
LINEAR LSI PRODUCTS
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Constant Current Outputs
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BCD Inputs—Hexadecimal Outputs 
Programmable segment current

Figure 1

LED DECODER DRIVER 
NE587 and 589
The NE587 and 589 are latchable decoder 
drivers for L.E.D. displays. Figure 1 provides 
a summary of their features.

The programmable constant current supplies 
(fixed or adjustable) are essentially indepen
dent of output voltage, power supply voltage, 
and temperature.

The data (BCD) and LE (latch enable) inputs 
are low loading and thus are compatible with 
a data bus system.

Figure 2 shows a block diagram of the 
NE587. Seven segment decoding is imple
mented using a ROM so that alternate decod
ing fonts can be made available.

L.E.D. Drivers and Power Dissipa
tion Consideration
The following discussion refers to the NE587, 
but is also applicable for the 589.

LED displays are power hungry devices, 
and, inevitably, somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro

vided that the LEDs are not driven too far 
into saturation, but the improvement is mar
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from seg- 
ment-to-segment and digit-to-digit.

When designing a display system, particular 
care must be taken to minimize power dissi
pation within the IC display driver. Since the 
NE587 output is a constant programmed cur
rent source, all the remaining supply voltage, 
which is not dropped across the LED (and the 
digit driver, if used) will appear across the out
put of the NE587. Thus the power dissipation 
in the NE587 will go up sharply if the display 
power supply voltage rises. Clearly, then, it is 
good design practice to keep the display sup
ply voltage as low as possible consistent with 
proper operation of the output current 
sources. Inserting a resistor or diode in series

with the display supply is a good way of 
reducing the power dissipation within the inte
grated circuit segment driver, although, of 
course, total system power remains the same.

Power dissipation within the NE587 may be 
calculated as follows. Referring to Figure 3, 
the two system power supplies are Vcc and 
Vs. In many cases, these will be the same 
voltage. Necessary parameters are:

• Vcc Supply voltage to driver
• Vs Supply voltage to display
• lcc Quiescent supply current of driver
• lSEG LED segment current
• VF LED segment forward voltage at lseg
• Kdc % Duty cycle

Vf, the forward LED drop, depends upon 
the type of LED material (hence the color) 
and the forward current. The actual forward
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voltage drops should be obtained from the 
LED display manufacturers literature for the 
peak segment current selected. However, 
approximate voltages at nominal rated cur
rents are:

Red 1.6 to 2.0V
Orange 2.0 to 2.5V
Yellow 2.2 to 3.5V
Green 2.5 to 3.5V

These voltages are all for single diode dis
plays. Some early red displays had 2 series 
LEDs per segment, hence the forward volt
age drop was around 3.5V.
Thus a maximum power dissipation calcula
tion when all segments are on, is:

Pd = Vcc X lcc + (Vs -  Vf> X 7 X lseg X KdC mW
(1)

Assuming Vs = Vcc = 5.25V 
VF = 2.0V 

Kdc =100%

lseg = 30mA

Pd max = 5.25 x 50 + 3.25 x 7 x 30 mW 
= 945 mW

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW

Operating temperature range limitations can 
be deduced from the power dissipation graph 
in Figure 4.

However, a major portion of this power 
dissipation (Pd max) is because the current 
source output is operating with 3.25V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the 
integrated circuit.
Suppose the worst case Vcc/Vs supply is 
4.75 to 5.25V, and that the maximum VF for 
the LED display is 2.25V. Only 2.75V is 
required to keep the display active, and 
hence 2.0V may be dropped externally with a 
resistor from vcc to Vs. The value of this 
resistor is calculated by using equation 2.

Rs _ Vdrop

lseg X # of seg (2)

or 20
Rs = —  -  = 1011 (1/2 W rating)

7 X lseg

assuming worst case lSeg of 30mA 
Hence now:

Pd max = Vcc X Ice + (Vs ~ Vv -  Rx X 7 X 
lseg) X 7 X lseg X Kdc 

= 5.25 X 50 + 1.25 X 7 X 30mW 
= 525mW (3)

and pd av = 5.0 X 30 + 1.25 X 5 X 25 
= 306mW

If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be independent 
of the number of “ ON” segments and will be 
equal to

Vs -  VF -  nVd , VD = 0.8V

Where n is the number of diodes used, and 
so power dissipation can be calculated in a 
similar manner.

In a multiplexed display system, the voltage 
drop across the digit driver must also be con
sidered in computing device power dis
sipation. It may even be an advantage to use 
a digit driver which drops an appreciable 
voltage, rather than the saturating PNP tran
sistors shown in Figure 5. For example a 
Darlington PNP or NPN emitter follower may 
be preferable. Figure 6 shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed botween the two integrated 
circuits.

Where Vs and Vcc are two different sup
plies, the Vs supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vs 
supply is totally unnecessary, and so this 
supply can be made much cheaper than the 
regulated 5V supply used in the rest of the
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4-DIGIT MULTIPLEXED LED DISPLAY

Figure 5
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INTERFACING 8-DIGIT LED DISPLAY 
WITH fxP BUS

Figure 6

system. In fact a simple unsmoothed full- 
wave rectified sine wave works extremely well 
if a slight loss in brightness can be tolerated. 
A transformer voltage of about 3-4.5Vrms 
works well in most LED display systems. 
Waveforms are shown in Figure 7.

The duty cycle for this system depends 
upon Vs, Vf and the output characteristics 
of the display driver.

With

Vs = 4.9V pk.
VF = 2.0V

The duty cycle is approximately 60%.

Vs in this example was derived by the circuit 
shown in Figure 7. Remember that the 
forward voltage drop of the rectifying diode 
must be subtracted to arrive at the exact peak 
of the Vs voltage.

Figure 8 shows other typical application 
schemes for multiplexing LED diplays.

ADDRESSABLE PERIPHERAL 
DRIVERS SUPPORT 
mP-BASED SYSTEMS

The Signetics NE590 and NE591 address
able peripheral drivers (APDs) greatly facili
tate interfacing a variety of support circuits 
to microprocessor based systems.

The APDs are designed to eliminate the 
need for many of the buffers, latches, TTL 
ICs, and discrete transistors currently 
needed to drive peripheral devices.

Figure 9 shows that each driver includes a set 
of input latches, a 1-of-8 demultiplexer, and a 
set of high current drive outputs together with 
the assorted chip enable and clear logic.

The low loading inputs of these drivers 
(typically Iil = 15/iA and Iih = 1/iA) allow 
direct interfacing to the /jP-bus. Eight ad
dressable latches, which are addressed by a 
three bit binary code and (set/reset) by a 
single binary bit, allow storage of each 
output condition (ON/OFF), allowing the nP  
to continue processing after the APD has 
been addressed.
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4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING.

Figure 8 JUL

Driver selection is accomplished with a low 
active chip enable which may be derived 
from the I/O decoder common to all I/O 
devices. A low active master clear is also 
provided to reset all outputs simultaneous
ly. This signal may be generated from the 
I/O decoder or set high when not required.

The high-current outputs of the drivers 
(250mA sinking with the NE590 and 250mA 
sourcing with the NE591) allows direct inter
facing to relays, motors, lamps, LED’s, and 
other devices or systems requiring high 
current drive capabilities.

Figure 10 demonstrates the use of APD’s in a 
uP-based system. When driving LED dis
plays, a single 8-bit word contains all the data 
required for defining both digit location and 
segment selection. The APD uses four bits— 
three to address one of 8 outputs and one to 
set the output to an ON or OFF state.

When using he NE590, ON refers to the out
put low state in which the output is

BLOCK DIAGRAM

INPUT STAGE
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MICROPROCESSOR BASED SYSTEM

Figure 10

capable of sinking a maximum of 250mA. 
The clear (CL) pin may be tied high and 
would normally not be required in this appli
cation.

The four remaining data bits are required by 
the NE589 which supplies segment data. 
These four BCD data bits are converted into 
seven-segment data used for driving the 
anodes of the LED’s. Data is strobed into the 
latches by the LATCH ENABLE INPUT at 
the same time that information is being sup
plied to the NE590. Since the NE589 pro
vides a constant current source, uniform 
brightness is obtained from each segment 
in the display. The NE589 is capable of

supplying up to 50 mA/segment. Segment 
currents are set by a single programming 
resistor.
Figure 10 shows several devices connected to 
the NE591: a relay, a motor, and a D-C sub
system. Each device is selected in the same 
manner as the LED digits: that is, three bits 
are used to select the output and one bit is 
used to turn the output ON or OFF.

An output may be cleared in one of two 
ways:

1) By direct selection and clearing of the 
individual latch, 
or

2) By clearing all outputs through the use 
of the clear input.

The latter method does not require address
ing.

The examples shown in Figure 10 clearly 
demonstrate the advantages that can be 
derived from using the NE590 and NE591 
APDs in microprocessor-based systems. 
These devices provide easy interfacing and 
minimize the number of interfacing compo
nents; they also provide the logic interface to 
the microprocessor and the switch function 
and high-current drive required by the 
peripheral units.
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