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FLOW METER

Thatree Deeprasert 37012092
Wipark Mahapiyasil 37012110
Arkhom Hosiri 37013457

Prasit Julsereewong Advisor 1996

ABSTRACT

This thesis presents the application of water flow meter to its electronics
standard output signal is current which have its value is 4 to 20 mA. And show
the rusults of water flow volume and flow rate in the digital numeric. By converts
the frequency of pulse signal which get by reed switch owing to the revoles of
magnetic which stick with propeller of water flow meter to standard output current.
We approve that general flow meter is very sheap. In this project takes the water
flow meter to develope it to have standard output signal. It can be use for

measurement and control process which its prices is an economical to the

invesment.
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Inverting input C— High-input-impedance High-gain Low-impedance
+ differentiai 3= voltage output
Noninverting input O— amplifier amplifier amplifier
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t
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¢ Type or part number

of opamp

/inverting input
{indicated by minus sign)

Noninverting input
(indicated by plus sign)

Qther leads for

frequency compensation

or nulil adjustment
{not always shown)

+V Positive voltage

supply terminal
{not always shown)

Qutput terminal

Negative voltage
supply terminal

{not always shown)
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Input 3 A, = max, A, < max,

Qutput *—0 Output
Input 2 input 1
(a) Qoen-loop mode {b) Closed loop mode
Rl
A, A o=
fnput 1 O—AAAA—I 5 A s

—0 Outout ~—0 Ouiput

taput {

(e} Controiled gain (d} Unity gain
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Current
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Jwmadingnsimslva ( Digital Flow Meter )
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LM2907/L.M2917 Frequency to Voltage Converter

General Description

The LM2307; LM2917 series are monolithic frequency to
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 charge 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
zero frequency input.

Advantages

= Output swings to ground for zero frequency input

®m Easy to use; VoyTt = fin X Ve X R1 X C1

& Only one RC network provides frequency doubling

u Zener regylator on chip allows accurate and stable fre-
quency to voltage or current conversion (LM2917)

Features

m Ground relerenced tachometer input interfaces directly
with variablle reluctance magnetic pickups

= Op amp/comparator has floating transistor output

m 50 mA sink or source to operate relays, solencids, me-
ters, or LEDs

8 Frequency doubling for low ripple

® Tachometer has built-in hysteresis with either differen.
tial input or ground referenced input

® Built-in zener on LM2917

10.3% linearity typical

m Ground referenced tachometer is fully protected from
damage due to swings above Vcg and below ground

Applications

® Over/under speed sensing
m Frequency to voltage conversion (tachometer)
® Speedometers

= Breaker point dwell meters
® Hand-held tachometer

®m Speed governors

| Cruise control

B Automotive door lock control
m Clutch control

m Horn control

& Touch or sound switches

Block and Connection Diagrams Dual-In-Line and Small Qutline Packages, Top Views

v

? 3 3
f
CHARGE
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o
4
1 -, 2 3 4
TUH/7942-1
Order Number LM2907N-8
See NS Package Number NOSE
NC ne v
Ll lu l!l 1 18 3 3
ﬁ +
?
b CHARGE PUeP|
P
F:I *
1 k4 3 4 $ [ ] 7
T T
TU/H/T942-3
Order Number LM2307N
See NS Package Number N14A

v
ln ’ s s

y CHARGE

L]

TUH/7942-2
Order Number LM2917N-8
See NS Package Number NOBE
NC ne v
lnn JJ! ]l: 11
+
T
-\L CRARGE Py
+

TW/H/7942-4
Order Number LM2917M or LM2917N

See NS Package Number M14A or N14A




* Absolute Maximum Ratings (ote 1)

- if Military/Aerospace specified devices are required,
. _contact the National Semiconductor Sales Office/
! pistributors for availability and specifications.

~Supply Voltage 28v
L. Supply Current (Zener Options) 25mA
_.Collector Voltage .28V
" Differential input Voltage
" Tachometer 28v
- Op Amp/Comparator 28v
input Voltage Range
Tachometer LM2907-8, LM2917-8 +28Vv
LM2907, LM2917 0.0Vto +28V
Op Amp/Comparator 0.0V to +28V

78

Power Dissipation

LM2807-8, LM2917-8 1200 mwW |
LM2307-14,1L.M2917-14 1580 mw
(See Note 1)

Operating Temperature Range —40°Cto +85°C

Storage Temperature Range

Soldering Information
Dual-In-Line Package

—65°Cto +150°C

Soldering (10 seconds) 260°C
Small Qutline Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

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

Electrical Characteristics vec = 12 vpe, T = 25°C, see test circuit

Symbol l Parameter J Conditions l Min [ Typ l Max [ Units
TACHOMETER
Input Thresholds Vin = 250 mVp-p @ 1 kHz (Note 2) +10 +25 +40 mv
Hysteresis Vin = 250 mVp-p @ 1 kHz (Note 2) 30 mv
Offset Voltage ViN = 250 mVp-p @ 1 kHz (Note 2)
LM2807/LM2917 3.5 10 mv
LM2907-8/L.M2917-8 ° 5 15 mv
Input Bias Current ViN = 50 mVpc 0.1 1 nA
. Vou Pin a ViN = + 1256 mVpc (Note 3) 8.3 \"
Vou Pin 2 Vin = —125 mVpg (Note 3) 23 v
I3, |5 Output Current V2 = V3 = 6.0V (Note 4) 140 180 240 rA
13 Leakage Current 2=0,V3=0 0.1 RA
K Gain Constant (Note 3) 0.9 1.0 1.1
. Linearity fin = 1kHz, 5 kHz, 10 kHz (Note 5) -1.0 0.3 +1.0 %
0P/AMP COMPARATOR
4 Vos Vin = 6.0V 3 10 . mv
| lgias ’ Vin = 6.0V 50 500 nA
' Input Common-Mode Voltage 0 Vee—1.5V v
! Voltage Gain 200 V/my
P Output Sink Current Ve = 1.0 40 50 mA
L Output Source Current Ve = Voo —2.0 10 mA
* Saturation Voltage ISk = 5 MA 0.1 0.5 v
“ : ISiNg = 20 MA 1.0 v
fk Isink = 50 mA 1.0 1.5 v




Electrical Characteristics Voo = 12Vpc, Ta = 25°C, see test circuit (Continued)

Symbol I Parameter Conditions l Min Typ I Max ] " Unitg
ZENER REGULATOR o
Regulator Voltage Rprop = 4700 7.56 ?
Series Resistance 10.5 15 Q\
" Temperature Stability +1 m’
TOTAL SUPPLY CURRENT 358 6 A

Note 1: For operation in ambient temperatures above 25°C, the devica must be derated based on a 150°C maximum junction temperature and & thermal resigtar—

of 101°C/W junction to ambient for LM2907-8 and LM2917-8, and 79°C/W junction to ambient for LM2907-14 and LM2917-14,

"ﬁﬂanc,

Note 2: Hysteresis is the sum +Vyy — (~Vry). offset voitage is their ditference. See test circuit,
Note 3: Vo is equal 1o %, X Vg — 1 Ve, Vor is equal to Y, X Vg — 1 Vge therafore Vou ~ VoL = Vee/2. The difference, Vo — Vobmdthom'lmm

12/13, are the two factors that cause the tachomater gain constant to vary from 1.0.

Note 4: Be sure when choosing the time constant R1 X C1 that R1 bsud\matmomaximumunﬁdpaladoumvonagoalpm3canbcruchadwi1h|3 X R1. The
maximum value for R1 is limited by the output resistance of pin 3 which is greater than 10 MQ typicaily.

Note 5: Nonlinearity is defined as the deviation of Vour (@ pin 3) for iy = 5 kHz from a straight line defined by the Voyr @ 1 kHz and Vout @ 10 kMg,

Ct = 1000 pF, Rt = 68k arid C2 = 0.22 mFd.

General Description (continued)

The op amp/comparator is fully .compatible with the ta-
chometer and has a floating transistor as its output. This
feature allows either a ground or supply referred load of up
to 50 mA. The collector may be taken above Vg up to a
maximum Vgg of 28V,

The two basic configurations offered include an 8-pin device
with a ground referencad tachometer input and an internal
connection between the tachometer output and the op amp
non-inverting input. This version is well suited for single
speed or frequency switching or fully buffered frequency to
voltage conversion applications.

Test Circuit and Waveform

TACHOMETER

meutT ! ‘ laias Tsmex ‘
o ' ! Q Q
i
-§ ]
]
|
TACHOMETER N o Ame
SECTION H SECTION
i
1
CHARGE :
Pume '
1
|
{
!
]
|
[]
1

(L CI_‘J- A ) o}
o D N I
1T

TU/H/T942-6

The m'bre versatile configurations provide differential ta-
chometer input and uncommitted op amp inputs. With thig
version the tachometer input may be floated and the op
amp becomes suitable for active filtar conditioning of the
tachometer output.

Both of these configurations are available with an active
shunt regulator connected across the power leads. The reg-
ulator clamps the supply such that stable frequency to voit-
age and frequency to current operations are possible with
any supply voltage and a suitable resistor.

Tachometer Input Threshold Measurement - —

V2
NEGATIVE /
INPUT

POSITIVE
e
/ THRESHOLD

THRESHOLO

Ve TACHOMETER
TUR/TA2-T"

“e
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Typical Performance Characteristics
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Applications Information

The LM2907 series of tachometer circuits is designed ‘or
minimum exterrial part count 2pglications and maximum ver-
satility. In order to fully exploit its features and advantages
let's examine its theory of operation. The first stage of oper-
ation is d diffetential amplifier driving a positive feedback
flip-flop circuit. The input threshold voltage is the amount of
differential input voitage at which the output of this stage
changes state. Two options (LM2907-8, LM2917-8) have
one 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 variable reluctance pickups which typically pro-
vide a single-ended ac output. This single input is also fully
protected against vollage swings to +28V, which are easily
attained with these types of pickups.

The differential input options (LM2907, LM2917) give the
user the optior{ of setting his own input switching level and
stilt have the hysteresis around that level for excellent noise
rejection in any application. Of course in order to allow the
inputs to attain common-mode voltages above ground, input
protection is removed and neither input should be taken
outside the limits of the supply voltage being used. It is very
important that an input not go below ground without some
resistance in its lead to limit the current that will then flow in
the epi-substrate diode.

Following the input stage is 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
state (due to a suitable zero crossing or differential voltage
on the input) the timing capacitor is either charged or dis-
charged linearly between two voltages whose difference is
Vce/2. Then in one half cycle of the input frequency or a
time equal to 1/2 fiy the change in charge on the timing
capacitor is equal to Vco/2 X C1. The average amount of
current pumped into or out of the capacitor then is:

AaQ M ;
T = ic(avG) = C1x TCC X (2fin) = Véc X fiy X C1

The output cirguit mirrors this current very accurately into
the load resistor R1, connected to ground, such that if the
pulses of current are integrated with a filter capacitor, then
Vo = iz X R1, and the total conversion equation becomes:

Vo = Vgo X fiyn X C1 X R1 X K
Where K is the gain constant—typically 1.0.

Typical Applications
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-
The size of C2 is dependent only on the amou
voltage allowable and the required response time,

At of ripple .

-

CHOOSING R1 AND C1.

i

There are some limitations on the choice of R1 and 01‘ )
which should be considered for optimum performance. The™

timing capacitor.also provides internal compensation for the
charge pump and should be kept larger than 500 pF for very '

accurate operation. Smaller values can cause an error cur-" -

rent on R1, especially at low temperatures. Several consid-
erations must be met when choosing R1. The output current }
at pin 3 is internally fixed and therefore Vo/R1 must be less
than or equal to this value. If R1 is too large, it can become

a significant fraction of the output impedance at pin 3 which
degrades linearity. Also output ripple voltage must be cop.
sidered and the size of C2 is affected by R1. An exprassion
that describes the ripple content on pin 3 for a single R1C2
combination is:

Vee | Ct
VRIPPLE = —/— X =

2 Cz ) pk-pk

It appears R1 can be chosen independent of ripple, howev.
er response time, or the time it takes Vour to stabilize ata
new voltage increases as the size of C2 increases, so a
compromise between ripple, response time, and linearity
must be chosen carefully.

As a final consideration, the maximum attainable input fre-
quency is determined by Vg, C1 and Ip:

2
C1 X Ve

USING ZENER REGULATED OPTIONS (LM2917)

For those applications where an output voltage or current
must be obtained independent of supply voltage variations,
the LM2917 is offered. The most important consideration in
choosing a dropping resistor from the unreguiated supply to
the device is that the tachometer and op amp circuitry alone
require about 3 mA at the voltage level provided by the
zener. At low supply voltages there must be some current
flowing in the resistor above the 3 mA circuit current to op-
erate the regulator. As an example, if the raw supply varies
from 9V to 16V, a resistance of 470Q will minimize the ze-
ner voltage variation to 160 mV. If the resistance goes un-
der 40002 or over 60QQ the zener variation quickly rises
above 200 mV for the same input variation.

Vee X i
X(1_ cc :IN’(C1
2

fMAx =

Minimum Component Tachometer

Yoo = 15V

?

—

VARIABLE

N i
RELUCTANCE .,jT}_‘d
MAGNETIC

mex ue T 7 3

+Voup = 67 HuY

- TUH/TIA2-8

Eade 1



Typical Applications (continueq)

: ‘jsg}ég Switch” Load is Energized When-fiy > ——

O Veg = 6-24v
.
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TUH/7942-9
Zener Regulated Frequency to Voltage Converter
Veg = 12v
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Typical Applications (Continued)
Voitage Driven Meter Indicating Engine RPM

Vo = 6V @ 400 Hz or 6000 ERPM (8 Cylinder Engine)
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Current Driven Meter Indicating Engine RPM
lo = 10 mA @ 300 Hz or 6000 ERPM (6 Cylinder Engine)
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Typical Applications (continued)

s <

Two-ere"Remote Speed Switch

. ., CURRENT i
* 1 sewse O Vee
o - 7 6 5
- CHARGE
PUMP
1 2 3 4
I —OQ GND
fn Y]
T~
<If I
T \ 3 TUH/T842-15
100 Cycle Delay Switch
Vee
Q
R ]
»-w»-J» ——0lc
—E_ ll 7 6 5 . ‘)‘%
= vi
i 4
- !l:ll‘l
1 3 ]
v
o Ie
. l €2 =200 C1
— == — =
. Vee X C1
V3 steps up in voltage by the amount —cz 100 N0
for each complete input cycle (2 zero crossings) QF CYCLES TUH/T942-16

Exampte:
It C2 = 200 C1 after 100 consecutive input cycles.
V3 = 1/2Veg
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Typical Applications (continueq)
i Variable Reluctance Magnetic Pickup Buffer Circuits
Pracision two-shot output {requency v ’
equals twice input froquency. S Vec
i
Putse height = Vzener = ) 2 ! :ﬁ ‘ = J ] 0 $ ,
. &3 ‘ E . —
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Typical Applications (continued) - il

YRS IR A
Frequeni:y— to Voltage Converter with 2 Pole Butterworth Filter to Reduce Ripple
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Typical Applications (continued)

Some Frequency Switch Applications May Require Hysteresis In the

. Comparator Function Which can be implemented in Several Ways:
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Typical Applicafions (Continued) -

Changing the Output Voitage for an Input Frequency of Zero
v —————————() QY o amme = o an

L
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VOLTAGE REFERENCE
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Changing Tachometer Gain Curve or Clamping the Minimum Output Voltage

1ov
91k
Vour § :
v - P
-E_ 8 7 ] 5 |
- CHANGE =
- PUMP
v
£ D v
1V =
1 2 3 q z T ]
1104 Omemeed —¢Vour 1 2 3 4 5 § 7
T (kH2)
1000 pF ol

TL/H/7T842-32

TU/H/T942-31



‘Anti-Skid Circuit Functions
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“Select-High" Circuit
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“Select-Average’ Circuit

88

Vaur WHEEL MO 3.

[

WHEEL NO 2

e —t—
WHEEL Sregp
TUH/T942-94
Vour is proportional to the lower of the
two mnput wheel speeds.

Your Vour

[} o Y
WHEEL ™ >
NO. 1 WHEEL

NO.2

WHEEL SPEED
TUH/7962-38

Vour is propertional to the higher of

the two input wheael speeds.

e e .,

=]
-]

U 3

Cangs

o

:"' 1.0uF
$ ) 4
. +
o . 100 QD Vour * VeeACH, * 1y}
. -

TU/H/T942-37

(43



84

*Auo g-21621 PUB 21627 UO BpRL VONSOULOS SNYY,
"AjU0 9-£182W11 PUB g-20621 UO OpBW UOR36ULOD B,

T
Y

ec-2yoLniNy

.

‘*‘ ('
l
[
I
l
|
|
l
l
l
|
I
I

|

-

YIS14NY SISIUILSAH LNINI

sa

lom. 0st

I
I
I
I
< = |
!
_
|
!
_

HOLIvUVIY0) 4wy 40 yoivInily svig
HINIZ JANIY

Equivalent Schematic Diagram



&Nationdl Semiconductor

LM124/LM224/1.M324/ LM2§02 -
Low Power Quad Operatignal Amplifiers

General Description

The LM124 series consists of four independent, high gain,
intemnally frequency compensated operationa! amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
spmpowersuppﬁeslsalsopossiblemmelowpowww
ply current drain is independent of the magnitude of the
power supply voltage.

Application areas include transducer amplifiers, DC gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply sys-
tams. For example, the LM124 series can be directly operat-
ed 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 + 15V
power supplies.

Unique.Characteristics

-lnulir'mrmodotholnpmeommn—modevoltage
mngoinebdnofoundlndmeoutpmvonagecanalso
swing to ground, even though operated from only a sin-
gle power supply voltage

® The unity gain cross frequency is temperature
compensated

® The input bias current is also temperature
compensated

Advantages

8 Eliminates need for dual supplies -

& Four interally compensated op amps in a single
package

] Allcg;‘sodroctly sensing near GND and Vour also goes
to - ..

[ anpa_t_iplg with all forms of logic

W Power drain suitable for battery operation

Features .
® Internally frequency compensated for unity gain

® Large DC voltage gain 100 dB
& Wide bandwidth (unity gain) 1 MHz
{temperature compensated)
u Wide power supply range:
Singlo supply 3V to 32v
or dual supplies +1.5Vto t16v

® Very low supply current drain (700 pA)—essentially in-
dependent of supply voltage

B Low input biasing current 45 nA
(temperature compensated)

& Low input offset voltage 2mv
and offset current 5 nA

& Input common-mode voltage range includes ground
8 Differential input voitage range equal to the power sup-
Ply voitage

= Large output voltage swing OVio V+ — 15v

86

Connection Diagram

1 Dual-in-Line Package

sufrors mwTe imeyret 80 WPUTI' PUTI" QuiPur)

" 1 1 " 1 ] L)

D

[} Fl 3 ¢ ) ] !
wuT' Wt outeuT?
TL/H/9200-1

oUTIUT Y mrur - ety vt

Top View

Order Number LM124J, LM124AJ, LM124J/883° °
LM124AJ/883°, LM224J, LM224AJ, LM324J, LM324M,
LM324AM, 1.M2902M, LM324N, LM324AN or LM2902N

See NS Package Number J14A, M14A or N14A

*LM124A available per JM38510/11008
**LM124 avallable per JM38510/11005

ot ote
- wa-
e e
ve onp
w2 N3¢
»2- 3
outz s
TL/H/B299-32
Order Number LM124AE/883 or LM 124E/883
See NS Package Number E20A
oty je ouTPUT ¢
Y - [ NPUT 4=
PUT Ve wPUT Ao
Yo LMI24W oND
WUT 2 WPUY 3¢
eyt 2- wPyY 3-
OUTPYT 2 ol s
TL/H/D200-8:

Order Number LM124AW/883 or LM124W/603
See NS Package Number W14B
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Typical Performance Characteristics
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Output Characteristics
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Output Characteristics
Current Sinking
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Typical Performance Characteristics «m2902 ony) . . qg

Input Current

oA

"1, = ¢25%

134~ NPUT CURRENT (nAoc)
-3
\

[ 10 2 0
V*=SUPPLY VOLTAGE (Vpe)
-~

Application Hints

The LM124 series are op amps which oparate with only a
singje power supply voitage, have true-ditferential inputs,
and remain in the linsar mode With an input common-mode
voltage of 0 Vpc. These amplifiers operate over a wide
range of power supply voltage with little change'in perforni-
ance chacactristics. At 25°C amplifier operation is possible
down to a ininimum supply voitage of 2.3 Vpc.

The pinouts of the package have been designed to simplify
PC board layouts. inverting inputs are adjacent to outputs
for alf of the amplifiers and the outputs have also been
placed at the comners of the package (pins 1, 7, 8, and 14),
Precautions shouid be taken to insure that the power supply
for the integrated circuit never becomes reversed in polarity
or that the unit is not inadvertently installed backwards in a
test socket as an unlimited current surge through the result-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

Large differential input voltages can be easily accommo-
dated and, as input differential voitage protection diodes are
not needed, no large input curents result from large differ-
ential input voltages. The differential input voltage may be
larger than V+ without damaging the device. Protection
should be provided to prevent the input voitages from going
negative more than —0.3 Vpg (at 25°C). An input clamp
diode with a resistor to the IC input terminal can be used.
To reduce the power supply drain, the amplifiers have a
class A output stage for small signal levels which converts
1o class B in a large signal mode. This allows the amplifiers
to both source and sink large output currents. Therefore
both NPN and PNP exteral cumrent boost transistors can
be used to extend the power capability of the basic amplifi-
ers. The output voltage needs to raise approximately 1 di-
ode drop above ground to bias 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 crossover distortion.

Ayoy= YOLTAGE GAN (¢B)

] 10 2
V- SUPPLY VOLTAGE (Vpo)

Where the load is directly coupled, as in dc lppl‘unorq
there is no crossover distortion. v © o aE
Cepacitive loads which are applied directly 1o the outpit ol
the ampiifier reduce the loop stability margin, Values o
50 pF can be accommodated using the worst-case nond-
verting unity gain connection. Large closed loop gains or
resistive isolation should be used if larger load capacitanc
must be driven by the ampfifier. e
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 Vpc to 30 Vpg.
Outputshortdrcuitscimertogroundortolhepodﬁvepov
er supply should be of short time duration. Units can be
destroyed.musareswoimeshondrwitcmwum
metal fusing, but rather due to the large increase in IC chg

dissipation which will cause eventual failure due to exces

sive junction temperatures. Putting direct short-circuits oa
more than one ampiifier at a time will increase the total ©
power dissipation to destructive levels, if not properly prt
tected with external dissipation limiting resistors in series
with the output leads of the amplifiers. The larger vake o
output source current which is available at 25°C providest
larger output cument capability at elevated temperatret
(see typical performance characteristics) than a standard &
op amp.

The circuits presented in the séction on typical appiications
emphasize operation on only a single power supply voltage
If complementary power supplies are available, all of ¥
standard op amp circuits can be used. In general, introdu>
ing a pseudo-ground (a bias voltage reference of Vf/z)"
allow operation abova and below this value in singie powf
supply systems. Many application circuits are shown
take advantage of the wide input common-moda voltag!

range which includes ground. In most cases, input biasing® .

not required and input voltages which range to ground &
easily be accommodated. '




Typical Single-Supply Applications v+ = sovpo)
Non-inverting DC Gain (OV input = 0V Output)

Ve

Ly
L)

DCSmm;IngAmpﬂﬂcr
(Vars 2 0 Vpc and Vg 2 Vpg)

R not needed due to temperature
independent Iy

Where: Vg = Vy + V2 = V3 - V,
(Ve + V2) 2 (V3 + Vj) 1o keep Vg > 0 Ve

LED Driver

W — = —_—
O Vo
g
]
2
o
>
r2
GAIR= t+ n
- = 191 (AS SHOWW) -
¢ Vi (V)
TL/H/B299-5
Power Amplitier
Ll
UL
AAA -
R2
"
T 18 LM12eA
r)
m Vo
Wiy QAN et
LY

TL/H/9200-8

Vo = 0VpciorViy = 0Vpe
Ay = 10 =
T\/Hnmd

“BI-QUAD" RC Active Bandpass Fliter

O Vo

o= 1kHz

174 L1244
\‘
Q= 50

Ay = 100 (40 dB)

TL/H/0200-0
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| Typical Single-Supply Applications (v* = 5.0 Vo) (Continued)

-

Fixed Current Sources

L vpsvt-av
*(increase Rt for I, small)

TL/H/9200-12

Voltage Follower Puise Generator

R
m e

O Vo

Wiy O Vo = Vm

TU/H/8299-14

et o e e, e Sow o & ——
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! Typical Single-Supply Applications v+ = 5.0vpc) Gontinued) S
Squerewave Osciliator . | .

R
100k

9838

1
Q@ ! l"’
Vi O
C——
~ 2o,
o = 1 amp/volt Viy -
Mncrease Rg for 1, small) TL/H/9200-18

Comparator with Hysteresis

TL/H/9209-20

(POLYCARBONATE OR
POLYETHYLENE) =

i AT 100 0A 00016
P
«~ +
L m
HIGH Znq L 1 ™
LOW Zour

AUX AP

PUT CURRENT
COMPENSATION

TU/H/9200-19

Ground Referencing a Differential Input Signal
I
L

4]
m
4 O Vo
Va
Vewm
Vo= Va
|

| . TLIH/9299-21

- JPRRUSRREN ARy
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Typical Single-Supply Applications (v* - 5.0 vpo) (Continued) R
' . Voltage Controlied Oscitiator Clrcuit
f SF

= s - el
T
*Wids control voltage range: 0 Vpc < Ve S 2{V+ ~1.5Vpg) Lo
. ; = g Nt
Photo Voltatc-Cell Amplitier . « - 7
n o
" L
1
A
ek
feewn l
O Vo
‘ (CELL HAS OV ‘D :
ACROSS IT) \
-
WM
. Gl TUMN/6209-23
AC Coupled Inverting Amplifier

Ry
108
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Typical Single-Supply Applications v* - 50Voc) Continved) . :
AC Coupled N‘OI;Jth;g Amplifier
L1 R2
100k wm

o TL/H/0200-25

7

fo

TL/H/D299-26
High Input Z, DC Differential Amplifier
- R2
f 160
¥y 14 LMI24A Vo
*¥; O-
Ri _ R4 TL/HI209-27
For — = -— (CMRR depends on this res:31or rabo match)

R2 R3
Vo=14 02 v
(] s V2 )]

As shown: Vg = 2(V = V1)
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Typical Single-Supply Applications v* = 50vpo) (Continued) Congi

High Input Z Adjustable-Gain
DC instrumentation Ampiifier

L3
1%

HRY = R5&RA3 = A4 = RE = R7 (CMAR depands on mech)

Using Symmetrical Amplifiers to
Reduce Input Current (General Concept)

1/4 LMI24A Vo

*N BATEO A

/A LMIA

AUX AMP

INPUT CURRENT
COMPENSATION

TL/H/0299-29

2R
Vo= 1+ozVz-Vi)
As shown Vg = 101 (V2 — Vq)

06

Bridge Current Amplifier

E
For8 << 1 andRy>*h
(L.

vo = veer (i
L
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‘Typical Single-Supply Applications (* = 50vog) (Continued)

L4

Bandpass Active Fliter

TL/H/9290-31
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! LM148/LM149 Series Quad 741 Op Amp - ,; |

98

LM148/LM248/LM348 Quad 741 0p Amps . oL i

General Descnption S

The LM148 series is a true quad 741. It consists of four
independent, high gain, internally compensated, low power
operational amplifiers which have been designed to provide

741 operational amplifier. In addition the total supply current
for all four amplifiers is comparable to the supply current of
a single 741 type op amp. Other features include input off-
set currents and input bias current which are much less than
those of a standard 741. Also, excellent isolation between
ampiifiers has been achieved by independqntly biasing each
ampiifier and using layout techniques which minimize ther-
al coupling. The LM149 series has the same features as
the LM148 plus a gain bandwidth product of 4 MHz at a gain
of 5 or greater.

The LM148 can be used anywhere multiple 741 or 1558
type ampiifiers are being used and in applications where
amplifier matching or high packing density is required.

LM149/LM349 Wide Band Decompensated (Ay (MIN) = 5)

functional characteristics identical to those of the familiar -

Features
® 741 op amp operating characteristics
B Low supply current drain

0.6 mA/Ampiifier

= Ciass AB output stage—no crossover distortion

W Pin compatible with the LM124

B Low input offset voltage 1mv
u Low mput offset current 4 nA )
u low input bias current 30 nA i
® Gain bandwidth product h
LM148(unitygam) 10MHz
LM149(Ay 2 5) * 4 MHz
® High degree of isolation between amplifiers 120 dB

8 Overload protection for inputs and outputs
'

Schematic Diagram

'JQ Wee

"

AAA
=V V——

O our

AA
S=AAA,
-

Mt

*1 pF in the LM149

< 2 “Vea

TU/H/TI86- 1



Absolute Maximum Ratings

.
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i Msitary/Aerospace specified devices are required, piease contact the National Semiconductor Sales Office/

pistributors for avallabliity and cpocmcauons.

(Note 4)
LM148/LM149 LM248 _LM348/LM349
Supply Voltage . 122V A 18V .
piterential Input Voltage +44v *36V 136V
Output Short Circuit Duration (Note 1) Continuous Continuous Continuous
power Dissipation (P4 at 25°C) and '
Thermal Resistanca (). (Note 2) .
Moided DIP (N) Py . . - - . 750 mwW
o - - 100°C/W
Cavity DIP () Pg 1100 mW 800 mW 700 mW
(AT 110°C/W - 110°C/W 110°C/W
Maximum Junction Temperature (Tjmax) 150°C 110°C 100°C .
Operating Tomperature Range_ ~55°C<TAS +125°C —25C<STo< +85C OC<Tp<+70°C
Storage Temperature Range -65°Cto +150°C —65°Cto +150°C —65°Cto +150°C
Lead Temperature (Soldering, 10 sec.) Ceramic 300°C 300°C 300°C
.esd Temperature (Soldering, 10 sec.) Plastic 260°C
" Soldering Information T
Dual-in-Line Package N %
Soidering (10 seconds) ~ - 260°C 260°C 260°C
Small Outline Package
Vapor Phase (60 seconds) 215°C 215°C 215°C
infrared (15 seconds) 220°C 220°C 220°C
Seé AN-450 “Surface Mounting Methods and Thenr Etfect on Product Reliability” for other methods of soidering surface mount
devices.
ESD wolerance (Note 5) 500V 500V 500V
Electrical Characteristics (Note 3)
Parameter Condltions LM148/LM149 LM248 LM348/LM349 Units
Min| Typ |Max|Min| Typ |Max|Min| Typ | Max
put Oftset Voltage Ta = 25°C,Rg < 10 k2 1.0 | 50 1.0 | 6.0 10 | 60 mvV
put Otfset Current Ta = 25°C 4 25 4 50 4 50 DA
put Bias Current Ta = 25°C 30 | 100 30 | 200 30 | 200 nA
put Resistance Ta = 25°C 08} 25 08| 25 08| 25 MO
Prfy Current Alt Amplifiers | Ta = 25°C, Vg = 15V 24 | 36 24 | 45 24 | 45| maA
¥rge Signal Voltage Gain | To = 25°C,Vg = 15V
Vour = £10V, R 2 2kD 50 | 160 25 | 160 25| 160 VimvV
plifier to Amplifier Ta = 25°C,t = 1 Hzto 20 kHz
upling {Input Referred) See Crosstalk -120 -120 -120 dB
. Test Circuit .
imall Signal Bandwidth LM148 Series 1.0 1.0 1.0 MHz
Ta = 25°C
“ LM149 Series 4.0 40 4.0 MHz
*hasq Margin LM148 Series (Ay = 1) 60 60 60 degrees
Tp = 25°C
- LM149 Series (Ay = 5) 60 60 60 degrees
Siew Rate LM148 Series (Ay = 1) 0.5 05 0.5 Vips
Ta = 25°C
: LM140 Series (Ay = 5) 20 2.0 2.0 Vius
put Short Circuit Current | Ta = 25°C 25 25 25 mA
4 Ofiset Voltage Rg < 10k 6.0 7.5 75| mv
24 Offset Current 75 125 100 nA
“\“SES Current 325 500 400 nA
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Eiectrical Characteristics (ot 3) (Continued) Lt
» - tor ' Conditions LM148/LM 149 LM248 . LM348/0.0M349 .

. Min | Typ | Max | Min | Typ | Max | Min Typ | Max{ a8
Lerge Signal Voltage Gain | Vg = £ 15V, Vour = + 10V, HE
i B R > 2kn 25 15 15 . ‘L[{‘m
Output Voltage Swing Vs = 15V, Ry = 10k 12| £13 12| £13 +12] +13, x-g%

i Ry = 2knN +10] £12 +10| +12 +10} 12| _g.x
input Vottage Range Vg = 15V 112 12 112 JiN
0 iacti . 13
' g:?omn-Mod.e Rejection | Rg < 10k . 70 | 0 70 | 90 70 | 90 ,4 f,ﬁ
Supply Voltage Rejection | Rs < 10k, +5V<Vg< +18v| 77 | 96 |- 77 | 96 77 | 98 )
mnwmmmmmumwmww,mMmmmu imuft ly asthe ﬁi@,

P wil be . Foy
Note 2 The power ip for these devices must be dk d at ok w&dubdbyfmowwnm ¢

i

+Ta. The maxk power at any temp I8 Pg = (Tpaax = TaM/6jp of the 25°C Paax, whichever is less. e
Note X These specifications apply for Vg = 1 15V and over the ab e ing nnmﬂLSTASTmmmw‘
Note & Refor 1o RETS 14X for LM148 miitary specifications and refer 1o RETS 149X for LM149 mitary specifications. i“.._;
Note §: Human body model, 1.5 k) in series with 100 pF. B 2
X SRR YY,
Cross Talk Test Circuit g
» A',A - 'v'l‘
4‘3:

n

&MJ T A ‘

L "] “
T 0 pavoan) A
3 :’6“
5 Tuw/T00-0 TUHTTE

Application Hints

he LM148 series are quad low power 741 op amps. In the
proliferaticn of quad op amps, these are the first to offer the
conveniance of familiar, easy to use operating characteris-
tics of the 741 op amp. In those applications where 741 op
amps have been employed, the LM148 series op amps can
be empioyed directly with no change in circuit performance.
The LM149 series has the same characteristics as the
LM148 except it has been decompensated to provide a
wider bandwidth. As a result the part requires a minimum
j8in of 5.

‘he package pin-outs are such that the inverting input of
each amplifier is adjacent to its output. In addition, the am-
plifier outputs are located in the comers of the package
which simplifies PC board layout and minimizes package
related capacitive coupling between ampilifiers.

The input characteristics of these amplifiers allow differen-
tial input voltages which can exceed the supply voltages. In
addition, if either of the input voltages is within the operating
common-mode range, the phase of the output remains cor-
rect. If the negative limit of the operating common-mode
range is exceeded at both inputs, the output voltage will be
positive. For input voltages which greatly exceed the maxi-
mum supply voltages, either differentially or common-mode,
resistors should be placed in series with the inputs to limit
the current.

Like the LM741, these amplifiers can easily drive a 100 pF
capacitive load throughout the entire dynamic output volt-
age and current range. However, if very large capacitive
loads must be driven by a non-inverting unity gain amplifier,

Vg = %15V . -'_,2
a resistor should be placed between the output (and feed-

back connection) and the capacitance to reduce the phase

shift resulting from the capacitive loading. e

The output current of each amplifier in the package Is imit:

ed. Short circuits from an output to either ground or #e

power supplies will not destroy the unit. However, if multile -
output shorts occur simultansously, the time duration should

be short to prevent the unit from being destroyed as a rosuft

of excessive power dissipation in the IC chip. e W‘*
As with most amplifiers, care should be taken lead dress,
component placement and supply decoupling in order 4
ensure stability. For example, resistors from the outpit town
input should be placed with the body close to the input ©
minimize “pickup” and maximize the frequency of the feed-.
back pole which capacitance from the input to ground cro-
ates.

A feedback pole is created when the feedback around ”|y
amplifier is resistive. The parallel resistance and capadr
tance from the input of the device (usually the inverting i
put} to AC ground set the frequency of the pole. In many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin-
However, if the feedback pole is less than approximately s
times the expected 3 dB frequency a lead capacitor should,
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it parallels
is greater than or equal fo the original feedback pole ime
constant.

-



. Typical Performance Characteristics
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Typical Performance Characteristics (continveq) -. : o oY Lig
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Typ:cal Apphcatlons—LM148

-

One Decadc Low Dlstortlon smewave Gen 17

vo‘n-z(§+ ‘).vs—sv;vmcusvs‘ -3V,

Vg = 15V
A = A2, trim R2 to boost CMRA
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LA A 2
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i I _I—L'cz ':l:
. [2) =
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AAA
AA AL
A2
V4 LIS
1 RARS( 1 1
x - +—
1= somiei <K T s Y TS
fmax = 5 kHz, THD < 0.03%
R1 = 100k pot. C1 = 0.0047 pF, C2 = 0.01 uF, C3 = 0.1 yF, R2 = R6 = A7 = M,
R3 = 5.1k, R4 = 1201, R5 = 2400, Q = NS5102, D1 = 1N914, D2 = 3.6V avalanche
diode (ex. {M103), Vg = 15V
A simpler version with some distortion degradation at high fr cles can be made by using At as &
simple inverting amplifier, mwmma(oma:mmhmmmwmm
Low Cost Instrumentation Amplifier
14 LM188
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a2
174 LMra8
TL/H/7786-9
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Typical Applications—LM148 (continued)
Low Drm Peak Dptoctor with Blas 0umnt c«npenuuon
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Adjust R for minimum drift
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‘or predictable results: 15 Q < 4 X 104
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fypical Applications—LM 148 (continved) . - o i

A 1 kHz 4 Pole Butterworth
AMA-
" e e e e
N '
11
Iy 1l
' Ve tne
Vo +
150
P
#'A"i
(AR

14 L4

na

>
q

4
jL

Use genecal equations, and tune sach section separaiely
Owesecrion = 0.541, Ozngsecion = 1.306
The responss should have 0 dB peaking

TUH/TT8-12

A 3 Amplifier Bi-Quad Notch Fliter
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¥ noise performance than the state-space approsch.
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Typlcal Applications—LM148 (contiwesy . . -7 1. - o . Sy
A 4th Order 1 kHz Eftiptic Fiitar (4 Poles, 4 Zeros)
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R'1 = R'2 = 50.9k, R'4 = R'5 = 100k, R'6 = 10k, R'0 = 5.78k R‘_ = 100k, R’y = 248.12k, R'f = 100k. All capacitors are 0.001 uE. "
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| rypical Applications—LM149 e
Minimum Gain to insure LM 149 Stabliity = * - 0"
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For stabiity purposes: R7 = R8/4, 10A6 = R5, Cc = 10C

1 1 Ro Ro
h= FT.,"n—c-°"ﬁ'E-“°°"n—.~
fornaxy Omax = 20 kHz, 10 ’ .
Better Q senitivity with respect to open loop gain varlations than the state variable filter, i :
R?, Cc added for compensation ki
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Typical Applications—LM149 (Continued) . o
Active Tone Control with Full Qutput Swing (No Slew Limiting at 20 kHz) | -
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fuax = 20 kHz, THD < 1% 29RSC3" "® 2a(R1 + 2ANCI .
Duplicate the above Circult for stereo Max Bass Gain = (R1 + R2)/R1
L 1 Max Treble Gain ® (Rt + 2R7)/RS
%= SoRact' "8 " 2aRiCH as shown: 1, = 32Hz, g & 320 Hz

o 11KH, g @ LIH2

Triangular Squarewave Generator
3]

LNLF
1
R?
o
va e YW
S.8%F l I I |
g Nv\ Vet —O0
<
AL n g
Y (L R4
m2 m . e
R4 =
1 (] - .
Voo O e 1 v o o4 v
v, . .
b >
ms S ™S <m
< < < <
> y
4
e
o1 02 - 03 o4
® ¢ & g
K~ Vin 2v, -
- - g — vt = -

t m.l( R2/R'2, m < 25V, V™, Vg = 215V

Use LM125 for 2 15V supply
The circult can be used as a low frequency V/F for process control,
01, O3 KE4393, 02, O4: P1087E, D1-D4 = IND14



109

T2-NLI/HL

Typical Simulation

M-

!

AT

°A

7261 $6QWE0SQ 'Y "ON *8-05 TOA ‘SUNSED SITISPIOG JO MUMOL JTI| 08 'SINAP SI0W 04
8YIN10) 4dQ = 2D, yri = g

01-01 X § = B Y ]
W2-98LL/HNL

A L/

o & DNSINT n™osi nue's V
2 ot
Yoy W . V w o $V o A

— W
40
.23
. —
s t_“_} s
234 124
UU>

uopENWIS JeINdIOD J0) |SPOWIOIOBIN Ly N1 ‘8PS N ‘SYINT

s



110

Connection Diagram
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Order Number LM148J, LM 148J/883, LM 149J, LM 149J/883, LM248J, LM348J, LM348M, LM348N or LM349N
Seo NS Package Number J14A, M14A or N14A
LM148J Is available per JM38510/11001
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