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PROJECT ELECTRIC BICYCLE

NAME MR. NOPPAKON KHIEWSEN 42015693
MR. PRAWIT JULLAWANICH 42015696
MR. URKADECH KHUMARNEK 42015714
ADVISOR MR. SOMPOPE KEAWMEECHAI
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(TELECOMMUNICATION TECENOLOGY)

ACADEMIC YEAR 2001

ABSTRACT

This Electric Bicycle designed concept make a new choice for people who want vehicle
type as It does 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 biéycle or motorcycle. It could carfying

you any where.
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) L % f = Unity gain point
¢ 1400100 ¢ 1k |10k 100K
Freguency(Hz)
sin2.14
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RATIOMETRIC, LINEAR
HALIL-EFFECT SENSORS

The UGN3503LT, UGN3503U, and UGN3S03UA Hall-ettect
sensors accurately cra«.k extremely small changes in magnetic flux
nges generally oo small to operate Hall-effect switches.

A

Aoral
L84
3

As motior detectors. gear tooth sensors, and proximity detectors,
they are magnetcally driven mirrors of mechanical events. As senstuve
monitors of clectromagnets, they can effectively measure a system's
performance with neglieible system loading while providing isolaiion
from contaminated and clectrically noisy environments.

Hall sensing excmcm

Each tlall-effect integrated circuit ineludes a |
ut stage. Problems associate

linear amplifier. and emitter-follower outpu

N with handiing tiny anelog siguals arc minimized by having the Hall cell
. { | and amplifier on a single chip.
1 2 31
' L ‘ Three package stvles provide a magnencally aptimized package for
H 3 H <
P I most applications. Package suffix "LT isa minfature SOT-89/T 0-
- L L 243AA transistor package for surface-mount anmcatmm suffix ‘M isa
> ) o miniatuce three-lead plastic S1P, while *UA " is a three-lead uftra-mini-
i 9 d
~ < T SIP. All devices are rated for continuous operation aver the emperarire
& O s | range of -20°C w =85°C.
z K 2
i Cf} L)

Dwg, 5H.006 FEATURES

B Caremelv Sensiive

& Flat Response to 23 ktiz
& Low-Noise Cutput

& 1.3V 06 Y Operauen

8 Mogneticaily Opumized Package

inning s shown viewed from oranded side.

BSOLUTE MAXIMUM RATINGS

IV Woliage: Vg ressemmemnmmn Y
grietic Flux Densitv, B .o Unlimited
erating Temperature Range.
T, e =207C 10 =857
rage |emperature Range.
R —— 6570 1o —180 L 7 !
! N wavs order by complete part number. S5 UGN33#3TUA L

18348 B
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RATIOMETRIC,

LINEAR

HALL-EFFECT SENSORS

FUNCTIONAL BLOCHK DIAGRAM

fL % s——2 GRCUND
£=f 7 /77

Dwg. FH-S07

ELECTRICAL CHARACTERISTICS at T, = +25°C, Voo 35V

| | Lirmits
Charactaristic | symbol | Test Conditions Min.  Typ. Max. Units
Coerating Voitege i Mk | 4.2 — 8.0 Y
Suogly Current % o 4 8.0 13 A
Quiescent Cutput Voiage 5 23=C0 {225 2.5C 2.75 3
Sensitivity AMg 7 B=CGoz0AL 0.75 1.3C 12 mv/G
Zznewidth (-3 ¢3) ’ B — = — <Hz
3roadtanc Outout Ncise A L BwWe=40-=z o 10kHz — 20 — 3V
Quiput Resisiance | Raur — &0 220 Q
Al putout-voitage measurements are made with a volmere r qaving <n tiput impedance of at least 10 k2

< 1x density is measured at TOSt sensitive arsd of device located 0.016" (0.41 mum) below the sranded face o7 the U

S
sackage: 0.020° 0.3 mmp seicw the sranded face of the "UA” package: ané H.03¢" ,.7': mm) beiow the brandec face of the 'E, T

N SO00
TrR 2 €105 uiams o A . (B Ia
: o’ 390088 -4 marey MECTORVSIE T, AL
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RATIOMETRIC,

LINEAR

HALL-EFFECT SENSORS

OUTPUT VOLTAGE AS A QUTPUT NOISE AS A
FUNCTION OF TEMPERATURE FUNCTION OF FREQUENCY
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AT B B3 3 Iz ¢
SREQUENCY N
ANBENT TERSERATUREINC Dwg A-42.2773 i, &

SUPPLY CURRENT AS A DEVICE SENSITIVITY AS A
FUNCTION OF SUPPLY VOLTAGE FUNCTION OF SUPPLY VOLTAGE

-y . F

§ B 0O ; Y : A [ WSS

Ty 25T { e ¢ L sl

E i i * . i :
z t 3 NS _—
: ‘ RN : 11
i ; ] ! :
2 j A i H
2 o e : i
> 3 : . % % b T
£ / 2 4 i '
E | 2
£~ a7
s g +J ® s & z32
FIUEPLY VOLTAGE NVOUTS PO OUTAGRE N YILTS
Tag. A-12.508 -
Swg.

OUTPUT NULL VOLTAGE AS A LINEARITY AND SYMMETRY AS A
FUNCTION OF SUPPLY VCLTAGE FUNCTION OF SUPPLY VOLTAGE
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RATIOMETRIC,

LINEAR

HALL-EFFECT SENSORS

NOTCH SENSOR

Dwg. A-2,574

GEAR TOOTH SENSOR

X
e O IR,

Swgo Asit 30l

CURRENT MONITOR

OPERATION

“The output nui! voitage (B=0 G} is naminally one-half the supply
voltage. A south magnetic pole. presented w0 the branded face of the Hall-
eifect sensor wili drive the output higher than the nuil voltage level. A nora

magnetic poie will drive the output below the null level.

In operaiicn, instantancous and proporiond. output-volage levels are
dependent on magnete Jux density at the most sensitive area of the device.
Crrectest sensitivity is ootained with a supply voitage of 6V, but at the cost o
‘nereased supply current and 2 slight Joss of oulput symnetry. The sensor's
sutput is usuaily capacitively coupled to an amplifier that &
abave the millivelt level,

2asts the eutpul

In two appiicaticns shown, @ permanent Dias magnet s attached wit
epoxy ziue to the back of the epoxy package. The presence of rrous maten
at the face of the paciags actsas a flux concentrater.

The south polc of 2 megnet is attached to the back of the ¢
Hail-effocr 1C i3 10 sense the presence of ferrous material, Tae north poie of 2
mggmet s attached o the dack surigee if the integrated circult is o sense the
absence of ferzous marsial,

( 4 linep= Hall devices, which can be used w determine the actual

v

e
flux density prosented w0 e sensor in d particuiar appiicauon. are avasizbie,
SENSOR LOCATIONS
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Dimensions given are measured a: the widest point {parung line).
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nees on package height and widta represent allowabie mold orfseis.

2. Exact body anc lead configuration at vencdor's option within Hmits shewn.

3. Heich: does not inciude mold gute {lash.

4 \inimum lead length was 0.3007 (12,70 mm:. If exisune oroduct to the original specifications is not acceptable.

contact sales office berore ordering.
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LM2907/LM2917 Frequency to Voltage Converter

General Description

The LM2807, LM2917 series are monofithic frequency 1o
voltage converters with a high gain op amp/comparator de-
signed to operate a relay, lamp, or other load when the input
frequency reaches or exceeds a selected rate. The tachom-
eter uses a cherge pump technique and offers frequency
doubling for low ripple, full input protection in two versions
(LM290/-8, LM2917-8) and its output swings to ground for a
ze70 frequency inpul

Advantages

2 Output swings to ground for zero frequency input

m Easy to use; Vout = fiN % Voo X A1 X Ct

a Only one RC network provides frequency doubling

® Zsner regulator on chip allows accurate and stable fre-
quency to voitage or current conversion {LM2917)

features

& Ground referenced tachomster input interfaces directly
with variable reluctaince magnstic pickups

m Op amp/comparator has floating transistor output

® 50 mA sink or sourcs 1o operate relays, solencids, me-
ters, or LEDs

m Frequency doubling for low ripple

m Tachometer has built-in hysterssis with either diffaren-
tial input or ground referenced input

B Built-in zener on LM2817

& +0.3% linearity typical

B Ground referenced tachometer is fuliy protected from
damage due to swings above Vg and below ground

Applications

® Over/under speed sensing
# Frequency 10 voilage conversion (tachometer)
B Speedomeaters

® Breaker point dwell meters
& Hand-held tachometer

B Speed governors

m Cruige control

g Automotive door leck controt
= Clutch control

u Horn conirol

B Touch or scund switches

Biock and Connection Diagrams buakin-Line and Small Outine Packages, Top Views
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TL/H/TB42-1
Order Number L M2207M-8 or LM2607N-3
See NS Packege Number MOSA or NGBE

NC NC LN
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TU/H/7942-3

Order Number LM2907N
See NS Package NumberN14A
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TL/H/T942~2
Order Numb2r LM2917M-8 or LM2917N-8
Sae NS Package Number MO8A or NOSE
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TL/H/T942-4
Order Number LM29170 or LM2917N
See NS Package Number Mi4A or N14A
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LM2207, IM2917 -

Op Amp/Comparator

Electrical Characteristics v -

Absolute Maximum Ratings gt 1)
if Military/Asrospace specified devices ara required,
please contact the National Semiconductor Sales
Offlce/Distributors for evallability and specifications.
Supply Voitage
Supply Current {Zener Options)
Collecior Voitage
Ditarantlal Input Voltags
Tachometsr
Op Amp/Cemparator
Input Voltage Range
Tachometer LM2907-8, LM2917.8

a28v
25 mA
28V

28V
28V

28V

0.0Vto +28v
G0.0Vio +23v

Power Dissipation

LM2907-8, LM2917-8 1200 mW
LM2907-14, LM2917-14 1880 mW
(See Note 1)
Cperating Temperature Rangs —40°Cto | 85°C
Storage Temperature Range —85°Cto +160°C
Soldering Information
Duakdn-Line Package
Soldering (10 seconds) 260°C
Smalt Qutine Package .
Vapor Phase (B0 seconds) 215°C
Infrared (15 seconds) 220°C

See AN-450 “Surface Mounting Methods and Thelr Effect
on Product Reliabiiity” for other methods of soidering sur-
face mount devices,

12Vpg, Ta = 25°C, sss test circuit

Symbol l Parameter l Conditiens [ Min , Typ l Max Units
TACHOMETER
nput Thresholds Yin = 250 mVp-p € 1 kHz (Nots 2} 10 t25 +40 mV
Hysteresis Vin = 250 mVp-p @ 1 kMz (Note 2) 30 mv
Offset Veltage Vin = 250 mVp-p @ 1 kHz (Note 2)
LM2607 /L2817 3.5 10 mV
LM2807-8/LM2917-8 5 18 mV
tnput Blas Current ViN — 50 mVpe 0.1 1 nA
VoH Pin2 ViN = +125 mVpc (Nots 3) 8.8 v
\Zs! Pin2 Vin = —125 mVpe (Note 3) 23
la, Ia Qutput Current V2 = V3 = 6.0V (Note 4) 140 180 240 #A
I Leakage Current 2—0,V3 -G 0.1 pA
K Gain Gonstant {Note 3} 0.9 1.0 %
Linearity fiy = 1 kHz, 5 kHz, 10 kHz (Note §) | —10 | 03 +1.0 %
QP/AMP COMPARATCR
Vos Vi = 6.0V 3 W0 | mv
IB1as Vin = 8.0V 50 500 | nA
Input Common-Mode Voltage 0 Voo—1.5V A
Voltage Gain 200 V/mv
Qutput Sink Curant Vg~ 1.0 40 50 mA
Outout Source Current Ve = Vop —2.0 i 10 mA
Saturation Vaoltags sk = 5 mA I o4 05 \
C 1Sk 20/mA ] 10 v
F T .0 15 | v




Elactrical Characteristics Voo = 12Vpe, Ta = 25°C, sea tast circult (Continuad)

symbol | Parameter | condtions | Min | Typ | Max_ | Units
ZENER REGULATCR
Ragulator Voltage Rorop = 4708 7.58 v
Series Resistance 105 15 "
Temperature Stability +1 mv/C
TOTAL SUPPLY CURRENT 38 6 mA

Nots 1: For operaton in smeiant temparptures shovae 25°C, the davice must ba dersted based on @ 160°C maximum unction temparature and § thermal resistsnce
of 101"C/W junction o amtient for LM2007-8 and LM2917-8, and 79°C W junction 1o amlant for LM2807-14 and LM2917-14.

Naots 2= Hystersals is the sum +Vy — (— Vi), offsat voltage la ther citferanca. See test cirauit.

Note 3 Vou 1s equal © 34 X Vi = + Vas Vo I8 squal 0 %4 K Yeg — 1 Vage thereiore Vou — YoL = Yor/2. The difigrence, Yon — Vo, and the mirrer gain,
I2¢13, 879 (NG WO (aCtors net ceuss e tachometar gain Constant 1o vary om 1.0. )

Nota 4: Ba sure when cheosing the time conatant R1 X C1 that R1ls sxen that the maximum antcipated OUtput veltage & pin 3 can be reached with 13 X R1.Ths
maximum vakue for R1 ia Emsted by the oulput resiatance of fin & whics is graater than 10 MQ typically,

Nats 8: Nonlinearity is defined as the deviation of Vour (@ pin 8) for fiyy = 5 kHz from a straight fine dafined by the Vour € 1 kHz and Vour @ 10 kMz.
C1 = 1000 pF, A1 = B8k 2nd C2 = 0.22 mFd.

General Description (Continusa)

The op amp/comperator is fully compatible with the ta- The more versatile configurations provide ditferentie! te-
chometer ami has a floating transistor es its output. This chometer input and uncommitted op amp inputs. With this
feature allows either a greund or supply referred loed of up version the tachometer input may be floated and the op
io £0 mA. The collecior may be taken above Voo up 10 a amp Decomes suiiabie for active iiiter conditioning of the
maximum Ygg of 28V. tachometer output.

The two basic configurations offered inciude an 8-pin device Both of these configurations are available with an active
with a ground referenced tachpmetsr input and an intemal shunt regulator connscted across the power leads. The reg-
connection betwesn the tachometer output and the oo amp ulator clamps the supply such that stable trequsncy to volt-
non-inverting input This version is well suited for single 2ge and frequency to cumrent coeiations are possible with
speed or frequency switching or fully buffered frequency to any supply voltage and a suitabie resistor.

veitage conversion azplicatons.

Tesgt Circuit and Waveform
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Typical Performance Characteristics

P

SUMALY CURRENT (mA]

Total Supply Current

[ +25°C 71

vi gz I3 N A

2100

as
s
87
[}
a5
[ L)
03

OUTPUT LINEARITY FRROR {X)

[ A}

TACHOMETER 1IPUT HYSTERESIS (mV)

I NR NHBRYXRBRAS

SUPPLY YOLTAQE (V)

Normalized Tachometer
Outpul v8 Temperature

1 -1 4
FREQUENCY ~ 208 Ha

]

.

/ _iwasar

LM2217 (47022}

H i
-8 § W &S W 6
TEMPERATURE T}

Tachometer Linearity
vs Temperature

—
| Ve - 12V
4~ 200 He
il
r_—ﬁl’ﬂ.ﬂ! e

LMZa17 (4102}

1£2802

3% 1% 6
TEMPERATURE 61

% a5 &%

Tachometer Input Hysteresis
vs Temperature

15V3

VL
e

L

1
8 -

55 .16 1% 5 75 45 B8
TEMPERATURE (*C)

TACHOMETER LINCANITY TARARA (4} 12 AND 0y LA} 2ENER VDLTAGE (V)

Ve = Veawvian VI

184
.82
180
T8
1.5
1.4
12
158
7.40
145

23
a7
L]
L
[ 2]
a3

[ R}

22
28
24
27
20
18
iz
14

19—
? " 0 k. - S8

Zener Voltage vg
Temperature
{ 5T 0 7
| Voo v 12¢
/
na Y
p 4
Lils]
Wl
- =15 5 2% 6 8B B
TEMPERATURE ('C)
Tachometer Currents I2
and I3 vs Supply Voltage
7
wels 'm: -
L5 1
%/‘ j/fm‘:
/’

§ B 10121616V
SUPPLY VGLYAGE (V)

Tachometer Linearity
vs Temperature
(Ve-rzv 1T V,
1218001z
- at- s
|- 617041 mfd
1M2912 (4780
"" LI.IMI1
e . ll
Jig Las| 6l [38 | an! 851/
TEMPENATURE {°C)
Op Amp Output Transistor
Characteristics
LM2367
1
1 ]
T =
g % g
= LME817 (12, 7R
g | L
b
st ! -

SOURTE CURRENT tmA)}

OUTPUT LINEARITY ERRDR (%) 1y AND Ly (A1

Vanruanion (V)

1
L8]
1.3
i1
L2
E8)
o4
a3
82
8.1

(3

28

18

13
14
12
i8
(%]
0§
[ 2}

02

Normalized Tachometer
Quiput vs Temperature

1S ¥ [
L ¥ Y= 130 He

LMR917 (ATO0 |

ot
Va

-3 -6 3 W 4

TEMPERATHRE C°C)

L2 L]

Tachometer Currents Iz
and Ig va Temperature

i
7

.

a:v‘_/
w

-1

!
L

-15 5 25 &% B 15
TEMPERATURE (*T)

Tachometer Linearity va R1

| Yee - 127
§- 1630 He
" fict = 30

-35ms

Pl
T 1232917 47622
/.

166F Wk M0k 8%k 36k

RY £

Op Amp Output Transistor
Characteristics

)l T

+85*
vd)
| %{“
A
i A
—% i |
1 be ] e aq L
SINK CURRENT (mA)

TL/H/TR4Z-8




Applications Information
The LM2907 series of tachometer circuits is designed for
minimurm external par count applicatons and maximum ver-
setility. In order to fully exploit its features and advantages
let's examine its theory of operation. The first stage of oper-
ation Is & ditferentiel amplifier driving a positive feedback
flip-flop circuit. The input threshoid voitage is the amount oi
differential input voltage at which the output of this stage
changes state, Two options (LM2807-8, LM2817-8) have
ona input Internally grounded so that an Input signal must
swing above and below ground and exceed the input
thresholds to produce an output. This is offered specifically
for magnetic variabls raluctance pickups which typically pro-
vide a single-ended ac output. This single input is also fully
protected against voltage swings to + 28V, which are easlly
attginad with these types of pickups.
The differential input options {LM2¢07, LM2917) give the
user the option ¢f setting his own input switching level and
siill have the hysteresis around thal levet lor exceilent noise
rejection in any application. Of course in order 1o allow the
inputs to attain common-mode voitages above ground, input
protection is removed and neither Input should be taken
oulside the fimits of the supply voltage being used. It is very
important that an input not go below ground without some
resistance in its }aad to limit the cumant that will then flow in
the epi-substrate diode.
Following the input stage fs the charge pump where the
input frequency is converted to a dc voltage. To do this
requires one timing capacitor, one output resistor, and an
integrating or filter capacitor, When the input stage changes
stals (due to a suilabié zero crossing or differential voilage
on the input) the timing capacitor is either charged or dis-
charged linearty betwean two vollages whose difference is
Vge/2. Then in ons half cycle of the Input frequency or a
time squal 10 1/2 fy the changs in chargs on tha iming
capacitor is equal to Vgg/2 X C1. The average amount of
current pumped into or out of the capacitor then s

A—TQ = iggavis) = C1 -x%x @i = Voo X T % C1
The output circuit mirrors this current very accurately into
the load resistor R1, cannected to ground, such that if the
pulses of current are integrated with a filter capacitor, then
Vo = ic X R1, and the tetal conversion equation becomes:

Vg = Vgg X iy X C1 X R1 X K

Where K is the gain constant—typicaity 1.0.

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

CHOOSING R1 AND C1

There are some limitations on the choice of R1 and C1
which should be considered for optimum performance. The
timing capacitor also provides internat compensation for the
charge pump and should be kept larger than 500 pF for very
accurate operation. Smalier values can cause an error Gur-
rent on R1, especially at low temperatures. Several consid-
erations must be met when choosing R1. The output current
at pin 3 is internalty fixed and therefore Vp/R1 must be less
than or equal 10 this value. 1i R1 is too large, it can become
a significant fraction of the output impedance at pin 3 which
degrades linearity. Also output ripple voltags must be con-
sidered and the size of G2 is affected by R1. An expression -
that describas the rippls content on pin 3 for & single R1C2
combination is:

Vee "
VRIPPLE =~ X pk-pk

Ct (1_Vcc)<fm><c1)
l2

it appears R1 can be chesen independent of rigple, howev-
er response time, or the time it takes VouT 10 stabilize ata
new vohage Increases as the size of C2 increases, 8¢ 2
compromise between ripple, response time, and linearity
must be chosen carefully.

As a final consideration, the maximum attainable input fre-
quency is determined by Voo C1 and iz

? .\
MAX = 5T Ve

USING ZENER REGULATED CPTICNS (LM2817)

For those applications where an output veitage or curent
must be obtained independent of supply voitage variations,
the LM2917 is offered. The most important consideration in
choosing & dropping resistor from the unregulated supply i
the device is ihat the tachometer and op amp circuitry alons
rsquire about 3 mA at the voltage level provided by the
zaner. At low supply voltages there must be some current
fiowing in the resistor abave the 3 mA circuit currant to op-
erate the regulator. As an gxample, If the raw supply varies
frem GV to 16V, a resistance of 4700 will minimize the ze-
ner voitage variation to 160 mV. If the resistance goes un-
der 4000 or over 6000 the zener variation quickly rises
above 200 mV for the same input vanation.
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Typical Applications (Contnued)
1

“Speed Switch” Load is Energized When fin = 2RC
-~§—0 vz = 8-24V
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Typical Applications (Continusd)

Voltage Driven Meter Indicating Engine RPM
Vp = 8V @ 400 Hz or 6000 ERPM (8 Cylinder Engine)
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Current Driven Meter Indlcating Engine RPM
io = 10 mA @ 300 Hz or 6000 ERPN (6 Cylinder Engine)
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Typical Applications Cotinued

Two-Wire Remote Speed Switch
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Typlcal Applications (Continued)
Variable Reluctance Magnetic Pickup Buffer Cirouits
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Typical Applications Contnued

Frequency to Voltage Converter with 2 Pole Butterworth Fllter to Reduce Ripple
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Typical Applications (Contnued

Some Frequency Switch Applications May Require Hysteresis in the

Comparator Function Which can be Implemented in Seyeral Ways:
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Typical Applications (Centinued)
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Anti-Skid Circuit Functicons

“gelect-Low” Circuit
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Equivalent Schematic Diagram
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Physical Dimensions inches (milimeters)
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LIFE SUPPCRT POLICY

to the user.

1. Life support devices or systems are devices or
systems which, (g} are intended for surgical implant
into the body. or (b} support or sustain life, and whose
fallure to perform, witen property used in accerdance
with instructions for use provided in the iabefing, can
be reasonably expected to resutt in a significant injury
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NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPFORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APFROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUGTCR CORPORATION. As usad herein:

2. A c¢ritical component is any component of a life

support device or systsm whose feilurs to perforn can
be reasonably expected 10 cause the failure of the iife
support device of system, or to affect its safety or

effectiveness.
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LM78XX
Series Voltage Regulators

General Description

The LM78XX series of thres terminai regulators is available
with several fixed output voitages making them useful in a
wide range of epplications. One of these is local on card
regulation, eliminating the distribution problems asscciated
with single point regulation, The voitages available allow
these reguiators to be used in logic systems, instrumenta-
tion, HiFi, and other sofid state eiectrenic equipment. Al-
though designed primarily as fixed voltage regulstors these
devices can be used with extemal companents to abtain ad-
justable voltages and currents.

The LM78XX series is available in an aluminum TC-3 pack-
age which will allow over 1.0A loed cument if adequate heat
sinking is provided. Current limiting is included to limit the
peak output current to a safe value. Sefe area proteciion for
the output transistor is provided to limit internai power dissi-
pation. If internal power dissipation becomes too high for the
heat sinking provided, the themmal shutdown circuit takes
over preventing the IC from overheating.

Considerable effort was expanded to make the LM78XX se-
fies of regulators easy to use and mininize the number of ex-
ternal components. It i not necessary to bypass the output,

ﬁf\mtional Semiconductor

July 19889

although this does Improve transient respense. Input by-
passing is needed only if the reguiator is located far from the
fitter capacitor of the power supply. :

For output voltage other than 5V, 12V and 15V the IM117
seriss provides an output voitags rangs from 1.2V to §7V.

Features

m Output current in excess of 1A

= Intemal thermal cverload pretection

8 No external components required

& Output transistor safe area protection

2 Intemal short circuit current fimit

= Available in the aluminum TO-3 packags

Voltage Range

LM7805C sV
LM7812C 12v
LM7T815C 15V

Connection Diagrams

Mstal Can Package
TO-3 (K}
Aluminum

OUTRIT—_ D

Bottom View
Order Number LM7808CK,
LM7812CK or LM78{5CK
See NS Package Number KCOZA

!

Plastic Package
T0-220 (7)

% QUIPUT
——"
i

: ™ruT

e

0S0677483
Top View
Order Number LM78C5CT,
LM7812CT or LM7815CT
Sae NS Package Numpsr T038

£ 1696 National Samiconductor Corporation DS0Q7746

www.nationas.com
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Absclute Maximum Ratings (Note 3) Maximum Junction Temperature

If Military/Aerospace specifled devices are required, (K Package) 150 C
please contact the National Semiconductor Sales Cffice/ (T Package) 150 C
Distributors for availability and specifications. Storage Temperature Range 85Cto+150C
Input Voltage Lead Temperature (Soldering, 10 sec.)

Vo = 8V, 12V and 15V) 55V TO-3 Package K 300C
Internal Power Dissipatian (Note 1) Internally Limited TO-220 Package T 220C
Operating Temperature Range (T.) 0Cto+70C
Electrical Characteristics LM78XXC (Note 2)

0 C £ Tj £ 125 C unless ctherwise noted.
Cutput Voitage 5V iz2v isv
Input Voltage {unless ctherwise noted) i0v 19V 23V Units
Symbol Paramatar Conditions Niin | Typ |Max | Min | Typ |Max | Min [ Typ | Max
Vo Output Voltage T=25C 5mA<io<iA 48 5 52115 12 .125[144 15 158 v
Pp S 15W, 8mA < 1o < 1A 4.75 5.25 | 11.4 126 §4.25 15.75 v
Vi = Vin < Vinax (7.5 SV, £20) (14.5 sV < (17.5 3V S v
27 20)
AV Line Regulation lo=800 |(T=25C 3 80 4 120 4 150 | mv
mA
AV (7XVy$25) | 1455V <30) | (17.55Vy = v
30)
0C=Tjs+126C &0 120 180 mv
AV 82V <20) | (155Vy<27) (185 2V, < v
30)
lo & 1A Ti=25¢C 50 120 150 | mv
AV (T5<Vy<20) | (146<Vy < (17.7 £V € v
o ) 20)
0C<Tj<+125C 25 80 75 mv
AV (B<Vy<12) {16 SV £ 22) (20 £ Vi £ 26) v
AV, Load Regufation | Tj=25C |5mA <ly s 1.5A 10 50 12 120 12 150 mv
260mA <o < 25 60 7% | mv
750 mA
EmASIGS1ACCSTS 50 120 150 | mVv
+125 C
‘2 Quiescant Cument | is < 1A Tj=25C 8 8 8 mA
CCxTjs+125C 8.5 es 8.5 mA
alg Quiescent Current | S mA <!, < 1A Q.5 Q.5 0.8 mA
Change Tj=25C ig<1A 1.0 1.0 1.0 mA
Vi = Vi S Vigaxe (7T5<Vy<20) | (148SVp<27) | (1T858 Vy < v
30)
I £800mA, 0C<TjS+125 C 1.0 1.0 101 maA
Vi S Vin S Viax (7 SV £25) | (14.5 < V< 30) (17.5< Vi € \
30)
Vi Output Noise Ta 525 C, 10 Hz < £ < 100 kiHz 40 75 B uv
Voltage
| Rippfa Rejection [L<1A TI=25C| 62 80 55 72 54 70 a8
aVy | or
AVoyr f=120 Hz | fg < 500 mA s2 55 54 dB
0C=<Tjs+125C
l Vo < Vin S Vieax BsVns18) | (16sVius28) | (1855Vys v
28.5)
Ra Dropout Vottage | Tj = 25 C, loyr = 1A 2.0 2.0 2.4 v
Output Resistance | [ = 1 kHz 8 18 19 mQ !

!
J

www.national.com




REp——

A

0 obearn ot i 5 e

SPAPRTR—"

A e

S isthissn sk S

Electrical Characteristice LM78XXC (Note 2) (Continueq)
0 C < Tj< 125 C unless ctherwise noted.

Output Voitage 5V 12v 16V
Input Voitage (uniess otherwise noted) 16V 19V 23v Units
Symbof | Parametar Condftions Win | Typ | Max | Min | Typ | Max | Min | Typ | Max
Shon-Cireuit Tj=25¢C 21 15 1.2 A
Currant
Peak Output Tj=25C 24 2.4 24 A
Current
Average TC of 0C=TS+126C, lo = 5 mA 0.6 1.5 1.8 mv/ C
VOUT
Vin input Voitage
Required to Ti=25C los 1A 7.5 14.6 17.7 i
Mairtain
Lins Regulaticn

Nete 13 Thiermal resisan

o tha TO-3 package (K. KCj is typicaily 4 CAV]unciion & case and 85 GV ¢ass to ambient Themal resistance of the TC-220 packags
(T) is typicaily 4 C/W function to case and 50 C/W case to ambient

Nets 2: All characteristics are measured with capacttor across the input of 0.22 yF. anc a capecitor 26r0ss the output of 0.11F. All characteristics exceptnoise voltage
ardd Figele retecton ratic @rs messiurad Using puse wahniques (4, < 10 ms, duly Syos < %) QOutput voltage ciangas dus to changss in msmal mpsrature must
be taken into account separataly.

Nets 3! Absolute Maximum Ratings indicate imits beyond which demage to the device may ocaur, For guaranteed specifications and the test conditlons, 3ee Elec~
trical Chamaciarisics.

www.national.com
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Typical Performance Characteristics
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Quisscent Curmant

Quiescent Current

Typical Performance Charac
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Ph} sical Dimensions inches (milfimeters) unless ctherwisz nated
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LMT8XX Series Voltage Regulators
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LIFE SUPPORT POLICY

1. Life support devices or systems ara devices or
systerms which, (a) are intended for surgical imptant

into the bady, or (b} stupport or sustain fifa. and
whose failure to perform when propery used in
accardance with instructions for use provided in the
{abeling, can be reascnably expecied to resuitn 2
significant mjury to the user.

+q.419 2y #28
e 0.105 Jgqe (287 g )

\— SEATIHG PLANE

1038 (x2Y U

TQ-220 Package (T)
Crder Numbar LIM7805CT, LM7812CT or LM7816CT
NS Package Number 7032

NATIONAL'S PRCDUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS N LIFE SUPPORT
DEVICES OR SYSTEMS WATHOUT THE EXPRESS WRITTEN AFPROVAL OF THE PRESIDENT AND GENERAL
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Gerneral Descriptiion

The LM124 series consists of four independent, high gain,
intemally frequency compensated opereticnal- amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
spiit power supplies is also possible and the low power sup-
ply current drain is independent of the magnitude of the
cowsr supply voltags.

Apglication areas include transducer amglifiers, DC gain
blocks and all the conventional op amp Greuits which now
can be mere easily implemented In single power supply sys-
tems. For example, the LM124 series can be direclly coer-
ated off of the standard +5V power suppty voltages which is
used in digital systems and will easily provide the required
imerface electronics withaut requiring the additicnal =15V
power suppiies.

Unique Characteristics

# In the linear mode the input common-mode voltage
range includes ground and the cutput voltage can aisc
swing ta ground, even though operated frem only a
single sower supply veltage

# The unity gain cross frequency Is temperature
compensated

s The input bias current is also temperature compensated

§National Semiconductor

LM124/LMiZ24/L Mi324/LM 2902
Low Power Guad Operational Amplifiers

December 1989

Advaniages

a~ Eiimineates need for dual supplies

u Four int2mafly compensated ap amps in 2 singie
package

a Allcws directy sensing near GND and Vo also gees
to GND

a Compatible with all forms of logic

8 Power drain suitabie for battery cperation

Features
2 Intemally frecuency compensated for unity gain
® Large DC voitege gain 100 dB
@ Wide bandwicth {unity gain} 1 MHz
(temperature compensated)
5 Wide power supply range:
Single supcly 3V to 32V
¢r dual suppiles $1.5V to 16V
Very low supply current drain (7CC pA) — essentially
independent of supply veltags
2 ow input biasing current 45 nA
(temperature compensated)
Low input offset veltage 2 mV
and offset current: 5 nA
input common-mode voltage range includes ground
Differentiai inouz vettage renge equat to the powsr
supply voitage
2 Large output weitage swing OVt V™ 1.5V

Connection Diagram

UTRUT A MMUTAT  INPUT €

{4 13 1”7

Quo

[u

Dual-in-Line Packaga

INPUT2® ReUT I ST
l

1 L i3

l?—l

D

il

QUTPUTY LT 1T NRUT (!

- T

Noge 1+ LM124A avaistie per IM3BS10/11008
Ncte 2: LM124 availzble per J.428510/11005

1
!(

vl

Top View
Order Number LM124J, LA124AJ, LM124J/833 (Note 2), LM12440/883 (Note 1), LM224J,
LMZ224AJ, LM324J, LM324M, LM324AM, LMZ902M, LM324N, LM324AN or LM2302N
LM124AJRCML and LM124AJRAMLY(N<e 3)
3a8 NS Package Number J14A. M14A or N14A

Ed

1 15 5]

! ! !
mPUT ' NBMT T STTRUT?
D1

2 1665 National Semicongucer Corporation CS0C6298
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LN 24/LMI224/L M324/L NI2802

Gonnection Diagram (continueq)

Note 3: See STD M DWG 5982R98EC | for Radiation Tolerant Device

1 14
T T2 3 ! cuTreT 4
INPUT 1~ E_—_—ur ;:XNIUTJ-
o7
WRUT Lo ] 10 ST
v LM126W  F——iaw
eyt 26 —— el
IS — —
qutreTs e £ £ 4
PRROSATL

Ordar Number LM124AW/883 or LM124WW/833
LM124AWRGHML and LM124AWRGMLV(Note 3)
Sas NS Package Number W1i4B
LM122AWGRAML and LM124AWGRAMLV(Ncte 3}
Sée NS Package Number WG14A
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Absclute Maximum Ratings (ot 12
if Military/Aerospace specified devices are required,
pleasa cortact the National Semiconductor Sales Offics/
Distributors for availability and spacifications.
LiM124/LM224/LM324 LM2802
L1 24A/LM224A/LM324A
Supply Voltage, V* 3z2v i
Ditferentlal Input Vottags 32V 28V
Irput Voltage 0.3V to +32V 0.3V to +26V
input Current
Vi < 0.3V} (Note 8) 50 mA 50 mA
Fower Dissipation (Note 4)
Molded DIP 1130 m\W 1130 mW
Cavity DIP 1260 mW 1260 mW
Smalt Outline Package 800 mW 800 mw
Output Short-Circuit to GND
(One Amplifier) (Note 5)
V<16V and T, =25C Cantinuous Continuous
Opsrating Temperaturs Range 40Cto+85C
LM324/LM324A 0Cto+70C
LM224/LM224A 25Cte+85C
i LM124/LM124A §5Cto+126C
1 Storage Temperature Range . £5Cto+150C 85 Cto +150 C
Lead Temperature (Soldering, 10 seconds) 250 C ‘ 260 C
Soldering Information
Dual-In-Lline Package
! Soldering (10 seconds) 260 C 260 C
| Smals Outline Package
_ Vaper Phase (60 seconds) 215¢C 215¢C
¥ Infrared (15 seccnds) 220C 220C
See AM-450 “Surface Mcunting Methods and Ther Effect en Product Reliakility” for other metheas of salcenng surface mount
dsvicas.
ESD Telerance (Nete 13) 250V 280V
Eilectrical Characteristics
Vv = +5.0V, (Note 7), uniess otherwise stated
l £l il ) N if LM124A LM224A LM324A _—
| {Min  Typ Max Min  Typ HMax [Min  Typ Max
Input Offset voltage (Note 8) T4 =25C i 1 2 1 3 2 3 mv
lnp'.;lt gias Current i,m__, o Iy » Yem = OV, ¥ 5 w0 2 . - "
(Nete 9) B ='W
1npl:ft Offset Current Iiggas OF g 3 Yem = OV, 2 10 2 15 3 30 nA
! Ta=25C ’
inpyt Common-ode V* = 30V, (LM280Z, V™ = 28V), 0 vt 15 | 0 vt i3 | 0 V' 1.5 Y
vaimge Rangs {Ncta 10} Ta=25C ',
Supoly Gurrent Over Suil Temperature cange
‘i Ry = = On All Op AMps mA
| V* = 30V (LM2802 V¢ = 26V) 1.5 3 1.5 3 +.5 3
v =y I 07 1.2 07 12 07 12
Large Signal V* = 15V, Rz 2KQ, { 80 100 & 100 25 10 vimv
varfage Gain (Vo =1V 10 11V), T4 =25C }
Canmon-tiode OC, Ve SOV VT 15V, 170 a5 79 35 25 85 6 :
Reiecton Rario Ta=28C ! §
i

©
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L1 24/LNI224] LM324/LNI2

Electrical Characteristics (Continued)

V* = +5.0V, (Note 7). unless atherwise stated
W
"‘“““"‘“’ mmmmm -

Pawer Supply = BV 10 30V

Réjection Ratio (LM290“ = 5 to 26V). | 48
Ta=25C l

Amhplfier-to-Amplifies 7= 1 kHzto 20 kHz, Ta= d8

Cqupling (Note 1) (input Referred)

Odtput Current e = IV, Ve T OV,
\ V= BV, Vo2V, Ta =268 ma
Y = WV J‘N =V,
Vin = w. Vi =0V, 50 12 50 12 =0 { pA
V= 48V, Vo= 200mY, Ta = 25C
Stlort Circuit to Ground Nate 5)V" =18V, Ta = 25C a0 60 40 60 20 60
Input Cftset Voltage (Nots 8) | | 4 4 5 | mV
input Offset 7 20 b %0 (uiIC
Vgitage Drift |
Jnput Offset Current oy e 2 Vou = OV ] ﬂ nA
\nput Oftset Rg = CQ i 70 209 | 300 {pAC
Cutrent Drift l, \ \
! Bies Gurer T T wow | _* =l 5
Input Common-pMode | V= +30V {=0 vt2)| o vva2l 0 v 2 v
vortage Range (Note 10) (LM2802, V' = 26V) ‘ \ | [
Large Signal V= #18V | \
Votage Galn (VoSwing = 1V 10 11Y) \| 25 | 15 |VImV
R 22kQ ; !
Output Voitage V* =30V 26 v
\ Swing (LM2902, ¥ = 28V)

Vor oml plidill, R = 10kQ

Qutput Currant seurca | Vo =2V

i

Electrical unaractenstlcs
V= +5.0V, (Note 7), uniess othenwise siated

|
|
|

(Note 8)Ta =

Input Offset Voltage
Input Bias Currant
(Note 9)

Input Offset Current

i Iy O g » Vem = OV,
lga=125C

x 'mm or I )
' x® 25C
V' 30V, (LM280Z, V' = 26V),

Ve = OV,

Input Common-pode
Voltage Range (Note 10) X Ta=28C
Supoly Current Ovar Full Temperat.re Rrange
R = On All Op AMPS
vt = 30V (LM2802 VT = 26V)
vt =5
VT = 15V, Ry 2KQ
=iV 10 11V), Ta = 256C

Large Signe'
Voitage Gain | vo=

wwiw.rational.com



Electrical Characteristics (Contnued)
V* = +5.0V, (Note 7), unless ctherwise stated

1 LM124/LM224 LM324 L2902
Parameter Condldons Units
Mo Typ  Max |[Min TyP Max |Min  Typ Max
Common-Mode DC, Ve = 0V to V'Y, 70 85 65 85 50 70 dé—_
Rajection Ratic Ta=25C
Pawer Supply V© =5V to 30V !
Rejection Ratle (L}280Z, V* = V10 26Y), 86 100 85 100 50 100 dB
Ta=25C
Amptitier-tofAmplifier 1= 1KkHZ 10 20 kHz, TA=26C 120 120 120 B8
Coupling (.\ole 11) (nput Referred)
Qutput Curent | Source | Viy™ =1V, Viy =0V, 20 40 20 40 20 40
V=5V, Vg =2V, TRp=25C mA
Sink Vin =1V, Vin' =0V, 10 20 10 20 10 20
V=45V, Vo =2V, Tp=25C
Viy =1V, Vi =0V, 12 50 12 5¢ 12 50 HA
V" =15V, Vo =200 mV, T, =25 C
Short Circuit to Ground (Note 5 V* = 18V, Ta=25C 40 60 40 80 40 80
Input Ofisst Voltage (Ncte g} 7 ] 10 mv
Input Offsei Rg = 002 7 % 7 W/ c
Vottage Oritt
Input Cffset Current Iy i Veu = ov 100 150 45 200 nA
Input Cffsst Rg=00Q 10 10 10 pAl C
Current Drift
Input Blas Current Iine) OF Ini ) 40 300 40 500 40 800 nA
Input Common-Mode V' =330V o) ~2P1g 0 VT2 v} T2 \'s
Voltage Range (Note 10) (LM2902, V' = 26V)
Larga Signal V= 418V
Voitage Gain {VoSwing = 1V ta 11V) 26 16 15 vimv
Roz2k2
Output Voitage | Vou Vv =30V R, =2 kD 28 26 22 ;
Swing (LM2902, V* = 26V) R, = 10kQ 27 28 27 28 22 24
VoL V- = 3V, R =10kQ 5 20 5 20 5 100 | mV
Qutput Cument Scurce | Vo =2V Vin© = #1V, adaYa\ER 10i-1 20 10 20
¥
Sink Vi = +1V, 5 8 5 [ 5 8
Vit = GV,
V=15V

Note 4: For operating at high temperatses, the LM3Z4LM3Z4A/LM2802 must be derated basad on a +125 C madmum junclion temperaure and a thermai resis-
tance of 88 C/W which appiles for the dewce soldered in a printed circuit board, operating in a still air ambient The LM224/LM224A and LM124/LM124A can be de-
rated based on & +150 C maximum jurrcson temperature. The dissipation is the towat of all four amplifiers — use extemal resistors, where cossible, to aiow the anw
pltfiar to saturate bf to reduce the powss which ¢ diesipated in the integrated arcut

Note 8: Shoft circuits from the output V* can causa excessive heating and evertual destruction. When considerning short circuits to ground, the maximum output
current is approximately 40 MA indapendent of the magntuda of V™. At vaiues of supply voitaga in excass of +15V, continuous short-Circuits can axceed the power
dissipation ratngs and cause evermat cestruction. Destructiva dissipation can resutt from simuitaneous shorts on au amplifiers.

Note 6: This input current will only exst when the voltage at any of the input leads |8 driven negative. It is due © the collector-base juncton of the Input PNF uvan-
sistora becoming forward biased and thereby ecting as input dode clamps. In acditon 1o this dioda action, there is aiso lateral NPN parasitic fransistor ection on the
IC chip. THs transistor action can causs Te output voltages of the op amps to g0 1 e V' voitage level (or to ground for & large overdrive) for the ime duration that
an input Is driven negative, This 13 et sestuckive and normal SWRER statas Wil re-astablish when the input vaitags, which was negative, acan relums 1o 3 valus
greater than 0.3V (at 25 C).

Meta 7: These spacifications are limited 0 55 C5Tas+123 Clorthe L1241 M 1244, With the LM224/LM224A, 2!t temperani? gpecifications are fimited 1o 25C
5Tas+85C, He LM324/LM224A tsmoeratura spacificatons are fimitad to 0 5 § Ta £ +70 C, and tha LM2%02 spaciiications are limited to 40 CsTas+85C.
Nota 8: ‘/p = 1.4V, Rg = 00 with V" fom 5V to 30V; and over the full input comimon-moda rangs (OV to V™ 1.5V) for LM2002, V* from 5V ‘o 26V

Noio 3: The direction af tha input cuTent is out of tha IC due 10 the PNP input stagé. This current is essentialy constant, indepandent of the state o1 the output 50
no loading change €xsts on e Input nes.

Note 10: The input cemmen-mode vo2ge of either Input signa! voltage choudd nct he alowed to go negative by mere than 0.3V (at 25 C). The upper end of the
common-moda voltage mangeis V' 1.5Y (& 25 C), but either or both inpiks can 90 +32V without damage (+26V for LM2802), indepenaent of the magnitude of
v

Mote 11: Due to proximity of extema! compenents, insure that coupling le not onginating vig stray cepectance netween tese axtemna! parts. Thig ypically can 53
detected as this type of capatitanca increases at highar frequencies.

Note 12: Refer lo RETS124AX for LM124A military specifications and refer to RETS124X for LM124 military spedifications.

o
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LILNI2902

LI 24/1. M224/1. 324

WrUTY l’
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Electrical Characteristics (Continueq)

Note 13: Human body model, 1 5 k() in series with 100 pF.

Schematic Diagram (sach Ampiifier)

~Q

!
P

Tyvical Performance Characteristic

Input Current
50 : T
-~ sa
& 70
£ i | Vo= 30Vne
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Typical Performance Characteristics (Contnues)

Voitage Foliowsr Pulse Voltage Follower Pulse {arge Signai Frequency
Response Response (Small Signal) Response
¢ — s0Q 20
B RS20k [
S > 3 -
z = ¥ w18V = =
= § 2 / 4 G| 450 p—r— o : s
S o 3097 -
o8 1 gl ld T 2
3 — S 1= = =
2 5 = i = . v e
i I
iIC ! g e izl z
. 3 GUTPUT H
By ? Cosea] A L3
l;é i E P Ty =+25°C S
> = Yy
sl 750 VR 30%e 0
4 15 20 30 4 ¢ t 2 3 4 53 & 7 2 x 10k 100k
t = TIME (uo} t - TINE (;u)o { - FREGUENCY (Hz)
Qutput Characteristics Output Characteristics Current Limiting
Current Sourcing Current Sinking % T
8 TT 10 - ! I ‘
TR ==
7 ] X V' e 418 Voo =g i 2
g2 L ” = v =
=S - | & |
1y i W, £ sopay |
=2 SITTI 3 - H 3 1 e L
;g PR 5 Il t ?. 30 =5
a2z = = o g e
- Tl_vn Vo m § .1 1 6 3 m
el MOEPENDENT OF V" Y .
g . | i, = +2gocit L] " /_F_ < voH w1 I
H!l.tmzu ' Y 2
i ettt T i 001 LK 3535 -18 ¢ 2% 45 §5 2T 10E 128
0.00: Qo 0. 1 00 0
) 1 3 e v .00t 0.00 A1 1 10 100 T = TEMPERATURE (=c)
16 = CUTRUT SOUACF TURRFN? (mag) tg - CUTPUT SIRK SURRENT {mAge}
DeoQRe9 &2 OSO0T206-44.
Input Currant (LM2802 onty) Voltags Cain {LA2902 only)
100 180 !
|
5 = R =20kn
@ - 4
£ 3 it Rog W |
£ |
=z 1
5 H //ﬂ R =20k
z 2 20 b—v
N - g ’
) 5 I
£\ LT TyEeass VA |
i =] - H
_ 2 ]
- b !
. T { 7
H | ! |
9 | 0 ] § H
Q 10 20 30 ] 10 20 30

vl - suPeLY VOLTAGE (Vo)
D 0%

Appilication Hints
The LM124 series ars op amps which operate with only a
single cower supply voiage, have true-giffarential inputs,
and remain in the linear mods with an input commorn-mode
votage ¢f 0 Voo These amplifiers cperate over a wide range
of power supply woitage with littte change in pedomance
craractenstics. At 25 C amplifier operation is pessibie cown

to a minimum supply veltage of 2.3 Vo

The pinouts of the package have
PC board laycuts. Inverting inputs ar@ adjacent to outputs far
ail of the ampiiniers and the cutputs have algo been placed at
the cormers of the package (pins 1, 7, 8, and 14).

Pracautions should be taken to insure that the power supptly
for the integrated circuit never becomes reversed in pciarity
or that the unit Is not inadvertently instatled backwards in a

v' - SUPPLY YOLTAGE (Vpg)
T

been designed to stmolify

www.national.com
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LNI1 24/LM224/LM324/LN2902

Application Hints (continueq)

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

Large differential input voitages can be easily accommo-
dated and, ae input differential voltage protection dicdes are
not neaded, no large input currents resuit from large differen-
tial input voltages. The differental input voitage 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 Vpc (at25 C).An input clamp diode
with a resistor to the IC input terminal can be used.

To reduce the power supply drain, the empiifiers have a
class A output stage for small signal levels which converts to
ciass B In a large signal mode. This ailows the amplifiers to
both source and sink large output currents. Therefore both
NPN and PNP external current boost transistors can be used
to extend the power capability of the basic amplifiers. The
output voltage needs to raise approximately 1 diode drop
above ground to bias the on-chip vertical PNP transistor for
output current sinking applications.

For ec applications, where the load is capscitively coupled to
the output of the ampiifier, a resistor should be used, from
the output of the amplifier to ground to increase the class A
bias current and prevent crossover distortion.

Where the load is directly coupied, as in dc applications,
there is no crossover distartion.

Capacitive loads which are applied directly to the output of
the amplifier reduce the lcop stability margin. Values of
50pF can be accommodated using the weorst-case

non-inverting unity gain connection. Large closed loop gains
or resistive isolation shouid be used if larger load cepaci-
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 Vpe t0 30 Vipe.

Output short circults sither to ground or to the positive power
supply should be of short time duration. Units can be de-
stroyed, not as a result of the short dircuit current causing
metal fusing, but rather due to the large increasa in IC chip
dissipation which will ceuse eventual failure due to exces-
sive junction temperatures. Putting direct short-circuits on
more than one amglifier at 2 time will increase the total IC
power dissipation to destructive levais, if nct properly pro-
tacted with external dissipation fimiting resistars in series
with the output leads of the amplifiers. The larger value of
output source current which is avaliable at 25 C provides a
larger outpJt current capability at elevated temperatures
(ses typical performance characteristics) than a standard IC
op amp.

The circuits presented In the section on typical applications
emphasize operation on onty a single power supply voltage.
If complementary power supplles are avallabie, all of the
stancard op amp circuits can be used. In general, introduc-
ing 2 pseude-ground (e bias veitage reference of V*/2) wilt
allow operation above and below this value in single power
supply svstems. Many application circuits are shown which
take advantege of the wide input common-mode voitage
range which Inciudes ground. in most cases, input biasing is
not requited and input voltages which range to ground can
easily be accommodated.

Typical Single-Supply Applications (' = 50 Veo)

Non-hverting DC Gain (OV Input = 0V Output}

TR e needed due to lenperature independent i

Y | —— — — — —
a /
=
-
g ;
24|
0 { ’ R
GAIN™ 1+ —
R
= 161 (A3 SHOWHM}

Vi (M)

-
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vapica! Single-Supply Applications (v = 5.0 Vo) (Continued)

D¢ Summing Amplifier Power Amplifier
(Vines 2 0 Vpe 8nd Vo = Vpe)

108k R ~
ossosmes Vo = 0Voc for Vin = 0 Voe
Where: Vg = V4 + V2 Va Vg Ay=10
(V4 + Va) = (Y3 + Ya) s keep Vo > 0 Voc
LED Oriver “BI-QUAD" RC Active Bandpass Filtar
a1
100%
- ¢l
330 pF
! }___
T4 LMI24A Kr——
R2 s RE
180% 470k
Yin O—AAA~ +

R4

10M

Rl é L2

30 ¢

1ok & 13

! Rb

470k
- \o=—t -0 Vo
: %

R7
106k
+ z s AAA—C Y
+
a2 €3 —
108k Wt

fy = 1 kHz
Q=50
Ay = 100 (40 E)
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L1 24/LM1224/L M324/L N1 2902

Typical Single-Supply Applications

Fixed Currant Sources

©S009296-10

Current Monitor

A1 I
L1 ).
v \—
Ry
|2
108 -
1/8 LM124A
Yo
a3
1%
= 26009286-12
1V}
Vo T
VYT -2V

*(increasa R7 G b, small)

(V" = 5.0 Vpo) (Continued)

Lamp Driver

Driving TTL

/8 LM124A

J WPy

1/4 OMB4XX
AL
240

08005299 13
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Voltage Follower

+Vin

Squarswave Oscillator

[—Typical Single-Supply Applicaﬁons (V" = 5.0 Vpo) (Continued)

Pulse Generator

R1

™ INM

0.0014F

03008260848

Putse Generator

Ri
0k 814

0500920817

High Compliance Current Sink

1
|

lh

Ig = 1 ampAvolt Vi
(Increasa Re for | small)

www.nationaf.com
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T Typical Single-Supply Applications (v = 5.0 Vo) (Continued)

Low Drift Peak Detector

LIM124/LM224/LM324/L}12902

¥ © c
1w
g {POLYCARBONATE OR l
- POLYETHYLENE} = 2N928°
*hiy AT 100 nA 0.0014F

ly

HIGH Zyy
LOW Zaut u L
s ]

AUX AMP
] ls WWPYT CURRENT
L COMPENSATION
o DSC08298-18
Comparstor with Hysteresis Ground Referencing a Differential input Signal
+v|l ‘
l Al

114 LI Vo

+Vaer

DE00E296-20

Vo = Vg
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F Typical Single-Supply Applications (v = 5.0 voo) (Continued)

Voltage Controlled Oscillator Clrcuit
0.05 +F

Vo' O

UL

C QuIeyT1

“Wide conkrol voltage range: 0 Vpge § Vg $2 (V7 1.5 Vel

Photo Voltalc-Cell Amplifier

Ay
"

AC Ccupled Inverting Ampiifier

Ry
100k

1/8 L124A

R
Av--R—;(AnshomAv- 10)

- QUTPUT 2

NN

DBO0RZ-2
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L1124/ M224/L M324/L M2902

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

AC Coupled Non-inverting Amplifier

R1 A2
108k 14

D8009290-25

Avn1+53

Rt
Ay -~ 11.(As shown)

DC Coupled Low-Pass RC Active Filter

fs = 1 kHz
Q=1

Ay =

N

L

www nascnal.com 14




[7 .
Typical Single-Supply Applications (v = 50 vog (Continued)

High Input 2, DC Differential Amplifier

R2
100k
i AL
100% 100k
' r
—_— 100k
144 LM1244 -
4y O + 1/4 LM124A Vo
U, O {+
DSooese-T7
__R1_Rs T "
For — = — (CMRR depends on thie resistor ratio match)
A2 R3
R4
- — -
Vo =1 A3 V2 = V1)
As showm: Vg = 2(Va — V)
High input £ Adjustable-Gain
DC Instrumantation Amplifier
At
100k
A AA oy
V) Ot
RZ . GAIN ABJUST
i Yo
AR
RE
I\ i1h13 :
\ Ag a2
108 108%
146 L1263 \—éb—'M—Q—-VW————L
*\y + -
£S00g25-2

fR1 = 35 & A2 = R4 = RE = A7 {CMAR tepends on match)
2R1
Vo = 1 % — -y
o= 1 HzNz 1)

As shown Vg — 101 (V7 V)

www.nationa.com
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LM124/LM224/LM324/LM29802

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

Using Symmetrical Amplifiers to Bridge Current Amplifier
Reducs Input Current (General Concept)

+Nrsr

1/4 L1247 Va

+

+

bt B AT 50 0A

Fors << t&ndRr>> R
B¢

)
14 LI126A Vo = Vaer (5) R

AUX AMP

INPUT CURRENT
COMPENSATION

DS0CeRN-28

Bandpass Active Filter

R1
390k
Vin

R3

fo = 1kHz
Q=25
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Physical Dimensions inches (ilimeters) unless otherwiss noted

0.738

‘ e -
MAX
fie] 3] [ ] [l o] T8
0.020
TYED]
RAD 1228-0310
=]
T T T
32800320 ams | 0200
{7 356-3.128] w1 Gas  useaws _ BED
5“‘;“" (1534 20,0271 MAX g 20_0.060
B8 = {7,500 1524)
MAX, 13 et .
s j
o5* 15° 26°98° TYR Y :
10° MAX " 0.008-0.012
13100410 0203 -0.368]
L"nm,-mu"! 0.098 L (;"T;%%-— . | 250200
2489 > @.175-5.086)
MAX BOTH ENDS 2.100 20,010 o
2540 0.259) o
MR J14A (REY @)

Caramic Dualdn-Line Package {J)
Order Number LM124J, LM124AJ, LM124AJ/883, LM1244/883, LM224J,
NS Package Number Ji4A

LM224AJ or LM324J

£.335 0.344
TR

il i) B Ae 8§

Tppaaa0g

(5.791~0.198)

-l

o -
| \Y
LEAD NO. 1 /l/
et )

{

~

«<T}
~<LT}
¥as
o <[]
~<{7T]
\,

\

"

0040 penx
0.254)
0.158-0.57
AR |
0,053 €.063
4.010-0.020 R0.50.063
S 80E X A8° {1,246 - 1.733)
(0254 - 8.0 2° MAXTYP 0.004 —0.010
| ML LS (= f0.102 - 0.254)
Y 1 soaws Y iR
= e & ~ PANE £ A !
A ¥ =y
0.008 0,010 ey A 8.014-0.020 1yp
0.8 -850 | —] 8:618-0.050 033 A > T 0% 0.508)
TYP ALL LEADS 0.6 {0406 -1.2/0) ™ ] 0.008 o
X 1YR AL LEADS 2 O

ALL LEAO THS

S.0. Package (M)
Order Number LM324M, LM324AM or LM2c02M
NS Package Number M14A
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LM 24/1.M224/L M324/LM2902

F Physical

Dimensions inches (milimeters) unless otherwise noted

(Continued)

-0
l" e 19 't
o] @t
i (2.288)
4} [13] (2] [a} f0f fo{ (%
[ [ (2 (7 o (51 L —r
W0 LAUH
ﬁ 350 €55
PNG Y _ ¥
went~ O AT 4T Tsjae L
l.w .63 MAX
™ @ -
oFTION 1 0PTION 62
119620 0489 -.520
nasat Ts0—6.3) 8.095
2.143-0.280 0,080 R .
[Tom-n.can : _"1 [z - "";,:;:,L 3
, :L £
y :
- ‘ LR .o08—-£.018
,m oo kev f/” - t “mam eAes
(9»535‘] - l
[R¢-] “u i
-t ey m |
sov-boz l i < Tz
B T oL, twozoms NN
~rswreng - »
R IR -
P a0 035 e
+1.81
(l."‘ﬁﬂ_ Q.281. NUARDY A
Molded Dualdn-Line Package (N)
Ordar Number LM324N, LM324AN or LM2302N
NS Package Numbaer N14A
0.080
-~ oose e 0,385 MAX ——
0.845 1 0.050 £ 0.005 | <= 0.005 MIN TYP
0.028
o TYP ]
1448 I B T
! I 0.370
i 0.250
28
H 0.280 WA by 0.260 |
| GLASS 0.235
L 0.012
- { 0.008
DETAIL A
DETAIL A —/Al/ﬁ -
i | 0.250
PIN #1 I
IDENT - i
0.006 > mTYP--‘L‘-- be— 0.045 MAX w148 (REV 3}
2.004 0.015 L7
©oTre

Ceramic Flatpak Package
Order Number LM124AW/B83 or LM124W/883
NS Package Number W14B
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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 of 2. A critical component is any component of a life

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

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the Hfe support device or system, or to affect its
safety ar effectiveness.

Nations! Semioonductor National $emisonduator
o Corporation Europe
Americas Fax: +48 (0) 1 80-£20 85 86
Tel: 1-800-272-9858 Emai: europe support@nss.com
Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 1 80-530 85 85
Email: support@nec.com English Tel: +49 (0) 1 80-532 78 32
Frangais Tel: +49 (0) 1 80-532 93 68
wwy.national.com Italiano  Tel: +48 (0) 180 534 16 82

National Semiconductor Natlanal Semiconduotor
Asla Paoifia Customer Japan Ltd.

Responsa Groun Tel: 81-3-5338-7560

Tol: 65-2644466 Fax: 81-3-5835-7507

Email: sea.support@nsc.com
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