
PETUNJUK PEMAKAIAN ALAT 

• Galon diisi hingga hatas petunjuk air yang ada disamping galon. 

• Hidupkan Kompresor hingga kompresor mati sendiri. 

• Hubungkan kabel dari catu daya pada swnber tegangan AC 220 Volt. 

• Tekan tombol Reset pada rangkaian minimum system mikrokontroler. 

• Letakkan bolol dianlard sensor inJrd meTah perlama (S 1) yang adll 

disamping kanan dan kiri konveyer. 

• Jib petunjuk air yang ada disamping galon sudah menghalangi sensor 

air, maka akan terjadi pe-noo aktif-an proses kerja mikrokontroler. 

Maka alat akan berhenti. 

• Jika akan melal-ukan proses pengisian lagi, maka Lepaskan hubungan 

kabcl calu daya dari sumlx,,.mya. 

• Buang isi udara yang ada daIam galon lewat saluran pembuangan 

udara yang ada diatas galon, dan air yang adlldlliam guIon lewat kran 

pemhuangan air yang ada dihawah Salon. 

• Lakukan pwses mulai daD awa!. 

Catatan: 

Jika terjadi kemacetan pengoperasian alat maka tekan tombol RESET 

Kemudian lakukan petunjuk pemakaian mulai dari pointke-4. 

SELAMATMENCOBA 

TERIMA KAsru 



P2.0; Sensor Awal 

P2.l; Sensor Pengisian 

P2.2; Sensor Akhir 

P2.3; Sensor Pendeteksi Air 

P3.0; Driver Motor OC 

P3.l; Driver Solenoid 

SINCLUDE(REG51.INC) 

ORGOOH 

AJMP INlSlAL 

ORG50H 

DELAYl: 

DD2: 

DDl: 

MOVR7,#50 

MOV R6,#OFFH 

MOV R5,#OFFH 

DJNZR5,$ 

DJNZR6,DDl 

DJNZR7,DD2 

RET 

DELAY2: MOVR7,#1O 

DD4: MOV R6,#OFFH 

DD3: MOV RS,I#OFFH 

DJNZR5,$ 

DJNZR6,DD3 

DJNZR7,DD4 

RET 

INlSlAL: 

MOVSP,#60H 

MOVIE,#OOH 

CLRP3.0 

SETBP3.1 

MOV P2,#OFFH 



START: 

KONVEYER: 

CEKl: 

lSI: 

ULANG: 

JALAN: 

BERHENTI: 

JNBP2.0,$ 

SETBP3.0 

JNB P2.l,$ 

CLRP3.0 

CLRP3.l 

ACALL DELAYl 

JB P2.3,GAMEOVER 

SETBP3.l 

SETBP3.0 

JNBP2.2,$ 

SETBP3.0 

AJMPSTART 

GAMEOVER: 

AJMP$ 

END 



eatures 
Compatible with MCS-51 Tt1 Products 
4K Bytes of In-5ystem Reprogrammable Flesh Memory 

- Endurance: 1,000 WrIt8IErase Cycles 
Fully StatIc OperatIon: 0 Hz to 24 MHz 
Tbree-Level Program Memory Loc:k 
128 x 8-811 Internal RAM 
32 Programmable 110 Lines 
Two 16-81t nmer/Counters 
Six Interrupt Sources 
Programmable Serial Channel 
Low Power Idle and Power Down Modes 

escription 
Ie AT89C51 is a Iow-power, high-perfonnanoe CMOS 8-bit microcomputer with 4K 
1:es of Flash Programmable and Erasable Read Only Memory (PEROM). The 
Ivice is manufactured using Atmel's high density nonvolatile memory technology 
Id is compatible with the industry standard MCS-51 TM instruction set and pinout The 
l-chip Flash allows the program memory to be reprogrammed in-system or by a con­
'"tional nonvolatile memory programmer. By combining a versatile 8-bit CPU with 
ash on a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which 
ovides a highly flexible and cost effective solution to many embedded control appfi-

Itions. (continued) 
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_________ ~---- AT89C51 

AT89C51 provides the following standard features: 4K 
IS of Flash, 128 bytes of RAM, 32 110 lines, two 16-bit 
r/counters, a five vector two-level interrupt architecture, 
II duplex serial port, on-chip oscillator and clock cir­
y. In addition, the AT89C51 is designed with static logic 
Jperation down to zero frequency and supports two 
ware selectable power saving modes. The Idle Mode 
IS the CPU while allOwing the RAM, timer/counters, 
al port and interrupt system to continue functioning. The 
,er Down Mode saves the RAM contents but freezes 
oscillator disabling all other chip functions until the next 
Iware reset. 

1 Description 

I?'Y voltage. 

) 

undo 

10 
t 0 is an 8-bit open drain bidirectional I/O port. As an 
lUt 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 Iow­
!r address/data bus during accesses to external pro­
n and data memory. In this mode PO has intemal pul-
i. 

t 0 also receives the code bytes during Flash program­
g, and outputs the code bytes during program verifica­
. External pullups are required during program verilica-

t1 
t 1 is an 8-bit bidirectional I/O port with internal pullups. 
, Port 1 output buffers can sink/source four TTL inputs. 
em 15 are written to Port 1 pins they are pulled high by 
internal pul/ups and can be used as inputs. As inputs, 
t 1 pins that are externally being pulled low will source 
-ent (IlL) because of the internal pullups. 

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

t2 
t 2 is an 8-bit bidirectional I/O port with internal pullups. 
I Port 2 output buffers can sink/source four TTL inputs. 
en 1s are written to Port 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 (lid because of the internal pullups. 

t 2 emits the high-order address byte during fetches 
n external program memory and during accesses to 
!Irl1B1 data memory that use 16-bit addresses (MOVX @ 
TR). In this application it uses strong internal pullups 

when emitting 1s. During accesses to external data mem­
orY that use 8-bit addresses (MOVX @ R1), 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. 

Port 3 
Port 3 is an 8-bit bidirectional I/O 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 pullups and can be used as inputs. As inputs, 
Port 3 pins that are externally being pulled low will source 
current ('IU because of the pullups. 

Port 3 also S8fVes 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) I 
i 

P3.2 INTO (external interrupt 0) I 

P3.3 INT1 (external Interrupt 1) 

P3.4 TO (timer 0 external inp~) 

P3.S T1 (timer 1 externallnplf) 

P3.6 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 resels the device. 

ALEIPROG 
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, however, that one ALE 
pulse is skipped during each access to external Data Mem­
ory. 
If desired, ALE operation can be disabled by setting bit 0 of 
SFR location SEH. 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. 
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,en the AT89C51 is executing code from external pro­
m memory, PSEN is activated twice each machine 

Ie, except that two PSEN activations are skipped during 
;h access to extemal data memory. 

/Vpp 
emal Acoess Enable. EA must be strapped to GND in 
er to enable the device to fetch code from external pro­
m memory locations starting at OOOOH up to FFFFH. 
:e, however, that if lock bit 1 is programmed, EA will be 
lmally latched on reset. 
should be strapped to Vee for internal program execu­

IS. 

s pin also receives the 12-volt pl"ogramming enable valt­
I (Vpp) during Flash programming, for parts that require 
volt Vpp. 

1U-1 
,ut to the inverting oscillator amplifier and input to the 
Imal clock operating circuit. 

IU-2 
tput from the inverting oscillator amplifier. 

icillator Characteristics 
AL 1 and XTAL2 are the input and output, 1eSp8Ctively, 
In inverting amplifier which can be configured for use as 
on-chip oscillator, as shown in Figure 1. Either a quartz 
stal or ceramic resonator may be used. To drive the 
rice from an external clock source, XT All should be left 
::onnected while XTAL 1 is driven as shown in Figure 2. 
,re 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 nip-flop, but minimum and maxi-
1m voltage high and low time speCifications must be 
oerved. 

Ie Mode 
idle mode, the CPU puts itself to sleep while all the on­
Ip peripherals remain active. The mode is invoked by 
iware. The content of the on-chip RAM and aR the spe­
II functions registers remain unchanged during this 
Kle. The idle mode can be terminated by any enabled 
,rrupt or by a hardware reset. 

It should be noted that when idle is terminated by a hard 
ware reset, the device normally resumes program execu­
tion, from where it left off, up to two machine cycles before 
the internal reset algorithm takes control. On-chip hardware 
inhibits access to internal RAM in this event, but access to 
the port pins is not inhibited. To eliminate the possibility of 
an unexpected write to a port pin when Idle is terminated by 
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 

I 
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.~. 

C1 .. T XTAL1 

GND 

Note: C1, C2 '" 30 pF ± 10 pF for Crystals 
'" 40 pF ± 10 pF for Ceramic Resonators 

Figure 2. External Clock Drive Configuration 
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_____________ AT89C51 

wer Down Mode 
Ie power down mode the oscillator is stopped, and the 
ruction that invokes power down is the last instruction 
cuted. The on-chip RAM and Special Function Regis­
retain their values until !he power down mode is termi­
td. The only exit from power down is a hardware reset. 
et redefines the SFRs but does not change the on-chip 
111. The reset should not be activated before Vee is 
ored to its normal operating level and must be held 
(e long enough to allow the oscillator to restart and sta­
e. 

ck Bit Protection Modes 

Program Lock BIts PIOtection Type 

LB1 LB2 I LB3 

1 U u I u No program lock features. 

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 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. 

2 P U I u MOVC instructions executed from external program memory are disabled from fetching oode 

I 
I bytes from internal memory, EA is sampled and latched on reset. and further programming ofille 

i Flash is disabled. 

3 P P I u Same as mode 2, also verify is disabled. 

4 P P 1 p Same as mode 3, also external elIecutlon is disabled. 

:>gramming the Flash 
, A T89C51 is normaBy shipped with the on-chip Flash 
nol}' array in the erased state (that is, contents = FFH) 
ready to be programmed. The programming interface 

epts either a high-voltage (12-volt) or a low-voltage 
cl program enable signal. The low voltage program­
g mode provides a convenient way to program the 
19C51 inside the user's system, while the high-voltage 
~ramming mode is compatible with conventional third 
y Flash or EPROM programmers. 

I A T89C51 is shipped with either the high-voltage or 
-voltage programming mode enabled. The respective 
-side marking and device signature codes are listed in 
following table 

Vpp= 12V Vpp.5V 

p-Si<Ie Mark AT89C51 AT89C51 

xxxx xxxx-5 

yyww yyww 

Jnature (030H)=1EH (030H)=1EH 

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

(032H)=FFH (032H)=05H 

I AT89C51 code memory array is programmed byte-by­
e in either programming mode. To program any non-
1k byte in the on-chip Flash Memory, the entire memory 
sf be erased using the Chip Erase Mode. 

Programming Algorithm: Before programming the 
AT89C51, the address, data and control signals should be 
set up according to the Flash programming mode table and 
Figures 3 and 4. To program the A T89C51 , take the f0llow­
ing steps. 

1. Input 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 EAlVpp to 12V for the high-voltage programming 
mode. 

5. Pulse ALEIPROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed 
and typically takes no more than 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 cycle. During a write cycle, an 
attempted read of the last byte written wll result in the com­
plement of the written datum on PO.7. Once the write cycle 
has been completed, true data are valid on all outputs, 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 also 
be monitored by the RDYJBSY 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 LB2 have not been 
,rammed, the programmed code data can be read back 
he address and data lines for verification. The lock bits 
not be verified directly. Verification of the lock bits is 
ieved by observing that their features are enabled. 

~ Erase: The entire Ftash array is erased electrically 
Ising the proper combination of control signals and by 
ling ALEJPROG low for 10 ms. The code array is written 
all "1"s. The chip erase operation must be executed 

Ire the code memory can be re-programmed. 

.ding the Signature Bytes: The signature bytes are 
l by the same procedure as a normal verification of 
tions 030H, 

H, and 032H. except that P3.6 and P3.7 must be pulled 
logic low. The values retumed are as follows. 

(03OH) = 1EH indicates manufactured by Almel 
(031H) = 51H indicates 89C51 
(032H) = FFH indicates 12V programming 
(032H) = 05H indicates 5V programming 

Programming Interface 
Every code byte in the Flash array can be written and the 
entire array can be erased by using the appropriate combi­
nation of control signals. The write operation cycle is self­
timed and once initiated. will automatically time itself to 
completion. 

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

Flash Programming Moc.:es 

ode RST PSEN ALE/PROG EA/Vpp I P2.6 P2.7 P3.6 P3.7 

ite Code Data H L H/12V L H i H I H 
~ I 

ad Code Oata H L H H L L H H 

ite Lock I Bit-1 H L I Hl12V H H H H 
~ 

Bit - 2 H L Hl12V H H L L 
~ I , 

Bit-3 H L Hl12V H L H L 
~ 

ip Erase H L (1) Hl12V H L I L L 
~ i 

ad Signature Byte .H L H H L L I L L 

1. ChIp Erase requires a 10-ms PROG pulse. 

4 AT89C51 



-------------AT89C51 
lure 3. Programming the Flash 

AT89C51 

ADDR AO - A7 PI 

OOOOHIOFFFH 
P2.0 - P2.3 PO 

~JA11 P2.6 
; 

SEE FlASH I P2.7 
ROGRAMMING-i 
lODES TABLE I P3.6 

ALE 

PGM 
DATA 

Agure 4. Verifying the Flash 

AT89C51 

ADDR AO - A7 PI Vex 
OOOOHIOFFFH 

AI! - All 
I 

P2.0 - P2.3 PO 

P2.6 

+5'1 

! 

I 
SEE FlASH I 

PROGRAMMING-j 
MODES TABLE ; 

P2.7 

P3.6 

ALE ~--, 

L P3.7 

l I ~-= 1:~:2 EA r V,.tVPP ,-"----1 XTAL2 EA ~--' 
I , 

I 

, , , , 

-24 MHz l:i: . 
L...J ..... -. 

T 

L I 

i ! 
3-24 MHz 1 J.. 

~T 
L-.J~ 

-L ! T i ! 
~ , 
i L 

L-... >-----_.... I XTAL 1 RST r ,V'H L.. ..... -----"H XTALI 

GND PSEN 

~ + 

ash Programming and Verification Characteristics 
= o·c to 70·C, Vee = 5.0 ± 10% 

~mbol Parameter Min 

pp(l) Programming Enable Voltage 11.5 

,,(1) Programming Enable Current 

tCLCL Oscillator Frequency 3 

IiGL Address Setup to PROG Low 48ta.CL 

;tW{ Address Hold After PROG 48ta.CL 

M;l Data Setup to PROG Low 48tclCL 

:HDX Data Hold After PROG 48tct.CL 

:HSH P2.7 (ENABLE) High to Vpp 48UCL 

iHGl Vpp Setup to PROG Low 10 

;HSl (1) Vpp Hold After PROG 10 

lLGH PROGWidth 1 

\VQV Address to Data Valid 

:LQI/ ENABLE low to Data Valid 

JiQZ Data Float After ENABLE 0 

;HBL PROG High to BUSY Low 

M:: Byte Write Cycle nme 

~e: 1. Only used in 12-volt programning mode. 

GND PSEN 

Max 

12.5 

1.0 

24 

110 

48tclCL 

48tcLCL 

48tclCl 

1.0 

2_0 

Units 

V 

rnA 

MHz 

115 

115 

I1S 

I1S 
ms 

, 
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sh Programming and Verification Waveforms - High Voltage Mode (Vpp = 12V) 
'1,0 - P1.7 
'2.0 - P2.3 

PORT 0 

ALE/PROG 

EANpp 

P2.7 
(ENABLE) 

P3.4 
(RDY/BSY) 

I 
PROGRAMMING I VERIFICATION 

------l 
--.i )4- tAvav 

ADDRESS 11 K ADDRESS ~, 

~ 
,---_. 

------'-) DATA IN 'i ~: DATA OUT 1----
:..-.. tDJGL tGHDX I I II' 

t ~t I AVGL'~ 'i GHAX : 
------"--- : --1------

I ,,! 

tSHGL ----... t ~:·---';-I tGHSL 
~ GLGH -----I>' I l ! 

Vpp i",LOGIC 1: i .,.n--n--------:---n-i LOGIC o! I 
------------~---------------------------~---------~--------. i , 

t ,
L _-. ~ tEHOZ ELav ----.j ~ , 

'j,---, -1 

----------------T--'t BUSY ! 
I+----- twe -----I 

READY 

Ish Programming and Verification Waveforms - Low Voltage Mode (V pp = 5V) 

P1.0 - P1.7 
P2.0 - P2.3 

16 

PORT 0 

ALE/PROG 

EANpp 

P2.7 
(ENABLE) 

P3.4 
(RDY/BSY) 

_--,-P.c..R:::OGc.::.:.:R:;.AM::.:M::.::.:..IN:.::G=--_ VERIFICATION 
ADDRESS ,~ __ J ADDRESS 

'~---~==~----'I i'~-....:..==~-

"
I ---+, !-- tAvav 

----------- ,-------, 
-------'-~ DATA IN·j.l--ll----k DATA OUT t----

, ~ tDJGL ~HDX ',: -\ -I L ! 
tAVGL ~ ; '<OHAX 

" I ------+-------1-------, . 
tSHGL t.----.: : 

, -~LGH-" 
. i 

; 'LOGIC 1 ! I 
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------_______ AT89C51 

Isolute Maximum Ratings* 

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

nge Temperature ....•......................•......... -65°C to +150·C 

tage on AIry Pin 
h Respect to Ground •........•........................... -1.0V to +7.0V 

ximum Operating VoItage. ................................... _ ....... 6.6V 

: Output Current ....................................................•. 15.0 mA 

: Characteristics 
: -40°C to 85°C, Vee = 5.0V ± 20% (unless otherwise noted) 

nbcl Para_ Condition 

Input Low Voltage ! (Except EA) 

1 Input Low Voltage (EA) 

"NOTICE: Stresses beyond those listed under "Absolute 
Maximum Ratings" may cause permanent dam­
age to the device. This is a stress rating orly and 
functional operation of the device at these or any 
O1her concfltlons beyond those indicated in the 
operational sections of this specification is not 
implied. Exposure to absolute maximum rating 
oonditions for extended periods may affect device 
reliability. 

Min Max Units 

-0.5 02Vcc-0.' V 

, -0.5 02 Vee' 0.3 • V 

I Input High Iot>Itage (Except XTAL', RSn 02 Vee + 0.9 Vcc+ 0.5 V 

, Input High Voltage IXTAL1.RSn 0.7 Vee Vcc+ 0.5 V 

- Output Low VoItage(1) (Ports 1,2.3) lot.. = 1.6 mA 0.45 V 

11 
Output Low VoItage(1) lot.. =32mA 0.45 V 
(Port O. ALE. PSEN) 

" 
OutputHighVoltage 100 = ~ IIA. Vee = 5V ± 10% 2.4 V 
(Ports 1,2.3, ALE. PSEN) 

100 = -25 J1A 0.75 Vee V 

100= -,0 J1A 0.9 Vee V 

", Output High Voltage IOH = ~ IIA. Vee = 5V ± 10% 2.4 V 
(Port 0 in External Bus Mode) 

loll = .30() "A 0.75 Vee V 

I loll = .ao "A 0.9Vcc V 

Logical 0 'nput Current (Pbrts 1,2,3) V'N= 0.45V -50 J1A 

Logical 1 to 0 Transition Cu/Tent I Y'N = 2'1. VCC = 5V ± 10% -650 J1A 
(Ports 1,2.3) 

Input Leakage Current (Port 0, EA) 0A5 < V,~ < Vee I :ttO J1A 

:ST Reset Pullclawn Resis10r 50 300 IW 

) I Pin Capacitance Test Freq. = 1 MHz, T" = 25"C 10 pF 

: Power Supply Current Acti .... Mode, 12 MHz 20 mA 

Idle Mode, 12 MHz 5 mA 

Power Down Mode(2) Vee=6V 100 J1A 

Vee = 3V 40 I1A 

nder Sf non-transient conditions I must be external es. 1. U steady ate ( ) , Ol Iy limited as follows: 
Maximum 10l per port pin: 10 mA 
Maximum 10l per 8-bit port: Port 0: 26 mA 

Ports 1, 2, 3: 15 rnA 
Maximum total 101. for all output pins: 71 mA 
If 10l exceeds the test condition, VOl may exceed the related specfficatlon. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

2. Minimum Vee for Power Down is 2V. 

I 

I 

I 

I 



: Characteristics 
der Operating Conditions; Load Capacitance for Port O. ALEJPROG. and PSEN = 100 pF; Load Capacitance for all other 
ruts = 80 pF) 

:temal Program and Data Memory Characteristics 
'mbol Parameter 12 MHz OscIllator 16to 24 MHz OscUlator Units 

Min Max I Min Max 

CLCL Oscillator Frequency 0 24 MHz 

ILL ALE Pulse Width 127 2ta.CL -40 ns 

Address \t.Ilid to ALE Low 43 IcLCL-13 
, 

ns 'LL 

AX Address Hold After ALE Low 48 IcLCL-20 ns 

IV ALE Low to \t.Ilid Instruction In 233 4lcLCL -65 ns 

PL ALE Low to PSEN Low 43 IcLCL-13 I ns 

.PH ' PSEN Pulse Width 205 31cLCL-20 ! I 

I ns 

.rv PSEN Low to \t.Ilid Instruction In 145 3tcLCL -45 ns 

we: Input lns1ruction Hold After PSEN 0 0 ns 

(IZ Input lns1ruction Float After PSEN 59 lCLCL-10 ns 

tAV PSEN to Address Valid 75 ta.CL-8 ns 

/IV Address to Valid Instruction In 312 5IcLCL-55 ns 

.AZ. PSEN Low to Address Float 10 10 I ns 

.RH RD Pulse Width 400 6tcLCL-100 ns 

LWH WR Pulse Width 400 6tcLCL-1oo ns 

.r:N RD Low to Valid Data In 252 5IcLCL-90 ns 

1DX Data Hoid After RD 0 0 ns 

102 Data Float After RD 97 2IcLCL-28 ns 

.r:N I ALE Low to Valid Data In 517 I 8tCLCL-15O ns 
I , + ..... 

IDV Address to Valid Data In 585 9tQCL-165 ns 

.WL ALE Low to RD or WR Low 200 300 3tct.CL-5O 3tct.CL +50 ns 

IWL Address to RD or WR Low 203 4ta.CL-75 ns 

IJWX Data \t.Ilid to WR Transition 23 IcLCL-2O ns 

VWH Data \t.Ilid to WR High 433 71cLCL-12O ns 

HOX Data Hold After WR 33 IcLCL-20 ns 

LAZ RD Low to Address Float 0 0 ns 

'HLH RD or WR High to ALE High 43 123 IcLCL-20 ta.CL +25 ns 

18 AT89C51 

J 



----_________ -AT89C51 

xtemal Program Memory Read Cycle 

ALE 

PORTO 

PORT 2 

1
1.------- tLHLL ~ 

'1 --, 1----------
tAVll 

, i. 
itwv i ~ tlLPl ,0-f , 
: tpuv ! " 

• 

! ! 
! ! 1,_ ! ~, tpXAv_li 

~ j4>LAZ I, 

' tpXIZ ,l" ,.i i 
~LAX !4-io,' _--:.' I I 

, ! I tpX1X .. .i, :.-! i II ~ 
~, --AO---A-7--!I":1t-' ----+,i INSTRIN ,i, --A-0--A7 

---- : ---'-"'---'-"------ir : ' --i--- -r-----t' -----
i4~--- tAVIV ---.,.! 

A8-A15 A8-A15 

~xtemal Data Memory Read Cycle 

ALE 
--10 twrt.H 

• "I 'llDII 
I--- tRLRH---to 

-tllWL --
____ t

llAX

_ 

j+--. ~ ;+-t' ~HOZ 
~tAVLL-

tRlAZ- .... :0-
--0. -- tRHOx 

/ 

PORT 0 =>- AO - A7 FROM RI OR DPL c-- DATA IN 7? AO - A7 FROM PCL INSTR IN 

tAVWL 

tAVDII 
-----.. 

PORT 2 P2,0 - P2,7 OR A8 - A15 FROM DPH A8 - .6.15 FROM PCl-I -



:ternal Data Memory Write Cycle 

r= tLHLL----+ 

ALE 
-----+ '4-- twH.H 

i-- 4.LWL tWLWH -

WR ~4.lAX--
~ - I+- tWHQX -- tAVLL ---+J tavwx -

j.1-- tav.'VH ----. 

PORT 0 =>- AO - A7 FROM RI OR OPl DATA OUT k AO - A7 FROM PCl INSTR IN 

tAVWL 

I 
PORT 2 =:;f:~_....:P2~.0~-...:P2..:::.:.7...:0::::R.:...::.:A:::.8 ..::.-..:::A:.:15~FR:..::O::::M.:!....!:D::..PH:..!-_~X,-_...:.A8~-:....:A:::1:.:::5...:.FR~OM::::....:PC~H!...-_ 

:ternal Clock Drive Waveforms 

i' lcHCX ----too: 
Vee - O.5V -t-

-+- O.7Vcc 

0.2 Vcc - o.w 
0.45V --

eternal Clock Drive 

flTlbol Parameter 

Ict.Cl Oscillator Frequency 

LCl Clock Period 

HCX High Time 

LCX Low Time 

LCH RlseTime 

HCL Fall Time 

10 AT89C51 

Min Max 

0 24 
-c 

41.6 

15 

15 

20 

20 

I r- lcHCL 
! 

Units 

MHz 

ns 

ns 

ns 

ns 

ns 



---------____ AT89C51 

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

boI Parameter 

. Serial Port Clock Cycle Time 

H Output Data Setup to Clock Rising Edge 

x Output Data Hold After Clock Rising Edge 

x Input Data Hold After Clock Rising Edge 

~ Clock Rising Edge to Input Data Valid 

ft Register Mode Timing Waveforms 

INSTRUCTION 
ALE 

CLOCK 

,WRITE TO SBUF, .. 
OUTPUT DATA 

I CLEARR. ! .. 
INPUT DATA 

Testing Input/Output Waveforms(1) 

0.4SV 

...,.c. 0.2 Vee + O.9V ~. 

TEST POINTS 

~0.2 Vee - O.lV 

12 MHz Osc YarfabIe Oscillator 

Min Max Min Max 

1.0 12tct.a. 

700 1Otct.a.-133 

50 2ta.a.-117 

0 0 

700 1Otct.a.-133 

Float Waveforms(1) 

V
LOAO

+ O.1V.~ _'-- VOL· O.1V 

Timing Reference 
Points 

V LOAD' O.W ~~ ____ - VOL + O.W 

Units 

I1S 

ns 

ns 

ns 

ns 

1. AC Inputs during testing are driven at Vee - O.5Vfor Note: 
a logic 1 and 0.45V for a logic O. Timing measure-
ments are made at VIH min. for a logic 1 and V1L 
max. for a logic O. 

1. For timing purposes, a port pin is no longer floating 
when a 100 mV change from load voltage occurs. A 
port pin begins to float when 100 mV change from 
the loaded VmfJoL level occurs. 



'ering Information 

~ Power 
1Hz) Supply OrderIng Code Package OperatIon Range 

12 5V±20% AT89C51-12AC 44A Commercial 

AT89C51-12JC I 44J (O"C to 70"C) 

AT89C51-12PC I 4OP6 

AT89C51-12OC 440 

AT89C51-12AI 44A Industrial 

AT89C51-12JI I 44J (-40"C to 85°C) 

AT89C51-12PI 
I 

4OP6 
I AT89C51-12Q1 440 

I AT89C51-12AA 44A Automotive 

AT89C51-12JA 44J 

I 
(-40"C to 1 05"C) 

AT89C51-12PA 4OP6 

AT89C51-12QA 440 ; 

16 I 5V±20% AT89C51-16AC I 44A I Commerdal 

I I I 
AT89C51-18JC I 44J (O"C to 70°C) 

AT89C51-16PC I 4OP6 I 

I 
AT89C51-16QC 440 

AT89C51-16Al 44A Industrial 

AT89C51-16JI 

I 
44J (-40°C to 85"C) 

AT89C51-16PI 40P6 

AT89C51-1601 440 

AT89C51-16AA 44A Automotive 

AT89C51-16JA 44J (-40"C to 105"C) 

AT89C51-16PA I 4OP6 
I 

AT89C51-16QA I 440 ! 
I 

20 

I 
5V±20% AT89C51-2OAC 

I 
44A Commercial 

AT89C51-20JC 44..! (O"C t" 70"C) 

AT89C51-20PC 4OP6 

AT89C51-2OOC ! 440 

AT89C51-20AI 

I 
44A Industrial I AT89C51-20JI 44J (-4O"C to 85"C) 

AT89C51-20PI 

I 
4OP6 

AT89C51-2OQI 440 

AT89C51 



-----------__ AT89C51 

~ring Information 

peed Power 
MHz) Supply Ordering Code Package OperatIon Range 
24 5V±20% AT89C51-24AC 44A Commercial 

AT89C51-24JC 44J (OOC to 700c) 

I AT89C51-24PC 44P6 

AT89C51-24QC 440 I 

AT89C51-24AI 44A Industrial 

AT89C51-24J1 44J (-40"C to 85"C) 

AT89C51-24PI 44P6 

J , 
AT89C51-2401 440 

Package Type 

44 Lead, Thin Plastic Gull Wing Ouad Flatpack (TOFP) 

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

i 40 Lead, 0.6000 WIde, Plastic Duallnline Package (PDIP) 

44 Lead, Plastic Gull Wing Quad Ralpack (POFP) 



MOTOROLA 
SEMICONDUCTOR TECHNICAL DATA 

y I~I~I!~I!I~I~I!I!I 
6-Pin DIP Zero-Cross 
Optoisolators Triac Driver Output 
(400 Volts Peak) 

The M0C3041, MOC3042 and MOC3043 devices consist of gallium arsenide 
infrared emitting diodes optically coupled to a monolithic silicon detector 
perfonnlng 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 soI!d-5tate relays, industrial 
controls, motors, solenoids and consumer appliances, etc. 

• Simplifies Logic Control of 115 Vac Power 

• Zero Voltage Crossing 

• dv/dt of 2000 Vips Typical, 1000 V/jJS Guaranteed 

• To onltIr devices that are teated and marlced per VDE OB84lf1lluirements. the 
suffix "V" must bIIlncluded at end of part number. VDE O884la a teat option. 

Recommended for 1151240 Vac(rma) Applications: 

• SotenoidIVaive Controls • Temperature Controls 

• Ughting Controls • E.M. Contactors 

• Static Power Switches • AC Motor Starters 

• AC Motor Drives • Solid State Relays 

MAXIMUM RAllNGS (fA = 25'C unless otheIwise noted) 

I RatIng I Symbol I Value Unit 

INFRARED EMITTlNG DIODE 

Revetse Voltage VR 6 I Volts 

F0<W8rd Cummt - Ccntinuou& IF 60 mA 

Total Power Dissipation@TA= 25'C Po 120 mW 
Negligible Power in Output oriwr 

Derate above 25'C 1.41 mWrc 

OUTPUT DRIVER 

0If-State Output Terminal VoIIage V~M 400 Volts 

Peak RepetIiwI Surge Current IfSM 1 A 
(PW = 100 jIS. 120 pps) 

Total Power ~ @TA=25'C Po 150 mW 
Derate above 25'C 1.76 mWrc 

TOTAL DEVICE 

Isolation Surge VoIIageIl) VISO 7500 Vac(pk) 
(Peak ae VoIIaga, 60 Hz. 1 Second Duration) 

Total Power Dissipation @ TA = 25'C Po 250 mW 
Derate above 25'C 2.94 mWrc 

Junc:llon Temperature Range TJ -4010+100 'C 

Ambient Operating Temperature Range(2) TA -4010 +85 "C 

Storage Temperature Range(2) . TsIg -4010+150 "C 

Soldering Temperature (10 s) Tl 260 'C 

1. Isolation surge wItage. VJSO. Is an Inlemal deVice dlalaclric breakdown rating. 
For this test. Pins 1 and 2 are common. and Pins 4. 5 and 6 are common. 

2. Refer 10 Quality and Relilbility Section in Opto 0a1a Book for Information on test conditions. 
PIe_ddevicas ..... _ AIC:<I<M>anded _ forfulureuM and belloveral value. 

GIobaIOptoisolator is a trademark of Mctofola, Inc. 

(Replaces MOC3040ID) 

@ 14oIoroIa. Inc. 1995 

Order tIIis doc:umIInt 
by MOC3041ID 

MOC3041 
(IFT=lSmA_l 

MOC3042 
[FT.10mA~ 

M0C3043* 
[FT"SmA~ 

-__ Device 

STYLE 6 PLASTIC 

STANDARD THRU HOlE 
CASE 730A-04 

COUPLER SCHEMATIC 

'3 ~6 2 ~~:5 
]1 ZERO l-04 30 CROSSING 

CIlCUIT 

1. ANODE 
2. CATHODE 
3.Ne 
4. MAIN TERMINAl 
5. SUSSTRATE 

00 NOT CONNECT 
6. MAIN TERMINAl. 



MOC3041 MOC3042 MOC3043 
ELECTRICAL CHARACTERISTICS (TA = 25"<: unless otherwise noted) 

I Characteristic: I Symbol lIin Typ Max Unit 

INPUT LED 

Reverse Leakage Current IR - 0.05 100 J1A 
(VR =6V) 

Fotward Voltage VF - 1.3 1.5 Volts 
(IF=30mA) 

OUTPUT DETECTOR (IF - 0 unless otherwise noted) 

Leakage with LED orr. Either Direction IDRMI - 2 100 nA 
(Rated VDRM(I» 

Peak Or>-S1a1e Voltage. Either Direction VTM - 1.6 3 Volts 
(1m = 100 mA Peak) 

Critical Rate of Rise of Off-State VoItage(3) dvldt 1000 2000 - V/fJ.S 

COUPLED 

LED Trigger Current. Current Required to l.a1ch output 1FT mA 
(Main Terminal Voltage = 3 v(2» MOC3041 - - 15 

MQC3042 - - 10 
MOC3043 - - 5 

Holding Current, Either Direction IH - 250 - J1A 
Isolation Voltage (f = 60 Hz. t = 1 sec) VIsa 7500 - - Vac(pk) 

ZERO CROSSING 

Inhibit Voltage VIH - 5 20 Volts 
(IF = Rated 1FT. MT1-MT2 Voltage above which device will 
not trigger.) 

Leakage in Inhibited Slate IoRM2 - - 500 J1A 
(IF = Rated 1FT. Rated VQRM. Off State) 

1. Test voltage must be applied within dv/dt rating. 
2. Aft devices "'" guaranteed to trigger at an If: value less than or equal to max 1fT. Therefore. recommended operating IF lies between 1FT 

(15 r .. A for MOC3041. 10 mA for MOC3042. 5 mA forM0C3(43) and absolute max IF (60 mAl. 
3. This IS static dv/dt. See Figure 7 for test circuit. Cornmutating dvldt is a function of the IoeCHiriving thyristor(s) only. 

ffi +400 

~ +200 
=> o 

2 

, 
I 

OUTPUT PULSE WIOTli - 80 !IS 
- IF=30mA 

- f=60Hz 
TA =25"C 

V 
/ 

/ 

/ 

TYPICAL ELECTRICAl CHARACTERISTICS 

TA =25"C 

/ 
V 

/ 
.L 

1.5 

1.4 
1.3 

.t: 1.2 

~ 1.1 
:;J. 1 
~ 0.9 
~ 0.8 

0.7 

i"-
f""... 

..... 

-4 -3 -1 -1 0 1 2 3 4 5 -20 
VTM. ON-STATE VOLTAGE (VOLTS) 

I~ 
NORMALIZED TO -TA = 25"C 

-.... 
r- --

o 20 40 60 80 
TA. AMBIENT TEMPERATU!'.E I"C) 

FIgure 1. On-State Charac:terlstlcs Figure 2. Trtgger CUrrent versus Temperature 

Motorola Optoeteetronics DeVice Oa1a 



500 

~ 
!z200 w 
a: 
a: 
6 100 

~ 
'" 50 § 
CD 

~ 20 
Q. 

i 10 a: 
o 

5 

1.5 
1.4 

o 
~ 1.3 
~ 1.2 
~ 1.1 
~ 1 

.It 0.9 
0.8 
0.7 

+400 
Vdc 

I , 
i-- I-IF=O 

V 

V 
./ 

-40 -20 0 20 40 60 80 100 
TA. AMBIENT TEM PERATURE ("CI 

Figure 3. IORM1. Peak Blocking Currant 
versus Temperature 

I I I 

~OR~~ED+O -I-

......... 
TA = 25"C -I-

........ 

...... 
~ 

r- ,.... -I--

o 20 40 60 80 100 
TA.AMBIENTTEMPERATURE reI 

FIgure 5. Trigger Current versus Temperature 

MOC3041 MOC3042 MOC3043 
1.5 

1.4 

1.3 
o 
~ 1.2 

~ 1.1 

:5 1 z 
!i 0.9 

2i 0.8 

0.7 

0.6 

I\. 
'\ 

"\.. 
I I 

If = RATED 1fT 

i'... 
" '" " ......... 

........ ,.. 

-40 -20 0 20 -40 60 80 100 

!z25 
w 
a: 
a: 
820 

ffi 
~ 15 a: 
t­
o 
W 
-' 
~ 10 

~ 
~ 
~ 

5 

0 

\ 
\ 
\ 

TA. AMBIENT TEMPERATURE reI 

Figure 4. IoRM2. Leakage In Inhibit State 
versus Temperature 

I , 
NORMAlIZED TO: 
PWin " 100 lJS 

TA = 25°C 

r-,. I 

f'.... 
...... 

I--f-

2 5 10 20 50 
PW.,.lED TRIGGER PUlSE WIDTH (j1sl 

Figure 6. LED Current Required to Trigger 
versus LED Pulse Width 

100 

1. The mercury -..d noIay provides a high speed repea1ed 
pulse \0 the D.U.T. 

2. 100x scope probes are used. \0 allow high speeds and 
voltages. .' 

PUlSE 
INPUT MERCURY 

WETTED 
RELAY 

CTEST 

D.U.T. 
Xl00 } 

SCOPE 
PROBE 

3. The worst~se condition for static dv/d1 is established by 
triggering the D.U. T. with a nonnal LED input current then 
removingthecurrenL ThevariabieRrESTailowsthedv/dttobe 
gradually Increased until the D.U.T. continues to trigger in 
response to the appHed voltage pulse. even after the LED 
current has been removed. The dv/dt is then decreased until 
the D.U. T. stops triggefing.1RC is measured at this point and 
recorded. 

APPliED VOlTAGE 
Vmax = 400 V 

.='-=+::---------H "CRC 

I 
0.63 V max 252 

dvdl= tRC =~C 

FIgure 7. StatIc dv/dt Test Circuit 

Motorola Optoelectronics Device Data 3 



M~1M~2MO~ 

Vee Rin 

MOC30411 
3042/ 
3043 

3800 
~-'I/'.'v-_---<_---o HOT 

240vac 

NEUTRAL 

• For highly Inductive loads (power factor < 0.5), change this value to 
360 ohms. 

Typical circuit for use when hal 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 
connected to either the neutral or hot line. 

Rin is calculated SO that IF is equal to the rated 1FT of the 
part, 5 rnA for the MOC3043, 10 mA for the M0C3042, or 
15 rnA for the M0C3041. The 39 ohm resistor and 0.0111F 
capacitor are for snubbing of the triac and mayor may not 
be necessary depending upon the particular triac and load 
used. 

Figure 8. Hot-l.lne SwItching Application Clrwlt 

R1 

VCCO--~ 

4 

Rin 2 MOC304l1 5 
30421 
3043 

4 3 

r--~-~----~----2~--va~ 

SCR 

3600 

02 
R2 

SCR 

Suggested method of firing two, back-lo--back SCR's, 
with a Motorola triac driver. Diodes can be 1 N4001; 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 only. 

Figure 9. Inverse-ParaReI SCR DrIver Clrwlt 

Motorola Optoelectronics Device Data 
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~ 

CI~ 
F4"" ___ 

~' ( 

l -I ~ 
l±l 

~ IUTHlG 

t PlANE - i--G 

MOC3041 MOC3042 MOC3043 
PACKAGE DIMENSIONS 

. 

NOTes, 
1. DIIIENSIONtlG AND TOLERAHCING PER ANSI 

Y1.t.5ll.191l2. 
2. CONTROlUNG DIIIENSI)N: tlCH. 
I- OIIOSIOI/ l TO canER OF I.EAIl WHEN 

FORIIED pARAUa . 

111:_ ..... -
t- L-t 

IIlX .. 0 ·0-350 t3 &JIll 
I I 

I 11 11 

~ 
1 " ~I~ 

0.0111 UR tI7 

~ 
,. 

J 0 0~1 1 ~30 --II-- J , .... 1 1 1 
lISe 

e8 .... -- ~ M-I ~ 1$1 0.13 (O.OO5l®!TI B ®!A®I M o· ". o· ,.. 
-1.-01"" 

I*! 0.13 (O.OO5l®!T!A ®!B®! 

~~! 
M~ 

CASE730A~4 
ISSUEG 

De.... 1$1 0.13 (O.005l®1 TI B ®IA®I 
1$!0.13 (O.OO5l®IT\ A ®\B®! 

Motorola Optoelectronics Device Dam 

CASE 730C-04 
ISSUED 

1 1 

ST'!I.E6: 
PfN 1. ANODE 

2. CATHOOE 
3. Nt 
4. UAlillERMtCAl 
5. SUBSTRATE 
6. MAlI TERMWAL 

NO'lES: 
1. DlMENSlONtiG AND TOLERANCtIG PER ANSI 

Y10M,'912. 
2. COlflROI.ltIGOIIIEHSIOIttiCIl 

IICHES MILI.IlETEU -.. ~13 

~ a- '.~.., Il2iiif . ..-
C 0.115 02110 2.93 

16 A1 
0~1I1 1.02 111 , F 0.D1n 0~1' ~25 UI 

1110 
H OMll . ..,. 1 l63 

:t ~ 0~12 1 
BSC 

S 0.332 0 Ul 9.90 

*Consult factolY for leadfonn 
option avalabiHty 

5 



MOC3041 MOC3042 MOC3043 

~ 
NOTES: 

t. DlllENSIOIlIIG AND TOLERANCING PER ANSI 
Y1U11.19112. 

~:J~ 
2. CONTROlUNG OIIIENSION: INCH. 
3. 0IIIENS10N L TO canER OF LEAD WHEN 

FORMED PARAUE1. 

IICIIU III.lJI'£1C" .. 
13 

D.2~ 

F4PL-I-JJr. iLl 115 i.Sl 5.01 
1 41 

JIJ 1 In 
f 

Fi 0.1110 aGIo a25 US 
II I I 0 

l21 a30 I±l U J f 1 .1 81 
&EATING 11 1 JIWIE -< -G LK -J-J 1 n t,02 

OGPL 

EGPL-" I- 1*1 0.13 (O.OO5I®ITI A ®IB®I 
*Consult factory for Ieadfonn 

option availability 

CASE730~5 
ISSUED 

_ ...... """'theriltlltornakecl1a1ges_fur1hernotH:elOlWlypmdudsherein. _._no~."""""'onarg"""'-~ 
the suitability ofits producIs for any patc:Ua-_. nor __ • .......,., IWly liability arising out of the appIicalioll at use of IWly product ... circUI. 
andspecilically lisclaimslWly and aII_ly. inducing __ consequanIiatat_damagaa. "TypialI" __ s can and do vary in_ent 
appI-... 1\11 ~ parameters. including "TypicaIs" .... Ibe _lor each c:ustomer/llll3liC8lionbr~" ~e __ . _ala_ 
not convey IWly _ under its p-.t righ\II nor \he rights of _. _. produds are notdaoignod. inIandad. ar aJIhorizad far use 88 __ nil in 
sys8ns inIonded for IILI'9ca1 ~anI into the body. or other applications inIsnded to support ... sus1ain life. arfor artj __ application in _the _ of 
\he _a product coWl _ a si\Ja1ion _ personal ~ at _ may OCCU'. ShaukI Buyer ~ or ... _ produds lor IWly such 
uninl8ndod ... unau_dapplicalion. Buyatshallindemnifyandhold __ its oIIian.~. absiciariea,aIIiIiaIae, _-......_ 
against all dlims. C08IS. dornIIgas. and _. and __ aIIOmey _ arising out of. clrectly ar inIInIdIy. any daim of personal ir¥MY ar daslh 
888OCiaI8dwithsuch.nntanded ... un8Ulhorizad use ........ if ouch claim oIIegea _MoIoroIa_negligsnlregardinglhadaeignormanufactureofthe part. 
Motorola andf{ly are re9sfenId __ of _. Inc. -. Inc. is an Equal Cl!lPottmiIy/Aftirmalive _ En1*>yer. 

H_toruchus: 
USA I EUROPE: -.. LiIoraIIn llia1ribution; 
P.O. Box:m12; _ .. _85036.1_1_ 

MFAX: RMFAXO@omail.aps.motam- TOUCH'tONE (602) 2404-66OQ 
INTERNET: h\tp://DMign-NEtc:om 

_:Nppcn_ltd.;~ _0tsUci. 
6F ~ 3-14-!l_ -. "Ibkyo 135. Japan 03-a521~5 

HONG KONG: _ Sarr'icCrD.drs H.1t ltd.; 88 Tsi ~ RlJ&tiaI PaIt<. 
51 Ttng Kd< Road. Tsi PI>. N.T. ~~. ~_ 



Philips Semiconductors 

Triacs 
sensitive gate 

GENERAL DESCRIPTION 

Passivated, sensitive gate triacs in a 
plastic envelope, intended for use in 
general purpose bidirectional 
switching and phase control 
applications, where high sensitMty is 
required in all four quadrants. 

PINNING - T0220AB 

PIN DESCRIPTION --
1 main terminal 1 

2 main terminal 2 

3 gate 

tab main terminal 2 

LIMITING VALUES 

Product specification 

8T136 series E 

QUICK REFERENCE DATA 

SYMBOL PARAMETER MAX. MAX. UNIT 

BT136- 600E 800E 
VOFH Repetitive peak off-state 600 800 V 

voltages 
IT(RMS) RMS on-state current 4 4 A 
ITSM Non-repetitive peak on-state 25 25 A 

current 

PIN CONFIGURATION SYMBOL 

T2-+-_ _-+- T1 

G 

Limiting values in acoonfance with the Absolute Maximum System (IEC 134) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

-600 -800 
Vorw. Repetitive peak off-state - 600' 800 V 

voltages 

I,-(RMS) RMS on-state current full sine wave; Tmb~ 107'C - 4 A 
I,-SM Non-repetitive peak full sine wave; Tj = 25 'C prior to 

on-state rurrent surro 
t= Oms - 25 A 
t = 16.7 rns - 27 A 

12t 12t br fusing t = 10 ms - 3.1 A"<s 
dl,-/dt Repetitive rate of rise of ~ = 6 A; IG = 0.2 A; 

on-state current after !ddt = 0.2 NJJ.S 
triggering T2+G+ - 50 NJJ.S 

T2+G- - 50 NJJ.S 
T2-G- - 50 NJJ.S 
T2-G+ - 10 NJJ.S 

!J:. Peak gate rurrent - 2 A 
Peak gate voltage - 5 V 

PGM Peak gate power - 5 W 
PG(AV) Average gate power over any 20 ms period - 0.5 W 

~g Storage temperature -40 150 'C 
Operating junction - 125 'C 

J 
temperature 

1 Although not recommended, off-state voltages up to aoov may be applied without damage. bUt the triac may 
switch to the on-state. The rate of rise of current should not exceed 3 NJJ.S. 

June 2001 1 Rev 1.400 



hilips Semiconductors 

rriacs 
;ensitive gate 

HERMAL RESISTANCES 
SYMBOL PARAMETER 

R",...., Thermal resistance 
~ to mounting base 

R",j-e I resiStance 
junction to ambient 

iTA TIC CHARACTERISTICS 
= 25 'C unless otherwise stated i 

SYMBOL PARAMETER 

IGT Gate trigger current 

t Latching current 

IH Holding current 
VT On-state voltage 
VGT Gate trigger voltage 

10 Off-state leakage current 

>YNAMIC CHARACTERISTICS 
r = 25 ·C unless othetwise stated 

SYMBOL PARAMETER 

dVoidt Critical rate of rise of 
off-state voltage 

: tg. Gate controlled tum-on 
time i , 

June 2001 

CONDmONS 

full cycle 
half cycle 
in free air 

CONDITlONS 

Vo = 12 V; ~ = 0.1 A 
T2+G+ 
T2+G-
T2-G-
T2-G+ 

Vo = 12 V; IGT = 0.1 A 
T2+G+ 
T2+G-
T2-G-
T2-G+ 

Vo = 12 V; IGT =0.1 A 
~=5A 
Vo = 12 V; J.r = 0.1 A 
Vo = 400 V: ~ = 0.1 A; T = 125 ·C 
Vo = VDfW(mox): Tj = 125 ·C 

CONDmONS 

VOM = 67% V~j = 125 ·C: 
exponential WiNe : gate open circuit 
In! = 6 A; Vo = VDfW(mox): Ie. = 0.1 A; 
dlJdt = 5 AlJJS . . 

2 

Product specification 

BT136 series E 

MIN. TYP. MAX. UNIT 

- - 3.0 K/W 
- - 3.7 K/W - 60 - K/W 

MIN. TYP. MAX. UNIT 

- 2.5 10 rnA 
- 4.0 10 rnA 
- 5.0 10 rnA 
- 11 25 rnA 

- 3.0 15 rnA 
- 10 20 rnA 
- 2.5 15 rnA 
- 4.0 20 rnA 
- 2.2 15 rnA 
- 1.4 1.70 V 
- 0.7 1.5 V 

0.25 0.4 - V 
- 0.1 0.5 rnA 

MIN. TYP. MAX. UNIT 

- 50 - VlJJS 

- 2 - JJS 

Rev '1.400 



Philips Semiconductors 

Triacs 
sensitive gate 

P10I/W Tmb(max)/C 101 

: ;-ev-----~~-~~rl;-----+-----+-----~~ 
I....... I 07 
I I 

5P---~~--~1~----~~~~~--~10 

3r-----r---~~~~~~~----~·116 

~~~~--~2~--~3----~4----~5~ 

IT(RMS)I " 

Rg.1. Maximum on-state dissipation, P"", '!'!1rsus rms 
on-state current, IT where IX = conauaion angle. 

~I .-
·V\ 

to... ,,- "'J:, .... 
100 L 

, 

/ 

I?Ous OOus Ims IOms Ims 
T/. 

Fig.2. Maximum permissible non-repetitive peak 
on-state current ITSIoI> versus pulse width tp. for 

sinusoidal currents, t S 2Oms. . 

30 118M/A 

! 

.... 
20 

15 

10 

5 

I 
01 

,.wlJ---LJdJ.~ 

~t'\t~~ lime: 
I 

Ti it1i!!!t.'!. _c!!'8X 

i'-. r--. 
r- i""" 

10 100 
_of_8150Hz 

1000 

Fig.3. Maximum permissible non-repetitive peak 
on-state current ITSIoI> I/9rsus number of cycles, for 

sinusoidal currents, f = 50 Hz. 

June 2001 3 

4 

3 

2 

, 
o 

. 

50 
TmblC 

Product specifica1ion 

BT136 series E 

107'C 

\ 
\ 

\ 
100 150 

RgA. Maximum permissible nns current IT(RUSJ , 
versus mounting base temperature T_ 

12 IT(RMS)/" 

......... 
i' 

10 

8 

6 "" 
4 

2 

0.1 10 
surge duration I s 

Rg.S. Maximum pennissible repetitive rms on-state 
current IT(RAIS1o I/9fSUS surge duration, for sinusoidal 

currents, f=50HZ; TmbS 10TC. 

1.6 
VGTT25'cl 

1.4 

------ :---
12 

-...... 
~ ..... 

r----.. 
0.8 

0.6 

0'~50 0 50 100 150 
Tirc 

Rg.6. Normalised gate trigger voltage 
Vm(T)I VG712S'C), I/9fSUSjunction temperature Tj-
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hilips Semiconductors 

friacs 
iensitive gate 

J!lli!iL 
3 IGT(25"C) 

ffi--G+'= 
2.5f-__ -+ ___ + __ ~1i2+G- -----

, ~. G_ ••••• --••• 

'. JT2. G+ ---
2r-~'--;_----_+----~~F-~-=--=-=--=4-... " 

1.51-""·',,,·' -.,-; ...... :...\----+----1----1 
--<:.:::. .. ~:-.. 

~~--~0---~~~--~100~--~1~ 
ljre 

Fig. 7. Normalised fJate trigger current 
IGrfTi IIGrf.25'C). versus JUnction temperature T . 

.JY!iL 
3 1l(2s-C) 

2.5 

2 

""-
'-...... r-. 

0.5 

Fig. a 

-
o ~ 100 1~ 

ljre 

Nonnalised lalching current IdTJlId25'C), 
versus junction temperature t ... ~ __ --, 

3 
1H(25t) 

,5 
2 

1.5 .......... 

0.5 

Fig.9. 

June2001 

........... 
........... 

............. ---
o ~ 100 1~ 

"lif'C 

Normali~ hofding current 'H(T,)/ 1t/25'C). 
versus JUnction temperature fj. 

4 

Product specification 

BT136 series E 

10 

Tj= 125 ~--- .' Lfmax Tj===2S p- ~ 
Vo·'.l1 ~ .. , 

~r Ra-O.091 , 
'I 

I '-I 

8 

6 

/ I( 
/ /J 

".1/ ~~ 
2 

0.5 1.5 2 2.5 3 
VT/V 

Fig. 10. Typical and maximum on-state characteristic. 

Ip/s 

Fig. 11. Transient thermal impedance z",j-nD. versus 
.. pulse width teo 

1000 ,~ 

:-r-oo 

1, S) 100 150 
Tj/C 

Fig. 12. Typical. CJ1t/caI rate ofrise of off-state voltage. 
dVrldt vetSUSjunction temperature Tj-
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~ilips Semiconductors 

Triacs 
sensitive gate 

MECHANICAL DATA 

Dimensions in mm 

Net Mass: 2g 

I; : 1\1 
I : 1 ' I 

L:--r-~~ 
3,0 rr.ax \! 3 0 

not tinned \! l! ' 'r'-'-'-n--11·1if-. 13,5 
~ilf-ol' - ill I min 

13 'ii i Ilii I i 
• ill _ i II 

max 1~12' 3lL ____ .L 

! i I!I 
(2x) ! ~!~ 0,9 max (3x) 
~+~ 

2,54 2,54 

\Ll _: +1_: --1) 

4,5 

II 
~ 

Product specification 

BT136 series E 

5,9 
min 

l 
I 

15,8 
max 

.11 ---41~lli-ool"'l--- 0,6 
2,4 , .. 

Fig. 13. S0T78 (T022OAB). pin 2 connected to mounting base. 

Notes 
1. Refer to mounting instructions for SOT78 (T0220) envelopes. 
2. Epoxy meets UL94 VO at 1/8·. 

June 2001 5 Rev 1.400 
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Triacs 
sensitive gate 

)EFINITIONS 

DATA SHEET STATUS 

DATASHEET PRODUCT 
STATU~ STATU~ 

Objective data Development 

Preliminary data Qualification 

Product data Production 

. Umitlng values 

Product specification 

BT136 series E 

DEFlNmONS 

This data sheet contains data fronl the objective specification for 
product development. Philips Semiconductors reserves the right to 
change the specification in any manner without notice 

This data sheet contains data from the preliminary specification. 
Supplementary data will be published at a later date. Philips 
Semiconductors reserves the right to ~e the specification without 
notice, in ordere to improve the design SUpply the best possible 
product 

This data sheet contains data from the product specification. Philips 
Semiconductors reserves the right to make changes at ~time in 
order to improve the desi9n, manufacturing a~ C nges will 
be communicated according to the Customer rocess 
Change Notification (CPCN) procedure SNW-SQ-650A 

Umiting values are given in accordance with the Absolute Maximum Rating ~ (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 per\ods may affect device reliability. 

Applicat:on information 

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

© Philips Electronic:S N.V. 2001 

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written oonsent of the 
oopyright owner. 

The information presented in this doaJment does not form part of any quotation or oontract. it is believed to be 
accurate and reliable and ~ be changed withOUt notice. No liability will be accepted by the publisher for any 
oonsequcnce of its use. Pub ication thereof does not oonvey nor imply any iicense under patent or other 
indUstrial or intellectual property rights. 

LIFE SUPPORT APPLICATIONS 
These products are not designed for use in life support appliances, devices or systems where malfunction of these 
products can be reasonably expected to result in personal injury. Philips customers using or selling these products 
for use in such applications do so at their 0Nn risk and agree to fully indemnify Philips for any damages resulting 
from such improper use or sale. 

2 Please oonsuIt. the roost 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.semk:onductors.philips.oom. 

June2001 6 Rev 1.400 



MOTOROLA 
SEMICONDUCTOR TECHNICAL 9ATA 

Complementary Silicon Power 
Transistors 
· .. designed for general-purpose switching and amplifier applications. 

• DC Current Gain - hFE = 20-70 @ IC = 4 Ade 
• Collector-Emitter Saturation VoItage­

VCE(sat} = 1.1 Vdc (Max) @ Ie = 4 Adc 
• Exce\\ent Safe Operating Area 

MAXIMUM RATINGS 

Rating 

Collector-EmitterVoltage 

CoIlector-EmitterVoltage 

Collector-Base Voltage 

Emitter-Base Voltage 

Collector Current - Continuous 

Base Current 

Total Power Dissipation @ T C = 25·C 
Derate aboVe 25·C 

Operating alld Storage JunctJon Temperature 
Range 

THERMAL CHARACTERISTICS 

Charac:teris1ic: 

Thermal Resistance. Junction to Case 

160 

_ 140 
<FJ i 120 

~ 100 
~ 
D: 80 
~ 
~ 60 

~ 40 

~20 

SymbOl 

VCEO 

VCER 

VCB 

VEB 

Ie 
IB 

Po 

TJ. Tstg 

Symbol 

ReJc 

.......... 

/'.... 

Value 

60 

70 

100 

7 

15 

7 

115 
0.657 

-65\0+200 

Max 

1.52 

'" ........... 

" 

Unit 

Vdc 

Vdc 

Vdc 

Vdc 

AJjc 

Adc 

watts 
WI·C 

·C 

Unit 

'C/W 

......... 
i'-... 

'" 25 50 75 100 125 150 175 200 
T C. CASE TEM?EPATURE ("C) 

Agure 1. Power Del'lltlng 

............ d devices are Motorola rec:onwnended choicea tot future use and beslO_1 vahJe. 

© Motorola, Inc. 1995 

Onlarthis ~t 
by2N3055lD 

NPN 
2N3055 * 

PNP * 
Md2955 

---
15 AMPERE 

POWER TRANSISTORS 
COMPLEMENTARY 

SILICON 
60 VOLTS 

115 WATTS 

CASE 1-07 
ro-204AA 

(TO-3J 



LECTRICAL CHARACTERISTICS (Tc = 25"C unless othe<wIse noted) 

Characteristic 

OFF CHARACTERISTICS 

Collector-Emitter Sustaining Voltage (1) 
(IC = 200 mAde. IB = 0) 

CoIlector-Emitter Sustaining Voltage (1) 
(lc = 200 mAde, RaE = 100 Ohms) 

Collector Cutoff Current 
(VCE = 30 Vde,IB = 0) 

Collector Cutoff Current 

(VCE = 100 Vde, VBE(off) = 1.5 Vd<:) 
(VCE = 100 Vdc. VBE(off) = 1.5 Vdc. TC = 150<C) 

EmilterCutoff Current 
(VBE = 7.0 Vd<:. Ie = 0) 

ON CHARACTERISTICS (1) 

DC Currenl Gain 
(IC = 4.0 Ad<:, VCE = 4.0 Vde) 
(Ie = 10 Adc. VCE = 4.0 Vd<:) 

Collector-Emitter Saturation Voltage 
(Ie = 4.0 Ad<:. IB = 400 mAde) 
(Ie = 10 Adc, IB = 3.3 Adc) 

Base-Emitter On Voltage 
(IC = 4.0 Ade. VCE = 4.0 Vd<:) 

SECOND BREAKDOWN 

Second Breakdown Collector Current with Base FOIWBrd Biased 
(VCE = 4OVd<:, I = 1.0 S. Nonrepalitive) 

DYNAMIC CHARACTERISTICS 

Current Gain - Bandwidth Product 
(IC = 0.5 Ade. VCE = 10 Vde, f= 1.0 MHz) 

-Small-Signal Current Gain 
(IC = 1.0 Ade, VCE = 4.0 Vd<:, f = 1.0 kHz) 

-Sman-Signal Current Gain Cutoff Frequency 
(VCE = 4.0 Vd<:. Ie = 1.0 Ade, f = 1.0 kHz) 

-"IndiCates WHh .. J",DEC ReglSl~ion. (2N3055) 
(1) Pulse Test Pulse Width '" 300 JIS. Duty Cycle '" 2.0%. 

2N3055, MJ2955 
20 

lD 
r-t--

de 
................ "- ,\f>J lIS 

0:-

! 6 !z 
w 4 
0:: 
0:: 
::J 
'-' 2 0:: 

~ 
::l 
8 0.6 
9 0.4 

2 

1m. 

/ ':"-...c "- "' fjJOJIS ~~ -," ." , "-
" 

- - - BONDING WIRE LIMIT 
- --THERMAlLY lIMITED@TC=25"C(SINGLEPULSE) 
-- SECONO BREAKDOWN LIMIT 

10 40 
VCE. COllECTOR-EMITTER VOLTAGE (VOlTS) 

Figure 2, Active Region Safe Operating Area 

60 

Symbol Min Max Unit 

VCEO(sus) 60 - Vd<: 

VCER(sus) 70 - Vde 

leEo - 0.7 mAde 

IcEx mAde 
- 1.0 
- 5.0 

lEBO - 5.0 mAde 

hFE -
20 70 
5.0 -

VCE(sat) Vd<: 

- 1.1 
3.0 

VBE(on) - 1.5 Vde 

tr 2.5 - MHz 

hte 15 120 -

fhfe 10 - kHz 

There are two limilations on the power handUng abRity of a 
transistor: average junction temperature and second break­
down. Safe operating area curves indicate IC - VCE limits of 
the transistor that must be observed for reliable operation; 
i.e .• the translstor must not be subjected to greater dissipa­
tion than the curves Indicate. 

The data of Figure 2 is based on TC = 25°C; T J(pk) is 
variable depending on power level. Second breakdown pulse 
limits are valid for duty cycles to 10% but must be derated for 
temperature accordi~ to Figure 1. 

Motorola Bipolar Power Transistor Device Dafa 
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80135/137/139 

Medium Power Linear and Switching 
Applications 
• Complement to B0136. B0136 and B0140 respectlvely 

TO-126 

1. Emitter 2.Collector 3.Base 

NPN Epitaxial Silicon Transistor 

Absolute Maximum Ratings Te=25"C unless otherwise nolBd 

Symbol Parameter Value Units 

Veao CoIlector-8ase Voltage : B0135 45 V 
: B0137 60 V 
: B0139 80 V 

V(;E.O Collector-Emitter Voltage : B0135 45 V 
: B0137 60 V 
: B0139 80 V 

VEBO Emitter-Base Voltage 5 V 

Ie Collector Current (DC) 1.5 A 

lep Collector Current (Pulse) 3.0 A 

Is Base Current 0.5 A 
Pe CoIIecIor ~Issipation (T c-25"C) 12.5 W 

Pe Collector DiSsipation (T.=25°C) 1.25 w 
Tj Junction Temperature 150 "C 

TSTG Storage Temperature -55-150 ec 

Electrical Characteristics T c=25"C unless othelWi~ noted 

Symbol Parametar T_ Condition lin. lW· Max. unts 
V(;E.o(sus) Collector-Emitter Sustaining Voltage 

: B0135 Ie = 3OmA. Ie = 0 45 V 
: Bo137 60 V 
: B0139 80 V 

leBo Collector Cut-olf Current Vea = lOV.IE = 0 0.1 IlA 
lEBO Emitter Cut-olf Current VES = 5V. Ie = 0 10 IlA 
hFE1 DC Current Gain :ALLOEVICE V(;E. "2V.le = 5mA 25 
hFE2 :ALLOEVICE VeE" 2V, Ie = O.SA 25 
hFE3 : B0135 V(;E." 2V.le= 1SOmA 40 250 

: Bo137. B0139 40 160 

V(;E.(sat) CoIIedor-Emitler Saturallon Voltage Ie" 500mA.1e = SOmA 0.5 V 

VBE(on) 8ase-Emitter ON Voltage V(;E. = 2V. Ie - 0.5A V 

ht=E Classification 
Classification 6 10 16 

40-100 63-160 100-250 
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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 all such trademarks. 

ACEx™ 
Bottomless ™ 
CoolFETTM 
CROSSVOLP" 
E2cMOSTM 
FACTTM 
FACT Quiet Series™ 
FAS~ 
FASTr™ 
GTom 

DISCLAIMER 

HiSeC™ 
ISOPLANARTM 
MICROWIRETM 
POpTM 
PowerTrench® 
QFETTM 
QSTM 
Quiet Series 1M 

SUperSOTTM_3 
SuperSOT™-6 

SuperSOT™-8 
SyncFETTM 
TinyLogic"" 
UHCTM 
VCXTM 

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO Atf'( 

PRODUCTS HEREIN TO IMPROVE RELIABILITY. FUNCllON OR DESIGN. FAIRCHILD DOES NOT ASSUME AIfY 
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF Atf'( PRODUCT OR CIRCUIT DESCRIBED HEREIN; 
NEITHER DOES IT CONVEY AIfY LICENSE UNDER ITS PATENT RIGHTS. NOR THE RIGHTS OF OTHERS. 

LIFE SUPPORT POLICY 

FAIRCHILD'S PROOUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EX?RESS WRITTEN APPROVAl. OF FAIRCHILD SEMICONDUCTOR 
INTERNATIONAL 
As used herein: 

1. Life support devices or systems are devices or systems 
which. (a) are Intended for surgical Implant into the body. 
or (b) support or sustain ...... or (e) whose failure to perfbrm 
when proper1y used in accordance with instructiOns for use 
provided in the IabeUng. can be reasonably expected to 
resutt in significant injUl)l1o the user. 

PRODUCT STAtuS DEFINll10NS 

Definition of Terms 

Datashaetldentlficalion 

Advance Information 

Preliminary 

No Identification Needed 

Obsolete 

Produc:t Status 

formative or In 
Design 

First Production 

Ful Production 

N.x In Production 

2. A critical component Is any component of a ..... support 
device or system whose failure to perform can be 
reasonably expected to cause the failure of the life support 
device or system, or 10 affect iIs safety or elfectiveness. 

Definition 

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

This datasheet contains preliminary data. and 
supplemental)l data wUI be published at a later date. 
Fairchild Semiconductor ~ the right to make 
changes at any time without notice in order to improve 
design. 

This datasheet contains final specifications. Fairchild 
Semiconductor reserves the right to make changes at 
any time wihout notice in Older to improve design. 

This datasheet contains specifICations on a product 
that haS been diSCOntinued by Fairchild semiconductor. 
The datasheet is printed for reference information only . 
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L7800AB/AC 
SERIES 

PRECISION 1A REGULATORS 

• OUIPUT CURRENT IN EXCESS OF 1 A 
• OUIPUTVOLTAGESOF 5;6; 8; 9; 12; 15; 18; 

20;24V 
• THERMAL OVERLOAD PROTECTION 
• OUIPUT TRANSITION SOA PROTECTION 
• 2% OUIPUT VOLTAGE TOLERANCE 
• GUARANTEED IN EXTENDED 

TEMPERATURE RANGE 

DESCRIPTION 
The L7800A series of three-terminal pqsitive 
regulators is available in TO-220 and 02PAK 
packages and several fixed output voltages. 
making it useful in a wide range of 
applications.These regulators can provide local 
on-card regulation. eliminating the distribution 
problems associated with single point regulation. 
Each type employs internal current liniting. 
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 regulators, these devices can be 
used with external components to obtain 
adjustable voltages and currents. 
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L7800AB/AC 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Value Unit 

Vi DC InputVoltage (lor Va = 5to 18V) 35 V 
(lorVo = 20,24V) 40 V 

10 Output Current Internally limited 

P'Ot Pow ... Dissipation Internally limited 
, 

Top Operating J undion Temperature Range (lor L 7800AC) o to 150 °c 
(lor L 7800AS) -40 to 125 °c 

T s.~g Storage Temperature Range - 65 to 150 °c 

THERMAL DATA 
Symbol Parameter 02PAK I TO-220 Unit 

R!hj~case TherrnalResstanceJunction~ Max 3 ! 3 ·C/W 
Rll-:j-amb Thermal Resstance Junction-ambient Max 62.5 50 ·C/W 

CONNECTION DIAGRAM AND ORDERING NUMBERS (top view) 

fll :1 ::: -~ OUTPUT 

GND P P INPUT 
~ 

.-...." f'(.1191~ 

TO-220 02pAK 

Type TO-220 02PAK(·) Output Voltage 

L7805AB L7805ABV L780SABD2T 5V 
L7805AC L7805ACV L7805ACD2T 5V 
L7806AB L7806ABV I L7806ABD2T 6V 
l7806AC l7806ACV I L7806ACD2T 6V 

I I 
L7808AB l7808ABV , l7808ABD2T I 8V 

I L7808AC 
I 

\ 
l7808ACV , l7808ACD2T 8V I 

l7809AB l7809ABV 

I 
L7809ABD2T 9V 

I L7809AC l7809ACV L7809ACD2T I 9V 

I 
l7812AB L7812ABV , l7812ABD2T 12V 

l7812AC L7812ACV 
I 

l7812ACD2T I 12V I 

I l7815AB L7815ABV l7815ABD2T 15V 
L7815AC 17815ACV L7815ACD2T 15V 

L7818AB L7818ABV I 18V 
L78l8AC L7818ACV I l8V 

L7820AB L7820ABV 24V 

L7820AC L7820ACV 24V 
L7824AB L7824ABV 
L7824AC l7824ACV . - .. () AVAILABLE IN TAPE AND REEL WITH -TR SUFFIX 

2117 



L7800AB/AC 

APPLICA llON CIRCUIT 

l18XX 2 

SCHEMATIC DIAGRAM 

Iqs-~----~~~-------4------~----OO~ 

I-on. 
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L7800AB/AC 

TEST CIRCUITS 

Figure 1 : DC Parameter Figure 2 : Load Regulation. 

Figure 3 : Ripple Rejection. 

5J4 

4JOoE 

~----------~ 
5-rm 
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L780MB/AC 

ELECTRICAL CHARACTERISTICS FOR L1805A(Vi = 10V, 10 = 1 A, Tj = 0 to 125°C (L7805AC), 
Tj = -40 to 125°C (L7805AB) unless otherwise specified) 
Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Output Voltage Tj = 25°C 4.9 5 5.1 V 

Vo Output Voltage 10=5mAlol A Po" 15W 4.8 5 5.2 V 
Vi=7.5t020V 

~VO" Line Regulalion Vi = 7.510 25 V 1o = 500mA 7 50 mV 
IVi=81012V I 10 5 mV 
Vi = 8t012 V Tj=25°C 2 25 mV 
Vi = 7.310 20 V Tj = 25"C 7 50 mV 

AVo" load Regulalion 10=5 mAio 1 A 25 100 mV 
10=5 mAto 1.5A Tj =25°C 30 100 mV 
10 = 25010 750 rnA 8 50 mV 

10 Quiesoenl Current Tj = 25°C 4.3 6 rnA 
6 

! "\Id QuiesoenlCurrent Change 'Vi=81025V 10= SOOrnA 0.8 mA lv, = 7.510 20 V Ti =25°C I 0.8 mA 
lo=5mAto 1 A 0.5 mA 

SVR Supply Voltage Rejection Vi=8to18V f= 120Hz 68 dB 
10= 500mA 

Vd Dropol1 Vo.age 10= 1 A Ti = 25"C 2 V 

eN Output Noise Volage B = 10Hzto 100KHz Tj =25 "C 10 IlVNo 

Ro Output Resistance f= 1KHz 17 mQ 

Ise Short CirOJrt Current Vi=35V Tamb =25°C 0.2 A 

Iscp Short Cirruit Peaek Current Tj = 25°C 2.2 A 

,,\Vo Output Voltage Drift -1.1 mV/oC 

!1T 

.. Load and line regulation are specifted at constant junction tempeneure. Changes in Va due to heating effects must be taken into acoount 
separately. Pulse testing with low duty cycle is used. 
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L7800AB/AC 

ELECTRICALCHARACTERISllCS FORL7806A(Vi = 11V.lo = 1 A-. Tj = Oto 125 °C(L7806AC). 
T - -40 to 125 °c (L7806AB) unless otherwise specified) 'L-
Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Output Voltage Tj = 25°C 5.88 6 6.12 V 

Vo Output Voltage 10=5mAlo 1 A Po515W 5.76 6 6.24 V 
Vi = 8.610 21 V 

j.Vo• Line Regulation Vi = 8.61025 V 10 = 500 rnA 9 60 mV 
Vi = 9t013 V 11 60 mV 
Vi=9t013V Tj =25"C 3 30 mV 
Vi = 8.3to 21 V Tj = 25"C 9 60 mV 

!lVo· Load RegLiation 1o=5mAl01 A 25 100 mV 
10 =5 rnA to 1.5A Tj=25°C 30 100 mV 
10 = 250 to 750 rnA 10 50 mV 

Id Qujescenl Current Tj = 25°C 4.3 6 rnA 
6 

.lId Quiescent Current Change V,=9t025V 10=SOOmA 0.8 rnA 
Vi = 8.610 21 V Tj =25°C J 0.8 rnA 
10 =5 mAto 1 A 0.5 rnA 

SVR Supply Volage Rejection Vi = 9t019V f= 120Hz 65 dB 
1o = 500 rnA 

Vo Dropout Volage 10= 1 A Tj = 25"C 2 V 

eN Output Noise Votage B = 1OHzl0 100KHz Ti =25 °c 10 pVlVo 

Ro Output Resistance f= 1KHz 17 mQ 

Ise Short Cirrud Cunent Vi = 35V Tamb = 25°C 0.2 A 

Isep Short Cirwil Peaci< Cum,"1 Tj =25°C 2.2 A 

,j.Vo Output Voltage Drift -0.8 mV/oC 

AT 
* Load and tine regulation are specified at constant joncUon tempenture. Changes in Va due to heating effects must be taken into account 
separately. Pulse testing with low duty cycle is used. 
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L780llA.B/AC 

ELECTRICAL CHARACTERISTICS FOR L7S0SA(Vi = 14V.lo = 1 A. Tj = 0 to 125 °c (L7808AC). 
T = -40 to 125°C (L 7808AB) unless otherwise specified) .j 

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Output Voltage Tj=25°C 7.84 8 8.16 V 

Vo Output Voltage 10=5mAt01A Po'515W 7.7 8 8.3 V 
Vi = 10.6to 23V 

:!oVo' line RegulatiOn Vi = 10.6to 25 V 10=500 mA 12 80 mV 
Vi=111017V 15 80 mV 

I Vi= 11t017V Tj = 250C 5 40 mV 
Vi = 10.410 23V Tj =25°C 12 80 mV 

!!Vo* Load RegUlatiOn 10 =5 mAto 1 A 25 I 100 mV 
10 =5 mAto 1.5A Tj = 25°C 30 

I 
100 mV 

10 = 250 to 750mA 10 50 mV 

I. Quiescent Current Tj = 25°C 4.3 6 mA 
6 

:!old QUIescent Current Change Vi= 11t025V 10=5OOmA 

I 
0.8 mA 

I V; = 10.61023 V Tj = 25°C 0.8 mA 
10 =5 mAto 1 A 0.5 mA 

SVR Supply Volage Rejection Vi = 1 1.5to 21.5 V f=120Hz 62 

I 
dB 

10=500mA 

Vo DropOli Volage 10= 1 A Tj =25OC 2 V 

eN Output Noise Volage B = 10Hzto 100KHz Tj=25OC 10 IlVNo 

Ro Output Resistance f = 1KHz 18 mQ 

Isc Short Cirrurt Curmnt Vi = 35V Tamb =25OC 0.2 A 

fscp Short Cirrurt Peack Current Tj = 25°C 2.2 A 

:!oVo Output Voltage Drift -0.8 mV/oC 

~T 

.. Load and line regulation are specif.ed at constant junction temperal:ure. Changes in Va due to heating effects must be taken into account 
separately. Pulse testing with lOY\' duty cycle is used. 

7/17 



L7800AB/AC 

ELECTRICALCHARACTERlsncs FORL7809A(Vi = 15V, 10 = 1 A, Tj = Oto 125 °C(L7809AC), 
Ti = -40 to 125°C (L7809AB) unless otherwise specified) 
Symbol Parameter Test Conditions Min, Typ, Max. Unit 

Vo OutputVollage Tj = 25°C 8.82 9 9.18 V 

Vo Output Voltage 10=5 mAto 1 A Pos 15W 8.65 9 9.35 V 
Vi = 10.6to 23 V 

j,V 0 t.- Line Regulation V, = 1 0.6 to 25 V 10 =500 rnA 12 90 mV 
Vi= 11to17V 15 90 mV 

IVi= 1110 17 V T,=25OC 5 

I 
45 mV 

Vi = 10.4to 23 V Tj=25"C 12 90 mV 

!1Vo* Load Regulation 10 =5 rnA to 1 A 25 

I 
100 mV 

10 =5 mAto 1.5A T, = 25"C 30 100 mV 
10 = 250 to 7S0mA 10 SO mV 

Ie Quiescent Current Tj = 2SoC 4.3 6 rnA 
6 .. I Quiescent Current Change Vi= 11t02SV I. = 500 rnA I 0.8 rnA ~'O 

V, = 10.6to 23 V Ti = 2b l1C 0.8 rnA , 
lo=5mAt01 A O.S rnA 

SVR Supply Voltage ReJ9Clion Vi= 11.St021.5V f = 120 Hz 61 dB 
10 =5OOmA 

Va Dropout Vo.age 10= 1 A Tj = 25"C 2 V 

eN Output Noise Voltage B = 10Hzto 100KHz Tj=2S"C 10 /J.VlVo 

Ro Output Resistance f = 1KHz 18 mU 

I::i.e Short Cirruit Current Vi = 3SV Tamb =2S"C 0.2 A 

Iscp Short Cirru.t Peack Current Tj = 2S"C 2.2 A 

-lVo Output Voltage Drift -0.8 mVi"C 
flT 

.. Load and line regulation are specified at constant junction tempenture. Changes in Va due to heating effects must !Je taken into account 
separately. Pulse testing with low duty cycle is used. 
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L7800AB/AC 

ELECTRICALCHARACTERISTlCS FORL7812A(Vi = 19V.lo = 1 A. Tj = Oto 125°C (L7812AC). 
T = ...!-·o 125°C (L7812AB) unless otherwise specified) - . 
I Symbel Parameter Test Conditions Min. Typ. Max. Unit 

I V: C'~lput Voltage Tj = 25°C 11.75 12 12.25 V 

! (Ltput Voltage 10=5 mAio 1 A Pos15W 11.5 12 12.5 V 
I , Vi = 14.81027 V , 

~\ 
. '- ~e Regulation Vi = 14.810 30V 1o =500 mA 13 120 mV 

Vi= 16to22V 16 120 mV 
Vi=161022V Tj = 25"C 6 60 mV 
Vi = 14.5to 27V Tj=25°C 13 120 mV 

, 
i ~\/ : 

. 
c~d Regulation 10 =5 mAio 1 A 25 100 mV 

i 10 =5 mAto 1.5A Tj = 25°C 30 100 mV , 
i 10 = 25010 750 rnA 10 50 mV 

!: :: .. 'escent Current Tj = 25°C 4.4 I 6 mA 
6 

" =-_,escentCurrent Change Vi= 15t030V 10=500mA 

I 
0.8 rnA -" : 

Vi= 14.81027V Tj = 25°C 0.8 mA 

: 10=5mAto 1 A 0.5 rnA 

, S··.-= 5 .:>pIy Volage Rejection V,=15to25V f= 120Hz 60 dB 
1o = 500 mA 

, : -:>;lOut VOlage 10= 1 A Tj =25°C 2 V 

: e~ : .• 1put Noise Volage B = 10Hzto 100KHz Tj =25"C 10 IlVlVo 

R. : .1;>ut Resistance f = 1KHz 18 mn 
'cc 3' :>1 CiroJ~ Currenl Vi= 35V Tan., =25°C 0.2 A 

j ~ • 3 -:>" CiroJ~ Peack Current Tj = 25°C 2.2 A 

-.-i ~ .: : .1::>ut Voltage Drift -1 mV/oC 

~ - I 
" .... :~-: ~ --: --:- !"?gulation are specified at constant junction temperaure. Changes in Va Clue to heating effects must be taken into account 
5~:~~=--~ = _ '=~ !estingwith low duty cycle is used. 
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L7800AB/AC 

ELECTRICALCHARACTERISncs FORL7815A(Vi = 23V.lo = 1 A. Tj = Oto 125°C (L7815AC). 
T - -40 to 125°C (L7815AB) unless otherwise specifted) 'J -

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo OutpulVoltage Tj = 25°C 14.7 15 15.3 V 

V o Oulput Voltage 1.=5mAl01 A Pos15W 14.4 15 15.6 V 
V; = 17.91030 V 

!!l,V 0'" line Regulalion V; = 17.910 30V 10 =500 rnA 13 150 mV 
V; = 201026 V 16 150 mV 

I V; = 201026 V Tj = 250C 6 75 mV 
Iv; = 17.510 30V T,=25°C 13 150 mV 

!:iVa" load Regulaloo 10 = 5 mAIo 1 A 25 100 mV 
10 = 5 mAIo 1.5A Tj = 25°C 30 100 mV 
10 = 25010 750 rnA 10 50 mV 

Id i Quiescenl Current Tj = 25°C 4.4 6 rnA 
, 6 

~Io Quiescenl Current Change V; = 17.510 30V 10 = SOOmA 0.8 rnA 
V; = 17.510 30V Ti = 25°C 0.8 rnA 
1o=5mA101 A 0.5 rnA 

SVR I Supply Voltage Rejection V; = 18.51028.5 V f=120Hz 58 dB 
1o = 500 rnA 

Vd Dropol.t Volage 10= 1 A Tj=25°C 2 V 

eN Output Noise Volage B = 1OHzl0 100KHz Tj =25 "C 10 IlVNo 

Ro Outpul Resistance f = 1KHz 19 mQ 

Ise Sholl Cirruil Currenl V;=35V Ten'" = 25°C 0.2 A 

Iscp Sholl Cirruil Peack Current Tj = 25°C 2.2 A 

~Vo Output Voltage Drift ·1 mV/oC 

I:!.T 

't Load and tine regulation are specified at constant junction tempentUfe. 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 CHARACfERISnCS FOR L7818A(Vi = 27V.lo = 1 A. Tj = 0 to 125 DC (L7818AC). 
T - -40 to 125 DC (L7818AB) unless otherwise specified) 'J -

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Vo Output Voltage Ti = 25°C 17.64 18 18.36 V 

Va Output Voltage '0=5mAtolA P0515W 17.3 18 18.7 V 
V, = 21 1033 V J 

:!JV 0 * line RegUlation V, = 21 to 33 V 'o=500mA 25 
I 

180 mV 

I V, = 2410 30 V 28 180 mV 
V, = 24 to 30 V lj = 25 "C 10 90 mV 
V, = 20.610 33 V Tj =25°C 5 180 mV 

!J.Vo* Load Regulation '0 =5 mAto 1 A I 25 100 mV I 
10=5mAtol.5A T, = 25°C I 30 100 mV 
'° = 250 to 750mA 10 50 mV 

I. Quiescent Current Tj = 25°C I 4.5 6 rnA 

L 6 

~Ic Quiescent Current Change V, = 21 to 33 V 'o=500mA I 0.8 mA 

I V, = 21 1033 V Tj = 25"C , 0.8 rnA 
'0=5mAt01 A I 0.5 mA 

SVR I Supply Volage Rejection V,=22t032V f= 120Hz I 57 dB 
10 = 500 mA 

Vd Dropout Volage 10= 1 A Ti = 25°C 2 V , 
eN Output Noise Vo.age B = 10Hzto 100KHz Tj=25"C 10 IlV/Vo 

Ro Output Resistance f = 1KHz 19 rnU 

Ise Short Cirrui\ Cunenl V,=35V Tamb =25°C 
I 0.2 A 

Iscp Short Cirru,t Peack Current Tj = 25°C 2.2 A 

~Vo Output Voltage Drift -1 mV/oC 

:J.T 

• Load and line regulation are specified at constant junctton tempenture. Changes;n 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 

ELECTRICAL CHARACTERISTICS FORL7820A{Vi = 28V.lo = 1 A. Tj;" 0 to 125°C (L7820AC). 
T - -4010125 °C (l7820AB) unless otherwise specified) Ij -

Symbol Parameter Test Conditions Min. Typ. Max. Unit 

Va Output Voltage Tj = 25°C 19.6 20 20.4 V 

Vo Output Voltage 10=5mAt01A Pos15W 19.2 20 20.8 V 
Vi = 23 to 35 V 

:J.Vo * Line Regulation Vi = 23 to 35 V 10 = 500mA 

I 
200 mV 

Vi = 26 to 32 V 200 mV 
V, = 26 to 32 V Tj = 25 "C 100 mV 
Vi = 23 to 32V lj=25"C 200 mV 

ll.Vo* load Regulation 10=5 mAto 1 A 25 100 mV 
10=5mAto 1.5A Tj =25°C 30 100 mY 
10 = 250 to 750mA 10 50 mY 

Id Quiescent Current Tj = 25°C 4.5 6 mA 
6 

I ~Io Quiescent Current Change V;=23to35V lo=5OOmA 0.8 mA 

I Vi=23to35V Tj = 25"C 0.8 mA 
lo=5mAt01 A 0.5 mA 

SVR Supply Volage Rejection Vi = 24 to 35 V f= 120Hz 56 
, 

dB 
10 =5OOmA 

Vo Dropolot Volage 10= 1 A Tj = 25"C 2 V 

eN Output Noise Volage B = 10Hzto 1001<Hz Tj =25"C 10 IlVNo 

Ro Output Resislance f= 1KHz 20 mil 

Ise Short Cirruit Current Vi=35V Tam" =25°C 0.2 A 

IseJl Short Cirruit Peack Curmnt Ti = 25°C 2.2 A 

i\.Vo Output Voltage Drift -1 mV/oC 

,1.T 

.. load and nne regutltion are specified at constant junction tempentUf&. Changes in V:. due to heating effects must be taken Into account 
separatety. Pulse testing with low duty cycle ts used. 
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L7800AB/AC 

ELECTRICAL CHARACTERISTICS FOR L7824A(Vi = 33V,Io = 1 A, Tj = 0 to 125°C (L7824AC), 
Tj = -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 V 

Vo Output Voltage 'o=5mAto 1 A Pos15W 23 24 25 V 
Vi = 27.310 38V 

!3.Vo" line Regulalion Vi = 27 to 38 V 10=500mA 31 240 mV 

I 
Vi = 30 to 36 V 35 I 240 mV 
Vi = 301036 V T; = 25 "C I 14 120 mV 
Vi = 26.710 38 V Tj=25°C 31 240 mV 

!1Vo· Load Regulation 10 =5 mA to 1 A 25 100 mV 
10=5 mAto 1.5A Tj = 25°C 30 100 mV 
10 = 25010 750mA 10 50 mV 

Id Qujesoenl Current Tj = 25°C 4.6 I 6 rnA 

I 6 

~Id Quiesoent Current Change Vi = 27.3to38V 10= 500 rnA I 0.8 mA 
Vi = 27.310 38V T; = 25°C 0.8 rnA 
10=5mAto1 A I 0.5 mA 

SVR SupPo/ Volage Rejection Vi=28to38V f= 120Hz 54 dB 
10=500mA 

V. Oropati Voltage '0=1 A Tj=25°C 2 V 

eN Output Noise Volage B = 10Hzlo 100KHz Tj=25°C 10 IlVNo 

Ro Output Resj!ianoe f = 1KHz 20 rna 

Isc Short CilUJiI Current Vi= 35V Tamb =25°C 0.2 A 

Iscp Short CilUJiI Peack Current Tj = 25°C 2.2 A 

",Vo OulputVoltage Drift -1.5 mV/oC 

/',T 

.. Load and line regulation are specified at constant junction tempenture_ Changes in Vo due to heating effects must 00 tak&n into account 
separately. Pulse testing with low duty cycle is used. 
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APPLICA llONS INFORMA nON 

DESIGN CO\lSIDERATIONS 
The L 7800A Series of fixed voltage regulators are 
designed wi:h Thermal Overload Protection that 
shuts down :he circuit when subjected to an 
excessive power overload condition, Intemal 
Short-drcui: Protection that limits the maximum 
current the circuit will pass, and Output Transistor 
Safe-Area Compensation that reduces the output 
short-drcui! current as the voltage across the 
pass transis:or is 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. 

v ~): 
IO=T·"" 

Ficure 6 : Current Boost Regulator. 
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connected to the power supply filter with long 
wire lengths, or if the output load capacitance is 
large. An input bypass capacitor should be 
selected to provide good high-frequency 
characteristics to insure stable operation under all 
load conditions. A O.3~F or larger tantalum, 
mylar, or other capacitor having low internal 
impedance at high frequencies should be chosen. 
The bypass capacitor should be mounted with the 
shortest possible leads directly across the 
regulators input terminals. Nonnally good 
construction techniques should be used to 
minimize ground loops and lead resistance drops 
since the regulator has no external sense lead. 

Figure 5 : Adjustable Output Regulator. 
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.. 
The addition of an operational amplifier 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-<:ircuit Protection. 

01 sltD5l" 
02; lfIIGlN 

The circuit of figure 6 can be modified to provide 
supply protection against short circuit by adding a 
short-<:ircuit sense resistor, Rsc, and an additional 
PNP transistor. The current sensing PNP must be 
able to handle the short-<:ircuit current of the 
three-terminal regulator. Therefore, a 
four-ampere plastic power transistor is specified. 
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TO-220 MECHANICAL DATA 

. 

DIM. 
mm inch 

MIN. TYP. MAX. MIN. TYP. MAX. 

A 4.40 4.60 0.173 0.181 

C 1.23 1.32 0.048 0.051 

0 2.40 2.72 0.094 0.107 

01 1.27 0.050 

E 0.49 0.70 0.019 0.027 

F 0.61 0.88 0.024 0.034 

F1 1.14 1.70 0.044 0.067 

F2 1.14 1.70 0.044 0.067 

G 4.95 5.15 0.194 0.203 

G1 2A 2.7 0.094 0.106 

H2 10.0 10AO 0.393 OA09 

l2 16A 0.645 

l4 13.0 14.0 0.511 0.551 

l5 2.65 2.95 0.104 0.116 

l6 15.25 15.75 0.600 0.620 

l7 6.2 6.6 0.244 0.260 

19 3.5 3.93 0.137 0.154 

OIA. 3.75 3.85 0.147 0.151 

<I ~(Cl-±:Q 1 - ur=1 Ii ~. 
Ii 

l2 

~ 

LL 

", '-/ 

.. ~ i'\ '" ....... -.-.(-. ._~.L '" .. _)-._- .-.------ ------- ----.. " .. _-- C!) :I: 

~ -I. 

~ 
Dia. 

..f'\. .J 
N 

p.. LL 

19 

L7 

l6 l4 
P011C 
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DIM. 

A 

A1 

B 

B2 

C 

C2 

D 

E 

G 

L 

L2 

l3 

A 

E 
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TO-263 (D2PAK) MECHANICAL DATA 

mm 

MIN. TYP. 

4.4 

2.49 

0.7 

1.14 

0.45 

1.23 

8.95 

10 

4.88 

15 

1.27 

1.4 

.. .. 
D 

C2 DETAIL"A" 

I "'fiiJ 

• 
------" ~- ---------0 
• 

1\ .I""L.... 

L1 L 
• 

MAX. 

4.6 

2.69 

0.93 

1.7 

0.6 

1.36 

9.35 

10.4 

5.28 

15.85 

1.4 

1.75 

--. , 

AI 

, , 
I 

B2 

MIN. 

0.173 

0.098 

0.027 

0.044 

0.017 

0.048 

0.352 

0.393 

0.192 

0.590 

0.050 

0.055 

,B 

inch 

TYP. 

N 

< 
DETAIL"X' 

~ -------- __ .1 __ ~ 1 
L3 

• 

MAX. 

0.181 

0.106 

0.036 

0.067 

0.023 

0.053 

0.368 

0.409 

0.208 

0.624 

0.055 

0.088 

P011P6IF 
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Information furnished isbaleved to be accurate and reliable. However, STMicroelectroncs assumes no responsibility forthe consequenms 
of use of such information nor for any infringement at patents or other rigtrts of third parti3s which may rasu" 'from its use. No ocense is 
granted by implication or otherwise under any patent or patent fights of STMicroelectroncs. Specification mentioned in this publication are 
sUbject to change without notice. This publication supersedes and replaces all infonnatbn prevtousfy supplied. STMicroe1ec1ronics products 
are not authorized for use as entical components in life support devices or systems withouteKpre5S written approval of STMiCroeiectronics. 
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