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TEDDY (5103095013)

PO =LCD

‘Pl =KEYPAD
P2 = STEPPER
P33 = SENSOR RPM (OPTOCOUPLER SENSOR)
P3.4 = SOLENOID

;SELECT 0 = STANDBY (DO IT)

;SELECT 1 = SETING SPEED!1
;SELECT 2 = SETING TIMERI
:SELECT 3 = SETING SPEED2
;SELECT 4 = SETING TIMER2
:SELECT 5 = SETING SPEED3
;SELECT 6 = SETING TIMER3
;SELECT 7 = SETING SPEED4
;SELECT 8 = SETING TIMER4
;SELECT 9 = SETING SPEEDS
;SELECT 10 = SETING TIMERS

>

COUNT
TEMP1
TEMP2
TEMP3
TEMP4
IN1

IN2

IN3

IN4
VARG
VAR7
VARS
VAR9
VARI10
VAR11
VARI12
VARI
VAR2
VAR3
VAR4
VARS
SCAN
KEY

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU

DATA 21H

EQU
EQU

EQU
EQU
EQU
EQU
EQU
ODH
OEH
OFH
10H
11
120
13H
14H
EQU
EQU
EQU
EQU
19H
1AH
1BH

1CH
I1DH

08H
09H
0AH
0BH
O0CH

15H
16H
17H
18H

;VARIABEL 64 BIT

‘MSB 64 BIT
‘LSB 32 BIT

;MSB 32 BIT
;LSB 64 BIT



TEDDY (5103095013)

TEMP KEYPAD EQU 1EH :GENERAL REGISTER
FREE EQU IFH
RAMDIS EQU 30H ;RAM DISPLAY 5BYTES
SELECT EQU 35H
SPEEDI EQU 36H
SPEED2 EQU 38H
SPEED3 EQU 3AH
SPEED4 EQU 3CH
SPEED5 EQU 3EH
TIMER ! EQU 40H
TIMER2 EQU 41H
TIMER3 EQU 42H
TIMER4 EQU 43H
TIMERS EQU 44H
MENIT EQU 45H
SECONT EQU 46H
SECON2 EQU 47H
SECON3 EQU 48H
POINTER EQU 49H
ACTUAL SPEED1 EQU 4AH
ACTUAL SPEED2 EQU 4BH
PRESENT SPEEDI EQU 4CH
PRESENT SPEED2 EQU 4DH
NOW _SPEEDEQU 24H ;2 BYTES
RPM1 EQU 4EH
RPM2 EQU 4FH
RPM3 EQU 22H
STEPER EQU 23H
DELAYI EQU 24H
DELAY?2 EQU 25H
ULANG EQU 26H
KEYPRESS BIT 0
DO _IT BIT 1
RPM_OK BIT 2
HIT RPM_OK BIT 3
STEP UPPERBIT 4

ORG O0H

AJMP START

ORG 1BH

AJMP MINUTE



ORG

TEDDY (5103095013)

30H

>

; INTERUPT MENIT

i\/[INUTE

PUSH PSW

PUSH A
PUSH 0
PUSH B

DINZ
MOV
CINE
MOV
SIMP

PASS 200 MOV

PASS MNT DINZ
MOV
DINZ
MOV
DINZ
INC
MOV
ADD
MOV
MOV

MOV
CINE
CLR
CLR
CLR
INC
MOV

SECON1,ESC_MINUTE
AULANG
A#1,PASS 200
SECON1,#100

PASS MNT

SECON1,#200
SECON2,ESC_MINUTE
SECON2,#24
SECON3,ESC MINUTE
SECON3,#60
MENIT,ESC_MINUTE
POINTER

A#TIMERI1
A,POINTER

RO,A

MENIT,@R0

A,POINTER
A#5EXECUTE
TR1

DO IT

P34 ;TUANGKAN TEPUNG

ULANG
B,#200

OFF MOTORACALL STEPER KIRI
ACALL DELAY STEP

DINZ
MOV

WAIT DELAY
DINZ
MOV
MOV
SIMP

B,OFF MOTOR
B.#100
ACALL DELAY STEP

B,WAIT DELAY
ACTUAL SPEEDI #0
ACTUAL_SPEED2 #0
ESC MINUTE

DELAY WAIT
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EXECUTE MOV A POINTER
RL A
ADD A #SPEEDI
MOV RO,A
MOV A,@RO
SUBB A,ACTUAL SPEEDI
MOV BA

SHIFT RIGHT ACALL STEPER_KANAN
ACALL DELAY STEP
DINZ B,SHIFT RIGHT
MOV ACTUAL_SPEED1,@RO0

ESC MINUTE POP B
POP ©
POP A
POP PSW
RETI

3

;  DELAY STEPER

DELAY STEP MOV DELAY1,#30
DEL_STEP MOV DELAY2,#250
DINZ DELAY23
DINZ DELAY1,DEL STEP
RET

b

. DEFAULT

DEFAULT MOV P2,#0 :ALL STEPER DRIVER OFF
MOV R7,#32
MOV RO, #RAMDIS

RESET MOV @RO#0
INC RO
DINZ R7.RESET
MOV SELECT #1
MOV TMOD,#22H
MOV TL1#64
MOV THI #64
MOV TLO,#72
MOV THO#72
SETB IT1



TEDDY (5103095013)

MOV IE,#88H

CLR TRI

MOV STEPER #33H
RET

2

DELAY 4 mS

DELAY4M -~ MOV R7#10

DEL4M MOV  R6.#250
DINZ R6.$
DINZ R7,DEL4M
RET

b

ENABLE PULSE

2

ENABLE ANL A #0FH
MOV  PO,A
ORL A #20H
MOV  POA
ANL A #0FH
MOV  PO,A
ACALL DELAY4M
RET

>

CONTROL LCD

b

LCDCONTROL MOV FREEA
SWAP A
ACALL ENABLE
MOV A FREE
ACALL ENABLE
RET

INISILISASI LCD 4 BIT

i\IEXTDIGIT
AJMP ESC_DISPLAY

DISP_ TIMER MOV A #0CAH ;LINE 1 KOLOM 7



TEDDY (5103095013)

ACALL LCDCONTROL

MOV R35#2

MOV RO#RAMDIS+1
NEXTDIGIT TMR MOV A,@RO

ORL A #30H
ACALL LCD
DEC RO

DIJNZ R3NEXTDIGIT TMR
ESC DISPLAY  RET

>

; LOAD NULL OF RAMDIS

LOAD NULLMOV RAMDIS+2,#0
MOV RAMDIS+3 #0
MOV RAMDIS+4 #0
RET

'LOADING CONTENT OF RAMDIS

LOADING DISP MOV DPTR#LOAD RAMDIS

SELECT]I
AJMP SELECT2
AJMP SELECT3
AJMP SELECT4
AJMP SELECTS
AJMP SELECTé
AJMP SELECT7
AJMP SELECTS
AJMP SELECT9
AJMP SELECT10

2

2

MOTOR _OFF

MOTOR_OFFMOV R6,#120

MOTOR_OFF_NEXT ACALL STEPER_KIRI
ACALL DELAY STEP
DINZ R6MOTOR_OFF NEXT
RET
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SELECTO

DISP1

DISP2

WAIT KEY

MOTOR _ON

SELECTO

JB DO IT,PASS_SELECTO

MOV A,ULANG

CINE A#2MOTOR _ON
ACALL MOTOR_OFF
MOV A #80H

ACALL LCDCONTROL
MOV DPTR#STAND BY
MOV R6,#16

CLR A

MOVC A, @A+DPTR
ACALL LCD

INC DPTR

DINZ R6,DISPI

MOV A #0COH

ACALL LCDCONTROL
MOV R6,#16

CLR A

MOVC A @A+DPTR
ACALL LCD

INC DPTR

DINZ R6,DISP2

ACALL KEYPAD
MOV A SELECT

CINE A#!| WAIT KEY
AJMP PASS_SELECTO

MOV POINTER,#0
MOV MENIT, TIMER1

MOV ACTUAL SPEEDI1,SPEEDI

MOV B,ACTUAL SPEEDI

:CEK END SYSTEM

SHIFT _START ACALL STEPER_KANAN

ACALL DELAY STEP
DINZ B,SHIFT START
MOV AULANG

CINE A#1,SECON1 200
MOV SECONI,#100

SIMP SECON PASS

SECON1_200 MOV SECONT,#200
SECON PASS MOV SECON2 #24

MOV SECONS3,#60
SETB DO IT
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SETB TRI1

PASS SELECTO ACALL DISPLAY

AJMP BACK

SELECTI

BLANK

SELECT1
MOV ULANG,#0

MOV POINTER #0
SETB P3.4
MOV A #80H
ACALL LCDCONTROL
MOV R6#16

MOV A #20H
ACALL LCD
DINZ R6BLANK
CLR DO IT
MOV NOW_SPEED#0
MOV NOW_SPEED+1 #0
CLR TRI
CLR TRO
SETB P3.4
MOV A RAMDIS+2
MOV B.#100
MUL AB
MOV SPEEDI+1,B
MOV SPEED],A
MOV A RAMDIS+I
MOV B.#10
MUL AB
ADD A,SPEEDI
MOV SPEEDI,A
MOV A#0
ADDC A,SPEED1+1
MOV SPEEDI+1,A
MOV A RAMDIS
ADD A,SPEEDI
MOV SPEED1,A
MOV A #0
ADDC A,SPEED1+1
MOV SPEEDI+1,A
ACALL DISPLAY
AIJMP BACK

SELECT2
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SELECT2 MOV ULANG#0
MOV A RAMDIS+] -y
MOV B.#10 ’ PEREC e T
MUL AB J Uai"ﬁrui’.a! DG W v .'Vilndal:’J
ADD ARAMDIS ; SEUKasaya
MOV TIMERI.A

ACALL DISPLAY
AJMP BACK

: SELECT?3
SELECT3 MOV A,RAMDIS+2
MOV B,#100

MUL AB

MOV SPEED2+1.B
MOV SPEED2,A
MOV ARAMDIS+1
MOV B#10

MUL AB

ADD A,SPEED2
MOV SPEED2,A
MOV A #0

ADDC A,SPEED2+1
MOV SPEED2+1,A
MOV ARAMDIS
ADD A,SPEED2
MOV SPEED2,A
MOV A #0

ADDC A,SPEED2+1
MOV SPEED2+1,A
ACALL DISPLAY
AJMP BACK

: SELECT4

SELECT4 MOV A RAMDIS+]
MOV B,#10

MUL AB

ADD ARAMDIS

MOV TIMERZ,A

ACALL DISPLAY
AJMP BACK

, SELECTS
SELECTS MOV ARAMDIS+2
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MOV B #100
MUL AB

MOV SPEED3+1,B
MOV SPEED3,A
MOV A RAMDIS+1
MOV B #10

MUL AB

ADD A,SPEED3
MOV SPEED3,A
MOV A #0

ADDC A,SPEED3+1
MOV SPEED3+1,A
MOV A,RAMDIS
ADD A,SPEED3
MOV SPEED3,A
MOV A #0

ADDC A,SPEED3+1
MOV SPEED3+1,A
ACALL DISPLAY
AJMP BACK

SELECT6

SELECT6

MOV ARAMDIS+1
MOV B.#10
MUL AB
ADD ARAMDIS
MOV TIMER3,A
ACALL DISPLAY
AJMP BACK

SELECT7

SELECT7

MOV A,RAMDIS+2
MOV B,#100
MUL AB
MOV SPEED4+1,B
MOV SPEED4,A
MOV A RAMDIS+1
MOV B#10
MUL AB
ADD A,SPEED4
MOV SPEED4 A
MOV A #0
ADDC A SPEEDA4+1
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MOV SPEED4+1,A
MOV A RAMDIS
ADD A ,SPEED4
MOV SPEED4,A
MOV A#0

ADDC A,SPEED4+1
MOV SPEED4+1A
ACALL DISPLAY
AJMP BACK

SELECTS

’SELECTS

MOV A RAMDIS+1
MOV B,#10
MUL AB
ADD A,RAMDIS
MOV TIMER4,A
ACALL DISPLAY
AJMP BACK

SELECT9

7SELECT9

MOV A,RAMDIS+2
MOV B.#100
MUL AB
MOV SPEED5+1,B
MOV SPEEDS5,A
MOV A,RAMDIS+]
MOV B#10
MUL AB
ADD A,SPEEDS5
MOV SPEEDS5,A
MOV A #0
ADDC A,SPEED5+1
MOV SPEED5+1,A
MOV A,RAMDIS
ADD A,SPEEDS5
MOV SPEEDS5,A
MOV A #0
ADDC A,SPEED5+1
MOV SPEED5+1,A
ACALL DISPLAY
AIJMP BACK

SELECT10

11
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SELECTI0 MOV A,RAMDIS+]
MOV B#10
MUL AB
ADD ARAMDIS
MOV TIMERS A
ACALL DISPLAY
AIJMP BACK

2

;  STEPER KANAN

STEPER_ KANAN MOV A,STEPER
RL A
MOV STEPER,A
MOV P2 STEPER
RET

2

; STEPER KIR1

STEPER_KIRI MOV A STEPER
RR A
MOV STEPER,A
MOV P2, STEPER

RET

. MAIN PROGRAM

START MOV SP.#60H
ACALL  DEFAULT
MOV B.#120

INIT OFF  ACALL STEPER KIRI

ACALL DELAY STEP
DINZ B,INIT_OFF

ACALL INITLCD4BIT
ACALL NAMA NRP

LAGI ACALL KEYPAD
ACALL UPDATE
AIMP LAGI

BACKGROUND DB ' STANDBY '

17
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DB 'SPEED1: RPM
DB 'TIMER 1. Mnt'
DB 'SPEED2: RPM
DB TIMER2: Mnt
DB 'SPEED 3. RPM
DB 'TIMER 3: Mnt'
DB 'SPEED 4. RPM'
DB 'TIMER4: Mnt'
DB  'SPEEDS5: RPM
DB 'TIMERS: Mnt'
STAND BY DB ' END SYSTEM '
DB  'PRESS#KEY !’

17
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' Compatible with MCS-51™ Products

4 Kbytes of In-System Reprogrammable Flash Memory

Endurance: 1,000 Write/Erase Cycles
 Fully Static Operation: 0 Hz to 24 MHz
» Three-Level Program Memory Lock
128 x 8-Bit Internal RAM
y 32 Programmable /O Lines
) Two 16-Bit Timer/Counters
' Six Interrupl Sources
' Programmable Serial Channel
) Low Power Idle and Power Down Modes

Jescription

he ATB9CS51 is a low-pawer, high-performance CMQOS 8-bit microcomputer with 4
bytes of Flash Programmabte and Erasable Read Only Memory (PEROM). The
evice is manufactured using Atmel's high density nonvolatile memory technology
nd is compatible with the industry standard MCS-51" instruction set and pinout.
he on-chip Flash allows the program memory to be reprogrammed in-system or by
conventional nonvolatile memory programmer. By combining a versatile 8-bit CPU
jith Flash on a monoelithic chip, the Atmet ATBSCS51 is a powerful microcomputer
shich provides a highly flexible and cost effective solution to many embedded control

pplications.

’in Configurations
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ANnEL

3lock Diagram
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Jescription (Continued)

he ATBYCS1 provides the following standard features: 4
bytes of Flash, 128 bytes of RAM, 32 1/O lines, two 16-bit
mer/counters, a five vector two-level intemrupt architec-
ire, a full duplex seriai port, on-chip oscillaior and clock
ircuitry. In addition, the AT89C51 is designed with static
gic for operation down to zero frequency and supports
vo software selectable power saving modes. The ldle
lode stops the CPU while aliowing the RAM, timericount-
rs, serial port and interrupt system to continue function-
1g. The Power Down Mode saves the RAM cortents but
eezes the ascillator disabling alt other chip functions until
1e next hardware reset.

’in Description
fo¥e

upply voltage.

ND

round.

ort 0

'ort 0 is an 8-bit open drain bidirectional (7O port. As an
utput port each pin can sink eight TTL inputs. When 1s
re written to port O pins, the pins can be used as high-im-
edance inputs.

'ort 0 may also be configured to be the multiplexed low-
rder address/data bus during accesses to external pro-
ram and data memory. In this mode PO has internail pul-
1ps.

'ort O also receives the code bytes during Flash program-
Jing, and outputs the code bytes during program verifica-
on. Extemal pullups are required during program verifica-
on.

ort 1

'ort 1 is an 8-bit bidirectiona! 17O port with internal pullups.
he Port 1 output buffers can sink/source four TTL inputs.
Vhen 1s are written to Port 1 pins they are pulled high by
@ internat pullups and can be used as inputs. As inputs,
ort 1 pins that are externally being pulied low will source
umrent {liL} because of the internal pullups.

‘art 1 also receives the low-order address bytes during
lash programming and program verification.

ort 2

ort 2 is an 8-bit bidirectional /O port with internal pullups.
he Port 2 output buffers can sink/source four TTL inputs.
Vhen 1s are written to Port 2 pins they are pulied high by
e internal puliups and can be used as inputs. As inputs,
ort 2 pins that are externaily being puiled fow will source
umrent {IIL) because of the internal pullups.

ort 2 emits the fiigh-order address byte during fetches
rom external program memory and during accesses to
xternal data memory that use 16-bit addresses (MOVX

@ DPTR}. In this application it uses strang internal pullups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RI), Port 2 emits
the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.
Poit 3

Port 3 is an 8-bit bidirectional /O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 15 are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low wili source
cumrent {||L) because of the puliups.

Port 3 aiso serves the functions of various speciai features
of the ATB9CS1 as listed below:

Port Pin | Alternate Functions ]
P3.0 RXD {serial input port) |
P3.1 TXD (serial output port} J
P3.2 INTO {extenal interrupt 0) |
P3.3 INT1 {extenal interrupt 1) J
P3.4 TO (timer 0 extenal input) }
P35 T1 {timer 1 external input) |
P3.6 @ {extenal data memory write strobe) )
P37 RD (external data memory read strobe) |

Port 3 also receives some control signals for Flash pro-
gramming and programming verification.

RST

Resat input. A high on this pin for two machine cycles
while the oscillator is running resets the device.
ALE/PROG

Address Latch Enable output puise for latching the low
byte of the address dufing accesses to external memory.
This pin is also the program pulse input {(PROG]) during
Flash programming.

In nommal operation ALE is emitted at a constant rate of
1/6 the oscillator frequency, and may be used for external
timing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external Data
Memory:.

If desired, ALE operation can be disabled by setting bit 0
of SFR location 8EH. With the bit set, ALE is active only
during a MOVX or MOVC instruction. Gtherwise, the pin is
weakly pulled high. Sefting the ALE-disable bit has no ef-
fect if the microcrontroller is in external execution mode.
PSEN

Program Store Enable is the read strobe to external pro-
gram memory.

{continuad}

— ATREL ’
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’in Description (Continued)

Vhen the AT89C51 is executing code from external pro-
ram memory, PSEN is activated twice each machine cy-
le, except that two PSEN activations are skipped during
ach access to external data memory.

Alpp

xternal Access Enable. EA must be strapped to GND in
rder to enable the device to fetch code from externai pro-
ram memory locations starting at 0000H up to FFFFR.
lote, however, that if lock bit 1 is programmed, EA will be
ternally latched on reset.

A should be strapped to Ve for internal program execu-
ons.

his pin also receives the 12-volt programming enable
oltage {Vrp) during Flash prcgramming, for parts that re-
uire 12-volt Vpp.

TAL1

1put to the inverting oscillator amplifier and input to the
ternal clock operating circuit.

TAL2

Jutput from the inverting osciilator amplifier.

)scillator Characteristics

TAL1 and XTAL2 are the input and output, respectively,
f an inverting amplifier which can be configured for use
§ an on-chip oscillator, as shown in Figure 1. Either a
uartz crystal or ceramic resonator may be used. To drive

mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is tenminated by a hard-
ware reset, the device nomally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hard-

Figure 1. Oscillator Connections
C2

—w—I——
1

S

XTAlL2

XTALA1

l GND

Notes: C1, C2 = 30 pF + 10 pF for Crystals
= 40 pF + 10 pF for Ceramic Resonators

Figure 2. Externai Clock Drive Configuration

e device from an extemnal clock source, XTALZ shauld NC ———————— XTAL2
e left unconnected while XTAL1 is driven as shown in
igure 2. There are no requirements on the duty cycle of
1e external clock signal, since the input to the internal
tocking circuitry is through a divide-by-twe flip-flop, but EXTERNAL
inimum and maximum voltage high and low time specifi- OSCILLATOR XTAL1
ations must be observed. SIGNAL
dle Mode GND
1 idle mode, the CPU puts itself to sleep while all the on- )
hip peripherals remain active. The mode is invoked by =
oftware. The content of the on-chip RAM and all the spe-
ial functions registers remain unchanged dusing this
tatus of External Pins During idle and Power Down
——— »
Mode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3 |
Idie | Internal 1 1 Data Data Data Data |
ldie External 1 1 Float Data Address Data {
Power Down | Internal 0 0 Data Data Data Data E
Power Down | External 0 0 Float Data Data Data }

AT89C51 measssss——————————————
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are inhibits access to internal RAM in this event, but ac-
ess to the port pins is not inhibited. To eliminate the pos-
ibility of an unexpected write to a port pin when ldle is
rminated by reset, the instruction following the ane that
wvokes |die should not be one that writes to a port pin or
y external memory.

*ower Down Mode

1 the power down mode the oscillator is stopped, and the
Istruction that invokes power down is the fast instruction
xecuted. The on-chip RAM and Special Function Regis-
rs retain their values until the power down mode is termi-
ated. The only exit from power down is a hardware reset.
eset redefines the SFRs but does not change the on-
hip RAM. The reset should not be activated before Vcc

.ock Bit Protection NModes

is restored to its nomal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed {U) or can be programmed {P) to obtain the ad-
ditionai features listed in the table below:

When lock bit 1 is programmed, the logic level at the EA
pin is sampled and fatched during reset. If the device is
powered up without a reset, the latch initializes to a ran-
dom value, and holds that value until reset is activated. it
is necessary that the latched value of EA be in agreement
with the current logic level at that pin in order for the device
to function properly.

Program Lock Bits

LtB1 LB2Z LB3 Protection Type
1 U U u No program lock features.
MOVC instructions executed from external_program memory are disabled from
2 P U 3] fetching code bytes from interal memory, EA is sampled and latched on reset, and
further programming of the Flash is disabled.
3 P P U Same as mode 2, also verify is disabled. %
P P P Same as mode 3, also external execution is disabled. ‘

’rogramming the Flash

he AT89CS51 is normally shipped with the on-chip Flash
iemory array in the erased state {that is, contents = FFH}
nd ready to be programmed. The programming interface
ccepts either a high-voltage (12-volt) or a low-voltage
VCC) prograim enable signal. The low voltage program-
1ing mode provides a convenient way to program the
\89CS51 inside the user’'s system, while the high-voltage
rogramming mode is compatible with conventional third
arty Flash or EFROM programmers.

he ATB9CS1 is shipped with either the high-vcitage or
w-voltage programming mode enabled. The respective
>p-side marking and device signature codes are listed in
1e following table.

-

_ Vep =12V vpp=5V
ATB9C51 AT89C51
Top-Side Mark XXHX XXXX-5
YYWW Yyww
{030H)=1EH (030H)=1eH
Signature {(031H)=51H (031H)=51H
{032H)=FFH (032H)=05H

The ATB9C51 code memory amray is programmed byte-
by-byte in either programming mode. To program any
non-blank byte in the on-chip Flash Memory, the entire
memory must be arased using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
set up according to the Flash programming mode table
and Figures 3 and 4. To program the AT89C51, take the
following steps.

1. Input the desired memory location on the address
fines.

2. Input the appropriate data byte on the data lines.

3. Activate the cormect combination of control signals.

4. Raise EA/VPP to 12 V for the high-voltage program-
ming mode.

5. Pulse ALE/PROG once to program a byte in the Flash
array of the lock bits. The byte-write cycle is self-timed and
typically takes no more than 1.5 ms. Repeat steps 1
threugh 5, changing the address and data for the entire
array or until the end of the abject fite is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an at-

——— A ’
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'rogramming the Flash (Continued)

impted read of the last byte written will result in the com-
lement of the written datum on PC.T. Once the write cy-
le has been completed, true data are valid on ali outputs,
nd the next cycle may begin. Data Polling may begin any
me after a write cycle has been initiated.

leady/Busy: The progress of byte programming can
lso be monitored by the RDY/BSY output signal. P3.4 is
utied low after ALE goes high during programming to in-
icate BUSY. P3.4 is pulled high again when program-
1ing is done to indicate READY.

'rogram Verify: If lock bits LB1 and LB2 have nct been
rogramimed, the programmed code data can be read
ack via the address and data lines for verification. The
ek bits cannot be verified directly. Verification of the lock
its is achieved by observing that their features are en-
bled.

‘hip Erase: 1he entire Flash amay is erased electrically
y using the proper combination of control signals and by
olding ALE/PROG low for 10 ms. The code array is writ-
3n with all *1"s. The chip erase operation must be exe-
uted before the code memory can be re-programimed.

‘lash Programming Modes

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H,

031H, and 032H, except that P3.6 and P3.7 must be
pulied to a logic low. The values returned are as foliows.

{03CH) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 88C51

{032H) = FFH indicates 12 V programming
(032H) = O5H indicates 5 V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire amray can be erased by using the appropriate com-
bination of control signals. The write operation cycle is
seli-timed and oncs initiated, will automatically time itself
to completion.

All major programming vendors offer worldwide support
for the Amel microcontroller series. Please contact your

local programming vendor for the appropriate software re-
vision.

ALE/ EA/ E
Mode RST PSEN  PROG Ve P2.6 P27 P3.6 P37 |
|
§
Write Code Data H L oA vt H H H i
|
Read Code Data H L H H L L H H %
]
Write Lock Bit - 1 H L -~ H/12v H H H H ]
Bit - 2 H L AP Hi12v H H L L ]
|
Bit - 3 H L L H/12V H L H L
Chip Erase H L ~r H/12V H L L L
Read Signature
Byte H L H H L L L L

otes. 1. The signature byle at location 032H designates
whether Vpp = 12 V or Vpp = 5 V shouid be used to
enable programming.

2. Chip Erase requires a 10 ms PROG pulse.

; AT89C51 psessssssss—————
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igure 3. Programming the Flash

Figure 4. Verifying the Flash

+§V
ATBBCS51 Y
aooR. A0 AT by Vg aDpr, RO - A7
OOQOH/OFFFH
oo - P23 PO ggm COCOH/OFFEH
A8 - A1 AB - AY1
——»{ P25 —
SEE FLASH — M P27 ALE «—— PROG SEE FLASH —»
PROGRAMMING PROGRAMMING
MODES TABLE — ™ F3.6 MODES TABLE — ™
—» P37 —m
XTAL 2 EA l—— V, V.. ———
24 MHzi . 424 MHZJ_ L
[ ] ] E—‘
[L
XTAL 1 RST le—— V,, S N
GNOG PSEN —
= o

lash Programming and Verification Characteristics
a=21C t0 27°C, Ve = 5.0 + 10%

+§V
ATB9CS51 {r.

P1 Ve

PGM DATA
P20 - P23 PO (USE 10K
- PULLUPS)
P27 ALE
P3.6

oV,

P3.7
XTAL 2 EA
XTAL 1 RST le—— V,
GND PSEN —_]_

Symbol Parameter Min Max Units ]
vppl! Programming Enable Valtage 115 12.5 v |
Ippt! Programming Enable Current 1.0 mA 1
lj{eeX Oscillator Frequency 4 24 MHz ;
tavGL Address Setup to PROG Low 48tcLoL }
1GHAX Address Hold After PROG 48tcLoL |
tovaL Data Setup to PROG Low 4BtcLcL |
tGHOX Data Hold After PROG A8tcLoL ﬁ
tensA P2.7 (ENABLE) High to VPP AB(CLCL |
1SHGL vep Setup fo PROG Low 10 us }
taust'" | Vpp Hold Atter PROG 10 s i
tGLGH PROG Width 1 110 is |
tavayv Address to Data Valid 48tCLOL |
tELQV ENABLE Low to Data Valid 48tcLcL |
tEHQV Data Float After ENABLE 0 A8BtcLcL

1GHBL PROG High to BUSY Low 1.0 us

twe Byte Write Cycle Time 2.0 ms i
ote: 1. Only used in 12-volt programming mode.
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lash Programming and Verification Waveforms - High Voltage Mode

PROGRAMMING

010 . P17 ] J VERIFICATION
P20 - P23 4 ADDRESS ,—"F ADDRESS >——
— tavav
PORT 0 DATA IN p DATA OUT p——
tL'NGL tGHDX
tAVGL - tGHM)(
ALL/PROG N A
tSHGL ~ ‘ tthH_,‘
—_ [, Vep
EANee b tweed
—t te— t
Py 7 EHSH fELQ’V | — EHQZ
{ENABLE)
tams —]
P3.4
{RDY/BSY) BusY READY
tWC

lash Programming and Verification Waveforms - Low Voltage Mode

P10 - P17 PROGRAMMING VERIFICATION
0 - . l \]
P2.0 - P2.3 \ ADDRESS /4«} ADDRESS ——
— tavay
PORT 0 DATA IN p DATA OUT  p—————
M tova  tarox ) R
tva [ + torax
ALE/PROG N A
fsno |* et "
—_ LOQGIC 1
EAN o5 YA A N = TTo N R
et t
p2.7 FHSH tELQV f— *— lenaz
(ENABLE)
tgreL —
P34
(RDY/BSY) BUSY READY
toe

AT89C51
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\bsolute Maximum Ratings*

Operating Temperature ................. -55°C to +125°C

Storage Temperature.....................-65°C to +150°C

Voltage on Any Pin

with RespecttoGround ................... -fOVio+7.0V
Maximum Operating Voltage
DC Output Cusrent ...

).C. Characteristics
A= -40°C ta 85°C, Voo = 5.0 V + 20% (unless otherwise noted)

*NOTICE: Stresses beyond those listed under “Absolute Maxi-
mum Ratings” may cause permanent damage to the device.
This is a stress rating only and funciional operation of the
device at these or any other conditions beyond those indi-
cated in the operafional sections of this specification is not
implied. Exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

must be externally limited as follows:
Maximum toL per port pin: 10 mA
Maximum lov per 8-bit part:

Port 0:26 mA
Poris 1,2, 3:15 mA

Symbol Parameter Condition Min Max Units |
ViL | Input Low Voltage (Except EA) 0.5 0.2 Voe-0.1 v
Vi1 | Input Low Voltage (EA) 0.5 0.2Vee 0.3 v |
ik Inpul High Voltage (Except XTAL1, RST) 0.2 Vo t0.9 Voct05 v o
Vg Input High Voilage (XTAL1, RST) 0.7 Vec VeetD 5 v
) | Output Low Voitage'" _ F
Voo | (Ports 1.2.3) ioL = 1.6 mA 0.45 v f
{ Output Low Voltage'™! _ t
S - =
Vous {Port 0, ALE, PSEN) for =32 mA 0.45 Voo
1
, fon = -B0 A Vec = 5V + 10% . ;
y | Output High Voltage ok — A Voo 25V = 10% 2.4 Y —
Ok | (Ports 1,23, ALE, PSEN) tow = -25 pA 0.75 Vee v
ton = -10 pA 0.9Vee V
ion = -80 Ve =5V + 109 _
or. Output High Voltage OM = 0 uA, Vee =5V +10% 24 v
O | {Port 0 in External Bus Mode) QHZ 300 UA 0.75 Vee v
| tor = -80 A 0.9 Voo 1
| Logical 0 fnput Current _
I f (Ports 1,2.3) Viy =045V -50 LA
i Lagical 110 0 Transition _
e Current (Ports 1,2,3) Vin=2V -650 nA
input Leakage Current i
i (Port 0, EA) 0.45 < Vi < Voo +10 LA
RRST Reset Pulldown Resistor 50 300 K@
Cio ? Pin Capacitance Test Freq. = 1 MHz Ta = 25°C 10 pF ;
J Power Suppty Current Active Mode, 12 MHz 20 mA H
Jan | Idle Mode, 12 MHz 5 mA !
] Power Down Mode™ Ve =6V 100 uA J
| Vee =3V 40 pA |
oles: 1. Under steady stale (non-fransient) conditions, lop Maximum 1olal 1OL for all output pins:71 mA

1 I0L exceeds the test condition, VOL may exceed the
refated specification. Pins are not guaranteed to sink
current greater than the listed test conditions.

2. Minimum VCC for Power Down is 2 V.

| m 9
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..C. Characteristics

Jnder Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for all
ther outputs = 80 pF)

xternal Program and Data Memory Characteristics

} 12 MHz Oscillator 16 to 24 MHz Oscillator f
Symbol Parameter * Min Max Mir Max Units |
1ftcLoL | Osciltator Frequency 0 24 MHz J
4 | ALE Pulse Width [ 127 2teLoL-40 ns |
tavl | Address Vaiid to ALE Low | 28 tCLOL-13 ns |
tiax | Address Hold After ALE Low 1 48 1CLCL-20 s
fun | ALE Low to Valid Instruction In | 233 MOLCL-65 | ns |
tLLPL ALE Low to PSEN Low 43 tcLci-13 ns 1
tpLpH PSEN Pulse Width 205 3o o -20 ns ‘
tuv | PSEN Low to Valid Instruction In | 145 3toLcL-45 ns |
tPX1X input (nstruction Hold Aﬂer@ 0 i 0 ns
tPXIZ Input Instruction Float After PSEN 59 3 toLoL-10 ns
tPxav PSEN to Address Valid 75 tcLeL-8 ns
taviv Address to Valid Instruction In 312 Sty cL-55 ns
tPLAZ PSEN Low to Address Float 10 10 ns
tRLRH | RD Pulse Width 400 BtcLeL-100 ns
twLwH | WR Pulse Width 400 BtoLe-100 ns
tRLDV | RD Low to Valid Data in | 252 SteLcL-90 ns
tRHDX Data Hold After RD D 0 ns
trRupz | Data Float After RD _ 97 | 2tcLcL-28 ns
oy | ALE Low to Valid Data In J 517 BICLCL-150 |  ns
tavov | Address to Valid Data In ! 585 9CLCL-165 | s
tim | ALE Low to RD or WR Low 200 300 BtoLc -850 3torel+s0 ns
tavwL | Address to RD D or WR Low | 203 | #tcaTs ns
tovix Data Valid to WR Transition 23 ] toLeL-20 ns
toviwH Data Valid to WR High | 433 | TteLel-120 ns
twaax | Data Hold After WR J 33 tetor-20 ns
tRLAZ RD Low to Address Float 0 0 ns
twHLH | RD or WR High to ALE Righ | 43 123 | toLel-20 toLoL+25 ns

> AT89C51 msessss—————————



-xternal Program Memory Read Cycle

tLHLL
ALE N /~—L
tAMFLL - N tLLIV tPLPH
— tup fe—
PSEN / N torty | \
et
—* toLaz t P&
tiax BXIZ ]
tPXfX_J “—
PORT © e G K INSTRIN_ B> oA >
I — tA\/l\/ — ¥
PORT 2 X A8 - A15 S A8 Al5
:xternal Data Memory Read Cycle
b
ALE N
- twHLH
PSEN /
N tLu}fv w
— tRLRH — "
«— tLLWL ™
TR N
RD et ax— \———/(
ta, —» ) N trioy tripz
' RN
RLAZ —_— tRHD)‘{
PORT 0 _ > AC A7 FROM Rl OR DPLK ) DATA INIOKAC A7 FROM PCLY—~ INSTR N
- tAWV!_
— tAVDV
PORT 2 X P20 - P27 OR AS - A15 FROM DPH e A8 - A15 FROM PCH

AT89C51




:xternal Data Memory Cycle

thie—]
ALE N
- tvmLH

PSEN \ /

¢ tLLWL bt tWLWH »

WR N %
N A
W R * t‘LLA)( »

5 e

le— tav i —» tovwx 4 toiox

— tOVWH h—

PORT 0 > A - A7 FROM R/ OR DPL] Data ouT X Ao - A7 FROM PCL>—CINSTR iN

tA\.f’WL

PORT 2 X P20 - P27 OR A8 - A15 FROM DPH X A8 - A15 FRCM PCH

:xternal Clock Drive Waveforms

' terex —“]
}‘—’ teamex "ﬂ 1 4 F—‘ I‘k
Vcc - 05V i | CLCH ‘\:L tCHCL

|
, N N
4 02 Ve~ 0.V 4 —
045V —7 —_— —
toLex j T
tera >
-xternal Clock Drive
ﬂmbol Parameter Min Max Units
lfife¥el Oscillator Frequency O 24 MHz
tcLCL Clock Period 418 ns
tCHEX High Time 15 ns
1CLCX Low Time 15 ns
tCcLCH Rise Time 20 ns
toHoL Falt Time 20 ns ‘

2 AT89C51 pessssssssssses——————
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erial Port Timing: Shift Register Mode Test Conditions
/cc = 5.0V +20%; Load Capacitance = B0 pF)

12 MHz Osc¢ Variable Oscillator J
Symbol Parameter Min Max Min Max Units
txLXL Seria! Port Clock Cycle Time 10 12tcLoL us |
tQVXH Output Data Setup to Clock Rising Edge 700 10tcioL-133 ns |
txXHQX Output Data Hold After Clock Rising Edge 50 2tcLeL-33 ns
tXHDX Input Data Hold After Clock Rising Edge 0 0 ns |
txHDV Clock Rising Edge to Input Data Valid 700 10tCLCL-133 | ns |
hift Register Mode Timing Waveforms
INSTRUCTION | 0 | 1 | 2 | 3 | 4 | 5 | 8 | 7 | 8 |
t)(L)(L
CLOCK t I i | I ] I I | 1 ! [
QVXH >
b b
EVEIOS_BUF. N o PX i 2 X3 X a4 X 5 X 8 X 7 /S
— t
OUTPUT DATA borow [ [ terox serm |
| CLEARRI :
¥
INPUT DATA

\C Testing Input/Output Waveforms'’  Float Waveforms "

o 0.BY

02 V. - 0.0V

TEST POINTS
02 Vi - 0V

Timing Reference
Points

Vo + 0TV
0.458Y oL

Jote: 1. AC Inputs during testing are driven at Ve - 0.5V fora  Note: 1. For timing purposes, a port pin is no longer floating

logic 1 and 0.45 V for a logic 0. Timing measure- when a jOO m}f change from load vollage occurs.
ments are made at Vi min. for a logic 1 and Vi A port pin begins to float when a 100 mV change
max. for a logic 0. from the loaded Vor/Vor level ocours.

| m 13
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Speed Power
{MHz) Supply Ordering Code Package Operation Range
12 5V 4+ 20% AT89C51-12AC 44A Commaercial
ATBOC51-12JC 44) {0°C to 70°C)
ATBAC51-12PC 40P8
AT8AC51-12QC 44Q
ATBECS51-12Al 44A Industrial
ATBICS51-124i 444 {-40°C to 85°C)
ATBYCS1-12F1 40P6
ATB3C51-12Ql 440
ATBIC51-12AA 44A Automotive
ATBICS51-12JA 44J {-40°C to 125°C)
AT89C51-12PA 40P86
ATB89C51-12QA 40
5V +10% ATBYCS51-12DM 4006 Miiitary
AT89C51-12LM 441 {-55°C to 125°C)
AT89C51-12DM/B83 4008 Military/883C
AT89CS51-12L.M/883 44L Class B, Fully Compliant
{-55°C to 125°C)
16 5V+20% ATBAG51-16AC 44A Commerciai
ATB9C51-16JC 44) {0°C to 70°C)
ATB9C51-16PC 40P8
ATB9C51-16QC 440
ATBICS1-16Al 44A Industrial
ATBOC51-16.4t 44J (-40°C to 85°C)
AT89C51-16P! 40Pg
ATBOCS51-16Q! 44Q
ATBSC51-16AA 44A Automotive
ATBACS1-16JA 44) {-40°C to 125°C)
ATBACS51-16PA 40P6
ATBAC51-16QA 44Q
20 5V +20% ATB9CS51-20AC 44A Commercial
AT89C51-20JC 44) {0°C 1o 70°C)
AT89C51-20PC 40P8
ATB89C51-20QC 44Q
AT89C51-20Al 444 Industrial
ATBICS51-2041 444 (-40°C to 85°C)
ATBICS51-20PI 40P8
ATB8CS51-20Q 440

AT89CH5 mess——————————
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drdering Information

Speed l Power |
(MHz) | Supply Ordering Code ‘! Package Operation Range
24 5V +20% ATBSCS51-24AC  a4a Commerciai
| ATBIC51-244C L 44y {0°C to 70°C}
} ATB9C51-24PC 44pP8 '
‘ AT89C51-23QC | 440
AT89C51-24A] ' 44A Industrial
AT89C51-241 ‘ 444 {-40°C to 85°C)
ATB9C51-24PI ] 44P6
ATB9C51-24Q | aaQ
Package Type
44A g 44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
40D6 40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Package (Cerdip)
44.) 44 Lead, Plastic J-Leaded Chip Carrier (PLCC)
44L 44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC)
40P6 40 Lead, 0.600" Wide, Plasfic Dual Inline Package (PD!P)
44Q 44 Lead, Plastic Gull Wing Quad Flatpack (PQFP}

_‘m
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