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The NCP5422A/3 is a dual N-channel synchronous buck regulator
controller It contains all the circuitry required for two independent

buck regulators and utilizes the?V' control method to achieve the \
fastest possible transient response and best overall regulation, while ) ﬁ_ﬁ‘—’
using the least nhumber of external components. NG&5422A/3 16 t&}‘"
features out-of-pha® synchponization betweenthe channels, 1
reducingthe input filter requirement. The NCP5422A/3 also provides SO-16
undervoltagdockout, Soft-Start, built in adaptive non—overlap time AD SUFFIX
andhiccup mode overcurrent protection. CASE 751B
Features
) MARKING DIAGRAMS AND
e V< Control Topology PIN CONNECTIONS
® Hiccup Mode Overcurrent Protection
® 150 ns TansientResponse 1T e—16
bl ‘ P GATE(H)1[] [ ] GATE(H)2
® Programmable Soft-Start GATE()1 O  GATE(L)2
® 100% Duty Cycle for EnhancedansientResponse GND [ g% Vee
e 150 kHz to 600 kHz Programmable Frequency Operation BSTE QE %ROSC
o . . IS+1 =5 [Ois+2
e Switching Frequency Set.by $|ngle Resistor s-10| 38 His-2
® Out-Of-Phase Synchronization Between Channels Vegy O Vego
e Undervoltage Lockout COMP1[] []comp2
e Both Gate Drive Outputs Held Low During Fault Condition
e Pb-Free Packages arealable A = Assembly Location
WL = Wafer Lot
Y = Year
WW = Work Week
G = Pb-Free Package
ORDERING INFORMATION
Device Package Shipping T
NCP5422ADR2 SO-16 | 2500 Tape & Reel
NCP5422ADR2G | SO-16 | 2500 Tape & Reel
(Pb—Free)
NCP5423DR2G SO-16 | 2500 Tape & Reel
(Pb—Free)

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

© Semiconductor Components Industries, LLC, 2006 1 Publication Order Number:
April, 2006 - Rev. 7 NCP5422A/D
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NCP5422A, NCP5423

ABSOLUTE MAXIMUM RATINGS

Rating Value Unit
Operating Junction Temperature, T, 150 °C
Storage Temperature Range, Tg —-65 to +150 °C
ESD Susceptibility (Human Body Model) 2.0 kv
Package Thermal Resistance, SO-16:
Junction—-to-Case, Rqgjc 28 °C/wW
Junction—-to—Ambient, Rgja 115 °C/IW
Lead Temperature Soldering: Reflow: (Note 1) 230 peak °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied,
damage may occur and reliability may be affected.

1. 60 second maximum above 183°C.

ABSOLUTE MAXIMUM RATINGS

Pin Symbol Pin Name VMAX VMIN ISOURCE ISINK
Vee IC Power Input 16V -0.3V N/A 1.5 A peak
200 mA DC
COMP1, COMP2 Compensation Capacitor for 40V -0.3V 1.0 mA 1.0 mA
Channel 1 or 2
VEg1: VEB2 Voltage Feedback Input for 50V -0.3V 1.0 mA 1.0 mA
Channel 1 or 2
BST Power Input for GATE(H)1, 2 20V -0.3V N/A 1.5 A peak
200 mA DC
Rosc Oscillator Resistor 40V -0.3V 1.0 mA 1.0 mA
GATE(H)1, GATE(H)2 High-Side FET Driver 20V -2.0 V for 100 ns 1.5 A peak 1.5 A peak
for Channel 1 or 2 -0.3v DC 200 mA DC 200 mA DC
GATE(L)1, GATE(L)2 Low-Side FET Driver for 16V -2.0 V for 100 ns 1.5 A peak 1.5 A peak
Channel 1 or 2 -0.3v DC 200 mA DC 200 mA DC
GND Ground ov oV 1.5 A peak N/A
200 mA DC
IS+1, IS+2 Positive Current Sense for 6.0V -0.3V 1.0 mA 1.0 mA
Channel 1 or 2
IS-1, 1S-2 Negative Current Sense for 6.0V -0.3V 1.0 mA 1.0 mA
Channel 1 or 2
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NCP5422A, NCP5423

ELECTRICAL CHARACTERISTICS (0°C < Tp < 70°C; 0°C < T3 < 125°C; Rposc = 30.9 k, CCOMPl,Z =0.1uF
10.8 V <Vcc<13.2V;10.8 V <BST <20V, CoareH)1,2 = Ceate()1,2 = 1.0 nF, unless otherwise specified.)

Characteristic Test Conditions | Min | Typ | Max | Unit

Error Amplifier

VEB1(2) Bias Current VEB1(2) =0V - 0.5 1.6 A
VEB1(2) Input Range - 0 - 11 \%
COMP1,2 Source Current COMP1,2=1.2V 1025V, Vpgyp) =08V 15 30 60 A
COMP1,2 Sink Current COMP1,2=1.2V, Vg =12V 15 30 60 uA
Reference Voltage 1(2) NCP5422A | COMP1 = Vggy; COMP2 = Vggy 0.980 1.000 1.020
Reference Voltage 1(2) NCP5423 COMP1 = Vgg1; COMP2 = VEg) 0.990 1.000 1.010
COMP1,2 Max Voltage VEg12) =0.8V 3.0 3.3 -

COMP1,2 Min Voltage Vegie) =12V - 0.25 0.35

Open Loop Gain - - 95 - dB
Unity Gain Band Width - - 40 - kHz
PSRR @ 1.0 kHz - - 70 - dB
Transconductance - - 32 - mmho
Output Impedance - - 2.5 - MQ

GATE(H) and GATE(L)

High Voltage (AC) Measure: Ve — GATE(L)1, 2; - 0 0.5 \%
BST — GATE(H)1,2; Note 2

Low Voltage (AC) Measure:GATE(L)1,2 or GATE(H)1, 2; Note 2 - 0 0.5 \%

Rise Time 1.0V <GATE(L)1,2<Vcec-1.0V - 20 50 ns
1.0V <GATE(H)1,2<BST-1.0V,
BST<14V

Fall Time Vee - 1.0 > GATE(L)1,2> 1.0V - 15 50 ns
BST - 1.0 > GATE(H)1,2>1.0V,
BST<14V

GATE(H) to GATE(L) Delay GATE(H)1,2 < 2.0V, GATE(L)1,2>2.0V 20 40 70 ns
BST<14V

GATE(L) to GATE(H) Delay GATE(L)1,2< 2.0V, GATE(H)1,2>2.0V; 20 40 70 ns
BST<14V

GATE(H)1(2) and GATE(L)1(2) pulldown | Resistance to GND 50 125 280 kQ
Note 2

PWM Comparator

PWM Comparator Offset VErB1(2) = 0 V; Increase COMP1,2 until 0.30 0.425 0.55 \%
GATEEH)l,Z starts switching

Artificial Ramp Duty cycle = 50%, Note 2 40 70 100 mV
Minimum Pulse Width Note 2 - - 300 ns
Oscillator

Switching Frequency Rosc = 61.9 k; Measure GATE(H)1; Note 2 112 150 188 kHz
Switching Frequency Rosc = 30.9 k; Measure GATE(H)1 250 300 350 kHz
Switching Frequency Rosc = 15.1 k; Measure GATE(H)1; Note 2 450 600 750 kHz
Rosc Voltage Rosc = 30.9 k, Note 2 0.970 1.000 1.030 Y,

Phase Difference - - 180 - °

2. Guaranteed by design, not 100% tested in production.
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ELECTRICAL CHARACTERISTICS (0°C < Tp < 70°C; 0°C < T3 < 125°C; Rposc = 30.9 k, CCOMPl,Z =0.1uF

NCP5422A, NCP5423

10.8 V <Vcc<13.2V;10.8 V <BST <20V, CoareH)1,2 = Ceate()1,2 = 1.0 nF, unless otherwise specified.)

Characteristic Test Conditions | Min | Typ Max Unit |
Supply Currents
Vcc Current COMP1,2 =0 V (No Switching) - 13 17 mA
BST Current COMP1,2 =0 V (No Switching) - 35 6.0 mA
Undervoltage Lockout
Start Threshold GATE(H) Switching; COMP1,2 charging 7.8 8.6 9.4
Stop Threshold GATE(H) not switching; COMP1,2 discharging 7.0 7.8 8.6
Hysteresis Start-Stop 0.5 0.8 15
Hiccup Mode Overcurrent Protection
OVC Comparator Offset Voltage O0V<IS+1(2)<55V,0V<IS-1(22)<55V 55 70 85 mV
Discharge Threshold - 0.20 0.25 0.30 \%
IS+ 1(2) Bias Current 0V<IS+1(2) <55V -1.0 0.1 1.0 uA
IS- 1(2) Bias Current 0V<IS-1(2) <55V -1.0 0.1 1.0 uA
OVC Common Mode Range Note 3 0 - 5.5 \%
OVC Latch COMP1 Discharge Current | COMP1 =1.0V 2.0 5.0 8.0 nA
OVC Latch COMP2 Discharge Current | COMP2 =1.0V 0.3 1.2 35 mA
COMP1 Charge/Discharge Ratio in OVC - 5.0 6.0 7.0 -

3. Guaranteed by design, not 100% tested in production.

PACKAGE PIN DESCRIPTION

PIN NO. PIN SYMBOL FUNCTION

1 GATE(H)1 High Side Switch FET driver pin for channel 1.

2 GATE(L)1 Low Side Synchronous FET driver pin for channel 1.

3 GND Ground pin for all circuitry contained in the IC. This pin is internally bonded to the substrate of the IC.

4 BST Power input for GATE(H)1 and GATE(H)2 pins.

5 1S+1 Positive input for channel 1 overcurrent comparator.

6 I1S-1 Negative input for channel 1 overcurrent comparator.

7 VEB1 Error amplifier inverting input for channel 1.

8 COMP1 Channel 1 Error Amp output. PWM Comparator reference input. A capacitor to LGND provides Error
Amp compensation. The same capacitor provides Soft-Start timing for channel 1. This pin also
disables the channel 1 output when pulled below 0.3 V.

9 COMP2 Channel 2 Error Amp output. PWM Comparator reference input. A capacitor to LGND provides Error
Amp compensation and Soft-Start timing for channel 2. Channel 2 output is disabled when this pin is
pulled below 0.3 V.

10 VEg2 Error amplifier inverting input for channel 2.

11 IS-2 Negative input for channel 2 overcurrent comparator.

12 1S+2 Positive input for channel 2 overcurrent comparator.

13 Rosc Oscillator frequency pin. A resistor from this pin to ground sets the oscillator frequency.

14 Vee Input Power supply pin.

15 GATE(L)2 Low Side Synchronous FET driver pin for channel 2.

16 GATE(H)2 High Side Switch FET driver pin for channel 2.

http://onsemi.com
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Figure 2. Block Diagram
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APPLICATIONS INFORMATION

THEORY OF OPERATION time to the output load step is not related to the crossover
The NCP5422A/3 is a dual power supply controller that frequencyof the error signal loop.
utilizesthe V2 control method. Wo synchronous ¥buck The error signal loop can have a low crossover frequency
regulatorscan be built using a single controllefhe since the transient response is handlethbyampsignal

fixed—frequency architecture, driven from a common |oop. The main purpose of this ‘slow’ feedback loop is to
oscillatoy ensures a 180phase dikrential between  provide DC accuracy Noise immunity is significantly
channels. improved,since the error amplifier bandwidth can be rolled
off at a low frequencyEnhanced noise immunity improves
remote sensing of the output voltage, since the noise
associatedwvith long feedback traces can bdeefively
filtered.

Line and load regulation is drastically improved because
there are two independent control loops. A voltage mode
controller relies on the change in therror signal to
compensatdor a deviation in either line or loadltage.
This change in the error signal causes the output voltage to
changecorresponding to the gain of the error ampljfier
which is normally specified as line and load regulatiéns.
currentmode controller maintains a fixed error signal during
line transients, since the slope of the ramp signal changes in
> GATE(H) thiscase. _Hwever, regulgtion d loadtrarsierts il requires
PWM -|[:: a changein the error signal. The V2 methodof control
+ GATE(L) mairtains afixed error sgnal for bath line and load variation,
sincetherampsignalis affected by bothline andload.

The stringent load transient requirements of modern
microprocessorsequire the output capacitors to have very

V2 Control Method

The V2 method of control uses a ramp signal that is
generatedy the ESR of the output capacitors. This rasnp
proportionalto the AC current through the main inductor
andis offset by the DC output voltage. This control scheme
inherentlycompensates for variation in eitHire or load
conditions, since the ramp signal is generated from the
outputvoltage itself. The ¥ method difers from traditional
techniquesuch as voltage mode control, which generates an
artificial ramp, and current mode control, which generates
a ramp using the inductor current.

RAM): Output low ESR. The resulting shallow slope in the output ripple
T‘ Voltage can lead to pulse width jitter and variation caused by both
Com%'gﬁgation Arﬁgl%fer Veg random and sync_hronogs noise. A ramp _ waveform
1o generatedn the oscillator imdded to the ramp signal from

COMP O

the output voltage to provide the proper voltagap at the
Error Reference L o ) .
Signal + Voltage beginningof each switching cycle. This slope compensation
increases the noise immunity particuladiyhigher duty
cycle (above 50%).

Figure 3. V 2 Control with Slope Compensation

Start Up

The V2 control method is illustrated in Figure 3. The  The NCP5422A/3 features a programmable Soft-Start
outputvoltage generates both the error signal and the rampfunction,which isimplemented through the Error Amplifier
signal.Since the ramp signal is simply the output voltage, it and the external Compensation Capacit®his feature
is affected by any change in the output, regardless of thepreventsstress to the power components and overshoot of
origin of that change. The ramp signal also contain®@e  the output voltage during start-up. As power is applied to the
portion of the output voltage, allowing the control circuit to regulator the NCP5422A/3 Undervoltage Lockauitcuit
drive the main switch to 0% or 100% duty cycle as required. (UVL) monitors the IC$ supply voltage (¥c). TheUVL

A variation in line voltage changée currentramp inthe  circuit prevents the MOSFET gates from switching until
inductor, which causes the #/control scheme to compensate V. exceeds the 8.6 V threshold. A hysteresis function of
the duty cycle. Since any variation in inductor current 800 mV improves noise immunityThe Compensation
modifiesthe ramp signal, as in current mode control, the V Capacitorconnected to the COMP pin is ched by a 3QA
controlscheme dérs thesame advantages in line transient current source. When the capacitooltage exceedsthe
response. 0.425V offset of the PWM comparatothe PWM control

A variation in load current will &ct the output voltage,  |oop will allow switching to occurThe uppergatedriver
modifying the ramp signal. A load step immediately changes GATE(H) is activated turning on the upper MOSFEHTe
the state of the comparator output, which controls the main currentthen ramps up through theain inductoiand linearly
switch. The comparator response time and the transitionpowers the output capacitors and load. When the regulator

speed of the main switch determine the load transientoutputvoltage exceeds the COMP pin voltage minus the
responseUnlike traditional control methods, the reaction

http://onsemi.com
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NCP5422A,

0.40V PWM comparator déet threshold and the artificial
ramp, the PWM comparator terminates the initial pulse.

8.6 V--1----- Vin
Vcowmp
0.45 \F-}===o1 o
Vrs

GATE(H)1

1L LR

b 1 GATE(H)2
STARTUP I't: NORMAL OPERATION

"UVLO
Figur e 4. Idealized Wavefor ms

Normal Operation
During normal operation, thauty cycleof the gate drivers
remains approximately constant as thé aontrol loop

NCP5423

instantaneouslyregulation is maintained by the output

capacitorsduring the time required to slew the inductor

current. For better transient response, several high
frequencyand bulk output capacitors are usually used.

Out-of-Phase Synchronization

In out-of-phase synchronization, the turn—-on of the
seconcchannel is delayed by half the switching cycle. This
delay is supervised by the oscillatahich supplies a clock
signal b the second channehich is 180 out of phase with
the clock signal of the first channel.

The advantages of out-of-phase synchronizatiom
many Since the input current pulsa interleaved with one
anothey the overlap time is reduced. Thdeet of this
overlapreduction is to reduce the input filter requirement,
allowing the use of smaller components. In addition, since
peakcurrent occurs during a shorter time period, emitted
EMI is also reduced, thereby reducing shielding
requirements.

Overvoltage Protection

maintains the regulated output voltage under steady state OvervoltageProtection (OVP) is provided as a result of

conditions. Variations in supply line or output load
conditionswill result in changes in duty cycle to maintain
regulation.

Gate Charge Effect on Switching T imes

When usinghe onboard gate drivers, the gate gedras
an important déct on the switching times of the FER
finite amountof time is required to chge the dective
capacitorseen at the gate of thR&T. Thereforethe rise and
fall times rise linearly with increased capacitive loading,
accordingto the following graphs.

‘ —— Average Fall Time ---- Average Rise T ime ‘

90
80
70 =
60 =
50 =
40 =

30 -
20
10

Fall/Rise T ime (ns)
AY
AY
\

Load (nF)
Figure 5. Average Rise and Fall Times

Transient Response
The 150 ns reaction time of the control loop provides fast

the normal operation of the3tontrol method and requires
no additional external components. The control loop
responddo anovervoltage condition within 150 ns, turning
off the upper MOSFET and disconnecting the regulator
from its input voltage. This results in a crowbar action to
clampthe output voltage preventing damagéhe loadThe
regulator remains in this state until the overvoltage
conditionceases.

Hiccup Overcurrent Protection

A lossless hiccup mode short circuit protection feature is
providedonthe chip. The only external component required
is the COMP1 capacitofAny overcurrent condition results
in the immediate shutdown of both output phases. Both the
upperand lower gate drives are driven lawrning off both
MOSFES.

A comparator between the IS+ and IS— on each output
phase detects a short circuit when the voltdifference
betweerthe two pins exceeds 70 mV and sets the fault latch.
The fault latch immediately turns fothe error amplifieend
dischages both COMP capacitors. The capacitor connected
to COMP1 is dischgedthrough 85.0 pA current sink in
orderto provide timing for the reset cycle. Whe®MP1
hasfallen below0.25V, a comparator resets the fault latch
and error amplifier 1 begins to clgg COMP1 with a 30A
sourcecurrent. When COMPL1 exceeds the feedback voltage
plus the PWM Comparator fskt voltage, the normal
switching cycle will resume.

If the short circuit condition persists through the restart

transient response to any variations in input voltage andcycle, the overcurrent reset cycle will repeat itself until the

outputcurrent. Pulse—-by—pulse adjustment of duty cycle is
providedto quickly ramp the inductor current to the required

shortcircuit is removed, resulting in small hiccup output
pulses while the COMP capacitor cpes, as shown in

level. Since the inductor current cannot be changedFigure 6.

http://onsemi.com
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L Selecting Feedback Divider Resistors
Inductor Current (A)

e

R1

COMP pin voltage (V) Ve
o
- hT NN R2

Switching Node Voltage (V)

Figur e 7. Selecting Feedback Divider Resistor s

Selection of Feedback Divider Resistors
1 3 s 3 5 Feedback divider resistors R1 and R2 are selected based
time (ms) on a design trade—-bbetween diciency and output voltage

accuracyBoth error amplifiers are referenced to ¥,&nd

resistorsR1 and R2 are connected from each chasnel’

Output Enable outputvoltage to the inverting pin @g1(2) of each error
On/Off control of the regulator outputs can be amplifier To set the channel output voltadiest choosea

implementedby pulling theCOMP pinslow. The COMP valuefor R1, and then R2 can be sized as follows:

Figur e 6. Hiccup Overcurrent Protection

pins must be driven below the 0.425 V PWM comparator Ry — R1
offsetvoltage in order to disable the switching of theTEA "~ Vout _ 1
drivers. 1.0
The output voltage error due the bias currerdf the error
DESIGN GUIDELINES amplifier and the parallel combination of R1 and R2 can now

be estimated:
Definition of the design specifications

The output voltage tolerance can béeafed by any or all Error = 1.6 - 1076 . %
of the following reasons: ) Reducingthe size of R1 and R2 will reduce the output

1. buck regulator output voltagg setp_omt accuracy, voltageerror, but increase the power dissipation.
2. outputvoltage changdue to dischaing or chaging

of the bulk decoupling capacitors during a load Calculating Duty Cycle

currenttransient; The duty cycle of a buck converter (including parasitic
3. outputvoltage change due to the ESR &&l1 of the losses)s given by the formula:

bulk and high frequency decouplingapacitors,

circuit traces, and vias; Duty Cycle = D =
4. output voltage ripple and noise.

Budgetingthe tolerance is left up to the designer who must
take into account all of the abovdesits and provide an
outputvoltage that will meet the specifi¢éoleranceat the
load.

The designer must also ensure that the regulator
componentemperatures are kept within the manufactsrer
specified ratings at full load and maximum ambient
temperature.

VouTt + VLFET + VL
VIN + VLFET — VHFET

where:
VouT = buck regulator output voltage;
Vhrer = high side FET voltage drop due tgony
V| = output inductor voltage drop due to inductor wire
DC resistance;
VN = buck regulator input voltage;
Vi reT = low side FET voltage drop due t¢&ony

http://onsemi.com
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Selecting the Switching Frequency The minimum value ofinductancewhich prevents
Selecting the switchinfyequency is a trade-fobetween inductorsaturatioror exceeding the rated FET current can
componentsize and power losses. Operation at higher be calculated as follows:

switching fequencies allows the use of smaller inductor and (VIN(MIN) — VOUuT) X VOUT

](c:apacnorvalues. _Nevertheless, it is common to select Iowe_r LMIN = FSW X VIN(MIN) X ISW(MAX)
requencyoperation because a higher frequency results in
lower eficiency due to MOSFET gate cluarlosses.  Where: o .
Additionally, the use of smaller inductors at higher Lmin = minimum inductance value;
frequenciegesults in higher ripple current, higher output ViNviny = minimum design input voltage;
voltageripple, and lower diciency at light load currents. Vourt = output voltage;
The value of the oscillator resistor is designed to be  fsw = switching frequency; _
linearly related to the switching period. If tiiesigner Isw(vax) — maximum design switch current.
prefersnot to use Figure & select the necessary resistbe The inductor ripple current can then be determined:
following equation quite accuratelgredictsthe proper All = VouT X (1 — D)
resistancdor room temperature conditions. L= L x fgw
ROSC = 221;(iox—ffsw where: N _ .
. SW Al = inductor ripple current;
where: VouT = output voltage;
Rosc = oscillator resistor in®; L = inductor value;
fsw = switching frequency in kHz. D = duty cycle.
fsw = switching frequency
800 The designer can now verify if the number of output
\ capacitors will provide an acceptable output voltage ripple
700 \ (1.0% of output voltage is common). The formula below is
600 \ used:
N
z _ Avour
<500 \ Al = ESRMAX
% 400 AN Rearrangingve have:
5300 ESR - AVout
L \ MAX = =1
200 \\ where:
100 B ESRuax = maximum allowable ESR;
10 20 30 40 50 60 AVout = 1.0%x Voyt = maximum allowable output
Rosc (k) voltage ripple ( budgeted by the designer );

Al = inductor ripple current;

Figure 8. Switching Frequency Vv - output voltage
OouT — .

Selection of the Output Inductor The number of output capacitors is determined by:
Theinductor should be selected based on its inductance, Number of capacitors — ESRCAP

current capability and DC resistance. Increasirige P " ESRMAX

inductor value will decrease output voltage ripplayt where:

degrz.ide_transien.t response. Thgre are many f_actors to ESRcap = maximum ESR per capacitor (specified in

considerin selecting the inductor includirgst, eficiency, manufactureis data sheet).

EMI and ease of manufacture. The inductor must be able to The designer must also verify that the inductor value
handlethe peak current at the switching frequency without yie|ds reasonablénductor peak and valley currents (the
saturating, and the copper resistance in the winding shouldnqyctorcurrent is a triangular waveform):
be kept as low as possible to minimize resistive power loss. AlL

Thereare a variety of materials and types of magnetic IL(PEAK) = lOUT + >
cores that could be used for this application. Among them
are ferrites, molypermalloy cores (MPP), amorphous and
powdered iron cores. Powdered iron cores are very
commonlyused. Bwdered iron cores are very suitable due
to its high saturation flux density and have low loss at high

frequenciesa distributed gap and exhibit very low EMI. IL(VALLEY) = loUT - %

where:
IL(PEAK) = inductor peak current;
loyT = load current;
Al = inductor ripple current.

http://onsemi.com
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where: ESL = Maximum allowable ESL including capacitors,
IL(vaLLEY) = inductor valley current. circuit traces, and vias;
ESR = Maximum allowable ESR including capacitors
and circuit traces;
ttr = output voltage transient response time.

The designer has to independently assign values for the
changein output voltage due to ESR, ESL, and output
capacitordischaging or chaging. Empirical data indicates
that most of the output voltage change (droop or spike
dependingon the load current transition) results from the
total output capacitor ESR.

Input Capacitor Selection

The choice and number of input capacitors is determined
by their voltage and ripple current ratings. Tdesigner
mustchoose capacitothat will support the worst case input
voltage with an adequate rgar. To calculate the number of
input capacitors one must first determine the RMS ripple
currentthrough the capacitorsothis end, first calculate the
averagenput current to the converter:

lin(Ava) = Vi1-11 + V212 where nis the expected The maximum allowable ESR can then be determined
n(Avg) n - Vin efficiency (typical ~ 85%) accordingto the formula:
With the average input current determined, the RMS AVESR

ripple current through the input capacitor will be: AlouT

ims = /(1022 + P2) by + (1092 + P2) pyiz WhErE:
rms = ol 3 1 02 3 271N AVEsr= change in output voltage due to ESR (assigned

by the designer)
Once the maximum allowable ESR is determirtee,
number of output capacitors can be found by using the

where:
lo1,2is the maximum DC output current for channel 1 and
2 respectively

formula:
Ip1,2is the peak inductor current (142 ) for channeb ESRCAP
1 and 2 respectivelyf the channel peak inductor current Number of capacitors = ESRMAX
is less than 50% of the channel output current it may be
neglected. where: _ _ o
D 2 is the channel duty cycle. Here it is assumed that each ESRcap = maximum ESR per capacitor (specified in
channels duty cycle is less than 50% so that gatthse manufactures data sheet).

ESRuax = maximum allowable ESR.

does not overlap. o
) . The actual output voltage deviation due to ESR can then
Once the RMS ripple current has been determined, thebe verified and compared to the value assignedhby
requirednumber of input capacitteneeded is based onthe designer:

rated RMS ripple current rating of the chosen capacitor
AVESR = AloUuT X ESRMAX

Selection of the Output Capacitors Similarly, the maximum allowable ESL is calculated from
These components must be selected and placed carefullyhe following formula:

to yield optimal results. Capacitors should be chosen to

provide acceptable ripple on the regulator output voltage. ESLMAX = AVES| X At

Key specificationsfor output capacitors are their ESR Al

(EquivalentSeries Resistance), and ESL (Equivalent Series _

Inductance)For best transient response, a combination of S€€ction of the Input Inductor

low value/high frequency and bulk capacitors placed close A common rngrement Is that the buck contrpllgr mu_st
to the load will be required. not disturb the input voltage. One method of achieving this

In order to determine the number of output capacitors the'S by using an input inductor and a bypass capaditoe

maximumvoltage transierdllowed during load transitions inputinductor isolates the supply from the noise generated

has to be specified. The output capacitors must hold thelN the switching portion of the buck regulatordalsolimits

outputvoltage within these limits since the inductor current Ephe |_nr(;Jsh crurlr_en_t_lnto :The mputhcapacnors upon Ipower up-
can notchangewith the required slew rate. The output einductors imiting efiect on the Input current slew rate

capacitors must therefore have a very low ESL and ESR becomesncreasingly beneficial during load transients. The
The voltage change during the load current transient is" worstcase is when the load changes from no load to full load

(load step), a condition under which the highest voltage

AVOUT = AlQUT X (ﬁ + ESR + t'I'_R) changeacross the input capacitors is also seen by the input
At Cout inductor The inductor successfully blocks the ripple current
where: while placing the transient current requirements on the input
Aloyt ! At = load current slew rate; bypass capacitor bank, which has to initially support the
AlpoyT = load transient; suddenload change.

At = load transient duration time;

http://onsemi.com
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Theminimuminductancevalue for the input inductor is ~ will be driven rail-to—rail due to overshoot caused by the

therefore: capacitive load they present to the controller IC.
LIN = __AV Selection of the Switching (Upper) FET
(di/dmMAX The designer must ensure that the total power dissipation

where: in the FET switch does not cause the power component to

Ly = input inductor value; exceedt’s maximum rating.

AV = voltage seen by the input inductor during a full load ~ The maximumRMS current through the switch can be

swing; determinedby the following formula:

(dl/dt)max = maximum allowable input current slew rate.

The designer must select the LC filter pole frequency so IL(PEAK)? + (IL(PEAK) X IL(VALLEY))
that at least 40 dB attenuation is obtained at the regulator + IL(VALLEY)? X D ]
switchingfrequencyThe LC filter is a double—pole network IRMS(H) = 3
with a slope of -2.0, a roll-bfate of —-40 dB/dec,anda
cornerfrequency: where: , e

1 IRMs(H) = maximum switching MOSFET RMS current;
fc=—"— IL(PEAK) = inductor peak current;
27 x LC IL(vaLLEY) = inductor valley current;

where: _ D = duty cycle.

L = input inductor; Once the RMS currenthrough the switch is known, the

C = input capacitor(s). switching MOSFET conduction losses can be calculated:

SELECTION OF THE POWER FETS PRMS(H) = IRMS(H)? X RDS(ON)

where:
Prms(H) = switching MOSFET conduction losses;
IrRMs(H) = maximum switching MOSFET RMS current;
Rps(on) = FET drain—to—-source on-resistance
The upperMOSFET switching losses are caused during
MOSFETswitch—on and switch—-6&nd can be determined
by using the following formula:

FET Basics

The use of the MOSFET as a power switch is propelled by
two reasons: 1hts very high input impedance; and 2)its very
fast switching times. The electrical characteristics of a
MOSFET are considered to be those of a perfect switch.
Control and drive circuitry power is therefore reduced.
Becauséhe input impedance is so high, it is voltage driven.

Theinput of the MOSFET acts as if it were a small capacitor PSWH = PSWH(ON) + PSWH(OFF)
which the driving circuit must chgeat turn on. The lower VIN X loUT X (tRISE + tFALL)
the drive impedance, the higher the rate of rise® \and = 6T

the faster the turn-on time. Power dissipation in the where:
switching MOSFET consists of 1) conduction losses, 2) PswH(on) = upper MOSFET switch—on losses;

leakagelosses, 3) turn—on switching losses, 4) turfi—of PswH(orF)= upper MOSFET switch—bfosses;
switching losses, and 5) gate-transitions losses. The latter v\ = input voltage;

three losses are proportional to frequency louT = loadcurrent;

The most important aspect of FET performance is the g, = MOSFETrisetime (from FET manufactures
StaticDrain—To—SourceOn-Resistance @$on), Which switching characteristicperfamarce cuve);
affects regulator éitiency and FET thermal management -5, | = MOSFET fall time (from FET manufactuter
requirementsThe On—Resistance determines the amoaint switching characteristics performance curve);

current a FET can handle without excessive power T = 1/fsy = period.
dissipation that may cause overheating and potentially The total power dissipation in the switching MOSFET can
catastrophic failure. As the dragurrentrises,especially thenbe calculated as:
above the continuous rating, the On-Resistance also _
. " N HFET(TOTAL) = PRMS(H) + PSWH(ON) + PSWH(OFF)
increases. Its positive temperature ot is between
+0.6%PC and+0.85%¢?C. The higher the On-Resistance Where: o
the larger the conduction logs. Additionally, the FET gate PHreT(TOTAL) = total switching (upper) MOSFET losses;
chargeshouldbe low in order to minimize switching losses ~ PRMs(H) = upper MOSFET switch conduction Losses;
andreduce power dissipation. PswH(on) = upper MOSFET switch-on losses;
Both logic level and standard FETan be used. PswH(orF)= upper MOSFET switch-bfosses; _
Voltage applied to the FET gates depends on the Once the tota_l power d|SS|pat|o_n in mltchmgFETls
applicationcircuit used. Both upper and lower gate driver Known,the maximum FET switch junction temperature can

outputsare specified to drive to within 1.5 V of ground when P€ calculated:
in the low state and to within 2.0 V of their respective bias TJ = TA + [PHFET(TOTAL) X ReJAl
supplies when in the high state. In practice, the FET gates

http://onsemi.com
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where: The IC power dissipation is determined by the formula:
Ty=FET junction temperature; PCONTROL(IC) = IcC1VCC1 + IBSTVBST + PGATE(H)1
Ta = ambient temperature;
PureT(ToTaL) = total switching (upper) FET losses; + PGATE(L)1 + PGATE(H)2 + PGATE(L)2
Rgia = upperFET juncion-to—ambient thermalresistance. where:
PconTtroL (ic) = control IC power dissipation;
Selection of the Synchronous (Lower) FET lccr = IC quiescent supply current;
':'hei swc;tch ;:o”nduc_non losses for the lower FET can be Vel = IC supply voltage;
calculated as follows: PeaTE(H) = Upper MOSFET gate driver (IC) losses;
PRMS(L) = IRMS2 X RDS(ON) Peate() = lower MOSFET gate driver (IC) losses.
The upper(switching) MOSFET gate driver (IC) losses
= [louT % /(1 = D)]2 x RDS(ON) are:
where: PGATE(H) = QGATE(H) X fsw X VBST

Prms() = lower MOSFET conduction losses;

loyT = load current;

D = Duty Cycle;

Rps(on) = lower FET drain—-to—source on-resistance.

The synchronous MOSFET has no switching losses,
exceptfor losses in the internal body diode, because it turns

where:
PcaTE(H) = Uupper MOSFET gate driver (IC) losses;
QaarE(H) = total upper MOSFET gate clgarat \&c;
fsw = switching frequency;
The lower (synchronous) MOSFET gate driver (IC)

on into near zero voltage conditions. The MOSFET body lossesare:

diode will conductduring the non—overlap time and the PGATE(L) = QGATE(L) X fsw x Vcc

resulting power dissipation (neglecting reverse recovery where:

lossesan be calculated as follows: Peare() = lower MOSFET gate driver (IC) losses;
PswL = VSD X ILOAD X non—overlap time x fgy QGatE(L) = total lower MOSFET gate clge at \tc;

where: fsw = switching frequency;
PswL = lower FET switching losses: Th_ejunction temperature_of the control IC is p_rimarily
Vsp = lower FET source—to-drain voltage; function of the PCB layout, since most of the heat is removed

ILoap = load current; throughthe traces connected to the pins of the IC.

Non-overlap time = GAE(L)-to—-GATE(H) or

C t Sensi
GATE(H)-to—GAE(L) delay (from NCP5422A data sheet qrient sensing

lectrical Ch 7 . The current supplied to the load can be sensed easily using

E;ectnga . ?]r.aCt?“St'CS section); the IS+ and IS- pins for the output. These pins sense a
sw = switching requency voltage,proportional to the output current, and compare it to
The total power dissipation in the synchronous (lower) 5 fiyeq internal voltage threshold. When thefegintial

MOSFETcan then be calculated as: voltageexceeds 70 m\theinternalovercurrenprotection

PLFET(TOTAL) = PRMS(L) + PSwL systemgoes into hiccup modewb methods for sensing the
where: currentare available.
PLEET(rOTAL) = Synchronous (lower) FET total losses; Sense Resistor . A sense resistor can be added in series
Prms(L) = Switch Conduction Losses; Wlth theinductor Whe_n the voltage drop across the sense
Pswi = Switching losses. resistor exceeds the internal voltage threshold of 70amV

Once the total power dissipation in the synchroriies ~ fault condition is set. .
is known the maximum FET switch junction temperature ~ The sense resistor is selected according to:
can be calculated: 0.070 Vv
Ty = TA + [PLFET(TOTAL) X ROJA] : LM ,

In a high current supplyhe sense resistor will be a very
low value, typicallyless than 10 8. Such a resistor can be
either a discrete component or a PCB trace. The resistance
value of a discrete component can be more preciseahan
PCBtrace, but the cost is also greater

Settingthe current limit using an external sense resistor is
Control IC Power Dissipation very precise because all the values can be designed to

The power dissipation of the IC varies with the MOSEET  SPecific tolerances. Howevehe disadvantage of using a
used, \&c, and the NCP5422A operating frequerithie senseaesistor is its additional constant power loss and heat
averageMOSFET gate chae currenttypically dominates ~ 9eneration.
the control IC power dissipation.

RSENSE =

where:
T3=MOSFET junction temperature;
Ta = ambient temperature;
PLreT(TOTAL) = total synchronous (lower) FET losses;
Rgia = lower FET junction-to-ambiert thermalresistace.
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Inductor ESR. Another means of sensing current is to use voltageripple. The consequence is, howeveat very little

the intrinsic resistance of the inductéx model of an
inductor (Figure 9 reveals that the windings of an inductor
haveaneffective series resistance (ESR).

voltageramp exists at the control IC feedback ping)/
resultingin increased regulator sensitivity to noise and the
potential for loop instability In applicationswhere the

The voltage drop across the inductor ESR can beinternalslope compensation is in§igfent, the performance

measuredvith a simple parallel circuit: an RC integratiér
the value of B and C are chosen such that:

Esr - Rs1€

then the voltage measured across the capacitor C will be:

Vc = ESR X I M

Selecting Components. Selectthe capacitor C first. A
valueof 0.1uF is recommended. The value of;Rcan be
selected according to:

-1

ESR x C

Typical values for inductor ESR range in the lom
Consultmanufacturés datasheet for specific details.

Selection of components at these values will resut in
currentlimit of:

Rs1

0.070 vV

ILim = ESR

Vee

1l

GATE(H)
GATE(L)

1S+

C
RS1

IS-

Figure 9. Inductor ESR Current Sensing

Given a ESR value of 3.5 &, the current limit becomes

20A. If an increased current limit is required, a resistor

divider can be added.
The advantagesf setting the current limit by using the
winding resistance of the inductor are thaficéncy is

of the NCP5422A-based regulator can be improved through
the addition of a fixed amount of external slope
compensatiomt the output of th&WM Error Amplifier (the
COMP pin) during the regulator Bftime. Referringto
Figure 1Q the amount of voltage ramp at tBOMP pin is
dependenbn the gate voltage of the lower (synchronous)
FET and the value of resistor divider formed by R1land R2.
R2 -
VSLOPECOMP = VGATE(L) X (m) x(@1-eT)
where:
VsLopecomp = amount of slope added;
Veare) = lower MOSFET gate voltage;
R1, R2 = voltage divider resistors;
t = ton Or torr (switch of-time);
T = RC constant determined by C1 and the parallel
combination of R1, R2 neglecting the low driver
output impedance.

COMP O—_I_

/[\CCOMP

_L |
%RZ I C1l R1
o—— -

To Syhchronous
FET

Figure 10. Small RC Filter Provides the
Proper Voltage Ramp at the Beginning of
Each On-Time Cycle

NCP5422A

GATE(L)

The artificial voltage ramp created by the slope
compensationscheme results in improved control loop

maximizedand heat generation is minimized. The tolerance Stability provided that the RC filter time constant is smaller

of the inductor ESR must be factored into the design of thethan the off-time cycle duration (time during whictne

current limit. Fina”y' one or two more Components are lower MOSFET is conducting). Itis important that the series

requiredfor this approach than with resistor sensing. Note combinationof R1 and R2 is high enough in resistance to

that, in the example of Figure 9, the 1S+ input bias currentavoid loadingthe GATE(L) pin. Also, C1 should be very

flowing through RS1 will introduce a smallfséterror If small(less than a few nF) to avoid heating the part.

RS1 = 4 €2, at the maximum bias current limit o1&, the

errorwill be 4 m\ This error can be avoided by using two EMI MANAGEMENT

separate resistors, each half the calculated value, as shown As a consequence of ggrcurrents being turned on and of

(R1 through R4) in the typical application circuit of athighfrequencyswitching regulators generate noise as a

Figure 1. consequencef their normal operation. When designing for

compliance with EMI/EMC regulations, additional

Adding External Slope Compensation componentsnay be added to reduce noise emissions. These
Today's voltage regulators are expected to meet very componentsare not required for regulator operatiand

stringentoad transient requirements. One of the key factors experimentaresults may allovthem to be eliminated. The

in achieving tight dynamic voltage regulation is IBBR. inputfilter inductor may not be required because bulk filter

Low ESR at the regulator output results in low output andbypass capacitors, as well as other loads located on the
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boardwill tend to reduce regulator di/dffetts on the circuit

board and input power supplyPlacement o
componento minimize routing distance will
reduceemissions.

LAYOUT GUIDELINES

When laying out the CPU buck regulator on a printed
circuit board, the following checklist should be used to

ensureproper operation of the NCP5422A.

1. Rapid changes in voltage across parasitic capacitors
and abrupt changes in current in parasitic inductors

are major concerns for a good layout.

f the power
also help to

2. Keep high currents outof sensitive ground

connections.

3. Avoid ground loops as they piclpmoise. Use star or

single point grounding.

4. For high power buck regulators on double-sided
PCB'’s a single ground plane (usually the bottom) is

recommended.

5. Even though double sided PC8’are usually
sufficient for a good layout, four—layer PC8are the

optimum approachto reducing susc

noise. Use the two internal layers as the power and
GND planes, the top layer for power connections and
componenvias, and the bottom layers for the noise

sensitive traces.
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9.

10.

11.

12.

13.

14.

16.
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Keep the inductor switching node small by placing
the output inductagrswitching and synchronous FET
close together

. The MOSFET gate traces to the IC must be short,

straight, and wide as possible.

. Use fewer, but larger output capacitors, keehpe

capacitors clustered, and use multiple lalyaces
with heavy copper to keep the parasigsistance
low.

Placethe switching MOSFET as close to the input
capacitors as possible.

Placethe output capacitors as close to the load as
possible.

Place thaCOMP capacitor as close as possible to the
COMP pin.

Connect the filter components of the following pins:
Rosc Ve, VouT, and COMP to the GNIPin with a
single trace, and connect this local GND trace to the
output capacitor GND.

Place the ¥ bypass capacitors as close as possible
to the IC.

Placethe Rysc resistor as close as possible to the

ROSC pin.

. Include provisionsfor 100-100pF capacitor across

each resistor of the feedback network to improve
noise immunity and add COMP

Assignthe output with lower duty cycle to channel 2,
which has better noise immunity
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DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
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