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Use of NCP81172 for
Extended Output Voltage
Range

Introduction
The NCP81172 is a general−purpose two−phase

synchronous buck controller, which has a typical application
circuit as shown in Figure 1 if PWM−VID function is not
employed. In Figure 1, the voltage VREFIN at REFIN pin is
the reference voltage for regulation of output voltage VOUT,
i.e. VOUT = VREFIN. VREFIN is always lower than the
voltage VREF having a typical value of 2 V. As a result of

that, VOUT cannot be higher than 2 V. To support
applications with extended output voltage range, an
application solution is illustrated in this application note.

Figure 1. Typical Application Circuit for VOUT < 2 V
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Solution Description
Figure 2 shows a proposed solution for extended output

voltage range. The major difference from the solution of
Figure 1 is that an additional resistor RFB2 is applied
between FB pin and FBRTN pin, which boosts output
voltage to be higher than the voltage set at REFIN pin.

In steady−state operation, the voltage difference between
REFIN and GND is equal to the voltage difference between
FB and FBRTN. Hence, the output voltage VOUT is given by

VOUT � VREFIN �
RFB1 � RFB2

RFB2 (eq. 1)

where the REFIN voltage VREFIN is set by the resistor
divider at REFIN pin:

VREFIN � VVREF �
RVREF2

RVREF1 � RVREF2 (eq. 2)
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Figure 2. Application Circuit for Extended Output Voltage Range
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One thing needs to mention, the NCP81172 is not
designed for 2−phase applications in which conversion ratio
VOUT/VIN is over 0.45. In another word, VIN has to be
higher than about 2.3 times of VOUT in 2−phase mode to
assure stable operation. However, the 1−phase operation
does not have this limitation.

Design Guideline

1. REFIN Voltage Programming

The NCP81172 has an output over voltage protection
function, which is based on voltage detection at FB pin. The
over voltage threshold is equal to VREF having a typical
value of 2 V. The maximum acceptable REFIN voltage can
be defined by a predetermined over voltage threshold KOV,
e.g. 130%.

VREFIN �
VVREF

KOV (eq. 3)

Select resistance values for RVREF1 and RVREF2 to get the
appropriate REFIN voltage, and make the total resistance
value of the two resistors in a range from 5 k� to 50 k�.

2. Output Voltage Programming

After REFIN voltage is defined, the output voltage
programming can be done by designing the feedback divider
comprised of RFB1 and RFB2. Usually RFB1 is arbitrarily
selected in a range from 1 k� to 50 k�, and then RFB2 can
be obtained by

RFB2 � RFB1 �
VREFIN

VOUT � VREFIN (eq. 4)

3. Switching Frequency Programming

Switching frequency of the NCP81172 is programmed by
a resistor RFS applied from FS pin to ground. The typical
switching frequency range is from 200 kHz to 800 kHz.
Figure 3 shows a measurement based on a typical
application under a condition of VIN = 12 V,
VOUT = VREFIN = 1.0 V, IOUT = 20 A for PS0 mode
operation (2−phase) and IOUT = 10 A for PS1 mode
operation (1−phase).
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Figure 3. Switching Frequency Programmed by RFS under Condition of VOUT = VREFIN = 1.0 V

The PWM control of the NCP81172, ramp pulse
modulation (RPM), is one kind of ripple regulators. The
three major determinant factors for the average PWM on
time are input supply voltage VIN, REFIN voltage VREFIN,
and frequency programming resistor RFS. The NCP81172
has a built−in VIN feedforward function in internal ramp
signal in order to reduce frequency variation caused by
variable supply voltage, and it is not a concern in this
application note. In applications with VOUT = VREFIN,
PWM on time is proportional to VOUT such that frequency
maintains quasi constant when VOUT changes if RFS is fixed.
Due to this reason, Figure 3 can be used as a frequency

programming reference for applications with
VOUT = VREFIN.

However, situation changes in applications where VOUT
regulation level is higher than VREFIN level, i.e.
VOUT > VREFIN. The PWM on time does not change much
over VOUT level programming by means of adjusting RFB
at FB pin without any change in either RFS or VREFIN,
therefore, the higher VOUT level the higher switching
frequency. Figure 4 shows an exemplary measurement
under a condition of VREFIN = 1.0 V, RFS = 62 k�, and VOUT
changing from 1.0 V to 3.3 V by adjusting RFB.
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Figure 4. Switching Frequency Changes with VOUT Programming under Condition of
VREFIN = 1.0 V and RFS = 62 k�

To provide a guide for frequency programming in
applications with VOUT > VREFIN, the switching frequency
in PS0 mode operation (2−phase) can be estimated by

FSW(kHz) � 6500 � RFS(k�)
�0.7

� � VOUT

VREFIN

�
0.5

(eq. 5)

and the switching frequency in PS1 mode operation
(1−phase) can be estimated by

FSW(kHz) � 8500 � RFS(k�)
�0.77

� � VOUT

VREFIN

�
0.83

(eq. 6)

ON Semiconductor and the         are registered trademarks of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States and/or other countries.
SCILLC owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of SCILLC’s product/patent coverage may be accessed
at www.onsemi.com/site/pdf/Patent−Marking.pdf.  SCILLC reserves the right to make changes without further notice to any products herein.  SCILLC makes no warranty, representation
or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and
specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.  “Typical” parameters which may be provided in SCILLC data sheets
and/or specifications can and do vary in different applications and actual performance may vary over time.  All operating parameters, including “Typicals” must be validated for each
customer application by customer’s technical experts.  SCILLC does not convey any license under its patent rights nor the rights of others.  SCILLC products are not designed, intended,
or authorized for use as components in systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which
the failure of the SCILLC product could create a situation where personal injury or death may occur.  Should Buyer purchase or use SCILLC products for any such unintended or
unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim
alleges that SCILLC was negligent regarding the design or manufacture of the part.  SCILLC is an Equal Opportunity/Affirmative Action Employer.  This literature is subject to all applicable
copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION
N. American Technical Support: 800−282−9855 Toll Free
USA/Canada

Europe, Middle East and Africa Technical Support:
Phone: 421 33 790 2910

Japan Customer Focus Center
Phone: 81−3−5817−1050

AND9178/D

LITERATURE FULFILLMENT:
Literature Distribution Center for ON Semiconductor
P.O. Box 5163, Denver, Colorado 80217 USA
Phone: 303−675−2175 or 800−344−3860 Toll Free USA/Canada
Fax: 303−675−2176 or 800−344−3867 Toll Free USA/Canada
Email: orderlit@onsemi.com

ON Semiconductor Website: www.onsemi.com

Order Literature: http://www.onsemi.com/orderlit

For additional information, please contact your local
Sales Representative

http://www.onsemi.com/site/pdf/Patent-Marking.pdf

