
The NCV891930 is a 2 MHz fixed−frequency low quiescent current
buck controller with spread spectrum that operates up to 38 V
(typical). It may be synchronized to a clock or to separate
NCV891930. Peak current mode control is employed for fast transient
response and tight regulation over wide input voltage and output load
ranges. Feedback compensation is internal to the device, permitting
design simplification. The NCV891930 is capable of converting from
an automotive input voltage range of 3.5 V (4.5 V during startup) to
18 V at a constant base switching frequency above the sensitive AM
band, eliminating the need for costly filters and EMI countermeasures.
The switching frequency folds back to 1 MHz for input voltages
between 20 V up to 38 V (typical). Under load dump conditions up to
45 V the regulator shuts down. A high voltage bias regulator with
automatic switchover to an external 5 V bias supply is used for
improved efficiency. Several protection features such as UVLO,
current limit, short circuit protection, and thermal shutdown are
provided. High switching frequency produces low output voltage
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Figure 3. Simplified Block Diagram
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PIN FUNCTION DESCRIPTION

Pin No.
QFN24 Pin Name Description

1 V_CS Supply input for the internal current sense amplifier. Not intended for external use. Application
board requires a 0.1 �F decoupling capacitor located next to IC referenced to quiet GND

2 CSP Differential current sense amplifier non inverting input

3 CSN Differential current sense amplifier inverting input

4
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MAXIMUM RATINGS (Voltages with respect to GND unless otherwise indicated)

Rating Symbol Value Unit

DC Supply Voltage (Note 2) EN, VIN, V_CS 0.3 to 45 V

Pin Voltage 
t ≤ 50ns

VSW 0.3 to 40
2

V

Pin Voltage GH,BST 0.3 to 45
0.3 to 7 V with respect to

VSW

V

Pin Voltage CSN, CSP, VOUT 0.3 to 10 V

Pin Voltage VDRV, GL,
VCCEXT

0.3 to 7 V

Pin Voltage RSTB 0.3 to 6 V

Pin Voltage DBIAS, ROSC,
SSC, SYNCO,
V_SO, VSEL

0.3 to 3.6 V

Operating Junction Temperature TJ(max) 40 to 150 °C

Storage Temperature Range TSTG 65 to 150 °C
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ELECTRICAL CHARACTERISTICS (VEN = VBAT = VIN = 4.5 V to 37 V, VBST = VSW + (VDRV – 0.5V), CBST = 0.1 �F, CDRV = 1 �F.
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ELECTRICAL CHARACTERISTICS (VEN = VBAT = VIN = 4.5 V to 37 V, VBST = VSW + (VDRV – 0.5V), CBST = 0.1 �F, CDRV = 1 �F.
Min/Max values are valid for the temperature range 40oC < TJ < 150°C unless noted otherwise, and are guaranteed by test, design or
statistical correlation.

Parameter UnitMaxTypMinSymbolTest Conditions

VSEL

VSEL input high threshold
 voltage

VHVSEL 2.0 3.3 V

VSEL pin input current VSEL = DBIAS VI,SEL 0.25 0.37 �A

RESET

Reset threshold 1 

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV891930-D&tdt=Datasheet


NCV891930

www.onsemi.com
8

ELECTRICAL CHARACTERISTICS (VEN = VBAT = VIN = 4.5 V to 37 V, VBST = VSW + (VDRV – 0.5V), CBST = 0.1 �F, CDRV = 1 �F.
Min/Max values are valid for the temperature range 40oC < TJ < 150°C unless noted otherwise, and are guaranteed by test, design or
statistical correlation.

Parameter UnitMaxTypMinSymbolTest Conditions

SYNCHRONIZATION

SYNCO Logic Low ISYNCO = 2 mA sink current V
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Figure 10. VREF vs Temperature
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Figure 11. Oscillator Frequency vs Temperature
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Table 2. MW891930MW01R2G VALUE RECOMMENDATIONS

Output
Current

(A) MOSFET

3.65 V Option 4 V Option

Inductor
Value

(�H)

Current
Sense 

Resistor
(Ω)

Output 
Capacitance

(ceramic) (�F)

Inductor
Value

(�H)

Current
Sense 

Resistor
(Ω)

Output 
Capacitance

(Ceramic)
(�F)

2 NVTFS5C478NL 2.2 0.028 80 2.2 0.028 70

NVMFD5C470NL

3 NVTFS5C478NL 1.5 0.018 110 1.5 0.018 100

NVMFD5C470NL

4 NVTFS5C478NL 1.0 0.0135 150 1.2 0.0135 130

5 NVMFS5C468NL 0.80 0.011 190 1.0 0.011 170

6 NVMFS5C468NL 0.80 0.009 220 0.8 0.009 200

Input Voltage
An undervoltage lockout (UVLO) circuit monitors the

input and can inhibit switching and reset the soft−start
circuit if there is insufficient voltage for proper regulation.
Depending on the output conditions (voltage option and
loading), the NCV891930 may lose regulation and run in
drop−out mode before reaching the UVLO threshold. When
the input voltage is sufficiently low so that the part cannot
regulate due to maximum duty cycle limitation, the
high−side MOSFET can be kept on continuously for up to
32 clock cycles (16 μs), to help lower the minimum voltage
at which the controller loses regulation.

An overvoltage monitoring circuit automatically
terminates switching and disables the output if the input
exceeds 37 V (minimum). However, the NCV891930 can
withstand input voltages up to 45 V.

GL has a ~140 ns minimum pulse width requirement when
VIN < VIN_LOW. Depending on the duty ratio requirement

resulting from VIN, output voltage and operating losses, one
or more GH turn−off may be skipped to maintain output
regulation. Despite the default 2 MHz operating frequency,
this skipped pulse will result in the power stage exhibiting
a switching frequency of 1 MHz or less.

To avoid skipping switching pulses and entering an
uncontrolled mode of operation, the switching frequency is
reduced by a factor of 2 when input voltage exceeds the VIN
frequency foldback threshold (see Figure 18 below).
Frequency reduction is automatically terminated when the
input voltage drops back to below the VIN frequency
voltage foldback threshold. This also helps limit the
MOSFET switching power losses and reduce losses for
generating the drive voltage for the Power Switches at high
input voltage. Above the frequency foldback threshold,
improved efficiency may be expected due to the lower
switching frequency.

Figure 18. NCV891930 Worst−Case Switching Frequency Profile vs Input Voltage

3.2 18 20 39 VIN (V)
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2
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Output Voltage
The output may be programmed to VSEL_LO when

VSEL is ground referenced.
When VSEL is connected to DBIAS via an optional 10 k�

resistor, the output voltage is programmed to VSEL_HI.
The output voltage setting option must be selected prior to

enabling the IC via the EN pin. The voltage setting option
will be latched prior to initiation of soft−start. The voltage
option latch will be reset whenever the EN pin is toggled or
during a UVLO event.

IC−VIN
A 1 �F decoupling capacitor is recommended between

IC−VIN and ground. PCAg capaj
-33..45acitor is reco011 Tc
.1077 Tw
(A 1 )Tj
/F3 6.6.01para8 Tw
thisTj
2.7.52m
..9766 0 TD
9 Tc
.0011 T
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Soft−Start
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STATE DIAGRAM
Figures 21 and 22 and illustrate the state diagram for the NCV891930.
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Spectrum, and ROSC

Functionality still

Disabled
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TJ < TSD – TSH,HYS,

Vuv < VIN < Vov

EN = LOW*
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Figure 21. NCV891930 State Diagram
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Figure 22. NCV891930 State Diagram – Dependent Switching Logic
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Peak Current Mode Control
The NCV891930 incorporates a current mode control

scheme, in which the PWM ramp signal is derived from the
power switch current. This ramp signal is compared to the
output of the error amplifier to control the on�time of the
power switch. The oscillator is used as the frequency clock
to ensure a PWM switching operation. The resulting control
scheme features several advantages over conventional
voltage mode control. First, derived directly from the
inductor, the ramp signal responds immediately to line
voltage transients. This eliminates the delay caused by the
output filter and the error amplifier, which is commonly
found in voltage mode controllers. The second benefit
comes from inherent pulse�by�pulse current limiting by
merely clamping the peak switching current. Finally, since
current mode commands an output current rather than
voltage, the filter offers only a single pole to the feedback
loop. This permits simpler internal compensation.

A fixed slope compensation signal is generated internally
and added to the sensed current to avoid increased output
voltage ripple due to bifurcation of inductor ripple current
at duty cycles above 50%. The fixed amplitude of the slope
compensation signal requires the inductor to be less than a
maximum value, depending on output voltage, in order to
avoid sub−harmonic oscillations. Recommended inductor
values are described in Table 2. Other values may be
possible.

Current Sensing (CSP−CSN):
V_CS is derived from VIN. It is a supply input for the

internal current sense amplifier and should never be used to
power external circuitry. The V_CS ceramic decoupling
capacitor a minimum of 50 V voltage rating.

Kelvin connections to current sense resistor (RSNS) are
required. CSP−CSN feedback nodes must not be in−line
with the power path. An example of a good design practice
is to connect the sense lines at the center of the inside edge
of the sense resistors (Figure 23).

Figure 23. Kelvin Sense Location for Parallel Current
Sense Resistors

As a result of the IC’s CSP−CSN high input impedance,
noise reduction measures should be used for effective noise
immunity from the current sense feedback traces.
• Current sense resistors have a small inherent parasitic

inductance that will result in a small voltage excursion
equaling LRSNS⋅�IL/�t distortion superimposed on the
triangular current sense waveform. The differential
noise resulting from such a distortion can be minimized
with the use of parallel sense resistors. The amplitude
of such a distortion is difficult to predict (data not

noisk traNS

•
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CSN pin sources a bias current of amplitude IBIAS,CSN.
RSF2 will create a voltage offset on the CSP−CSN
differential current sense current. This offset may be taken
into account using the following current CSP−CSN current
sense expression.

IL_PEAK �
VCSP_CSN

RSNS
�

VRSNS � RSF2⋅IBIAS_CSN

RSNS
(eq. 1)
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Figure 30. Simplified Block Diagram
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SYNC Feature
V_SO is a supply voltage strictly intended for the SYNCO

output driver and should never be used to power external
circuitry. The V_SO ceramic decoupling capacitor a
minimum of 5 V voltage rating. Ground this pin if not used.

An external pulldown resistor is recommended at the
SYNCI pin if the function is unused. The SYNCO pulse may
be used to synchronize other NCV891930 ICs. If a part does
not have its switching frequency controlled by the SYNCI
input, the part will operate at the oscillator frequency. A
rising edge of the SYNCI pulse causes an NCV891930 to
send a GH pulse. If another rising edge does not arrive at the
SYNCI pin, the NCV891930 oscillator will take control
after the master reassertion time delay which may last up to
3 clock cycles if SYNCI is stopped at logic−low level, up to
4 cycles if SYNCI is stopped at logic−high level. During the
master reassertion time, GH will be off and GL will be
active−high (i.e. switch node tied to ground). As a result,
SYNCI operating mode change is not advised.

After soft−start event, SYNCO becomes active when SSC
voltage > 1.075 V. VHSYNCI requires about 2 V headroom
from VIN to for its rated amplitude. Amplitude will be
reduced when VIN is below approximately 5 V.

During pulse−skip mode, the oscillator enters sleep mode
for low IQ operation power management and SYNCO is
inactive. SYNCO functionality resumes when the IC exits
pulse−skip mode.

When active, SYNC0 is in phase with SYNCI (Figure 31).
Rise/fall edge waveforms have a typical 10 ns delay relative
to corresponding SYNCI waveform edges.

SYNCO will be a fixed frequency 2 MHz signal under
normal voltage when part is in current limit and VOUT
drops by 7.5% (KUVFAL). The VOUT pin sinks 0 mA under
typical conditions when the SYNCI pin is logic−low. The
VOUT pin sinks 1 mA when any of the following conditions
are present:
• SYNCI = logic−high

• SYNCI is driven by an external clock

• VIN < VIN_low threshold

• VIN > frequency foldback threshold voltage

Figure 31. SYNCO Behaviour

Ch 1: SYNCI (2 V/div) Ch 3: GH (10 V/div)
Ch 2: SYNCO (5 V/div) Ch 4: GL (5 V/div)

Diode−Emulation Mode
Diode−emulation mode is active when SYNCI is either

open or grounded. A comparator in the current sense block
detects the CSP−CSN voltage transition from a positive
voltage (positive inductor current) to 0 V (0 A inductor
current). When 0 A is detected, the bottom GL signal turns
off the low side MOSFET to prevent negative inductor
current.

Pulse−Skip Mode
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Spread Spectrum
In SMPS devices, switching translates to higher

efficiency. As a consequence, the switching also leads to a
higher EMI profile. We can greatly reduce some of the peak

radiated emissions with some spread spectrum techniques.
Spread spectrum is a method used to reduce the peak
electromagnetic emissions of a switching regulator.

fc 9fc7fc5fc3fc

fc 9fc7fc5fc3fct

t

V

V

Time Domain Frequency Domain

Unmodulated

Modulated

Figure 34. Spread Spectrum Comparison

The NCV891930 has spread spectrum functionality for
reduced peak radiated emissions. This IC uses a
pseudo−random generator to set the oscillator frequency to
one of 8 discrete frequency bins. Each digital bin represents
a shift in frequency by 40 kHz over the range 2.0 MHz to

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV891930-D&tdt=Datasheet


NCV891930

www.

http://www.������Ƶ.com/
/support/technical-document-feedback/?tdid=NCV891930-D&tdt=Datasheet


NCV891930

www.onsemi.com
28

APPLICATIONS INFORMATION

Design Methodology

Choosing external components encompasses the following
design process:

1. Operational parameter definition
2. Switching frequency selection (ROSC)
3. Output inductor selection
4. Current sense resistor selection
5. Output capacitor selection
6. Input capacitor selection
7. Thermal considerations

(1) Operational Parameter Definition
Before proceeding with the rest of the design, certain

operational parameters must be defined. These are
application dependent and include the following:

VIN: input voltage, range from minimum to
maximum with a typical value [V]
VOUT: output voltage [V]
IOUT: output current, range from minimum to
maximum with initial start−up value [A]
ICL: desired typical current limit [A]

A number of basic calculations must be performed
up−front to use in the design process, as follows:

DMIN �
VOUT

VIN(MAX)
(eq. 5)

D �
VOUT

VIN(TYP)
(eq. 6)

DMAX �
VOUT

VIN(MIN)
(eq. 7)

where: DMIN: minimum duty cycle (ideal) [%]
VIN(MAX): maximum input voltage [V]
D: typical duty cycle (ideal) [%]
VIN(TYP): typical input voltage [V]
DMAX: maximum duty cycle (ideal) [%]
VIN(MAX): minimum input voltage [V]

These are ideal duty cycle expressions; actual duty cycles
will be marginally higher than these values. Actual duty
cycles are dependent on load due to voltage drops in the
MOSFETs, inductor and current sense resistor.

(2) Switching Frequency Selection (ROSC)
Selecting the switching frequency is a trade−off between

component size and power losses. Operation at higher
switching frequencies allows the use of smaller inductor and
capacitor values to achieve the same inductor current ripple
and output voltage ripple. However, increasing the
frequency increases the switching losses of the MOSFETs,
leading to decreased efficiency, especially noticeable at light
loads.

Typically, the switching frequency is selected to avoid
interfering with signals of known frequencies. Often, in this

case, the frequency can be programmed to a lower value
with ROSC and then a higher−frequency signal can be
applied to the SYNC pin to increase the frequency
dynamically to avoid given frequencies. A spread spectrum
signal could also be used for the SYNC input, as long as the
lowest frequency in the range is above the programmed
frequency set by ROSC. Additionally, the highest SYNC
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load transients, impacting incremental dynamic response.
While the inductor is slewing current during this time,
output capacitors must supply the load current. Therefore,
decreasing the inductance allows for less output capacitance
to hold the output voltage up during a load transient.

A ripple current �IL equaling 20−40% of the output rated
current is a typical objective when selecting an inductor
value for a duty ratio D normally selected at the nominal
input operating voltage. The inductor value may be
calculated using the following expression:

L �
VOUT⋅(1 � D)

�IL⋅fs
(eq. 12)

Inductor saturation current is specified by inductor
manufacturers as the current at which the inductance value
has dropped a certain percentage from the nominal value,
typically 10−30%. It is recommended to choose an inductor
with saturation current sufficiently higher than the peak
output current, such that the inductance is very close to the
nominal value at the peak output current. This introduces a
safety factor and allows for more optimized compensation.

Inductor efficiency is another consideration when
selecting an output inductor. Inductor losses include DC and
AC winding losses as well as core losses. Core losses are
proportional to the amplitude of the ripple current and
operating frequency.

AC winding losses are based on the AC resistance of the
winding and the RMS ripple current through the inductor,
which is much lower than the DC current. AC winding losses
are due to skin and proximity effects and are typically much
less than the DC losses, but increase with frequency. The DC
winding losses in the inductor can be calculated with the
following equation:

PL(DC) � IOUT
2⋅RDC (eq. 13)

where: PL(DC) : DC winding losses in the output inductor
RDC: DC resistance of the output inductor (DCR)

(4) Current Sense Resistor Selection
Current sensing for peak current mode control relies on

the amplitude of the inductor current. The current is
translated into a voltage via a current sense resistor placed
in series with the output inductor located between the output
inductor and capacitors. The resulting voltage is then
measured differentially by a current sense amplifier,
generating a single−ended output to use as a control signal.
If a current sense �−filter is implemented as in Figure 24, the
following expression may be used to determine the current
sense resistor value.

Ri �
VPCL,N � RSF2⋅ICSN
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During soft−start, the inductor current must provide current
to the load as well as current to charge the output capacitor.
The current limit defines the maximum current which the
inductor is allowed to conduct. Setting the inrush current to
the current limit places a limit on the maximum capacitor
value (inductor ripple current not considered) as follows:

CMAX �
	ICL � IOUT


⋅tss

VOUT

(eq. 18)

where: CMAX: maximum output capacitance [F]
Capacitors should also be chosen to provide acceptable
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Table 6. ORDERING INFORMATION

Device Output Voltage Marking Package Shipping†

NCV891930MW00AR2G 3.3 V/5.0 V 8919A
3000

QFN24
(Pb Free)

4000 / Tape & Reel

NCV891930MW01AR2G 3.65 V/4.0 V 8919A
3001

 DISCONTINUED (Note 9)

NCV891930MW00R2G 3.3 V/5.0 V V8919
3000

QFN24
(Pb Free)

4000 / Tape & Reel

NCV891930MW01R2G 3.65 V/4.0 V V8919
3001

QFN24
(Pb Free)

4000 / Tape & Reel

†For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

NOTE: The NCV891930 will not offer the alternate construction leadframe version illustrated in Detail A and Detail B in the Package
Dimensions.

9. DISCONTINUED: These devices are not recommended for new design. Please contact your onsemi representative for information. The
most current information on these devices may be available on www.onsemi.comQFN24
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