NCP3011, NCV3011

Synchronous PWM Controller

The NCP3011 is a PWM device designed to operate from a wide
input range and is capable of producing an outplthge as low as
0.8 V. TheNCP3011 provides integrated gate drivers and annially
set 400 kHz oscillator. The NCP3011 has an externally compensated
transconductance error amplifier with an internally fixed soft-start.
The NCP3011 incorporates output voltage monitoring with a Power
Good pin to indicate that the system is in regoratiThe dual function
SYNC pin synchronizes the device to a higher frequency (Slave
Mode) or outputs a 18®mut-of-phase clock signal to drive another
NCP3011 (Master Mode). Protection features inclodsless current
limit and short circuit protection, output overvoltage andenmvoltage
protection, andhput undervoltage lockout. The NCP3011 is avadabl
in a 14—pin TSSOP package.

Features

Input Voltage Range from 4.7 V to 28 V

400 kHz Operation

0.8 V =1.0% Reference \oltage

Buffered External +1.25 V Reference

Current Limit and Short Circuit Protection

Power Good

Enable/Disable Pin

Input Undervoltage Lockout

External Synchronization

Output Overvoltage and Undervoltage Protection
NCV Prefix for Automotive and Other Applications drering Site
and Change Controls
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Figure 2. NCP3011 Block Diagram
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NCP3011, NCV3011

PIN FUNCTION DESCRIPTION

Pin Pin Name Description

1 VREF The VREF pin is the output for a 1.25 V reference (1 mA max). A 100 kQ resistor in parallel with a 1 uF
ceramic capacitor must be connected from this pin to GND to ensure external reference stability.

2 EN The EN pin is the enable/disable input. A logic high on this pin enables the device. This pin has also an internal
current source pull up. A 10 k< resistor should be connected in series with this pin if Vgy is externally biased
from a separate supply.

3 NC Not Connected

4 SYNC The dual function SYNC pin synchronizes the device to a higher frequency (Slave Mode). Alternately, it outputs
a 456 kHz clock signal with 180° of phase shift (Master Mode). Connect a 100 kQ resistor from SYNC to GND
to enable Master Mode. No resistor is required for Slave Mode.

5 PG The Power Good pin is an open drain output that is low when the regulated output voltage is beyond the
“Power Good” upper and lower thresholds. Otherwise, it is a high impedance pin.

6 COMP The COMP pin connects to the output of the Operational Transconductance Amplifier (OTA) and the positive
terminal of the PWM comparator. This pin is used in conjunction with the FB pin to compensate the voltage
mode control feedback loop.

7 FB The FB pin is connected to the inverting input of the OTA. This pin is used in conjunction with the COMP pin to
compensate the voltage mode control feedback loop.

8 GND Ground Pin

9 LSDR The LSDR pin is connected to the output of the low side driver which connects to the gate of the low side
N-FET. Itis also used to set the threshold of the current limit circuit (IsgT) by connecting a resistor from LSDR
to GND.

10 NC Not Connected

11 VSW The VSW pin is the return path for the high side driver. It is also used in conjunction with the V¢ pin to sense
current in the high side MOSFET.

12 HSDR The HSDR pin is connected to the output of the high side driver which connects to the gate of the high side
N-FET.

13 BST The BST pin is the supply rail for the gate drivers. A capacitor must be connected between this pin and the
VSW pin.

14 Vee The V¢ pin is the main voltage supply input. It is also used in conjunction with the VSW pin to sense current

in the high side MOSFET.
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NCP3011, NCV3011

ABSOLUTE MAXIMUM RATINGS (measured vs. GND pin 8, unless otherwise noted)

Rating Symbol VMAX VMIN Unit

High Side Drive Boost Pin BST 45 -0.3 Y
Boost to Vgyy differential voltage BST-Vsw 13.2 -0.3
COMP COMP 55 -0.3 \
Enable EN 55 -0.3 Y
Feedback FB 55 -0.3 \Y
High-Side Driver Output HSDR 40 -0.3 \%
Low-Side Driver Output LSDR 13.2 -0.3 \%
Power Good PG 5.5 -0.3 \
Synchronization SYNC 5.5 -0.3 \%
Main Supply Voltage Input Vee 40 -0.3 \%
External Reference VREF 55 -0.3 \%
Switch Node Voltage Vsw 40 -0.6 \%
Maximum Average Current Imax mA

Vce, BST, HSDRYV, LSDRYV, Vg, GND 130

REF 7.1

EN 25

SYNC 11

PG 4
Operating Junction Temperature Range (Note 1) T; -40 to +140 °C
Maximum Junction Temperature TiMAX) +150 °C
Storage Temperature Range Tstg -55 to +150 °C
Thermal Characteristics (Note 2)
TSSOP-14 Plastic Package

Thermal Resistance Junction—to—Air Roia 190 °C/IW
Lead Temperature Soldering (10 sec): Reflow (SMD styles only) Pb—Free Rg 260 Peak °C
(Note 3)

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. The maximum package power dissipation limit must not be exceeded.

TJ(max) —Ta
Pp=——7—7-—
RGJA

2. When mounted on minimum recommended FR-4 or G-10 board
3. 60-180 seconds minimum above 237°C.
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NCP3011, NCV3011

ELECTRICAL CHARACTERISTICS (-40°C < T; < +125°C, V¢ = 12V, for min/max values unless otherwise noted)

Characteristic Conditions Min Typ Max Unit
Input Voltage Range - 4.7 28 \Y,
SUPPLY CURRENT
Quiescent Supply Current EN=0Vcc=12V - 25 4.0 mA
Ve Supply Current Vgg = 0.75V, Switching, Vec = 4.7V - 5.8 8.0 mA
Ve Supply Current Vg = 0.75 V, Switching, Vcc =28 V - 6.0 12 mA
UNDER VOLTAGE LOCKOUT
UVLO Rising Threshold Vcc Rising Edge 3.8 4.3 4.7 \%
UVLO Falling Threshold V¢ Falling Edge 3.6 4.0 4.3 \%
OSCILLATOR
Oscillator Frequency T;=+425°C,4.7V < Ve = 28V 350 400 450 kHz

3=-40°Cto +125°C, 4.7V < Vcc = 28V 330 400 470 kHz

Ramp-Amplitude Voltage Vpeak ~ Valley - 15 - \%
Ramp Valley Voltage 0.44 0.7 0.96 Vv
PWM
Minimum Duty Cycle - 7 - %
Maximum Duty Cycle 80 83 - %
Soft Start Ramp Time VEg = Vcomp - 5.2 - ms
EXTERNAL VOLTAGE REFERENCE
VREF Voltage lrer = 1 MA 1.14 1.25 1.35 v
VREF Line Regulation Vec =47V -28V -1 - +1 %
VREF Load Regulation IrRerp =0 MA to 1.5 mA -2 -0.2 +2 %
Short Circuit Output Current VRep =0V 4.5 5.7 7.0 mA
ENABLE
Enable Threshold High - - 3.4 \%
Enable Threshold Low 1.0 - - \%
Enable Source Current 20 50 90 HA
POWER GOOD
Power Good High Threshold Vec=12V 0.72 0.89 1.06 \%
Power Good Low Threshold Veec=12V 0.65 0.71 0.75 \%
Power Good Low Voltage Vec =12V, Ipg =4 mA 0.13 0.22 0.35 \
SYNC
SYNC Input High Threshold - - 2.0 \%
SYNC Output High 10 pA load - 5.0 - \%
SYNC Output Low - 90 - mV
Phase Delay (Note 4) - 200 - °
SYNC Drive Current (Sourcing) - 1.6 - mA
Master Threshold Current 5.0 14.4 25 uA
Master Frequency 390 466 550 kHz

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

Guaranteed by design.

No ok

This is not a protection feature.

The voltage sensed across the high side MOSFET during conduction.
This assumes 100 pF capacitance to ground on the COMP Pin and a typical internal Ry of > 10 MQ.
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NCP3011, NCV3011

ELECTRICAL CHARACTERISTICS (-40°C < T;< +125°C, V¢ = 12V, for min/max values unless otherwise noted)

Characteristic | Conditions | Min Typ Max Unit
ERROR AMPLIFIER (GM)
Transconductance 0.9 1.33 1.9 mS
Open Loop dc Gain (Notes 4 and 6) - 70 - dB
Output Source Current 45 70 100 A
Output Sink Current 45 70 100 uA
FB Input Bias Current - 0.5 500 nA
Feedback Voltage T;=25C 0.792 0.8 0.808 \Y
—-40°C < Ty < +125°C,
47V <VN<28V 0.788 0.8 0.812 \
COMP High Voltage Veg=0.75V 4.0 4.4 5.0 \
COMP Low Voltage Vg =0.85V - 60 - mV
OUTPUT VOLTAGE FAULTS
Feedback OOV Threshold 0.9 1.0 11 \Y
Feedback OUV Threshold 0.55 0.59 0.65 \
OVER CURRENT
ISET Source Current 7.0 14 18 A
Current Limit Set Voltage (Note 5) RseT =22.2 kQ 140 240 360 mV
GATE DRIVERS AND BOOST CLAMP
HSDRYV Pullup Resistance Vec=8VandVgsT=75V 4.0 10.5 20 Q
Vsw = GND
100 mA out of HSDR pin
HSDRYV Pulldown Resistance Vec=8VandVgsT=75V 2.5 5.0 115 Q
Vsw = GND
100 mA into HSDR pin
LSDRYV Pullup Resistance Vec=8VandVgst=75V 3.0 8.9 16 Q
Vsw = GND
100 mA out of LSDR pin
LSDRYV Pulldown Resistance Vec=8VandVgst=75V 1.0 2.8 6.0 Q
Vsw = GND
100 mA into LSDR pin
HSDRYV falling to LSDRV Rising De- Vcec and VgsT =8V 50 85 110 ns
lay
LSDRYV Falling to HSDRV Rising De- Vcc and VgsT =8V 60 85 120 ns
lay
Boost Clamp Voltage Vin =12V, Vg = GND, Vcomp = 1.3V 55 7.5 9.6 \Y,
THERMAL SHUTDOWN
Thermal Shutdown (Notes 4 and 7) - 150 - °C
Hysteresis (Notes 4 and 7) - 15 - °C

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.

4. Guaranteed by design.

5. The voltage sensed across the high side MOSFET during conduction.

6. This assumes 100 pF capacitance to ground on the COMP Pin and a typical internal R, of > 10 MQ.

7. This is not a protection feature.
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Vig (MV) EFFICIENCY (%)

lcc, SWITCHING (mA)

NCP3011, NCV3011

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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NCP3011, NCV3011

TYPICAL PERFORMANCE CHARACTERISTICS
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NCP3011, NCV3011

TYPICAL PERFORMANCE CHARACTERISTICS
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DETAILED DESCRIPTION

OVERVIEW threshold. The device remains in Standby if enable is not
The NCP3011 operates as a 400 kHz, voltage-mode asserted following the 50 time period.
pulse-width—-modulated, (PWM) synchronous buck
converter. It drives high-side and low-side N-channel Enable/Disable
power MOSFETs. The NCP3011 incorporates an internal 1he device has an enable pin (EN) with internai80
boost circuit consisting of a boost Clamp and boostetfto ~ Pullup current. This gives the user the optionrfidg EN
provide supply voltage for the high side MOSFET ésat With a push-pull or open-drain/collector enablenaig
driver. The NCP3011 also integrates several protectionWhen driving EN with an external logic supply a 1Q k
features including input undervoltage lockout (UVLO), Seriescurrentlimiting resistor must be placed in seviéth
output undervoltage (OUV), output overvoltage (OQV) EN. See Figure 27. The maximum enable thresh@dliy.
adjustable high—side current limits@t and |;u), and If no external drive voltage is available, the mid pullup
thermal shutdown (TSD). The NCP3011 includes a €an be used to enalilee deviceand an open drain/collector
Power Good (PG) open drain output which flags dut o input,such as a MOSFET or BJT can be used to disable the
regulation conditions. device. A capacitor connextt between EN and ground can
The operationa| transconductance ampliﬁer (OTA) be used W|th the intemal pU”Up current SouGCrtD/ide a
provides a high gain error signal which is compared to thefixed delay to turn—on and turn off. See Equation 1
internal ramp signal using the PWM comparator. This

results in a voltage mode PWM feedback stage. WibIP :
|
|

signal is sent to the internal gate drivers to modulate Ven
MOSFET on and off times. The gate driver stage 10 kQ =
incorporates symmetrical fixed non—overlap time between oisase[ ensie EN L':)zice

the high-side and low-side MOSFET gate drives. = i ]

The NCP3011 has a dual function Master/Slave SYNC :
pin In Slave mode, the NCP3011 synchronizes to e o '
clock signal. In Master mode, the NCP3011 can output a

phase shifted clock signal to drive another master slave ewste| oissoe ]

equipped power stage to provide a <88witching L

relationship between the power stages. This can help to -or-

reduce the required input filter capacitance in multi-stage

power converters. eveLe [ Dissate ‘K‘L
The external 1.25 V reference voltage (VREF) is 1

provided for system level use. It remains activerewhen
the NCP3011 is disabled. Figure 27. Enable Circuits: Push—Pull, Open—Drain,

or Open-Collector
POR and UVLO

The device contains an internal Power On Reset (POR) LT
and input Undervoltage Lockout (UVLO) that inhibite C _ EN_DLY (eq. 1)
internal logic and the output stage from operatintil Vcc EN_DLY Vey 11
reaches their respective predefined voltage levels. The . R
internal logic takes approximately §6 to check the SYNC ~ CEN_bLy = Delay Capacitance (F)
pin and determine if the device is in Master mode or Slave!Pu = Pullup Current

mode once the voltage ato¥ exceeds the rising UVLO  YEN_TH = Enable Input High Threshold Voltage
Ten_pLy = Desired Delay Time
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Startup and Shutdown The soft-stop process begins once the EN pin voltage
Once enable is asserted the device begins its startugjoes below the input low threshold. Soft-stop decectise

process. Closed-loop soft-start begins after aué0felay internal reference from 0.8 V — 0V in 32 stepswaith

whereinthe boost capacitor is charged, and the curreitt lim Soft-Start. Soft—Stop finishes with one “last” higile gate

threshold is set. During the 48 delay the OTA outputis  pulse ahalf the period of the prior pulse. This helps easu

set to just below the valley voltage of the intéramp. This positive inductor current following turn off at light loads,

is done to reduce delays and to ensure a consigtent  which prevents negative output voltage.

soft—start condition. The device increases the internal Enable low during Soft-Start will result in Softeft

reference from 0 V to 0.8 V in 32 discrete steps while down counting from that step. Likewise, Enable highirdu

maintaining closed loop regulation at each step. SomeSoft—Stopwill result in Soft-Start up counting from that

overshoot may be evident at the start of each step degendinstep.

on the voltage loop phase margin and bandwidth. See

Figure 28. The total soft-start time is 5.12 ms.

_ 0.8V Output Voltage

25 mV Steps

Internal Reference Voltage,

Internal Ramp

OTA Output

0.7v e
oV

Figure 28. Soft-Start Details
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Master/Slave Synchronization (Slave Mode) oprovide an external clock that is shifted by
The SYNC pin performs two functions. The first fuont 180 from the high side switch (Master Mode). The tgpic

is to identify if the device is a master or a slaMee second  application circuit for this is shown in Figure 29.

function is to either synchronize to an external clock

MASTER

Figure 29. Master Slave Typical Application

Upon initial power up, the device determines if it is a SYNC,
Master or Slave by applying 1.25 V to the SYNC pin and Rumaster = 1gyNG. (eq.2)
determining whéter the current draw from the pin is greater TRIP
than the Master Threshold Current (ISYNGH). If Rmaster= Master Select ResistdR)
ISYNCrrip is exceeded then the device enters master modesyNC,qs = Sync Reference Voltage (V)
If the current is less than ISYNgp the device enters slave _
mode. Once identified as a Master, the device switchingISYNCTR'P_ Master Threshold Current (A)
frequency is increased by 15%. See Equation 2.

Master
HSDRV
.
<>
0-50%
Duty
Cycle
Slave
HSDRV
0-509
Duty
Cycle
Pulse Master Hold e o S —
Detect Detection Result
Vief=125Yy = e e -— - e e e e— -
SYNC1 Time > 40 us
Voltage S—*
Time > 40 us
Vief= 1,25\ =  em— _/_\_ — e — e = Y =
SYNC 2
Voltage / 40 MS‘\

HRip =10 UA e o o— -— Slave Pull
) - Down Turn on
Indication
SYNC1 of Master
Current

SYNC 2 Indication

Current of Slave 0uA

Input
Voltage

Figure 30. Master Slave Typical Waveforms
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The master slave identification begins when inpltage the ramp signal. The equation for calculating tmaiaing

is applied prior to POR. Upon application of inpottage, ramp height is shown below:
the device waits for input pulses for a minimum 014 as From 400 kHz
shown in Figure 30. During the pulse detection period if Vgayp = VRAMP % ——— —1 V*570 e 0.70 VvV
concurrent edges occur on the SYNC pin from an external SYNC (eq.3)
source, the device enters slave mode and skips the master
detection sequence. The device will remain in the detectedOOV, OUV, and Power Good
state until power is cycled. The output voltage of the buck converter is moeioat
the Feedback pin of the output power stage. Four
Current comparatorsre placed on the feedback node of the OTA to
Sensor monitor the operating window of the feedback voitas
shown in Figures 32 and 33. All comparator outpare
121V D o ignored during the soft-start sequence as soft-&ar
. SYNC :
|~ b regulated by the OTA and false trips would be generated.
Master Further, the Power Good pin is held low until the
SYNC in 1 Deg"c‘ comparators are evaluated. After the soft—start period has
a Hold ended, if the feedback is below the reference voltage of
comparator 4 (0.6 < M), the output is considered
“undervoltage,” the device will initiate a restart, and the
Power Good pin remains low with a 33 pulldown
SYNC_out L resistance. Ifhe voltage at the Feedback pin is between the
reference voltages of comparator 4 and comparat@168
=== “""“““““““\ < Vg < 0.72), then the output voltage is consideredvgro
not good low” and the Power Good pin remains lovie®v
the Feedback pin voltage rises between the referenc

Figure 31. GND voltages of comparator 3 and comparator 2 (0.7%g ¥/

0.88), then the output voltage is considered “Pd@@od”

and the Power Good pin is released. If the voltgte
External Synchronization Feedback pin is between the reference voltages of

The device can sync to frequencies that are 15% to 60%comparator 2 and comparator 1 (0.88 g5\ 1.00), the

higher than th@ominal switching frequency. If an external output voltage is considered “power not good higihd the
sync pulse is present at the SYNC pin prior to irymltage power good pin is pulled low with a 5 pulldown
application to the device, then no additional external resistance. Finally, if the feedback voltage is greater than
components are needed. If the external clock iprestent comparator 1 (1.0 <), the output voltage is considered
following power on reset of the device, the voltage on the “overvoltage,” the Power Good pin will remain low, and the
SYNC pin will determine whether the device is a teasr devicewill latch off. To clear a latch fault, input vogia must
a slave. If the external clock source is meantaad sifter be recycled. Graphical representation of the OOWGldd
device operation, its off state should be higlristate. It is Power Good pin functionality is shown in Figures 34
also important to note that the slope of the internal ramp isand 35.
fixed and synchronizing to a faster clock which wilncate

WWW. onsemi.com
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Soft Start Complete

V2 = Vref * 125%

V4 = Vref * 110%

FB [ —

V5 = Vref * 90%

Vref=0.8V

V7= Vref * 75%

LOGIC

+——— Power Good —p>

-—aen e e cn e o)

—l— Restart ———p>
|
|

|
1 Latch off
_I_ e

Figure 32. OOV, OUV, and Power Good Circuit Diagram

Trip Level Tolerance 2%
Hysteresis =5 mV

Trip Level Tolerance 2%
Hysteresis =5 mV

Trip Level Tolerance 2%

Hysteresis =5 mV

Trip Level Tolerance 2%
Hysteresis=5mV__

Figure 33

Power Good = 0

Power Good = 0

Voov = Vref * 125%
Power Not good High

Vtrip_pg = Vref * 110%

Vref=0.8V

Vtrip_pg = Vref * 90%

Power Not Good Low

Vouv = Vref * 75%

. 00V, OUV, and Power Good Window Diagram
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0.72 'V (vref *90%)

0.60 V (vref *75%)

FB Voltage

Latch off

[ ]

Power Good Pin

Reinitiate Softstart

|
N
N
N
N
N
|

Figure 34. Powerup Sequence and Overvoltage Latch

Softstart Complete

0.8V (vref*100%)

0.72V (vref*90%)

0.60 V (vref*75%)

FB Voltage

Latch off

Power Good

—f— —— — c—] — — — — — —

Power Good I
(]

Reinitiate Softstart

Softstart Complete

Figure 35. Powerup Sequence and Undervoltage Soft-S  tart

WWW. onsemi.com
16



 http://www.onsemi.com/

NCP3011,

CURRENT LIMIT AND CURRENT LIMIT SET

Overview
The NCP3011 uses the voltage drop across the Hitgh Si
MOSFET during the on time to sense inductor curfené

NCV3011

ILimit block consists of a voltage comparator circuit which
compares the differential voltage across tie Yin and the
Vsw Pin with a resistor settable voltage reference. Sénse
portion of the circuit is only active while the HMBOSFET

is turned ON.

,J.,vcc

VIN

L

\
Itrip Ref-63 Steps, 6.51 mV/step

Figure 36. | et / ILimi

Current Limit Set

) VSense HSDR —
llim Out + [] :n
\ Itrip Ref
VSW
r
LI ?
Switch
Ca
—0 P o
CONTROL > _O‘P—l [ 0
Iset
€7 13 uA
LSDR | —
% + (]
N / gl DAC/ Vset |
w| COUNTER \
>

RSet

v
+ Block Diagram

prior to Soft-Start, the DAC counter increments the

The Iimit comparator reference is set during the startup reference on theskt comparator until it crosses thesir

sequence by forcing a typically 12 current through the
low side gate drive resistor. The gate drive outpilltrise
to a voltage level shown in the equation below:

Vset = lset * Reet (eq. 4)

Where keTis 13puA and Rsetis the gate to source resistor
on the low side MOSFET.

This resistor is normally installed to prevent MGIF
leakage from causing unwanted turn on of the low sid

voltage and holds the DAC reference output to that count
value. This voltage is translated to thenk comparator
during the §ensdoortion of the switching cycle through the
switch cap circuit. See Figure 36. Exceeding thgimam
sense voltageesults in no current limiSteps 0 to 10 result

in an effective current limit of 0 mV.

Current Sense Cycle
e Figure 37 shows how the current is sampled adata®

MOSFET. In this case, the resistor is also used to set thgo the switching cycle. Current level 1 in Figure 37

[Limit trip level reference through thgdit DAC. The ket
process takes approximately 358 to complete prior to
Soft-Start stepping. The scaled voltage level adtues g1
resistor isconverted to a 6 bit digital value and stored as th
trip value. The binaryi |mit value is scaled and converted to
the analog\limit reference voltage through a DAC counter.
The DAC has 63 steps in 6.51 mV increments equétiiag
maximum sense voltage of 403 mV. During thg period

WWW. onse

represents a condition that will not cause a fault. Current
level 2 represents a condition that will cause a fault. The
sense circuit is allowed to operate below the 3/4 point of a
given switching cycle. A given switching cycle’s 3/gnT
time is defined by the prior cycle’'sJand is quantized in

10 ns steps. A fault occurs if the sensed MOSFHiage
exceeds the DAC reference within the 3/4 time window of
the switching cycle.

mi.com
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Trip:

Vsense > lyip Ref at 3/4 Point

No Trip:
Vsense < lyip Ref at 3/4 Point

Itrip Ref

P /
Vsense”_

%
€ Ton-2

3/4 Point Determined by
Prior Cycle

Current Level 1
Current Level 2

3/4

€— Ton—-1 —»|

3/4

«— Ton —»>

Each switching cycle’s Ton is counted in 10 nS time steps. The 3/4 sample time
value is held and used for the following cycle’s limit sample time

Figure 37. 1 jmit Trip Point Description

Soft-Start Current limit
During soft-start thegeT value is doubled to allow for

Boost Clamp Functionality
The boost circuit requires an external capacitoneoted

inrush current to charge the output capacitance. The DACbetween the BST ands\ pins to store charge for supplying

reference is set back ifts normal value after soft—start has
completed.

Vsw Ringing

The Limit block can lose accuracy if there is excessive
V sw Vvoltage ringing that extends beyond the 1/2 pafitihe
high—sidetransistor on-time. Proper snubber design and
keeping the ratio of ripple current and load current in the
10-30% range can help alleviate this as well.

Current Limit

A current limit trip results in completion of oneitching
cycle andsubsequently half of another cyclg,To account
for negative inductor current that might have caused

negative potentials on the output. Subsequently the power

MOSFETs are both turned off and a 4 soft-start fierod
wait passes before another soft—start cycle isngied.

lave Vs Trip Point
The average load trip current versusRvalue is shown
the equation below:

| lset X Rger 1 [VIN ~ Vour 8 Vour ! ]
AveTRIP — -
RDS(on) 4 L VIN I:SW
(eq. 5)
Where:
L = Inductance (H)
IseT=13uA

Rset = Gate to Source Resistan€g) (

Rpbs(on)= On Resistance of the HS MOSFEI)(
VN = Input Voltage (V)

VouT = Output Voltage (V)

Fsw = Switching Frequency (Hz)

the high and low-side gate driver voltage. Thisngaircuit
limits the drivervoltage to typically 7.5V when)\{ > 9V,
otherwise this internal regulator is in dropout &yplcally
ViN—1.25V.

The boost circuit regulates the gate driver outpliage
and acts as a switching diode. A simplified diag@the
boost circuit is shown in Figure 38. While the switch node
is grounded, the sampling circuit samples the geltat the
boost pin, and regulates the boost capacitor voltage. The
sampling circuit stores the boost voltage while thg\s
high and the linear regulator output transistoreigersed
biased.

Circuit

Figure 38. Boost Circuit

WWW. onsemi.com
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Reduced sampling time occurs at high duty cyclesresh  The boost ripple frequency is dependent on the output
the low side MOSFET is off for the majority of theitching capacitance selected. The ripple voltagenot damage the
period. Reduced sampling time causes errors in thedevice or=12 V gate rated MOSFETSs.
regulated voltage on the boost pin. High duty cycle / input  Conditions where maximum boost ripple voltage could
voltage induced sampling errors can result in increaseddamage the device at 12 V gate rated MOSFETSs can be
boost ripple voltage or higher than desired DC bodsige. seen in Region 3 (Orang®lacing a boost capacitor that is
Figure 39 outlines all operating regions. no greater than 10X the input capacitance of the high side

The recommended operating conditions are shown inMOSFET on the boost pin limits the maximum boost
Region 1 (Green) where a (UE, 25 V ceramic capacitor  voltage< 12 V. The typical drive waveforms for Regions 1,
can be placed on the boost pin without causing dartmthe 2 and 3 (green, yellow, and orange) regions of lei@9 are
device oIMOSFETS. Larger boost ripple voltage occurring shown in Figure 40.
over several switching cycles is shown in Regig¢vietiow).

Boost Voltage Levels

Increased Boost Ripple
(Still in Specification)

Region 2

Input Voltage

Duty Cycle

Figure 39. Safe Operating Area for Boost Voltage wi  th a 0.1 pF Capacitor

WWW. onsemi.com
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VIN 75!

VBOOST

7.5V

ov
Maximum

Normal

7.5
VIN

VBOOST

7.5V

ov
Maximum — P

Normal

7.8V
VIN v

VBOOST

7.5V

oV
Figure 40. Typical Waveforms for Region 1 (top), Re  gion 2 (middle), and Region 3 (bottom)

To illustrate, a 0.1.F boost capacitor operating at > 80% duty cycleaP?.5 Vinput voltage will exceed the specifications
for the driver supply voltage. See Figure 41.
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Boost Voltage

18

161

—\Voltage Ripple
—Maximum Allowable Voltage
—Maximum Boost Voltage

14

12

10

Boost Voltage (V)

L

—]

| —

L—]

4.5

Inductor Selection

6.5 8.5 105 125

145

16.5

185 205 225 245 265

Input Voltage (V)
(Clarity on Boost Max and Ripple Def)
Figure 41. Boost Voltage at 80% Duty Cycle

When selecting the inductor, it is important to know the
input and output requirements. Some example camditi

are listed below to assist in the pr

Table 1. DESIGN PARAMETERS

ocess.

Design Parameter Example Value
Input Voltage Vin) 9Vito 18V
Nominal Input Voltage (Vin) 12V
Output Voltage Mour) 3.3V
Input ripple voltage (VINRIpPLE) 300 mV
Output ripple voltage (VOUTR|pPLE) 50 mV
Output current rating (louT) 8A
Operating frequency (Fsw) 400 kHz

A buck converter producésput voltage (W) pulses that
are LC filtered to produce a lower dc output vatédoyT).
The output voltage can be changed by modifyingpthgéme
relativeto the switching period (T) or switching frequency.
The ratio of high side switch on time to the switchperiod
is called duty cycle (D). Duty cycle can also bigkated
using VouT, VIN, the low side switch voltage drop &b,
and the High side switch voltage dropap.

Fol
T

T

ON
D=—(-D)=
T( )

(eq. 6)

(eq.7)

D - Vour*Viso Vour
Vin = Vusp T Viso Vin
(eq. 8)
3.3V
— 275% = ——
\Y

The ratio of ripple current to maximum output current
simplifies the equations used for inductor selection. The
formula for this is given in Equation 9.

Al
ra=—

IOUT

The designer should employ a rule of thumb where the
percentage of ripple current in the inductor lies between
10% and 40%. When using ceramic output capacitors the
ripple current can be greater thus a user migatsalhigher
ripple current, but when using electrolytic capacitorsvegr
ripple current will result in lower output rippléNow,
acceptable values of inductance for a design can be
calculated using Equation 10.

(eq.9)

v
L= T . (1-D)-33uH
. ra .
ouT sw (eq. 10)
33V
= - (1 - 27.5%)
8 A - 23% - 400 kHz

The relationship between ra and L for this desigangple
is shown in Figure 42.

WWW. onsemi.com
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18 ! Vour(l — D)
%X Vout =33V ] lpp = LOUT—_F (eq- 14)
150\ 18V out " Fsw
T }‘Q“\ \C 15V Ipp is the peak to peak current of the inductoonfrthis
S 1L N A equation itis clear that the ripple current increases gt
o1un \(\ decreases, emphasizing the trade-off between dynamic
'<Z_z 18 NS 12V response and ripple current.
< 8 \\ >\:\ The power dissipation of an inductor consists of both
S &N N&E e~ —_ copper and core losses. The copper losses can be further
=5 \\ T~ — categorized into dc losses and ac losses. A good first order
g: oV [ ~—— | approximatiorof the inductor losses can be made using the
2 — DC resistance as they usually contribute to 90%efosses
é of the inductor shown below:

10% 15%  20% 25%  30%  35% 40%
Viny (V) LPcy = lrms
The core losses and ac copper losses will depend on the
geometry of the selected core, core material, drelwged.
To keep within the bounds of the parts maximum rating, Most vendors will provide the appropriate information to
calculate the RMS current and peak current. make accurate calculations of the power dissipatien the
totalinductor losses can be capture buy the equatiawbel

2. DCR (eq. 15)

Figure 42. Ripple Current Ratio vs. Inductance

s = lour - /1 + 22> 8.02A
12

LPiot = LPcy pc + LPcy ac T LPcore  (ea. 16)
(eq. 11)
2
=8A- [/1+ (0.23) Input Capacitor Selection
12 The input capacitor has to sustain the ripple current
ra (0.23) produced during the on time of the upper MOSFET, so it
lpx = lour - (1 + E) —~892A=8A" (1 T ) must have éow ESR to minimize the losses. The RMS value
(eq. 12) of this ripple is:
An inductor for this example would be around @8and lingys = loyr " VD - (1 = D) (eq. 17)
z?guglg Zupport an rms current of 8.02 A and a peatent D is the duty cycle, liams is the input RMS current, and

. . . | is the | rrent.
The final selection of an output inductor has both OYT s the load current. . . _

. . : : The equation reaches its maximum value with D = 0.5.
mechanical and electrical considerations. From a . ; . .

. . . Loss in the input capacitors can be calculated with the
mechanical perspective, smaller inductor values generally, : L

. . : . .~ following equation:

correspond to smaller physical size. Since the inductor is
often one of the largest components in the regulatistem, P — ESR.. - (l )2
a minimum inductor value is particularly importainmt ) CIN ) CIN ) IN-RMS ]
space—constrainedapplications. From an electrical Pcin is the power loss in the input capacitors and &SR

perspective, the maximum current slew rate through thelS the effective series resistance of the inputcignce.
outputinductor for a buck regulator is given by Equatidh Due to large dl/dt through the input capacitorscgblytic

or ceramics should be used. If a tantalum must be used, it
VlN_VOUT 26A 12V—33V

62 = must by surge protected. Otherwise, capacitorraitould
Lout us 3.3 uH occur.

.13
(eq. 13) Input Start-up Current

This equation implies that larger inductor values lithé To calculate the input startup current, the following
regulator’s ability to slew current through the output equation can be used.

inductor inresponse to output load transients. Consequently, c v

output capacitors must supply the load currentl uhé lnRUSH = our “our (eq. 19)
inductor current reaches the output load curresdl € his tss

results in larger values of output capacitance to maintain |;,.,snis the input current during startupp G is the total
tight output voltage regulation. kontrast, smaller values of  output capacitance,3( is the desired output voltage, and
inductance increase the regulator's maximum achievabletggis the soft start interval. If the inrush curriartigher than
slew rate and decrease the necessary capacitance, at thige steady state input current during max load, theimput
expense of higher ripple current. The peak-to—peak ripplefuse should be rated accordingly, if one is used.
currentfor the NCP3011 igiven by thefollowing equation:

(eq. 18)

SlewRate LOUT =

WWW. onsemi.com
22



 http://www.onsemi.com/

NCP3011, NCV3011

Output Capacitor Selection In a typical converter design, the ESR of the autppacitor

The important factors to consider when selecting an bank dominates the transient response. It should be noted
output capacitor is dc voltage rating, ripple cotnating, that AVOUT-DISCHARGE andAVOUT-ESR are out of
output ripple voltage requirements, and transient responsehase with each other, and the larger of these two voltages

requirements. will determine the maximum deviation of the outpaltage
The output capacitor must be rated to handle the ripple(neglecting the effect of the ESL).
current at full load with proper derating. The RM&ings Conversely during a load release, the output voltage can

given in datasheets are generally for lower switching increaseas the energy stored in the inductor dumps into the
frequency than used in switch mode power supplies but aoutput capacitor. The ESR contribution from Equatii

multiplier is usually given for higher frequencyesption. still applies in addition to the output capacitbamge which
The RMS current for the output capacitor can beutaled is approximated by the following equation:
below: ,
Co | ra (eq. 20) AV (ITRAN) “Lour (eq. 26)
RMs — lo " = eq. OUT-CHG — ~~ '
/12 Cout * Vour

The maximum allowable output voltage ripple is a _
combination of the ripple current selected, the output POWer MOSFET Selection

capacitance selected, the equivalent series inductance (ESL) Power dissipation, package size, and the thermal
and ESR. environment drive MOSFET selection. To adequately select

The main component of the ripple voltage is usudillg the correct MOSFETS, the design must first pretighower

to the ESR of the output capacitor and the capacitancediSSipation' Once the dissipation is known, the thermal
selected. impedance can be calculated to prevent the specified

maximum junction temperatures from being exceeded at the
Vegg ¢ = o - 1a - | ESRg, + 1 (eq. 21) highest amb_ler_]t te_mperature. . -
- 8- Fgy - Co Power dissipation has two primary contributors:
The ESL of capacitors depends on the technologyechos conduction losses and switching losses. The control or

but tends to range from 1 nH to 20 nH where ceramic Nigh~side MOSFET will display both switching and
capacitors have the lowest inductance and electrolyticconduction losses. The synchronous or low-side MEXSF

capacitors then to have the highest. The calculategWill €xhibit only conduction losses because it sits into

contributing voltage ripple from ESL is shown for the switch nearly zero voltage. Hoyvever, thg body diode _in the
on and switch off below: synchronous MOSFET will suffer diode losses during the

non-overlap time of the gate drivers.
ESL - Ipp - Fgw

v _ (eq. 22) Starting with the high-side or control MOSFET, the
ESLON D power dissipation can be approximated from:

v _ ESL-lpp - Fgy (eq. 23) Pb_controL = Pcono T Psw ot (eq. 27)
ESLOFF (1 - D) The first term is the conduction loss of the high-side

The output capacitor is a basic component for the fastMOSFET while it is on.
response athe power supply. In fact, during load transient, 2
for the first few microseconds it supplies the current to the Pconp = ('RMS_CONTROL) " Rps(on)_conTroL
Ioad._ The controller immediately rgcognizes thedloa Using the ra term from Equation §ls becomes:
transientand sets the duty cycle to maximum, but the current
slope is limited by the inductor value. ra2

During a load step transient the output voltaggaily lrms_controL = lour © /D~ (1 + (E)) (eq. 29)
drops due to the current variation inside the capamitdrthe i ) o
ESR (neglecting the effeof the effective series inductance 1€ sécond term from Equation 27 is the total switching

(eq. 28)

(ESL)). loss and can be approximated from the followinga¢iqus.
AVouyr-esr = Altran - ESRc, (eq. 24) Psw_ror = Psw * Pos * Pre (eq.30)

A minimum capacitor value is required to sustaia th The first term for total switching losses from Edgoat30
current during the load transient without dischaggt. The includes the losses associated with turning the control
voltage drop due to output capacitor discharge is MOSFET omand offand the corresponding overlap in drain
approximated by the following equation: voltage and current.

( )2 . Psw = Pron + Prorr
TRAN) ° “ouT (eq. 31)
_ 1
AVour-pische = (eq. 25) =5 (IOUT “ViN 'fsw) : (tom + tOFF)

ouT ’ (VIN — Vour
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where:
~Qep Qep
ton = I = (eq. 32)
6t (Vast = Vrul/(Ruspu + Re)
and:
Qep Qep
lorr = = (eq. 33)

's2  (Vgsr = Vru)/(Ruspo + Rg)

Ig1: output current from the high—side gate drive (H§D

Ig2: output current from the low-side gate drive (LSDR
fsw: switching frequency of the converter.

VgsT. gate drive voltage for the high—side drive, typically
7.5V.

Qcp: gate charge plateaagion, commonly specified in the
MOSFET datasheet

VT1H: gate—to—source voltage at the gate charge plateau
region

Next, the MOSFET output capacitance losses areedaus Qpgs MOSFET output gate charge specified in the data
by both the control and synchronous MOSFET but are sheet

dissipated only in the control MOSFET.

1
Pos =5 Qoss * Vin “ fsw (eq. 34)

Finally the loss due to the reverse recovery tihthe

body diode in thesynchronous MOSFET is shown as

follows:
Prr = Qrr " Vin " fow (eq. 35)

The low-side or synchronous MOSFET turns on into zer

volts so switching losses are negligible. Its power

dissipation only consists of conduction loss due g )
and body diode loss during the non—overlap periods.

Pb_syne = Pcono *+ Peopy (eq. 36)

Conduction loss in the low-side or synchronous

MOSFET is described as follows:

2

R (eq. 37)

P DS(on)_SYNC

COND ~ (lRMS_SYNC>

where:

ra2
lrms_syne = lourt \/(1 -D)- (1 + (E)) (eq. 38)

The body diode losses can be approximated as:

Psooy = Veo * lout " fow - (NOLLH + NOLHL) (eq. 39)

5 20
QT >
4| Vos 16
| \, Ves
Qgs \| | Qap
Vih—= =2 f——— 2 12

3

[as]
(SLT0A) 39VII0A 30HNOS-0L-NIvHa * SO p

p-.

/ \ Ig=10A
T~ Ty=25C |
\ L d
2 4 ] 8 10
Qg. TOTAL GATE CHARGE (nC)

Figure 43. MOSFET Switching Characteristics

Vas, GATE—TO—SGUHCE'VGLTAGE (VOLTS)

=]

o

=]

Qrr: reverse recovery charge of the low-side or
synchronous MOSFET, specified in the datasheet
Rps(on)_conTROE On resistance of the high-side, or
control, MOSFET

Rbs(on)_ syné on resistance of the low-side, or
synchronous, MOSFET

NOL_4: dead time between the LSDR turning off and the
HSDR turning on, typically 85 ns

NOLy: dead time between the HSDR turning off and the
LSDR turning on, typically 75 ns

Once the MOSFET power dissipations are determined,
the designer can calculate the required thermagdtapce
for each device to maintain a specified junctiongerature
at the worst case ambient temperature. The formula for
calculating the junction temperature with the package in free
air is:
T;=Ta*Pp-Rgn

T3 Junction Temperature

Ta: Ambient Temperature

Pp: Power Dissipation of the MOSFET under analysis
Rgia: Thermal Resistance Junction—-to—Ambient of the
MOSFET's package

As with any power design, proper laboratory testing
should be performed to insure the design will dissipate the
required power under worst case operating condition
Variables considered during testing should include
maximum ambient temperature, minimum airflow,
maximum input voltage, maximum loading, and component
variations (i.e. worst case MOSFEB&on)-
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NOLy. NOL_

High-Side
Logic Signal

Low-Side
Logic Signal

High-Side |
MOSFET |

|
RDS(on)min - 1—

—Hl-——»:l-—l—
i
|
|

|

RDSmax— i i

| |
Low-Side | | I
MOSFET | | | :
RDS(on)min—'|-—————|——-|'-[

| | ™ | td(on) —’|| |

. - Md(of

Figure 44. MOSFETSs Timing Diagram

Another consideration during MOSFET selection &rth  responseThe goal of the compensation circuit is to provide
delay times. Turn—-on and turn-off times must be short a loop gain function with the highest crossing fiexacy and
enough to prevent cross conduction. If not, there will be adequate phase margin (minimally °A5The transfer
conduction from the input through both MOSFETs to function ofthe power stage (the output LC filter) is a double
ground. Therefore, the following conditions mustniet. pole system. The resonance frequency of this filser

expressed as follows:
taon)_controL T NOL > thorm sync + tf syne P

1
and (eq. 40) fpo = ———(—— eq. 41
2.7 L Cour ¢a-49
tony_sync + NOLy > tyorr) controL T 7 controL . i : i
(ON)_ (OFF)_ f Parasitic Equivalent Series Resistance (ESR) of the

The MOSFET parameterg én) t, taorr)and fare can  output filter capacitor introduces a high frequezeyo to
be found in their appropriate datasheets for sjgecif the filter network. Its value can be calculatedusing the
conditions. NOlLy and NOIly_ are the dead times which  following equation:

were described earlier and are 85 ns and 75 e athzely. 1
fz0

Feedback and Compensation 2-m- Coyr - ESR
The NCP3011 is a voltage mode buck convertor with a  The main loop zero crossover frequenzgdn be chosen

transconductance error amplifier compensated by anto be 1/10 — 1/5 of the switching frequency. Tabkhows

external compensation network. Compensation isetetml  the three methods of compensation.

achieve accurate output voltage regulation and fasi¢rans

(eq. 42)

Table 2. COMPENSATION TYPES

Zero Crossover Frequency Condition Compensation Type Typical Output Capacitor Type
fpo < fzo < fg <fg/2 Type Il Electrolytic, Tantalum
fpo < fp < fzg <fg/2 Type Il Method | Tantalum, Ceramic
fpo < fp < fgl2 < fzg Type Il Method Il Ceramic
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NCP3011, NCV3011

Compensation Type Il

This compensation is suitable for electrolytic cajms.
Components of the Type Il compensation (Figure 45)
network can be specified by the following equations

Vour

R1

R2 Vier

*Optional

Figure 45. Type Il Compensation

_z'ﬂ'fo"-'VRAMP'VOUT

RC1 = (eq. 43)
ESR - V| " Vg - M
1

Ce = (eq. 44)

075 -2 71" fpg ' Ry

1
Crp=—— (eq. 45)
Cc2
T Rey t fs
\Y -V

Vref

Vrampis the peak—to—peak voltage of the oscillator ramp
and gm is the transconductance error amplifier .gain
Capacitor €2is optional.

Compensation Type llI

Tantalum and ceramics capacitors have lower ESR than

electrolytic, so the zero of the output LC filter goes to a
higher frequency above the zero crossover frequéray
requires a Type lll compensation network as shown in
Figure 46.

Thereare two methods to select the zeros and polessof th
compensation network. Method | is ideal for tantalum
output capacitors, which have a higher ESR thaangier.

Vour
Cecz
R Fet |
R I_
CFB‘—[ ARGt Gof
OTA
. O |
_?RQ V REF

Figure 46. Type lll Compensation

J71 = 0.75 - fq (eq. 47)

fzz = fpo (eq. 48)

fpz = fzo (eq. 49)
fs

fps = E (eq. 50)

Method Il is better suited for ceramic capacitors that
typically have the lowest ESR available:

1 — sinB max
=f . [——= (eq. 51)
T22 = o 1 + sin 6 max
1 + sin6 max
=  — (eq. 52)
fPZ fo 1 — sin6 max
fz1. =05 f5 (eq. 53)
fp3 =05 ~fS (eq. 54)

Omax is the desired maximum phase margin at the zero
crossover frequencyp. It should be 45- 73. Convert
degrees to radians by the formula:

Bmax = 6 MaX e ess - (%Tg) : Units = radians (eq. 55)
The remaining calculations are the same for botthaoaks.
2
Rep > > — (eq. 56)
1
= (eq. 57)
c1
271 fz1° Req
1
Coy =" (eq. 58)
c2
2.7 fpg- Rep
2-m-fy-L-V - C
Crpy = RAMP ~ “~ouUT (eq. 59)
Vin * Rex
1
Reyg = —————— (eq. 60)
FB1
21 Crgy “ fpo
R1 1 R (eq. 61)
= - eq.
2-7-Cepy f72 el !
R2 = ef . R1 (eq. 62)

Vour = Viet
If the equation in Equation 68 not true, then a higher value
of Rc1 must be selected.
R1 - R2 - Rgg,
R1-Rgg; + R2 - Reg, + R1 - R2

1
> g_m (eq. 63)
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9-16 V

NCP3011, NCV3011

TYPICAL APPLICATION CIRCUIT

CINfl/Z

—k—

-

CBST

COMP

FB

vCC BST
HSDR
—
—
o
(92]
ol VSW
O
2
LSDR
GND

D1
+

R F: 1

G
T \WA—ge-i] ©

Ras
3.3uH 33V
o N °
A o ;
Cr Coura Couras3
Riser I _ —_
[ T~

= § Res2

Figure 47. Typical Application, V

Reference Designator Value
CIN-1 470 uF
CIN-2 470 pF
CIN-3 22 uF
CIN-4 22 uF
CIN-5 1pF
ccl 56 pF
CC2 12 nF
CFB 1.0 nF
CcouT1 470 uF
COUT2 22 uF
COUT3 22 yF
CBST 0.1uF
RC 4.81 kQ
RG 0Q
RGS 1.0 kQ
RISET 22.1 kQ
RFB1 3.16 kQ
RFB2 1.0 kQ
RFB3 1.0 kQ
Q1 NTMS4816N
Q2 NTMS4816N
D1 BAT54

|N:9—16V,VOUT:3.3V, IOUT:6A

Special Note

The NCP3011/NCV3011 are dedicated for current
sensing acrogsigh—side MOSFET via VCC pin and VSW
pin, as shown in Figure 36. Therefore, the VCC mpimst
connect to the VIN voltage, i.e., the drain of high-side
MOSFET asshown in Figure 47 above. In other words, the
NCP3011/NCV3011 does not support separated VCC
voltage and VIN voltage, regardless any current limitrget
in LSDR pin. Using a lower VCC voltage than the VIN
voltage,such as VCC=12V and VIN=20V, may damage the
NCP3011/NCV3011. Disconnecting the VCC pin supply,
while VIN is still presented and EN is asserted, risks the
NCP3011/NCV3011 of being damaged as well.
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