DESIGN FEATURES LT

LT1766: 1.5A Converter Runs Directly

from 60V DC

Introduction

With a maximum input voltage capa-
bility of 60V and peak switch current
of 1.5A, the LT1766 is targeted for
high voltage, industrial and automo-
tive applications. The 60V maximum
operating input voltage makes the
LT1766ideal for 12V, 24V and (future)
42V automotive systems, which must
survive load-dump input transients
as high as 60V. At high input-to-
output voltage differentials, power
dissipation is minimized by providing
very fast switch edge rates and by
using a BIAS pin connected to the
regulated output to supply internal
control circuitry. At low input-to-
output voltage differentials, a

supply-boost capacitoris used to fully
saturate an internal 200mQ power
switch to reduce DC switch losses.
The LT1766 runs at a fixed frequency
of 200kHz and can be externally syn-
chronized. In addition, a pin is
provided for programming undervolt-
age lockout and placing the part into
micropower shutdown. The LT1766
maintains the 1.5A peak switch cur-
rent over the full duty cycle range.
This is achieved by the use of pat-
ented circuitry that cancels the effect
of slope compensation on peak switch
current without affecting frequency
compensation.

by Mark W. Marosek

The LT1766is packaged ina 16-pin
SSOP (GN-16) package, which occu-
pies the same space as an SO-8
package. The LT1766 provides a
wide range of functions, such as
undervoltage lockout and micropower
shutdown, along with external syn-
chronization capability, without
sacrificing the power saving features
of a BIAS or BOOST pin. Also, the
GN-16 package, with its fused corner
pins, improves thermal performance,
reducing the 6, of the package from
120°C/W (typical SO-8) to 95°C/W.

v [2] % é
S Rumir < Rsense
A4
)
2.9V BIAS o INTERNAL
Bias [io} ®| REGULATOR ¥ Ve
+ > + |
CURRENT
SLOPE COMP/ COMPARATOR BOOST
ANTI-SLOPE COMP
r s
v
N S| 200kHz N Qf
sYNG [1a] OSCILLATOR s s o > CI%%'L‘J’IETFF‘W POWER
- >R - SWITCH
SHUTDOWN
COMPARATOR
SW
+ I FREQUENCY |,
FOLDBACK [
-
0.4V 5.5pA
—Q—
LOCKOUT
SHDN E + COMPARATOR
/ % Zx1§
- [ Q2
{ FOLDBACK L:l
CURRENT
Vg MAX K LIMIT / [i2] r8
CLAMP 03 CLAMP
2.38V
T [ ve \ L1
ERROR AMPLIFIER I 1.22V
Om = 2000p0 D
® GND
1,8,9,16

Figure 1. LT1766 block diagram
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Figure 2a. 42V to 5V step-down converter

Circuit Description

The LT1766 is optimized to provide
high efficiency for both high and low
input-to-output voltage differentials
in a buck-mode switching regulator
topology. The block diagram in Figure
1 shows all of the key functions of the
LT1766 step-down converter. A cur-
rent mode architecture is used to
provide fast transient response and
good loop stability. Two feedback loops
exist to control the duty cycle of the
power switch using a transconduc-
tance error amplifier and a current
sense comparator that monitors
switch current on a cycle-by-cycle
basis. Nonlinear slope compensation
has been added to the current sense
signal to prevent the subharmonic
oscillation associated with current
mode control when the regulator duty
cycle is greater than 50%. An added

feature of the LT1766, referred to as
“anti-slope compensation”in the block
diagram, eliminates the effects of slope
compensation on the peak switch
current at high duty cycles without
affecting the frequency compensa-
tion. For high duty cycle applications,
this is a significant benefit over com-
peting current mode converters with
similar peak switch current limits.
The LT1766 also includes an accu-
rate 1.2V reference. This reference is
scaled to provide an accurate 2.38V
threshold on the SHDN pin, allowing
programming of undervoltage lock-
out; a second, lower threshold (0.4V)
allows shutdown with the input sup-
ply current reduced to 25pA. The part
can be externally synchronized to
frequencies up to 700kHz.
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Figure 2b. Efficiency vs load current
for Figure 2a’s circuit

LT1766 Features

The LT1766 provides the following

features:

0 Wide input range: 5.5V to 60V

0 Constant 200kHz switching
frequency

0 1.5A peak switch current

0 0.2Q saturating switch

0 Peak switch current maintained
over full duty cycle range

0 25uA shutdown current

0 1.2V feedback reference

0 Easily synchronizable

42V to 5V Buck Converter

The LT1766 was designed to address
the need for high efficiency over a
wide range of input voltages. A typical
high input voltage application, a 42V
to 5V converter, is shown in Figure
2a. To achieve high efficiency at high
input voltages, fast output-switch
edge rates are required; the LT1766
achieves edge rates of 1.2V /ns (rise)
and 1.7V/ns (fall). In addition, light

continued on page 17
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Figure 3a. 12V to 5V step-down converter
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Figure 3b. Efficiency vs load current
for Figure 3a’s circuit
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LT1766, continued from page 6

loads at high input voltages require
minimal quiescent current to be drawn
from the input. A BIAS pin allows the
internal control circuitry to be sup-
plied from the regulated output if
greater than 3V. At a duty cycle of
12%, for example, this technique
reduces input quiescent current from
4.5mA to approximately 1.8mA. The
efficiency for a 42V to 5V conversion
(>80%) is shown in Figure 2b.

12V to 5V Converter

The LT1766 is capable of excellent
efficiencies at lower input voltages;
combined with its ability to withstand
voltage transients up to 60V, this
makes it ideal for power conversion in
harsh environments such as auto-

motive electronics. A typical 12V to
5V converter is shown in Figure 3a.
The key to achieving high efficiency
for low input-to-output voltage con-
versions is to use a saturating switch
design. A prebiased capacitor, con-
nected between the BOOST and SW
pins, generates a boost voltage above
the input supply during switching.
Prebias is derived via a diode, D2,
from the regulated output. Driving
the switch from this boost voltage
allows the 200mQ power switch to
fully saturate. The worst-case mini-
mum BOOST voltage required to fully
saturate the internal power switch is
3V above input supply. This means
that an output voltage as low as 3.3V
is ideal for prebiasing of the boost
supply capacitor via a simple diode.

The efficiency for a 12V to 5V conver-
sion, which peaks at 90%, is shown in
Figure 3b.

Conclusion

Having a peak switch current of 1.5A
and a maximum input voltage capa-
bility of 60V, the LT1766 provides an
ideal solution for 12V, 24V or (future)
42V automotive electronics in addition
to 48V nonisolated telecom applica-
tions, where input voltages as high as
60V must be accommodated. Pack-
aged in a 16-pin SSOP (GN16), which
occupies the same space as an SO-8,
and running at a fixed frequency of
200kHz, the LT1766 provides a com-
pact solution for high voltage
step-down power conversions. LV
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