CHAPTER 3

DESIGN CRITERIONS

The first step in the design of a converter is to specify the
input-output voltage and the output power. Only the input current
must be calculated. This can be found by~assuming a value of efficiency
and applying it to the output power. In general, an efficiency of 80%
is assumed, which turn out to be quite close to that actually obtained

for a well designed converter.
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where VL is the assumed overall efficiency.

3.1 Transistor Selection

The transistor type selected must be capable of carrying max-
imum collector current QIC). The transistor must have collector- emit-
ter breakdown in excessof the OFF voltage, which is approximately
twice supply voltage. Additionally there should be some allowance
for transients of input voltage. Consequently, collector- emitter
breakdown voltage three times supply voltage is recemmended.

Emitter- base breakdown voltage must be higher than feedback voltage.
The transistor must have sufficient safe operating area that operating

load lines are well within device capabilities.



Transistor power losses limit overall efficiency. Factors
influencing these losses should be a transistor selection cri=
terion, Transistor losses normally consist of collector dissipation
ON dissipation and OFF dissipation are usually low, and switching
losses predominate, especially at high frequency. Transistor
efficiency is maximized by high hpn, low VCE(sat), fast switch-
ing response, and low leakage in the OFF condition.

Thd choice between silicon or germanium transistor is
covered by the criterion above. In general, silicon transistors
are more temperature stable and can be operated at higher tempera-
ture, but they are more expensise and have higher VCE(sat).

After transistor is selected, base current could be deter-
mined. A minimum IB required is Ic/hFE o If gain of transistor
changes with temperature or aging, the transistor might operate
in active region at the required value of Ic . Then a large
amount of power is dissipated in the transistor. Furthermore,
when the transistor is ON in the active region, VCE is high. So
voltage across the primary of the transformer is reduced. This
reduces output voltage and the required output power may not be
attained. As a result, additional base current is desirable to

drive the transistor well into saturation. Praeticclly the author use
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Note also that IB should not be higher than that obtained

from eq. (3-3) or loss in Ry will be higho.



3.2

Transformer Consideration

3.2.1 Core The core size selection is somewhat arbitrary,
but it should be selected so that the calculated operating
frequency (eq. 3=-6) lies between 1-15 kHz. The core selected
by this criterion yields high efficiency while its size is
small,

The core material selection should provide high satura-
ted flux density to decrease core size, square loop hystere-
sis curve to minimize spikes on the output of the square
wave, and low loss for high efficiency of operatione. Tape
wound toroids of 50-50 nickel=-iron are suitable for converter
applications but the usefulness is reduced through the need
of special winding machine. Owing to simplicity of manipula-

tion ferrite cores in EE, EI and pot forms are widely used.

3.,2.2 Flux Density : For self-oscillating converter, maxi-

mum flux density, Bmax y is to be equal to saturated flux

density, Bsat y S0 that the converter will oscillate pro-
perly. For driven converter, maximum flux density is to be
lower than saturated flux density because if Bmax is

designed to be greater than Bsat then the converter tends
to oscillate with higher frequency than the driver's frequen-
¢y. As a result, the wavforms are 8hown in Fig. 7-D and
Fig. 7-E. A large portion of operation is in active region
and power dissipation loss in transistors arises. To ensure

that this will not happen, Bmax should be 10-20 percent

lower than Bsat’ i.e., the transformer should be designed



to operate as a linear transformer rather than a saturated

Onee.

3.2.3 Frequency : From section 6.1, eq.(6-4), the maximum
power handling by a core is
-8

Pmax F &, Bax T 99 Asore = 1077 eeee (3-4)

The losses in ferrite core are predominately due to hystere-

sis loss which is
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éHdD = / loop area of B-H curve in gauss~-oersted
Vv = volume of the core in cubic centimeters.

Because for a given value of frequency, losses in a given
core are fixed. Thus, efficiency will be maximized when the

core handles ‘power-equal-to Pnax' At this condition

it

efficiency is independent of frequency because both Pmax
and Ph vary linearly as frequency.
Now we ‘can conclude that the optimum frequency of

operation for a given core is: from eq. (3-4)
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For ferrite core it is suggested that the core size be
selected so that the calculated frequency is found to be in
the range of a few kilohertz to about ten kildhertz. If
calculated frequency is too low, the selected core size will
be bige. In this case a smaller core can be replaced without

any significant loss of efficiency. On the other hand, if



calculated frequency is higher than 30 kHz, problems of
winding might arises because wire size is too big for the
core. Additionally, although the efficiency of a converter
using ferrite core is independent of frequency (if eq. 3-L4
is satisfied), over-all efficiency will decrease at higher
frequency due to transistor switching losse So calculated
frequency should be between 1-15 kHz. However, if the core
size is to be minimized the frequency can be as high as 50
kHz or more but the core material and transistors must be

selected carefully to minimize losses.

3.2.4 Windings : ‘When the core and operating frequency are
selected the number of turns can be calculated. Consider

the equation for 'the square—wave voltage:
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The transformer equations
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where K1 is a multiplier to compensate for transformer

voltage drop and losscs. K 1.05 is used in practicec.

1:
In selecting the value of current dendity of conductor
wire there are some factors to be considered. TFor a given

core, if it is used to handle high power the frequency must

be high. Thus, from egs. (3-8), (3-9), (3-10) a small number



of turns is required. In this condition a high valueodf curfent density,
J, can be selected withoutsa¥gnifieaht~pcrer loss or voltage drop in
wire. On the other hand, if the core is used far lower power handling
the frequency isdecreased and the number of turns is increased. Now,

J must be small or significant pcwer loss and voltage drop in wire

will result. The optimum value of J is derived in section 6.3. The

result is:
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For purposes of wire size calculation, duty cycle should be
applied te peak winding current to obtain the average current. The

duty cycle of N, and N._/are 50%, of N

1 FB

ommended for clese magnetic coupling.

5. 1s 100%. Bifilar winding is rec-

3.3 Starting Circuits

Ry and R, form simple voltage divider that properly biases the
transistors.to initiate oscillation.Without the starting circuit the
converter may not oscillate. This is especially true at full load.

The base starting bias developed by this circuit should be 0.3 volt
for germanium transistors and 0.7 volt for silicon. This veltage is:
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Rl and R2 can be found from:
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The fedback voltage must be chosen properly. If VFB is too Weh
high a large amount of power will dissipate in Rl' If VFB is too low,
a large amount of power will dissipate in R2. The optimum value of VFB
is derived in section 6.2. The result is “abulated in the Feedback

Voltage Table. If IBR1 is much smaller than Vip, VFB can be found from

VFB - ’ VinVBE(sat) +VBE(sat) ..........( 3-15 )

3;4 Speed-Up Circuit

A capacitor may be used to speed up the switching time of the
transistor by connected parallel to Rl' It is especially important ¢
at higher frequencies. In the range of 1-15 kHz it contributes only
a bit greater efficiency over the case where no capacitor is used.
However, at 50 kHz approximately 10% greater efficiency may be obtained

through the addition of the capacitor.

3.5 Diode Selection

The diode type selected must capable of maximum output current.
It must have inverse breakdown voltage in excess of the output voltage
and allowance for transients. The forward voltage drop in each diode
should be low. It should have fast switching and low leakage in the

OFF condition.
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