #1590 cc
Temperatere Range
Harimum Lead Temparature for Soidedng .. oooooeeeese s TL 300 320 3C0 3290 ¢C
(0.063” (1.6mm) from case for 10s)
NOTES:
1. Ty = +257°C to +150°C. 4 Vag = SOV, statting Ty +zstC.L~
5 Fuise Test Pulsa width < 300ps. Outy Cycle < 2% gk T 1A See Figuas
3. Raoslitive (ating: Pulsa width limitad by ma~imum junction lamparaiuse
Sae Transient Tharmal impedance Curva (fiqure S).
‘A Suttiv Types Only
AUTION® Thass vica sithe lacirostalc cischar Progac t C ateillt rotecuing ancuYl 89 ~ar i hE e
g:m":: _3’-“;;,:QC;,';;:»_::?;Q,q (o elactrostalic gischarga. Frogar 1 C.Na Qg crotec 3 anc te (clicwes Fila tigmbar 23 \)4. 1

4.528
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IREP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFPA52R, IRFP453A

-

)

1 Electrcal Charzcteristics Tg = 259C, Unless Otnenwise Specifiea

{ ’ LTS

| CHARAC SYMECL TEST CONDITIONS NN } TYP tAAX uriTs

;1 Craln-Source Ere 8Vpss {Vgs=0V.ip=2°%

il IRFP8SC/282,1 £00 - - { v

HOIRFP251/453,1 259 - - v

1 Gate Thresnotz voitsge 2.0 - “c | v
Gute-Sourca Lezkage Forward s | - sCC | A

' Gate-Source Lezrage Reverse lzss =-20V = - -300 | aA

1 Zero Czte Voltuge Crein Current loss = Mux Ratng, Vas =0V = - 250 | pA

: ax Alatng x G:8, Vge = OV, - | - 1000 A

; +1230C |

i 100y > 10{0On) X (0S{0K) ttax. VGS = 10V ‘

! 12 - = A

: iz | - - LA

! 10S(ON) WOV Ip = 7.6A

1

- 0.2 C.s n

- 0. o= I3

' | Forwarc Transconcuctance (Note 2) Qfs Vpe > 20V, Ip = 7.€A sz | 128 - I s

1

i linput Cazacitunce Ciss =0V, Vps = 25V, 1 = 1.0t4Hz - 2000 - | pF

{ | Cutout Caszcitance Coss | S Figure 10 - 200 - | pF

; neverse Trzasler Cepacitance Cass - 100 - { eF

; Turn-Or Detey Time tgOty | Voo =220V.1g = 12A, Rg =¢.aN - 6 | 27 | ns

i [Rice Time " See Figure 16. (MOSFET switching tines _ P e | ns

) y = are essentially independent ol operating = -

: Tuen-Cit Delay Tine WOFFI | tempereture) - e 169 | s

1) rali Time ty - 4 [S1e] { fs

1| Total G:axc Charge OQ Vgs = 10V, ID = 14A.Vpg = 0.6V Max - 82 120 nC

1] (Gate-Scurce + Cete-Drein) Rziing. See Figure 17 for test circuit

i Gate-Source Cherge Oas (Gete charQe is essentially indegendent of _ 12 _ | aC

| - — Q cserstlng temperature.)

i | Gate-Grain (“tdiiler”) Charge Qqq - a2 - nC

! {1atecnal Drgin Inductance Lp hiezsured between Modilied MOSFET - 50 - nH

| the contact sZrew on | symbol snowing the

Q

] header thatis closer | internal device

10 soutce end gule inductances. o

l' pins end center ol

s center of Cie.

I | Internzt Source Incuctance Ls Mezsured from the - 125 - aH

i source lead, Emm

(0.25") leem heaager

! anc source bonding

1 pad.

1 | Junction-to-Czse Ryyc - - | 0.7¢ ccw
Case-t0-Sink Rgcs | Mountng surlace H15t, smcoth end gressec - 0i0 | - oCra
Junctlon-to-Amtien: Rgja Free eir operetion = - ] 20 STV

Source Craln Diode Ratings and Characterlstics
il | | Centlnuous Scurce Current Is todilieg MOSFET E # 14 A
! (Body Bloce) syr:bol showing the
L
:| | | Puise Source Current ISp Integeul ceverse - - s8 A
(Body Dicae! (Note 2) P-Njunc. rectlier.
'
11'] | Olcde Forward Voltzge (Note 2) Vep | Tu=+259C.Ig=14AVGgs =0V - - 14 v
Reverse Recovery Time t T,=+150%C.1g = 13A, clg/ct = 100A/ps - 1200 - ns
! Y r J f F &
H Reverse Reccverec Charge QpR Ty=+1309C, le =124, alg/dt = 100A s - 7.4 - =C
1 forward Turn-on Time 1ON invinsic wrn-on time is negtigible. Turn-on - = E -
H spead Iz substantally coatrciled by Lg + Lo
1
t NOTES: 1. T, = +259C 1o +150°C 3. Repolitive Rating Pulsd width Laulsed Ly mnax 4 Vpg = SV, Stan T, ~ +23°C. L = 7 SmA,
o e 2. Pltse Test Pulso widin < 200ps, fonctsn temcerature. See Tizasiant Thermal Figg = 250 lgcag = 144 (Ses Figure 15
i ‘ Outy Cycls < 2% tmpadance Cuive (Figura 5)
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DOT MATRIX LCD MODULL ETT

Intelligent LCD Display

In this section, we cxamine an intclligent LCD display of two lincs. 20 characters per linc,
that is interfaced to the 8051. The protocol” (handshaking) for the display is shown in
Figurc

8.8, and the interface to the 8051 in Figurc 8.9.
The display contains two internal bytc-wide registers, one for commands (RS = 0) and

the second for characters to be displayed (RS = 1). It also coatains 2 user-programmed
RAM arca (the character RAM) that can be programmeed (0 generate any desired character
that can be formed using a dot matrix. To distinguish between these (wo data areas, the
hex command byte 80 will be used to signify that the display RAM address 00h is chosen.

FIGURE 8.8 Intelligent LCD Display

- 00O

G +5 -5

00 01 D2 03 D4 D05 06 07 RS RW EN

{nteltigent LCD Display
R’W D7 D& D5 o4 D3 D2 DO1 D0 Function
0 0 [} o [ 0 0 0 1 Clear LCD and memory, home curso
[¢] Q 0 o [¢] 0 [} 1 [ Chear and home cursor only
0 (4] 4] o 0 0 1 w s Screen action as display character written
S = 1/0: Shift screen/cursor
110 = 1/0: Cursor RIL screen L/R
0 0 0 0 o 1 o] < o D = 1/0: Screen on/off
C = 1/0: Cursor cn/off
8 = 1/0: Cursor Blink/Noblink
0 0 0 (] 1 s/IC RIL O 0 SIC = 1/0: Screen/Cursor
RIL = 1/0: Shift one space R/L
0 0 0 1 DL N F 0 0 DL = 1/0: 8/4 Bits per character
N = 1/0; 2/1 Rows of characters
£ = 1/0; SX10/5X7 Dots/Character
0 0 1 Character address Write to character RAM Address after this
0 1 Display data address Write to display RAM Address after this
1 BF Current address BF = 1/0: Busy/Notbusy
0 Character byte Write byte to last RAM chosen
1 Character byte Read byte from last RAM chosen

Port | is used to furnish the command or data byte, and ports 3.2 to 3.4 furnish regis-
ter select and read/ write levels.

The display takes varying of time to nplish the functioas listod in Fig-
urc8.8.lEDbit7ismoniloredfotllogichiyx(b!.xsy)mcnsumdn:displlyixno(ova-
written. A slightly more complicated LCD display (4 lines X 40 charscters) is currendy
uingusdhnwdia!diqnmmmmm:mxmimm.

Lcdisp

The progrem “lodisp™ sends the message “hello™ to an intelligent LCD display shown in
Figure 8.8. Port | supplics the data byte. P«\B.ana:umccomnmld(())ordau(l)
registers. Port 3.3 cnables = read (0) or write (1) level, and port 3.4 generates an active
low-cnable strobe.
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Intefligent LCD Circuit for “Lcdisp” Program

_ 45V -5V
L[]
1 2 3
Two Line x 20 Chacacter EN
Intelligent LCO Display 6 14P3.4
ey
“ 13 12 11 10 9 8 7 7 Enable Low 8031
07| 06 | OS| D4 | D3 | D2 Dl]DO RAW RS
12P3.2
13P33
1P1.0
2P1.1
3pP1.2
4P1.3
SP1.4
6P1.5
7P1.6
8P1.7
ADDRESS MNEMONIC COMMENT
org 0000h
lcdisp: clr p3.2 :select the command register
clr p3.3 .select write level
mov a, #3fh .command 8 bits/char. 2 rows, 5 x 10
. acall strobe :strobe command to display
mov a, #0eh ;command screen and cursor on, no blink
acall strobe
mov &, #06h ;command cursor right as data displayed
aocall strobe
mov a,#01lh :clear all and home cursor
acall strobe
setb p3.2 ;select display data RAN register
mov a,#'h' ;say ‘'‘hello'’
acall strobe
mov a,#'e"’
acall sirobe
mov a,#'l’
acall strobe
acall strobe
mov a,#'0"’
acall strobe

here: sjmp here :message sent

:the subroutine ‘'strobe’’ is used to check for a display busy
:condition, and pulse P3.3 high-low-high to enable the display
;write or read

strobe: mov pl.#0ffh :configure port 1 as an input
setb p3.3 :set read level

wait: setb p3.4 :generate read strobe
clr p3.4 .enable the display
jb pl.7.wait .check for busy when BF = 1
setb p3.4 ;end of read strobe
clr p3.3 ;write character to display
setb p3.2 :choose deta RAN
mov pl.a :character to port 1
clr p3.4 ;generate write strobe
setb p3.4
clr p3.2 .return with display as before call
ret

end
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INTERFACE

Qs 2 shows a typical /8

Vg is tied 1o ground while Vi is lied 1o the <5 Vol sano wr A T AY SRNON
Unless your applicationis heavity “1/0 boud.” it s eases A
louseoneof the Z8°< 8 Dil proxts o datn, g ieso tw v e
7.328 MHz
20 pf 20 pF
oY XTALE  XTAL
] vee P27
P26
P2s
P24
P23
P22
P21
P20
Tx <« P37
Rx __of pao = i
N i
2 T 3 sl 1| 120 13| 14
Xx Cv 2 08 D4 D5 D8 UC7
P3s
B34 1]
LCT bhoduse
GND

Figure 2. Typhesl 76 L CD wtertsce

INITIALIZATION

Aller power up. initiatize the | CD belore sending data
Note that the 1 CT) mxxdule is very slow. [hereloe, R &
necessary to wiite a delay loop program i between
instructions. Again, the 1 C1) can be conligured lor eXtex
8-bit or 4-bit data transfer. When operaling in 4-bit mode
the upper nibbie gets transferred fitst, fotlowed Ly the
wnr nibble

1 a0 T shows conoete nsrucson codes. Inorder to wrile
he rsauction caces I© he LCD module, the RS line must
be Low Figure 3 sicws an sdialization sequence for an
&bt ¥anster cozion The starting address for the D0
RAM s SOH for e first esgre characters. For the next eight
characers. e saing adaress s COL L If the DD RAM s
programmed ky aminarement, then the DDRAM address
« mmabcah rcremented atter each characler wiile
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”

DISPLAY CHARACTER POSITION AND DD RAM ADDRESS (CONTNUE) _

2x18 DM, 1/16 MUX M=1 - 2 LINF DISPLAY =@ : 5X7 DOIS
1 28 4 45 G 7 8 g9 10 11 12 18 14 15 16

- NISCEAY POSTHON

FRsT UNE [0 To T la s]o« |es|e6|az]eslea[salelec|an|ee for |~ 0N RAM ADDRESS

SECOND UNE |4@|41[42[43|¢4f45/46(47 48l49]4Al4B|4C|4D|4E|4F

WHEN THE DISPLAY SHIFT OPERATION IS PERFOMED, THE DD RAM ADDRESS MOVED AS FOLLOW -
AFTER THE LEFT SHIFT INSTRUCTION

I 23 45 6 7 8 9 1011 12 13 14 i5 16 == DISPLAY POSITION
c1fezfes[o<[es]ecle7]eslesen]ee ocloofec]or |1 o]~ -—00 RAM ADDRESS
41—14 2143]4 4[45]46]4 7}48]4914 A]4s 4cl4ol4g]4rlse]

AFTER THE RIGHT SHIFT INSTRUCTION
1 2 3 4 5 6 7 8 9 10 1 1213 1415 16 ———DISPLAY POSITION

———DD RAM ADDRESS

27|eele1|e2e3le4eslec|lo7|eB|es|ealeBjecieD|eE
67|40 41| 42(43(44)/45/46(47(48]49 4Al4B[4C|4D|4E

2x20 DMK, 1/16 MUX N=1: 2-LUNE DISPLAY F=@ : 5X7 DOTS
1 23 « 5 6 7 8 9 10 11 12 13 14 1S 16 17 18 19 20 —DISPLAY POSITION
FIRST UNE [gafe1[e2[esfe«[es[ecle7|eslesfoaleBlec|en|et|er|1e|1 |12 \ﬂ-—DD RAM ADDRESS

SECOND LINE [¢@[41]42{43[44]45/46]|47]|48]49]|4A[4B[4C|4D 4g|aF|se|st |52 Sﬂ

2x24 DM, 1/16 MUX N=1: 2-UNE DISPLAY F=8 : 5X7 DOTS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 ——DISPLAY
ARST - POSITION
UNE eelotlezlesle«|es|es[e7[eslea]ealeslec|enfec|or|1e]11[12|13|14]|15]16 |17} pp RAM
seconD [4@|«1]e2|43[e4[ss[a6le7|s8leag]anlaBlec|en|ee|aF|se|s1 |52]53 |54 55|56 |57 ADDRESS
LINE
2x40 DMY, 1/%8 BUX - N=1: 2—LINE DISPLAY F=6 : SX7 DOTS
1 28 4 5 67 8 8§ 0N @3 33 34 35 36 37 38 39 40 —DISPLAY
FIRST POSITION
une. |eeler|e2]ese4]es{esle7|esles|eajeBlec 26|21 [22|23|24]|25]26 |27 |— oD RAM
seconp [4@fa1|a2]|43]aa|ss|a6]a7|48]49|4A|4B|4cC 68|61 (62|63 |64]65|66]67 ADDRESS
UINE
4x10 DMM, 1/16 MUX N=1: 2-UNE DISPLAY  F=@ : 5X7 DOTS
1 2 3 4 5 6 7 B 9 10 11 12 13 14 15 16 ——DISPLAY POSITION
FIRsT UNE [eelet|e 2jes|e4]es|es[e7]ealeolealeslec|en|ee|er |——0D RAM ADDRESS
SECOND UINE[4@|4 1|4 2{43]4 4[4 5[46[47]|4B|49|4nl4Bl4C|4D|4E|4F
™IRO UNE [1oft1|i2[i3f14fis|iefi7fieioj1al1BficliopiepF
FOURTH UNE [s0|51]|52|53[54[s5|56[57|58|59|5A|5B{SC|SD|SE|SF
4x20 DM, 1/18 MUX N=1: 2-UNE DISPLAY  F=@ : 5X¥ DOTS

1 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 ——DISPLAY POSITION
FrsT UNe [@ele1]ezlesfe4|eslee]e7]esles[ea]es]eclenfecfer[18]11 |12[13]——00 RAM ADORESS
SECOND UNE|4@|41[42{43[44|45|46[47]48l40|anl4B|4c|4D[4E|4F|5B|SI|52]53
TRIRD UINE [1 4]1s[16[1 2[1 8|1 9|t Al1B8|1Cl1D|1ENNFl2@]|21 22|23 242526 |27
FOURTH LINE [s4|55|s6(57|s8|59|sA|sB|sc|sD|sE|sF|68|61|62|63|64]|65]66 |67
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e Display Format(16character X 2line) @ Display Fonts(5Xx8dots) e Driving method(}4D)

ELECTRICAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATlNGS
T
Standard V. - Standecd Vnﬁn
fem Sym' (T:;«s»ldmon el P Hem iyxm g::dlﬁon O IS ek
‘ min | P | max min | typ | max
Power Supply Voo 1 v - a2 vee| Vv
Vottage for Logic ssi o 1| V|| tnout Voltege I o
] _ S S R
Suppl Vi 1 !
Foster y o i nput “Low” v -0.3 06| V
Vortage for LCD Drive| Vee! 0 13,50 v || Low" Voltage "
! —_ et
Inpt “High™ Voltage | V1 1 Vss vee| v | |output o™ Voltage | Vo | lo=0.208ma | 2.4 v
! ]. o 1
Operating | | v lo«=1.2mA 0.¢| Vv
Temperature Tai | 0 L450] T | | Output Low" Voltage | Vou | foe=t2m
Storage i _
Temperature Tsig | 2°| +70! ¢ || Power Suppty Current | tec | Ve=S.0V 0.5]2.0| ma
1 |

#Vcc =50V + 5%, Ta=25C

Block diagram

External dimensions /Display pattern

.

—
—_— e se————
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