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ABSTRACT

Today, Microwave ovens are use popular in everywhere. The system use in
face that molecule of substance can absorb the microwave energy. Molecule of water
in objects are vibrated, make increment heating. And can be eradicate moisture out of
the object.

This thesis present and application of Microwave Tube (magnetron) to improve
efficiency of Microwave oven machine. It have security circuit to protect users from

microwave leakage. Machine operation can be control by Manual or Automatic Mode.
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3-30 KHz Very low frequency (VLF)
30-300 KHz Low frequency (LF)

300-3,000 KHz Medium frequency (MF)

3-30 MHz High frequency (HF)

30-300 MHz Very-high frequency (VHF)
300-3,000 MHz Ultra-high frequency (UHF)
3-30 GHz Super-high frequency (SHF)
30-300 GHz Extremely-high frequency (EHF)
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OUTPUT 3.15 VAC
AC 220V 3.15 VAC
INPUT k2 kI
220 VAC 5
554
FAN1 | | FAN2 | 0.9uF 2500 VAC HVR-1X
OUTPUT
254 114 300VAC W N
220 VA 220 VA
AC 220V
2300 VAC 400 VAC
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Harris Integrating Converters
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Introduction

Some applications which utilize Harris’ integrating analog to
digital converters may require a way to overcome Common
Mode Range (CMR) issues that may arise. Harris’ integrat-
ing analog to digital converters such as those listed in
Table 1 operate consistently with an input which is within the
CMR and the full-scale voltage set by the user. As a result,
the converter's full scale range may vary from 200mV to as
much as 2V.

TABLE 1. HARRIS INTEGRATING CONVERTERS

ICL7106 3'/, Digit LCD Display ADC

ICL7107 3/, Digit LED Display ADC

ICL7116 3'/, Digit LSD Display ADC with Display Hold

ICL7117 3'/, Digit LED Display ADC with Display Hold

ICL7129 4'/, Digit LCD Single Chip ADC

ICL7136 3'/, Digit LCD Low Power Display ADC with
Overrange Recovery

ICL7137 3"/, Digit LED Low Power Display ADC with
Overrange Recovery

HI7131 3/, Digit Low Power LCD Display ADC

HI7133 3‘/2 Digit Low Power LED Display ADC

Applications

Figure 1 illustrates a typical application for the ICL7107, 31/2
Digit LED Display ADC, using a single 5V supply and full scale
range set to 200mV. Here, the IN LO input is tied to analog
COMMON, and the differential input is measured with respect
to it. Analog COMMON sets a voltage which is approximately
2.8V less than the positive supply, V+, when V+ to V-2 6.8V.
Here, V+ to V- = 5V, so a fixed 1.2V reference is used. The
CMR is defined as: (V- + 1.0V) < V; < (V+ - 0.5V). Not only
does the input need to be within the common mode range, but
also the full-scale range as well.

When operating these converters from a single supply and
with an input voltage referenced to ground instead of
COMMON, the designer can quickly run out of common
mode range with which to work. In Figure 1, V+ = 5V and
V-=0V. Vjy is limited to a common mode range of +1V to
+4.5V, but has a full scale of 200mV. The 200mV full scale is
below the common mode range of the device. Even if full-
scale is adjusted to 2V, the full scale range of the device is
limited to a 1V swing ranging from 1 to 2V.

ICL7107

FIGURE 1. ICL7107 OPERATED FROM A SINGLE +5V SUPPLY

One solution is to separate COMMON and IN LO and tie
IN LO to ground. The problem here is that gross errors can
occur if IN LO is pulled to far from COMMON. A much better
solution is to use a simple, non-inverting amplifier adder
circuit as seen in Figure 2. A Harris CA3130 operational
amplifier was chosen because it operates from a single 5V
supply, has rail-to-rail output swing and an input range that
includes ground.

Copyright © Harris Corporation 1996
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TOPIN 1 e

ICL7107

SET Vgrer
TO 100mV

AAA
vyy

18K

+5V

R¢

CA3130

TO DISPLAY

1

FIGURE 2. SIMPLE SUMMING AMP TO RESOLVE CMR PROBLEM
By analyzing the circuit in Figure 2, we see that:

R
f ’
Vour = (1 + R JxViy (EQ. 1)

where

el E@s2
VIN' = 3(Vin + Veom) i

to define the operational amplifier output.
Substituting equation 2 into equation 1, and setting Rf = R
yields:

=5y
Vout: 2(§(V|N < Vcom)) = Vin* Vcom (EQ.3)

Using this circuit, the operational amplifier's output signal
(Vout) is now the sum of the incoming signal (Vjy) and
COMMON. In other words, Vjy is now referenced with
respect to COMMON and not ground. With a single 5V
supply, an external voltage reference must be used because
the internal reference is only active when V+ to V- > 6.8V,
and Vcoy = COMMON = V+ - 1.2V = 3.8V. The signal input
to the ICL7107 will now be offset by 3.8V, which is well within
the common mode range of the device. Even if V+ changes,
as in battery applications, COMMON will keep the signal
within the common mode range of the converter.

Measuring the Supply Rail

In battery applications where a designer wishes to not only
power the converter from a single supply, but also monitor
and display the battery voltage, common mode range issues
again arise. From the CMR equation we note that:

1V < Vg < (V+ - 0.5V)

At first glance, it may seem that an easy solution would be to
use a simple resistor voltage divider and reduce Vin by a
factor of 10, set full-scale to 2V and supply this to the ADC.
For common battery voltages of 6V to 12V, the
corresponding input voltages would be 0.6 to 1.2V. However,
if we go back to the above common mode range equation, it
states that Vi must be greater than 1V. Figure 3 illustrates
another operational amplifier configuration to solve this
problem. Again a CA3130 was chosen because of its
characteristics.

TOPIN1

Vin

TO DISPLAY

==$TO BACKPLANE

FIGURE 3. SIMPLE OP AMP CIRCUIT TO MEASURE SUPPLY
RAIL (V+)

Here an ICL71086, 31/2 Digit LCD Display ADC with full scale
set to 2V is shown. In this circuit, the operational amplifier is
set in an inverting gain configuration, because gains of 0.1
are desirable, and because we are only concerned with pos-
itive input voltages.
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Again analyzing the operational amplifier configuration, we
note that:

VN -Vin) _ Vout-Vin)

For more information on Harris integrating analog to digital
converters, please refer to the AnswerFAX document num-
bers outlined in Table 2.

(EQ. 4)
R Re TABLE 2. AnswerFAX INFORMATION
and that: AnswerFAX
R, DOCUMENT
Vg Vcom(m) (EQ-5) | pevice DESCRIPTION NUMBER
5182
i ICL7106 3"/, Digit LCD/LED Display ADC 3082
Setting R = 10RF, Rg = Ry and R, = Ry, the equations can
be reduced to: IcL7107 | 3/, Digit LCD/LED Display ADC 3082
Vin'=Vin = 190Vout-Vin) (EQ.6) | icL7116 | 3"/, Digit LSD/LED Display ADC 3083
- with Display Hold
and IcL7117 3"/, Digit LSD/LED Display ADC 3083
o ((10 %Veom <Ry )J ¥ 10Veom (EQ.7) with Display Hold
L] 11R4 11 ICL7129 | 4%, Digit LCD Single Chip ADC 3085
Combining equations 6 and 7 reveals that: ICL7136 3'/, Digit LCD/LED Low Power 3086
Vv Display ADC with Overrange
Vour —Veori- %“ (EQ. 8) Recovery
\ g’ ICL7137 | 3"/, Digit LCD/LED Low Power 3086
The output of the operational amplifier (Voyt), which is the Display ADC with Overrange
input of the ADC, is now -0.1V,y with respect to COMMON, Recovery

and since Vjy = V,, the ADC will measure -10% of the sup-
ply. Simply driving the proper decimal point and not driving
the sign indicator will display the proper voltage. For exam-
ple, a battery voltage of 11.6V will be measured as -1.16V
and can easily be displayed as 11.60V on a 31/2 Digit
Display.
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General Description :

The LM3914 is a monolithic integrated circuit that senses
analog voltage levels and drives 10 LEDs, providing a linear
andogdsplay.Asinglepinchangesthedsp!ayfroma
moving dot to a bar graph. Current drive to the LEDs is
regulated and programmable, eliminating the need for resis-
tors. This feature is one that allows operation of the whole
system from less than 3V.

The circuit contains its own adjustable reference and accu-
rate 10-step voltage divider. The low-bias-current input buff-
er accepts signals down to ground, or V-, yet needs no
protection against inputs of 35V above or below ground.
The buffer drives 10 individual comparators referenced o
the precision divider. Indication noninearity can thus be
held typically to 14%, even over a wide temperature range.
Versatility was designed into the LM3914 80 that controller,
visuddann,mdexpwuedscalefumﬁommmﬂyadded
ontomedisplaysystem.ThecircuitcandriveLEDsofmw
colors, or low-curent incandescent lamps. Many LM3914s
cmbe“d\ajned"lofonndsplaysotzomowrwo:eg-
menhBoﬂrmdsotmevohagedividerareextermnyavail-
able so that 2 drivers can be mads into a zero-center meter.
TheLmsuisveryeaytoapplyaemandogmelerdr-
cuit. A 1.2V full-scale meter requires only 1 resistor and a
single 3V to 15V supply in addition to the 10 display LEDs. If
me1resmorisapotitbecomesﬂwLEDbringmm
trol. The simplified block diagram illustrates this extremely
simple external circuitry.
Whenhthedotmode.mereisasmalmmtolovedapa
“fade” (about 1 mV) between segments. This assures that
at no time will all LEDs be “OFF”, and thus any ambiguous
dsplayismided.vmmdsplaysmposﬁble.

&National Semiconductor

LM3914 Dot/Bar Display Driver

February 1995

Much of the display flexibility derives from the fact that afl
outputs are individual, DC regulated currents. Various ef-
fects can be achieved by modulating these currents. The
individual outputs can drive a transistor as well as a LED at
the same time, so controller functions including “staging"”
control can be performed. The LM3914 can also act as a
programmer, or sequencer.

The LM3914 is rated for operation from 0°C to +70°C. The
LM3914N is available in an 18-lead molded (N) package.
The following typical application illustrates adjusting of the
reference to a desired value, and proper grounding for accu-
rate operation, and avoiding oscillations.

Features

® Drives LEDs, LCDs or vacuum fluorescents

e Barordotdsplaymodaextemaﬂyselectablebymef

@8 Expandable to displays of 100 steps

8 Internal voitage reference from 1.2V to 12V

@ Operates with single supply of less than 3V

8 Inputs operate down to ground

& Output current programmable from 2 mA to 30 mA

® No multiplex switching or interaction between outputs

8 Input withstands +35V without damage or faise outputs

@ LED driver outputs are current regulated, open-collec-
tors

8 Outputs can interface with TTL or CMOS logic
8 The internal 10-step divider is floating and can be refer-
enced fo a wide range of voltages

Typical Applications

[ il
el
souRcE

OV to 5V Bar Graph Meter
r 2 2 Vies
] Note & Grounding method is typical of a¥ uses.
i A VTR VR V.7 V" B VO VR VY VY V7 The 2.2 iF tantalum or 10 xF aluminum electro-
: = lytic capacitor is needed if leads to the LED sup-
LED ply are 8" or longer.
et 0g. 10
: 17 ! I ) n L)
]
22,0 == L3914
] [
] v 8E0E
] 1 1 3 g s s 0
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Absolute Maximum Ratings

it Miitary/Aerospace specified devices are required,
please contact the Nstional Semiconductor Sales
Office/Distributors for avaiiability and specifications.

Power Dissipation (Note 5)

Molded DIP (N) 1365 mW
Supply Voltage 25V
Voltage on Output Drivers 25V
Input Signal Overvoitage (Note 3) +35V
Divider Voltage —100mVtoVt
Reference Load Current 10 mA

Electrical Characteristics motes 1and3)

Storage Temperature Range —55°Cto +150°C
Soldering Information
Dual-In-Line Package
Soldering (10 seconds) 260°C
Plastic Chip Carrier Package
Vapor Phass (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.

[ win | Typ | Max | units

Parameter ] Conditions (Note 1)

COMPARATOR
Offset Voltage, Buffer and First 0V < VRLoO = VRHI < 12V, 3 10 mv
Comparator ILep = 1 mA
Offset Voltage, Buffer and Any Other OV < VRLo = VRHI < 12V, a 15 mv
Comparator ILep = 1 mA
Gain (AlLep/AV|N) ILReF) = 2mA, I ep = 10mA 3 8 mA/mV
Input Bias Current (at Pin 5) oV<VpnN<Vt—15V 25 100 nA
Input Signal Overvoltage No Change in Display -35 35 v

VOLTAGE-DIVIDER
Divider Resistance Total, Pin6to 4 8 12 17 k0
Accuracy (Note 2) 0.5 2 %

VOLTAGE REFERENCE

Output Voltage 31 ':Avf_F_IDL(R-E?v <4mA, 1.2 128 1.34 v
Line Regulation V<Vt <18V 0.01 0.03 %/V
Load Regulation (v)l r:Aval)L(igz)svS 4mA, 0.4 2 %
Output Volitage Change with 0°C < Tp < +70°C, I Rer) = 1mMA, 1 o
Temperature vVt =5V
Adjust Pin Current 75 120 BA

| OUTPUT DRIVERS
LED Current V+ =Vigp = 5V, | mer) = 1MA 7 10 13 mA
LED Current Difference (Between Viep = 5V Itep = 2mA 0.12 0.4 =0
Largest and Smallest LED Currents) ILep = 20 mA 1.2 3 :
LED Current Regutation VLS Vigp <17V Iiep = 2mA 0.1 0.25 mA

ILep = 20 mA 1 3
Dropout Voltage ILED(ON) = 20 MA, Vi ED = 5V, 15 v
Allep = 2mA

Saturation Voitage ILep = 2.0 mA, || ReF) = 0.4 mA 0.15 0.4 \
Output Leakage, Each Cotlector (Bar Mode) (Note 4) 0.1 10 pA
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Electrical Characteristics mote 1) (Continued)

Parameter I Conditions (Note 1) [ min | Typ | Mex | unis
OUTPUT DRIVERS (Continued)
Output Leakage (Dot Mode) (Note 4) Pins 10-18 0.1 10 pA
Pin 1 60 150 450 pA
SUPPLY CURRENT
Standby Supply Current V+ = 5V, I ger) = 0.2mA 24 42 mA
(R Odtpuis O V+ = 20V, || mer) = 1.0mA 6.1 9.2 mA

Note 1: Uniess otherwise stated, all specifications apply with the following conditions:

3Vpc sVt <20Vpe VRer. VRHE VRO < (VT — 1.5V)

3Vpc < Viep < V* OV < V<V —15V

—0.015V < Vaio < 12Vpc ~ Ta = +25C, Iyrer) = 02 mA, Viep = 3.0V, pin 9 connected to pin 3 (Bar Mode).

—0.015V < Vpy < 12 Vpe
For higher power dissipations, puise testing is used.
Mate 2: Accuracy is measured referred 1o +10.000 Vpg at pin 6, with 0.000 Vo at pin 4. At lower full-scale voltages, buffer and comparator offset vokage may add
significant error.
Note 3: Pin 5 input current must be Imited to 13 mA. The addition of a 39k reaistor in series with pin 5 aliows +100V signals without damage.
Mote 4: Bar mode resuits when pin 9 is within 20 mV of V+. Dot mode results when pin @ is pulied at least 200 mV below V' or left open dircuit. LED No. 10 (pin 10
output current) is disabled if pin 9 Is pulled 0.9V or more below Vi ep.
Note & The J P re of the LM3914 is 100°C. Devices must be for operation at ok d temp 8. ction to jent thermal
resistance I8 55°C/W for the moided DIP (N package).

Definition of Terms

Accuracy: The difference between the observed threshold
voltage and the ideal threshold voltage for each compara-
tor. Specified and tested with 10V across the internal volt-
age divider so that resistor ratio matching error predomi-
nates over comparator offset volitage.

Adjust Pin Current: Current flowing out of the reference

LED Current Regulation: The change in output current

over the specified range of LED supply voltage (V ep) as -
measured at the current source outputs. As the forward volt-

age of an LED does not change significantly with a small

change in forward current, this is equivalent to changing the

voltage at the LED anodes by the same amount.

'adjust pin when the reference amplifier is in the linear re-
gion.

Comparator Galn: The ratio of the change in output current
(ILep) to the change in input voltage (V) required to pro-
duce it for a comparator in the linear region.

Dropout Volitage: The voltage measured at the current
source outputs required to make the output current fall by
10%.

input Bias Current Current flowing out of the signal input
when the input buffer is in the linear region.

Line Regulationz The average change in reference output
voltage over the specified range of supply voltage (V+).
Load Reguistion: The change in reference output voltage
(VRerF) over the specified range of load current (ILRer))-
Offset Voitage: The differential input voltage which must
be applied to each comparator to bias the output in the
linear region. Most significant error when the voltage across
the internal voltage divider is small. Specified and tested
with pin 8 voitage (VRHi) equal to pin 4 voltage (VRLo)-
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Typical Performance Characteristics

Supply Current vs Opontlnglnputahl
Temperature Current vs Temperature
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Block Diagram (showing Simplest Application)
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Functional Description

The simplited LM3914 block diagram is to give the general
idea of the circuit's operation. A high input impedance butfer
operates with signais from ground to 12V, and is protected
against reverse and overvoltage signals. The signal is then
applied to a series of 10 comparators; each of which is bi-
ased to a different comparison level by the resistor string.
In the example illustrated, the resistor string is connected to
the intemal 1.25V reference voltage. In this case, for each
125 mV that the input signal increases, a comparator will
switch on another indicating LED. This resistor divider can
be connected between any 2 voltages, providing that they
are 1.5V below V+ and no less than V-, If an expanded
scale meter display is desired, the total divider voltage can
be as litle as 200 mV. Expanded-scale meter displays are
more accurate and the segments light uniformly only if bar
mode is used. At 50 mV or more per step, dot mode is
usable.

INTERNAL VOLTAGE REFERENCE

The reference is designed to be adjustable and develops a
nominal 1.25V between the REF OUT (pin 7) and REF ADJ
(pin 8) terminals. The reference voltage is impressed across
program resistor R1 and, since the voltage is constant, a
constant current |4 then flows through the output set resis-
tor R2 giving an output voltage of:

VOUT‘VHEF(1 +%) + lapyR2

- TUH/7870-4
Since the 120 pA cument (max) from the adjust terminal
represents an eror term, the reference was designed to
minimize changes of this current with V+ and load changes.

CURRENT PROGRAMMING

A feature not completely illustrated by the block diagram is
the LED brightness control. The current drawn out of the
reference voltage pin (pin 7) determines LED current. Ap-
proximatsly 10 times this current will be drawn through each
lighted LED, and this current will be relatively constant de-

spite supply voltage and temperature changes. Cument
dravn by the internal 10-resistor divider, as well as by the
external current and voltage-setting divider should be in-
chdedincalwhﬁngLED&ivemm.Theabihybmom-
lateLEDbrightnesswiﬂ\ﬁme,orinproponiontoinpmvon-
age and other signals can lead to a number of novel dis-
Plays or ways of indicating input overvoltages, alarms, etc.
MODE PIN USE

Pin 9, the Mode Select input controls chaining of multiple
LM3914s, and controls bar or dot mode operation. The fol-
lowingtabuaﬁonshowsmebasicwaysofmingmisinput.
Other more complex uses will be illustrated in the applica-
tions.

Ber Graph Display: Wire Mode Select (pin 9) dirsctly to pin
3 (V+ pin).

Dot Display, Single LM3914 Driver: Leave the Mode Se-
lect pin open circuit.

Dot Display, 20 or More LEDs: Connect pin 9 of the first
driver in the series (.e., the one with the lowest input volt-
age comparison points) to pin 1 of the next higher LM3914
driver. Continue connecting pin 9 of lower input drivers to
pin 1 of higher input drivers for 30, 40, or more LED dis-
plays. The last LM3914 driver in the chain will have pin ©
wired to pin 11. All previous drivers should have a 20k resis-
tor in paraflel with LED No. 9 (pin 11 to Vi gp).

Mode Pin Functional Description
This pin actually performs two functions. Refer to the simpli-
fied block diagram below.

Block Diagram of Mode Pin Function
UTPUTNO.S  QUTPNT HO.18

AA
A\ A Ay
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~ Mode Pin Functional Description (ontinued)

DOT OR BAR MODE SELECTION
ThevonageaipinQissensedbyoompamtorCLnominalIy
referenced to (V+ — 100 mV). The chip is in bar mode
when pin 9 is above this level; ctherwise it's in dot mode.
ThecompamtorisdesignedsoMpichanbeleﬂopen
circuit for dot mode.

Taking into account comparator gain and variation in the
100 mV reference level, pin 9 should be no more than
20 mV below V+ for bar mode and more than 200 mV be-
low V+ (or open circuit) for dot mode. In most applications,
pin 9 is either open (dot mods) or tied to V+ (bar mode). In
barmode,pinsshouldbecomecteddirecﬂympina.Large
currents drawn from the power supply (LED current, for ex-
atnple)shouldnotsharemispaﬂnomatlugelﬁd'opaare
avoided.

DOT MODE CARRY

In order for the display to make sense when multiple
LM3914s are cascaded in dot mode, special circuitry has
been included to shut oft LED No. 10 of the first device
when LED No. 1 of the second device comes on. The con-
mcﬁontorcascadngindotmodehasalreadybeende—
scribed and is depicted below.
Aslongnstheinputsignalvottageisbemmeﬂweshddof
the second LM3914, LED No. 11 is off. Pin 9 of LM3914
No.1ﬂmseeseﬂoctivolyanopencircuiuomedipi:in
dot mode. As soon as the input voltage reaches the thresh-
old of LED No. 11, pin 9 of LM3914 No. 1 is pulled an LED
drop (1.5V or more) below V| ep. This condition is sensed by
comparator C2, referenced 600 mV below V| ep. This forces
moummaczm,miehmwwmmwoz
extinguishing LED No. 10.
V@bmedmmmkrmmmmedtopinﬁ.
Ttnverysmaleunemaes:thmwOp.A)Mbdvened
fromLEDNo.Qdoesmtnotice&lyaﬂectitaimemity.
Anandiuyammsoumealpin1koomatbast100M
ﬂowingﬂvwghLEDNo.ﬁeveni!heimmvdngerises
righenoughtoexﬁnguishﬂwLED.TmmumMpins
of LM3914 No. 1 is held low enough 1o force LED No. 10 off
Mtenanytigherwbisillmhmad.mlewouAdoesnot
normally produce significant LED illumination, it may be no-

ticeable when using high-efficiency LEDs in a dark environ-
ment. If this is bothersome, the simple cure is to shunt LED
No. 11 with & 10k resistor. The 1V IR drop is more than the
900 mV worst case required to hold off LED No. 10 yet
smallenoughmatLEDNo.11doesnotcmdt.|ctsigriﬁcam-
ly. :

OTHER DEVICE CHARACTERISTICS

The LM3914 is relatively low-powered itself, and since any
mmberofLEDscanbepoweredfromaboutaV,itisavery
efficient display driver. Typical standby supply current (all
LEDs OFF) is 1.6 mA (2.5 mA max). However, any reference
loading adds 4 times that current drain to the V+ (pin 3)
supply input For example, an LM3914 with a 1 mA refer-
ence pin load (1.3k), would supply almost 10 mA to every
LED while drawing only 10 mA from its V+ pin supply. At
full-scale, the IC is typically drawing less than 10% of the
current supplied to the display.

The display driver does not have built-in hysteresis so that
medbplaydoamtpmpimtanﬂylmmomLEDwme
naxt.Underraptdychangmgs&gnalcondhom,mm
down high frequency noise and often an annoying flicker.
An“oveﬂap"isbuiuinsoﬂ\atmnoﬁmebelweensegmm
are all LEDs completely OFF in the dot mode. Generally 1
LED fades in while the other fades out over a mV or more of
mnge(NotoZ).ﬂwdwvgemaybemuchmommpidbe—
tween LED No. 10 of one device and LED No. 1 of a sscond
device “chained” to the first.

The L[M3914 features individually current regulated LED
&Nermmors.FunherimemddrcdtydmemMam

; dﬁverwwsbrgoesmsmaﬁamwprmmohercir-

cn.itryfromdrawbgexcesswnantﬂisresdtsinmeabimy
loeLM3914tod'iveandmgdateLEDserodkoma
puisating DC power source, i.e., largely unfiltered. (Due to
poasibleoodﬂaﬁomatlowvdmgeaanomimlbypmca-
pacitor consisting of a 2.2 uF solid tantalum connected from
the pulsating LED supply to pin 2 of the LM3914 ig recom-
matded)ﬂisabiitybopeta!ewiﬂvbworfhcmﬁngvoh-
lgeuaboalowsmodsphydivevbhbdmﬁmbgic
circuitry, opto-coupled solid-state relays, and low-current in-
candescent lamps.

Cascading LM3914s in Dot Mode
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Typlcal Appllcatlons (Continued)
43 (19)
s e
LED
801
LM3914
88 Rt REF OUT REFADJ mMoDE
3 7 [] []
S\
LED NQ. 11~
LM3814
vt Rlg s Rl REF OUT REF ADJ MoOE
. I 2 3 4 ] I: lr ] []

12

INPUT 318
TUH/TeT0-7




Typical Applications (continued)
Expanded Scale Meter, Dot or Ber
8Vae 1018V,
CENTERTAPPE
e 5—0-§ MAX)
. - o o - - - len
LINE
G O VU VTR VY VY VA VA VY VY
LED LED
no.1 NO. 10
18 17 16 15 14 ,“ 12 1 _Iﬂ
oeT
22,F T LM3914
TN easn
REF
vt Rig sig RHi  REF OUT ADJ MODE
|0 2 3 4 s [ 7 [
3 a8 “ > pd
= vy 446V-5.54V '1 ol
 R2
12
P 1%
n [ 1
*This appication ilustrates that the LED supply 340 P -
needs practically no fittering %
Calibration: With a precision meter between pins TL/H/7970-8
4 and 6 adjust R1 for voltage Vp of 1.20V. Apply www
4.94V to pin 5, and adjust R4 until LED No. 5 just
Kghts. The ad £ noh it aBing Grading 5V Regulators
Highest No.
LEDon | GO | Vourmm
10 Red 5.54
9 Red 5.42
8 Yeliow 5.30
7 Green 5.18
6 Green 5.08
5V
5 Green 4.94
4 Green 4.82
3 Yellow 47
2 Red 4.58
1 Red 4.48
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Typical Applications (contined
“Exclamation Point” Display
L o " vd 7’4 o VA Vi Mo M Vi
15 i:
LED LE0
%0. 1 50,19
18 17 18 15 14 13 12 jn L]
LM3914
'  Rig g Rm :fr;
1 _=L2 F] __!._u s ll ,7
5V a::
- >
siem
v 5 o -
MUy N, T
1 kHz pulse rate at 10% duty cycle = LEDs lght up gs ilustrated with the upper it LED
. indicsting the actual input voltage. The diaplay
i sppears to increase resoiution and provides an
anaiog Indication of ovsrrange. TL/H/T970-9

Indicator and Alarm, Fuil-Scale Changes Display from Dot to Bar

-~ . . P - - . "w
lu U VYRR VYRR VYR VYRR VYR VYRR VYRR VY s
- <1
y m <
LED LED
no.1 ne. by
: a1 o1
18 17 16 1§ L) 13 12 1 19
DOTSAR®
L3914 i
REF REF
* _ Fig s Pagy euT MODE s
1 2 3 4 3 0 7 0 0
) D gy U o
= -ty ) S ¥
m:: 4
s
L *The input to the Dot-Ber Switch mey be taken
l: from cathodes of other LEDs. Display wilt change
"“'“"'“""1' 10 ber 83 8000 23 the LED 0 sslected begins to
fght.

TL/H/7970-10
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Typical Applications (continueq)
Bar Display wih Alarm Flasher
C -t <> Viep SV
10
/V/V/U/V/l//t/f.//z//z//z/::m
-3
-
LED LED
no.1 N0, 18
18 i) Al 15 14 13 12 1 10
-1t ¢
LM3st4 AT 18a,F
v Rig  sis Ryl  REF OUT REF ADJ MODE
‘ |1 _Lz 3 _L4 |s ] 7 __La 9
::vn "
Full-ecale causss the full bar dispiay 1o flash. Hf J'_
the junction of R1 and C1 is connected to a dif- -—
ferent LED cathode, the display will flash when TUH/7870-11
thet LED kghts, and st any higher input signal.
Adding Hysteresis (Single Supply, Bar Mode Only)
v
(111
ml ne ADJ
T Je
¢ s & = = . A v
I/v VR V:7 A V7 AR VT A V. S VT A V.V A VY G V7
]
LED [11]
wo.1 u0.19
18 17 18 15 14 13 12 fn 18
LM3914
; REF
V- vt R  sic Ry)  REFOUT ADJ  MOOE
|| 2 3 [ [s s 1 ] Il
3 4
<
153 wg |
b S
:»mu
"
Hysteresis is 0.5 mVto 1 mV
-1

TL/H/7970-12
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Typical Application (continued)

Op‘nﬂngvllﬁnﬂlghVowsupply(Dotﬂod'Ody)

< Sin
om

The LED curents are approximately 10 mA, end
the LM3914 outputs operate in saturation for
minimum dissipation.

w1 na 10
1] 17 v 15 18 ] 1 n_{n
L3914
¥ LU Ry :‘; ﬂ 808
| It # ] ln |0 g # »
34v*”

“This point is partially reguisted and decresses in

3
v
e

voltage with temp Voltage req
of the LM3914 also o with temp U200 W
0 | +
E TL/H/7970-13
s
e
*The exact wiring 0 of this sch
showe the need for Mode Select (pin 9) to sense
the V* vokage exactly as t appeers on pin 3.
Svpe

8. v-24v

*Programs LEDs to 10 mA TUH/TeT0-14
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Connection Diagrams

Dusi-in-Line Package
Pisstic Chip Carrier Package
1 U 18
-~ om LED RO. 1 == == LED NO.2
+.88§ i 11
| | Y e b LED 0.3
32 1 2019 3 16
DIVIDER (LOW END) = 4 180=—1LD4 V= b— LED N0.4
SIGNAL INPUT =4 5 17f=1E05 DIVIDER 2} 2 e no.s
(LOW END) "
DNIIR(W m)-s 18§=LEDE SIGHAL ISPUT ==t b LED NO. 6
N/C =17 15f=LED7 g -
REFERENCE OUTPUT =8 14f=LEDS (HIGH END) ] = LEDRO.7
: ‘: ‘l‘ 1213 REFERENCE OUTPUT =1 2 Leo o,
[
£4§2 § REFERENCE ADJUST = L eono.o
b g 8 ] 10
3 MODE SELECT == L— LED HO. 10
TL/H/7970-18 TUH/T870-18
Top View Top View
Order Number L3M3914V Order Number LM3S814N
See NS Package Number V20A Soe NS Package Number N18A
Physical DImensions inches (miimeters)
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Application Hints

Three of the most commonly needed precautions for using
the LM3914 are shown in the first typical application draw-
ing (see page 9-108) showing a OV-5V bar graph meter.
The most difficult problem occurs when large LED currents
are being drawn, especially in bar graph mods. Thess cur-
rents flowing out of the ground pin cause voltage drops in
external wiring, and thus errors and osciltations. Bringing the
return wires from signal sources, reference ground and bot-
tom of the resistor string (as illustrated) to a single point
very near pin 2 is the best solution.

Long wires from V| gp to LED anode common can cause
oscillations. Depending on the severity of the problem
0.05 uF to 2.2 uF decoupling capacitors from LED anode
common to pin 2 will damp the circuit. If LED anode line
wiring is inaccessible, often similar decoupling from pin 1 to
pin 2 will be sufficient.

If LED turn ON seems siow (bar mode) or several LEDs light
(dot mode), oscillation or excessive noise is usually the
problem. In cases where proper wiring and bypassing fail to
stop oscillations, V+ voltage at pin 3 is usually below sug-
gested limits (see Note 2, page 8-108). Expanded scale me-
ter appiications may have one or both ends of the internal
voltage divider terminated at relatively high value resistors.
These high-impedance ends should be bypassed to pin 2
with at least a 0.001 uF capacitor, or up to 0.1 uF in noisy
environments.

- Power dissipation, especially in bar mode should be given
congideration. For example, with a 5V supply and all LEDs
programmed to 20 mA the driver will dissipate over 600 mW.
In this case a 7.50 resistor in series with the LED supply will
cut device heating in half. The negative end of the resistor
should be bypassed with a 2.2 uF solid tantalum capacitor
to pin 2 of the LM3914.

Turning OFF of most of the intsmal current sources is ac-
complished by pulling positive on the reference with a cur-
rent source or resistance supplying 100 pA or so. Allemate-
ly, the input signal can be gated OFF with a transistor
switch.

Other special features and applications characteristics will
be illustrated in the following applications schematics.
Notes have been added in many cases, attempting to cover
any special procedures or unusual characteristics of these
applications. A special section called “Application Tips for
the LM3914 Adjustable Reference” has been inciuded with
these schematics.

APPLICATION TIPS FOR THE LM3914 ADJUSTABLE
REFERENCE

GREATLY EXPANDED SCALE (BAR MODE ONLY)
Placing the LM3914 internal resistor divider in parallel with a
section (= 23012) of a stable, low resistance divider greatly
reduces voltage changes due to IC resistor value changes
with temperature. Voltage V4 should be trimmed to0 1.1V first
by use of R2. Then the voltage V, across the IC divider
ttrirlgmbeuﬁ.»bdloMmV.mingFlSwimouuﬂocﬁng
V1. LED current will be approximately 10 mA.

NON-INTERACTING ADJUSTMENTS FOR EXPANDED
SCALE METER (4.5V to 5V, Bar or Dot Mode)

This arrangement allows independent adjustment of LED
brightness regardless of meter span and zero adjustments.
First, V1 is adjusted to 5V, using R2. Then the span (voltage
across R4) can be adjusted to exactly 0.5V using R6 without
affecting the previous adjustment.

R9 programs LED cuments within a range of 2.2 mA to
20 mA after the above ssttings are made.

Greatly Expanded Scale (Bar Mode Only)

REF REF
Rio Rui out ADJ

* ' 2 I ¥ mzere

100 -

Vyelty
| A3
200

Y2 1%

emmizen

TMAF g J

TL/H/T970-15
ADJUSTING LINEARITY OF SEVERAL STACKED
DIVIDERS

Three internal voltage dividers are shown connected in se-
ries to provide a 30-step display. If the resulting analog me-
ter is to be accurate and linear the voltage on each divider
must be adjusted, preferably without affecting any other ad-
justments. To do this, adjust R2 first, so that the voltage
across RS is exactly 1V. Then the voltages across R3 and
R4 can be independently adjusied by shunting each with
selected resistors of 6 kQ2 or higher resistance. This is pos-
sible because the reference of LM3914 No. 3 is acting as a
constant current source.

The references associated with LM3914s No. 1 and No. 2
shouid have their Ref Adj pins (pin 8) wired to ground, and
their Ref Outputs loaded by a 6200 resistor to ground. This
makes available similar 20 mA current outputs to afl the
LEDs in the system.

It an independent LED brightness control is desired (as in
the previous application), a unity gain buffer, such as the
LM310, should be pieced betwsen pin 7 and R1, similer to
the previous application.
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Application Hints (continued)

Non-nteracting Adjustments for Expanded Scale Meter (4.5V to 5V, Bar or Dot Mode)

REF
out

RLg Ry

()

REF
1ev ADJ

? 0

4.5V

Lo
T j

Adjusting Linearity of Several Stacked Dividers

LM3914 NO. 3 4

LIS3914 0.2

LM3814 NO. 1 1

348k
"%
R4 =
523
RS
A3%
$20). "
R§
= 580
TL/H/T870-18
Other Applications

@ “Slow"—fade bar or dot display (doubles resolution)

B 20-step meter with single pot brightness control

B 10-step (or muitiples) programmer

8 Muiti-step or “staging” controlier

2 Combined controller and process deviation meter

@ Direction and rate indicator (to add to DVMs)

8 Exclamation point display for power saving

@ Graduations can be added to dot displays. Dimly light
every other LED using a resistor to ground

@ Electronic “meter-relay”’—display could be circle or
semi-circle

@ Moving “hole” display—indicator LED is dark, rest of
bar lit

@ Drives vacuum-fluorescent and LCDs using added pas-
give parts
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Physical Dimensions inches (milimeters) (Continued)

+0.006

g %% -e.000 F_
[8.89 2333 1 0.01740.004 1.
PIN #1 IDENT 0.0865 [0.430.10]
asox 9
INOT 19 [1.65] —\
. i Iy
{ J  0.029:0.003 . } F
0 7 [0.74%0.08) 0.51020.020 .
0 q [7.8720.51]
8 114
| [ | -
9"1"""""'1"""‘13 . |~ SEATING PLANE
0.020
0.050 - MIN TYP 0.390£0.005
_.j —.‘ |<_[1_02"’7]1'“; [0.51] [9.9120.13] L
0.200 L_ 0.105£0.015
{5.08] " [2.6720.38] T'P
0.165-0.180
[4.19-4.57] Q
(S v
Plastic Chip Carrier Package (V)
Order Number LM3914Y
NS Package Number V20A

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 imptant 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 wppoddevicaorsystem.ortoaﬂectiuwetyor
wiﬂmi'nh‘ucﬁomlormprovidedinmeld:ding,can effectiveness.
bereaomblyemededtoresdthasigniﬁculimfy

to the user.
& Ounnlu- Ewrope . Hong ong Lid.
Jepen Lid,

1111 West Bardin Roed Fex (+49) 0-180-830 85 86 13t Floor, Straight Block, Tet: 81-043-299-2309
Arington, TX 76017 Emaeit criwgo @ tovm2.nsc.com Ocean Cantre, 5 Canton Rd. Fac 81.043-299-2408
Tet: 1800) 272-9959 Deutsch Tet (-+49) 0-180-530 85 85 Tsimshatsul, Kowicon
Fac 1{@00) 737-7018 English Tet (+49) 0-180-832 78 32 Hong Kong

Frangals Tet (+49) 0-180-832 93 68 Tet: (862) 2737-1600

Haleno Tek (+49) 0-180-534 16 80 Fax (882) 2736-9060

Natonal doss not eseume eny for use of any Y dssarbed, impied end Masional reserves the right at eny chen

E
f




(1) tuda Isniersouut Sanssululasn,
dninfiuigasnsalumIne1ds w.e. 2539, nii1348 - 380

2) ¥y AnAmdimTy ,m]yﬁuazmﬂ%’ammm?{tim"lniﬂmﬂ,
duinfuifdndigunes na. 2536, i1 1-5

3) My iwTineudmaesBiannsaiing niud 71 fguiou - nsngiau 1.8, 2529,
uSimFiSagasu $1da ), wit 143 - 149

@) 1355 wiineudnimedsmnnseiing atufl 165 wgadneu wa. 2539,
uSindsagadu 1ia v, i34 - 38

(5) 1153 IriineuAnesBIANNsoTind aliud 166 TP N8, 2539,

o/

VNS agiayy $108 @ru) , Ml 35 - 41

«





