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1
LOSSLESS SWUBBER

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The present fmveition relales to a snubber circoit
used Lo reduce stress on i switching transistor and (o
ineresse overall efficiency of a sswitched mode power
supply.

2. Drescription of Related Art

Computer systems are getting smuller and mare com-
plex, DC converters or switched mode power supphes
arce used to provide power Lo compuler systenis sitce
the high {requencies require smaller and lighter power
transtormers and hltering components. In general, a
switched mode powear supply converts ac valtags o a
de source wieltage, which is connceted (o one ferminal
of the peinaey indoctance of a transfarmer. The other
terminat of the primary induclunce 6 connected 10 a
trunsistor switch which provides a conductive path
hack to the return of the de sooroe voltape, The (ransis-
lor switch controds the cucrent throngh the primary
inductance of the transformer. When the fransistor
switch is furned on, Lhe switch i clogsed so that current
can flow from the de spurce voltape through the pri-
mary inductance of the transformer and through the
trangistor switch and back to the refurn of the de source
voltage. When the transistor switch is turned off, the
switeh 1% apeoed so that it interenpts the current flow
through the transistor switch and primary inductance of
Lhe transformer. Enerpy trom ehe current flow 1= frans-
ferred through the transformer o the secondary ndue-
latee Lo the outpet cieenit which provides a repulated
valtape source at the output of the power supply. A
pulse widlh modulator (PWKD) circuit momivars the
putput voltage through a fecedback circult znd generales
the activation signal which iz connected to the contrad
tcrminal of the transistor switeh o turn it on and off a3
required. The activation signal i3 2 squarc wave, the
Frequency of which 15 determined by an iaterig) oscilla-
tor of the PWM. When the signal gocs high the transis-
o swilch barns o allowing cerrent flow, and when the
signal moes low, the transistor switch turng off. The time
from turn on e torn off o each cyele 15 referred o as
lhe pulse width, If the output vodtage level beging to
drop, the PWA ciremit increases the widih of each
pulse, Lhereby turning the transistor switch on longer in
a given cycle, which allows greater power (o be lrans-
ferred to the output cireuit which cventually increases
the ontput valtage to return it back to the proper level

The transistor switch undergaes stress while swirch-
ing since the transformer induwctances resist any changes
in current. As the transistor 15 turping off, the resistance
of the conductive path through the transistor increases
rapidly unfil the conductive pak is essentially cut off,
As the conductive path throngh the transistor 15 beling
cut off, the corrent throuzh the prmary induclsnue
must be diverted awsy from the iransistor switch and
eliminated before the next cycle heging. A soubber cir-
cuit diverts the current away from the switching Lran-
sistor and sbsorbs Lhis extraneous enerpy, The sibber
citeuit of prior aet diverts this current throngh a resistor
which converts the energy mio unwanied heal. This
heat energy. must he dissipated quickly to prevent the
poweer supply from overheating, The resistors and the
conrponents used in prior 4rt to dissipate the heat en-
ergy consume valuable space and increase the cost of
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the power supply. Fucthermaore, this energy converterd
tr heat is 1ose, thereby reducing the overall efliciency.
When rhe switching transistor is turning off, 4 voltape
spike gppedrs Acrass fhe primary inductancs duc o
leakage inductance, which creales stress on the (ransis-
tor which could destray the transistor if the voltage
surpasses ils maximurn voliage rating. A clamp circuie
reduces the peak voltage of the vallage spike by clang-
it the voltpge acrnss the primary inductance o the de
source vobfage lewvel, A lossy clamp would convert the
energy in this voltage spike o heat by placing che wolt-
ape across a resistor. This added heat s not destrable
and further deceeases the efficlency of the power sap-

rly.
SUUMMARY OF THE INVLENTIUN

The lossless spubber circuif of the prescaf invention
reduces stress on fhe switchnots fransistor and increases
the overall efficicncy of the swilched mode power sup-
ply. It also reduces conducted and radiated electromag-
nefic interference {EMID) significantly and dissipates a
staller amount of energy than the conventional snub-
ber circuit. The snubber circuit of the present invention
includes a snohber capacitor connected 50 as (o be i
parallel with the primary inductance of the transformer,
and # separastely wound snubber indocror in series he-
tween the primary inductance and the fransistor swilch.
When the fransisior is turned on, current flows through
the primary inductance and the snubber mducisnce nd
the capacitaor charges to the voltage actoss the primary
inductance. When the transistor bepins ta wen off, ehe
current decreases rapidly, causing the vollage aeross
the prithary inductance 10 reverse polarity. The capaci-
tor reststs this sudden change i vollage and st
charee to the opposite polarity, thereby limiting the tate
of chunge of the voltage across the primary inductance.
This, in turn, limits the rate of rise of the volisge 2t the
switching transistor which reduces the radialed eris-
sions, Furthermore, the snubber capacitor retains this
charpe until the next cycle beging and the transistar
turis on againg, such that this charge 15 dumped mmlo lhe
primary indoctance and thus stored in the transformer,
Most of this enerpy is, therelore, not [ost to heat hut is
teansferred to the output of the power supply, thereby
mereasing the efficiency. The snubber capacitor also
adds 1o the swiiching losses of fhe transistor without
dissipating mach power itaelf,

The snubber inductor absorbs ringing once the tran-
sistor 15 fully Off which reduces condoucted emissions.
The amount of power dissipated in the serics inducior 15
relatively small wnil thus dissipates little heat. When the
transistor switch bepins to turn on agun, Lhe soubber
mductor initially represenis z high impedance since
there ix no current flowing throogh it. This impedance
increases the amount of time it takes to turn the transts-
tor on, until the series Inductor safurates. The snubber
inductar also prevents the teansistor from shorting the
silubber capacitor o the return of the de source voltage
whcn the fransistor 15 lurned on,

The lossless ciamp circuit congistg of a2 diode and #n
inductance wound on Lhe same core but coupled ont of
phase with the primary inductance of the transformer.
The dinde and the coupled inductance are connected i
series botwesn the de source voltage and the return.

While the transistar 1% on, fhe voltage mdueed aoToss
the coupled inductance reverse biases the diade pre-
venting current from flosving through the clamp circwt,
When the transstor is ttoned off, the polatity of the
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coupled inductance reverses, which foeward hiases the
diode und zllaws current o flow through the clamp
gircuit. The woltage across the coupled industance is
clamped to the do source voliage nunus the forward
biax woltage of the dinde. The primary inductance will
likewise be clamped to the de voltage source since the
inductapces are coupled. Any voltage produced from
leakage induvctance is reduced and the energy is ab-
sorbed by the de source voltage supply. This energy is,
therefore, aot diverted into 2 resistor und converted to
unwantee heat but iz fed back to the do source 10 be
used again, This increases the efficiency of the power
supply since energy is saved uod not dissipated as heat,

BRIEF DESCRIPTION OF THE DREAWINGS

A better understanding of the present invention can
he obtained when tie following detsiled description of
(tie preferred cmbodiment is considered 1o eonjunction
with the [oHowing drawings, in which:

FIG. 1 is # schematic diagram of a switched mode
power supply using a Nyback converter and 1he snubber
circnif of the present invention; and

FICGE. 2 is 2 sehematic diagram showing the snubber
circuit of the prior art, a5 well a8 2 Inssy clamp circuid.

DETAILED DESCRIITION OF TIE
FECFERRED EMBOTNIMENT

FICi. 1 is 2 schematic diagram of a switched modc
power supply using a flyback converter and the snubber
circutt of the present invention. An s¢ sonrtee 20 18 con-
nected to an input EMI filter 22, whose outpufs are
connecied across 2 futl wave bridge rectificr 24, The
positive side of the output of the full wuve rectifier 24 i
referred to as VDO and is the do snurce voltage of the
switched mode power supply, and the negative, or re-
turt side of the outpul of bridge 24 is referred 10 as
POWER COMMON. A capacitor 26 is a filter cupaci-
tar for the de source YDC and is commected between
VD and POWER COMMOMN. The dotted ierminal 30
of a primary inductance 32 ol & transformer 34 is con-
nected to VDT and the opposite ferminal 36 of the
primary inductance 32 is connected eo one side of a
snubber inductor 38, The miher side of the snobber
inductor 38 14 connected to the input terminal 4k of the
switching transistor 42 and the output ternunal 44 of the
tranzistor 42 iz connected to one side of ihe current
sense resistor 48, The other side of the current rense
resistor 48 is connected to a line referred to ag CON-
TEOL COMMUOMN. Prefarably the swirching fransistor
42 15 2 MOSFET to allow simplification of control
circuitry and increase in efficiency of the power supply.

When the trapsrstor swiich 42 1% turned on, current
fows from VDO through the primary induetance 32,
thraugh the snubber inductor 38, throvgh the switching
trangistor 42 and fnally through the corrent sense resis-
tor 48 to CONTROL COMMON. The energy from this
current flow through the primary indwclance 32 is
stored i the core 50 of the transformer 34 during the
time that the iransistor 42 is turned on. When current
fNows theongh the primary inductance 32, the woltage
across if is sensed positively at the dotted wrminal 30,
and since the primary inductunce 32 and a coupled
inductance 54 are wound around the same core S0 of the
translormer 34, a voltape appears actoss the coupled
inductance 54 sensed posiively at its dotted terminal 52,
The dotted tertninal 52 of the couplad inductance 54 15
connected to the cathode of a dinde 58 and the other
terminal 56 of the coupled inductinee 54 is connected to
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VIDIC. The anode of diode 58 is connected o FOWER
COMMON, Since the vollage appeaning across (he
coupled inductance 54 s sensed positively at its dotted
teroninal 52, the diode 58 is reversed biascd so (hat cur-
rent does oot flow through the coupled inductance 54
while (he transistor 42 15 on, [n a simllar mannze, pro-
portional valtages appear across secondary inductances
&0 and 62 of the transformer 34, which are sensed posi-
tivcly al the dotted terminals 64 and &6, rospectively.

The opposite terminal 68 of the secondary nduciance
60 is zonnected to the anode of a diode 72 and the appo-
sile {erpinal 70 of the secondary induetance 621 is con-
nected to the anode of a diode 74, The cathodes of the
diodcs 72 and T4 are connecied together and this signal
is 1the output voltage referred 1o as Ve A capacitar
76 is connecled n parallel with Lhe diode 72, snd a
capacilor 7% is connceted in paraliel with diods 74, the
capacitors 76 and 78 providing EMI reduction. The
dotted termingl 64 of the induciance 6l and the dutled
terminul 66 of the inducianee 62 are connected [ogsther
and this signal is referred to ar QUTPUT COMMON.
An outpul [ller 8 is connected between o and
OUTPUT COMMON which provides filtering fot the
outpwl valtage of the power supply.

While the transistor 42 s on, the voltages appearing
across the secondary inductances &l and 62, sensed
positively at the dottcd lerminals 64 and 66, respec-
tively, reverse bias the dicdes 72 and 74 such that cur-
rent daes not Aow thraugh the indueisnces 60 and 62,
When the fransistor switch 42 begins o turn off, ihe
resistanice between ifs mpot terminal M oand output
terminal 44 incrosses dramatically, wheel resists the
flow of cerrent through the primary inductznce 32
cousing this corrent 1o decrease rapidly, Since the voit-
nge across an inductor is proporlional 1o the change of
vurreat throngh it, the voltage across the primary in-
ductance 32 reverses polarity so ihai the voltage &
gensed negatively at ity dotted terminal 30, The voltape
arross the coupled inductance 54 wili thus Te clamped
to the valtage between VDO and FOWEER COMMON
minus the voltage drop across the diode 58 Since the
primary indoctance 32 is coupled with ihe coupled
inductance 54 the primary inductance 32 i also
clamped w0 the voltage VDO minus the voltage drop
actoss the dicde $%. The voltage spike praoduced by
lcukage inductance dudng transistor switching is, there-
fore, reduced by the clamyp circuit formed by the diade
58 and the coupling inductance 54, This enargy is trans-
jerred to and absurbed in the VDC voltage supply. This
increases the efficiency of the power supply sinee this
energy is not lust by heat dissipation through a resistor,
which will be explained in the discussion of FIG. 2. This
voltage spike would otherwise increase the voltage at
the input terminal #l of the transistor 42 and potentizlly
surpass the maximum voltage rafng of the transisior 42,

Becouse the secondzry inductances 6 and 62 arc
coupled to the primary inductance 32, the voltages
across the secondary inductances 60 and 62 alse reverse
polarity when the transictor switch 42 tuens off, so that
they arc negatively sensed at their dotted terminaly 64
and 66, respectively, such that the diodes 72 and 74 are
forward biased, allowing current to flow through the
secondary mmductances 80 and §2 through diodes 72 and
4 10 ¥V orrr. Thereforc, while the transistor switch 42 15
turned off, the encrgy stored in the core 50 of trans-
former 34 is transfetred to the outpul of the swiiched
mode power supply.
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Tn a like manner, the voltage across the coupled in-
ductange 54 reverses polarity when transistor switch 42
is turning ofl, cousing it o be negatively sensed at its
doteed terminal 52, The diode 58 15 then [orward biased,
which allows current to flow through if and through
the inductance 4

The output voltage between YVopr and OUTFUT
COMMOMN is input to a feedback circutf 52 which con-
verts the oulpul voltage 1o a propartional current. The
{eedback circnit supplies this current fo the ancde of the
internal [ight emitting diede {(LEDY 86 of an opto-cou-
pler 84, The cathagde of the LED 86 is connected to the
reiurn of thie feedhack circuit 82, The apto-coupler B4
isolates the potput circuit from the switching, frequen-
vies ol a pulse widih modulation controlier (FWAL 94
cantained in the power supply and provides ground
solation, The PWM 94 provides the necessary contral
capabilifics required in a switched mode power supply,
primarily related to activating the transistor switch 42
Eo provide a proper ourput valbtage. The features and
operation of the PWM 42 are considered well known o
those skilled in the art and are discussed hers for clarisy
of the present invention. The use of alternate PWAM
lechnigues and controls arc readily discerned and un-
derstood hy thase skilted in the art and may be used
with the present invention. The input or collector termi-
nal 90 of the internal fransistor §8 of the opto-conpler 84
is connected to the VREF gr voltage reference output
of the FWM 84, The output or emilier %2 of the transis-
tor ¥4 is eonmected to the VFB or voltage leedback
input of thc PWM 94 A reststar 93 15 connected be-
tween PWHM 94 input VB snd CONTROL COM-
MOMN. As current flows through the LED 86, il acti-
vates the transistor 88 wilich sets up a voltage across the
resistor 03 which is proportional to the ourput voltage
Voor The PWM 94 has an internal comparalor that
compares the VREF voltage with the proportional
valtage appearing at the VEB input of the PWM 3, 50
that the PWM 94 can meonitor Vourand defermine the
pulse width requived. In the preferred embodiment,
WREF is 2.5 volts. A filter capacitor %6 is connected
hetween VREF and CONTROL COMMON.

The VC ar supply voliage mpul of the PWM 94 is
connooted Lo one side of resistar 98 and the other side of
resistor B8 15 conncoted to the de souree voitage VDC.
VDC supplies power to the PWA 94 at the initial or
start-up stages of the powet supply. The dotted terminal
114 of another inductance 102 of the ttansformer 34 is
connected to CONTEDL COMMON and the opposite
termminat 106 of the inductance 102 15 connected to one
side of 4 resistor 108, The other side of the resstor 108
iz ponnecied to the anode of & diode 110 and the cathode
of the diode 110 is connected to the VO input of the
PwWh 494, Onge the power supply begius to operate
normatly, the transtermer 34, through the inductance
102, suppites power to the PWM 94, The diode 110 is 4
half-wave rectifier to prevent negative wolape from
reaching the PWM . A capacitor 112 is connected
between the VCC and the GND mmputs of PWM 94 to
filter the supply volage to the PWM 94 and to supply
the deive currant for the transistor 42, The GND input
of PWHM 94 is connected 1o CONTROL COMMON,
The anode of a Zener diode 114 15 connecied to the
GMNID input of PWM 94 and (he cathode is connected to
the VCC ol the PWM 94 1o protect the PWH 94 from
high voltage. '

A rosistor 116 is connected hetween the VREEF amd
RT/CT inputs of the PWM 94 and a capoacitor 118 is
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connccted belween the GND and RTACT inputs of
I"WM 94, The resistor 116 and capacitor 119 determing
the lrequency of the activation souare wave output of
the PWhi 94, A resistor 120 is connected belwesn the
putpat of the PWM 94 znd the canteod ferminal 36, the
gate in the preferred embodiment, of the switching
transisior 42, Another resistor 122 is connecied betwesan
the control tcrmmnal 46 of the transistor 42 and CUN-
TROL COMMON ta prevend fzlse turn on pulses dur-
ing start up conditons. When the square wave outpul of
the PWM 94 is high, the voltage o divaded through
resistors 120 and 122 (o the control terminal 46 of the
iransistar 42 which turns the teansistor 42 on. When the
PWM oulput ts low, the transistor 42 15 turned off,

The anode of a diode 136 is copnected to the output
of PWM 94 and the cathode of diede 136 is cobnected
in the VCC input of PWH 34, The diode 13 protects
the PW A 94 by clamping the owput of the *WM 94 10
the VCC impul. kn this way, if the switching {ransistor
42 is shorted, the output of ibe PWM 94 will nat risc
above the YOO input of PWhH 94,

The annde of a diode 138 ts conngcted to the dotled
termingl 104 of the inductance 102 and the cathode of
the diode 138 s conpected to the outpul of the PWM
94. The diode 138 profects the PW M 94 by not ailowing
the output voitage at the control putput of the PWM 94
from going below the CONTROL COMMON level. A
Zenet diode E40 has its anode connected 10 FOWER
COMMON and its cathode connected o lhe ourput
terminal 44 of the transistor 42 and also acts o prolect
the PWM 94

A resistar 126 is cannected to the ISENSE or current
Himit sense input of the PWN %4 and the other side of
the restator 126 is connected to one side of a resistor 124,
The ather side of resistar £24-ik connected to the outpuot
terminal 44 of the transgstor 42, A resistor 132 and
resistor. 134 are power trim resistors connceted in paral-
Iel beiween the ISENSE iuput of the PWM 94 and
CONTROL COMMON. A rwsstor 133 is connected
between the ISENSE input and the VEETF mpul. The
resisiors 132, 133 and 124 gre irimmed to precise values
sa that the voltage at the ISENSE input of the PWM 94
is wery precisc. When the tramsistor 42 13 turned omn,
current flows through the sense resistor 48, establishing
a voltage avross the current sense resistor 48, which
sensad at the IRENSE input of the PWM 94 through tihe
voltage divider formed by resistors 126, 124, 132 and
134. The PWH 94 thus monitors the curreat flowing
through the primary inductance 32 at the ISENMSE
input. When the current demand becomes too great, the
PWi 34 can limit the pulse width fo prevent damaie (o
the power supply. One side of a capacitor 128 is con-
seated 1o the junction between the resstors 126 and 124
and the other side of capacitor 128 is connected (o
CONTROL COMMON. Another capacitor 1301 con-
nected in parallel with sense resistor 48, The capacitor
128 and capreitor 130 are filter capacitors for the
ISENSE input of the PWHM 24,

A resistor 100 is connected between the de spurce
voltage VG and 1be junetion of the resistors 126 and
124. The resistor 100 scrves as feed-forward compensa-
non sueh that if VDO changes, the current sense moni-
tor of the PWM 94 at aput 1SENSE will change to
counteract the change in YDC. For example, if the
voltage of the ac source 20 is lower than normal, such
that VDT is lowered aceordingly, the ISENSE voltage
will also be lowered and the PWM % will increase the
pulse width to counteract this low voltage condition,
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A capacitor M2 and resistor 144 are connected be-
tween the ¥FB and COMP or compensation inputs of
the WM 94, The resisler 144 and capacitor 142 prao-
vide negative Feedback for an internal error amplificr in
tiie PWH 94 to provide compensation far the voeltuyge
feedback loop scnsed at the ¥FB input of the PWM 04,

As explained above, the ISENSE input of the PWw M
04 provides a current limif such 1hat the WAL 84 Can
limit the puise width if too much current is being de-
manded at the output af the power supply. The filter
capaeitors I3 and 128 slow down this feedback loop
such that if the vwiput were short circwted, the power
supphy wouold be damaged uniess a quicker way o shut
down the PWM 94 is provided. A diode 146, an NPM
transistor 14%, o resistor 150, a resistor 154 and a capaci-
tor $52 provide the necessary means to delset Lhis over-
current sitnation and guickly shut down the PWM 94,
The COMDP input of the PWA Y4 is connectaed fo the
anode of the diade 136 and the cathode of the diade 146
is connceted 1o the collector of the transistor 148, The
eritter of the transistor 14% is connected to POWIEK
COMMON. The resistar 154 15 connected befwcoen
POWER COMMON and CONTROL COMMON and
the resistar 150 is comnected between CONTROL
COMMON and the base of the trensistor 148, One side
of the capavitor 151 is connecicd toe the base of the
eransistor 148, and the other side of the capaciter 152 i
connected o POWER COMMON, When the transistor
switch 42 is on, vureent flows through the current sense
resistor 8 and also through the resiseor -154 back 1o
POWER COMMOMN, which is the return signak for the
full wave rectificr 24, Under normal operation, 1he
vollape develpped across resistor 134 is low, and thus
the voltage across the capacitor 152 sppearing at the
base of transistor 148 is low and the transisior 148 i3
bissed off, 1f the current demand sudden]y increases, the
voltupe across the resipeor 154 increases and rns the
trensistor 148 on, and this clamps the COMP input of
the FWM @3 to POWER COMMON plus the forward
bias volluge of diode 148, which shuts dowo the pulse
output of the PWH 04,

The savbber cirguit 158 of the presenf invention in-
clodes the capacitor 156 and the inductor 38, The ca-
pacitor is connectad berween the docted tenninal 30and
the opposite terminal 36 of the primary inductance 32
snch that the capacitor 156 is placed in parallel with the
primary inductance 32 In peder to approviate the snub-
ber af the present invention, FICi 2 has been provided
which is u schematie of the primary cirenit of a switch-
ing power supply using 1he losey snubber circuit and the
lossy clamp circuit of the prior art. Referring to FIG. 1,
the dc somrce voliage YOO has been replaced by a
battery 200 for purposes of explanation. The positive
side of the battery 200 is connected fo the dotted termi-
nal 202 of & primary inductance Z04 of a transformer 206
and the opposile lerminal 208 of the primary indvetsnes
M is connected to the druin lerming] 210 of a MOS-
FET transistor 213, The source terminal 214 of the
MOSFET transiztor 212 15 connected (o the current
sense resisior 216, The other side of the sense cesistor
216 is connected fo the negative side of the hattery 200,

The MOSFET transistor 212 is tumed on by applying
a high voltape at the gate (erminal 218 of the MOST'ET
transistor 232, and is turned off by applying a low valt-
age af the gate terimioal 218 A PWM circoit using a
. PWM controller similar 1o the PWM % of FIG. 1
would be connected to the gate 218 of transistor 212 and
mged to controd the turn on and turn off cycles. When
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the transistor 212 is turned on, vurrent fows through
the primary inductance 204 of transformer 206, through
fransisfor 212 and throwst the current scnse resistor 216
in the same way as explained for FIC: 1. Encrgy azaim
ig starad in the transformer 206 while the transistor 212
is on in the flvback mede of operation, The ¢lamp cir-
cuit C consists of a diode 222, a capacitor 224 and a
clomp resistor 226. The anode of the dinde 222 15 voo-
neatad to the drain (eeminal of the MOSFRT transistor
22 and the cathade of lhe diede 222 1s connected ta the
one end ol the capacitor 224 and one end of the clamp
resistor 226, The other sides of the capucitor 224 and the
clamp resistor 226 are connected to the posilive (enni-
nal of the battery 200 Fhe logsy clamnp cirouit functions
in a similar manner a5 the lorsless clamp. When the
MOSTFIET transistor 212 is on, corrent flows theoagh
and 8 voltage appears across (he primary inductance
204. Thiz valtage is sensed posifively ol (he dotted ter-
mioed 202 sucly that the diode 222 i reverse biased.
Therefore, no eurrent Aows irongh the clamp white
MOSEET transistor is on. When the MOSFET transis-
tor turns off, the voltage at the drain terminal 219 rises
and if this voltape rises above twice the voltage VI
digde 222 will be forward biased and turn on, clamping
the drain terminal 210 to twice the VDC voltage level.
Usuaily, a valtage spike causcd by leakage mductunoe
from the secondary fuiuctance 220 appears a1 the tern-
nal 208 of primary indvctance 208, which could damage
the MOSEFET ransistor 212, It will be appreciatad that
the voltage spikc forward binses diode 222 and much of
this energy i3 then dissipated by the clamp resistor 226
as heat.

The snubber circuit 5 of prior art consists of a capaci-
tor 228, & soubber resistor 230 and a diode 232, One side
of the capacitor 228 15 connected 10 the drain terminasl
210 of MOSFET transistar 212 and the other side of the
capacitor 226 is coittected 1o ane side of the resistor 230
ang the anode of the diode 232, The other side of the
snubber resistar 230 and the cathode of the diode 232
are conncolad to the positive terminal of Lhe battery
200, As cuerent is flowing through the primary induc-
tanee 204, the dinde 232 of the snubber circuit S is
turned off, allowing ne current 1o flow through the
snubber circnit 5. When the MOSFET transistor 212
heging to turn off, the vollage polarity across the pri-
maty inductance 204 reverses as described above,
which forwsard bisses the diode 232, allowing Lhe cui-
rent flowing through the primary indoctance 204 to be
divertad from the MOSFET transistor 212 through the
gapacitor 228 and throwgh the snubber resistor 230 and
the dicde 232. 1t will be appreciaied that this energy is
gheorbed by the snubber resistor 230 and 15 converted
inta heat,

The soubber circuit 158 of the present imvention 1s
shown in FIG, 1 and will pow be described in thare
detail so that the invention can be fully appreciated.
Referring back to FIG. 1, when the switchitig transistor
42 is'turned on, the snubber capacitor 156 will charge to
the voltage appearing across the primary inductance 32
sensed positively at the dotted terminal 30, As described
above, when the transistor switch 42 begins to turn off]
its resistance inoreases rapidly, thereby cansing the cus-
rent throwgh the primary inducfunce 32 0 decrease
rapidty, which couses the voltage across the pnmary
indoctance 32 wo reverse polarity, The snubber capaci-
tar 156 resists this instantangous change in vollage and
must charge to this opposite polavity, Therefare, much
of the current is diverted from the switching transistor
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42 1o the snubber capacitar 156, which limits the rate of
rise of the valtape at the input terminal 44 of fransiseor
42, The electromapnetic intererence and the radiaied
emissions ace therefore reduced, The snubber capacitor
156 ceduces strete oo the transstor 42 by absorbing
much of switching losses that would otherwise be ab-
sorbed by the switching transistor 42, Furthermore, the
snobber capacitor 156 rotains the charge untl the next
cycle bemins, so that this charge is duwped hack
through the primary indurtance 32 and converied 10
usable energy, It will he appreciated that the snubber
capucitor 156 dissipates very little of this energy info
hecat, thereby increasing the efficiency of the power
supply. Ouce the transistor 42 is fully off, the snbber
inductar 38 absorks the tinging, or Lhe oscillating voll-
age, that would otherwise appear at the inpnt terminal
M of the switching transistor 42, thereby reducing the
condueted emissions, The amount of power dissipatad
in the snuhher inductor 38 is also small so a3 to dissipate
very litide heat, which allows for increased efficienay of
the power supply.

When the transistor 42 bepins o turn on again, the
smubber inductor 3§ initially ropresents a high impe-
dance which slows down the turn on rate of the transis-
tor 42 until the inductor 38 saturales. The snubbcr -
ductar 38 also prevents the transistor 42 from shorting
the snubher capacitor 156 to the COMNTROL COM-
MOMN when the transistor 42 begins to {urn on again,

The foregoing disclosure and description of the 1n-
venlion are illustrative and explanatery thereof, and
various changes in the size, shape, materials, compo-
nenls, circoit  elements, wiring  connections  and
contacts, 25 well as in the details of the llvsoated cir-
cuitry and eonstruction may he made withoul departing
from the spirit of the invention.

What 15 claimed s '

1. A switched mode power supply, Comprising:
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racans for providing a de source woliage having a
positive outpat {erminal and a negalive autput
teririnal;

a transformer having a primary inductance having a
first teeminal and a second termiinal and having a
secondary inductsnce having 2 first terminul wnd 2
seconc terminal;

means connecled to said first terminal and said sec-
ond terminal af said secondary inductance [ar pro-
viding 2 regulated autput voléage;

4 capacitor connected between said first terminal and
said second terminal of said primary indugtance;

g metal-oxide-semicondoctor fGeld-effect transistor
huvirlg a drain ¢erminal, 2 source ferminal, and a
pate terminal;

1) inductor conuected in series bebween said sccond
termindl of said primary ductanes wnd said drain
terminal of said transistor;

meants for monitoringe current throuwgll said primary
inductance connected between said source of said
transistor and said negative lerminal of swd de
souree voktage; and

means connected to said regulated output voltage,
said means for monitoring current throogh sa
primary inductance, and said gate termimal of said
tranaistor for providing a controt signal to said gate
af said transistor (o urp an and off ssid transistor to
canse switching action,

2. The power supply of clam 1, wherem vand Lrans-
former further has an inductance coupled ont of phase
with said primary indoctance, said out of phase indoc-
tance having a first ferminai connected to said positive
termittal of geid de source voltage; and

sdid power supply further comprising:

a diade with the anode of said diode connected 1o said
negative terminal of said de souree voltage and the
cathode of seid diode connected to said second

terminal of said out of phase mductance.
* x* ® H W




