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ABSTRACT

The thests presented light afire used by Scolar energy. Marking of LED lamp used by
Fluorescent lam replace and used to jein in Solar Cell stall. It was energy source supply
charge cycle changed Solar energy from Solar Cell stall was electricity energy and kept at
battery size twelve Volt with one hundred and twenty Ampere and used open circuit and
closed circuit autormatically to be turn on and turn off gave set of light a fire.

Making set of light a fire project used by this Solar energy. This Solar energy had

the ahility to useful and save money and save electricity energy too.
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General Description

The LM3914 is a monolithic integrated circuit that senses
anaiog voliage fevels and drives 10 LEDs, providing a linear
analog display. A single pin changes the display from a
moving dot to a bar graph, Gurrent drive to the LEDs is
regulated and programmable, eliminating the need for resis-
{ors. This feature is one that allows operation ¢f the whole
system from less than 3V,

The circuit contains its own adjustable reference and accu-
rate 10-slep voltage divider, The low-bias-current input bufi-
er accepts signals down to ground, or ¥V, yel needs nc
protection against inputs of 35V above or befow ground.
The buffer drives 10 individual comparetors reterenced to
the precision divider. Indication non-linearity can thus be
heid typically to 4%, even over a wide temperature range,
Yersatility was designad into the LM3914 so hat cantroller,
visual alarm, and expanded scale functions are easily added
on to the display system. The circuit can drive LEDs of many
colors, or low-current incandescent lamps. Many LM3914s
can be “chained” to form dispiays of 20 1o over 100 seg-
ments. Both ends of the vollage dividor are externaily avail-
able so that 2 drivers can be made into a zero-center meter.
The LM3914 is very essy lo apply as an analog meler cir-
cuit. A 1.2V jull-scate meter raguires only 1 resistor and a
single 3V to 15V supply in addition to the 10 display LEDs. i
the 1 resistor is a pot, it becornes the LED brightness con-
trol. The simplified block diagram illustrates this extremely
simple external circuitry.

When in the dot mode, there is a small amount of overlap or
“fade™ (bout 1 mV) between segments. This assures that
al no time will all LEDs be “OFF", and thus any amhigucus
display is avoided. Various novel displays are possibfe.

&National Semiconduc

LM3914 Dot/Bar Display Driver

February 1995
tor

Much of the display flexibiiity derives from the fact that all
outputs are individual, DG regulated currenis. Various ef-
fects can be achieved by modilating these currents. The
individual cutpuis can drive a transistor as well as a LED at
the same time, so controller functions including “'staging”
control can be perfermed. The LM3914 can also acl as a
programmer, or seguencer.

The LM3314 is rated for operation from 0*C to '+ 70°C. The
LM3914N is available i an 18-iead molded {N) package.
The feflowing typical application illustrates adjusting of the
reference to a desired value, and proper grounding for accu-
rate operation, and avoiding oscillations,

Features

B Drives LEDs, LCDs or vacuum Huorgscents

® Bar cr dot display mode externally selectable by user

® Expandable to displays of 100 sieps

B internal vollage reference frem 1.2V to 12V

B Cperates with single supply of less than 3V

B Inputs operate down to ground

& Qutput currenl programmable from & mA fo 30 mA

W No multipfex switching or interaction between outputs

m Input withstands +35V without damage or false outputs
m |ED driver outputs are current regulaied, open-collec-

tors

Outputs can interface with TTL or CMOS logic

® The internal 10-step divider is fioating and can be refer-
enced to a wide range of voitages

Typical Applications

0V to 5V Bar Graph Meter

r VeED
| , Nole 1: Graunding mathod is typical of &4 usas,
] A L dr ae L i IO A Vo B The 2.2 pF wntalum or 1¢ pF Alumisum ohacto.
t ¥ Iylic capacilor is noeded if leads to the LED sup-
L ;:Cll :‘f;’ " ply are 67 or langer.
: 1 17 18 15 ) 11 1 H 1%
I
pu I L3914
224F
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Absolute Maximum Ratings

It Military/Aeroapace specified devicea are required,
piease conlact the Nakicnal Semiconductor Sales
Otfice/Distributors for availability and speciflcations.

Power Dissipation {Mole )
Molded DIP {N)

Supply Yoltage

Voltage on Output Drivers

input Signal Overvoltage (Note 3)
Divider Voltage

Reterence Load Current

Storage Temperature Range
Scidering Information
Dual-in-Line Package
Soldering (10 seconds)

1365 mwW Plastic Chip Carrier Package
25V Vapor Phasge (60 saconds)
25V Infrared {15 seconds)

+35v
—-100mVie v+ .
face mount devices.
10 mA

Electrical Characteristics (votes 1and3)

—55°G 1o +150°C

260°C

215°C
220°C

See AN-450 "Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-

Parameter J_ Conditions (Mote 1) J_'M‘m T Typ_l Max J_ Units

COMPARATOR

Ottset Voltage, Buffer and First 0V = VLo = YRH © 12V, 3 10 my

Comparator ILeg = 1 mA

Offset Voltage, Butfer and Any Other OV = VRLo = VRu = 12V,

Comparator gp = 1mA 3 15 m

Gain (Al Ep/ AViND ILREF) = 2 mA, [LEp = 10 mA 3 & mA/my

input Bias Current (at Pin ) OV o VsV — 1.5V 25 100 nA

Input Signal Overvoltage Ng Change in Display —35 a5 W
VOLTAGE-DIVIDER

Pivider Regigtance Total, Pin6to 4 8 12 17 ki

Accuracy (Note 2) 0.5 2 %
VOLTAGE REFERENCE

Cartpuy Voitage 31 riAV_EErst?V, 4 mA, 12 128 134 v

Lins Regulation TR 1Y) 0.01 0.03 %o IV

Load Regulation Q.4 mA 2 \LRER) = 4TNA, 0.4 P %

Vo= Vign = 5V

QOutpuy Voltage Change with OC = Ta = +70°C, Iygep = 1MA, 4 "

Temperature V+ =5V

Adjust Pin Current 75 120 nA
QUTPUT DRIVERS

LED Current V+ = Vi gp = 5V, IreR) = T MA 7 10 13 mA

LED Current Difference (Between Viep = 5V ILep = 2 mA 0.12 0.4 A

Largest and Smallest LED Currents) Wep = 20 mA 12 3

LED Current Regulation 2V = Vigp = 17V lep = 2mMA 0.1 0.25 A

ILED = 20 MA 1 3
Dropout Voltage gpiony ™ 20 MA, Vygp ~ SV, 15 v
AltEp = 2mMA
Saturation Yoltage Lgn = 2.0 mA, IRer) = 0.4 MA 0.18 0.4 v
Quiput Leakage, Each Collactor (Bar Made) (Note 4) 0.1 10 né




Electrical Characteristics (uote 1) (Contirued)

Parameter l Conditions (Note 1) T Min l Typ I Max Units
OUTPUT DRIVERS (Continued)
Qutput Laakage (Dot Mode} {Note 4} Pins 10-18 0.1 10 pA
Pin 1 60 150 450 1A
SUPPLY CURRENT
Standby Supply Current V+ = SV, I (rEF) = 0.2 MA 2.4 I 4.2 mA
(Al Outputs Off) V= 20V, lper = 1.0 MA 61 | 92 mA

Nole 1: Unlass otherwlsa stated, all spocilications apply with tha foflowing conditions.

3Vpe = V' o= 20 Vpo VRer Yane YRLD = (VT - 1.5v)
3 Vpe - Vo o V* OV = Vg @ VF LBV

0.015V « Vi g . 12 Vpg Ta = +28'C, lyrery = 0.2 mA, Vi gp = 3.0V, pin 9 conneclad o pin 3 {Bar Mede).

0.015Y = Vaw: = 12 Vpo
Foi higher powor dissipations, pulsa tosting is used.

Nole 2: Accuracy is measured referred 10 +10.000 Ve at pin 6, with 0.000 Vo al pin 4. Allower full-scaly veltagas. bufler and comperator ofiset voltage may add

significant error.

Note 3: Pin 5 input curren! must be iimited te 13 mA. The addilion of a 39k ragislor in sarigs with pin 5 allows 1100V signals without damage.
Nole 4; Bar mode rasults when pin 9is within 20 mV of ¥+ Dot mode rasults when pin 8 is pullad at least 200 mV balow ¥+ or |eit open circuit. LED No. 10 (pin 10

outpdt clren?] is disablad if pin B is pulled 0.9V or mors balow Yy gp.

Note 5: The maximum junclion temperature ol the LM3914 45 100"C. Devices must be deraled for operation at elevated temparatures, Junclion 1o ambient thermal

rasistanco is 55°C/W for the molded DIP (N packaga).

Definition of Terms

Accuracy: The difference between the observed threshold
voltage and the ideal threshold voltage for €ach compara-
tor. Specified and tested with 10V across the imernal volt-
age divider 5o that resistor ratic malching error preédomi-
nates over comparator offset voltage.

Adjust Pin Current: Gurrent flowing out of the reference
adjust pin when the reference amplifier is in the linear re-
gion.

Comparator Gain: The ratio of the change in cutput current
{ILED} {0 the change in inpul voltage (Vy) required 1o pro-
duce it for a comparator in the linear regicn.

Dropout Voltage: The voltage measured at the current
S0UFCE DUtputs vequived o make the output current fall by
10%.

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

LED Current Regulation: The change in output current
over tha specified rangée of LED supply voltage (Vi gp) 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.

Line Regulation: The average change in reference output
vollage over the specified range of supply voltage (V ).
Load Regulation: The change in reference output valtage
{Vaer) over the specified range of load current (I (rer)).
Gifset Yoltage: The differential input voltage which must
be epplied 10 each comparator to bias the output in the
lingar region, Most significant errcr when the vollage across
the internal voltage divider is small. Spacified and tesled
with pin 6 voltags (Vry)) equal to pin 4 voltage (Vg o).
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Block Diag FaMm (Showing Simplest Application)
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Functional Description

The simpiifed LM:3914 block diagram is to give the general
idea of the circuit's opesation. A high input impedance puffer
operates with signals 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 comparisen level by the resistor string.
In the example illustrated, the resistor siring is connected to
the internal 1.25V reference voltage. In this case, for each
125 mV that the input signai increases, a comparator will
switch on another indicating _ED. This rasistor dividar can
be connecled between any 2 vollages, providing that they
are 1.5V below V+ and no less than vV~ If an expanded
scale meter display is desired, the total divider voltage can
be as liflle as 200 m¥Y, 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
usabla,

INTERNAL VOLTAGE REFERENCE

The reference is designed lo be adjustable and develops a
nominal 1.25V between the REF QUT (pin 7) and REF ADJ
(pin 8) terminals. The reference voitage is impressed across
program resistor A1 and, since the voltage is constant, a
constant current |4 then flows through the output set resis-
for A2 giving an output voltage of:

R2
Vour = Vaer (1 + a’{) + lapsR2

I
I
REF

LMI914 1
REF
our__

ADJ
— — —
] L]

—
-

TL/M/TI70—4
Since the 120 pA current (max) from the adjust terminal
represents an error tarm, the reference was designed 1o
minimize changes of this current with V+ and load chapges.

CURRENT PROGRAMMING

A teature 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-
proximately 10 times this current will be drawp through each
lighted LED, and this current will be relatively constant de-

spite supply voltage and temperature changes. Current
drawn by the internal t0-resistor divider, as well as by the
external current and voltage-setting divider should be in-
cluded in calculating LED drive current. The abilily to modu-
late LED brighiness with time, or in praportion to Input volt-
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-
lowing tabulation shows the basic ways of using this input.
QOther more complex uses wiil be illustrated in the applica-
tions.

Bar Graph Display: wire Mode Select (pin 9) directiy 1o pin
3 (VT pin).

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

Dot Display, 20 or More LEDs: Copnect pin 9 of the first
driver in tha series (i.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 1o
pin 1 of higher inpyt drivers for 30, 40, or more LED dis-
plays. The last LM3914 driver in the chain will have pin 9
wired to pin 11. All previous drivers should have a 20k resis-
tor in parallel with LED No. 3 (pin 11 ic 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

DUTPUTHO.S  DUTPUT NO. 1D
1 m
o
CONTROLLED DRIVE
(FROM COMPARATO RS}
» w
L
>
+ -
00wy 3

"High for bar
TLHWTEI0-5
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Mode Pin Functional Description continued)
DOT OR BAR MODE SELECTION

The voltage at pin 9 is sensed by comparator C1, nominally
referenced to (V- 100 my). The chip is in bar mode
when pin & 15 above this level, otherwise it's in dot mods.
The comparator is designed so that pin 9 can be ieft open
circuit for dot moda.

Taking into account comparator gain and varfation i the
100 mY reference level. pin 9 should be na mose than
20 mv below V* for bar mode and more than 200 mV be-
low V1 (or open circuit} for dot mode. In most applications,
pin 9 is either open (dot mode) or tied to ¥+ {bar moda). In
bar mode, pin 9 should be connecled directty to pin 3. Large
currents drawn from the power supply {LED current, tor ex-
ampie} should not share this path so that large IR grops are
avoided.

DOT MODE CARRY

In order for the display 10 make senss when mullipla
LM3914s are cascaded in dot mode. $pecil circuilry has
bean included to shut off LED No. 10 of the first devica
when LED No. 1 ¢f the second device comes on. The con-
necticn for cascading in dot mode has aftready been de-
scribed and is deprcled below,

As long as the input signal voltage is balow the threshold of
the second LM3814, LED No. 11 is off. Pin 9 of LM3914
Na. 1 thus sess etfectively an epen circuil so the chip s in
dot mode. As soon as the input voltage reaches the thresh-
old of LED No. 11, pin 9 of LM3814 No. 1 is pulled an LED
drop (1.5V or mare) below V) gp. This condition Is sensed by
comparator C2, referenced 600 mV helow Y gp. This forces
the output of C2 low, which shuts off output transistor 02,
extinguishing LED No. 10,

Viep is sensed via the 20k resisior connected to pin 11
The wery small current {less than 180 pA) thal is divened
from LED No. 9 does not noticeably affect its imtensity,

An auxiliary currant saurce at pin 1 keeps af least 100 pA
flowing through LED No. 11 even if the input voltage rises
high enough to extinguish the LED. This ensures that pin 9
of LM3914 No. 1 is held low enpugh e force LED No. 10 off
when any higher LED is illuminated. While 100 xA doas not
normally produce significant LED umination, it may be no-

ticeable when using high-efficiency LEDs in a dark environ-
maent, If this is bothersome, the simple cure is to shunt LED
No. 11 with a 10k resistor. The 1V IR drop is more than the
900 mY worst case required to hold off LED No. 10 ye!
small enough that LED No. 11 does not conduct significant-
ty.

OTHER DEVICE CHARACTERISTICS

The LM3214 is relatively low-powered ilseif, and since any
number of LEDs can he powsred from about 3V, it is a very
efficient display driver. Typical standby supply current (ali
LEDs CFF) is 1.6 mA (2.5 mA max). However, any reference
loading adds 4 times that current drain 1o the V* (pin 3}
supply inpul. For example, an LM3914 with a 1 mA refer-
ence pin load (1.3k), would supply almost 10 mA to every
LEE? while drawing only 10 mA from its V* pin supply. At
full-scale, the I1C is typically drawing less than 10% of the
current supplied 10 the display.

The display driver does not have bullt-in hysteresis so that
the display doas not jump instantly from one LED o the
next. Under rapidly changing signal condilions, this cuts
down high frequency noise and often an anncying fiicker.
An “overlgp’ is built in 80 that at no ime between segments
are all LEDs completely OFF in tha dot mods. Generally 1
LED fades in while the other fades out ever a mY or more of
range {Nole 2). The change may be much more rapid be-
twean LED No. 10 of one device and LED MNo. 1 of asacond
device ‘‘chained™ 10 the first.

The LM3914 features individually current regulated LED
driver transistors. Further internal circuitry detects when any
driver transistor goes into saturation, and prevenls other cir-
cuitry from drawing excess current. This resulls in the ability
of the LM3%914 to drive and regulate LEDs powered from a
pulsating DG power source, ie. largely unfiltered. (Due 1o
possible oscillations at low voitages a nominal bypass ca-
pacitor consisting of a 2.2 uF solid tantalum connected from
the pulsating LED supply te pin 2 of the LM3814 is racom-
mended.) This ability te operate with fow or fluciuating volt-
ages aiso allows Whe display driver 1o interface with logic
circuitry, cpto-coupled solid-slate relays, and low-current in-
candescent lamps.

Cascading LM3%t4s in Dot Mode
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rTypical Applications (continusg

2ero-Center Meter, 20-Segment
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Typical Applications (continued)
Expanded Scate Meter, Dol or Bar
EVap TO 10 Vap
CENTERTAPPED
/(i. 5-0-5MAX)
l'E LRIE
,J 1141
22uF Y e LM3914
T —O BAR
REF
v Rl 16 Bul  REFOUT ADJMODE
1 Fl 3 0 5 5 7 v [
<t Rl
x 200
= vy 4.45v-5 Bav >
R2
a 123
l "
A
- 3 £
“This application ilustrales thal the LED supply 1404 [——
neads practically na fittering 1%
Calibration: With a precision meter between pins TL/H/7870-8
4 and € adjust A1 for voltage Vp of 1.20¥. Apply Application Example:
4.94Y to P 5, and adjusi A4 unil LED No. 5 just Grading 5V Regulators
jights, The adjustmenls are npn-interacting.
Highest No.
Color | V
LED on QUT(MIN)
1Q Red 5.54
9 Red 542
8 Yellow 5.30
T Green 518
6 Green 5.06
5v
5 Graan 494
4 Green 4.82
3 Yellow 4.7
2 Red 4.58
1 Red 4.46
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Typical Applications (continued)

“Exclamation Point” Digplay

ar
1]
LED
se 1l
LMm3914
REF  REF
! Blo_ mi6 Bl OUT _ ADJ  MOUE
NN [ I ER C EN O g R €
W 90 %

}
j'::_ 002 .F

LEDs light up as illustratad with the upper (it LED

indicating the actual input voltage. The dispfay

appages Lo Wersese rasoiuon and provides an

analog indicalion of overrange. TLIM/TI70-9

15k
1 kHz pulse rate at 10% duty cycle $

Indicator and Afarm, Full-Scale Changes Digplay from Dot 1o Bar
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{M3014 SWTCH 22k
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R E 3 _Li |5 § V _Ls 2 =
= = vl L~
610 &
“The input to the Dot-Bar Swilch may be laken
. k from cathodes of other LEDS. Display will change
BRIGHTNESS > oar 35 spon &S the LED so seleclad begins o

light.
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Typical Applications (centirueq)

Bar Display wih Alarm Flasher

LED
KD.1

LI

i A 4 A M ns Al A
19 17 16 15 18 13 17
1
Lm3914 10 nE
v R0 58 R REFOUT REF ADJ MODE
[ N L O (I R
P A
Vi~
> an
124
Full-scale causes the juil bar display to fiash. Il
tha junction of A1 and G1 is connected Lo a dif- -
ferant LED cathode, the display will flash when
that LED tights, and al any highar input signal.
Adding Hysteresis {Single Supply, Bar Mode Cnly)
v
15V
ALY
EM3ITH
IN
LM3814
REF
L v RLo SIG RH)  REFOUT  ADJ MODE
1I: I ] [F [t 7 & I!
12 1o
5 3
1.7
d S tarsow
10
Hyslerass s 0.5 mY lo 1 my
4
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Typical Application (continued)
Operating with a High Yoltage Supply (Rot Mode Oniy)

oy The LED currants are approxiinalety 18 mA, and

thiy LM3914 oulputs operale i saturation for
rinimum dissipalion.
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“Tiis pointis partially regutated and docraasas in
voltage with temperatura. Voltage requirements
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thg ¥+ volage exactly &5 iF gppears on pin 4.
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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 0V-5V bar graph meter,
The most difficutt problam occurs when large LED currents
are being drawn, especially in bar graph mode. These gur-
rents ftowing out of the ground pin cause voltage drops in
external wiring, and thus errars and oscillations. Bringing the
return wires from signal sources, reference ground and bot-
tom of the resistor siring {as illustrated) to a single point
very near pin 2 is the best salution.

Long wires from V,pp o LED anode common can cause
osciliations. Depending on the severity of the problem
0.05 uF to 2.2 uF decoupling capacitors from LED anode
common 1o pin 2 will damp the circuit. if LED anode line
wiring is inaccessible, often similar decoupling from pin 1 to
pin 2 will He sufficient.

IFLED turn ON seems slow {bar mode) or several LEDs light
(dot mode), oscillation or excessive noise is usually the
problem, In cases where propér wiring And bypassing fail to
stop oscillations, ¥+ voltage at pin 3 is usually below sug-
gested limits {Sea Note 2. page 9-108). Expanded scale me-
ler applications may have one or bath ends ¢f the internat
vollage divider terminated al relatively high value resistors.
These high-impedance ends should be bypassed to pin 2
with at lcast a 0.001 pF capaciter, or up 1o 0.1 uF in noisy
enyitgnmenta,

Power dissipation, especially int har mode should be given
consideration. For example, with a 5v supply and all LEDs
programmed to 20 mA the diiver witl dissipats over 600 mw.
In this case a 7.51) resistor in series with the LED supply will
cut device heating in hail. The negative end of the resistor
should be bypassed with a 2.2 pF solid taptalum capacitor
to pin 2 of the LM391{4

Turning OFF of most of the internal current sources is ac-
complished by pulling positive on lhe reference with a cur-
rent sourge or resistance supplying 100 A or so. Alternale-
ly, the input signal can be galed OFF with a transistor
switch.

Other special tealures and applications characteristics will
be Hlusirated in the following applications schematics.
MNotes 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 Refergnce” has been intfuded with
these schematics.

APPLICATION TIPS FOR THE LM3914 ADJUSTABLE
REFERENCE

GREATLY EXPANDED SCALE (BAR MODE ONLY}

Placing the LM3914 inlernal resistor divider in parallel with a
section { == 2301Y) of a stable, low resistance divider greatly
reduces voitage changes due to IC resisior value changes
with temperature. Voliags ¥, should be trimmed to 1.1V first
by use of R2. Then the voitage Vy across the |C divider
string can be adjusted to 200 m¥, using RS without affecling
V4. LED current will be approximately 10 mA.

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

This arrangemert aftows independent adjustment of LED
brightness ragardless of meter span and zero adjustments.
First, V4 is adjusted to 5V, using R2. Then the span (voltage
across R4} can be adjusted Lo exactly 0.5V using R& without
affecting the previous adjustment

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

Greatly Expanded Scale (Bar Mode Only)

AEF REF
firg Ry ouT ADJ
Qe e = 7 S PINS OF
4 6 ! T mama
A3
b -
1%
Rz
250
— Vyp=tv
T RJ ]
200
V2 1%
1._...1.._.; R; Vq
1
1 6
BIuF auy
’ | N %
TorHAZOFD- 13

ADJUSTING LINEARITY OF SEVERAL STACKED
DIVIDERS

Three internal voltage dividers are shown connecled in se-
rigs to providé a 30-step disptay. If the resulting analog me-
ter is to be accurate and linear the voltage on each divider
must be adjusted, preferably without affecting any ather ad-
justments. To do this, adjust R2 first, so that the voltage
across R5 is exactly 1V. Then the voltages across R3 and
R4 can be independently adjustied by shunting each with
selectad resistors of 6 ki} or higher resistance. This is pos-
sible because the refersnce of LM3914 No. 3 is acting as a
canstant current source.

Tre references assccinted with LM3214s No. 1 and No. 2
shouid have their Ref Adj pins (pin 8) wired to ground, and
their Ref Outputs loaded by a 62012 resistor to ground. Thig
makes available similar 20 mA current oulpuis to afl the
LEDs in the system,

It an independent LED brightness control is desired (as in
the previous application), & unity gain huffer, such as the
LM310, should be placed between pin 7 and R1. similer to
ihe previous app¥cation.
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Appiication Hints (continues)

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

REF
buT

Rig L]

o %

R3
20k
LED

BRIGHTNESS

REF
AlJ

fa

,-L: 0.02,:F

Adjusting Linearity of Several Stacked Dividers

Al
548 Az
R 280 o,
O=AAA—AAA-
b
G
LM391a g 3 { O v

LM3gts NO. 2

LM3%14 ND. 1

TLIR 9T

“7

Rb
432k
1%
A6
- 500
TL P70
Other Applications

“Slow"--fade bar or dot display (doublas resclution)
20.stap meter with single pot brightness control

10-stap (or muitiptes) programmer

Mulli-step or “siaging” controller

Combined controller and process deviation meter
Directicn and rate indicator (1o add to DVMs}
Exclamation point display for power saving

Graduations can bo added to dot displays. Dimly light
every other LED using a resisior to ground

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

Moving “hole” display—-indicator LED is dark. rest of
bar it

Drives vacuum-flugrescent and LCDs using added pas-
swe pars
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Connection Diagrams
Dual-In-Line Package

Plastic Chip Carrier Package
1 U 1B
P LED NO, 1 == b LED ND. 2
L § @ =] ) 17
I I I | V- — L— LEnND. 2
5 L L v = 1% oo
DIVIDER (.OW END) —{ 4 18 fLED & .
DIVIDER _4 b— LED ND. &
SIGNAL INPUT — 5 17 p=LEDS (LOW EH D} ED NO.
DIVIER {HiGH END) —{ 6 16}-1e06 SIGRAL INPUT s M rowne
-7 =
N/C 15 |- Le07 bivineR 6} LTI
REFERENCE QUYPUT — 8 14 -LE08 {HIGH END}
17
9 10 11 12 13 REFERENCE OUTPUT = = LERNO.8
L L 8 1
‘fé = g g é REFERENCE ADJUST == p LEDND.O
10
2 g - MODE SELECT A = LED NO, 16
o
=
TLARTHI0.18 TL7870-13
Top View Top View
Drder Number LM3914v Crder Number LM3314N
See NS Package Number V20A See N5 Package Number N18A
Physical Dimensions inches (miimeters)
2.845-0,870
.’I.:g-?'za;ﬂi |
re]  JiE i
et aTaNATaTala¥ald :
3.76 T
i | : —| 8.24%-0.755
il e {5.22-6.48]
JERV ANV R PR RN PR
I LI ; “'-’“'S'fff
feng] N o
; a5-g.e35  0.145-0,200.
0.065 - = {cjno?; I ?;{T;—G £:; = lrse-soa 7
[1.85] Y : :
b

. D.GhB-Eate
Pl

T
f0s-u.as)

955 44 TR

b 1'|H‘m e ” 0.015-0.07 G.iE50.14¢ "/ A .
Ll e RS T O
=g gy W Tye | 0190853 o s
[o-51] {7 §7-5.27]
Dual-in-Line Package (N}
Qrder Number LM39 14N

NS Package Number N1BA




LLM3914 Dot/Bar Display Driver

79

Physicai Dimensions inchas (millimeters) (Continued)

0.350 13133?,
— a +6.15
fees (30%) 0.017£0.004
FIN #1 IDENT 0.055  |0-4330.10]
4500 >+
N1 1 [.65] \
4 18 ‘Lé _—
1 J 002980003 1y } t I
il N [0.7420.08] D.31040.020
i {7.6740.51]
sa 114 l
i L | L] -
9TUUL*F - . | SEATING 2LANE
9.050 la— 2020 iy 5yp
_-J L-v-[1"27]TYF [o.51}
0.2048 |__ |  0.10540.015%
[5.08) TV T 12.57%038] TP
0.165-0.780 yp
[4.19-4.57]

LIFE SUPPORT POLICY

NATICNAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL GOMPONENTS IN LIFE SUPPORT
DEVIGES OR SYSTEMS WITHOUT THE EXPHRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

9,004 {0.10]

Plastic Chip Carrier Package (V)
Order Number LM3514V
NS Package Number V204

SEMICONDUCTOR CORPORATION. As vsed herein:

1. Life support devices or syslems are dovices of

systems which, (a) are intended for surgical imptant

into the body. or (b) suppert

or sustain life, and whose

failure to perform, when properly used in accardance
with instructions for use provided in the labeling, can
be reasonably expectad to result in 2 significant injury

e the user,

2. A critical component is any component ol a lifg
support device or system whose failure to perform can
be: reasonahly expecled (o cause the tailurg of the life
support device or system. or 10 affect its safely of

eifectiveness

0.39040.005
[8.9140.13]

Y204 {REV L)

National Semiconductor

& Corporation
1111 Wast Bardin Fipac

Adington, 1% 74017
Tal 1600 272-8930
Fex, 1800 /371008

Natignal Semiconductor
Eyrope
Fax {+ 4} 0-1R0-520 A5 &6
Emiul; cnpege @ lovm 2 ns<.oon
Doutarh Yol (443) 0-180-530 &5 65
English  Tek {148 U018 492
Frangals Tel (448} 0-100-532 82 58
Hakkano  Ted: {48} 0180334 1680

National Semiconductor
Horg Kong Lig.

10 Flaar, Straght Sleck,
Ocean Cantra, § Gantan (1
Tsinshatsu, Kowinan
Hahy nony

Tek {8929 27571600

Fax. (H52) 27369960

Nalional Semiconducter
Japan Lid.

Tel B1-043-299-7309
Fai: Bi04)- 2982408
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5G2524, 5G3524
REGULATING PULSE-WIDTH MODULATORS
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& Complete Pulse-Width Modutation (PWM) $G2524 ... D OR N PACKAGE
Power-Control cfrcunry 8G3524...0,N. OR NS PACKAGE
. . {TOP VIEW}
® Uncommitied Outputs for Single-Ended or
Push-Pull Applications iN- ] 1 REF OUT
® Low Standby Current... 8 mA Typ IN+ [§2 Vac
® Interchangeable With Industry Standard OSC OUT § 2 EMIT 2
5G2524 and $G3524 CURR LIM+ I} 4 coLz
CURR LiM- [} 5 colL 1
description/ordering information RTlf6 EMIT 1
CTR? SHUTDOWN
The S3G2524 and $G3524 incorporate all the GND 12 COMP

functions required in the construction of a
reguiating power supply, inverter, or switching
regulator on a single ¢hip. They also can he used
as the confrol element for high-power-output
applications. The SG2524 and SG3524 were
designed for switching reguiators of either polarity, transformer-coupled de-{o-d¢ converters, transformerless
voltage doublers, and pofarity-converter applications employing fixed-irequency, puise-widih modulation
(PWM) techriques. The compiementary output allows either single-ended or push-pull application. Each device
includes an on-chip regulator, error amplifier, programmable oscillator, pulse-steering flip-flog, tao tncommitted
pass transistors, a high-gain comparator, and current-limiting and shutdown circuitry.

ORDERING INFORMATION
INPUT
ORDERABLE | TOP-SIDE
Ta REGULATION PACKAGET PART HUMBER | MARKING
MAX [mV)
PDIP () Tube ot 25 | SGaBIN S0354N
o 1o 70 5 Tube of 40 SG3E24D 524
Ot ITe 0 soic ) Reel of 2505 | 5335240 G2
S0P (NG) | Reelaf 2000 | SGI52ANGR | G524
PDIP (W) Tube of 25 SG2B24N S{32524N
-25C o 85°C 20 Tube of 40 5625240
30 (D) SG2524
Reel ol 2500 | SGRE24DR

T Package drawings. standard packing quantiiies, thermal dala, symbosliztion, and PCB design guideiines are
availabie at www.li.com/sc/package.

Please be aware that an important notice ¢oneeming availabiiity, standard warranly, and use in sriticat appiications of
Texas [nstruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCEIN DATA indormelon @ turrent as al pubbcalion date, Caopytight - 2003 Texss Instruments Incorporates

Producly conlorm le apecificaliony ger 1he Jomms of Teasa mngturmenty

:':ﬂ:;':ﬂﬂ".'::ﬁmfm" grateselng daes not secersdnily mode {’ TEXAS
INSTRUMENTS

FOST GEFCE BOR AT @ DALAS
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functional block diagram

15 Reterence 16
v -
cc Regulator T REFoUT
) Vret
Vief | coL 1
~ - EMIT 1
Vret T coL 2
ar TF EMIT 2
ot 7 oscouT
Veat
IN-
s - Comparator
£iT
COMP -~ Error Amplifier
CURR Lit+ -4-.
CURR L -
1
SHUTDOWN
GND

NQOTE A: Resistcr values shovwn are nominal.

absolute maximum ratings over operating free-air temperature range {uniess otherwise neted)t

Supply voltage, Vo (see Notes 1 and 2)
Collector output current, lac e
Reference output current, lggeny ..o ..o e e

Curtentthrough CT terminal ..

Operating virtual junction temperature, T

Package thermal impedance, 64 (see Notes 3and 4y Dpackage ........................... 73°C/W
Npackage ... ...... ... ........... L BT
NSpackage ........ ... ...... ... .... 64-CA

Lead temperature 1,6 mm (1/16 inch} rom case for 10seconds  ............................... 260°C

Storage temperature range. Targ ..o ovv —-65°Cte 150°C

t Stressas beyond those listed under “absolute maximum ratings’ may cause permanent damage 10 te davice. Thesa are siress ratings only, and
functionai operation of the device al these or any other conditians beyond these indicated under “recommended operating conditions” is not
imphed. Exposure t0 absoiute-maximum-rated canditions far extendad periods may affect device reliabiity

NOTES: 1. Afl voltage values are with respect to retwork ground terminal,

2. The reference regulator may be bypassed for operation from a fixed 8-V supply by connecting the Voo and reference outout
{REF OUT pin bath to he supply voltage, In this configuration. the maximum supply voltage is 8 V.

3 Maximum power dissipation is 2 funetion of T 3imay)- fya. and T4 The mawmum alicweable power dissipation at any alowable ambient
temperatire is Pp = (Tygmax} ~ Ta ¥t a. Operation at the ahsolute maximum T of 150°C can impaet reilablity.

1. The pathage therng Tnpedance is calculated In acsordance with JEST 51-7.

J-’P TEXAS
INSTRUMENTS

2 PORT OFFICE BOX sE8500 ® DALLAL,
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recommended operating conditions

MIN - MAX [ UNMIT

Ve Supply voltage 5 40 Y
Referance output current 4] 50 mA
Current through CT terminal =0 G3 -2 ma

Ry Timing resistor 1.8 100 il
Ct  Timing capagiter 0.001 c.1 uF

5G2524 =25 g5
Ta Operating free-ait temperature SGatae 2 70 *G

electrical characteristics over recommended operating free-air temperature range, Voo = 20 V,

f = 20 kHz {unless otherwise noted)

reference section

PARAMETER TEST cONDITIONS ! 352528 Se3 UNIT
MmN Tved  MAX] wmiN o TYPD MAX
Qutput voltage 4.2 5 5.2 4.6 5 =, \4
nput regulation Vo 28Vioddy 10 20 12 3¢F mv
Ripple rejection =120 Hz &8 &8 dB
Output regulation Iy = 0 mA to 20 mA 20 50 20 50 my
Quiput voltage change with tamperature Ta = MIN t2 MAX 0.3% 1% 0.3% 1%
Short-cireuil autput current® Vier=0 100 100 mA
1 #or condiions shown as KIN of MAX, use the appropriate value specified under recommended operating conditions
Tal typical valuss except for temperature coefficients, are at Ta = 25°C
§ Standard deviation is a measure of tha statistical distribution about the mean, as derived from the formula;
H
_\_‘: fxn — X2
oo ol
N -1
oscillator section
PARAMETER TEST CONDITIONST MM TYPT MAX ] UNIT
Tasc Gsoillater frequency C1 = 0.001 pF, Ry =2k 450 kHz
Standard deviation of frequsncy§ ::Edv:I:::Q:;:zzaf:;;;z:‘feramre‘ resistance. 5%
Frequency change with vollage Voo 28Vio 0V, Ta = 25°C 1%
Mase [ Fraquency changs with temperatire Ta = MIN to MAX %
Output amplitude at 0SC CUT Ta=25C 35 V
b Cutput puise duration {width) at 0SC CUT CT=0.01pF, Ta=25C 05§ us

1 For conditions shown as MIN or MAX, use the appropriate value specified under recommended eperating conditions.
1 Al typical values, except for temperature coeflicients, are at Ta = 25 C
§ Standard deviation is a measye of the statistical distribution about the mean, as derived from the formuta:

{5‘ TeXxAs
INSTRUMENTS

FOST 08 PE BOCRRER0Y @ DALLAY, TEXAS FRL6T
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error amplifier section

TEST $G2524 563524
PARAMETER CONDITIONSYT MN_ TvPt MAx| mm TvPE max]| "N
Via Input offset valtage Vig=25bV 08 5 2 10 my
lig input bias current Vig=25V 2 10 2 10 A
Open-loep veltage amplification 72 80 1] j2[0] dB
Vier  Commen-mode input voitage range Ta=257C 1-33’: f.83l:> %
CKMMR  Common-made rejection ratio 70 70 48
By Unity-gain bardwacthy 3 3 $eHz
Cutput swing Ta=25C 0.5 8 05 3.8 v
T For condifons shown as MIN of MAX, use the appropriate value specified under recommended operating conditions.
T Al typical values, except for temperature coefficients, are at Ta =35°C
output section
PARAMETER TEST CONDITIONST MIN  TYPT  Max| uniT
VigRicE  Coflector-emilter breakdown voitage 40 W
Collector ot-stale current Vog T4 v 0.0 50 A
Ysar Coflector-emitter saturation voltege Iz = 50 mA 1 2 v
Ve Emitter output voltage V=20, lg = =250ua 17 18 v
i Turm-off voltage rise time Rg =2k 0.2 115
ty Turn-on voitage fali time Re = 2k 0.1 us
T For conditions shawn as MM or MAX. usa the appropriate value specifien uncer recommended operating canditons,
T Ali typical values, except for temperature coefficients, are at Tg = 25'C.
comparator section
PARAMETER TEST CONDITIONS? MIN tYPE Max | unT
Maximum duty cyele. each ouiput 45%
Zeto duty gytle 1
ViT Input threshold voltage at COMP Maximum duty oyce Py v
gy Input hias carrent -1 1A
T For conditions shown as MIN of MAX, use the appropriate value specified under recommended operating conditicns.
T All typical values. except for lemperature coefficients, are at Ta = 25 C.
current limiting section
PARAMETER TEST CONDITIONSf s TYPE max | uwnim
M input voitage range (gither input; —ttol v
ViSENSE)  Sense voltage at Ta = 25'C V(IN+; = ViIN-) 7 50 mV, Vicoppy = 2V 175 200 225 W
Temperature coeficient of sense voltage e mVf C
Al typical values, except for lemperalure coefliclents, are at Ta = 25°C.
total device
PARAMETER TEST CONDITIONS MIN  TYPE  max/| uwnit
e R

 All typical values. except for temperature coefficients. are at Tp = 2§°C.

4 PGS
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PARAMETER MEASUREMENT INFORMATION

VREF Vog =8VmayY "
! 3 L Vee
Zhilg 10k S 2RO 562524 or 663524
Ve 30
i —r " —] SHUTDOWN 3 L
1, | 5 ©05C out Open) & Jyy T 2N
50k 3T IN+ o 15 [
; il REF OUT |=—¢— vggp
: [
: -7~ Ot uF
: L:— COMP l
L 4 13 =
1 ) G T JCURR LN+ toL2 *
,{ 12 Outpuis
coL
. % FCURR LM !
emr2 P2
2k “
1 cr EMIT 1
AN 7
i er
w—————/vvv————ﬁ— Ry GND
Ry A
Figure 1, General Test Circuit
Yec
¢
Circuit Under Test f% 2 k! r_’;"'f l‘ .l| tr
| N,
e Output I { cc
- |
B Y Qutpwt !
1 |
e L ). o oy
TEST CIRCUIT VOLTAGE WAVEFORMS

Figure 2, Switching Times
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TYPICAL CHARACTERISTICS

¥
OPEN-LOOP VOLTAGE AMPLIFICATION

OF ERROR AMPLIFIER OSCILLATOR FREQUENCY
vs '
“,E' FREQUENCY TIMING RESISTANCE
1
B 80 R'LL‘ T ]m L BRAME ™ —— %
= | i Veop =20V =
A o o 1 ¢SS on e 400 Ty = 0 i
E i | [ | N CT=0.001 F .}
70 g‘ : ;f M =X . CT=0003pF
g 5 100K Cr = 0.01 WF =
w gyl Rp=1Ma t E : 1
b $oloduiidid : & 4ok = —= ——H
= i 3
$ s RLzi i 1 g = \\ ~
= I I H
£ oo B N R =
= Ry = 30 ks = =2
Y] kSt ; - T 4k —_
< : i : ¥ ~a
Y, P S = 0.03 4F|] ~ N
ki T ‘ N ; ;u . Cr=0.034 ] ) n
£ 4 £ -|- : X ‘ 8 E CT=0.4F e
e ’ : : : i - A0 1—1 ——
2 : I it : S
3 o g - | Vcc=20 v ™
|4 £y i3 rasiatance from COMP 1o ground - & | Tpe25C S rh
& .to 10 - SR
o 100 1k 10k 100 k iM WOM 1 2 4 7 10 20 40 70 100
Fraquehcy - Hz RT -~ Timing Resistance — ki
Figure 3 Figure 4
OUTPUT DEAD TIME
Vs
TIMING CAPACITANCE
10
4
“ L
n 1
£ [
- L~
E 1 —F'/ H
a
=
a
a2 =]
A
(a] 0.4
A ]
0.001 0.004 0.01 0.04 04

C7 - Timing Capacitancs - pF

Figure 5
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PRINCIPLES OF OPERATIONT

The 5G2524 is a fixed-frequency pulse-width-modulation (PWM) voltage-regulator control circuit. The regulator
operates at a fixed frequency that is programmed by cne timing resistor, Rt. and one timing capacitor, Ct. Rt
establishes a constant charging current for Ct. This results in a linear voltage ramp at Ct, which is fed to the
comparator, providing linear control of the output pulse duration {width} by the error amplifier. The $G2524 containg
an onboard 5-V regulator that serves as a reference, as weil as supplying the $G2524 internal regulator control
arrewlry. The mternal reference voitage is divided externally by a resistor ladder network to provide a reference within
the common-mode range of the error amplifier as shown in Figure G, or an externat reference can be used, The output
is sensed by a second resistor divider network and the error signal is amplified, This voltage is then compared to the
linear voltage ramp at Cy. The resulling modulated pulse out of the high-gain comiparator then is steered to the
appropriate output pass transistor (Q1 or Q2) by the pulse-steering flip-flop, which is synchronously toggled by the
oscillator outpul. The osciflator output pulse also serves as a blanking pulse to ensure both outpuls are never on
simuitaneously during the transition times. The duration of the bianking putse is controlled hy the value of Ct. The
outputs may be applied in a push-pull configuration in which their frecuency is one-half that of the bage oscillator, or
paraiteted for single-ended applications in which the frequency is equal to that of the oscillator. The output of the error
amplifier shares a common input to the comparator with the current-limiting and shut-down circuitry and can be
averridden by signals from either of these inputs. This common point is pinned out externally via the COMP pin, which
can be employed 1o either control the gain of the error amplifier or to compensate it. In addition, the COMP pin can
be used to provide additional control to the reguiator.

APPLICATION INFORMATIONT

oscillator

The oscillator controls the frequency of the 8G2624 and is programmied by Ry and Cy as shown in Figure 4.
f - 130
:T ET

where; Ry isin k2
CrisinpF
fisin kHz

Practical vatues of Cr fall between 0.001 yF and 0.1 pF. Practical values of Ry fall between 1.8 ket and 100 ke
This results in a frequency range typically from 130 Hz to 722 kHz.

blanking

The output puise of the oscillator is used as a blanking pulse at the output. This pulse duration is controited by
the value of Ct as shown in Figure 5. If small values of Ct are required, the oscillator output pulse duration can
be maintained by applying a shunt capacitance from OSC QUT to ground.

synchronous operation

When an external ciock is desired, a clock pulse of approximately 3 V can be applied directly 1o the oscillator
output terminal. The impedance to ground at this point is approximately 2 k2 In this configuration, RpCt must
be selecled for a clock period slightly greater than that of the externat clock.

1 Throughout these dissussions. relerences to the SG2524 apply also to the SG3524.

"v? TeEXAS
INSTRUMENTS

POST SRR B ERE)C @ DALl AS, TEXAS Tak%

—t



87

5G2524, 5G3524
REGULATING PULSE-WIDTH MODULATORS

SLBOTT0 ~ ARPRIL 1377 - PEVISED FEERUARY 2003

APPLICATION INFORMATIONt

synchronous operation icontinued)

If two or meore SG2524 reguiators are operated synchrenously, all osciltator output terminais must be tied
together, The oscillator programmed for the mintmum clock period is the master from which all the other
8G2524s operate. In this application, the CRy values of the slaved regulators must be set for a periad
approximately 10% longer than that of the master reguiator. [n addition, Ct {master) = 2 Cy (slave} to ensure
that the master output puise, which occurs first. has a longer pulse duration and, subsequently. resets the slave
regulators.

voltage reference

The 5V internal reference can be employed by use ¢f an external resistor divider network to establish a
reference commmon-maode voitage range (1.8 V to 3.4 V) within the error amplifiers (see Figure 6), or an external
teference can be appiied directly to the error amplifier. For operation from a fixed 5-V supply, the internal
reference can be bypassed by applying the input voltage to hoth the Ve and Vgpp terminais. In this
cahfiguration, however, the input voltage is limited to a maximum of 6 V.

To Positive
REF OU
REFE‘OUT I Output Voltage ; T
< &
5 g1 i- r2 ‘ Skig Rt
2.5V 25V
L
; . <
bkl " R15 5 ki) :; i
R2 <
‘ To Negative
fs Ouipin Veitage
Ri + R2 - _ R2j
vonz_sv_R.iw VO 2.5V{1 R1_J

Figure 6. Error-Ampiitier Bias Circuits

error amplifier

The error amplifier is a differential-input transconductance ampiifier. The output is available for de gain controt
or ac phase compensation. The compensation node (COMP} is a high-impadance node (R = 5 M2}, The gain
of the amplifier is Ay = {0.002 (r-1)R and easily can be reduced from a nominal 10,000 by an externat shunt
resistance from COMP to ground. Refer to Figure 3 for data.

compensation

COMP. as previously discussed, is made available for compensation, Since most qutput filters introduce one
ar more additionat poles at frequencies below 200 Hz, which is the poie of the uncempensated amplifier.
infroduction of a zero to cancel one of the output fiiter poles s desirable. This can be accomplished best with
a series RC circuit from COMP to ground in the range of 50 k:2and 0.001 iF. Other frequencies can be canceled
by use of the formula f - 1/RC.

T Throughout these discussions. references o the 3G2524 apply also ta the SG35624.
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APPLICATION INFORMATiON?

shutdown circuitry

COMP also can be employed to introduce external control of the $G2524. Any circuit that can sink 200 uA can
pull the compensation terminal to ground and, thus, disable the $G2524.

{0y addition Yo constani-current limiting, CURR LiM+ and CURR LIM— also can be used in transformer-coupled
circuits to sense primary cutrent and shorten an output pulse should ransformer saturation occur. CURR LIM-
also can be grounded to convert CLRR LIM+ into an additional shutdown terminai.

current Hmiting

A current-limiting sense amplifier i3 provided in the SG2524. The curent-limiting sense amplifier exhibits a
threshold of 200 mV +25 mV and must be applied in the ground line since the vollage range of the inputs is fimited
to 1 V to =1 V. Cauticn should be taken to ensure the —1-V fimit is not exceeded by either input, othenwise,
damage to the device may result.

Foldback ¢urrent limiting can be provided with the network shown in Figure 7. The current-limit schematic is
shown in Figlre 8.

emiT 1 ASAS -T Vo
e 2 2: R ! - [200mv + ---————-VO el
_1 1 Q{max) Ry | R1 + RI
567524 ! T
e . 200mY
& A2 s * TR
5 _i Rs *
CURR LM~ VWi ~T——‘h
CURR LI+ 4 e

Figure 7. Feldback Current Limiting for Shorted Output Conditions

COMP cr
Coemparator
Error Amplifier ) Canstant-Current Source

4
l %
A .

8

CURR LiIM- CURR LIM+

Figure 8, Current-Limit Schematic

1 Threughout these discussions, references to the SG2524 apply also 1o the 533524,
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APPLICATION INFORMATION?

output circuitry

The 5G2524 contains two identica) npn transistors, the collectors and emitters of which are uncommitied. Each
transistor has antisaturation circuitry that limits the current through that transistor to a maximum of 100 mA for
fast response.

general
There are a wide variety of output canfigurations possible when considering the apphication of the $SG2524 as

a voltage-regulator control circuit. They can be segregated into three hasic categories:

® Capacitor-diode-coupied voltage multipliers
® [nductor-capacitar-implemented single-ended circuits
® Transformer-coupled circlits

Examples of these categories are shown in Figures 9, 10, and 11, respectively. Detailed diagrams of specific
applications are shown in Figures 12-15.

Figure 9, Capacitor-Diode-Coupled Voltage-Multiplier Output Stages

TThmugthst these discussions, references to the 5G2524 apply afso ta the SG3524
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APPLICATION INFORMATION?

».r [SRURS "’O

e

= V< |- Vol

Push-Pull

1O
T

Flyhack

Figure 11. Transformer-Coupied Qutputs

1 Throughout these discussions, references to the $SG2524 apply alsc to the 553524,
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APPLICATION INFORMATION?
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Figure 12. Capacitor-Diode Qutput Circuit
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Figure 13, Flyback Converter Circuit

TThroughout these discussions, refererces to the $G2524 apply also to the SG3524,

{5‘ TeExAS
INSTRUMENTS

*DAILAS FRNAS TR0




92

$G2524, SG3524
REGULATING PULSE-WIDTH MODULATORS

SLVSOTT0 - APRIL, 1977 ~ H.E‘v'lSE“Q FERRLARY 2033

APPLICATION INFORMATIONT
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Figure 14, Single-Ended LG Gircuit
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Figure 15, Push-Pull Transformer-Coupled Circuit
TThroughout thase discussions. references ta the SG2524 apply aiso to the SG3624.
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.;4, T PACKAGE OPTION ADDENDUM
INST

PACKAGING INFORMATION

Orderabte Device Status 7 Fackage FPackage Pins Package Eco Plan 2 LeadiBall Finish MSL, Peak Temp E
Type Drawlog Qty
5G2524D ACTIVE €0IC D 18 40 Green (RoHS & CUNIPDAU  Level-1-Z60C-UNLIM
no ShBr)
SGZ524DE4 ACTIVE Solc D il 40 Green (RoMHE &  CUNIPDAU  Level-1-280C-UNLIM
no 5b/Bri
SG25240DR ACTIVE SQic [u} 16 2500 Green (RoHS &  CU NIPDAU  Levek 1-280C-UNLIM
n2 Sb/Bri
SG2324DRE4 ACTIVE SCiC D 16 2500 Green (RoHS & CUNIPDAU  Levet-1-260C-UNLIA
o ShiBry
S5G2524.4 OBSOLETE ChiP o 16 TBD Cail Tl Call Ti
SG2524N ACTIVE PoIP N 18 25 Pb-Free CUNIFDAU N/ A for Pkg Type
(RoHS)
SG2524NE4 ACTIVE PCIP N 18 5 Ph-Free CUNIFDAU N A for Pkg Type
(RoHS)
5G35240 ACTIVE s01IC D 16 40  Green{RoHS & CUNIPDAU  Level-1-260C-UNLIM
no ShiBry
5G3524DE4 ACTIVE s0IC D 18 40  Green (RoHS & CUNIPCAU  Leval-1-2G9C-UNLIM
no 5hiEr} e
5335240R ACTIVE S0IC D 16 2500 Greeni(RoHS & GCUNIPDALU  Level-1-250C-UNLIM
no SbrBri
SG35240DRE4 ACTIVE SO D 16 2800 Green (RoHS &  CUNIPDAY  Level1-280C-UNLIM
"o Sb/Bri
SGas244 QBSOLETE CcoiP - 16 TBD Cail T4 Call T4
5G3IS2aN ACTIVE PCIP N 16 25 Pi-Free CUNIPDAU N /A for Pkg Type
{RoHS;
S5G3524NE4 ACTIVE POIP N 16 28 Fb-Free CUHNIPDAU N /A far Pkg Type
(RoHS)
SGIS2NS OBSOLETE 50 NS 16 Green (RoHS & CUNIPDAU  Level-1-2G0C-UNLIM
o SbrBr)
SGIBANER ACTIVE 50 NS 18 2000 Green (RoHS & CUNIPDAU  Level-1-2G0C-UNLIE
no Shiir}
SGIS24NSRES ACTIVE S0 NS 15 2000 Green (RoHS &  CUNIPDAU  Level-1-260C-UNLIM
no Sbifry

M The marketing status values are defined as follows.

ACTIVE: Froduct device recommended far new designs.

LEFEBUY: Tl has announted that the devite will be discontinued, and a lifefima-buy period is in effect,

NRND: Not racommended fer new designs. Device is in praduction to supper: existing customers, but Tl does not recommend using this aart in
a new ceslgn,

PREVIEW: Device has been announced but is notin praduction, Samples may or may hot be availabie

QBESOLETE: T has discontinued the producton af the device.

@ Eco Plan - The planned ece-friendly classification: Ph-Free (RoHS), Pb-Free (RoHS Exempt). of Green (RoHS & no SbiBr) - please check
ti.comipredusicontent for the iatest availability information and additiona: areduct content details.

e Pb-Free/Green conversion plan has not been dafined,

Fb-Free (RoHS): Ti's terms "Lead-Free” or "Ph-Free” mean semiconductor products that are compatible with the current RoHS requirements
for all § substances. inciuding the requiremert thal lead not exceed 0.1% by weight in homegensaous malerials. Where designed to be scidered
at high temperatures, Ti Ph-Free products are suitable for use in specified lead-freg processes,

Pb-Fres {RoHS Exempt): This component has a RoHS exemption for either 1) tead-based flip-chip solder bumps used betveen the die and
package, or 2) lead-based die adhesive used betxeen (he die and leadhame. The component is otherwise considered Pb-Free /RoHS
compalible} as defined above.

Green [RoHS & no Sb/Br); Tl defines "Green” to mean Pb-Free (RuMS compatibie). and tfree of Sromine (Br} and Antimany (S based flame
ratardants (Br or Sb do not exceed 0.1% by weight tn hamogenecus material)

Acldendum-Page 1
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et COMY 27 -Bep-2006

M psL, Peak Temp. -~ The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications. and peak solder
temperature.

Important Informaticn and Qisclaimer:The information provided on this page represents TI's knowledge and helief a3 of the date that it is
provided. Ti bases its knowledge and belief on information provided by third parties, ang makes ro represertalion or warrarly as to the
accyracy of such information, Effarts are underway to better integrate information trom thirt porties. T1 has taken and continues to take
reasenabie sieps to provide representative and sccurate information but may not have conducted destructive testing or ¢hemicai analysis on
ihcoming materials and chemicals. Tl and Ti suppliers consider cerlain information to be proprietary, and thus CAS numbers and othes rimited
information may not be available for release.

In o event shall TI's liability arising out of such informatior exceed the tolal purchase price of the TI parlis) at issue in this document sold by T1
{o Customer an an annual basis

Addengum-Page 2
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MECHANICAL DATA

N (R—PDIP—T**)

NG SHON

PLASTIC DUAL-IN—LINE PACKAGE

16

Lo ~0m T = e e et

AL EB 5 Al

G325 {aan)
TR 750

GO0 (05T M

-y
2760 (5,08} vax ﬁ-'j,____.__ o
; i i
i

aiing Plare

i W R FR AEY Ny
SORTS .!' ,,’{.:q- QUG 025 UM

2 IPRE RO VI 0

NGRS AA
G0 Th

>

FEANIRTHER

'y

n JUED W

S0 The 30 pea erd eod dne

seenl 18 ang P asiriitean ndy lengtl (i AL

s 0 wengel oplicn, elher hall o fol wigih

www tleom



97

MECHANICAL DATA
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MECHANICAL DATA
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IMPORTANT NCTICE

Texas Instruments Incorporated and its subsidiaries (T1) reserve the right to make corrections, modifications,
enhancements, improvements, and ather changes to its products and services at any time and to discontinue
any product or service without notice. Custoners should abtain the iatest relevant information before placing
ardars and should verify that such informyation is current and complete. All products are soid subject to Ti's lerms
and gonditions of sale supplied at the time of order acknowledgment.

T warrants perfermance of its hardware products o the specifications applicable at the time of sale in
accordance with Ti'a standard warranty. Testing and other qualily control techniques are used e the extent T
deems necessary to support this warranty. Except where mandated by government requirenzents, testing of all
parameters of each praduct is not necessarily performed.

T1 assuimes ne Kability for applications assistance or custamet product design, Customers are responsible for
their products and appfications using Ti compenents. Te minimize the risks associated with customer products
and applications, cusiomers should provide adequate design and operating safeguards

Tl does not wacrant or represent that any ficense, either express or implied, 18 granted under any Ti patent right.
copyright, mask work right, or other T!inteliectuai property right relating te any combination, maching, or procass
in which T1 products ar services are used. Information published by TI regarding third-party products ar services
does net constituie a ifcense from Ti to use such preducts or services of a warranty or endorsemety thereof.
Use of such irformation may require a license from a third party under the patents or other intellectual property
of the third party, or a license from TI under the patents or ether intellectual property of Tl

Reproduction of information in Ti data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated wamanties, conditions, imitations, and nolices. Repreduction
of this irnfarmation with alteration is an unfair and deceptive business practice. Tl is not responsible or liable Tor
such allered documentation.

Resale of Tl products or services with siatements different friom or beyond the parameters stated by Ti for thal
prodicl or service voids all express and any implied warranties for the associated T1 praduct or service and
is an unfair and deceptive business practice. Tl is not respensible or fiabie for any such statements.

Foliowing are URLs where you can cbiain information on other Texas instruments products and application
solutions:

Preducts Applications

Amplifiers amplifier.ti.com Audio Wyt comiaudio

Cata Converters dataconverter.ii.com Autamotive wiwyw t.com/altometive

csP dsp.ti.com Broadband wanws i comibroadband

Interface interface.ti com Digital Control www ti.com/digitalcantrol

Logic logic.ti.com Military www ti.comimilitary

Power Momit power.t.com Optical Networking www H.corrvopticainetwork

Micracontrollers microcontraller.ti.com Security W ti.convsacurity

Low Power Wireless  www.ll.com/lpw Teiephony waw b .comAelephony
Video & Imaging www { Comivideo
Wireiess wiew i comiwireless

Mailing Address: Texas instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright > 200€, Texas Instrurnents incorporated
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