IT'S EASIER THAN YOU THINK TO DE-
sign LED display drivers with
National Semiconductor’s
LM391X and LM2917 series
ICs. In this article, we'll show
you how to use those IC’s to
build moving-dot and bar-graph
voltmeters as well as frequency-
to-voltage converters. We'll also
give you an introduction to bin-
ary coded decimal (BCD) to 7-
segment decoder/driver circuits
that are commonly used in elec-
tronics design.

LM391X-series basics

National Semiconductor’s
LM391X dot/bar display drivers
are versatile 18-pin DIP IC's that
can be used to drive up to 10
LED in either dot or bar mode.
The three members of the
LM391X display driver series
are the LM3914, LM3915. and
LM3916. All three versions use
the same basic internal circuit-
ry, as shown in Fig. 1, but have
different output scaling modes,
as shown in Table 1.

The LM3914 is a linearly-
scaled device thats intended for
use in LED voltmeters, with the
number of lit LED’s being di-
rectly proportional to the input
voltage (pin 5). The LM3915 is a
logarithmically-scaled device
that'’s intended for use in power
meters, and spans a range of
0-30 dB in ten 3-dB steps. Fi-
nally, the LM3916 is a semi-log-
arithmically-scaled device that’s
intended for use in volume-unit
(VU) meters.

Figure 1 shows an LM3914
used in a simple 10-LED volt-
meter, which ranges from O to
1.25 volts DC. The LM3914 has
10 internal comparators, each
with its non-inverting terminal
connected to a specific tap on a
floating, precision, 10-stage, in-
ternal resistive voltage-divider.
The inverting terminals on all
ten of the comparators are fed
by a unity-gain buffer on pin 5.
Each comparator is externally
accessible, and can sink up to
30 milliamps. The sink cur-
rents are internally limited, and
are externally pre-set via R1.

The LM3914 also has a float-
ing 1.25-volt DC reference be-
tween pins 7 and 8, externally
connected to the 10-stage inter-
nal voltage divider on pins 4 and
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FIG. 1—INTERNAL CIRCUIT OF THE LM3914, with connections for making a 10-LED, 0

to 1.25 volts DC, linear meter using either dot or bar mode.

SOIONOB(I-0IPRY ‘ZE6L YOIBNY



Radio-Electronics, March 1992

6. Pins 4 and 8 are grounded, so
that the bottom of the 10-stage
internal voltage divider is at
ground, and the top is at 1.25
volts DC. The LM3914 also has
an internal logic network that
can be used to select either mov-
ing-dot or bar-graph mode.

If the LM3914 is set for bar
mode, the 1.25-volt DC refer-
ence is connected across the 10-
stage internal voltage divider.
Because of the linear scaling of
that divider, each succeeding
inverting comparator input has
an additional 0.125 volts DC ap-
plied to it.

When there is no signal on the
input, pin 5 is at ground, all 10
internal comparators are dis-
abled, and LED’s 1-10 are off.
With a slowly rising signal on
the input, the voltage increases
to 1.25 volts DC, and an LED
lights for each 125-millivolt in-
crement, until LEDs 1-10 are
on. In other words, at the 125-
millivolt DC threshold of the
first comparator, LED1 lights, at
250 millivolts DC, LED2 also
lights, and so on. When used in
dot mode, only one LED at a
time lights.

Some finer details

In Fig. 1, Rl is connected be-
tween pins 6 and 4, fixing the
current through each LED. The
current through each LED is
ten times that drawn from the
1.25-volt DC reference. The
1.25-volt DC reference can
source up to 3 milliamps, so the
maximum current through
each LED is 30 milliamps, set
by R1, but the LED current
doesn’t normally get that high.

The nominal value of 1.25
volts DC can also be varied be-
tween 1.20 and 1.32 volts DC, or
its value can be externally pro-
grammed to produce up to 12
volts DC. If R1 equals 1.2K, then
R1 in paralle] with the full 10K
value of the internal voltage di-
vider is equivalent to 1.07K. The
current drawn from the 1.25-
volt DC source is

1.25 VA.07K=1.2 mA,

so that each LED nominally
draws 12 milliamps when it’s lit.

Since the maximum individ-
ual current through each LED
is 30 milliamps, then the
LM3914 draws up to 300 milli-

TABLE 1—COMPARISON OF TYPICAL INPUT THRESHOLDS FOR THE
LM391X IC FAMILY

LED LM3914 LM3915 LM3916
v v dB v dB vu
1 1.000 0.447 -27 0.708 -23 -20
2 2.000 0.631 —24 2.239 ~13 -10
3 3.000 0.891 —21 3.162 10 -7
4 4.000 1.259 -18 3.981 - 8 - 5
5 5.000 1.778 -15 5.012 - 6 - 3
6 6.000 2512 —-12 6.310 - 4 -1
7 7.000 3.548 -9 7.079 -3 0
8 8.000 5.012 - 6 7.943 -2 1
9 9.000 7.079 -3 8.913 -1 2
10 10.000 | 10.00 0 10.000 0 3
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FIG. 3—A VOLTMETER RANGING from 0 to 10 volts DC using an external reference.

volts DC, and the LEDs can use
the same voltage supply, or they
can use an independent supply
for minimal IC heat dissipation.

The internal voltage divider is
floating, with both ends exter-
nally available for maximum

amps total in bar mode with
LED%s 1-10 on. The maximum
power rating of an LM3914 is
only 660 milliwatts, which can
" easily be exceeded in bar mode if
you're not careful. The LM391X
series runs on a supply of 3—25
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DC.
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FIG. 6—AN EXPANDED-SCALE DOT-GRAPH voltmeter for use with a car battery.

versatility, and it can be
powered by .either the internal
reference or an external source.
If pin 6 is connected to 10 volts
DC, then the LM3914 becomes a
voltmeter ranging from O to
+10-volts DC if pin 4 is
grounded, or a restricted-range
DC voltmeter ranging from 5 to
10 volts DC if pin 4 is connected
to 5 volts DC.

The only constraint is that
pin 4 cannot go more than 2
volts below V... The input is
fully protected against over-
loads up to =35 volts DC.

As we mentioned earlier, the
major difference between the
three members of the LM391X
family is in the weighting of the
ten-stage internal voltage divid-
ers. In the LM3914, the values
are equal, producing a ten-step
linear display. In. the LM3915,
the values are logarithmically-
weighted, producing a log dis-
play spanning 30 dB in ten 3-dB
steps. The values are semi-log-
arithmically weighted in the
LM3916, producing a volume
unit (VU) meter display. Let’s
now examine some LM391X ap-
plications, focusing on the
LM3914.

Moving-dot voltmeters

Figures 2—6 show the LM3914
used in various 10-LED moving-
dot voltmeters. In all of them:.
pin 9 is connected to pin 11, and
a 10 pF capacitor is connected
between pins 2 and 3 for sta-
bility.

Figure 2 shows a variable-
range moving-dot voltmeter
that can cover a range of 1.25
volts to 1 kilovolt DC. The low
ends of the internal reference
and the 10-stage internal volt-

" age divider are grounded. while

the top ends are joined. The
voltmeter has a basic full-scale
sensitivity of 1.25 volts DC, with
variable ranging provided by
voltage divider Rx-R1. When Rx
equals O ohms, the full-scale
value is 1.25 volts DC, and when
Rx equals 90K, the full-scale val-
ue is 12.5 volts DC. Also, R2 is
connected across the internal
reference and sets the current
through each LED at 10 milli-
amps, as before.

Figure 3 shows a fixed-range
moving-dot voltmeter that can
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coverarange of 0to10voits DC.  ence level, or a value of

It uses an external Zener diode

VCC = VD1 +2 V
reference D1 going to the top of =10V+2V,
the 10-stage internal voltage di- =12 V.

vider for a 10-volt DC reference.
Also, the supply must be at least
2 volts DC above the Zener refer-

Figure 4 shows an alternate
voltmeter with its internal refer-
ence providing a variable volt-

age for a full-scale value ranging
from 1.25 to 10 volts DC. The
1.2-milliamp current fixed by R1
goes to ground via R2. raising
the reference value on pins 7
and 8 above zero. If R2 equals
2.4K, then pin 8 will be at 2.50
volts DC, and pin 7 at 3.75 volts
DC. Thus, R2 lets pin 7 be var-
ied from 1.25 to 10 volts DC.

Figure 5 shows an expanded-
scale moving-dot voltmeter that
can cover a range of 10 to 15
volts DC. Here, R3 sets the cur-
rent through each LED at 12
milliamps, and enables a refer-
ence level of O to 1.25-volts DC to
be sét on pin 4, the low end of
the 10-stage internal voltage di-
vider. If R3 is set for 0.8 volts DC
on pin 4, then the voltmeter will
read in the range of 0.8 to 1.25
volts DC only. By designing volt-

age divider R1-R2 for a specific
circuit, the range can be ampli-
fied as desired.

Figure 6 shows an expanded-
scale moving-dot voltmeter
that's intended for use in your
car to continually measure the
status of its 12-volt battery.
Here, R2-R4 provides a basic
range of 2.50 to 3.75 volts DC,
but the input is derived from
the positive supply via R1-R3.
The reading thus corresponds
to a pre-set multiple of the basic
range value. The display uses
red and green LED%s, with the
green LED’s lighting when the
Ve range is within 12 to 14
volts DC. The red LED’s light
with 10 to 15 volts DC.

To calibrate the voltmeter, set
Ve to 15 volts DC, and adjust
R3 so that LEDI10 just turns on.
Next, reduce V. to 10 volts DC,
then adjust R4 so that LED1
just turns on, and then recheck
both R3 and R4. Finally, place
the voltmeter between ground
and the 12-volt-DC lead on the
ignition switch.

Bar-graph voltmeters

The moving-dot voltmeter ver-
sions of Figs. 2—6 can be made
into bar-graph voltmeters by
connecting pin 9 to pin 3 in-
stead of to pin 11. However, as
we mentioned earlier, don't ex-
ceed the IC power rating in bar
mode with excessive output
voltages when LED’s 1-10 are
on. Figure 7 is a bar-graph volt-




meter that uses a separate sup-
ply for its ten LED’s.
Most LED’s drop about 2 volts

when on, so one way around
that problem is to use a separate
3 to 5-volt DC source for them,
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volt DC supply.
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as shown in Fig. 7. Figure 8 is
another variation of the bar-
graph voltmeter using the same
supply for the LM3914 and the
ten LED. If you use the same
supply to operate both the IC
and the LED’, then be sure to
use a current-limiting resistor
in series with each LED as
shown in Fig. 8, so the IC out-
put terminals saturate when
they are lit.

Figure 9 shows another bar-
graph display, one that doesn't
exhibit excessive power loss.
Here, LEDs 1-10 are all in se-
ries, but each one is connected
to an individual IC output, and
the IC is in dot mode. Thus, if
LEDb5 was on, its current would
be drawn through LED’s 1-4, so
LED’s 1-5 would aiso be on,
creating a bar-graph display. In
that case, the total current
through all of the'LED’ is that
of a single LED, so the total
power dissipation is very low.
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FIG. 11—A MOVING-DOT 20-LED VOLTMETER that ranges from 0 to 2.56 voits DC when

Rx equals 0 ohms.
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The supply for the LED's has
to be greater than the sum of the
total drop with LED’s 1-10 on,
but within the voltage limits of
the IC. Here the V. is a regu-
lated value of 24 volts.

Figure 10 shows a modifica-
tion of Fig. 9, using an unregu-
lated V. ranging between 12
and 18 volts. In that case, LED's
1-10 are split into two chains,
with Q1 and Q2 switching LED’s
1-5 on when any of LED's 6-10
are active: the maximum total
current through the LEDS is
twice that of a single LED.

The 20-LED voltmeter

The circuit in Fig. 11 uses two
LM39145s in a 20-LED moving-
dot voltmeter. The inputs of IC1
and IC2 go in parallel, but IC1
reads O to 1.25 volts DC, while
[C2 reads 1.25 to 2.50 volts DC.

For the latter range, the low
end of the 10-stage internai volt-
age divider in IC2 is connected
to the 1.25-volt DC reference of
IC1, while the top end is con-
nected to the top of the 1.25-volt
DC reference of 1C2, 1.25 volts
DC above that of IC1. The circuit
is in dot mode, with pin 9 of IC1
going to pin 1 of IC2, and pin 9
of IC2 to pin 11 of IC2; note that
R1 is in parallel with LED9 of
IC1.

Figure 12 shows a 20-LED
bar-graph voltmeter that ranges
from O to 2.56 volts DC. The
connections are like those of
Fig. 11, except that pin 9 is con-
nected to pin 3 of each IC, and
R1I-R20 go in series with LED's
1-20 to reduce power dissipa-
tion.

Finally, Fig. 13 shows a fre-
quency-to-voltage converter cir-
cuit, capable of converting the
circuits in either Figs. 11 or 12
into a 20-LED tachometer suit-
able for use in automobiles.
Here, IC1 is a National Semicon-
ductor LM2917 monolithic fre-
quency-to-voltage converter IC
connected between the vehicle
contact-breaker points (used in
older cars) and the input of the
voltmeter. InFig. 13, 0.022 pF is
the optimal value of C2 for a
10,000-RPM range on a 4-cylin-
der, 4-stroke engine. For much
lower full-scale speeds, the val-
ue of C2 might need to be
changed for vehicles that have

. NEGATWE

b

o
' Mg

-7
LM2917 ;
toeowAl
BREAKER(CB
POINTS CHARGE

PUMP

_ﬁ

-11r---42r-—-«3)--:4»- -(5}—46t- —(7;—-.

-4,.-;;‘;v_-__;_.._;.___;‘;-

TOBNTERY |
(oHASSIS)

"FlG 13—A CONVERS|ON CIRCUIT FOFI A car tachometer for use wnth a 20-LED

voitmeter, as shown in Figs. 11 and 12.

QOGmW 4GOmW 8DOmW 16\1\1

LEm LE02 LEDS LED4 LEDS LEDG.
e s s
COMP2 COMP3 COMP4 COMP5 COMPG COMP7 COMPS COMPQ COMP10
LM3915
REF REF

- COMP1  GND R HI L0 MODE

>COMP2 COMPB‘ COMPA COMPS COMPG GOMP7—COMPS—COVIPS GOMPTG

LM3916
REF REF

loompt_GnD Ves Ry __PRw W10 wmoDE

S OR1Y



422V (REGULATED)

A oowy o 7Y ——5\/U =3 .—‘NU (g +2VU +3VU

"/
%W %“ w N\
LED4 LEDS‘ LEDG LED7 LEDB LEDQ LEDTO

. s e s e s (i i 10
1 COMP2 COMP3 COMP4 COMPS COMP6 COMP7 COMP8 compg COMP10

o ' LM3916
L ; REF  REF
| cOMPT GND Vo _ Rm m Rm HI 10 MODE
. ol _ .
- » TOpF - L K
. o
. ook 3K RE .
. i*‘ o R ] A L CALIBRATION
- 20K m414a 1N4148 -

. i I ow
= 1K
103F BRIGHTNESS

FIG. 16——A PREC|S|ON VU METER with low current drain.

- ’ . six or more cylinders.
: -' . LM3915 and LM3916 circuits
The LM3915 logarithmic and
LM3916 semi-logarithmic ver-
sions basically work the same
way as the LM3914, and can be
directly substituted in most of
the circuits shown in Figs.
2—-12. The LM3915 and LM3916
will give an LED meter reading
for an AC signal going to the
v input, and respond only to
. s positive halves of the signal,
d dp with the number of LED’s lit
» - being proportional to the in-
FIG. 17—-THE STANDARD CONFIGURATION stantaneous peak value. The IC
for a 7-segment LED display. should be in dot mode, and set

. coMmon

Yy vYvyvy
i

4
dodo
ai.h_i_c “iel

FIG. 19—THE SCHEMATIC OF a com-
mon-anode 7-segment LED display.

g N
L SLSVEND | DISPLAY oSl DISPLAY
blcldlelt]o alblcldlelr]o

o 5 1™ : l_l
L. 1
T 11
00 " ey -
=, - 1I_I
00— 1L 0 g 1 17
= v I
011 = 01001 LA T 1

tor e el b b o
— | s ,
.. . s 17
1o 1 W I—
o 1 L , —
iy — 1 I—
5 111 —
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FIG. 20—THE SCHEMATIC OF a com-
mon-cathode 7-segment LED display.

for 30 milliamps of LED drive.

Figure 14 shows an LM3915-
based audio power meter. Pin 9
is left open for dot mode, and R1
equals 390 ohms, for an LED
current of 30 milliamps. The
range of the audio power meter
is 200 milliwatts—100 watts. A
better approach is to half-wave
rectify the signal on the input
and feed in the resulting DC, as
shown in the VU-meter circuits
of Figs. 15 and 16.

Figure 15, a simple volume-
unit (VU) meter, uses an
LM3915 in bar mode; the signal
at the input is rectified by D1
and filtered by R1-R2-C1, with
D2 compensating for the for-
ward drop of DI1. Figure 16, a
precision VU meter offering low
current drain, uses an LM3916,
with the combination of IC1-D1-
D2 acting as a precision half-
wave rectifier.

Also, LED’s 1-10 are in series,
and IC2 is in dot mode, giving a
low-power bar-graph display. To
calibrate the audio power meter,
adjust R10 for 10 volts DC on
pin 7: R9 controls the level of
display brightness.

The 7-segment LED display
Alphanumeric displays are
used in electronics, in digital
watches, pocket calculators,
and in test equipment such as
multimeters and frequency
counters. The most common
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FIG. 21—BASIC CONNECTIONS for a BCD-to-7-segment LED-display de-

coder/driver.
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FIG. 23—HERE’S HOW to drive a com-
mon-anode 7-segment LED display.

type of alphanumeric display is
the 7-segment LED or LCD dis-
play, as shown in Fig. 17. The
segments are labeled a—g, and
the decimal point is labeled dp.
You can display either the digits
0—9, or the letters A—F (a mix-
ture of upper and lower case let-
ters), as shown in Fig. 18.

Most 7-segment LED displays
need at least nine external con-

Ao
9
1B COMMON-CATHODE
B60J"9 | DECODER-DRIVER
INPUT ¢ = i
SIBNAL ) o
2
|
L ! |
» Al 333w
(CURRENT- 1 .
- LIMITING ’
. RESISTORS) 7-SEGMENT

COMMON-CATHODE
LED DISPLAY

FIG. 24—HERE’S HOW to drive a com-

mon-cathode 7-segment LED display.

nections. Seven of those con-
nections access the segments,
one the decimal point, and the
eighth is common. If the display
is an LED type, the seven seg-
ments are arranged as shown in
Figs. 19 and 20. A common-
anode version (Fig. 19) has all
LED anodes going to common,
while a common-cathode ver-
sion (Fig. 20) is configured in

- LCD
DECODER/

ao | 7-SEGMENT |

J R LIQUID-
g{\&ugt 1 DRIV CRYSTAL

DISPLAY

BACKPLANE
By

’ (SQUAF(E WAVE)

FIG. 25—HERE’S HOW to drive a ||qu1d-
crystal display (LCD).

the reverse format.

7-segment display/driver

A 7-segment LED display
gives the output states of digital
IC’s such as decade counters
and latches. They are usually in-
ternally arranged in 4-bit bin-
ary-coded decimal (BCD), and
cannot directly drive a display. A
special IC called a BCD-to-7-seg-
ment LED-display decoder/driv-
er must go between the BCD
and the display. as shown in
Fig. 21, to convert BCD to a suit-
able form.

Figure 22 shows the rela-
tionship between the BCD rep-
resentation. and the 7-segment
LED-display digits. Normally,
BCD-to-7-segment LED-display
decoder/driver IC’s are available
in dedicated form suitable for
driving only a special class of
displays, whether the display is
an LCD, or a common-anode or
common-cathode LED display.
Figures 23-25 show how such
7-segment LED displays and
BCD-to-7-segment LED-display
decoder/driver IC’s are con-
nected.

Figures 23 and 24 show how
to drive common-anode and
cathode 7-segment LED dis-
plays. Note that if the BCD-to-7-
segment LED-display decoder/
driver IC outputs are un-
protected, as is the case in most
TTL IC’s, a resistor in series
with each segment limits cur-
rent; most CMOS IC’s have such
resistors internally. In Fig. 25
you can see how to drie an
LCD. The common or backplane
(BP) display terminal is driven
with a symmetric square-wave,
which is derived from the phase
output terminal. R-E



