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Design Parameters

Assumptions: The calculations in this document assume
that V5V = 5V and electrolytic capacitors are used at the
output.

© V, =12V+/-5%
* VOUT:'IV
® I, =6A

ouT

Switching Frequency (fsw)

Setting the switching frequency is a trade-off between
efficiency, size, and cost of inductor and filter capacitors. A
frequency of 250kHz will be used in this example.

R,,, Selection

The SC414 is a constant-on-time architecture, therefore
frequency is set indirectly. The on-time is set using the
duty cycle (D) governing the buck regulator input/output
relationship, the frequency is determined.

o tfou
T

For a buck regulator:

D — VOUT
Vin

Rearranging the equations results in the following
equation.

_ v 1 =333ns

t,y=——x
N 12V 250kHz

The following equation is used to setR_ .

L 4000x Yn

TN~ 25pF xfgy Vour

Rogy= —————4000x2Y _ 155 20
25pF x 250kHz v

The closest 1% value to 155.2kQ is 154 kQ.

Choosing Input Capacitors

Input capacitors are used to provide energy to the power
stage quickly when the high side FET turns on and to
reduce the peak currents drawn from the input power
source. The ripple current rating of the input capacitors
must meet or exceed | . ripple caused by the switching
currents. The ripple current generated is calculated using
the following equation.

\/VOUT x(Viy = Vour)

lrvs = lour %
Vin

e = BAX NV XUVELY) g gogn

12v

Because of their low ESR and ESL, ceramic capacitors are
typically used. High quality dielectric capacitors should
be used (for example X5R or X7R). As the rated current
varies with both DC bias and temperature, the capacitors
need to be checked to ensure specifications are not
violated.

For example, a 1206 10pF 16V capacitor with an X5R
dielectric has an allowable ripple current at 25 °C and 250
kHz at 4.2A. At 80°C, the allowable ripple current goes
downto 2.1A. As long as the ambient temperature remains
below 80 °C, a single ceramic capacitor is sufficient for this
design example.

The effective capacitance of ceramic capacitors varies
under DC bias and temperature. When using the above
capacitor and a 12 V input, the effective capacitance can
be 50% of the original value or lower (e.g. with a 12V bias
the effective capacitance is <5uF). While a single capaci-
tor is sufficient to handle the ripple current, additional
ceramic capacitors or bulk capacitors may be needed to
provide local energy storage and a low impedance input
source to account for any PCB or input connector
impedances.
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Inductor Selection:

The output inductor should be selected based on cost,
size, output ripple, and efficiency. Selecting a ripple
current between 25% and 50% of the maximum output
load current will provide an optimal trade-off between
the above selection criteria. LIR is defined as the inductor
current ratio expressed as a percentage of | ..

This example uses 40% as the value for LIR.

! loyr X LIR

RIPPLE —

I =6A x40% = 2.4A

RIPPLE

The differential equation for an inductor is shown by the
following equation.

V =Lx ﬂ
dt

The above equation uses the following; V=V -V . di=
IRIPPLE; and dt = tON'
The equation rearranged and calculated is:

L = (Vin=Vour) xton

IRIPPLE
L= 12V -1V)x333ns _1.528H
2.4A

The closest standard value for L is 1.5uH. 1 . should be

recalculated with the chosen L . to minimize calculation
error as shown by the following equation.

_ (12v -1V)x333ns

IRIPPLE_ 1.5uH =2.4A

As the DC current is increased in an inductor, the amount
of inductance decreases. When the inductance has
decreased to 80% of its initial value due to the increase of
DC current, the value of DC current is called I.,. When
selecting an inductor, it is important to not exceed the |,

rating. To figure out what minimum I, current to select,
the following equation is used.

I
4 RiPPLE

lar 21

SAT = 'OUT

2.4A

g, > BA +

This example shows that the I ,; rating of the inductor
needs to be greater than 7.2A.

Setting Current Limit

The current limit is set by comparing the voltage gener-
ated by a 8uA current source across the |, resistor to the
voltage drop across the low side FET during the off time.
This represented by the following equation.

R, = 12501,

For a 6A load current limit, R

, R is shown by the following

equation.

R, = 1250 x%x 6A = 7.6kQ)
The closest 1% resistor is 7.5kQ).

Setting the Output Voltage

The regulator output is set by comparing the voltage at
the feedback pin to an internal reference of 750mV. The
voltage at the feedback pin is V. through a resistor
divider.

The top resistor of the divider (R1) is selected and the
bottom resistor is calculated using the following

equation.

RIxV,p
Vour—Ves

R2 =

For our example, we will use R1 = 10kQ, 1%. The bottom
resistor (R2) is calculated using the following equation.

R _ 10kQ % 0.75V
1V -0.75V

The closest 1% value is 30.1kQ.

= 30kQ
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The control method used for the SC414 regulates to the
valley of the ripple voltage, so the DC output voltage is
actually offset high by one half of the ripple voltage.
Therefore, the output voltage is calculated by the follow-
ing equation where V_, = 0.75V.

R1) V,
Vour = Veg ¥ (1+ RZ] + %
Output Capacitor Selection
Output capacitors are chosen based on the desired output
ripple (minimum and maximum) and transient response
requirements.

The architecture of the SC414 as a constant on-time regula-
tor requires a minimum amount of ripple at the feedback pin
to maintain stable operation. Unstable operation is avoided
by maintaining >10mV of ripple at the feedback pin.

The amount of ripple seen at the feedback pin will be a
fraction of the output ripple, as set by the feedback
voltage divider.

R2
V _Re
RIPPLE X R1+R2

VRIPPLEiFB

Rearranging this equation gives the minimum amount of
ripple required at the output.

R1+R2

X

V =V, _
RIPPLE RIPPLE_FB
- R2

30k +10kQ

Vrippre =10mMV x 30kO

=13mV
Therefore the minimum ripple is 13mV.

Since the SC414 regulates to the valley, the DC tolerance of
the output is affected by the ripple voltage. Therefore, to
maintain DC tolerance there is a maximum placed on the
ripple voltage. Other factors influencing the DC tolerance
are the reference tolerance and the feedback resistor toler-
ance. The reference tolerance of the SC414 is +/- 1%. Since
1% resistors are used for the feedback network, the impact
to overall tolerance from the feedback network is 0.64%.
This example uses a desired DC tolerance of +/-4%.

DC, =V, + REF_tol + Resistor_tol

RIPPLE_TOL

Rearranging and calculating for ripple current is shown by
the following equation.

Vepeie 1o.= DCro, - (Ref_tol + Resistor_tol)
VRIPPLE7T0L= 4% - (1% + 0.64%)
\Y =236%

RIPPLE_TOL —

RIPPLE_TOL num ber

must be doubled because the error comes from ' of the

To calculate the allowable ripple the V

ripple voltage. Therefore the maximum allowable ripple is
shown by the following equation.

Y =VOUTX(2XV

RIPPLE_MAX RIPPLE?TOL)

v =1Vx (2x2.36%) = 0.047V

RIPPLE_MAX —

The ripple voltage seen on the output is usually domi-
nated by the ESR of the capacitor, with capacitance adding
some amount to the ripple. V,, . is calculated using the
following equation.

VRIPPLE = VCESR + VC
VCESR = IRIPPLE X CESR
V. = e

C

©8x Cour *fsw
For this example a 220uF, 9mQ capacitor is selected and
the resulting ripple is calculated using the following
equation.

V_ . =24AX 9ImQ=22mV

CESR

2.4A

c = = 6mV
8 x 220uF x 250kH7

Vv =22mV + 6mV =28mV

RIPPLE
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This example shows that the ripple resulting from using
the chosen capacitor is less than the maximum ripple
allowed to maintain DC tolerance.

The amount of output capacitance also affects the size of
the transient during load step and load release.

During load release, where the di/dt is unknown, the worst
case overshoot transient can be approximated with the
following equation.

- VOUT

vV _ |Lour X IPEAK2 VA
OVER — C + Vour
ouT

I
— — RIPPLE
IPEAK - ISAT - IOUT + 2

lcac is the same value as the minimum | xr calculated

before (7.2A).

The voltage overshoot for our example is as follows:

2
Vover = \/1-5M;|2><0(7l.:2A) + (].V)2 -1V =0.163V
n

The maximum DC voltage seen will be 1.184V (V.. +V

+VR|PPLE/2). This assumes a load release from full load to no

current.

V,
— RIPPLE
VPEAK - VOVER + VOUT +

28mvVv

Voene =163mV +1V + =1.184V

If the maximum overshoot is known, the previous equa-
tion can be arranged to figure out the minimum C_  to
meet the overshoot requirement.

2
PEAK

- VOUT

Lour %!

2

COUTMIN - 2

VPEAK

If the di/dt is known, the following equation can be used
to calculate the minimum required output capacitance.

L x ISTEP_PEAK | « dt
Vi ~IsTEP E
ouT !

2(VPEAK - VOUT)

for this equation is shown by the

X

COUT = ISTEPiPEAK

Where |

STEP_PEAK
following.

IRIPPLE

ISTEP_PEAK = ISTEP + 2

Note that for this equation the peak current is only impor-

tant as it relates to the size of | not the full load peak

STEP"
current.

The next example uses a full load release, and overshoot
voltage of 100mV, as shown by the following equations.

o = 3A + 2'% = 4.2A
1.5uHx H2A _gp 1S
Cour = 4.2A X v 1A _39.2)F
2(1.1V -1.0V)

Either a single 150uF or a single 220uF capacitor can be
used for this example.

To approximate the undershoot caused by a load step the
following formula is used.

2
Lour Xlsrep

V =
PER 2 Cour *Dyax * (Vin = Vour)

For the SC414, the duty cycle ratio changes during a load
step by modulating the off-time and maintaining the on-
time. As long as the feedback voltage is below the refer-

in
MAX
the above equation can be calculated using the following

ence, the off time is kept at a minimum. Therefore, D

equation.

t
DMAX = N

tON + tOFF_MIN

Where t  equals the value calculated above and t .

(500nS) is shown by the following equation.

333ns

D,y=—""2 __ _0.40mV
MAX " 333ns +500ns
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The result for the V

unoer Calculation is shown by the follow-

ing equation.

1.5uHx (6A)?

V, = =7mV
UNPER 2% 220uF x 0.40 x (12V —1V)

The minimum DC voltage measured is shown by the fol-
lowing equation.

VRIPPLE

VOUTMIN = VOUT + - VUNDER

Vourun =1V + 13va —7mV =1V

If V.o 1S known, the equation can be rearranged to
determine the minimum capacitance required using the

following equation.

2
L xlsrep

2% Vynoer X Dyax(Vin = Vour)

COUT =

One additional specification to check when selecting
output capacitors is the ripple current rating of the capaci-
tors. The ripple current calculated above is 2.4A. For
example, the Sanyo 2R5TPE220M9 meets the previous
requirements (220uF/9mQ) and has a ripple rating of
3900mA. A single capacitor can meet this current rating.

If the current rating had been below the calculated ripple
current, then additional capacitors would be required. As
a hypothetical, if the ripple current rating of a capacitor
were 2000mA, then two capacitors would be required to
meet the ripple current rating (making a total of 4000mA
of ripple current rating). When adding additional capaci-
tors it is important to check the resulting equivalent ESR
(calculated as parallel resistors) to ensure enough ripple is
available on the output.

LDO Output Capacitor
A minimum of 100nF is needed on the output of the LDO
to ensure stability.

Bootstrap Capacitor

The minimum capacitance required depends on the total
gate charge of the high side FET and the amount of droop
allowed on the high side drive.

Q
Ceer = Hee

VBSTDROOP

The Qg of the high side FET in the SC414 is 10nC. If the
SC414 has a 5V gate drive, an acceptable droop on the
bootstrap voltage is 100mV.

10nC
=——=0.1uF
BST OlV ll”l'
A capacitor in the range of 0.1uF to 1.0uF will work. A high

quality ceramic capacitor (X5R or X7R) is recommended.

Power Good Pull-up Requirements
Power good is an open-drain pin and requires a pull-up
resistor. A value of 10kQ to 20kQ should be sufficient.

Additional Decoupling Requirements

A high quality 1uF ceramic capacitor is required between
the V5V pin and PGND. If the LDO is used to bias the con-
troller, this capacitor is in addition to the capacitor required
for stability. If an external supply is used for the V5V
voltage, another capacitor of at least 100nF value should
be used between V5V and AGND.
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