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THEREOF This invention relatés to power converters and ta

estjmating an output signal of a power converter. ﬁ%&Ql
converters typically are required by inposed saf ety requi rerrents to provide
full DC gdlwanic isolation between the input source conmmon return circuit

and the output |oad conmon return circuit.-Ihis full DC gal vanic isolation
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parts count. It additi etract fromth stem ency
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I ndividual  ef th£5686{ §8nal to be regulated and the primary side circuitry controls a power

' 20 switch to achieve the desired regulation. The division of the regulating circuitry -
between input and output and the galvanic isolating devices required in the feedback

' path increases the parts count of the converter and increases its size and expense. It
is desirable to reduce the parts count to enhance circuit reliability. It is also desirable
to reduce both cost and circuit size in many applications. Among existing methods

25 that eliminate the rieed for a separate isolating feedback path are the techniques of
implicit primary side sensing and post secondary regulation. -
Post secondary regulation, implies an added power processing module
subsequent to the power converter itself. It adds complexity to the overall system
and significantly increases the system parts count. It additionally detracts from the
30 power system efficiency since it uses a sépérate power processing module in tandem
with the primary power converter and the overall efﬁcxency is the product of the two
- individual efficiencies.
Implicit sensing on the primary side of the converter need not
significantly impact the efficiency of the power processing system and it may be
35 implemented within integrated circuitry that combines it with other control functions
df the converters. One well known method of implementing inplicit sensing i§ to-



- Inplicit sensing on the prinmary side of the converter need not
significantly inpact the efficiency of the power processi'ng systemand it
may be 35 inplemented within integrated circuitry that conbines it with

ot her control functions of the converters. One well known net hod of

i mpl enenting inplicit sensing is to - 2 - add a tertiary mnndlnghjo t he
power transformer to enabl e sensing 0? a signal related to the. output--
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input 25 cifrcuit m a_regu ve CcIT U|try responsive to
t he regmeatqd@ﬁe&herssml'cynwneawhﬁepmuﬁg %ﬁ&gﬁﬁqhty i'n.the power switch;

and a power. -1 ran¥dofdihg to one aspect of this invention there is provided a power
' 20 converter, compnsmg an output circuit compnsmg a rectifier and an output terminal, -
for connecting to-a load to be energlzed an- mput c1rcu1t compnsmg an mput
terminal for receiving a source of energy, and a power switch for- modulatmg energy
- received at the input terminal; regulatlon c1tcu1try for generatmg error signals o
. proportional toa dev1atron of an. estunated output s1gnal generated in the mput NS
25 circuit, froma regulated value, drive c1rcu1try responswe to the regulatxon crrcultry
for controlling conductlvrty in the power switch; and. a power transformer
' compnsmg a pnmary wmdmg connected to the power switch and a secondary
winding connected to-the output clremt ‘the regulatlon circuitry compnsmg .
éstimator circuitry for generatmg the estlmated output s1gnal in the mput ctrcult by |
30 replicating output circuitry sxgnal conditions an_d comprising: a first circuit for .
- generating an estimated voltage referenc'_e'd.to a -voltage of _._t'he_'output -c_':irc_u_i_t; a

second circuit for sensing a voltage of the input circuit, and a third circuit for sensing
a current of the power sWitch and generating an estimated output ¢ circuit current; the
third circuit comprising duty correctron circuitry for compensatmg for, dlfferent

35 - conduction intervals of the rectxﬁer and the power switch and for generatmg an -
estimated output circuit, current '



conprising a primary winding connected to the power switch and a secondary
wi ndi ng connected.to t'the output circuit; the regulation circuitry
conprising estimator circuitry for generating the estinmated output signal
in the input circuit by 30 replicating output circuitry signal conditions
and conpritsing: a first circuit for generatjing an estimted voltage
referenced to a voltage of the output circuff; a second circuit for sensing
a voltage of the input circuit, and a third circuit for sensing a current
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third circuit cg risjng dutéfcorr, _c£| on ci rcwtr’é,for_ conpensat | hg for
differont 35 SbTRNTAING T Heghtsignal of a pAwer cRVeRtEaqircalt Py inpistdegfithe n
and for hge ner aéémrt?ﬂciﬁ@iii, et aﬂw_ettém%]cu@d Hav/ing itﬂﬁpﬁeﬁtd outputﬁ:ixd%uit? Accor di ng
to anot her aspegt._ o is.invention there is provided a ngthod o .
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and/or current signals.” TheSe correctrons are arrived at’ Dy conpensating
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emul ating, on {dikpdish b8 tiofidl &ifark st EerCinbatdnd" Hye
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output signal, and used to regulate the output of the powr converter. : '

' In a particular embodiment of the estimating circuitry the diode current
of the estimating circuit is adjusted by an input/output voltage ratio to make it more

N\ accurately proportional to the output rectifier current. The estimating circuitry
25 compensates for the differing duty ratios of the power switch and the rectifying
diode and hence, increases the accuracy of the estimated output current. The
resistance of the estimating circuitry is also made to be proportional to the resistance
of the output circuitry on the secon&ary side to improve accuracy. The reflected
output voltage may also be extracted from the primary winding eliminating the need
30 for an added tertiary winding. ' '
The invention will now be described with reference to the
accompanying drawings, in which:
FIG. 1 is a block schematic of a power converter with DC galvanic
isolation between its input and output circuitry and utilizing primary side implicit
- 35 voltage sensing; - | |
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output signal, and used to regulate the output of the pow converter In a °
particul ar enbodrnent of the estimating circuitry 'the diode current of t he
estimating circuit is adjusted by an input/output voltage ratro to make it
nore accurately proportional to the output rectifier current. The
estimating circuitry 25 conpensates for the differimg duty ratios of the .
power switch and the rectifying di'od¥ and hence, increases the accuracy of
the estimated output current. The resistance of the estimating circuitry is
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is srigmmnbﬁlﬂhqyécﬁﬁ%gatr c formin FIG 1. As. _
' A power converter is shown in block schematxc form in FIG 1. As.
- shownit. encompasses both the pnor art schematic of FIG 2and the power converter
: -cxrcmtry of the remarmng ﬁgures 'The power converter shown inFIG. 1 hasa
primary side crreurt, 103and a secondary side crrcmt___104 galvamcally_ls_olate_d from
20 each other by the power transformer 105.. “Input power is applied to the irxput'lead S
' 101 and chopped by the power processmg switch 102 and applied.to.a primary
winding 108 of the power transformer 105. The transformed s1gnal at the. secondary
- winding 106 of the power transformer 105is = . -~ . ..
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shown it enconpasses both the prior art schemati ¢ of FIG 2 and the power
converter circuitry of the remining figures. The pewer converter shown in
FIG 1 has a primary side circuit 103 and a secondary side circuit 104
galvanically isolated from20 each other by the power transforner 105..

I nput powgr, is applied to the input lead 101 and chopped by the power
processing switch 102 and applied to a primary wi nding 108 of the power
transformer 105. The transfornmed signal at the secondary wi nding 106 of the
power transformer 105 is rectified and filfered,by the rectifier and
filter circuit denoted by the block 107. Its output is applied to a | oad

109. A signal reﬁbﬁﬁé@hﬁdﬁh&e&’bﬁ&ﬁ@t&ﬂﬁ%ﬂ‘ﬂh}éﬁﬁnﬂﬂﬁﬂdﬁd By B0 IO s | S

sensed on the prinmary, sid verter by the sense .,and estipator
circuit 111. ThiQutpg @Paﬁff?@ﬁ %ﬁgg g fé/ Sg valfage,and/er

tertiary w ndi ngomputmmmmnwmmemmemnmdemhge&eeemgnal of

horern bol o ToiftBErGPLLC T 0 o S ciﬂ‘%rﬂtﬁé*@ﬁ?ﬂ‘? By
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control a duty cﬁggpgqtgﬁﬁ & i PR,

pr ocessi ng SWtc é’i(f)8 %&bﬁcx%’_ % coneigg la%ldc!l{&%lﬁl ncl udes
estimator circui ﬂag,swgqiggp@lewpgnw,tgaml{cﬁ@ mwufshyrfgﬁuwnssmg suamyar

the primary si dect?éutihﬂﬂid/\ﬁfusé‘d) ebbmroleiraﬁmmwmdaatwicﬁaeoyoﬂomo

I nput term nal to t he w ndi-n wer transfornmer
210. The i nput pB Wg %oﬁlﬁ |Pg?°<2$gs’B§ Yhéhe power switch 205.
Its switchindOaction and 'Btetpowextconvemtoﬁﬁiﬁd inclhdpy estimatoncirartitry Gperative too|
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215 represents tmmpnmvmﬂemmmt (e pimapy windjn efthed to

the secondary wgswagr&bi‘onn&emome ufpﬂﬂwéﬁ& petsewlaih&nemaﬁa thélFBT
fl yback node in ond

phase with the cBRYLI? t ‘qgf%f‘f’ﬂﬁ B&ﬁﬁ@'ﬁ&%‘s W@hﬁé lEl':?'bgfck

converter, tHS pcnmrolswcnnB.O‘and r ect I fying di odes have conducting intervals
oot 8 o3 SRR e S i
VoI tage at the |$#genday i é@éh? umpedreslstor215 |
: represents the combmed impedance of the output circuitry presented to the
- secondary winding 211. The power converter of FIG.2 operates in a flyback mode in
20 which the conduction of the power switch 205 is out of phase with the conduction of
the rectifying diode 212, In a typicitl fiyback converter, the power switch and
_ rectifying diodes have conducting intervals of significantly different durations.
o The signal rectified by diode 212 is applied to a filter capacitor 231 and
- to a load 235 to be energized. Voltage at the load 235 is regulated by controlling a
25 duty ratio of the power switch 205. A switch control circuit 207 driving the power
switch 205 determines this duty ratio in response to an estimated voltage generated
by the estimator circuit 250 which is connected to a teruary wmdmg 208 of the
power transformer 210. ' :
Estimator circuit 250 includes a resistor 251, a diode 252, a
30 capacitor 253 and a static load 254. Resistor 251 has a resistance value comprising
the winding resistance of the tertiary winding 208 plus the body resxstance of the
diode 252. _ -
This implicit sensing arrangement, shown in FIG. 2, uses a static
estimated load 254 while in practice the actual loads of a power converter tend to
35 vary considerably. Asa result of this and other considerations discussed above, the
- simulated load current in the estimator circuit 250 does not track the load current




25 duty ratio of the power switch 205. A switch control circuit 207
driving the power switch 205 deternmines this duty ratio in response to an
estimated vol tage generated by the estimator circuit 250 which is connected
toa tertiary winding 208 of the power transformer 210. Estimator circuit
250 includes a resistor 251, a diode 252, a 30 capacitor 253 and gstatic
| oad 254. Resistor 251 has a resistance value.conpr|3|ng the w ndi ng

resi stance of the tertiary w nding 208 plus the body resistance of the

di ode 252. This inplicit sensing arrangéﬁent shown in FIG 2, uses a
static estimated | oad 254 while in practice the actual | oads of a power
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tracks di e out put i t :

wi ndi ng 309 of the ?ﬁlglf@% ﬁgsrapfg‘eagﬁgﬁ Ta. I’ﬁg‘f’kgeﬁixﬁ%f#%f power

EE?' i ed 100 310 via lead 301. quwmtofdom;mllqdne uuﬁmg@u@pnonlle:l the
power s f}g&?ﬁa% dféépﬁ’i‘ witeh Grgut put

power. is su pre rom eogg’gon ary%\t/)\nw%dl ng 3%?11&’#{.%% ?ﬁgoi‘]é-c.'lh ng

di ode 312 t@renit 306y Theputpnt pomes ixsupplied &pm@r:seqmmlwm gt3d, thxpagg

voltage is aﬁe&wm‘ﬁn W1ﬁoat1@mm$y wi ndi- ng 308 of . the povver t ransf or ner

310. The voltage of Lar.y -w ndi.ng. 30 a ed tQ an .esti rrat or
circuit 350 which réh ?"P@ﬁ (i\‘ssﬂ%f%cﬂngﬁgbqg%ﬁ E’Hfg ﬁ@?ﬂ
out put df thmmmmﬂag90&pﬁmmmmﬂms310mmvaitageofthe3wamcI udes a
resistor 3t & : eliﬁft
resi stor 35 |er€? 1S E portlona to r%gﬂ‘é‘tﬁ%ﬁ@ﬁgal ‘ i@jﬁ%ﬁ ﬂhe Ioad
tput circuitry at the output of the secondary windin, mator circuit
350 includes a tes1stor 35 1,a diode 352 a eapacttor 353 and a dynannc load 375.
- The resistor 351 ®, t) is propornonalto the resistance 315 (Rsec) by theload
- 20 current scaling f‘actorm ‘Where: o EEEE : :

"-Rest =mx R

_ A transconductance cn'cuzt 3‘75 is connected to res:stor 374 to sense tbe
- current through power sw1tch 305. Itis operauve_i_' ) eontml the current output (i, est
of the diode 352t0bea value propomonal to the actual current (lrect) of the
25 recufymg dlode 312 by the factor m. Where - :

-_rect est

An embodiment of an 1mproved estimator cn'cmt xs shown in the flyback
converter shown in FIG. 4. Thls partxcular arrangement uses prxmary side sensmg
.. circuitry that relies only on the pnmary winding for. sensing'a’ voltage representatwe _
30 ofthe secondaxy wmdmg voltage (v ) and hence, ehmmates the need for a tertiary
winding on the. power transformer In thxs xllustrauve ﬂyback converter,_ voltage is
sensed across: the pnmary winding at node 401 (v ) and at node 403 (v PRP"
“Node 403 is common to; the primary winding 409 and tothe drain 411 of the
| FET 410. The voltage ("Pm) at the drain 411, a5 sensed by lead 417, may be :
35 represented by the expression: - S R



20 ‘current scaling factor m Where: [err]. A transconductance circuit 375
is connected to Tesistor 374 to sense the current through power sw tch 305.
It is operative to control the current output [err] of the diode 35-2 to be
a value proportional to the actual current [err] of the 25 rectifying

di ode 312kpy the factor m Were: [err] [err] An enbodi nent of an inproved
estimat circuit is shown in the flyback converter shown in FIG 4. This
particul ar arrangenment uses .primary side sensing circuitry that relies only
on the primary wi nding for sensing a voltage<agerepresentative 30 of the
secondary wi nding voltage [err] and hence, elimnates the need for a

tertiary winding on the g Ni@goi: In this illustrative flyback
converter, voltage is se acro Cth%rl mary wi ndi ng at node 401

[err]and at node 403 [eripg ‘}%ﬁ’#ﬁ b Pedidt6rsi¥3 409
and to the drain 411 of the% e VO QTerr ng@ﬁ?@g‘ﬁgﬁﬁll as
sensed by | ead Zesistorsd2]la Eﬁﬁﬁ M ding vo Ec]“’Two
vol tage divi der mdlﬁkwwnﬁh@mhawﬂmmﬁ&&emﬂﬁ&eﬁm t'mevoltag%h@emdaﬂ

and 422, re cty vel t he, sen rinar nt
For the t urncs 408 Grofgribdes B4 e TEuee ety oF Phpifh Brolh oF ainp 23 Sad 485
at 5 the centen'espodemly)toﬂlbsumhnggn'cuit%ﬁwh&hambtrmm telambmlmems
423 d 433,

[err?nr el at edr\e/omiévﬁ(;élﬁltﬁadl’% o?ﬂ#‘i i fg VO t e on Iea
439 and pr oduce®utput ¥eltagenanlead 19}e%9%!“9fcﬂl9&§7§ or 433,48 co

of the aﬁp|lf'e'by‘k°’§oﬂ§4343ﬂm&fbsisibr|43§ ropcttibnate tolihe darphs éuaﬁndr@xsrtﬁﬁ;bansr

437 t te t £ t 4 10, modi f i th

e 82 rodified B i loht gt featingl Ao ?cadaépdwg%"ep@m&rn# °

ratio N and to etmmpainde@dcapmhopﬂ#mlsb;:mpmﬁu&mltdwhemmtpmt:apm:nanubby

443 by the load.}ﬁé’fd'aﬁ%rréﬁ %ﬁ?ﬁ’% The current through the di ode 434
I ma

and resistor 437 1S an €S he secondary current flow ng through
di ode 470 and is deri vedThe ewnrenthrpnginthe,di ﬁ:&n d resistor 437 is an eéstimate of the

secondary current flowing through dxode 470 and i is derived from the primary current
15 flowing through the FET 410.. The source current of FET 410 flows through a
resistor 415 and is sensed by a current sense circuit 475. The sensed current on lead
477, as well as the estimated output voltage on lead 419 and the input voltage on
- lead 401, is apphed to the current sense circuit 475 to derive a proportional replica of
the output rectifier current on lead 476. ‘The ratio of the estimated voltage and input
20 voltage is processed by current sense circuit 475 to compensate for a difference in
conduction duty cycles of FET 410 and the output rectifying diode 470.
~ Acritical factor in estimating the load current on the primary side of an
isolated power converter is the differing conduction duty ratios of the power switch
and the rectifying diode. A typical example of the differing conduction duty ratios in
25 aflyback converter may be seen in FIG. 6 which is a graph of a flyback converter
primary winding transformer voltage. As shown, the primary winding voltage
duration 601, responsive to the power switch conduction in_terval,' can differ
considerably from the winding voltage duration 602, responsive to the rectifying
diode conduction. It is also apparent that these currents flow at differing times, with
“30 the primary current unavailable when the reﬂected output voltage is available to the
1mphc1t primary sensing circuitry. '
A primary side implicit current sensing arrangement that accurately
compensates for the differing duty cycle rauos and which may comprise the circuitry
_ of the current sensing circuit of FIG. 4 is shown in FIG. 5. The current is sensed at
- . 35 the source 515 of the FET sw;tch 510 and is coupled by a_current lead 516 t0 a



15 flow ng through the FET 410. The source current of FET 410 fl ows
through a resistor 415 and is sensed by a current ‘sense circui't 475. The
sensed current on lead 477, as well as the estinated output voltage on | ead
419 and the input voltage on |lead 401, is applied to the current sense
circuit 475 to derive a proportional replica of the output FECtIfIGLJ
~current on lead 476. The ratio of the estimted voltage and i nput 20
. voltage is processed by current sense CRLCUIt 475 to conpensate for a

di fference in conduction duty cycles of YET 410 and the out put rectifying
diode 470. A critical factor in estimating the [oad current on the prinmary
si de of an cuentseasing amplifice 2 Hbeouututqgthulcumtacgswsnumhﬁecﬁl'bm y ratios

- of the powghpRdd iFdlcifsht abéra d&cmtrmsduﬁétrdenénmt SRhvEsgEVAIe Fr thé'©

differin condu |on dut i 0S..i -yback. convert er be seen in
cIR AR A R T R LA M LB AR & Clgaitss T CamBrR o1 e

vol t age. Asthssenwd FEE‘&umennmtandumt\befdmapplgliugat toothe Glbsequentdungi ve to
t he powe ] es - Gl : t.he

wi ndi ng é/ol Ma n T es| ' e rectlmﬁgm(fy%é@%
conducti on OUIRUtPDH'amle =:" oK tet aﬂlffmg@oadnm@tyms@tmamumm
tines,  witRjici didahet éi"s"uii&ﬂt The s/ diffeARg Euty‘ﬁﬁoiﬁ%deﬁve&%&ed out put
voltagels avai l,abl e ,tothel ]IClt %F%sensmg circuitry? A primry
side inpli &PE“PBHFSQR‘“EE@W E@E’En at accurately conpensates for

t he dlfferlng duty & ad Qs JB.RC(VQ&/V ycorrprlsethe circuitry of the
current sensing. ci rcﬁéﬁ -' . vﬁ 'n FI'G 5, The current is sensed
at 35- yfe source S{Phesé <i _e_?!i_E_Eesw ' séﬂ&dMuaraﬁunh ﬁu{erent

lead 516 to-a - current iFJ 7. T out ecurren
sensi ng - amiVF® gg pectifier curreqt - ﬁ %’H‘l}’ Qﬁbmﬁtqmpt SWEEnfhi ch

det er m nes aad mauwlageemtﬁecsumdzatedumm irt the primargestimans ichguitry

anplifier.. 8 ¥ t. ET
current |nt1:§gg %Jggﬁg’ R PBeT ' @Pfﬁ%@%hgﬁgf%;y 5 ratio
di vi der . ci. represensatipn ombe uutpyt vcltage. whdveay mmﬁettheesummﬂfouwtt he :
esti mat g4l %ltﬂglé oﬁif'ne&s%ltét@d %%ﬂﬁﬁﬁ@b&aﬁﬁ?c&ﬂeﬁﬁ&{s' bl éHdEI)’tor at os
of the rectifylng.di ode %et ffering duty .
ratios ar e MBFIRALEOS E’oﬁﬁ ‘Fél?m“&?\ﬁgeygdtﬁﬂﬁl}?‘f%ﬂpé@@ém%ere [err]
10- dﬂMarﬂ(Iturinﬁutll&dm average sensed FET current .and [err] is the

. A schemattc of a duty ratio drvrder crrcutt operauve to apply correcuons
o the rough ﬁrst esnmate of the output load current is shown in FIG 7. The dmder
: 2_0' | cxrcutt mcludes two comrolled current paths 10 receive input and esumated output
h voltages and convert them to proportmnal cun'ents 'l‘hese currents together with the
_prunary current value generate the esumated value of the output load current. A first
_mput 701 is connected to receive the esumated output voltage ora nommal reference S
. output voltage and a second mput 702 is connected to receive the ‘input voltage. The
25 _ representatrve output voltage at lead 701 apphed to resistor 731 controls the
controlled current sources 703 and 705 The input. voltage at lead 702 apphed to
' resrstor 732 contmls the controlled current sources 704 and 706. The current sensed
at the pnmary wmdmg side of the converter is modxﬁed to reﬂect the load current
o scalmg factor and apphed to the drode connected transxstor 712 via the lead 711,
30 whichis connected toa loganthmtc adder ctrcult 714 comprising diode connected E
- ' transistors 712, 713, 722 and 723. The two controlled current sources 703 and 705
are connected to source and smk respectively, the loganthmlc element diode
o connected transxstor 713 Sumlarly, the two controlled current sources 704 and 706
. are connected to source and sink the logarithmic clement diode connected transistor
35 '722 The collector of transrsmr 723 is connectcd to an output lead 725 and provrdes



average rectifier current of  the output which is substantially equal to the
| oad current and is used to represent the surrogate |oad current in the
primary estimator circuitry. The input- voltage is applied to the duty ratio
di vider 520 at input lead 521 and a representation of the output voltage,
whi ch mayi_ gonprise the estimted output 15 voltage or if necessitated by
circuit operating conditions a refence voltage equal to or proportionate to
t he desired output voltage Vout is applied togt he duty ratio divider 520 at
i nput lead 522. A schematic of a duty ratio divider circuit operative to
apply correctiong to.th ugh first estimate of the output load current is
shown in FIG 7. %ﬁ%“‘m??‘{j‘g’?gfﬁ“% rcuit includes two controlled current
paths to receive input anbh eperationthe sonped:voltage across diode connected transistore712,
r-oportional curg : s i .

pr-op "I‘fgtaﬁ%l 73268 cﬁ'f{Bﬂ%fne b0 (Hﬁﬂﬁ)ttﬂ@iotﬁ%ﬂhﬂng SEth chiBht gﬁ;ébi g@t’iﬂese

val ue generate the estimated valt the output [oad current. ]

input 701 is conﬁ@@%léf@fsc’@P‘é@émfeVleemsM%ﬁ%Umqo&gg Ws’étqﬁaﬂanal
reference out psit ai@)Henoe, conftoR the estitfated Bufput Edrdnt geitirated abthelouthit 725Y Thehe
i nput voltage. The1 25 representative outgu. voltage at lead 701 applied to
resistor 731 conf7HYant RUARIMIINELAVBHON Bt sources 703 and 705. The i nput
voltage at | ead 702 applied to re¥hsieV ZW-FM the controlled current
sources 704 and 706. The current SZ?#Sed 7;1? t he “pri n@%y wi ndi ng side of the
converter is nodified to reflect log adogL Ly, [ 81lbg 6€.4. /RY+16€ (VL IRY
applied to the diode connected tr an&%{or -7%,-1 via t | ead 711?92'3_ whi'ch
is connected to a | ogaritgjgken@dder circuit 714 conprising di ode connécted
transistors 712,713,722 and 723. The tJ ,C%R}trohted current sources 703 and
705 e connetfed to source and %u‘rég'pé t'170 ,01? he | ogarithm c el enent
di ode connected transistor_ 713. Simlarly, the two controlled current
sources 704 and 706 are C'EMW?@%%Pﬁ@%@i%@%@%@@ﬁﬂ%s(?05 and
el ement di ode conpegs well khowhiis e arg SSucklcirchitty Ay kempseike Olirrdrt Migdor cREuirs? 3
is connected to an out._Put | ead, 725 .%?rg-._or_ow g.gs g‘hhe .estimated | oad .
current. In oper 5SPORsiveio contol amplifiereircuits, Jhe amplifier ciEmfs areth frmrsprsives
712, 713 and 722 to tieiinputiandpepressrtativesdutput violtegdso Jeisinbhbelieved mbecssanyitent s

t hrough t heseqér i :S Lol 1.2 .ﬁér - ey .
junction of t%%n?%?{%%%}gg g Hﬁr}gfgﬁg%&#%gon ?(‘):Fgﬁl e g@ﬁ%?éﬁ@&t%ﬁemy
current gener at edewised b those skifled mthemae rel evant vol tage summing equati on

is:
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Y esponsi we

turn res
bel i eved

art.

output circuit COfIPA
to a |oad to be ener

[er = [err] and hence, 10 - : Terr]

CU|try of controlled current sources 705 704,705 and..706 is
ﬁﬂﬂﬂe art. Such circuitry may conprise current mrror circuits:
ntrol anplifier circuits. The anplifier circuits are in
ponsive to the input and reprﬁ§entat|ve out put - vol t ages. Itri-
necessary to 15 disclose this circuitry in.detail since s
circuits for this functlon may be readily devised by those skilled in the
*Clabms: | M * Clainms: 1. A power. converter, conprising: an

d,ﬁ, cag&e‘?&l"dohﬁfnsﬁ[% an out put term naI for connecti ng

n |nput cl. rcuit COI’TpI’I sing an

—[err]

i nput termninal - foranr%’éléltﬂfﬁgltéogi@ml@s agectifigsragg. anmtptutgmalm tch for-

nodul at i
gener ati
~signal;

r&nge@;@/tor%gﬂy@geaﬁerkﬁgd.l nput termnal;. regulation circuitry for.
nal s _pr oportlonal to.a devij atlon of ‘an esti mat ed out put

~gener at ed aP%“P‘Hé‘ CHI GPMPFising; an mwtdmnﬂe@a repeiving a|sgurce xf

ng error

drive ci reneigy, wnd aw switch rortxh@dmamg @ier@y réckivedtiat the ihpht ©AAINAL! | | Ng’
conductlwty inth ower SW'tCEd and ower. transfor ”ewaajonp“ sing a

primary w nding c %tt%‘hc"f 1y o,

Bog oo, sighels prapart

9-2wi nding

connect edeviationefantestitnatsdrouput; srgnab, gen@atwtmmlm inpuceirduiy feomvari si ng

estimato

i nput circ

to a vol t&ﬂ&u&vr

of the i

th a second circui't. for sensing-a voltage
Befucl rfgjiﬁt é'gW&%h‘téH"hhd

a third circuit for sensing a

current of the poROWshirmEsformer qpmsising #primary winding connected to the

15

power sw1tch and a secondary wmd.mg connected to the output circuit;

Me for generating the 15 estimated output signal in the
gﬁl%&g‘;arj‘%pl i'cat'i.ng out put -ci rcwtry signal conditions and -

conpri@ing: a fi rsinvgcn'cultﬂyIBSPOHQWMO&IQnegulattomsu'cumwédrmntrdgngrefer'enced

the regulatron c1rcu1try compnsmg estrmator c1rcu1try for generating the

esumated output signal i m the mput crrcurt by rephcatmg output c1rcu1try srgnal

' condltlons and compnsmg

20

25

30

a first circuit for generatmg an esumated voltage referenced to a voltage

of the output circuit; _
a second crrcurt for sensmg a voltage. of the mput c1rcu1t and

a third cxrcurt for sensing a current of the power switch and generating -

an estimated output circuit current; the third circuit compnsmg duty correction

circuitry for compensatmg for dlfferent conduction intervals of the rectifier and the-

power switch and for generatmg an estimated output crrcurt_current_.

2. A converter as claimed in claim 1, wherern the duty correctlon
circuitry comprises: : |
first, second, third and fourth loganthmlc devices;
first and second controlled current paths;

means for controlling a first current in the first current path in response

to voltage signal of the first current path;

means for controllmg a second current in the second current path i in
response to a voltage srgnal of the second current path;

an independent current input srgnal representmg a sample of a current

in the power switch, being applied to the first logarithmic device; -
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an‘estimated output circuit turrent; the third circuit conprigj {
correction circuttry for conpensating for different conahctioﬂw_ﬂummgﬁumlml
the rectifier and the power switch and for generating an esti s %
circuit current. 2. A converter as clainmed in claim1l, wherein the duty
¢orrectioQ,25 circuitry conprises: first, ?econd., third and fourth

| ogarithm c devices; first and second cont lol' 1 ed current pat hs; neans for

controlling a first current in the first current path in response to
vol tage signal of the thefigdt daHEACSTH thO Akt cutent path béing a repréSebatidnOéf a
controlling a second current in_t etﬁecond current hin r?s_on e to a
vol t age si gnaVOIE‘?get%éh"s%BW&eﬁmnﬁg?ﬁ B RPWer ‘é‘i’P‘f%éﬁ&ﬂ%@ﬂgcm R Wenput
signal, repres@ohd Megazithditdeicef a current in the power swtch, being
applied to the first |ggarithm c device; *  C M S % e.first
corrent of the first dOFFeRndSHRILH g scpopd cpugarpalh Phfne drepresttptghobe

t he out put 5t evoltagelat tie pdveerinpwtrof thspewtraronzertedmdrigingequiplad todhe thirdsecond

| ogarithm c devicg: . cond .current of the second current path being a
r epr esent atioﬁ)\%ﬁﬁ%n%%gﬁgage at the power input of the power coenverter and

bei ng coupl ed to the tthevoltagepefithe secopd degarithmiq drvicedhaingeonecterdn seesnd
| ogarithm c dgyl &8 REWiE thN) H ' abickoOn With the voltage of
the first | oggﬁ({éﬁln@ggw ce, &gﬁg@\%ﬁ%ﬁfggﬁﬂ@ﬁg%@%a | ogarithm c device
bei ng connected in sertheyolizge efdhe thinhloganithmin devise beigg connedied in sesies and -
2nd thi g A ion RAMH (66 FOUARELRNG RIS Bhd Lo ond 10 BRI cVicd; 2d 2y o "

. : A ogar 1L, tnm.c
devi ce,and bei ng oper ef’l”f%f@‘%‘@h@&ﬁ&%egfﬁ‘#@ﬁ?“‘i?‘@fﬁﬁ\"ﬂﬁ?ﬁ&ﬁ%" VIE®Y ati o
of t hﬁt repr esbﬁhgdp%lﬁﬁﬁﬁo tfl@_fdl&tilf logaitharic deh‘rr]ibelhn& bbihg@p’era}]iﬁe to generatea 3. A
converter as clained | | ergin the r nsf or rer ises a
tertiary w ndfYfE™ %‘“f?fﬁ“%&ﬁ%ﬁf%@" 86%6???%“?&@8?‘{]@(2@8%3%4 ﬁ‘gtggért iary

wi ndi ng. voltage.

15 3. A converter as claimed in claim 1, wherein the power transformer
comprises a tertiary winding, and the estimator circuitry is connected to the tertiary
winding.

4. A converter as claimed in claim 1, wherein the estimator circuitry is
connected to the primary winding of the power transformer.

20 5. A converter as claimed in claim 1, 3, or 4 comprising conversion
o/ means for adjusting the sensed voltage according to a turns ratio relation of the

primary and secondary voltage.

6. A converter as claimed in claim 5 wherein the conversion means
comprises first and second voltage dividers having a divider impedance ratio
25 substantially equal to the turns ratio, and a summing circuit responsive to the first
and second voltage dividers to sum voltages divided by the first and second voltage
dividers.

7. A method of estimating an output signal of a power converter circuit
on the input side of the converter circuit, the converter circuit having its input and
30 output circuits galvanically isolated from one another, comprising the steps of:
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clained in claim1, V\/nereln t he "estt+ mat or CII‘CUItI‘y JS
pri mary wi ndi ng of -t he power “transforner. 20:- 5.

Hiw ’ﬂ!km’ aimed in claim1, 3, or 4 conprising conversion neans for
nsed vol tage according to a turns ratio rel ation of the.

primry and secondary-vol tage. 6. A < nverter as clainmed:-in cIa|n15Nyhere|n
t he conversi on neans conprises first d second vol tage di viders having a

- divider inpedance ratio 25 substantially equal.to the turns ratio, and a

summing circuit rsmpmgsnmimputthmuﬁnamltagnchcmsarpuhnmymmm@ofaders to sum.
| t t hod of -
1ol agcspsh et %@ér@fo%hr@&ﬂﬁgz@maﬁﬁggéeé&?ﬁs e gt o B 10

of the cowtpyteiseuiti rcuit, the converter circuit haV| ng its input and 30

out put ciTcuits galyagiinald phPGRAREApdA Butife BRAOHISEE WERTHE b3k, t he

steps of: = .12.sensifig in't e 1.nput iélrcwt a vo Lﬁacross aprimry -»
wi ndi dg B’ﬂnstfomr transforrrer provi di ng galvanic. |sol ation separating the

input circuit fr nTehﬁl Unf¥dtinfatedCotiy utmgenﬁmmetslaﬁsddﬂwaﬁ% gcuit ‘a power
current |nt erfa,m @gﬂ |létgower trns ormer, generating an ‘estimated
out put v@RR&’QS‘FFb%i Quigu ' P"}Eng it to an estimated '
output circuit ingae mmg a&fvdtlﬁﬁtb‘drcﬂitpﬂt@uﬁ%nebj o fy theattie. Poivet bliatt by '
nodi fying th I curre(rit da e Eal mat ed vol tage and an

Sk PO 55 088 ot ol s it

i nput ci clalmsdlnclalm7
conpri sing conpesat.i ng for di ffering conductl on I nt erval's of. a power switch

and ggrectifyi nog dhqﬂgth% aE Q&BQW clﬁﬂﬂ Vecrohﬁfnsmg compensaxmg for

dlffenng conductlon mtervals ofa power sw1tch and a recufylng dlode of the power _\J
converter. o - :

T



