BAB VI

KESIMPULAN

6.1. Kesimpulan
Berdasarkan hasil pembahasan yang telah dilakukan,
maka kesimpulan yang dapat ditarik dari penelitian ini
adalah:
e Panjang léngkah gerak robot
o0 Buka-tutup gripper : 30 mm

o Atas-bawah lengan : 180 mm
o Kanan-kiri lengan : 180°
0 Maju-mundur lengan : 100 mm

e Beban maksimum
o Genggaman gripper : 200 gram
o Angkatan lengan : 250 gram

e Daya genggam dan angkat dipengaruhi oleh torsi
motor DC 12 Volt

e Kecepatan gerak robot

0 Tanpa beban

- Membuka gripper : 10 mm/s
- Menutup gripper : 10 mm/s
- Lengan bergerak ke atas : 10 mm/s
- Lengan bergerak ke bawah : 10 mm/s
- Lengan bergerak ke kiri : 20°/s

- Lengan bergerak ke kanan : 20°s

- Lengan bergerak maju : 10 mm/s
- Lengan bergerak mundur : 10 mm/s
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o Dengan beban

- Membuka gripper : 10 mm/s
- Menutup gripper ﬁ 10 mm/s
- Lengan bergerak ke atas : 7,5 mm/s
- Lengan bergerak ke bawah : 9 mm/s

- Lengan bergerak ke kiri : 18°/s

- Lengan bergerak ke kanan : 18°/s

- Lengan bergerak maju : 8,3 mm/s
- Lengan bergerak mundur : 8,3 mm/s

Motor DC 12 Volt akan menyerap arus yang lebih
besar jika diberi beban dan akan berhenti pada

batas kemampuannya

Jangkauan counter

o Gerak tutup-buka gripper : 40 clock
0 Gerak naik-turun lengan : 180 clock
o) Gérak maju-mundur lengan : 100 clock

0 Gerak kanan-kiri lengan : 144 clock

Analisis data kepresisian counter target

terhadap counter hasil

o Rata-rata penyimpangan : 1,2 clock
o Range/jangkauan penyimpangan : 3 clock

o Deviasi standar penyimpangan : 0,78

o Koefisien o penyimpangan : 65%

Rata-rata penyimpangan akan terus bertambah

sesuai dengan panjang langkah gerak robot

Kepresisian ditentukan oleh penggunaan limit

switch

Penggantian koordinat point dilakukan dengan

mengubah program

Penggantian program atau kode tidak perlu dengan

melepas dan memasang chip mikrokontroler
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6.2. Saran
Dari penelitian ini, penulis mengajukan beberapa
saran agar penelitian mendatang lebih baik. Saran-saran
‘tersebut adalah:
a) Meningkatkan kepresisian panjang langkah gerakan
robot dengan penggunaan motor stepper.
b) Menggunakan sensor infra red untuk meningkatkan
keakurasian counter clock. k

¢) Memperhitungkan repeatability dan akurasi gerak

robot.
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Features

Dradisnte
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* 4K Bytes 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-hit Intarnal RAM

¢ 32 Programmable 1/O Lines

* Two 16:bit Timer/Counters

* Six Interrupt Sources

* Programmable Serial Channel

* Low-power Idle and Power-down Modes

o Cor p.‘:ub"‘ sasithy RACC ﬂ‘

Description

The AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
bytes of Flash programmable and erasable read only memory (PEROM). The device
is manufactured using Atmel’s high-density nonvoiatiie memory techinoiogy auu |>
compatible with ths industry-standard MCS-51 instruction sst and pinout. The on-chip

Flash allows the program memory to be reprogrammed in-system or by a conven-
tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
a highly-flexible and cost-sfiactive solution {c many embedded controi appiications.

Pin Configurations

1
5 2
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Block Diagram
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The AT89C51 provides the following standard features: 4K

ARS D/ greS 1o feacee 428 Lo
H HUTS, W sl

byles of Flash, 128 byles of RAM, 32 1/C
timer/counters, a five vactor two-level interrupt architecture,
a full duplex serial port, on-chip oscillator and clock cir-
cuitry. In addition, the AT89C51 is designed with static logic
for operation down to zero frequency and supports two
softwara selactabls power saving modas, The idis Mods
stops the CPU while allowing the RAM, timer/counters,
serial port and interrupt system to continue functioning. The
Power-down Mode saves the RAM contents but freezes
the oscillator disabling all other chip functions until the next

hardware resst

= iSSUR.

Pin Description

vce
Supply voltage.

GND
Ground.

Port 0

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

Port 0 may aiso be configured to be the muitipiexed iow-
order address/data bus during accesses to external pro-
gram and data memory. In this mode PO has internal
pullups.

Port 0 also receives the code bytes during Flash program-
ming, and outputs the code bytes during program
verification. External pullups are required during program
verification.

Port 1

Port 1 is an 8-bit bi-directional /O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins they are pulled high by
the intarnal pullups and can ba nsed as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (1, ) because of the internal pullups.

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

Port 2

Port 2 is an 8-bit bi-directional /O port with internal pullups.
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 Internal pullups and can be usad as Inpuls, As inputs,

Al
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Port 2 pins that are externally being pulled low will source
R A (R S, T T R SN B T
LAIITH ‘IIL’. LEURUST O i Hnerizg Puuuy:.

+ H I hi H
Port 2 emits the high-order address byte duri

from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal pullups

tnh
ng fetches

when emiiling 1s. During accesses {o exiernal 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.

roit o

Port 3 is an 8-bit bi-directional I/0 port with internal pullups.
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 internal puflups and can be used as inputs. As inputs,
Fort 3 pins that are externally being pulled low will source
current (1, ) because of the pullups.

Port 3 also serves the functions of various special features
of the ATRRCA1 as listed halow:

Port Pin Alternate Functions
P3.0 RXD (serial input port)
| P31 TXD (=erial output port)
P3.2 TNTO (external interrupt Q)
P3.3 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 strobs)
P3.7 RD (external data memory read strobe)

n

esri '3 oenlares rosseratesenes sresrrres gresesiersd astesveeafes iy o FY . e
Ut S &y releives SO CONLTGH signais ior Flash pro-

gramming and verification,

RST

Reset input. A high on this pin for two machine cycles while
the oscilialor is running resets ihe device.

ALE/PROG

Address Latch Enable 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.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, howavar, that ona ALE

AIMEL 3
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pulse is skipped during each access to external Data
iviermory.

If desired, ALE operation can be disabied by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing 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.

PSEN

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

When the AT89C51 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EAIVPP

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memaory locations starting at 0000H up to FFFFH.
Nots, howsver, that if lock 5t 1 is programmad, EA will be
internally latched on resat.

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

This pin alsc receives the 12-volt programming enable volt-
age (Vpp) during Flash programming, for parts that require
12-volt Vpp.

XTAL1

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

XTAL2
Output from the inverting oscillator amplifier.

Oscillator Characteristics

XTAL1 and XTAL2 are the Input and cutput, respactivaly,
of an inverting amplifier which can be configured for use as
an on-chip oscillator, as shown in Figure 1. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTALZ2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirernenis on the duly cycie of the exiernai
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

idie hiode

In idie mode, the CPU puts itself to sleep while alf the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminatad by any enabled
interrupt or by a hardware reset.

It should be noted that when idle is terminated by a hard
wars resst, the davica normally resumes program oxscu-
tion, from where it laft 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
tha port pins is not inhibited. To eliminate the possibility of

reset, the instruction following the one that invokes Idle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

c2
rﬂ——I——ﬁ XTALZ
]
c1
o—) XTAL1
GND
-

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

= 40 pF £10 pF for Ceramic Resonators

Status of External Pins During ldle and Power-down Modes

Mode Program Memory ALE | PSEN PORTO PORT1 PORT2 PORT3
Idle Internal 1 1 Data Data Data Data
idle External 1 1 Float Data Addrass Data
Power-down Internal 0 0 Data Data Data Data
Power-down External 0 0 Float Data Data Data

4 AT20CH e
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Figure 2. External Clock Drive Configuration

NG ——————— XTAL2
EXTERNAL

OSCILLATOR --——————| XTAL1
SIGNAL

GND

Power-down Mode

In the power-down mode, the oscillator is stopped, and the’

Instruction that invokes powsr-down Is tha last instruction
executed. The on-chip RAM and Special Function Regis-

Lock Bit Protection Modes

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. 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.

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
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched-during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It Is nec-
essary 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
LB1 LB2 LB3 Protection Type

1 U U U No program lock features -

2 P U U MOVC instructions executed from external program memory are disabled from
fetching code bytes from internal 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

4 P P P Same as mode 3, also external execution is disabled
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Programming the Flash

The AT89C51 is normally shipped with the on-chip Flash
memory array in the erased state (that is, contents = FFH)
and ready to be programmed. The programming interface
accepts either a high-voltage (12-volt) or a low-voltage

oot s s
"‘u— Fiv a’ am

(\v CC) program anabis cil nal. Tha low-vo
ming mode provides a convenient way to program the
AT88C51 inside the user's system, while the high-voltage
programming mode is compatible with conventional third-
party Flash or EPROM programmers.
The AT8%C51 is shippad with sither

low-voltage programming mode enab ed. The respective
top-side marking and device sngnat codes are listed in

the followmg table.

thaen betenbs _wernibonre o
e nigni-voiage Gi

Vep =12V Voo =8V
Top-side Mark AT8ACH1 AT8ACH1

XXXX XXXX-5

Yyww yyww
Signature (O30H) = 1EH (030H) = 1EH

(031H) = 51H (031H) = 51H

(032H) =F FH (032H) = 05H

The AT89C51 code memory array is programmed byte-by-
byte in either programming mode. To program any non

blank byte in the on-chip Flash Memory, the entire rﬁemory
must be erased using the Chip Erase Mode.

Programming Algorithm: Before programming the
AT89C51, the address, data and control signals should be
sel up according (o the Flash programuning mods lable and
Figure 3 and Figure 4. To program the AT89C51, take the

following steps.

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

2. Inputthe appropriate data byte on the data lines.

3. Activate the correct combination of control signals.

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

5. Pulse ALE/PROG cnve i prograin a byte i the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

(8}
i

o
)

and data for the entire array or until the end of the

object file is reached.
Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PQ.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Poliing may begin any time
after a write cycle has been initiated.
Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmead, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the _propser combination of control signals and by
hnldxnn ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are

read by ih e adme procediie as a noirinmal veriiication of
locations 030H, 031H, and 032H, except that P3.5 and
P3.7 must be pulled to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) 51H indicates 89@51

nnnnnnn

(032H) = 05H indicates 5V programming
Denmransmine Idansfana
IS—";—;I ‘-{lllllll::;‘; EIILAWE SIS

Every code byte in the Fiash array can be writlen.and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write oper.tion cycle is self-
timed and once initiated, will automatically time itself to
compietion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.



Mode RST PSEN ALE/PROG EAiVpp | P26 | P27 | P3.6 | P37
Write Code Data H L H/12Vv L H H H
N
Read Code Data L H H L H H
Write Lock Bit - 1 L Hi12v H H H
—~
=/
Bit-3 H L H/12V H L H L
-~
Chip Erase H L 1 H12v H L L L
N
Read Signature Byte H L H H L L L L
Note: 1. Chip Erase requires 2 10 ms PROG pulse.
Figure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT89C51 T AT89C51
ADDR, 20 AT} o4 Ve apDR. A0 - ATl oy Vee
OOOOH/OFFFH | PGM OOOQH/OFFFH PGM DATA
P20 - P23 PO l&—— para P20 - P23 PO |-» (USE 10K
A8 - A11 A8 - A11 PULLUPS)
3 P2.6 ——p P26
SEE FLASH ——» P27 ALE |¢—— PROG SEE FLASH — | P27 ALE le
PROGRAMMING PROGRAMMING
MODES TABLE | —¥ P3.6 MODES TABLE | —» P3.6 oV
——»| P37 — | P37 "
—I ————————————— XTAL2 EA [€——— VyyVpp MI ———————— XTAL2 EA |«
3-24 MHz 3-24 MHz |
=~ E’"‘ L E—-——l
XTAL1 RST f4—— V, 1 XTAL1 RST e Vi
| GND PSEN ‘~—:]— _{—-— GND PSEN —]—
i
£=l='?.=.EE -
<~ ]
nIiEL !




Flash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS Arjk ADDRESS
< tavay
PORT 0 V DATAIN "DATA OUT p————
. l" tover  terpx .
tavar [ toHax
ALE/PROG TN A
fsHaL [ ety tonsL
- A Ve 1D LOGIC 1
EANpp . S Lo Lecico .
— l4——t, L——
P2.7 e teLav — teraz
(ENABLE) ;
toneL —>
P34
(RDY/BSY) BUSY READY
— twe

Flash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P1.0 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 e ADDRESS ——j ADDRESS
- 4 tayay
PORT 0 l DATA_IN "DATA OUT }——r
S "*: ver  toHox [
AVGL [ taHAx
ALE/PROG % B
s “—toLen—*]
i Y LOGIC 1
EANee 0000 RN oeico L __
, e —t — -
P27 e e T
(ENABLE) —— S ~
tonpL —
P34
(RDY/BSY) ___Busy READY
W— twc PR
8 AT89C51
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e AT 8T 51

Flash Programming and Verification Characteristics

T, = 0°C to 70°C, V¢ = 5.0 +10%
Symbol Parameter Min Max Units
Vet Programming Enable Voltage 115 12.5 v
Ippt Programming Enable Current 1.0 mA
Mool Oscillator Frequency 3 24 MHz
tavoL Address Setup to PROG Low 48te o
b Address Hold after PROG 48t oy
toveL Data Setup to FROG Low 48ieLcL
tamox Data Hold after PROG 48t oL
tensH P2.7 (ENABLE) High to Vpp 48t oL
tsmoL Vpp Setup to PROG Low 10 ps
tans Vpp Hold after PROG 10 us
taLeH PROG Width 1 110 Hs
tavav Address to Data Valid 48te oL
terav ENABLE Low to Data Valid 48te oL
tenaz Data Float after ENABLE 0 48te oL
toueL PROG High to BUSY Low 1.0 s
twe Byte Write Cycle Time 2.0 ms

Note: 1. Only used in 12-volt programming mode.
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Absolute Maximum Ratinas*

.0V £20% (unless otherwise noted)

Operating Temperature ..........o.uevvereeerenrseneees -55°C to +125°C *NOTICE:
Storage Temperature........ccoceriinnerrcssnessennne -65°C to +150°C

Voltage on Any Pin

with Respect to Ground ........ccveviienvinieninenns -1.0V to +7.0V

Maximum Operating Voltage .......c.coecuiininiieiinncniennnnes 6.6V

DC OUpUL CUITENL.....ccoeert e nnene 15.0 mA

Stresses beyond those listed under “"Absolute
Maximum Ratings” may cause permanent dam-
age to the device. This is a stress rating only and
functional operation of the device at these or any
other conditions beyond those indicated in the
operationai sections of this specification is not

impliad, Exposurs to absclute maximum rating

conditions for extended periods may affect device
reliability.

Symbol Parameter Condition Min Max Units
Vi Input Low-voltage (Except EA) -0.5 0.2 V,{n -0.1 v
Vieg Input Low-voltage (EA) -0.5 0.2 Vge- 0.3 Y
Vi Input High-voltage (Except XTAL1, RST) 0.2Vcc+0.9 Vec+ 0.5 Vv
Ving Input High-voltage * (XTAL1, RST) 0.7 Ve Vee+ 0.5 v
Vi, Output Low-woltagal (Porta 1,2,3 Ly = 1.6 mA 0.45 \Y
Output Law-valtagal® e
Vous (Port 0, ALE, PSEN) o, = 3.2mA R v
: on = =00 PA, Voo = 5V 110% 24 v
Output High-voltage
Vau (P..:‘: 1,:?3, A L.-_',g.ESE—!‘.‘) lows = =25 pA 0.75 Voo v
low =-10 pA 0.9 Ve \
on = -B00 pA, Ve = 5V £10% 24 v
Output High-voltage _
Vout (Port 0 in External Bus Moda) 'or = -300 pA 0.75 Vee M
Ly = B0 uA nev,., v
" Logical O Input Current (Ports 1,2,3 Vi = 045V -50 nA
Logical 1 to 0 Transition Current _ _
(" (Ports 1.2,3) Vi = 2V, VCC = 5V £10% . -650 PA
I Input Leakage Current (Port 0, EA) 0.45 <V, < Vg } #0 pA
RRST Reset Pull-down Resistor 50 300 K
Cio Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Aclive Mode, 12 MHz 20 mA
Power Supply Current
ldie Made, 12 MH2 5 mA
oo Ve = BV 100 A
Powar-down Mode!? e Y
Vec =3V 40 PA
Notes: 1. Under steady state (non-transient) conditions, Iy must be externally limited as follows:
Maximum i, per port pin: 10 mA
Maximum I, per 8-bit port: Port 0: 26 mA
Forts 1, 2, 3: 15 mA K
Maximum total lg, for all output pins: 71 mA
If Io, exceeds the test condition, Vi, may exceed the related specification. Pins.are not guaranteed to sink current greater
than the hsted test conditions.
e} =7 :
10
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AC Characteristics
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Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other
outputs = 80 pF.

External Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
Symbol Parameter Min Max Min Max Units
MercL Oscillator Frequency 0 24 MHz
tomLL ALE Pulac Width 127 by 40 ns
tavie Addrogs Valid to ALE Low 43 tore 12 ns
tiax Address Hold after ALE Low 48 torc-20 ns
tow ALE Low to Valid Instruction in 233 4to L -65 ns
typ ALE Low to PSEN Low 43 toror-#3 ns
tpLey PSEN Pulse Width 205 3tc o-20 ns
tpLy PSEN Low to Valid Instruction In 145 3te 45 ns
teyay Input Instruction Hold after PSEN 0 0 ns
toyiz Input Instruction Float after PSEN 59 tor 10 ns
tpxay PSEN to Address Valid 75 torc-8 ns
taviv Addrass to Valid Instruction In 312 Ste o558 ns
tpiaz TSER Low o Address [Moat i i0 ns
trir RD Pulse Width 400 Bt e -100 ns
tont WR Pulse Width 400 Bt -100 ns
treoy RD Low to Valid Data In 252 5tgy ¢ -90 ns
trHDx Data Hold after RD 0 0 ns
trinz Data Float after RD 97 2t 28 ns
tuov ALE Low to Valid Data In 517 8ty o150 ns
taov Addrass o Vaild Data In G256 81 o -185 ns
tuw ALE Low to RD or WR Low 260 300 3to e 50 3ig o +50 ns
tavwL Address to RD or WR Low 203 Aoy -75 ns
tavwx Data Valid to WR Transition 23 te cL-20 ns
tavivn Data Valid to WR High 433 Tt 120 . ns
twHax Data Hold after WR 33 toL-20 ns
taaz RD Low to Address Float 0 0 ns
tum RD or WR High to ALE High 43 123 te =20 te; o +25 ns
T S TR W R TR L TR ‘ I'_ll = 11
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External Program Memory Read Cycle

b »
"ALE -
B * teLpn
tavie rie — tuv
—> tp R
FSEN / \ " teuv t
— et az [ tPXAV
t tPXlZ |
LLAX [« > .J
tesax —
PORT 0 > A0-AT ————~INSTRIN _} > ro-a17 >
e taviv ————>
PORT 2 > A8 - A15 X AB-Af5
External Data Memory Read Cycle
L
ALE _ 47" S Y N T A
—H Mt
PSEN /
- e tuoy —*
tRLRH —»
— tpw —
RD -— b ax —— h T—J ¢
e tay —> ; < »IRLDV  [*% IRHDZ
RLAZW_' — trHDx
PORT 0 __ > KA0 - A7 FROM RI_OR DPLI T/DATA n%} (AD - A7 FROM PCL>—<INSTR IN
~ tl\VWL lal ‘
e tavov >
PORT 2 __ A P20 - P27 OR A8 - A15 FROM DPH "} AB - A15 FROM PCH

12
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External Data Memory Write Cycle

SRR ATARER
ALE [ ) N 7
- [ twhn
PSEN ~__ "
L -------- toowe e biwp
WR —1 ax R
fe—— tavLL—> tavwx — 1 tyhax
— tavwn _ﬂ
PORT 0 _ > A0 - A7 FROM RI OR DPL DATA OUT XAG - AT FROM PCLO—<INSTR IN
tavwe >
PORT 2 a& P2.0 - P27 OR A8 - A15 FROM DPH ) A8 - A15 FROM PCH
External Clock Drive Waveforms
! tonex ‘t
— f—
Veg - 05V ~ CLCH CHCL
0.2 Vge - 0.V — JL ="
045V — o . NN N
e toiex —
» teel
External Clock Drive
Symbol Parameter Min Max Units
Mecl Oscillator Frequency 0 24 MHz
toteL Clock Period 41.6 ns
tones High Time 18 ns
torex Low Time 15 ns
toren Rise Time 20 ns
toneL Fall Time 20 ns
o

=
—
m
F
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Serial Port Timing: Shift Regicter Made Tacet Canditione
(Voo =56.0V +20%,; Loa C.':;)acitance =8 p;)
12 MHz Osc Variable Oscillator Units

Symbol Parameter Min Max Min Max
Txixt Serial Port Ciock Cycle Time 1.0 12 cL s
tavxu Output Data Setup to Clock Rising Edge 700 10tet o -133 ns
txrax Output Data Hold after Clock Rising Edge 50 - 2t 117 ns
txHDX Input Data Hold after Clock Rising Edge 0 0 ns
txHov Clock Rising Edge to Input Data Valid 700 10tc 133 ns

Shift Register Mode Timing Waveforms

INSTRUCTION | 0 | 1 I 2 | 3 | 4 | e D | 6 I 7 | 8 |
ALE l 1 N O B S I
> b
CLOCK N [ [ l I ! [ l J ! [
VXH
— |<—— txHax
WRITE TO SBUF, 0 [ XA X2 XT3 X4 X85 X8 X7
—H [t
OUTPUT DATA txriov KHDX seTTi |
__ CLEARRI C oy
v
INPUT DATA SET RIT
AC Testing Input/Output Waveforms!”  Float Waveforms("
VCC' 0.5V; 0.2 VCC + 0.0V / VLOAD+ 0.1V VOL- 0.1V
TEST POINTS Vioap Timlngp Betference
“\ oints
0.45V w&ﬁ;w e VLOAD' O'WX___ VOL+ 0.1v
Note: 1. AC Inputs during testing are driven at V¢ - 0.5V for a Note: 1. For timing purposes, a port pin is no longer floating
logic 1 and 0.45V for a logic 0. Timing measurements when a 100 mV change from load voltage occurs. A
are made at V,y min. for a logic 1 and V,_max. fora port pin begins to float when 100 mV change from
logic 0. ihe loaded VoV, level occurs,
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Ordering Information

Speed Power
{MHz) Suppiy Crdering Code Package Gperaiion Range
12 5V £20% AT89C51-12AC 44A Commercial
AT89C51-12JC 44J) (0°Cto 70°C)
AT88C51-12PC 40PE
AT88C51-12QC 44Q
AT89C51-12Al 44A Industrial
- AT89C51-12JI 44J (-40°C to 85°C)
AT2RCLT 32T 40PR
ATE2CE1 12Q1 44Q
16 5V +20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44) (0°Cto 70°C)
ATR8CE1-16PC A0PS
AT808C51-16QC 44Q
AT89C51-16Al 44A Industrial
AT89C51-16J] 44.) (-40°C to 85°C)
AT20C51-18P! 40P8
ATBAC51-16Q) 440Q
20 5V +20% AT89C51-20AC 44A Commercial
AT89C51-20JC 44) (0°Cto 70°C)
ATRACH1-20PC 40P8
AT89C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT89C51-20J! 44J (-40°C to 85°C)
AT89C51-20P) 40PR
AT89C51-20Ql 44Q
24 5V +£20% AT839C51-24AC 44A Commercial
AT89C51-24.C 44J (0°Cto 70°C)
AT89C51-24PC 40P6
AT89C51-24QC 44Q
AT88C51-24Al 44A Industrial
AT89C51-24J1 44J (-40°C to 85°C)
AT89C51-24P} 40P6
AT89C51-24Ql 44Q
Package Type
44A 44-lead, Thin Plastic Gull Wing Quad Flatpack (TQFP)
44) 44-lead, Plastic J-leaded Chip Carrier (PLCC)
40P6 40-lead, 0.600" Wide, Plastic Dual Inline Package (PDIP)

fiv
I
£

AA ey gealise PRI Y A S TRTTE I =t P P iadalatl-iall
2d-tad) Plastic Gull Wi i Qumdi Flzipaok (! [Fting O]

ATMEL
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Packaging Information

44A, 44-lead, Thin (1.0 mm) Plastic Guli Wing Quad
Flatpack (TQFP)

Dimensions in Millimeters and (Inches)*

JEDEC STANDARD MS-026 ACB

12.21(0.478) sQ

PIN1ID 11.75(0.458)

0.45(0.018)

_r 0.30(0.012)

0.80(0.031) BSC —}_
—f

=

10.10(0.304)
9.00(0.388) -2

r— 1.20(0.047) MAX

~1|o

0.20(.008)

-—ILM 0.15(0.006) I

0.45(0,018) 0.05(0.002)

Controlling dimension: millimeters

44J, 44-lead, Plastic J-leaded Chip Carrier (PLCC})
Dimensions in Inches and (Millimeters)
JEDEC STANDARD MS-018 AC

045(1.14)X45°  PINNO.1
IDENTIEY By
/CLFJ.D.? A5 3 m B 1w Bwppemimrnnie =
i S56(16.7)g
1650(16.5)

DA5(1.14) X 30+ 45" 400 506
~ [008(.203)

1 e

1 .s30(16.0)
590(15.0)

1021(.533)

1013(.330)

032(,81 3)
“026(.660) l

.050(1.27) TYP -cxrn:r»mj

fe——— ] 500(12.7) REF SQ

%mﬁ me% 022(.559) X 45° MAX (3X)

B95(17.7)
5740

043(1.09)

020(.508)

,120(3.05)
" 090(2.29)
.180(4.57)
165(4.19)

40P6, 40-laad, 0.600" Wide, Plastic Dual Inlina
Package (PDIP)
Dimensions in Inches and (Mllhmeters)

i 2.07(52.6)
l— 2.04(57.8)

|
PIN
1

(OGO g \LLLL ) r
7 566(14.4)
530(13.5)
‘oo 1—1:\‘D'cﬂ:ru-t:r ]
030(2.29)
L— 1900(4826)REF }-—
20:.59) — 005(.127
ll’" ‘M»}
SEATING
PLAN; .. ’—‘ 065(1.65)
; BT5(381)
267 5’ 022(559)
:065(1.65) 514(356)
.110(2 79) o41(1.09)
090(2.29) 30(16.0)
l".sso(15.0)
0 REF
.012(.305) 15
005(:203) ~

—

,690(17.5)
.e1"o(15.5)_"{

0.80 (0.031) BSC

0.17 (0.007)

013(0005)
}%JL g3 00¢1 !

440Q, 44-lead, Plastic Quad Flat Package (PQFP)
Dimensions in Millimeters and (Inches)*
JEDEC STANDARD MS-022 AB

. 1345(0.525) o0
" 12.95(0.506)
PIN 11D

0.50 (0.020

l 0.35 (0.014)

= ]

10.10 (0.394
's.m—z(o.aae) sQ

r 2.45 (0.096) MAX

O o000 0.25 (0.010) MAX

Controlling dimension: millimeters

16

AT89C51
»
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Introduction

This application note describes a per-
sonal computer-based programmer for
the AT89C51/C52/LV51/LV52/C1051/C2051
Flash-based Microcontrollers. The pro-
grammer supports all flash memory
microcontroller functions, including code
read, code write, chip erase, signature
read, and lock bit write, When used with
the AT89C51/C52/ LV51/LV52, code
write, chip erase, and lock bit write may
be performed at either five or twelve
volts, as required by the device.

‘|Devices sporting a “-5" suffix are
intended for operation at five volts, while
devices lacking the suffix operate at the
standard twelve volts.

The programmer connects to an IBM
"IPC-compatible host computer through
one of the host's parallel ports. Required
joperating voltages are produced by an
. ‘integral power supply and external, wall-
imounted transformer.

iSoftware

2Software for the programmer is available
:by downloading it from the Atmel BBS at
1408-436-4309.

:The programmer is controlled by soft-
ware running on the host. The
{AT89C51/C52 and C1051/C2051 have
: dedicated control programs, which were
written in Microsoft C. Programs dedi-
.cated to the AT8ILV51/LV52 do not
exist; these devices are supported by the
" programs for the AT89C51/C52, respec-
tively. In the text below, all references to
the AT89C51/C52 may be assumed to
apply to the AT89LV51/LV52 as well.

All programmer control programs are
invoked from the DOS command line by
entering the program name followed by
“LPT1" or “LPT2" to specify parallel port

Using a Personal Computer to Program the
AT89C51/C52/LV51/1LV52/C1051/C2051

one or two, respectively. If the parallel
port is not specified, the program will
respond with an error message. The
control programs are menu-driven, and
provide the followlng functions:

Chip Erase

Clear code memory to all ones. The suc-
cessful operation of this function is not
automatically verified.

Program from File

Write the contents of the specified file
into device memory. The user is
prompted for the file name, which may
require path and extension.

The flle Is expecled lo conlain binary
data; hex files are not accepted. The first
byte in the file is programmed into the
first location in the device. Successive
bytes are programmed into successive
locations until the last location in the
device has been programmed or until
the data in the file has been exhausted.

Programming occurs regardless of the
existing contents of device memory; a
blank check is not automatically per-
formed. After programming, the contents
of device memory are not automatically
verified against the file data.

Each programmed location in the device
receives the maximum programming
time specified in the data sheet. This is
done because timing is enforced by soft-
ware; the programming status informa-
tion provided by DATA polling and
RDY/BSY is not utilized.

The control program provides no visual
indication that programming is in
progress. The main menu is redisplayed
when programming is complete.

AIMEL
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Verify against File

.Compare the contents of code memory agalnst the con-
‘tents of the specified file. The user is prompted for the file
'name, which may require path and extension.

!The file is expected to contain binary data; hex files are not
'accepted. The first byte in the file is compared to the first
location in the device. Successive bytes are compared to
successive locations until the last location in the device has
been compared or until the data in the file has been
exhausted.

Locations which fail to compare are displayed by address,
with the expected and actual byte contents. If there are no
compare failures, nothing is displayed.

Save to File

Copy the contents of device memory to the specified file.
The user is prompted for the file name, which may require
path and extencion. The number of bytes in the resulting
ifile is the same as the number of memory locations in the
device.

Blank Check

Verify that the contents of device memory are all ones.

Only pass or fail is reported; the addresses and contents of
failing locations are not displayed.

Read Signature

Read and display the contents of the signature bytes. The
number of signature bytes and their expected contents var-
ies between devices. Refer to (he device data sheet for
additional information.

Write Lock Bit 1

Write Lock Bit 2

:Write Lock Bit 3

: Set the indicated lock bit. Note that the AT83C1051/C2051
icontain only two lock bits, while the AT89C51/LV51 and
{ AT89C52/LV/52 contain three lock bits. The state of the lock
Ibits cannot be verified by direct observation.

'Exit

: Quit the programmer control program.

. System Dependency

i The control programs for the AT89C51 and AT89C52 come

-in two flavors: host system-dependent and host system-

rindependent. System-dependency results from the use of
software timing loops to enforce required delays, the dura-
tion of which will vary between host systems running at dif-

“ferent speeds. The code provided was tested on an 80386-
based system running at 33 MHz, and may require modifi-
cation for use on other systems. This method was chosen

- for its simplicity.
Host system-independence is achieved by using the Pro-
grammable Interval Timer embedded in the system hard-
ware to enforce time delays independent of system speed.
The timer is reconfigured when the control program is

5-4 Microcontroller

invoked and restored to its original state before the pro-

gram terminates. In order to guarantee that the program is.

not exited before the timer configuration is restored, the
CTRL-C and CTRL-BREAK keys are disabled. This means
that the program cannot be aborted except by specifying
the exit option at the main menu or by rebooting the sys-
tem.

The timer control code is provided as an 8086 assembly
language module, which is linked with the compiled control
program. The granularity of the timer is 0.838 microsec-
onds, but the minimum practical delay is system- and soft-
ware-dependent. The timer code ensures that the delay
produced will not be of shorter duration than requested.

The control programs provided for the AT89C1051/C2051
are system independent.

Programmer

The programmer circuitry (see Figures 1 and 2) consnsts of
the host interface and switchable power supplies. The sig-
nal sequencing and timing required for programming is
generated by the host under software control. A 40-pin ZIF
socket is provided for programming the AT89C51/C52; the
20-pin ZIF socket accommodates the AT89C1051/C2051.
Note that the power and ground connections and bypass
capacitors required by the TTL devices are not shown on
the schematic.

Power for the programmer circuitry and the AT89C51/C52/
C1051/C2051 is provided by a fixed five volt supply. A sec-
ond supply provides either five or twelve volts, selectable,
for use during programming. The addition of a transistor to
the output of the variable supply provides a third level,
ground, for use when programming the AT89C1051/C2051.

The resistor values utilized in the variable power supply cir-
cuit were determined using the equations presented in the
LM317 voltage regulator data sheet. Power supply ramp
rates are accommodated by the host software. For 5 V-
VPP programming, the devices must be ordered from the
factory as an AT89CX-XX-5 (not available with the
AT89C1051/2051).

The programmer is connected to the host with a 25-con-
ductor ribbon cable. To minimize the effect on signal integ-
rity, the length of the cable should be as short as possible,
preferably not exceeding three feet.

Parallel Interface

The original parallel interface provided by IBM was proba-
bly not intended to support bidirectional data transfers.
However, due to the way in which the interface was imple-
mented, bidirectional transfers are possible. Over the
years, many products have appeared which exploit this
capability.

Unfortunately, many system and interface card manufactur-
ers have not faithfully cloned the IBM design, resulting in
bus contention when the peripheral attempts to drive return
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ata into the interface. Usually the peripheral drivers can
verpower the interface drivers and the peripheral works,
1ough this is not considered a good design practice.

lost parallel interfaces are now implemented in a single
hip, such as the 82C411 or 16C452. These chips allow
selr output drivers to be disabled under software control,
{rovidlng true bidirectional operation. The programmer
oftware automatically enables bidirectional operation
‘{hen used with parallel interfaces utilizing the 82C411,
|SC452, or simifar chips.

ote that these chips also possess a mode control pin
hich must be at the correct level to enable the directional

control feature. As a result, parallel interfaces utilizing
these chips cannot be assumed to be bidirectional.

If the programmer writes devices, but fails to verify, or the
signal levels at the interface don't meet TTL specifications,
the parallel interface may be incompatible with the pro-
grammer. A design is provided (see Figure 4 and Figure 5)
for a parallel interface which supports bidirectional opera-
tion and is compatible with the programmer. This design is
simple, requiring only six ICs. The interface can be
strapped to appear as LPT1 (addresses 378-37F hax) or
LPT2 (278-27F hex) and will be recognized by the POST
when the host system is powered up. Due to its simplicity,
the parallel interface CANNOT be used as a printer inter-
face.
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»;ure 2. Power Supply for AT89 Series Programmer
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Ire 3. AT89 Series Programmer Socket Wiring
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ire 4. A Parallel Interface Supporting Bidirectional Operation
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Features

+ Qutput Current up to 1A

* Ontput Voltages ol 5.6.8. 9. 10,12 15,18 24V
* Thermal Overload Protection

* Short Circuit Protection

* OQutput Transistor Safe Operating Area Protection

Internal Block Digram

C7TOAN/LIVI7IOKK 7
3-Terminal 1A Positive Voltag

Description

The MC78XX/LM78XX/MC78XXA scries of three
terminal positive regnlators are available in the
TO-220/D-PAK package and with several fixed output
voltages, making them useful in a wide range of
applications. Each type employs internal current limiting,
thermal shut down and safe operating area protection,
making it essentially indestructible. if adequate heat sinking
1 provided, [y can deliver  over 1A oulpul cureni.
Althcugh designed primarily as fixed voltage regulators,
these devices can be used with external components to
obtain adjustable voltages and currents,

TO-220

1. inpui 2. GND 3 Output

INPUT SERIES ouTPUT
PASS O
) ELEMENT a
CURRENT SOA : E/
GENERATOR PROTECTION "i.
STARTING REFERENCE ERROR
CIRCUIT VOUTAGE AMPUFIER
<
THERMAL b3
PROTECTION
1 QND
-Q
© 2
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Absolute Maximum Ratings

Parameter Symbol Value Unit
input Voitage (for Vo = 5V to 18V) Vi 35 \%
(for Vo = 24V) Vi 40 v
Thermal Resistance Junction-Cases (TO-220) ReJc 5 °cw
Thermal Resistance Junction-Air (TO-220) ReJA 65 °crw
Cperating Tempersture Range TUPR G~ 4125 °c
Storage Temperature Range Ts7G -85 ~ +150 °c

Eieciricai Chiaracieristics {(MC7805/LM7805)
(Refer to test circuit ,0°C < Ty < 125°C, 10 = 500mA, Vi = 10V, Ci= 0.33uF, Co= 0.1pF, unless otherwise spemfed)
. ¥, MC7805/LM7805 .
Parameter Symbol Conditions i | e | Wax Unit
T =+25%C 28 | 50 | 52
Output Voltage Vo 5.0mA < lo < 1.0A, Po < 15W v
V=7V to 20V 4.75 5.0 5.25
Y N W S, | D Vo =7V o 25V - 4.0 100 B
Line Regulation (Nolei) Regine | Ty=+25+C Vi=8Vto 12V - 6 50 mv
lo =5.0mA to1.5A - 9 100
Load Regulation (Note1) Regload | Ty=+25°C o =250mA to mV
750mA - ‘WS
Quiescent Current IQ Ty =+25°C . 50 | 8.0 mA
i i0 = 5mA to 1.0A - |oo03] 05
Quiescent Current Change Ala Vs 7V 10 35V - 03 3 mA
Output Voltage Drift AVOIAT | lo=5mA - -0.8 - mV/°C
Output Noise Voltage VN f=10Hz to 100KHz, TA=+25 °C - 42 - pVAVo
Ripple Rejection 1 s A 62 | 73 | - | dB
Dropout Voltage VDrop | lo=1A, Ty=+25°C - 2 - Y
Oulpul Resislance o f=1KH2 - 15 - mi
Short Circuit Current Isc Vi =35V, TA=+25°C - 230 - mA
Peak Current IPK TJ=+25°C - 2.2 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken

into account separately. Puise testing with low duty is used.
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Electrical Characteristics (MC7806)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V| =11V, C|= 0.33pF, Co= 0.1F, unless otherwise specified)

) MC7806 ]
Parameter Svmbol Conditions Unit
i Min. | Typ. | Max.
TJ=+25°C 5,75 6.0 6.25
Output Voltage Vo 5.0mA < lo £ 1.0A, Po < 15W Vv
Vi=g8.0Vic 21V 5.7 $.0 8.3
Line Regulation (Note1) | Regline | Ty=+25°¢  |i—ov 1@ 25V - S 1120 1y
V=9V to 13V - 15 60
Load Regulation (Note1) Regload | Ty=+25°C OG5 - ° 120 mv
10 =258mA to750A - 3 60
Quiescent Currenit IQ TJ=+25°C 3 50 8.0 mA
Quiescent Current Change AlQ R - N 0> mA
V| =8V to 25V - - 1.3
Output Voltsge Drit AVO/AT | Ig=5mA - -0.8 - mv/°C
Output Nolse Voitage VN f=10Hz o 100KHz, TA=+25°C - 45 - Wv/Vo
Ripple Rejection RR | (=120 (v s9 | 75 | - | dB
Dropout Voltage VDrep | 10 =14, Ty =+25°C - 2 - v
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Currerit Isc Vi= 35V, TaA=+25°C - 250 - mA
Peak Current IPK Ty=+25°C - 22 - A
Hots; |

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7808)
(Refer to test circuit ,0C < TJ < 125°C, lo = 500mA, V| =14V, C|= 0.33pF, Co= 0.1pF, unless otherwise specified)

MC7808

Parameter Symbol Conditions Min T Typ. [Max. Unit
TJ=+25°C 77 | 80 | 8.3
Output Voltage Vo ‘SIOEnA S,- IS-SA _10A. Po < 15W . ~ . v
V=105V 10 Z8Y 78 1 80§ 8.4
_ ' , e Vi = 10.5V to 26V - |50 | 160
Line Regulation (Note1) Regline | Ty =+25°C V=115V 10 17V - 20 |80 mvV
Load Regulation (Note1) Regload | Ty=+25°C o 1 5A -1 10 ] 160 mV
lo= 250mato 750mA - 50§ 80
Quigscent Current o TJ=+25°C - 50| 80 | mA
Quiescent Current Change Alq R G s - 005|085 mA
V)=10.5Ato 25V - 05 ) 1.0
Cutput Voltege Drif AVO/AT | 10=5mA - 1-087 - mv/°C
Cutput iNols¢ Voitage ViN f=10Hz 10 100KHz, TA=+25°C - 52 - | VA
Ripple Rejection RR f=120Hz, Vi= 11.5V to 21.5V 56 73 - dB
Dropout Voltage Vprop | lo=1A, Ty=+25°C - 2 - v
Quiput Reslstance ro f=1Hz - 17 - mi
Short Circuit Current isc V= 36V, TA =+25°C - 123 - mA
Pcak Current IPK TJ=+25°C - 221 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken

into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7809)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V| =15V, C|= 0.33uF, Co= 0.1uF, unless otherwise specified)

. MC7809 )
Parameter Svymbol Conditions . Unit
i Min. | Typ. | Max.
TJ =+25°C 8.65 9 9.35
Qutput Voltage Vo 5.0mAs 10 <1.0A, Po <15W Vv
Vi= 1.5V I 24V 88 g G4
Line Regulation (Note1) Regline | Ty=+25°C Vi=11.5Vio 25V - 6 180 mv
Vi=12Vto 17V - 2 90
lo=5mAto 1.5A - 12 | 180
Loaq Regulation (Note1) Regload | Ty=+25°C - YTy - Z o myv
Quiescent Cumrent ia TJ=+25"C - 50 | &. mA
Quiescent Current Change | Alq e Al - - 05 mA
Vi=11.5Vto 26V - - 1.3
Cutput Veitege Drift AYGOIAT § 10 =5mA - -1 - pmvieC
Output Noise Voitage VN f=10Hz 1o 100Kz, TA=+25"C - 58 - 1 RVANO
Ripple Rejection RR L 1 =121%I;/izto A 56 71 ) dB
Dropout Voltage MDrop o =1A, Ty=+25°C = 2 S \V;
Output Resistance ro f=1KHz = 17 5 mQ
Short Circuit Current Isc V=35V, TA=125°C - 250 - mA
Peak Current IPK Ty= +25°C - 22 - A

£f Lo .
mete.

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7812)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V| =19V, C|= 0.33uF, Co=0.1pF, unless otherwise specified)

MC7812 ]
Parameter Symbol Conditions . Unit
’ Min. | Typ. | Max.
TJ=+25°C 115 ] 12 {125
Output Voltage Vo 5.0mA < 10<1.0A, Pos15W ;
Vi = 14.5V 1o 27 14§ 12 1128
Line Regulation (Note1) Regline | Ty =+25°C BLE 14.5V 10 30V - 10| 246 mV
V| =16V to 22V - 3.0 | 120
Load Regulation (Note1) Regload | Ty =+25°C 192 At Y - 11 | 240 mV
1o = 2ECmA 10 TECmMA - 5.6G 20
Guiescent Cuirent” He) To=+25°C - 51 | 8.0 mA
Quiescent Current Change Al ERCU AN T ~ 01]05 mA
V1 = 14.5V to 30V - 05 | 1.0
Outsut Velisge Drift AVOIAT | IO =5mA - -1 - PmVISC
Cutput Noise Voitage VN f=10Hz 10 100KHz, TA=+25°C - 76 - pVANo
Ripple Rejection RR L:ﬁg’\"lzt o s5s {71 - | dB
Dropout Voltaga VDrop | 10 = 1A, Ty=+25°C - 2 - v
Output Resistance {9 f=1KHz - 18 - mQ
Short Circuit Current Isc | Vi=35V, Ta=+25°C - |23 | - mA
Peak Current Ipk | Ty=+25°C - 22| - A
Maote:

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7815)
(Refer to test circuit ,0°C < Ty < 125°C, Io = 500mA, V| =23V, Ci= 0.33uF, Co=0.1uF, unless otherwise specified)

i MC7815 .
Parameter Svmbol Conditions . Unit
° Min. | Typ. | Max.
Ty=+25°C 14.4 15 15.8
Output Voltage Vo 5.0mA <10<1.0A, PO<15W Vv
V1= 17.5V o 30V 14.25 15 15.75
‘ ' _ J— Vi=17.5V 16 30V - 11 | 300
Line Regulation (Notet) Regline | Ty=+25°C Vi= 20V to 26V - 3 150 mV
. . o =5mAto 1.5A - 12 300
L.oad Regulatinn (Nnots1) Ranload | Ty =+25°0 o= 2504 o mv
G £ / 1) J ;\.éon:g..:n ic } 4 150
Quiescent Current Q Ty =+25°C - 5.2 8.0 mA
Quiescent Current Change Alq SR S S EP S - . 0-5 mA
V1 =17 .8V in 20V - - 1.0
Output Voltage Drift AVQIAT | 10 =5mA - -1 - [mwvrec
Output Noise Voltage VN f=10Hz to 100KHz, TA =+25°C - 90 - nv/Vo
Ripple Rejection RR el s4 | 70| - | @B
Dropout Voltage Vprop | 10=1A, Ty=+25°C - 2 - \")
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V) =35V, Ta=+25°C - 250 - mA
Peak Current IPK Ty =+25°C - 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Changes in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7824)
(Refer to test circuit ,0°C < Ty < 125°C, lo = 500mA, V| =33V, C|= 0.33pF, Co=0.1pF, unless otherwise specified)

MC7824

Parameter Svmbol Conditions - Unit
- Min. | Typ.
Ty =+25°C 23 24
Output Voltage VO |50mA<lo<1.0A, POo<15W Vv
’ Vi=27Vic 38V 2235 24 12525
. . . o Vi= 27V o 38V - 17 | 480
Line Regulation (Note1) Regline | Ty=+25°C Vi =30V 10 36V - 5 mv
. Cero lo=5mAto 1.5A - 15 .
Load Regulation (Note1) Regload | Ty =+25°C o= 550mA 1o 750 - To mV
Quigscent Current i@ | Ty=+25°C - |52 mA
Quiescent Current Change AlQ 1S WM Nl - 0.1 ‘MmA
V| =27V to 38V - 0.5
Output Volisge Drift AVOIAT § 1o = 5mA - i-15 mv/°C
Output Noise Voltage Vi f=10Hz to 100KHz, TAa=+25°C - 60 wvivo
Ripple Rejection e b 50 | 67 dB
Dropout Voliage VDrap | lo=1A, Ty=+25°C g 2 v
Output Resistance ro f=1KHz - 28 mQ
Short Circuit Current Isc V| = 358V, TA=+25°C - | 230 mA
Peak Current IPK TJ=+25°C A 3 2.2 A
Mota,

1. Load and line regulation are specified at constant junction temperature. Changes in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.

10
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Electrical Characteristics (MC7805A)
(Refer to the test circuits. 0°C < Ty < 125°C, lp =1A, V | = 10V, C 1=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max, Unit
TJ=+25°C 4.9 5 51
Output Voltage Vo lo=5mAto 1A, PO < 15W 48 5 52 A
VI =7.5Vto 20V ' ’
Vi=7.5Vic 25V
lo = 500mA - S S0
Line Regulation (Note1) Regline | Vi=8Vto 12V R 3 50 mv
Vi= 7.3V to 20V - 5 50
TJ =+25°C
Vi=8Vin 12V - 1.5 25
TJ=+25°C - o
i - 9 100
Load Regulation (Note1) | goo oo lo=5mAto 1.5A v
9 l0 = 5mAto 1A - 9 100 -
10 = 250mA to 750mA - 4 50
Quiescent Current fe] TJ=+25°C - 5.0 6 mA
. lo=5mAto 1A - - 0.5
gﬁf:;:“t S Al | Vi=8 V1025V, 10 = 500mA . [ 08 | mA
V) =7.5V to 20V, Ty =+25°C - - 0.8
Output Voltage Drift AVIAT | lo=5mA - -0.8 - mV/°C
: f=10Hz to 100KHz
Output Noise Voltage VN TA =425 °C - 10 . uVNo
Ripple Rejection RR | [=120Hz lo = S00mA - e | - dB
Dropout Voltage -~ = - VDrop | 10 =1A,TJ=+25°C - 2 - v
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25°C - 250 - mA
Peek Currsnt P TJ=+25°C - 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.

11
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Electrical Characteristics (MC7806A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V 1 =11V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

: Parameter Symboi Conditions Min. | Typ. | Max. | Unit
r Ty =+25°C 558 [ 6 | 6.12
‘ Output Voltage Vo Io =5mAto 1A, PO < 15W v
| Vi = 8.6V to 21V 5761 6 | 624
‘ Vi= 8.5V 1o 25V
lo = 500mA - | 5] 6o
Line Regulation (Note1) Regline | VI=9Vto 13V - 3 60 mv
Vi=8.3Vto 21V - 5 60
TJ =+25°C
Vi= 9V tg 13V - 115 ] a0
TJ=+25°C 9 100
; lo=5mAto 1.5A 8
Load Regulation (Note1)
Regload M s smato 1A -4 {100 | ™
{0 = 250mA to 750mA - 5.0 50
Quiescent Current T lq Ty =+25°C - | 43 6 mA
lo=5mAto 1A - - 0.5
Quiescent Current Change Alq Vi =9Vto 25V, Io = 500mA - - 0.8 mA
Vi= 8.5V to 21V, Ty =+25°C - - 0.8
Qutput Voltage Drift AV/AT | lo=5mA - |-08 - | mw°C
' . f=10Hz to 100KHz
Output Noise Voltage VN T =+25°C - 10 - uVAVo
Ripple Rejection BRE, R 2 ST - les| - | a8
Dropout Voltags VDrop | 105 1A, Ty =+25°C - 12 - v
i Output Resistance ro f=1KHz - 17 - mQ
‘ Short Circuit Current Isc Vi= 35V, TA =+25°C - 250 - mA
Pegk Currsnt lipt TJ=+25°C - 22 - A
Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with low duty is used.

12
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Electrical Characteristics (MC7808A)
(Refer to the test circuits. 0°C < TJ < 125°C, lo =1A, V 1= 14V, C |=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symboi Conditions Min. | Typ. | Max. | Unit
Ty =+25°C 7.84 8 8.16
Output Voltage Vo [Io=5mAto 1A, PO <15W 271 8 les | VY
Vi=10.6V to 23V
Vi= 10.6V to 25V
o= S00mA R
Line Regulation (Note1) Regline | Vi=1 1Vto 17V _ 3 80 mv
: Vi=104Vi023V | - | 6 | 80
T =EEC Vi= 11V t0 17V - 2 40
=S G - | 12 | 100
. lo=5mAto 1.5A
Load Regulation (Note1) Regload T - = 5 mv
10 = 250mA to 750mA - 5 50
Quiescent Current fo) TJ=+25°C - 5.0 6 mA
lo=5mAto 1A - - 0.5
Quiescent Current Change AlQ Vi=11Vto 25V, Io = 500mA - - 0.8 mA
Vi=10.6Vto 23V, Ty =+25°C - - 0.8
Output Voltage Drift . AV/IAT | lo=5mA - -0.8 - |mviec
Output Noise Voltage VN fl': lal;_lz }%1 Bl - 10 o wV/Vo
Ripple Rejection RR |- 1200 0= SO0mA - |e | - | a8
Dropout Voltage Voiop lo=1A, Ty =t25°C - 2 = \Y
Output Resistance ro f=1KHz - 18 - ms2
Short Circuit Current Isc Vi= 35V, TA=+25°C - 250 - mA
Peak Curent ter TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken

into account separately. Pulse testing with low duty is used.

13
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Electrical Characteristics (MC7809A)
(Refer to the test circuits. 0°C < Ty < 125°C, lp =1A, V | =15V, C =0.33uF, C 0=0.1yF, unless otherwise specified)

Parameter Symbotl Conditions Min. | Typ. | Max. | Unit
Ty =+25C 8.82 | 9.0 | 9.18
Output Voltage Vo lo =5mAto 1A, POs15W v
Vi=11.2V to 24V 8.65 | 90 | 935
Vi= 1.7V 1o 25V 0
lo = 500mA R
Line Regulation (Note1) Regline | VI= 12.5V to 19V - 4 45 mv
. Vi= 11.5V to 24V - 6 90
Ty =+25C
Vi= 12 8V tn 10V - 2 45
T =+25C _
©- - 12 | 100
Load Regulation (Note1) I G 1.0A iy
P 9 10 = 5mA to 1.0A - | 12 | 100
1o = 250mA to 750mA c 5 50
Quiescent Current iQ TJ=+25°C c 50| 6.0 mA
VI=11.7V to 25V, TJ=+25 "C = - 0.8
Quiescent Current Change Alg VI=12V to 25V, 10 = 500mA - - 0.8 mA
lo=5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA - |10] - |mwc
. f= 10Hz to 100KHz
Output Noise Voltage VN Ta =425 °C - 10 - uVNo
Ripple Rejection R || U iy O st - le2| - | aB
Dropout Voliags VDrop | 10=1A, Ty=+25"C - |20 - v
Output Resistance ro f=1KHz - 17 - mQ
Short Circuit Current Isc | VI=35V, TA=+25"C - 250 - mA
Peak Current TN T=+25C - 22 - A

Note:

1. Load and line regulation are specified at constant, junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with fow duty is used.
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Electrical Characteristics (MC7810A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V| = 16V, C 1=0.33pF, C 0=0.1pF, unless otherwise specified)

i Parameter Symbol Conditions Min. | Typ. | Max. | Unit
TJ)=+25C 98 | 10 | 10.2
Output Voltage Vo lo=5mAto 1A, PO < 15W v
Vi =12.8V to 25V 9.6 10 104
Vi= 12,8V 16 28V
Io = 500mA - 8 | 100
Line Regulation (Note1) Regline | Vi= 13V to20V - 4 50 1 mv
. Vi= 12.5V to 25V - 8 100
TJ=+25C
Vi= 13V 10 20V - 3 50
Ti=+25"C _
. - - 12 100
Load Regulation (Note1) Reaload lo=5mAto 1.5A v
9 lo = 5mAto 1.0A - 12 [ 100 | T
lo = 250mA to 750mA . - 5 50
Quiescent Current la TJ=+25°C - 50 | 6.0 mA
Vi =13V to 26V, Ty=+25C - - 0.5
Quiescent Current Change Alg V| =12.8V to 25V, lo = 500mA - - 0.8 mA
lo=5mAto 1.0A - - 0.5
Output Voitage Drift AV/AT | lo=5mA - |10 - |[mvi'c
f=10Hz to 100KHz wv/Vo
Output Nolse Voltage VN Ta =425 °C - 10 A
. . f=120Hz, lo = 500mA
Ripple Rejection RR Vi = 14V 15 24V = 62 £ dB
Dropout Voltage | VDrop lo=1A, Ty=+25C - 2. - \
Outrut Reslistance ro fo 1KHz - 17 - mQ
Short Circuit Current Isc Vi= 35V, TA=+25C - | 250 - mA
| Pezk Currant K T=+25°C - 2.z - A
Note:
1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken

into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7812A)

(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V 1= 19V, C (=0.33uF, C 0=0.1uF, unless otherwise specified)

Vi= 35V, Ta =+25 °C

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty=+25°C 1.75| 12 | 1225
Output Voltage Vo lo =5mAto 1A, Po <15W v
Vi=14.8V to 27V ns 12 4128
Vi= 14.8V 1o 30V
lo = 500mA B 10 | 120
Line Regulation (Note1) Regline | VI= 16V 10 22V N 4 120 mv
o Vi=14.5V to 27V - 10 120
Ty=+25 C
Vi= 18V to 22V - 3 80
Ti=+25"C .
Py - 12 00
Load Regulation (Note1) e lo=5mAto 1.5A .y
9 10 =5mAto 1.0A - [ 12 | 100
10 = 250mA to 750mA - 5 50
Quiescent Current T Ty =+25C - 51 | 6.0 mA
Vi =15V to 30V, Ty=+25"C - 0.8
Quiescent Current Change Alg Vi =14V to 27V, 1o = 500mA - 0.8 mA
lo=5mAto 1.0A - 0.5
Qutput Voltage Drift AVIAT | 1o =5mA - -1.0 . mv/'C
" f=10Hz to 100KHz
Qutput Noise Voltage VN TA =+25°C - 10 - uVio
Ripple Rejection BRI (Vs Ko T - leo | - | aB
Dropoiit Voltags Vorop | 0= 1A, Ty=+25C - 2.0 - Y
Output Resistance ro f=1KHz - 1 - mQ
Short Circuit Current Isc - 250 - mA

Pegk Current

Tu=+25 C

ha
[N)

Note: -

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken

into account separately. Pulse testing with low duty is used.
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Electrical Characteristics (MC7815A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V=23V, C |=0.33pF, C 0=0.1uF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. unit
TJ=+257C 147 | 15 | 153
A/ = \)
Cutput Volitage (o] {2 = 15;1.1;‘\}?019650 <15W 14.4 15 15.6
Vi= 7.8V 10 30V ] 10 150
1o = 500mA
Line Regulation (Note1) Regline | VI= 20V to26V N 5 150 mv
R Vi= 17.5V to 30V - 11 150
I Vi= 20V in 28V - 3 75
TJ=+25C i
Load Regulation (Note1) Regload lo=5mAto 1.5A i2 100 .
10 =5mAto 1.0A - 12 100
lo = 250mA to 750mA - 5 50
Quiescent Current la TJ=+25°C < 5.2 6.0 mA
Vi =17.5Vto 30V, Ty=+25"C - - 0.8
Quiescent Current Change AlQ V)=17.5Vto 30V, lo = 500mA - - 0.8 mA
lo = 5mA to 1.0A ~ - 0.5
Output Voltage Drift AVIAT | lo=5mA - -1.0 - mv/'C
Output Noise Voltage VN fri 1:3252, 3%1 00KHz - 10 h VAo
Ripple Rejection RR f,T:?i%%Z,', Itg ;SSgSmA o 58 g dB
Dropout Voltags VDrop lo=1A,Ty=+25"C - 2.0 - v
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc Vi= 35V, TA =+25°C - 250 - mA
Peak Current PR Ty=+25C - 22 - A

Note:

1. Load and line regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken
into account separately. Pulse testing with fow duty is used.
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Electrical Characteristics (MC7818A)

(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V 1= 27V, C 1=0.33pF, C 0=0.1pF, unless otherwise specified)

Parameter Symboi Conditions Min. | Typ. | Max. Unit
TJ)=+25"C 1764 | 18 | 18.36
V = Vv
Output Voltage i e} {2 = ST\ZLO;:;Q/' Po £15W 17.3_( 18 18.7
Vi= 34V 1o 53V
I::_: ;5.0.0;;/: - ) 15 ] 180
Line Regulation (Note1) Régline V=21V to 33V _ 5 180 mv
o Vi= 20.6V to 33V - 15 180
=i e Vi= 24V to 30V - 5 a0
TJ=+25C - o
Load Regulation (Note1) Regload lo=5mAto 1.5A 15 100 v
lo=5mAto 1.0A - 15 100
1o = 250mA to 750mA - 7 50
Quiescent Current la TJ=+25"C c 52 | 6.0 mA
Vi =21V to 33V, TJ=+25C - - 0.8
Quiescent Current Change AlQ Vi =21V to 33V, 1o = 500mA - - 0.8 mA
lo=5mAto 1.0A - - 0.5
Output Voltage Drift AV/AT | lo=5mA - |10 - mv/'C
Outnut Noise Voltage VN fl_: 1_2;*;2 100KHz i . | rvvo
Ripple Rejection TR o o - |s7l - | 4
Dropout Voltags VDrop 10=1A, TJ =+25 - 2.0 o Vv
Output Resistance ro f=1KHz - 19 - mQ
Short Circuit Current Isc V|= 35V, TA =+25°C - 250 - mA
Beak Cursni I TJ=+25 C - 2.2 - A

Note:

1. Load and fine regulation are specified at constant junction temperature. Change in Vo due to heating effects must be taken

into account separately. Pulse testing with fow duty is used.
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Electrical Characteristics (MC7824A)
(Refer to the test circuits. 0°C < Ty < 125°C, lo =1A, V 1= 33V, C =0.33uF, C 0=0.1uF, unless otherwise specified)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Ty=+25"C 235 24 | 245
Output Voitage Vo lo=5mAto 1A, PO <15W v
V) =27.3V to 38V 23 24 25
Vi= 27V ic 38V
Io = 500mA - | 18| 240
Line Regulation (Note1) Regline | Vi=21V 10 33V - 6 240 mv
N V= 26.7V to 38V - 18 240
Ty=+25 C
Vi= 30V to 368V - a8 120
Ti=+25"C .
g B - 15 100
Load Regulation (Note1) Regload lo =5mAto 1.5A mv
g 10 = 5mA to 1.0A - 15 | 100
{0 = 250mA to 750mA - 7 50
Quiescent Current la TJ=+25°C c 52 | 6.0 mA
VI =27.3V to 38V, Ty =+25 C - - 0.8
Quiescent Current Change Alg V) =27.3V {0 38V, {0 = 500mA - - 0.8 mA
lo=5mAto 1.0A - - 0.5
Output Voltage Drift AVIAT | lo=5mA z 1.5 - |mwviC
. f= 10Hz to 100KHz
Output Noise Voltage VN TA=25"C - 10 - PAVAYS!
Ripple Rejection RR | {1202 10 = S00mA A 7 R
Dropout Voitage VDrop | 0= 1A Ty=+25C - 20 - Vv
Output Resistance ro f=1KHz - 20 - mQ
Short Circuit Current Is¢c V=35V, TA=+25 C - 250 - mA
Peak Cuirent g TJ=+25°C - 2.2 - A

Note:

1. Load and line regulation ase specified at constant junction temperature. Change in VO due to heating effects must be taken
into account separately. Pulse testing with low duty is used.
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MC78XX/LM78XXIMCT8XXA

Typical Perfomance Characteristics

& V|.I6V
Vo=tV
low8mA
L %4
W,
i s P i
§ //
3 o2 |1
§ ]
3
418
-850 -28 (] 2 %0 ” 100 128
JUNCTION TEMPERATURE {°C)
Figure 1. Quiescent Current
ez Vg—\;aveBV
lo=BmA
E\.ol
g
§ )
\’\
~J
g 99
8 L
-25 o 3 %0 %5 100 128

JUNCTION TEMPERATURE {*C)

Figure 3. Output Voltage

QUIESCENT CURRENT {mA)
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Figure 2, Peak Qutput Current
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Figure 4. Quiescent Current
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MC78XXILM78XXIMC78XXA

Typical Applications

 merexumrsxx 12 °
input Qutput
H
b
Co o
Toc;'q,r ant |
4
Figure 5. DC Parameters
o ' mersxximrexx |2 o
Input Qutput
7 R 270pF
de Vo
- | Jla
OREQ. 1000 3088
° o
m
Figure 8. l.oad Regulation
L0 1 5
A r—lf  WMOCTSXKILMTOKX §°
Input | Output
L A
To:w,r 2
o— | -0
4;‘;‘;? /-/7
N *
120Hz
Figure 7. Ripple Rejection
i ' ImcrsxxLmrexx ) Output
¢ 2 [N
'l'u:a.r— 0.0F

Figure 8, Fixed Output Regulator
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MCT8XXILM78XX/MC78XXA

——-0 Output

&
RIS Vxx
3

lnputoT. MCT78XX/LM78XX
cl _}_ 2

——}ln
o
AL

Figure 9. Constant Current Regulator

nNotes;
{1) To cpecify an output voltage, substitute veltage value for "XX" A commen ground is required between the input and the
Output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input

ripple voltage.
(2) Cl s required if regulator is located an appreciable distance from power Supply fitter.
(3) Co improves stability and transient response.

input s a Output
o— e MCT78XXILMTBXX O
Vax
2 0.1 e <
Cl = —_ e At
"'[-o;\a..p 1!2 é"; 3
SE A2

I 2510

Vo = VXx(1+R2/R1}+laR2
Figure 10. Circuit for Increasing Output Voltage

mput | [T mcraos  |a Output
< LM780s | —0

F3
—-12 0.1F
cl L 6 =l
LM741 =
0.334F 3 r
2 \. - iEIOk" Co
Vead
IRI 25 lq

Vo = VXX(1+R2/R1)*+1aR2
Figure 11. Adjustable Output Regulator (7 to 30V)
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MC78XXILM78XX/IMC78XXA

1 a
: oonI—— MCT7815 J_ =9,
| : z
‘ Taze saf ] :zr.x:-'.-:z
|
r ]
,17 22 2,
o . #z
1N4Q0Y
v 2 MC7915 3 “15v

Figure 15. Split Power Supply ( £15V-1A)

| Output
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Input
w
(AP
2
' MeTexxiLMTaXX
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- Figure 16. Negative Output Voltage Clrcuit
Input D45H11 1mH Qutput
o . e o o oY 0O
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£ 470 > ama
23 ) 3
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;_‘ 104F l
{2 1on 033,F 2
*
L :Fz 2000.F
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Figure 17. Switching Regulator

[
dn

105



Mechancal Dimensions continea)

Package
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Ordering Information

Product Number

Output Voltage Tolerance

Package

+4%

PP

L Product Number

Output Voltage Tolerance

Package

Operating Temperature

[ Py

MCT7805CT

MC7806CT

MC7808CT

MC7809CT

MC7810CT

MC7812CT

MC7815CT

MC7818CT

MC7824CT

MC7805CDT

MC7806CDT

MC7808CDT

o o o,

MC7808CDT

MC7810CDT

MC7812CDT

+4%

D-PAK

i MC7805ACT

MCT7806ACT

MC7808ACT

MC7809ACT

MC7810ACT"

VICT812ACT

MC7815ACT

MC7818ACT

MC7824ACT"

+2%

TO-220
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FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

TR OIINDNARDT DAl 18V
Lzri_ SR T POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. Acritical component in any component of a life support
which, (a) are intended for surgical implant into the body, device or system whose failure to perform can be
or (b) support or sustain life, and (c) whose faiiure to reasonabiy expected io cause the failure of the iife support
perform when properly used in accordance with device or system, or to affect its safety or effectiveness.

instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

wnw falrnhildeaml com

7i2i01 0.0m 001
Stock#DSxxxxxxx
© 2001 Fairchild Semiconductar Corporation
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High Current Dariingion
Transistor Arrays

The sight NFN Darlington connecied transisiors in this family of arrays

are ideally suited for interfacing between low logic level digital cireuitry (such
as TTL, CMOS or PMOS/NMOS) and the higher current/voltage
requirements of lamps, relays, printer hammers or other similar loads for a
broad range of computer, industrial, and consumer applications. All devices
fastura open—collactor outputs and free whaeling clamp dindes for transient
suppression,

The ULNZ2803 is designed to be compatibie with standard TTL famiiies
while the ULLN2804 is optimized for 6 to 15 volt high level CMOS or PMOS.

i

MAXIMUM RATINGS (Ta = 25°C and rating apply to any one device in the
packagse, unless otherwise noted.)

QCTAL PERIPHERAL

DRIVER ARRAYS

SEMICONDUCTOR
TECHNICAL DATA

Rating Symbal Value Unit
Qutput Voltaga Vo 50 \
Input Voltage (Except ULN2801) V) 30 3 A SUFFIX
Collector Current — Continuous Ic 500 mA PLASJ ,l\%g /;g;m &
Base Current  Centinuous [ 25 mA
Operating Amhient Temparature Ranga Ta 0o +7-0 °C
‘ Storage Temperature Range Tstg -55 to +150 °C
Junction Temperature T3 125 “C PIN CONNECTIONS
Rgya = 55°CAY
Do not excead maximum current limit per driver. U
g g
ORDERING INFORMATION E 1'>c i E
Characteristics LHP
Operating E il>c LM E
Input Temperature
Device Compatibility Vee(Max)/ic(Max) Range E'— DGT_*‘ E
Emgiﬁ H: '1?5‘?1\;%;1»403 SOVIS00mA | Ta =010+ 70°C E D> | g
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TEST FIGURES

(See Figure Numbers in Electrical Characteristics Table)

Figure 1. Figure 2,

Open

QOpen Vre

T 9

O Open
Vin=

||}-'——¢

Figure 5. Figure 6.

V.,
b

I~

lll—

MOTOROLA ANALOQG IC DEVICE DATA
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TYPICAL CHARACTERISTIC CURVES - Ta = 25°C, unless otherwise noted
Output Characteristics

Saturation Voltage Input Current
I 7 z
| =60 = = 800
i g
s Al Types / 3 All Types Ve
& 400 & 400 A
<] / e /
Q Vi Q
E: / - A
8 200 v 3 200 v
o // = //‘
0 l 0 A
0 05 1.0 15 20 0 200 400 600 800
VEE£eat) SATURATION VOLTAGE (V) sy, INPUT CURRENT f114)
Input Characteristics
Figure 10. ULN2803 Input Current Figure 11. ULN2804 Input Current
versus Input Voltage versus Input Voltage
E 15 — E 15
= =
| # ] 8
| = e &
] 3 10 — 3 10 P
P
F4 L~ -4
: 205 ] 205 ]
) . q
20 25 3.0 35 4.0 45 5.0 55 6.0 5.0 6.0 7.0 8.0 9.0 10 1 12 13
VN, INPUT VOLTAGE (V) Vin, INPUT VOLTAGE (V)
Figurs 12, Representative Schemstic Dlagrams
1/8 ULN2803 1/8 ULN2804

i T i

1 |

I 3.0k I f 3.0k

l U | l M_—‘P'_-
L"—'N‘ ________ —p L____K_ _______ -1
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ULNLZGUS ULINZGUS
OUTLINE DIMENSIONS
A SUFFIX
PLASTIC PACKAGE
CASE 707-02
ISSUEC NOTES:
1, POSITIONAL TOLERANCE OF LEADS (D),
o W ok Ok O e o O o O s e B e SHALL BE WITHIN 0.25 {0.010) AT MAXIMUM
Ty 0 Y MATERIAL CONDITION, IN RELATION TO
‘ SEATING PLANE AND EACH OTHER.
: D B 2, DIMENSION L TO CENTER OF LEADS WHEN
| Oy 9 ¥ FORMED PARALLEL.
i |PRSRSNFRERY Ry T, G.E&E:SIONBDOESNOTINCLUDEMU.D
] A ‘Jl MILLMETERS INCHES
DM MIN_| MAX | MIN | MAX
c— r‘ L—’I A | 2227 | 2324 | 0875 | 0.918
r n I— WA R RN NN
3 97 | 478 | 0050 1 0070 |
UL!] u ” 1k N.f K JL \ Gl 25b 0150 BSC
W1 102 152 [ op40 | po
SEATING | m e 31020 | 0o {0008 [ 002
K| 2082 343 { 0115 | 0.13
L 18 g__c osone C
Moo 150 o] 159} -
N 0§ 02 o&g" 1 0040

MOTOROLA ANALOG [C DEVICE DATA
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Motoroia reserves the rigit to make changes without further notice 1o any products nerein. Motorola makes no warranty, rep hon or g regarding
tha suitability of its products for any particular purpasa, nor does Motorola assume any Iiabﬂity arising aul of tha application or usa of any product or circuit, and
specifically disclaims any and al( iability, including without limitation ial orincidental domages. “Typical’ parameters which may be provided in Matorola
datasheets and/or specificalions can and do vary n drﬂemnlupplmhonsmdacwal performance may vary over time. Alloperating parameters, including “Typicals™
must be validated for each customver application by customer’s tachnical experts. Molorola does not convey any license under its patent rights nor the rights of
others. Molorola products are not designed, intended, or authorized for use as ponents in syst ded for surgical implant into the body, or ather
applications intended 1o suppori or susiain life, or for any other application in which tha faiture of the Motorola product coukd create a situation where personal injury
ordzath mayoccur. Should Buyer purchase oruss Motorola products forany such unintended or unautherzed appfcation, Duyar shafl indemnffy and hofd Motorofa
and lts officers, employees, subsidiaries, affillates, and distributors harmless against all clalms, costs, damages, and expenses, and reascnable attomey fees
arising cut of, direstly or indirectly, any claim of percona! Injury or death associated with such unintended or unauthorized use, even If such claim alleges that
Motorola was negligant regarding the design or manufacture of the part. Motorola and @ are registered trademarks of Motorola, Inc. Motorofa, Inc. is an Equal
Opportunity/Afiirmative Action Employer.

How to reach us:
{35A JEUROPE Lnaationa Hat Listad: M Fadni-PakRing=laniag,

P.O. Box 20912; Phoanix, Arizona 85036. 1—800—441—2447 or 602—303»—5454 3—14—2 Tatsumi Koto-Ku, Tokyo 135, Japan, 03-81-3521-8315

R TR P T Rt N

MFAX: RMFAXo@email.sps'.mol.com - TOUCHTONE 602~244-6609 ASIA/PACIFIC: Motorola Semiconductors H.K. Ltd.; 8B Tal Ping Industrial Park,
INTERNET: hitp://Design-NET.com 51 Ting Kok Road, Tai Po, N.T.,, Hong Kong. 852-26629298

@ MOTOROLA v ULNZ805/D
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PNP - MJ15023, MJ15025*

Silicon Power Transistors

The MJ 154023 and MJ15025 are PowerBase power transistors
designed for high power audio, disk head positioners and other linear
applications.

Features

* High Safc Operating Arca (100% Tested) 2 A @ 80V
¢ High DC Current Gain — hpg = [5 (Min) @ Ic =8 Adc
® Pb-Free Packages are Available*

MAXIMUM RATINGS
Rating Symbal Value Unit
Collector-Emitter Voitage Veeo Vdc
MJ15023 200
MJ15025 250
Colisctor-Ease Voilage Veeo Ve
MJ15023 350
MJ15025 400
Emitter-Base Voltage Veso S Vde
Collector-Emitter Voltage Veex 400 Vde
Collector Current  ~ Continuous Ic 16 Adc
~ Peak (Note 1) an
Base Current = Continuous B 5 Adc
Total Device Dissipation @ T¢ = 25°C Pp 250 w
Derate above 25°C 1.43 Wi°C
Operating and Storage Junction T, Tern -85 to +200 °C
lemperature Range -
THERMAL CHARACTERISTICS
Characteristics Symbol Max Unit
Thermal Resistance, Junction—-to-Case Ruge 0.70 “Ciw

Maximum ratings are those values beyond which device damage can occur.
Maximum ratings applied to the device are individual stress limit values (not
normal operating conditions) and are not valid simuitaneously. If these limits are
exceeded, device functional operation is not implied, damage may occur and
reliability may be affected.

1. Pulse Test: Pulse Width = 5 ms, Duty Cycle s 10%.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

& Semiconductor Components Indusiries, LLC, 2006 1
February, 2006 ~ Rev. 10
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16 AMPERES
SILICON POWER TRANSISTORS
200 - 250 VOLTS, 250 WATTS

JO-204AA (TO-3)
CASE 1-07
STYLE1

MARKING DIAGRAM

/C\
( MJ1502xG |

Avww

MEX
O

MJ1502x = Device Code
x=3o0r5

G = Pb-Free Package
A = Assembly Location
Y = Year

ww = Work Week

MEX = Country of Origin

ORDERING INFORMATION

Device Package Shipping
MJ15023 TO-204 100 Units / Tray
MJ15023G TO-204 100 Units / Tray

(Pb-Free)
MJ15025 TO-204 100 Units / Tray
MJ15025G TO-204 100 Units / Tray
(Pb-Free)

Preferred devices are recommended choices for futurs use
and best overall value,

Publication Order Number:
MJ15023/D



PNP - MJ15023, MJ15025*

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

[ Characteristic

Symbol I Min Max Unit

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (Note 2)
{lc = 100 mAdc, 13 = 0)

VeEeo(sus) -
200 -
250 -

MJ15023
MJ15025

ctor Cutoff Currant
{VcE = 200 Vde, Vge(om = 1.5 Vde)
(Vce = 250 Vde, Veg(oty = 1.5 Vdc)

MJ15023 -
MJ15025 -

250
250

Collector Cutoff Current
{(Vce = 150 Vde, 1= 0)
(Ve =200 Vde, 1n = 0)

MI15023 -
M.I15025 -

500

ENnn
S

(Vcg=5Vde, Ig=0)

- 500 pAde

Both

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased
(Vicg = 50 Vdo, t = 0.5 s (non—repetitive})
(Vce = 80 Vde, t = 0 5 s (non—rapatitive))

~ Ade

P O
!

ON CHARACTERISTICS

DC Current Gain
(ic = 8 Adg, Vg = 4 Vdc)
(Ic = 16 Adc, Vgg = 4 Vdce)

heg -

Collector~Emitter Saturation Voltage
(I = 8 Ade, Iz = 0.8 Adc)
(Ic = 16 Adg, Ig = 3.2 Adc)

VeE(saty Vdc

Base-Emitter On Volinge
(Ic = 8 Adc, Vg = 4 Vdc)

Vde

Voriany e 22

DYNAMIC CHARACTERISTICS

Current-Gain - Bandwidth Product
(Ic = 1 Adc, Ve = 11 Vdg, figg = 1 MHZ)

MHz

Culpui Capacitance
(Vge = 10 Vda, |z = 0, figne = 1 MH2)

2. Pulse Test: Pulse Width = 300 ps, Duty Cycle < 2%.

100 .
. 50 Tc=25°C
£w

‘~‘
£
o0
£50 =
(&)
=
E
1.0 1= — - — BONDING WIRE LIMITED F=5erc
8 E ——— THERMAL LIMITATION 3
s L {SINGLE PULSE) X
~oz SECGHD BREAKDOWIN LINITED —y-
G T P ITA T FIPTI N\

o1 02 05 10 20 50 100 250 500 1k
Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 1. Active—Region Safe Operating Area

2

There are two limitations on the powerhandling ahility of
a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate I¢ — Vep
limits of the transistor that must be observed for reliable
aperation, L, the Bansiztor most oot Be sabjsctad o greatey
dissipation than the curves indicate.

The data of Figure L is based on Typk) = 200°C; Tc is
variable depending on conditions. At high case
temperatures, thermal limitations will reduce the power that
can be handled to valucs lcss than the limitations imposcd by
second breakdown.

' h'ttbﬁllansemi'.com
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{pF)

C, CAPACHTANCI

hgg, DC CJURRENT GAIN

PNP - MJ15023, MJ15025*

TYPICAL CHARACTERISTICS

=
4000 . _E T' ; Ic TT
3000 el Cay 5 9 4=25 ¥
3 I 3 Vgg=10V
. f Ty=25°C 8 8 frast=1MHzZ T
=z 7 =S
1000 = R
e ~
500 ¢ Z 5 <
ob :‘T’ ) .
™~ =z
i 3 3 Suy
“\ 3 “:
100 L% .
g:: i
3 0
03 05 1.0 5.0 10 30 50 100 300 0.1 0.3 0.5 1.0 20 5.0 10
VR, REVERSE VOLTAGE {VOLTS) Ic, COLLECTOR CURRENT (AMPS)
Figure Z. Capaciiances Figure 3. Curreni~-Gain — Bandwidih Product
200 LI TTTHIT
=g iy o TJ -100°C ch -40V 1+ 18 E
100 =t /]
I ———
il
Ty=25°C —— 7 14 /
50 J S (IR i/
s
2 . B 1ol 72050 --/ i
Y = L
\N a 08 Vagon @ V=40V L=t
0 N > LT 7
= R /.
-—-P—"ﬂﬂ y
5.0 — 100°C M,/
] 25°C| v Iflg = 10
02— Uy e @_"cﬂ——a% 165°C
20 0 =t [ WL
0.2 05 1.0 290 80 10 20 01 058 1.0 20 g0 10

Ic, COLLECTOR CURRENT (AMPS) I, COLLECTOR CURRENT (AMPS)

Figure 4. DC Current Gain Figure 5. “On" Voltages

http:llonsemf.com
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PNP - MJ15023, MJ15025*

PACKAGE DIMENSIONS
TO-204 (TO-3)
: CASE 1-07
E ISSUE Z
|
1
! e A —— NOTES:
, 1, DIMENSIONING AND TOLERANCING PER ANSI
= N—m ¥ Y14.5M, 1962,
‘ 2. CONTROLLING DIMENSION: INCH.
c 3. ALL RULES AND NOTES ASSOQCIATED WITH
) T=7T-] SEATING REFERENCED TQ-20434 OUTLINE SHALL APPLY,
L PLAKE
E \ INCHES | MILUMETERS
—>ll—D 2PL K DI | WIN_|_WAX | MIN_| WAX
A 1.550 REF 39.37 REF
[¢leorpu®@[Ta @Y @) Tt T 057
C_ ] 0250 | 0.335 | 6.35 | 851
U —> : 038 | 0043 | 087 | 109
. 0 | 140 | 177
Vo e = 24X ESC
' \ 2. c ) ‘0 5 L 0,405
L s s iR
? v N %
a_{ 0151 .1 X
Y 1.187 BS .
Q-] v 10431 (0488 [ 333 [ 477
i om i am im0t =8 o 3o ©
[0 0.13 {0.005) W 7 [0 STYLE 1
e l l PIN 1. BASE
2 EMILIER
CASE: COLLECTOR
J
i
¢ t
ON Semiconductor and @ are regi of Semiconductor Comp ndustries, LLC (SCILLC). SCILLC roserves the right to make changes without further notice
0 any pendinda hamin, S0 G makaaan T o mganiing tha aultahiity of iR piadora o ang 1 s, Far dcaa S0 G ssaima any Ikl

arising out of the appllcal-on or use of any product or clrcun and specifically disclaims any and aif Hab“i(y. mcludlng without imitation spectat, consequentlal or incldental damages.

*Typical® parameders which may he nmvided in SCILLC data sheels and/or specifications can and do vary in different apolications and actual performance may vary aver fime, Al
operating parameters, Includlng 'Typimls' must be validated for each customer application by customer's technical experis. SCILLC doas nat convey any license under its patent rights
nor the rights of others. SCILLC products ara nat designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other apptication in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buysr purchase or usa SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, smployeas, subsidiaries, affiliates,
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LAMPIRAN 6

Skema Rangkaian
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Gambar Rangkaian Driver
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LAMPIRAN 7

Diagram Alir
Program

123



org 00h
mov  p1,4#00000000b mematikan port led
mov  p2,#00000000b ;mematikan port motor

mov  r0,#0 :counter bawah
mov 1,80 scounter tutup
mov  r2,#0 rcounter kiri
moy 3,40 counter maju

v

call init

!

| Mov 2,00 |

cjne a,#01114111b? Y A=pp{ | mode_1

TIDAK

cjne a#10111111bh? YA=pp| { mode_2

TIDAK

cjne a,#11011111b? Y A=Pp| | mode_3

TIDAK

cjne pa,#111011110? YAsP | mode 4

TIDAK

Gambar Diagram Alir Program Utama
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Gambar Diagram Alir Inisialisasi Port

( MuLAl )

)

Lkanan
Lkiri
Latas
Lbawah
Lmaju
Lmundur
Lbuka
Ltutup

Kanan
Kirt
Atas
Bawah
Maju
Mundur
Buka
Tutup

Kananc
Kirit
Atas1
Bawahc
Majuc
Mundur1
Buka1
Tutupc

bit p1.0
bit p1.1
bit p1.2
bit p1.3
bit p1.4
bit p1.5
bit p1.6
bit p1.7

bit p2.0
bit p2.1
bit p2.2
bit p2.3
bit p2.4
bit p2.5
bit p2.6
bit p2.7

bit p3.0
bit p3.1
bit p3.2
bit p3.3
bit p3.4
bit p3.5
bit p3.6
bit p3.7

!

@ELESAD
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C MULAI)
Sub_bawah

!

Sub_tutup

!

Sub_atas

!

Sub_buka

!
(SELESAD

Gambar Diagram Alir Gerakan Skenario 1
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( MULAI )

Sub_bawah

Sub_atas

Y

Sub_kiri

SELESAI

P

Gambar Diagram Alir Gerakan Skenario 2
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Sub_kiri

Y.

Sub_bawah

i | Sub_buka
a v

Sub_atas

SELESAI

Gambar Diagram Alir Gerakan Skenario 3
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(- MuULAL )

Y

Sub_bawah

!

Sub_tutup

}

Sub_atas

!

Sub_kanan

]

Sub_mundur

il

Sub_bawah

!

Sub_buka

i

Sub_atas

!

Sub_maju

!

Sub_kiri

SELESAI

Gambar Diagram Alir Gerakan Skenario 4
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MULAI

f

Setb bawah
Setb lbawah

Ll‘
AT

PPN

Jb bawahc?

4

YA

TIDAK

«

Jnb bawahc?/—'nnm(-

!

L TIDAK =< Cine r03#19h?
\\\{ /

\\

Mov r0,#0
Clr bawah
Clr Ibawah

SELESAI

Gambar Diagram Alir Gerakan Lengan ke Bawah
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( MULAI )
!

Setb atas
Setb latas
@ TIDAK]
YA
\ 4
Clr atas
Clr latas

!
CSELESAI >

Gambar Diagram Alir Gerakan Lengan ke Atas
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Setb tutup
Setb ltutup

[ S ——
Job tutupc? TIDAK =l
\\l/

YA
Y.

delay

e B

3

L 1ipAk = Cjne r1#2h? >

Mov r1,#0
Clr tutup
Clr ltutup

| | SELESAI

Gambar Diagram Alir Gerakan Gripper Menutup




([ mua )
!

Setb buka
Setb |buka

<

Jb buka1t? TIDAK-J

YA
h 4

Clr buka
Clr Ibuka

2
CSELESAI >

Gambar Diagram Alir Gerakan Gripper Membuka
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Setb kanan
Setb lkanan

Jb kananc?

YA

@—Hm\x]

YA
Y

delay

A 4

Incr2

{
: e TIDAK Cine r2#14h?

Mov r2,#0
Clr kanan
Clr lkanan

SELESAI

Gambar Diagram Alir Gerakan Lengan ke Kanan
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<: MULAI:>
I

Setb kiri
Setb Ikiri

A
Jb kiri1? A TIDAK

YA
h 4

Clr Kiri
Clr Ikiri

!
<TSELESAIt> |

|

Gambar Diagram Alir Gerakan Lengan ke Kiri
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MULAI

y

Setb maiju
Setb Imaju

L TIDAK Cine 0 #1 8h?/

Mov r3,#0
Clr maju
Clr Imaju

SELESAI

Gambar Diagram Alir Gerakan Lengan Maju
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< MULAI )
I

Setb mundur
Setb Imundur

<

Jb mundur1? TIDAK-I

YA
h 4

Clr mundur
Cir Imundur

!
C SELESAI )

Gambar Diagram Alir Gerakan Lengan Mundur

137




LAMPIRAN 8

Listing Program
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org 00h
mov pl,#00000000b ;mematikan port led
mov p2,#00000000b ;mematikan port motor

mov r0, #0 ;counter bawah

mov rl,#0 ;counter tutup

mov r2,#0 ;counter kiri

mov r3,#0 ;counter maju

call init " ;memanggil sub_rutin init
; Memilih Mode Gerakan
start:

mov a,p0

nextl:
cjne a,#01111111b,next?2
call mode 1
sjmp start

‘next2:
cjne a,#10111111b, next3
call mode 2
sjmp start

next3:
cjne a,#11011111b,next4
call mode 3

sjmp start
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next4:
cjne a,#11101111b, start
call mode_4

sjmp start

lkanan bit pl.0
lkiri bit pl.1
latas bit pl.2
lbawah bit pl.3
Imaju bit pl.4
lmundur bit pl.5
lbuka bit pl.6
ltutup bit pl.7

kanarn bit p2.0
kiri bit p2.1
atas bit p2.2
bawah bit p2.3
maju bit p2.4
munduxr bit p2.5
buka bit p2.6
tutup bit p2.7
1440



kananc bit p3.0

kiril bit p3.1

atasl bit p3.2

bawahc bit p3.3

majuc bit p3.4

mundurl bit p3.5

bukal bit p3.6

tutupc bit p3.7

I N @ e AL

Rel

mode ‘1

; Mode 1

call sub bawah

call delay

call sub_tutup

call delay

call sub atas

call delay

call sub_buka

call delay

ret !
147




sub_ bawah
delay
sub_tutup
delay
sub_atas
delay
sub_kanan
delay
sub_bawah
delay
sub_buka
delay

.Sub_atas

delay
sub_kiri

delay

sub_ kanan
delay
sub_bawah
delay
sub_ tutup



call delay
call sub _atas

call delay

call sub_kiri

call delay
call sub_bawah
call delay
call sub_buka
call delay
call sub_atas

call delay

call sub_bawah
call delay
call sub_tutup
call delay
call sub atas
call delay
call sub_ kanan
call delay
call -sub_mundur
call delay
call sub_bawah
call delay
call sub_buka
call delay
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call sub_atas
call delay
call sub_maju
call delay
call sub_kiri

call delay

ib bawahc, cekl

jnb bawahc,waitl

call delay

iNC {0 ;counter bawah

cjne r0,#96h, cekl ;counter=150

mov r0,#0 ;mengembalikan nilai r0

clr bawah

; Gerakan ke Atas

setb atas

cek2:
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]

jb majuc, cek?

wait?
jnb majuc,wait?
call delay
inc r3 ;counter kanan
cjne r3,#3Ch, cek? ;counter=60
mov r3, #0 ;mengembalikan nilai r3
clr maju

ret

sub mundur:

; Gerakan Lengan Mundur
setb mundur

cek8:

jb mundurl, cek8

mundur
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jb atasl, cek?
clr atas
Ret
sub tutup:
; Gerakan Menutup Gripper
setb tutup
cek3:
jb . tutupc, cek3
wait3:
jnb  tutupc,wait3
call delay
inc rl ;counter tutup
cjne rl, #1Bh,cek3 ;counter=27
; mov rl, #0 ;mengempalikan nilai rl
? clr tutup
| ; ———— — e R, — — —~ L e — — — — — —— . L~
} ret
|
sub _buka:
; Gerakan Membuka Gripper
setb buka
cekd:
jb bukal, cek4
clr buka
ret

146




sub_kanan:

cek5:
Jjb kananc, cekb
waith:
jnb kananc,waitb
call delay
inc r2 ;counter kanan
cjne r2,#48h, cekb ;counter=72
mov r2,#0 ;mengembalikan nilai r2
clr kanan
ret
sub_kiri:
: Gerakan Lengan ke Kiri
setb kiri
ceké6:
jb kiril, cek6
clr kiri
Ret
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delay:

delayl:

ret

mov ré6, #3
mov r7,#0
djnz xr7,$%
dinz r6,delayl
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LAMPIRAN 9

Tabel Hasil Pengamatan
Kepresisian Counter Target
terhadap Counter Hasil
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Tabel Hasil Pengamatan

Kepresisian Counter Target terhadap Counter Hasil

No. | Hasil Target Hasil Selisih
Acak Panjang | Clock Panjang Clock Clock
1 2 30 mm 30 32 mm 32 2
2 4 37,5° 30 39° 31 1
3 3 30 mm 30 30 mm 30 0
4 1 22,5 mm 30 23 mm 30° 0
5 1 22,5 mm 30 23 mm 30 0
6 4 37,5° 30 40° 32 2
7 3 30 mm 30 30 mm 30 0
8 2 30 mm 30 31 mm 31 o
9 4 37,5° 30 40° 32 2
10 1 22,5 mm 30 24 mm 32 2
11 3 30 mm 30 31 mm 31 1
12 4 37,5° 30 41° 33 3
13 2 30 mm 30 32 mm 8% 2
14 1 22,5 mm 30 23,5 mm 31 1
15 3 30 mm 30 30 mm 30 0
16 2 30 mm 30 30 mm 30 0
17 4 Sigpe- 30 40° 32 2
18 4 37,5° 30 39° 31 1
19 4 37,5° 30 41° 33 3
20 2 30 mm 30 30 mm 30 0
21 1 22,5 mm 30 23,5 mm 31 1
22 3 30 mm 30 32 mm 32 2
23 2 30 mm 30 33 mm 33 3
24 1 22,5 mm 30 23,5 mm 31 1
25 4 37,5° 30 39° 31 1
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Tabel

(Lanjutan)

Hasil Pengamatan

Kepresisian Counter Target terhadap Counter Hasil

26 2 30 mm 30 31 mm 32 1
27 2 30 mm 30 31 mm 32 1
28 1 22,5 mm 30 22,5 mm 30 0
29 3 30 mm 30 30 mm 30 0
30 1 22,5 mm 30 25 mm 33 3

X 36
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LAMPIRAN 10

Tabel Analisis Data
Kepresisian Counter Target
terhadap Counter Hasil

152



Képresisian Counter Target terhadap Counter Hasil

Nilai Data | (x-X)=x | (x-xJ =+

(X)

2 0,8 0,64
1 0,2 0,04
0 0 0 .
0 0 0
0 0 0
2 0,8 0,64
0 0 0
1 0,2 0,04
2 0,8 0, 64
2 0,8 0, 64
1 0, 0,04
3 1,8 3, 24
2 0,8 0,64
1 =0, 2 0,04
0 0 0
0 0 0
2 0,8 0, 64
1 0,2 0, 04
3 1,8 3,24
0 0 0
1 =0, 2 0,04
2 0,8 0, 64
3 1,8 3, 24
1 0,2 0,04
1 =0, 2 0,04
2 0,8 0, 64
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Tabel (Lanjutan) Analisis Data

Kepresisian Counter Target terhadap Counter Hasil

2 0,8 0, €4

0 0 0

0 0 0

3 1,8 3,24
e
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LAMPIRAN 11

Foto Pengendali
dan Model Robot Lengan Tiga Sumbu
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Gambar Rangkaian Pengendali
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