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INTRODUCTION

This Technical Brief proposes a high-efficiency buck-
boost converter design which is implemented using the
simple 30V input MCP16311/2 synchronous step-down
switching regulator with a typical application depicted in
Figure 1. There are many buck-boost converter
designs available in the literature, but most of them
suffer from low-efficiency, which is mainly caused by
the utilization of four switches that operate alternately.
This application not only demonstrates that the
MCP16311/2 can be used in a step-down/step-up
converter, but also comprises a method of improving
the converter’s efficiency while enhancing the output
current capabilities in some conditions.

The proposed method consists in providing a buck-only
operation as shown in Figure 2. This is described in
detail in the Mode of Operation section.

The MCP16311/2 is a compact, high-efficiency, fixed
frequency, synchronous step-down DC-DC converter
in an 8-pin MSOP and 2 mm x 3 mm TDFN package
that operates from input voltage sources up to 30V.
Integrated features include a high-side and a low-side
switch, fixed frequency peak current mode control,
internal compensation, peak current limit and
overtemperature  protection. The MCP16311/2
provides all of the active functions for local DC-DC
conversion with fast transient response and accurate
regulation.

MCP16311/2 switching regulator's high-efficiency is
achieved by integrating the current-limited, low-
resistance, high-speed, high-side and low-side
switches and associated drive circuitry. The MCP16311
is capable of running in Pulse Frequency Modulation/
Pulse Width Modulation (PFM/PWM) mode. It switches
in PFM mode for light load conditions and for large
Buck conversion ratios. This results in a higher
efficiency over all load ranges. The MCP16312 runs in
PWM-only mode and is recommended for noise-
sensitive applications.

The MCP16311/2 device family can supply up to 1A of
continuous current while regulating the output voltage
from 2V to 12V. An integrated high-performance peak
current mode architecture keeps the output voltage

tightly regulated, even during input voltage steps and
output current transient conditions which are common
in power systems.

The EN input is used to turn the device on and off.
While off, only a few micro amps of current are drawn
from the input.

Output voltage is set with an external resistive divider.
The MCP16311/2 is offered in small MSOP-8 and
2 mm x 3 mm TDFN surface mount packages.

DEVICE FEATURES

* Up to 95% Efficiency

* Input Voltage Range: 4.4V to 30V

* 1A Output Current Capability

* Qualification: AEC-Q100 Rev. G, Grade 1 (-40°C
to +125°C)

* Integrated N-Channel High-Side and Low-Side
Switches:

- 170 mQ Low Side
- 300 mQ High Side
» Stable Reference Voltage: 0.8V
» Automatic PFM/PWM Operation (MCP16311):
- PFM Operation Disabled (MCP16312)
- PWM Operation: 500 kHz
* Low Device Shutdown Current: 3 pA typical

» Low Device Quiescent Current: 44 pA
(Non-switching, PFM Mode)

* Internal Compensation
* Internal Soft-Start: 300 ys (EN Low-to-High)
» Peak Current Mode Control
» Cycle-by-Cycle Peak Current Limit
» Undervoltage Lockout (UVLO)
- 4.1V typical to start
- 3.6V typical to stop
* Thermal Shutdown:
- +150°C
- +25°C Hysteresis
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FIGURE 1: MCP16311/2 Typical Step-Down (Buck) Application.
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FIGURE 2: MCP16311/2 High Efficiency Buck-Boost Converter Simplified Block Diagram.
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FIGURE 3: MCP16311/2 High Efficiency Buck-Boost Converter Simplified Schematic.
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MODE OF OPERATION

The proposed solution is a conventional noninverting
buck-boost converter which uses a single inductor
(Figure 3), and has an additional MOSFET (Q4) and an
additional diode (D4), compared to a classic inverting
buck-boost or a step-down converter. By turning the
internal high-side switch together with Q4 on and off
simultaneously, the converter operates in buck-boost
mode. The ideal waveforms of a noninverting buck-
boost converter operating in buck-boost mode and
Continuous Conduction Mode (CCM) are shown in
Figure 4.
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FIGURE 4: Noninverting Buck-Boost
Converter Waveforms in CCM.

With regard to the ratings, both the internal high-side
and low-side switches see a voltage stress of V |y, while
Q4 and D4 see a voltage stress of V1. The internal
high-side and low-side switches, together with Q4, D4
and L4 all see a current stress of Iy + Ioyt, with
inductor ripple current neglected. The relatively large
number of power devices and high-current stress in
buck-boost mode prevent the converter from being
efficient.

The proposed noninverting buck-boost converter is a
cascaded combination of a Buck converter followed by
a Boost converter, both sharing the same inductor. The
internal high-side switch and Q4 have identical gate-
control signals. In order to increase the converter
efficiency (Figure 5) and maximum output current
capabilities (Figure 6), a few additional components
are needed (Qp Qg and Uj) and represent a slight
increase in complexity. The mode of operation for the
proposed circuit is described in the following
paragraphs.

When the input voltage is greater than the output
voltage (VN > Vour), the output of the U3 comparator
goes from low to high and turns on Q, and Q3 switches,
in order to disable the Pulse-Width Modulation (PWM)
signal for the main switch of the Boost leg and to
bypass its rectifier (Schottky diode). As a result, Q4 and
D, are off and the circuit operates as a Buck converter.
The comparator (U3) has a hysteresis adjusted to
about 400 mV to avoid instability when the input
voltage is very close to the threshold value.
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NONINVERTING BUCK-BOOST
CONVERTER DESIGN STAGE

In order to calculate the noninverting buck-boost con-
verter application parameters and inductor's value for
Continuous Conduction Mode operation, Equations 1
to 5 can be used.

EQUATION 1: DUTY CYCLE

Vour ¥ Vp
VintVourtVp

EQUATION 2: MAXIMUM DUTY CYCLE

14 +V
D = our " 'p

max

Vi~mint Vour+ Vo

Note 1: Vprepresents the voltage drop on D4 diode

The duty cycle of the noninverting buck-boost
converter can be calculated using the equations above;
at minimum input voltage (V\ymin), the duty cycle has
the maximum value, while at maximum input voltage
(ViNnmax)- the duty cycle has the minimum value. For the
noninverting buck-boost converter, the DC current
flowing through L4 is the sum of the input current and
output current.

EQUATION 3: INDUCTOR RIPPLE
CURRENT

I, = Uy +Ioyp) Xk

Note 1: £ takes values between 0.2 t0 0.4

2: k represents a percentage of the inductor
current

The inductor ripple current represents a percentage of
the DC current; depending on the application, this per-
centage is usually chosen between 20% and 40%. The
higher the ripple (coefficient & is higher), the lower the
inductor value. Therefore, output current capabilities
will be lower, as the current ripple will reach the peak
current limitation sooner.

For lower k coefficient values, the inductance will be
higher; the output current will increase as the ripple will
decrease, requiring more load to hit the current limit. As
a result of higher output current, the power dissipation
of the device needs to be taken into consideration; the
converter may enter thermal shutdown before reaching
the peak current limit. Eventually, requirements of the
application will determine the acceptable inductor
current ripple range. However, because MCP16311/2
is a peak current mode control converter, it requires a
significant inductor current ripple, in order to provide
the best transient response. Usually, a £ =30% is a
good trade-off between output current capabilities and
dynamic response.

The inductor's peak current is dependent on the follow-
ing parameters, as shown in Equation 4:

» Converter's input current

« Converter's output current

» The inductor current ripple which is designed to
meet the application requirements

EQUATION 4: INDUCTOR PEAK CURRENT

ILp 4

Lpear = vt lour™

During the design phase, the efficiency of the converter
is estimated, in order to simplify all the calculations.
The real application results may differ to a small extent,
because they are influenced by the component/system
tolerances and accuracy of the estimated parameters.
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The value of the inductor can be calculated using
Equation 5.

EQUATION 5: INDUCTOR VALUE

VinxD
L = 2
Iy p xfsw

Note 1: [y represents the switching frequency

High Inductor Current Ripple

» Advantages:

- Lower inductor value required, lowering
application's necessary board space, thus
reducing overall costs

- Better dynamic response
» Drawbacks:
- Lower output current capabilities

- Increased EMI (electromagnetic
interference), therefore requiring additional
output filtering

Low Inductor Current Ripple
» Advantages:
- Higher output current capabilities
- Decreased EMI
* Drawbacks:
- Bigger inductor value/package (size)
One possible implementation of the proposed buck-

boost converter Printed Circuit Board (PCB) assembly
is shown in Figure 7.

o

P

FIGURE 7: MCP16311/2 High Efficiency
Buck-Boost Assembly.

CONCLUSIONS

When a step-down/step-up DC/DC converter solution
is needed for an application, some engineers might be
reluctant to choose the buck-boost topology, knowing
that it might have limited output current capabilities and
low efficiency. This technical brief proposes a solution
to overcome these problems, which is represented by
a noninverting buck-boost converter designed using
the MCP16311/2 synchronous step-down switching
regulator. With just a few additional components, (com-
pared to a typical noninverting buck-boost converter)
the overall efficiency, as well as the output current
capabilities are improved.
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High-Efficiency, Integrated Synchronous Switch
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