BAB 6

KESIMPULAN DAN SARAN

6.1. Kesimpulan

Berdasarkan hasil penelitian yang telah dilakukan,
maka kesimpulan dari penelitian ini adalah dengan
implementasi teknologi mikrokontroler AT89551
dihasilkan model kunci elektronik yang dapat membatasi
akses pengguna ke dalam ruangan. Kunci elektronik yang
dihasilkan memiliki tingkat keamanan, kemudahan dan
kenyaman yang lebih baik dari kunci konvensional. Kunci
elektronik Jjuga dilengkapi dengan display LCD dan

sirine.

6.2. Saran

Dari penelitian yang telah dilakukan, ada beberapa
saran yang dapat diberikan penulis untuk 1lebih
menyempurnakan hasil penelitian ini di masa mendatang.

Adapun saran penulis sebagai berikut:

1. Sumber tegangan 1listrik kunci elektronik dapat
menggunakan baterai basah agar tidak mudah di-
reset.

2. Keamanan kunci elektronik dapat ditingkatkan dengan

menambah jumlah kode pin.
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‘eatures

Compatible with MCS®-51 Products

4K Bytes of In-System Programmable (ISP) Flash Memory
— Endurance: 1000 Write/Erase Cycles

4.0V to 5.5V Operating Range

Fully Static Operation: 0 Hz to 33 MHz

Three-level Program Memory Lock

128 x 8-bit internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Full Dupiex UART Serial Channel

- | Low-power Idle and Power-down Modes

Interrupt Recovery from Power-down Mode

Watchdog Timer

Dual Data Pointer

Power-off Flag

Fagt Programming Time

Flexible ISP Programming (Byte and Page Mode)

Green (Pb/Halide-free) Packaging Option

. Description

he AT89S51 is a low-power, high-performance CMOS 8-bit microcontrolier with 4K
ytes of In-System Programmable Filash memory. The device is manufactured using
tmef’s high-density nonvolatile memory technology and is compatible with the indus-
‘?y-standard 80C51 instruction set and pinout. The on-chip Flash aliows the program
Yemory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
rammer. By combining a versatile 8-bit CPU with In-System Programmable Flash on
monolithic chip, the Atmel AT89S51 is a powerful microcontrollier which provides a
ighly-flexible and cost-effective solution to many embedded control applications.

‘he AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes
f RAM, 32 /0 lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a
ve-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
nd clock circuitry. In addition, the AT89S51 is designed with static logic for operation
own to zero frequency and supports two software selectable power saving modes.
he Idie Mode stops the CPU while aliowing the RAM, timer/counters, serial port, and
iterrupt system to continue functioning. The Power-down mode saves the RAM con-
:nts but freezes the oscillator, disabling all other chip functions until the next external
“iterrupt or hardware reset.

()

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89S51

2487C-MICRO-03/05



12

3

Pin Configurations

40-lead PDIP
s
P1.001 40pvee
P110]2 39 [1-P0.0 (ADO)
Pi20s 38 [1P0.1 (AD1)
P130}4 371 PO2 (AD2)
P45 36| 1P0.3 (AD3)
(MOSI) P1.5[16 351 P0.4 (AD4)
(MISO) P1.6 [} 7 34 [1 P0.5 (AD5)
(SCK)P1.7]8 33 {1 P0.6 (AD8)
RSTCl9 32{1P0.7 (AD7)
(RXD) P3.0 (] 10 31 EAVPR
(TXD) P3.1 T} 11 30 [1 ALE/PROG
(iINTO) P32 12 29 |1 PSEN
(INTT) P33 313 2811 P2.7 (A15)
(TO)P3.4 {14 273 P2.6 (A14)
(T1)P350C]15 26 [1P2.5 (A13)
(WR) P36 16 251 P2.4 (A12)
(RD)P3.7 17 24 [1P2.3 (A11)
XTAL2 (118 23[1P2.2 (A10)
XTAL1 |18 22 [1P2.1 (A9)
GND (4 20 211 P2.0(A8)
44-lead TQFP
5838
Toa=0 o 8 Q- a0
AiaanzSERER
panizisinEsiaininisinisl
399938 HERT
(MOSN P1.50]1 33[1 P04 (AD4)
(Mis0) Pte 2 32[1P0.5 (ADS)
ScKyP170]3 31[31P05 (ADS)
RST{4 30{3P0.7 (ADD
(Rm) P30 {5 20 EANVPP
NCris 2811NC
(D) P31 )7 2711 ALEfFROG
(INTO) P32 (8 26[1PSEN
(iNT1) P33 ]9 251P2.7 (A15)
(T0) P34 ] 10 24[1P25 (A14)
r)ypasc] 23[1P2.5 (A13)
YNILerI2REY
TOoOUoOoOoOoOoOoLro
DrN=O Q i IS
EEEEEmEEEEE
ge " 2EE:g
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23 44-lead PLCC
SEE®
€8¢¢
TON~-Q QoraN®
trazi28edee
LN T T
(MOSH) P1.5007 033"""39:1%.4@4)
(MISO) P1.6]8 38|71 P0.5 (ADS)
(scKyP1.7009 37 [ P0.6 (AD6)
RST {10 36 11 P0.7 (AD7)
(RXD) P36 {11 351 EANVPP
NC 312 34 INC
(TXD) P3.1 0113 33 [0 ALE/PROG
(NTo) P3.2114 3211 PSEN
(INT1) P3.3C] 15 31{71 P27 (A15)
(T0}P3.4 0] 16 3011P2.6 (A14)
{T1) P35 17@ © @ o 9 @ = . m29]P2.5(A13)
-~ 0NN N NNNNNN
[ 0 B OO 0
o~ 00 Q- oM
ped3285888
EE™"  23gge
24 A42-lead PDIP
o
RSTO1 42}71P1.7 (SCK)
(RXD) P3.0} 2 41 [1P1.8 (MISO)
(TXD)P3.1 3 40 [1P1.5 (MOSI)
(INTO) P32 4 391P1.4
(INT1) P3.3[15 38[1P1.3
(To) P34 6 37{1P1.2
aneP3siz 36 P11
(WH)P36]8 35[0P1.0
(AD) P3.7 {9 34[1vpp
XTAL2 {10 33{1PWRVDD
XTALI O3 11 32{1P0.0 (ADD)
GND 12 31[3 P0.1 (AD1)
PWRGND [} 13 30 P0.2 (AD2)
(AB) P2.0 [} 14 2911P0.3 (AD3)
(A9} P2.1 ] 15 28 [1P0.4 (AD4)
(A10)P22[] 16 270 PO.5 (ADS5)
(A1) P23 17 26 {1P0.6 (ADS)
(A12) P24 18 257 P0.7 (AD7)
(A13)P25119 24 {1EA/VPP
(A14) P26 120 23{] ALE/PROG
(A15) P27 3 21 223 PSEN
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Block Diagram
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Supply voltage (all packages except 42-PDIP).

Ground (all packages except 42-PDIP; for 42-PDIP GND connects only the logic core and the
embedded program memory).

Supply voltage for the 42-PDIP which connects only the logic core and the embedded program
memory.

Supply voitage for the 42-PDIP which connects only the I/O Pad Drivers. The application board
MUST connect both VDD and PWRVDD to tha hoard supply voltage.

Ground for the 42-PDIP which connects only the I/0 Pad Dtivers. PWRGND and GND are
weakly connected through the common sllicon substrate, but not through any metal link. The
application board MUST connect both GND and PWRGND 1o the board ground.

Port 0 is an 8-bit open drain bi-directional /O port. As an output port, each pin can sink eight TTL
inputs. When 1s are written to port O pins, the pins can be used as high-impedance inputs.

Port 0 can also be configured to be the multiplexed low-order address/data bus during accesses
to external program and data memory. in this mode, PO has internal pull-ups.

Port 0 also receives the code byltes during Flash programming and outputs the code bytes dur-
ing program verification. External pull-ups are required during program verification.

‘L Pin Description
1 VCC
.2 GND
.3 VDD
4 PWRVDD
!
.5 PWRGND
6 Port0
.7 Portt

Port 1 is an 8-bit bi-directional {/O port with internal pufl-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulied high by the inter-
nal puli-ups and can be used as inputs. As inputs, Port 1 pins that are extemnally being pulied low
will source current (I, ) because of the internal pull-ups.

Port 1 also receives the low-order address bytes during Flash programming and verification.

Port Pin Alternate Functions

P15 MOSI (used for In-System Programming)
P1.6 MISO (used for In-System Programming)
P17 SCK (used for in-Sysiem Programming)

AT89S51 messss——————————
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;.8 Port 2
l.9 Port 3

|

l

|

l

!

.10 RST

.11  ALE/PROG
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Port 2 is an 8-bit bi-directional 1/0 port with internal puli-ups. The Port 2 output buffers can
sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the inter-
nal pull-ups and can be used as inputs. As inputs, Port 2 pins that are extemally being pulled low
will source current (I, } because of the internal pull-ups.

Port 2 emits the high-order address byte during fetches from extemal program memory and dur-
ing accesses to external data memory that use 16-bit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong intemal pull-ups when emitting 1s. During accesses to external
data memory 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 signails during Flash program-
ming and verification.

Port 3 is an 8-bit bi-directional /O port with internal pull-ups. The Port 3 output buffers can
sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the inter-
nal pufl-ups and can be used as inputs. As inputs, Port 3 pins that are externally being pulled low
will source current (I, ) because of the pull-ups.

Port 3 receives some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S51, as shown in the fol-
lowing table.

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P33 INTT (external interrupt 1)

P3.4 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

Reset input. A high on this pin for two machine cycles while the oscillator is running resets
the device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-
RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state of
bit DISRTO, the RESET HIGH out feature is enabled.

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



PSEN

EA/NNPP

XTAL1

XTAL2

AIMEL
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In normal 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 dur-
ing 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. Otherwise, the pin is weakly pulled high.
Setting the ALE-disable bit has no effect if the microcontroller is in external execution mode.

Program Store Enable (PSEN) is the read strobe to exteral program memory.

When the AT89S51 is executing code from external program memory, PSEN is activated twice
each machine cycle, except that two PSEN activations are skipped during each access to exter-
nal data memory.

External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from external program memory locations starting at 0000H up to FFFFH. Note, however,
that if lock bit 1 is programmed, EA will be internally latched on reset.

EA should be strapped to V¢ for internal program executions.

This pin also receives the 12-voit programming enable voitage (Vpp) during Fiash programming.
Input to the inverting oscillator amplifier and input to the intenal clock operating circuit.

Output from the inverting oscillator amplifier

. Special Function Registers

A map of the on-chip memory area called the Special Function Register (SFR) space is shown in
Table 5-1.

Note that not all of the addresses are occupied, and unoccupied addresses may not be imple-
mented on the chip. Read accesses to these addresses will in general return random data, and
write accesses will have an indeterminate effect.

AT89S51 mu s ————————————
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Eble 5-1.

AT89S51 SFR Map and Reset Values
OFsH
B
OFOH | 50000000
OE8H
ACC
OEOH | 53000000
0D8H
PSW
000H | 65000000
0CsH
i
0COH
P
0B8H | vx000000
P3
O0BOH | 14111111
i
! IE
§°A8H 0X000000
! ool P2 AUXRT WDTRST
11111111 XXXXKXXXO XOOOOMXX
. SCON SBUF
00000000 | XOOOXXXX
P1
90H 1 41111111
88H TCON TMOD TLO TL1 THo TH1 AUXR
00000000 | 00000000 00000000 00000000 | 00000000 | 00000000 XXX00XX0
80H PO sp DPOL DPOH DPIL DP1H PCON
11111111 00000111 00000000 00000000 | 00000000 | 00000000 0XXX0000

OFFH

OEFH

OE7H

ODFH

OD7H

OCFH

0C7H

0BFH

0B7H

0AFH

0A7H

9FH

97H

8FH

87H

ser software should not write 1s to these unlisted locations, since they may be used in future products to invoke new fea-
wes. In that case, the reset or inactive values of the new bits will always be 0.

wterrupt Registers: The individual interrupt enabile bits are in the IE register. Two priorities can be set for each of the five

iterrupt sources in the IP register.

487C-MICRO-(3/05
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Table 5-2. AUXR: Auxiliary Register
AUXR Address = 8EH Reset Value = XXX00XX0B
Not Bit Addressable
- - - WDIDLE | DISRTO - - DISALE
Bit 7 |6 | 5 4 3 2 1 0
- Reserved for future expansion
DISALE Disable/Enable ALE
DISALE
Operating Mode
0 ALE is emitted at a constant rate of 1/6 the oscillator frequency
1 ALE is active only during a MOVX or MOVC instruction
DISRTO Disable/Enable Reset-out
DISRTO
0 Reset pin is driven High after WDT times out
1 Reset pin is input only
WDIDLE Disable/Enable WDT in IDLE mode
WDIDLE
0 * WDT continues to count in IDLE mode
1 WDT halts counting in IDLE mode

Dual Data Pointer Registers: To facilitate accessing both internal and external data memoty,
two banks of 16-bit Data Pointer Registers are provided: DPO at SFR address locations 82H-
83H and DP1 at 84H-85H. Bit DPS = 0 in SFR AUXR1 selects DP0 and DPS = 1 selects DP1.
The user should ALWAYS initialize the DPS bit to the appropriate value before accessing the
respective Data Pointer Register.

Power Off Flag: The Power Off Flag (POF) is located at bit 4 (PCON.4) in the PCON SFR. POF
is set to “1” during power up. It can be set and rest under software control and is not affected by

reset.

AT89S51 m————————————————

2487C~-MICRO-03/05



S — AT89S51

‘ Table 5-3.  AUXR1: Auxiliary Register 1

‘ AUXR1 Address = A2H Reset Value = XXXXXXX0B
E Not Bit Addressable
- - - - - - - DPS
Bit| 7 6 5 4 3 2 1 0

- Reserved for future expansion '

4 DPS Data Polnter Register Select
DPS
0 Selects DPTR Registers DPOL, DPOH
1 Selects DPTR Registers DP1L, DP1H

. Memory Organization

MCS-51 devices have a separate address space for Program and Data Memory. Up to 64K
bytes each of external Program and Data Memory can be addressed.

.1 Program Memory
If the EA pin is connected to GND, all program fetches are directed to external memory.

On the AT89S51, if EA is connected to V¢, program fetches to addresses 0000H through FFFH
1 are directed to internal memory and fetches to addresses 1000H through FFFFH are directed to
external memory.

.2 Data Memory

‘ The AT89S51 implements 128 bytes of on-chip RAM. The 128 bytes are accessible via direct
and indirect addressing modes. Stack operations are examples of indirect addressing, so the
128 bytes of data RAM are available as stack space.

. Watchdog Timer (One-time Enabled with Reset-out)

The WDT is intended as a recovery method in situations where the CPU may be subjected to
software upsets. The WDT consists of a 14-bit counter and the Watchdog Timer Reset
(WDTRST) SFR. The WDT is defaulted to disable from exiting reset. To enable the WDT, a user
must write 01EH and OE1H in sequence to the WDTRST register (SFR location 0A6H). When
the WDT is enabled, it will increment every machine cycle while the oscillator is running. The
WDT timeout period is dependent on the external clock frequency. There is no way to disable
the WDT except through reset (either hardware reset or WDT overflow reset). When WDT over-
flows, it will drive an output RESET HIGH puise at the RST pin.

.1 Using the WDT
To enable the WDT, a user must write 01EH and OE1H in sequence to the WDTRST register
(SFR location 0A6H). When the WDT is enabled, the user needs to service it by writing 01EH
and OE1H to WDTRST to avoid a WDT overflow. The 14-bit counter overflows when it reaches
16383 (3FFFH), and this will reset the device. When the WDT is enabled, it will increment every
machine cycle while the oscillator is running. This means the user must reset the WDT at least

AIMEL 9
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every 16383 machine cycles. To reset the WDT the user must write 01EH and OE1H to
WDTRST. WDTRST is a write-only register. The WDT counter cannot be read or written. When
WDT overflows, it will generate an output RESET pulse at the RST pin. The RESET pulse dura-
tion is 98XxTOSC, where TOSC = 1/FOSC. To make the best use of the WDT, it should be
serviced in those sections of code that will periodically be executed within the time required to
prevent a WDT reset.

.2  WDT During Power-down and ldle

In Power-down mode the oscillator stops, which means the WDT aiso stops. While in Power-
down mode, the user does not need to service the WDT. There are iwo methods of exiting
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S51 is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To prevent
the WDT from resetting the device while the interrupt pin is held low, the WDT is not started until
the interrupt is pulled high. It is suggested that the WDT be reset during the interrupt service for
the interrupt used to exit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, il is best to
reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR is used to determine whether
the WDT continues to count if enabled. The WDT keeps counting during IDLE (WDIDLE bit = 0)
as the default state. To prevent the WDT from resetting the AT89S51 while in IDLE mode, the
user should always set up a timer that will periodically exit IDLE, service the WDT, and reenter
IDLE mode.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count
upon exit from IDLE.

The UART in the AT89S51 operates the same way as the UART in the AT89C51. For further
information on the UART operation, please click on the document link below:

hitp://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the
AT89C51. For further information on the timers’ operation, please click on the document link
below:

http://www.atmel.com/dyn/resources/prod_documents/DOC4316.PDF

0 AT89S51 m—————————————————
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| 0. Interrupts

The AT89S51 has a total of five interrupt vectors: two extemnal interrupts (INTO and INT1), two
timer interrupts (Timers 0 and 1), and the serial port interrupt. These interrupts are all shown in
Figure 10-1.

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Register IE. |IE also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 10-1 shows that bit positions IE.6 and IE.5 are unimplemented. User software
should not write 1s to these bit positions, since they may be used in future AT89 products.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the timers
overflow. The values are then polled by the circuitry in the next cycle.
Table 10-1. Interrupt Enable (IE) Register
(MSB) {(LSB)

| EA - | - | ES ET1 EX1 ETO | Exo |
Enable Bit = 1 enables the interrupt.

Enable Bit = 0 disables the interrupt.

Symbol Position Function
Disables all interrupts. If EA = 0, no interrupt is

EA IE7 acknowledged. if EA = 1, each interrupt source is

’ individually enabled or disabled by setting or clearing its

enable bit.

- IE.6 Reserved

— IE.5 Reserved

ES IE.4 Serial Port interrupt enable bit

ET1 IE.3 Timer 1 interrupt enable bit

EX1 IE.2 External interrupt 1 enable bit

ETO IEA Timer 0 interrupt enable bit

EXO IE.O External interrupt 0 enable bit

User software should never write 1s to reserved bits, because they may be used in future AT89
products.

AINE "
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Figure 10-1. interrupt Sources
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1 . Oscillator Characteristics

2

XTAL1 and XTAL2 are the input and output, respectively, of an inverting amplifier that can be
configured for use as an on-chip oscillator, as shown in Figure 11-1. Either a quartz crystal or
ceramic resonator may be used. To drive the device from an external clock source, XTAL2
should be left unconnected while XTAL1 is driven, as shown in Figure 11-2. There are no
requirements on the duty cycle of the external clock signal, since the input to the internal clock-
ing circuitry is through a divide-by-two flip-flop, but minimum and maximum voitage high and low
time specifications must be observed.

Figure 11-1. Oscillator Connections

XTALZ

ib———{Dl———u

XTAL1

o
=

GND

Note: C1,C2 30 pF + 10 pF for Crystals

40 pF £ 10 pF for Ceramic Resonators

AT89S51 meees—————————————
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‘ Figure 11-2. Exiernal Clock Drive Configuration

NC ——— XTAL2
EXTERNAL
OSCILLATOR XTAL1
SIGNAL

GND

|

2. |dle Mode

in idie mode, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
mode is invoked by software. The content of the on-chip RAM and all the special function regis-

ters remain unchanged during this mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware reset, the device normally resumes pro-
gram execution from where it left off, up to two machine cycles before the internal reset
algorithm takes control. On-chip hardware inhibits access to internal RAM in this event, but
access to the port pins is not inhibited. To eliminate the possibility of an unexpected write to a
port pin when idle mode is terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to external memory.

3. Power-down Mode

In the Power-down mode, the oscillator is stopped, and the instruction that invokes Power-down
is the last instruction executed. The on-chip RAM and Special Function Registers retain their
values until the Power-down mode is terminated. Exit from Power-down mode can be initiated
either by a hardware reset or by activation of an enabled external interrupt (INTO or INT1). Reset
redefines the SFRs but does not change the on-chip RAM. The reset should not be activated

before V¢ is restored to its normal operating level and must be held active long enough to allow
the oscillator to restart and stabilize.

Table 13-1.  Status of External Pins During Idie and Power-down Modes

Mode Program Memory ALE PSEN | PORTO | PORT1 | PORT2 | PORT3
ldle Internal 1 1 Data Data Data Data
ldle External 1 1 Float Data Address Data
Power-down | Internal (V] 0 Data Data Data Data
Power-down | External 4] (4] Float Data Data Data

AIMEL 13
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’4 Program Memory Lock Bits

The AT89S51 has three lock bits that can be left unprogrammed (U) or can be programmed (P)

to obtain the additional features listed in Table 14-1.

Table 14-1.  Lock Bit Protection Modes

Program Lock Bits
LB1 LB2 LB3 Protection Type

1- U U U No program lock features

MOVC instructions executed from external program memory
are disabled from fetching code bytes from internal memory,

& i v H EA is sampled and latched on reset, and further programming
of the Flash memory is disabled
P P u Same as mode 2, but verify is also disabled
P P P Same as mode 3, but external execution is also disabled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during reset.
i the device is powered up without a reset, the latch initializes to a random value and holds that
value until reset is activated. The latched value of EA must agree with the current logic level at
that pin in order for the device to function properly.

5. Programming the Flash - Parallel Mode

The AT89S51 is shipped with the on-chip Flash memory array ready to be programmed. The
programming interface needs a high-voltage (12-volt) program enable signal and is compatible
with conventional third-party Flash or EPROM programmers.

The AT89S51 code memory array is programmed byte-by-byte.

Programming Algorithm: Before programming the AT89S51, the address, data, and control
signals should be set up according to the Flash Programming Modes table (Table 17-1) and Fig-
ure 17-1 and Figure 17-2. To program the AT89S51, take the following steps:

Input the desired memory location on the address lines.
input the appropriate data byte on the data lines.
Activate the correct combination of control signals.
Raise EA/Vpp to 12V.

Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write cycle is self-timed and typically takes no more than 50 ps. Repeat steps 1

through 5, changing the address and data for the entire array or until the end of the

object file is reached.

Data Polling: The AT89S51 features Data Polling to indicate the end of a byte write cycle. Dur-
ing a write cycle, an attempted read of the last byte written will result in the complement of the
written data on P0.7. Once the write cycle has been completed, true data is valid on all outputs,
and the next cycle may begin. Data Polling may begin any time after a write cycle has been
initiated.

AN A B

Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY output
signal. P3.0 is pulled low after ALE goes high during programming to indicate BUSY. P3.0 is
pulled high again when programming is done to indicate READY.

AT89S51 e ———————
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| Program Verify: If lock bits LB1 and LB2 have not been programmed, the programmed code

i data can be read back via the address and data lines for verification. The status of the individ-
ual lock bits can be verified directly by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nor-
mal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7 must be pulled to
a logic low. The values returned are as follows.

(000H) = 1EH indicates manufactured by Atmel
(100H) = 51H indicates AT89S51
(200H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation is initiated by using the
proper combination of control signals and by puising ALE/PROG low for a duration of 200 ns -
500 ns.

In the serial programming mode, a chip erase operation is initiated by issuing the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will return O0H at the data output.

6. Programming the Flash — Serial Mode

The Code memory array can be programmed using the serial ISP interface while RST is pulled
to V.. The serial interface consists of pins SCK, MOSI (input) and MISO (output). After RST is
set high, the Programming Enable instruction needs to be executed first before other operations
can be executed. Before a reprogramming sequence can occur, a Chip Erase operation is
required.

The Chip Erase operation turns the content of every memory location in the Code array into
FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs to be connected
across pins XTAL1 and XTAL2. The maximum serial clock (SCK) frequency should be less than
1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK frequency is
2 MHz. :

B.1 Serial Programming Algorithm _

To program and verify the AT89S51 in the serial programming mode, the following sequence is
recommended:

1. Power-up sequence:
a. Apply power between VCC and GND pins.
b. Set RST pinto “H”.

If a crystal is not connected across pins XTAL1 and XTAL2, apply a 3 MHz to 33 MHz clock to
XTAL1 pin and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable serial instruction to pin
MOSI/P1.5. The frequency of the shift clock supplied at pin SCK/P1.7 needs to be less
than the CPU clock at XTAL1 divided by 16.

3. The Code array is programmed one byte at a time in either the Byte or Page mode. The
write cycle is seif-timed and typicaliy takes less than 0.5 ms at 5V,

4. Any memory location can be verified by using the Read instruction that returns the con-
tent at the selected address at serial output MISO/P1.6.

ATMEL 15
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5. Atthe end of a programming session, RST can be set low to commence normal device
operation.

Power-off sequence (if needed):
1. Set XTAL1 to “L” (if a crystal is not used).
2. SetRSTto“L".
3. Turn V¢ power off.

Data Polling: The Data Poliing feature is also available in the serial mode. In this mode, during
a write cycle an attempted read of the last byte written will result in the complement of the MSB
of the serial output byte on MISO.

6.2 Serial Programming Instruction Set
The Instruction Set for Serial Programming follows a 4-byte protocol and is shown in the
"Serial Programming Instruction Set’ on page 20.

7. Programming Interface — Parallel Mode

Every code byte in the Flash array can be programmed by using the appropriate combination of
! control signals. The write operation cycle is self-timed and once initiated, will automatically time
itself to completion.

Most major worldwide programming vendors offer worldwide support for the Atmel AT89 micro-
controller series. Please contact your local programming vendor for the appropriate software
revision.

1

f’lble 17-1.  Flash Programming Modes

ALE/ EA/ P P2.3-0 P1.7-0
Vlode Vee RST | PSEN PROG Vep P2.6 | P27 P3.3 P3.6 P3.7 Data Address
- @
Nrite Code Data 5V H L = 12v L H H H H Dy A11-8 A70
Aead Code Data 5V H L H H L L L H H Doyr Al1-8 A7-0
@
\ Nrite Lock Bit 1 5V H L ~ 12v H H H H H X X X
| i i © 122v H
Nrite Lock Bit 2 5V H L S H H L L X X X
i Bi v © 12v H L
Nrite Lock Bit 3 5 H L -~ H H L X X X
. P0.2
3 B :
' °ad3"°°k fis 5V | H L H H H | H L H L P0.3, X X
12, PO.4
Zhij \' v 122v H
Chip Erase 5 H L ~ L H L L X X X
Jead Atmel ID 5V H L H H L L L L L 1EH 0000 00H
Read Device D 5V H L H H L L L L L 51H 0001 00H
Read Device ID 5V H L H H L L L L L 06H 0010 00H
otes: 1. Each PROG pulse is 200 ns - 500 ns for Chip Erase.
2. Each PROG pulse is 200 ns - 500 ns for Write Code Data.
3. Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
4. RDY/BSY signal is output on P3.0 during programming.
5. X =don' care.
6 AT89S51 me———————————————————————————
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Figure 17-1. Programming the Flash Memory (Parallel Mode)

AT89S51

Vee

A0 - A7

ADDR. P1.0-P1.7
OC0OH/FFFH

SEE FLASH
PROGRAMMING
MODES TABLE

3-33 MHz
(L)

A8-At1

—» P26
—» P27
—» P33
—» P36
—» P3.7

XTALZ

XTAL1
GND

el

P20 - P23 PO {@—— papy

ALE {4—— PROG

4

A VIH/VPP

P3.0 —235’
RST le—— V,,
PSEN 2

Flgure 17-2. Verifying the Flash Memory (Parallel Mode)

Voo

ATB9S51
ADDR. —9 A7 by opi7
GO0OH/FFFH
As—ATT®| P20 - P23
— »| P26
SEE FLASH | —»f P27
PROGRAMMING- —»| P3.3
MODES TABLE | — | pag
— | P37
XTAL2

H—e

333 MHz |
=

&)}

VCC
PGM DATA
POt (USE 10K
PULLUPS)

oV,

4

RST {&— Vi
PSEN

XTAL1
£' =

n
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8. Flash Programming and Verification Characteristics (Parallel Mode)
4 =20°C t0 30°C, Vo = 4.5 10 5.5V

iBymbol Parameter Min Max Units
|VPP Programming Supply Voltage 115 125 \%
PP Programming Supply Current 10 mA
cc V¢ Supply Current 30 mA
Mgl Oscillator Frequency 3 33 MHz
%:A\,G._ Address Setup to PROG Low 4815
g'emx Address Hold After PROG 481
‘!IDVGL Data Setup to PROG Low 4Bt
}k;nox Data Hold After PROG 48t o
levish P2.7 (ENABLE) High to Vpp 481g o
'SHGL Vpp Setup to PROG Low 10 ps
farsL Vpp Hold After PROG 10 s
}wsmn PROG Width 0.2 1 ps
avav Address to Data Valid 48tg o)
v ENABLE Low to Data Valid 48,0,
j:EHQZ Data Float After ENABLE 0 48t o
araL PROG High to BUSY Low 1.0 ps
;Ewc Byte Write Cycle Time 50 ps
igure 18-1. Flash Programming and Verification Waveforms — Parallel Mode

AT SR Gy =8 \—fﬁ“féé‘ﬁéé'é’” >

[" tavav
PORT 0 ¢ oRA N ) (DATA OUT p—
P’ tovaL  temox '—:l
tavaL (< N *| tanax
ALE/PROG N J'
tsuaL —tgy g * tarst
BV, e N
P2.7 —" ey tequ — 1+~ tenoz
(ENABLE) /] WL :} L/
P30
(RDY/BSY) BUSY READY
twe

AT89S51
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;Pgure 18-2. Flash Memory Serial Downloading

l

E AT89S51 o
\'/
INSTRUCTION
INPUT  ——» P1.5MOSI
DATA OUTPUT +——1 P1.6/MISO
CLOCK IN ——# P1.7/SCK
! — | XTAL2
333 MHz | —
| T=
{ ——&———— XTAL1 RST & Vy
| e—{ GND

0. Flash Programming and Verification Waveforms — Serial Mode

Igure 19-1. Serial Programming Waveforms

gt /v Y Y XX OO\

SERIAL DATA OUTPUT MSB

P1.6 (MISO)

SERIAL CL('))C1:§ IEIS%L{('I; ‘:I '_s'i '_J ﬂ '-—l H H l——|
4 3 2 1 0
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0. Serial Programming Instruction Set

Instruction Format

instruction
|

Byte 1 Byte 2 Byte 3 Byte 4 Operation
XX XXX

L . 0110 1001 Enable Serial Programming

l’rogrammmg Enable 1010 1100 0101 0011 YO 300K (Output on while RST is high

] MISO)

i’Jhip Erase 1010 1100 100x x0x XKXX  X0KX XKXX  XKXX S::; Erase Flash memory

{

Read Program Memory XXX —oow ~OUN OO NOWOY OO Read data from Program

I =

[Byte Mode) 0010 0000 prares <L <LK (ala"alalalalals] memory in the byte mode

e :

Nrite Program Memory XX 2292 OO CIN—O NOWY OO Wirite data to Program

Byte Mode) R - R W=R | o543 BB memory in the byte mode

Write Lock Bits") 1010 1100 1110 0dodd WOXK 200K 0K 00K Write Lock bits. See Note (1).
' N Read back current status of

Read Lock Bits 0010 0100 YOO )00 00X 00K x:ﬁ —— XX the lock bits {a programmed

lock bit reads back as a “1”)

Read Signature Bytes 0010 1000 Egﬂ;’? XX X000 Signature Byte | Read Signature Byte

]

i i, Read data from Program

?F?;‘LP,\;‘;%’;"‘ Memory | 0011 gooo | **ZER2 | Byteo gﬁ: ;55 memory in the Page Mode

; (256 bytes)

s Write data to Program

Nrite Program Memo Byte 1... .

Page Mo?ie) Y | o101 0000 00X "O9%2 Byte 0 Bﬁe 255 memory in the Page Mode

{256 bytes)

dte: 1. B1=0,B2=0—> Mode 1, no lock protection
B1 =0, B2 =1 — Mode 2, lock bit 1 activated
B1 =1, B2 =0 — Mode 3, lock bit 2 activated
B1 =1, B2 =1 — Mode 4, lock bit 3 activated

Each of the lock bit modes need to be activated sequentially be-
fore Mode 4 can be executed.

fter Reset signal is high, SCK should be low for at least 64 system clocks before it goes high to clock in the enable data
rtes. No pulsing of Reset signal is necessary. SCK should be no faster than 1/16 of the system clock at XTAL1.

or Page Read/Write, the data always staris from byte 0 to 255. After the command byte and upper address byte are
tched, each byte thereafter is treated as data until all 256 bytes are shifted in/out. Then the next instruction will be ready

be decoded.

0 AT89S51 e
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1. Serial Programming Characteristics

)gure 21-1. Serial Programming Timing

AT89S51

mosi X

X

X

tovsH

tsHox

A J

h
A 4

>
%

AN
tshsL

_/_\

tsLsH

mso X

X

|
|
|
!
|

tsLiv

ible 21-1.  Serial Programming Characteristics, T, = -40°C to 85°C, V¢ = 4.0 - 5.5V (Unless Otherwise Noted)

s5ymbol | Parameter Min Typ Max Units
:l/tC,_C,_ Oscillator Frequency 3 33 MHz
3CLCL Oscillator Period 30 ns
oL SCK Pulse Width High 810l ns
SLsH SCK Pulse Width Low 8 tcioL ns
ovsH MOSI Setup to SCK High .ol ns
SHOX MOSI Hold after SCK High 201 ns
suv SCK Low to MISO Vaiid 10 16 32 ns
ERASE Chip Erase Instruction Cycle Time 500 ms
SWC Serial Byte Write Cycle Time 64 1; ¢ + 400 us
2. Absolute Maximum Ratings*
Jperating TEMPErature..............veveveeeseseenens -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
Storage Temperature -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any
Joltage on Any Pin other conditions beyond those indicated in the
nith Respect to Ground -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating
vlaximum Operating Voltage 6.6V conditions for extended periods may affect
device reliability.
3C Output Current.. 15.0 mA

87C-MICRO-03/05 R
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3 DC Characteristics

gwe values shown in this table are valid for T, = -40°C 10 85°C and V. = 4.0V 1o 5.5V, unless otherwise noted.

éymbol Parameter Condition Min Max Units
A Input Low Voltage (Except EA) 05 0.2 Ve-0.1 v
Vs input Low Voltage (EA) 05 0.2 V503
Vs Input High Voltage (Except XTAL1, RST) 02Vect09 |  Veot05 v
Vi Input High Voltage (XTAL1, RST) 0.7 Voo Vco+0.5 v
Vo Output Low Voltage®™ (Ports 1,2.3) | lo, = 1.6 mA 0.45 v
i/ou %ﬁ‘g"ﬁ&?’g&'@ﬁ;ﬂ loL = 3.2 mA 0.45 v
lon = -60 PA, Vg = 5V + 10% 2.4 v
Von %ﬁ;‘tﬂg‘; X°L"€9§—Sm) log = 25 PA 0.75 Vg v
lon = -10 pA 0.9 Ve v
lon = -800 pA, Ve =5V + 10% 24 v
fom gggug :;:‘%t;t\g:::?gus Mode) loys =-300 pA 0.75 Vee v
lon =80 PA 0.9 Ve v
L Logical 0 Input Current (Ports 1,2,3) | V), =0.45V -50 pA
;:TL I(.lg.r;;;::s‘al1 ?zt,g)o Transition Cusrent Vi = 2V, Ve = 5V £ 10% -300 bA
. !',_, input Leakage Current (Port 0, EA) | 0.45 < Vi < V¢ +10 pA
ARST Reset Pulidown Resistor 50 300 KQ
;3,0 Pin Capacitance Test Freq. = 1 MHz, T, =25°C 10 pF
| Active Mode, 12 MHz 25 mA
: Power Supply Cusrent
cc Idle Mode, 12 MHz 6.5 mA
Power-down Mode® Ve = 5.5V 50 pA

stes: 1. Under steady state (non-transient) conditions, |, must be externally limited as follows:
Maximum I, per port pin: 10 mA
Maximum iy, per 8-bit port:
Port 0: 26 mA Poris 1,2, 3: 15 mA
Maximum total |y, for all output pins: 71 mA
If 15, exceeds the test condition, V5, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

2 AT89S51 e ——————————————
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‘4. AC Characteristics
nder operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

itputs = 80 pF.

.1 External Program and Data Memory Characteristics

T

187C-MICRO-03/05

12 MHz Oscillator Variable Oscillator
ymbol Parameter Min Max Min Max Units
LOL Oscillator Frequency 0 33 MHz
L ALE Pulse Width 127 21¢, 0,40 ns
AvLL Address Valid to ALE Low 43 29 ns
LLAX Address Hold After ALE Low 48 toic1 25 ns
L ALE Low to Valid Instruction in 233 41,65 ns
LeL ALE Low to PSEN Low 43 too 25 ns
oLPH PSEN Puise Width 205 3ig 45 ns
oLy PSEN Low to Valid Instruction In 145 31560 ns
PXIX Input Instruction Hold After PSEN 0 0 ns
%Px,z Input Instruction Float After PSEN 59 terc 25 ns
;PXAV PSEN to Address Valid 75 toi o -8 ns
| AVIV Address to Valid Instruction In 312 5 tg ¢ 80 ns
bLAZ PSEN Low to Address Float 10 10 ns
RLRH RD Pulse Width 400 6t c -100 ns
.. WR Pulse Width 400 6 to o -100 ns
ALDV RD Low to Valid Data In 252 5 tg c,-90 ns
RHDX Data Hold After RD 0 0 ns
AMDZ Data Float After RD 97 215028 ns
v ALE Low to Valid Data In 517 81 -150 ns
AVDV Address to Valid Data In 585 91 ¢ -165 ns
LWL ALE Low to RD or WR Low 200 300 31c.1-50 3t +50 ns
— Address to RD or WR Low 203 41575 ns
QW Data Valid to WR Transition 23 ferc 30 ns
P— Data Valid to WR High 433 7 torc-130 ns
" wHox Data Hold After WR 33 terc-25 ns
RLAZ RD Low to Address Float 0 0 ns
WHLH RD or WR High to ALE High 43 123 toLoL-25 toLcL+25 ns
ATMEL 2
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- 5. External Program Memory Read Cycle

Y —*
ALE SN
. " toLpn
tavie O " ty
o S 11 T o
PSEN / N % \
—] t texa
PLAZ
t tPXIZ
LLAX [« >
toyix—s  fe—
PORT 0 J—-\Q AD - A7 K INSTRIN } > A0-A7_ ><_
e bty ———»
PORT 2 p, 4 A8 - A15 X AB-Al15

i

’6 External Data Memory Read Cycle

l top 4
! ALE N
. — toyLw
3 PSEN
— e tupy —*| NCLS
tF LRH — ¥
— t i —
BD N %
RD <——t|_LAx*—W “;T__./ A
ety —> RLDV RHDZ
tRLAZ__" t
— P, RHDX
PORT 0 __>KA0 - A7 FROM RI OR DPL) DATA IN DK A0 - A7 FROM PCLO—C INSTR IN
€ tavwi >
R — J‘AVDV ¥
PORT 2 ) 4 P2.0 - P27 OR AB - Al5 FROM DPH A8 - A15 FROM PCH
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7. External Data Memory Write Cycle

AT89S51

L iu—

ALE

- tywhLH

] PSEN __~/ N

] fe— tuw —fe—twwn —>

i = \

% WR et ax N /]

le— tayL —| tavwx N —* [+ twrox

‘ — tavwh —

5 PORT 0 > AD - A7 FROM R! OR DPLl DATA OUT a0 - A7 FROM PCL—CINSTR IN

tavwe »
PORT 2 ). 4 P2.0 - P2.7 OR A8 - A15 FROM DPH A8 - A15 FROM PCH

i ' .

8. External Clock Drive Waveforms

‘ S . tenex

CHCX b e |
VCC . 05V [ CLCH CHCL
—/’ 0.7 Ve
0.2 Vgo - 0.1V
0.45v - e Nl
e toox —
N teier >

9. External Clock Drive

symbol Parameter Min Max Units
el Oscillator Frequency 0 33 MHz
"ol Clock Period 30 ns
GHEX High Time 12 ns
cLex Low Time 12 ns
CLCH Rise Time ns
CHCL Fall Time ns

87C-MICRO-03/05
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0. Serial Port Timing: Shift Register Mode Test Conditions
'pe values in this table are valid for V¢ = 4.0V to 5.5V and Load Capacitance = 80 pF.

i 12 MHz Osc Variable Oscillator
Symbol Parameter Min Max Min Max Units
XLXL Serial Port Clock Cycle Time 1.0 12t 1]
'QVXH Output Data Setup to Clock Rising Edge 700 10 tg ¢ -133 ns
XHOX Output Data Hold After Clock Rising Edge 50 21g ,-80 ns
XHDX Input Data Hold After Clock Rising Edge 0 0 ns
OV Clock Rising Edge to Input Data Valid 700 10 1 o -133 ns
1. Shift Register Mode Timing Waveforms
¢ INSTRUCTION | 0 | 1 i 2 | 3 i 4_ | ) i 6 ] | 8 |
ALE HHHH|||1HHH__H_IUUUUUUUU
N » tex
%’ t L L L . 1Ny,
QVXH [¢——
—{ f— txHIr.)x
WRITE TO SBUF, N 0 1 2 X 3 X a X5 X8 X7/
; — t
) OUTPUT DATA txrov ] " SETTI
13 _ CLEARRI |
1 v 1
| INPUT DATA SETRI

| 2 AC Testing Input/Output Waveforms"

Voo~ 0.5V

0.45V

0.2 Vo + 0.8V
TEST POINTS
0.2 Vog - 0.1V

ste: 1. AC Inputs during testing are driven at V - 0.5V for a logic 1 and 0.45V for a logic 0. Timing measurements are made at Viu
min. for a logic 1 and V,_ max. for a logic 0.

3. Float Waveforms!

Points

Timing Reference

\

oL

+ 0.1V

Me: 1. Forliming purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to

float when a 100 mV change from the loaded Vo,1/V(, level occurs.
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4 Ordering Information
41 Standard Package

| Speed Power
| (MH2) Supply Ordering Code Package Operation Range
AT89S51-24AC 44A
AT89S51-24JC 44} Commercial
AT89S51-24PC 40P6 (0°C 1o 70°C)
o OV 10 5.5V AT89551-24SC 42PS6
aris AT89S51-24Al 42A
AT89S51-24. 44) Industrial
AT89S51-24P} 40P6 (-40°C to 85°C)
AT89S51-248I 42PS6
AT89S51-33AC 44A
AT89S51-334C 44) Commercial
45Vto 5.
33 1035V | ATsoss1-33pc 40P6 (0°C to 70°C)
AT89S51-33SC 42PS6
{
l .
3.2 Green Package Option (Pb/Halide-free)
| Speed Power
i (MH2) Supply Ordering Code Package Operation Range
: AT89S51-24AU 44A e
. 24 40Vi055V | AT89S51-24JU 44 (_402‘0‘;3 l;a5°C
AT89S51-24PU 40P6 e
Package Type
KA 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
uJ 44-lead, Plastic J-leaded Chip Carrier (PLCC)
10P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
12PS6 42-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)

87C-MICRO-03/05
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5 Packaging Information

51 44A ~ TQFP

s 2\\ 8ﬂﬂﬁﬂﬂﬂﬂﬂﬂﬂﬂj:_m_

"PIN 1 IDENTIFIER

. ~ e El
= =
= \ =
T N
—~ D1 -
| p WX

C— o7 I
S SEa

COMMON DIMENSIONS
(Unit of Measure = mm)

SYMBOL| MIN NOM MAX | NOTE

A - - 1.20
A1l 0.05 = 0.15
A2 0.95 1.00 1.05
D 11.75 12.00 12.25

D1 9.90 10.00 10.10 | Note 2
E 11.75 12.00 12.25
E1 9.90 10.00 10.10 | Note 2

Notes: 1. This package conforms to JEDEC reference MS-0286, Variation ACB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable

protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 - 0.45
plastic body size dimensions including mold mismatch. c
3. Lead coplanarity is 0.10 mm maximum. 0.09 - 0.20
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
5 Orchard Parkw TITLE DRAWING NO. |REV.
AIREL Sos orchert Pare | 44, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, waA 5
— ’ 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
B AT89S51 m———————————————
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52 44J-PLCC
. 1.14(0.045) X 45°
! 1.14(0.045) X 45 PINNCS li—’ 0.318(0.0125)
| * IDENTIFIER 0.191(0.0075)
| SEsRaR) o i e B |
o l *
T 21 il E 841 D2/E2
T
N
| O A T G N T O
r‘ A2
- D1 e
_ AR Al
% }g % :ii |
0.51(0.020)MAX
45> MAX (3X)
t = COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A 4191 - 4572
Al 2.286 - 3.048
A2 0.508 - -
D 17.399 - 17.653
D1 16.510 - 16.662 | Note 2
E 17.399 - 17.653
Notes: 1. This package conforms to JEDEC reference MS-018, Variation AC.
2. Dimensions D1 and E1 do not include mold protrusion. E1 16.510 - 16.662 | Note 2
Allowable protrusion is .010"(0.254 mm) per side. Dimension D1 D2/E2 | 14.986 = 16.002
and E1 include mold mismatch and are measured at the extreme B 0.660 0.813
matenal condition at the upper or lower parting line. & b '
3. Lead coplanarity is 0.004" (0.102 mm) maxirmnum. B1 0.330 - 0.533
e 1270 TYP
10/04/01
2395 Orchard Parkw TITLE DRAWING NO. |REV.
reharc Farkway | 444, 44-Jead, Plastic J-leaded Chip Carrier (PLCC
AMNEL <. "se. ca 95131 ' ’ P (PLCC) 44y B
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5.3 40P6 - PDIP

~<—————-——D——-—-—————-—

PIN
1
I IS A I A 0 NN A A

(=

T T = o o o [ [ T

y , |
mmmwﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁqﬂﬁ%i
LJV{L_'* A"

e

B1

puiiny

COMMON DIMENSIONS
o i =
c \\/‘\ \._I( \ —2/ 15° REF (Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
‘-._—- eB ——»l A - - 4.826
Al 0.381 - -
D 52.070 - 52.578 | Note 2
E 15.240 - 15.875
E1 13.462 - 13.970 | Note 2
B 0.356 - 0.559
Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC. =l 1.041 — 1.651
2. Dimensions D and E1 do not include mold Flash or Protrusion. L 3.048 - 3.556
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010"). 0.203 = 0.381
eB 15.494 - 17.526
e 2.540 TYP
09/28/01
TITLE DRAWING NO. |REV.
AIMEL 232° Oronard Parkuay | 40p, 40-ead (0.600'/15.24 mm Wide) Plastic Dual 40P6 B
et San Jose, CA 95131 | inline'Package (PDIP)

i

AT89S51 s ———————

2487C-MICRO-03/05



5.4 42PS6 - PDIP

AT89S51

|
1

T

D

PIN
1
N I 0 0 AN B B O

(=

O yOoootrogo YO o

sestie pLANETﬁﬂF}

]

1
T

c\/L———\/_g\fgw RE

i S

— —

Notes: 1. This package conforms to JEDEC reference MS-011, Variation AC.
2. Dimensions D and E1 do not include mold Flash or Protrusion.
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010").

COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 4.83
Al 0.51 - -
D 36.70 - 36.96 | Note 2
E 15.24 - 15.88
E1 13.46 - 13.97 | Note 2
B 0.38 - 0.56
B1 0.76 - 1.27
L 3.05 - 3.43
0.20 - 0.30
eB - - 18.55
e 1.78 TYP
11/6/03

"'—" 2325 Orchard Parkway
Lmil’a San Jose, CA 95131

TITLE

Inline Package (PDIP)

42PS6, 42-lead (0.600"/15.24 mm Wide) Plastic Dual

DRAWING NO. |REV.

42PS6

A
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DPERATING lNSTRUCTIONS - | - ' C

NTRODUCTION '

[

Selko Instruments intelligent dot matrix liquid crystal

Csplay modules have on-board controller and LSI drivers.
hich display alpha numerics, Japanese KATA KANA chai-

cters and a wide variety of other symbols in either 5 x 7 dot

.register (IR) when RS = 0 and data register (DR) when
RS = 1; 2) Read/write (R'W); 3) Data bus (DB7~ DBO);
and 4) Enable strobe (E) depending on the MPU or
through an external parallel I/O port. Details oninstruc-

tions data entry, execution times, etc. are explained in the
following sectiot.s.

———a

atrix.
r The internal operation in the KS0066 controller ch:p is
etermined by signals sent from the MPU. The signals

ng AND WRITE TiMING DIAGRAMS AND TABLES

fhe following timing characteristics are applicable for all of Seiko's LCD Jot matrix character modules.

i aden

1, :.lo

include: 1) Register select RS input consisting of instruction

READ TlM'NQ ﬁ"““" " ‘er: Twmo,cug\mmmsncs §
! Item Symbol Stardard Unit Item Symbol Standard Unit
h«ln Max. | - Min. | Max.
TEnable cycle time tevcE l 400 — ns Enable cycle time teveE 500 — ns
knable pulse width  High Level PWey 230 — ns Enable pulse width  High Level PWey, 230 — ns
Ereble rise and iall time ten, ter — 20 ns Enable rise and fall time ter. ler — 20 ns
Address setup time RS ,RW—E tas 40 — ne Address setup time RS, RW—E | 1t 40 — 1| . ns
Acidress hold time tass 10 —| =ns Address hold time ta 10 — ns
. D;na delay time toor — 160 | ns L:ata setup time tosw 80 — ns
.[)at.a hold time Yy 5 — ns Data'hold tme |- 10 - ns

D8, D8,

Nols: *VOL1 is sssumaed to be 0.8 V ot 2 MHz operation.

08, v D8,

" Lo

)ATA READ FRO! MODULE TO MPU

DATA WRITE FROM MPU TO MODULE




OPERATING INSTRUCTIONS

' INTRODUCTION CODES

Clears all display memory and
Clear Display 0 0 0 0 0 0 0 0 1 returns the cursor to the home | 82 ;15 - 1.64ms
pasition {Address 0).
Returns the cursor Lo the
home positicn (Address 0)
Return Home 0| oo 0 0}o ol v |- shifted lo the original position. | 40 s - 1.6ms
DD:RAM contents remain
unc hanged.
Sets, the cursor move direction
and specifies 10 or. not o shilt ,
Entry 0 0 Q Q 0 j 0 1 Ww s the display, These operations 40 ps - 1.64ms
Mode Sel wrile and read.
Display (D) is display ON/OFF ccatrol;
ON/OFF 0] o |o 0 0| b|C |8 memary remains unchanged © | -
Control in OFF condition. (C; cursor 40 pus
ONJ/OFF (B) blinking cursor. -
Moves the cursor and shifts
Cursor or 0 0 0 0 1 SICI Ry * 3 the display without changing 40 s
Display Shift DD RAM contents.
] Sets interface data length
Function Set 0 1] 0 1 DL N F ° ® (DL}, number of display lines 40 us
(N). and character (oat (f).
Sets thi2 CG RAM address.
Set CG RAM 0 0 0 A . CG RAN data is sent ang 40 p5:
Address received after this setling.
' Sets the DD RAM address. 40ps
Set 0D RAM 0 0 1 Axo DD RAM data is'sent and
Address raceived after this setting.
1 Read Reads Busy Flag (BF) .
| Busy Flag ¢ 1 BF AC indicating interna’ operationis | ' A4S
-] & Addrss being‘performed and reads
: address counter contents.
| write Data Wriles data into DD RAM or 40 ps
toCGor 1 0 Write Data CG RAM.
to DD RAM : ,
Read Data : | Reads data from DD RAM or :
from CG or 1 1 Read Data CG RAM, 40 s
DD RAM i ’
* Doesn't matter . oy
DODRAM:  Display data RAM VD1 Increment c=1 Cursor ON RL =1 Righ shift
CGRAM:  Character generator RAM V') s0  Decrement Ce0 Cf.rsor OFF RL=0:  Leftshilt
AcG: CG RAM address Sl Display shik Bel: Bk ON L
S No disnlay shilt Be0: _ Blink OFF DL=1:  8Ys .
A DD RAM address corresponds to : iy . . OL=0; 4bis
cursor address Det:  Disolay ON SIC«1: " Uisplay shit
: ) 0i playorr SIC+ 0 Cursor movement Net:  2fines (L1671)
Ag: . Address courer used {or both DD * Drsphy S B
) RAM and CG RAM address BF e« 1: Internal operation in progress
' BF«0:  Instruction can be accepied FeO:  5x7dotmainx

Execution times in th2 above table indicate the minimum values when aperating frequency is 250 kHz.
When fo.. is 270 kHz:+ 40ps x 250/250 = 37us



DPERATING INSTRUCTIONS .

NTRODUCTION CODE EXPLANATIONS

‘L The two registers 1) Instruction Register (IR) and the

) Data Register (DR) in the KS0066 contrc ller chip are directly
ontrolled by the MPU. Control information is temporarily stored
1 these registers prior to internal operation start. This allows
Merface to various types of MPUs which operate at different

speeds from that of the KS0066, and allows interface from
peripheral control ICs. Internal operations of the KS0066 are
determined from the signals sent from the MPLL These signals,
including' reqister selection signals (RS), Reaa/Write (R/W) and
data bus signals (DBO - DB7) are polled instructions.

RS RW Operation ‘ A

0 0 IR selection, IR write. Internal operation: Display clear

Q 1 Busy fiag (DB7) and address counter {DBO to DBE) reed
1 0 DR selection, DR write. Internat operation: DR to DD RAM or CG RAM
-j 1 1 DR selection, DR read. Internal operation: DD RAM or CG RAM 0 DR

%\onnsss Counter (AC)

The counter specifies an address when data is written
ito DD RAM or CG RAM and the data stored in DD RAM or
G RAIM is reau out. if an Address Set instruction (for DD
AM or CG RAM) is written in the IR, the address information
:transferred from the IR to the AC. When display data is writ-

LEAR DispLAY .
RS R/W DB7 0B0

Code [oJolToJoJoJofJoJoJof1]

Clear all displny memory and return the cursor to the

URSOR HOME

RS R/MW: DB7 DBO
;ode [oToJoTloJoJoloJof v}

*Doesn’t matter
Returns cursor to home position. First line first cha acter

Conditions of use

¥
ten into or read from DD RAM or CG RAM, the AC is automati-
cally incremented or decremented by one according to the
Entry Mode Set. The contents of the AC are output to DBO to
DB6; refer to above "Register Selection Table” when RS = 0

andRW =1

home position. In other words, the cursor returns to the first
character’block on the first line nn 2!l 1, 2, and 4 line charac-
ter moduleﬁ;except L4044. | the above is entered on E2 (the
second controller for lines 3 and 4), the cursor will return to
the first character on the third line.

1

blocks on all 1, 2 and 4 line display; except L4044 refer “clear
displey™: (Address 0; Aoo “80"). The contents 'of the DD RAM
remain unchanged.

Resfﬂctlons

When executing the Display Clear or Cursor Home
instruction when the display is shifted
(after execution of Display Shift instructicn).

The Cursor Home instruction should be executed again immediately
after the Display Clear or Cursor Home instruction is executed. *

00 not leave an interval of a multiple of 400 Yoe.* second after the first execution.
* L4052: foee = 250 kHz .

- The other modules: fge = 270 kHz

“losc: Oscillation frequency

When 23, 27,, 63,, or 67,,is used as a DD.RAM
3ddress to execute Cursor Home instruction.

" the data again in DD RAM. (This restriction is necessary o prevent the contents

Before executing the Cursor Home instruction, the data of the four DD
RAM addresses givén at the left should be read and saved. After execution, write

of the DD RAM addresses Irom beirig destroyed after the Cursor Home
instruction has been executed.)




A

OPERATING INSTRUCTIONS

EntrYy MoDE Sa
RS RAV DB7 D80

Code Luo.[o[o-[o[olol‘l"DlS]

I/D: Increments {I/D = 1) or decrements (D = 0) the DD
RAM address by one block when writing or reading a charac-
ter code from DC RAM or CG RAM. The cursor automatically
maves to the right when incremented by one or to the left if
decremented by one. ! ;

DispLay Anp Cursor ON/OFF ContrOL
RS RAV DB7 ' D8O

Cde [oJoJoJoJoJo]1Jofc]s]

D: Display is turned ON when D = 1 and OFF wten D =
0. When display is OFF, display data in DD RAM remains
unchanged. information comes back immediately when D =
1is entered.

C: Cursor is displayed when C = 1 and not displayed
when C = 0. If the cursor disappears, function of /0 elc.

1

S: Shifts the entire display to either the right or ieft when
S = 1 (high). When S = 1 and I/D = 1 the display shifts one
position to the'left. When S =1 and 1/D = 0 the display shifts
one position to the right. This right or left shift occurs after
each data write to DD RAM. Display is not shifted when read-
ing from DD RAM. Display is not shifted when S = 0.

- )

does not change during display data write. In a 5 x 7 dot
matrix there is an eighth line which functions as the cursor.

B: When B = 1, the character at the cursor position starts
blinking. When B = 0 the cursor does not blink. The blink is
done by stiching beiween the all black dot matrix and cis-
played character at 0.4 seconds intervals. The cursor and the
blink can be set at the same time (fosc = 250 kHz).

5 X 7 DOT MATRIX

C = 1 (cursor display)

<= Cursor

" CURSOR OR DISPLAY SHIFT

[

RS RW DB? DBO

Code [0 oJoJolo 1 [sefm] "]
* Doesn't IMatter
Cursor/Display Shift moves the cursor or shifts the dis-

- play without changing the DO RAM contents.

The cursor position and the AC contents match. This
instruction is available for display corretion and retrieval
because the cursor position or display can be shifted without
writing or reading display data. In case of a 2-line display, the

B = 1 {blinking)

cursor is shifted from character block 40 of line 1 to character
block 1 of line 2. Displays of lines 1 and 2 are shifted at the
same time. In case of a 4-line display, the cursor does not
move continuously from line 2 to line 3. The cursor is shifted
from character block 40 of fine 3 to character block 1 of line 4.
Displays of lines 3 and 4 are shifted at the same time. The dis-
play pattern of fine 2 or 4 is not shifted to line 1 or 3.

sic RIL Operation B

0 0 The.cursor position is shifted to the left (the AC decrements one)
0 1 The cursor position is shifted to the right (thi2 AC increments one)
1 0 The entire display is shifted 10 the left with the cursor

1 1 The entire display is shifted to the right with the cursor
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OPERATING INSTRUCTIONS

‘ DL: Interface data iength | :
UNCTIOh-l ST When DL = 1, the data ength is set at 8 bits (DB7 o DBO0).
| RS RMW. D81 D80 \When DL = 0, the data length is set at 4 bits (DB7 to DE4).
Code [oJoJoJo v [oufNTFr]-1"] The upper 4 bits are transferred first, then the Inwer 4

* Docsn't Matter’  bits follow. - o
Function Set sets the interface data length, the number ' N: Number of display lines
f display lines and the character font. . F: Sets character font

° 1

All character LCD modules

The Function Set instruction must be executed prior to all other instructions except {or Busy Flag/Address Read. If another instruction is
executed first, no function instruction except changing the interface data lenght can be executied. !

'G RAM AooRess Ser - Darta Write o CG RAM or DD RAM
RS RW DB7 DBO .. RS RMW DBY DBO
oo (G0 Jo [ [alr[alalr]a] @ [("lofo]ofo[o]o]0ol0o]0]
«~ Upper bit Lower it -- - Upper bit . Lower bit —
CG RAM addresses, expressed as binary AAAAAA, are' Binary eight-bit data DDDLDDDD is written into CG RAM
| , - .
et to the AC. Then data in CG PAM is written from or read to &' OD RAM. The CF; RAM Aduress Set instruction or the 0D
!’e MPU. RAM Acddress Set instruction before this instruction selects
; either R/\M. After the writr operation, the address and dis-
)D RAM ADDRESS SEY play shift are determined by Fhe entry mode setting.
| RS RW DBI DB0  Data Riad 10 GG RAM OR DD RAM
Code folofv[afalalalalalal RS RW DB? DBO

-~ Upper bit Lower bit — Cde [1TrJofJofJoJo[o]bo]oJo

DD RAM addresses expressed as binary AAAAAA are ~ Upper bit : Lower bit —

" ettothe AC. Then data in DD RAM is written from or read tc . . .
- e MPU Binary eight-bit data DDDDDDDD is read from CG RAM

or DD RAM. The CG RAM Address Set instruction or the DD
RAM Address Set instruction before this instruction selects
either RAM. In addition, either instruction is executed imme-

usy Ftac/ADDRESS READ

-

RS RMW DB7 : ‘ DBO  diately before tnis instruction. If no Address Set instruction is
~ode [0 LO ]BF] A I A l A [ AW A ] A l A ] executeq F)efonte a read lf'nstructx?n, the first data read
ZUppor bit Lower bit — becomes invalid. If read instructions are executed consecu-

tively, data is normally read from the second time. However,
if the cursor is shift2d by the Cursnr Shift instruction when
reading DD RAM, there is no need to execute an address set
When BF = 1, the module is working internally and the next " instruction because tbe Cursor Shift inst-uction does this.
instruction cannot be accepted until the BF value becomes 0. After the read operation, the address is automatically

- increrriented or decremented by one according to the entry
mode, but the display is not shifted.

The BF signal can be read to verify if the controller is indi-
ating that the module is working on a current instruction.

When BF = 0, the next instruction can be accepted.

Therefore, make sure that BF = 0 before writing the next . ) )
s'ruction. The AC values of binary AAAAAA are read outat  Note: The AC :s automatically incremented or decremented by
'@ same time as reading the busy flag. The AC addresses one according to the entry mode after a write instruction is
¢ used for both CG RAM and DD RAM but the address set *  excecuted to write data in CG RAM or DD RAM. However, the
2fore execution of the instruction determines which address  data of the RAM selected by the AC are:.not read out even if a

to be used. read instructiori is executed immediately afterwards.

1
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OPERATING INSTRUCTIONS

5x 7+ Cunsbrz

i Relationships between CG RAM addresses and character codes (DD RAM) and character pat_terns (CG RAM giala),
(5 x 7 dot matrix).5 X 7 Tablz : ; -

+Character pattern:
; . (CG RAM data).
‘s 4 372 1 0llre65s 4«3 210

Upper bit Lowerbit | | Upperbit Lower bil
¢ ¢ ‘0o|lj. - <11 1 1 1 Q
| 6 0 1 1,00 01 E:ampleof
i T r
‘ 001 0 100 01 ;a;e‘:“‘(’m
A 2 1 11110
| o000 -000]]o o o1 0o 10100
i 10 10010
110 100 01
1 1 e« <ot 0 0 0 O Cursor position
{; .00 o||. - -]1 0001
1 lO 0 4 01 _0 10 Example of
i 0 1 0 1. 11 1 1] character
?. o000 0010 0o 1o 1 ‘;oo1oopattern(¥)
‘: 0 0 11111
}101 1 po.1 oo
110 0610 9
v 1 1))- +« {00000
0o o offe « -
P _Jo o 11 |
— T e——— /’_/‘
0000 * 1 11 R
T 0
1.0 1
11 0
11 1 e e

Notes: , in CG RAM data, 1 corresbonds to Selection and 0 to Non-selec-
tion on the disg!ay. _ ' _

» -Character code bits 0 tc' 2 and CG RAM address bits 3 to 5 corre-
spond with each other (three bits; eight types). A

» CG RAM acdress bits 0 to 2 specify & line _oos'ition for a character
pattern. Line 8 of a character pattern is the cursor position where .
the logical sum of the cursor and CG RAM data is displayed. Set
the data of line-8 to'0 to display the cursor. If the data is charged
to 1, one bit lights, regardless of the cursor. '

»  The character pattern column positior'l corresponds to CG RAM
data bits 0 to 4 and bit 4 comes to the left end. CG RAM data bits
§ to 7 are not displayed but can be USed as general data RAM.

»  When reading a character pattern from CG RAM, set to 0 all of
character code bits 4 to 7. Bits 010 2 determine which pattern
iwill be read out. Since bit 3 is not valid, 00« and 08« select the
same character. oo o

i



OPERATING INSTRUCTIONS

1

|
The character generator RAM (CG RAIJ) allows the user

create up to eight custom 5 x 7 characters + cursor (5 x 8).
nce programmed, the custom characters ¢r symbols are
cassed exactly as if they were in ROM, Howaver since the
lAM 1s a volatile memory, power must be continually
aintained. Otherwise, the custom characters/symbols must

3 programmed into non-volatile external ROM and sunt to

e display after each display initialization. All dots in the 5 x 8
»t matrix can be programmed, which includes the cursor
»sition. a

The modules.RAM are divided into two parts:.data

%splay RAM (DD RAM) and custom character generator RAM
G RAM). This is not to be confused programming the

Istom character generator RAM with the 192 character
}nerator ROM. The CG RAM is located between hex 40 and
f and is contiguous. Locations 40 thru 47 hold the first

]stom character (5 x 8), 48 thru 4F hold the second custom
(aracter, 50 thru 57 hold the third CG, and so forth to 78

iu 7F for the eighth CG character/symbol.

!

1}’__RO~GRAMMING THE CHARACTER GENERATOR RAM (CG RAV)

If during initialization the display was programmed to
automatically increment, then only the single initial address,
40, necd be sent. Consecutive row data will automatically
appear at 41, 42, cte. until the completed character is
formed. Al eight custom CG characters can be programmed
in 64 consecutive “writes™ after sending the single initial 40
address.

The CG RAM is 8 bits wide, although only the right-most
5-bits are used for a custom CG characler row. The left-most
dot of programming the CG RAM character corresporids to
D4 in the most significant nibble (XXXD4) of the data bus
code, with the remaining « dots in the row corresponding to
the least significant nibble (D3 thru DO), DO being the right-
most dc.i. '_l'hus, hex 1F equals all dots on and hex 00 equals
all dets off:-Examples incluce hex 15 (10101) equa! to 3 dots’
on the hex OA (01010) equal 2 dots on. In each case the key
5-bits f the 8-hit code program one row of a custom CG

" character. When all 7 or 8 rows are programmed, the char-

acter is complete. A graphic example is shown below:

0 Y] 40 — addresses 1st row, 1st CG character
1 0 11 i result of 11, 1st row
1 0 0A - result of 0A, 2nd row
L1 0 1F_¢ result of 1F, 3rd row
1 0 04 - ‘ "~ resultof 04, 4th row '
1 0 1F result of 1F, 5th row .
1 0 04 * result of 04, 6th row
1 C 0 04 . -, result of 04, 7th row
1 0 00 E_ - result of 00, 8th row (cursor position)
i .\ 0 15 ‘ 1st row, 2nd CG character,
. [ Note: Addressing not now required;
hex 48 's next in the sequence.

\



"OPERATING INSTRUCTIONS

- ADDRESS LOCATIONS K

L q)

i
;
|
,i
|
|

Line 1

2)

Line 1

Line 2

3)

Line 1
Line 2

Line 3.

Line 4
4)

Lire 1
Line 2

5)

’

Line 1
Line 2
Line 3
Line 4

6)

Line 1
Line 2

7

Line 1
Line 2
Line 3
Line 4

L167 1-Series (16 characlers x 1 line)

1 2 3 45 6_7 8 9 1011 121341516

fsolmlsz[a:]u]asias]m]colcr|cz[c3]c4|c’s]csli] ‘
NOTE: L1671 series is initiakized a5 2 2 kine display, because of the

absence of an LCD driver. You must address character no. 9 as you
wauld the firsl position on the 2nd tine which is (CO).

- L1672-Series (16 characlers x 2 lines)

L1682-SERIES
L1692-5ERIES _
1 2 3-4 5 6 7 8 9 101117131415 16

1
80[81{82)83{84]85}86|87{88|89|8A|88]8C|BD|8E]|8F
cojcilcelcajca|csice(cr{ce|CofCA{CB| ZCiCODICECF

L1634-Series (16 characlers x 4 lines)
123“55759\0“\2\3\4\5\6

80}81 BZVLB] B4]85{86(87]88189|8A[8B|8C|8D|8E|8F
cojCt C2} C3jc4|csice|crica|CejCA|CB|CClCOjCEICF
90|91] 92| 93)94|95{96|97(98]99]9A} 98 9C] 90| 9€ | OF
0O D1} D2} DY D4 DS} D61 D7| D8} D9} DA| D8] DCI DOY OE§ DF

L2032-Sertes (20 characlers x 2 lines)
1 ¢ 5 4 5 6 7 8 9 1011 12 13 14 15 16 17 18

80181)82}83184]35|86|87)|88)|89{BA|8818C|B0]8E|8F 90|9|

=
cojci{cz| c3ica] cs|C6]CT]CBCI|CA|CB|CC|CD|CE}CF DO.'DI

L2034-Series (20 characters x 4 lines) \
1 2 3 45 6 18 9 1011 1213141516 17 18

20

B0}81]82| 83{84]|85|86]87/68(89|6A|BB]8C|8D]|8E|8F]|90] 91

CojC1|C2{C3jc4{C5/C6|CT]CB}CI|CA{CB|CC|CD|CE|CF|DO} DI

03

84195961 97198 93]9A{9B|9C} 9D 9E } 9F | ADJ A1) AZ| A3| A4) AS

Al

04]Ds| D6} D7f D8] D9| DA| DB]DC| DD| OE jOF | EO| €11 €2 | E3| E4] €5

£7

L2462-Series (24 characters x 2 lines)
T 2 3 45 6 78 9 1011 1213141516 17 18

-

20 2122 23 4

80181{82|83|84 (85186 |87 (88|89 [8A|aB |8C{BD{8E |8F {901 9

92

93194 195 196197

CojC1{C2|C3jca|C5)C6|CT|CB|CO{CA|CB|CCICDICE|CF{DO| D1

D2

D3|D4 |05 § D6 D7

L4052-Series (40 characlers x 2 lines)
L404 4-Series (40 characlers x 4 lines) i
1 23 45 6 78 9 1011 1213141516 1718

20212223 24 25 26 272829 30 31 32 33 34 35 36 37 38 39 40

80181182(83)84|85|86[87)88}89 BABBIBCBDBE 8F § 90| 91

9394 Jss} 6] s7[98 [ s9]sa[s8[sc[ 0] sk [sF | ao]ar]az]as]as] as|as] a1

cojci1| cz| c3{cafCs|ce| CT) C8f CY CA| CBI CCf o} CE] CF} DOJ D

9%
D3j04|0s uelmva 09{0A{DB|OCIODI DEJOF fEQJEV (€2 E3 €4 | ESEG Y ET

80181) 82183[84 |85136{87|88]89)8A|8B| 8C| 8D} 8E| 8F | 90| 91

93(94195] 96§ 97|98 | 99|94 ,98[9C| 9D 9€ | 9F | AO{A1 | A2] A3 |A4]| AS|AG] AT

CojC1} C2|C3[C4{C5{C6} CT}CB CIl CA CBiCC CDj CE| CF| DO| Dy

D3| D4|Ds{ D6} 07| 08| D3| DA| DB| DC|DD|DEJDF{ €01 €1 | €2 [€3 €4 | €5| €6 | €7

Note: Address locations on lines 1 & 2 are controlled by enabling E1.

Address locations on fines 3 & 4 are controlled by enabling E2.




!

DPERATING INSTRUCTIONS o

‘ : CHARACTER FONT CODES (5 X 7 DOT MATRIX)

; Upper 4 Bit Hexadecimal

' Upper ' '
Lower 4% 1 5000 | 0010 | 0011 | 0100 | 0101 | 0110 | 011y | 1010 | <011 { 1100 | 1101 {1310 [ 1111
4 buts (0) (2) (3) {4) (5) (6) (7) (A} {3) (C) (D) (E) | (F)
G ETTT UPTTU Py ., " ee voe
. RAM B || Sog B | Bood? o g% | | cooc? SR D e ] e
¥ X % %0000 | ~(1) Boocd || Fobii || 8 O IEL I
(0) H
i i 0Nl | food . o8 || oog I s
xxxxooor | b S| E LEed PEed s e T i a0
| (1) : T
: .. L - I . san .
| e R I E S B R R P
(2
| e R kA N N e b A R R R A R
| e : K
| e I I S s S N T T O I I e B e
| = 4) &
E MR 3IE (. r | e | - N
8 x x x <0101 Fm || ot || | 2L Weeecha || RG] [ =6 o q | 8% (&
o (5)
] %8 o L R N I A D e N P oo || coo oog
S | xwxwono | P i P i A e R e ) B sl Dk I
2 e P || B || oo || cooct -
* m x x x x0111 & ) 5.. g'::é g_i_i ::;;E § H g “;:: ::5:: .E:E: .":E i".g .E.E-
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— i 3 *
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3 o _ . 5 -
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(9) — o
W || | g | TR e s | g e
s e 8 || & H
: OV OSSO IR g % N ! S I b e
x X % x 1011 : ot LA B | ' E . :
e )
xxxxmoo | ¥ ] ' . “ K .! HE
(C) . oo . . : :
3. o2 °t ’ %o o] eeses . .
x % x x 1108 8 ] e ) 2K S e I S .t 4 cevee
(D) . . . eoe . .
RO I S AN LN STV s ZOTO S OO (PN oee
wxxsano || R N R T R
B 2] e H
wxxxy | O ) :.: " e .. " st 2 .§ o 3 z:'::
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"OPERATING INSTRUCTIONS

ExampLes oF 8-Bit AND 4-Bitr DATA TRANSFER OPERATION

DisPLAY INITIALIZATIGN : :
Each time the module is turned on or reset, an ~ -mode. All the initialization sequences are performed under

initialization procedure must be executed. The procedure the ccndition of _Régister Select (RS) = 0 (low) and
consists of sending a sequence of hex codes from the Read/Write (R/W) = 0 (low).
microprocessor or paraliel /O port. The initialization ’ The 4-bit data bus microcontroller may operate the
sequence turns on the cursbr, clears the display, and sets the.  display module by sending the initialization sequence in 4-bit "
- module onto an auto-increment.mode. ) format. Since 4-bit operation requires the data to be sent
The initial hex code 30, 34, or 38 is sent two or more . twice over the higher 4-bit bus lines (D4-D7), memory

times to ensure the module enters _thé 8-bit or 4-bit data " requirements zre doubled.

A. EXAMPLE FOR THE MODULE WITH 5 X 7 Character Format Under 8-Bit Data Transfer i

Intialization

Flow Chant
R
! POWER ON | € Hex Code | D, D, D,D,D, D, D, D Instructions
7 L ] 3 4 J 2 1 -]
215mSY S ;
E |(1)|38(Hex) [0 01 11000
38 (HEX) T R
zaims| g
38 (HEX) (E) ) ¥ Function Set
5100 S| U v & + 8 bit Data Length
E » 2 Line
38 (HEX) N » 5 x 7 Dot Format
> 40},15 g (2){o06(dex) lOOOOC 1T 50
38 (HEX) | (1) : [ ,
340 pS " - » Entry Mode Set
» Increment one
06 (HEX) 2) » No Shift
=40 uS 3)|oEMHexy JOOOCO1T1 10|
OE (HEX) | (3} ¥ '
=40 puS .
) » Display ON/OFF Control
01 (HEX) | (4) ‘ » Display ON
21.64 mS g i ¥ Cursor ON
' » Blink OFF
T enp OF (4]01(Hex) G 00000 0 1 :
INITIALIZATION S~ : :
80 (HEX) (5) N - L——— 1 Display Clear
240 pS (5) | 80(Hex) |1 0 0 000 00 '
| - .
y DD RAM Addrass Set
| S— » 15t Digit

Note: 1) Both RS and R/W terminals shall be “0" in this sequence
2) RS, R/W and Data are latched at the falling edge of the Enable sugnal
(falling edge is typically 10nSec; Max: 20nSec).
3). L4044 has t obe initialized on E1 and E2 respectively.



OPERATING INSTRUCTIONS
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ExampLes oF 8-BiIr AND 4-Bir DATA TRANSFER OFERATION

1

Flow Chart

POWER ON

|
|
|
|

5
i

moZmcOmy -imuymd

—
-
~—

(3

{4)

.iibto: .

@

B EXAMPLE FOR THE MODULE WITH 5 X 7 Character Format Under 4- th Data Transfer

78] 2nd =
Hex Code [67_0‘ D, 5,0, D Instructions
(] 2(Hex) [0 0 10 )
] i L ll » Function Sel
i » 4 bit Data Length
: 8 (Hex). 1000 ’
» 2 Line
. » 5 x 7 Dot Format
(2) | O(Hex) | O 0. O‘C
6 (Hex) LY 0110
\_-_—v__..-/
- L + Entry Mode Set
g w # » Increment
» No Shift
(3)|] O(Hex) |0 00O
: E{Hex) - 1910
—— =
L » Display ON/OFF Control
» Display ON
» Cursor ON
L+— Blink OFF
(4) | O(Hex) {0 0 0 O !
1 (Hex) | . ‘0001 |
__S————+-# Display Clear
(5)| 8(Hex) {1 0 0 O
OHex) || 9000
= —— .1+ DD RAM Address Set
———> 151 Digit

1) Both RS and R/W terminals shall be “0” in this sequence. .
2) RS, R/W and Data are latched at the falling edge of the Enable s:gnal

!

3) Enatile signal has to be sent after every 4-bit Data transfer.

.-

A
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Lampiran 5: Flowchart of Program List

P2 = 0x01;
mode = 1;
init_LCD( );

cacah = 0;
buzzer = 0;
ted = 1;

while( pin==0)

tulis_inst( 0x01 );
tunda( 8 };
tampil_geser( );
tulis_inst{ 0x80 );

I

for(i=0;i<16; i++)

tulis_data( info1[i] );

for(i=0;i<18; i++)

tulis_data( info2[i]);

. for{i=0;i<10; iv+}

cold = 1;
tunda{ 100 );

1




tulis_inst( 0x01);
tunda( 8);
tulis_inst( 0x80 );

for(i=0;i<16; i++)
tulis_data( info3[i] );

if( dig0 == 0 && dig1 == 3 && dig2
== 9 88& dig3 == 7 8& digd==7)

dig0 = 0;
dig1 = 0;
dig2 = 0;
dig3 = 0;
dig4 = 0;

|

tulis_inst( 0x01 );
tunda( 8 );
tulis_inst( 0x80 );

-

for{i=0;i<16; t++)

tulis_data( infod[i] );

for(i=0;i<3;i+t+)

tunda( 255 );

—

buka_pintu( };
tulis_inst{ 0x80 });

for(i=0;i<16;i++)

tulis_data( info8[ i ] };

for(i=0;i<16;i++)

tulis dataf Info7[i1}:

dig0 = 0;
dig1 =
dig2 =
dig3 = 0;
digd = 0;

l

mode = 2;

cacah = cacah + 1;
tulis_inst{ 0x01 );
tunda( 8 );
tulis_inst{ 0x80 );

l

for{i=0;i<16; i++)

tulis_data( infoS[i] );

for(i=0;i<3;i++)

tunda{ 255 );

cacah = 05
tulis_inst( 0x80/

\«:"
I

for(i=0;i<16;i++)




for{ i=0;1i<3;i++)

tunda{ 255 );

. END WHILE

cold =1;

P3 = Oxff;
tutup_pintu( )3
mode = 1;

while({ rowd == 1}

coll =0;

if( rowd == 0 )—

coll =1;

END WHILE

{

0;
tulis_inst{ 0x01 );
tunda( 8 );
tulis_inst{ 0x80 );

tulis_data{ info10[i]);

if{ dig0 == 9 &8 dig1 == 9 8& dig2
==9 88 dig3 == 9 && digd == 9 )

5 0;
e | 7k g2 = 0
. - H
dig0 = 0; digd = 0;
dig; =0;
dig2 = 0; .
diga=oy ° * ¢ J,
dig4 = 0fge< -
[3 tutis_inst( 0x01 );
. tunda({ 8 );
l tulis_inst({ 0x80 );

tulis_inst( 0x01 };
tunda( 8 );
tulis_inst{ 0x80 );

tulis_data( info5{i]);




tulis_data( Infod[i]);

I

mode = 1;

for(i=0;i<3;i++)

tulis_inst{ Ox80 );
for{i=0;i<16;i+t+)

tulis_data( info8[i] );

for(1=0;1<18; i++})
tulis_data( infoS[i] );

=

LCD_Imp =1;
led = 0;
tunda( 255 );
LCD_Imp = 0;
led =1;

I

tunda( 255 );

END WHILE

. END WHILE

ok

PEENY




Lampiran 6 :

Program List Kunci Elektronik




J*

Program pengendali pintu dengan kode PIN
menggunakan keypad 4x4 dan LCD 16x2 mode data 8-bit

Bahasa pemograman = bahasa C, Compiler = Small Device C Compiler
*/

#include <at89x51.h> //header jenis mikrokontroler AT89x51
#define LCD data PO //inisialisasi nama (alias) register
#define LCD lmp P2 0

#define LCD Rs P2 1

#define LCD RW P2_2

#define LCD E P2 3

#define rowl P3 0

#define row2 25 L

fdefine row3 192 2

#define row4 P3 3

#define coll P3 4

#define col2 P3 5

#define col3 P3_6

fdefine cold P3_7

#define Dbuzzer P2 4

#define close door P2_5

#define open door P2 6

#define limit open P1_1

#define 1limit close Pl 2

#define led Pl 3

/R e e e — ~ ~ e~~~ g — — — e

bit at 0x20 pilih; //alokasi register RAM 1bit

bit at 0x21 batal;

bit at 0x22 pin;

bit at 0x23 puk;

bit at 0x24 buzz;

e

data unsigned char mode,nilai,posisi, cacah,

/ral

dig0,digl,dig2,dig3,dig4;

code unsigned char tampilO[16]
untuk database tampilan

code unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsgsigned
unsigned
unsigned
unsigned
unsigned

code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code
code

char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char
char

tampill[16]
tampil2[16]
tampil3[16]
tampil4 [16]
tampil5[16]
tampil6[16]
tampil7[16]
tampil8[16]
tampil9[16]
tampillO[16]
tampilll[16]
tampill2[16]
tampill3[16]
tampill4{16]
tampill5{16]
tampillé6[16]
tampill7[16]
tampill8[16]
tampill9[16]
tampil20[16]

={"
={n 3
={" SE
={n
={"
={"
={"
={n
:{ll
____{"
={"
={"
={n
={" SELAMAT DATAN
={" SELAMAT DATANG
={"SELAMAT DATANG
={"ELAMAT DATANG
={"LAMAT DATANG
={"AMAT DATANG
={"MAT DATANG

SELAMAT
SELAMAT

okasi register RAM Bbit

//alokasi memori
S"}:

E"};
L“}’.

//pada memori FLASH

SELA"};
SELAM"};
SELAMA"};
SELAMAT"};

"}
D"};

SELAMAT DA"};
SELAMAT DAT"};
SELAMAT DATA"};
SFTAMAT DATAN"};

G"};
"}
"};
"}
"};
"}:
"};




code unsigned char tampil2l[16] ={"AT DATANG "};

code unsigned char tampil22[16] ={"T DATANG "},
code unsigned char tampil23([16] ={" DATANG "i;
code unsigned char tampil24[16] ={"DATANG "};
code unsigned char tampil25[16] ={"ATANG "};
code unsigned char tampil26{16] ={"TANG "1
code unsigned char tampil27[16] ={"ANG "};:
code unsigned char tampil28[16] ={"NG "};
code unsigned char tampil29[16] ={"G "1,
code unsigned char tampil30[16] ={" "};
code unsigned char infol[16] ={" MASUKKAN PIN "};
code unsigned char info2[16] ={" TEKAN PIN g} ;
code unsigned char info3[16] ={" PIN 5 DIGIT "};
code unsigned char info4{16] ={" PIN BENAR "1,
code unsigned char info5([16] ={" PIN SALAH "}
code unsigned char info6{16} ={" TUTUP PINTU Wis
code unsigned char info7[16] ={" TEKAN TUTUP )
code unsigned char info8[16] ={" SISTEM W
code unsigned char info9[16] ={" TERKUNCI 'y
code unsigned char infol(0[16] ={" MASUKKAN PIN2 "};
P~ —— === T == A e e et

void tunda(unsigned char val)
{

unsigned char i, j;

for (1=0;1<255;1++)
siklus

{for (j=0;j<val;j++);}

void tulis_inst (unsigned char cmd)
LCD 16x2
{
unsigned int i;
LCD_Rs=0;LCD_E=1;LCD_data=cmd;
instruksi
for (i=0;i<10;1i++);
LCD_E=0;

void tulis data(unsigned char chr)
LCD 1652
{
unsigned int i;
LCD_Rs=1;LCD_E=1;LCD_data=chr;
for (i=0;1<10;i++);
LCD_E=0;

//sub rutin tundaan

//tundaan selama 255 x val (variabel)

//sub rutin menuliskan instruksi pada

//pin kendali LCD pada mode tulis

//lebar pulsa handshake kendali LCD

//sub rutin menuliskan instruksi pada

//pin kendali LCD pada mode tulis data
//lcbar pulsa handshake kendali LCD

void init LCD() //sub rutin inisialisasi LCD 16xZ2

{

tulis inst{0x38);tunda(20);

tulis_inst (0x38);tunda(l);

tulis inst (0x38);tunda(l);

tulis inst (0x38);tunda(l);
5x7 dot

tulis inst (0x06);tunda(l);
bergerser

tulis inst (0x0c);tunda(l);
kedip padam

tulis inst (0x01);tunda(8);
}

//reset LCD step-1

//reset LCD step-2

//reset LCD step-3

//mode LCD: lebar data 8-bit, 2-row dan
//mode LCD: penambahan 1 & tidak

//mode LCD: display hidup, kursor dan

//layar bersih




void beep()
{
buzzer=1;tunda (4) ;buzzer=0;
}
// ____________________________________________________
void load() //sub rutin pengolah nilai dari masukan keypad 4x4
{
if (posisi==0) //alokasi register untuk digit kode ke-1
{
tulis inst (0xcb); //tampil pada row-2 col-6
tulis data("*'); //menampilkan tanda '*' pada LCD
dig0=nilai;posisi=posisi+l; //simpan nilai
}
else if (posisi==1) //alckasi register untuk digit kode ke-2
{
tulis inst (0xc6) ; //tampil pada row-2 col-7
tulis data('*'); //menampilkan tanda '*' pada LCD
digl=nilai;posisi=posisi+l; //simpan nilai
}
else if (posisi==2) //alokasi register untuk digit kode ke-
{
tulis_inst (0xc7); //tampil pada row-2 col-8
tulis_data('*'); //menampilkan tanda '*' pada LCD
dig2=pilai;posisi=posisi+l; //simpan nilai
}
else if (posisi==3) //alokasi register untuk digit kode ke-
{
tulis_inst (0xc8); //tampil pada row-2 col-9
tulis data('*'); //menampilkan tanda '*' pada LCD
dig3=nilai;posisi=posisi+l; //gimpan nilai
} .
else if (posisi==4) //alokasi register untuk digit kode ke-
{
tulis inst (0xc9); //tampil pada row-2 col-10
tulis_data('*'"); //menampilkan tanda '*' pada LCD
dig4=nilai;posisi=posisi+l; //simpan nilai
}
elsel(;}
} ’
/i e e e "o I S ~ i
void scan_keypad () //sub rutin scanning keypad 4x4
{
coll = 0; //scanning pada coll
if (rowl==0)
{beep();nilai=l1;load();while(rowl==0)(}} //angka 17
else if (row2==0)
{beep();nilai=4;load();while(row2==0){}} //angka '4"'
else if (row3==0)
{beep();nilai=7;1load () ;while (row3==0) {}} //angka '7"'
else if (rowd==0)
{beep () ;buzz=1;while (rowd==0){}} //kode "x!
else{;}P3 = Oxff;
col2 = 0; //scanning pada colZ2
if (rowl==0)
{beep();nilai=2;load();while(rowl==0){}} //angka '2"'
else if (row2==0)
{beep();nilai=5;locad() ;while(row2==0) {}} //angka '5'
else if (row3==0)
{beep();nilai=8;load () ;while (row3==0) {}} //angka '8'

alse if(row4==0)




{beep();nilai=0;load () ;while(rowd==0){}} //angka 'G’
elsea{;}P3 = Oxff;

col3 = 0O; //scanning pada col3
if (rowl==0)
{beep();nilai=3;load();while(rowl==0){1}} //angka '3’
else if (row2==0)
{beep () ;nilai=6;load () ;while(row2==0){1}} //angka '6'
else if (row3==0)
{beep();nilai=9%;load () ;while (row3==0) {}} //angka '9'
else if (row4==0)
{beep () ;puk=1;while (row4==0){}} //kode '#'
else{;}P3 = Oxff;
cold = 0; //scanning pada col4
if (rowl==0)
{beep () ;while (rowl==0) {}} //huruf 'PIN’
else if (row2==0)
{beep() ;batal=1;while(row2==0) {}} //huruf 'HAPUS'
else if (row3==0)
{beep () ;while(row3==0){}} //huruf 'TUTUP'
else if (rowd==0)
{beep () ;pilih=1;while (rowd==0) {}} //huruf 'BENAR'
else{;}P3 = Oxff;
}
7/ ={F=f = == gpoooocesmonocs e g e e oe e oo s m e s
void proses datal() //sub rutin pengendali masukkan nilai keypad 4x4
{
unsigned char i;
while (pilih==0) //mendeteksi penekanan tombol
'BENAR'
{
scan_keypad() ; //sub rutin scanning keypad 4x4
if (batal==1) //pendeteksian tombol 'HAPUS'
{
dig0=0;digl=0;dig2=0;dig3=0;dig4=0; //membersihkan register password
posisi=0;batal=0; //mengembalikan pd kondisi
default
tulis _inst (0xc0);
for (i=0;i<1l6;i++) //menghapus tampilan pada row ke-
2 LCD
{tulis_data("' ');}
}
tunda (1) ;
}
}
e = o e
void buka_ pintu() //sub rutin membuka pintu

{

close_door=0;open_door=1;led=0; //motor pengendali pintu aktif membuka
dan Ied menyala

while(limit_open==1) {} //apakah sudah membuka maksimal???

close_door=0;open door=0;led=1; //jika ya, motor pengendali pintu
dipadamkan dan led padam

void tutup pintu() //sub rutin menutup pintu

close_door=l;open door=0;led=0; //motor pengendali pintu aktif menutup
dan led menyala

while(limit close==1) {} //apakah sudah menutup minimal???

close_door=0;open door=0;led=1; //jika ya, motor pengendali pintu
dipadamkan dan led padam




{

unsigned char i;
tulis inst (0x80);

for (i=0;i<16;1i++)
{tulis_data(tampilOfi])};}
tunda (100) ;
tulis inst (0x80);
for(i=0;i<16;i++)

{tulis data(tampillfi]);}
tunda (100) ; -
tulis inst (0x80);
for(i=0;i<16;i++)

{tulis data(tampil2([i]);}
tunda (100)
tulis inst (0x80);
for(i=0;i<16;i++)

{tulis data(tampil3{i]);}
tunda (100) ;
tulis inst (0x80);

for (i=0;1<16;1i++)
{tulis_data(tampild[i]);}
tunda (100) ;
tulis inst (0x80);
for(i=0;i<16;i++)
{tulis_data(tampil5[i]);}
tunda (100) ;
tulis inst (0x80);
for(i=0;i<16;i++)

{tulis data(tampilé[il]);}
tunda (100) ;
tulis inst (0x80);

for (1=0;i<16;1i++)

{tulis data(tampil7([i]);}
tunda (100) ;
tulis inst (0x80);
for(i=0;1<16;1i++)

{tulis data(tampil8{il);}
tunda (100) ;

tulis_inst (0x80);
for(i=0;i<16;i++)

{tulis data(tampil9[i]):}
tunda (100) ;

tulis_inst (0x80);

for (1=0;1i<16;i++)

{tulis data(tampillO[i]);}
tunda (100) ;
tulis inst (0x80);
for(i=0;i<16;i++)

{tulis data(tampilllfi]);}
tunda (100) ;
tulis inst (0x80);

for (i=0;i<16;i++)

{tulis data(tampill2ii]);}
tunda (100) ;

tulis inst(0x80);
for(i=0;i<16;i++)

{tulis data(tampill3[i]);}
tunda (100) ;
tulis inst (0x80);

rutin menampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

frame

frame

frame

frame

frame

frame

frame

frame

frame

frame

frame

frame

frame

void tampil geser() tampilan bergeser

ke-~-1

ke-2

ke-3

ke-4

ke-5

ke-6

ke-7

ke-8

ke-9

ke-10

ke-11

ke-12

ke-13

ke-14



for(i=0;i<16;i++)

{tulis data(tampill4(il]);!}
tunda (100) ;

tulis_inst (0x80);

for (i=0;1<16;i++)

{tulis data(tampill5[i]);}
tunda (100) ;

tulis_inst (0x80);

for (1=0;i<16;i++)

{tulis data (tampill6[i]);}
tunda (100) ;
tulis_ inst (0x80);

for (i=0;i<16;i++)

{tulis data(tampill7[i]);}
tunda (100) ;

tulis_inst (0x80);

for (i=0;1i<16;1i++)

{tulis data(tampill8{i});}
tunda (100) ;

tulis_inst (0x80);

for (i=0;i<16;i++)

{tulis data(tampill9[i]);}
tunda (100) ;

tulis_inst (0x80);

for (i=0;i<16;i++)

{tulis data(tampil20[i]);}
tunda (100) ;
tulis_ inst (0x80);

for (i=0;i<16;i++)

{tulis data(tampil2l[i]);}
tunda (100) ;
tulis inst (0x80);

for (i=0;i<16;i++)

{tulis data(tampil22[i]);}
tunda (100) ;
tulis inst (0x80);
for(i=0;i<16;i++)

{tulis data(tampil23[i]);}
tunda (100) ;
tulis inst (0x80);

for (i=0;i<16;i++)

{tulis data(tampil24[i]);}
tunda (100) ;
tulis inst (0x80);

for (i=0;1<16;i++)

{tulis data(tampil25{i])};}
tunda (100) ;
tulis inst (0x80);

for (i=0;1i<16;i++)

{tulis data(tampil26[il);}
tunda (100) ;
tulis inst (0x80);
for(i=0;1<16;i++)

{tulis data(tampil27{i]);}
tunda (100) ;
tulis inst (0x80);

for (i=0;1i<16;i++)

{tulis data(tampil28[il]);}
tunda (100) ;
tulis inst (0x80);
for(i=0;i<16;i++)
{tulisﬂdata(tampi129[i]);}

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

//tampilkan

frame

frame

frame

frame

frame

frame

frame

frame

frame

frame I

frame

frame

frame
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tunda (100);

! tulis_inst (0x80);

% for (1=0;i<16;i++)

i {tulis_data(tampil30[i])};}

void main ()
{
unsigned char i;
P2=0x01;mode=1;
init LCD{);
while (1)
{
if (mode==1)
{
cacah=0;buzzer=0;led=1;
menuju awal (0)
while (pin==0)
{
tulis_inst (0x01);tunda(8);
tampil geser();
"SELAMAT DATANG'

tulis_inst (0x80);
for(i=0;i<16;i++)
{tulis data(infol([i]);}
tulis_inst (0xcO);
for (i=0;i<16;i++)
{tulis_data(info2([i]);}
for (i=0;i<10;i++)
{

cold=0;

if (rowl==0) {pin=1;}

cold=1;

tunda (100}

g }
| }
mode=2;pin=0;
}
if (mode==2)
{
tulis_inst (0x01);tunda(8);
tulis_inst (0x80);
for (i=0;i<16;i++)
{tulis_data(info3[i]);}

proses_data():
keypad 4x4

posisi=0;pilih=0;

//program utama pengendal

//tampilkan frame ke-31

b
9]
.

n
[
0}
=]

//pengkondisian awal
//melakukan inisialisasi LCD 16x2

//mengembalikan kondisi register fungsi

//bersihkan layar
J/menampilkan tampilan bergeser

//mengambil 16 karakter tampilan
//menampilkan informasi 'MASUKKAN PIN'

//mengambil 16 karakter tampilan

//menampilkan informasi 'TEKAN PIN'

//memilih larik tombol pada cold
//mendeteksi penekanan tombol 'PIN'
//mengembalikan pada kondisi default

//mengubah dari mode 1 menuju mode 2

/bersihkan layar

//mengambil 16 karakter tampilan

//menampilkan informasi 'PIN 5 DIGIT'

//mengambil nilai dari masukkan

if(dig0==0 && digl==3 && dig2==9 && dig3==7 && dig4==7) //jika kode

benar?? maka...

{

dig0=0;digl=0;dig2=0;dig3=0;dig4=0;

tulis_inst (0x01);tunda(8);
tulis_inst (0x80);
for(i=0;i<16;i++)
{tulis_data(info4{il);}

for(i=0;i<3;i++) {tunda(255);}

buka_pintu();

//bersihkan layar

//mengambil 16 karakter tampilan
//menampilkan informasi 'PIN BENAR!'

//sub rutin membuka pintu




tulis_inst (0x80);
for (i=0;1i<16;i++)
{tulis data(info6[i]);}
tulis inst (0xc0);
for (i=0;i<16;1i++)
{tulis data(info7{i}):}

P3=0xff;co0l4=0;
while (row3==1){}
cold=1;P3=0x£ff;

tutup pintu();
mode=1;
menuju mode 1
}
else

{

Aig0=0;dig1=0;dig2=0;dig3=0;

mode=2;

cacah=cacah+1;

tulis inst (0x01);tunda(8);
tulis inst (0x80);

for (i=0;1<16;i++)

{tulis data(info5[il);}

for(i=0;1i<3;i++) {tunda (255);

if (cacah==3)

{
cacah=0;
tulis inst (0x80);
for (i=0;1<16;i++)
{tulis data(info8[i]);}
tulis inst (0xcQ);
for (i=0;1<16;i++)
{tulis data(info9{il);}

//mengambil 16 karakter tampilan
//menampilkan informasi 'TUTUP PINTU'

//mengambil 16 karakter tampilan
//menampilkan informasi 'TEKAN TUTUP'

S/memilih larik tombol pada col4
//mendeteksi penekanan tombol 'TUTUP'

//sub rutin menutup pintu
//mengubah dari mode 2 kembali

dig4=0;

//bersihkan layar
//mengambil 16 karakter tampilan
//menampilkan informasi 'PIN SALAH!!

}

//mendeteksi kesalahan selama 3x

//mengambil 16 karakter tampilan
//menampilkan informasi 'SISTEM'

//mengambil 16 karakter tampilan
//menampilkan informasi 'TERKUNCI'

for (1=0;1<3;i++) {tunda (255);}

c0l3=0;buzzer=1;

//kesalahan 3x mengakibatkan buzzer

nyala
while (rowd==1)
{
coll=0;
if (rowd==1) {} //mendeteksi penekanan tombol '*'
else if (rowd==0) {buzzer=0;} //jika ditekan, buzzer padam
coll=1;
}
col3=1;buzzer=0; //jika tombol '#' ditekan, buzzer ikut
padam
tulis inst (0x01);tunda(8); //bersihkan lavyar
tulis inst (0x80);
for (i=0;i<16;i++) //mengambil 16 karakter tampilan
{tulis data(infolO[i]);} //menampilkan informasi 'MASUKKAN
PINZ'

proses data();
keypad 4x4

posisi=0;pilih=0;

//mengambil nilai dari masukkan




if (dig0==9 && digl==9 && dig2==9 && dig3==9 && dig4==9) //jika

kode benar??? maka...

{

dig0=0;digl=0;dig2=0;dig3=0;dig4=0;

tulis inst (0x01l);tunda(8);

tulis inst (0x80);

for(i=0;1i<16;i++)

{tulis _data(info4[i]);}
BENAR!'

//bersihkan lavar

//mengambil 16 karakter tampilan
//menampilkan informasi 'PIN

for(i=0;1i<3;i++) {tunda (255);}

mode=1;
menuju mode 1
}
alse

{

//mengubah dari mode 2 kembali

dig0=0;digl=0;dig2=0;dig3=0;dig4=0;

tulis inst (0x01);tunda(8):
tulis_inst (0z80);
for (i=0;1<16;1i++)
{tulis data(info5[i]);}

//bersihkan layar

//mengambil 16 karakter tampilan
S/menameilkan informasi '"D'IN SALAN!!

for (1=0;1<3;i++) {tunda (255);}

tulis inst (0x80);
for (i=0;i<16;i++)
{tulis data(info8([i]);}
tulis_inst (0xcO);
for (i=0;i<16;i++)
{tulis_data(info9([i]);}

buzzer=1;
di-reset

while (1)
{
LCD_I1mp=1;led=0;tunda(255);
kedip
LCD Imp=0;led=1;tunda(255);

//mengambil 16 karakter tampilan
//menampilkan informasi 'SISTEM'

//mengambil 16 karakter tampilan
//menampilkan informasi 'TERKUNCI'

//buzzer menyala terus hingga sistem

//terjebak di sinill!!

//dengan led & lampu LCD berkedip-




Lampiran 7 : Gambar Kunci Elektronik

Gambar 1. Kunci Elektronik Tampak Depan

Gambar 2. Kunci Elektronik Tampak Samping
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