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8 Input Capacitor Selection
Similar to a boost converter, the SEPIC has an inductor at the input. Hence, the input current waveform is
continuous and triangular. The inductor ensures that the input capacitor sees fairly low ripple currents. The
RMS current in the input capacitor is given by:
mn
Icin (ms) = —
2 (17
The input capacitor should be capable ofh andling the RMS current. Although the input capacitor is not so
critical in a SEPIC application, a 10 uF or higher value, good quality capacitor would prevent impedance
interactions with the input supply.
9 SEPIC Converter Design Example Vin= &-3€ 1//
Input voltage (Vy): 3.0 V-5.7 V LM3478 controller is used in this example. The schematic is shown in
Figure 5.
Output voltage (Vour): 33V 74, 4/ /
Output current (Igy7): 2.5A £A /
Switching frequency f.,: 330 kHz JLOKHZ —_—
g freq Yy / m8220 {00@/
LM3478 controller is used in this exampl(e The sc ematic is shown in Figure 5.
2,2 M FXSOV
L1 5 74 6 ’{ 3,%H Vv
& 0 Lotamic 0T 19 41/
T ~
aﬁxllioo‘{F &
/ e ot STPEONSIF 4
soV
KESHE £ g s T Sn| e @20 &R
R |_— )
4 7
‘ - /I &o+0 18N
TRMS =7, SN LM3478
X SSmA 213, :
ARE\ESRA ,, s ;G AGND [27:(’6,,, ses Buro
R FB R
=
ig FA  COMP = 1500MF M@Z’o%?o Grgpst
L M=y Isen
- 30mJZ. /0%%/\ Q//C&.d,&b//éﬁgy

Figure 5. Schematic épcg. K2, Z/L/f‘xS‘D(/

Step 1: Duty cycle calculation
Assume that the V,is 0.5V,

. Vour + Vb - 44’,4”‘0/5 = 0652
™7 Vin min) + Vout + Vb = &v €79 4/+0/ € 7
__ 33405 .o
30+33+05 (18)
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oo Vour + Vb _ 74, 9+ qé - 0233
™" Vin (max) + Vout + Vb T30+ 74 97C & 7
__33+05 _ .o
T 57+33+05 )

Step 2: Inductor selection
The input inductor L1 ripple current is:

cao% = Mx;ﬁixm = S%A

AlL= Vour
L=lourx

IN (min)
=25x E x04=11A
3.0 (20)
and the inductance for L1 and L2 is:
\ min] ’
etpeiomen &Y xgéS2 2 4STH
Al X fsw !/\?[4 X 100k
= 73330k <056 =46 PH o
The closest standard value ofa n off-the-shelfi nductor is 4.7 pH. The peak input inductor current is:
Vour + Vb 409 74 ¢ +0! é ' 4
IL1 (peak) = louT X T~ x% + 8/4 SV ¢
=25x33%05 L 12-38A
3.0 (22)
The peak current for L2 is:
. = §6A
IQ(Peak)=|OUTX%+%=2A5X142=3A = g/{ X72 4
(23)
Step 3: Power MOSFET selection
The MOSFET peak current is:
lQ1 (peak) = IL1 (peak) + L2 (peaky = 7//4'7‘ ‘Z é A = 2?/ 64
=38+3=6.8A (24)
and the RMS current is:
- (19, 94166 _ ~ 78 6
, o (Vour + Vingmin*Vo) X (Vour + Vo) — £ A - 19 %+ &v+T6y (1% 7 > /£57f24 =78 64
Qi(rms) = lout 7 —_ (f‘/'.?'
V/iN(min)
5B X\/ (33+3.0+ 0A5)2x (33+05) _,.,
= (25)

The rated drain voltage for the MOSFET must be higher than Vi +Vgyr. Si4442DY (Rpson) = 8 mQ and
Qgp = 10 nC) is selected in this design. The gate drive current | oft he LM3478 is 0.3A. The estimated
power loss is:

Pq1 = |<211 (ms) X Rps (oN) X Dmax + (VIN (min) 2 ¥ 9577C ,?QOC
Qooxtw = 78, GA x 00N SN XGESL eV 744y) ¥ 1% éA —/———m’g T c
+ Vour) X la1 (peak) X —— = / W
=4.2°x8mx0.56+(3+3.3)x6.8 @ é/ 54
10n x 330k
—=0.55W
- (26)

Step 4: Output diode selection

The rated reverse voltage oft he diode must be higher than V+V,; and the average diode current is
equal to the output current at full load.

VD > Vin+Vout > 45V
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Step 5: SEPIC coupling capacitor selection
The RMS current oft he Cs is:

——
i =lourx | YTV = g4 ¢ )/Z‘i‘é’i‘ii = 7095S A 774
VIN (min)

B 33+05 _ Chese X XgPcs
=25x | = =28A cap murﬁta(Z,Z/"F"SO’/ ?&) o0
C :f3,2 ME '

0652
— 042V VCS :!:ﬁi_///—‘— Z;?JV
713,21 F x 200k 28)

A 10 uF ceramic cap is selected. —> 7.3, 2/ F (2,2 ¥ 6?’53.)
Step 6: Output capacitor selection

and the ripple voltage is

lour XDmax 2.5 x0.56
Csxfsw  10Px 330k

' Ves=

The RMS current oft he output capacitor is:

Icout(rms) = les(rms) = 2.8A = {/)4

Assuming the peak-to-peak ripple is 2% oft he 3.3V output voltage, the ESR oft he output capacitor is:

ESRd Vripple X 0.5 _0.02x3.3x05 2 & 02 * 0 "_‘4/4’//__4,5;2_mﬂ,

(29)

IL1(peak) * IL2(peak) 38+3 o?‘?/ 6A
=48m: (30)
and the capacitance is: ! F
& lout X Dmax  _ 2.5 % 0.56 . M,_Z_,-——/ = 78LSA
ot t e X05 xfu  0.02x3.3 x0.5 x 300K GO2 x4, Yx0,5 ¥ 200K
=141 PF 31)

Two pieces of1 00 yF (6mQ ESR) ceramic caps are used. For cost-sensitive applications, an electrolytic
capacitor and a ceramic capacitor can be used together. Noise sensitive applications can include a

second stage filter. 8&10)(57/4 KF serieg P7IX20

Step 7: Input capacitor selection 4,?0//,&‘ X SoV
The RMS current oft he input capacitor is: rms =7,S9A . 2= SE R,
Al 14 _ 5,76 gz é7A ARGPOHME
Icingms) = — = —— = 0.32A — T —
2~ 12 V2 (32)

Step 8: Feedback resistors, current sensing resistor calculation and frequency set resistor

R1 is the top resistor and R2 is the bottom resistor oft he voltage divider. The feedback reference voltage

is 1.26V. L4 = 100K+62 K Sefrees
IfR 1 =20 kQ, then: X
e i o 420 xq6 2k = 1418k R 72K
RZ_VOUT-VREFX _3.3—1.26X 44/(/17/26 (;ti-[»f,t_{ Sei‘lé_g
=124 k: (33)

For the LM3478, the threshold voltage to trigger the current protection varies with duty cycle. The
threshold is a ramp which is defined by Vsense at 0% duty cycle and Vsense — Vsl at 100% duty cycle.
The values for Vsense and Vsl can be taken from the Electrical Characteristics section oft he LM3478,
LM3478-Q1High-Efficiency Low-Side N-Channel Controller for Switching Regulator Data Sheet
(SNVS085). There is also a plot in the data sheet showing the typical current sense voltage vs duty cycle.
In our example the duty cycle was calculated to be about 50% and so we use the current limit threshold of
130mV for the following calculation to keep things simple. Thus the sensing resistor value is:

_130mv_ 13om o _ f/ﬁmVs%‘/L ~rEmJL

Rsn = = e e

latpeaky 6.8 2¥ GA (34)
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Gk Lol 280&Hz GPer&tesr

Rfi s approximately 50 kQ for 330 kHz operation.
Step 9: Compensation Design

In the control to output transfer function of a peak current mode controlled SEPIC converter, the load pole
can be estimated as 1/(2mRL*Cout); The ESR zero oft he output capacitor is 1/(2rESR*Cout), where RL
is the load resistant, Cout is the output capacitor and ESR is the Equivalent Series Resistance oft he
output capacitor. There is also a right-half-plane zero (fzypz), given by:

B (1‘Dmax)2XVOUT =5 i—eé’gjx’/%(/ - ’7;3?//’
frHPZ = ZI;(Dmaxxszo.SXIOUT dﬂ)(ﬂ/éfz )('é'ﬂbmil — 7 =z

(1-0.56)° x 3.3 -
= = Z
m0.56X4.7PX045X2,5 (35)

We can also see a “glitch” in the magnitude plot at the resonant frequency oft he network formed by the
SEPIC capacitor Cs and the inductor L2:

£ = 1 B 1 — _1__’———’——" = %V?(?JSA/Z
R 2Sx{l2xCs 2Sx {4 7PHx 10PF A7 X\ §art ¥ 73, 20F
=23 kHz (36)
The crossover frequency is set at one sixth oft he fgp; or fz, whichever is lower:
e R = i’-zé—grﬁ‘v’gk/’/%
6 6 é (37)

Parts Cc1, Cc2 and Rc form a compensation network, which has one zero at 1/(2mRc*Cc1), one pole at
the origin, and another pole at 1/(2mRc*Cc2).

Vaw{ g D Where, Vge is the reference voltage of1 .26 V, Vo is the output voltage, G, is the current sense gain
T— - ‘/D—) (roughly 1/Rsn) 100A/V, and G, is the error amplifier transconductance (800 umho).
th r

Rc is chosen to set the desired crossover frequency. 2
= + €82
2ﬁxfchOUTxVéUTXU + Dmax) AH X 3442 X 7500/F il X(i 4 ): ‘glozmcj'

Rc = =

D = th
o GchGmaXVREFXVIN(min)XDmax }2"5 ngaﬂmﬁo X 7/"?6 )(g X 965‘2 //\C ggi
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Cc1 is chosen to set the compensator zero to 1/4 oft he crossover frequency:
= 45HF
(39)

- 4 - =T
~fxsskxszs o0 oﬁxglm(gj.{lc

Ccl = -
ZFxfexRe

The pole at 1/(2rRc*Cc2) is to cancel the ESR zero 1/(2rESR*Cout),
200P x 3m - L8QOMEKTLSPL | 942pF
GEA — P(40)
‘ r-E

Cout X ESR
= = =1.2nF

R e =7 523
P= 2. R =
Imax
4 pcg

Side N-Channel Controller for Switching Regulator Data Sheet
At= 10°) [E5=6SMW ARd
/= 130mW 344
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