6.4. Converter evaluation and design

For a given application, which converter topology is best?
There is no ultimate converter . ossible
appiications
Trade studies

* Rough designs of several converter topologies to meet the
given specifications

« An unbiased quantitative comparison of worst-case transistor
currents and voltages, transformer size, etc. -

Comparison via switch stress, switch utilization, and semiconductor
cost

Spreadsheet design
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6.4.2. Converter design using computer spreadsheet

m?m:qm:mma_ﬂ.ﬁmznm_&.mmim__mmamm__.ma,__,m_:mn:\.m:ncgm_,
quantilies such as switching frequency, ripple, etc., there are two
basic engineering design tasks:

+ Compare converter topologies and select the best for the given
specifications

* Optimize the design of a given converter

A camputer spreadsheet is a very useful tool for this job. The results

of the steady-state converter analyses of Chapters 1-6 can be
entered, and detailed design investigations can be quickly performed:

* Evaluation of worst-case stresses over a range of operating
points

= Evaluation of design tradeoffs
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Spreadsheet design example

ﬂwﬂawnnm

Specifications * Input voltage: rectified 230 Vrms

Maximum input voltage V, 390V +20%

Minimum input voltage V, 260 V .

Output voltage V 15V Regulated output of 15V

Maximum load power P, 200 W * Rated load power 200 W

Mimimum load power P, 20W : o

Switching frequency £, 100 kHz Must operate at 10% load

Maximum output ripple Av 0.1V = Select switching frequency of
100 kHz

« Qutput voltage ripple < 0.1V

Compare single-transistor forward and flyback converters in this application

Specifications are entered at top of spreadsheet
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Forward converter design, CCM

v, @ _.m
—E

1

L A\Paphnu_. ﬁu!ﬁggaibnﬂ :

Design variables

Turns ratio n, /n
Inductor current ripple Ai

Reset winding turns ratio n, /n, I = Design for CCM at full load;
0.125 may operate in DCM at
2A ref to sec __ﬂ_.__n load
%0 Chapter 6: Converter circuils
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Enter results of converter analysis into spreadsheet
(Forward converter example)

Maximum duty cycle occurs at minimum V', and maximum P,
Converter then operates in CCM, with

= |
My ﬁ..
Inductor current ripple is
o m.%ﬂm & )
i S A
Solve for L: U nnses vene |
h....1 .ﬁ...u*f._:wﬁh ,.‘1._.\.\ |
T 2Ai

Ai is a design variable. For a given Ai, the equation above can be used
to determine L. To ensure CCM operation at full load, Ai should be
less than the full-load output current. C can be found in a similar
manner.
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Forward converter example, continued

Check for DCM at light load. The solution of the buck converter

-r..l.._.nr..

operating in DCM is
n
Vv==2V,
i /\~+
with K=2L/RT, and R=V*/P,

These equations apply equally well to the forward converter, provided
that all quantities are referred to the transformer secondary side.

Solve for D:
£)= 2K Vv

2,V 2 in DCM D=—"3+ jnCCM

E Ny Vg
i o6 G |

at a given operating point, the actual duty cycle is the small of the
values calculated by the CCM and DCM equations above. Minimum D
occurs at minimum P, and maximum V.
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More regarding forward converter example

Worst-case component stresses can now be evaluated.

Peak transistor voltage is

)

e e ny -y N AN
A
) - Weve
RMS transistor current is aF \\
n AD&W n
Lotme=—VD\/ I"+ ~2VD1

ny 3 n
(this neglects transformer magnetizing current)

Other component stresses can be found in a similar manner.
Magnetics design is left for a later chapter.
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Mow 16 force Yeim =0T Vo p v, _Sigg
ansformer reset mechanism T
|Oppesite vasst inbuhe

* As in full-bridge buck .w\
topology, transformer_volt-
second balance is obtained

over two switching penods.

XA8h During first switching
@r_ff (1) 4 mvom.u Jsd*.iﬁi md&.rue period: transistors Q, and
X - Q, conduct for time DT, ,
“-n.o applying volt-seconds Suﬂ..._
; > to ndary winding.
«— DI, — +—pT,—+—0I,—~ «—p7,—¢ = Dfiring next switching
sl & 1 T & | g riod: transistors Q, and
devices 0 | 2 @, conduct for time DT, ,
S N : applying volt-seconds
.I.......II.II'I._ -VDT to secondary
m ! T =Z winding.
switeh Switeh T P
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PAie0iNg Summary of key points

——

circuit. The techniques developed in the previous chapters can
. then be applied, including use of inductor volt-second balance
and capacitor charge balance to find dc currents and voltages,
use of equivalent circuits to model losses and efficiency, and ® _..
m:mEmmm of the discontinuous conduction mode. h. b

. In the full-bridge, half-bridge, and push-pull isolated versions u., = 1..4

Em buck and/or Unﬂmn converters, .mq
y. The transformer is reset whi m

\\M-. _=m:mm_ﬁm_._m_.mﬂﬁzmmﬁu__mnqc_ﬂmumuo_m:qm_ﬁm_ﬁmnmmnz
successive switching periods.
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Flyback converter design, CCM

I :n D,
Ly _ 7 o= T 5
v, .

0 1 =

|_ le-
Design __Eiﬁ * Design for CCM at full load,
Turns ratio n, /n, 0.125 may operate in DCM at
Inductor current ripple Ai 3 A ref to sec light load
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