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General Description

The LM3351 is a CMOS charge-pump voltage converter
which efficiently provides a 3.3V to 5V step-up, or 5V to 3.3V
step-down. The LM3351 is pin for pin compatible with the
LM3350 but consumes 66% less quiescent current. The
LM3351 uses four small, low cost capacitors to provide the
voltage conversion. It eliminates the cost, size and radiated
EMI related to inductor based circuits, or the power loss of a
linear regulator. Operating power conversion efficiency
greater than 90% provides ideal performance for battery pow-
ered portable systems.

The architecture provides a fixed voltage conversion ratio of
3/2 or 2/3. Thus it can be used for other DC-DC conversions
as well.

LM3351

Switched Capacitor Voltage Converter
Features

Applic

OBSOLETE

September 22, 2011

Conversion of 3.3V to 5V, or 5V to 3.3V

200 kHz switch frequency allows use of very small,
inexpensive capacitors.

4.2Q typical step-up output impedance

1.8Q typical step-down output impedance

95% typical power conversion efficiency at 50 mA
250 nA typical shutdown current

No inductor required
Low quiescent currer
Small Mini S0O-¢ |
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Any mixed 5V 3.3V system

Laptop computers and PDAs
ndheld instrumentation
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LM3351

Connection Diagram

Mini SO8 Package

%
Capl+—1 8 — Enable
Capl-=—2 7 _Vhigh
Cap2+—3 6 — GND
Cap2-—4 ST Viow
10014603
Top View
Ordering Information
NSC Package . .
Order Number Package Type Drawing Package Marking | Supplied As
LM3351MMX Mini SO-8 MUAOS8A SO05A ) Units on Tape and Reel
LM3351MM Mini SO-8 MUAOSA S05 1000 Units on Tape and Reel
Pin Descriptions
Pin | Name Functior
1 Cap1+ [Positive terminal 1o irst charge pump
capacitor.
2 Cap1- [Negative ierminal for the first charge pump
capacitor.
3 Cap2+ |Positi ninai e second charge
pump cape
4 | Cap2- |Negative terrninal for the second charge
pu anaci
5 Y |In Step-Up mode, this will be the input
al. In Step-Down mode, this will be
the output terminal.
6 3nd | Ground
| In Step-Down mode, this will be the input
terminal. In Step-Up mode, this will be the
output terminal.
_|—Er.~ Sle | Active high CMOS logic level Enable Input.
Connect to Voltage Input terminal to
enable the IC. Connect to Ground (Pin 6)

to disable.

www.national.com
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Maximum Input Voltage, Step-Down

Maximum Input Voltage, Step-Up

Power Dissipation (Pp) (T,=25°C,

(Note 2))

Bj, (Note 2)

Tj Max (Note 2)
Storage Temperature

Lead Temperature (Soldering, 10 secs)

ESD Susceptibility (Note 3)
Not short circuit protected.

Electrical Characteristics
3/2 Step-Up Voltage Converter

Specifications in standard type face are for T,= 25°C, and those with boldface
range. Unless otherwise specified, V;, = 3.3V, Vg, p1e = 3.3V, ljg5q = 50 MA, (

Operating Conditions (note 1)

Ambient Temperature Range —40°C to + 85°C

5.5V
3.65V
500 mW

250°C/W

150°C

-65°C to +150°C
260°C

2kV

pe apply ‘ull operating temperature
Ci,and C, ;=1 pF.

Symbol Parameter Conditions | TI'y;. 2 4) Limits (Note 5) Units
Vout,, Output Voltage atNo ~ [l,,,q=0A 5.0 Vv
Load
Vout,, Output Voltage at 50 [l ,,,q = 50 mA 47 Vv
mA
Vi, Input Supply Voltage 3.3 \Y
Range 2.5 V(Min)
3.65 V(Max)
lo1 Quiescent Current Shutdown Mode, Vi ., = 0V, =_OA; 0.025 pA
Current into pin V,,, 3 pA(Max)
lg2 Quiescent Current Normal Mode, |, .4 =0 Linto pin 1.1 mA
Viow 1.5 mA(Max)
Zout Output Source loag = 50 M/ - 4.2 Q
Impedance 6.25 Q (Max)
faw Switching Frequency (Note 6) 200 kHz
125 kHz(Min)
275 kHz(Max)
Venae | Enable Threshold N 17 v
Voltage 1.0 V(Min)
2.5 V(Max)
Ienable Leakage Current Urrent into ENABLE pin; ENABLE = 5V 0.025 pA
and all other pins at ground 1 pA(Max)
Py Power Efficiency 95 %
3 www.national.com
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Electrical Characteristics
2/3 Step-Down Voltage Converter
Specifications in standard type face are for T; = 25°C, and those with boldface type apply over full operating temperature
range. Unless otherwise specified, Vg, = 5V, Venape = 5V, ligag = 50 MA, C;, Cy, Gy and Gy = 1 pF.
Symbol Parameter Conditions Typ (Note 4) Limits (Note 5) Units
Vout,, Output Voltage atNo [l ,;,q=0A 3.3 \
Load
Vout, Output Voltage at 50 | l,,,4 =50 mA 3.2 \Y
mA
Vin Input Supply Voltage 5 \Y
Range 2.2 V(Min)
5.5 V(Max)
lq1 Quiescent Current Shutdown Mode, Vg pe = OV, l5aq=0 A; 0.25 pA
Current into pin Vhigh 3 pA(Max)
lqo Quiescent Current Normal Mode, |,,,4 = OA; Current into pin 4 mA
Vhigh 1.0 mA(Max)
Zowt Output Source loag = 50 MA 1.8 Q
Impedance 3 Q (Max)
fow Switching Frequency [ (Note 6) ’ 2 kHz
125 kHz(Min)
275 kHz(Max)
Venavie | Enable Threshold 1.7 \
Voltage | 1.0 V(Min)
B 2.5 V(Max)
Ienable Leakage Current Current into ENABLE pin; ENABL 0.025 pA
and all other pins at groun 1 pA(Max)
Py Power Efficiency 95 %
Note 1: Absolute maximum ratings indicate limits beyond which dari vice may occur. Operating ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific periormance limite guaranteed specifications and test conditions, see Electrical Characteristics. The
guaranteed specifications apply only for the test conditions listed > performance characteristics may degrade when the device is not operated under the
listed test conditions.
Note 2: For operation at elevated temperatures, LM3351 riiust be derated based on package thermal resistance of eia and Tj max, Ti =T+ SjaPD.
Note 3: The human body model is a 100 pF car scharged ugh a 1.5 kW resistor into each pin.
Note 4: Typical numbers are at 25°C and represent t kely parametric norm.
Note 5: Limits are 100% production tested at iits over the operating temperature range are guaranteed through correlation using Statistical Quality
Control (SQC) methods. The limits are used to c¢ > National's Averaging Outgoing Quality Level (AOQL).
Note 6: The internal oscillator runs at the ou vitches operate at one eighth of the oscillator frequency, fogs = 8fgyy.
www.national.com 4
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Typical Performance Characteristics

Vout VS lioaq (Step-Up) Py, VS l,554 (Step-Up)
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Detailed Operation

OPERATING PRINCIPLE

The LM3351 is a charge-pump voltage converter that pro-
vides a voltage conversion ratio of 3/2 in step-up mode and a
conversion ratio of 2/3 in the step-down mode. Thus it can be
used in the step-down mode to provide a 3.3V output from a
regulated 5V input or in the step-up mode to provide a 5V
output from a regulated 3.3V input. Other values of input volt-
ages can be used as long as they are within the limits.

The LM3351 contains an array of CMOS switches which are
operated in a certain sequence to provide the step-up or step-
down of the input supply. An internal RC oscillator provides
the timing signals.

Energy transfer and storage are provided by four inexpensive
ceramic capacitors. The selection of these capacitors is ex-
plained in the Capacitor Selection section under Application
Information.

STEP-UP APPLICATIONS NEED AN EXTRA DIODE

The LM3351 is biased from pin Vhigh. Thus for step-up appli-
cations, an external Schottky diode (D1) is needed to supply
power to Vy;, during startup (See Figure 7). Note that during
shutdown, this diode will provide a DC path from V;, to V.
The load may therefore continue to draw current from the in-
put voltage source. This Schottky diode is not required for
step-down applications (See Figure 2).

SHUTDOWN MODE

When ENABLE is a logic low (ground), the LM3351 enters a
low power shutdown mode. In this mode, all circuitry is dis-
abled and therefore, all switching action stops. During st
down, the current consumption drops to 250 nA (typicai.

5.0V for step-down mode), the LM3351 returns to normal op-
eration.

Application Information

CAPACITOR SELECTION

The LM3351 requires four capacitors: an input bypass ca-
pacitor (connected between V,, and ground), an output hold
capacitor (connected between V_, and ground), and two
sampling capacitors (C1 and C2 in Figures 1, 2). 1.0 pF
(x20%) ceramic chip type capacitors are recommended for all
four capacitors. The usable operating frequency should be
greater than 5 MHz for all capacitors.

The output hold capacitor value determines the output ripple.
Increasing the value of the hold capacitor decreases the rip-
ple. The value of this capacitor (C, ) can be calculated (ap-
proximately) based on the output ripple (AV,,) requirements
from:

~lLoan
AVour fo
where | 4 is Ul 1d current and fy, is the oscillator frequen-
cy.
In order to ensure superior performance over the entire op-

€ mperature range, capacitors made of X7R dielectric
maie re suggested. However, capacitors made of other
dielectil lerials that still meet the +20% specification over

the entire iemperature range can also be used.

ECAUTIONS
The LM3351 is not short circuit protected.

+ > Vo = 5V
1.our|1ov out

¢

ouT =T~ .

1.0 uﬂlo\/J_ BAT54
Cin T =

When ENABLE is a logic high, (i.e. 3.3V for step-up mode and
Typical Application Circuits
T - 7 ]
= Cap1+ \ Enable
| 1.0 pf
C1 )
|1(‘ 20
Cap1- vhigh
3 )
C o Cap2+ GND
- |1ov
Cap2- Viow
LM3351

|—. Vi = 3.3V

10014612

FIGURE 1. Step-Up Converter
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U1

1
Capl+
[Coer |°F

10V

C1

Z Cap1-

3
Cap2+
[oar |°F
Tov
—l__4 Cap2-

Enable Vyy = 5V
v, . J
high 1.0 uF|10\/
T
GND
1.0 uFf1ov ]
COUTT =
Viow A > Vour = 3.3V

LM3351

10014613

FIGURE 2. Step-Down Converter

Layout Information

LAYOUT CONSIDERATIONS

The LM3351's high switching frequency (200 kHz) makes a
good layout important. Figure 3 illustrates a typical layout. It
is important to keep the distance short between the four ca-
pacitors and the IC. Wide traces and grounding are also
recommended. These steps will minimize trace inductance

and high frequency ringing. Of the four capacitors, C and
Cour have the highest value of di/dt. It is therefore most im-
portant to keep them close to the IC. The ground lead that
Cy and Cq ;¢ share should also be kept wide and short.

The location of the aiode (D1) used in the step-up configura-
tion is not critical. This diode is only used during the initial turn
on of the IC. D1 is not needed in step-down applications.

www.national.com
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B. Actual Size of the Layout

10014614

A. Copper side (5X)

GND Enable Connect to !

— Connect to GND

— Vout

— GND

10014616
C.C side with Component Locations (5X)

FIGURE 3. Typical Layout
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Notes

For more National Semiconductor product information and proven design tools, visit the following Web sites at:
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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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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using Tl components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any T patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity
Tl E2E Community Home Page e2e.ti.com
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