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Regardless of its color, an LED’s 
light output varies as a function 

of forward current and ambient tem-
perature. As Figure 1 shows, an LED’s 
light output can vary by as much as 
150% over its operating-current 
range. In response, a designer’s first at-
tempt to solve the problem focuses on 
driving the LEDs with a constant cur-
rent. The most common white-LED-
driver circuits use an inductor-based 
dc/dc boost-converter topology simi-
lar to the circuit in Figure 2. A cur-
rent-feedback controller ensures that 
the voltage across current-sensing re-
sistor R1 remains constant. As a result, 
the controller varies the voltage across 
the entire string to maintain the LEDs’ 
current constant without regard to 
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running, interrupt-driven mode to 
convert the analog-input voltage into 
a digital number. Upon completion of 
each conversion, the ADC generates 
an interrupt that a subroutine reads; 
the interrupt stores the ADC’s con-
verted output in a shared variable.

To provide a flicker-free display, an 
internal timer generates a 1875-Hz in-
terrupt derived from the 9.6-MHz sys-
tem clock to drive the multiplexed 
LEDs at a rate exceeding 90 Hz. Di-
viding the ADC count by a constant 
yields a linear display of the input 
voltage. A look-up table scales the 
ADC count to produce a logarithmic 
display. Figure 2 shows the logarith-
mic-conversion curve that defines the 
look-up table’s values. Versions of the 
ATTiny13’s control programs for lin-
ear and logarithmic scales are avail-
able for downloading from the online 
version of this Design Idea at www.
edn.com/070118di1. You can modify 
the source code to display only a par-
ticular subrange of the input voltage 
of 0 to 5V. For example, you can spec-
ify a linear-display range spanning 1 
to 3V or a logarithmic scale for input 
voltages of 2 to 3V.EDN 
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Optical feedback extends white LEDs’ operating life
Bjoy Santos, Intersil Corp, Milpitas, CA
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Figure 1 An LED’s light output changes considerably as a function of its for-
ward current, even within the sweet spot (oval area) of its nominal operating 
current.
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Figure 2 A linear-to-logarithmic-conversion curve defines the input voltage 
required to illuminate a particular LED.
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the LEDs’ actual light output. 
Driving series-connected white LEDs 

with a current source relies on the as-
sumption that, at constant current, an 
LED’s light output remains constant. 
Unfortunately, all LEDs exhibit a non-
linear decrease in brightness as a func-
tion of operating time. Although less 
obvious in colored LEDs that find use 
as indicators, the decrease in bright-
ness of a white-LED-illuminator-array 
source becomes noticeable over an ex-
tended period. Brightness also varies as 
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Figure 2 One method of driving an LED illuminator samples current through a string and adjusts the voltage across the 
entire string to maintain a constant current.

Figure 4 Photosensor IC2, an Intersil ISL29000, resides near an LED to detect brightness fluctuations and provides com-
pensating feedback to IC1, the current controller, which is an Intersil EL7630 pulse-width regulator.
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Figure 3 Even at a 
constant forward cur-
rent, an LED’s light 
output correlates 
strongly with tem-
perature and can vary 
by as much as 100% 
over the entire oper-
ating-temperature 
range (upper curve).
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When a design based on mul-
tiple point-of-load dc/dc con-

verters requires a specific power-sup-
ply-start-up sequence, wiring each con-
verter’s power-good output to the next 

converter’s enable input produces the 
desired voltage cascade. Although this 
approach works well for simple designs, 
it fails to satisfy a requirement of many 
modern microprocessors and DSPs: 

that, during shutdown, the power-sup-
ply rails switch off in reverse order. Al-
though various vendors provide pro-
grammable-sequencing ICs, these 
components are usually too expensive 
for cost-sensitive applications.

Offering an alternative to program-
mable-sequencing ICs, the circuit of 
Figure 1 can sequence and cheaply 
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a function of temperature, which can 
affect an illuminator’s performance 
over an extended-temperature range 
(upper curve, Figure 3).

To compensate for LED-output vari-
ations due to aging and temperature 
fluctuations, the control loop needs 
more information in addition to volt-
age or current data. Adding an ambi-
ent-light sensor and optical feedback 
to the control loop can ensure that a 
white LED’s light output remains uni-
form and consistent over time and tem-
perature variations. An optical sensor 

can measure the LED’s light-output in-
tensity and provide a feedback signal 
for the control loop, which can adjust 
the current to produce a relatively con-
stant light output. As the LEDs’ light 
outputs decrease, increased current 
compensates for aging and tempera-
ture-induced variations (lower curve, 
Figure 3).

The circuit in Figure 4 includes an 
optical-feedback loop based on Intersil’s 
(www.intersil.com) ISL29000 light-to-
current optical sensor, IC2, which senses 
changes in the LEDs’ light output and 

decreases the feedback voltage applied 
to IC1, the current controller, an Inter-
sil EL7630. The pulse-width-modulat-
ed controller then increases the LED-
drive current’s duty cycle, boosting the 
LED current until the feedback voltage 
reaches its nominal value. As ambient 
temperature decreases, the LEDs’ light 
output tends to increase, and IC2 de-
livers a higher feedback voltage to the 
controller, which responds by lowering 
the duty cycle to decrease the LEDs’ 
current and thereby compensates for 
the decrease in temperature.EDN

Sequencer controls power supplies’ 
turn-on and turn-off order
Eric Schlaepfer, Maxim Integrated Products Inc, Sunnyvale, CA
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Figure 1 Comprising a pair of inexpensive ICs, this circuit applies four supply voltages in a specified order at power-up 
and then removes them in reverse order at power-down.

(continued on pg 92)
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