
Order this document

MOTOROLA
by AN9201D Rev. 2

SEMICONDUCTOR
APPLICATION NOTE

AN920
Rev. 2

Theory and Applications of the MC34063 and
PA78S40 Switching Regulator Control Circuits

This paper describes in detail the principle of operation of the MC34063 and PA78S40 switching reg,Wl&@q}”>
,,,-*{\!,>l\~

subsystems. Several converter design examples and numerous applications circuitswith test data”~~@J@~fuded.
~.a),,,,>,,.+’t.*!x.,x*.\t\*,:.>:;.tji

‘~,”!};..~.$:1’

INTRODUCTION
.

eventually decrease to below .$hina~due to the pres-\ $.,,...
The MC34063 and pA78S40 are monolithic switching ence of an external load, a,Q@5~~~*hitiate the switching

regulator subsystems intended for use as dc to dc con- process again. The incres~~+~?onversion efficiency is

verters. These devices represent a significant advance- primarily due to the o~&r~~~@6f the series-pass element

ment in the ease of implementing highly efficient and yet on Iy in the saturated ~~:titoff state. The voltage drop

simple switching power supplies. The use of switching across the eleme~@’kwheh saturated, is small as is the
*.%13$*:s

regulators is becoming more pronounced over that of dissipation. W~@.~:~icutoff, the current through the ele-

Iinear regulators because the size reductions in new ment and li~~~~,s$the power dissipation are also small.

equipment designs require greater conversion efficiency. There are q~~pr~~riations of switching control. The most

Another major advantage of the switching regulator is commo,~ ar&$Xhefixed frequency pulse width modulator

that it has increased a~~lication flexibiiitv of out~ut volt- and t#~~xed on-time variable off-time types, where the>.,,
age. The output can be less than, greater than, or of
opposite polarity to that of the input voltage.

PRINCIPAL OF OPERATION
,$~’

In order to understand the difference in opera@~~,,
between linear and switching regulators we mu$l,%~~rn-s
pare the block diagrams of the two step-down $~&~*~fs
shown in Figure 1.The linear regulator consk$~:~J+~’4sta-
ble reference, a high gain error amplifier,,i~~~~ ~ariable
resistance series-pass element. The errot:,i~~l!}ier mon-
itors the output voltage level, compare’&j{t~the reference.\t&,,,.
and generates a linear control sign~~ thq?+?aries between
two extremes, saturation and c.~~,~;~.~is signal is used
to vary the resistance of thg~,~rl$-pass element in a
corrective fashion in order td mq~ntain a constant output
voltage under varying inp’u$:,$’oltage and output load

<’f,*+
conditions. *!‘!?b\;.,.... ~

The switch ing re@dkt&’consists of a stable reference

and a high gai~::&+~~Fikmplifier identical to that of the
linear regulatq~~,~~~~system differs in that a free running
oscillator a.@&a~$ated latch have been added. The error

amPlifi:pq&Q~d?monitors the output voltage, compares it
to the t$~~~nce level and generates a control signal. If
the ~~~~~$ voltage is below nominal, the control signal
will ~~:to a high state and turn on the gate, thus allowing
the oscillator clock pulses to drive the series-pass ele-
ment alternately from cutoff to saturation. This will con-
tinue until the output voltage is pumped up slightly above
its nominal value. At this time, the control signal will go
low and turn off the gate, terminating any further switch-
ing of the series-pass element. The output voltage will

on~7$$~fltching is uninterrupted and regulation is
,,+::k~v~g~dby duty cycle control. Generally speaking, the
‘:~~$::ogiven in Figure 1b does apply to MC34063 and
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GENERAL DESCRIPTION

The MC34063 series is a monolithic control circuit con-
taining all the active functions required for dc to dc con-
verters. This device contains an internal temperature
compensated reference, comparator, controlled duty
cycle oscillator with an active peak current limit circuit,
driver, and a high current output switch. This series was
specifically designed to be incorporated in step-up, step-
down and voltage-inverting converter applications.
These functions are contained in an 8 pin dual in-line
package shown in Figure 2a.

The pA78S40 is identical to the MC34063 with the addi-
tion of an on-board power catch diode, and an uncom-
mitted operational amplifier. This device is in a 16 pin
dual in-line package which allows the reference and the
non-inverting input of the comparator to be pinned out.
These additional features greatly enhance the flexibility
of this part and allow the implementation of more sophis-
ticated applications. These may include series-pass reg-
ulation of the main output or of a derived second output
voltage, a tracking regulator configuration or even a sec-
ond switching regulator.

FUNCTIONAL DESCRIPTION

The oscillator is composed of a current source and sink
which charges and discharges the external timing capac-
itor CT between an upper and lower preset threshold.
The typical charge and discharge currents are 35 PA and
200 WA respectively, yielding about a 1 to 6 ratio. Thus

,}~...”

~{+’t~

the ramP-up period is 6 times longer than that of the JJ:X’$
J*$N?*.*.,~i$.,

ramp-do”wn” as shown in Figure 3. ?he upper threshold + “:’$
is equal to the internal reference voltage of 1.25 volts an~

the lower is approximately equal to 0.75 V. The o~~lator
runs continuously at a rate controlled by the Sel&q$ed
value of CT. $*.?.:\*?.:.,;.\,y,,\,.?“,. 3.

During the ramp-up portion of the cycl~;&$&~~ic ‘1’ is
present at the ‘A input of the AND ga,~~~$$tie output
voltage of the switching regulator i~,~ti;$w nominal, a
Logic ‘1’ will also be present at t~~ ‘~~.,ihput. This con-
dition will set the latch and cau~~T~&,$@’ outputtogo to
a Logic ‘1’, enabling the driv$~jj~~,~$utput switch to con-

duct. When the oscillator re$~h~’~ts upper threshold, CT
will start to discharge a~#~~&~’O’ will be present at the
‘A’ input of the AND&,g~~:J~his logic level is also con-
nected to an invert,#’,~hoke output presents a Logic ‘1’
to the reset input:~[~i~~ latch. This condition will cause

‘Q’ to go low,,~f%q~jing the driver and output switch. A
logic truth ,t~~&:@f these functional blocks is shown in
Figure 4.*<j~{~$&’

The ~tp~$of the comparator can set the latch only
duri:@~$~~$mp-up of CT and can initiate a partial or full
o,~,:cy~]ebf output switch conduction. Once the compar-
a’~$$#~s set the latch, it cannot reset it. The latch will
re~ain set until CT begins ramping down. Thus the com-
parator can initiate output switch conduction, but cannot
terminate it and the latch is always reset when CT begins
ramping down. The comparator’s output will be at a Logic
‘O’ when the output voltage of the switching regulator is
above nominal. Under these conditions, the comparator’s
output can inhibit a portion of the output switch on-cycle,
a complete cycle, a complete cycle plus a portion of one

DRIVE SWITCH
COLLECTOR COLLECTOR

S;~kE
SWITCH
EMITTER

.NONINV INV Ik ORIVER
INPUT INPUT SEfiSE COLLECTOR COLLECTOR

~ ~ ~ ~ ~
I cm ‘:A\ “~w I I I I

REF INV NONINV Vcc OUTPUT SWITCH DIOOE DIODE
OUTPUT INPUT INPUT OP AMP EMITTER ANODE CATHODE

b. PA78S40

Figure 2. Functional Block Diagrams
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B
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~ OISCHARGE

figure 3. CT Voltage Waveform

cycle, multiple cycles, or multiple cycles plus a portion
of one cycle.

Current limiting is accomplished by monitoring the
voltage drop across an external sense resistor placed in
series with VCC and the output switch. The voltage drop
developed across this resistor is monitored by the Ipk
Sense pin. When this voltage becomes greater than -
330 mV, the current limit circuitry provides an additional
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R Sw~ch Comments on State of Output Switch

T . Switching Regulator’s Output is > nominal

LI “ I (’B’ = O).

f
o No change since ‘B’ was O before CT

Ramp-Down.

No change even though switching regulators
1 0 output < nominal. Output switch can~~~$t

initiated during CT Ramp-Down. 4J,W+$<,$‘“,,},

No change since output switch ~~~@on
1 0

was terminated when ‘A wg~:q~,

f

Switching regulator’s ou~~~wt < nominal
o during CT Ramp-Up (:~{:t~J~Partial on-

cycle for output swia~: * ‘

Switching Regu@~~ o~tput went = nominal
1 (’B’ + O) duri~:@$amp-Up, No change

since ‘Br c~mn$~~et latch.... c

< J

Compl,$t$~Wcle since ‘B’ was 1 before CT
started’*~A~-U p.

J I>~ ,,,~Qfi&~$switch conduction is always
,,$$t~~~inated whenever CT is Ramping Down.

L

current path to charge the timing capacitor CT. This
causes it to rapidly reach the upper oscillator threshold,
thereby shortening the time of output switch conduction
and thus reducing the amount of energy stored in the
inductor. This can be observed as an increase in the slope
of the charging portion of the CT voltage waveform as
shown in Figure 5. Operation of the switching regulator
in an overload or shorted condition will cause a very short

but finite time of output conduction followed by either a
normal or extended off-time interval provided by the
oscillator ramp-down time of CT. The extended interval
is the result of charging CT beyond the upper oscillator
threshold by overdriving the current limit sense input.
This can be caused by operating the switching regulator
with a severely overloaded or shorted output or having
the input voltage grossly above the nominal design value.
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Under extreme conditions, the voltage across CT will
approach VCC and can cause a relatively long off-time.
This action may be considered a feature since it will
reduce the power dissipation of the output switch con-
siderably. This feature may be disabled on the YA78S40
only, by connecting a small signal PNP transistor as a
clamp. The emitter is connected to CT, the base to the
reference output, and the collector to ground. This will
limit the maximum charge voltage across CTto less than
2.0 volts. With the use of current limiting, saturation of
the storage inductor may be prevented as well as achiev-
ing a soft start-up.

In practice the current limit circuit will somewhat mod-
ify the charging slope and peak amplitude of CT each..
time the output switch is required to conduct. T.~~$ is’r
because the threshold voltage of the current limia~sekse
circuit exhibits a “soft” voltage turn-on charac~~~~%snd
has a turn-off time delay that causes som~,~q~shoot.
The 330 mV threshold is defined where ~$~~~rge and
discharge currents are of equal value~$%&~2C = 5.0 v,
as shown in Figure 6. The current liq,lt~~’tise circuit can
be disabled by connecting the l~~e~d’pin to Vcc.

To aid in system design flex~~~~y $he driver collector,~\\,..,., ,,,>*..
output switch collector and ~ltipr are pinned out sep-
arately. This allows the d~~~wr$fie option of driving the
output switch transistor ‘1~,~.)saturation with a selected
forced gain or driving’’~~nea; saturation when connected
as a Darlington. TNti’;&&$ut switch has a typical current
gain of 70 at 1.Q~&$& and is designed to switch a maxi-
mum of 40 vol$~~Jlector-to-em itter, with up to 1.5 amps
peak coll~J~&Jcdtrent.

The ~A~8~0has the additional features of an on-chip
unco@w@JJ~%operational amplifier and catch diode. The

ORQ~~S a high gain single supply type with an input
$*$*’<..

co~:mn-mode voltage range that includes ground. The
out’~%t is capable of sourcing up to 150 mA and sinking
35 mA. A separate VCC pin is provided in order to reduce
the integrated circuit standby current and is useful in low
power applications if the operational amplifier is not
incorporated into the main switching system. The catch
diode is constructed from a lateral PNP transistor and is
capable of blocking up to 40 volts and will conduct cur-
rents up to 1,5 amps. There is, however, a “catch” when
using it.

Because the integrated circuit substrate is common
with the internal and external circuitry ground, the cath-
ode of the diode cannot be operated much below ground
or forward biasing of the substrate will result. This totally _
eliminates the diode from being used in the basic voltage
inverting configuration as in Figure 15, since the sub-
strate, pin 11, is common to ground. The diode can be
considered for use only in low power converter appli-
cations where the total system component count must
be held to a minimum. The substrate current will be~~out
10 percent of the catch diode current in the ste~~@.Wn-
figuration and about 20 percent in the ste~$~~h and
voltage-inverting in which pin 11 is comrn~$a,.t~e neg-
ative output. System efficiency will suffe$$~wti$using this
diode and the package dissipati@#.,J l@$~s must be
observed.

~~tj,,,:>t.”.,~$e-i,.,,,s.> .:.J~,s$i.$?,%~“’*S>,..\t~.\\.:\?.

STEP-DOWN, ~ltbfilNG
REGULATOQ:WRATION

Shown in Figure 7a “~’$t~~~bsic step-down switching
regulator. Transistor ~:~~~s~$rupts the input voltage and
provides a variable:~,~cycle squarewave to a simple
LC filter. The fil~~~avetages the squarewaves producing
a dc output ~~l}q#&$*at can be set to any level less than
the input b~’ cd~t~olling the percent conduction time of
QI to thq~$~::W-e total switching cycle time. Thus,

~$~~&e,~&C34063/pA78 S40 achieves regulation by varying
.~~weon-time and the total switching cycle time. An expla-

“$h,nation of the step-down converter operation is as follows: —

Assume that the transistor QI is off, the inductor current
IL is zero, and the output voltage Vout is at its nominal
value. The output voltage across capacitor Co will even-
tually decay below nominal because it is the only com-
ponent supply current into the external load RL. This volt-
age deficiency is monitored by the switching control
circuit and causes it to drive QI into saturation. The induc-
tor current will start to flow from Vin through QI and, Co
in parallel with RL, and rise at a rate of A1/AT = V/L. The
voltage across the inductor is equal to Vin – Vsat – Vout
and the peak current at any instant is:

IL = ( # )Vin – Vsat – Vout t

\ L I

At the end of the on-time, QI is turned off. As the mag-
netic field in the inductor starts to collapse, it generates
a reverse voltage that forward biases DI and, the peak
current will decay at a rate of A1/AT = V/L as energy is
supplied to Co and RL. The voltage across the inductor
during this period is equal to Vout + VF of DI and, the
current at any instant is:

L=‘L(pk)- rout:vF)t
Assume that during quiescent operation the average out-
put voltage is constant and that the system is operating
in the discontinuous mode. Then lL(peak) attained during
ton must decay to zero during toff and a ratio of ton to ,-
toff can be determined.

MOTOROLA AN920
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(‘in‘“s:t-‘out)to”=(vout:vF)toff
ton “out + “F.—=. .
toff Vin – Vsat – Vout

Note that the volt-time product of ton must be equal that
of toff and the inductance value is not of concern when
determining their ratio. If the output voltage is to remain
constant, the average current into the inductor must be
equal to the output current for a complete cycle. The peak
inductor current with respect to output current is:

(W)to”+(w)toff=(’outto”)+(louttofi)
lL(~k)(ton+ toff)

2
= lout (ton + toff)

... [L(pk) = 2 lout

The peak inductor current is also equal to the peak switch
current lpk(swit~h)since the two are in series. The on-
time ton is the maximum possible switch conduction
time. It is equal to the time required for CT to ramp up
from its lower to upper threshold. The required value for
CT can be determined by using the minimum oscillator
charging current and the typical value for the oscillator
volts-ge-swing both taken from the data
characteristics table.

(.)At
CT = lchg(min) ~

—— ()20x 10-6 h
0.5

—— 4.0 X 10-5 ton

sheet electrical

c. Voltage-Inverting lVo”tl S Z ~n

– Vout

RL

Figure 7. BasicSwitching Regulator Configurations

The off-time toff, isthetimethat diode DI is in conduction
and it is determined by the time required for the inductor
current to return to zero. The off-time is not related to
the ramp-down time of CT. The cycle time of the LC net-
work is equal to ton(max) + toff and the minimum oper-
ating frequency is:

fmin =
1

ton(max) + toff

A minimum value of inductance can now be calcul~~d
for L. The known quantities are the voltage acroq~b
inductor and the required peak current for th~~~j~~ed
switch conduction time. .’,\l -,,,,,. . ,,,.t~

,,,,~,‘$f${,,“+\~‘.>

This minimum value of inductan~:%~ calculated by
assuming the onset of continuo~ c~duction operation
with a fixed input voltage, ~~~~~,m output current, and
a minimum charge-curre~~~,~~$ator.

The net charge per c~~~~~~tivered to the output filter
capacitor Co, must *Yg~&, Q + = Q –, if the output
voltage is to rema~,~,,co~~tant. The ripple voltage can be
calculated from t&#~&@own values of on-time, off-time,
peak inducto~:?~~’%t, and output capacitor value.

ton toffAndtl=Yandt2–tl =Y

Substituting for tl and t2 – tl yields:

1 ~ (ton/2)2 1—— ~ (toff/2)2

co ton 2 + co toff 2

_ l~k (ton + toff)—
8 Co

A graphical derivation of the peak-to-peak ripple voltage
can be obtained from the capacitor current and voltage
waveforms in Figure 8.

The calculations shown account for the ripple voltage
contributed by the ripple current into an ideal capacitor.
In practice, the calculated value will need to be increased
due to the internal equivalent series resistance ESR of
the capacitor. The additional ripple voltage will be equal
to lpk(ESR). Increasing the value of the filter capacitor
will reduce the output ripple voltage. However, a point
of diminishing return will be reached because the com-
parator requires a finite voltage difference across its
inputs to control the latch. This voltage difference to com-
pletely change the latch states is about 1.5 mV and the
minimum achievable ripple at the output will be the feed-
back divider ratio multiplied by 1.5 mV or:

~(1.5x lo-3)“ripple(p-p)min = “ref

AN920 MOTOROLA
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o
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lout = lp~ = IC(AVG) + ID(AVG)

o

+ IPM2

o

vout + vpk

Vout

vout – vpk
—

verterwith a high output volt~~~~j~ures 12 and 13 show
two different ripple reductioh techniques. The first uses

,.;zb“$;..’
the pA78S40 operation~~;a~~!tfier to drive the compar-
ator in the feed backb$~op’.:~.fie second technique uses a
zener diode to level@~$& the output down to the reference

Step-Dow~,&ti’#&ing Regulator Design Example
A schq~af~o~ the basic step-down regulator is shown

in Fig~.r$+g:;~he wA78S40 was chosen in order to imple-

me%~j~<.@~nimum component system, however, the
%&~~3 with an external catch diode can also be used.
TwTWquency chosen is a compromise between switch-....
in9’iOSSeS and inductor size. There will be a further dis-
cussion of this and other design considerations later.
Given are the following conditions:

Vout = 5.0 v
lout = 50 mA
fmin = 50 kHz
Vin(min) = 24 V – 107. or 21.6 V
VriPPle(P-P) = 0.5~o Vout or 25 mVP-P

1. Determine the ratio of switch conduction ton versus
diode conduction toff time.

h= Vout + VF

toff Vin(min) – ‘sat – ‘out

5.0 + 0.8——
21.6 – 0.8 – 5.0

—— 0.37

2. The cycle time of the LC network is equal toton(max)
+ t~ff.

1
ton(max)+ toff = fmin

1——
50 XI03

= 20 ps per cycle

3. Next calculate ton and toff from the ratio of ton/toff
in #1 and the sum of ton + toff in #2. By using substi-
tution and some algebraic gymnastics, an equation can
be written for toff in terms of ton/toff and ton + ton.

MOTOROLA AN920
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The equation is:

t~n(m~~)+ toff

toff = ‘on ~ ,

toff

20 X 10-6——
0.37 + 1

= 14.6~s

Since ton(ma~) + t~ff = 20 #S

tOn(~aX) = 20 PS – 14.6Ps
= 5.4 ps

Note that the ratio of ton/( ton + toff) does not exceed
the maximum of 6/7 or 0.857. This maximum is defined
by the 6:1 ratio of charge-to-discharge current of timing
capacitor CT (refer to Figure 3).

4. The maximum on-time, ton(max), is set by Selectin9
a value for CT.

‘.’”!..

CT = 4.0 X lo-5tO~

—— 4.0 X 10-5 (5,4x 10-6)
= 216 pF

Use a standard 220 pF capacitor.

5. The peak switch current is:

– 2 loutIpk(switch) – 2 (50 ~ IO-3)

——

= 100 mA .\,
‘*.,

6. With knowledge of the peak switch current an@&@@-
imum on time, a minimum value of inductan~~’[~~~be
calculated. . tf!a:$:h,”.i~%?,.,,.j,~~\ ,.. N!:

m r ‘ *

L

I

v~ut
5 V/50 mA

27- CO

I=
\‘ ,. ,

. . . . . ,,,. . .

‘.s:~:’-’”.
.*.IJ,+\.... .. .... ‘> Test Conditions Results

Line~.$teguIation Vin = 18to 30 V, lout = 50 mA A = 16 mV or * 0.16Y.

Load Regulation Vin = 24 V, lout = 25 to 50 mA A = 28 mV or + 0.287.

Output Ripple Vin = 21.6 V, lout = 50 mA 24 mVD-”

Short Circuit Current Vin = 24V, RL = 0.1 Q 105 mA

Eticiency, Internal Diode Vin = 24 V, lout = 50 mA 45.370
- . Eticiency, External Diode* Vin = 24 V, lout = 50 mA 72.60/0

Figure 9. StepDown Design Example

AN920 MOTOROLA
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7. Avalue for the current limit resistor R~c can be deter-
mined by using the current level of Ipk(switch)when Vin

= 24 V.

(Vin – V~at – Vout
l’pk(~witch) =

L(min) )
ton(max)

(

24 – 0.8 – 5.0——
853x10- 6)

5.4x 10-6

. l15mA

0.33
R~c =

I’pk(switch)

0.33
.

115X 10-3

= 2.86 Q use 2.7 Q

This value may have to be adjusted downward to com-
pensate for conversion losses and any increase in
lPk(~witch) current if Vin varies upward. DO not Set RSC

to exceed the maximum Ipk(switch) limit of 1.5 A when
using the internal switch transistor.

8. A minimum value for an ideal output filter capacitor
can now be obtained.

IDk(switch) (ton + ‘off)co =
8 Vrippie (P-P)

0.1 (2ox 10-6)——
8 (25x 10-3)

—— 10 UF

Using the above derivation, the design is optimized to
meet the assumed conditions. At Vin(min), operation is
at the onset of continuous mode and the output current
capability will be greater than 50 mA. At Vin(nom) i.e.: ---
24 V, the current limit will activate slightly above the rated
lout of 50 mA.

STEP-UP SWITCHING REGULATOR OPERATION

The basic step-up switching regulator is shown:J,n Fig-
ure 7b and the waveform is in Figure 10. Energy:~&~@red
in the inductor during the time that transisto~~~;~,in the
‘on’ state. Upon turn-off, the energy is,$r~~$#rred in
series with Vin to the output filter ca@~$&$r and load.
This configuration allows the outpu~~~ti~,$b to be set to
any value greater than that of the~l~$~$~y the following
relationship: \,:+,,‘+..:$,+ :%

An explanation of th~:$~~-y’p converter’s operation is as
follows: Initially, ~~~ti~that transistor QI is off, the~.,,s::i.t$t.+.:?:~;,
inductor current is ~{o, and the output voltage is at its
nominal valu~;:$$$~.ist ime, load current is being supplied
only by CQ~@~~k~,willeventually fall below nominal. This
deficienqyf~!ll;%e sensed by the control circuit and it will
initiate~~:~ oR~cycle, driving QI into saturation. Current
w~~$~tarf+to flow from Vin through the inductor and QI
<~d we at a rate of A1/AT = V/L. The voltage across the

~?n~~ctor is equal to Vin – Vsat and the peak current is:

a solid tantalum capacitor ofthisvalue will have a t~pic?~
ESR (equivalent series resistance) of 0.3 Q wh~s$,, will
contribute 30 mV of ripple. The ripple compoti~ts%re
not in phase, but can be assumed to be for a%So~%$~&%tive
design. In satisfying the example shown, ~~~~,$~F<$&ntalum
with an ESR of 0.1 Q was selected. T~,~~k~?e voltage
should be kept to a low value since i(~~~f:drectly affect
the system line and load regulatio~a,, “$

9. The nominal output voltag@?’~sW#~grammed by the
Rl, R2 resistor divider. The $~&#oltage is:

The divider curre ~~~. 90 as low as 100 PA without
affecting system R~@?mance. In selecting a minimum~~.. e
current dividen..RW@ equal to:.,\ \,e.

~$$~$hging the above equation so that R2 can be solved
yl~ds:

R2 =
(– )

R, Vout_l
1.25

If a standard 570 tolerance 12 k resistor is chosen for Rl,
R2 will also be a standard value.

()R2 = 12x I03 ‘–l
1.25

= 36 k

‘L=(Vin~vsat)t -
When the on-time is completed, QI will turn off and the
magnetic field in the inductor will start to collapse gen-
erating a reverse voltage that forward biases DI, supply-
ing energy to Co and RL. The inductor current will decay
at a rate of A1/AT = V/L and the voltage across it is equal
to Vout + VF – Vin. The current at any instant is:

IL = lL(pk) –
( )

Vout + VF – Vin t

L

Assuming that the system is operating in the discontin-
uous mode, the current through the inductor will reach
zero after the toff period is completed. Then lL(pk)
attained during ton must decay to zero during toff and a
ratio of ton to toff can be written.

(VinIVsat)ton=(Vout+:F-vin)toff
ton Vout + VF – Vin

.“.
toff = Vin – Vsat

Note again, that the volt-time product of ton must be
equal to that of toff and the inductance value does not
affect this relationship.

The inductor current charges the output filter capacitor
through diode DI only during toff. If the output voltage
is to remain constant, the net charge per cycle delivered
to the output filter capacitor must be zero, Q+ = Q –.

Ichg toff = Idischg ‘on

Figure 10 shows the step-up switching regulator wave-
forms. By observing the capacitor current and making

MOTOROU
8
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VOLTAGE ACROSS
SWITCH 01
vcE

DIODE D1 VOLTAGE
v~

SWITCH 01
CURRENT

OIODE 01
CURRENT

INDUCTOR
CURRENT

CAPACITOR Co
CURRENT

CAPACITOR Co
RIPPLEVOLTAGE

‘ou’-vs;~

-,,.

terms yields:
Y

*\\t+,$.’,

The peak inductor cu~g~~$ is also equal to the peak switch
current, since the t~)&@f~n series.

With knowledg&8%@e voltage across the inductor dur-
ing ton and @~~~#$uired peak current for the selected
switch con~?ifin~me, a minimum inductance value can

~..
Th& ripple voltage can be calculated from the known

values of on-time, off-time, peak inductor current, output
current and output capacitor value, Referring to the
capacitor current waveforms in Figure 10, tl is defined
as the capacitor charging interval. Solving for tl in known

\Dk– lout =~
tl toff

... ‘1 =(’Dk;;out)toff
And the current during tl can be written:

I ——
(’Dkil’out)t

The ripple voltage is:

()(
“ l~k – lout t dt

‘ripple(p-p) = L
co o tl

=L l~k – lout t2 tl

co tl T o

1 (l~k - lout) tq——
Lo L

Substituting for = 1 (i~k – lout) (lDk – lout)

tl yields: ~ 2 Ipk

(l~k – lout)2tofi——
21pk co

toff

AN920 MOTOROLA
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A simplified formula that will give an error of less than
570 for a voltage Step-Up greater than 3 with an ideal
capacitor is shown:

()lout
Vripple(p-p) = ~ ton

This neglects a small portion of the total Q– area. The
area neglected is equal to:

loutA=(toff-tl)Y

Step-Up Switching Regulator Design Example
The basic step-up regulator schematic is shown in Fig-

ure 11. The~A78S40 again was chosen in order to imple-
ment a minimum component system. The following con-
ditions are given:

Vout = 28 v

lout = 50 mA
fmin = 50 kHz
Vin(min) = 9.0 V – 257. or 6.75 V

Vripple(p-p) = 0.5°~ Vout or 140 mVp-p

1. Determine the ratio of switch conduction ton versus
diode conduction toff time.

h= Vout + VF = vin(min~

toff Vin(min) – Vsat

28 + 0.8 – 6.75——
6.75 – 0.3

—— 3.42

2. The cycle time of the LC network is equal to ~$~W~ax)

28V150mA

27$ co

., ,1,. .. ..
:..l( . ,<J,,I

.Y !.;,., , ~ ,,.
*i::j,, ~. \,\..,*, Test Conditions Results

‘W&g”lati~n Vin = 6.0 to 12 V, lout = 50 mA A = 120 mV or t 0.217.

L~ad Regulation Vin = 9.0 V, lout = 25 to 50 mA A = 50 mV or k 0.0970

I Output Ripple I Vin = 6.75 V, lout = 50 mA I 90 mVD-D I
Eticiency, Internal Diode Vin = 9.0 V, lout = 50 mA 62.2%

Eticiency, External Diode* Vin = 9.0 V, lout = 50 mA 74.2%

Figure 11. Step-Up Design Example

MOTOROLA
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3. Next calculate ton and toff from the
in #l and the sum of ton + toff in #2.

20 X 10-6
toff =

3.42 + 1
—— 4.5 ps

ton = 20 ps – 4.5 ps
—— 15.5 ~s

ratio of ton/toff

Note that the ratio of ton/( ton + toff) does not exceed

the maximum of 0.857.

4. The maximum on-time, ton(max), is set by selecting
a value for CT.

CT = 4.0 X 10-5 ton
—— 4.0 X 10-5 (15.5x 10-6)
= 620 pF

5. The peak switch current is:

—— 2 (50 X 10-3) (3.42 + 1)

= 442 mA

6. A minimum value of inductance can be calculated
since the maximum on-time and peak switch current are
known.

( in(min) – Vsat
‘(rein) =

)
ton\Pk(swit~h)

=; 3)

6.75 – 0.3

442 X 10-
15.5 X 10-6

,
+.$> ,,-- 1 II

—- 1 I J I
I R2

1 4 Vout

._~ ‘11 ~co
Y

Op Amp is used in feedback loop to drive the comparator.

Figure 12. KA78S40 Ripple Reduction Technique

7. A value for the current limit resistor, Rsc, can now
be determined by using the current leVel of Ipk(switch)
when Vin = 9.0 V.

!’pk(switch) =

——

——

(Vil(:$t)ton(ma
(::il:36)155x10-6
597 mA .;,,,

Note that current limiting in ~~~~$ba~c step-up configu-
ration will only protect th~.w~h’ transistor from over-
current due to inducto;f$~~u>a tion. If the output is.>.\*J?.
severely overloaded ~r~h&fied DI, L, or Rsc may be.\$;,:,$.,.,:,.3,
destroyed since they fb~~’~ direct path from Vin to Vout.
Protection may ,,~~~c,hleved by current limiting Vin or
replacing thej.~~’~$~’b’~with 1:1 turns ratio transformer.“ ‘,.J.!,.~~$

8. An ap~~,d~im$te value for an ideal output filter capac-*<\{.\i~.,:~-
itor is: .${.::,, ,~. ~

‘.~:,$~~

I I I I

Vz = VOU1– 125V 7
R1 :

=

Zener is used to level shift output down to 1,25 V reference.

Figure 13. MC34063 Ripple Reduction Technique

AN920 MOTOROLA
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The ripple contribution due to the gain of the comparator:

hl.5x lo-3Vripple(p-p) = Vref

—— ~1.5x lo-3

= 33.6 mV

A 27 pF tantalum capacitor with an ESR of 0.10 Q was
again chosen. The ripple voltage due to the capacitance
value is 28.7 mV and 44.2 mV due to ESR. This yields a
total ripple voltage of:

hl.5x lo-3 + coEriPPle(p-p) = Vref ~ ton + Ipk ESR

= 33.6 mV + 28.7 mV + 44.2 mV

= 107 mV

9. The nominal output voltage is programmed by the
RI, R2 divider.

Vout
()

R2

= 1“25 ‘+fi

A standard 570 tolerance, 2.2 k resistor was selected for
RI so that the divider current is about 500 pA.

RI =
1.25

500 x 10-6
—— 2500 Q use 2.2 k

Then R2 =
()

Vout _ qRI —
1.25

Vin – Vsat(driver)– vRsc
Rdriver =

16 + 1170~

7.0 – 0.3 – 0.2——
(22.1 + 4.1) x 10-3

—— 248 Q use 240 Q

VOLTAGE-INVERTING SWITCHING
REGULATOR OPERATION

The basic voltage-inverting switching reg~~~~${ is
shown in Figure 7C and the operating wavef~~~’$k~’r~ in
Figure 14. Energy is stored in the induct~~>~~$fig the
conduction time of QI. Upon turn-off, th~eq$$~’is trans-
ferred to the output filter capacitor a$d ~## Notice that
in this configuration the output volw$,~sxderived only
from the inductor. This allows t~::,~w~a~tude of the out-

Lput to be set to any value. It ~a~: ,, ~{ess than, equal to,
or greater than that of the in~~,$fd is set by the following

‘.,,relationship: *Ott+.:.,,,.];:>,
~.. ,, “..F]J*

>>L.?\l

The voltage-iny~~ling converter operates almost identi-
cally to that~~~~~$~~~~p-up previously discussed. The volt-
age acro,~s;$the$lnductor during ton is Vin – Vsat but
during t$&tR@$oltage is equal to the negative magnitude

““$’~V Remembering that the volt-time productOf v%~~t +.* F.
of fo~k<rnust be equal to that of toff, a ratio of ton to toff

Thedriver collector current is equal to sum of 22.1 mA
+ 4.1 mA = 26.2 mA. Allow 0.3 V for driver saturation
and 0.2 V for the drop across Rsc (0.5 x 442 mA Ipk).

Then the driver collector resistor is equal to:

. .
toff – Vin – Vsat

The derivations and the formulas for Ipk(switch), L(min),
and Co are the same as that of the step-up converter.

Voltage-Inverting Switching Regulator Design Example
A circuit diagram of the basic voltage-inverting regu-

lator is shown in Figure 15.
The pA78S40 was selected for this design since it has

the reference and both comparator inputs pinned out.
The following operating conditions are given:

Vo”t = –15V
lout = 500 mA
fmi” = 50 kHz
Vin(min) = 15 V ‘1070 or 13.5 V

‘ripple(p-p) = 0.4~0 Vout or 60 mvp-p

1. Determine the ratio of switch conduction ton versus
diode conduction toff time.

h _ Ivoutl + vF
—

toff Vin – Vsat

15 + 0.8——
13.5 – 0.8

—— 1.24

--

—

MOTOROLA
12

AN920



VOLTAGE ACROSS
SWITCH 01
vcE

OIODE 01 VOLTAGE
v~

SWITCH 01
CURRENT

DIODE D1
CURRENT

INDUCTOR
CURRENT

CAPACITOR CO
CURRENT

CAPACITORCO
RIPPLEVOLTAGE

1“

~n– v$~~
o

~n– (–vout + VF)

L“ – v~~t

o
VF

Ipk

Ii” = lc(AvG)

o

Ipk

lout
o

Ipk

o

ipk – [~u~

o
– lout

– Vout+ Vpk

Vout
–v~ut– Vok

figure 14. Voltage-lny$%@kgSwitching Regulator Waveforms\

4. A value of CT must be selected in order to set
ton(ma~).

CT = 4.OX 10-5tOn

—— 4.0 x 10-5 (11.1 x 10-6)

= 444 pF use 430 pF

5. The peak switch current is:

()tonIpk(switch) = Zlout ~+~

—— 2 (500 X 10-3) (1.24 + 1)
—— 2.24 A

6. The minimum required inductance value is:

(Vin(min) – Vsat
L(min) =

)
tonlpk(swit~h)

= (’3~.~408)111 x10-6
—— 66.5 pH

7. The current-limit resistor value was selected by
determining the level of !pk(switch)for Vin = 16.5 V.

I’pk(switch) = ri:i:;at)ton
=(i::~l:86)111x10-6
—— 2.62 A

0,33
Rsc =

I’pk(switch)

0.33——
2.62

—— 0.13 Q use 0.12 Q

AN920 MOTOROLA
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M“ = 15V

d Q2
,00x

R2
36k ‘H

R1
3k

II ICTO,C l,k~

COMP
L

np
‘u~{

J + 66.5
WH

Test
.!.,,

Conditia%b%,, Results

Line Regulation Vin = 12 to 16 V, lout = 0.5~A “}% ‘“ A = 3.0 mV or +0.OIYO
?.,,$

Load Regulation Vin = 15 V, lout = O.l~*,@J~” A = 27 mV or + 0.0970

Output Ripple Vin = 13.5 V, lout = 0<+ R’ 35 mVp-p

Short Circuit Current Vin = 15 V, R~3~,0.1 k 2.5 A

Efficiency Vin = 15 veJ~~~,=:0.5 A 80.6%
. ,., ,,.:,.~ .,.“:$:,,

Fig&}*&$~oltage-inverting Design Example

—— +1.5 XI0-3
1.Z3

—— 18 mV

For a given level of ripple, the ESR of the output filter
capacitor becomes the dominant factor in choosing a

value for capacitance. Therefore two 470 pF capacitors
with an ESR of 0.020 Q each was chosen. The ripple
voltage due to the capacitance value is 5.9 mV and 22.4
mV due to ESR, This yields a total ripple voltage of:

Ivoutl
‘ripple(p-p) = Vref 1.5 X 10-3 + ‘ton + Ipk ESRco

—— 18 mV + 5.9 mV + 22.4 mV
—— 46.3 mV

9. The nominal output voltage is programmed by the
Rl, R2 divider. Note that with a negative output voltage,
the inverting input of the comparator is referenced to
ground. Therefore, the voltage at the junction of RI, R2
and the noninverting input must also be at ground poten-
tial when Vout is in regulation. The magnitude of Vout
is:

lVoutl = 1.25 ~

MOTOROLA
14
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A divider current of about 400 PA was desired for this
example.

RI =
1.25

400 x 10-~

General Applications
By combining circuits a and b a unique step-upldown

configuration can be created (Figure 17) which still
employs a simp/e inductor for the voltage transforma-
tion. Energy is stored in the inductor during the time that
transistors QI and Q2 are in the ‘on’ state. Upon turn-
off, the energy is transferred to the output filter capacitor
and load forward biasing diodes DI and D2. Note that
during ton this circuit is identical to the basic step-up,
but during toff the output voltage is derived onl~,~~m
the inductor and is with respect to ground inste@,~~W~n.
This allows the output voltage to be set to any ~a~~ fius
itmay be less than, equal to, or greater t~~@J~@Pof the
input. Current limit protection cannot bq ~~p~’~ed in the
basic step-up circuit. If the output is sq$~e~overloaded
or shorted L or D2 may be destro~~~~@)e they form a
direct path from Vin to Vout. Th&~+$e~-up/down config-
uration allows the control ci~.c&t to’~lmplement current
limiting because QI is now~~k$~~les with Vout, as is in

,’-. ~,~,.

= 3,125 Q use 3.0 k

Then R2 =
lvou~l

x ‘1

15—— —3.OX 103
1.25

—— 36 k

10. Output switch transistor Q2 is driven into a soft
saturation with a forced gain of 35 at an input voltage of
13.5 V in order to enhance the turn-off switching time.
The required base drive is:

lDk(switch\
IB =

Bf

2.24——
35

—— 64 mA

The value for the base-emitter turn-off resistor RBE is
determined by:

10 Bf
RBE =

Ipk(switch)

10 (35)——
2.24

~- = 156.3 Quse 160Q

The additional base current required due to RBE is;,~ ‘t’ (a) Step-Down Vout s ~n

u
L

o +Vout
D2

+
co —

T
G 1 1 0

(b) Step-Up Vo”t ~ ~n

Figure 16. BasicSwitching Regulator Configurations

+(“

D2

When designing at the board level it sometimes
becomes necessary to generate a constant output voltage
that is less than that of the battery. The step-down circuit
shown in Figure 16a will perform this function efficiently.
However, as the battery discharges, its terminal voltage

Y
will eventually fall below the desired output, and in order
to utilize the remaining battery energy the step-up circuit
shown in Figure 16b will be required.

o 1 1 1
0

Step-Up/Down Vout s 2 ~n

Figure 17. Combined Configuration

AN920 MOTOROLA
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Step Up/Down Switching Regulator Design Example
A complete step-upldown switching regulator design

example is shown in Figure 18. An external switch tran-

sistor was used to perform the function of Q2. This reg-

ulator was designed to operate from a standard 12 V

battery pack with the following conditions:

Vin = 7.5 tO 14.5 V Vout = Iov
fmin = 50 kHz lout = 120 mA

‘ripple(p-p) = 1% Vout or 100 mVp-p

The following design procedure is provided so that the

user can select proper component values for his specific

converter application.

1 ) Determine the ratio of switch conduction ton versus

diode conduction toff time.

v, ~
7.5 to 14,5 v +

,

2)

3)

nl 120 WH

ton ——
toff

——

——

The cvcle

Vout + VFD1 + VFD2

Vin(min) – vsatQl – v5atQ2

10 + 0.6 + 0.6

7.5 – 0.8 – 0.8

1.9

time of the LC network is equal to

ton(max)+ toff.
4

lG 1

1

MC34063 GND ~

~ vou~
10 V/l 20 mA

.:~.+.:.*I;*x,..
,.. $$ Test I Conditions I Results I

LineRegulation Vin = 7.5 to 14.5 V, lout = 120 mA I A = 22mVor* 0.117. I
Load Regulation Vin = 12.6V, Io”t = 10to 120 mA A = 3.0 mV or * 0.0157.

Output Ripple Vin = 12.6 V, lout = 120 mA 95 mVm .-- --- ,,-,,

Short Circuit Current Vin = 12.6V, RL = 0.1 Q 1.54 A

Efficiency Vin = 7.5 to 14.5 V, lout = 120 mA 74y0
—

Figure 18. Step-Up/Down Switching Regulator Design Example
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-.

t~~(~~~)+ t~ff

t~ff = ‘on ~ ,
t~ff

_ 20X 10-6—
1.9 + 1

= 6.9 PS

‘on = 20 PS – 6.9 @S

= 13.1 ps

4) The maximum on-time is set by selecting a value
for CT.

CT = 4 X 10-5 t~n(m~X)

—— 4 x 10-5 (13.1 x 10-6)
= 524 pF

Use a standard 510 pF capacitor.

5) The peak switch current is:

Ipk(switch) =

——

——

()ton
210ut ~ + I

2 (120X 10-3) (1.9 + 1)

696 mA

6) A minimum value of inductance can now be cal-
culated since the maximum on-time and peak
switch current are known.

(Vin(min)

)

– VsatQl – VsatQ2 ton
Lmin =

Ipk(switch)

8) A minimum value for an idea/ output filter capacitor
is:

Ideally this would satisfy the design goal, however,
even a solid tantalum capacitor of this value will have a
typical ESR (equivalent series resistance) of 0.3 Q which
will contribute an additional 209 mV of ripple. Also there
is a ripple component due to the gain of the comparator
equal to:

()h 1.5 x 10-3Vripp!e(p-p) = VRef

The ripple components are not in phq~$j~~~tcan be
assumed to be for a conservative desiq~ ~p,@ the above
it becomes apparent that ESR is the ‘d~h~;ant factor in,,,$)?.,‘~e~,.p.~
the selection of an output filter ca~am~d~, A 330 WF with
an ESR of 0.12 Q was selected t~~a~wthis design exam-
ple by the following: ~ $~+~jh

9) The nomi~&~,i&$put voltage is programmed by the
Rl, R2 $#~~~8% divider,

...
,..>

..,,4 If 1.3 k is chosen for Rl, then R2 would be 9.1 k,
both being standard resistor values.

10) Transistor QI is driven into saturation with a forced
gain of approximately 20 at an input voltage of 7.5
V. The required base drive is:

IB =
l~k(switch)

BF

696x”10-3=
20

= 35 mA

The value for the base-em itterturn-off resistor RBE
is determined by:

RBE = ,
10 BF

pk(switch)
10 (20)—

– 696 X 10-3
= 287 Q

A standard 300 Q resistor was selected.

The additional base current required due to RBE is:

VBEQ1
‘RBE = RBE

0.8——
300

=3mA

= 15.7 pF

AN920 MOTOROLA
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The base drive resistor for QI is equal to:

Vin(min) – Vsat(driver)
RB =

– VRSC – VBEQ1

IB + IRBE

7.5 – 0.8 – 0.15 – 0.8——
(35 + 3) x 10-3

= 151 Q

A standard 150 Q resistor was used.

The circuit performance data shows excellent line and

load regulation. There is some loss in conversion effi-

ciency over the basic step-up or step-down circuits due

to the added switch transistor and diode ‘on’ losses. How-

ever this unique converter demonstrates that with a sim-

ple inductor, a step-up/down converter with current lim-

iting can be constructed.

DESIGN CONSIDERATIONS

As previously stated, the design equations for Lmin

were based upon the assumption that the switching reg-

ulator is operating on the onset of continuous conduction

with a fixed input voltage, maximum output load current,

and a minimum charge-current oscillator. Typically the

oscillator charge-current will be greater than the specific

minimum of 20 microamps, thus ton will be somewhat

shorter and the actual LC operating frequency will be

greater than predicted.

Also note that the voltage drop developed across the

current-limit resistor Rsc was not accounted for in the

ton/toff and L[min) design formulas. This voltage drop

must be considered when

verters that operate with an

designing high

input voltage of

current con-

Iess than 5.0

In some circuit designs, mainly step-up and voltage-

inve[ting, a ratio of tonf(ton + toti) greater than 0.857

may be required. This can be obtained by the addition

of the ratio extender circuit shown in Figure 19. This cir- _

cuit uses germanium components and is temperature

sensitive. A negative temperature coefficient timing

capacitor will help reduce this sensitivity. Figure 20 shows

the output switch on and off time versus CT with and

without the ratio extender circuit. Notice that without the

circuit, the ratio of ton/( ton + toff) is limited to 0.85%:}only

for values of CT g rester than 2.0 nF. With theci~~~!$$the

ratio is variable depending upon the value c4+~q@9fbr CT

since toff is now nearly a constant. Cu r~en$t{@i&i#:g must

be used on all step-up and voltage;l~~w$~g designs

using the ratio extender circuit. This,t~l$ *6w the induc-

tor time to reset between cycle~.e$?~vp?current du ring.;..:,%Jb~
initial power-up of the switchefi!~fipn the output filter

capacitor reaches its nomin~~kolt%e, the Voltage feed-

back loop will control reg~(~f$~.
..,>‘,‘l.{,,,l~.,,;...,:> \L:.:.

~n=5v

v

volts. .$~~<,.

When checking the initial switcher operation ~’$~.,:an

oscilloscope, there will be some concern of ci$$&~$inSt-

ability due to the apparent random switchi~’’’~~h~ out-

put. The oscilloscope will be difficult to sy.~$~~~:.dze. This

is not a problem. It is a normal operat{m~$~~~racteristic

of this type of switching regulator ati~~~I#~used by the

asynchronous operation of the c~~’’~~r#or to that of the
‘ ~k,,:‘.

oscillator. The oscilloscope may ~, s~ochronized by vary-

ing the input voltage or lo~~~~%fit slightly from the

design nominals. $+, p
,,,,Y+;,3>’+:.?,,.:..

High frequency circuit~~o’~t techniques are imperative

with switching regul~t~rs.~~ minimize EMI, all high cur-

rent loops shouid&~$\@pt as short as possible using

heavy copper r~~$~:~h~ low current signal and high cur-

rent switch an~,~t~tit grounds should return on separate.~.. 1~>
paths back t~$$%$input filter capacitor. The RI, R2 output

voltage @~i&&$ should be located as close to the IC as

possi~g,}%t~timinate any noise pick-up into the feedback
loo@~:$%:circuit diagrams were purposely drawn in a

%~@to depict this.
~~ circuits used molypermalloy power toroid cores for

the magnetics where only the inductance value is given.

The number of turns, wire and core size information is

not given since no attempt was made to optimize their

design. Inductor andtransformer design information may

be obtained from the magnetic core and assembly com-

panies listed on the switching regulator component

source table.

I

I

~_–––
1

( Vcc 3 1

I
+ 1,25V

. T 10 REFERENCE

REGUUTOR

, 4

= b RATIO EXTENOER CIRCUI1
: bff

figure 19. Output Switch On-Off Time Test Circuit

1ON

1

I
.~~—.,
I k(~e”~e) = Vcc
/OMpAWTOR NONINVERTINGINPUT= v,ef

-

1 I
fiiii ii I I m

I I I I I I 11111 i I I I I 11111 1 I I Ilffl
, 1 1

I I I I I Illlil I I I I I 11111 I I I I I 11111

0.1 1 10 100

CT,OSCILUTOR TIMINGCAPACITOR{nF}

Rgure 20. Output Switch On-Off Time versus
Oscillator Timing Capacitor
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APPLICATIONS SECTION

Listed below is an index of all the converter circuits uration. Each of these circuits was constructed and

shown in this application note, They are categorized into tested, and a performance table is included.

>, three major groups based upon the main output config-

Index of Converter Circuits .\,,+.

output output
Input 1 2

Main Output Configuration v V/mA VlmA

STEP-DOWN
-I ,:;..+~t:““>\:,.:,.\\. ,1.

,:.’ *....:),

~A78S40 Low Power with Minimum Components 24
‘:;\..<<~,~:,,.1

5/50 — >,,,;k ,,:,‘.>i*\* 9

MC34063 Medium Power 36 121J50
‘.*.$.... {5;,

‘F.*.- ? i+”) — 21

MC34063 Buffered Switch and Second Output 28 5/5000 ,, F&&, — 22

NAJ8S40 Linear Pass from Main Output 33 23

wA78S40 Buffered Switch and Buffered Linear Pass from Main Output 28 24

pAJ8S40 Negative Input and Negative Output – 28 25

,.&,.* 9, ?:,,,

pAJ8S40 Low Power with Minimum Components 940$& ~i ‘28/50 — — 11

M C34063 Medium Power
!,,..<if “- “

36/225 — — 26

MC34063 High Voltage, Low Power
,,::y ~“
W+’*A.4.5 190/5.0 — — 2J

pA78S40 High Voltage, Medium Power Photoflash
?.a*~\% .:..

,ty”\f+ ~:. 4.5 334/45 — — 28

pA78S40 Linear Pass from Main Output
......,.,~“$: ,.’,).:

~ ‘*>> 2.5 9/100 6/30 —~“:?.‘~cl....,\~Yl 29...... . . ,,....

wAJ8S40 Buffered Linear Pass from Main Output EE PROM ~~~
,~,$,

4.5 See — — 30
Programmer

>$’.3
Circuit,;,’?

wAJ8S40 Buffered Switch and Buffered Linear Pass ~~rn%~ain Output 4.5 15/1 000 12/500 – 12/50 31

pA78S40 Dual Switcher, Step-Up and Step Dow<@~~;#hffered Switch 12 28/250 5/250 — 32

-.,. .<.:,
,.$~,+?,*$*..$:

MC34063 Medium Power Step-U plDown&X~$, +$:+ J.5 to 14.5 10/120 — — 18
3J(...!~

VOLTAGE-INVERTING
\*,,\~,. ,~,..

,+,(ae‘*i.. s#

M C34063 Low Power
\~,,~ 5 -12/100 — — 33

15 -1 5/500 — — 15

pAJ8S40 – 120/850 — — 34

l15Vac 5/4000 12/JOO – 12noo 35

12/500 — 3J

“\
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.!:~!.~i,

Test Results

Line Regulation A = 15 mV or ~ 0.06370

Load Regulation Vi%<~@~’lout = 100 to 750 mA A = 40 mv or ~ 0.17~0

Output Ripple v$~%~’ V, lout = 750 mA 60 mVp.p

Short Circuit Current ,,*N “k~~$= 36 V, RL = 0.1 Q 1.6A

Eticiency 89.5%
..,,,, :$

.,.... .. ‘-WI>,.s.?.
A maximum Dower transfer of 9A ~ttwm uossible from an 8 Din dual-in-line Dackaae with Vi” = 36 V and V~,,t = 12 V.
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0.036

Yn ~
28V

2200

M5VH4(1)

Iv

51

I

lpk
Osc CT ?

Vcc

1

~
(1) H&tsim#; IERC HP3-TOI 27-CB

v~”tl

(2) .~atsink, IERC UP-000-CB 5V15A 12\

!,!:.>,‘$$:> \ ,

Test Conditions Results

Line Regulation Voutl A = 9.OmVor fO.09Y0

Load Regulation Voutl A = 20 mV or * 0.270
~,..,, .!,’,.

Output Ripple Vo”tl, ,~~n‘“%Y8 V, Ioutl = 5.0 A, lout2 = 300 mA 60 mVp-p

Short Circuit Current Vout $; ~{n’= 28 V, RL = 0.1 Q 11.4A

Line Regulation
‘“~>,.:;,,,...~

ygut+$ Vin = 20 to 30 V, Ioutl = 5.0 A, lout2 = 300 mA A = 72 mV or fO.3Y0

Load Regulation .8?’’’’%;23.j ,.\ Vin = 20 V, lout2 = 100 to 300 mA, Ioutl = 5.0 A A = 12 mv or + 0.05~0

Output Ripple ,,$,$ *tiout2*$ Vin = 28 V, Ioutl = 5.0 A, lout2 = 300 mA 25 mVp-p
.,:’*

Short Circuit Curren~\~’<%~+$J Vout2 Vin = 28 V, RL = 0.1 Q 11.25A
,,.

Eticiency Vin = 28 V, Ioutl = 5.0 A, lout2 = 300 mA 800/0

figure 22. Step-Down with Buffered Switch and Second Output
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yn=wv

4+33

18,2k lk T 0.22

I v OP — ?’

1,8k

Load Regulation
*

vogf~ ~%wfrn = 33 v, Ioutl = 100 to 500 mA, lo”t2 = 50 mA A = 70 mVor + 0,15Y.

Output Ripple ,+w~~+R,l:’?Vin = 33 V, IOutl = 500 mA, lout2 = 50 mA 80 mVp-p

Short Circuit Current .,$>%$:%m#t1 Vin = 33 V, RL = 0.1 Q 2.5 A

Line Regulation ,, “’:t{+JkVout2 Vin = 30 to 36 V, Ioutl = 500 mA, Iout2 = 50 mA A = 20 mV or = 0.067Y.

t~’:~+~Load Regulation ~, .,$ $i vout2 Vin = 33 V, lout2 = O to 50 mA, Ioutl = 500 A A = 60 mV or ~ 0.270

Output Ripple ,:~o,+,~,k
-*{J.

vout2 Vin = 33 V, Ioutl = 500 mA, lout2 = 50 mA.>,+.:,,,. 70 mVp-p

Short Circ~it@~~&nt vout2 Vin = 33 V, RL = 0.1 Q 90 mA

Efficien&# ~~, “ Vin = 33 V, Ioutl = 500 mA, lout2 = 50 mA 88.2%k,
,,...>.“.,it,$x,;t:::.~~,,,...,.,,.

~.~;:?;., .*,!*....,,,~<,+,
‘*\,.L:,, Figure 23. Step-Down with Unear Pass from Main Output

~’;i+.:,. ,,,
‘+:+,:.S*,
,>.;~~
,,,*

MOTOROLA
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~n=28t036V

? 0.022 D45VH1O
35 PH

22 k 2k

~

MBR1340
100

*

II I

Y
,’.,

i{
*All devices @Q’b~~@ on one heatsink, extra #10 hole required for

TIP31* ,;,,>.,,,.>k+.>:,$\t,\~:.MBR2540, IERC HP3-TO127-4CB
.,.*.
~..:$

Test
~+!.. ..,<,<,.,
!,.3?<. Conditions Results.$.

Line Regulation v{:ut~$ ‘Vin = 28t036V, lo”tl = 3.0 A,lout2 = 1.OA A = 13 mVor + 0.043Y.

Load Regulation
~;~;:+”

Vin = 36 V,loutl = 1.0t04.0A, lo”t2 = l,OA A = 21 mVor + 0.07%

Output Ripple .$)> “’:woutl Vin = 36 V,lo”tl = 3.0 A,lout2 = I.OA.+$),6 120 mVp-p
, ,,,,$. .,

Short Circuit Current’$%’%:$$#* Voutl Vin = 36 V, RL = 0.1 Q 12.6 A,,,

Line Regulation,~,J$$,~$$ vout2 Vin = 28 to 36 V, Ioutl = 3.0 A, lout2 = 1.0 A A = 2.0 mV or & 0.008%,.

Load RegulatK$~$: *“ vout2 Vin = 36 V, lout2 = O to 1.5 A A = 2.0 mV or ~ 0.008%.>$,,$.

OutputRi&le$ “ vout2 Vin = 36 V, Ioutl = 3.0 A, lout2 = 1.0 A 25 mVp-p

Shor&~{&ti;Cu rrent vout2 Vi” = 36 V, RL = 0.1 Q 3.6 A

~~wy Vin = 36 V, Ioutl = 3.0 A, lout2 = 1.0 A 78.57.
,,,

figure 24. Step-Down with Buffered Switch and Buffered Unear Pass from Main Output

.%,
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Vi”= –28V

11.8k 3.09k

+

*

9 10
G

7820PF
T

Line Regulation ,$.’$:>$~k%x$Vin = –22 to –28 V, lout = 500 mA,,$ ~~,?&~ A 25 mV or < 0,1047.
‘..>,, ,..

Load Regulation ..8?:s%>:*T* Vin = –28 V, Io”t = 100 to 500 mA*..1 A = 10 mV or & 0.042Y.$.:,i.

Output Ripple ,,: ‘s:’~i~ Vin = –28 V, lout = 500 mA 130 mVp.p

Eticiency
,,:: .,s

:~ X.*. .@ Vin = –28 V, lout = 500 mA 85.5%,,> ..... . ...
L*..,,. ~’:’,.

~,t.,~*,,:>~

In this step-down $[$~biv~e output switch must be connected in series with the negative input, causing the internal 1.25 V reference to be with respect
to -~n. A sec~nq~f~~nce of – 2.5 V with respect to ground is generated by the Op Amp. Note that the 10 k and 20 k resistors must be matched pairs
for good line .[~~ya~~h and that no provision is made for output short-circuit protection..,...!!. ~:,<$3*.,.,:, a “

Hgure 25, Step-Down with Negative Input and Negative Output
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r, 1N4936

1 I

I

ti

7

0.24

~“
4.51012V

7

6

‘00$+

T* [

Vo”t
~ 190V/5mA

TOSCD504DISPLAY

$1 .!
.:$$,: ;{:,., ..,,?%

\

f$$$%&rimary = 25 Turns #28 AWG
v Secondary = 260 Turns #40 AWG

,.,+,.i Core = Ferroxcube 1408P-LOO-3C8
{

4,7M
27k

Bobbin = Ferroxcube 1408PCBI
Gap = 0.003 Spacer for a primary inductance of 140 PH.

.t~~. ‘?*>
~,,}:?,,,l$””~,\

‘. $,,,, .,,,.,::,,~i.
~,.,:.},;-.

Test Conditions Results

Line Regulation A = 2.3 V or + 0.61%
,>,+,

Load Regulation $Vi” = 5.0 V, lout = 1.0 to 6.0 mA..~ *C:%%,,x’ A = 1.4 V or & 0.377.
,y

Output Ripple
.t.~,,...

~, ,?:.> ;~ Vin = 5.0 V, lout = 5.0 mA 250 mVp-p
,.s-\*. ,$.,1.

Short Circuit Current
.i.$\. ,.:,
>,lkt, l,+ Vin = 5.0 V, RL = 0.1 Q 113 mA

., .,.

Eficiency
.:l .,.\,,~..,,S

>$:” i, Vin = 5.0 V, lout = 5.0 mA 68%
\.,,..<!.,~.:,,,

.$$ TS;)*~

This circuit was deti~~$$o ‘power the Motorola Solid Ceramic Displays from a ~n of 4.5 to 12 V. The design calculations are based on a step-up
converter with ani@~~~ 0?V~.5 V and a 24 V output rated at 45 mA. The 24 V level is the maximum step-up allowed by the Oscillator ratio of ton/( ton +
toff). The 45 mA:c~’&~~~}level was chosen so that the transformer primary power level is about 107. greater than that required by the load. The maximum
Vin of 12 V i~+d%rrnfied by the sum of the flyback and leakage inductance voltages present at the collectOr of the outPut switch during turn-off must
not exceed .~O’V.t ‘>!,:,,

/*b.Jv,$,,\,<><.a~’\,.. !Q
:%.,.<$1.h$t,+

~.!%> Hgure 27. High-Voltage, Low Power Step-Up for Solid Ceramic Display,,,:1, .:.;$‘*‘.:f>:%Ke,,\t,,t‘! .!1$):,~:,,

-.
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\n=4,5t06V

—

—

—

—

2200 +

0.022 DKVH1O

E
10

0,033

5
~
I TRAID
m PL.1O

*Heatsink
IERC PBI-36CB

G,E,
H.118

Wth Vin of 6,0 V, this step-~’~$$n,~rter will charge capacitor Cl from Oto 334 V in 4.7 seconds, The switching operation will cease until Cl bleeds down
to 323 V, The charging tim$:~e~en flaahes is 4.0 seconds. The output current at 334 V is 45 mA.

.*i\$,\>,+,.,.,:,s$,~JG>,,i+~,:,,, -~+?..3...$,
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62k 10k
40WH

0.22 1NW19
=

~

910PFL ~= 27
330

m m m ~ m I

II
GND

=
I

v,.

Load Regulation YQ4J+.:+,$Vin = 2.5 V,loutl = 25t0100mA, lout2 = 30mA A = 20mVor f 0.117.

Output Ripple jvo’~l Vin = 2.5 V, Ioutl = 100 mA, lout2 = 30 mA 60 mVp-p
*’

Line Regulation
.$. ‘“.{<.“~~~<I.!\$?>.~vout2 Vin = 2.5 to 3.5 V, Ioutl = 100 mA, lout2 = 30 mA A = 1.0 mV or f 0.008370

Load Regulation ,*J5:*. ‘r5’ vout2 Vin = 2.5 V, lout2 = O to 50 mA, Ioutl = 100 mA,}~.+.-~’ A = 1.0 mV or * 0.008370

Output Ripple ,,:$,‘~}“’$~$~ vout2 Vin = 2.5 V, Ioutl = 100 mA, lout2 = 30 mA 5.0 mVp-p
‘ ,:..,..,t,l

Short Circuit &T#~~n? vout2 Vin = 2.5 V, RL = 0.1 Q 150 mA

) ~tiiciencw$:,~, ) Vin = 3.0 V, Ioutl = 100 mA, lout2 = 30 mA I 68.3% \

figure 29. Step-Up with Linear Pass from Main Output

MOTOROLA
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~n = 4.5to5.5v

16.5k,.. T

WRITE
~L
INPUT

—

1;

.A
J )

47; ~+
0.22

70KH
—

~
‘B

294k
13.7k

=

n 01 m m

GND

—

1, 1

D1
1.25V
REF

~ L7 J

b
2N5089

:

470 x,!

.C,,

=

o
47k

I A

....,..

VppOUTPU1

...+.
\.~:’/~)> ~!>’.”.!

~$,
. . . .

*\ All values are in volts. Vref = 1.245 V.x$
.C:d+j‘ku+kl,:.. Contributed by Steve Hageman of Calex Mgf. Co. Inc.
$+”’”.... ,~q,.,*j}&\ri .,.
~~....

Used f&*$~~~#nction with two transistors, the KA78S40 can generate the required Vpp voltage of 21 or 25 volts needed to program and erase EEPROMS
from a~~hg)e 5,0 volt supply. A step-up converter provides a selectable regulated voltage at Pins 1 and 5. This voltage-d to generate a second
referenc$ at point ‘X’ and to power the linear regulator consisting of the internal op amp and a TIP29 transistor. When the WRITE input is less than 1.5 V,
the 2N5089 transistor is OFF, allowing the voltage at ‘X’ to rise exponentially with an approximate time constant of 600 KS as required by some EEPROMS.
The linear regulator amplifies the voltage at ‘X by four, generating the required Vpp output voltage for the byte-erase write cycle, When the WRITE
input is greater than 2.25 V, the 2N5089 turns ON clamping point ‘X to the internal reference level of 1.245 volts. The Vpp output will not be at

approximately 5.1 volts or 4.0 (1.245 + Vsat 2N508g). The #A78S40 reference can only source current, therefore a reference pre bias of 470 Q is used.
The Vpp output is short-circuit protected and can supply a current of 100 mA at 21 V or 75 mA at 25 V over an input range of 4.5 to 5.5 V.

Figure 30. Step-Up with Buffered tinear Pass from Main output for Programming EEPROMS
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22k 2k

V“ = 4.5to5,5v

d“0° T+ 0.022

~

1.25V
REF

8

TTIP29
(2)

II8.8#H

Test
..?.,.~ ...,!..,,s*, .,’,.,,,,%.,,~. Conditions.?;....$*:X Results

Line Regulation ,,&.,a\;,::y@;il Vin = 4.5 tO 5.5 V A = 18 mV or * 0.06%
\

Load Regulation , ‘r’’~:$,j,j.‘:vou~l Vin = 5.0 V, Ioutl = 0.25 to 1.0 A A = 25 mV or * 0.0837.

Output Ripple .$$,.,*.S,?$
~.:,}>$,ty Voutl Vin = 5,0 V,.i$‘ 75 mVp-p

..,&,<.
Line Regulation,+l$:J~k vout2 Vin = 4.5 tO 5.5 V A = 3.0 mv or ~ 0.013y0

Load Regulft~~~$, vout2 Vin = 5.0 V, lout2 = 100 to 500 mA A = 5.0 mV or f 0.021%
* \

output @$BJa>i vout2 Vin = 5.0 V 20 mVp-p,,.’,

Shq#P$~*$Current vout2 Vin = 5.0 V, RL = 0.1 Q 2,7 A

~j~f,~gulation vout3 Vin = 4.5 tO 5.5 V A = 2.0 mV or * 0.008%

L~fd’Regulation vout3 Vin = 5.0 V, lout3 = O to 50 mA A = 29 mV or & 0.12%

Output Ripple vout3 Vin = 5.0 V 15 mVp.p

Short Circuit Current vout3 Vin = 5.OV, RL = 0.1 Q 130 mA

Efficiency Vin = 5.0 V 71.8%

Alloutputs are at nominal load current unless othewise noted,

figure 31. Step-Up with Buffered Switch and Buffered Linear Pass from Main Output
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yn=12v

T T +

I

l,2k

MPSU51A

5
vou~2
V/250mA

Line Regulation voq~~.~tj~~fi = go to 15 v, Ioutl = 250 mA, lout2 = 250 mA A = 30 mvor & 0.054y0

Load Regulation ~n = 12 V, Ioutl = 100 to 300 mA, lout2 = 250 mA A = 20 mV or & 0.03670

Output Ripple Vin = 12 V, Ioutl = 250 mA, lout2 = 250 mA 35 mVD-D

Short Circuit Current ..~~ + ~outl Vin = 12V, RL = 0.1 Q 1.7A.~,*...*3>’.,

hne Regulation ‘:i.,‘:&F’fy Vout2~.:{,?,,..h Vi” = 9.0 to 15 V, Ioutl = 250 mA, lo”t2 = 250 mA A = 4.0 mv or * 0.04~0
3,$, . tit,,

Load Regulation ~~$~ vout2 Vin = 12 V, lout2 = 100 to 300 mA, Ioutl = 250 mA/..., A = 18 mV or ~ 0.18%

Output Ri pQk<::$N:: ‘“l>
vout2 Vin = 12 V, Ioutl = 250 mA, lout2 = 250 mA 70 mVp.p

.$* $:1,
EMcien$~j ~::~,$~) Vin = 12 V, Ioutl = 250 mA, lout2 = 250 mA 81.8%

,:.i,,,{1:>,,>,.,~) ~$
This &@~~bws a method of using the KA78S40 to construct two independent converters. Output 1 uses the typical step-up circuit configuration while
Outpuf’&W3kes the use of the op amp connected with positive feedback to create a free running step-down converter. The OP amp slew rate limits the
maximw switching frequencv at rated load to less than 2.0 kHz.

Hgure 32. Dual Switcher, Step-Up and Step-Down with Buffered Switch
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~“=28V

r
Rsc

0.022 2N6U8

,... ..$

,:$

Test
~“..~*,~i,~l::~.,,I*?.Yi, Conditions Results. .

Line Regulation ~~:$~t = 24 to 28 v, lout = 850 mA A = 100 mV or f 0.042Y~

Load Regulation
++>. f)

~~~-’i“ Vi” = 28 V, lout = 100 to 850 mA,.,:<:’.’4.,,X,X.,,,,i.. A = 70 mV or * 0.029Y~
.s,,,

Output Ripple :*.~:~,,,$ .!~,k:$\” ~n = 28 V, lout = 850 mA 450 mVp-p
,~i: >!*

Shon Circuit Current ,,, ti~,+ ~n=28V, RL=0.1Q 6.4 A,, ,+]. .,~,:$~’

Efficiency s\.. ‘$* “~. .,*,,~$,1,,:!,, Vin = 28 V, lout = 850 mA 81.8%,,>,., ,_...
‘:)}!. “$:’t,,,~,

This high power v&\~@ef&vefling circuit makes use of a center tapped inductor to step-up the magnitude of the output. Wthout the tap, the output
switch transist@’~oukq,n eed a VCE breakdown greater than 146 V at the start of toff; the maximum rating of this device is 120 V. All calculations are
done for the t~~al .&ltage-inverting converter with an input of 28 V and an output of – 120 V. The inductor value will be 50 KH or 200 pH center tapped
for the val@$@ ~&sed. The 1000 pF capacitor is used to filter the spikes generated by the high switching current flowing through the wiring and R5C

“$..,.\,i.k~,$.>~,.inductanc~,?~%
~~~,,,..,*#:,.:\,*,,,x,.

:$,.,.i~...:.
A*.::;, Hgure 34. High Power Voltage-Inverting with Buffered Switch
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An economical 42 watt off-line flyback switcher is
shown in Figure 35. In this circuit the ~A78S40 is con-
nected to operate as a fixed frequency pulse width mod-
ulator. The oscillator sawtooth waveform is connected to
the noninverting input of the comparator and a preset
voltage of 685 mV, derived from the reference is con-
nected to the inverting input. The preset voltage reduces
the maximum percent on-time of the output switch from
a nominal of 85.7°A to about 45°/0. The maximum must
be less than 50°A when an equal turns ratio of primary
to clamp winding is used. Output regulation and isolation
is achieved by the use of the TL431 as an output reference
and comparator, and a 4N35 optocoupler. As the 5.0 V
output reaches its nominal level, the TL431 will start to
conduct current through the LED in the 4N35. This in turn
will cause the optoreceiver transistor to turn-on, raising
the voltage at Pin 10 which will cause a reduction in
percent on-time of the output switch.

The peak drain current at 42 W output is 2.0A. As the
output loading is increased, the MPS6515 will activate

the Ipk(sense) Pin and shorten ton on a cycle by cycle
basis. If an output is shorted the Ipk(sense)circuit will
cause cTtO charge beyond the upper oscillator trip point
and the oscillator frequency will decrease. This action will _
result in a lower average power dissipation for the output
switching transistor.

Each output has a series inductor and a second shunt
filter capacitor forming a Pi filter. This is used to reduce
the level of high frequency ripple and spikes. Care must
be taken with the layout of grounds in the Pi fj[~.r net-
work. Each input and output filter capacitor,d,fi~~have
separate ground returns to the transform er$;~%dwn on

..”*..~~J&~,~,<,*F
the circuit diagram. A complete printed ~~r~[~~oard with
component layout is shown in Figur,$ ~~’$’$$

The pA78S40 may be used in d~~o~’fhe previously
shown circuit designs as a fixee~~~~’$ncy pulse width
modulator, however conside[a?~~&ust be given to the
proper selection of the fee~:~$ck 150P elements in order
to insure circuit stability .+l$+,~”$;,.,..

a .. -$<$’
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34



GREEN

BMCK

WHITE

Component Layout — Bottom Wew

.......

0,’
0,00

figure 36. @ Watt Off-Line

MOTOROLA AN920

36



1

~“ = 15V

vo”~2
VOLTAGEADJ

—

vo”~l
~ –12V/500mA

,J,

*Heatsink
IERC PSC2-3

:tl<~ :!:
,>.tr,.. \**\,J?*’

* . .**.
Test ~::..~.,, Conditions Results~.~e,>.p

Line Regulation Vin = 14.5 to 18 V, Ioutl = 500 mA, lout2 = 500 mA A = 10 mVor * 0.042~0

Load Regulation Vin = 15 V, Ioutl = 100 to 500 mA, lout2 = 500 mA A = 2.0 mV or + 0.008Y.
i’.;, .J,.?.,*

Output Ripple $;LX.*.,
,>&,*.,‘::,> Voutl Vin = 15 V, Ioutl = 500 mA, lout2 = 500 mA 125 mVp-p

T*K ‘::,’Line Regulatio& .0 vout2 Vin = 14.5 to 18 V, Ioutl = 500 mA, lout2 = 500 mA A = 10 mV or + 0.042~0
,,3, )”

Load ReguJ@~o~,jhf~$ vout2 Vin = 15 V, lo”t2 = 100 to 500 mA, Ioutl = 500 mA A = 5.0 mV or * 0.021%

output,@ip~;’*@ vout2 Vin = 15 V, Ioutl = 500 mA, lo”t2 = 500 mA 140 mVp-p
“ ~ticien~p”

Vin = 15 V, IOutl = 500 mA, lout2 = 500 mA 77.2~0

This tracking regulator provides a t 12 V output from a single 15 V input. The negative output is generated by a voltage-inverting converter while the
positive is a linear pass ~egulator taken from the input. The t 12 V outputs are monitored by the op amp in a corrective fashion so that the voltage at
the center of the divider is zero k VlO, The op amp is connected as a unity gain inverter when lVOutl I = IVOU121.

Hgure 37. Tracking Regulator, Voltage-Inverting with Buffered Switch and Buffered Linear Pass from Input
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lNW

*

I

“x115VA
& 2Ph

II

6

h

6
.

MBRlm5 L1
= vo~l

I T T 1— 1 T ~ 5v/45 A.

bkl1m 100 3,3k
12
. 1 1/2W35+

2200 1

T
j2 ~,, lk + 1000

011 11
3.3 k

TLW1 .,.

i 12 V RETURN

VON
– 12VI0,8A

I Test I I Results I
I .,, ). . . ,. I

Ling Regulation Voutl ~n = 92 to 138 Vac !~~:~~.:~ A = 1.0 mV or t 0.01%
1

Load Regulation Voutl vin = 115 Vat, IOutl ~ lbto 4.5 A A = 3.0 mv or * 0.03~0

Output Ripple Voutl Vin = 115 Vac,i$~~, 40 mVp-p

Short Circuit Current Voutl
$!> fv.

Vin = 115~$~~@+”& 0.1 Q 19.2 A
...

\ Line Regulation I A=lOmVor*O.04% /

I Load Regulation ! or 3 = 0.25 to 0.8 A I A = 384mVor * 1.67. I
Output Ripple Vout2 or 3 ,:@f&j~::~~ 5 Vac 80 mVp.p

‘,,<.
Short Circuit Current v011t2 or:$$: ~#v= l15Vac, RL = 0.1 Q 10.8 A

] Eticiency 75.7% I

Figure 35.42 Wati Off-tine Flyback Switcher with Primary Power Umiting
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1

SUMMARY

The goal of this application note is to convey the theory

of operation of the MC34063 and pA78S40, and to show

the derivation of the basic first order design equations.

The circuits were chosen to explore a variety of cost effec-

tive and practical solutions in designing switching con-

verters. Another major objective is to show the ease and

simplicity in designing switching converters and to

remove any mystical “black magic” fears. Motorola

maintains a Linear and Discrete products applications

staff that is dedicated in assisting customers with any

design problems or questions.
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