“1- FREE- RUNNI NG PUSH PULL | NVERTER PONER SUPPLY 5 . Tm
i nyenti«on relates to push-pull -inverter power suppl i‘es. SMAtfﬂﬂbﬁbi&ﬁéﬂ+-
supplles prOV|de relatlvely | i ght wei ght and conpact power supply units_when
Operatfed at a relatively high frequencyj.of 20 KHz or greater, 10 - '
provide el atively good efficiency of operation. One type of svmtc i¥2
. power supply is a push-pull inverter power supply wherein a DC volt *F‘
sours€ i s coupled to the CHHEENRUNNING PUSHRILI TNVERTEIRFOWERISURPYY W ndi ng,
-and the collector electrodes of two switching transistors are 15 .coupl ed
to the respective end ternminals of the primary winding. A control circuit
alternateg y turns-on eatisofinvieation medaties do puishepad Lt droemieop an

-alternating gghgglgmpgg&@gt vol t age .across a supply wi nding of the power
t ransf’dr nmer. One ty Ee of - push-pul | “inverter is

“free-running inverter F¥HEGGHERIS Fﬁbﬁgpfﬂ&ﬁ§f@FFQFdéoﬁﬁuﬂt%ﬁ%%ﬁut :
Col | ector cuLiehtwikeetitacnd complase poweehismypllyansitsoweno olgfer adur abl e
.transf orner gnegatg;l%ggv%E d@ég% sgkéggégg¥ac%E050 Kﬁz 8§eﬁ&%£?orﬁer

inverter wit-h curren at € sat ur abl
control 1 rcand proxidel reliad ixedyngoedneifiiciencys afeoprradiomni fpe

inverter Opety?l{:eOBfV\’sUitEﬁi\‘ﬂg lRa@ xC 'é'izFa%'iSr disay. quﬁeFﬁt:L'].O'ln'v%ﬁ%&‘” ed even
‘during the start-u oad current nust be

Suppl et o BUPGobUBBLF e RRFEAR 7 PLoPOLEARE SOPELS. Sfn cOREISHNta O of a
sat.ur abl e t reesterneapcofr anpoieedbaxahsfoshrepuplkimaver wéndiagyainde thiendi ng
0T Lne At ur abh feLEARSLILIREoLRSCLES LR1ENG,RESEEhesLiadas L [ e WD
inverter transist Two saturable 35 >t ranstormer contro
wi ndi ngstSar eCpRrBYPdclO éaehreéasrczéllvw_ gafngeB®iAgleoafl &he _a_rtlﬁ@rsferu es
~ path of the wDhdesgor ﬁuebam:ofll'e%&aikﬁnaateeaaeen;;veukhan&insta.’@thsw'ft ch.
“When a transjsto s, con uc% Hg % e .col Lector CEQegggif%omﬁng
Jthrough t he %%p %?m%£a§§%3F85|EW& SHEPo ﬁePeXS ?POF hg

polarity output voltage across a supply w1nd1ng of the

power transformer.h_f

.20 . -  One type of push-pull 1nverter is a free—runnlng
' 1nverter hav1ng a saturable transformer control c1rcu1t
Collector current. feedback fron the sw1tch1ng tranSLStors
- to the saturable transformer generates the requlred
_ 'sthchlng actlon. A free—runnlng inverter with current
. 25 feedback to a separate saturable ‘transformer control
circuit'is a reliable arrangement°whiCh insures free-running
inverter operatlon w1th heavy 1oad current draw. 'Operation -
is assured even during the start-up lnterval when a
relatlvely large load current must be supplled to charge
30 - rectlflel filter capacitors. , ' _
_ In the ooeratlon of a saturable transformer'
current feedback push—oull lnverter, a drive w1nd1ng of
the saturable transformer lS coupled to the base electrodes
. _of the two inverter transistor’ sw1tches. Two saturable
: 35-'trans‘orwer control w1nd1ngs are orov1ded, each control

)

w1nd1ng belng coupled in the series path of the collector
' currenL flowing in a respectlve tran51stor switch. When
a transistor SWlLCh is conductlng, the collector current

flowing through the respective'saturable transformer control



- 2- ing'generates'a forward. bi asing voltage for the switch across the
sat urabl‘e transforner drive wi nding. Eventually, 5 the magnetizing* . -
_current conmponent of the current flowing in the control w nding builds up

pgnetical ly saturate t he core. Cnce the core is saturated,
ve to the conducting transistor switch is remoyved, andf§¥p
en

swi t ch’ ¥Ig8ipgcgsnegarerent FRyVaEdt BLsing. W?kﬁ?%ﬁl QE)YHﬁI%R%Qﬁhcurr.
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sat ur ab E‘ngFFéﬁgﬁ'aJYnﬁ?tEBﬁF?o&’W FRFRy PRI UPTHEF orvard drive-
voItagesatunaseahefdrwaedmﬂnﬂvegtohahelconﬁumtihq(mransﬁsndrthe ot her
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{c flux in the core of th2=saturable transformer to a |evelgreat

SMAtCh PRBFPQIF9 éﬁérates the opposite polarity forward drive voltage for

the other ‘transistng EMlEHg aﬁllééeéfaéuﬁi‘eﬁﬁsemam tywi dgsansi stoor
smntche% simul t anegusly cand or cur ent Such S|nultq:eous

~conduct | 8f FSrEngBEi Pgb’lnﬁgf‘ﬁ écpﬁg uﬁﬁ{"?"’%oa? v’e’?‘?‘é‘?e%r?’hr&%ﬁfﬁﬁ $ecause
it, in-pbllactity veiuage aarohs hbeeaaamyahhertramsfmrmermﬁrﬁvehe power
traggf OL ARG 1RE!. Mir}e tanggb&ﬂtéc 885r1b¢ %MQéﬁia&@JR CEa Y g the

Eglng, S|nu us-.con uctlon interv atively large power
di ssi path8noFheBotranpafsPst Vitanywher khasvattaggihas kﬂcfﬁﬂﬁ%%ior
current iar pagayehagedbduei ghet hoﬁwaﬁaeﬁéﬁé-pénﬂtté& edoductidie current
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durat|opfbyhehgtbgg gwitch flows through the respective saturable
20 transformer control winding to generate the forward drlve _
' voltage across the drlve winding .that’ 1s needed to malntaln
the other-: sw1tch conductlng after the flrst sw;tch'
collector current has decreased to zero. - :
' Because the fallrng collector current of the flrst
25 . transistor switch inltlally generates the opp051te polarlty
forward drlve voltage for the. other transrstor sw1tch, an
 “interval exlsts when the two tran51stor sw1tches :
slmultaneously conduct collector current ~Such
srmultaneous conductlon lS undeSLrable in a push-pull
80 .inverter arrangement because it, in effect, results in
.the momentary short-c1rcu1t1ng of the power transformer
prlnary w1nd1ng across the DC voltage source during the
.overlapplng, 51multaneous conductlon lnterval Relatlvely
large power dlSSlpatlon ln ‘both transrstors may occur as.
35 spikes of collector current are developed during this.
' overlapping.interval. The current'spikes'also mayfproduce o
an undesirable amount of radio frequency'radiation, |
'Simultaneouslconductionfof both switching .
transistors may,be- reduced:in duration by the use of

-



rel atively fast switchi-ng transistors and 'by the use of a rel atively
squar e- koop magneti zable material for the core 5 of the saturable

jransformer. Nonetheless, it is relatively difficult, even with the JEBNf
fast swit'ching transistors and square-| oopscore rraterlal to.elimn; -.

Si rmltaneoué' conduction. It is known in voltage feedback sat ur abl e \{1 ‘
transformer, push-pull "inverters to use RC integrating: netvvorks bet ween the

saturebl e tranSEé)ra@Ivéty \ﬁa/u wlrtq:h%d; tt&en@ietb@geaharbyrenél akerobages.
Such circuits require eith er _exce sswel e initial crre%flowto
Tnsure the ef i AeLATEYPY R OAEBR e obley maseranh AP cthe GpFhout
elimnatinggt aﬁlttheelaatuﬁablles ta:lamﬂomm i nNookthgtebsedbhcks selatiméky
transformer, pupfefitd1d MFdl it Pel Bsk0oFORIGE! sR188RAGK! CLafl PRECES

Wi n ng 0 a

the control t'he sat ur e transfornmer as
“saturation. HARYEGuanerdeatheoxer madesigd s spupdimdnage Fhﬂuktaﬁ%@uéf the |
.cont rol - wi ndi ngcdfdseidany, t he capaCItor current by itself is insufficient

to.insure the devel opnent_ of, a SI ni f, cant . i_nverter feature of
‘the invention is the desikh & kél 5 dPalfl étﬁggn&g%s pu?ﬁggﬁ?ﬁl?nverter,_

‘power supplyo 25trams fdrmed nipwehepulie igiveritease cos user Rar dntegrating.
current CondUCtﬂét%dlfks?%éttﬁﬁrI @gen%attﬁ.&'%'lét Q%ﬁn‘é"fb?‘f&lér &ngge@g?é.@ﬁgf ast -

_ swi t chi ng transi sfors or re ati y expensive square-100p sat ur ab
{r ansformer cordtdth® it IXeFiReT HEARRirsPFePASRSNar FUGRnARRERLES coupl ed
0 ‘a source 30 ﬁgxfﬁe/aéﬂt&w: an resice@sdveegoudrbeaﬁau.&&an. auttehesrmse :

coupled to theif) IrE%&/re tq% 'L‘lfm’lq%eg%Sh Eul roBt ;(r)?:gg(fiect fon Xf Wi udl 'ng |

of a saturable ormer 1 s couple
transi stor iswi tRniwize tidy mwtéiqptamﬁlyummgd itr entirelyac hItwis chlSOA

saturabl e t rana&fwf?ruﬁ%l Feed2dix)g s'a%u%'éBl?k' %Qawskarﬁeﬁonéﬁgh-pull
current that reaches a ng nltude that nagnetical ly sat u%it es e core of

the saturabl e tTHRFFHMGTIDT a4 CRPELter aLeRet 'Fang‘@tor
S tch to develmm]alwmd]atg recE pmeaelattyarable transformer as an aid to

‘core saturatJ.on. However, s:.nce the alr-core or saturated

20 :Lnductance of the control w:LndJ.ng is so low, ‘the capacitor
- current by 1ts_elf is q.nsuff:.c:.ent to insure the development
- of a significant inverter dead-time. | '

A feature of the invention is the design of a
saturable_transformer_pushepull inverter éower supply

' ~ 25 which eliminates the simultaneous forward collector__ ,

: ' current conduction of both switching transistors without
_theaneed for fast switching transiStors'or'relatively
'expensive square-loop saturable transformer core materials.

' 'A.power transformer primary winding is coupled to a source

30 of DC voltage. First and'second transistor sWitches are
- coupled to the primary w1nd1ng in a oush-pull arrangement.

_ _ A drive w1nd1ng of a saturable transformer is coupled ta _

v S a control electrode of each transistor switch to alternately
i apply forward drlve to each sw1tch._ ‘A’ saturable transforner r:
' 35 control winding 1s sunplled with a control’ current that |

' reaches a magnltude that magnetlcally saturates the core .
of the saturable transformer to remove forward drive from
- each transistor sw1tch to develoo an alternatlng polarlty

output voltage across a supply wlndlng of the power



T resonant circuit including a capacitance is coupled to the sat urabl e’
Qg;a“.r drive winding. 5 The voltage across the capacitance conmences
NP : -
\d

'out put voltage across a suppl y wi ndi ng of the power -4 transformer. A

»

‘ oscillation upon the a#tai nnent of core saturation. The
u of the resonant oscillation is suffici ently low so as to enable
the capacitance to supply said drive wi ndi.ng with a magnetizi ng curreap
that hERRSEPABESat uRaFESANEDt GRICHd tcdné & EARAGIHARRe forward -

- coll EEEO&oﬁHr&antol Bhbheaearduabi ke dns@oTineiroid MNid iy ef or war d
ow_i.n_the ather transrstor switch. In.

| I nt -
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* 15 aopomklatmansﬁppnethhaatMQLamphwram1gpn§ aﬂhunatﬁpnruﬂihhng a prlnary
“ Wi ndi Egcaﬂgnﬁgslﬂ@pthe""regb fnt- ofkh atla%&%nseso%éfﬁx%ﬁw R tches are

coupled to t rimar I n a push-pull .arrgngenent.” A saturable
trans?‘Bri’rﬁrWa?PﬂBlg %Bﬁt FéPa&n‘-ﬁEPﬁ& pas, én’d’m—gvr dgdcﬁ-‘r‘(ﬁa w ndi ng coupl ed

t 0. a wDRELAY whiernt aorilegnetleaﬁb eaerehtt Itoafu mra:airfsecyxtd;ﬁartaim stor .
s tchgs | t er.nat §F¥°g pgéegar;;gro\ﬂra(r: r| v c%al be[ curre r;:e sat urabl e

ns? ¥ SSHFr di 'ssuppli
a maghnt bt condughingt tcansyszgrsamrtehebetﬂweccﬁm\@frd e Idgatabl e

transwwsﬁctge?eﬂgveot h@o&oawar;ﬁledbtnerf PR sAadtd SRIcH .o switch for.
devel opi ng an a ter nawa‘? olarity output voltage across the power
transfor mer suppt %@‘?eA{: thacitance is coupled to the saturable 30 .

t r anstfros rm-rve:htmw adugh+pullicinve raenepowbat supe lyokbageisesoss t he
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formard collector current i he transj stor smntc
ding in a push-pul arrangement. .

, A saturable transformer havan a control w1no1ng
20 and having a drlve w1no1ng coupled to a control electrode
of each one of the flrst and second tranSLStor switches -

alternately applles forward drlve to each switch. - The
saLurable Lransformer control w1nd1ng is supplled with a
, control current that reaches a magnltude that magnetlcally
25 saturates the core of the saturable transformer to remove
the forward drive from each trahslstor switch. for _
developing an alternating polarity output voltage across
the power transformer suppiy winding;. -
A capacitance is- coupled to the saturable
30 -transformer drive w1nd1ng in sucn a manner .that the voltage
across the_capac;tance,_upon the attainment of the control
current magnitude,{commencesia'resonant%oscillation of a
frequency'sufficiently'low so"as to enable the capacitance
to suoply tne arlve w1nd1ng with a magnetlvlng current
35 that rmaintains saturatlon of the core beyond Lhe cessatlon ,-
of forwaro collector current in the transistor switch
subject to the forward drzve renoval. , '
- In a spec1r1c embodlment -of Lhe lnventlon, tihe
saturable transforner control,w1nu1ng is coupled in the
40 series path of the collector currents of the'two'transistor

current -t hat reaches .



i . :
subject to the forward drive renmoval .- In a specific enbodi ment of the:

i nventi®n, the.saturable transformer control winding is coupled in tile 40 .
- Beri.es path of the collector currents of the two transistor 1

- 5- SWI'[ChEi The ‘col | ect or current buglds up magnetic flux in thee@of '
"the saturable transforner to eventual | y>5 magnetically saturate th

“and initiate the flow of the aforenentioned resonant current. In a further
specff'l c enbodiswdiicheshe Mheomahieckerucurient udeslds up duedreiciec selues
coupl ed wi th the ¢aRAELEanGe aﬁéogstwsbﬂé'ﬂfa»é@&ﬂ& NG d 1 1 | tage 10

-across the saturable transforner.drive wnding 1s renpved due to C

sat uration, st h®agaetdsaliy EREUFARACERACECERARG {-%th%t%c‘?kt%rfe]é"'bﬁﬁ Ilates .-

to produce thetmgﬁefbtrémégtiuhédnreﬁbﬁ&nf:|@Mﬁréﬂﬁfpugh the saturable
transforner drive windin es_of C Jta ce nd i nduct agrice 15
are sel ected to provide g st ?S;C—Xgﬁg ﬁﬁ??tﬁ f?’%? %ﬁr’iﬁﬁ ant '
transfornmer drcd&Ecwitdingludesnant anduchensatmlaiﬂ% ¢¢Wd)rwnszh Odvee i n
magneti ¢ SatUr%hbﬁ&lEEhEBQEEHBséh@héah£1€é”@1&@15% Gt d B iy 4&&§§§§

the transi stor svmtcht]i_‘ is belng turned
i11ustratetoa BEEASFulthei ApEPFaPL ﬁo‘v'\E?n§€|?J‘5‘F§/r HEbYR | PG g Wﬁm’%ﬂ@%d
FI GURES 2A-21 dune EbGOBES 3AtlFatibdnst tié ecupveiorim sl m&u&&m%@t ed

“with the circuify F ul l ver.ter o
_lpovver supply . 18 ?‘BEI é%ggiéa%ggoﬁ?%%uﬁt i Tfé:}#‘%‘age %‘ maran%@tzrléﬁ vely
- 6- . 12- voFtrsgntethati §1@Uaptb§ommm saturghile teran I rTRY anive )
gL ound. or. currﬁﬂ%dﬁﬁt;urnwhér%naés 24f thdPedpaci {4108 Nald Ihduteidd ed to
t € centerléapage geRecgadyto prov1de a sufficient current flow in the
_'saturable transformer drlve_wlndlng to maintain the
~ saturable transformer core in magnetic saturation .-
'_throughout the fall time of the collector current in the

transistor switch that is be1ng turned. off.

.20 . FIGURE 1 lllustrates a push-pull 1nverter power
. supply embodying the 1nventlon, S
' FIGURES 2A-2I and FIGURES 3A-3F illustrate
waveforms and curves assocxated w1th the circuit of
. FIGURE 1. : :
25 _ In the push—pull inverter power supply 10 of
: -FIGURE 1, a source 23 of bC voltage Vin, J.llustratJ.vely a




- rectlfléﬂ-ﬂﬁahdbattaryenisreouphedebtheﬁn4£ntinﬂutst&annaij223 ground.

wi ndi ng of a pomér transformer 20. The prinary wi ndi ng of power '
transforger 20 conprises two w ndi ng sections '20a and 20b, each havin}y an-
@
O

coupled to input termnal 22 at the center tap term.nation.
. A gec y or 10 output supply-ginding 20c of power transformer 20is.
coupl ed nput terninals. 37 and 38 of a full-wave bridge- rectifier 36. A’

filter ‘capacitor 41 is coupl ed between an output . termnal 39 of bri dge\m‘e

Supply 3nq W §9589F289 éﬂ?r@ﬁt”?é&%“@éﬂﬂzﬁ.@ftzpns ﬁ%@nd 20b are -
magnetically cou t o one anot her A stre%gped 8 alternating

pol aPi tffeS{BE-BBﬂ- 33I .%§g§°HE?r%¢ob%dt]&%r%%%t%ﬁp‘iﬁ% is ful'l -wave .
rectifi @iln8Ynbr bdga peﬁérf teansfotmept Vi deTive %ﬁuw witedimge V - [[err]

of 20 I t I 42 . coupl.ed -
across bk pﬁ’é% LEE %f?' QbT%c’"ﬁiﬂé%eﬁrﬁavm JI'rg‘%\/\slg‘h'ré"%rg’nsformer primry -
W ndi ngzgécﬂnénZQba eagh hsv;@mxé endnveypinahieounlad the ingit i s coupled -

to the gakherh®r20f a8 thanséster é&btﬁekﬁihatloﬁf"(AKHEébﬂ&HEj(Hr\M nding -
30a_of a saturable_trans m nal of power. transforrrer'

pri H8r y°W’HHFn§“§8&¥lY5ﬁnébﬁgt%%? ?£ P%Wet’f?%#‘f’ﬂ%e’ce%ﬂ érStap terminal is
coupl edcbapled tol imptubtrtefminals adBi andr3s8vof ch f¥l Y+waoreytbmidyeEnt r ol

ui 19508 @ReB20K1 A0h ek (805! SLTRE; 80 TDes %o ldd Hedldg rodes o |

transi stors of a drive
wi ndi ngaBoeusputsteyminad 39aﬂ§fb¥me 3¥)e¢%l§¥ﬁﬂpl3ﬁi and thecurpRntor control

el eCtrOQfétﬁi‘nt £apRiSLOr 46WEREDR ﬂ é@@plé’@ Qéhf—‘f @mi t egupgmdy. of drive
pleq to,the b contr ol ehﬁaﬁp&e of transistor

U IS CHR R e S M e e e PR SH and dr i ve
WI nd| ngma@neaiealrmneh.ghal.irchugheaytoommé eaind:theme amcstepped-mp:apam tor
35 1S SgiLEFnCRuRLClolLER Y NGUERRE 5&@8%85éev§f6§5ébé&é§£”5f°r”er drive

wi ndi ng f transi stor
- 7- coufPERLYovLRE1pEneOFoks of uthpurye oresEi iRt e FiSDC,

- rectifier 36 to prov1de a DC supply voltage VO' of -
20 lllustratlvely +150 volts, at termlnal 39 for a load 42
coupled across a filter capacltor 41. . -
, The end termlnal of Dower transforner prlmary
Windiug section 20a that is remote from ‘the center tap- |
" terminal is coupled to the collector of e'transistor switch
25 Ql through a control winding 30a-of'a ssturable'trensformer
30. The end termlnal of power transformer primary w1nd1ng
section 20b that ls renote from the center tap terminal is
coupled to the collector of a translstor sw1tch_Q2 through
a control winding 30b of'saturableﬁtransformer 36. The
30 emitter electrodes of transistors_Ql'and'Q2-are coupled
to ground. One end terminal of a drive winding 30c of
saturable transforﬁer 30 is coupled to the base or control
. electrode of trsn51stor switch Q1 and'the other end terminal
~ of drive winding 30c is coupled to the base or control
36 electrode of tran51stor switch Q2 through an 1nductor 50.
Control windings 30a and 30b_and drlve w1nd1ng 30¢c are
magnetically tightly'coupled to one ahother. A capac1tor 35
is series coupled with 1nductor 50 across saturable
_ transforner drlve windlng 30¢ with the base of transistor Ql



h _
and W|th t he base of transistor @ coupled to the junction 5 of capacitor

35 and ®nductor 50. A diode D* has its cathode coupled to the base of-
trapsistor Q and its anode -coupled to ground.. - Simlarly coupled betwges. -
the base of, transi-stor @ and ground i's a4diode D2. Transistor sw tchef :
‘and QZ are ]Coupl ed to 10 ‘the prinmary w ndf ng sections of power transfecfer .
-20.in a push-pull arrangenent. The drive w nding 30c of saturabl e R

- trans¥or mer 30cé‘919.’te&5t$0EH@ Rl h ad ed’a{?éc?iﬁbrt eseeefa szlnﬁfl%gt Woc, )
~transistor swtches r{\%lrrent feedbackc/c(ﬂr“(’)?mﬂ ec;tors of the
© two transistor38i¥i stli% kase &9rrt@ﬁt jugekien wo

.control w ngli ngs SﬂpaeﬂthOEStam ir&mmﬂomaﬂd.y satdircaiee D1t Ihascc'ute 130 of -
saturabl e tran |t er _
<9u15 ed'! t@tﬂ?% etlgs he SWI n 1@0‘1 i \é% ?%evgleops

.transi stor svm t erepy -i ni i On
“the '20 al ter%‘ﬂPh@dpﬁPaﬁmt}n%ut piﬂemlﬁeﬁlﬂag@%% Wﬁ@é\/\éﬁet pasef Omer
-suppl y wi ndi ngt286sisdbe @mrémtgi@mw% 4 rgmsddh ool | ectors of

transistors Q. and Qe sh puIJ i.nverter 10 to erate y
free-running node, elini FEHARF (Yr 3 Q&araff *ﬁa?& and

25 .for adiidtithel prmn&rplwmdmgtsec’as:m:s:|a Qﬂbvtéremrtsiformear a0i dn of
free-running p V. ribed with
.the aid of theg g?ll %%fa% &E ves oT %Iﬂé&fx f‘ﬂqﬁ gicdg%CAssume .
ltranS| stor sw 83kurable F?\a%%?%’éd?'%o?rmﬂelﬁ-’o rfaramnehidsd veo alsdermakelyo of
AFI G|URE§ 2A-21 tovwéaentéﬁnshétwo @ra::oémb@dt rru;nﬂtd)ﬁes ][mutanuobtzagec\&&eh%
appl i.ed across S ange 0 ower, .t ransfqrner_ .pri nmar
- section 20a anﬁeg‘g?ﬁ%bfﬁmflr Ih%f%?nﬁg c%%‘f‘i{)%f % %#5 e§II -
of the inpl$ voltagd Q2 nstpphiespplcontrak c;ss:z;mwert@&het rimcnsfcomrcmolpru mary
‘Wi nding secti o; 2Q8ng sBZoéré‘Héffdﬁméhé‘Etﬁé&hé LRed FeHRSS

- pover transfor et Supp ng. 20C. substant 1.all y equa 3 t e i nput vol tage’
Vin nul tipliedtdy ‘Pf'les§ ‘é’é?’kih?yt‘fﬁf‘ﬁ‘?%‘i/ 9 HaFrEelst remeve he power

_transfor ner 20forward dr:.ve from the trans:.stor switches, thereby

: lnltlatlng the sw1tch1ng action that develops the
20 alternatlng polarity output voltage across the power
* transformer supply winding 20c. The current feedback
L from the collectors of transistors Ql and Q2 enables
I dpuSh—pﬁllfinverter 10 to operate in a free-running mode, -
B eliminating " the need'for'afseparate oscillator and
- 25 for additional control circuitry associated thereWith.
| Operatlon of free-running push-pull inverter
power supply 10 will now be described with the aid of ‘the
'waveforms and curves of FIGURES 2A-2T and 3A-3F. Assume -
transistor sw1tch Ql is 1n saturated conduction beginning
30 at time t 0 °Ff. FIGURES 2A—2I. . With transistor Q1 conductlng,
the lnput voltage Vin is applled across the series '
o _arrangement of power transformer prlmary w1nd1ng section 20a
A -~ and saturable transformer control winding 30a, with almost
| ' - all of the input voltage V1n being applled ‘across power
35 transformer prlmary w1nd1ng ‘'section 20a.' By transformer
~ action the voltage developed across power transformer supply
w1nd1ng 20c substantlally equals" the input voltage Vin
multiplied by the secondary-to-prlmary section turns ratlo
of the power transformer 20. ' ' '



-8- A eecond'ary wi nding current i2Cc fl ows from supply w ndi ng. 20 to filter
capacitor. 41 and load 42 5 through bridge rectifier 36. The current®i 20@

s trated in FIGURE 2A. The waveshape of the supply w nding current
I 2 function of the corrpl ex idipedance exhibited by filter capaC| tor -
41 oad 42 and the source inpedance associated with supply w ndi ng.20c.

Wth 10 primary w ndi ng section 20a and supply w ndi ng -20c bei ng
magnetical ly tighg |s'e<§dmﬁ:ﬁﬂ wihd&iaeh cidrent t:JzeccetLb&et @omur rent | CQ "oJf

transistor Q. is gener t.he sane wave p ppI Yy W ndi‘ng
currents‘f‘iﬁﬁ,’ R ‘g’dﬁi ﬁp %lon rIa‘r‘?'p he9% f@gaﬁﬁ q?‘u ?sil f power :
trarksf otimeoug) . briixdge regtifiey t36 + h&henwwmrresitt &@@C\fﬂ-ﬁ being applied to
pri mary; 4 puli 00 S804 PrawrgiR2d e 3 harledhapd B‘i‘mthbcgaﬁﬁh.gg includes a

magnet i ZI ng_.current . conponéent that devel ops a time var gnetic flux in
the povkndingFursant. c’&%’ o & Functdes oF the Ge?fup&@x\/arne& ganger oss -
supply dhtmﬂ:bﬂﬂecfcby mnté%&amiﬁidﬁlm aemm@aanmzotnaheheuabantef | owi ng i.n

Peoa’t Vb Qi SPELGE dof sl BBt TR e, SibLan Y
thwtmrwmmmdmgtsecwn e’tmaoranﬁjrsmlm m@ml@gsabst bedngl1y that of

the 25 magwdtYoyd 1 %M}f SYug 1 téNetaﬂ:ht loAhRIrSt Ct'heqcol'l@cterur at ed
conduction. after tJ portiao elngut votagﬁ Vin ts applied

across SHFERHDI &Y aﬁ%f?ﬁ%"%"&ﬁ ’vﬁ rﬂﬁnr?& $AF&t ed by the
vol t agewareésipams 43 QIRE s’&.@apﬂqﬁ weid i3y duyremt 1202, sﬂappedl upge appl I ed

acr oss t f ont W 0 t. | -t " has
associ afr? ﬁ%’ré‘.‘vé% %2 rragne Jﬁ"zél]r%a%clgnp%gz’tq'et% %ﬁ%e‘é@?ﬁe&t o] cur rent i CQ
f1 M ng in contrdfith fhengiraoit vRHEageWm Deigo @ppddedcd®ponent of the

“currentg fixﬁwgnﬁﬁam@ S fotl Z’Ufa[‘d't'me A lddter fég&f&&nq@' ngocu”entf
ol a1 VLSS SHHF g A AR SR e SRARSP (hatoReratoah i cd
flow ngai tumélevminglbha;neiahsfﬂumrlmcﬂne“ @owamd:nagzsformer core :
120 for J.nduc:.ng the output voltage across’ supply w:.nd:.ng
20 20c. The mag_net:._z_:.ng compon_ent of the current. fl_ow:.ng in
primary winding section 20a is of relatively small
magnitude, substant:.ally less than 1/10th the transformer
locad current magnitude,. for example, and thus the waveshape -
of the collector current icQl is substant:.ally that of the
25 ' supply winding current i20ec.

With tranSLStor Q1 in saturated conductlon after .
tlme to, a portlon of the input voltage V is applled _'
across saturable transformer control w1nd1nq 30a as
lllustrated by the voltage Vetra of FIGURE 2G- between

30 times ty—tq. The voltage: applled across saturable
transformer control. w1ndlng 30a between times t0 t2 has
assoc;ated therew1th a magnetlzlng component to the
collector current icQl flowing - in control w1nd1ng 30a.
The_magnetlzlng current component of the current flowing _

35 in controlrwinding_Boa,ilike-the magnetiZing-current
component. flowing in power transformer:prlmary winding
section 20a, is of relatively small magnitude compared to
the total collector current icQl flowing 1n the saturable
transformer: control w1nd1ng. '



Because saturabl e transfornmer control w nding 30a' is magnetically tightly
coupl edsto saturable transfornmer 5 drive w.nding 30c, the voltag _
-vdrvdevel oped across drive wi-nding 30c substantially equals the @f or red
" val tage of fhe voltage applied across. cqmytol winding 30a, as il trated
n Fl GURES 2G and 2H between tines [err], and the current idrv flowing in
~drive wi.nding 30c substantially 10 - equal s the transforned current of the
currernt i-cQl fil OWI ng i N Becdusd sdahalgleOncaristdineis tooitadl ﬂnﬁld@ldBE3BB

and. the dashed, o] cur.r |drv fI QU
drive winding é c ?%%%Asﬂaésl;}k&fgcr% ¢ h'a) satu u& 0 fggr
Wth the vobt a@élﬁérﬁssdm‘FvéOw nﬁlﬁgv%mqmst&fy@%&ehdmddma dmiiveal

“after tine tO Gin&i@%@"hu@st&w@éﬁlﬁé@im Yhd UMBISESHmeHe vealthgee i s
applied to the to rralntalnthetran3|stor I n

| a [ansisto |
"sat ur at ed condﬂgt f‘ﬁﬁ ?%?\A%?‘ﬂ{’o‘?%v%cﬁﬁsr ST iR 02dr Fe wi ndi ng
-'30c 'to - the baselbﬁstraﬁedsimrf'mum |2G Laa-td S bdtwddie His Ht(—;_r)t alnlaq of

FI GURE 2D bet weg awféné idry £ L 1 Y H3n RS 1s i
,current beaqi I’IS or . exanp , ]f erm na 0] contro OC
t hrough th basﬁu%a ‘é‘h?tt@n%f%%orébrwt ¥t tﬁ%g@r@nt@cm thlQWﬂ-ogward
direction, threngBofiteeE WEnail i FERICtLY B0 Y dhRdINdOEHTRYREE A Bal

“of.drive W|nd| 3 The, base-em tter of tranS|stor and d the pn - - -
junction of dlgg% 83 Ib?cgsje’rﬁ‘ way Mﬁ%&% "‘Iegéd Upl ed
to drive w ndi ijoebng 11‘Saslmmlvelndmf3ﬂmls§) fquwrsctasonsxeas:ua:remtr ent-

transformer, wWibothe SMERSOS j‘q]dl’l ve winding 30c being substantially
-equal - to t he t ransf ormat | on ? e collector current icQ flowingin

control wilRiing 30a, as WHRsthe Rl tRge Rexash 196l ves windiaghaPe bet ween
times t -t2 tom@&rwreutehecdatﬁéd Ri<3diina2B stdyd k@neofe FOBUREGRRE 2Hhe

turns ratio of dﬂ, %/\&P%irggll%g 8{%"'5%# Iq%‘vne?'e t%%% Itlg Sa%% 1831 }té’ctor

prOV|deasuff|C|e |
current icQ tbhﬁabﬂ$%Jqftt¥§nﬁxﬁtnr(gl|to maintain -the transistor in

- saturated conduction. A forward drive current flows from
20 ' drive w1nd1ng 30c to the base of transistor Ql as _
_ illustrated by the base current ibQl of FIGURE 2D betWeen
; B times t0-t2.-_The_circuit path for transistor Ql base
i “current begins, for example, at the dotted terminal of

_ control winding 30c, through the base and.emitter electrodes ,
‘" 28 of transistor QL in the forward direction, through diode |
o : _ D2 and inductor 50 to the undotted term1na1 of drive
N _.' - .winding 30c.-
- The base-emltter Junctlon of trans;stor Ql and
the pPn Junctlon of. dlode D2 oresent a relatively low
30  impedance load coupled .to drive winding 30c. Saturable'
transformer 30 functions as a current transformer, w:.th
the current in drlve w1nd1ng 30c belng substantlally equal
L ‘to the transformation’ of the collector current icQl flowing
o in control winding 30a, as lllustrated by the 51m11ar
35',waveshape between. times to--t2 to the currents icQl of
. FIGURE 2B and ibQl of FIGURE 2D. _The ‘turns ratio of
~drive winding 30c to control winding 30a'is.such as to
previde a sufficientlyilarge_base_current ile relative'to:
the collector current icQl to maintain trénsistor_Qllin



- juncy

-10- saturated conduction after tinme to. The voltage devel oped across
drive ding 30c between times t t is essentially 5 -that of the f or war d
'voltqgggyrops of the base-emtter junction of transistor QL and the pn

of "di ode D2. The nagneti zLRg- conponent of the collector current,
icQ flowing in saturable transformer control wi ndi.ng 30a after tine to
devel ops a magnetizing force field Hin the 10 core 130 of saturable -

transf orsEurd@®ed Ebadﬁ&gmehl aEagrf eige £] el drRe odvTesgdyadPelspaet i zi ntr’
current flow ng_i.n control mg&? gg -30a |ﬁ turn_devel pps a m%§éi c flux in |
core 13GSKREEN I YRS YeBAEPS HECSBa 1ERE BoT b2 BF IR ch that
t he ﬁinﬂbnatefbthehéngwavﬁ vhitaggnéropsfofixths baseﬁ@mgﬁbmmtrol wi ndi ng
30a i s BuARYibRORE! tE'QnEEQEoEabi ghgl Eﬁe'wuﬁuﬂ&%&g%y &@r?& y£d -across .
~the confrol w ndin Furthernpre, .the tine rat ’ the magnetic
flux-in core 130 FRRkPAgnEELgingi AaFRgnent ?ﬁdﬁ%%sc%&%Qﬁﬁpfrﬁ??ﬁﬁ%Ee\M ndi ng
the fordeQd Elawung iﬁlB&gﬁrﬁblettﬂ8ﬁ956ﬁme£!c&ﬁkr&EHWEﬁﬂhﬁgfﬁﬂht -t2, as

illustr RE, curr icQ

essent i g#% | %lg%sgﬁl %%uﬁl\%g?h ﬁgggggiﬁg?%dgs%é% % #‘grﬁ *rﬁr ? |l owi ng to
thelBas 606\9 tlﬁangnfsﬁatu@b&ﬁdtaeesfﬂmesub@t arthel mggnemit zingtfonge t he
gener at ifge1afl p2BMuBRENBYI €hé MaghetwﬁniScuﬁéﬂe apl Qwidgngd ormer core. Wth

a relativel onst gnt vqltage being i ed across cont I wi ndi ng 30a _
after t|ﬁ€t¥8i Vlﬁa gé 9?h5“ﬁﬁgﬂ%$$ OPf & BRIPEHC t¥% flux density
Bin cocer23030fwhabhrahhkstcantfolnein&ﬂngnﬁOaaams &wiwetwinalnq|30 - :

accorda%% LA thge! kB L4E0ERLe Obe ! BEANOL ! ABCAPRI BIL AL Oy e cont T ol
gﬁ % (S corres

tizikng .current and |ng nagnet|2|ng
for&é Hlﬂéﬁ&pseeomsre&t mndanﬁaaeacasaprwmtmlttyo.tmm@me 130 |s |

det er m pgd the E.hﬁutOC'altEQeOfrlhhSpﬁDi.SdO@@f@éé n@h@%é&&t@&l vPIhdﬂﬁ;
hystere§ tgogo asso%é g naﬁnetlza I f{he core
FI GUREST SRS "PFa<t Fafe f‘i&‘%aFFE%d"ﬁy ghge ef themagné 48
in core 130 linking drlvelw1nd1ng 30c_1nduces_across ‘the
- drive winding the forward biasing voltage for transistor Q1
20 between times t -t,, as illustrated in FIGURE 2H. The
remainder of the collector'current'icol essentially is
associated with the reflected load current idrv flow1ng to
the base of transistor Ql and does not substantlally

contribute to the generatlon of any magnetlc flux in the
25 saturable transforner core. '

With a relatlvely constant voltage belng applled
across control w1nd1ng 30a after time to of FIGURE 2G, the
magnetlc flux and the magnetlx flux ‘density B in core 130
of saturable transformer 30 lncreases w1th time in

30 .accordance with the tlne lntegral of the voltage applled
across the control winding. The magnetizing current and
thus the-corresponding'nagnetizing force H required to
obtain a partlcular flux den31ty in the core 130 is
determined by the locatlon of the core operatlng po;nt

35 on the B-H hysteresis loop assoc1ated with the magnetlzable
material of the core. . '

FIGUQES 3A-3F illustrate ldeallzed hystere51s
"loops of a saturable_core transformer formed from a

ferrite material. At”an illustrative instant ti of



Ioops of a saturable core transfornmer formed froma ferrite material. _ At

an illustrative instant [err] of - -11- FIGURE 2G -the magnetizablg ore
130 .of ~saturable transformer 30.is not yet magnetically saturated.

p@lled volaage across control winding 303;has caused the flux dens
" the core to'increase to the value Ba, |locafing the operating point of the
transfornmer .core at p0|nt a on the B-H hysteresis |oop of FIGURE 3A. The ,
magneri-zi ng foraeure egyi tad. fnaghéeﬁfz&bléecbf:émﬁwrdif&sal@uﬁé]ﬂ@t| ng point '
at point ‘a equ gnetizin orce rodu o
magneti zi ng conpaﬁgﬁprgﬁr %g &8IP8€tg?£ ??Eg?l?gif %f é?é ated in
the unsat ur &t ed@pPpddiedn vofl telge BcHoaysconbsot WDU@lngTh®@ has Q&nﬁ&#mwallng

point of 15  tRee rEARSs ‘&%H%&(%r 8VEhS tHB EB?eW?@ﬁ@féésé@cP in the
direction of the_arrow of FIGJRE 3A wth se of _tine ond time
[err] the flux V@S BR-BlPFatsPe 58 8P§6th¥39ea‘§é%t|?nf tFhe t TRER

forward drive mixteage fointr anshsthe BFHt hybteradilseclods o8 FIGURE 3R Ndi ng

P L Pe 7 pR EALAG i BLOUEE e DY elEug LOOF0MEY A frdddolled ' M

t2, the flux b I'n CO ressed ran BT
‘core oper afiPng °|9@irﬁf“-1p§' pedateataPopbtng BIVAlS hBap- Thg sragraetizingfarces

FIGURE 3B. Poimaf il %&oﬁh@eﬁdgiﬂ tBeUmByRELL2EHE LORPoRENE | SERWSRd B dd®r
poi nt’ beyond which t §&e enters into the magnetically saturated region

pof the B-H hysF@FE§P§ F§8%- Thus, the flux. density of the core at point b
i's equal to Bsat., the na?omnmlarlsaiucatednlﬁluuedamsatgréﬁbdctﬁgnon&dﬂe|n '

- the core. Thegl mgﬁey age@e}ggﬁs 88 'reg &9 ObLaifet efﬁﬂ%ém ng"#’%rce

~density Bsat iss th X fur i NCrease
beyond.Fbaﬂ5mnFPQIG65P§fPﬁ@e6p§F§YP § BBlhheth%ﬁ%r?$hﬂs¥QﬁEmﬁu¥YﬁE#EE#RQMH

in the saturat ldQ&eleg.bﬁnoEUH:th hkr@vaMEdEIaﬁRE N9Afwitheghe Ne1&see o 1 ux
denS|ty Becau%gn e&hué %ﬁﬂg' ghehglcorgeﬁgfgy B in core 130 also
:lncreases 1n time, enabllng a forward drlve voltage for
: tran315tor Ql to be lnduced across drive w1nd1ng 30¢,
20 as lllustrated in FIGURE 2H by the voltage Vary ~after tlme
. 'tlf - - . ' . ' .
i : A . At tlme tz, the flux buildup in core 130 has
' ' progressed to where the transforner core operatlng 901nt
'1s located at p01nt b on the B-H hysteres15 loop of -
25 FIGURE 3B. . Point b on the idealized hystereSLS loop of
. FIGURE 3B is the poznt ‘beyond which the core enters into
the magnetlcally saturated region of the B-H hysteres;s
_ loop. Thus, the flux density of the core at point b 'is
~ 'equal to Bsat, the maximum or SaturatiOn'flﬁx”density
30 obtainable in the core. ‘The magnetizing force required
© ' to obtain the saturation flux density Bsat is the force
- Hsat. Any further increase in magnetizihg foroe'beyond
" Hsat will locate the operating point of‘the transformer
e o core farther in the saturatlon region but’ will prov1de
e 86 no further increase in flux density. '

 Because the flux densxty in the core cannot
-change substantially when the transformer is operated in
.the-magnetic saturation region of the B-H hysteresis loop,
the voltages developed across'saturable'transformer

B |n-ﬂ
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Jbstantially when the transfornmer is operated in the magnetic

oUyr egi on of the B-H hysteresis |oop, the voltages devel oped acraoss
8)_t¥ ansf or ner -12:-control winding 30a anddrive w nding 30c
begin gdcrease rapidly and remmi-n2rear zero fromtinme t2 when the core
130 5 ers the saturated region-of operation until around tine t5 mhen

t he core agai n becones unsaturated and reenters the magnetically :
unsaturam@¢rpdgmunduhgtBeaBaHdhdstceewmndLngp30£bbeg£nth@ a@wfeéﬁﬂ becoﬁés

nagnetlggyl &§oa ga&ghgaﬁdaeggfgggotkgg Z%m%ucédﬁ%éggghgcéé, aci tor 35__:

I S mai ntal ne rive mnn ol tage
~vdr v S0of SRtGURERA spEuFatré FSB&PPVBﬁyOEﬁﬁFF196IF%ghldathWQSCnm# i nduct or

50 of Frtgmﬁeal £haf bercefd agﬁthbeeaﬁéﬁl ﬁﬁéaséraedm&g&%@éné%é Or”}f‘ tion
resonan 5 Ult n e nder esonant _current oscilla
as |nd|%§%eda% Yzﬂnﬁngﬁggﬁésﬁﬁﬁg?ncﬁﬁ ERE BOF (REREAReS Y the
SO|Id IlﬁéPeapaC|tor current waveformicap. The vol tage v _ Scross f '
oacitor 35 is i a a I#%@g# m@%ﬂs - decrease. after
r‘ [eri] .in a gbgégéoﬁgﬁtbﬁgﬁng?g or war conol"!l on pat h for
leFG uEFtﬁgsebEEPFﬁnF1W§ onn?bﬁeV%%EQQ%l%%¥¢%%ec%ﬁaQ¥%msl%5or Q
t hr oughishmathateinstt ber driivet whndohgt Bect éﬂnﬁh§t mdth@ea f’@:f\% war d

d t r d_then_th t PpoLungtion 4 25 forward

i r ect | Sinind S4REARRTY, Koo R 08, Plotd B¢ FRlekYRLY capaci tor 35
i s ther 6M3id velbree 4repsy. gaeoﬁeméucmrammmmﬂm hZerasPeEmtter :
el ectroameoi; t,raaﬁaéti%r%saaﬂddiﬁd@cé& g@”ﬁorxﬁ%%%% current for

A T T RECN N R A O ol
'renalnsasnlsdtuaaEGdanEMGUREonFbbfmebe téSOBan€-dBrrast Pt Ty ed by the
substany gl by £RECsERLACEERE ¥QBLAIECY Qhrredl S dPLEBLS PaZS, current  for-
"The voltage Vea ap across capacitor 35 is 1llustrated in |
FIGURE 2E and beglns to. decrease after tlme t2 in a~
20 resonant manner. ' o _
' The forward conduction path for tran51stor Ql base
current is from the base electrode of tran51stor Q1 through
the base-emitter junction of the transistor in the forward -
direction to ground and then through ‘the pn junctlon in the |
25 ' forward direction of diode D2 to the cathode electrode of .
the diode. Capacitor 35 is therefore coupled across the .
series arrangement'of the base-emitter electrodes of
transistor Q1 and diode D2. Thus, forward base current :
for trans;stor Ql is supplled by capacitor 35 after core
30 130 becomes magnetlcally saturated.- As 1llustrated in
FIGURES 2B-2D, transistor Q1- remalns ‘in saturated conduction
between times t2 t3, as indicated by the substantially zero
collector voltage v Ql ' The forward base current’ for
transrstor Ql during this interval is being supplied by
85 the resonant portlon 135 of the capacltor current 1cap
of FIGURE 2F. S . . o
' . Near time t3,-the resonant current oscillation in
capacitor 35 has resulted in a decrease in the voltage vcap
across the capac1tor to below - the threshold voltage level v

change
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transi-stor Q.during this interval is being supplied by 35 the resonant
portione135 of .the capacitor current icap of FIGURE 2F. Near tine t3,-the
-resonant current oscillation in capacitor 35 has resulted in a decrease in

'the volta [err] acr oss the capamtor t el ow the threshol d vol t a vel
9 L |

vio- 1 - -13- FIGURE.2E. Below this t ol d
.'voIt ge | evel, the vol t age applled to the base of QL is insufficie 5

mai ntarn the tserﬁ@&d@; ieﬁg i asad thllwl éaf %@&E{aggeé&ggldeéﬁecu”em

ibQ of FIGURE 2D an ol Tector current crease o
“relatively rapfRttrImtanpkiethastidie (Easr?e@t?nﬂé dgt igspfgdcippt Ferr] beyond
- which tinme 5o hainedih ced Gﬁ&alfsnfsﬂdﬁrﬂorfvﬁa&‘ds viaskde 1Qhutsr aBgLEEOtime.

Bet ween tines te”'lhé(\’% sé réam:sf stor %&%ué tggdfg duct. igﬁggue to
p

‘the forward bas®’ curfent drive B e ng suppl i
_magnet i zi ng _coROTRME 2} 1f FHGURE @B digorease sedativedy naan-dlylg t he

.operating 15 goiH- gar&ﬁéﬂ:&?%l %éd%%é@ﬁ%%t loE £5 @tV k2l OR re?é% a AS
|IIustrated|n}I1:J%rJ‘;Ré_E.’_S 2B anéi 17,‘?;‘ 3{1' |'ustrative 1nstaff
“intermediate oftt T famenth Geddiestod corrent S&PV?ohnth?he

“col | ector rmrrm:'ansrs;iomas Iocat ed- t he operating point of the transforner

~_core at a point-c, gv;éeé'n 'He% @eﬁgagvﬂ at etq,aglgg ggfhélt Egl_g H | oop

due to the appli catlon o a rragne I'ZI N@ The
flux density \eatRraedaanduction e ker thet |fI°IIW&F-'dt hesssaurvanbedrbueu ng

the fall tine pdiddiesuspled oy Qiarpra‘%:'ltto%5 35, C%e ﬁﬁb%@'iz&hgﬁéoﬁtﬁohéngf

FI GURE 2B, the net | current fqr .cor I}fg H cont _
wi ndi ng 30a an%fmt%é élrﬁ%ttﬂﬁ SIS H'@r zi%ll f“ﬁé‘nﬁﬁdﬁéflﬁzr' B ?B?E@tﬂ"‘él d
Hin the d_cﬁre PO it def rasareee <L 30e liat ithel wagagitdlcy saviarbedbnc apgtobhor 85, only
e e e LTy ARed | eI 12 GO 50, W dh"91703cPRURGSD "

contrlbutlng to
~instant té, intermediate of tlnes t2 and t3, the magnetLZLng

current portlon of the collector current icQl has located
the operatlng point of the transformer core at a p01nt c,
20 'farther into the saturated region of the B-H loop due to-
~ the appllcatlon of a magnet121ng force H greater than
'Hsat The flux density value at point: c ls, however,
still at the Bsat value.j' _ ' o
“ During the fall time of the collector current
25 . icQl, between times t3 ty of FIGURE 2B, the magnetizing
current for core 130 that flows 'in control winding 30a

and that contrlbutes to generatlng the magnet121ng force

field H in the core also decreases relatlvely rapidly.
' . Without capac:.tor 35, only the magnetlzlng current flow:.ng
_30 in control w1nd1ng 30a would ‘be contrlbutlng to- the
‘magnetizing force field. At some instant between times t
and t4, the magnet:.z:l.ng current would have decreased in

3

_ magnltude sufflclently to brlng the core out of saturation
_ and into the. nonsaturated reglon of the B-H hystereSLS loop.
85 The decreasrng magnetlzlng ‘current and thus the decrea51ng '
magnet121ng force, after this. instant, would have 1nduced :
-an opposzte polarity- ‘voltage in drive winding 30c which
would have turned on the other'transistor switch Q2. ‘Thus,
there would have been an overlabping_interval during which

e 1N



magnetizing force field. At some instant between times t and t4, the

magnet i zg current woul d have decreased in magnitude sufficiently to oring
- the‘cor@ of saturation and into .the nonsaturated region of ;the B-H
- hyst ef es | oop. 35 The decreasi nglérmgneti zi ng current. and thus tHhe

decreasi ng magnetizing force, after thisinstant, would have induced an
opposite polarity voltage in drive w nding 30c mhlch woul'd have turned gg
t he ot hePOoth abtsarsbstans twoulP. haverrhgen tdmrdnatomal dedvedieen an

over | appeagrant Vﬁhléi%eréhgl ﬁ%“ n ) éhsllt 'S iy HihiMAYled Bgve been

conduct| ng_coll ectoro curre appi ng 1 nterval_  can be minim zed

by 5 5a FOTRre ahRREd of3L h‘l"\’e"‘%fm‘t Iﬂqeccﬂq]érﬂ‘iﬁo’%lﬂqré'ﬁtntop £ fbe r ansi st or
swi t ch tMnsﬁsb@rr@niwmem&fls)rb@hgsaimiedl@ﬁf @:&rsyn%hsre!celm ichis

e r cteristiG.. .However woul d be -
?glrat ;53:;? gdi:?frq%%lfe{ﬁ “gffl e {é&{% et ﬁ‘gs&?ﬁ&ﬁdﬁ é‘ﬁ°Pnt erval . 10
A feat ur@idFagrrrisivie i diPwevene it ivaulad iben osflatiyedymditficuds forward

col | ect Ofo CAlL irRiatdNEs td i 1 sf@seom{caw ghee Ghiand Q. By coupling
f sat yr abl.e transfaorner 30, an

capacitor 35 to drjv ndi n _
addi}® onal source %fte V)%Hé? ‘% & FVERt R ish&heoed imdpation 9fnow made |
avai | abl ehéysimel tapsois ofomndamnee:tdm@:mmtarcmu@tlbheorfagnet i zi ng

force fi interval ,.[err], the
i nt er val é%“m %«i&?n%‘xﬁfﬁcxf%’é qlgt%{r%g ﬁt er R“F’Hﬁﬁ‘g]? SEESF CGrrent in
transi st¥® 4xivehvimding 30c of saturable mmsaoemttem 30I,GIRE 2F, -after time

[err] theadiitisnal nebirees BE Q{égnej.{i\blrfd”'%tﬂ%%‘?ﬁ:d For@nwavekal 3ol S S
basi cal I%%a resoncf\nt cur#agﬂte 50 q_lbt ai-ned [fromthe resonant current portion.

135 TR ARt HOFe toni@kPaPVEEr £RE the current
idrv i s genexaisiony afdhes n&@netagmmgve:oncedlfamang.nt lehie tbheecurrent fl ows

i nto theguriald afhd &4yl ué}ft tébe t‘He‘ \ibst gﬁ%lngl 3Qc. p}%ag_i%egr}g%%c?(rjtra 130 |.s. |

in magnetic saturation ) al 13y 4’| e“ecurren
f.1 owi ng F3itty t’?%“tﬂatﬁ*@j aérlmiﬂé}e MQn@pﬂ-iengoarucument
in. tranSLStor switch Ql._,__ : o ) :
20 : . As lllustrated :|.n FIGURE* 2F, after time tz, the

drlve w1nd1ng current 1drv, the dashed-llne waveform, is
ba51cally a resonant current 150 obtained from the resonant
current portion 135 of the capacitor current icap. During
~ the 1nterval t3 t4, the current idrv is increasing and is
25 negatlve, indicating that the current flows into the dotted
' term1nal of the drlve winding 30c.“ _
Because the core 130 is in magnetic saturatlon
at time t3, substantlally all the current idrv. flowing.
into the dotted termlnal comprlses a magnetizing current
30 that maintains the core 1n the magnetlcally saturated
region of the B~-H hysteres1s loop. The values of
. capacitor 35 and of lnductor 50 are selected to prov1de
a sufficient resonant, magnetlzlng drlve winding current
150 to malntaln core 130 in nagnetlc saturatlon desplte
35 the 1oss of magnetizing current flow1ng in control winding
30a.. The operatlng 901nt of the transformer core between
tlmes t3 t4, lnstead of reverSLng its direction of travel
and returning to the unsaturated reglon of the B-H loop,

continues outward,;nto the ‘saturated region.. At time t,



30 that maintains the core in t‘he nmeagnetically saturat ed regi on~Qf the B-H
hysteresis l.oop., The val ues of: capacitor 35 and of inductor azg%%ﬁ.:.t _

Sel ected t:o provide a sufficient resonant,. magnetizing drive

~current 150, to maintain core 130 in 'magne;jfg saturation despite 35. -the |
ro

- lossof _mag}let izing current flowing in con

. current idrv.

1 oop, continues oqutward_i
‘oper ating poi nP."F'EE\(,:\ﬁe

| winding 30a. The operating
point - of the transformer core between tines t3-t4, instead of reversing its
di rection of 'tﬁﬁéebpéﬁstiﬁ?%&mg Féadhes UNSAindailfith l8@3ioh ke B-H
n o.the-saturat%gwéﬁ;lonh %ﬁ tlggit - the- -~
| of | FIGHRR FRif B r@uri St & 57 &BRE 3D at an
H value equgl torteampohdiattsd tivermasimumlsexcazdiomead mimeexqubs dheat time
[err] of the r - L ZL 40N of the (drive w nding:
g%ﬁéﬁgﬁir:?;g%?ﬁ%%%/ addi %’lfoéne'ia\lt‘l r}"tul'sc?{1 lrjso%\?io?e tttt)lasgq'é'tkf}ér ent to -

transistor QL WiRdApgteaerrent idEe. t The qurusnt v addidionaldly swskl GURE

2D. 10 provBeéVBgse t biBSent 0¥d | trdditi S10HOMANtAEHEL MO TR at i on of

the capacitor gurrept jcap.cantinues, wth the volt I 0SS capacitor 35
bei ng rever sedgf"ﬁepraht faﬁbeil?lﬁ%a%?’ﬁ@erﬁ %ﬂ%%ﬁ%%‘g&%r ﬁg’r‘ to time t

‘however, the voltage is Batwéén ctimes ti, fioy webhe iesonant thirrenler

transistor swi BEBilgééﬂéﬁ%Prtl@-c 1tdH Sy Al Q)éé_ﬂ@ﬁfﬁ%@s@”d 2D, a .
dead-ti me or nonconduction |nterv§T- err] exists,_ during |€h no forward
base current i¥eFRoFhe HWPLERGRAFFPIH CARAUTIGAR oF5 Mainchaevenssd dine t5,

t th vol t?ge ?/ polhﬁﬁtj{nsﬁ@aSﬁdré?sﬁ@@t-ﬁO mﬂﬁu&éte alm\ifbtrt hh-.e: 'tti._hre;esqul_d N
vol t age | evel . ug.ni ng; e, ot her. transi r C N : _
sat ur gt ed c'ond{l}‘g{'|&16(F‘=1r<‘5lsj‘;]i1 |€%€€%¥€dl %y" If%%féﬂaﬁfé%% %ﬁo (S)ﬁg Iﬁaﬁ‘jgééafa%fﬁ_ The .

‘val ues of t:ipaether tsansisteoruewbicls) transiatemN2.0 Peoildasgrated

.voltage and current sp as to en

2 WE s e s smt um smm

sufficiently Lowsk@ERESNEB O%&d ! 35} |9 NaddLAUERE Y 2 Dorlodditaapaci tor

_ engabl e the capacitor to supply drive winding
30c with a maghBEREVAY E4Ttent*ifes Mning which a0 fomrsdfies current
saturation_ ibQl or ibQ2 flows in the transistor switches. -

| N " Near time tgs the_vOitage Vcaﬁ has_increased'in '
© 20 magnitude above the'threshold voltage ;eve; Ve turning
- on the other transistor switch Q2 into saturated conduction
" as illustrated by the-wavéfdrms of FIGURES 2B-2D. The
values of capacitor 35 and inductor 50 are such as to _
~ provide a sﬁffiéiéntly low resonant oscillation'frequenéy
25 of the capacitor voltage énd current so as to enable the
capacitor to supply_drivé winding 30c with a magnetizing
current that maintains core 130 in magnetic saturation
beyond the cessation of forward collector current in
transistor Ql before forward collector current begins
30 to flow in transistor Q2. ‘A subStahtial_dead time t,-t

_ _ - _ 4 S5
extists to prevent simultaneous-conduction of the two =
~transistor switches. o o ) _
e S _ -In:the_absehce of base curreht flowing in either o

transistgr switch.after'time t4;-the resonant current .
85 portion 150 of the drive winding current idrv substantially
éqﬁalS'the resonant current portion 135 qf'thé'capacitor
' current icap. ‘After time-t4 the resonant drive winding
current is decreasing in magnitude, though still flowing
into the dotted terminal of drive winding 30c. Since the

bt



beyongahpe cessation. of forward collector current in-transistor QL before
for ol | ector current begins 30. to flowin transistor Q. A J
substs al -dead tine [err] existS to prevent sinmultaneous-conduction of

. the t\@ ¥ransistor switches. In thdsabsence of base current flowing in

elther transistor switch after time t4, the resonant current 35 portion £
150 of the drive wi'nding current idrv substantially equals the resonanq;;-"
current r&sdnant:ﬁrivﬁ Wﬂnﬂungynnnmantcwpm@musesaphe mageetizimgt the
resonant | [1=YpNs degr | gh still .~
ot WA Loy N i fas! SRl Q‘%tlﬂg”gﬂ@ kifltrat DOHON .

flowng Into t tted termnal nce t -16-
resoﬁmﬂpﬁﬂ4ﬁﬂiﬂﬂrﬂﬂQRfQ%ﬁméhﬂkﬁﬁﬁbrP§é§h€h§°ﬁﬁgnébPzﬂﬁ@rééF%éﬁt for the .

fcoret %3Qiﬁi\ﬁé W EneRe i gﬁt%a:t lﬂmiel 5.5 ﬁbeglng} Pgentagaﬁtzhdj]g force
or ECO.I‘ ecreasl I‘IveWI N urren arter Lne |[err S
rovi g L S R, SRATRECHa Or e, FEPHY AL BERAmERGRKFRESHRR! mim
excur si @i i ih ithe matwanedt ewgdon oﬁ the Bn¥ Bysiteyesésesis | oop of
FI CURE 3o Jacde teordifie) 3e bk tt%g'ﬁlhx'tgfapotﬂ% 8k mmhp pBeREaber ated

regi on of .tthe hysteresis | oop I aversed 1 n the
oppddi t Ehe mansaimraked 4’?‘?«9%"3‘ °tfhé?hien§ﬁ?§ﬁ@r\ﬁﬁéﬁ @PQHSY"EFBrtEW tch @ is
turned droopeis tﬁang)lﬁm&m&ss: thieaoppesite H&S‘ebﬂibﬁased above . the .

t hreshol d vol tageldge t;ime[ rét’ tthléelg,1 ta Q_e;”ﬁ%hnqrgg %gg% tﬁﬁt %abl e

transforner core . urtied beyond - |
poi nt b dsttnaned reansdien shed icddiage @hrpﬁé laaanysparé§|ba500p Regar dl ess

of the weémtw@fu@m&ww%a%@b 1a%et.1.he QOEHeat tinme [err]
when col |l ector, current begins to 20 | ow i n transistor- the core

operdt i PTG AV Gl R Pegﬁomf hgfie B-H
hyst eresretdmmﬂ tto peiay peirftob etarven, sifiight@yREs3bndt pbine berr]for

exam! &4, R AR A At ced gl U @e0b-IP¥5URAkeRt o' 80527 ¢ 130

operatlng p0|n -bet'ween"poi n
Regardless of the exact. locatlon of the operating point’

of the core at tlme ts(_whenrcollector current_beglns to
20 flow in transistor Q2, the core operating point guickly
_moves into the nonsaturated regionlof the B-H hystereeis'
loop to point e, for example, of FIGURE 3F at time t6, for
example, of FIGURES 2E-ZH. - The dlrectlontmfnmvement of
the core 130 operatlng point between point b and p01nt e

25 between times t5-t6 is such as +to lnduce an opposxte
polarity voltage across drive w1nd1ng 30c._ _

After time tg with core 130 again in the
nonsaturated reglon of operation, the induCed voltage
across drive winding 30c stops the resonant current -'

30 oscillation in capac1tor 35. Drive winding 30c beglns to
supply the forward base cnrrent for transistor switch Q2,
taking over the current supplying funotion'from-capaCitor
35. The magnetizing current for the core 130 now is
being supplied by the_oollectdr current icQ2 flowing in

35 control winding 30b in a manner similar to that previously
described with respeot.to collector current flowing in-
control winding 30a during the aforementioned half cycle
of'inverter operation. The_sequencejof events occurring
during the half cycle of inverter operation_of-transistor



acr,oss drive wi.nding 30c. After- time t with core 130 again.in .
Jnonsat urated regi on of operation, the induced voltage across drive w ndi ng.
“30¢ st ops the resonant current 30. osciflation’in capacitor 35. Drive.
~wi ndi ng 30c" begins to supply the forward base current for.transistor switch
- @, taking over the current supplying_ function fromcapacitor 35 .The o
nnagnétL2|ng cuPVakehi 82 LHeSHRS aﬂE&ﬁt&Mv?@@tﬁ#Wﬁ;%ﬁﬁﬂﬁQQQiQiFQQk§?%ﬂIector.
current i cQ2 fyeehn@nivexr88r 6p8ts0lon ofli amdis tdr aswirmulerQisi milar to that
previously described with respect to collector current flowi.ng in control
wi ndi'ng 30a5 during the aFRf eHeiMWcedKRITtanrE O AniNgeiBALIBEeRAFI on.

" The sequence otwteé/:erttér@cmu rlstgsatﬁﬁambd)he.étaﬂchcn@herqf tleavet:t fAbre

. operation of t anS|s 17- sw t.c |s su ta t| ame |
‘sequence assocrat® $F 4 iR ﬁh tﬁﬁ%ﬁ Fyg ; 5
" The air-core |¢milu:¢mmrofwmh vlﬁleMQ&Pmmme( \Mfemamlcetlbzo 3ps $ &t msat'bd)
i's much | ower, j { S0 Q4nd@" S LidBcdeo, tﬂ%é:’”'%‘-ﬂa@%hta%nb% QEnHEIHQCTa@E: 50.

I'n conjunction W|th t he capacitance of capaC| tor. 35, 1t i's the inddctance

of i nduct oto 505h3ttRFeTRiAeS Hore dte%wtn@smélﬁl%&ea@ﬁ&% Rés thRe

25 between tines t5-t6 is such-as to induce an opp05|te poI ar@oltage

r esonant OSCI|¢dﬂti§éfddﬁhﬂﬁ“@&pﬁciﬂﬁr\Bﬂ t&@;m&gne&ﬁadhgocuﬁieamd the -
tizi E R e C rrent
e o BEEE o rdd e el 210 T negl BaRFR CATRHICHRE LR ECHEL P

“magneti zing cuttxreentt4 mtmmwmmmm@n}m congroided torénggyei ghat

magneti c sat Urgd i fdhrd e ¥ 2Ry | B n NG HRXC &l \‘ﬁ.n’i?ﬂ?x' h%@%s%@&?c ikbor
current need he generate Furthernore, the resonant uency | so be

careful Iy Hont PES ibidaanahich sRTaRIoN +$ 811 il 8§°’V§- E‘r& ded,
with a wde ratrgemdeméﬁmgnme)eamcﬁﬂimtwﬁxenzﬂ nely- peogenecr:laaede of

nductor 20 an, cARAGRLAL e DU ARIRRP S 1126°BL SR AT vl

of forward col
' controlled to provide as much overlap-time t4-t5 as is-

needed, with a wide range of overlap-tines belng selectaole
20 by proper choice of- 1nductor 50 and capacrtor 35.
" - During the overlapplng '
nonconductlon interval of forward collector current of both -
.tranSLStor sw1tches, such as the 1nterval t3-t4 of
FIGURES 2A-2D, current still flows in the power transformer
25 output winding 20c¢c’ of power transformer 20 to output
terminal 39 of bridge rectifier 36. This current flows
in output w1nd1ng 20c¢ between times t3-t4 in a direction_
opposite that of the current flow ' prior to time t3
‘illustrated in FIGURE 2A. A negative current i20c £lows
30 in power transforﬁer output winding 20c between times
't3 t4 because the falling output current i20c causes thebf'
operatlng p01nts of the core of power transformer 20 to

, as

_follow a B-H loop path that induces a negative voltage in

€

._the power transformer windings lmmedlately after tlme t3
35 L A voltage lS therefore induced across power _
' transformer prlnary w1nd1ng sectlon 20a by ‘the negatlvel

current 1200 that is. p051t1ve at the dotted terminal
relatlve to the undotted termlnal, thereby forclng the
collector electrode of tranSLStor Ql sufficiently. below

40 ground potent1a1 to forward bias the base-collector pn



transi stor smdtches such as the interval t3-t4 of FI GURES 2A-2D, current
still fiows in the power transfornmer 25 output w nding 20c of power. *° .

¢

tor ahsf # r 20 to output termnal 39 of bridge rectifier 36. .This current
flo )ut put :wi ndi ng 20c ‘betweengtines t -t in a direction 3 4 opposite -
t hat of e current flow prior to tine t3, as illustrated in FIGURE 2A. A

negatlve'current i20c flows 30 in power transformer output w nding 209;;
between]unutiqnenﬂ thcc&uaasubcotalIAngmcmipuevenseecolleﬁronauses the

oper at RS e 4196068k RAYPTGHRENSEO! FRLw0Lh0L Lok QULG: B H | 00D

pat h t hat uces ‘negative voltage in power transforner.-w ndings.
|nneélaﬂHJFQ%Wﬁ9n1ﬁHm€stt§5t4' the currangopeiebegianthes of @Fi nduced

across r@saawnrp:ue{1 ARy @h@ranaaenafydwoadld Dg aecgreﬁnaoatbycl:ﬁ@e tiegat i \ée
current t.hat Qs tive.at 0 a o._t he
undottecih[ g mJﬁ‘aIthet §|’%eﬁéggﬁé %%Fggéﬁogh%a%ﬁg ﬁéi%?c{:?ﬁnsi'st or d
suf fi ci entriotilosl of ¢@angn6mn¢ R3tewhigh is howwlordwardsbiagedase col | ector
pn - ke d W%%Er@&h‘iﬁd&h@nghit 2hd ?élﬁH%'wiﬁ&Eﬁ es%e otisgtogacurrent, -

not illustrated lows I n transij fween- ti nes

t 3- 119, (HEFUFT PAEESITh 23 §RRKI 79, 9F8Pn§xanﬁpés ZeVeFREe afoLteStORi ode DI at

- ground, ddifdwgiidrheea@leod@hlen the volwagd dcressi oapaéﬁtortghswsss
e o Bled 6, kGl 0BLOR LN C bl 5y D0 (LAY 1 20eC

t hr ough oA windi n SeCtIon through
batteryﬁ@?ﬂ&é@kbﬂésgﬁoﬁﬁén51$ﬁp§ Q@vé#selmeltgctor conduct i on ceases when

the vol tage across pgARRGNGOG %étlaeabuaceeaﬁgdorﬁeﬂaaﬂwdgoabove the

threshold | evel V and forwar §s8§ |stor C% g%?ééne t4. By using a .
Av

sat BabBVETRRS SRS 1§EOFS r°FF5ﬁ§ fkand @, with
current tioeddizndaturabile &aamsibrmerr&wsmothercblbecthescofleneors of the

transi Stolg QYA ’;B‘i-avlﬁlgﬂé‘&ﬁ@ BQ:.%‘&R%BQ aEEESnE”EQéEQrQRﬁ&&' on of -

i nverter tran5|stor
operation of inverter tran51stors Q1 and Qz is provided.

Increa51ng the load current 11 ag °f increasing the DC

20 voltage V results in earller saturatlon of the core of
saturable transformer 30 and thus an increase in the
switching frequency of the inﬁerter. .Oﬁeration_of the
inverter during the start-up interval is thus insured.
Because relatively'large currents=flow:out of bridgé

25 .rectifier_output termina; 39 to charge'the'initialiya
uncharged filter capacitor 41, inverter operation at an-
lncreased frequency will occur rather than the ‘overload
or short-clrcultlng of the windings of power transformer 20
as may occur in other inverter conflguratlons. . _

30 : - To insure that one of the trans;stor sw1tches
turns on upon initiation of the start-up interval, base |
current to one of the tran51stor sw1tches, tran51stor t'e
switch Ql in FIGURE 1, for example, is initially provided

~ from 1nput termlnal 22 through an RC circuit comprlslng
8 a capac1tor 28 and a reSLStor 29. Once trans1stor Ql
' becomes conductive, normal 1nverter operatlon and sw1tch1ng
commences. Capacltor 28 eventually becomes fully charged.-
Disruption of 1nverter steady-state operatlon by current
flow1ng from reSLStor 29 to the base of tran51stor Q1 lS



Wncreasing the |l oad current i or increasing the DC | oad 20 voltage
[err] results i.n earlier saturation of the core of in saturable tra
230 and thus an increase in the switching frequency of the inverte
‘Opération of the" inverter during the stariSup interval is thus insif=
Because rel atively large currents flow out of bridge 25 rectifier output
“ternminal 39 to charge the initially uncharged filter capacitor .41,

i nveMt-er oper agvorided. anAi nelebivdlyr tgugacyabie uesmstoatb&rlbhebupmed o
overload or ShQEtrOQ‘erHbEbQGon2§h€ov\ﬁﬂg%~ﬂg§gef tRE"BLLEIRSLORTRE,20 as may.

occur in other .inverter configurations hat one
of the traﬁ%|sPGanﬁF%EﬁE§°Pu?ﬁsPBWeEp6HPPHYtiﬁtFBn°§ﬂth§°s§aﬁblﬁpa

i nterval , bases&b&é@ﬁéntOrQQEaﬁtlhbeofraﬂél§h9ér§étt0hes transi'stor switch
QA in FIGURE 1, for exang °§ Qltla||§ 8V%ded fron1|neut termi-nal - 22 :
through an -RC circuit ¢ nﬁ? ?ng 3% §° Bgﬁ BFWegN AAPYE  ESFRIPAL 282 -
Once transi st orndl gbevndeterninatt 2¥e, withnthei czthbde opedabdenzand
(Switehing comeBGptea E3PRALLET LEFmENSD! Y3l YTESCQUR&E{}L' £ nagg

Di stuption of inverter stead ¥ tate operafion curren
resi stor 2P t olfhEOHRERLRFL: FhRsinverter tgan51859r5aa@aueat damageatrvely

| arge val ued real &hsé Battsryomvlgs eéﬁﬁééteapaefégé £8rkndi§CHRr gRgt he
capaci t or afte g ner? | n_order to enable a

i zatio o] |y
subsequent res ¥ ﬂ%glﬂvg?fth A\ﬁlgﬂgg 4“?5 tbhpeesabebween i nput
termnal 22 andngsgnnelstmuhrrahematurja ‘then chldwsedaé 8b0tRe24igRUP! ed tO -

DUt ter i nal o2rendE\SYG1 G0 ol OBKe Ahedfly LanhScPLBAECTpLhe Tver ter

transi stors agai nst dama n case connec acr®ss terminal s
21 and 22 35 t RBPAFLHRY a+$t§°u9¥§¢u%@rOﬁ%tlmpﬁﬁst$Emedal|aZSendeSrqnnﬂ

the battery thandbfewstities t€othEltéBlostr iophe fYorts@dKEsE18Y tRe Wrong
connecti on. Arcslstor 26 is also coupled between input terminal 22 and
ground for the purposes of dlscharglng capacitor 25 upon '
'dccnerglzatlon of the centire circuit. A capacitor 27 is
20 coupled between term1nal 22 and ground 'in order to
_'prov1de RFI’ bypass.' '

. Under no-load operatlon, when load current
.1oad ls zero, lnverter power supply 10 stops operatlng
and tran51stor sw1tches Ql and Q2 cease. sw1tch1ng action.
25 To prevent a small magnetlzlng current from flow1ng in
l_control w1nd1ngs 30a and 30b and thereby excltlng drlve
winding 30c into high frequency parasxtlc osclllatlon and
-to prevent high frequency unsaturated conduction of
. 'tranSLStors Ql and Q2, a reszstor 32 and a resistor 33 are
30 series coupled across drlve w1nd1ng 30c, with the junctlon‘
of the two resistors belng coupled to ground Resistors
_ 32 and 33 danp out para51t1c osc111atlons of drive w1nd1ng
c - . 30c under no-load power supply operatlng condltlons. |
| _ ' An exemplary constructlon of power transformer 20
‘ - f'35 is'a double E-core formlno twa w1ndows, center 1eg
cross—sectlon is 3/8 1nch by 3/8 inch (9.5 rm x 9.5 m) , -
each outer leg cross- sectlon 3/16 inch by 3/8 inch (4.u nm X
.9.5 mm), each window of 3/4 inch (19 mm) length and a
bulldup of 5/16 ;nch (7.9 im). The material of core 120
40 5 a ferrite similar to RCA 540 ferrite (RCA being a RTM).



15 <capacitor 25 is coupled across input termnal 22 and ground and
functyegs to filter out input voltage ripple.m.. A-resistor 26 is also- ,
¢aihetween input ternminal 22 and ground for the purposes of

-a"”? ng capacitor 25 upon-2@energi zation of ‘the entire circuit. A
capaci or 27 i-s 20 coupl ed between terminal 22 and ground |n order to

pr ovi dmaaﬁraewaaa bynﬂea r%af&p&@raiﬁﬁan%dé o8, LU 1L £ 4!o0ad s~

zero rter, po Su st ops. operatin transis svm tches""Ql
and gséssﬁﬁ?mﬁiﬁﬁa%t formew. ¢R%S dhater ivalin rﬁgi'né"thzl ng current
rgn fCQmpqgatnonoGTCGBS m@ﬂoﬂgﬁeﬁe&mﬁ& etk arplysLxciting drive
wi ndi ng f u y. ra ¢.osckllation_and to prevent high
frequenr%ﬁﬁgg%g?g%lg‘gs c%ﬁ%u%?&ozn(;%f Aréaﬂnstresrf Cl'I’ &"(522 a resistor 32
and a FRRAUEEPT Jixee %fl%%mve%u%m@camamachehyemmm 30c, with the -
j unct i oat otot Berh 9. cErst&F Ok Sp e e SO edg %wctﬁey $L0r's 32 and 33
danmp Ofléngg&agfté& 0SCi- I%%t 'P@éf drive wn ¢ under "io-1 oad power
suppl y, operating Lo ¢ x%prrpl}?e?r Wnstﬂq}d’tqr@ﬁh@mepomer transf or mer
q£35 insubatedb| so Hemalld orenppert wegretd eite .C e TR UE GuppdyS- Section is.
3/

) t | t 3/16
| Neboding/ fod fofnd Sdeddn o 53 0., 40 4 5y O RS Osé?lgefm; Orengt h

I nch b 3/ mﬁ%?%

and a I ’1'#&?'( FAPRAFH Magnpite wideer | @Irlmrﬁrore 120 40 is-.a .

ferri tvelrs:lmgsarzaao, RO aE(de‘Lﬁ:rgrdﬁ Qu(rﬁ@?ng@o'& RnREMkrical ? manuf act-ured
| A

b th back
! ans o L o T o case 4 Do pdirasech eietanscaber

transforner core
?I seviZihm -cheé@qu c&md@@@l Ilranumyoﬂ 2¢i3ndachOd 1809 2R, each ten turns

Li WAL 0! Wiridngidod Slout RN PR $hL3! Gl ought out. to form
a center. tap canngcti o Each conductor Wre- 0 strands of #36 K
(0. 12AF ALY %%&?ﬁe s dn&k 8¢pasaitedr Ayl enecdpyer nagnet wire.
Qut putO%melynoﬂethW Zﬂ-@,sslélﬁpbur Buchf aéZQM- @Qg4@4§erm} - pol yur et hane
manufactured by Mlnnesota Mlnlng & Manufacturlng Company, =
St. Paul, Mlnnesota._ '

20 ' ' '
An exemplary constructlon of saturable transforner

30 is a toroidal core havrng an outsrde dlameter of 0 375
inch (9.53 mm), an inside dlameter of T. 187 1nch (4 75 mm)
and a thickness of 0.055 inch (1.4 mm) . The material

25 of core 130 is a ferrite of grade SLmllar to that of’
Ferroxcube 3E2A, manufactured by Ferroxcube Corporatlon, o
Saugerties, New'York Control w1nd1ngs 30a and 30b
each one turn of #22 (0. 6438 mm), PVC insulated, copper
hookup wire. Drive winding 30c, twelve. turns of #26

30 (0.4049 mm), polyurethane 1nsulated, soloerable, copper.
magnet wire. S '



ﬁlnsulated sol derabl e, copper nagnet wire. Primary windings 20a, 20b and
outputamﬁndtng 20c concentrically wound around. center leg of-core 1 wth
each w nding 20a, 20b, 20c having a travel length - of 2/ 3 inch ( 4&;9} -
' Oa

-'mnth out pu wi ndi ng 20c wound over the higfji-l ar

and-. 20b ahd separated by one |ayer. of thernose as. 3M
#29 tape manufactured by M nnesota Mning & I\/an .m Hﬁm l jﬁwy 20  .St.

- Paul—=M nnesotgAIﬁg.exenplary construction of s mer . 30 Is a
toroi dal core having- an-outside diareter of 0.37-5 |nch (9.53 MM, '

i nsi de di ameter of 0.187 inch (4.75 mm) and a thickness of 0. 055--|nch (1.4

my .. The smaterial 25 lof bopusnsaulb anvertezep@wegragepanw¢emp¥681hai

- of Ferroxcube 3E2A, . ”Hnaf efeérQMsESﬁefCHbelsera ﬁafsruﬁaase&ue&n dlew
" York. = Control }uﬂbﬁ a,and each _ope turn 6438 nm., PVC

“.insulated, copB€ up. RFF@arYDV?leﬁﬂnﬁP anEppﬁﬁéVb% B9hs of #26 30 .
(0. 4049 nn) poIyurethaﬁersnsahdtsdcoadldraabietorospetchegneoupleé to

©-21- CLALMS: ga4 windfnQUsh- nghs*ﬂgsgiearw%émgwgpl Y,

conprLsLng a pome?r%?%rgforner avi n s_including a
~primary wiéding and a sﬁpﬁP?uﬁﬁhHFnﬁraPFFQFmaﬁdhéﬁbﬁﬁdat?GEEF%ldVl%q}B%hes

- coupl ed t.o saafdphavRhy W agdive wnndlﬁysboﬁylédatoaﬂgmﬁi'ol 18lectrode a
sat urabl e .transf orner havi Eg alé tro ‘a_drive %ﬁndl
of®

Goupled to o BEePER BREc R R S S
transi stor’ smtahternatelyeapalgl forward dvivertodeach switekh saidch,

sai d saturabl §a£ﬁf‘9§i@r€’fén§98$:ﬁ19£ &bﬁéi@ﬂ Gﬁhéﬂnéuﬂéihﬁ sibblid@ whth

- control current that reaches. a magntt hat nmagneti ca saturates the
“core of si®d 2aFAREEPR ?FEH%PErFE?ttBeﬁﬁhﬁﬁeas%?ﬂn+5993r akipagrebicaily
transi st or- swsatbrieesdenel e:pregoﬁnsai.aesaaﬁraﬁleotnansﬁoméputovsémajge '

across said forward drive from each transistor switch for
developing an alternatlng polarlty output voltage across
"sald power transformer supply winding; and
20 . a capacitance coupled to said saturable
transformer drive w1nd1ng in such a manner that the voltage
across said capacitance, upon the attarnment of said
control current magnitude, cormences a resonant oscillation
of a frequency sufficiently low so as to enable said
- 25 capacitance.to supply-said drive winding with a magnetizing
current that maintains saturation of said core beyond the
cessation of forward collector current in the transistor
switch subject to the forward drive_removal. '

30 . . - 2. A power supply . accordlng to Clalm 1 wherein
said control w1nd1ng is coupled in the serres path of the _
collector currents of said first and second transistor
- switches. ' - '

S 35 3. A power supply according to CIalms 1 or 2

- ' _lncludlng an inductance series coupled ‘with sald capacltance -
across said drive winding and forming a resonant circuit '
with said caoacrtance which exh1b1ts resonance at sald
- frequency upon magnetrc saturation of said core.



said power transforner supply w nding; and 20 acapaci t ance

coud to said saturable transformer drive manner t hat *
the aht age across sai d capacitance, upon thmll m ! aid.control
¢ { efD) magni t ude, conmmences a r"'e?s?O'nant osci | Fat £ on. ofw a'sf requency :

sunN$crently | ow so as to enable said 25 capacitance to supply said driyve

winding with a pagnetizing curr nt t hat mai nt ai sat ation of said cqre
beyond t he cessgal o& ?"Fgrﬁ/&P& ("foFI‘:&?tr(Sit"“(,gurtroegf‘L LEL

subj edtettenirt he forward driveaidnpewkr :&@'anbrormc_r prz.r.uuA/ power supply

AP ORE ALY L ShiavBELakipTa r8aate 1S R [ the series

- path of the” collector :currents of. sal |rst a secon trahsi st or
swi t Gfh cojiprises two ‘SlndAnﬁoﬁéFtéeﬁﬁlvye&Gé’oRﬁ e di"G ainms 1 or 2
i ncl ubangs iastondsiel eeses Sewheh eonguedingt,h appild isapacivance across said

d h. said which -
o N %%‘%*&%'%4 SR [P L8 R0RRhoBHERY bella He el S Sl Core.

-22- BQWGI;A s Lermer ypotwaryi wgndonm segtionhandi @ respective  said

ROWe I af i 14 n@faﬁgfmr%&egbmgwgﬂgﬁ@ gegat{%abl e transforner control
wi ndi ng each conprises two w nding sections, each of the two Lransistor

swi t ches, when conducting, applyiny-a L) C voI tage across‘the series

arrangenent of S r &% moier es wopby acwzamgeaopcwmy4vmzaéu.na1§e;;ctI on and a

Cppia=sts ahh S Ufoddd NePILE c6RDLEd' sHBE BNE RrsBes ceries

coupFé&cz&'E PESs HeFainals é?%cﬁ’e#b@ef%am and ssecondatdansistoand second

tsansiwitehes; ond icfhathe iodd ike @%d@@l&é%?&ﬂ seb CBB des of one

OTOTBBEMT RSP Bt o VHE LA €155 el Sroler dode”
other diode. | : -

e transistor swtch

=)



*-23 6. A push-pull inverter power suppl y wi th saturable transforner
-control circuitry, comprising:-5 power ‘transfornmer havj .
- plural ity of w ndings incl ud| ng a pri mar¥ Wi nd ﬂ!w HLLHIME"MI\M g ig)
*first-and -decond transistor sw.tches coup?ed t di AgOKD/a
push- pul | arrangenent; a saturabl e transformer having a control W ndi ng 10
~and having a drive w nding o qga; t

sai (i_fl rst and second tré;ns%‘s sekg\/é%:ﬁe o£€1+lf rv%gtgﬁpef% gﬁ\%ﬁg
drive to each twinsfierresy d:om:mlam:erqwmormp%mnﬂ W nd| ng being L
supplied wi-t h a control augg@y_t gmsf@g{@flw@&iygsgtﬂﬁﬁlﬁyeogore 15 of

~said saturable tra,nsformer t em)ve J‘orvvard drive frqc/)m each anS|3tor
switch for deVefGes pelinc AR A o tHRP B rBERAERF
‘power *t ransf or mer suppl w‘jmsmllaﬂgi saafcorrttim:nta-tmrstmmdsvmches coupled to

capaci tance C%‘é&'degart:.?q q’”{&ﬁ?}? ?g'gsance dalspgﬁbtéq‘tgﬁtiransforner

dri've windi ng,” sai d capa |tance Ormng a-resonant circuit
after said core nagnetlc?alﬁiﬁ%%tfe%aﬁﬁﬁoml%‘f@%eﬂ FWMERRL \Wind g

Wi th a reggnaandcwavdig warm Rididing hﬂ:tﬁ‘p’ﬂé&&i& € %n&f@.ﬂséwé@fo&@re
in magnetic saturation thr ég he coI ctor (#Drent fall tine_qf: the
f

transistor swtcffaS Jéﬁ ﬁ/ee% %arnﬁ"bs %ﬁ%c es .
- si mul t aneous tondddeirma tefl vt W@HJAM) ﬁmdstdnlmtqrﬂ?s:h 3%vitch, said 7. A

‘pover supply §H*E§E§Btl'ea£i-é/ns?t%ﬂf’eﬁﬁ'dlﬁﬁéﬁle WHEREI P M d hsdgf‘gfleiré‘d‘%étp the |

. acconpany- drawi ngs.
ac ntrol current that magnet:.cally saturates the core

'15 of sald saturable transformer to remove forward drive -
from each tran51stor switch for develoolng an alternatlng

- polarity ouptut voltage across sald power transformer
supply w1nd1ng, ' ' '
' _ an lnductance, and
20 . .. a capac;tance coupled to sald 1nductance and Lo '
said saturable transformer drive winding, said capac1tance
and inductance forming a reeonant circuit after said_core
magnetically saturates for suppiying said drive winding
with a resonant current that maintains the saturable
.25 "transformer_core in magnetic'saturation throughout the -
' collector current fall time of the transistor switch
subject to the forward drive removal to preclﬁde
- simultaneous COnduction_of the two transistor switches.

'3Q + 7. A power supply substantlelly as herelnbefore

descrlbed ‘with reference to the accompany drawings.



