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[57] ABSTRACT

A bonat converter inclodes a snubber with Anite bt Endled
losses to minimize aclive power swikching losses aoc mind-
mize tuen-oll losses of the hoost diede without generating
any additionad circolnting energy losses. An inductor s
connecled so a2 to ddow nn off of (he boost diode and
mitirmize reverse recovery tesses. This inductor additionally
minimizes the furm-on swilching losses of the aclive power
switch of the converter by providing [or zero-cuerent tumo-
0rL A sencs connection ol a finits resistor and 4 xecond diode
is connecicd in shunt with dhe inductor/bonst dode cenmee-
Lien be prevent eacessive voltage ringing across the aciive
power swikch by clampiny itk voltage duting tum-oll. A thind
diede is comneeied o the junetion of the inductor and hoost
ciode to prevent (he voltape across (he bopst diode [rom
ringing during the on interval of the active power switch.

9 Claims, 3 Drawinp Sheels
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LOW-L{)S5 SNURRER FOR. A POF'WER
FACTOR, CORRECTED BOOST CONYERTER

FIELD OF THE INVERNTTOM

This invenlivn relates to power converiers and in partiou-
lar to 3 boost converter wsed in power [actor cobancement
apphicalions.

BACKGROUNT OF THE INVENTION

Boost converlery are vsed ag active power cincuits, as part
of an off AC line powered power system, for controlling the
wave shape ol its input current as it is reecived from AC line
power source, Wave shape control 15 provided by sn actve
povwer switch of the cunverler which allows Lhe cument
wavelotn ko he constrained 1o epproximate the wave shape
ol the inpie AC vollage wavefonmn, The sclive power gwitch
atd (e boost diode of (he bousl converter expedcnee
s gnificant losses duc to the reverse tecowvery loss charse-
[eristics of thege devices as they are turned ol

Reduction of these [osscs Is presentiy achieved by means
of an auailiary circuit shunting (be #elive power switch and
POSSESSIE an auxiliary active switch Ll condocts the input
vurrenl &t tunt-ofl of the booat diode. The success of this
anproach is dependent on limiting L emount of power that
the: auxilisry power swiich mast handle, [his necessily o
litnit the power handled by the auxiliary power switch and
lhe complexity of the auxiliay clrcuft limils Lhe application
ol s approach at higher power levels in excess of | KW,

An slemative appeoach wses a snobber citcull (w mini-
mize swilkhing tosses in the active power swikclt. Such an
approach as ilusirated by the lossless smuhber disclosed in
L& Tat No. 5,260,607 comprises two additions] indugtors,
three additional high voliege diodes and a capacitor, While
this particniar arrangement does minitize swilching lossos
on the converer, it does su al the expense of circulaling a
sigiificact leve]l of energy In the converler due in part to
mduced ringing acrows lhe aciive pwitch dutng itk off
period. This cirenlating cnergy cuuses eonsiderable power
dissipation in (he converter sineo the reactive componenls
are nwl ideal but do indecd dissipate reul ¢oergy. A second
stubber civeuil is required to damp the induced tinging in
any realization of a practical cireuit,

AUMMARY OF THE INVENTION

A boust converter, in aceord with the principles of the
invention, includes a swubker with finite hot limvited losses Lo
minimize active pawer switching losses and minimize toro-
off’ lasses of the boust diode without generaling any addi-
ticewal circulating epergy losses, An indnctor is connected so
a5 to slow tum ol of the boost diods snd minimize reverse
recovery 1os5es. A seres conncction of a finite resistor and
& secoml diede is connected in shunt with the indectorboost
dinde connection e provent excessive vollage fnring across
the active power swilch by clamping its voltage dudng
turmn-oll. A third diode iz connecled o the junction of the
inducter and buosl dicde to prevent the vollage across the
boost diode from ringing during the on interval of the active
prwer switch.

A buck cottverler 1% alsn disclosed which inclodes a
uubber circuit for minimizing active power swilching
loszes and mimimize fum-off losses of the Dvback diode.
This snubber circpit includes a srbher inductor conoeeted
in sertes with the fivback diode and 2 series circuil of a
resistor ond diode connected in parallel with the fiyhack
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circwil. A diade connects 1 junction of the soubber indnctor
and fiyback diede o the inpul.

BEIEE DESCRIPTION OF THE DR AWTNG

In the draering:

FIG. L s o cirouit schematic of a conventional hoost
converler of the priar ar;

FIG. 2 iz a circnit schematic of 4 hoost converter includ-
mg 4 Jow-Tnss saubber cireuit according Lo (he poinciples of
the inveniion;

FIGr. 3 shows wavelomms for il lustrating the opevation of
the bowst converter of 513, 2

FIG. 4 16 & vircuil schewatic ol a beost converter includ-
ing a low-loss snubber cireuit for high power applications
according o the principles of the inventior:

FIr, 316 3 detailed cincuil schematic of a power el fer
cireant including o Juw-loss snubber circull aceording, to the
itivenbon; and

HIG, & i & cirenit schematic of a buck converter including
a low-[nss pubber cireuil aceording to the principles of the
Hiveniion.

DETAJLELD DESCRIFTION

Aconventiongl boost converler, such as shown it the FIG,
1, accepis an inpul current lin in response to an applicd
voltage Vin. The input current applies enerey to the inductor
Lin when the PET power switch Pl is periodically hinged
cotdueting indoging a curreelt ow throngh the induckor Lin
bo the fetutn lead returning to the negativedreturn pole of the
battery voltage wource Vin, Biasing the power gwileh F1
nun-conducting causes inertial currenl due 1o stored energy
o torward bias the honst diode DI resulting in curreal Bow
be energize Lhe load B and o charge the output filer
vapacitor Cf As ie readily apparent from the circwit sche-
mati¢ of I3 1 the induced feverse voitage of the buost
inductor Lin due W the tom-off of the power switch F1 adds
to the mput voltape of Vin and henge the resultant culpot
voltapge Yo is preater than the inpul vollaye of the source Yin,
Control of the power swilch F1 s by a PWM coniroller not
shown which applics hias sighals o the control input lead 51
ol Lhe power switch. The bolow described converiers have
simdlerly contralled power swilch.

Thia boosl conventer, whils desksblic due to its cireuil
simplicity, l1ag operaling characeristics 1hat make it unsuie-
able lor cirenit applications requiring efficient operation.
Such undesirable operating chioracteristics inglude the turn-
oll'losses of the boost diede DT induced by e inductor 1in
and (he swilching losses of the FET power switch FL.

A boost convetier, shown in the FIG. 2, includes a
low-loss soubber circnit, which operates 10 minfmize the
wrn-ofl’ losscs of the hoost dwode D1 and reduce the switch-
g loases of the FET power switch 11, A snubher inductor
L5 15 conmecied in seties wilh the brost diode DL Tn terms
of induclance valee the inductance of the boost inductor Lin
is much larger lhan the inductance of the snubher inductor
Li lo lhe cxtent that in lhe circuit operation Che boxost
inductor may be considered to be a conslanl curtent gource
during 4 switching cyele inlerval, A geties conmected cirenit,
itcluding & resistive impedance Rs and a snubber dieds D2,
i3 connected in shunt connection with the series conncction
ol lhe snubber inductor Ls and the boost diode D1, A second
Buubber diode T¥F comuacts a node common to the stubber
indugtor Ls and the hoost diode DI to the returs lead which
comnects 10 the negative/return terminal of the input voltage
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saee Yilk. The snubber indoctor Ly slows the tuen off ol the
hoost diode D1 and hence minimizes its reverae recovery
losses. Turn-on swilching losses, ol the power switch FL, arc
minimized since the snubber inducior 1.5 preveats & rapid
boild up ol curent. The volise across the BHT power
swilch F1 is prevented from ringiug due 1o the presence of
Lhe snubber inductor Ls Ty the rericy wimenil comprising
rbber resislor R und soubber dinde 132 by clamping e
voltage across the FET power swilch Fl during sem-off o
lhe value of the output voltage Vo ol the converter, Tie
oulput filter capagitor Cf has a capacitance sufficient 1o
approximate a constant vollage source al Lhe vutput voltage
duting & switching, cycle inerval, An undersianding of the
aperalion of (he snubber circoit may be attained by relercnee
to the circuit wavelorins shown in the FIG, 2.

The wavelvrmns disctosed fy the FIC 2 frclude the current
wavefrm Lin of the inpul curment W the boost convarter, and
the current wavelomm 11271 of corrent in the boosl diods T
e cocrent waveiorms TRS and T3 graph the cotrent flow
in the series comnected resistance Re and the second soubber
diede D3, respectively, The corrent fow throuph the soubber
inducler Ls 15 showa by wavelonn ILS, The voltage wove-
facies ol Ihe snubber diods D2 and the second snabher dinde
D03 are shown by the wavelorms VDT and VD3 respectively.
The timing marks 0 to 16 appearing al the boion of the
firure are common to afl the waverorms.

Hust gubsequent 10 the timing mark 16 the FET puwer
swilch F1 and Lthe diode 173 a1 both conducting. Diodes 171
and 12 are non-conduecting. At ihis e inlerval (16 Lo @)
the inpul gurzenl (shown by the cument ramp 3 ol wave-
form Im) from the boost induclor Lin is returned to the
rource lhrough the FET power switch L Bxisling cumrent. in
the snubber indvctor L (shown hy ranp M2 of wavelorm
11.5) 15 lowing in a nepative direction (hrouwgh diode T3 and
the FET power swilch Fl. This nogative cureent is decaying
tnward p zer0 valne,

Time b matks the beginning of o eyele cvcurrdng at the
lum-on of the FIET power switch F1. Tn the 1ime interval
belween ) and t1 the FIXL power switch Fl is conducting
and Lhie diodes D1, D2 and D3 are abl wmed oll, Up untfl the
timing mark 12 energy continues to be stared in the boost
induclur Lin as indicated by the positive sioped ramp currant
rap cutrenl 303 ol current waveform Tin, Al time L (he
encrgy stored in the subber mductor Ls is totally dissipaled
and Lhe diede D3 is biased non-conducting.

By the attninment of the timing mark 12 the FET power
swilch F1 bas tumed off and the cument flow in the hoosl
induetor Lin is transferred to the ouipul, during the tme
interval defined by (he liming marks 12 and (3, by the serics
wircuil including the resistor Bs amd the dinde D2 since the
current fnertia ol (he souhber inductor Ly prevents eonont
flowr therein, The vollage drop seross resistor Rs, duting this
titne ioderval, (orees a coresponding volinge drop across the
snibher inductor Ls wnd canscs a cigrent to bepin (o Dow
Lhroagh the smubber inductor Ls.

A the cuerenl ILS in the snubber indecior Ls increnses
the Curent in Lhe resistor Rs eorrespondingly decreascs, By
the timing mark 13 the cument IS in the resisiur Rs
kemmunales and the diede I coasck curent conduction.
During the nexl time interval defined by the Gming marks t3
to ¢4 the input currenl Nows from the input inducler Lin to
(he culpot via the series conmected snubher inductor Ls and
the boost duwde D1

At the pttainment of the fiming merk 14 the FET power
switch F1 is hiased conduiing. Since all the inpu curren #
ul Lhis teming mark flowity Lhrough the snabber induclor Ls
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the FET power ssvitch F1 i turmed on al subsluntially zooo
currenl. With lhe FET power ewitch FI conducting, a
resciling wollage, equeal in magnicede to the oulpal vollage,
1¢ developed scross the smibbar inductor Ls, This resctting
visdlape caoses (he coreent flow in the snubber inductor o
decay i & linear manecy, as shown hy the glope 307 ol the
curreit waveloem TLS. The eurcent in the FET pawer swilcl:
F1 increases al an identical ae, This offeel maoimives the
furti-0fl Swilching losses of the FET power switch 171,

By dllainmenl of the fiming mark 5 the cuement in the
srbbet ittductor Le has doeayed toazero snagnitode and (he
boost diode D1 turas all with 4 soft switched tom off in
which the reverse recovery loss 1s minimized.

At timing mark t5 the diode D1 35 umed off and s
parasilic vapacilanees is charged froggh the snubber dndae-
tor Ls. The curtenl through lhe snubber inductor Ls
incrcascs in the negative direction dudny (his ioicrval
defined by the Uming marks (5 o th. The nput curtent is
remarned to the input through the FET power switch F1, Hy
lhe timing mark th the voltage actoss the baost diode T4
decrcases (o =V and the clamping diode D3I iy biased
conducting. At the attainment of Lhe tming mark t6 the eycle
of operation dezcribed above s Toprated.

Firr high pirecr application the low-luss snubher is
eanbodied wilh a plurality of parallel branches, A low loss
vith ewa branches is shown in (the FIG, 4, In addition to the
ariginal low-loss snubber citcuitry including the smibber
induclor Lsl, the ringing clamp compriging the iinpedance
1Rg and the diode D2 and ihe diede T3 an added paralicl
branch is added which includes a second snubber inductar
Le2 and o dicde D4 An added diods DS conneels the
comaon node of the secomnd snubber indozoor Le2 and the
divde D4 o the refurn ling relorning to the input voltage
source. The addilion of the parallel second path conlaining
Ls2 and T allowe vurment o divide substantially equally
between the first path congaining Lal dnd D1 and the second
path, The paralleling of he circoits effectively reduces e
pverall impedance and reduces he Jusscs duc to fhe dissi-
pution logy of resistance Bs,

A typical power gysiem embodying » honsp converter i3
shown schematically in the PFIG. 5. An AC power aource
VAL 15 conoeeled 1o charge an input capacitor C1 of a pewer
rectifier systern I'his capaciter opcrates in concent wiih 1he
subsequent longimdinal induclor which feeds fhe balanced
capucifors C2 and C3 balanced about zround. A subscquent
longitudinal indvcier connects these capackiors to the
copacilur C4 shunting the input 1o a [ull wave roectifier
cornpnsng Lhe rectifying diodes DR1, DR2, DR und DR4.
The output of thiz [l wave rectificr is applied (o boosi
mduetr Bin of the snbsequent boost converler. This bonst
inductor iz conirodled by the active power swilch F1 and is
substantially the same a9 1he boost cirenit shawt in the F1G,
& and henee need nat be redescribed herein.

A buck converler shown in the FIG, 6 includeys the ingul
¥in connected 0 an oulpul Vo by 4 serics connected power
gwitch (31 and a filter inductor LI A lyback path of a series
comnecied snubber inductor 1Ls and a lybuck diede T3
provides current conlinwily o the flter inductor L when the
power switch Q1 s non-conducting. A snubber cirenit
includmy the rewisior R and the diode D2 i provided so
provide control the volisge across the snubbor fnducior Ly
and redoce swirching losses i the power switch (1.

Winle parlicnlar embodiments of the inverndion hiave besn
shiowtl and deseribed, it is w0 be understood (hat many
variations thereof toay be devised by those skilled in the ard
withont departing, fromt the spiril and scope of the fnvention.
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YWe claim:
1. A hooat convettor, comprising:

a0 inpat ghd oulput;
4 hogsi induetor romnectad o the inpul for staring encrey;

HO 3ctive power switch gomnected to draw current, from
Lhe: boost indactor when conducting

A boost diode connected for condocting energy [rom Lhe
hoost inductor to the oulput during non-conduction of
the active power swifell;

f second inductor connecled (o the boost diode v mini-
mize its wen ol Insses;

£ stoes conneclion ol a hnite resistor and v seeond digde
commected i shunt with (he segond inductorboost
diode conncction; and

a lhird diode connected to 4 junction of the second
mductor and the boost diede for limiting ooging across
the boasl dinde doring conduction of the active power
switch.

2. /A hoost converier as claimed in claim 1, comprising:

an added scrigs civenit comprising a thitd indvetor and a
fourth diode and the series cireuil connected in parallel
with the seties cunnection; and

a lillh diode connectad 1o & junction of the third induckor
and Lhe loenh diede lor limiting ringing across the
boost diede during conduction o the active power
ewikeh,

3. A boost coeverler as claimed in claim 1, camprising:

lhe selive power switch connected to conduel current
trom the input t 2 telum lead conrected to the inpul,

4. A boost converler as claimed in claim 1, comprising:

the Imite resistance having a sufficient impedance (o
generale g vallage deop that itdlidles corment flow in the
second inductor upon cessation of currenl Dow in the
aclive power switeh,

5. A power cumverter including:

an input and ano vulput;

A energy sboragze indoclor and a power switch periodi-
cally switched o eonple PO voltape energy applicd al
the inpwt to the coergy storage nductor;

6
g diede connceted to enable cocrey flow stored in the
encrey Morage inductor 1 the outpui during non-
cunduction of the power switch;
a snubher inductor conoeetzd 1 seties with the dinde:

# sceond diode und 4 resigtor cotmected in series and the
series comttection of the second Jdiode gnd resistor
connecied in parallel with the series connection of the
soabber inducior and the digde:

a lrd diode conmeeling a comtnof junction of the
snubher inclucior and the diode w the inpu,

6. A power converler as claimed in claim S, firther

tnchuding:

the energy sorage induclor and the diode conmected in
sefies Lo canmegt the input (o the ontput and the pawer
swilch conmected @ join 2 junclion of the energy
storage inducior and the diode 1o he inpu,

7. A power converter as cladmed In claim S, futlher
includineg:

14

13

E

the power switch conmected in scrics with the encopy
borage inducior (0 cotneel the inpie to 1 outpul and
the dinde connected in series conneclinn with the
snubber inductor wnd the series conneclion connected
0 connecl a junction of the power switeh and the
energy storage Inductor o the input.

&. A power convorter as claimed in claims 6 or 7, [uther

mecluding:

I

4 gecond snubher induclor connesied in sedes with a
fourth dicde and the sedes connection of Lhe sceond
briebber inductor and [ourth dinde being conmnected in

parallel withh the scoes eomngction of the snubber
inductor and the dinde.

9. A powecr converler as claimed in cladm 8 forther
including:

an iapul reclifier connected o couple an AC linc 1o the
1nput.
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