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Topology Overview
Non Isolated Topologies
Isolated DC-DC Derivatives
Single Ended Topologies
» Transformer Reset Techniques
= Flyback Converter
= Forward Converter
» Double Ended Topologies
=  Push Pull
= Half Bridge
= Full Bridge

» Summary
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pA;g..nw Isolated Power Topology Derivatives

\\/77 =$ { T BUCK-BOOST \\’/—0 - 7% % TI BUCK \\/7?: D % T
|

NON-ISOLATED
| ISOLATED
[ Lowrower < 100w | | SINGLE-ENDED | | SINGLE-ENDED | | DOUBLE-ENDED |
MID-POWER (100 W - 500 W) —| PusHPULL |
| HIGH-POWER (>500W) | —| HALF BRIDGE |
Power levels numbers for general
discussion only. Exceptions aplenty. ACTIVE CLAMP| ACTIVE CLAMP| LLC
| FULL BRIDGE |
» 8 “Mainstream” Converter Topologies ZVTIPHASE SHIFT|
= Non-Isolated = |solated
1. Boost 4. Flyback HARD SWITCHED |
2. Buck-Boost 5. Forward
3. Buck 6. Push-Pull
7. Half Bridge
8. Full Bridge
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m;g..nw Other Topologies?

» Numerous Variations Exist » Different Ways to Operate Them
= Sepic = Voltage Mode Control
= Cuk = Current Mode Control
= Current Fed Buck = Digital Control
= Tapped Inductors = Variable Frequency
= Multiple Outputs = CCM, DCM, BCM
* [nterleaving = ZVS
= More? = ZCS

= Synchronous Rectification

» Some Practical Converter Topology Advice

= Most power conversion requirements can be met using one or more of the 8
mainstream topologies

= Save more difficult topologies for unique application requirements
= Beware of publications proclaiming the “best” topology
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mng._nw Multi-Stage Topology

/4 Typical Distributed Power System

AC Line 48 V to 12 V IBC (Intermediate Bus Converter)
85V < Vac< 265V

| __Vee=d0OV_ _________ 400Vi048VBus Converter | E—L Ik |
ST R R e R
l - P,g” R R I S e B2
e ) R :
i i 5 fa évﬁ - . )

iTeIecom Rectifier SIS : i v e T ]

L-——— - __d___C POL_1 i ’9>_l_| i

| i 1 l

; 1 T,

PFC Boost High Power DC-DC | : : |

| bﬁn—fmf |

| 1 N :

» Scalable, efficient, complex protection functions, Veon<BV | tl T |

sequencing, redundancy, digital control, etc
» Efficiency example

Nsys = Nlprc X Mo X Npe X TpoL

POL DC-DC

Nsys = 98% x 95% x 95% x 96% = 84.9%
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FAIRCHILD.

Single-Stage Topology

/4 PFC Flyback
AC-DC p— _ . |
AC@{* ——%_ﬁgﬂ% v
EMI [T ) ) N
NE
PFC | %
FL7733A 1
_|_ p—

» Difficult to meet: Low cost, high PF, low THD, high efficiency, wide V  with single-stage

n =84.9%
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FAIRCHILD.

Non-Isolated Converter Topologies
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pA;g..nw Boost Converter (Step Up)

N

Ving ’66%6‘ Y VO;JLE Ves@ | Vour | | .
+ + V|_ - D
v __CBYP |— E:OUT Vos)
AC -T- QJ ; |L 7777 1
_ I I
‘ L 2 @ O—a ! E
= ( . losi@ ! . :
VIN(t) L VOUT i \ {
* N 0000 P - ! =
- VL + D ID i l i
C Cour i ton torr >
| BYP s e Ts >
VAC(_ T | ZZZ
Q ) Boost CCM transfer function:

‘ — =
¢ M Viney torr 1—D

€
I _ ‘ T _ Vour _ Ts 1

Inductor volt-second balance: > VIN < VOUT

Vidre = Vine % ton + [(Vivey — Vour) X topr] =0 > Most efficient at lower D
» Continuous input current

Vine X (ton + torr) = Vour X torr > CCM, BCM, DCM modes
Vine X Ts = Vour X torr
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FAlngl.Dw Operati ng Mode

Y 4 CCM, BCM or DCM
ILk) ILPk)
I k)
Al
) /\I L I Al 5 Al
(MIN)
0A 0A
0A
VOUT VOUT
VDS VDS VDS
VIN
2X(Vin— Vour)
oV oV o —
Vgs Vas | Vas ’—
ov oV oV
t N t t T t t N t t t
ON OFF ON OFF RES ON OFF D
) Ts - ) Ts - ) Ts -
CCM BCM DCM
(Fixed Freq) (Variable Freq) (Fixed Freq)
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m;g..nw Buck Converter (Step Down)

~N

2<
1
o
N
N

L Vour
O ° ° g Ves(q) =
? 19T T2 e . .
C Q Cour
" * Vs >
V|N T D zzz | | V
| IN
LY
Vo i I
- < o - i | V
Vin-Vour F
m; ° o
X Vi
- -Vour L
, : 1 1
L Vour i
e 0 . ;
- V|_ + 1
Y C l
Cn Q A Cour i

1

—

oy — < i ° — ton topr —————>!
= < Ts >
Inductor volt-second balance: Buck CCM transfer function:
Vidre = [(Vin = Vour) X ton] = Vour X topr = 0 Your — ton =D
Vin X ton = Vour X (ton + torr) > V> Vour i fs
Vin X ton = Voyr X Is > Most efficient at higher D
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pA;g..nw Buck-Boost Converter (Inverting)

> 3\ D -Vour v
! ® ! —1] GS(Q) -
+ 1yl = Vi | ' -
Vint|-Vourl Vour
CIN Q + COUT
Vin T L % A Sy Vos | P T £ i
B \an Vin
Vi
- <« J + . Vout-VE L
o—p— ¢ O ! ' !
———
D -Vour
5_} * ® ',‘ 1
Cn Q _Y A | Cour
VIN pu— L % VL AR
+ +
I
-~ — +
O—e¢—¢ ® o]

Inductor volt-second balance: Buck-Boost CCM transfer function:

(Vo)1 = Vin X tony + Voyr X topr =0 Vour ( D )
Vin X ton = —Vour X torr) Vin 1-D
Vour (tON/T5> ~ l ton/Ts ] » Vin<Vour or Viy>Voyr

Viv  \tope/Ts/  L(Ts — ton)/Ts » Used for negative Vg1
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FAIRCHILD.

Single Ended Converter Topologies
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m;g..nw Benefits of a Transformer

1. Provides primary to secondary safety isolation — subject to regulatory standards

AC DC l%
(or DC)

T <

2. Voltage conversion resolution
L

Ex: For Fg,=300kHz (T4yy=3.331s), Np:Ng=4:1, 36V<V, <75 and V=5V

Buck Converter Isolated Buck (Forward) Converter
6% <D< 14% 27% < D <55%
200 ns < tgy< 467 ns 900 ns < tgy< 1.8 ps

3. Potential ground differences between primary and secondary

4. Multiple outputs can be regulated/quasi-regulated
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m;g..nw Transformer Characteristics

P-S(MUTUAL)

C
|
I

L

L
Vin Vour R PILEAY
Y Y Y\
—AMY

S(LEAK) R

RCORE

9}
3
SH
I
%A%

» ldeal transformer
= Perfect coupling between N :Ng
= No energy storage

Parasitic Transformer Model

Tek SITE 10.0M5/5

\% VOUT

| Overshoot/ringing due to
1 Leakage Inductance

» Flyback “transformer”
= Really a coupled inductor
= Primary energy stored during tgy
= Power transferred during togr

0.0V ChZ T1T0.0V  Ms5.00Ms Ch2 5 3.2V

CCM Flyback (Vps=32V, V ( =12V)
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:Alngl.nw Slngle Ended Topologies Defined

Single Ended — Transformer operation limited to first quadrant

Boc Vt

+B
B2 1

SAT

/ Hoc NI

SAT

(a) Forward Converter Transformer Hysteresis

D1 L

e ’ 5
Reset | N
+ Circuit

C

'BSAT

RESET CIRCUIT:
1. Third winding
2. RCD reset

3. Resonant reset

(b) Forward Converter

gNs : D2 T C,
<~

4. Active clamp reset

Boc Vt

+Bsar

/ ]

UNGAPPED
GAPPED

(c) Gapped Flyback “Transformer”

[ ]
Ne
+

Vi Cin

Q1]

(b) Flyback Converter
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FAlngl.Dw Flyback Converter Derivation

D 'VOUT D VOUT
CEE S 3 A SR B = 1 17
1
C —Q] Cour C ° " Cour
Vin = L g AN Vi T Lm ‘% ZZZ+
* °
_ R _ Qja _
O—e— ® 7 ; ® [
— @) = (d) <T7
D 'VOUT VOUT

VIN

2<
{
;
ol
0000
0=
/
+ Y o,
+0
=1
L
g
5
N
Nol

D -Vour
z 1T — o a) Non-isolated buck-boost
Q! L Cour b) Coupled inductor buck-boost

E<
]
o
000
7
N’
e

|solated buck-boost
d) Isolated flyback converter

o +— © memet e) D can be in return path
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FAlngl.Dw Flyback Converter

/4 CCM Operation
Vour !
0 o 0—51_ | PWM
1Ci NP. e E:OUT :
V|N T LM ‘§ 777 V|N+(NP/NS)VOUT
[ J
_ QJ D _

o . 1 H‘T_D

(a) Flyback Converter

» CCM Transfer Function
Vo _Ns D

V, N, 1-D

» Limitations
= Q1 switching loss (hard switched)
= D2 conduction loss
" Q1(Vps) > Viy
= 50% duty cycle limit
= Right half plane zero in CCM
= Qutput rectifier reverse recovery
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FAIRCHILD.

Wide frequency variation depends on output load condition

|
| |
i:7 'T1 '/l t
i i ~  Output load decreases
VD
T\ : W
| | n
| |

t Operating frequency

Quasi-Resonant Flyback
Conventional Valley Switching

increases
, | |
o I T
— A | |
£ . VAR VA Y/ Y YA
% I:)Switching Loss COSSVDS S | |
Vos | | I
| |
| |
| |
_ t
= |

Output Power [W]
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:Alngl.nw Qu asi-Resonant FlybaCk

/4 Window Valley Switching
——T"¥=10.8us————»
Light Load 23,008
> Frequency variation depends B Y e P B
on output load conditions ) MM LMY o
I
. . cy - < f, A=110kHz >
» Operating frequency is within ) — |
narrow variation (127.5 kHz | BB
~ 92.6 kHz) ERRVA I (SN VA T vA|
(b) PR " :
Ok
(d) =
Heavy Load
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pA;g..nw Two-Switch, Quasi-Resonant Flyback

VIN ~
(FROM PFC) b
P
FAN7382 o,
+
Viep C, * §§
° -
W1
Cs '

(FROM PFC)
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:Alngl.nw Two-Switch Quasi-Resonant Flyback

/4 Switching Waveforms

VintVhs
VasHs)
Vin
PBIAS
Vas(Ls)
ov

Quasi-resonant, variable frequency
HS and LS MOSFETSs switch synchronously
Switching period, Tq=toee + t + toy
Inductor current switches from 0 A (ZCS)
every switching cycle
VDS

= ZVS — Vgyur> 2xV)y

= Valley switch — otherwise

=  Window valley switching

IpeT(source)>30UA

YV V V V

A\

2R Eabil

ton
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~ Two-Switch Quasi-Resonant Flyback

FAIRCHILD.
Y 4 Measured Waveforms

WS L0 | WG LS
b, brmmaammrm: bepmmmnmmen A T hewm A A A A Pasy, A b A |a fomn, A 4 g " g
1 | | e 1 1 i
I| | | I- 4 B | 'I ! 'l 1T .I | l {1
| ! | T N ! i I | Il | \ I
11 | 1 | 1A | |
L | ;Il ! -l | . | ur. A |.' } 1 | .ll A
1 1 N 1
\ \ | f V V V¥ VYV VYV Y [T yyvy
sl e fstadies st ol Chaii s e . lain L e e
lh—ih—-J p———( ———[ [ iil—:imf ;--.%L.._dr [
WEE L0 || seElD |
o3 L
&
Miasi P1dusi:3) FIfme3CI) FImean(CH PateniCTi PEAETCT]  PEFganCc4] PTeas PR:- - - Measiure P1dusi: 3 FIfme3CI) FImean(CH PateniCTi PEAETCT]  PEFganCc4] T PB-
waliia AT1R%  RLI4025 M waliia 10T % RATIEI0 M
] L2 w w

0 GEk]E: I e (1=
kLI i1 B ]SE-.UP‘H WTIET 4:00:50 PM

» Vpg Valley Switching on First Valley » Extended Window Valley Switching

" Vour<72Vy " Vour<?%2V)y
= D=42% = D=11%

. s= 63 kHz - s = 68 kHz
. pouT 85 W : POUT 24 W
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FA;JLDW Forward Converter Basics

D1 L
s ) | PWM
NS D2 CO VO O _i____ T T
T Vo+V,
A A\ % R IN :
Vin i_ —] — — Vosoy
VIN :
(a) Forward Converter with Reset Winding R N R R R R
0 — — — V,
V -V x&
R — IN NR : / I
> Really a Transformer Coupled Buck 0 '—/I IR R
» CCM Transfer Function O r—~-H—""r—"""—la
Vo _Ns g o 5 T 5 T i e B
Viv Np 0 ‘i—‘“ -- - g
> Limitations 0 - - - > g,

= Q1 switching loss (hard switched)
= D2 conduction loss

" QL(Vps) > 2V

= 50% duty cycle limit (Np:Ng = 1:1)
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m;g..nw Problems with Duty Cycle > 50%

Equal Vxt Area . . -
Ve A v, ,‘ » Common practice is to use 1:1 bifilar

transformer winding for Np:Ng

<
i 4

N » D=40%
= Converter operates in DCM

MAG 4
» Transformer is completely reset on every
switching cycle

<DT,><D,T,»D,T

Ll

~ v

\4

Unequal Vxt Area

N__ P » D=67%
: = Converter wants to operate in CCM

|

= | i

! ! » Transformer can NOT reset on every
___ ! switching cycle

I
|

.»
> D=40% H4 ! :

-

— =ViN X—— .
4 D=67% = N, \ = |ac increases due to volt second product
imbalance

Vo a Vv

v

hiac 4 RN 7\ \ o = Transformer saturation will result
s > \ N\ N . .
, \\ LN AN = Operation beyond D = 50% requires
Pt . . N . N »
__ s .~ L’ RN additional reset voltage
<+—DT,—»><D,T > t'
-« T > 2T >« 3T >
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pA;g..nw Duty Cycle Greater Than 50%

VDS vs Vin » For Np:Ng=1:2
Third Winding Reset vV 3V
| =
DS IN
216
204 —
192 —
180
168 —
S 156 —
@ 144 Vv Equal Vxt Area
S 132 — pA Vi
120 —
108
96 »
84 v N =1 t
72 | Np:NL=1:1
36 42 48 54 60 66 72 e D=67% —» NN, =1:2
Vin (V)
_VIN x& Py
Ng e S
——Np:NR=1:1 ——Np:NR=1:2 -7 SO
”A\\ ,,/
| A ,/ \\ ,/
MAG _- "
\\ 7
\\,/ \/\
«—DT,—><D,T> ;
«— T < 2T, < 3T, >

Conclusion: Reset winding technique, D > 50% not practical for high V  applications
due to additional MOSFET Vg Stress
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m;g..nw Active Clamp Forward Converter

D1 L

c NG » Advantages
le JI v g s b2 T o = Reduced MOSFET Vg voltage stress
- = Higher efficiency through ZVS

CIN
T = Use of parasitic elements
Q1) . .
4 = Higher frequency operation

3 ) - = Suitable for off-line (HS clamp) or DC-DC (LS

.l clamp)
| 02V, » Disadvantages

vl ¥ ¥ 13 13 = Conditional ZVS only
n Q1 Vos = Dual primary side gate drive with accurate dead-

o - L time control and max duty cycle clamp required
e LI I e i i
3 MAG = Poor transient response due to C,
< — — — I, i
| / » Transfer Function

0 - - o1
f/ f/ f/ V_O — & x D

N A o Ve N;

V| |
0 A
Veeser :V — ~— —
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FAIRCHILD.

Active Clamp Forward Converter

Two Versions

D1 L

(&) High-Side Active Clamp

(b) Low-Side Active Clamp

(Flyback Clamp) — (Boost Clamp)
PARAMETER HIGH-SIDE ACTIVE CLAMP (off-line) LOW-SIDE ACTIVE CLAMP (telecom)
1 1
VDS [1_ D)XVIN (1_ D]XVIN
D D
Vreser [1_ D)XV,N (1_ D]XV'N
D 1
VCL [1_ D)XVIN (1_ D]XVIN
CeL Lower voltage by V,, volts Higher voltage by V volts
(applied voltage) | Highest Vi, occurs at D,y Not practical for off-line
CeL Same value as low-side for given ripple | Same value as high-side for given ripple
(cap value) voltage voltage
Clamp MOSFET | N-Channel P-Channel
(Q2) Can be used for > 500 V Can be used up to 500 V
Gate Drive Gate drive transformer required Level shifting gate drive required
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mng..nw Active Clamp Forward Converter

/4 Zero Voltage Switching (ZVS)

» Z\VS occurs when the voltage across the MOSFET, Vg, Is positioned to “zero
volts” prior to the start of the next switching cycle.
» Benefits of ZVS
= Reduced switching losses
= Higher operating frequency possible (smaller passive component size)
= Higher converter efficiency
» |ncreased reliability
» Reduced radiated emissions (EMI)

V\I /\ Psw=VpsX Ip X Fgw

(a) Hard Switching (b) “Ideal” ZVS
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mng..nw Active Clamp Forward Converter

/4 Zero Voltage Switching (ZVS)

» Parasitic elements can be used to benefit ZVS

P(LEAK)

I Cp_smutuan)
Il
L Lsear R D1 L
i M YY) Np Ng MA
CCL _ [ ] [ J
Cos — RCORE§ Luac c — J—_f D2 hd

- = c
T AT TS

- +
QL1 KoL Vos

» Active Clamp Forward converter uses fixed frequency resonant transitions
to achieve ZVS when specific operating conditions are met
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FAlngl.Dw Single Ended (<500W)

/4 2 Switch Forward Converter
m » Advantages
Qzltl D1 L J
s = Ruggedness
(o~ P PN, g Ns D2 T Co » MOSFET voltage stress limited to V,
¢ s = Magnetizing energy recycled by D3,
Q1 D4
= = Universal input, 150 W < P <500 W
| PWM )
o (QL, Q2) » Disadvantages
Vin | | | v = Limited to less than 50% duty cycle
V2 ] (Q1, Q2) = High side gate drive required for Q2
le/N: 777777 = Hard switching
VA i S I B O Vs > Transfer Function
0 N S e
0- o o los» Ipa VO NS %
; —° - D
0 _Jf/ - - ot lo2 Vv Ne
I 73\/\/\/\ I,
0 JK S o ID1
| s
0 ,,,,,,,,,,,,,,,
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:Alngl.nw Single Ended (>1kW)

/4 Interleaved 2 Switch Forward Converter
» Advantages QZJEIT D1 !
= Can operate multiple power stages out of | ooa] os (35 > I SRR
phase Cn T i g . TCO
. Ripple_ current cancellation at output Quq 4
capacitor —
» Reduced RMS current at input capacitor Qﬂﬁ | o ]
= Multiple stages can add up to kW of power o] o7] 3% '
= Smaller output inductors can improve " ° D6
transient response o]
> Disadvantages m—
= Design complexity thj Dn 5
= PCB layout can be challenging Dn|  Dnl 3¢, .
Qn]
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FAIRCHILD.

Double Ended Converter Topologies
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rarcHiLo. DOUuble Ended Topologies Defined

Double Ended — Transformer operation occurs in first and third quadrants

Boc Vit
+B

SAT

BZ .

/

AB y HoCNI

-B

SAT

Half-Bridge, Full-Bridge

» Symmetrical operation between first
and third quadrants

» No transformer reset circuitry required

I 1L Normal
J/J/_I/_I/_/L Flux Imbalance
J/J/J/_l/ﬂ Saturation

Primary Current

+
B2 B

(RCD Reset) AB
B1

SAT

B2
AB (Active Clamp)
—— HoCNI
- B1

SAT

Active Clamp Forward

» “Single ended” but operates slightly into
the third quadrant
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:Alngl.nw Double Ended (<500 W)

/4 Half Bridge Converter (Symmetrical)
1 Zﬁ b1 L » Advantages
al 7™ & TI . = Better transformer utilization
Cn = Ves|lcs . = MOSFET voltage stress limited to V,
c2 QlJ'_. s = Best for high V,y off line applications up to
1T 500W

- = Single winding primary

DS(Q2.Q4) = Possible cross conduction between Q1 and
Q2

= Hard switching

Pl | PWM QL = Transformer balanced by C1 and C2
i PWM, Q2 =  Asymmetric and resonant versions can ZVS
/23 S e R e RS s IR > Disadvantages
Vin2] | P _ _
Vo = Totem pole primary gate drive
N VDS(Ql, Q3) . .
V. o = High primary current
IN ] Vv

> Transfer Function
V, N

0 _2x—3xD
Vi Nop
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FAIRCHILD.

Vv

Asymmetrical Half Bridge Converter

d

0

Vv

d

0

Symmetric square waveform * * *
V, V Vv
p p

1:1

Asymmetric square waveform

What if an asymmetric square wave is introduced to the transformer?
- Transformer will be saturated

What if an asymmetric square wave is introduced to the transformer in series
with a DC blocking capacitor?

-> Not saturated due to the voltage of the blocking capacitor, Cg

+ VCB -
H Same area
+ + +
C
Vy BV, vy Zq Je.0
0 - i ] — O
1:1 Ves

The PowerfoAmaze | 35



m;g..nw Asymmetrical Half Bridge Converter

| D=0.46 | D=0.23 | . D1 L
2o | _TT_T1 L e e o
Ao | ] [ . Qs e T Co
i i i Cn = Ve P '%
1»—| Ns
'~ CB
Qlji D2 \\//|ON =2 NPxDx(l D)

» Asymmetrical Gate Drive

conduction

(a) Symmetrical HB waveforms = Q2 modulated by D
‘ = Q1driven by 1-D
| D=0.46 ; D 0.23 | ] _
Q2 (D) J = Fixed dead time between Q1 and Q2
QL (1-D) | | [ ] | [ | | = Dead time optimized for ZVS and anti cross

» Fixed frequency ZVS PWM operation
= Near D=0.5, operation is same as symmetrical HB

.P J/l\ﬂ g
| 1 | » BUT, excessive voltage stress is applied to

(b) Asymmetrical HB waveforms secondary rectifier at Vywax)
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FAaIRcHILD. ASYMM etrical Half Brid ge Converter
» Secondary rectifier voltage stress: Asymmetrical Half Bridge
VD vs D, V5=50 V
Vy, = DxV, V,, =V, x(1-D) %
[ —
- 35 T
" < 30 \\\
» Reverse recovery and parasitic g T
. s 25 />
ringing B L —
> Wide AD range requires use of high g 15 e
voltage rectifiers 2 12
> Converter operates bestnear D=0.5  ° o
0.20 0.23 0.26 0.29 0.32 0.35 0.38 041 0.44 0.47 0.50
Duty Cycle
» Advantages
‘ —\/D1 —VDZ‘

» Fixed frequency ZVS

= Constant power transfer (D and 1-D) reduces output ripple

= Power stage can be controlled using any active clamp PWM controller
» Disadvantages

= High voltage stress on secondary rectifier

= Poor transient response due to blocking capacitor, Cg
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FAIRCHILD.

» Square wave generator: produces a square wave voltage, V, by driving
switches, Q1 and Q2 with alternating 50% duty cycle for each switch.

LLC Resonant Half Bridge Converter

» Resonant network: consists of L, L, L, and C.. The current lags the voltage
(inductive) applied to the resonant network which allows the MOSFET’s to be
» Rectifier network: produces DC voltage by rectifyina AC current

turned on with zero voltage.
\\\\\ /,/ % im - \\\\ // % < >

Square wave generator

\/

Q1

resonant network

Rectifier network

T*T

lp

_>

Q?{a

lep
Im
L

m

T

n:1

® Lys

D

C

r

T1
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mng._nw LLC Converter Characteristics

1 1
» Two resonant frequencies fp = fo=r—F7—
: J 27,/
(f, and f.) exist 2 (b + LrL)LS; o~ o
> The gain is fixed at resonant fo fo
frequency (f,) regardless of the load ™[ - ~Cic
variation : - Q=0.2 0="7
1.6 . N ‘-‘ ‘ ‘ ac A
M, =1 11BN —
@ f= fo 1.4 ! \ —— Q=08
> Peak gain frequency exists between | : / A e
f, and f, ; : / A - o-02
» As Q decreases (load current 10 | //
decreases), the peak gain frequency ' / / / |
moves to f, and higher peak gain is os |1 ]/ /s Q=1 \QQ\
obtained / / / / ¥ N
> As Q increases (load current 06 / /M =Lwhen £ =T+ _ 20V NS
increases), peak gain frequency / / / ”/ Y Vi,

moves to f, and the peak gain drops o4

40 50 60 70 80 90 100 110 120 130 140
Freq (kHz)
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FAIRCHILD.

Primary Side Variation

L_o

Transformer across the
high side MOSFET

Cr

Transformer across the low
side MOSFET

K

Split resonant capacitor

JJ/Z Cr

L

Lm

Vin

jéf
B f

Split resonant capacitor with
clamping diode

A"

LLC Topology Variations

Secondary Side Variation

A

?

e |

Full bridge rectifier with
single winding

Ro

Voltage doubler rectifier
with single winding

Ro

2 Rectifier diode with center
tab winding

é’ =
JLIT]
o
% _J
Synchronous rectifier with
center tab winding
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mng._nw LLC Resonant Half Bridge Converter

» Advantages of the LLC resonant converter
= Narrow frequency variation range over wide load range
= Zero voltage switching even at no load condition
» Reduced switching loss through ZVS = Improved efficiency and EMI

= When the two magnetic components are implemented with a single core (use
the leakage inductance as the resonant inductor), one component can be
saved

» Disadvantages of the LLC resonant converter

= Can optimize performance at one operating point, but not with wide range of
input voltage and load variations (too wide frequency range)

= Difficult to regulate the output at no load condition

= Significant current may circulate through the resonant network, even at the no
load condition

= Quasi-sinusoidal waveforms exhibit higher peak values than equivalent
rectangular waveforms

= High output current ripple
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FAlngl.Dw Double Ended (<500W)

Y 4 Push Pull Converter
- Zi_rv%f > Advantages
B Y % g s TC = Lower primary current compared to HB
l !l v = Best for lower V,y, such as telecom DC-
Cp > DC of US Line Voltage
Q2] Q1] b2 =  Simple low-side gate drive

= Low output current ripple
» Disadvantages

h PWM, Q1 _ :
; - WM. O3 = High voltage (2xV,,) on primary
H 9 MOSFETs
/ | o = Transformer flux walking (VMC only)
F _1/ o2 = Center tapped transformer structure
2V.N§J . = Hard switching
2, 7 o > Transfer Function
: VDS 2
i’ o V—O =2X & x D
| K K JKW I, Vin Np
JFJK d'd .
lo INAFNFNFNANANAN |
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FAlngl.Dw Double Ended (>500W)

/4 Full Bridge Converter (PWM)
o1 [ S M_f » Advantages
S(¢ Ns T Co = MOSFET voltage stress limited to V|
Cn T Ne3l|Cs s = Twice the power compared to half
2l o ﬂ; Ns bridge
_.;‘1_1 D2 = Single winding primary
1 B | Gate, Q1 » Disadvantages
Gate, Q2 = Dual, totem pole primary gate drive
Gate, 03 = Hard switching (Non-ZVT)
= = Parasitics degrade circuit performance
| Gate, Q4 . ) .
Vin 5 - = Circuit complexity
N > Transfer Function
" Vos(e1 o9 V N
Vini V 9 = 2 X _S X D
! DS(Q2, Q3) V N
. IN P
| _KJ( _KJ( _KJ( |,
e
Jﬂm ﬂ ﬂ Ip
lo NN,
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FAlngl.Dw Double Ended (>500W)

/4 Phase Shifted Full Bridge Converter
QHJ Q?jf . b1 L » Advantages
s Ng TI c, = High Efficiency ZVS
Cn Nes |l Co T » Highest single stage processing power
27 o ﬂﬁ s = MOSFET voltage stress limited to V,,
_.J_i D2 = Twice the power compared to half bridge
o Gate, Q1 = Full wave rectified secondary
Gate, Q2 = Single winding primary
Gate, Q3 = Excellent choice for EU line voltage (PFC pre-
v, Gate, Q4 regulator) with output power >1kW
vol DL T LT L Ve > Disadvantages
zm Vosior. ot = Dual, high side primary gate drive
N Vbse2, @3 = Circuit complexity
A A A e ] ] ) )
lp = High circulating primary current for ZVS
N~ ~— ~— ]
r Iy = Loss of ZVS at light load current
TL . » Transfer Function
o sl A || Vo 5 N D
53583 o T LX X
1S Yoo N
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:Alngl.nw Phase Shifted Full Brldge Converter

) 4 Z\S Waveforms
Q2| Qﬂq

Q2 (P—A
VDS’ VGS

-t

QHM

QZJ:l Qﬂ:l

Q4 (A—PY
VDS’ VGS

9.0V ChZ 5.00% M&so.0ns Chi FENCRY s

(@) I, = 100% (b) 1o = 35% (©) o= 0%

A="Active” or power phase
P="Passive” or freewheel phase

The Power foAmaze | 4




FAIRCHILD.

Current Doubler Rectifier

What is it? - A full wave alternative rectification technique compatible with all

double ended converter topologies

Derivation of Current Doubler

L1

:

L2

D2

(€)

D1

D1

v

<+ CO+ VO T CO+ \Z
T o' Qo T,
|
—_—
b2 D2 @
L1 Current Doubler L1
} D1 COI+ A } g F:|_Ql CoTI Vo
N, %_ No2[E N I,
D2 T:|—Qz 7
L2 () OR > L2 (9)
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-2 _ Phase Shifted Full Bridge with Current Doubler

Gate, Q1
Gate, Q2

Gate, Q3
Gate, Q4

—_ —_— — L1

~

~ ~~

ht bt

Current Doubler Timing Diagram (PSFB Application)

Y

Better thermal distribution for higher current outputs
Each inductor carries half the load current at half

] ‘ - Kiom Co the switching frequency
% b2 v » Ripple currents cancel as a function of D

2 -, » Single winding secondary
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FAIRCHILD.

I_

Igh Power Topology Summary

Topology Transformer Primary Vps “Ideal” Application
Switches
CCM Boost Inductor 1 Vour High power PFC > 300 W
(non-isolated) Interleaved PFC > Several kW
BCM Boost Inductor 1 Vour PFC <300 W
(non-isolated) Interleaved PFC < 1 kW
Forward Single-end 1 2xV < 200 W, universal off-line or telecom
Active Clamp Single-end 2 1 <500 W, universal off-line or telecom,
Viy X 1-D highest efficiency required
2-Switch Forward Single-end 2 VN <500 W, universal off-line, PFC pre-
regulator
Half Bridge Double-end 2 Vin <500 W, EU off-line, Intermediate Bus
Converters
Push Pull Double-end 2 2xV <500 W, telecom or low V(< 200 V)
Full Bridge Double-end 4 VN > 500 W, universal off-line
Phase Shifted FB Double-end 4 Vin > 1 kW, universal off-line or telecom,
highest efficiency required
Current Doubler Double-end NA NA Any double-ended topology, low V1,

high 15, most benefit
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:Alngl.nw Summ ary
Y 4

» Power Converter Topology Trends:
= Advanced control algorithms breathing new life into classic topologies...

= Buck — multiphase buck
= Boost — BCM boost
= Flyback — QR flyback
» Forward — active clamp forward
= Half bridge — LLC resonant
= Full bridge — PSFB

= The innovation trends are in new control methods that are pushing the limits of
power processing, converter size, and operating frequencies.

= Better uses of zero-voltage switching and zero-current switching for lower
stresses

= Better use of parasitic elements
= Digital techniques including non-linear and multi-variant control
= Better synchronous rectification timing control
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