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Line Array radiator acoustic beam steering using phase adjustment
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Abstract

The thesis present the technique to steer beams of sound by shifting phase of the signal that
feeds to radiator arranged in a linear array. The system consists of the important parts which is a four
radiator arranged in a linear—array fashion. The distance between radiator is less than half of the
wavelength. The other parts include phase shifter, beam-scanning controlled system (electronics
switch) and microcontroller MCS=51. Result from synthesis is a 8 main beams scanning a azimuth

plane with a frequency of 20kHz.
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MAIN:

ORG
MOV
MOV
MOV
MOV
MOV
NOP
NOP
NOP
MOV
MOV
NOP
MOV
MOV
MOV
NOP
NOP
NOP
MOV
MOV
NOP
NOP
NOP
MOV
MOV
NOP
NOP
NOP
MOV
MOV

NOP

0000H

P1,#00000000B
P2,#00000000B
P3,#00000000B
P3,#10100101B

P1,#00000111B

P3,#10100101B

P1,#00111000B

P1,#00000000B
P3,#10100101B

P2,#00000111B

P3,#10100101B
P2,#00111000B

P3,#01011010B
P2,#00111000B

P3,#01011010B

P2,#00000111B

54

; direction 1

; delay 1uS
;delay 1uS
; delay 1uS
:direction 2
; delay 1uS
; clear P1 delay 2uS
; direction 3
; delay 1uS
; delay 1uS
; delay 1uS
; direction 4
; delay 1uS
; delay 1uS
;delay 1uS
; direction 5
; delay 1uS
; delay 1uS
; delay 1uS
; direction 6

; delay 1uS



MOV
MOV
MOV
NOP
NOP
NOP
MOV
MOV
NOP
NOP
NOP
MOV
MOV
NOP
MOV
MOV
MOV
NOP
NOP
NOP
MOV
MOV
NOP
NOP
NOP
MOV
MOV
NOP
NOP
NOP

MOV

P2,#00000000B
P3.,#01011010B
P1,#00111000B

P3,#01011010B
P1,#00000111B

P3.,#01011010B

P1,#00111000B

P1,#00000000B

P3.,#01011010B

P2,#00000111B

P3,#01011010B
P2,#00111000B

P3,#10100101B
P2.,#00111000B

P3.,#10100101B

53

; clear P2 delay 2uS
; direction 7
; delay 1uS
; delay 1uS
; delay 1uS
; direction 8
; delay 1uS
; delay 1uS
; delay 1uS
: direction 7
; delay 1uS
; clear P1 delay 2uS
: direction 6
; delay 1uS
; delay 1uS
; delay 1uS
: direction 5
;delay 1uS
; delay 1uS
; delay 1uS
; direction 4
; delay 1uS
; delay 1uS
; delay 1uS

: direction 3



MOV
NOP

MOV
MOV
MOV
NOP

AJMP

END

P2,#00000111B

P2,#00000000B

P3,#10100101B

P1,#00111000B

MAIN

56

; delay 1uS

; clear P2 delay 2uS
; direction 2

; delay 1uS

; repeat delay 2uS
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Philips Semiconductors Product specification

HEF4066B
gates

—

Quadruple bilateral switches

QUADRUPLE BILATERAL SWITCHES

The HEF4066B has four independent bilateral analogue switches (transmission gates). Each switch has
two input/output terminals {Y/Z) and an active HIGH enable input (E). When E is connected to Vpp
a low impedance bidirectional path between Y and Z is established (ON condition). When E is
connected to Vgg the switch is disabled and a high impedance between Y and Z is established (OFF
condition).

The HEF40668 is pin compatible with the HEF4016B but exhibits a much lower ON resistance. In
addition the ON resistance is relatively constant over the full input signal range.

|13 1 l5 4 ‘6 8 |12 11 16]_[13] 12| [11] fro] [9] [8

Eo |Yo |Ef A1 _LE2-tY2—1E3N "3 Vop Bo E3 Y3 Z3 Z; Y;
B HEF4066B

Yo Zp Zy Yy Eq E; Vss

20 Zq T Z3 1 12] (3] 1&] [s[ e [7
2 3 g 10 7269712
7269571.2

Fig. 2 Pinning diagram.

Fig. 1 Functional diagram. HEF4066BP(N); 14-lead DIL; plastic (SOT27-1)
HEF4066BD(F): 14-lead DIL; ceramic (cerdip) (SOT73))
PINNING HEF4066BT(D): ‘14wlead 59, pla.stic_(SOT108-1)
Eq to E3 enable inputs (): Package Designator North America
Y to Y3 input/output terminals APPLICATION INFORMATION

Zg to Z3 input/output terminals An example of application for the HEF40668B is:
® Analogue and digital switching

Yn

e P P
L e e g
Sl e

=

VSS n 7274626.2

Fig. 3 Schematic diagram {one switch).

January 1995 2



Philips Semiconductors

Product specification

. . HEF4066B
Quadruple bilateral switches :
gates
RATINGS
Limiting values in accordance with the Absolute Maximum System (1IEC 134)
Power dissipation per switch P max. 100 mW
For other RATINGS see Family Specifications
D.C. CHARACTERISTICS
Tamb =25 °C
Vv .
SD symbol | min. = typ. max. conditions
5 — 350 2500 & l En at Vpp
ON resistance 10 |R - 80 245 - & Vic=VggtoV
ON J is &5 DD
15 — 60 17 5g~S2 see Fig. 4
5 - 115 340 & l EnatVpp
ON resistance 10 | RoN = 50 160 & Vis =Vss
15 - 40 115 @ J see Fig. 4
5 - 120 365 Q l EnatVpp
ON resistance 10 | RoN - 65 200 Q Vis=VDD
15 - 50 156 Q J see Fig. 4
‘A’ ON resistance 5 = 25 +8\ l EnatVpp
between any two 10 |ARgN | — 10 SVRY Vis=Vggto Vpp
channels 15 = 5 — Q ] see Fig. 4
OFF state leakage 5 - - - nA l
current, any 10 loz — — — nA E, at Vgs
channel OFF 15 = — 200 nA J
Ep input voltage b 5 2,25 1V L
LOW 10 |ViL o |= = 450 2 Y | 1'5 F?O ’;A
15 U ~6,75 2 Vv IR
Vpp |symbol T gy (2C) conditions
\ _40° ™ Z51 | P85
max. max. max.
Quiescent device 5 1,0 1,0 75 WA l Vgg = 0; all valid
current 10 IDD 2,0 2,0 15,0 uA input combinations;
15 4,0 4,0 30,0 uA J V| =VggorVpp
Input leakage
current at Epy 15 |+ hN - 300 1000 nA EnatVgsor Vpp
January 1995 3




Philips Semiconductors Product specification

Quadruple bilateral switches Bisisioss
uaaruple pllateral swi
p gates
En _D ’_Do__
VbD
Yn
ZI’]
Vis = Vss to Vpp lis =200 uA
47 : Vss
7 72745717.2
Fig. 4 Testset-up for measuring RgN-
7282373
400
Ron
() A
|
|
|
200 Ei ) ) 4
ig. 5 Typical Rgy as a function of input voltage.
\
EnatVpp
by lig =200 A
100 10V ysg' =0
P an ]
_— 15V
=" N
0
0 5 10 ViS (V) 15
NOTE

To avoid drawing Vpp current out of terminal Z, when switch current flows into terminals Y, the
voltage drop across the bidirectional switch must not exceed 0,4 V. If the switch current flows into
terminal Z, no Vpp current will flow out of terminals Y, in this case there is no limit for the voltage

drop across the switch, but the voltages at Y and Z may not exceed Vpp or Vss.

January 1995



Philips Semiconductors Product specification

HEF4066B

Quadruple bilateral switches
gates

A.C. CHARACTERISTICS
Vgg = 0V; Tamp = 25 OC; input transition times <20 ns

VVDD symbol typ. max.
Propagation delays
Vis — Vos 5 10 20 ns 1
HIGH to LOW 10 tPHL 5 10 ns note 1
15 5 10 ns J
5 10 20 ns
LOW to HIGH 10 tpLH > 10 ns } note 1
15 5! 10 ns
Output disable times
En — Vos 5 80 160 ns
HIGH 10 tpHZ 65 130 ns } note 2
15 60 120 ns
5 80 160 ns
LOW 10 tpL7Z 70 140 ns } note 2
15 70 140  ns
QOutput enable times |
En — Vos 5 40 80 ns 1
HIGH 10 tpzH 20 40 ns note 2
15 15 30 ns J
5 45 90 ns l
LOW 10 tpzL 20 40 ns note 2
15 15 30 ns J
Distortion, sine-wave 5 0,25 % l
response 10 0,04 % note 3
15 0,04 % J
Crosstalk between 5 o~ MHz 1
any two channels 10 1 MHz note 4
b - MHz J
Crosstalk; enable 5 = mV
input to output 10 50 mV note 5
15 — mV
OFF-state 5 - MHz l
feed-through 10 1 MHz note 6
15 - MHz J
ON-state frequency 5 - MHz 1
response 10 90 MHz note 7
15 - MHz J
VbD typical formula for P (uW) whefe
Vv fi = input freq. (MHz)
: fo = output freq. (MHz)
Dynamic power 5 800 f; + Z(foC) x Vpp? C = load capacitance (pF)
dissipation per 10 3500 f; + Z(f,C) x Vpp® Z(foCr) = sum of outputs
package (P) 15 10100 f; + Z(foC) x Vpp? Vpp = supply voitage (V)
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Philips Semiconductors Product specification

HEF4066B

Quadruple bilateral switches o

NOTES

Vig is the input voltage at a Y or Z terminal, whichever is assigned as input.
Vs is the output voltage at a Y or Z terminal, whichever is assigned as output.

1. R = 10k$2 to Vgg; C|_ =50 pF to Vgg: Eh = Vpp: Vis = Vpp (square-wave); see Figs 6 and 10.
2. R =10kQ; C_=50pF to Vgg; E, = Vpp (square-wave);
Vis = Vpp and R|_ to Vggs for tpyz and tpzH;
Vis = Vgsand Ry to Vpp for tp| 7 and tpz| ; see Figs 6 and 11.
3. R =10k&; C_=15pF; En = Vpp; Vis="% Vpp(p.p) (sine-wave, symmetrical about %2 Vpp);
fis = 1 kHz; see Fig. 7.
4. R =1kQ; Vis=% VDD(p-p) {sine-wave, symmetrical about % Vpp);

Vs (B
20 log S(A) =—50dB; Ep, (A) = Vgs; Ep (B) = Vpp; see Fig. 8.
is
5. R =10 k2 to Vgg; C = 15 pF to Vgg; E, = Vpp (square-wave); crosstalk is lVos I (peak value);
see Fig. 6.

6. R_=1kQ;C =5pF; E, = Vgg; Vig =% VDD(p-p) (sine-wave, symmetrical about %2 Vpp);
\Y
20 log V‘ls- =_50 dB; see Fig. 7.
is
7.RL.=1k&;C_=56pF; E, = Vpp; Vis=" VDD(p-p) (sine-wave, symmetrical about %2 Vpp);

Vv
20 log —= = _3dB; see Fig. 7.
Vis

En —Do—« RL cL

7274581.2 Vss

Fig. 6.

ool

72745791

Fig. 7.

January 1995 6



Philips Semiconductors Product specification

HEF40668B
gates

Quadruple bilateral switches

switch A switch B

e

RLH RL RL
Vss

{a) Vss (b) 7274590.2

Fig. 8.

B «DO—“—-[>
7279896

Fig. 9.
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Philips Semiconductors

Product specification

) ) HEF4066B
Quadruple bilateral switches o
20ns 20ns
Zl90% VoD
Vis 50%
10%
Veg
Vos 50%
i —— tPLH — IPHL -
7279897
Fig. 10 Waveforms showing propagation delays from Vs to V.
20ns 20ns
| | |
FO% DD
En INPUT 50% i
10% r i
90%
Vos (1)
10%
— -— 1pzZH — tPHZ _
90%
10%
ey =— tpz( = 1lpp 2 |4 7279898

(1) Visat Vpp: (2) Visat Vgs.

Fig. 11 Waveforms showing output disable and enable times.

January 1995



LM386

General Description

The LM386 is a power amplifier designed for use in low volt-
age consumer applications. The gain is internally set to 20 to
keep external part count low, but the addition of an external
resistor and capacitor between pins 1 and 8 will increase the
gain to any value from 20 to 200.

The inputs are ground referenced while the output automati-
cally biases to one-half the supply voltage. The quiescent
power drain is only 24 milliwatts when operating from a 6 volt
supply, making the LM386 ideal for battery operation.

August 2000

National Semiconductor

Low Voltage Audio Power Amplifier

Features

Battery operation

Minimum external parts

Wide supply voltage range: 4V-12V or 5V-18V

Low quiescent current drain: 4mA

Voltage gains from 20 to 200

Ground referenced input

Self-centering output quiescent voltage

Low distortion: 0.2% (A, = 20, V5 = 6V, R_ = 8Q, Pg =
1256mW, f = 1kHz)

Available in 8 pin MSOP package

Applications

AM-FM radio amplifiers
Portable tape player amplifiers
Intercoms

TV sound systems

Line drivers

Ultrasonic drivers

Small servo drivers

Power converters

Equivalent Schematic and Connection

BYPASS

— INPUT

Diagrams
1. Small Outline,
; Molded Mini Small Outline,
and Dual-In-Line Packages
| N4 8
GAIN —— —— GAIN
5 —INPUT —2- i— BYPASS
b—0 Vour
| HNPUT — 4 Vs
GND — X et
DS006976-2
Top View
60 ano Order Number LM386M-1,
DS006976-1 LM386MM-1, LM386N-1,

LM386N-3 or LM386N-4
See NS Package Number
MO8A, MUAOSA or NOSE

© 2000 National Semiconductor Corporation DS006976

www.national.com
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LM386

Absolute Maximum Ratings (ote 2)

Dual-In-Line Package

Package Dissipation (Note 3)

If Military/Aerospace specified devices are required, Soldering (10 sec) +260°C

please contact the National Semiconductor Sales Office/ Small Outline Package

Distributors for availability and specifications. (SOIC and MSOP)

Supply Voltage Vapor Phase (60 sec) +215°C
(LM386N-1, -3, LM386M-1) 15V Infrared (15 sec) +220°C

Supply Voltage (LM386N-4) 20V See AN-450 “Surface Mounting Methods and Their Effect

on Product Reliability” for other methods of soldering

surface mount devices.

(LM386N) 1.25W Thermal Resistance
(LM386M) 0.73W 0,c (DIP) 37°C/W
(LM386MM-1) 0.595W 0,4 (DIP) 107°C/W
Input Voltage 0.4V 0,c (SO Package) 35°C/W
Storage Temperature -65°C to +150°C 0,4 (SO Package) 172°C/W
Operating Temperature 0°C to +70°C 0, (MSOP) 210°C/W
Junction Temperature +150°C 0, (MSOP) 56°C/W
Soldering Information
Electrical Characteristics (notes 1, 2)
T =25C
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vs)
LM386N-1, -3, LM386M-1, LM386MM-1 12 \%
LM386N-4 18 \Y
Quiescent Current (Ig) Vg =6V, V=0 4 8 mA
Output Power (Poyr)
LM386N-1, LM386M-1, LM386MM-1 Vg =6V, R =8Q, THD = 10% 250 325 mw
LM386N-3 Vs =9V, R =8Q, THD = 10% 500 700 mwW
LM386N-4 Vg = 16V, R_ = 32Q, THD = 10% 700 1000 mwW
Voltage Gain (Ay) Vs =6V, f=1kHz 26 dB
10 uF from Pin 1 to 8 46 dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg =6V, R. = 8Q, Poyt = 125 mW 0.2 %
f =1 kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) Vs =6V, f =1 kHz, Cgypags = 10 uF 50 dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (Ry) 50 kQ
Input Bias Current (Igjas) Vg = 6V, Pins 2 and 3 Open 250 nA

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute 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 limits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where no limit is
given, however, the typical value is a good indication of device performance.

Note 3: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and 1) a thermal resis-
tance of 107°C/W junction to ambient for the dual-in-line package and 2) a thermal resistance of 170°C/W for the small outline package.

www.national.com




Application Hints

GAIN CONTROL

To make the LM386 a more versatile amplifier, two pins (1
and 8) are provided for gain control. With pins 1 and 8 open
the 1.35 kQ resistor sets the gain at 20 (26 dB). If a capacitor
is put from pin 1 to 8, bypassing the 1.35 kQ resistor, the
gain will go up to 200 (46 dB). If a resistor is placed in series
with the capacitor, the gain can be set to any value from 20
to 200. Gain control can also be done by capacitively cou-
pling a resistor (or FET) from pin 1 to ground.

Additional external components can be placed in parallel
with the internal feedback resistors to tailor the gain and fre-
quency response for individual applications. For example,
we can compensate poor speaker bass response by fre-
quency shaping the feedback path. This is done with a series
RC from pin 1 to 5 (paralleling the internal 15 kQ resistor).
For 6 dB effective bass boost: R = 15 kQ, the lowest value
for good stable operation is R = 10 kQ if pin 8 is open. If pins
1 and 8 are bypassed then R as low as 2 kQ can be used.
This restriction is because the amplifier is only compensated
for closed-loop gains greater than 9.

INPUT BIASING

The schematic shows that both inputs are biased to ground
with a 50 kQ resistor. The base current of the input transis-
tors is about 250 nA, so the inputs are at about 12.5 mV
when left open. If the dc source resistance driving the LM386
is higher than 250 kQ it will contribute very little additional
offset (about 2.5 mV at the input, 50 mV at the output). If the
dc source resistance is less than 10 k<, then shorting the
unused input to ground will keep the offset low (about 2.5 mV
at the input, 50 mV at the output). For dc source resistances
between these values we can eliminate excess offset by put-
ting a resistor from the unused input to ground, equal in
value to the dc source resistance. Of course all offset prob-
lems are eliminated if the input is capacitively coupled.

When using the LM386 with higher gains (bypassing the
1.35 kQ resistor between pins 1 and 8) it is necessary to by-
pass the unused input, preventing degradation of gain and
possible instabilities. This is done with a 0.1 uF capacitor or
a short to ground depending on the dc source resistance on
the driven input.

www.national.com

98€INT



LM386

Quiescent Supply Current
vs Supply Voltage
6

SUPPLY CURRENT (mA)

4 § 6 7 8 8§ 10 11 12
SUPPLY VOLTAGE (VOLTS)

DS006976-5
Voltage Gain vs Frequency
60 T Ty
T T
50 |ttt Cq g = 10uF 1111 H
S A |
2 40 H
=
<
S 30 Cyp=0—1 H
g \
2 2T n
>
10 HH =
o 1 _L.
100 1k 10k 100k ™
FREQUENCY (Hz)
DS006976-14.

Device Dissipation vs Output
Power—4Q Load

2.0
18
z 16
& 14 Vs = 12v
g 12 T
= W
a2 10 — gt
S . Js='8 3% THD |
= /] =7~ LEVEL
> 06 > .
w vs=6v__} L 10%THD
° s V4 /Y———J LEVEL
02 K= [ i

0
0 0.1 02 03 0.4 0.5

OUTPUT POWER (W)
DS006976-17

Typical Performance Characteristics

Power Supply Rejection Ratio
(Referred to the Output)
vs Frequency

60
& C; = 50uF
2 50
2 f, !
Sl o Vg = 6V
5 i
g B Ay - 2648
& L1
T 30 i
z 0.54F
g |
S 2
& i i |
Z w0 NO BYPASS CAPACITOR
2

0

10 100 1« 0k 100k

FREQUENCY (Hz)

DS006976-12
Distortion vs Frequency

2.0 —
S g Vs ! 1]
= f e N
S 18 ey, = 125mW TS
S 14 [ Av=26dB(C,5=0)
% 12 L
3
o 10 e Rl i e et
3
E 0.8

06 |
E BV
< 04 -, /
S 02 Pl

0
20 50 100200 500 1k 2k 5k 10k 20k

FREQUENCY (Hz)
DS006976-15

Device Dissipation vs Output
Power —8Q Load

20
18
= 16
S
Sk Vs = 16V al
=l L1 [
E 12 :
g 10 < t
S ami
S,
LT
S 06 /,’ Vs =9V A /
2 A Z_&10% THD
04 (A 2
Ve T8V RZE AT T LeveL
02 e
[ | [ tever

0 01020304050607080910
OUTPUT POWER (W)
DS006976-18

Peak-to-Peak Output Voltage
Swing vs Supply Voltage

10

N\
[HANN

ql )

7

OUTPUT VOLTAGE (VOLTS PEAK-TO-PEAK)

IOl e | 8 9 10 1 n

SUPPLY VOLTAGE (VOLTS)
DS006976-13

Distortion vs Output Power

10 T
g WL Yo |
= R, =B
S B fsikhe
&
= 7
o
£
@ 5
a
o 5
=
S\
Z
< 3
=
- X |
5 1
[ [~
0
0.001 0.01 0.1 10
POWER OUT (WATTS)

DS006976-16

Device Dissipation vs Output
Power—16Q Load

1.0 I
=i Vs =16V | % THD
s 08 7 > LEVELT|
z / 4 \1
= 06 e
oY 7]l
Z VsEizv | 4 | xTHD
B TN LEVEL
o 0a !
=] Vv
= ,/t/
S 02 .
. 7.0 Vs =8V
> |
Vs = BV l
1 Il

0 02040508 101214161820
OQUTPUT POWER (W)
DS006976-19
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Typical Applications

Amplifier with Gain = 20
Minimum Parts

2504F

10k

DS006976-3

Amplifier with Gain = 50

DS006976-6

Amplifier with Bass Boost

Vs

il

10k

100

Vo

DS006976-8

Amplifier with Gain = 200

10uF

Vs

DS006976-4

Low Distortion Power Wienbridge Oscillator
390

[
50uF
ELDEMA
CF5:2158 ( = l‘*"'ovo
>
. R
V- 15mA = -
0.014F
BYPASS 0.05uF =
10
f=1kHz
DS006976-7
Square Wave Oscillator
30k
Vo
Re
1k
f=1kHz
DS006976-9

www.national.com
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LM386

Typical Applications (continued)

Frequency Response with Bass Boost

27
26
25
2 \

ool [0 D
21{

VOLTAGE GAIN (dB)

20 N
19
18
17

20 50 100 200 500 1k 2k 5k 10k 20k
FREQUENCY (Hz)

DS006976-10

AM Radio Power Amplifier

CC
FROM
DETECTOR

VOL

Note 4: Twist Supply lead and supply ground very tightly.

Note 5: Twist speaker lead and ground very tightly.

Note 6: Ferrite bead in Ferroxcube K5-001-001/3B with 3 turns of wire.
Note 7: R1C1 band limits input signals.

Note 8: All components must be spaced very closely to IC.

FERRITE
10k
BEAD 250uF
+I
——AAAN—4 80
10uF g (114 SPEAKER
| 0.054F
DS006976-11
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PhySiCﬂ' Dimensions inches (millimeters) unless otherwise noted

0.150-0.157

(3.810—3.988)

0.010-0.020 , 45° —m| =g

(0.254 -0.508) | 8° MAX TYP
ALL LEADS
N 000s A 1
{0.102) !

0.008-0.010 )"\ EapTiPS 0.016-0.050
(0.203-0.254) {0.406 —1.270;
TYP ALL LEADS vimany
TYP ALL LEADS

0.189-0.197
(4.800—5.004)

8

5 il

0.228-0.244
1 Z

(5.791-6.198)

7/

LeAD MO, 1
IDENT
0.053-0.069
ME—17
(‘ . 0.004—0.010
(0.102-0.254)
SEATING
? PLANE
' 0014 lm
{0350 0050 |« 0.014-0.020 yp
s (n 336-0.508)
u uua A8 1y
oA (Y

SO Package (M)
Order Number LM386M-1
NS Package Number MO8A

www.national.com
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LM386

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.118£0.004
[(B4=~— [320.1] ——|

1000 s

0.11840.004 (0.189)
0.19340.004 Lo e
[4.940.1]
i (0.040)
k TYP
q ; [1.02]
PN
o A J bt u|| _
IDENT wikEs
NOTE 2
' : [0004]16 TYP—J “— . (0.0256)
L TR 2Ty [0.65]
1 4
(0.0256)]TYP LAND PATTERN RECOMMENDATION
[0.65]
0.005
R 6.13) TP
0.043 i 9~
[1.09] MAX

r \ \ [0.13] W

[0.002[0.05] 04 /
0. 012’_'8 s J 0.021£0.005
34010 L hall [0.53£0.12]
0.002-0. 006 B 32005) (0.034) 0.0375

8-Lead (0.118” Wide) Molded Mini Small Outline Package
Order Number LM386NMM-1
NS Package Number MUAOSA

TYP

GAGE
PLANE

OO

B \jm o 25

-6° TYP
] SEATING PLANE
[0.06-0.15] [0.86] = [6.953)
[ Jo.002 [0.05]@[BO®[cO)
0.0070.002 _ o
[0.184£0.05] MUA08A (REV B)
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PhySiCﬁ' Dimensions inches (millimeters) unless otherwise noted (Continued)

0.373-0.400
(9.474-10.16)
0.090
" (2.286)
0oe l ml [7] [6] [5] 0.032+0.005
(2.337) (0.813+0.127)
I Vo 0.250:+0.005 RAD
PIN NO. 1 |DENT_\L i (6.35+0.127) PIN NO. 1 |DENT—\.
oPTION 1 |.© v -9,

Sl O] L2] [3] [4]
: 0.040
— —_— | -—
711z "™ 000 o ot rvp—»| |« OPTION 2
0.300 - 0.320 (0.762 g 0.038 0.145—0.200
(1.62—8.128) ¢ 0° 21— /<— (0.991) (3.683—5.080)
Lo + ¢ e A 0.130+0.005 A
i 1 1 Y (3.302£0.127) '
i 1‘ 0.065 l :y_ég:_g;gg, f
0.125 (1—531—) Y L] ) : 0.020
0.009-0015 _ il = @ 90°+4 (0.508)
(0.229—0.381) DIA TYP TN
+0.040 NOM 18 0.018 +0.003
0.325 _ 515 (0.457£0.076)
8255“‘015) ol |l o.100+0.010
(' ~0.381 (2580 £0.254)
0.045+0.015
(1.143£0.381) 05
1524
0.050 (1.524)
—_— e |—
(1.270) NOBE (REV F)

Dual-In-Line Package (N)
Order Number LM386N-1, LM386N-3 or LM386N-4
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 AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

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

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 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.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor

layiidwy Jamod oipny abejjop mo- 98SINT
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Corporation Europe
Americas Fax:

Tel: 1-800-272-9959 Email:
Fax: 1-800-737-7018 Deutsch Tel:
Email: support@nsc.com English  Tel:
www.national.com Frangais Tel:

+49 (0) 180-530 85 86
europe.support@nsc.com
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+44 (0) 870 24 0 2171
+33 (0) 1 41 91 8790

Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com
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LM741
Operational Amplifier

ral Description The LM741C is identical to the LM741/LM741A except that
Gene : p . - the LM741C has their performance guaranteed over a 0°C to
The LM741 series are general purpose opera_honal amplifi-  ,70°C temperature range, instead of -55°C to +125°C.

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.

Connection Diagrams :
Dual-In-Line or S.0. Package

Metal Can Package =7
OFFSET NULL—{ 1 8—NC
INVERTING INPUT — 2 7Vt
P L NON-INVE&EE?— 3 6 |—ouTPUT
Tiaan V' — 4 5 |—OFFSET NULL
DS009341-3
DS009341-2 Order Number LM741J, LM741J/883, LM741CN
Note 1: LM741H is available per JM38510/10101 See NS Package Number JO8A, MO8A or NOSE
Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH |
See NS Package Number HO8C ; AR Flatpakm
NC [::2 o g:| NC
+OFFSET NULL L:3 8:l NC
—lNPUT:4 LM741W 7:IV‘r
+INPUT :5 s__-l OUTPUT
Y- T [ 1-OFFSET NULL

DS009341-6
Order Number LM741W/883
See NS Package Number W10A

Typical Application

Offset Nulling Circuit
p OUTPUT
V_

DS009341-7

© 2000 National Semiconductor Corporation DS009341 www.national.com
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LM741

Absolute Maximum Ratings (Note 2)

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

(Note 7)

Supply Voltage

Power Dissipation (Note 3)
Differential Input Voltage
Input Voltage (Note 4)

Output Short Circuit Duration
Operating Temperature Range
Storage Temperature Range

Junction Temperature
Soldering Information
N-Package (10 seconds)

J- or H-Package (10 seconds)

M-Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

surface mount devices.

LM741A
+22V
500 mW
+30V
+15V

Continuous
-55°C to +125°C

-65°C to +150°C
150°C

260°C

300°C

215°C

215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering

-55°C to +125°C
-65°C to +150°C

LM741
+22V
500 mW
+30V
+15V
Continuous

150°C

260°C
300°C

215°C
215°C

Semiconductor Sales Office/

LM741C
+18V
500 mWw
+30V
+15V
Continuous
0°C to +70°C
-65°C to +150°C
100°C

260°C
300°C

215°C
215°C

ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (Note 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ [ Max [ Min | Typ | Max | Min | Typ | Max

Input Offset Voltage Ta=25C
Rs <10 kQ 1.0 | 5.0 20 | 6.0 mV
Rs < 50Q 0.8 3.0 mV
TAMIN = TA < TAMAX
Rg £ 50Q 4.0 mV
Rg <10 kQ 6.0 75 mV

Average Input Offset 5 uv/I°C

Voltage Drift

Input Offset Voltage P, = 25°CV = =20 +10 +15 +15 mV

Adjustment Range

Input Offset Current T, 85256, 3.0 30 20 | 200 20 | 200 nA
T Main T 05 T anax 70 85 | 500 300 nA

Average Input Offset 0.5 nA/°C

Current Drift

Input Bias Current Ta=25C 30 80 80 | 500 80 | 500 nA
T = M= T 0.210 1.5 0.8 HA

Input Resistance Tai=25C; Ve: =220V 1.0 6.0 03 | 2.0 03] 20 MQ
Tamin < Ta < Tamaxs 0.5 MQ
Vg = £20V

Input Voltage Range Ta=25"C +12 | +13 \Y
Tamin S Ta € Tagiax +12 | £13 Y,

www.national.com




Electrical Characteristics (Note 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Large Signal Voltage Gain Tp=25C,R_22kQ
Vg = 220V, Vg = 215V 50 V/mV
Vg = 215V, Vg = £10V 50 | 200 20 | 200 V/imV
TAMIN = TA < TAMAX:
R > 2 kQ,
Vg = 220V, V5 = £15V 32 V/imV
Vg = 215V, Vg = £10V 25 15 V/mV
Vg = 5V, Vg = 22V 10 V/mV
Output Voltage Swing Vg = £20V
R_> 10 kQ 16 Y
R, =2 kQ + v
Vg = £15V
R, > 10 kQ 14 12 14 \Y
R > 2 kQ + +13 +10 | =13 \Y
Output Short Circuit Ta = 25C, 10 25 35 25 28 mA
Current Tamin S Ta < Tamax 10 40 mA
Common-Mode Tamin < Ta < Tamax
Rejection Ratio Rs €10 kQ, Ve = =12V 70 90 70 90 dB
Rg < 50Q, Voy = £12V 80 95 dB
Supply Voltage Rejection Tamin < TaSTAva%
Ratio Vg = 220V to Vg = 5V
Rg < 50Q 86 96 dB
Rg <10 kQ 77 96 77 96 dB
Transient Response T = 25°C, Unity Gain
Rise Time 0.25 0.8 0.3 0.3 us
Overshoot 6.0 20 5 5 %
Bandwidth (Note 6) T, =28°C 0.437 | 1.5 MHz
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 Vius
Supply Current T % 250 1.7 [ @8 17 | 2.8 mA
Power Consumption TA=R5°G
Vg = £20V 80 150 mwW
Vg = £15V. 50 85 50 85 mw
LM741A Vg = +20V
Ta = Tamin 165 mW
Ta = Tamax 135 mw
LM741 Vg = +15V
Tix = Takding 60 | 100 mwW
Ta = Tamax 45 75 mw

Note 2: “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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LM741

Electrical Characteristics (Note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T; max. (listed under “Absolute Maximum Rat-
ings”). Tj = Ta + (6 Pp)-

Thermal Resistance Cerdip (J) DIP (N) HO8 (H) SO-8 (M)
6ja (Junction to Ambient) 100°C/W 100°C/W | 170°C/W 195°C/W
6jc (Junction to Case) N/A N/A 25°C/W N/A

Note 4: For supply voltages less than £15V, the absolute maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for Vg = £15V, -55'C < Tp < +125°C (LM741/LM741A). For the LM741C/LM741E, these specifica-
tions are limited to 0°C < Tp < +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(us).
Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A.
Note 8: Human body model, 1.5 kQ in series with 100 pF.

Schematic Diagram
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Physical Dimensions inches (milimeters) unless otherwise noted

0.350-0.370
(8.890—9.398)
DIA 0.315-0.335

|
‘ ’*_ : B.001-8.509) "
A ‘ MAX
0.165—0.185 T UNCONTOLLED
(4.191-4.699) j :
{ = 1 Y

REFERENCE PLANE % —— = - SEATING PLANE
0,500 0.035 ”“ ” ”” f f 0.015—0.040
e L) ﬂ 0.381-1.016)

0.016—0.019
——————— DIATYP
l (0.406 —0.483)

~ 0.195-0.205 DIA
(4.953-5.207) P.C.

0.029-0.085 A

(0.737-1.143)
0 028—-0.034
0.115-0.145
(0.711—0.864) (2.921—3.683)
@711 ) \«//< (2.921-3.683)
DIA

45° EQUALLY
SPACED —>|

Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH
NS Package Number HO8C

l«——— 0.400 MAX —~‘
R0.010 TYP
[e] [7] [¢] [5]

HOBC (REV E)

T

T

0.220  0.310 MAX

/) 0.291  GLASS
R0.025 TYP l l

L [0 [3] [
0.045
T 0,065 %

0.290 |«— 0.005 GLASS
0.320 MIN /SEALANT

) T

.180 } /

A

90° & 4°
e 4° TYP

ok e 0.310 0.055 MAX —»| |<—
0.410 > BOTH ENDS ; .
0.008 0.018 0,003 TYP

0.012 e

e 0.100%0.010 TYP

Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number JO8SA

F
i i i j} i
/ x E | | H 0.125 \
: 0.200
|<_

0.150
MIN

JO8A (REV K)
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LM741

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
0.373-0.400
<;(9.1174~1I].1li)
sl 0.090
(2.286)
0.092 DIA U m m m 0.032 +0.005
{2.337) R [0.81320.127)
PIN NO. 1 IDENT @ 3 200,00 i)
¢ (6.35£0.127) PIN NO. 1 IDENT
oPTioN1 |®  TRe
Ol [2] [s] 14
0.280 0.040
™ Fag"™ [ oo i et R OPTION 2
0.300—0.320 (0.762) =] 0,039 0.145-0.200
| Tee—sazm | ¢ At e (0.991) (3.6835.080)
W — ¢ i 1 A oa30zo00,
+ LT TT T } y  (3.30220.127) ¢
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0.009-0.015 H LB fest| | 90° £4° (——Egﬁg)
ekt o AL 3.175 8
0229-03n Em\ g I TYp MIN
e +0.040 NOM g 0.018 £0.003
5 o0s | (0.457£0.076)
(E 255+1.D1E) a % g 0.100+0.010
: 0.381 (2.540+0.254)
o005 | |
(1.143+0.381) 0.060
e 7.528)
0050 | 4_‘ :
(1.270) NOSE (REV Fi
Dual-In-Line Package (N)
Order Number LM741CN
NS Package Number NOSE
0.080 _y = [<+0.270 MAX=>|
0.055 0.050%0.005 —>| r— —~{ |<— 0.005 MIN TYP
o035 1L B¢ TYp o
0.026 10 8
TYP T
0.370
0.250
v
0.270 MAX 0.260 .
GLASS 0.238
[J ) L_ 0.012
= 1 T 0.008
I
_/ ) DETAIL A
DETAIL A J 0.370 e
0.250
PIN #1 l
IDENT 1 5 W10A (REV E)
0.006 _||le '
0.004
TYP 008 | | 0.045 MAX
0.015 TYP
10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883
NS Package Number W10A
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Notes

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 AND GENERAL
COUNSEL 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

Jaidwy jeuonesado Ly ZINT

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

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.

labeling, can be reasonably expected to result in a
significant injury to the user.

National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Asia Pacific Customer Japan Ltd.

Americas Fax: +49 (0) 180-530 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: 65-2504466
Email: ap.support@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Frangais Tel: +33 (0) 1 41 91 8790

Fax: 1-800-737-7018
Email: support@nsc.com
www.national.com

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






