ECE 562

Week 10 Lecture 2

Fall 2008



Week 10 Lecture 2
Summary

Slides Topic

3-12 Transistor types, switch losses, and packaging
13-18 Capacitor and inductor selection

19-26 Flyback converter examples

27-31 Transformer losses

32-53 Forward converter

54-66 Roles of diodes

67-80 Forward converter and diode reset

81-104 Active clamping of transformer




g

@ (b)
g
Figure 3-4  (a) N-channel MOS transistor and (b) P-channel MOS
transistor complete of “bulk” terminal. ‘
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Fig. 2. Cross-sectional views of the PowerPAK 50-8 and standard SO-8 packages reveal
differences in lead-frame construction that impact package height and inductance.
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et On The High Side With Micrel

High-side load switches offer the lowest Ry ion Nigh -!ﬂclmny and smalle




Switch and I R Losses in Q1 °

*Gate charge Qg (given on MOSFET spec
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| Fig. 1. Buck-boost configuration. Mm jf

show the direction of current ﬁwms a'ﬁck.

'Red arrows show the direction ofw#aw

when acting as a flyback.






- The New Juice Box
Methanol, butane and other gase:




may help s_nlve the age-old battery problem.

Inside Lilliputian Systems’
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Fig. 2. Chip-scale
packaging has
enabled the
minigturization
of linear battery-
charger circuits.
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Capacitor Selection

-Parallel Output Capacitors

o
- Bulk Capacitor Considerations
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Voltage Rating ;
- High Frequency Capacitor Considerations o
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Inductor Selection

~+Output Inductors -

- Designed to: R
| Meet output voltage ripple requirements
Minimize response time to load transient
Avoid saturation of the inductor core
+5v >
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wi= High-B,, ferrite [~
0.2 = Standard ferrite

0 2 4 6 8 10 12 14 16 18 20 22
Current (A)
Fig. 1. The effect of saturation in an inductor using a high-B_ﬂF material

is significantly lower than that in an identical conductor using standard
ferrite-powder material.
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Multiple Phases are Interleaved

Operation From One to Twelve Phases
Current up to 200A total current divided between FETS
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s Phases Operate Interleaved to reduce current ripple
O Effectively Multiplies Frequency by Number of Phases
0O Reduces Output Ripple
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Axivg cate of b saturation

& Transformer reset

bl lorite) Trevewds Cove

& Tetuvn L to teny
+ “Transformer reset” is the mechanism by which magnetizing

Q¢ 'nductance yoll:second balancelagbtiined < WeS8C = ~N-8ec

® ~~»* The nged to.raset the transformer volt-seconds to zero by the end of E
» each switching period a iderabl convert i
* To understand operation of transformer-isolated converters: "03
* replace transformer by equivalent circuit model containing ’

uT o~ _magnetizing inductance EE———— ‘ bﬂ+

* analyze converter as usual, treating magnetizing inductanw as L aw ]
any other inductor -

* apply volt-second balance to a arter inductors, including
magnetizing inducta

Fundamentals of Power Electronics 3 Chapter 6: Convegger circuits



Lecture 15
The Forward PWM Converter Circuit Topology

and lllustrative Examples | i:ﬂ
. Erickson Problem 6.4 ADC) Two | &XamP/
Transistor Flyback Converter : ‘ll:iilr

" e XKey

B. Forward Converter with

1“—--1. m} 50}::'-5

—# 2. Two Transistor Implementation
ﬂﬁf(}, Fmi?? Converter Transformer issves

oN
R P

“Youv makKe svre it
deevrs frufcfly LES
g,“b's'ﬂtt-‘f

- | = 3 = F =
ko -~ kg i -



Fig. 1. Buck and forward topology.
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Fig. 6. Traditionally, Schottky diodes provide secondary-side rectifico-
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Forward Transformer Dissipation at 25°C
100-W output

=T F

Pu W 341{5!’
dﬁ

0.50

-

0.25
B Winding loss
0.00 | | & Eeri_!:::ss
40.0% 352%  30.0% 25.0%
Duty Cycle vy

Fig. 11. Measured total loss of 100-kHz forward transformer providing
20Vat5A.
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tive cost, complexily and elnciency tradeolis. 1he lorward

converter 1s d d_feg iUk _tonedensto
, Guck —» Forward




‘Dc.p
Forward converter: waveforms
"W

¥ 1 ¥

0 © = Magnetizing current, in

conjunction with diode*D,,
-Jy, 6] Ve operates in discontinuous

conduction mode "*

Output filter inductor, in
conjunction with diode D,,
may operate in either
CCM or DCM

Fundamentols of Power Electronics 6 Chapler 6: Converler circuils



(1) consists of a 10-A dc load
by the voltage across L and'the value of

nlueker core 6atyeatin

Congi Loratisms.
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with de bias depics how the mag-

Fig. 2. The operating loop of a choke

netic flux density (B) is also shifted from its normal loop around zero.
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Fig. 2. This forward converter uses a current transformer and includes overcurrent pratection (red).



Fg. 1. Forward converter with integrated magnetics. Shown here are the Crass-seglions/
diagrams of the fEpsfagmer and ingucior when constructed separately {a), the forward
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Fig.2. Placing a high reluctance path (air

gap) minimizes the magnetic interaction
"

between transformer and inductor.
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Magnetizing inductance volt-second balange
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L}
But iy tries to flow out bul diode

i D: does not allow This direction
l of current flow. So diode D,
goes off.

Likewise i, flow into ny dol == current flow into the ny dot and Dy
is tlurnad on when |- hits zero.
Since both transistor Qy and diode Dy are off i, remains zero for

the whole period DsT,.

A i sinca:

Dg = Eﬂ Dy moving the turns ratio "2 | allows the interval D,
1

for fixed interval D, f 1’-

BUT nsz implies that the standoff voltage across the transistor
increases since:

%@mm off decreasad Tron E;,'—'.. 45UC
D, for stress o

This transistor switch voltage siress may be too much for one '
transistor to work in its safe operaling area (SOA). Below we

show a way 1o solve this by ulilizing two rather than one switch

and dividing the switch stress between them,
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V=nDV, Ds é max(vg,) = max(vg,) =V, *h
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driving in this type of topology, designers should take care

Return 4
J
D, iy avgly i
C D2 —-VQ O.cross Lh
AM‘J ‘im}mJ -
’a‘l.-
Fig. 1. Two transistor forward converter. Fig
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ON Semiconductor’s 25-amp NIS3801 (left) is an inte-
grated driver and MOSFET combination. It replaces three
discrete components (shown at right).



Role of disdes: P, 4D,

ATSS & \’J"""

Y
; % .,ww“
.n,-r ﬁw‘\

P A S ‘:’if’f‘);
ok gvime
Ve ,}wﬂ'&
Y cANAPA
”‘a
o Ve *_\‘5
\ f’tnaiz o

e

-
-



cenm
2Q Forward P\ «— Caw 1

1 ...."\i"
1
S BT
B By
T | Too!

e
b 10 —wiave o- \ “?I
due 18 VO L



Row ¥ Guarantec i reset c DM
*y :

Q‘ ﬁhl a,_, on
_V
Lh.% fon = 2 )
”Nj_: ?, ﬁh&r 1}1_ on ['QI“ l“’]
Lm% I-L-\.‘t -—L-i t’fﬁﬂ

Reset msu-ru} '..-f- L, =0 o\:u-r-'-_ﬂw

? IL“ il-wf‘-' 340

j D, opews if
T 20 -:bIL-:_()



Se
Lf-wlm fov CCM Condit
| ; iTians
v ‘L:Lm)-: ﬂ'u‘

i




‘L L w 'bqu'\(. tﬁlﬂb:l’ﬂr)

Le
Vj ____n'm._., \{W:I' ( ""i'i-ﬁ}\

w.hﬂl?t \

g O Ner s g
‘{}‘ Quf Suler o







DRAlN voLraes

BIoDE Chmnanrs

Icri ave = IRz AvE '* 0

Ignaave = lnD
Tepaave = Inu(1-0)

"R

m (VRM) Veri = Verz px = Vin

vt

D currenty (educed byl o Lossiess
sraglber pCvEeS wolage 117 thad ol
comlican il Bovwied . Lirw Dalp Ve

::'-um_-u mm't

il s High st e 1l



s = s magrataiog corre.

v (Oy0r0s) Vos=Viu+ Vo
DRAIN voLraes

R

Tpna ave = I D

' IOIWI"H1 lnu%“)*lwﬂ HM

ADVANTAGES
DISADVANTAGES
APPLICATIONS
WARRIS PRODUCTS

Vien, ek = Vonz,ex = Vin

Vons = Vone = ('%f)“:u










Forwardy C_oww@ccf
| Dt "'{L restriction |
avpidcd v
. ~7 c
R-C~ Yisde cavreuit
o N\ .”










Cox
noke Lo oo 75 164- 154
" TSR S B P )

o,

1P Wi + 1

=g ¢ :iﬁ‘ "' & )

« Buck-derived transformer-isolated converter /
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* Maximum duty cycle is limited 4-—" biﬂ *"‘ “5
* Transformer is reset while transistor is off N, Q'I
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SC4910 Single-Stage PWM Controller

et

The SC4910 is the industry's first secondary-side, single-stage, "
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* 0.75V reference for sub-1V solutions
* current or voltage-mode operation
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Figure 2 : Switch current and inductor current for the forward
converter. Input voltage = 425 VDC, output load = short circuit,
soft-start disabled. After 4th pulse, duty cycle must cut back to- .
2%, or control of the peak current is lost,
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Fig. 3d. Operation at step t3.

Fig. 3e. Operation at step t4.
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Figure 3a. Operation at Step t0
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Figure 3b. Operation at Step t1
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Figure 3c. Operation at Step t2
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Fig. 1. Forward converter with RCD clamp.
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Fig.2. Active clamp schematic,
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Fig. 3. MOSFET Drain to source waveforms for Q, and Q on the primary
and Q, and Q, on the secondary side.



Fig. 4. (d) Fully balanced push-pull forward converter with terminal
ripple current cancellation.
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Fig.4.t -> t —Magnetizing energy is stored in T1—Current is transferred.
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