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AGENDA

= SEPIC Topology Overview
= Practical Design Considerations
= CCM and BCM
= Couple Inductor vs Single Inductors
= Ripple Steering
= | eakage Effect
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SEPIC TOPOLOGY

OVERVIEW




THE SEPIC CONVERTER
APP Note 135a

= Single Ended Primary Inductance Converter
= Converts a DC voltage to a lower or higher DC voltage (Buck-Boost) with the same polarity ©

= [nput resembles a Boost (Continuous input current ©) Vi, . oy Vow
n - r“f‘\‘r“‘f.‘\, » ou

= Qutput similar to a Buck-Boost Ls Llﬂll[ Q./D;

= Energy transferred via Capacitor C,¢ .

® =  Q/ L

= AC capacitor couples input and output stages
= Block DC current -> inherent o/p s/c protection ©
= (,c must be high enough ->s/catf_, ¢ ¢ ¢ 3,
= Two single or one Coupled Inductor ©
= Q1 main switching transistor
= Q2/D1 complementary transistor or diode
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https://www.we-online.com/components/media/o857715v410%20ANP135a_EN.pdf

THE SEPIC CONVERTER

Continuous Conduction Mode (CCM)

= Switch closed (Transistor ON):
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THE SEPIC CONVERTER AN e SR
Continuous Conduction Mode (CCM)
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= Switch opened (Transistor OFF):
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100

THE SEPIC CONVERTER
CCM Design Equations — Single Inductors

10

: : Unut D 2
\Voltage Conversion Ratio = 0.1
Vien, 1-D
0.01
) U“-I i D 1IL||r”_I ] D 0 Q.1 az 03 0.4 0.5 0e 0.7 0E 09 1
Single Inductors L1=L2=L | = = Duty Cycle ()

fey * AlL_com Fop T IL_max

| : Average current through L1 or through L2

L _max*
| — | = Unut Inut 5 = |
LT = tin— M- v L2 out
in
UE}EEDLGH = III"'Illn + Unut C, = Al
ﬂ."u".[ﬂ[ _ ||r'|-H - D]‘ E.r]CE.n.-.r - AV EAE}UDMH |Dut.{"| _ D}1T5w
UE}ILGHE = II""Illr'l + Unut f5""’ *Cac lout = D - Tow 0.1 (1"-"r|r|:-.|2
Eu:uut= XV i
ou

Note: Refer to App note 135a for the comprehensive circuit analysis and equations
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PRACTICAL DESIGN

CONSIDERATIONS




CONTINUOUS CONDUCTION MODE (CCM)

Practical Example — Calculations vs Measurements

= Specifications:
= \/in=18V
= \o="12V
= |out=2A
" n=90%
= fsw = 200kHz

= (Calculations:
= D=0.4
= Ripple factor = 40%
= |1=L2=45uH I
= Part usedis WE-PD 7447714470 (47uH)
= Al ,=Al,=0.77 A

D=0.42, AlL=0.9, lout = 2.01A, lin = 1.48A and n = 90%
Measurements consistent with calculations
Slight difference due to parasitics/tolerances.
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https://www.we-online.com/components/products/datasheet/7447714470.pdf

CONTINUOUS CONDUCTION MODE (CCM)

Practical Example — Calculations

= Say Vin =9V to 36V (18V nominal) ; Vo = 12V; lout = 2A; 1 = 90%; fsw = 200kHz; ripple factor = 40%

Vin
= (alculation of L to optimise performance and efficiency ‘ D
IL1
= Use REDEXPERT to optimise the selection: IL2

nline.com/re/5w2h5uaP IL1+IL2
L1,L2 (uH)

939K 1
\\\\\\ 47.0H 47.0pH 19.2mQ 143% 8.40A 12.0A 80.0v 293mw 8.60 mwW 301 mw 10K 2
< E-HCF 2013 3 Single 470pH A32pH 122m0 156% 128A 850A 800V 744mW  547mW  79.9mW 197K 2 L — 2 1 7 u H
- m " - b WEHCF 2818 v & Singe 470 pH 46.9pH 420mQ 144% 2204 1154 800V 755mW  188mW  774mwW  306mK 2 - U
W e e [ T o p— Ee——— - AIL
3470 E-HCF 2920 Litz 47.0 pH 47.0pH 19.3m0 143% 1174 135A 250V 227mW  8.65mW  31.3mW 588 mi fv
W ADI

: mem e =0 L - ll-5 UH
Y (e s i e -
—
:
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2.00
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0.40
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2.00
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45.00

1.66
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0.64
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https://redexpert.we-online.com/re/5w2h5uaP
https://redexpert.we-online.com/re/5w2h5uaP
https://redexpert.we-online.com/re/5w2h5uaP

BOUNDARY CONDUCTION MODE (CCM-DCM)

= The CCM —DCM boundary condition is based on A
o Vou I.4(t)
.1 + I = Al OR lg=-lsg=lg=—"- -1
L1+ 12 L L1B L2B = 8 = ( v ) ILz(t)
= Note current reverses direction as CCM-DCM is approached lir
= Boost mode -> |, reverses |
IL‘IE out
= Buck Mode -> |, reverses >
= |oad current at Boundary Condition: IPY t
\Vo>Vin (Boost)
1'-'|III'| -D - H - D:' L1} L2
0d = L ’ F Il Orruie =
=LE B4
. T
= Based on the previous specs: log = 0.47A ey
" |L1B = _ILZB = _75mA fm
42 0mui
50
2H0mAs
21 Drmued
Tome Vo = 12V < Vin = 18V (Buck)
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BOUNDARY CONDUCTION MODE (CCM-DCM)

= The CCM —DCM boundary Inductance Calculation

V.1 Vi D Duty Cycle impact on Inductance
||_1 + ||__;1_ = EIIL ‘ 0 out + Iy = n 12
nvi . fswlp
Re-arrange: '
0.8
Von(1 — D)

Lg

Ly/K
(=]
[4)]

B fswlout((l o TI)D + 77)

04 \
v,
2 = Constant = K

fswlo 02

Assume n=100% to simplify, and

0

0 0.050.1 015 0.2 025 0.3 0.35 0.4 045 0.5 0.55 06 065 0.7 0.75 0.8 085 09 0985 1
Duty Cycle

Ly =K .(1-D)?

= For asetload current, worst case is at minimum Duty Cycle (Max Vin).
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COUPLED INDUCTOR VS SINGLE INDUCTORS

Ly
| 1 |
llullll ;_.ﬁr"ﬁ;"l. * I Ir > I|.||I.|_||' II'-' ] '. I I _.,.d"'r - .II-IIl |.|.
+ W - Car 2 Cac Qa/D;

= (Coupledinductor advantages:
= Reduce component count.
» Less inductance required for the same AC ripple current on each winding.
= Magnetically coupling the windings facilitates ripple current steering. This helps to lower EMI filtering requirements.
= High leakage inductance can be advantageous in the SEPIC.
= Reduced board area
= Reduced cost

1 3 | PRACTICAL TACTICS FOR DESIGNING SEPICS - DIGITAL WE DAYS 2025

EXTERNAL | M ALALAMI | 14TH SEPT 2025



COUPLED INDUCTOR VS SINGLE INDUCTORS

= |nductance of a coupled inductor can be as much as half the
inductance of each of the two single inductors.
= This is based on the analysis of the equivalent circuit of coupled 1

inductor: 03
LCoupled _ 1 0B
LSingle (1 + k) EJ
=l oy
0.6
= kis the coupling factor which is a function of the coupled inductor .

. . . a o1 0.2 03 04 05 Q6 0.7 0sg 0.3 1
winding construction.

% |couplirg factar)

= The higher the 4, the tighter the coupling between L, and L,, and
the higher the magnetizing inductance.
= Maximum k=1, giving L = (%)L

coupled — singler
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COUPLED INDUCTOR VS SINGLE INDUCTORS - CCM

I{L1)
Calculations and Simulations 379
3.5A
= New specifications: 3. 34—
= 18Vin; Vo = 12V; D=0.42; lout = 4A; fsw = 500kHz; L1,2 = 10uH 1157 A
2.94
= LT Spice Simulation results consistent with calculations: 3 75
= k=0 (uncoupled) -> Al = 1.5A 3A7
2,34
= k=0.4->Al=1.1A -model Q1 SW{Ron=10m Roff=100meg V=2 Vh=1) 7 1A
' ' tran 0 {20m+6.5u} {20m+1.5u} 100n ' I{L2)
= k=0.9->Al=0.78A .step param k1 list 0 0.4 0.9
K L1 L2 {k1}
L1 Cac b1
— 1
10y 100y
vin  + < Q1 L3 o 'I:I:ILI'[:=
18\ — A 10p 40p
Wd
i
é PULSE{D 5 20u 1p 1p 0.85u 2u) 3.15 ! !

| |
0.0ps  1.0ps  2.0ps  3.0ps  40ps  S.0ps
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COUPLED INDUCTOR RIPPLE STEERING

How?

= [ntroduce an ‘imbalance’ in the two windings

= turns-ratio = 1 .model Q1 SW(Ron=10m Roff=100meg Vt=2 Vh=1)
tran 0 {20m+&.5u} {20m+1.5u} 100n

= Al ,#Al,
KL1L20.9

= (onsider the same example as previous slide:

L1 Cac
= Coupling factor of 0.9. on | 'mllim'
= Turnsratio =N2/N1=n=0.95. in - .jll e
= Symmetrical winding construction -> leakage 13 S W
inductances 'scaled’ by the turns ratio. v |
= With L1=10 pH, k=0.9 and n=0.95: PULSE(D 5 20u 1p 1p 0.85u 2u)

= [1Tm=9puH,L1k="1pH.
= [2m=8.1puH, L2k =0.9 pH
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COUPLED INDUCTOR RIPPLE STEERING

LT Spice Simulation

= Balanced: n=1 and k=0.9
= Al ,=0.78A and Al,=0.78A

= |mbalanced: n=0.95 (N2<N1) and k=0.9

= Al,=04A andAl,=13A
= Ripple current reduces in L1 and increases in L2
= Ripple current steered from one winding to another (L1 -> L2)

= Forn<0.95:
= Ripple currentin L1 could be eliminated

= Why steer?
= |mproved EMI performance (filtering reqts)

= Advantage depends on application specs
= Don't over steer!

= Note: DC current levels do not change

1 7 | PRACTICAL TACTICS FOR DESIGNING SEPICS - DIGITAL WE DAYS 2025

EXTERNAL | M ALALAMI | 14TH SEPT 2025

HLim}

iL2m)

NV,

T
1.0ps

L1}

200

3008

T
4.0us

L2

Sy

0.0ps

T
1.0ps

2.0ps

30us

T
LT

50ps



COUPLED INDUCTOR LEAKAGE EFFECT

1:1 turns ratio

= |eakage inductance and AC coupling capacitor result in circulating
loop current

= Driven by AVpc

= Superimposed on Triangular magnetizing current

L1 (t) = 1 qpaft) + hgoplt) -5
L1 RV R gty ‘ ooplt] = ||_1':t]2||_:':t] 2 aglt) = I_][t];'lu[t]

¥ (t} = |L.£H|:t:| - |I:-:-:':t:|
= Given a:
= High coupling factor (low leakage)
= Low C,c (high AVi,o)
= Loop current dominates (37 order polynomial waveshape)

= Resulting in:
» |nductor current no longer Triangular
= Ripple current considerably higher
= Higher losses and temperature rise.
= No contribution to the energy transfer from input to output of
the converter
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COUPLED INDUCTOR LEAKAGE EFFECT 9.0

What is the solution? _ s00
g 880

= Increase C, -> Not the best option (cost & size) S 80
= Increase LIk -> Good option -> Higher leakage (lower coupling = &
factor) inductor 220
L

" Forl1=L2=L, C, can be calculated: 04 0.2 02 04 05 06 07 08 03 1 11 12

Load Currant ()

Car B Iﬂut_lTlF_a L Dimax * Tow
AL_min = R LLH ' lIull|--:|'n|I'|:

= Using a 'high leakage’ coupled inductor, k=0.7
» Reduces loop current
= Magnetizing current dominates (triangular)
= |Improves efficiency
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COUPLED INDUCTOR LEAKAGE EFFECT

Thermal performance

Low Leakage Coupled Inductor High Leakage Coupled Inductor

l‘—- C—
F,...

,;’1]45 G°C
! h i]'
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COUPLED INDUCTOR LEAKAGE EFFECT

How can we increase leakage?

= Different Winding Techniques

Stacked Winding or One layer winding style Bifilar Winding style Sandwich Winding

sectional Winding

Very high Leakage Intermediate Low leakage Very Low leakage

Inductance leakage Inductance Inductance Inductance
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COUPLED INDUCTOR RANGE
WE-DD Straight vs Crossed

Low Leakage Inductance High Leakage Inductance

= Advantages
= Wide range of inductances and sizes available
= Available in straight and crossed pin layout (reference to leakage Inductance)
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COUPLED INDUCTORS RANGE
Moulded and airgap

WE-MCRI:

¢
& @

Molded Technology with

WE-DPC HV: WE-TDC HV

>
%

': o“e®

Composite iron Powder
High Saturation current,

high coupled coefficient
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COUPLED INDUCTORS

Other Considerations

= Rated and Saturation Current Definition in DS

Inductance / DC Current (20.0 °C)

= Measurement in series, parallel or single

== 744053100

== 744778510

== 74437324100
74437321100

)

= Max Irin parallel

OOOOO

= Max Isat (parallel or single)
= Soft vs Hard Saturation and Temperature effect

= \/oltage rating and Percolation effect

Figure 3 Microscopic analyze of a powder structine of 3 moloed
inductor (Foom: SumjEd
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SEPIC LEAKAGE INDUCTANCE (LT3758A)

LT3753 - High Input Voltage, Boost, Flyback, SEPIC and Inverting Controller
High Efficiency SEPIC Converter

WE-DD Crossed, k=0.95

LT Spice Simulation

!

1 L3 2

m I i DL out
Vi lcﬂu lcﬁuT I 1280_744870100] 100 ”?u —Eh lc:fuu R7
= WE-DD 744870100 k=0.95 o 4 | Vin e xa 9 ©
SHDI/UVLO NTVee — >
= WE-MCRI 7448990100 k=0.995 n M
. . . . ss Gate t— BSZ12DN20NS3
= Accurate LT Spice models capturing parasitic behaviour 7
RO R4
. senseirc%\/_' 20m R5
LT3758A Q;u“" 105K
: R " wn Ve FBX
GND R6
h Pl N P} P pl )\ = 15.8K
\ / \ / \ / / \ / \ / \
\ /N \ AR 7 /N /N
N N / \\ / N N WE-MCRI, k=0.995
|/ i { | q 1 L1 2
’ | ’ / : m v g e o oums
v2 lm" lClST '[ 1090_7448990100 _10u" MBRS1100 lc]__?, R16
| | | (L3:4) - x}'ﬂu x{"ﬂu = cs 4.7p x}'ﬂu 8
L ho / / L ) SHDN/UVLO e —{—>
/ \ / /“‘ d —
N I/ /N R/ N/ N /s . oo
\ / | : ‘ ‘ } ‘ / \ | / = — | BSZ12DN20NS3
= \J‘ ‘V/ : - = e \J“‘/ Ly R18 | R13
: : B 55k " L 13758A sense i 20m §R14
C10 R17 ;@mﬂ 105K
Ve FBX
ST 22t GND R15
- 15.8K
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SEPIC LEAKAGE INDUCTANCE
OPTION 1 — Use a loosely coupled inductor (low k / high LIk)

Observe simulation result with C,.=2.2uF, fsw=450kHz and LIk = 75nH vs LIk = 750nH

ET—— )
o | LIk = 750nH

Al1 = 300mA
LIk = 75nH
Al1 = 700mA

s

Lik = 750nH

j i Al2 = 300mA

i LIk = 75nH
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SEPIC LEAKAGE INDUCTANCE
OPTION 2 — Use bigger AC coupling capacitor C,

Observe simulation result with LIk=75nH, fsw=450kHz and C,.=2.2uF vs C,=10uF

7 SEPIC CONVERTER

oo =)

1.0A

0.5A—;

D0.1A | | | ! |
242ps 244ps 246ps 248ps 250ps 252ps

|
254ps

|
256ps

|
258ps

|
260ps 262ps 264ps
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CAC - 2.2LIF
Al1=700mA
CAC = 1OUF
Al1=200mA
. CAC = 2.2L|F
Al2 =950mA
CAC = 1OUF
Al2 = 350mA



SEPIC LEAKAGE INDUCTANCE
OPTION 3 — Increase switching frequency

Observe simulation result with LIk=75nH, C,.=2.2uF and fsw=450kHz vs fsw=1.2MHz

| 22 sEpIC CONVERTER =0
| | fsw = 1.2MHz
Al1=85mA
fsw = 450kHz
Al1 =700mA
- fsw = 1.2 MHz
0504 Al2 =135mA
: fsw = 450 kHz
Al2 =950mA
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