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1.1

8051

LCD

1.2

8051

8051

8051

>

MCS-51

T6963C

8051  8-bit

8051

LCD

LCD

5

, (ICE, InCircuit Emulator),

(Keil 8051 IDE),

LCD

8051

3D



8051

(Micro Controller),

CPU core, ROM,

2.1
8051 Intel 3-bits
MCS-51 . 8051
mERRPTS
[MTERELPT :'-.l — TN | [— -
- Waal p—
4L e
-~ K
T “"- .“r
e W-IT':H. $ i D RORTE H#
£ gIIg il
= - B FX P B
ALORESS, TWIA

F e i EFR]

2-1-1 8051
2.2 Interface pins
8051 IC DIP PLCC
8051 40pins,  pin

DIP



pin
40 Vcee +5V
20 Vss
39-32 P0.0-P0.7 I/O Port 0 or A/D Bus
1-8 P1.0-P1.7 I/O Prot 1
21-28 P2.0-P2.7 I/O Port 2 or A/D Bus
10-17 P3.0-P3.7 I/O Port 3
9 RST Reset
18,19 XTAL1,XTAL2
29 PSEN Program Store Enable
30 ALE/PROG Address Latch Enable
31 EA/VDD External Access Enable
2-2-1 8051
Port 0 Port 2 , Port
Port , Address/Data Bus. Port 3
I/O Port , )
, Timer,  External Interrupt. 1/O Prot

I/O



2.3

8051 Code Memory Data Memory.

4k Code Memory (ROM)  128byte Data Memory

(SRAM)  on-chip, : 2-3-1
8051 Code Memory , 2-3-2 8051 Data
Memory [1].
..1
:'— il — - l::.
2-3-1 8051 Code Memory

w — " -

- R

- / -

2-3-2 8051 Data Memory

4



Code Memory , 4k , 8051

ROM . 4k, Port0 Port2
16-bit  Data/Address Bus, ALE, PSEN ,
Code Memory
Data Memory ,
8051 (direct addressing) ,

(indirect addressing)

Port0  Port2 16-bit  Data/Address Bus,
ALE, WR, RD , Code Memory
( WR,RD ).
2.4
8051 (General Purpose Registers,
GPRs) (Special Function Registers, SFRs).

2-4-1 8051 [].
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2|0 gr  SEGMENT

1o 2 17 REGISTER

L) e or

2-4-1 8051 Registers and internal RAM
8051 32 , 4 Register

Bank, Register Bank 8  General Purpose Register (R0O-R7),
8051 Register Bank ,

Register Bank.

8051 . 2-4-1



Symbaod Hame

*ACC Ancrridaion

‘A B Ragister

*PEW Prograen Stats Wornd

=1 Stmpk Priminr

DFTH Data Poimer 2 Byles

oEL Lioww Bl
DRH Fiigh Byt

P Por O

ha| Pt 1

] Pon 2

P Pon 3

- Irlesrraga Pricrity Conlrol
g Iriemapd Enabie Coningl
“TOON Tirmer/ Counter Corirol
=4 T2COH TenaeCounter 2 Corral

THO Timer/Courter O High Byle
TLuD Tienae S Couniar O Low Byas
THA Tirress S Cipuridar 1 High Byl
TLi Timas s Countar 1 Lewe Byia
+TH2 Timee/Counter 2 High Byl
=TLE Timesr/Counter 2 Low Byl
+ACAPZH T4 2 Cagriure Fisg. High Byta
+ ACAPZL TG 2 Capture Ring. Low Byl
=B00N Senal Conirol

Ealr Serial Data Buffer

PCON Porear Corrol

T

-
T

2333000005505 800isss

2-4-1 8051 SFRs

2.5 I/0 Port
8051 4  8-bit I/0 Port (PO-P3),
SFRs. P1 1/0 Port

1/O Port [1].

Port

2-5-1

8051



C. Port 2 Bl

Port0

Data/Address Bus

MOVX

MOV PO, #FFH

Portl

8051 I/O Port

) . Port0
8051 . Port0
MOV PO ,
Port FET (open),
I/O Port , )
MOV

MOV P2 #FFH
8

FET



9

Port2 ,

Port2 Port0 ,
Port3 )
Port3 I/0 Port, , 2-5-1
. Port3 Portl
pin function

P3.0/RxD Serial input pin

P3.1/TxD Serial output pin

P3.2/INTO  |External interrupt 0

P3.3/INT1  |External interrupt 1

P3.4/T0O Timmer/Counter 0 external input
P3.5/T1 Timmer/Counter 1 external input
P3.6/WR External memory write strobe
P3.7/RD External memory read strobe

2-5-1 Port3 functions

2.6
8051 (mechine cycle) 6 (state),
(phase),
6 (stage) * 2 (phase) =12 . 8051
12MHz ,

12*1/12MHz = 1 ps. 8051 CPU



core [/O Port . I/O Port
LCD , LCD ,
8051 ) 2-6-1 8051 , 4-3-3

8051 T/OPort  [1].
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2-6-1 8051 Internal timing
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3.1

8051 (Enbadded
System) ,
5 8051 IC,
8051
RIF G
F Y
IR BIEE WINICE SFE2BuR
{Emulation).
Keil IDE 7RS4 /l
£ Simulation): - p— e
a7

3-1-1 8051

Keil u51 IDE

11



I/O ,

WINICE

8051

8051

8051

, Keil u51 IDE

(HEX) WINICE

32  Keil p51 IDE

Keil u51 IDE 8051

(project)

(target device)

12

8051AH,

. Keil



L

Verdor:  Taiel
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i @ Generic - 5] HMICS single-chip 53t memocontoller with =
" * Hvonids _l 1) linss, 2 Tlﬂh.:ﬂpui,ihmﬁ pini iy oresls JI
7 @ [nfinson KB BEOM, [27 Exies on-chay RAM
= @ [rijs]
L aETCSIBH
LA a03laH i
0 80zaH
R 07 4 |
L0 BOT2AH
0 TRz
L 0 IR
L S0 T2
L a0 152D

TR0
jﬂ'."fﬁl-#.fl .ﬂ .ﬂl

<

o

3-2-1

3-2-2. I/O Port
8051

I/O Port . Timer
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3-2-2 Keil IDE

3.3 WinICE 8051

WinlICE 8051 (In Circuit Emulator, ICE),
8051 . WinICE
40pin IC
, WinlCE 8051 IC : WinlICE
( )
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pC WinICE e
. 1
I A\
SIES: SUik %llé%n g&n
3-3-1 WinICE
WinICE 64K 64K
, . Port0
Port2 /

Port WinICE Port,
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LCD

4.1
LCD ,
LCD
, LCD
LCD

T6963C LCD controller.

240%128 LCD  (WG240128B)

LCD 12].

W | & ]' |:
] L T |
ol ] el | | ¥ ks
o 1 mlT L ] 5 g
L (T T ] I ._Illl:':l_ﬂ 1H-]T
i i - | .
| ="
W | I [ I'
| ™ W
| =l ¥ LF
| ] "
3 ALiF ™ lem
¥ i D 5 g i | i = L i n.p.-Iﬁ'- 1
(= o = g e | { oy et 1 ey Pt
[T —oe . I
19 e | |
[obaasd | i
.....
[ ————— Vel R LAY
Wl Vm . Fam ared Fimen
Prmcry | wnel i i i |
v
il
wit. N
Lm. L
+ R—

4-4-1 LCD

LCD , T6963C
LCD ,
. T6963C 8051

16

LCD

IL 1, e dimecily
P & B .

LCD



42 LCD

4-2-1 LCD
[2].
1 vas Power supply (GHD)
2 wdd  Power supply (+5V)
i wa  Power supply Tor LCD driving
4 G Commandidata readtwrile
5 RO Daia resd
i3 ﬁ Drata write
7 | DBo Data bus line
a8 DE1 Data bus line
» DBZ Data busline
10 DBE3Y Data bus line
11 | DB4 Daia bus lina
12 DBE Data bus ling
13 | DBE Data bus line
14 DET Data bus line
15 | CE | Chip enabla
16 | RESET Reaalaignal
17 | Vee Negative Vollage
18 | NWD2 Control signal
19 F51 Fonl saelection
20 HC Mo conmeclion
4-2-1 LCD Interface pins
4.3 LCD
LCD 8051 ,
, 8051 LCD
driver ,

17
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LCD



: debug . 4341 4-3-1 LCD

[2].

& Switching Characteristics {2}

Bus Timing

. \ /
0p, e Ly
o, e
I_'r& I
& o BT J i
AL g
e 5T
0 a2 OF .!:
[FELADG 1’
ThT Vigin
4-3-1 LCD
TEST COMDITIONS {Unless otherwise noted, Voo =500 2 10%, Vg =0, Ta= - 30 to 75°C)
ITER SYMBOL TEST COMNDMTIONS MIN | MAX | UNIT
C/D Set-up Time teps — 100 —_ ns
C/D Hald Time tepe — M| — ns
[CE, D, WH Pulse Width iCE. D, twh - B | — ns
Data Set-up Time tos . | &0 — ni
Data Hold Time oM — 40 — n%
Access Time tacc - — | 150 | ms
Cutput Hald Time toH - 10 50 ns
4-3-1 LCD
, LCD LCD

(Access Time,tACC) 150 ns

RD/WR BUS (Output Hold Time, tOH)

18



50 ns.

CE 80 ns, C/D 110 ns
(tCDS+tCDH).
8051 Lps 2ps, LCD
Driver (NOP), LCD
, PCI BUS,
CPU LCD , (NOP)
8051 LCD (Data Write)

(Command Write) , (Data Read)
, : I/0 3-3-1,

3-2-1.

WRITE_COMMAND:
LCALL SUB_CHECK_COMMAND_EXECUTION
T6963C Ready?

SETB CD ; Data/Command bit
SETB _RD ; Read/Write bit0

CLR _CE ; Enable T6963C data bus
CLR _WR ; Read/Write bitl
MOV _DATAA ; I/O Port
SETB _CE ; Disable T6963C data bus
SETB _WR ; Read/Write bitl

RET

WRITE_DATA:

19



LCALL SUB_CHECK_COMMAND_EXECUTION ;

Ready?

Data/Command bit
Read/Write bit0

Read/Write bitl

/O Port

Read/Write bitl

; T6963C
CLR _CD ;
SETB _RD ;
CLR _CE ; Enable T6963C data bus
CLR _WR ;
MOV  DATAA ;
SETB _CE ; Disable T6963C data bus
SETB _WR ;
RET

: SUB_CHECK_COMMAND_EXECUTION

4.4

44 LCD

LCD ,

); CE 0, C/D
(instruction cycle) LCD
T6963C ,
4-4-2 bit
bitO(STAO)  bit1(STA1). bit

(busy waiting) 4-4-3

20

Data Bus

LCD

T6963C
), WR 1(
8051
T6963C

bit

1, T6963C



The TESEIC status word format is as follows:

MSE LsB
STAT STAB STAS STAd STA3 STAZ STAN STAD
o7 DG D5 D D3 [1F] m Da

s 0 : Disable
5TAD | Check command execution capability 1 : Enable
. ) D : Disable
5TA1 | Check data read /write capability 1 : Enable
- 0 : Disable
§Taz | Check Auto mode data read capability 1 : Enable
. . 0 ; Disable
5TA3 | Check Auto mode data write capability 1 * Enable
5Tad | Mot used
. . 0 Disable
5TAS | Check controller aperation capability 1 : Enable
STAG Errar flag. Used for Screen Peek and Screen 0 ; No error
Copy Commands, 1 : Effof
. 0 ; Display off
5TAT | Check the blink cendition 1 : Normal displey

{Mote 1} H it necessary to check STAD and 5TAT at the same time
There 4 & possibility of erronecus operation due to a hardware
merrupt.

{Hote 21 For most modes 5TADSSTAT are used a3 a stabus check.

{Mote 3) 5TAZ and 5TA3Z are valid in Auto mode; 5TAD and STA1 are
inwalid,

4-4-2  T6963C

Status checking fl
&)

4-4-3

LCD

SUB_CHECK_COMMAND_EXECUTION:

LOOP_BUSY_WAITING:

21



MOV  ROA

SETB _WR

SETB _CD

MOV _DATA#OFFH
CLR _CE

CLR _RD

MOV A, DATA
SETB _CE

ANL A #03H
SUBB A #03H

1/0 Port

LCD

0,1

JC LOOP_BUSY_WAITING

MOV ARO
RET
4.5 LCD
8051 T6963C
T6963C
2byte
T6963C (check statu)

[2].

(command). 4-5-1

22

Read

; Enable T6963C

; Disable T6963C

bit
Ready?

LCD

Ibyte



a) The case of 1 data bh The case of 2 data

§ranus coah STAD, 1 St thinth H T, 1
I |
Gt i i Dufa we e
I ]
Sraled vk ] Statun chach ﬂ
I I
Commanid wnne Dl we e
]
e D e ]
[
Commmans wme

[Mote) When sending mare than two data, the last datum (or last two data) is valid,

4-5-1 LCD
, LCD ,
, , LCD (Auto
read/write mode) : 4-5-1 LCD

[2].

23



COMMAND DEFINITIONS

COMMAND CODE 4 1] Dz FUNCTION
WIIH ¥ addres ¥ sdoress  |Set Cunor Poanter
REGISTERS SETTING oo oo Dt QoH fel Ot Register
000000 | Law address | High addeess |Set Addrem Poirter
01000000 | Low adgress | High acdress |1 Texl Home Acdress
01000007 Calumng O0H Sl Tewi Area
SET CONTROL WORD 01000090 Low address | High address | Set Graphic Mome &ddress
aroooaan Columns = =1 |51 Graphic Anes
1000000 - - | O/ mode
Qb | - = EXO® mode
100aXE11 — — AND made
MODE SET 1000100 - - Test Attribute mode
10000 — —_ Internal OG ROM mode
10001200 - - Externial CG BaAM mode
10010000 — = Display off
001X 10 - - Cursar on, blink off
i A - — Curar an, blink en
LAY oD OGN - - Text on, graphe off
V001 10X - - Test off, graphis en
VOO 11X — — Texi on, graphss on
10100000 | = - i-lne cursor
10080 - — dEne cursor
10000090 — — 3-lng cursar
CLURSOR PATTERN 10000091 —_ -— A-line cursar
SELECT 10400900 — - E-hme cursor
TOR000GT — — B-ling Curear
10800990 —_ —_ Teine oursor
10800111 - - B-line cursar
LRI — — St Data Auto Wente
m'lr:;_"""m READ f 10180001 — - 561 Dats Auta Read
1R INEAG —_ — Aile et
100 100060 —_ — Syl Data Aubo Venie
DATA AL BEAD f 10110001 - - Set Dats Auto Read
WRITE 10010070 = — Aple Regel
11000000 Dt —_ Data Winte and Increment &P
11000001 - = Data Read and Increment AD#P
11000070 Data - Data Write and Decreément ADP
DATA READ TWRITE 11000811 — - Ouwta Aesd and Dwcrement ADP
11000900 | Data = Data Wite and Monvariable ADP
11000081 | — — Data Read and Nonvariable AD®
SCREEW PEEE 11100000 - —_ Seredn Peek
SCAEEN COPY 11101000 Screen Copy
IR = - i1 Reset
RERRE L HY = = it Set
1111 X000 —_ — iy O JLSE)
11 11%004 — — Bit 1
11 91%010 - - Bit 2
BT SETRESET T1X0T - - ait 3
1111100 —_ - Bit 4
1oy | - - Bt §
1111110 - - Bit 6
11115111 — — Bit 7 {MSE)

4.6

4-5-1

LCD

LCD

24
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: . LCD
8K (SRAM) . 8K

SRAM LCD

[2].

(1) Single-Scan (2} Dual-5can
[ e ] ey ] LR -
TERT TEAT
aAka AR A,
TEXF INPPH BFERH
| geapsg GRAPT
AR 1
| amra Y
rreEE FIFPH
| O Ak iz Radd
| mama ARLA
TEFER TFFFH |— [T ]
GRARHIL
ANLE [ | Charts GEssrator
ETFFHE
0 A&M
A%f B
FFEFH
) , LCD

The relationship between external display RaM address and display position

[TH TH + CL
TH+TA TH+TA+CL
(TH = TA) + TA TH + 2T& +CL
(TH+2TA)+ TA | TH + 3TA « L
TH & [r=1) TA TH+{n-1} TA+LCL

TH : Text home address
TaA : Teat area number {colummns)
€L : Columns are fised by hardware (pin-programmable).

25



4-6-2

The relabonship between external display RAM sddress and display position

GH | GH+CL

GH + GA | GH+GA+CL

(GH & GA) « GA | GH + 2GA +CL
(GH + 2GA) + GA GH + 3GA + CL
GH +(n-1) GA GH +{n-1] G&A+LCL

GH : Graphic hame address
G& : Graphic area number (columns)
CL : Columns are fixed by hardware (pin-programmable).

4-6-3
LCD Data Data
Data Write : T6963C
Address Pointer. Data Read  Data Write Address
Pointer ) 4-6-4

[2],

g1 Adeces) Pong: {Exsmplel
Sdoren pontgr = 1E0H
1

Stabuk chedk 1 STad, 1
§et wartie data e
Dt = Bl
Srangh rhpgh |
[T p—n GAH b owniTmen i TG00H addnen

dddien poangr A 100TH

4-6-4

26



SUB_DATA_ WRITE_LCD: :

CALL WRITE_DATA X A
MOV  A#COH ; Data Write
LCALL WRITE_COMMAND ;

RET

: WRITE_DATA WRITE_COMMAND
, 4.3

27



5.1
, (frame)
8051 ,
LCD . ;
5-1-1

I

5t LCD . ‘

ESEERE ‘

R EROFHE S LCD #iE
SR ACIE R

5-5-1

3D

28



(frame),

5.2 3D

3 , (X,y,2)

2 , 3 2
3
S(x,y,z), P, L S
, L P S P

, P

: P xy ; S(X,y,2)
(X,y).
S(X,y,2), S X 0
(x vy 2)

29



X' X\ 1 0 0

Yy {=|y|0 cos@ -siné

Z' zZN0 sin@ cos@
y 0. v )
X' X0 cos@ sind
y 1=yl O 1 0
Z zN0 =-sin@ cosd
z 0 (x y Z)

X\ cos@ sinf@ 0
=|y| sin@ cosf O
z' Z 0 0 1

Xy >

53

S(x,y,2) (X,y)-

(frame) (x,y)
30



DRAW_PIXEL:

MOV R2DPH; X (Xxy)

MOV R3DPL;Y

MOV AR2

MOV  B#08H ;

DIV AB ;A= B

MOV R4A ; Q

MOV R5B 'R

MOV AR3

MOV B#30 ;

MUL AB ; DPTR =

ADDC AR4 ;

JC CARRY

JMP NO_CARRY
CARRY:

INCB
NO_CARRY:

MOV  DPL,A

MOV DPH,B

MOVX A,@DPTR ;

MOV  R6A ;

MOV  A#O7 ”

SUBB A,R5

MOV R5A

MOV  A#O1H
LOOP_SHIFT:

RL A

DIJNZ R5LOOP_SHIFT

ORL ARG ; OR

MOVX @DPTR,A

31

R2 R3

(x,y)

frame

/8+ * 30

frame

frame

LCD



RET

(x1,y1) (x2,y2),

m,

(xLyl) (x2,y2),

C

(LCD )s

void draw_line(int xb,int yb,int xe,int ye)

{
inti;
int cx,cy;

x1=xb;

yl=yb;

X2=X€,

y2=ye;
m=(x2-x1)/(y2-y1);
p=240.0;

g=0.0;

for (i=0;i<Max;i++)

draw_pest(cx,cy);
g=9+1.0;

ex=x1+(x2-x1)*g/p;
cy=yl+(y2-yl)*a/p;

32
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54

(x,y,2), 3

3

LCD

12

Q2

5-4-1

12

33
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6.1

Keil , 8051 ICE

, 8051

, . LCD ,

35



[1]

[2]
[3]

[4]

MCS51 Microcontroller Family User’s
Manual, I ntel.

T6963C Manual, TOSHIBA.

MCS51 1/0 :

Using the MCS 51 Microcontroller,

Han-Way Huang.
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	Port0 本身不具有提升電阻, 如果要使用的話, 必須在晶片外面連接一個提升電阻, 以確保訊號的�
	Port1 只能夠作為一般的I/O Port使用, 內部皆有提升電阻, 所以直接可以做輸入輸出使用. 
	Port2 本身具有提升電阻, 所以直接可以做輸入輸出使用. Port2 在其他方面和Port0 是一樣的�
	Port3 本身具有提升電阻, 所以直接可以做輸入輸出使用. Port3 除了當作一般I/O Port,
	
	
	
	CLR_CE; Enable T6963C data bus
	SETB_CE; Disable T6963C data bus
	RET


	SETB_WR;

	CLR_RD;
	SETB_CE; Disable T6963C
	SUBBA,#03H; 判斷狀態是否Ready?



