LM3477 Evaluation Board

Introduction

The LM3477 is a current mode, high-side N channel FET
controller. It is most commonly used in buck configurations,
as shown in Figure 1. All the power conducting components
of the circuit are external to the LM3477, so a large variety of
inputs, outputs, and loads can be accommodated by the
LM3477.
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The LM3477 evaluation board comes ready to operate at the
following conditions:

45V <V < 15V

Vour = 3.3V

OA<Iloyur £1.6A

The circuit and BOM for this application are given below:
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FIGURE 1. LM3477 Buck Converter
TABLE 1. Bill of Materials
Component Value Part Number
Cint 120pF/20V 594D127X0020R2
Cing No connect
Court 22uF/10V LMK432BJ226MM (Taiyo Yuden)
CouTo 22uF/10V LMK432BJ226MM (Taiyo Yuden)
L 10pH, 3.8A DO3316P-103 (Coilcraft)
R¢ 1.8kQ CRCWO08051821FRT1 (Vitramon)
Ceq 12nF/50V VJ0805Y 123KXAAT (Vitramon)
Ceo No connect
Q1 5A, 30V IRLMS2002 (IRF)
D 100V, 3A MBRS340T3 (Motorola)
Ror 20Q CRCWO080520R0FRT1 (Vitramon)
RsL 1kQ CRCWO08051001FRT1 (Vitramon)
Regq 16.2kQ CRCWO08051622FRT1 (Vitramon)
Rego 10.0kQ CRCWO08051002FRT1 (Vitramon)
Crr 470pF VJ0805Y471KXAAT (Vitramony)
Rsn 0.03Q WSL 2512 0.03Q £1% (Dale)
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= Performance Given below. is a bode plot of LM3477 open Ioop frequency
! response using the external components listed in Table 1.
<Zt Following are some benchmark data taken from the circuit
above on the LM3477 evaluation board. This evaluation
board may also be used to evaluate a buck regulator circuit | | | H
optimized for a different operating point, or to evaluate a
trade-off between cost and some performance parameter. f PHASE
For example, the conversion efficiency may be increased by NN ft
using a lower Rpgony MOSFET, ripple voltage may be low- T i >ﬂ.
ered with lower ESR output capacitors, and the hysteretic Tl T H SR BNy
trr;rsc?sstllorlsc.j may be changed as a function of the Rgy and Rg,. : LGN TODE N
The conversion efficiency may be increased by using a lower HH
Rpsony MOSFET, however it drops as input voltage in-
creases. The efficiency reduces because of increased diode
conduction time and increased switching losses. Switching 100 1k 10k 100k M
losses are due to the Vds*Id transition losses and to the gate 20016307
charge losses, both of which may be lowered by using a FET
with low gate capacitance. At low duty cycles, where most of Magnitude = 20 dB/Decade Bandwidth = 39.8kHz
the power loss in the FET is from the switching losses, Phase = 45°/Decade Phase Margin = 41°
trading off higher Rpgon, for lower gate capacitance will FIGURE 4. O
increase efficiency. . Open Loop Frequency Response
Vin =5V, Vour = 3.3V, gyt = 1.5A
95
ool - Hysteretic Mode
/ Vin =5V As the load current is decreased, the LM3477 will eventually
85 I enter a ’hysteretic’ mode of operation. When the load current
s L~ Vin = 12V drops below the hysteretic mode threshold, the output volt-
> 80 age rises slightly. The over voltage protection (OVP) com-
5 / parator senses this rise and causes the power MOSFET to
2 751 shut off. As the load pulls current out of the output capacitor,
. the output voltage drops until it hits the low threshold of the
70 OVP comparator and the part begins switching again. This
- behavior results in a lower frequency, higher peak-to-peak
output voltage ripple than with the normal pulse width modu-
60 lation scheme. The magnitude of the output voltage ripple is
0 05 1 1.5 2 25 determined by the OVP threshold levels, which are referred
Load (A) to the feedback voltage and are typically 1.25V to 1.31V (see
20016304 Electrical Characteristics table in the LM3477 datasheet). In
the case of a 3.3V output, this translates to a regulated
FIGURE 2. Efficiency vs Load output voltage between 3.27V and 3.43V. The hysteretic
Vour = 3.3V mode threshold point is a function of Rgy and Rg, . Figure 5
shows the Hysteretic Threshold vs. V,y for the LM3477
evaluation board with and without Rg, .
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Rs. is used here to change current limit for the sake of
simplicity and to demonstrate the dependence of current
limit to Rg,_. By changing Rg, to 0 ohm, the following condi-
tions may be met:

45V <V, <15V

Increasing Current Limit Vour = 3.3V

The Rg, resistor offers flexibility in choosing the ramp of the 0A < loyt < 3A

slope compensation. Slope compensation affects the mini- The current limit is a weak function of slope compensation
mum inductance for stability (see the Slope Compensation and a strong function of the sense resistor. By decreasing
section in the LM3477 datasheet), but also helps determine Rs., slope compensation is decreased, and as a result the
the current limit and hysteretic threshold. As an example, current limit increases. The hysteretic mode threshold will
Rs. can be disconnected and replaced by a 0 ohm resistor also increase to about 1A (see Figure 5).

so that no extra slopg compensation is adgeq to the current Given below is a bode plot of LM3477 open loop frequency
sense waveform to increase the current _I|m|t. A more con- response using the modified (Rg, = 0Q) components to
ventional way to adjust the current limit is to change Rgy. achieve higher output current capability.

Magnitude = 20 dB/Decade Bandwidth = 55.3kHz
Phase = 45°/Decade Phase Margin = 42°

5.
Layout Fundamentals 6.
Good layout for DC-DC converters can be implemented by
following a few simple design guidelines:

7.

1. Place the power components (catch diode, inductor, and
filter capacitors) close together. Make the traces be-
tween them short. 8.

2. Use wide traces between the power components and for
power connections to the DC-DC converter circuit.

3. Connect the ground pins of the input and output filter
capacitors and catch diode as close as possible using
generous component-side copper fil as a
pseudo-ground plane. Then, connect this to the
ground-plane with several vias.

4. Arrange the power components so that the switching
current loops curl in the same direction.
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FIGURE 6. Open Loop Frequency Response
Vin =5V, Vour =3.3V, Igyr = 3A

Route high-frequency power and ground return as direct
continuous parallel paths.

Separate noise sensitive traces, such as the voltage
feedback path, from noisy traces associated with the
power components.

Ensure a good low-impedance ground for the converter
IC.

Place the supporting components for the converter IC,
such as compensation, frequency selection and
charge-pump components, as close to the converter IC
as possible but away from noisy traces and the power
components. Make their connections to the Converter IC
and it's pseudo-ground plane as short as possible.
Place noise sensitive circuitry, such as radio-modem IF
blocks, away from the DC-DC converter, CMOS digital
blocks, and other noisy circuitry.

Downloaded from Elcodis.com electronic components distributor

www.national.com

€61L1-NV


http://elcodis.com/parts/838443/LM3477EVAL.html

Layout Fundamentals (continued)
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FIGURE 7. LM3477 Evaluation Board PCB Layout (Top Side)
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FIGURE 8. LM3477 Evaluation Board PCB Layout (Bottom Side)
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Notes

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant

2. A critical component is any component of a life
support device or system whose failure to perform

pieog uoljenjens LZyEINT

into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the

can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.

labeling, can be reasonably expected to result in a
significant injury to the user.
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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