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Bill of Materials
Component Value Package Dimensions Temperature | Manufacturer Part #
Symbol [U.S. (Metric)] (mm) Characteristic
LM2772 - LLP-10 3.0x3.0x0.8 - National LM2772SDX
Non-Pullback
Cn 1pF, 10V 0402 (1005) 1x05x0.6 X5R TDK C1005X5R1A105K
Cout 4.7yF, 6.3V 0603 (1608) 1.6x0.8x0.8 X5R TDK C1608X5R0J475K
C,,C, C4 1uF, 10V 0402 (1005) 1x0.5x0.6 X5R TDK C1005X5R1A105K
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FIGURE 1. Top Layer
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FIGURE 2. Bottom Layer (top view, unmirrored)
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Board Operation

BASIC CONNECTIONS

To operate the LM2772 evaluation board, connect a supply
voltage (2.7V-5.5V) to the board connectors Vin and GND.
Connecting the EN header's center pin to ON position (V)
enables the device, and connecting it to OFF position (GND)
disables the device.

CIRCUIT DESCRIPTION

The core of the LM2772 is a two-phase charge pump con-
trolled by an internally generated non-overlapping clock. The
charge pump operates by using external flying capacitors
(C4, C,, Cy) to transfer charge from the input to the output. At
input voltages below 3.5V (typ.) the LM2772 operates in a
1/2x Gain, with the input current being equal to half the load
current. At input voltages between 3.5V to 4.6V (typ.) the part
utilizes a gain of 2/5x, with the input current equal to 2/5 the
load current. At input voltages above 4.6V (typ.) the part is in
a gain of 1/3x, resulting in an input current equal to 1/3 the
load current.

The two phases of the switched capacitor switching cycle will
be referred to as the "charge phase" and the "discharge
phase". During the charge phase, flying capacitors are

charged by the input supply. After half of the switching cycle
[t=1/(2xFgy) ], the LM2772 switches to the discharge phase.
In this configuration, the charge that was stored on the flying
capacitors in the charge phase is transferred to the output.

The LM2772 uses fixed frequency pre-regulation to regulate
the output voltage to 1.2V during moderate to high load cur-
rents. The input and output connections of the flying capaci-
tors are made with internal MOS switches. Pre-regulation
limits the gate drive of the MOS switch connected between
the voltage input and the flying capacitors. Controlling the on
resistance of this switch limits the amount of charge trans-
ferred into and out of the flying capacitor during the charge
and discharge phases, and in turn helps to keep the output
ripple very low.

When output currents are low (<40mA typ.), the LM2772 au-
tomatically switches to a low-ripple Pulse Frequency Modu-
lation (PFM) form of regulation. In PFM mode, the flying
capacitors stay in the discharge phase until the output voltage
drops below a predetermined trip point. When this occurs, the
flying capacitors switch back to the charge phase. After being
charged, the flying capacitors repeat the process of staying
in the discharge phase and switching to the charge phase
when necessary.
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Notes

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.

EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

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

Life support devices or systems are devices which (a) are intended for surgical implant 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 labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.
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