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PROJECT ELECTRIC BICYCLE

NAME MR. JERASAK BUNSAKNIMIT 41012003
MR. EAKAPUME AREERAT 41012038
ADVISOR MR. SOMPOPE KEAWMEECHAI

LEVEL OF STUDY BACHALOR’S DEGREE IN INDUSTRIAL
(ELECTRONIC TECHNOLOGY)
ACDEMIC YEAR 1999

ABSTRACT
This Electric Bicycle designed concept make a new choice for people who want vehicle
type as Itdoes clean environment. The feature is It has cheap cost , economies power and also It
will be rebuild from any used bicycle. This project is consist of a measurement RPM circuit for
calculating speed and Controlling motor circuit .
We really make a master model . We call its both bicycle or motorcycle. It could carrying

you anywhere.
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114
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Dwg. PH-006

SUPPLY
OUTPUT

Pinning is shown viewed from branded side.

I
ABSOLUTE MAXIMUM RATINGS

Supply Voltage, Vg cceveemmminisensiness 8V
Magnetic Flux Density, B ......... Unlimited
Operating Temperature Range,

T, coemsresenmsesssesasaion -20°C to +85°C
Storage Temperature Range,

T -65°C to +150°C

RATIOMETRIC, LINEAR
HALL-EFFECT SENSORS

The UGN3503LT, UGN3503U, and UGN3503UA Hall-effect
sensors accurately track extremely small changes in magnetic flux
density—changes generally too small to operate Hall-effect switches.

As motion detectors, gear tooth sensors, and proximity detectors,
they are magnetically driven mirrors of mechanical events. As sensitive
monitors of electromagnets, they can effectively measure a system's
performance with negligible system loading while providing isolation
from contaminated and electrically noisy environments.

Each Hall-effect integrated circuit includes a Hall sensing element,
linear amplifier, and emitter-follower output stage. Problems associated
with handling tiny analog signals are minimized by having the Hall cell
and amplifier on a single chip.

Three package styles provide a magnetically optimized package for
most applications? Package suffix ‘LT is a miniature SOT-89/TO-
243 AA. transistor package for surface-mount applications; suffix ‘U’ is a
miniature three-lead plastic SIP, while ‘UA’ is a three-lead ultra~mini-
SIP. All devices are rated for continuous operation over the temperature
range of -20°C to +85°C.

FEATURES

B Extremely Sensitive

B Flat Response to 23 kHz

B Low-Noise Output

B 4.5V to 6 V Operation

B Magnetically Optimized Package

Always order by complete part number, e.g., UGN3503UA |
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RATIOMETRIC,

LINEAR

HALL-EFFECT SENSORS

FUNCTIONAL BLOCK DIAGRAM

iD Vee.
REG.

L OUTPUT

GROQUND
Dwg. FH-007 .
ELECTRICAL CHARACTERISTICS at T AZ +25°C, VCC =5V
'Limits

Characteristic Symbol Test Conditions Min. Typ. Ma;c. Units
Operating Voltage . Vee 45 — 6.0 \'%
Supply Current ‘ lee @ 8.0 13 mA
Quiescent Cutput T\/oitage Vour B=0G 2.25 250 275 Y,
Sensitivity AVour B=0Gto+300C 0.75 130 175 | mV/iG
Bandwidth (-3 dB) BW T - 23 — kHz
Broadband Output Noise Tow, BW = 10 Hz to 10 kHz — 80 — A
Qutput Resistance Rout — 50 220 Q

All output-voltage measurements are made with a voltmeter having an input impedance of at least 10 kQ.

Magnetic flux density is measured at most sensitive area of device located 0.016" (0.41 mm) below the branded face of the ‘U’
package; 0.020" (0.51 mm) below the branded face of the “UA’ package; and 0.030" (0.76 mm) below the branded face of the ‘LT’
package.

AR
. - a
Exsi lg m& ; 115 Northeast Cutoff, Box 15036
LELR VT & L At eI Worcester, Massachusetts 01615-0036 (508) 853-5000

g - v - MEGasyiAmi, ind. Copyright © 1985, 1999, Allegro MicroSystems, Inc.
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RATIOMETRIC,
LINEAR
HALL-EFFECT SENSORS
OUTPUT VOLTAGE AS A OUTPUT NOISE AS A
FUNCTION OF TEMPERATURE FUNCTION OF FREQUENCY
40 ‘ 10 —
s Vogs &V lg a0 —
% ] 82 15000 g \ Tas 428
Z 30 ; 8.0 \
% 25 B-m “§, ‘-U \\
5 N
20 g 20 N L
B= 5000 \\§_~_~
5 2 °% 100 K s 1&&
’ WB‘;:’TE‘W’EWURENC ) Dwg. A-12,573 FREUENCY Rk Dwyg. A-12,505
SUPPLY CURRENT AS A DEVICE SENSITIVITY AS A
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF SUPPLY YOLTAGE
12 2.5 I
g /
§ 20 / § 1."/
) a::,‘- vva.mzwvot:rsss "‘;wg. S 4 :fpnvvom\esmva;; o
Dwg. A-12,507
OUTPUT NULL VOLTAGE AS A LINEARITY AND SYMMETRY AS A
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE
4.0] T h
soos " CUTPUT SYMMETRY —t
g 40 Tpe B § W —
% s 2 o u\/
g /—-/ g e
g 20 57
g 2 Tae ez
3 10 g ™

Dwg. A-12,508

Dwyg.A-12,509
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RATIOMETRIC,

LINEAR

HALL-EFFECT SENSORS

NOTCH SENSOR

Dwg. A-12,574

GEAR TOOTH SENSOR

Dwg. A-12,512

CURRENT MONITOR

Dwg. A-12,513

OPERATION

The output null voltage (B = 0 G) is nominally one-half the supply
voltage. A south magnetic pole, presented to the branded face of the Hall-
effect sensor will drive the output higher than the null voltage level. A north
magnetic pole will drive the output below the null level.

In operation, instantaneous and proportional output-voltage levels are
dependent on magnetic flux density at the most sensitive area of the device.
Greatest sensitivity is obtained with a supply voltage of 6 V, but at the cost of
increased supply current and a slight loss of output symmetry. The sensor's
output is usually capacitively coupled-to an amplifier that boosts the output
above the millivolt level.

In two applications shown, a permanent bias magnet is attached with
epoxy glue to the back of the-epoxy package. The presence of ferrous material
at the face of the package acts as a flux concentrator.

The south pole of @ magnet is attached to the back of the package if the
Hall-effect IC is to sense the presence of ferrous material. The north pole of a
magnet is attached to the back surface if the integrated circuit is to sense the
absence of ferrous matrial.

Calibrated linear Hall devices, which can be used to determine the actual
flux density presented to the sensor in a particular application, are available.

SENSOR LOCATIONS

SUFFIX “U”
ACTIVE AREA DEPTH
018 0,083
[ e "i 237mm [ '

0.072°
1.83mm
S
\ q
BRANDED
SURFACE 1 2 3

Dwg, MH-0026C
SUFFIX “LT” SUFFIX “UA”
ACTIVE AREA DEFTH ACTIVE AREA DEPTH
0.030° o a.01e" .
l’ 0.78 mm —* 2%2‘,,‘,{3 o— [‘ 048 mm zoga;m I
NOM - NOM
I ¥ i
0042
‘ 0.086
$ 1.08 mm, 143 mm
A 2 _ !
BRANDED
i 1 3 SURFACE 1 2 3
Ows. Mn.003-8 Owg. MHO113C

Slllegro -

' MiioS ‘a:. iGET

115 Northeast Cutoff, Box {5036
Worcester, Massachusetts 01615-0036 (508) 853-5000



HALL-EFFECT SENSORS

RATIOMETRIC,

3503
LINEAR

UGN3503LT
(SOT-89/TO-243AA)

Dimensions in Inches

(for reference only)
0.173 0.055
~— 0,181 ] 0.063 t oots
0.064 |4 :
0.072] "‘ 0.017
T i ¥
i
0.167 . 2 3|0 :
B ST T
0.035 Il '. -|E 0018
0047 | Il o017
0059 | I 0022
8¢ of1s |
— BsC r- Dwg. MA-00B-3 In

0.028 H f H 0.031
TYP TYP

Pads 1, 2, 3, and A — Standard SOT-89 Layout
Pads 1, 2, 3, and B — Low-Stress Version

Pads 1, 2, and 3 anly —

NOTE:Exact body and lead configuration at vendor’s 0

Lowest Stress, But Not Self Aligning
Dwg. MA-012-3 in

Dimensions in Millimeters
(controlling dimensions)

4.40
= 4160
182
183
i —
- 1%
l 1 ‘jJ 3 L
s | [ k=83
1.20 ¢ ! 0.44
150 | 1 0s6
Bsc —* o _|

i
m W
63
"}

140_

1.60 -
. 035
~ 1 o4

! 5

213

2.29

Dwg. MA-008-3 mm

Pads 1, 2, 3, and A — Standard SOT-89 Layout
Pads 1, 2, 3, and B — Low-Stress Version
Pads 1, 2, and 3 only — Lowest Stress, But Not Seif Aligning

ption within limits shown.

Dwg. MA-012-3 mm
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RATIOMETRIC,

LINEAR

HALL-EFFECT SENSORS

UGN3503U

Dimensions in Inches
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NOTES: 1.
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Height does not include mold gate flash.
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Tolerances on package height and width represent allowable mold offsets.

Exact body and lead configuration at vendor’s option within limits shown.
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NOTES: 1. Tolerances on package height and width represent allowable mold offsets.
Dimensions given are measured at the widest point (parting line).

2. Exact body and lead configuration at vendor’s option within limits shown.
3. Height does not include mold gate flash.

4. Minimum lead length was 0.500" (12.70 mm). If existing product to the original specifications is not acceptable,
contact sales office before ordering.
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Allegro MicroSystems, Inc. reserves the right to make, from time to
time, such departures from the detail specifications as may be
required to permit improvements in the design of its products.

The information included herein is believed to be accurate and
reliable. However, Allegro MicroSystems, Inc. assumes no responsi-
bility for its use; nor for any infringements of patents or other rights of
third parties which may result from its use.
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General Description

The LM2507, LM2917 series are mondiithic frequency o
voltage converters with a high gain op-amp/comparator de-
signed 1o operate a relay, lamp, of other load when the ihput
fraquency reaches or exceeds a selactad rate. The tachom-
ater uses a cherge pump technique and offers frequency
doubling for low ripple, full input protection in two versions
(LM2907-8, LM2917-8) and its output swings to ground for a
7870 frequency inpul

Advantages

& Output swings to ground for 2ero frequency Input

w Easy to use; Vour = iN X Veo X A1 X C1

& Only one RC natwork providas frequency doubilng

B Zener regulator on chip allows accurale and stable fre-
quency to voitage or current conversion {LM2917)

Features

® Ground raferenced tachometsr inpui intarfaces directly
with variable reluctance magnatic pickups

® Op amp/comparator has floating {ransisior output

B 50 mA sink or source 10 operata relays, solenoids, me-
ters, or LEDs

&National Semiconductor

February 1295

LM2907/LM2917 Frequency to Voltage Converter

= Freguency doubling for low ripple

w Tachometer has bulli-in hysteresls with efther differen-
tial input or ground referenced input

B Buftt-ln zener on LM2917

" +0.3% linearity typical

= Ground referenced tachometer is fully protected from
damage due to swings above Vg and below ground

Applications

u Over/under speed sansing
B Freguency 10 voltage conversion {tachometer}
u Spesdometers

u Breaker point dwell meters
u Hand-held tachometer

w Speed governors

m Cruise control

& Automotive door lock centrot
u Clutch control

u Hom control

® Touch or scund switches

v
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Absoiute Maximum Ratings ot 1)

{f Miitary/Aerospace specified devices are required,
please contact the National Semiconductor Salea
Otfice/Distributors for aveilahllity and specifications.

Supply Voltage 28V
Supply Current {Zener Options) 26 mA
Collector Voitage 28V
Dif{srential Input Yoltaga
Tachometsr 28v
Op Amp/Comparator 28Y
Input Voltage Range
Tachometer LM2907.8, LM2317-8 28V
LM2907, LM2917 0.0V io +28V
Op Amp/Comparalor 0.0V io +28V

Power Dissipation

LM2807-8, LM2917-8 1200 mW
LM2907-14, LM2917-14 1580 mW
(Ses Note 1) .
Operating Temperature Range ~40°Cto 1 85°C
Storage Temperature Rangs —-85"Cto +160°C
Soldering Information
Duskin-Line Package
Soldering (10 seconds) 260°C
Smail Qutfine Package .
Vapor Phase (B0 seconds) 215*C
Infrared (16 saconds) 220°C

Ses AN-450 “Surtace Mounting Methode and Thelr Effect
on Product Reliabiiity” for other methods of soidering sur-
face mount devices.

Electrical Characteristics voc = 12Voe, Ta = 25°C, see test circul

Symbol 1 Parameter l Conditiens ‘ Min [ Typ l Max Units
TACHOMETER
Input Thresholds Vin=250mVp-p & 1 kiHz (Nots 2} +10 +25 +40 mV
Hysteresis ViN = 250 mVp-p @ 1 kz (Nota 2)° 30 my
Offset Veitage Vi = 250 mVp-p @ 1 kHz {Note 2)
LM2007/LM2017 3.5 10 mV
LA2007-8/LM2017-8 [ 15 mv
input Bias Current Vin — £50 mVpo 0.1 1 pA
Vor Pin2 Vig = +125 mVpg (Note 3) 8.3 )
Voo Pin2 Vin = —125 mVpc (Note 3} 23 v
2,13 Qutput Cusrent V2 = V8 = 6.0V (Note 4) 140 | 180 240 #A
Ig Leakage Current 2~0,V3~0 0.1 wh
K Gain Constant {Note 3} 0.9 1.0 14
) Linegrity fog = 1 kMz, 5KkHz, 10kHz (Note5) | —1.0 | 08 +1.0 %
OP/AMP COMPARATOR
Vos Yin — 6.0V 3 10 my
IniAS Vin = 6.0V &0 500 nA
Input Common-Mode Voltage 0 Veg—1.5V \
Voltage Gain 200 V/mV
Quiput Sink Gurrant Vg~ 1.0 40 50 mA
Qutput Sowce Current Vg = Vec —2.0 10 mA
Saturation Voltage lsiNg = 5 mA 0.1 05 v
Iging = 20 mA 1.0 v
laink — S0 mMA 1.0 1.6 A




Elactrical Characteristics vog = 12Voo, Ta = 25°C, se8 a4t circult (Continued)

symboi | Parameter [ condtions | Mn | Typ | Max | Units
ZENER REGULATOR
Reguiator Voltage Rorop = 4708 7.58 v
Serles Resistanca 10.5 15 o
Temperature Stability _ +1 mv/rC
TOTAL SUPPLY CURRENT 3.8 8 mA

Note 1: For operation In ambisnt tetpargtres shova 25°C, the danice must ba dersted hased on § 150°C mastmum pinction tampergtirs ang § thermal resigtence
af 101°C/W Mnelon to amblent for LM2007-8 and LM2817-8, and 70°C/W junction 0 emiient for LM2807-14 ahd LM2017-14,

Mots 2: Hystercalp is the sum +Vay — (— Vi), offest voltage te thelr gittsranca, Soe tast clrauit.
ot 31 Vo 18 equal o %4 X Ve ~ + Ve Voo s squal © %4 X Yoo —~ 1 Ve thereicre Vo = Yor ™ Yo/ The dilerence, Vou — Voo, and the mirror gain,
lafh, &9 The TWO RCI0rs Nt CaUsE the LCAOMETer Jain CONSTAM To VY from 1.0, .

Mota 4: B4 s.re whea choosing the fms constant 81 X C1 that A1 ls such thet the mexmum amistpated output voltage et pin 3 can be resched with I3 X R1.Ths
madmum vakie for R ie Smited by the cutput resistance of pin 2 which Is grexter than 10 MK fypically.

Ncu!:Nonﬂnoﬂkvhddinodntﬂadmnof%ur(cplnalfnrlm-mehomnmiqmlnedcnnedbythovowl1kHzdeourtwmz

3

G1 = 1000 pF, A1 = 88k and C2 =~ 0.22 mFd.

General Description continusd)

The op emp/comperator is fully compatible with the ta-
chometer and has a floating transistor es its output. This
festura allows either & ground ar suppty referred Ioed of up
{6 50 mA. The coflecior may be taken above Voo up to a
maximum Veg of 28Y.

The two basic configurations offered Include an 8-pin device
with a ground referenced tachemetar input and an intemal
connsction betwesen the tachometer output and the op amp
non-nverting input. This version s well sulted for single
speed or frequency switching or fully buffered frequency to
voltage conversion applicaions.

Test Circuit and Waveform
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The more versstile configuraions provide differential te-
chometer input and uncommitted op amp inputs, With this
version the tachometer Input may be flcated and the op
amp becomes suitable for active filter conditioning of the
tachometsr output.

Both of these configurations are avallable with an active
shunt regulator connacted across the power leads. The reg-
ulator clamps the supply such that stable frequency ta volt-
age end frequency to cutrent cpenations are possible with
any supply voitage and a sultabla resistor,

Tachomater input Threshold Measurement

vl
-
REGATIVE / PUSITIVE
INEUT WPUT
THAESHULD THRESHOLD
——
Vuw TACHOMETER
TUH/TE-T




Typlcal Perfermance Characteristics
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Appilications Information

The LM2807 geries of tachometer circults Is designed for
minimurm external part count applicaions and maximum ver-
satility. In order to fully explolt its features and sdventages
Jet's examine iis theory of operation. The first stage of oper-
atlon ls & differantiel amplifier driving a posltve {eedback
fiip-ep circuil. The Input threshoid vollags is the amount of
differential input voltage at which the output of this stage
changes state, Two options (LM2807-8, LM2517-8} heve
ane Input Internally grounded o that an input signal must
swing above and below ground and excesed tha input
thresholds to produce an output. This I8 offered specifically
for magnetic varable reluctance pickups which typlcally pro-
vide a single-ended ac output This single Input Is also fully
protected agalnst voltage swings to + 28V, which are easlly
attainad with these types ot pickups.

The difierential input options {LM2807, LM2917) give the
user the option of setting his own Input switching level and
siill have the hysteresie around ihat levei for excailent noige
rsjection in any application. Of course in order 0 allow the
inputs to aitaln common-mode voltages above ground, input
protection s removed and neither Input should be iaken
ouside the limits of the supply voltage belng used. it is very
important that an Input not go below ground without some
reslatancs in its lead to limit the current that will then flow in
the epi-substrate dicde.

Following the input stage fs the charge pump where the
Input frequency is converted to a do voltegs. To do this
requires one timing capacitor, one output resistor, and an
integrating o filter capacitor, When the input stage changes
stals (dus 1o a suitabls zero crossing or differential voltage
on the input) the timing capacitor Is either charged or dis-
charged linearly betwean two vollages whose difference is
Vee/2. Then in ons haff cycie of the Input frequency or a
tima equal to /2 fiy the changs In chargs on tha timing
capacitor is equal to Vgo/2 X C1. The average amount of
currént pumpsd Into or out of tha capaclior then is

AQ Veo
-1—_'-ic{;,v(;)—C1X—-‘2:—\‘X(2ﬁN)-VchT;NXC1

The output circuit mirrors this current very gocurately inta
the load registor R1, connected to ground, such that it the
pulses of current are integrated with & filter capacitor, then
Vo = iz X R, and the total conversion equation becomes:

VQ-VCGXfINXC1XR1 x K
Where K Is the gain constant—typically 1.0.

Typical Applications

The size of C2 is dependent only on the amount of ripple
voitage allowable and the required response time.

CHOOSING R1 AND C1

Thare are some lmitations on the cholce of R1 and C1
which should be considered for optimum performancs, The
timing capacitor aiso provides internat compensation for the
charga pump and should be kept \arger than 600 pF for very
accurate operation. Smalfer values can cause an arror Gur-
rent on R1, especlally af low temperatures. Several consid-
erations must be met when chooeing R1. The output current
at pin 3 I internally fixed and therefore Vo /R1 must be less
than or equal 10 this value, i R1 is oo large, il can become
a significant fraction of the output impedance at pin 3 which
degrades finearity, Also output ripple voltags must be con-
sidered end the siza of C2 is affectsd by R1. An expression
that describes the fippls content on pin 3 for a single R1C2
combingtion Is:

VRIPPLE ~* ng X 9-1 X (1 - V_________cc Xty X C1) pk-pk

2 c2 {2

it appears R1 can be chosen Indepenclent of ripple, howev-
¢ér response time, or the time it takes Vour 10 stebiiize at a
new voltage Increases as the size of C2 increases, sC 2
compromise batween ripple, responsa time, and linearity
must ba chosen carefully.

As a final consideration, the maximurn attainable input tre-
qusncy s determined by Veg, C1 and izt

Iz
faax C1 %X Veo

USING ZENER REGULATED OPTIONS (EM2817)

Eor those applications where an output veltage or current
must be obiained independent of supply voltage variations,
the LM2917 Is offered, The most important consideration in
choosing & dropping resisior from {he unreguiated supply to
the devics is that the fachometer and op amp circuiiry alone
require about 3 mA at the voliage level provided by the
zaner. At low supply voltages thera must be some currant
fiowing In the resistar abave the 3 mA circult currant to op-
erate the regulator. As an example, if the raw supply varies
from 8Y to 16V, a resistanca of 4700 will minimize the ze-
ner voitage variation 0 160 mV. if the resistance goes un-
der 4000 or over 6000 the zenar variation quickly rses
above 200 mV for the same input variation.

Hinimum Component Tachometer
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Typical Applications (Contiued

1
»Speed Swihah” Load is Energized When iy 2 RC
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Typlcal Applications (Continved)

Voltage Driven Meter indicating Engine RPM
Vo - §V @ 400 Hz or 6000 ERPM (8 Cylindsr Engins)
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Current Driven Meter Indicating Engine RPM
ip =~ 10mA @ 300 Hz or 6000 ERFM (6 Cyﬂndnr Engine)
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Typical Applications (Contnued)
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Typlcal Applications (Contirued)
Varieble Reluctance Magnetic Plckup Butfer Cirouits
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Typical Applications (Continued)

Frequency to Voitsge Converter with 2 Pole Butterworth Fliter to Reduce Ripple
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Typicat Applications contnued

Some Frequency Switeh Appncetlona'Mey Require Hysteresis in the
Comparator Function Which ¢an be Itplementad In Saveral Ways:
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Typical Applications (Continued)

Chenging the Output Voltage for ah input Frequency of Zerd
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Anti-Skid Circuit Functions

“Selsct-Low” Circult
Vee O
WngEL WAUT
e a1 O 1 ;
neee sntul [ L] . 1]
O
0.2
; -je- T = Vour WHEEL NG, 3
.
N2 2 i g A § B U / b wHeeLhG2
J:__-j i ! \1 /
y ol \' 0
I maitim nr
o i > e L] T Ll i]
= = ! - - wHEEL IPLLES
S Miow TLM/Te42-34
iy Vour [s proportians to the lower of the
s
‘[—\M—-r—-—-{ﬂ:—“ ™ Vour two lnput whes! epasds.
TUIV78a2-30
“Safect-High" Cireuit
Ve O
WHEEL INPUT o
[T Nk
w0 s l ) U
Ha.1 | v I_ 4 Yaur Vout
= v i
2 1 2 2 '- -
foe i o O e P 1 R
k— — ,r NI
<
3 f s [ WHEEL™T b
. WiLCL
[- wo.1 0.2
T 3 s - [ " [ 5 WHIELSPERD
= ow T ] =2 & 1[ TL/H/7R42-88
AN > ol Vour !s proportionat ta the higner of
,— the two Input whea! speeds.
= -
TL/K/70¢2-35
L ugelect-Average” Cirouit
Yer O
Ly
[
i i
3
'L Lot
[}
[
AAA '
l 10D gy - VzeRER, #1p)
= - ° TUH/TI42-37

13




Equivalent Schematic Diagram
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Physical Dimensions inches (milimeters)
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Physical Dimensions inches (millmsters) (Continued)
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LM2907/LM2917 Frequency to Voltage Converter

Physical Dimensions inches (milimeters) (Contnued)
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Qrder Number LMZ907N or LM2617N

LIFE SUPPCRT POLICY

NS Packsge Number NTAA

e T

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

1. Life suppart devices or systems are devices or 2.
systems which, (8} are intended for surgical implant
into the body, or (b} support or sugiain life, and whoss
failire to perform, when properly used In accordance

A critical component is any component of a life
support device or system whose failurs to perform can
be reasonably expected  cause the failure of the lifs
support device of system, or 10 affect its safely or

with instructions for use provided in the {abeling, can effectiveness, .
be reasonably expected to resuft in a significant Injury
fo the user.
Hatlonat Samiponductor Nalional Semivonductor Mationai Semtconduotor Natians! 8emiconauator
Corparation Eui Hong Kong Lid. Japan tid
1111 Wast Sarcin Road Fox {+49) 0-160-530 85 86 13t Foar, Stralght Bloek, Tel: 81.049-209-2309
, TX 78017 Ernail BIeVmER. N3C.coM Oasan Cormra, & on Ad. Foc 81.540.200.2408
Tai: 1{800) 2726988 Ceutsch Tale (+48) 0-480-830 85 85 Taimahataul, Kowioon
Faoe 4(800) 7077016 Engiish  Tek: (+43) D-180.502 78 32 Hong Kong
Francels Tel: (+40) 0-180-532 92 58 Tei: (833) 37371800 °
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Foxe (883) 27385260
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LM78XX
Series Voltage Regulators

General Description

The LM78XX series of three terminal regulators Is eveilable
with several fixed output voltages making them usefulin a
wide range of apolications. One of thess. is local on card
reguiation, elimineding the distribution problems asscciated
with single point regulation. The voitages available aflow
these regulators fo be used in logic systems, instrumenta-
tion, HiFi, and other sofid state electronic equipment. Al-
though designed primarily es fixed voltage regulators thees
davices can be used with extemal components 10 obtain ad-
justable voltages and curranta

The LM78XX series is available in an aluminum TO-3 pacit-
age which will allow over 1.0A foad current If adequate heat
sinking is provided. Current limiting is included fimit the
peak output current to a safe vaive. Safe arez protection for
the output transistor is provided to {imit internal power dissi-
pation. If intsmal power dissipation becomas {00 high for the

gNational Semiconductor

July 1888

atthough this does mprove transient respanee, input by~
passing is needed only if the regulator is located fer from the
filtar capacitor of the power supply. '

For output voltage other than 5V, 12V and 15V the IM117
serias provides an output voltage range from 1.2V to 57V.

Features

» Output current in excess of 1A

u Intemnal thermal overload protection

® No external components required

= Qutput transistor safe area protection

= intemal short circuit current {imit

a Avallabie in the sluminum TO-3 packags

Voltage Range

See NS Package Number KCO2A

heat sinking provided, the thermal shutdown circuft takes LM7805C 5
éver preventing the IC from overheating. LMrg126 12v
Considsrable effort was expanded to maks the LIM78XX se- LM7815C 18V
ties of regulators easy o use and mininizo the number of ex-
ternal components. It 18 not necessary o bypass the output,
Connection Diagrams
Mstal Can Package Plastic Package
TO-3 (K} T0-220 (7)
Aluminum -
QUTRIT— GHD t :,‘-;—__-‘:: outRuT
R0 O GKD
 ——L
HPUT—" 030077483
080077482 Top View
Bottem View Order Number LM7805CT,
Order Number LM7805CK, LA7312CT or LM7815CT
LM7812CK or LM7815CK See NS Package Numbar TO3B

© 1090 National Semiconductor Corparation DSo0T746

www.national.com
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Schematic
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Absclute Maximum Ratings (Note 3)

Maximum Junction Temperature

it Miltary/Asrospace specifled devices are required, {K Package) 150G
please contact the Nationsl Semiconductor Sales Office/ (T Package) 150 G
Distributors for availability and specifications. Storage Temperature Range B5Cto+160C
Input Veoltage Lead Tempareture (Scidering, 10 sec
Vo = SV, 12V and 15V) a8V TO-3 Package K 300C
intemal Power Dissipation (Note 1) internally Limited TO-220 Package T 230C
Operating Temperature Range Ta) 0Cw+70C
Electrical Characteristics LM78XXC (ot 2
0 C £ Tj £ 125 C unless ctherwiss nated.
Qutput Voltage 5 12v 18V
Input Voltage (uniess otherwise noted) 10V KT 23V Units
Symbol Paramster Conditions Min | Typ | Max | Min [ Typ [Max | Min [Typ |Max
Vo Output Voftage Tj=26C,5mA SIS 1A 28 5 52115 12 .125144 1B 168| V¥
Pp S 15W, 5mA < o S 1A 4.75 5258 {11.4 12.6 §4.25 18.78 \'
Vi < Vin S Vimax (7.5 S Vypy £20) (1452 iy < (1753 Vi 5 v
) 30)
AVg Line Regulation lo = 8OO T=28C 3 50 4 120 4 180 mVv
mA
AV (7 SVpy $28) | 1455Vy<30) | (17.65Vi = \
. 20 ,
CCsT<+125C £0 120 180 mv
AV (BSVp 2200 | (155Vp227) | (1852Vi v
30}
lo 5 1A Ti=25C 50 120 180 mv
AV (75<Vp£20) | (146<V < ATT VS v
27) 30)
0C<Ts+125C 25 80 75 mv
AV B<Vin$12) (16 £V $22) | (20< Vin X 26) v
AVg t.oad Regulation Tj=25C s5mA $lg S 1.5A 10 50 12 120 12 150} mVv
250 mA < lo £ 25 60 75 mv
750 mA
smslosm.oc:s‘r}s &0 120 150 mv
+125C
le Quiescant Cument | ig S 1A Tj=26C 8 8 8 mA
0CsTje+125C 8.5 a5 85| mA
Alg Quiescent Current | SmA =l S 1A 0.5 0.5 0.8 mA
Change Tj=26C, lg<1A 1.0 1.0 1.0 mA
Vi S Vi € Vinax 755V $20) | (148SVins 2N {1785V S \%
30)
IOSSUOmA.OCsTjs-HZSC 1.0 1.0 1.0 mA
Vi S Vine S Vi TSVp$25) | (1458Vys30) | (17.55Vis Y
30)
Vn Cutput Nolse T, =25 C, 10 Hz <100 kHz 40 75 el wv
Volage
Rippls Rejection L<IAT=25C| 62 80 55 72 54 70 dB
sV or
avVoyr f=120 Hz | {o < 500 MA 62 55 54 dB
BC<Tis+125C
Varms S Vine S Viuax BSVn$18) | (185Viy$28) | (1BESVinsS v
28.5)
Re Dropout Votage | 1) = 25 C, loyr = 1A 2.0 20 2.0 v
Output Resistance | f = 1 kHz 8 18 10 mi2

wwu.national.com




Eleetrical Characteristics LIA7SXC (Note 2) (Continued)
0 C < Tj < 126 C unless ctherwise noted.

Output Voltage Y 12v 16V
input Voitage (uniess otherwise notad) 10V 19V 23V Units
Symbaol Pararnetar Conditions tain | Typ | Max | Min [ Typ | Max | Min | Typ | Max
Sho-Cirouft Tj=2C 21 1.8 1.2 A
Current
Peak Output T=25C 2.4 2.4 2.4 A
Current
Avarage TC of 0CsTjs+128C =56 mA 06 1.5 1.8 mv/ C
< Vour
Vin Input Voltage
Required 0 Tj=25C. loS1A 75 14,8 17.7 \Y
Maintain
Line Regulation

thﬂﬁv4CWiundimbcaumdSOCNVcaabmbhnt

be taken Into account separataly.

ica!l Chamactarstics.

Nete 20 A!Imammﬂsummmeaswedmheepadwrmammwduz JiF, and a capacitor 967088 the outputof
* @ Fippie rejaction ratic &3 maasurad Using pulse techniques (4 £ 10 s, duty cycle 5 §%). Output voltage changes dus

Nete 4: Thermat resisiance of tha TO-3 package (K, KO} Is typicaity 4 CAWjunction to case and 86 C/W case to ambient. Themhal reslatance of the TC-220 packags

0.41F. All characterstics exceptnoise voltage
to changes in intsmal mperatue must

Nets 3¢ Absolute Mexirum Retings Indicate imits heyond which damage 1o the device may ocaur, For guararteed specifications and the test conditions, see Blec-

www.nationat.com 4




Typical Performance Characteristics
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Typical Performance Characteristics (contnue)
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Physical Dimensions inches (milimaters) unless otherwiss noted

6.040-8.960
TN —21.09)
0.000-0m5 | oA 9,250--0.360
’(z‘n.s:oamm) at | (6.350-2.580)
6.107~0.123 ‘
E.718-3.12%) i + S o
0.025 ﬁ__‘ oo
‘——“ﬂm ol '_W;;mm PLANE 111.30-13.26]
UHCONTRA nA = (X T
AZ9 T
B -4 L—(o.sos-tmk *
DIATYP
B.420-0.440
o711
0.181-0.181
{3836 —4.089)
BATYP ©.070-1.080

01850179 S LS

(4.191 - 4.547) (24.84 - 20.67)
RTYP 0.210-8.220
(5.334 —5,588)

_:) | 0.555-0673

{16.89—11.18)
11771187
{#9.90-38.40)

KCORA(REV Q)

Aluminum Metal Can Package (KC)
Order Number LMM7805CK, LMT812CK or LM7818CK
NS Package Number KCO2A
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LM78XX Series Voltage Regulators

Physical Dimensions inches (miimeters) unless otherwise noted (Cantinued)

0.240-0,280 4.330~0.358
— {8.16-0.50] }’,[u.n-l.n] "1
0.100-0.120 0,149-0.183
{2.84-3.08] / & a7e-2.20)
7 S W
1 ' 1.090-0.110
0.400 738 6% _{z29-2791  g.400-0.210
. a - e — | Ul
= = ===
/ 0.048-0.055 _J
/ 0.136-0.150 qyp (1.23-1.40}
PN #1'D T {3.30-4.06} TP
1.005-1.035 0.027-0.057
" [a33-20.39] l°-”‘.;g-"1

Al 10,087 10,18
; 1@/‘ AL gy —y [
Ny
1
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Oug®
o \'”"‘ \— Lo g.108 0018 (.67 %]
3EATIHG PLANE
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TAPERED
Si08% 19 1030 (ze¥ O
TQ-220 Package (1)
Ordar Nuraber LM78C5CT, LM7812CT or LM7815CT
N2 Package Number TOZB

LIFE SUPPORT POLICY

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

1. Life support devices ar systems are devices or 2. A critical companent is any component of a life

systoms which, (2) are intended for surgical implant
into the bady, of (b} support or sustain fifs, and
whese failure o perform when properly used in
accordance with instructions for use provided in the

support device or system whose faflure to perform
can be reasonably expected o causae the fallure of
the life support device or system, or to affect its
safety or effectiveness.

lebeling, can be reasonably expected to result In 2

gignificant injury to the user.
Mrdanal Santivondiene Natanal Sembsondkmtor Natanal Semiracrdiator Matianal Scntiwanduator
‘ Cerperation Europe Asls fusific Cuptomer Japan Lk
Amerioss. Fax: +48 (0F 1 S0830° 05 60 Recponse Group Fei: 81-3-5639-T660°
Tel: 1-800-272-9869 . Emai: surppesupportginse.com ~ Tek: G8-254446€ Fax: 81-3-6633-7807
Pax: 1-800-737-7012 Dautach Tat: +49 (0} 1 30830 85 85 Fax: 86-2504408
Emai: support@@nso.oom Engilsh Tet: +49 (0 1 80632 7832 Email: seasuppordineo.som

Francais Tel: +49 (0} 1 80-6§22 93 58

www.nstonal.com Italiene Tek: +49 (0) 1 80 534 18 80
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LM124/LM224/LM324/LM2802
Low Power Quad Operational Amplifiers

General Description

- TRe LM124 series coneists of four independent, high gain,
internally frequertcy compensatad operetional amplifiers
which were designed specifically to operate ftom a single
power supply over a wide rangs of voltages. Operation from
split power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
powar supply voltage.

Application areas include transducer amplifiers, DC gain
blocke and all the conventional op amp dircuits which now
can be mors saslly implementsd in single power supply sys-
tems. For example, the LM124 series can bs directly oper-
ated off of the standard +5V power supply voltage which is
used in digital systems and will easily provide the required
interface electronics without requiring the additional 16V
power supplies.

Unique Characteristics

& In the linear mode the Input common-mode voitago
range includes ground and the output voltage can also
swing to ground, even though operated from only a
gingle power supply veitage

u The unity gain cross frequency s temperature
compensatad

# The input bias current is aiso temperature compensated

Advantages

x-Eiiminates need for dual supplies

u -Four internally compensated op amps n & single
package

2 Allows directly sensing near GND and Vour also goes
to GND

® Compatibls with all forms of logic

& Power drain suitable for battery operation

Features
& intematly frequency compensated for unity gain
u Large DC voltage gain 100 dB
® Wide bandwidth (unity gain) 1 MHz
{temperature compensated)
u Wide power supply range:
Single supply 3V to 32V
or dual supplles +1.5V to 116V
& Very low supply current drain (700 UuA)— essentially
independent of supply voltage
# Low input biasing current 45 nA
(tomperature compeneated)
® Low input offeet voltage 2 mV
and offset current: 5 nA
a Input.common-mode voltage range inciudes ground
® Differential input voltage rangs equal to the power
supply voltage
8 Large output voltage swing oVio VT 18V

Connection Diagram

Dugl-in-L.Ine Package

SUTAUTA 1EPUTE  INPUTET

n L}3 i

cHD

INPUTS® IRAUT T~ OUTRUT2

ji) W 3 L]

D

1 [3 2
meut 1t

QUTRUTY WPUT T

vt

4 2 ] 1

meuT2t INuTY ONTRUT 2
DB00E200

1

Top Viaw
Order Number LMA24J, LM124AJ, Li1124./8383 (Note 2), LM124A1/883 (Note 1), LM224J,
LM224AJ, LM324), LM324M, LM32Z4AM, LMZO02M, LM324N, LM324AN or LM2902N
LM124AJRGML and LM124AJRQMLV(Note 3)
See NS Package Number J14A, M14A or N14A

Note 4: LM124A avaiiable per IM38510/11000
Mose 2: LM124 available per JM38510/11008

© 1999 National Semiconductor Corporation DS008299
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LIVI1 24/ M1224/LM324/L M2902

Connection Diagram (continued)
Note 3: See STD Mit DWG 5002R09504 for Radiation Tolerant Device

ovmml:i.

IRMUT 4 -
IRPUT 1+

INPUT 24

———
TN 2 {

:_'r_.__.mmm
INPUT 4~

. TREUT 4+

y,c_——_—‘_ LM124W gcm
:‘_ir £ INPUT 3+

]
‘..'—_':BINWTS-
= —"toutrut S

NEIOM-TY

Order Number LM124AWBE3 or LM124W/883
LM124AWRQML and LM 24AWRGMLV(Noze 3)
See NS Package Number W48
LM124AWGRQML. and LM124AWGRQMLV(Note 3)
Soe NS Package Number WG14A
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Absolute Maximum Ratings (ot 12)

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

LM124/LN224/1.M324 LM2602
LM124A/LIM224A/M324A
Supply Voltage, V* 32v 26V
Ditferential Input Voltage 32v .28V
Input Voltage 0.3V to +32V 0.3V to +26V
input Cumrent
Vi < 0.3V) (Note 6} 50 mA 50 mA
Power Dissipation (Note 4)
Moided DIP 1130 mW 1130 mW
Cavity DIP 1280 mwW 1260 mW
Smalt Qutline Package 800 mW 800 mwW
Qutput Short-Circult to GND
(One Ampiifier) (Note 5)
Vtg1sVand T, = 25C Continuous Continuous
Operating Temperaturs Rangs 40Cto+85C
LM324/LM324A 0Cto+70C
LM224/LM224A 25 Cto+85C
LM124/LM124A 55Cto+126 C
Storage Temperaturs Rangs 85 Clo+160C 85 Glo+160C
Lead Temperature (Soldering, 10 seconds) 260 C 260 C
Soldering information
Dual-in-Line Package
Soldering (10 seconds) 260C 260C
Small Outline Package
Vapor Phase (60 seconds) 2156 C 218C
Infrared {15 saconds) 220C 220C
See AN-450 "Surface Mounting Methods and Their Effect on Product Refiability” for other methods of solcering surface mount
devices.
ESD Tolerance (Note 13) 250V 250V
Electrical Characteristics
Vv* = +5.0V, (Note 7), uniess otherwise stated
LM124A Lr224A LM324A
Parameter Conditions Wi Ty M [Wm Typ Wax Win Typ e Units
npyt Offset Voltags {Note 8) TA = 26 o] 1 2 1 3 2 3 mv
Inpit Bies Current tingey OF } Veu * 0V,
(Nola 9 T:lzsg” = 20 & w 8 45 100 | oA
npit Offset Curment Tueey OF T 3 Vew = OV, 2 10 2 16 § 30 | nA
Ta=26C
inpyt Common-hMode V* = 30V, (LM2902, V* = 26V), [ Vvt 18 0 vt 1.5 1] v 15 v
Voltage Ranga (Note 10} Ta=26C
Supply Gurrent Quer Full Temperaturs Range
R = oo On All Op Atps mA
V* = 30V (LM29502 V* = 26V) 1.5 3 1.5 3 1.5 3
Vo= BV 0.7 1.2 07 12 07 12
Lange Signal V= 15V, Rz 2kQ, 60 100 &0 100 P13 100 VimV
Voitage Gatn (Vo ® V10 11V}, To=25C
Commof-Mode DC, Vem = Vo V* 1.5V, 70 85 70 85 65 85 dB
Re);cﬁoﬂ Ratio TA®28C

-
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LIVI1 24/LM224/LN324/1 12802

Electrical Characteristics (continued)
V* = +5.0V, (Note 7), uniess otherwise stated

Paramater Conditlons Li24A LM224A Lua24A Units
Win | Typ  Max [Min  Typ Max Min Typ Max
Pwer Supply V' = 5V to 30V
Rdjection Ratio (LM2902, V* = 5V to 28V}, 85 100 85 100 85 100 dB
TA=26C
Adhplifier-to-Amplifier = 1kHzto 20 kHz, T, =25C 120 120 120 43
Cdupling (Note 11) (input Referred)
Oudiput Current Source | V' = 1V, Vin =0V, 20 | 40 2D A 20 40
V' E 16V, Vg = 2V, To=26C mA
Sink Vi = W, E 0V, 10 ] 20 10 20 w0 20
V'3 45V, Vo = 2V, TA 2 25C
Viy ® 1V, V" =0V, 12 80 12 50 12 50 BA
V= 15V, Vg =200 mV, T, =25C
SHort Circuit to Ground (Note 5) V* = 15V, Tp = 25 [+ 40 60 40 60 40 60 mA
Input Offset Voitage {Noto 8) 4 4 5 mv
Input Offsat Rg = 002 7 20 7 20 7 30 |WIC
vdtage Drift
Input Offset Current ey gy You = OV 30 30 75 | nA
input Offeet Ry = 00 10 200 10 200 10 300 | pA/C
Cirrent Drift
Input Blas Current sy OF g ) 40 100 40 100 a6 200 | nA
input Common-Mode V= 430V 0 vta2l| o valo vt 2 )
vottage Range (Note 10) (LM2802, V* = 26V)
1.arge Signal V' E sV
Vottage Gain (VoSwing = 1V to 11V} 25 25 18 2740
Rz2kQ
Qutput Voltage You V* = 30V R.=2kQ 28 26 26 v
Swing (LM2902, V* = 26V) R = 10 k0 27| 28 77 28 27 28
' Vot V* = BV, R = 10 kO 5 20 5§ 20 5 20 | mv
Output Currant | Sourca | Vo = 2V V' = +1V, 10| 20 10 20 10 20
VY mA
Sink Vi = +V, 10| 16 5 8 5 8
> =
VS8
Electrical Characteristics
Vv* = +5.0V, (Note 7), uniess otherwise stated
LIA124/LM224 LM324 LM2902
Parameater Conditions Units
Min Typ Max (Min  Typ. Max |Min Typ Max
Input Offest Voltage (Note 8) TA, = 25C 2 S 2 7 2 7 mV
Input Bias Current Inggey OF hing o Vom ® oV,
Note &) T,228C 45 150 45 250 L 45 250 | nA
Input Offset Current nggey O Yyt 3 Vo = OV, 3 30 3 50 5 50 | nA
To=25C
input Common-Mode V= 30V, (LM2902, V' = 26V), Q v 15 0 vt 1.5 0 v 1.5 v
Valtage Range (Note 10} To®=28C
Supply Current Over Full Tamperature Range
Ry = % On Alt Op Amps mA
V* = 30V (LM2802 V* = 26V) 1.5 3 1.5 3 1.5 3
Vvt =5V 07 12 07 12 0.7 12
Large Signal V' = 16V, Ry2 2kQ, 30 100 25 100 25 100 Vimv
Voltage Gain (Vo= V1011V, Ta=26C
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Electrical Characteristics (contnueq)
V* = +5.0V, (Note 7), unless ctherwise stated

P Conditions LM124/LM224 LM32M4 LM2902 Units
Min Typ Max (Mis Typ Max |[Min Typ Max
Common-Mode DG, Ve = OVio V1.5V, 70 85 65 85 60 70 daB
Rajection Ratio Ta=25C
Power Supply V' = 5V to 30V
Rejection Ratle (LM2502, V* = 6V to 26V), 65 100 85 100 8 100 dB8
N Tpo=26C
Ampiiier-tolAmpiifier f21KkHZ10 20 kM2, To=26C 120 120 120" o8
Coupling (Note 11) (input Referred)
Qutput Curent Source | Vit 21V, Vy =0V, 20 40 20 40 20 40
VF =45V, Vo= 2V, T, =25C mA
8ink Vin =1V, Viy" = ov, 10 20 10 20 10 «
V=15V, Vo= 2V, Tp = 25C
Vig =1V, Vn' =0V, 12 50 12 50 12 50 HA
V= 15V, Vo = 200mV, To = 26 C
Short Ckeuit to Ground | (Nols 5) V' = 16V, Tp = 28 C 40 60 40 &0 40 60 mA
Input Offset Voltage (Note 8) 7 a 10 mV
Input Offast Rg = 0Q 7 7 7 wic
Voitags Onift
Input Offset Current oy v p Ve = OV 100 150 45 200 | nA
Input Offset Rg * 0Q 10 10 10 pA/ C
Currenit Drift
inpint Bias Curtent tiggey OF g ) 40 300 40 800 40 800 [ nA
Input Common-Mode V' = 30V o} viz2zio vzl o Vvt 2 v
Voltage Range (Note 10) (LM2902, V* = 26V)
Large Signal V= 418V
Voftage Gain (VoSwing = 1V to 11V) 26 16 15 Vimv
Roz2kn
Output Voltage Vou vt =30V R =2k0 28 26 22 v
Swing (LM2802, V* = 26V) R, = 10 kQ 27 28 27 28 23 24
VoL V' =5V, Ry = 10kQ i) 20 [ 20 5 100 mv
Output Current | Scurce | Vp =2V Vin' = #1V, 10 20 10 20 1 20
Ve ey mA
Sink Viy = +1V, 5 8 6 8 & 8
-
WG \
Nota 4: For operating at high temp %, the LMI24AM324A/LM2802 musl be derated based on a +126 C maxi junction and a th i resis-
tﬁno.ctSSCNVchhappusfermdMen soidemdlnapnmed circuit board, operating in @ stil! air ambient The LM224ILM224AI\GLM12M.M12McanbeQO-
rated based on a +150 C maxi ipation is the total of &l four amplifiers —use ] where possible, 10 slow the am=
phifiar to saturate B¢ o reduce the power which ls dastpaud In the integrated circuat,
Note 8: Short glrcults from the otput to V' can cause excessive heating and al When ¥) short Circuits 1o ground, the maximum output
asrent is app 40 mA independent of the magnituda of V*. Atvaluesohupplyvoﬂaoolnoxoen of +15V, oonﬁnuoul short-circuits can excesd the power

dissipation ratings and cause eventual destruction. Destructive disaipation can result from simuitaneous shorts on ait amplfiers.

Nete 6 This input current will only exist when tha voltage at any of the input leads Is driven negative. it Is dus © the coliector-base junction of the input PNP tran-
sistors becoming forward biased and thereby ecting as input dode clampa. in addition to Hhis diode action, e is also lateral NPN parasitic transistor action on the
IC chip. THis transistor action can cause the output voltages of the op amps 1o go to the V' woltage leve! {or to ground for & large overdrive) for the $me duration hat
an input is driven negative. This 15 not destructive and normal output states will re-establish when the input valtage, which was negative, again rstums to & valus
groater an 0.3V (m28 C).

Nets 7: These specifications are Imitéd 10 85 C ST, < +128 C for the LM124/LM124A. With the LM224/.M224A, all tsmperature spectfications are fimitedto 25C
5 Ta 5 +85 C, the LM324/LM324A tamperature spacifications are [Imited to 0 C < T, 2 +70 ¢, and the LM2002 speciications s fimftsd to 40 C 5T s +85C.
Nota 8: Vo 8 1.4V, Rg = 002 with V* from 5V 10 30V: and over the full Input common-mode rangs OY o V°  1.5V) for LM2002, V” from 5V 10 26V,

Note 8¢ Thoditod)onoiﬂwmnwmumdmomduewMPNPmpdmgeTm&wnemls ntially 1, independsnt of 1he siate of the output 50
no loading change exists on e ifput linss.

Note 10: The input commen-mode voltaga of eltter Input signal valtage should not ba Bllowed o go negative by more than 0.3V (at 25 C). The upper end of the
vco’mon-modo\fdﬂwﬂﬂwbv' 1.5V (a1 25 C), but either or both Inputs can Qo to +32V without damage (+26V for LM2602), independent of the magnitude of
Note 112 Due to p y of | Insure that g I not ariginating via stray cap these | parts. This typlcally can be
dmudumwpoofcapawanulmreuuatmobarﬁ'equerdes.

Note 12: Refer 1o RETS124AX for LM124A military specifications and refer to RETS124X for LM124 miitary specifications.
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L1 24/ M1224/LI324/LM2902

Input Voltage Range

o 13

Vi

NEGATIVE /
FOSITIVE
$

®Uy - INPUT VOLTASE (2Voe)

Vi

q s

1¢ 1§

¥ RV - POWER SUPPLY VOLTASE (#Vpe)
DEOGEES-3

Veitage Gain
160 I l
A T
LR l
Tt - 7k
2 w0
4 40
&
J:
[ 10 20 3 4

¥ SUPPLY VLTAGE (Vge)

Electrical Characteristics (Continued)
Note 18: Muman body modet, 1.5 ki) in serieg with 100 pF.

‘Schematic Diagram (sach Amplifier)

Typical Performance Characteristics

input Gurrent
50
Vou £ OV,
w 'ou = 0 Voo
? 7 Vw30
— - T
s .
& el { »
E 30 | 1 t
8 4 Vhoe 418V
- — 4
§ 0 =
¢ 20 Ve 3V
EnEENY

[
.88-38 -15 § 25 43 68 25108128
14 - TEMPERATURE (°C)

Open Loop Frequency
Response

Ay = VOLTAGE GAM {8}

140

m_Q —%— 'u@g
0 \&éih o

=30V &
80 557057, 1125°C]

20 v’=1c°m 15V &
5890, =
5500, ZH2INC N

1.0 10 100 LOb 16l 100k 1.0M 10U
1 - FREQUENCY (Hz)

Supply Current

4 ____}“""lh

~

~

=

1
L1, - 0°C T0 +125°C

fp ~ SUFPLY CLRRENT DEAN (mdge)

T, - -55%C
| S

q 1 2
V* - SUPPLY VOLTACE (¥pe)

common Mode Rejection
Ratl

T T L
B

Iin

CMAR ~ SOMWIN-MDDE REJECTION RATIG {32

1 - FREQUENCY ()

uE At

30

Hi

I
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Typical Performance Characteristics (Continueq)

Voltage Followsr Pulse Voltage Follower Pulse Large Signal Frequency
Response Response (Smail Signal) Responzse
4 T 500 0
§ 2 s L 2.0k l
V' 13V, % "z
-3 3 /i e E esor— " i,
= d ‘g 400 — __t-_ = 3
%) p. . 7 1wyt 5 0
_iF 4 g 0 | - £
ug g, 3 fEnih 2
. h t L
! g 1 & 300 . g Ty = +15°C 2 N
E 3 V¥ * 130V
750 0
0 10 20 30 40 e 1 2 3 4 5 & 7 4 & 10k 100k w
1 - TIME {ua} t - TimE (ps) { - FREGUENDY (Hz)
Output Characteristics Gutput Charactaristics Currernt Limiting
Current Sourcing Current Sinking % T ‘ l
. |
rlu_ g T % T
-7 2 V' W 415 Ve 7 —r
u 8 £ v = 230y, )
2z A y L ]
g% | A2 R == £ 50 gy
s2 N = 3 Bt o 8 ol
§ g M = = 5 b -t v 72 s ?: b k]
v & e ERLY § 8 g9
] DOEPENRENT CF ¥ - b <
2} e -vz]ﬁTlJl P b y = e _f. %
=T o
g e ) Ta 2 133° S55-385-15 8 28 43 45 €3 102128
001 aot 03 ! 1c 103 0.001 000 0. 1 10 100 - TEMPERATURE (°C)
1§ = OUTPUT SOACF EARRFNT (migc) fo - CUTPUT SIHK CURRENT {mApe}
0800529 2
Input Current (LM2002 only) Voltsge Gain (LM2902 only)
160 160 ! l
”~~ T T
] = =20k0
g 75 2 120 i
=
5 3 A R =2.0k0
£ R
2 -
o
5 v 3
o e
= T, 2+25°9C '
S L T g 4
_3 . «<
1} 0
0 10 20 30 0 10 20 38

V! - SUPPLY YOLTAGE (¥pp)

Application Hints

The LM124 series are op amps which operats with only a
single power supply voltage, have true-diffarential inputs,
and remain in the linear mode with an Input cofmmon-mode
voltage of 0 V. These ampiifiers operats over a wide range
of power supply voltage with {itte change in performance
characteristics. At 25 C ampiifier operation is possidie down
to & minimum supply voitage of 2.3 Vpe.

v' - SUPPLY VOLTAGE (Vye)

The pinouts of the package heve been dssigned to stmpliy
PG board layouts. Inverting inputs are adjacent to outputs for
all of the amplifiers and the outputs have aiso been placed at
the comers of the package (plns 1,7, 8, and 14).

Precautions should be taken to insure that the powar supply
for the integrated circult never becomes reversed In polarity
or that the unit is not inadvertently instafled backwards in a

www.national.com
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LI 24/LM224/L M324/LNM2902

Application Hints (continueq)

test socket as an unlimited cumrent surge through the result-
ing forward digde within the IC could cause fusing of the in-
temat conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voltage protaction diodss are
not needad, no large input currants result from large diffaren-
tial input wvoltagas. The differential input voltage may be
larger than V™ without damaging the device. Protection
should be provided to prevent the input voltages from going
negative more than 0.3 Vp (at 25 C). An input clamp diode
with a resistor to the IC input terminal can be used.

To reducs the power supply drain, the emplifiers have @
ciaes A output stage for small signal levels which converts to
class B in a large signal mode, This aliows the amplifiers to
both source and sink large output currents, Therefore both
NPN and PNP external current boost translstors can be used
fo exiend the power capability of the basic amplifiers. The
output voltage needs to ralse approximately 1 diode drop
above ground to blas the on-chip vertical PNP transistor for
output current sinking applications.

For ac applications, where the load Is capacitively coupled to
the output of the amplifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crogsover distortion,

Where the load ie directly coupled, a8 In de applications,
thera is no crogsover distortion.

Capacitiye loads which are applied directly o the output of
the amplifier reduce the loop stabliity margin. Values of
50pF can be accommodated using the worst-case

non-inverting unity gain connaction. Large closed loop gains
or resistive isolation should be used if larger load capaci-
tance must be driven by the amplifier.

The bias network of the LM124 establishes a drain current
which is independent of the magnitude of the power supply
voltage over the range of from 3 Ve 10 30 Vpc.

Output short circuits either to ground ot to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short dreult current causing
metal fusing, but rather due to tha large Increasa in IC chip
dissipation which will cause eventual fgilure due o exces-
sive junction temperatures. Putting direct short-circuits on
more than oné amplifier at a time will increase the total IC
power dissipation to destructive levels, If not properly pro-
tactad with extsrnal dissipation fimiting resigtors in series
with the output leads of the amplifiers. The larger value of
output sourge current which is avaliable st 25 C providss a
larger output current capability at eievated temperatures
(see typical performancs charscteristics) than a standard IC
op amp. '
The circuite pressnted In the gection on typical applications
emphasize operation on onty a single power supply voltage.
If complementary power supplles are avallable, all of the
standard op amp circuits can be used. i genaral, introduc-
ing a pseudo-ground (a bias voltage reference of V*/2) wilt
ellow operation above and below this value in single power
supply systems. Many application circuits are shown which
take advantage of the wide input common-mode voltage
range which includes ground. in most cases, input biasing is
not required and input voitages which range to ground can
sasily be accommodsted.

Typical Single-Supply Applications ' = 5.0 Vo)

Non-dnverting DC Gain (0V input = 0V Output)

N

O Vo

R nat needed due to lemperatura indep i

P
g
s
-
']
> OAIN~- 3+ B
L
= 101 (AS SHOW®)
? Vi (o}

ORo0azee-5
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Typical Single-Supply Applications (v* = 5.0 Vo) (Continued)

DC Summing Amplifier Power Amplifter
(Ve 20 Vpc and Vo 2 Vpe)

;]
108

DSIB6E0S Vq=0Vpcf0rV‘N=0VDc
Where Vg = Vi + V2 Vg Va4 Ay =10
(V4 + V2) 2 (Va3 + Vo) tokeep Vo ® 0 Voc

LED Driver “B1-QUAD" RC Active Bandpass Filter

at
O 108k
M mA .
v 7
o
2 i Es [h)
o c? fstin i 130 oF

DS00S9R-8 180
Vi

=
o
AAA
V-
=
»

RS
478k

1o = 1kHz
Q=50
Ay = 100 (40 dB)

www.national.com
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LM124/LM224/L M324/L 2902

+

Fixed Current Sourcas

Current Monitor

L1l I
Y] ——
wo
Ay
i3
109, -
Vo
R3
1%
-
DEORZR2
1V}
Vo= 14
A

*(increasa K1 for {_small)

Typical Single-Supply Applicatioﬁs (V* = 5.0 Vpe) (Continued)

Lamp Driver

Driving TTL

DO 13

www.national.com
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Typical Single-Supply Applicétions (V* = 5.0 Vpo) (Continued)

Volitage Follower

Win O

Squarewave Oscillator

A1
100

fp = 1 smphvolt Vi
{increase R for 1, smal)

DE0T00-10

1AL IR124A

Pulse Gonerator

Rt
™ N

Pulse Generator

ng14

0800028048

DSO08:0AT

"
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ZOSTW VYZEWWYZZINTUPZ LAY



L1 24/ M224/LM324/L V12002

’ {POLYCARSORATE OR

HIGH Zy,
LOW Zqyr

Comparator with Hysteresis

POLVETHYLERE) =

*hig AT 100 nA

Typlcal Single-Supply Applications (v = 50 Vpo) (Contnued)

L.ow Drift Peak Datector

N9

2 l

AUX AMP

R INPUT CURRENT
L COMPENSATION
3 Ds00a2e-19

Ground Referencing a Differential Input Signal
1

Vi O ‘
R
m
O Vo
R1
10k
+Vaer O + OVo
Va
DB00GR0-2D 4
ey
|
l D800R2I0-2H
Vo * Va
Y
www.national.com 12




Typical Single-Supply Applications (v = 5.0 Vo) (Gontinued)

Voltage Controlled Oscillator Clrcuit
0.05F

‘Vc' .

UL

o

*Wide conirol voltage range: 0Vpc$Vg 2V 1.5Vn)

Photo Voltaic-Coll Ampiifier

L0
w
leere l
O Vo
{CELL HAS OV
ACROSS IT)
- =

AC Coupled Inverting Ampitflar

hy = S (pd o, Ay = 10

O JurPyT
QUTPUT 2
DBO0KNS-22

13
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LIV 24/LM224/LM324/LM2902

Typical Single-Supply Applications (v = 5.0 Voo) (Continued)

AC Coupled Non-inverting Amplifier
R1 ‘R2
108k 1"

a2
- 4 e
Av=t A1

Av—ﬂ(‘lﬁhowl\)

DC Coupled Low-Pass RC Active Fliter

fo ™ 1kHz
Q=1
Ay=2

www.national.com 14




Typical Single-Supply Applications (v = 5.0 Voo) (Continued)

High Input Z, DC Differential Amplifier

2
100k

Fw%-%(ﬁﬁﬁwmmbremrmmmm

R4
Vo-1+ﬁ'5(Vz‘V1)

As showrt Vo = 2V — Vi)

High input Z Adjustable-Gain
DC Instrumentation Amplifier

[}

R1 = A5 & B3 = R4 = RS = A7 (CMAR dopends on match)
2R1
Vg=1 *-ﬁg(vz -V

AsghownVp — 101 (Va2 Vi)

16
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LM124/LM224/1L M324/LM2902

fo = 1ktiz
Q=25

Using Symmetrical Ampiifiers to

Reduce Input Curromt (General Concopt)

1/4 LMI24A Va

Typical Single-Supply Applications (v = 5.0 vy (Continueq)

Bridge Curvent Amplifier

+*Vusr

+ Fors << $4ndRy>> A
LA
18 L1204 Vo = Vagr (5) A
AUX AMP
INPUT CURRENT
COMPENSATION
DSO000A0-20
Bandpass Active Fliter
et
0.01uF

www.national.com
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Physical Dimensions inches (millmeters) unless otherwiss noted

0785
m.mi—-—-———"
MAX
0028 i (o (] o) oL Dol ‘—_T
m::!& 02284310
(5563-7.274)
REEIgEY U RLIRE]
1250-0.320 s el
ErTerei @12 nuss 0.880+0.008 {8.080)
‘ MR suwﬂ AR MAX 4 5290000
i iC oo || {0.608-1.824)
_asm - L
95 1 8 TYR
10° MAR ; o.m-mz '
L_um-wn | (01034 0.203-2.308) 091020003 | 0.125-0.200
7374-1041) as g RAT5-5.088)
SAX BOTH m“ 0.100 +8.018 a1
{2580 20258 B
[l SRRV &

Ceramic Dualin-Line Package {J)

Order Number LM124J, LM124AJ, LM124AJ/883, LM124J/883, LM224J, LM224AJ or LM324J

NS Package Number J14A
8335 0344
" {K500-8.738}1 -
VOO TR R a‘
g
0.228-0,204 ,
18791 =8.198) ) b ﬂ'
{ /.r\_ />\
mun 1.
SR e
T2 31 4 3 6 7
2810 yax
.
0,158 =8.457
e TR
- 0,053 8.05
%‘% AR ‘*— M -TT5)
0° MAX TVP 9.004-8.610
* ML LEADS
T @r N
0,098 ~0.810 T L ?
{a.z00-ass $.018-0.000
TYP ALL LEADS 0.08¢ B =110
@i 1YP ALL LEADS
AL LEAD TS
$.0. Package (M)
Order Number LM324M, LM324AM or LM2902M
NS Package Number M14A
17 www.national.com
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LM 24/ M224/LM324/L M2902

Physical Dimensions icnes (mitimeters) untess otherwise noted (Continued)

tese 1)

I“ L7078 "l

-

QI T T« a4 110

802 ., ROX AAX
@xn T [T cemH

temon s
Lis30s
peszoim
218200 " .
[0 2 | - ™ iz b /\ ’"‘;ng;g
L
y 1k
’ g
&l_!_l_ l l ’v .~
] N a1 &
[RE WK} ) o
| ™ it s
,:j::::,':, WP —|fra— ._' su0een o
[T e P
Bmat0 00 +0.040
im oBe 838 " ots
6 13!5
’“'.' Nodd TV Py
Molded Dualin-Line Package (N)
Order Number LM324N, LM324AN or LM2902N
NS Patkage Number N14A
0.080
1 o050 0,385 MAX —p
0.048 4
ooz~ o.oso:o.o&r; —-l [+~ 0,005 MIN TYP
LR 1M ] f
! I 0.370
i 0.250
jomy ey
H 0.280 MAX ) 0.260
1 GLASS 0.235
0.012
11k i—r  ——1 0.008
DETAIL A
DETAIL A —/ 0370
0.280
PIN #1 -—/ [
IDENT : |7 i
0.008 1. 0.019 pvp o le- 0.045 MAX 148 (R 3)
0,004 0.01S e
YYP
Ceramic Flatpak Package
Ordar Number LNM124AW/883 or LN124W/883
NS Package Number W14B
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Notes

LIFE S8UPPORT 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 hereln:

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
Into the bady, or (b) support or sustain fife, and
whose falure to perform when propery used In
accordanca with instructions for use provided in the
labeling, can be reasonably expected to result in a

support device or system whose fallure to perform
can be reasonably expected to cause the fallure of
the ftfe support device or systam, or to affect its
safety ar effectiveness,

significant injury to the user.
Naflons! Ssmiconduaior Natonal S8amisonduetor National Bemioondiater Natlanal Semjeanduetor
Corporation Europe Asla Paoifs Customer Japan Lad
Americss Pax: +49 (0) t 80-630 83 39 Rsoponsa Groeup Tol: 81-3-9839-7560
Tel: 1-800-272-9050 Emal: surope.suppori@inec.com Tal: €5-2844466 Fac: 81-3-5639-7507
Fux: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 88 Fax: 852504488
Email: support@nsc.com Engllsh  Tel: +49 (0) 1 80-632 78 22 Emall; seasupport@nsc.oom
* Frangais Tel: +49 (0) 1.80-632 93 68
‘www.natisnal com itaflano Tel: +40 (0) 1 80 634 18 80
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Philips Semiconductors Product specification

Interr_lglly—compensated dual low noise operational NE/SA/SE5532/5532A
amplifier

S016: plastic small outline package; 16 leads; body width 7.5 mm SOT162-1
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(¢} S 1|0 mm

LS. W60 ] T S

scale

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

UNIT m’:x At | Az [ A3 | bp | ¢ D EMT o e | L L, | a v w y 1z0] o
™ 2% |00 | 52 | 925 | 0% | oz | 101 | 74 | 27 |1650] ¢ | an | 1o |02 |oas [ oa [ 23]
i 5 A e B B B S S R B I I N e
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
REFERENCES
VeRsion = = v PROJECTION | 'SSUEDATE
SOT162-1 075€03 MS-013AA == @ PP

1997 Sept 29 10



Philips Semiconductors Product specification

Internally-compensated dual low noise operational

e NE/SA/SE5532/5532A
amplifier
DIP16: plastic dual in-line package; 16 leads (300 mil) SOT38-4
° D - Mg o

!<—seatin
™

¥

16 Qr—

in sl ke W e ke ﬁ%

DA R e G A 4+
|

Ty

0 5 10 mm
| Y TS TR SN UNE W N SR B |

scale

DIMENSIONS (inch dimensions are derived from the original mm dimensions)

A Ay | Ay m 0 . zt

UNIT max. | min. | max. b by by c D E e ey L Mg My w max,
173 | 053 | 1.25 | 0.36 | 19.50 | 6.48 360 | 825 | 100

mmof 42 | 0511 32 | 135 | 038 | 085 | 023 | 1855 | 620 | 254 | 762 | 305 | 780 | a3 | 0254 | 076
inch 0.068 | 0.021 | 0.049 | 0.014 | 077 | 0.26 014 | 0232 | 0.39

oM | 047 | 00201 013 | 5051 | 0015, | 0.033 | 0008 | 073 | 024 | 010 [ 030 | g5 | o5y | gz | 001 | 0030

Note
1. Plastic or metal protrusions of 0.25 mm meaximum per side are not included.

OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION s JEDEG EIAd PROJECTION

Frwrers
SOT38-4 == @ 95.01-14

1997 Sept 29 |



Philips Semiconductors Product spedification

Internally-compensated dual low noise operational NE/SA/SE5532/5532A

amplifier
DEFINITIONS
Data Sheet Identification Product Status Definition
Objactive Specification Formative or in Design This data sheet contains the design target or goal specfications for product development. Specifications

may change in any manner without notica.

This data sheet contalns prefiminary data, and supplementary data wili be published at a iater date. Phitips
Preliminary Specification Preproduction Product Semiconductors reserves the right to make changes at any time without notice in orderto imprave design
and supply the best possible product,

This data sheet contains Final Specifications. Philips Semiconductors reserves the right tomake changes
Product Specification Fulioduction atany time without notice, in order to improve design and supply the best possible product.

Philips Semiconductors and Philips Electronics North America Corporation reserve the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in order to improve design and/or performance. Philips
Semiconductors assumes no responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright,
or mask work right to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified. Applications that are described herein for any of these products are for illustrative purposes
only. Philips Semiconductors makes no representation orwarranty that such applications will be suitable for the specified use without further testing
or modification.

LIFE SUPPORT APPLICATIONS

Philips Semiconductors and Philips Electronics North America Corporation Products are not designed for use in life support appliances, devices,
or systems whera malfunction of a Philips Semiconductors and Philips Electronics North America Corporation Product can reasonably be expected
to resutt in a personal injury. Philips Semiconductors and Philips Electronics North America Corporation customers using or selling Philips
Semiconductors and Philips Electronics North America Corporation Products for use in such applications do so at their own risk and agree to fully
indemnify Philips Semiconductors and Philips Electronics North America Corporation for any damages resuiting from such improper use or sale.

Philips Semiconductors © Copyright Philips Electronics North America Corporation 1997
811 East Arques Avanue All rights reserved. Printed in U.S.A.
P.O. Box 3409

Sunnyvale, California 94088-3409
Telephone 800-234-7381
print code Date of retease: 04-96

Document order number: 9397 750 01639

Leté wake things bettor
= PHILIPS

1997 Sept 29 12-




NE5534, NE5534A, SE5534, SE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS070 ~ JULY 1879 ~ REVISED SEPTEMBER 1890

® Equivalent Input Noise Voltage NE5534, NE5534A .. . D OR P PACKAGE

3.5 nVWHz SE5534, SE5534A . . . JG PACKAGE
TOP VIEW

® Unity-Gain Bandwidth . . . 10 MHz Typ { - )

® Common-Mode Rejection Ratio BALANCE ] 1 8[] COMP/BAL
100 dB Typ IN-[] 2 71 Vees

® High DC Voltage Gain . . . 100 VimV Typ o E >0 % i

® Peak-to-Peak Output Voitage Swing cC-

32 V Typ With Vgc = £18 V and Ry = 600 Q

® ‘High Slew Rate ... 13 V/us Typ SES534, SES(:;‘LA\;I;E vs )K PACKAGE
® Wide Supply Voitage Range +3Vto+20V 3
® Low Harmonic Distortion § 5
® Designed to Be Interchangeable With < s
Signetics NE5534, NE5534A, SE5534, SRR
and SE5534A 5 | S o0 e
3 212019
o NC [] 4 18] NC
description
P IN— ]5 17[ Voo
The NE5534, NE5534A, SE5534, and SE5534A NC []6 16[] NC
are monolithic high-performance operational IN+ []7 1s[] out
amplifiers combining excellent dc and ac NC {] 8 ~ Prv: P 13]41[ NC
characteristics. Some of the features include very T e Tt T T
low noise, high output drive capability, high unity- O 000
gain and maximum-output-swing bandwidths, low N 9 22 =
distortion, and high slew rate. > o

These operational amplifiers are internally NC=No internal connection

compensated for a gain equal to or greater than symbol

three. Optimization of the frequency response for COMP
various applications can be obtained by use of an

external compensation capacitor between COMP COMP/BAL
and COMP/BAL. The devices feature input-

protection diodes, output short-circuit protection, IN—

and offset-voltage nulling capability. out

IN+

Forthe NE5534A, a maximum limit is specified for
equivalent input noise voltage.

BALANCE
The NE5534 and NE5534A are characterized for
operation from 0°C to 70°C. The SE5534 and SE5534A FROM TI NOT RECOMMENDED
SE5534A are characterized for operation over the FOR NEW DESIGNS
full military temperature range of — 55°C to 125°C.
AVAILABLE OPTIONS
PACKAGE
Vipo max
TA AT25°C | SMALLOUTLINE | CERAMIC | CERAMIC DIP | PLASTIC DIP
(D) (FK) (JG) (P)~
. R NE5534D — — NE5534P
0°Cto 70°C 4mv NESS34AD - - NES534AP
R . — SE5534FK SE5534JG —
-§5°Clo 125°C 2mv — SES534AFK | SE5534AJG —

The D package is available taped and reeled. Add the suffix R to the device type (e.g., NE5534DR).

PRODUCTION DATA information is cuent as of pubfication date. Copyright © 1990, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments

us(ingolalpmh;ws. p g does not y include % TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




NE5534, NE5534A, SE5534, SE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS070 ~ JULY 1978 ~ REVISED SEPTEMBER 1990

schematic
BALANCE COMP/BAL COMP
1 L 8 _ ~ 5 7
é g Vee+
100 pF 7R 12kQ3 312kQ
IN+ — ’
0——{: >
40 pF 150
14 6
2 P ouT
IN- i’
1<
12pF |7pF 1IN 15Q
It :l
\ 3
N1 LF 1
I ) 1»—( 3
L.
b -8
[
i 4
* * o—d & 5 4 & Vee-

All component values shown are nominal,
Pin numbers shown are for D, JG, and P packages.

absolute miaximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Voc+ (see Note 1) oo i 2V
Supply voltage, Voo (see Note 1) ..o e Y, AN -22V
Input voltage either input (see Notes 1and 2) ... ...ttt e « Vees
Input current (see NOtE 3) ...ttt e e e e +10 mA
Duration of output short circuit (see Note 4) ... ... i ettt e unlimited
Continuous total power dissipation .......... . it See Dissipation Rating Table
Operating free-air temperature range: NE5534, NE5S534A .. ... i, 0°C to 70°C

SEB534,8SEB534A ... —55°C to 125°C
Storage temperature range ... ..ottt e e e e -~ 65°C to 150°C
Case temperature for 60 seconds: FK package ........coviiitiiiiiitiniiiiiiiiiienenninnn. 260°C
Lead temperature range 1,6 mm (1/16 inch) from case for 60 seconds: JG package .............. 300°C
Lead temperature range 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ........... 260°C

NOTES: 1. Allvoltage values, except differential voltages, are with respect fo the midpoint between Voo + and Voo - .

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage.

3. Excessive current will flow if a differential input voltage in excess of approximately 0.6 V is applied between the inputs unless some
limiting resistance is used.

4. The output may be shorted to ground or to either power supply. Temperature and/or supply voltages must be limited to ensure the
maximum dissipation rating is not exceeded.

“4‘ TEXAS
INSTRUMENTS

- POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



NE5534, NE5534A, SE5534, SE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS070 - JULY 1979 — REVISED SEPTEMBER 1990

DISSIPATION RATING TABLE

PACKAGE TA S 25°C DERATING FACTOR TA=70°C Ta =125°C
POWER RATING ABOVE Tpa =25°C POWER RATING  POWER RATING
D 725 mW 5.8 mW/°C 464 mW N/A
FK (see Note 5) 1375 mW 11.0 mW/°C 880 mwW 275 mW
JG 1050 mW 8.4 mW/°C 672 mW 210 mw
P 1000 mW 8.0 mW/°C 640 mW NIA |

NOTE 5: Forthe FK package, power rating and derating factor will vary with actual mounting technique used. The
values stated here are believed to be conservative.

recommended operating conditions

MIN  NOM MAX| UNIT
Supply voltage, Voc + 5 15 \Y
Supply voltage, Voo — -5 -15 \%
electrical characteristics, Vog £ =£15 V, T = 25°C (unless otherwise noted)
PARAMETER + NES5534, NE5534A SE5534, SES5534A UNIT
ST C.ONDITIONS MIN  TYP MAX| MIN TYP MAX
Vo =0, Ta =25°C 0.5 4 © 05 2
\Y Input offset voltage mV
10 P 9 Rg =500 Ta = Full range 5 3
Ta=25°C 20 300 10 200
o Input offset current Vo=0 nA
v Ta = Full range 400 500
. Tp =25°C 500 1500 400 800
1]:] Input bias current Vo=0 nA
Ta = Full range 2000 1500
Common-mode input
Vicr voltage range +12 +13 +12  #13 \'%
i -to- V =x15V 24 26 24 26
VO(PP) Maximum peak: tq peak R 2600 Q CCt Y
output voltage swing Voo =18V 30 32 30 32
A Large-signal differential Vo =10V, Ta=25°C 25 100 50 100 VimV
VD voltage amplification R 2600 Q Ta = Full range 15 . 25
_si i i Cc=0 6 6
Avg Small-signal .dlffer.entlal f=10 kHz C VimV
voltage amplification Cc=22pF 22 2.2
Vo =10V, Cc=0 200 200
Maxi tput-swi =+10V, =22pF 95 95
BoMm y ::cljr;itgg‘-ou put-swing Vo =10 Cc p KHz
Vet = =18V, Vo =14V, 70 70
RL2600Q, Cc=22pF
B4 Unity-gain bandwidth Cc=22pF, CL =100 pF 10 10 MHz
T Input resistance 30 100 50 100 kQ
. Ayp =30dB, R 2600 Q,
Z0 Output impedance Ce = 22 pF, f= 10 kHz 0.3 0.3 Q
Common-mode rejection |Vo =0, Vic= Vicrmin:
CMRR ratio R =50Q 70 100 80 100 ds
Supply voltage rejection Veoco+=19Vioti5V, _
KSVR  ratio (aVCO Vioy Vo 2o, Rg=500Q 80 100 86 100 dB
los Output short-circuit current 38 38 mA
Vo =0, Ta =25°C 4 8 4 6.5
! Supply current mA
cc pply curren No load Ta = Full range 9

1 All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified. Full range is
TA = 0°C to 70°C for NE5534 and NE5534A and — 55°C to 125°C for SES5534 and SES534A.

“? TEXAS
INSTRUMENTS
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NE5534, NES534A, SE5534, SE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS070 - JULY 1879 — REVISED SEPTEMBER 1930

operating characteristics, Vg =115V, Tp =25°C

PARAMETER TEST CONDITIONS SE5534, NE5534 SES5534A, NES534A e
MIN  TYP MAX MIN  TYP MAX
Cc=0 13 13
SR Slew rate at unity gain c Vius
Cc=22pF 6 6
t Rise time Vi=50mv, Ayp=1, 20 20 ns
R =600Q, Cc=22pF,
Overshoot factor CL =100 pF 20% 20%
t Ris. time Vi=50mV, Ayp=1, 50 50 ns
Ry =600 Q, Cc =47 pF,
Overshoot factor Cy_=500 pF 35% 35%
v Equivalent inbut noise volt f=30 Hz 7 5.5 7 -
uivalent input noise voltage
no = P ® =1z 4 35 45| e
f=30Hz 25 1.5
1 Equivalent input noise current VHz
3 e P f=1kHz 0.6 0.4 pANHz
F Average noise figure Rg =5kQ, f=10Hz to 20 kHz 0.9 dB

Nomalized Input Bias Current and Input Offset Current

TYPICAL CHARACTERISTICST

NORMALIZED INPUT BIAS CURRENT
AND INPUT OFFSET CURRENT

vs
FREE-AIR TEMPERATURE >
1.6 v 1
‘ 1 1
Veg+= 215V o
\\ 0_6
1.4 \ Offset e
b 2
\ \ 3
1.2
B N N M
Bias\ §
o
1 3
3
[~ o
0.8 AN \‘\ g
£
\ £
0.6 AN 2
. i
N &
o
0.4 >

~-75 =50 -25 O 25 50 75 100 125
TA — Free-Air Temperature — °C

Figure 1

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

Vs
FREQUENCY
2 T
CcFo —;
25 ‘ \
20
1 ! if ‘
¥
1IN
9 Cc=22pF \\
5 \ \
Vec+ = £15V Ce =47 pF |— \:\
0 TAI=125|lc|uu 1 ”I I IHH h
100 1k 10k 100 k 1M

f - Frequency — Hz

Figure 2

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

"i’ TEXAS
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NE5534, NE5534A, SE5534, SE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS070 ~ JULY 1979 - REVISED SEPTEMBER 1890

TYPICAL CHARACTERISTICST

LARGE-SIGNAL NORMALIZED SLEW RATE AND
DIFFERENTIAL VOLTAGE AMPLIFICATION UNITY-GAIN BANDWIDTH
Vs . vs
FREQUENCY SUPPLY VOLTAGE
S 106 T T 1.2
2 Vet = 15V £ Ta =25°C
;I Ta = 25°C é 11
3 105 s Unity-Gain
g \\ 8 Bangwidt%‘é
3 £
b N 3
3 \\ : //
g 103 < T 08 -
= N\ Cc=0pF c 3 7
S " g
| N e 07 -
£ 102 2 / Slew Rate
2 \ o /
3 >\x o 06
a8 4 Cco=22pF 5 /
o \ 5 oS
z N 3
1 B> 0.9
10 100 1k 10k 100k 1M 10M 100M o 5 10 15 20
f ~ Frequency — Hz | Ve + | — Supply Voltage ~ V
Figure 3 Figure 4
NORMALIZED SLEW RATE AND
UNITY-GAIN BANDWIDTH
Vs TOTAL HARMONIC DISTORTION
FREE-AIR TEMPERATURE Vs
FREQUENCY
o 1-2 ! ! 0.01 1] LI R LR
3 Vect =215V - Voot = £15V
3 Ayp=1 pd
g °\: 0.007 - V|(|’ms) =2V y
m -
1.1 Tp =25°C
-% Slew Rate / .é
T s /
= Unity-Gain _| R
5 Bandwidth & e
- — = 5 /
(]
E
3 ] ~~ 5 M
& 1 / \ T P
3 3 11
# 0.9 / 2 0.002 -
v ) / ]
[=]
N
= x
Fi { =
E
[+
S .
0.8 0.001
=75 -5 -25 0 25 50 75 100 125 100 400 1k 4k 10k 40k 100k
TA — Free-Air Temperature — °C f - Frequency — Hz
Figure 5 Figure 6

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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NES5534, NE5534A, SE5534, SE5534A
LOW-NOISE OPERATIONAL AMPLIFIERS

SLOS070 - JULY 1979 ~ REVISED SEPTEMBER 1990

TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE EQUIVALENT INPUT NOISE CURRENT
A4 vs
FREQUENCY FREQUENCY
10 LBRELALLLL 1 LRI
A 10 R D 0 D DO O 8 |
N Veex = 215V iy N Vv = +15V []]
l§ A Taz2ec £ 7 N Tesssc I
z N < .
o i 1 \ N
c
2 NN SE5534, NE5534 E =
> 4 S 3 N\ NS
@ Ben @ N [N
o w S
2 SE5534A, NES534A} ! S\ \1 N .
3 o i~ SE5534, NE5534 [
2 5 07 Sa 1
(<] Q. N
z £
§ 2 € 04 T
] 9
g g SE5534A, NE5534A Hii
o S
“IJ g o2
£ i
1 N/ g4
10 100 1h 10k 0k 10 100 1k 10k 100 k
f— Frequency — Hz f - Frequency — Hz
Figure 7 Figure 8
TOTAL EQUIVALENT INPUT NOISE VOLTAGE
Vs
SOURCE RESISTANCE
100 e rr—— m
i 70: VCCi=.‘L'15V
- of Ta=25%C
]
g fl
= 20
o 4 A
>
o 10 A/
-g A
2 7
3 4 A
2 f= 10 Hz to 20 kHz L4 o i
E 2 LA
.—g 1 — 1’4 I//
& 07 z
w : 1>
§ 04 pre o
2 — f= 200 Hzto 4 kHz
0.2
0.1
100 1k 10k 100 k 1M

Rg — Source Resistance - Q

Figure 9
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with Tl's standard warranty. Testing and other quality control techniques are utilized to the extent
Tideems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS"). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF T| PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tlassumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express orimplied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party's products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright ® 1998, Texas Instruments Incorporated





