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Low-EMI LED Driver

Features Integ

rated

Switches, Internal PWM

Dimming

As LED applications continue to diversify,

LED drivers must become more versatile.

A synchronous LED driver that can be easily used in boost, buck, and boost-buck
topologies addresses that issue, as well as helping reduce size and increase efficiency.

he breadth of LED applications has grown to encom-

pass everything from general lighting to automo-

tive, industrial and test equipment, sign boards, and

safety equipment. As a result, it’s expanded the design
requirements for LED drivers. Engineers must meet these
requirements with high

small and efficient with wide input and output voltage rang-
es, and should feature low EMI, high efficiency, and fault
protection as required in automotive environments. Con-
trolled switching edges power LEDs with low EMI. Built-
in flexibility and fault protection reduce the number of re-
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10%, or 1% internally generated PWM dimming.

EMI tests (see Figure 5) show that this solution passes CISPR 25 Class 5.

dc-dc LED driver topologies, including buck mode (step-
down) and boost-buck (step-up and step-down). By select-
ing an LED driver that can be configured as a boost, buck
or boost-buck LED driver, engineers can keep their options
open and simplify design across multiple designs.

For example, the high-side PWMTG driver and synchro-
nous switches of the LT3922 36-V, synchronous LED driver
can be configured as a boost, buck mode or boost-buck LED
driver. At the same time, the driver retains all of its features:
internal pulse-width-modulated (PWM) dimming, spread-
spectrum frequency modulation (SSFM), low EMI, ISMON
output-current monitor, and output fault protection carry
over from the standard boost topology to the buck mode
and boost-buck mode.

Boost

Figure 1 shows a flexible LED driver being used as a boost
converter operating a 2-MHz, 4- to 28-V boost. In this case,
the LED driver can power LEDs up to 34 V, leaving some
headroom below 40 V for open LED overshoot. In Figure 1,
the LED driver powers a 330-mA string of LEDs at up to 34
V. It can be externally PWM dimmed at 120 Hz to a 2000:1
ratio or internally dimmed to 128:1 ratio with an analog in-
put voltage on the PWM pin.

It survives open LED and LED*-to-ground short-circuits
and reports these faults by asserting its FAULT pin. The
output current can be monitored via the ISMON pin, even
during PWM dimming. At 2-MHz switching frequency; its
fundamental EMI harmonic resides above the AM band, but
its EMI is still low. SSFM can be added to spread the switch-

ing frequency between 2 to 2.5 MHz and reduce the EMI at
the fundamental and its many harmonics.

The efficiency of the 2-MHz boost converter remains as
high as 91% at 12 Vyy due to the integrated synchronous
switches. At lower Vyy, when the peak inductor current hits
its limit, the output current is gracefully reduced without
flicker while the LEDs remain on.

Buck

Figure 2 shows a buck-mode topology where the input
voltage can be as high as 36 V and a string of LEDs can be
driven at up to 1.5 A. The high-side ISP and ISN current-
sense input and PWMTG PMOS driver are easily moved to
the high side of the LEDs, which is connected to the input in
buck mode. LED™ is connected directly to the inductor and
not to ground.

When driving two, 1-A LEDs at 6.5 V, the synchronous
buck-mode efficiency is as high as 94% at 12-V Vyy and
remains as high as 89% at 36-V V. The high bandwidth
of the buck-mode converter allows it to work with a 1000:1
PWM dimming ratio at 100 Hz.

Buck-Boost

Figure 3 shows a boost-buck topology that supports an in-
put voltage range extending above and below the LED string
voltage. The sum of the LED string voltage and the input
voltage must remain below 35 V to keep the ISP and ISN
voltage below the 40-V absolute maximum.

The LED driver has a low-EMI topology that features a
boost-type low-ripple input inductor and a buck-mode-type
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low-ripple output-facing inductor. A 4 -to 18-V automotive
input or multiple battery chemistry input (5 V, 12 V, and
19 V) boost-buck converter can drive an LED string voltage
anywhere between 3 and 16 V.

As in the other topologies, the PWMTG driver simplifies
PWM dimming MOSFET connection. Open- and short-
circuit protection aren’t compromised in the floating LED
topologies. An optional diode on LED™ protects against
LED™-to-GND short-circuits.

The 2-MHz converter in Figure 3 features 85% efficiency
(87% without EMI filters) at 12-V Vi, 15-V Vigp, 330-mA
I; gp> and up to 2000:1 PWM dimming ratio at 120 Hz. This
solution fits the requirements of an automotive daytime
running light, signal light, or tail-light LED driver due to its
size, versatility, and low EML

The 400-kHz automotive boost LED driver in Figure 4
passes CISPR 25 Class 5 EMI tests (Fig. 5), which shows con-
ducted and radiated EMI test results of the LT3922 along
with class 5 EMI limits. This is a result of a combination of
low EMI capabilities such as controlled switching edges and
SSEM that reduces power-switch high-frequency EMI with-
out degrading efficiency and power capability.

SSEM in the LT3922 spreads the resistor-set switching

5. The EMI profile of
the 400-kHz LED driver
shown in Figure 4, which
passes CISPR 25 Class
5 with minimal EMI fil-
ters. A larger LC filter can
be added to the input if
further EMI reduction is
needed for specific man-
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frequency up and down from 100% to 125% of its value at
a rate of 1.6 kHz for the 400-kHz converter. This decreases
both the peak and average EMI in the converter at low and
high frequencies. The feature is easy to turn on and off by
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6. The dual-loop layout and high-frequency 0402 split capacitors cre-
ate small, opposing hot-loops that help reduce high-frequency EMI.
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connecting the SYNC/SPRD pin to INTVCC or GND, re-
spectively. High-frequency ringing also can be eliminated
by internal synchronous switches that minimize hot-switch-
ing-loop size and control switching edges.

Figure 6 shows how placement of small, high-frequency
capacitors near the two VQUT pins minimize hot-loop size
and EMI. Of course, proper layout and a small amount of
ferrite-bead filtering (FB1 and FB2) should be used for best
EMI results.

Internally Generated PWM Dimming

Analog dimming via adjustable voltage on the CTRL pin
has always been easier to implement than the more accurate
PWM dimming. Until now, PWM dimming required an
external clock or micro signal whose duty cycle controlled
the brightness via the PWM input pin. LED drivers with an
internally generated PWM dimming signal only require an
external voltage on the PWM pin to set the duty cycle for
128:1 PWM dimming. The PWM period, such as 122 Hz, is
set by a single resistor on the RP pin.

LED current accuracy is a necessity for vehicles with re-

(b)

dundant light clusters. The brightness of both sides must
match for obvious reasons. Identically manufactured LEDs
can produce different brightnesses at the same drive current.
Internal dimming capabilities of the LED driver can be used
for brightness trimming near or just below 100% duty cycle
and then set to accurate 10:1 or 100:1 ratios. This may save
the light cluster manufacturer from paying extra for special-
ly binned LEDs.

When higher dimming ratios are needed, the LED driver
can be externally dimmed in the usual manner. The high-
bandwidth, 400-kHz buck-mode LED driver in Figure 2
yields a 1000:1 PWM dimming ratio at 100 Hz.

The 2-MHz boost LED driver in Figure 1 can achieve
2000:1 dimming ratio at 120 Hz (Fig. 7a). The same cir-
cuit can be set up for internally generated PWM dimming
by placing a 122-Hz frequency resistor on the RP pin and
setting the PWM pin voltage between 1.0 and 2.0 V for up
to 128:1 dimming (Fig. 7b). For example, the LT3922 LED
driver can be set up to run with up to 5000:1 external PWM
dimming in some applications, and PWM dimming can
be combined with the LT3922’s analog dimming for over

50,000:1 brightness control.
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no human inspection. The lighting used for machine-vision
systems must be synchronized with the speed of the assem-
bly-line processes while maintaining the ability to produce a
consistent pulse of light for an indefinite period of off-time.

Conventional LED drivers are unable to maintain their
output voltage after the PWM input signal is held low for
any sustained amount of time. This is due to the gradual dis-
charge of the output capacitor, making generic LED drivers
unsuitable for most machine-vision applications.

By digitally sampling the output state of the converter
during the falling edge of the PWM signal, an LED driver
can maintain its output voltage during prolonged off-times.
It performs “maintenance switching” during the PWM
off-time while the LEDs are disconnected by the high-side
PMOS. During standard PWM dimming at frequencies
above 100 Hz, the longest off-time is 10 ms or less, and not
much leakage current can be pulled off the output at that
time. Machine-vision and strobe applications can have long
off-times between 100 ms and 5 seconds (or longer), allow-
ing for tens to hundreds times more leakage.

Maintenance switching ensures that the output capacitor
maintains the voltage recorded during the LED driver’s pre-
vious sample cycle. The digital sample of the state of the con-
verter is stored indefinitely, assuming uninterrupted input
power is provided to the IC. This allows the driver to have a
consistent output-current waveform for any given off-time
(Fig. 9).

As the range of LED applications continues to increase, so
must the versatility of LED drivers. With an LED driver that
can be easily used in boost, buck and boost-buck topolo-
gies, engineers can simplify design, reduce form factor size,
and increase efficiency. Regardless of topology, all capabili-
ties are available, including high PWM dimming capability
and internally generated PWM dimming. Low EMI is easily

achievable with internal functions including SSFM.
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