PETUNJUK PEMAKAIAN ALAT

o Galon dissi hingga batas petunjuk air yang ada disamping galon.

. E{idupka;1 Kompresor hingga kompresor mat: sendiri.

¢ Hubungkan kabel dari catu daya pada sumber tegangan AC 220 Volt .

¢ lekan tombol Reset pada rangkasan minimum system mikrokontroler.

e Letakkan botol diantara sensor mira merah pertama (S1) yang ada
disamping kanan dan kin konveyer.

¢ Jika petunjuk air yang ada disamping galon sudah menghalangi sensor
air, maka akan terjadi pe-non aktif-an proses kerja mikrokontroler.
Maka alat akan berhenti.

s Jika akan melakukan proses pengisian lagi, maka Lepaskan hubungan
kabel catu daya dun sumbemya.

e Buang isi udara yang ada dalam galon lewat saluran pembuangan
udara yang ada diatas galon, dan aw yang ada dalam galon lewat kran
pembuangan air yang ada dibawah galon.

» Lakukan proses mulai dan awal.

Catatan :
Jika terjadi kemacetan pengoperasian alat maka tekan tombol RESET

Kemudian lakukan petunjuk pemakaian mulai dari point ke-4.

SELAMAT MENCOBA

TERIMA KASIH

s



P2.0; Sensor Awal

P2.1; Sensor Pengisian
P2.2; Sensor Akhir

P23, Sensor Pendeteks1 Air
P3.0; Driver Motor DC
P3.1; Driver Solenoid

$INCLUDE(REG51.INC)
ORG 0CH
AJMP INISIAL
ORG 50H

DELAY1: MOV R7#50

DD2: MOV R6,#0FFH

DD1: MOV RS5,#0FFH
DINZ R5,$
DINZ R6,DD1
DINZ R7,DD2
RET

DELAY2: MOV RT7#10

DD4: MOV R6,#0FFH

DD3: . MOV R5,#0FFH
DINZR5,$
DINZ R6,DD3
DINZ R7.DD4
RET

INISIAL:
MOV SP #60H
MOV [E #00H
CLR P3.0
SETB P3.1
MOV P2 #0FFH



START:

JNE P2.0,$
KONVEYER:

SETBP3.0
CEK1:

IJNBP2.1.$
ISL

CLR P3.0

CLR P3.1
ULANG:

ACALL DELAY1

JB P2.3,GAMEOVER

SETB P3.1
JALAN:

SETB P3.0

INBP2.2.$
BERHENT!:

SETB P3.0

AJMP START
GAMEOVER:

AJMP $



patures .
Compatible with MC3S-51™ Products

1K Bytes of In-System Reprogrammabile Flash Memory
~ Endurancae: 1,000 Write/Erase Cycles
Fully Static Operation: 0 Hz to 24 MHz
Three-Lavel Program Memory Lock —

128 x 8-Bit iInternal RAM

32 Programmabie YO Lines
Two 16-Bit Timer/Counters
5ix Intarrupt Sources .
Programmable Seriat Channel 8-Bit
Low Power ldie and Power Down Modes

o Microcontroller
escription .
e AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K WIth 4K Bytes
tes of Flash Programmable and Erasable Read Only Memory (PEROM]). The Fl h
vice is manufactured using Atmel’s high density nonvolatile memory technology as
d is compatible with the industry standard MCS-51™ instruction set and pinout. The
-chip Flash allows the program memory to be repragrammed in-system or by a con-
ntional nonvolatile memory programmer. By combining a versatile 8-bit CPU with AT89C51
ash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which
pvides a highly fiexible and cost effective solution to many embedded control appli-

tions. ,
{continued)
in Configurations POiP
21,000 40 VCC
P11 ]2 As P PO.O (ADO)
P1.20 3 38|35 PO.1 (AD1)
P13 a 37 (3 PO.2 (AD2)
P1.405 361 R0 3 (AD3)
P1.50] 6 357 PO 4 (AD4}
Pr.6T] 7 34 5 PGS (ADS)
PrLTc]8 33 5 P0.6 {ADS)
RSTrI 9 325 PO.T (ADT)
{RXD) P3O} 10 31 b EAIvPP
PQFP/TQFT (TXD) P31 11 302 ALE/PROG
P (INTD) P3.2 12 29 |3 PSEN
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222 (T0) P34 14 271 P2.6 (A14}
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W ~UAGAGONAGIN XTaL2 4 18 231 P2.2 (A10)
R Y e L xTaL1 o +o 2215 P2.1 (AS)
F5.5 H a3 E:p- 4 (ADZ GND O 20 21 P2.0 (AB)
P12 g 2
Pi.7 113 PLCC
RST 34 = —~—
XDY P3O S — Degm
NG 5 8 = onoo
TXD} P3.iC] 7 27 = 2LEPROG 22z
NTC) P2.2 4 8 28 EPSEN INDEX daccs poe8o
T #3.3 3 9 25 =27 (AtS CORNER  _  _ _“vosacs
{T0) P3.4 3 10 24 - Pz.5 (A4 ; n.c.:r_r.a2>muan.
{T1y P3.5 3 11 23 F:PZ.S (A3 ) il L
1 i - .
12" 30456 e a2y | 5 SIATLLEY
gougoooogut 5008 (ADS:
| NS 008 o [—PD.8 (ADE;
PR F PPN =r0.7 (anTs
 xx= e (RXD) |- EA/ver
& azecs =E1s
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(INTH 1 FEEN
(IRThH 02,7 (a5
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AT89C51 provides the following standard features: 4K
s of Flash, 128 bytes of RAM, 32 YO lines, two 16-bit
r/icounters, a five vector two-level interrupt architecture,
I duplex serial port, on-chip oscillator and clock cir-
y. In addition, the AT89C51 is designed with static logic
peration down to zero frequency and supports two
ware selectable power saving modes. The idie Mode
s the CPU while allowing the RAM, timer/counters,
al port and interrupt system to continue functioning. The
rer Down Mode saves the RAM contents but freezes
oscillator disabling all other chip functions until the next
fware reset.

1 Description

Qly voltage.

)
und.

t 0

t 0 is an 8-bit open drain bidirectional VO port. As an
yut port each pin can sink eight TTL inputs. When 1s
written to port 0 pins, the pins can be used as high-
edance inputs.

t 0 may also be configured to be the multiplexed low-
ar address/data bus during accesses to extemal pro-
n and data memory. In this mode PO has internat pul-

' 0 also receives the code bytes during Flash program-
g, and outputs the code byles during program verifica-
. External putlups are required during program verifica-

t1

| 1 is an 8-bit bidirectional 1O port with intemal pullups.
 Port 1 output buffers can sink/source four TTL inputs.
an 1s are written to Port 1 pins they are pulled high by
internal pullups and can be used as inputs. As inputs,
t 14 pins that are externaily being pulled low will source
ent (I ) because of the intemal pullups.

t 1 also receives the low-order address bytes during
sh programming and verification.

t2

t 2 is an 8-hit bidirectional /O part with internal pullups.
 Port 2 output buffers can sink/source four TTL inputs.
en 1s are written to Poart 2 pins they are pulled high by
internal pullups and can be used as inputs. As inputs,
t 2 pins that are externally being pulled low will source
rent (Iy ) because of the intemal puliups.

1 2 emits the high-order address byte during fetches
n externat program memory and during accesses to
smal data memory that use 16-bit addresses (MOVX @
TR). In this application it uses strong internal pullups

—E'l

when emitting 1s. During accesses to extemnal 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.

Port3

Port 3 is an 8-bit bidirectional 1/0 port with intemnal puliups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulied high by
the intemnal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I, ) because of the pullups.

Port 3 aiso serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (externat interrupt 0)

P3.3 INTT (external interrupt 1)

P34 TO (timer 0 external input)

P3.5 T1 {timer 1 external input)

P36 WR (external data memory write strobe)
P3.7 RD (external data memory read strobe)

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

RST
Reset input. A high on this pin for two machine cycles while
the oscillator is running fesets the device.

ALE/PROG

Address Latch Enable output pulse for fatching 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 osciilator frequency, and may be used for external tim-
ing or clocking purposes. Nole, however, that one ALE
pulse is skipped during each access to extemal Data Mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location BEH. 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 na
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strabe to extemal pro-
gram memory.
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ien the AT89CS1 is executing code from external pro- it should be noted that when idle is terminated by a hard

m memory, PSEN is activated twice each machine ware reset, the device normally resumes program execu-
fe, exoem that two PSEN activations are skiwed duﬁng tiOl'l, from where it left Off, up to two machine cyds before
sh access to extemnal data memory. the internal reset algorithm takes control. On-chip hardware

inhibits access to internal RAM in this event, but access o
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when Idle is terminated by
reset, the instruction foliowing the one that invokes idle
should not be one that writes to a port pin or to external
memory.

Vpp

ernal Access Enable. EA must be strapped to GND in
er to enable the device to fatch code from extemal pro-
m memory locations starting at 0000H up to FFFFH.
e, however, that if lock bit 1 is programmed, EA will be
imally latched on reset.

should be strapped to V¢ for intemnal program execu-
IS.

2
s pin also receives the 12-volt programming enable voit- < XTALZ
2 (Vpp) during Flash programming, for parts that require l

Figure 1. Oscilator Connections

voit VPP‘

AL1 c1
ut to the inverting oscillator amplifier and input o the *—It I XTALY
rmal clock operating circuit.

AL2
tput from the inverting oscillator amplifier.

I GND

scillator Characteristics

AL1 and XTAL2 are the input and output, respectively,
an inverting amplifier which can be configured for use as . -

on-chip oscilla_tor. as shown in Figure 1. Either a_quanz Note:  C1.C2 - :g g;.: :g ﬁ:’; ggg:‘:: Resonators
stal or ceramic resonator may be used. To drive the

ice from an external clock source, XTAL2 should be left ~ Figure 2. External Clock Drive Configuration
zonnected while XTAL1 is driven as shown in Figure 2.
are are no requirements on the duty cycle of the external
ck signal, since the input to the internal clocking circuitry
hrough a divide-by-two flip-flop, but minimum and maxi-
m voltage high and low time specifications must be

NC — 1 XTALZ2

served.
= - SCILLATOR XTALT
o ——
le Mode SIGNAL
die mode, the CPU puts iiself to sleep while all the on-
p peripherais remain active. The mode is invoked by . GND
iware. The content of the on-chip RAM and aft the spe- l

I functions registers remain unchanged during this R
de. The idle mode can be terminated by any enabled =
3rvupt or by a hardware reset.

atus of External Pins During Idie and Power Down Modes

ode Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
E internal 1 1 Data Data Data Data
e External 1 1 Float Dzta Address Cata
wer Down Internal o 0 Data Data Data Data
ywer Down Extarnat )] 0 Float Data Data Data

2 AT89C51 memssssssss s ———————
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wer Down Mode

@ power down mode the oscillator is stopped, and the
uction that invokes power down is the last instruction
cuted. The on-chip RAM and Special Function Regis-
retain their values until the power down mode is termi-
d. The cnly exit from power down is a hardware reset.
et redefines the SFRs but does not change the on-chip
VM. The reset should not be activated before V¢ is
ored to its normal operating level and must be heid
/e long enough to allow the oscillator to restart and sta-
e

ck Bit Protection Modes

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 addi-
tional features fisted 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-
erad 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 Protection Type
LB1 LB2 LB3

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, alsc verify is disabled.

4 P P P Same as mode 3, also external execution is disabled.

ogramming the Flash

 AT89C51 is normally shipped with the on-chip Flash
nory array in the erased state (that is, contents = FFi)
ready to be programmed. The programming interface
epts either a high-voitage (12-volt) or a low-voltage
¢) program enable signal. The low voltage program-
g made provides a convenient way to program the
19C51 inside the user’s system, while the high-voltage
gramming mode is compatible with conventional third
y Flash or EPROM programmers.

 AT89CS1 is shipped with either the high-voitage or
-voltage programming mode enabled. The respective
side marking and device signature codes are listed in
following table.

Vep= 12V Vpp= 5V
p-Side Mark AT89C51 AT89C51
XX x0-5
Yyww Yyww
Jnature (030H)=1EH (030H)=1EH
(031H)=51H (031H)=51H
{032H)=FFH {032H)=05H

» AT89C51 code memory ammay is programmed byte-by-
8 in either programming mode. To program any non-
1k byte in the on-chip Flash Memory, the enlire memory
st be erased using the Chip Erase Mode.

AIMEL

Programming Algorithm: Before programming the

AT89C51, the address, data and control signals should be

set up according to the Flash programming mode table and

Figures 3 and 4. To program the AT89C51, take the follow-

ing steps.

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

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

3. Activate the correct combination of control signals.

4. Raise EA/Vpp 10 12V for the high-voltage programming
mode

5. Pulse ALE/PROG once o program a byte in the Flash
amay 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 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 cyc's. During & write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PQO.7. Once the write cycle

has been completed, true data are valid on all cutputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can aiso
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.
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gram Verify: If lock bits LB1 and L B2 have not been (030H) = 1EH indicates manufactured by Atmeil
jrammed, the programmed code data can be read back (031H) = 51H indicates 89C51

he address and data lines for verification. The lock bits (032H) = FFH indicates 12V programming

not be verified directly. Verification of the lock bits is (032H) = 0O5H indicates 5V programming

ieved by observing that their features are enabled.
p Erase: The entire Flash amay is erased electrically  Programming Interface

1sing the proper combination of control signals and by o byte i .
ling ALE/PROG low for 10 ms. The code amay is written Ev:ry ° et:: the Flas' ha d ct:n be tt?‘: and thl s
all “1"s. The chip erase operation must be executed entire array era by using the appropriate s
) nation of control signals. The write operation cycle is self-

ve the code memary can be re-programmed. timed and once initiated, wilt automatically time itself to
ding the Signature Bytes: The signature bytes are  completion.

1 by the same procedure as a norma! verification of Al major programming vendors offer waridwide support for

tions 030H, the Atmel microcontroller series. Please contact your jocal

logic low. The values retumed are as follows.

Flash Programming Moces

de RST i PSEN ALE/PROG —EKNPP P26 | P27 ;| P36 | P3T
ite Code Data H L H/12v L H H H
~_
ad Code Data H L H H L L H H
ite Lock Bit-1 H L Hi2v H H H H
N
Bit-2 H L H2V H H L L
N
Bit-3 H L H2v H L H L
~
ip Erase H L m HA2V H L L L
~_/
ad Signature Byte + -H L H | H . L L L L
:: 1. Chip Erase requires a 10-ms PROG pulse.

4 ATS9CS51 m
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jure 3. Programming the Flash

Figure 4. Verifying the Flash

+5V +5\V
ATBYC51 Q AT89C51 ?
ADDR A0 - A7 Voo _j appr. A0 - AT Ve L
OOOOH/OFFFH OOOOH/OFFFH PGM DATA
P20 - P23 PO |[¢—— x# P20 - P23 PO = USE 10K
A - Al AB - At1 PULLUPS;)
[—* P26 ——» P26 i
SEE FLASH | — | P27 ALE |4+—— PROG SEE FLASH 5 —p P27 ALE ja—
ROGRAMMING — PROGRAMMING—
WODES TABLE | —»| P38 MODES TABLE | —% P36 »
L P37 L »f P37 ® Vu
(o | XTALZ EA [—— V, Ve ————1 x7AL2 EA le——
.
24 MHz | &L 324 MHz | L
—. T ., T
L & ol i
L] XTALS RST |4—— V,, ——e——— | XTALY RST fe—— V,
&— GND PSEN | —— &—| GND PSEN ——
—=- = = e
ash Programming and Verification Characteristics
= Q°Cto 70°C, Ve = 5.0 + 10%
ymbol Parameter Min Max Units
opt! Programming Enable Voltage 115 125 \Yj
_e) Programming Enable Current 10 mA
teioL Oscillator Frequency 3 24 MHz
VGL Address Setup to PROG Low 48t oL
HAX Address Hoid Aier PROG 48tey o N
VGL Data Sefup to PROG Low 48tc oL
HSH P2.7 (ENABLE) High to Vpp 48t oy
HMGL va Selup 10 PROG Low 10 Hns
L Vpe Hold After PROG 10 s
LGH PROG Width 1 110 us
vav Address to Data Valid 48tc) o
o ENABLE Low to Data Valid a8e o
HOZ Data Float After ENABLE 0 48icic)
HBL PROG High to BUSY Low 1.0 us
' Byte Write Cycle Time 20 ms

le: 1. Only used in 12-volt programming mode.

435
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sh Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V)

1.0 - P17
20 - P23

PORT O

ALE/PROG

EAN

P2.7
(ENABLE)

P34
(RDY/BSY)

l PROGRAMMING | VERIFICATION
: ADDRESS — ADDRESS
: ]
- e vy
— DATA iN "DATA QUT }
ol tonox
tavg +—* ) tarax
tshoL DS S Sp— ! lamse
Ve Taocic 1)
S S S AT < To N S P
_.: . teLoy —# ‘j * tenaz
- teHeL e T
Y. BusY | T READY
L ety

ish Programming and Verification Waveforms - Low Voltage Mode (Vpp = 5V)

P10 - P17
P20 - P23

PORT O

ALE/PROG

EANVp

P27
{(ENABLE)

P34
(RDY/BSY)

: PROGRAMMING | VERIFICATION
— ADDRESS ) { ADDRESS
—  —tavav
t T arTToa
i DATA IN "DATA OUT p———
L e lonpx
tavoL +—* > touax
fsHat —toiam —»
s LOGIC 1 |
""" e QGG O o
-t —
EHSH ey —+ o) * tenaz
] 4 z
' tousL —* \t !
|
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IS ATS89C 51

solute Maximum Ratings*

erating Temperature .-55°C to +125°C “NOTICE:
wage Temperature..........cccceerenaccsnanacras -65°C to +150°C

tage on Any Pin

h Respectto Ground............oieieiccenncens -1.0V to +7.0V

ximum Operating Voltage. .........cocoreeececcveevreencseaannen. 6.6V

rOutput Curment. ... 15.0 mA

» Characteristics

: -40°C to 85°C, Vo = 5.0V + 20% (unless otherwise noted)

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
operational sections of this specification is not
implied. Exposure to absolute maximum rating
conditions for extended periods may affect device
reliability.

F\bol Parameter Condition Min Max Units
input Low Voitage {Except EA) 05 02 Vee-0.1 v
. tnput Low Vohage (EA) 05 0.2 Vec-0.3 v
‘ Input High Voltage (Except XTAL1, RST) 0.2Vee+ 0.9 Vee+ 0.5 v
. input High Voltage [XTAL1, RST) 0.7 Voo Vot 0.5 v
) Output Low Voltage™ (Ports 1,2,3) lo = 1.6 mA 0.45 v
P Outpurt Low Voltage(') lo.=32mA 045 v
(Port 0, ALE, BSEN)
" Output High Voitage low = 60 pA, Ve = 5V 1 10% 24 v
{Ports 1,2,3, ALE, PSEN) lon = 25 4 075 Vog v
lon=-10 uA 0.9 Vee v
1 Output High Voltage lon = 800 pA, Vop = 5V + 10% 24 v
{Port 0 in External Bus Mode) lon = 300 uA 0.75 Voo v
lon = -80 A 0.9 Ve \
Logicat @ Input Current (Ports 1,2,3) | Vi = 0.45V 50 BA
togical 1 1o O Transition Cument Vi = 2V, VCC =5V + 10% 650 HA
{Ports 1,2.3)
Input Leakage Current (Port 0, EA} 045 < Viy < Vg +10 uA
ST Reset Pulidown Resistor 50 300 K0
, Pin Capacitance Test Freq. = 1 MMz, Ty, = 26°C 10 pF
Power Supply Current Active Mode, 12 MHz mA
idle Mode, 12 MHz 5 mA
Power Down Mode(? Ve =6V 100 pA
Voo =3V 40 uA

5. 1. Under steady state (non-transient} conditions, I must be externally limited as follows:

Maximum Il per port pin: 10 mA

Maximum I per 8-bitport:  Port 0: 26 mA

Ports 1,2,3: 15 mA
Maximum totai g for all output pins: 71 mA
If Iy exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.
2. Minimum Vg for Power Down is 2V,

Mm
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» Characteristics

der Operating Conditions; Load Capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; Load Gapacitance for all other
wuts = 80 pF)

ternal Program and Data Memory Characteristics

mbol Parameter 12 MHz Osclfiator 16 to 24 MHz Osciliator Units
Min Max Min Max
CLCL Cscillator Frequency ¢ 24 MHz
i ALE Pulse Width 127 e 40 ns
L Address Valid to ALE Low 43 tone 13 ns
AX Address Hold After ALE Low 48 torc 20 ns
W ALE Low to Valid instruction in 233 Ao cL 65 ns
AL ALE Low to PSEN Low 43 torc-13 ns
PH PSEN Pulse Width 205 3t 20 ns
W PSEN Low to Valid instruction In 145 3ig o 45 ns
1x Input Instruction Hold After PSEN 0 o ns
4z Input Instruction Float Atter FSEN 59 o -10 ns
AV PSEN to Address Valid 75 te -8 ns
W Address to Valid Instruction in 312 : Sto e 5% ns
AZ PSEN Low to Address Float 10 10 ns
RH RD Pulse Width 400 6tc o -100 ns
LWH WR Pulse Width 400 Bley ey ~100 ns
ov RD Low to Valid Data In 252 Stere 90 ns
0X Data Hold After RD 0 0 ns
Dz Data Float After RD 97 2o 28 ns
oV ALE Low o Valid Data "l N 517 8to 150 ns
oV Address to Valid Data in 585 St oL -165 ns
WL ALE Low to RD or WR Low 200 300 3oy 1 -50 3to L 50 ns
oL Address to RD or WR Low 203 dig 75 ns
WX Data Valid to WR Transition 23 oo 20 ns
VWH Data Valid to WR High 433 Tie o -120 ns
HOX Data Hold After WR 33 torc 20 ns
AZ RD Low to Address Float 0 0 ns
HLH RD or WR High 1o ALE High 43 123 toLe-20 toic 25 ns

8 AT89C51 m—————sssses———————
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xternal Program Memory Read Cycle

texiz e

toyax—+ - !

"“l toLpH
,

o .
- toxay-+

|
i
i
!
{

T——‘— _INSTRIN .+ AD-A7

et —*
ALE '
i tAVLL Bt 1 - tLLI\I
T ey
PSEN ) ~Y * oL
t — oz
tLLAX :i‘—» 5
i i
PORT 0 L AD-A7 ’
- taviv »
PORT 2 e A8 - A5

AB - Al

‘xternal Data Memory Read Cycle

tLHLL_‘l
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ternal Data Memory Write Cycle
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ternal Clock Drive Waveforms
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— 0.7 Vg - —{— -
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tternal Clock Drive =
ymbol Parameter Min Max Units
levet Oscillator Frequency 0 24 MHz
LoL Clock Period 41.6 " ns
HCX High Time 15 ns
LCX Low Time 15 ns
LCH Rise Time 20 ns
HCL Fall Time 20 ns

0 AT89C51 massssssss———



s A T89C 51

ial Port Timing: Shift Register Mode Test Conditions
= 5.0 V + 20%; Load Capacitance = 80 pF)

bof Parameter 12 MHz Osc Variable Oscillator Units
Min Max Min Max

) Serial Port Clock Cycle Time 1.0 12t e ps

H Output Data Setup to Clock Rising Edge 700 10ty o - 133 ns

X Qutput Data Hold After Clack Rising Edge 50 Ao 117 ns

X input Data Hold ARter Clock Rising Edge ()] 4 ns

Y] Clock Rising Edge to Input Data Valid 700 10t o -133 ns

it Register Mode Timing Waveforms

INSTRUCTION

1 1o 2 |

| b T ! CEUUNS U I g Qe i Iy gy e e
ALE oo rurygur i uaguusr

1 Lo xi

CLAOCK

— l..— txul)x

WRITE TG SBUF

L_r.—_}

QUTPUT DATA

SO0 XTT X2 XT3 a5 X 6 X 7 7

1 B beox sevmi |

CLEAR R |
-

INPUT DATA

SET RIT

Testing Input/Output Waveforms(!)  Float Waveforms{!

- 0.5V——

v + 0.1¥ _”—_ T Vgt W

—0.2 Ve + 0.9V ¢ LOAD
N N Y Timing Reference
TEST POINTS - . LOAD ~ Points .
045V _,_,02 Ve - 01V - . Vi oap™ &V . — Vgt 0V

AC inputs during testing are driven at Vg - 0.5V for  Note: 1. For timing purposes, a port pin is no longer floating
alogic 1 and 0.45V for a logic 0. Timing measure-
ments are made at VIH min. for a logic 1and V.
max_ for a logic 0.

when a 100 mV change from load voltage occurs. A
port pin begins to fioat when 100 mV change from
the loaded VoV level occurs.

AIMEL 44



AlmEL

ering Information

;d Power

\Hz) Supply Ordering Code Package Operation Range

12 5V £ 20% ATB9C51-12AC 44A Commercial
ATB9C51-12JC 443 (0°C 10 70°C)
AT89C51-12PC 40P6
ATBSC51-12QC 44Q
ATB9C51-12Al 44A Industrial
ATBIC51-12J1 44) {-40°C to 85°C)
ATB9C51-12P1 40P6
AT89C51-12QI 44Q
AT89C51-12AA 44A Automotive
ATBSCS1-12JA 44 (-40°C to 105°C)
AT89CS1-12PA 40P6
AT89C51-12QA 44Q

16 5V 1 20% AT89C51-16AC 44A Commercial
AT89C51-16JC 44) {0°C to 70°C)
ATBIC51-16PC 40P6
ATB9C51-16QC 440
AT89C51-16Al 44A * Industrial
ATB9C51-16J1 445 {-40°C to 85°C)
AT89C51-16P! 40P6
AT89CS1-16Q1 4G
AT89C51-16AA 44A Automotive
AT89CS51-16JA 44) (-40°C to 105°C)
AT89C51-16PA 40P6
ATB9C51-16QA 441Q

20 5V £ 20% AT89C51-20AC 44A Commerciat
AT89C51-20JC a4y , (0°C tn 70°C)
AT89C51-20PC 40P6
AT88C51-20QC 44Q
AT89C51-20Al 44A Industrial
AT88C51-20J1 44y (-40°C 10 85°C)
AT89CS51-20P! 40P6
ATB9C51-20Q1 44Q

AT89C51 mssss—————————



s A TS9C 51

aring Information

peed Power

MHz) Supply Ordering Code Package Operation Range

24 5V120% AT89C51-24AC 44A Commercial
AT89C51-24JC 444 (0°C to 70°C}
AT89C51-24PC 44P6
AT89C51-24QC 44Q
ATBICS51-24Al 44A Industrial
AT89C51-244i 44J (40°C to 85°C)
ATBYCS51-24PI 44P6
AT89C51-24Q1 44Q

- Package Type

44 | ead, Thin Plastic Guill Wing Quad Flatpack (TQFP)

44 Lead, Plastic J-Leaded Chip Carrier (PLCC)

40 Lead, 0.600" Wide, Plastic Dual inline Package (PDIP)

44 Lead, Plastic Gull Wing Quad Flatpack (PQFP)

ATﬁ_ET,




MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by MOC3041/D

vOE uL CSA

®

6-Pin DIP Zero-Cross

Optoisolators Triac Driver Output

(400 Voits Peak)

The MOC3041, MOC3042 and MOC3043 devices consist of gallium arsenide
infrared emitting diodes optically coupled to a monolithic silicon detector
performing the function of a Zero Voltage Crossing bilateral triac driver.

They are designed for use With a triac in the interface of logic systems to
equipment powered from 115 Vac lines, such as solid-state relays, industrial
controts, motors, solenoids and consumer appliances, etc.

« Simpiifies Logic Control of 115 Vac Power
» Zero Voltage Crossing

» dv/dt of 2000 Vius Typical, 1000 V/us Guaranteed

+ To order devices that are lested and marked per VDE 0884 requirements, the
suffix “V” must be included at end of part number. VDE 0884 is a test option.

Racommended for 115/240 Vac(rms) Applications:

+ Solencid/Valve Controls
+ Lighting Controls

Static Power Switches
» AC Motor Drives

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

e Temperature Controis
* EM. Contactors

* AC Motor Starters
e Solid State Relays

MOC3041

[T = 15 mA Max}

MOC3042

T = 10 mA Max]

MOC3043*

T =5 mA Max]

“*Motorola Preferred Device

STYLE 6 PLASTIC

8

STANDARD THRU HOLE
CASE T30A-04

COUPLER SCHEMATIC

l Rating l Symbol l Value ] Unit I
INFRARED EMITTING DIODE
Reverse Voltage VR 6 Voits
Forward Cumrent — Continuous I 80 mA
Total Power Dissipation @ Tp = 25°C Po 120 mw
Negligible Power in Cutput Driver )
Derate above 25°C 1.41 mW/rC
OUTPUT DRIVER
§. MAIN TERMINAL
Of—State Output Terminal Voltage VDRM 400 | vors
Peak Repetitive Surge Current trsm 1 A
(PW = 100 ps, 120 pps)
Totzl Power Dissipation @ T = 25°C Pp 150 mw
Derate above 25°C 1.76 mwWrC
TOTAL DEVICE
Isolation Surge Voltagel1) Viso 7500 Vac{pk)
{Peak ac Voltage, 80 Hz, 1 Second Duration)
Total Power Dissipation @ Tp = 25°C Pp 250 mW
Derate above 25°C 294 mwW/°C
Jundtion Temperature Range T3 ~40 to +100 °C
Ambient Operating Temperature Rangel2) Ta —40 to +85 °C
Storage Temperature Range(2) Tstg | —4010+150 -C
Soldering Temperature (10 &) T 260 °C

1. Isolation surge voltage, Vig0. i an intamal device dielectric breakdown rating.
For this teat, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.

2. Referto Quality and Reltabilty Ssction in Opto Data Book for information on test conditions.

Preferved dovices are Motorola recommended choices for fulure use and bast overal valve.

GiobalOptoisolatoris a trademark of Motorola, Inc.
(Replaces MOC3040/D)

© Motorola, inc. 1995



MOC3041 MOC3042 MOC3043

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

[ Characteristic | symbot | win ] Ty | mMax | unit J
INPUT LED
Reverse Leakage Cument IR — 0.05 100 pA
(VR=8V) -
Forward Voltage VF — 13 15 Volts
(fF=30mA)
OUTPUT DETECTOR (I = 0 uniess otherwise noted)
Leakage with LED Off, Either Direction IDRM1 —_— 2 100 nA
(Rated V()
Peak On-State Voitage, Either Direction Vim — 1.8 3 Volts
(ITn = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage(3) dvidt 1000 2000 — Vigs
COUPLED
LED Trigger Current, Cumment Required to Latch Output IFT mA
{Main Terminal Voltage = 3 VI2)) MOC3041 - — 15
MOC3042 — —_ 10
MOC3043 _ — 5
Holding Current, Either Direction H - 250 - wA
Isolation Vollage {f= 60 Hz, t= 1 sec) Viso 7500 — - Vac(pk)
ZERO CROSSING
Inhibit Voltage Vin — 5 20 Voits
(IF = Rated lFT. MT1-MT2 Voltage above which device will
not trigger.)
Leakage in inhibited State 1DRM2 — — 500 uA
(IF = Rated IeT, Rated VpruM. OF Statej

1. Test voitage must be applied within dv/dt rating.

2. AR devices are guarantead to trigger at an i value less than or equal to max ig1. Therefore, recommended operating I lies between i1
{15 r..A for MOC304 1, 10 mA for MOC3042, 5 mA for MOC3043) and absolute max I (60 mA).
3. This s static dvidt. See Figure 7 for test circult. Commutating dv/dt is a function of the load—driving thyristor(s}) only.

TYPICAL ELECTRICAL CHARACTERISTICS

TA = 25°C
mw| I ; | t l L I i
. OUTPUT PULSE WIDTH - B0 us / 15 NORMALIZED TO
T +600 I£=30mA / 4 TaA=25°C
.i +400 =604z 1'3
o TA=25°C /S ;
g +20 A E12 <
(=] o
= 200 2 1
7 Z 09 —~——]
Z 400 o
O_ / z 08
£ 07
-800
4 3 -2 A 0 1 2 3 4 5 —40 -20 Q 2 40 60 80
VM, ON-STATE VOLTAGE (VOLTS) T AMBIENT TEMPERATUPE (°C)
Figure 1. On—State Characteristics Figure 2. Trigger Current versus Temperature
2 Motorola Optoelectronics Device Data
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1] § 1.3
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X 50 % 1 n
§ 5 < 09 \\
= 20 1~ 2 o ~
é £ 0 <~
5 9 o7
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5
40 20 @ 20 4 60 B0 100 40 20 @ 20 40 & 80 100
T, AMBIENT TEMPERATURE (°C} Ta. AMBIENT TEMPERATURE {°C)
Figure 3. IpRM1. Peak Blocking Current Figure 4. ipRrM2, Leakage in Inhibit State
versus Temperature versus Temperature
1] L
UL ' ! ! I ! !
15 NORMALIZED TO 5 2 NORMALIZED TO: | |11
14 TA=25°C o PWin = 100 s
& 13 e NN Ta=5C
& | 215
é 12 < o
Z 11 o
2 4 =
- iy 3 10
K os ] ~
- 3
08 £
07 & S -y
= - —]
[ — [
40 -0 [ 2 40 60 80 100 1 2 5 16 0 50 100
Ta. AMBIENT TEMPERATURE (°C) PW.,. LED TRIGGER PULSE WIDTH (us)
Figure 5. Trigger Current versus Temperature Figure 6. LED Current Required to Trigger
versus LED Pulse Width

A

wo =V
ye i [roestd

!
i
]
|
|

1. The mercury wetled telay provides a high speed repeated
puise to the D.U.T.

2. 100x scope probes are used, to aliow high speeds and
voltages.

3. The worst-case condition for static dv/dt is established by
triggering the D.LLT. with a nomal LED input cumrent, then
removing the current. Thevariable Rypgtallows thedv/dtto be
gradually increased until the D.U.T. continues to trigger in
response to the applied voltage puise, even after the LED
current has been removed. The dv/dt is then decreased until
the D.U.T. stops triggering. tre is measured at this point and

== recorded.

PULSE
INPUT MERCURY
WETTED
RELAY

Vimax =400V
APPLIED VOLTAGE =
WAVEFORM —— 252V

063 Vmax 252
&&= =g T we

Figure 7. Static dv/dt Test Circuit

Motorola Optoelectronics Device Data 3



MOC3041 MOC3042 MOC3043

Vee R 1
O—AA—]

1
3
Or—

240 Vac

* For highly inductive loads {power factor < 0.5), change this value to

360 ohms.

Typical circuit for use when hot line switching is required.
In this circuit the “hot” side of the line is switched and the
load connected to the cold or neutral side. The load may be
conhected to either the neutral or hot line.

Rin is calculated so that IF is equal to the rated IFT of the
part, 5 mA for the MOC3043, 10 mA for the MOC3042, or
15 mA for the MOC3041. The 39 ohm resistor and 0.01 puF
capacitor are for snubbing of the triac and may or may not
be necessary depending upon the particular triac and load

Flgure 8. Hot-Line Switching Application Clrcuit

R1 D1

MOC3041
3042/

5 SCR

SCR

240 v:c\/

Suggested method of firing two, back—to—back SCR's,
with a Motorola triac driver. Diodes can be 1N4001; re<is-
tors, R1 and R2, are optional 330 ohms.

NOTE: This optoisolator should not be used to drive a load directly.
it is intended to be a trigger device cnly.

ol— "\,

Figure 9. inverse—Parallel SCR Driver Circuit

Moatorola Optoelectronics Device Data



MOC3041 MOC3042 MOC3043
PACKAGE DIMENSIONS

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
Y14 5M, 1982,
2. CONTROLLING DIMENSION: INCH._
3. DIENSION L TO GENTER OF LEAD WHEN
FORMED PARALLEL.

INCHES | MRLME
.

_£ 030 | &3] &8

E "N 70 "J!fm_ 117
F 1§ 14
)
PLANE G | ] —slle—yem L Toiw ot iar ]

™ J & 013 0.05@[T[e @A @]
Der
[f013005®[T[A @[ @] -

o fmi»
u

5 = [ [ [y
=4
- b
g}

I ..Fg
It =

[ I3 PO S
g

CASE 730A-04
ISSUEG

2. CONTROLLING DIMENSION: NCH.
WCHES | II.LIE!‘ERS

}-_B- NOTES:
$ 1. DIMENSIONING AND TOLERANCING PER ANS!
. I Yid 5, 1982,

r ~ ol B T
At diuatim ol ie
2hm 7
] —_f—f 't' — =9 el F{oon fooe | e 0%

j‘ .‘“._ searws 100 :

Eem Ker 06 {002 ]
Dem [$]013005@]7]6 @[A @) | : o
0

[@e @A @[s @) LI =
*Consult factory for leadform

option availabili

CASE 730C-04 tity

ISSUED
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MOC3041 MOC3042 MOC3043

NOTES:
1. DIMENSIONING AND TOLERANCING PER ANSY

L __—[ 1S 508
I 0.4t 0.5
LN 117

il

. DepL

Een— fe— [HT013005@[T[A ®[B®]

*Consult factory for leadform
option availability

CASE 730D-05
ISSUED

Motorola reserves the right 1o make changas without further nosice 10 any products herein, Motorola makes no wamanty, mpresentation or guaraniee regarding
the suilabilily of its producis for any particular purpose, nor doas Motorola assume any labiity arising oul of the application or use of any product or circuit,
and specificaily disciaims any and all liability, including without imitation consequential or incidental damages. “Typical” parametars can and do vary in different
applicaions. All operafing parameters, including "Typicals™ must be validated ki each customer application by customer's technical experts. Motorola does
not convey any hoenee under its patent fights nor the rights of others. Maotorala producis are not designed, inlendad, or autharizad for use a8 components in
systems indended for surgical implant into the bady, or other applications intendad 1o support or sustain fife, or for any ather application in which the failure of
the Moforola product cauld create a situation where parsonad injlry or daath may occwr. Should Buyer purchage or usa Motnrala products for any such
unintended o unauthorized agplication, Buyer shall indemnify and hold Motorola and its officers, employees, subsidianes, afliates, and distibutors harmiess
against all claims, costs, damages, and expenses, and reasonable atfomey faes ariging out of, direcly or indinactly, any daim of personal injury or death
associatad with such unintendad or unauthorized use, even if such claim allegea that Molorola was negligent regarding the design or manufacture of the part.
Momhmd@aamgmmdm inc. Motarola, Inc. is an Equal Oppariunity/Afirmalive Action Employer.

How to reach us:

USA/{EUROPE: Molorola Literature Distribution; JAPAN: Nippon Motorola Lid; Tatsuemi-SPD-LDC, Toshialsu Otsuld,

PO. Box 20912; Phoerix, Arizona 85036. 1-800-441-2447 6F Sebu-Butsuryu-Center, 3—14-2 Talsumi Kolo-Ku, Tokyo 135, Japan 03-3521-8315
MFAX: RMFAXD@email. sps.mot.com — TOUCHTONE (602) 244-6600  HONG MONG: Molorota Semiconductonz H.K. Lid; 88 Tai Ping industia Pade
INTERNET: htip://Dasign-NET.com 51 Ting Kok Road, Tai Po, N.T., Hong Kong. 852-266292068
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Philips Semiconductors Product specification
L e

Triacs BT136 series E
sensitive gate -

GENERAL DESCRIPTION QUICK REFERENCE DATA

Passivated, sensitive gate triacs in a SYMBOL | PARAMETER MAX. MAX. |UNIT

plastic envelope, intended for use in

general purpose bidirectional BT136- | 600E 800E

switching and phase control Voru Repetitive peak off-state 600 800 \'

applications, where high sensitivity is voltages

required in all four quadrants. browvs) RMS on-state current 4 4 A
lrem Non-repetitive peak on-state 25 25 A

current
PINNING - TO220AB PIN CONFIGURATION SYMBOL

PIN DESCRIPT!ON wg-a
1 main terminal 1
T2 T1

2 main terminal 2

3 |gate w(

tab |main terminal 2 G
LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134).
SYMBOL jPARAMETER CONDITIONS MIN. MAX. UNIT
600 -800
Vorm Repetitive peak off-state - 600' 800 v
voltages
sy RMS on-state current full sine wave; T, < 107 °C - 4 A
bsw Non-repetitive peak full sine wave; T, = 25 "C prior to
on-state current Sur
t= gg ms - 25 A
=16.7ms - 27 A
s i for fusing t=10ms - 31 A’s
di/dt Repetitive rate ofrise of [l =6A; I =0.2 A;
on-state current after J‘I;Idt =0.2 Alus
triggering T2+ G+ - 50 Alus
T2+ G- - 50 Alus
T2- G- - 50 Alus
T2- G+ - 1 20 N/;\ns
i Peak gate current -
Vew Peak gate voltage . 5 v
Pen Peak gate pawer - 5 W
Poaw Average gate power over any 20 ms period - 05 w
Tog Storage femperature -40 150 C
1 Operating junction - 125 Cc
temperature

1 Although not recommended, off-state voltages up to 860V may be applied without damage, but the triac may
switch to the on-state. The rate of rise of current should not exceed 3 Afus.

June 2001 - 1 Rev 1.400



hilips Semiconductors

Product specification

lriacs
;ensitive gate

BT136 series E

HERMAL RESISTANCES
SYMBOL |PARAMETER CONDITIONS MIN. | TYP. | MAX_ | UNIT
Rarjuare Thermal resistance full cycle - - 3.0 | KW
unction to mounting base | half cycle - - 37 | KW
Reje | resistance in free air - 60 - KW
junction to ambient
'TATIC CHARACTERISTICS
: =25 "C unless otherwise stated
SYMBOL {PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
ler Gate trigger current V=12V h=01A
T2+ G+ - 25 10 mA
T2+ G- - 4.0 10 mA
T2- G- - 5.0 10 mA
T2-G+ - 1 25 mA
i Latching current V=12V ligr=0.1A
T2+ G+ - 3.0 15 mA
T2+ G- - 10 20 mA
T2- G- - 25 15 mA
T2- G+ - 4.0 20 mA
Iy Holding current Vp=12V;ler=0.1A - 22 15 mA
Vi On-state voltage L=5A - 14 | 1.70 v
Ver Gate trigger voitage Vp=12V;# =01A - 0.7 1.5 v
Voz=400V: H=01A:T.=125°C 025 | 04 - Vv
Iy Off-state leakage curent | Vo = Vormes: T; = 125 '€ -l 01 ] 05 ] mA
JYYNAMIC CHARACTERISTICS
= 25 "C unless otherwise stated
SYMBOL [PARAMETER CONDITIONS MIN. | TYP. | MAX_ | UNIT
dVp/dt Critical rate of rise of Vou =67% V, :T,=125°C; - 50 - Vius
o off-state voltage exponential waveram: gate opan circut
ts Gate controlied tum-on ke = 6 A Vo = Voruman: Is = 0.1 A; - 2 - ps
i} time - diydt=5Aps )
2 Rev 1.400

June 2001



Philips Semiconductors Product specification
Triacs BT136 series E
sensitive gate

g POU/W Tnb(max)lc.m 5 TRMS)/A
| : '
7 —’% - af 104 sore
6 o or=180 L o 4
5 : P 120 \
1110
3
4 lé/ 50 13 \
3 74 ] - 116 2
2 A Z 19 \
[z = || \
00 . 1 2 4 5 ® 9573 0 ﬁﬁilT 100 150
T{RMS)} 7 A TmbiC

Fig.1. Maximum on-state dissipation, P, versus rms
on-state curremnt, lrpus), where o = conduction angle.

Fig.4. Maximum permissible rms current fres; .
versus mounting base temperature T,

[TSM/ A
1@ J_L%—ll 1 11
b popee——-LTSM
3 %—mt
] 1
T N
v 5 - 1 FanG mact
/ M Bt
160 ¢/
diyrdt
TP b b
hd LAAL A
T2- G+ v
3+ cpuadry =
,
1 o 1
?ms 100us ims 10ms 100ms
Tis

Fig.2. Maximum permnissible non-repelitive peak

12 IT(RMS}/ A
10
') m
M)
6 ~J
N
M
4 "
2
8,01 01 1 10
surge duration/s

Fg.5. Maximum permissible repetitive rms on-state

Fig.3. Maximum permissible non-repetitive peak
on-state current lrs,,, versus number of cyclas, for
sinusocidal currents, f = 50 Hz.

on-state current by, versus puise width t,, for current {; versus duration, for sinusoidal
sinusoida! currents, £, < 20ms. currents, f = 50 Hz; T, < 107°C.
ITSM/ A _NGTaOD
» T 1111 18 VTGI(@
————
% i 14
Time} '
= Tiinitiol = 25C mex H17] 12
1 riiims il ~
15 \ 1 \\
10 Pl 08 \\
“\-..__. \
75 | 06
o ! 04
10 berof oyctes at 510"& 1000 50 0 ﬂslqc 100 150

Fig.6. Nomalised gate frigger voltage
Ver(TH Ve{25°C), versus junction temperature T,

June 2001
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hilips Semiconductors Product specification
Triacs BT136 series E
sensitive gate
IGT - 12 TiA
3lGT(ZSC) A Ti= 125 ——o] / /1
g:gf _____ B L oo /Ll max
25 | vos 12Ty 7/ //
\ - N S F Ra = 0.091jchms 7/ //
\ m_ [cRug ye— 8 2 ..
N i
N\ /
1] SN 6
: R / /
W 4 /7
1 N~ /7
7z | 7
1] 0 e v,
-50 1} 1]5?‘: 100 150 0 05 1 V}?V 2 25 3
Fig.7. Normalised gate trigger current Fig.10. Typical and maximum on-state characteristic.

Isr{T)! 1{25°C), versus junction temperature T,

. ;AE)T' 1 Zhi-mb =
25 I
1
2 :
15 \\ LA -l :;L
\ =S 0.1 = o % b
B -
e \\ A T :‘ LD——.’
¢ 0.02 ) [T
50 0 50 100 150 10us 0.1ms ims 10ms O1s 1s 10s
Thic ipis
Fig.8. Normalised latching current IL(T 1.(25°C), Fig.11. Transient thermal impedance Zy,; ., Versus
_ versus junction temperature T, i ) puise width t,. 1
r \ |:1(m251:n) 1000 dVDIdL (Vius)
25
100
2
15 \\
1 \ 10
0.5 \‘ —
°so ) Tf?'c 106 150 e e 100 150
Fig.9. Normalised holding current |, {25°C Fig.12. Wl critical rate of rise of off-state voltage,
v versus junction nf%mperat H(T'I)I o 4 dt versus junction temperature T,
June 2001 Rev 1.400



Shilips Semiconductors Product specification
Triacs BT136 series E
sensitive gate
MECHANICAL DATA
Dimensions in mm 45
— |
10,3
max :
N
R Y
fj i ) | 28 £ 59
:’l' ""‘:"""{ * a min
%
t -
L 2 -
[ E\ I, 15,8
i : | max
P | !
| g___.;___.l b l
| J— ]
3,0 max T !
nottinned __ ;‘E ! 30
R } 135
HIBHH min
i i
1,3 E;i i i
max 1t 53}: I
2x i -l>|'1<—— 0,9 max (3x
@) T () el 06
2,54 2,54 — e 24
[}
i
i
Fig.13. SOT78 (TO220AB). pin 2 connected to mounting base.
Notes
1. Refer to munﬁggnstrucﬁons for SOT78 (TO220) envelopes.
2. Epoxy meets ULY4 VO at 1/8".
June 2001 5 Rev 1.400



hilips Semiconductors Product specification

Triacs BT136 series E
sensitive gate

JEFINITIONS

DATA SHEET STATUS

DATA SHEET PRODUCT DEFINITIONS

STATUS? STATUS®

Objective data Development This data sheet contains data from the objective specification for
product development. Philips Semiconductors reserves the right to
change the specification in any mannet without notice

Preliminary data Qualification This data sheet contains data from the preliminary specification.
Supplementary data wili be published at a later date. Philips
Semiconductors reserves the right to d;a}?e the specification without
notice, in ordere to improve the design supply the best possible
product

Product data Production This data sheet contains data from the product specification. Philips
Semiconductors reserves the right to make changes at time in
order to improve the design, manufacturing and suapgx. Changes will
be commumicated according to the Customer TOCesSS
Change Notification (CPCN) procedure SNW-SQ-550A

. Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one

or more of the limiting values may cause permanent damage to the device. are stress ratings only and

operation of the device at these or at any other conditions above those given in the Characteristics sections of

this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Applicat.on information

Whete application information is given, it is advisory and does not form part of the specification.

© Philips Electronics N.V. 2001

All rights are reserved. Reproduction in whole of in part is prohibited without the prior written consent of the

copyright owner.

The information presented in this document does not form part of any quotation or contract, it is believed to be

accurate and reliable and be changed without notice. No liability will be accepted by the publisher for any

consequcnce of its use. Publication thereof does not convey nor imply any iicense under patent or other

industriat of intellectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in fife support appliances, devices or systems where malfunction of these

R;?d"ds can be reascnably expected to resuit in personal injury. Philips customers using or selling these products
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resuiting

from such improper use or sale. 2

2 Please consult the most recently issued datasheet before initiating or completing a design.

3 The product status of the device(s) described in this datasheet may have changed since this datasheet was
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com.

June 2001 6 - Rev 1.400



MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by 2N3055D

Complementary Silicon Power

Transistors

. . . designed for general-purpose switching and amptifier applications.
+ DC Current Gain — hgg = 20-70 @ I = 4 Ade

« Collector—Emitter Saturation Voltage —

VCE(sat) =1.1 Vdc (Max) @ i = 4 Adc

+ Excellent Safe Qperating Area

MAXIMUM RATINGS

Rating Symbaol Value Unit
Coliector-Emitter Voltage VCEC 60 Vdc
Coliector-Emitter Voltage VCER 70 Vdc
Collector—Base Veltage vee 100 Vde
Emitter-Base Voltage VEg 7 Vde
Cotliector Current — Continuous Ic 15 Adc
Base Current ) 7 Adc
Total Power Dissipation @ T = 25°C Pp 115 Watts
Derate above 25°C 0.857 w/i-C
Operating and Storage Junction Tempenature T3 Tetg —B51t0 +200 *C
Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case Rayc 152 “CIW
160
— WO—
=
< 120
z
g 0 <
iz
s o
@
S o L
& \L\
=
e 4 <]
a
[ 1] \\
]
0 25 50 7% 106 125 150 175 200

T, CASE TEMPERATURE (°C)

Figure 1. Power Derating

Preferved devicas are Motorola recommended choices for fulure use and best overall value.

© Motorola, Inc. 1996

NPN
2N3055*
PNP &

MJ2955

“Motarola Prefeced Device

15 AMPERE
POWER TRANSISTORS
COMPLEMENTARY
SILICON
60 VOLTS
15 WATTS

(M) mororoLa



N3O55 MJ2955

LECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

Characteristic

o |

Max ] Unit_l

OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (1)
{lc = 200 mAdc, Ig = 0)

VCEO(sus)

Vde

Collector-Emitter Sustaining Voltage (1)
(ic = 200 mAdc, Rgg = 100 Ohms)

VCER({sus)

70

Vdc

Catlector Cutoff Current
(VCe =30 Vdc, Ig =0)

Iceo

0.7

Collector Cutoff Current
(Ve = 100 Vda, Vg (o = 1.5 Vdc)
{VCE = 100 Vde, Vg (off) = 1.5 Vde, Te = 150°C)

lcex

1.0
5.0

Emitter Cutoff Current
(VBE=7.0 Vdc, ic=0)

U Te]

5.0

ON CHARACTERISTICS (1)

DC Current Gain
{lc = 4.0 Adc, VoE = 4.0 Vdc)
{ic = 10 Adc, VCE = 4.0 Vdc)

PFE

70

Collector—Emitter Saturation Voltage
(I = 4.0 Adc. Ig = 400 mAdc)
{ic = 10 Adc, ig = 3.3 Adc}

VCE(sat)

1.1
3.0

Vdc

Base—Emitter On Voltage
(g = 4.0 Adc, Vg = 4.0 Vdc)

—

VaE(on)

1.5

Vdc

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased

{(VCE = 40 Vdc, t = 1.0 s, Nonrepatitive)

287

DYNAMIC CHARACTERISTICS

Current Gain — Bandwidth Product
(I = 0.5 Ade, Vo = 10 Vde, = 1.0 MMz)

2.5

MHz

*Small-Signal Current Gain
(Ic = 1.0 Adc, VCE = 4.0 Vdc, = 1.0 kHz)

15

120

*Small-Signal Current Gain Cutcff Frequency
{VCE =4.0Vdc, ic = 1.0 Adc, f = 1.0 kHz)

10

kHz

' Indicates Within JEDEC Registretion. (2N3055)

1} Pulse Test: Puise Width < 300 us, Duty Cycle < 2.0%.

2N3055, MJ2955
20 T
~ 50 ps
= 10 ) 1\\ There are two iimitations on the power handling abitity of a
= = ms =P transistor: average junction temperature and second break-
- 8 S A s down. Safe operating area curves indicate I — Vg limits of
e 4 ~ N the transistor that must be observed for reliable operation;
= 500 ps oS i.e., the transistor must not be subjected to greater dissipa-
= 2 250 s — AP tion than the curves indicate.
S \ The data of Figure 2 is based on Tc = 25°C; TJ(pk) is
= variable depending on power level. Second breakdown pulse
8 osf SONDING WIRE LT . limits are valid for duty cycles to 10% but must be derated for
5 T . t rat rding to Figure 1.
€ 04| _ _ THERMALLY LIMITED @ Tg =25°C (SINGLE PULSE) emperaiure accor@ing fo g
SECOND BREAKDOWN LIMIT b
02 10 2 40 80
Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)
Figure 2. Active Reglon Safe Operating Area
2 Motorola Bipolar Power Transistor Device Data



2N3055 MJ2955

NPN PNP
2N3055 . ) MJ2955
500 0
I | R ITI-_ ——‘__. TTT1
300 ?Jl:‘mloc Ve =40V ] — = ][ﬂ rl VCE =40V §
20 = ] [TNTy=1s0c
z ! 100 %6°C )
< AC % I ~
— 100 . 70 —85°C
~ <
i} -55°C — N
@70 3 . .
R % 2 2 \\\
£ + s " N N\J
10 N
70 N
50 10
04 02 063 05 07 10 20 30 50 7.0 10 01 02 03 05 07 10 20 30 5070 10
Ic.. CRLECTOR CURRENT (AMP) Ic. COLLECTOR CURRENT (AM?)
Figure 3. DC Current Gailn
g2 TTT g T 1T
S Ty=25°C {5 3 Ty=25°C |
& 18 W 18
% =104 40A |]8oa g Cc=10A 40A 30A
& 12 = 12 Y
E E =
>
g os g os
5 \ 5 J
2 o 3 - £ Bua
= K N ] =2 U,
8 8 N
g £ 4 i
50 10 20 50 100 200 500 1000 2000 5000 50 10 20 50 100 200 500 1000 2000 5000
5, BASE CURRENT (mA) 8. BASE CURRENT (mA)
Figure 4. Collector Saturation Reglon
14— 20—
Ty =25 L 71=25%C
12
_ 5 18 7
S 08| Vgrim @lctB=10 = 212 Vaeisay @ e =10 /
tg ) BESSH) nMP":Pp’:‘ m - N Eksa)' ! \‘ A
< 08 v L0y 2 Vag @ Voe =40V 1
g BE @ VGE=4. §on Lamey
> 04 > 4
04 .
&
02— v =19 L]
| VCESSat)@'d}B”U et ICEI(“”GU'B
gb—t=——1111 0 |-
01 02 03 05 07 10 20 30 50 70 10 . 'e1 02 03 05 40 20 38 58 10
IG. COLLECTOR CURRENT (AMPERES) \c, COLLECTOR CURRENT (AMP)

Figure 5. “On" Voltages
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2N3055 MJ2955

PACKAGE DIMENSIONS

: Fﬁ$ R} NOTES:

C"‘_—]_ 1. DIMENSIONING AND TOLERANCING PER ANSI
c Cc Y14 5M, 1582,
L —T—] SEATING 2. CONTROLLING DIMENSION: INCH.
E PLANE 3. ALL RULES AND NOTES ASSOCIATED W'
—sfa—D 2m. K

REFERENCED TO-20AAA DUTLINE SHALL APPLY,
(@2 013005@] 1] c @Y @] mﬁﬁﬁ

¢ 1 p2 X
D 1 0038 Jopd3 | oo | 1

%%.‘_'-E

&l 010us®@[T] Y ®f 1 T

STYLE ©:
PIN 1. BASE
2. EMITTER
CASE: COLLECTOR

CASE 1-07
TO-204AA (TO-3)
ISSUEZ

rmmlamﬂwdmmmkodmﬁmmmﬁcemwpmmasw. Monolanﬂmsmmm,wtaﬁmorgmnmmmw
the suitability of ite products foc any particuiar purpose, nor does Motorala assume any liability arising out of the applicetion or use of any product or circst,
and specifically disclaims any and all fiability. including without imitation consegusntial orincidental damages. “Typical” paramaters can and do vary m diftarent
apphcations. Af operating parameters, including "Typicals” must be validated for each customer apglication by cusiomer's lachnical experts. Motorola does
not convey any license undar its patent rights nor the rights of ohers. Motorala products are not designed, intended, or authorized for use as componends in
systems intended for surgicat implant into the bady, or other applications intended 1o support or sustam life, of for any other application in which the failure of
the Motorola praduct could create a situation whare parsonal injury or death may occur. Should Buyer purchase ar use Motorola products for any such
urirendedor unauthorized application, Buyer shall indemnify and hotd Matorola and its officers, employees, subsidianies. afffiates, and distribulors harmless
against alf claims, costs, damages, and axpenses, and reasonable atiomey fees arising out of, dreclly or indirectly, any daim of persorsal injury or death
associated with such unintended or unawthorized use, even if such claim akeges that Matorola was nagligent reganding the design or manufacture of the part.
mmmd@ammmmdmmmum Inc. Mokwota, Inc. is an Equal Opporauity/ Affrmadive Action Employer.

How to reach us:
USA/JEUROPE: Matoroia {iterature Distribution; JAPAN: Nippon Molorola Lid ; Tatsumi-SPD-JLDC, Toshiats Otsuld,
PO. Box 20912; Phoerix, Adaona B5006. 1-800-441-2447 6F Seibu-Butsuryu-Center, 3-14-2 Tatsumi Koto-Ku, Tokyo 135, Japan 03-3621-8315

MFAX: RMFAXOgemail sps.mot.com - TOUCHTONE (502) 244-6608  HONG KONG: Molorola Sesriconducions HIK Lid.; 88 Tai Ping ndusinial Pk,
INTERNET: hiip://Design—NET.com 51 Ting Kok Road, Tai Po, N.T, Hong Kong.  B52-26628298
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e ]
FAIRCHILD
e ]
SEMICONDUCTOR w
BD135/137/139
Medium Power Linear and Switching
Applications
+ Complement 1o BD136, BD128 and BD140 respectively
1 TO-126
1. Emitter 2.Collector 3.Base
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 7.=25°C uniess otherwise noted
Symboi Parameter Value Units
Veaso Collector-Base Voltage :BD135 45 v
: BD137 60 v
: BD139 80 v
Veeo Collector-Emitter Voltage :BD135 45 v
:BD137 60 v
:BD139 80 v
VEBO Emitter-Base Voltage 5 \
Ic Coliector Current (DC) 1.5 A
lce Collector Curment (Pulse) 3.0 A
g Base Current 0.5 A
Pe Collector Dissipation (T=25°C}) 125 w
Pc Collector Dissipation (T,=25°C) 1.25 w
T; Junction Temperature 150 “C
Tsic Storage Temperature -55~ 150 “C
Electrical Characteristics 1.=25°C unless otherwis: noted o
Symbol Parameter Test Condition Min. | Typ. | Max. | Unis
Veeolsus) Collector-Emitter Sustaining Voltage
:BD135 ic=30mA, Ilg=0 45 v
1 BD137 60 v
:BD139 80 v
leso Collector Cut-off Current Veg = 30V. Ic = 0 04 | pA
teso Emitter Cut-off Current Veg =5V, Ic= 0 10 | uA
hees DC Current Gain : ALL DEVICE Ve = 2V, 1= 5mA 25
hee2 : ALL DEVICE Vee = 2V, Ic = 0.5A 25
hees :8D135 Veg = 2V, e = 150mA 40 250
:BD137, BD139 49 160
Veelsat) Collector-Emitter Saturation Voltage Ic = 500mA, ig = 50mA 05 v
Vge(on) Base-Emitter ON Voltage Vee = 2V, I = 0.5A 11 v
hgg Classification
Classification © 10 i6
hges 40~ 100 63~ 160 100 ~ 250

O Faichild Sermiconducior intemelional

Res_ A, Fabrary 2000

6clileL/seiaa



hieg, DC CURRENT GAIN
VaelV], BASE -EMITTER VOLTAGE

PW), POWER DISSIPATION

Typical Characteristics

AL}

ifmA], COLLECTOR CURRENT

Figure 1. DC current Gain

- B + n

1Al COLLECTOR CURRENT

Figure 3. Base-Emitter Voltage

* - ™ 108 e e %

T 'C}. CASE TEMPERATURE

Figure 5. Power Derating

Vee(sat)imV], SATURATION VOLTAGE

Figure 2. Collector-Emitter Saturation Voitage

1AL, COLLECTOR CURRENT

i E % 8 8 E§

L3

aet a“t 1]

LAl COLLECTOR CURRENT

Figure 4. Safe Operating Area

O30 Fairchitd & emiconcuctor yematignal

Rev. A, Febryary 2000
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Package Demensions

TO-126

8.001030 3.25 1020

3.90 10.10

14.20MAX
11.00 +0.20

@3.20 1010 |
l
1
S
HE RN
! !’h 3 (1.00) J {0.50)
0.7510.10 || i ] .
| ) t
1.60 1010 I 1 1 . 1.75 1020
1 .
05w |l || !' g =
T g g
oo e
1o b
il
n i — ‘ T 4010
_228TYP 2.28TYP “ 0502838
{2.28+0.20] 12.28+0.20)

Dimensions in Millimeters
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of ali such trademarks.

ACEx™ HiSeC™ SuperSQT™.8
Bottomless™ ISOPLANAR™ SyncFET™
CoOlFET™ MICROWIRE ™ Tinyl.ogic™
CROSSVOLT™ POP™ UHC™
E2CcMOS ™ PowerTrench® VCX™
FACT™ QFET™
FACT Quiet Series™ Qs™
FAST® Quiet Series™
FASTr™ SuperSOT™.3
GTO™ SuperSOT™-6

DISCLAIMER

FAIRCHILD SEMICCNDUCTOR 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 QUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER (TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

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

INTERNATIONAL.
As used herein:

1. Life support devices or systems are devices of systems
which, {a) are intended for surgical implant into the body,
or {b} support or sustain fife, or (c) whose failure to perform
when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to
result in significant injury to the user.

2. A critical component is any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or systam, or to affect its safety or effectiveness.

PRODUCT STATUS DEFINITIONS
Deflnition of Terms

Datasheet {dentification Product Status

Daefinition

Advance information Formative or In

Design

This datasheet contains the design specifications for
proeduct development. Specifications may change in
any manner without notice.

Preliminary First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without nctice in order to improve
design.

No Identification Needed Full Production

This datasheet contains final specifications. Fairchild
Semicenductor reserves the right to make changes at
any titne without notice in crder 1o improve design.

Obsolete Not In Production

This datasheet contains specifications on a product
that has been discontinued by Fairchid semiconductor.
The datasheet is printed for reference information only.

2000 Fairchild Semiconducior intematons!
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L7800AB/AC
SERIES

PRECISION 1A REGULATORS

s OUTPUT CURRENT INEXCESS OF 1 A

« OUTPUT VOLTAGESOF 5;86; 8; 9; 12; 15; 18;
20; 24v

THERMAL OVERLOAD PROTECTION
OUTPUT TRANSITION SOA PROTECTION
2% QUTPUT VOLTAGE TOLERANCE
GUARANTEED IN EXTENDED
TEMPERATURE RANGE

DESCRIPTION

The L7800A senes of three-terminal positive
regulators is available in TO-220 and D’PAK
packages and several fixed output voltages,
making it useful In a wide range of
apptications.These reguiators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed primarily as
fixed voltage requlators, these devices can be
used with external components to obtain
adjustable voltages and currents.

D’PAK

BLOCK DIAGRAM
WRUT - SERES ouTAg
PSS 1
10— ELEMENT
CURRENT . SOA
GENERATOR PROTECTION
1
STARTING REFERENCE CRROR
CIRCIY VYOLTAGE ANPLIFER
THERMM,
PACTECTION
GND
B | —4—O3

November 1999

117




L7800AB/AC

ABSOLUTE MAXIMUM RATINGS

Symbaol Parameter Vaiue Unit
Vi DC Input Voltage (for Vo = 510 18V) 35 v
(forVe = 20, 24V) 40 v
lo Output Current Intemally limited
P:s: | Power Dissipation Internalty limited
Top  {Operating Jundion Temperature Range (for LY800AC) 0 to0 150 °c
{for LL7800AB) -40 to 125 °C
Torg | Storage Temperature Range - 65 to 150 °C
THERMAL DATA
Symbol Parameter D*PAK TO-220 Unit
Rirj-case ) Vhermal Resistance Junction-case Max 3 3 °CIw
Ritj-amb | Thermal Resistance Junction-ambient Max 62.5 50 °Ciw
CONNECTION DIAGRAM AND ORDERING NUMBERS (top view)
I i et
>3 QUTPUT
3 QROUND
o —— GNEC m
V= e 1 (NPUT
£ PCI182D
[ 1]
TO-220 D°PAK
Type TO-220 DZPAK (*) Output Voltage
L 7805AB L7805ABV L7805ABD2Y SV
L7805AC L7805ACV L7805ACD2T sV
L. 7806AB L7806ABV L7806ABD2T 6V
L7806AC L7806ACV L7806ACD2T 6v
L7808AB LL.7808A8V L7808ABD2T 8v
L7808AC L7808ACV L7808ACD2T av
L7809AB L 7809ABV L7809A802T v
L7809AC L7809ACV L7809ACD2T 9V
L 7812A8 L7812ABV L7812ABD2T 12v
L78124AC L7812ACV L7812ACD2T 12v
L7815AB { 7815ABV L7815ABD2T i5v
L78495AC L7B15ACY L7815ACD2T 15V
L7818AB L7818ABV 18v
L7818AC L7818ACV 18v
L7820AB L7820ABV 24v
L7820AC L7820ACV 24V
L7824AB L7824ABV
L7824AC L7824ACV

{*y AVAILABLE IN TAPE AND REEL WITH "-TR" SUFFIX

217
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L7800AB/AC

APPLICATION CIRCUIT
O—I—’- L78XX rz—I—O
vi Ci ? Co v
0.33uF OJF;
- -S—Z‘KBIJ
SCHEMATIC DIAGRAM
T —OIN
[}m R15
4 Q12
Q17
RS R1Y
OouUT
"e [ /20
R16
| an
7
Y LU LJR
R19
———

317




L7800AB/AC

TEST CIRCUITS
Figure 1 : DC Parameter

Figure 2 : Load Regulation.
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Figure 3 - Ripple Rejection.
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L7800AB/AC

ELECTRICAL CHARACTERISTICS FOR LT805A (Vi = 10V, lo = 1 A, Ti=0to 125 °C (L7805AC),
Tj = -40 to 125 °C (L7805AB) unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Va Output Voltage Tj=25°C 49 5 5.1 \Y
Vo,  |OutputVoitage I,=5mMAto1A P, 15W 4.8 5 5.2 \Y

: Vi= 75020V
AV,*  jLineRegulation Vi= 751025V 1, =500 mA 7 50 my
Vi=8to12V 10 5 mv
Vi=Bto12V T;=25°C 2 25 mV
Vi=73t020V T;=25°C 7 50 mV
AV,o"  iLoad Reguiation lo=5mAtoi A 25 100 mv
lb=5mAt01.5A Tj=25°C 30 100 my
1;=250t0 750 mA 8 50 mV
lg Quiascent Current Tj=25°C 4.3 6 mA
6
Alg Quiescent Curent Change Viz=8to25V  L=500mA 0.8 mA
Vi=75t020V  T,=25°C 0.8 mA
b=5mAto1 A 0.5 mA
SVR |[Supply Voltage Rejection Vi=8tc18V = 120Hz 68 dB
15 =500mA
Vg  |Dropout Volage lk=1A Tj=25°C 2 v
en  |Output Noise Vollage B = 10Hzto 100KHZz Tj=25°C 10 uViVeo
Ro Output Resistance f=1KHz 17 mQ
lse Short Circuit Current Vi=35V  Tep=25°C 0.2 A
lscp | Short Circuit Peack Current [T, =25°C 2.2 A
AVp | Output Voltage Drift -1.1 mV/°C
AT

* Load and line regulation are specified at constant junction temperaure. Changes in V, due to heating effects must be taken into acocount
separatety. Pulse testing with low duty cycle is used,

g
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L7800AB/AC

ELECTRICAL CHARACTERISTICS FORL7806A(Vi= 11V, b= 1A, Tj=0t0 125°C (L7806AC),
T; = -40to 125 °C (L7806AB) unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs  |OutputVoliage T;=25°C 5.88 6 6.12 v
Vv, [OutputVoliage l,=5mAto1A  P,<15W 5.76 6 6.24 \%

' Vi=86to21V
AVy* |LineRegultion Vi=861025V [,=500mA 9 60 my
Vi=9t013V 11 60 mvV
Vi=9t013V T;=25°C 3 30 mv
Vi=83to21V T;=25°C 9 60 mv
AV,"  |Load Reguation lb=5mAtfo1A 25 100 mvV
,=5mAto1.5A T;=25°%C 30 100 mv
to = 250t0 750 mA 10 50 my
ta  |Quiescent Cument Tj=25°C 4.3 [ mA
6
Alg QuisscentCument Change Vi=9to25V L =500mA 0.8 mA
V,=86i021V T;=25°C 0.8 mA
b=5mAtoc1A 0.5 mA
SVR | Supply Volage Rejection Vi=91019V = 120Hz 65 dB
1, =500 mA
Vg Dropout Voltage Lb=1A T;=25°C 2 \Y)
en Cutput Noise Vollage B = 10HZ10100KHZ Tj=25°C 10 uViVe
R, |OutputRasistance {=1KHz 17 mg
tsc Short Cirauit Current Vi=35V  Tgmy =25°C 0.2 A
Yicp | Short Cirauit Peack Current 1,=25°C 2.2 A
AVp  |Output Voltage Drift -0.8 mVvi°C
AT

* Load and line regulation are specified at constant junction temperdure. Chaeges in V, due to heating effects must be taken into account
separately. Pulse testing with tow duty cycle is used.

6/17
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L.7800AB/AC

ELECTRICAL CHARACTERISTICS FORL7808A(Vi= 14V,ls = 1A, Tj= 0to 125 °C (L7808AC),
T; = -40to 125 °C (L7808AB) uniess otherwise specified)

Symbol Parameter Test Conditions Min. Typ- Max, Unit
Vo  |OutputVoitage T;=25°C 7.84 8 B.16 v
V, |OutputVottage l,=5mAto1A P,<15W 7.7 8 8.3 '

Vi= 10.6t0 23V
AV,*  |LineRegusation V;= 1061025V  1,=500 mA 12 80 mv
Vi=1ito 17V 15 80 mv
Vi= 111017V T;=25°C 5 40 mv
Vi=104%23V T;=25°C 12 80 mVv
AV,*  {Load Regulation c=bmAt0TA 25 100 mV
lb=5mAt015A Tg=25°C 30 100 mV
lo =25801t0 750 mA 10 50 mV
lg Quiescent Current Tj=25°C 43 6 mA
6
Alz  |QuiescentCurrent Change Viz11to 25V 1, =500mA 0.8 mA
V;=10.6t0 23V Ti=25°C 0.8 mA
lo=5mAto1 A 0.5 mA
SVR |Supply Voltage Rejection Vi=115t0215V =120Hz 62 dB
o =500 mA
Vg Dropout Volage lb=1A T;=25°C 2 Y
en Outpui Noise Voltage B =10Hzto100KHz T;=25°C 10 pViV,
R, Output Resistance f=1KHz 18 mQ
Is¢ Short Cirauit Current V=35V T, =25°C 0.2 A
Isep | Shot Circuit Peack Current Tj=25°C 2.2 A
AV,  {Output Voitage Drift -0.8 mvi°C
AT

“ Load and line reguiation are specified at constant junction temperalure. Changes in Vo due to neating effects must be taken into account
separately. Puise testing with ow duty cycle is used.
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L7800AB/AC

ELECTRICAL CHARACTERISTICS FORL7809A (Vi = 15V, s = 1 A, Tj = 0to 125 °C (L7809AC),
T; = -40 to 125 °C {L7809AB) unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Ty= 25°C 8.82 9 9.18 v
Vo Qutput Voltage l,=6mAto1 A Po<15W 8.65 9 9.35 Vv

Vi= 1061023V
Av,* |LineReguition V,= 1061025V 1,=500 mA 12 90 my
Vi=11to17 V 15 90 mV
Vi=11tc 17V T,=25°C 5 45 113"
Vi=10.41023V T;=25°C 12 20 my
AV," |Load Regulation lb=5mAtot A 25 100 mv
lb=5mAto1.5A T;=25°C 30 160 mv
io =2501c 750 mA 10 50 mvV
le Quiescent Curent Tj=25°C 4.3 6 mA
; 6
Aly  [Quiesosnt Cument Change Vi=111025V 1, =500mA 0.8 mA
V,=1061023V T,=25°C 0.8 ma
c=5mAtc1A 0.5 mA
SVR |Supply Vollage Rejection Vi=115t0215V {=120Hz 61 dB
I, =500 mA
Ve  |Dropout Vokage lb=1A T;=25°C 2 v
en |Output Noise Vollage B =10Hzto 100KHz T;=25°C 10 VIV,
Ro Output Resistance = 1KHz 18 mg)
Lo Short Circuit Current Vi=35V Ty =25°C 6.2 A
fsep | Short Circuit Peack Current T,=25°C 2.2 A
AV, [Output Voltage Drift -0.8 mv/°C
AT

* Loag and line reguiation are specified at constant junction temperaure. Changes in Vs due to haating effects must be taken into account
saparately. Pulse testing with low duty cycle is used.
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L7800AB/AC

ELECTRICAL CHARACTERISTICS FORL7812A(Vi= 19V,lb = 1A, Tj=0to 125 °C {L7812AC),

T. = -22:5 125 °C (L78 12AB) unless otherwise specified)
Symbct Parameter Test Conditions Min. Typ. Max, Unit
V. Zatput Voltage Tj=25°C 11.75 12 12.25 Y
Ve Zutput Voltage lb=5mAtotA P,<15W 11.5 12 12,5 v
Vi=148t027V
AV LT L e Regulation V;= 1481030V [,=500mA 13 120 mV
Vi=16to22V 16 120 mv
! Vi=16to22V Tj=25°C 6 60 mV
i Vi= 1451027V T;=25°C 13 120 mv
AV.T  tzad Reguation lo=5mAto 1A 25 100 mV
l.=5mAto 1.5A T;=25°C 30 100 mV
I, =2501t0 750 mA 10 50 mV
i Z srescent Curent Tj=25°C 4.4 6 mA
6
Al = .escant Cument Change Vi=16t030V i, =500mA 0.8 mA
Vi= 1481027V T;=25°C 0.8 mA
Lb=5mAto1 A 0.5 mA
£v=  =_opl Voltage Rejection Vi=15t025V f=120Hz 60 dB
fs = 500 mA
P ~ -zpout Voltage lb=1A T,=25°C 2 v
g & = Aput Noise Voltage B =10Hzfo 100KHz T1j=25°C 10 HViVe
= ~ ~tout Resistance f=1KNz 18 mQ
i 2 - 21 Circuit Current Vi=35V  Tgp =25°C 0.2 A
i =~ Circuit Peack Current |T; = 25°C 2.2 A
L.- T toutVoltage Drift -1 mv/°C

4

-+ rzgulation are specified at constant junction temperature. Changes in V, due to heating effects must be taken into acoount
=_ 'z tasting with low duty cycle is used.
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L7800AB/AC

ELECTRICAL CHARACTERISTICS FORL7815A(Vi= 23V, = 1 A, :l'j =0to 125 °C {L7815AC),
T, = -40 to 125 °C (L7815AB) unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo, |OutputVoitage T, = 25°C 14.7 15 15.3 v
Vo, |OutputVoitage b=5MAD1A Pos15W 14.4 15 15.6 v

Vi=17.9t0 30V

AV,"  lline Regultion Vi=1791030V |,=500 mA 13 150 mvy
V;=20to26V 16 1 my
Vi=20to26 V T;=25°C 6 75 mv
Vi= 1751030V T,=25°C 13 150 mv

AVo*  |Load Reguation lo=5mAto1A 25 100 mV
L=5mAto1.5A Tj=25°C 30 100 mV
s =250t0 750mA 10 50 mv

ls  JQuiescentCurent T;=25°C 4.4 6 mA

: &

Alg CGuiescent Current Change Vi=17.5t030V  ,=500mA 0.8 mA
Vi=17.5t0 30V Ti= 25°C 0.8 mA
lh=5mAto1A 0.5 mA

SVR |Suppy Voltage Rejection Vi= 18510285V §=120Hz 58 dB
lo =500 mA

Va Dropout Voltage lb=1A Fi=25°C 2 v

eN Output Noise Vottage B =10Hzto100KHz T;=25°C 10 nvive

Re Output Resistance f=1KHz 19 mQ

lge Shoit Circuit Current Vi=35V Tow=25°C 0.2 A

lsep  }Short Cirauit Peack Current T;=25°C 2.2 A

AVe  {OutputVoltage Drift -1 mv/{°C

AT

* Load and line regulation are specified at constant junction temperature. Changes in V, due to heating eflects must be taken into account
separately. Pulse testing with low duty cycle is used.
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L7800AB/AC

ELECTRICAL CHARACTERISTICS FORLTB18A(Vi=27V,lb = 1A, Tj= 0to 125 °C (L7818AC),
T; = -40 to 125 °C (L7818AB) unless otherwise specified)

Symbot Parameter Test Conditions Min. Typ. Max. Unit
Vo Qutput Voltage Ti=256 °c 17.64 18 18.36 v
V, iOutputVoltage L=5MAto1A P,<15W 17.3 18 18.7 v

Vi=21to 33V
AV,*  [Line Regulation Vi=21to33V |, =500mA 25 180 mv
Vi=24t030V 28 180 mV
Vi=24to 30V T;=25°C 10 90 mv
Vi=206to 33V T;=25 °C 5 180 mV
AV.*  jLoad Regulation la=5mAto1A 25 100 mv
lo=5mAto1.5A T,=25°C 30 100 mv
1o =250t0 750 mA 10 50 mv
te  |QuiescentCurment Tj=25°C 4.5 6 mA
6
ale  |Quiescent Curent Change Vi=211033V 1, =500mA 0.8 mA
Vi=211033V  T;=25% 0.8 mA
lb=5mAto1 A 0.5 mA
SVR [Suppy Voltage Rejection Vi=221032V  f=120Hz 57 dB
1o =500 mA
Vg Dropout Vottage lb=1A T=25 °c 2 \Y
exn |OutpulNoise Voltage B =10Hzto1001Hz Tj=25°C 10 UVIV,
R Qutput Resistance f=1KHz 19 me2
fse  |Short Cirauit Current Vi=35V T =25°C 0.2 A
lscp | Shod Circuit Peack Current 1;=25°C 2.2 A
AV,  1Qutput Vollage Drift -1 mv/°C
AT

* Load and line reguiation are specified at constant junction temperature. Chaages in Vy due to heating effects must be taken into account
saeparately. Pulse testing with low duty cycle is used.

3

147




L7800AB/AC

ELECTRICAL CHARACTERISTICS FORL7820A(Vi= 28V, lo = 1A, Tj'= 0to 125 °C (iL.7820AC),
T, = -40to 125 °C (L7820AB) unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vs Output Voltage Tj=25 °C 19.6 20 20.4 v
V, CQutput Voltage Ib=5mAtfo1A P,<15W 18.2 20 20.8 A

Vi=231035V
AV," iLineReguition V;=23t035V |,=500mA 200 mv
V;=26t032V 200 mV
Vi=26t032V Ti=25°C 100 mV
V,=23t032v  T;j=25°C 200 mv
AVe* |Load Regulation lo=5mAto1 A 25 100 mv
lhb=5mAto1.5A T=25°C 0 100 mV
I, =25010 750 mA 16 50 mV
Ig Quiescent Current T;=25°C 4.5 6 mA
4 6
Alg Quiescent Curent Change Vi=23t1035V |, =500mA 0.8 mA
Vi=23035V  T;=25%C 6.8 mA
,=5mAto1 A 0.5 mA
SVR |Supply Vollage Rejection Vi=24t035V  f=120Hz 56 dB
1o =500 mA
Vs  {Dropout Votage lo=1A  Tj=25°%C 2 v
en |QutputNoise Voltage B = 10Hzio 100KHz T1;=25°C 10 ViV,
R, Output Resistance f=1KHz 20 mQ
lsc (Shor Circuit Current Vi= 35V Teap =25°C 0.2 A
lsep | Short Cirauit Peack Current T;,=25°C 2.2 A
AVe | Output Voltage Drift -1 mV/i°C
AT

* Load and line regulation are specified at constant junction temperature. Changes in V; due to heating effects must be taken into account
separately. Pulse testing with low duty Cycle is used.
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L7800AB/AC

ELECTRICAL CHARACTERISTICS FORL7824A (Vi= 33V,1b = 1A, Tj= 0to 125 °C (L7824AC),
T = 40 to 125 °C {L7824AB) unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vo Output Voltage Tj=25°C 23.5 24 24.5 Vv
Vo Qutput Voltage l,=5mAto1A P,<15W 23 24 25 v

: V;=27.3t038V
AV,*  |LineRegulation V,=271038V |,=500mA 31 240 my
Vi=30to 36V 35 240 mv
Vi=30to 36V Tj=25°C 14 120 mv
Vi=267t038V T;=25°C 3 240 mv
AV,"  [Load Reguation lo=SmAtoTA 2% 100 mvV
le=5mAto15A T;=25°C 30 100 mvV
lo =25010 750 mA 10 50 mV
ia Quiescent Cumrent Tj=25°C 4.6 6 mA
6
Alg  jQuiescent Cument Change Vi=27.3t038V 1|, =500 mA 0.8 mA
Vi=27.31038V T, =25°C c.8 mA
lb=6mAtc1A 0.5 mA
SVR |Supply Votage Rejection V;=281038V 1= 120Hz 54 dB
16 =500 mA
Vg Dropout Voltage b=1TA ¥j=25°C 2 v
en  |Output Noise Voltage B = 10Hzto100KHz Tj=25°C 10 $VIiVo
R Output Resistance f=1KHz 20 mQ
Is. |Short Circuit Current Vi=35V  Taw=25°C 0.2 A
lscp | Short Cirauit Peack Current Tj=25°C 2.2 A
AVp  [OutputVoltage Drift -1.5 mvi°C
AT

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

&
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L7800AB/AC

APPLICATIONS INFORMATION

DESIGN CONSIDERATIONS

The L7800A Series of fixed voltage regulators are
designed with Thermal Overload Protection that
shuts down :he circuit when subjected to an
excessive power overload condition, intemal
Short-circui: Protection that limits the maximum
current the circuit will pass, and Output Transistor
Safe-Area Compensation that reduces the output
shortcircuic current as the voltage across the
passtransisoris increased.

In many low current applications, compensation
capacitors are not required. However, it is
recommended that the regulator input be
bypassed with a capacitor if the regulator is

Figure 4 : Current Regulator.

connected to the power supply filter with long
wire lengths, or if the output load capacitance is
{arge. An input bypass capacitor should be
selected to provide good high-frequency
characteristics to insure stabie operation undey all
load conditions. A 0.33uF or larger tantalum,
mylar, or other capacitor having low intemal
impedance at high frequencies should be chosen.
The bypass capacitor should be mounted with the
shortest possible leads directly across the
regulators inpu! terminals. Nommally good
construction techniques should be used to
minimize ground loops and {ead resistance drops
since the regulator has no external sense lead.

Figure 5 : Adjustable Output Regulator.
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Ficure 6 : Current Boost Regulator.
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The addition of an operational ampiifier allows
adjustment to higher or intermediate values while
retaining regulation characteristics. The minimum
voltage obtainable with this arrangement is 2.0V
greater than the regulator voltage.

Figure 7 : Short-circuit Protection.
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The circuit of figure 6 can be modified to provide
supply protection against short circuit by adding a
short-circuit sense resistor, Rsc, and an additional
PNP transisfor. The current sensing PNP must be
able to handle the shori-circuit current of the
three-terminal regulator. Therefore, a
four-ampere plastic power transistor is specified.
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L7800AB/AC

TO0-220 MECHANICAL DATA

DM mm inch
MIN. TYP. MAX. MIN. TYP. MAX,
A 4.40 460 0.173 0.181
C 1.23 1.32 0.048 0.054
D 2.40 272 0.094 0.107
D1 1.27 0.050
E 0.49 a.70 0.019 0.027
F 0.61 .88 0.024 0.034
F1 1.14 170 0.044 0.067
F2 1.14 1.70 0.044 0.067
G 495 5.15 0.194 0.203
G1 z24 27 0.094 0.106
H2 10.0 10.40 0.393 0.409
L2 164 0.645
L4 13.0 14.0 0.514 0.551
L5 265 2.95 0.104 0.116
L6 15.25 15.75 0.600 0.620
L7 6.2 6.6 0.244 0.260
L9 35 3.93 0.137 0.154
DiA. 3.75 3.85 0.147 0.151
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L7800AB/AC

T0-263 (D’PAK) MECHANICAL DATA
mm inch
DI,
MiN. TYP. MAX. MIN. TYP. MAX.
A 4.4 4.6 0.173 0.181
Al 2.49 2.69 0.098 0.106
B 0.7 5.93 0.027 G.036
B2 1.14 1.7 0.044 0.067
C 0.45 0.6 0.017 0.023
C2 1.23 1.36 G.048 0.053
D 8.95 g.35 G.352 0.368
E 10 10.4 0.393 0.409
G 488 528 0.192 0.208
L 15 15.85 0.590 0.624
{2 127 14 0.050 0.055
L3 1.4 1.75 0.055 0.068
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L7800AB/AC

Information furnished is believed to be accurate and reliable. However, STMicroelectrontcs assumes no responsibility forthe consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from s use. No license is
granted by implication of otherwise under any patent or patent rights of STMicroslectronics. Specification mentioned in this publication are
subject to change without notice. This publication supersedes and replaces all information previously supplied. STMicroslectronics products
are not authorized for use as critical componants in life suppost devices or systems withoutexpress written approval of STMicroslectronics.
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