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Week 5 Lecture 2

Summary

« Section notes
— Slides 3-9 — Power consumption in switches
— Slides 10-14 — Current losses
— Slides 15-21 — Managing heat
— Slides 22-34 — Problem 3.8 homework
— Slides 35-39 — Problem 3.9 homework
— Slides 40-43 — Problem 3.9 homework
— Slides 44-51 — Buck converters
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4. UNSYMMETRIC i, AND vc WAVEFORMS OF
EQUAL INTEGRATED AREA IN THE ABOVE THREE
CONVERTERS
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| RELIABLE DESIGN

Fig. 4. Thermal photograph of a de-dec converter
with uniform heat distribution.
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lossy L and C inside the converter itself. See section Il
balow.
C. RMS Values for Converler Waveforms
1. Square and Ramp Waveforms

|  Brickse®

hens = WD
A DT, t
Typical Dicde Waveform t
T g = V151D
AT . Casiest Casc

The two above are among the simplest cases. Recall that in
the big three circuits we have even more complex AC wave
forms as those shown below from Lecture 4. We repeal

only one BOOST circuit waveforms from lecture 4 below but

next pages we also review the converter
topologies as well as the current flows in each switch
posibon S0 that the full waveform is developed. Itis left to
the student to match wavelorms to RMS caloulations using
Appendix 1 of Enckson.



Accuracy of the averaged equivalent circuit

in prediction of losses Losses 4-’7 e

» Model uses average MOSFET current wavelorms, for various
currents and voltages ' ’gq"’“abt %?c K= Z.E '
* To correctly predict power ” D-wave L
lossina rasismr use rms ) "‘ r BL~%0
wies” " Tabie
= Result is the same,
provided ripple is small A} ]
0 o, 1,
ket currend ripple MOSFET mx coment Avengge power loss in R,
= Iyh
M Seiiniin ) M;..
b) AA=017 (LOMIGT) T/ F (LD ER_ .——Usu-Q
=g (L155)1,/D (L3BHDFER,

Fundamentals of Power Electronics ’ & Chapter 3: Steady-state equivalent circuit modeling, ..



L‘aﬁﬁ'&fp — T\A!a T‘-)‘fc..i

DS \osses 1w el\eckrenics
¢ 8
To A3
T Low) N (¥iade)
e oN

y Y
I.p{:ﬁﬂ-) .‘%‘Dj (Fex

A< \psses in <leronics
Vot

iﬂﬂ

L

Tow

Ni£
o X

. — ot

——-t







l 2 HYa Cﬂ»%gzs
| 1 ehT6\N
H Goacd levd

Lo P bweT Semil onduchors

Heatsink

WL

| BGA |
Mop s+ PCB Insulator

Fig. 1. BGA heatsinking arrangement.

o S e




4

Fig. 4. IR image of the notebook board running at output current of 90 A.




Fig. 1. Insulated metal substrate construction.
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Fig. 1. A D"PAK MOSFET mounted on a pc board employing bottom-side cooling transfers heat
to the aluminum plate heatsink through the thermal vias region.




Fig.2.The copper.core board spreads heat,
eliminating hot spots and reducing thermal
resistance for higher reliability. The copper core
adds a 10°C edge to converter performance.



Fig. 3a. The Cast Carrier is shown in green, with direct contact to a ferrite
core, and an encapsulant bath for semiconductors,



Device silicon
(heal source)

Ambient

Fig. 2. The primary heat path from device silicon to ambient for a D’PAK MOSFET in a bottom
side cooling scheme diverts the majority of heat directly to ambient via the pc board and

heatsink,
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Known: Vg =125 + M8

Bugk Converter
L
i i t"‘ 2 Vo= 240 VDT
i A "'-"%"' WA=E=1A
. Mosfet loss: Roa ~ 0,803

Dhinde boss: Wide = 0.7V
R = 0.3

o acesndlil
,L“) L () Meat Simks
MI]-¥|-IRM-V;m;|—|.;E.ﬂ;w.[ @ FET
Position 2: Mosfet off and Diiode o @ g;,ac
b '.‘&f"f:'_'.‘ ] -
wil) = -Vp- rlr.;.""'l:'-,' =T VIR i) =0
i For the exuivahont. cirouit all wo mood i fo st fhe average inducior voltaps oyl
o eern nemd model the equation.
<w> = (Vg - | Rom V)4 D'(-Vp- IRg - V=0

Thus = DV = DI Ron - D' Vp - D'Rp - V =00
How we reed io gel the Pramary fiwr the TC rnsformer model,

The T componcat of d.;up»-—;‘_!-f'i,gu-m.
Mare wop cam meadke] the cinouit.
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Buck crc_nvartar example —use procedure of previous section to

rive equivalent circuit EST

Average inductor voltage and capacitor current:

@ 0=DV, - IR, -V, ﬂﬂ:f,‘—ﬂ!ﬂ
ﬂjq_,d‘htr Same < Wt \ddf

- Chapter 3: Stgsly sinte squivalent cireuit n ing.”
S 1 ANt or nu't?# ?

Fundamentals of Power Eletronics
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Construct equivalent circuit as usual

(PL>=G:IJV3";LRI_Vr {ir)ﬂﬂ'ﬂ fJ_"vaR

Kw v, | ¥

3 | oty

What happened to the transformer?
= Need another equation

] u'ou..h i-h

-}r" iom £,

Fundamentals of Power Electronics ' @l Chapter 3- Steady-state equivalent cireult modsling,




Modeling the converter input port

Input current waveform i (1): s Tw*
w®

fﬁfrj - ;,_

D¢ component {avariﬁ value) of i (1) is

i,= }- [ iwd=0I, =3

Fundamentals of Power Electronics 2 Chapter 3 Steady-state syhalent cireuit modeling, ..



lneut port equivalent circuit

——— e

Ty
L= [ i a=p,

ﬁ?’s.l‘i

vQ DI

Fundamentals of Power Electronics - Chapter 3. Steady-state equivalent clregls mluk_iﬁq;.



Complete equivalent circuit, buck converter
Now ¢ ombine beth and si h;'l-'-‘z
Input and output port equivalent circuits, drawn together:
RL
T 3.7 o6

v, o[ I:_Eu v, V. 3R C{, ,"’-'l
- ') g\

II /e

Replace dependent sources with equivalent dc transtormer:

! 1:D ;, K
= A T
s
v® . 3
Fundamentals of Power Flectronics g | Chapter 3: Steady-state squivalenr cireuit mixleling, ...

Move oll Yo inevt port. Pow!
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ALX series provides up to 20 A and 50
W for datacom and wireless apps.



Bulk Power (AC/DC) Cost

B Magnetics ™ Semiconductors M PCB ® Misc.
M capacitors ™ Fans B Mechanical



