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FREQUENTLY ASKED QUESTIONS

How did the constant on-
time (COT) buck regulator o—e

IC evolve?

The COT regulator is a modi-
fied version of the basic hysteretic
regulator shown in Figure 1. The
basic hysteretic regulator IC con-
sists of a comparator with input
hysteresis that compares the out-
put feedback voltage with a refer- t

ence voltage.

When the feedback voltage
exceeds the reference voltage, the
comparator output goes low,
turning off the buck switch
MOSFET. The switch remains off
until the feedback voltage falls
below the reference hysteresis
voltage. Then, the comparator
output goes high, turning on the
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switch and allowing the output

voltage to rise again.

What are the characteristics
of the basic hysteretic buck

regulator IC?

It reacts extremely
quickly to load and line
transients due to its
wide bandwidth control
loop. Unlike a pulse-
width modulation
(PWM) regulator, this
loop does not require an
error amplifier or fre-
quency compensation.

What is the main
drawback of the
hysteretic buck
regulator IC?

As line and load condi-
tions change, the hys-
teretic regulator operates
over a wide frequency

range that depends on the input/
output voltages, the output filter
inductance, the hysteresis window,
and the output capacitor’s equiva-
lent series resistance (ESR).
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1. The basic hysteretic regulator IC operates with a varying
switching frequency that makes it difficult to optimize filter-
ing components.
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2. The constant on-time regulator IC employs on-time and off-time one-shots that
cause the switching frequency to be nearly constant. This enables optimized filter-
ing and results in lower output ripple voltage than the basic hysteretic regulator.

What hysteretic regulator
modifications create the COT
regulator IC?

The COT architecture IC is a
modification of hysteretic control

that operates at a rela-
tively fixed frequency
without a clock. It
employs a high-side
MOSFET switch whose
on-time varies inversely
with the input voltage
(Fig. 2). Regulator con-
trol involves a compara-
tor and one-shot on-
timer, with the output
voltage feedback com-
pared with an internal
reference.

In normal operation,
the IC initiates an on-
time period when the
feedback voltage falls
below the reference volt-
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age. The buck switch stays on for

the programmed on-time, causing National

the feedback voltage to rise above Semiconductor

the reference. After the on-time
period, the buck switch remains
off until the feedback voltage falls
below the reference. The off-time
one-shot ensures a minimum off-
time during startup. The addition
of input feed-forward helps to
maintain a constant frequency
independent of the input voltage.

The Sight & Sound of Information

Low-Voltage Synchronous Buck Controller IC
Does Not Require External Compensation

The LM1770 is an efficient synchronous buck switching controller with con-
How does the COT regulator stant on-time (COT) control that provides a simple design free of compensa-
IC respond to load condi- tion components, allowing B
tions? minimal component count '

This regulator IC operates in and board space. It also
discontinuous conduction mode incorporates a unique input
at light load currents and in con- feed-forward to maintain a
tinuous conduction mode with constant frequency independ-
heavy load current. In the discon- ent of the input voltage.
tinuous conduction mode, current This IC is optimized for a
through the output inductor starts low-voltage input range of 2.8
at zero and ramps up to a peak to 5.5 V and can provide an
during the on-time. It then ramps adjustable output as low as 0.8 V (its reference voltage). Driving an external
back to zero before the end of the high-side PFET and low-side NFET, it can provide efficiencies as high as 95%.
off-time. Three versions of the LM1770 are available depending on the switching fre-

The next on-time period starts quency desired for the application. Nominal switching frequencies range from
when the feedback voltage falls 100 to 1000 kHz. The LM1770 features a 400-uA quiescent current, internal
below the internal reference. Until softstart, short-circuit protection, and SOT-23 packaging.
then, the inductor current remains
Zero, _and the output capacito.r SIMPLE SWITCHER® Synchronous 1-MHz,
supplies the entire load. In this 1.5-A Step-Down Voltage Regulator

s, e operating fre?quency s Operating over a 4.5- to 36-V input range, the LM3100 buck converter fea-

lower than 1t 1S In continuous t Il of the fi ti ded to i | t a highly efficient teff

conduction mode, and it varies ures all of the functions needed to implement a highly efficient, cost-effec-
tive buck regulator capable of supplying 1.5 A with voltages as low as its

with load current. Unlike hys- . :
teretic regulators, the switching 0.8-V, £1.5% reference. Dual 40-V N-channel synchronous MOSFET switches
cut external component 3

frequency during continuous con- count. reduce complexit

duction mode is independent of z » Fecl b 3 X,

the inductor and capacitor size. and minimize boarc space.
It's designed to work excep-

Why does the COT regulator tionally well with ceramic and
IC provide better perform- other very low-ESR output
ance? capacitors. Full Webench®

The COT regulator IC operates ges!gn suplport egsl,ures_ SI? Ot
in a fixed-frequency mode with- AT UL

. . . implementation.
out an oscillator, which elimi- Imple : :
nates loop com p’en sation and Its improved constant on-time (COT) regulation employs a novel control

stabilization. This provides fast scheme (p{ﬂtent pending} tha’g allows the use of ceramic and other uItrg—Iow-
transient response unlimited by ESR capacitor te_chnologles W|thout'the need for addltloqal gompensatlon com-
feedback-network lag time or ponents_. Operating frgquency remains nearly constant with line and_load varia-
stability issues. tions using the same input feed-forward as the LM1770. The operating frequen-
cy can be externally programmed up to 1 MHz. Additional features include 17-
pA shutdown, programmable soft-start, Vcc undervoltage lockout (UVLO), and
thermal shutdown. It's available in a thermally enhanced eTSSOP-20 package.

"ﬁ;’ For datasheets, online design training,
i .42 and more, visit us today at

‘4! power.national.com

or call (800) 272-9959.

What protection features can
be implemented in a COT
regulator 1C?

Protection features can include
undervoltage lockout (UVLO),
overcurrent protection, thermal
shutdown, and overvoltage pro-
tection.
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