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ABSTRACT

Home automation is the system that is designed to facilitate and save the energy. This
concept is arrangement of electronic devices which provides high reliability. With reason are substitute
deflect of human such that reduce problems and damages that many occur. A Single Chip
Microcontroller -51. which is the main component that controlled the whole system. For performance of
MCS-51 is to operate and transmitted data code to encoder, received data code from decoder to operate,

connect sensor.
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Tlsunsu thudaluia

POS1 EQU 021H
POS2 EQU 022H
POS3 EQU 023H
POS4 EQU 024H
POS5 EQU 025H
INP1 EQU 026H
INP2 EQU 027H
LOO EQU 028H
LO EQU 029H

; LDR EQU B
; ROOM1 EQU R1
; ROOM2 EQU R2
; ROOM3 EQU R3
; ROOM4 EQU R4
; ROOM5 EQU R5
ORG 0000H
START: MOV PO, #0FFH

MOV P1, #00H
MOV P2, #0FFH
MOV B, #00H
MOV POS1, #00H
MOV POS2, #00H
MOV POS3, #00H
MOV POS4, #00H
MOV POSS5, #00H
MOV INP1, #0OH
MOV INP2, #00H
MOV R1,#00H
MOV R2, #00H
MOV R3, $00H
MOV R4, #00H
MOV RS, #00H

INPUT1: MOV A, PO
CJNE A, INP1, INPOL
INPUTZ: MOV A, P2

CJNE A,INP2,INPO2
SJMP INPUT1

INPO2: NOP
LCALL DELAY2
MOV A, P2
CJINE A, #INP2,RAAA
LJMP INPUT1

AAA: LJMP AP20
INPO1: NOP
LCALL DELAY2
MOV A, PO

CJINE A, #INP1,AP10
LJMP INPUTI1

DELAY]1: MOV LOO, #0FH
DELAYI1A: NOP
NOP

DJNZ LOO,DELAY1A



RET

DELAY2: MOV LO, #01H
DELAY2A: ACALL DELAY1
NOP
NOP
DJNZ LO,DELAYZ2A
RET

AP10: JB INP1.0,AP10A
JB ACC.0,UP10
SJMP AP11

AP10A: JNB ACC.0, DOWN1O
SJMP AP1l1

UP10: SETB INP1.0
JB POS1.2,UP10A
SETB POS1.0

SJMP AP11
UP10A: CLR POS1.2

SETB POS1.6

SJMP AP11
DOWN1O0: CLR INP1.0

JB POS1.3, DOWN1OA
SETB POS1.1
SJMP AP1l1
DOWN1OA: CLR POS1.3
JB POS1.4,RES10
LCALL R1RO
RES10: CLR POS1.4
CLR POS1.6
SJMP AP1l1

AP11: JB INP1.1,AP11A
JB ACC.1,UP11
SJMP AP12

AP11A: JNB ACC.1,DOWN11
SJMP AP12

UP11: SETB INP1.1
JB POS1.0,UP11A
SETB POS1.2

SJMP AP12
UP11A: CLR POS1.0

SETB POS1.4

SJMP AP12
DOWN11: CLR INP1.1

JB POS1.1,DOWN11A
SETB POS1.3
SJMP AP12
DOWN11A: CLR POS1.1
JB POS1.6,RES11
LCALL ROR1
RES11: CLR POS1.4
CLR POS1.6
SJMP AP12

AP12: JB INP1.2,AP12A
JB ACC.2,UP12
SJMP AP13

AP12A: JNB ACC.2, DOWN12
SJMP AP13

UpP12: SETB INP1.2



UP12A:

DOWN12:

DOWN12A:

RES12:

AP13:

AP13A:

UP13:

UP13A:

DOWN13:

DOWN13A:

RES13:

AP14:

AP14A:

UP14:

UP14A:

DOWN14 :

DOWN14A:

RES14:

JB POS2.2,UP12A
SETB P0S2.0
SJMP AP13

CLR POS2.2

SETB P0S2.6
SJMP AP13

CLR INP1.2

JB POS2. 3, DOWN12A
SETB P0S2.1
SJMP AP13

CLR POS2.3

JB POS2.4,RES12
LCALL R2R1

CLR POS2.4

CLR POS2.6

SJMP AP13

JB INP1.3,AP13A
JB ACC.3,UP13
SJMP AP14

JNB ACC. 3, DOWN13
SJMP AP14

SETB INP1.3

JB P0S2.0,UP13A
SETB P0S2.2
SJMP AP14

CLR P0S2.0

SETB POS2.4
SJMP AP14

CLR INP1.3

JB POS2.1, DOWN13A
SETB P0S2.3
SJMP AP14

CLR POS2.1

JB POS2.6,RES13
LCALL R1R2

CLR POS2.4

CLR POS2.6

SJMP AP14

JB INP1.4,AP14A
JB ACC.4,0P14
SJMP AP15

JNB ACC. 4, DOWN14
SJMP AP15

SETB INP1.4

JB POS3.2,0UP14A4
SETB P0OS3.0
SJMP AP15

CLR POS3.2

SETB P0S3.6
SJMP AP1S5

CLR INP1.4

JB POS3.3,DOWN14A
SETB POS3.1
SJMP AP15

CLR POS3.3

JB POS3.4,RES14
LCALL R3R2

CLR POS3.4

CLR POS3.6



SJMP AP15

AP15: JB INP1.5,AP15A
JB ACC.5,UP15
SJMP APl6

AP15A: JNB ACC.5, DOWN15
SJMP APl6

UP15: SETB INP1.5

JB P0S3.0,UP15A
SETB POS3.2

SJMP AP16
UP15A: CLR P0OS3.0

SETB P0OS3.4

SJMP APl6
DOWN15: CLR INP1.5

JB POS3.1,DOWN15A
SETB POS3.3
SJMP AP16
DOWN15A: CLR POS3.1
JB POS3.6,RES15
LCALL R2R3
RES15: CLR POS3.4
CLR POS3.6
SJMP AP16

AP16: JB INP1l.6,AP16A
JB ACC.6,U0P16
SJMP AP17

AP16A: JNB ACC. 6, DOWN16
SJMP AP17

UP16: SETB INP1.6
JB POS4.2,UP16A
SETB P0OS4.0

SJMP AP17
UP16A: CLR POS4.2

SETB POS4.6

SJMP AP17
DOWN16 : CLR INP1.6

JB POS4.3,DOWN16A
SETB POS4.1
SJMP AP17
DOWN16A: CLR POS4.3
JB POS4.4,RES16
LCALL R4R2
RES16: CLR POS4.4
CLR POS4.6
SJMP AP17

AP17: JB INP1.7,AP17A
JB ACC.7,U0P17
LJMP INPUT2

AP17A: JNB ACC.7,DOWN17
LJMP INPUT2
UP17: SETB INP1.7

JB POS4.0,UP17A

SETB POS4.2

LJMP INPUT2
UP17A: CLR POS4.0

SETB POS4.4

LJMP INPUT2
DOWN17: CLR INP1.7



DOWN17A:

RES17:

AP20:

AP20A:

UP20:

UP20A:

DOWN20:

DOWNZ20A:

RES20:

AP21:

AP21A:

UP21:

UP21A:

DOWN21 :

DOWNZ21A:

RES21:

AP22:

AP22A:

JB POS4.1, DOWN17A
SETB POS4.3

LJMP INPUT2

CLR POS4.1

JB POS4.6,RES17
LCALL R2R4

CLR POS4.4

CLR POS4.6

LJMP INPUT2

JB INP2.0,AP20A
JB ACC.0,UP20
SJMP AP21

JNB ACC.0, DOWN20
SJMP AP21

SETB INP2.0

JB POS5.2,UP20A
SETB P0OS5.0

SJMP AP21

CLR POSS5.2

SETB POS5.6

SJMP AP21

CLR INP2.0

JB POS5. 3, DOWN20A
SETB POS5.1

SJMP AP21

CLR POS5.3

JB POS5.4,RES20
LCALL R5R2
CLR POS5.4
CLR POS5.6
SJMP AP21

JB INP2.1,AP21A
JB ACC.1,UP21
SJMP AP22

JNB ACC.1,DOWN21
SJMP AP22

SETB INP2.1

JB POS5.0,UP21A
SETB POS5.2
SJMP AP22

CLR P0OS5.0

SETB POS5.4
SJMP AP22

CLR INP2.1

JB POS5.1,DOWN21A
SETB P0OS5.3
SJMP AP22

CLR POS5.1

JB POS5.6,RES21
LCALL R2R5

CLR POS5.4

CLR POS5.6

SJMP AP22

JB B.0,AP22A

JB ACC.2,LDRUP
LJMP INPUT1

JNB ACC. 2, LDRDOWN
LJMP INPUT1



LDRUP:

LDRUPA:

LDRDOWN :

LDRDOWNA :

R1RO:

R1ROA:

R1ROB:

ROR1:

ROR1A:

R2R1:

R2R1A:

R2R1B:

R2R1C:

R1R2:

R1R2A:

R1R2B:

R3R2:

R3R2A:

R3R2B:

R2R3:

R2R3A:

R2R3B:

SETB B.0O

SETB P1.0

CJNE R1, #00H, LDRUPA
LJMP INPUT1

SETB P1.1

LJMP INPUT1

CLR B.0

CLR P1.0

CJINE R1, #00H, LDRDOWNA
LJMP INPUT1

CLR P1.1

LJMP INPUT1

CJNE R1, #00H, R1IROA
INC R1

DEC R1

CJNE R1, #00H, R1ROB
CLR P1.1

RET

INC R1

JNB B.0, ROR1A
SETB Pl.1

RET

CJINE R2, #00H, R2R1A
INC R2

DEC R2

CJNE R2, #00H, R2R1B
CLR P1.2

INC R1

JNB B.0,R2R1C

SETB PL. L

RET

CJINE R1, #00H, R1R2A
INC R1

DEC R1

CJNE R1, #00H, R1R2B
CLR P1.1

INC R2
SETB P1.2
RET

CJNE R3, #00H, R3R2A
INC R3

DEC R3

CJINE R3, #00H, R3R2B
CLR P1.3

INC R2
SETB P1.2
RET

CJINE R2, #00H, R2R3A
INC R2

DEC R2

CJINE R2, #00H, R2R3B
CLR P1.2

INC R3

SETB P1.3

RET



R4R2: CJINE R4, #00H, R4R2A
INC R4

R4R2A: DEC R4
CJINE R4, #00H, R4R2B
CLR P1.4

R4R2B: INC R2
SETB P1.2
RET

R2R4: CJINE R2, #00H, R2R4A
INC R2

R2R4A: DEC R2
CJINE R2, #00H, R2R4B
CLR P1.2

R2R4B: INC R4
SETB P1.4
RET

R5R2: CJINE R5, #00H, R5R2A
INC RS

R5R2A: DEC R5
CJINE R5, #00H, R5R2B
CLR P1.5

R5R2B: INC R2
SETB~P1l.2
RET

R2R5: CJINE R2, #00H, R2R5A
INC R2

R2R5A: DEC R2
CJNE R2, #00H, R2R3B
CLR P1.2

R2R5B: INC RS
SEPB PleP
RET

END
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Vishay Telefunken

Photo Modules for PCM Remote Control Systems

Available types for different carrier frequencies
£ iz y’p<e»; e SN ok T yp
TSOP4830 30 khz TSOP4833 33 kHz
TSOP4836 36 khz TSOP4837 36.7 kHz
TSOP4838 38 kHz TSOP4840 40 kHz
TSOP4856 56 kHz
Description

The TSOP48.. — series are miniaturized receivers for
infrared remote control systems. PIN diode and
preamplifier are assembled on lead frame, the epoxy
package is designed as IR filter.
The demodulated output signal can directly be
decoded by a microprocessor. TSOP48.. is the
standard IR remote control receiver series, supporting

all major transmission codes.

14500

Features
Photo detector and preampilifier in one package e Low power consumption
e Internal filter for PCM frequency e High immunity against ambient light
Improved shielding against electrical field e Continuous data transmission possible
disturbance (800 bit/s)
e TTL and CMOS compatibility e Suitable burst length >10 cycles/burst
® Output active low
Block Diagram
3
c OVs
Input C‘_’”tral
ircui 30 kO
5 A 1
A PN J posil
Band Demodu-
AGC ~ | Pass lator
f=pasn] 2
R GND
9612226
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TSOP48..

Vishay Telefunken

Absolute Maximum Ratings

Tamb = 256°C

N
VISHAY

Supply Voltage (Pin 3) Vg \)
Supply Current (Pin 3) Is mA
Output Voltage (Pin 1) Vo \%
Output Current (Pin 1) lo mA
Junction Temperature T; °C
Storage Temperature Range Tstq °C
Operating Temperature Range Tamb °C
Power Consumption (Tamb = 85 °C) Piot mw
Soldering Temperature t = 10s, 1 mm from case Ted °C
Basic Characteristics
Tamb = 25°C
.8 /Parameter: . TestConditions" Symbol.| Min | . Unit
. Vs=5V,E,=0 Isp 0.8 mA
SUpply Gurrent (Pin 8) Vs =5V, E, = 40Kix, sunfight - mA
Supply Voltage (Pin 3) Vs 4.5 V
- ; E, = 0, test signal see fig.7,
Transmission Distance IR diode TSAL6200, I = 250 mA d 35 m
Output Voltage Low (Pin 1) lost =0.5mA Eg=0.7 mW/m? VosL 250 mV
Pulse width tolerance:
Irradiance (30 — 40 kHz) toi — Slfp <tpo < 1y + 6/, Bo i 0.2 | 0.4 |mW/m2
test signal see fig.7
Pulse width tolerance:
Irradiance (56 kHz) toi — 5l < tpo < ti + 6/f,, Ee min 03 | 0.6 |mW/m2
test signal see fig.7
Irradiance toi — Slip £ too <ty +6/f5 Ed pak—t’ 30 W/m?2
Directivity Angle of half transmission distance | ©1p +45 deg
Application Circuit
. 100Q *) +5V
O R 3 . 2 O
47 uF i_
TSOPA48.. b _)__ El B
s optional
TSALG2. */ 1 uC
\\\ *%x
' D 2 O
16114 GND
*) recommended to suppress power supply disturbances
**) The output voltage should not be hold continuously at a voltage below 3.3V by the external circuit.
www.vishay.com Document Number 82090
2(7)
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Suitable Data Format

The circuit of the TSOP48.. is designed in that way that
unexpected output pulses due to noise or disturbance
signals are avoided. A bandpassfilter, an integrator
stage and an automatic gain control are used to
suppress such disturbances.

The distinguishing mark between data signal and
disturbance signal are carrier frequency, burst length
and duty cycle.

The data signal should fullfill the following condition:

e Carrier frequency should be close to center
frequency of the bandpass (e.g. 38kHz).

e Burst length should be 10 cycles/burst or longer.

¢ After each burst which is between 10 cycles and 70
cycles a gap time of at least 14 cycles is necessary.

e For each burst which is longer than 1.8ms a
corresponding gap time is necessary at some time in
the data stream. This gap time should be at least 4
times longer than the burst.

e Up to 800 short bursts per second can be received
continuously.

Vishay Telefunken

Some examples for suitable data format are:
NEC Code, Toshiba Micom Format, Sharp Code, RC5
Code, RC6 Code, R—2000 Code.

When a disturbance signal is applied to the TSOP48..
it can still receive the data signal. However the
sensitivity is reduced to that level that no unexpected
pulses will occure.

Some examples for such disturbance signals which
are suppressed by the TSOP48.. are:

e DC light (e.g. from tungsten bulb or sunlight)

o Continuous signal at 38kHz or at any other
frequency

e Signals from fluorescent lamps with electronic
ballast with high or low modulation (see Figure A or
Figure B).

0 5 10

15 20

time [ms]

Figure A: IR Signal from Fluorescent Lamp with low Modulation

Figure B: IR Signal from Fluorescent Lamp with high Modulation

Document Number 82090
Rev. 9, 29-Mar 01

www.vishay.com
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TSOP48..
Vishay Telefunken

Typical Characteristics (T;mp = 25°C unless otherwise specified)

1.0 N
/\ E 20 /
£ T\ z - /
Zz 08 I \ e f(E)=fo
2 ~ 1.6
=] Q
g | 1T\ g /|
O 0.6 =] /
= / \ T 12
5 E L
I~ \ =
'o04 s
2, / N\ g 08
0.2 ; o
wE f=fo+ 5% '.E 0.4 |——
¢ Af(3dB)=1fy/10 o —
0.0 l I ' 0.0
07 08 09 10 11 12 13 0.0 0.4 0.8 1.2 1.6 20
94 8143 f/fo — Relative Frequency 94 8147 E - Field Strength of Disturbance ( kV/m )
Figure 1. Frequency Dependence of Responsivity Figure 4. Sensitivity vs. Electric Field Disturbances
1.0 ~ 10 T
o~ 3 QI
0.9 /'_,,_ ——— §E f=f
E 08 oot oo umwsousostosats e 1 kHz
-a 0.7 Input burst duratiox? g / I
S 06 S /
j - S A 10 kHz
2 05 £ 1
& A =950 nm, ) V4 7/
5 04 optical test signal, fig.7 2 —- /
= % | LT Z
5 03 = A »
© ) 11
102 i 100 Hz
2 E
<01 °
m
0 0.1
0.1 1.0 100 100.0 1000.0 10000.0 0.01 0.1 1 10 100 1000
96 12110 E, — Irradiance (mW/m2 ) 949106 AVspms -~ AC Voltage on DC Supply Voltage (mV)
Figure 2. Sensitivity in Dark Ambient Figure 5. Sensitivity vs. Supply Voltage Disturbances
50 I 4 T 1o
E 45| Correlation with ambient light sources | E 09 { | ] I l
B (Disturbance effect): 10W/m2 = 1.4kix = Sensitivity in dark ambient
E 40| (Stand.illum.A,T=2855K)=82klx —] g 08
3 35 (Daylight, T=5900K) f 8 07
i=1 =
< <
5 3.0 5 0.6
< <
E 25 / £ 0.5
= / =
£ 20 / £ 04 —
E 15 Ambient, A =950 nm E 03
= y &=
[ 1.0 /_, | 0.2
£ 05 — £ 01
I-Uv 0 m 0
0.01 0.10 1.00 10.00 100.00 =30 -15 0 15 30 45 60 75 90
96 12111 E — DC Irradiance (W/m?2) 96 12112 Tamb — Ambient Temperature ( °C )
Figure 3. Sensitivity in Bright Ambient Figure 6. Sensitivity vs. Ambient Temperature
www.vishay.com Document Number 82090
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Optical Test Signal
Es | (IR diode TSAL6200, I = 0.4 A, 30 pulses, f = fo, T = 10 ms)
i

(NI Anmmn o

t
*tpi = 10/fo is recommended for optimal function

Output Signal 16110
Vo
1) Tho<tg< 15/ -
VoH 2) tho =ty % 6ffg
VoL :
td1 ) tpoz
Figure 7.
Optical Test Signal
Ee
t
948134
Output Signal, ( see Fig.10)
Vo

Tttt

]
b R

Figure 8. Output Function

0.8 T T
f=38 kHz
0.7

0.6 o~
0.5 /// \
iy \

0.3 /

0.2

Envelope Duty Cycle

0.1

0

10 20 30 40 50 60 70 80 90
16156 Burstlength [number of cycles/burst]

Figure 9. Max. Envelope Duty Cycle vs. Burstlength

Vishay Telefunken
1.0
é 0.9
5 08
2] Ton
PRNY] VA
£ o5 /\“ =N,
LS ]
g 04 Tofr
2 |
.03 ,
= A =950 nm,
5 0.2
= optical test signal, fig.8
FS 0.1 | l {
0
0.1 1.0 10.0  100.0 1000.0 10000.0
96 12114 E. — Irradiance (mW/m?)
Figure 10. Output Pulse Diagram
= 12
=
g 1.0 /
0
5 08
(53
&
° 06
> 2 ]
g / i
& 0.4 \
! i ( \
o 2 / ~
0
750 850 950 1050 1150
94 8408 A — Wavelength ( nm )

Figure 11. Relative Spectral Sensitivity vs. Wavelength

0° 10° 20°

30°

T faoe
150
60°

3700
80°

06 04 02 0 02 04 06
dre| — Relative Transmission Distance

96 12223p2

Figure 12. Directivity

Document Number 82090
Rev. 9, 29-Mar 01

www.vishay.com
5(7)



TSOP48.. m

Vishay Telefunken
Dimensions in mm
6 3.9
: F"’-\\
- ] I Y
-4 a :
o | 2 l
e :
wn I /J
L) !
S :
un .
R = |
i
our (I anofl| |l vee
i '
l I 0.5 max.
2.54 nom.
0.7 max. ) 1.3
254 nom. | _ L
5.6
marking aig: ‘ . /\ Not indicated tolerances +0.2
" Tt
technical drawings
16003 according fo DIN
RZS specifications
i el Document Number 82090
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Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment.

Itis particular concern to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Should the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)713167 2831, Fax number: 49 (0)7131 67 2423

Document Number 82090 www.vishay.com
Rev. 9, 29-Mar 01 7(7
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TSAL7400

Vishay Telefunken

GaAs/GaAlAs IR Emitting Diode in ¢ 5 mm (T—1%)
Package

Description

TSAL7400 is a high efficiency infrared emitting diode
in GaAlAs on GaAs technology, molded in clear plastic

packages.

In comparison with the standard GaAs on GaAs
technology these emitters achieve more than 100 %
radiant power improvement at a similar wavelength.

The forward voltages at low current and at high pulse
current roughly correspond to the low values of the
standard technology. Therefore these emitters are
ideally suitable as high performance replacements of

standard emitters.

Features

Extra high radiant power and radiant intensity

High reliability

Low forward voltage

Suitable for high pulse current operation
Standard T-1% (g 5 mm) package
Angle of half intensity ¢ =+25°

Peak wavelength A, = 940 nm

Good spectral matching to Si photodetectors

Applications
Infrared remote control units with high power requirements
Free air transmission systems
Infrared source for optical counters and card readers
IR source for smoke detectors

Absolute Maximum Ratings

948389

Tamb = 25°C
e . Parameter est Conditions ol. | 2valie Unit

Reverse Voltage 5 \%
Forward Current 100 mA
Peak Forward Current to/T = 0.5, t, = 100 ps 200 mA
Surge Forward Current to = 100 pus 15 A
Power Dissipation 210 mW
Junction Temperature 100 °C
Operating Temperature Range -55...+100 °C
Storage Temperature Range —55...+100 °C
Soldering Temperature t = 5sec, 2 mm from case Tsd 260 °C
Thermal Resistance Junction/Ambient Rina 350 K/W

Document Number 81014
Rev. 3, 20-May-99

www.vishay.de e FaxBack +1-408-970-5600
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TSAL7400

Vishay Telefunken

Basic Characteristics

- pamm . TestCondition's Symt Typ  |Max |- Unit
Forward Voltage Ie=100 mA, t; =20 ms VE 1.35 1.6 \Y;
le=1At,=100pus Vg 2.6 3 V
Temp. Coefficient of Vg Ig = 100mA TKvg -1.3 mV/K
Reverse Current VgR=5V Ir 10 pA
Junction Capacitance VR=0V,f=1MHz, E=0 G 25 pF
Radiant Intensity le=100 mA, t, =20 ms le 25 40 mW/sr
le=1.0A, t,=100 us le 220 310 mW/sr
Radiant Power Ie =100 mA, t; =20 ms de 35 mW
Temp. Coefficient of ¢e le=20 mA TKee —0.6 %K
Angle of Half Intensity (0] +25 deg
Peak Wavelength Ir =100 mA Ap 940 nm
Spectral Bandwidth Ig =100 mA AN 50 nm
Temp. Coefficient of A, I =100 mA TKyp 0.2 nm/K
Rise Time Ir =100 mA tr 800 ns
Fall Time I =100 mA t¢ 800 ns
Virtual Source Diameter method: 63% encircled 2 2.8 mm
energy
Typical Characteristics (Tymp = 25°C unless otherwise specified)
250 250
Z 200 \ g 200
g 150 N E 150
'g— \\ Rinja § "
s 100 R
n% } i \\ ‘-'-«T \\R‘MA
2> 50 \\ =50 ;
0 l 0 ‘
0 20 40 60 8 100 0 20 40 60 g0 100

947957 ¢

Figure 1. Power Dissipation vs. Ambient Temperature

Tamb — Ambient Temperature ( °C)

96 11986

Tamb — Ambient Temperature ( °C )

Figure 2. Forward Current vs. Ambient Temperature

www.vishay.de e FaxBack +1-408-970-5600
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TSAL7400

10!
<
= IpsmMm=1A( Smgle}’ulse)
L 1 O
= [
o tp/T=0.01
'g 100 = 0.05 — ]
£ IS
(=] il — ~
Lx'. 0! \~~\\§:.\~—:_
_‘u. 05 \~—--
i
|
1041 1.0
102 10-1 100 10! 102
96 11987 tp — Pulse Duration ( ms)

Figure 3. Pulse Forward Current vs. Pulse Duration
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Figure 4. Forward Current vs. Forward Voltage
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Figure 5. Relative Forward Voltage vs.
Ambient Temperature

Vishay Telefunken
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Figure 6. Radiant Intensity vs. Forward Current
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Figure 7. Radiant Power vs. Forward Current
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Figure 8. Rel. Radiant Intensity\Power vs.
Ambient Temperature

Document Number 81014

Rev. 3, 20-May-99

www.vishay.de e FaxBack +1-408-970-5600

3(5)



TSAL7400
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Ozone Depleting Substances Policy Statement

It is the policy of Vishay Semiconductor GmbH to
1. Meet all present and future national and international statutory requirements.

2. Regularly and continuously improve the performance of our products, processes, distribution and operating
systems with respect to their impact on the health and safety of our employees and the public, as well as their
impact on the environment.

Itis particular concemn to control or eliminate releases of those substances into the atmosphere which are known as
ozone depleting substances (ODSs).

The Montreal Protocol (1987) and its London Amendments (1990) intend to severely restrict the use of ODSs and
forbid their use within the next ten years. Various national and international initiatives are pressing for an earlier ban
on these substances.

Vishay Semiconductor GmbH has been able to use its policy of continuous improvements to eliminate the use of
ODSs listed in the following documents.

1. Annex A, B and list of transitional substances of the Montreal Protocol and the London Amendments respectively

2. Class | and Il ozone depleting substances in the Clean Air Act Amendments of 1990 by the Environmental
Protection Agency (EPA) in the USA

3. Council Decision 88/540/EEC and 91/690/EEC Annex A, B and C (transitional substances) respectively.

Vishay Semiconductor GmbH can certify that our semiconductors are not manufactured with ozone depleting
substances and do not contain such substances.

We reserve the right to make changes to improve technical design and may do so without further notice.
Parameters can vary in different applications. All operating parameters must be validated for each customer application
by the customer. Should the buyer use Vishay-Telefunken products for any unintended or unauthorized application, the

buyer shall indemnify Vishay-Telefunken against all claims, costs, damages, and expenses, arising out of, directly or
indirectly, any claim of personal damage, injury or death associated with such unintended or unauthorized use.

Vishay Semiconductor GmbH, P.O.B. 3535, D-74025 Heilbronn, Germany
Telephone: 49 (0)7131 67 2831, Fax number: 49 (0)7131 67 2423

Document Number 81014 www.vishay.de e FaxBack +1-408-970-5600
Rev. 3, 20-May-99 5(5)



LM555/LM555C
Timer

General Description

The LM555 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external re-
sistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200 mA or drive
TTL circuits.

ﬂNational Semiconductor

May 1997

Features

= Direct replacement for SES55/NES55

Timing from microseconds through hours
Operates in both astable and monostable modes
Adjustable duty cycle

Output can source or sink 200 mA

Output and supply TTL compatible

Temperature stability better than 0.005% per 'C
Nomally on and normally off output

Available in 8 pin MSOP package

Applications
Precision timing

Pulse generation
Sequential timing

Time delay generation
Pulse width modulation
Pulse position modulation
Linear ramp generator

Schematic Diagram
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Absolute Maximum Ratings (ote 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage +18V
Power Dissipation (Note 3)
LM555H, LM555CH 760 mW
LMSSS, LM555CN 1180 mwW
LM555CMM 613 mW
Operating Temperature Ranges
LM555C 0°C to +70°C
LM555 -55'Cto + 125°C

Electrical Characteristics (Notes 1, 2)
(Ta = 25°C, Ve = +5V to +15V, unless othewise specified)

Storage Temperature Range —65°C to +150°C
Soldering Information
Dual-In-Line Package
Soldering (10 Seconds) 260°C
Small Outline Packages
(SOIC and MSOP)
Vapor Phase (60 Seconds) 215°C
Infrared (15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect

on Product Reliability” for other methods of soldering
surface mount devices.

Limits
Parameter Conditions LM555 LMS55C Units
Min Typ Max | Min Typ Max
Supply Voltage 4.5 18 45 16 v
Supply Current Vee = V. Ry = e 3 5 3 6 mA
Vee = 15V, R = = 10 12 10 15 mA
(Low State) (Note 4)
Timing Error, Monostable
Initial Accuracy 0.5 1 %
Drift with Temperature RA = 1k to 100 kQ, 30 50 ppm/°'C
C =0.1 yF, (Note 5)
Accuracy over Temperature 1.5 1.5 %
Drift with Supply 0.05 0.1 %IV
Timing Error, Astable
Initial Accuracy 1.5 225 %
Drift with Temperature Ra. Rg = 1k to 100 k€, 90 150 ppm/°C
C =0.1 pF, (Note 5)
Accuracy over Temperature 25 3.0 %
Drift with Supply 0.15 0.30 %NV
Threshold Voltage 0.667 0.667 X Vee
Trigger Voltage Vee = 15V 4.8 5 52 5 \
Vee = 5V 1.45 1.67 1.9 1.67 \"
Trigger Current 0.01 0.5 0.5 0.9 pA
Reset Voltage 0.4 0.5 1 0.4 0.5 i \%
Reset Current 0.1 04 0.1 0.4 mA
Threshold Current (Note 6) ud 0.25 0.1 0.25 pA
Control Vottage Level Vee = 15V 9.6 10 104 9 10 11 \Y
Vee = 5V 29 3.33 3.8 26 3.33 4 \
Pin 7 Leakage Output High 1 100 1 100 nA
Pin 7 Sat (Note 7)
Output Low Vee = 15V, 1; =15 mA 150 180 mV
Output Low Vee = 4.5V, 1; = 4.5 mA 70 100 80 200 mv
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Electrical Characteristics (Notes 1, 2) (Continued)
(Ta = 25°C. Ve = +5V to +15V, unless othewise specified)

Limits
Parameter Conditions LM555 LM555C Units
Min Typ Max | Min Typ Max
Output Voltage Drop (Low) Vee = 15V
Isink = 10 mA 0.1 0.15 0.1 0.25 \%
Isink = 50 mA 0.4 0.5 0.4 0.75 Vv
Isink = 100 mA 2 22 2 25 \
Isink = 200 mA 25 25 \Y
Vee =5V
Isink = 8 MA 0.1 0.25 \
Isink = 5 MA 0.25 0.35 \
Output Voltage Drop (High) Isource = 200 mA, Ve = 15V 12.5 125 \Y
lsource = 100 MA, Ve = 15V 13 133 12.75 133 \%
Vee = 5V 3 3.3 275 33 \%
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.
Note 2: Absoluste Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is func-
tional, but do not guarantee specific performance limits. Electrical Characteristics state DC and AC electrical specifications under particular test conditions which guar-

antee specific performance imits. This assumes that the device is within the Operating Ratings. S| ions are not for where no limit is
given, however, the typical value is a good indi of device
Note 3: For ing at et d temp the device must be derated above 25°C based on a +150°C maximum junction temperature and a thermal resistance

of 164°C/W (T0-5), 106°CW (DIP), 170°C/W (S0-8), and 204"C/W (MSOP) junction to ambient.

Note 4: Supply cumrent when output high typically 1 mA less at Ve = 5V.

Note 5: Tested at Vcc = 5V and Vg = 15V.

Note 6: This will determine the maximum value of Ry + Rg for 15V operation. The maximum total (R4 + Rg) is 20 MQ.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 8: Refer o RETS555X drawing of miltary LM555H and LMS555J versions for specifications.

Connection Diagrams

Metal Can Package Dual-In-Line, Small Outline
and Molded Mini Small Outline Packages

1 8
DISCHARGE END ———-1v —

1
—— OISCHARGE

TRIGGER — (=]
=

3 3
ourruT ——{&=] —— THRESHOLD

L

0S007851-2

‘ 7 5
Top View BESEY = VoLTace
Order Number LM555H or LMS55CH
See NS Package Number H08C Osoorest3
Top View

Order Number LM555J, LM555CJ,
LM555CM, LM555CMM or LM555CN
See NS Package Number JO8A, M08A, MUAOSA or
NOSE
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Minimulm Pulse Width
Required for Triggering
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Output Propagation Delay vs
Voltage Level of Trigger Pulse
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Typical Performance Characteristics

Supply Current vs
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Low Output Voltage vs
Output Sink Current
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Output Propagation Delay vs
Voltage Level of Trigger Pulse
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High Output Voltage vs
Output Source Current
T
1.8 Ta==-55°C
16
14
12
1
[X)
06 —

]
1
11

Ta = 425°C |11

Ta = +125°C 1
1

Vee = Your (V)

02
[}

11

'

% SV <Vec < 1SV
|

1 1 100

Isounce (mA)
DS007851-20

Low Output Voltage vs
Output Sink Current
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Discharge Transistor (Pin 7)
Voltage vs Sink Current
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Typical Performance Characteristics (Continued)

Discharge Transistor (Pin 7)
Voltage vs Sink Current

Vgar (mV) PIN ?

Applications Information
MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Figure 1). The extemal capacitor is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 V. to pin 2, the fiip-flop is
set which both releases the short circuit across the capacitor
and drives the output high.

+5VT0 415V
@—0 +V,
I' RESET £
| T- B
<
4 0
TRIGGER DISCHARGE
NORMALLY o—2 7
“ON" LOAD
THRESHOLD
I [UH 6 i
1 CONTROL
ouTPUT VOLTAGE
I\ S LD S
NORMALLY 1 [
i
OFF-L080 | 0.01F
—

DS007851-5

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 R, C, at the end of which time the
voltage equals 2/3 V.. The comparator then resets the
flip-flop which in tum discharges the capacitor and drives the
output to its low state. Figure 2 shows the waveforms gener-
ated in this mode of operation. Since the charge and the
threshold level of the comparator are both directly propor-
tional to supply voltage, the timing intemal is independent of
supply.

Isik (mA] PIN 7
0500785127
i
/ i/ /] / /]
0S007651-8
Vee = 5V Top Trace: Input SV/Div.
TIME = 0.1 ms/DIV. Middle Trace: Output SV/Div.
Ra = 9.1kQ Bottom Trace: Capacitor Voltage 2V/Div.
C =0.01 yF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit so ong
as the trigger input is retumed high at least 10 s before the
end of the timing interval. However the circuit can be reset
during this time by the application of a negative pulse to the
reset terminal (pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that
it be connected to V¢ to avoid any possibility of false trig-
gering.

Figure 3is a nomograph for easy determination of R, C val-
ues for various time delays.

NOTE: In monostable operation, the trigger should be driven
high before the end of timing cycle.
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Applications Information (continueq)

=3

C = CAPACITANCE (uF)

4%

0.001
1045100 us1ms 10ms 100ms 1s {0s 100s

tq = TIHE DELAY

\;

DS007851-7

FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibrator.
The extemal capacitor charges through R, + Ry and dis-
charges through Rg. Thus the duty cycle may be precisely
set by the ratio of these two resistors.

®—O+Vee

J——ﬂ A

q )

LMSSS 6 :L
s

el
N}

FIGURE 4. Astable

———— A
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ES

(

0S007851-8

In this mode of operation, the capacitor charges and dis-
charges between 1/3 Ve and 2/3 V¢c. As in the triggered
mode, the charge and discharge times, and therefore the fre-
quency are independent of the supply voltage.

Figure 5 shows the waveforms generated in this mode of
operation.

05007851-9
Vee = SV Top Trace: Output 5V/Div.
TIME = 20 ps/DIV. Bottom Trace: Capacitor Voltage 1V/Div.
Ra = 3.9kQ
Rg = 3kQ
C = 0.01 pF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
t; = 0.693 (Ry + Rg) C
And the discharge time (output low) by:
t, = 0.693 (Rg) C
Thus the total period is:
T=1t +t, = 0693 (Ry +2Rg) C
The frequency of oscillation is:

121 1.44

T (Ra+2RgC

Figure 6 may be used for quick determination of these RC
values.

The duty cycle is:

i

C - CAPACITANCE (uF)

100 Tk 10k 180k
f— FREE-RUNNING FREQUENCY (H2)
05007851-10

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by three
circuit.
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App| ications Information (Continued) the modulating signal, since the threshold voltage'and hence
the time delay is varied. Figure 11 shows the waveforms

generated for a triangle wave modulation signal.

| [
Jl 1ul- HA i ) A
Ra
; 0 [
2 7
%n.
| —1 L LMSSS 6
A i
MODULATION
DS007851-11 0UTPUT O— 3 sk—o .
Ve = 5v Top Trace: Input 4V/Div. 1
TIME = 20 ps/DIV.  Middie Trace: Output 2V/Div.
RA = 9.1 KQ Bottom Trace: Capacitor 2V/Div.
C =0.01 pF
FIGURE 7. Frequency Divider =
0S007851-14
PULSE WIDTH MODULATOR FIGURE 10. Pulse Position Modulator
When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform 7 N
examples. N A
3 MY
P & ()
Ra -+
[ ] ; b
DISCHARGE
TRIGGER O—— {2 1
b~ — n -
LM555 6 THRESHOLD
MODULANU-J
INPUT
QUTPUT O—3 5 —0 —c 0S007851-15
1 < Vee = 5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DV. Bottom Trace: Output 2V/Div.
Ra = 3.9kQ
Rg =3kQ
= C = 0.01pF
0S007851-12
FIGURE 8. Pulse Width Modulator FIGURE 11. Pulse Position Modulator
LINEAR RAMP
—== When the pullup resistor, R,, in the monostable circuit is re-
/,/ N olaced by a constant current source, a linear ramp is gener-
\\ ated. Figure 12 shows a circuit configuration that will perform
™ this function.
S —
l ®—O Ve
i i
4 R1
TRIGGER 2
0S007851-13
Vee = 5V Top Trace: Modulation 1V/Div. LMS5S
TIME = 0.2 ms/DIV. Bottom Trace: Output Vottage 2V/Div.
Rp = 9.1kQ R2
C =0.01pF OUTPUT O— 3
FIGURE 9. Pulse Width Modulator !
PULSE POSITION MODULATOR L
This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied 0S007851-16
to the control voltage terminal. The pulse position varies with FIGURE 12
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Applications Information (continued)

Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:
_ 2/3Vec Re(Ry + Rp)C
Ry Vec — Vee (R1 + Ro)
Vgg = 0.6V
Vge = 0.6V

v
L P

DS007851-17
Ve = 5V Top Trace: Input 3V/Div.
TIME = 20 ps/OIV. Middle Trace: Output SV/Div.
R =47 kQ Bottom Trace: Capacitor Vottage 1V/Div.
R, = 100 kQ
Re = 27kQ
C =0.01pF

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ry and Rg may be con-
nected as in Figure 14. The time period for the output high is
the same as previous, t; = 0.693 R, C. For the output low it
ist, =

Rg — ZRA]

[(RA Rg)/(Ra + RB)] C ¢én [2RB _—

Thus the frequency of oscillation is

1

f=
t+ 12
@—O0 *Vcc
Ry
a Stk
8
‘ s 22
2 7 A
LMSSS 6
OUTPUT O— 3 H l 4
f 8.01F
0.01uF
DS007851-18

FIGURE 14. 50% Duty Cycle Osclllator

Note that this circuit will not oscillate if Rg is greater than 1/2
Ra because the junction of R4 and Rg cannot bring pin 2
down to 1/3 V¢ and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated circuitry. Minimum recommended is 0.1 pF in par-
allel with 1 pF electrolytic.

Lower comparator storage time can be as long as 10 ps
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10 ps minimum.

Delay time reset to output is 0.47 ps typical. Minimum reset
pulse width must be 0.3 ps, typical.

Pin 7 current switches within 30 ns of the output (pin 3) volt-
age.
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Physical Dimensions inches (millimeters)
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Physical Dimensions inches (milimeters) (Continued)
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Physical Dimensions inches (millimeters) (Continued)
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LM555/LM555C Timer

Physical Dimensions inches (milimeters) (Continued)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS-ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMI-

Molded Dual-In-Line Package (N)
Order Number LM555CN
NS Package Number NOSBE

CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys-
tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and whose fail-
ure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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General Description

The LM567 and LM567C are general purpose tone decod-
ers designed to provide a saturated transistor switch to
ground when an input signal is present within the passband.
The circuit consists of an | and Q detector driven by a volt-
age controlled oscillator which determines the center fre-
quency of the decoder. External components are used to
independently set center frequency, bandwidth and output
delay.

Features

| 20 to 1 frequency range with an external resistor

m Logic compatible output with 100 mA current sinking
capability

&National Semiconductor

LM567/LM567C Tone Decoder

February 1995

m Bandwidth adjustable from 0 to 14%

m High iejection of out of band signals and noise

® Immunity to false signals

m Highly stable center frequency

m Center frequency adjustable from 0.01 Hz to 500 kHz

Applications

Touch tone decoding

Precision oscillator

Frequency monitoring and control
Wide band FSK demodulation
Ultrasonic controls

Carrier current remote controls
Communications paging decoders

Connection Diagrams

Metal Can Package

ouTPUT
ouUTPUT
FILTER 2N
Loop TIMING
FILTER CAPACITOR
TIMING
' RESISTOR
VQ
TUH/6975-1
Top View

Order Number LM567H or LM567CH
See NS Package Number HO8C

DuakIn-Line and Small Outline Packages

outeyt _! L]
HLTER —] > — OuTPUT
Loop _2 7
FILTER n — GND
3 6
v = [ S Timing
RESISTOR
TL/H/6975-2
Top View
Order Number LM567CM
See NS Package Number MOSA
Order Number LM567CN
See NS Package Number NOSE

©1995 National Semiconductor Corporation  TL/H/6975
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Absolute Maximum Ratings

If Military/Aerospace specified devices are

required,

please contact the National S t Sales
Office/Distributors for ilability and specificati

Supply Voltage Pin 9V
Power Dissipation (Note 1) 1100 mW
Vg 15V
V3 -10V
V3 V4 + 0.5V

Storage Temperature Range
Operating Temperature Range
LM567H
LM567CH, LM567CM, LM567CN

—65°Cto +150°C

—55°Cto +125°C

0°Cto +70°C

Soldering Information
Dual-In-Line Package

Soldering (10 sec.) 260°C
Small Outline Package

Vapor Phase (60 sec.) 215°C

Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Electrical Characteristics Ac Test Gircuit, To = 25°C, v+ = 5V

Parameters Conditions YMpgT LMSTRGLMER™M | ynits
Min Typ Max| Min Typ Max
Power Supply Voltage Range 4.75 5.0 9.0 | 4.75 5.0 9.0 \'
Po?ver Supply Current RL = 20k 6 8 7 10 R
Quiescent
Power Supply Current RL = 20k
Activated 11 13 12 15 mA
Input Resistance 18 20 15 20 kQ
Smallest Detectable Input Voltage I =100 mA, f; = fo 20 25 20 25 mVrms
Largest No Output Input Voltage Ic = 100 mA, f; = fo 10 15 10 15 mVrms
Largest Simultaneous Outband Signal to 6 6 dB
Inband Signal Ratio
Minimum Input Signal to Wideband Bn = 140kHz —6 —6 48
Noise Ratio
Largest Detection Bandwidth 12 14 16 10 14 18 % of fo
Largest Detection Bandwidth Skew 1 2 2 3 % of fo
Largest Detection Bandwidth Variation with £0.1 £0.1 %/°C
Temperature
Largest Detection Bandwidth Variation with | 4.75 — 6.75V +1 42 41 +5 %V
Supply Voltage
Highest Center Frequency 100 500 100 500 kHz
Center Frequency Stability (4.75-5.75V) |0 < Ta < 70 35 + 60 35 60 ppm/°C
=55 < Ta <@t 185 35 + 140 35 £ 140 ppm/°C
Center Frequency Shift with Supply Voltage | 4.75V — 6.75V 0.5 1.0 0.4 2.0 %IN
4.75V — 9V 2.0 2.0 % /N
Fastest ON-OFF Cycling Rate fo/20 /20
Output Leakage Current Vg = 15V 0.01 25 0.01 25 nA
Output Saturation Voltage e =25mV,lg = 30 mA 0.2 0.4 0.2 0.4 v
e; = 25mV, lg = 100 mA 0.6 1.0 0.6 1.0
Output Fall Time 30 30 ns
Output Rise Time 150 150 ns
Note 1: The maximum junction temperature of the LM567 and LM567C is 150°C. For ing at el d temp: , devices in the TO-5 package must be

derated based on a thermal resistance of 150°C/W, junction to ambient or 45°C/W, junction to case. For the DIP the device must be derated based on a thermal
resistance of 110°C/W, junction to ambient. For the Small Outline package, the device must be derated based on a thermal resistance of 160°C/W, junction to

ambient.

Note 2: Refer to RETS567X drawing for specifications of military LM567H version.




Schematic Diagram
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Typical Performance Characteristics
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Typical Applications

Touch-Tone Decoder

0.5 pf
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Component values (typ)

R1
R2
R3
C1
c2
Cc3
C4

6.8 to 15k
4.7k

20k

0.10 mfd
1.0 mfd 6V
2.2 mfd 6V
250 mfd 6V

TL/H/6975-5
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Typical Applications (continued)

Oscillator with Quadrature Output
+

Ry

L
-
L

A1 R >10000

>

—lc

Connect Pin 3 to 2.8V to Invert Output

TL/H/6975-6

Oscilllator with Double Frequency Output

g
‘%R‘
LMSET s %o

l s s
T

>
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TU/H/6975-7

Precision Oscillator Drive 100 mA Loads

+

LMS6?
2 6 5
vco
TERMINAL O——@
(+6%) g
V_% .
[
e e
AC Test Circuit
5V
R, R1 (4

2 3

TTT

SIGNAL +5V
INPUT

=il

TL/H/6975-9

f; = 100 kHz + 5V
*Note: Adjust for f, = 100 kHz.

TL/H/6975-8

Applications Information

The center frequency of the tone decoder is equal to the
free running frequency of the VCO. This is given by

1

o=
° " 11RYCy
The bandwidth of the filter may be found from the approxi-
mation
BW = 1070,’—— in % of f,
IOCZ 1 o o
Where:

V; = Input voltage (volts rms), V; < 200 mV
Cp = Capacitance at Pin 2 (uF)




Physical Dimensions inches (milimeters)
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Small Outline Package (M)
Order Number LM567CM
NS Package Number MOSA




LM567/LM567C Tone Decoder

Physical Dimensions inches (milimeters) (Gontinued)
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Molded Dual-In-Line Package (N)
Order Number LM567CN
NS Package Number NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1.

Life support devices or systems are devices of 2.

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

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 system, or to affect its safety or
effectiveness.
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LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their applica-
tion nearly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

NNational Semiconductor

May 1998

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance
guaranteed over a 0°C to +70°C temperature range, instead
of -55°C to +125°C.

Schematic Diagram

2 Qt
WPUT
Q3

OFFSET NULL

4 v
(i} Qs Q12 Q13
<
2
WP sl ol S RS
S 39K AAA
R7 Q15 !
45K
—-—Ci
30pF|  Re L R
o4 75K 2 2
VAVA
t—5Cl 56
o7 I\Q‘w UTPUT
S Ri0
> 50
Q17
Q6 Q10 ~
Qs Qi1 ozi/{ I\ozo
1 5 OFFSET
NULL
RIS RS <SR2 R4 S N i
1K i»sox 1% 5K ~ R P
4 Vad
0DS009341-1

Offset Nulling Circuit

!

05009341-7

© 1999 National Semiconductor Corporation DS009341
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Absolute Maximum Ratings (ote 1)

Distributors for availability and specifications.
(Note 6)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

LM741A LM741E LM741 LM741C
Supply Voltage 122V 122V 122V 18V
Power Dissipation (Note 2) 500 mwW 500 mW 500 mW 500 mW
Differential Input Voltage 130v t30v 130V 130V
Input Voltage (Note 3) t15v t15v t15v 115v
Output Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range -55'C to +125°C 0°C to +70°C -55°C to +125°C 0°'Cto +70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C —65°C to +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 7) 400V 400V 400V 400V
Electrical Characteristics (Note 4)
Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ta 520G
Rg < 10kQ 10 | 5.0 20 | 6.0 mV
Rs < 50Q 0.8 3.0 mV
Tamin S Ta < Tamax
Rg < 50Q 4.0 mV
Rs < 10 kQ 6.0 7.5 mV
Average Input Offset 15 pvirc
Voltage Drift
Input Offset Voltage Ta = 25°C, Vg = 120V £10 +15 +15 mV
Adjustment Range
Input Offset Current N.&25C 3.0 30 20 | 200 20 | 200 nA
Tamin S Ta S Tamax 70 85 | 500 300 nA
Average Input Offset 0.5 nAr'C
Current Drift .
Input Bias Current TG 256, 30 80 80 | 500 80 | 500 nA
Tavne TS Talis 0.210 15 08 | pA
Input Resistance Ta = 25°C, Vg = 120V 1.0 | 6.0 0.3 | 20 03 | 20 MQ
TanniS Ta s i 0.5 MQ
Vg = £20V
Input Voltage Range Ta=25C +12 | £13 A
Tamin S Ta S Tamax 112 | £13 v

www.national.com




Electrical Characteristics (Note 4) (Continued)

Parameter Conditions LM741A/LM741E LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Ta =25C,R_ 22kQ
Vg = 120V, Vg = 215V 50 VimV
Vg = £15V, Vg = £10V 50 | 200 20 | 200 VimV
Tamin € Ta S Tamaxs
RL22kQ,
Vg = £20V, Vg = £15V 32 VimV
Vg = 15V, Vg = £10V 25 15 VimV
Vg = 15V, Vg = 120 10 VimV
Output Voltage Swing Vg = 120V
RL 210 kQ 116 \Y
R 22kQ +15 \
Vg = £15V
R 210 kQ +12 | £14 +12 | £14 v
R.22kQ +10 | £13 +10 | 213 Vv
Output Short Circuit T,=25°C 10 25 35 25 25 mA
Current Tamin S Ta € Tamax 10 40 mA
Common-Mode Tamin € Ta S Tapax
Rejection Ratio Rs £ 10 kQ, Vcy = 12V 70 | 90 70 | 90 dB
Rg $50Q, Vo = £12V 80 95 dB
Supply Voltage Rejection Tamin € Ta € Tamax:
Ratio Vg = £20V to Vg = 15V
Rs < 50Q 86 96 dB
Rs < 10 kQ 77 | 96 P | POf dB
Transient Response Ta = 25°C, Unity Gain
Rise Time 025] 038 0.3 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 5) Ta=25C 0437 | 1.5 MHz
Slew Rate T, = 25°C, Unity Gain 03 | 07 0.5 0.5 Vius
Supply Current Ta=25C 17 | 2.8 1.7 | 2.8 mA
Power Consumption Ta=25C
Vg = 120V 80 150 mw
Vg = 15V 50 | 85 50 | 85 mw
LM741A Vg = 20V
Ta = Tammn 165 mw
Ta = Tamax 135 mwW
LM741E Vg = 120V
Ta = Tanm 150 mwW
Ta = Tamax 150 ge
LM741 Vg = £15V
T ™ T 60 | 100 mw
T = Toina 45 | 75 mw

Note 1: "Absolute Maximum Ratings" indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits.
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Electrical Characteristics (Note 4) (Continued)

No!n 2: For these devices must be derated based on themmal resistance, and Tj max. (listed under "Absolute Maximum Rat-

ings"). Tj = Ta + (6ia PD)

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
6,4 (Junction to Ambient) 100°CW 100CW | 170°'CwW 195'CW
6jc (Junction to Case) NA NA 25'CwW N/A

Note 3: For supply voitages less than £15V, the absolute maximum input voltage is equal to the supply voitage.

Note 4: Unless ified, these
bonsarehmnedeCsTAsﬂOC

Note 5: Calculated value from: BW (MHz) = 0.35/Rise Time(us).

Note 7: Human body model, 1.5 kQ in series with 100 pF.

Connection Diagram

Metal Can Package

Note 8: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 8),
LM741AH/883 or LM741CH
See NS Package Number HO8C

Dual-In-Line or S.O. Package

o/
OFFSET NULL—{1 8l-nc
INVERTING INPUT—] 2 v
NON~=INVERTING — 3 6 |—-ouTPuT
INPUT
v—4 s |-oFFseT NULL

DS009341-3

Order Number LM741J, LM741J/883,
LM741CM, LM741CN or LM741EN
See NS Package Number JO8A, MOBA or NOSE

Note 6: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

apply for Vg = £15V, =55°C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these specifica-

Ceramic Dual-n-Line Package

e/
NC —1 14— NC
NC —2 13—NC
+OFFSET NULL — 3 12— NC
-IN— 4 1—=vs
+IN— S 10 f— out
y-—6 9 |— - OFFSET NULL
NC—7 8—NC

Note 9: also available per JM38510/10101
Note 10: also available per JM38510/10102

DS009341-5

Order Number LM741J-14/883 (Note 9),
LM741AJ-14/883 (Note 10)
See NS Package Number J14A

Ceramic Flatpak

e

+0FFSET NULL :2
=INPUT :3
+INPUT :‘

v-

LM741W

‘w:] NC

—

w— |

m— V) (V]

[~ 1 =0FFSET NULL

o] |N] (o] |o

DS0093416

Order Number LM741W/883
See NS Package Number W10A
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Physical Dimensions inches (millimeters) unless otherwise noted
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Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741CH or LM741EH
NS Package Number H08C

HO8C (REV €)
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\'m 11

e |
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?0.025 TYP ‘ l
N N 3 [ I3
= [ ooes ™™
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0.320 MIN / SEALANT
0.180 ' 1 } ]-
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1 .
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H 0.125  MIN
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0.410 ” BOTH ENDS H
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o

0.008
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Ceramic Dual-In-Line Package (J)
Order Number LM741CJ or LM741J/883
NS Package Number JOSBA

JOBA (REV K)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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0310-0410 | (0203-0.305) 6,018 0003
1874-1041) o0% | L e auns)"”" 0.125-0.200
(2.489) (3.175-5.080)
MAX BOTH ENDS 0-100:0.010 0.150
(2.540 £0.254) )
MIN JuAmeY Q)
Ceramic Dual-In-Line Package (J)
Order Number LM741J-14/883 or LM741AJ-14/883
NS Package Number J14A
0.189-0.197
(4.800-5.004)
8 1 6 s

(0.254 ~0.508)
g
000 f
0102
0.008—0.010
T LEAD TiPS
TYP ALL LEADS

e TYP
0.053-0.069
(1.346-1.153)
4 NAXTYP 0.004-0.010
ALL LEADS L {0102 -o 254)
’ = SEAYING
f } oae om uuu 0.0
0.016-0.050 10.356) —— | 20 rvp
(0.406 —1.270) (1.210) (0.356—0.508)
TYP AL LEADS LLis 2008 1p
(0.203) O8A (REV 1)

Small Outline Package (M)
Order Number LM741CM
NS Package Number MOSA
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Physical Di DimensP inches (milimeters) unless otherwise noted (Continued)

0313-0.400
Ba—10.16) |

X 0032 £0.005
7 . o81z0.127)
- \ 0.25040.005 AAD
KO, 1 10ENT L 35t0.177) e roon—
0.280
— 2
.o "™ - 0PTION 2
0.300-0.320 e 0.145-0.200
™ rs—uz {o.831), (3.683-5.080)
b } 0.130£0.005
(302£0.12m) 4
i LA }-: 0.125-0.140 T
otz 2 _ pmasy L
2.009-0.015 g (Y FANF3 s
o ) e i
a8 NOM 0.01840.003
035 Joms | P wasTzors
1016 0.1000.010
(‘m-tw) (25402 0.254)
0.045£0.015
{11a3z0381) il
s | T
= e
NOSE (REV F)

m)
Dual-In-Line Package (N)
Order Number LM741CN or LM741EN
NS Package Number NOSE
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LM741 Operational Amplifier

PhySiCﬂ' Dimensions inches (millimeters) unless otherwise noted (Continued)

0.080 _py . <0.270 MAX~>
0.055 0.050 £0.005 ——>‘ r— | |<— 0.005 MIN TYP
0.035 o - e !
0.026 1wl g
i 1
0.370
0.250
0.270 MAX 0.260
GLASS 0.238
B 0.012
= t 0.008
{ DETAIL A
DETAIL A A 0.370 —
0.250
PIN #1 l
IDENT 5 W10A (REV E)

0.006 _lo J :
0.004
v 0.018 1o | 0.045 MAX

0.015 TYP

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883
NS Package Number W10A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant support device or system whose failure to perform

into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

& National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asla Paclfic Customer Japan Ltd.
Americas Fax: +49(0) 1 80-530 85 86 Response Group Tel: 81-3-5639-7560
Tel: 1-800-272-9959 Email: europe.support@nsc.com Tel: 65-2544466 Fax: 81-3-5639-7507
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85 Fax: 65-2504466
Email: support@nsc.com English Tet: +49 (0) 1 80-532 78 32 Email: sea.support@nsc.com
Francais Tel: +49 (0) 1 80-532 93 58
www.national.com Italiano Tel: +49(0) 1 80-534 16 80

National does not assume any responsibility for use of any ciccuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.






