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General Description Features
The LM1819 is a function generator/driver for air-core M Self-centering 20 mA outputs
(moving-magnet) meter movements. A Norton amplifier and ~ ® 12V operation
an NPN transistor are included on chip for signal condition-  m Norton amplifier
ing as required. Driver outputs are self-centering and devel-  m Function generator
op £4.5V swing at 20 mA. Better than 2% linearity is guar-
anteed over a full 305-degree operating range. Applications
W Air-core meter driver
B Tachometers
m Ruggedized instruments

Typical Application
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FIGURE 1. Automotive Tachometer Application. Circuit shown operates
with 4 cylinder engine and deflects meter pointer (270°) at 6000 RPM.

Order Number LM1819M or LM1819N
See NS Package Number M14A or N14A
*TRW Type X463UW Polycarbonate Capacitor
**RN60D Low TC Resistor (=100 ppm)
‘TComponents Required for Automotive Load Dump Protection
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
Semiconductor Sales

please contact the National
Office/Distributors for availability and specifications.

Operating Temperature
Storage Temperature

—40°Cto +85°C
—65°Cto —150°C

Suoplv Vol v+ Lead Temp. (Soldering, 10 seconds) 260°C
u oltage, in 13 20V
pply Voltage, V™ (pin 13) BVceo 20Vmin
Power Dissipation (note 1) 1300 mW
Electrical Characteristics vs = 13.1v Ts = 25°C unless otherwise specified
Symbol Parameter Pin(s) Conditions Min Typ Max Units
Is Supply Current 13 Zero In'put Frequency 65 mA
(See Figure 1)
VREG Regulator Voltage 11 IREg = O mMA 8.1 8.5 8.9 \"
Regulator Output Resistance 11 IReEg = 0 MAto 3 mA 13.5
VREF Reference Voltage 4 IRer = O mA 1.9 21 23 "
Reference Output Resistance 4 IRer = O uA to 50 nA 5.3 kQ
Norton Amplifier Mirror Gain 56 IBjlas = 20 pA 0.9 1.0 1.1
hre NPN Transistor DC Gain 9,10 125
Function Generator Feedback 1 Vi =51V
. 1.0 mA
Bias Current
Drlve Voltage‘Extremes, 2,12 ILoap = 20 mA +4 +45 v
Sine and Cosine
S{ne Output Voltage 2 Vg = VREF _350 0 +350 mv
with Zero Input
Function Generator Linearity FSD = 305° +1.7 %FSD
k Function Generator Gain Meter Deflection/AVg 50.75 53.75 56.75 °/V

Note 1: For operation above 25°C, the LM1819 must be derated based upon a 125°C maximum junction temperature and a thermal resistance of 76°C/W which

applies for the device soldered in a printed circuit board and operating in a

Application Hints
AIR-CORE METER MOVEMENTS

Air-core meters are often favored over other movements as
a result of their mechanical ruggedness and their indepen-
dence of calibration with age. A simplified diagram of an air-
core meter is shown in Figure 2. There are three basic
pieces: a magnet and pointer attached to a freely rotating
axle, and two coils, each oriented at a right angle with re-
spect to the other. The only moving part in this meter is the
axle assembly. The magnet will tend to align itself with the
vector sum of H fields of each coil, where H is the magnetic
field strength vector. If, for instance, a current passes
through the cosine coil (the reason for this nomenclature
will become apparent later) as shown in Figure 3(a), the
magnet will align its magnetic axis with the coil’'s H field.
Similarly, a current in the sine coil (Figure 3(b)) causes the
magnet to align itself with the sine H field. If currents are
applied simultaneously to both sine and cosine coils, the
magnet will turn to the direction of the vector sum of the two

still-air ambient.

H fields (Figure 3(c)). H is proportional to the voltage applied
to a coil. Therefore, by varying both the polarity and magni-
tude of the coil voltages the axle assembly can be made to
rotate a full 360°. The LM1819 is designed to drive the me-
ter through a minimum of 305°.

Pumnzn\@

e AXLE

N\ oo COSINE oL

OO SINE COIL

TL/H/5263-2
FIGURE 2. Simplified Diagram of an Air Core Meter.




Application Hints (continued)
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FIGURE 3. Magnet and pointer position are controlled by the H field generated by the two drive coils.

In an air-core meter the axle assembly is supported by two
nylon bushings. The torque exerted on the pointer is much
greater than that found in a typical d’Arsonval movement. In
contrast to a d’Arsonval movement, where calibration is a
function of spring and magnet characteristics, air-core me-
ter calibration is only affected by the mechanical alignment
of the drive coils. Mechanical calibration, once set at manu-
facture, can not change.
Making pointer position a linear function of some input is a
matter of properly ratioing the drive to each coil. The H field
contributed by each coil is a function of the applied current,
and the current is a function of the coil voltage. Our desired
result is to have 6 (pointer deflection, measured in degrees)
proportional to an input voltage:

0=KkV|N [1]
where k is a constant of proportionality, with units of de-
grees/volt. The vector sum of each coils’ H field must follow
the deflection angle 6. We know that the axle assembly
always points in the direction of the vector sum of HgNE
and Hcosing- This direction (see Figure 4) is found from the
formula:

(0)=arctan { | Hsne | / |Hoosine | [2]
Recalling some basic trigonometry,
(6) = arctan(sin () / cos(6)) [3]
HoSINE +HsINE HsINE
A
0
Heosing
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FIGURE 4. The vector sum of Hcosine and Hg g points
in a direction 6 measured in a clockwise direction from

HcosINE-

Comparing [3] to [2] we see that if HgnE varies as the sine
of 8, and Hcog|NE varies as the cosine of 0, we will gener-
ate a net H field whose direction is the same as 6. And since
the axle assembly aligns itself with the net H field, the point-
er will always point in the direction of 6.

THE LM1819

Included in the LM1819 is a function generator whose two
outputs are designed to vary approximately as the sine and
cosine of an input. A minimum drive of £20 mA at £4V is
available at pins 2 (sine) and 12 (cosine). The common side
of each coil is returned to a 5.1V zener diode reference and
fed back to pin 1.

For the function generator, k=54°/V (in equation 1). The
input (pin 8) is internally connected to the Norton amplifier’s
output. V|y as considered in equation [1] is actually the dif-
ference of the voltages at pins 8 (Norton output/function
generator input) and 4. Typically the reference voltage at pin
4 is 2.1V. Therefore,

0=k(Vg—VREF) = 54 (Vg—2.1) (4]
As Vg varies from 2.1V to 7.75V, the function generator will
drive the meter through the chip’s rated 305° range.

Air-core meters are mechanically zeroed during manufac-
ture such that when only the cosine coil is driven, the point-
er indicates zero degrees deflection. However, in some ap-
plications a slight trim or offset may be required. This is
accomplished by sourcing or sinking a DC current of a few
microamperes at pin 4.

A Norton amplifier is available for conditioning various input
signals and driving the function generator. A Norton amplifi-
er was chosen since it makes a simple frequency to voltage
converter. While the non-inverting input (pin 6) bias is at one
diode drop above ground, the inverting input (5) is at 2.1V,
equal to the pin 4 reference. Mirror gain remains essentially
flat to Imirror =25 MA. The Norton amplifier’s output (8) is
designed to source current into its load. To bypass the Nor-
ton amplifier simply ground the non-inverting input, tie the
inverting input to the reference, and drive pin 8 (Norton out-
put/function generator input) directly.

An NPN transistor is included on chip for buffering and
squaring input signals. lts usefulness is exemplified in Fig-
ures 1 & 6 where an ignition pulse is converted to a rectan-
gular waveform by an RC network and the transistor. The
emitter is internally connected to ground. It is important not
to allow the base to drop below —5Vq;, as damage may
occur. The 2.1V reference previously described is derived
from an 8.5V regulator at pin 11. Pin 11 is used as a stable
supply for collector loads, and currents of up to 5 mA are
easily accommodated.




Application Hints (continued)

TACHOMETER APPLICATION

A measure of the operating level of any motor or engine is
the rotational velocity of its output shaft. In the case of an
automotive engine the crankshaft speed is measured using
the units “revolutions per minute” (RPM). It is possible to
indirectly measure the speed of the crankshaft by using the
signal present on the engine’s ignition coil. The fundamental
frequency of this signal is a function of engine speed and
the number of cylinders and is calculated (for a four-stroke
engine) from the formula:
f=nw/120 (Hz) (5)

where n=number of cylinders, and w = rotational velocity of
the crankshaft in RPM. From this formula the maximum fre-
quency normally expected (for an 8 cylinder engine turning
4500RPM) is 300 Hz. In certain specialized ignition systems
(motorcycles and some automobiles) where the coil wave-
form is operated at twice this frequency (f = w/60). These
systems are identified by the fact that multiple coils are used
in lieu of a single coil and distributor. Also, the coils have
two outputs instead of one.

A typical automotive tachometer application is shown in Fig-
ure 1. The coil waveform is filtered, squared and limited by
the RC network and NPN transistor. The frequency of the
pulse train at pin 9 is converted to a proportional voltage by
the Norton amplifier’s charge pump configuration. The igni-
tion circuit shown in Figure 5 is typical of automotive sys-
tems. The switching element “S” is opened and closed in
synchronism with engine rotation. When “S” is closed, en-
ergy is stored in Lp. When opened, the current in Lp diverts
from ““S” into C. The high voltage produced in Ls when “S”
is opened is responsible for the arcing at the spark plug.
The coil voltage (see Figure 6) can be used as an input to
the LM1819 tachometer circuit. This waveform is essentially
constant duty cycle. D4 rectifies this waveform thereby pre-
venting negative voltages from reaching the chip. C4 and
R5 form a low pass filter which attenuates the high frequen-
¢y ringing, and R7 limits the input current to about 2.5mA.
R6 acts as a base bleed to shut the transistor OFF when
“S” is closed. The collector is pulled up to the internal regu-
lator by Rgeg. The output at pin 9 is a clean rectangular
pulse.

Many ignition systems use magnetic, hall effect or optical
sensors to trigger a solid state switching element at “S.”
These systems (see the LM1815) typically generate pulses
of constant width and amplitude suitable for driving the
charge pump directly.

The charge pump circuit in Figure 7 can be operated in two
modes: constant input pulse width (C1 acts as a coupling
capacitor) and constant input duty cycle (C1 acts as a differ-
entiating capacitor). The transfer functions for these two
modes are quite diverse. However, deflection is always di-
rectly proportional to R2 and ripple is proportional to C2.

The following variables are used in the calculation of meter
deflection:

symbol  description

n number of cylinders

o, w|pLE engine speed at redline and idle, RPM
] pointer deflection at redline, degrees

8 charge pump input pulse width, seconds
VIN peak to peak input voltages, volts

A6 maximum desired ripple, degrees

k function generator gain, degrees/volt

f,fipLe input frequency at redline and idle, Hz

Where the NPN transistor and regulator are used to create a
pulse VN =8.5V. Acceptable ripple ranges from 3 to 10 de-
grees (a typical pointer is about 3 degrees wide) depending
on meter damping and the input frequency.

The constant pulse width circuit is designed using the fol-
lowing equations:

(1 100 “A<%<3 mA

106
2 Ciz—
2 123,
R416 120R46
3) Ro= 17 _eVMY
V|N8|§f V|an8k1
4 G

" ReA0fipLe  RoAfnoipe

The constant duty cycle equations are as follows:

Rreg = 3 kQ

Ry < V|NX104 —RREG

Cq1 < 8/10(RRreg + R1)

Rz = 0/3.54nwCy=0/425/C4

Co = 425C1/A6

The values in Figure 1 were calculated with n=4,
»=6000RPM, 6=270 degrees, 6=1 ms, V|y is
VReg —0.7V, and A0 =3 degrees in the constant duty cycle
mode. For distributorless ignitions these same equations will
apply if w/60 is substituted for f.




Equivalent Schematic
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Typical Applications
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FIGURE 5. Typical Pulse-Squaring Circuit for
Automotive Tachometers.
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FIGURE 6. Waveforms Encountered in Automotive
Tachometer Circuit.
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FIGURE 7. Tachometer Charge Pump.

Voltage Driven Meter with Norton Amplifier Buffer

Deflection="54 (V|Ny—.7)R2/R14 (degrees)
0 to 305° deflection is obtained with .7 to 5V input.
*Full scale deflection is adjusted by trimming Rj.
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Typical Applications (continued)

Unbuffered Voltage Driven Meter

(degrees)
0 to 305° deflection is obtained for inputs of 2.1 to 7.75V.
Full scale deflection is adjusted by trimming the input voltage.

Deflection="54(V|y—2.1)

Current Driven Meter
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:: R2*
> 50k

SECTION

"i 1N4733

(degrees)
Inputs of 0 to 100 pA deflect the meter 0 to 270°.
*Full scale deflection is adjusted by trimming Rj.
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COIL RES.
=225Q

EACH
SECTION

Deflection="54V,y

Typical Applications (continued)

Level Shifted Voltage Driven Meter

(degrees)
Inputs of 0 to 5.65V deflect the meter through a range of 0 to 305°.
Full scale deflection is adjusted by trimming the input voltage.

V=131V
NC NC NG
g 13 12 |11 |10 |9 8
- _L 7'y
= coswe | FRes
RS
REF
\ Rz LM1819
S =
< w
FUNCTION |
| ceneraton |¢
FEEDBACK =
v v
COMMON 1 2 I3 4 B 6 _]7
NC 1 = =
- >
<
&mma b3l
<
1/4 LM324
+
™
M
ViN
™

TL/H/5263-8




Physical Dimensions inches (millimeters)
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14-Lead (0.150” Wide) Molded Small Outline Package, JEDEC
Order Number LM1819M
NS Package Number M14A




LM1819 Air-Core Meter Driver

Physical Dimensions inches (millimeters) (Gontinued)

_0.740 0770
(18.80—19.56)
| 0.030
2.286)
0.250£0.010
» (6.350 1 0.254)
PINNO. 1T Z
IDENT DI RITAT EsT 1o
0.092 A 0.030 MAX g/
2.33) 10.762) DEPTH
OPTION 1
0.135£0.005
{3.4290.127)
0.445-0.200 0.060 .
ki —|  |-— TP Al 2o TYP
{3.663-5.080) {1.520) A ™ erionat
[ \

/
90° £4° TYP

0.508] | -
i w125 o150 ‘ 7. oom=oms

@175-3.810) } ™ = s05z0.38
0.014-0.023
o TP | - 0.100+0.010
(0.356—0.584) — 25050250

‘ 0.050£0.010 {2.540+0.254)
050
> “ Gz oma

PINND. 1

et T 2 3

OPTION 02

0.300-0.320
{7620-8.128) 0.065
T.651)
- 00080016
—» (0.203 —0.406)
0.280
[&—(7.112)—|
MIN
+0.040
032 -0.015
1016
oz 50 [

Molded Dual-In-Line Package (N)
Order Number LM1819N
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LIFE SUPPORT POLICY

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

SEMICONDUCTOR CORPORATION. As used herein:

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

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
1111 West Bardin Road Fax: (+49) 0-180-530 85 86 13th Floor, Straight Block, Tel: 81-043-299-2309
Arlington, TX 76017 Email: cnjwge@tevm2.nsc.com Ocean Centre, 5 Canton Rd. Fax: 81-043-299-2408
Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85 Tsimshatsui, Kowloon
Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32 Hong Kong

Francais Tel: (-+49) 0-180-532 93 58
Italiano  Tel: (+49) 0-180-534 16 80

Tel: (852) 2737-1600
Fax: (852) 2736-9960

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




IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.
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