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the field of audio power anplifier and nore
particularly, to an apparatus for providing
anplification with a nmultifeedback path using vacuum
tubes or solid state device series connected totem
pol e as push-pull output stage, or known as
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out put stage are known for quite sonme tine and was
believed first patented in 1950's (for exanple, US-A-2
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sol ved di stortion problem caused by the transient of

output transforner. Nevertheless, this type of .
anpl The erespry israfionaslafes ganasdly todke Beld\wliapdiarpowisr amglifier and
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later, the interest is renewed again_as it |

f t |s now
possPHIEe2St BPseddlt puipyt Bigep &t PR cisoSEle-Faded Push Pull (SEPP)

anpl E&Pﬁfieﬂiﬁk@rﬂhese devi ces. Another reason why this
type of anpliftier is currently being sought after is

that, there is no truly conplenentary device in the

field. In_pr ' I indicate is as

comgemnpmbﬁmﬁﬁwa{WMd nerely

obtained a simlar device. The reason being that NPN

and PNP devices are different by nature therefore true

conpPedierncarey anphifigNpBingsvacee tefess sotiesesonsectedigém pole as push-
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in 1950°s (for example, US-A-2 802 907) by Peterson and Sinclair with

successful release of Horizon™ series amplifiers. The solution solved distortion
problem caused by the transient of oﬁtput transformer. Nevertheless, this type of
amplifier is soon being phased out by Williamson and Ultra-linear™ type
amplifier that also solves transient problem. However, as vacuum tube with
higher current capability and solid state device appears later, the interest is
| renewed again as it is now possible to construct output transformer-less amplifier

using these devices.

Another reason why this type of amplifier is currently being sought after is that,
there is no truly complementary device in the field. In practice, although we
would indicate is as complementary, in actual fact, we would merely obtained a
similar device. The reason being that NPN and PNP devices are different by
nature therefore true complementary NPN/PNP devices do not exist. Most
manufacturers acknowledged this fact, and this can be gleaned from the data

sheets where for a complementary pair one will note that there are differences,



sheets where for a conplenmentary pair one wll note

that there are differences, frompower bandw dth, to
wEMobosiong times. Al though mat chi ng of nonconpPCTENL@SAH00127

device is equally troubl esone, but it is easier and

cheaper to deal with by additional circuitry. For

seri es connected output device, depending where the

ground is connected to, typically the upper tube is a
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where the gain of output device is |ow. As_an exanple,
Qut pudevisedrauisdraere sienal ¢riypLopmpais tpfhedlowerdgviks-
posi tive feedback bal anced nethod are quite many in
the field, of which nost popular is the Julius
1Gut t eToreonydunbothddeSicet éstoRallapd folinwdSers- @ay 18 tdl dfive the upper
(1956%,.and,US—A53 123 780 (1965) anpliﬂier._ThS )
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counter part where no such design step is necessar
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I n ashmpgeimjerdmsp(Qh) smplifiers vsing penitiNetfeerbarlcbalancefl maghod are
al so cﬁﬁ‘tecrgﬂw glutﬁlgqieﬁf of which most popular is the Julius Futterman (United
States Patent No. US-A-2 773 136 (1956), and US-A-3 123 780 (1965))

amplifier. The open-loop gain of Futterman’s amplifier is way in excess of 5000,

20 and a global negative feedback of 40 dBs. However, stability with high open
loop becoming is a concern when amplifier has to work with load of varying
impedance due the amount of phase shift which is comparatively worse when
bootstrapping the output device as compared to complimentary solid state

counter part where no such design step is necessary.

25 In asymmetry SEPP amplifier, the output devices can be also be configured so
that they both of)erate as cathode or source follower. In this case, the upper
device is not bootstrapped, so that its gain is unchanged. As a cathode or source
follower, the gain is less than unit due to negative feedback introduced by the

load in its cathode path. For lower device, the gain is higher as the load is at the



that they both operate as cathode or source follower.
In this case, the upper device is not bootstrapped, so

WO bab/08¢9%4 gai n i s unchanged. As a cat hode or SPCF/CN2006/000127
follower, the gain is less than unit due to negative
f eedback introduced by the load in its cathode path.
For |ower device, the gain is higher as the Ioad i s at
theplate or drain. If the gain is reduced by
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boot st’r appi pper e directl'y (note this
wi | | folbawerotoveesl itith dhia pmbkeagenafymbb owéved by lpae@mt o eslightly
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|npedance This is true in the early day t ube and
transi stor SEPP anplifier, especially so for

i
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15anot I?l‘?z{) ll?rgé’llc ah&frE BF %@% i L{/J fe%ﬂbdcﬁ‘(@ ReduRd distortion and

usi ng rap-I's nentio e United States
Pat etmhtp‘do 1mb8da@&c@. mﬁs ]136r1.(6198ﬂ')e eaht iday gdbe’ And teansistor SEPP
Power Agnlifier! itive feedbac

d
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of hiyg;. V¢ @RbIEN exall}E Bf kteMOOTE ARSI ETER Hhveihﬁ@hlﬁlsﬁlgﬂ)ootstrap is

har rmnl cs distortion contents reduction is cla
howevesntiohed ini thes UriteduStates Patent No. US-A-2 773 136 (1980) entitled
20 “Audio Power Amplifier”, which used positive feedback to balance drive three
out the six solid state amplifiers of his invention. There is no measurement about
the harmonics distortion contents reduction is claimed however, but it’s known
that the open loop distortion for field effect transistor or any other output device
for that matter, is that in voltage follower modes the Total Harmonics Distortion
25 (THD) figure is much higher than in drain follower mode and with the same
amount of feedback. It is also noted that the feedback is taken directly from the
output; hence the output impedance will be not a predetermined value. As it is
also noted in order to have tube sound besides having triode characteristics, the
output impedance should be higher since most tube amplifiers have generally

30 higher output impedance. In general, the output impedance is proportional to the

amount of global negative feedback designer applied, and the resultant value is



that the open loop distortion for field effect
transi stor or any other output device for that matter,
WO 20064084924 n vol tage foll ower nodes the Total HaCTONRW®S/000127
Distortion (THD) figure is nmuch higher than in drain
foll ower node and with the sane anobunt of feedback. It
is also noted that the feedback is taken directly from
t he out put; hence the output inpedance will be not a
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ot her hand, if the ampunt of gl obal feedback is

reduced as in Takehara's anplifiers to maintain higher
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has beconme a dilemma, particularly when the positive
feedback is adopted for bal anced driving of the output
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obj ect of the present invention is to provide an audio
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vol t age. devi c out put, stage with optimal saf
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the | gehetr@ndards. Further, the object of the present
invention is to provide an audi o power anplifier, in

which a | ast-stage power arrpl ifier is constructed with
vacuu ower tr ern1tt|n t he use of
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power . . - .
power triode while permitting the use of the same drive stage and front-end

stage.

Yet, another object of the present invention is to provide an audio power
amplifier, in which a last-stage power amplifier is constructed with power metal
20 oxide field-effect transistors (hereinafter referred to as power MOSFET) having
triode characteristics, while permitting the use of the same drive stage and front-

end stage.

A further object of the present invention is to provide an audio power amplifier,
with predetermined output impedance, and to derive differential negative

25 feedback port from upper and lower device feedback path.



anplifier, in which a |ast-stage power anplifier is
constructed with power netal oxide field-effect

wo eanss®eors (hereinafter referred to as power POAISREID/000127
having triode characteristics, while permtting the
use of the sanme drive stage and frontend stage. A
further object of the present invention is to provide
an audi o power anplifier, with predeterm ned out put
| mpedamng eanothed dbfectierfi the plietdneriavdntiah Regapiovéde an audio power
f eedback _gort from upper and | ower device, feedback .
pat h. ¥epliigowhich copjpeises aphasp dnvysriaibpiags With highoyplfage dyive level
provi |.O. £ [ .
Phase ISy RSk fANSiagBIRY fiah it Ehhe SYRLSER, Gyput state
for the vacuum out put stage and high current drive for
solid state output state. Still, another obj ecctl of the
pr esentill; gpetiey GRiers °?(§hepﬁ)6‘i§?‘6temé(ﬁm&§’d 1% I FRyide an audio power
anpl i tjepsuhi ' f ' u deninC i
T Th SmUAl A ARIRES of PRI Bt e ben e Rparate bias
pat h fdjustewnoh anditcprotitryl emid akrivarmhtlp domeachi awgputidaiiealand permitting

di stort.ion.co nents of output stage. Yet, another

obj ecigimal ﬁ?@ﬁ%%‘?ﬁpw{}t@ﬁ’% ngufgaggeo provi de an audi o

power anplifier which conprises of dual power

transformer to derive nultiple DC supplies that )

per ni ¥st,panasher oohjprit ofr thgupresend ningerdiom isi ipaproyidgnap audio power
interfer es. . er | ect N f .

or cacH RGeS o of el Bpa KARRRLE, B a8 mutipie DC
100! | owipidicsl AR pérftils Po®er Hrftf@itegulatbondidahininal wignhl inteeferences.
acconmpanyi ng drawi ngs, wherein, by way of illustration

and exanple, the preferred enbodi nent of the present

i nvenpy [ iS5Gl ' :

or of o012 obftcls i a7 fiact [ AE FALEREGerMloh dill Bcome apparent rom
di scl deedllawingpiessriptioss, fiakendmpbnrfectian with tizoarpompamgng drawings,

a front-end . input stage having nultifeedback port, .a
Fr ont SR, P3Py oF AT Rl 8 fr atod apppgfent of the

and | PREGY efbentiONAldi&@iBd.l N9, a phase inversion stage
with Tnproved signal coupling, distributed negative

f eedback, an output stage with asymetry out put
15 - In accordance with the preferred embodiment of the invention, there is disclosed

an apparatus for amplification comprising :- a front-end input stage having multi-
feedback port, a front-end, a driver stage with fixed DC bias control and
improved signal coupling, a phase inversion stage with improved signal
coupling, distributed negative feedback, an output stage with asymmetry output
20 device, a balanced equalisation method for asymmetry output device using
negative feedback, an output stage capable of providing negative multiple
feedback, an output stage having a predetermined output impedance value, an
output stage having separated bias control and signal drive for each of the output
device, a power supply with dual power transformers, and a compensated bias for

25 output device to obtain maximum power output possible.

These and other objects of the present invention are accomplished by providing,



devi ce, a bal anced equal i sation nethod for asymmetry
out put devi ce using negative feedback, an output stage
w@e apalos@2of provi di ng negative nultiple feedbaP&y/Cam06/000127
out put stage having a predeterm ned out put inpedance
val ue, an out put stage having separated bias contro
and signal drive for each of the output device, a
power supply with dual power transfornmers, and a
CONPens aippstatdls aflapel o taflifidevdrc ehiractoiieadi M MHRXi saliapparatus
power output possible. These and other objects of the
pr eséngludasirent i on are acconpl i shed by providi ng, An
apparatus adapted for anplification characterized in
that said apparatus includes: - a front-end input
stage (110)a frentiend inpilt biapd € 10pRabag mupipld feediiiRk por (102);
di stributed negative feedback neans (300); a non
boot st rapped phase i nversion stage (130) for
connecti on Wit ving asynmetry
out put devi%%&ﬁ?ggf?M%ﬂﬁgﬁgﬁggﬁjgéﬁgk?z tion method
for asymmetry out put device using negative feedback;

and sai d output, stage 50) capabl e of pravi.din . .
St r ol f ol R b Aep it Rse GRaaor ks Bt g fpection with an

front-end i g sk @S0) Blibs@§ninélfy HfpureEvice (173)50
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out put i npedance val ue. The output stages al so have

separated bias, contraol ..and sij I [ I . .
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appar at us iﬁyghtlilﬁe@ed]ﬁek;(hfnddual power transformer power

supply. Also preferable, the apparatus includes neans
to increase slewrate, nmeans to distribute nmultiple

negative f : fikinl; 5e i
re hoot ot r S5 B SEANRSHP AABUEE BRARELZ el ABARP negaive
10and/ or hi ghfeedtackler har noni cs,

Preferably, the front-end input stage includes a drive module.

Also preferable, the output stage having a predetermined output impedance
value. The output stages also have separated bias control and signal drive

module.

15 Also preferable, the power éupply reqﬁirement of the apparatus includes use of

dual power transformer power supply.

Also preferable, the apparatus includes means to increase slew rate, means to
distribute multiple negative feedback, means to reduce. phase shift, means to
bootstrap to an upper output device to reduce odd and/or higher order harmonics,
20 means to provide multi-path negative using differential potentiometer adjustment
for the phase inversion stage and the front-end stage, means to provide high
voltage and high current drive signal from the phase inversion stage, means to

provide negative feedback from the output device; and means to provide high



means to provide multi-path negative using
differential potentioneter adjustnent for the phase
W0 poensioan st age and the front-end stage, neanBCT/ON2006/000127
provi de high voltage and high current drive signal
fromthe phase inversion stage, neans to provide
negati ve feedback fromthe output device; and neans to
provi de hi ghtension and bias voltage to said front-end
i nput ‘&Asieandriass veliagn ot said drost-ertbpput ptgesandi saidenari bovtstrapped

st age h%gqn%%ﬁgh§ﬁ'greferable that the output stage is
provi ded w a ShBFt circuit protection neans, and
devi ces connected is separately fused having
indicgtiaqn neans to indicate faulty device. Also

pr ef eriehi1® alonprefiiabiethalt the coutrnt (téapi eprowided with a short circuit

over - ect i ClF eUl . 4 T
ey 8 SR Tyt o micain
Si nventicans i frdicatevfdudtydizsive Bés, ploferaty, thé caxmBRl@e is provided
only. ﬁ@e draw%%gs constitute a part of this

speci PRCAFERO MR PIHEFHOISIEYE Nl ary embodi nents to the

i nvention, which may be enbodied in various forns. It

is to be understood that in sone instances various

aspectts of BRIEFiDESGRIBRION\O BT HEL DRA WINGSer at ed or

enlarged to facilitate an understandi ng of the
invention. Fig. 1 is a circuit diagramillustrating

pri or The mBbdivehtsSsaMe iffendbn 1M Hold BE dedehified, by §/a€ of example
circuit diagramillustrating another prior art “driver
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present invention, Fig. 4Ais circuit diagram ) )

i |1 usHPEE aserEedion slaraed iofacilifate anvynderstagdingef dhe inwention.

present invention; Fig. 4B is circuit diagram

illustrating solid state front-end and driver stage of

t he Fig. 1is a circuit diagram illustrating prior art driver stage of an amplifier;

Fig. 2 is a circuit diagram illustrating another prior art driver stage of an

15 amplifier;

Fig. 3A is circuit diagram illustrating vacuum tube state phase inversion stage of

the present invention;

Fig. 3B is circuit diagram illustrating solid state phase inversion stage of the

present invention;

20 Fig. 4A is circuit diagram illustrating vacuum front-end and driver stage of the

present invention;

Fig. 4B is circuit diagram illustrating solid state front-end and driver stage of the

present invention;



present invention;Fig. 5is circuit diagram

illustrating the vacuum tube state output stage of the
wWEe@sesio24 nvention; Fig. 6 is circuit di agramPCT/CN2006/000127

illustrating the solid state output stage of the

present invention; Fig. 7 is a circuit diagram

illustrating an exanple of audio power anplifier

i ncor oratl ng the preferred enbodi nent of the presen
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exa r&wgfmﬁﬂﬁlﬁ”d'o power anplifier |ncorporat|ng t he

preferre hrent of the present invention; Fig. 9

is a ci rcui t d| agramillustrating anot her exarrpl e of

audi 0 Ilfler dits key

ncorbr ot AgkhiegRar SR iie ot R PUPHE SBRL gE e Present

| nveq{l{,é;ﬁonﬂ g. 10 is a circuit diagramillustrating
anot her exarrpl e of audio power anplifier and its key
el enent incorporating the preferred enbodi nent of the

pres nvent.ion a circuit,diagram oo
5 il u?g aJt7 1?@ %‘fﬂlfaﬂlgg%g} lli% %IF% agfexgﬁra}e 0%%‘(}\@? power amplifier

anpl ithéd@poratitl ihk prdferreéibitithe AIB@bybragnt ieeiicaf er r ed

enbodi nent of the present invention; Fig. 12 is

conmparison table of nulti-port distributed feedback

and SO0k . F B8 o8aRapaRk 1B oBNRRCL e duBlOf AMmptife

and I'S CO rrson ows t

| eve Imcfcemmﬁ@me ipreferdle Paxhludieniad leuprasenoinvémiiony acuum
tube state and solid state output devices as the
output is connected to different Ioad inpedance 5.
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Fi g. ere are hovvn prlorP arts for
1Qpr esendt ntsn\keyltalement Hocorpemptingtthy poefeped emb@genenttlﬁ the present
drive signal requires the top and bottomtube to be
di f f éPERH%%nd usual |y require an equalisation means.
Fig. 1is a

Fig. 10 is a circuit diagram illustrating another example of audio power amplifier
and its key element incorporating the preferred embodiment of the present

invention;

15 Fig. 11 is a circuit diagram illustrating yet another example of audio power
amplifier and its key element embodying the preferred embodiment of the

present invention;

Fig. 12 is comparison table of multi-port distributed feedback and single route

feedback against expected distortion; and

20 Fig. 13 is comparison table that shows the drive level requirement and gain/NFB
calculation for vacuum tube state and solid state output devices as the output is

connected to different load impedance.



driver for the upper tube of asymretry anplifier of

the prior art. Signal Sl enters VTI through grid (2),
w@aneosoput Wi th a sane phase as S2 appears atPCHCN2m6/000127

but with nore current drive than SI. The inverted

signal is decoupled via Zener diodes (10, 12, 14)

whil e they provide vol tage regul ati on. The out put

voltage, Vo is added to the bottom of cathode
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18P or Smpfr HSyivir BBl RodeR icThie Vor by Stgge means
t o cajRfeab@l inpd Mifp@ﬂar@ld,t liake tHERRGHAGEI A6t fnbRa&H WHESut increasing
used output as reference, the drive balance wil| be

| ost VipehsigndiSdhEhis gpdsun Gesime Srgtion ahcawentipmal edtipde follower
iIs pr ] 009% 1.1, | pper and | ower
drivegéggﬁgﬁegg&%%P§F%€E%%?ﬁ§#2%wﬁgegf bot h devi ces

over the entire working voltage and power out put

range, tching nder varying Joad is clearly _no

. A ! y .not, .
possi Bige24%2 FHHPRIE RECSRHEE dstver Aka BI9A e d hE Aiicgian iy generally
urre S WV ; ..
11 S0 1 364 SRR RSy i
t o bofrosianage dhthisder. Resstad6)pard iesisios (8)atre af ¢quakvalue and the
2 g? Lgé&g&o{qﬂglﬁg%\rﬁ taﬁzietdrtg %ZF)Q‘gllssfgirsc?spthg ?rlni)é)ciglreur:e (I)ts thgl cathode arm.
The ratio of upper to lower arm is thus altered such that S3 = S2 - Vo. It may be

noted that drive signal tracking is tight over entire output ranges. Disadvantages

20 of the priors arts are as follows:-

One of the main deficiency of the prior arts is that the design does not have
provision to cater for varying output impedance as the driver used output as
reference, the drive balance will be lost when a higher or a lower load than
design value is presented since 100% tracking of upper and lower drive signal
25 call for 100% matching of both devices over the entire working voltage and
power output range. Matching under varying load is clearly not possible as trans-
conductance of the devices change as current drawn is varied. Here is some of

drawback of these prior arts:



either (1) an inter-stage coupling transforner while

the input signal is reference to ground through
w@eoorasep24M ndi ng and secondary w ndi ng i S cONNRCT/E€N2(06/000127
grid/gate and cat hode/ source or, (2) bootstrap applied

to anode driver circuit. 2) As positive feedback is

applied to cathode, this increases driver input

i npedance and increase driver output inpedance. This
driven)r dgwigey theldtivaads Mialded o beotasapathe appeardevizadt it is not a
cat hode follower. 3) The use of Zener diode stil

not make trie RpOkYEP §@1i0azm§eﬁ s ek p ElIoBRe S 2 Wlilqﬁevyaﬂlqwer with

as shown [ 1 th ) .
di sadv antéaﬂgeg (gnég i lﬁﬁggﬁg ti o ita'%o}/rﬁe% élr gﬁmﬁ%g the input signal is
di sadvantrafgesice t6 1grotiie thimilgle primatyp wtinding land esetindatyewinding is

O HT, permtti mu oov, a rovi sj, o
S or | goi haonBese] DB A Rndt POt oF Gt gpaist o anode
(EMF) fromvepgakse is directly anplified by both

output devices. (3) It is an indirect or | ong w nding
nmet hod to reduce gain of upper tube. (4) There is a

soni c ,penal ty .as [ .and s do i mng.(slow ,. .
dour) 257 oRBrirs deBADy 1 aPP ARG Tt GaplE Tgogrcreesed ariver input
boot st r apRipB&anRE ahd $nckédsh AtiQerdsutp@r infpadicBITMA IdYivBdrequired just
out put inpedance and tine differences between the

upper andsmoieddriye ay e cepvgntipnal Tahedeciolawels unnecessary
| ower frequency boom and sound quality degrading. Fig.
1 and Fig. 2 also shared the foll ow ng di sadvant ages:
10) 1t 3% atwhosk oh@eaed daglet il ekill vient mblke énh Bdotatmpped cathode
t hrough the | oad, high voltage of the driver may
appear ofdo¥%RW$ut terminal unless suitable protection
circuit is in place. 2) No advantages in converting
upper device a voltage follower.
Prior art as shown in Fig. 2 shared the above mentioned disadvantages and in

addition to the following disadvantages:-

(1) The driver output will be limited to HT, permitting a maximum of +500V,

15 and no provision for going negative.

(2) Any back electromotive force (EMF) from speaker is directly amplified by

both output devices.
(3) Itis an indirect or long winding method to reduce gain of upper tube.

(4) There is a sonic penalty as damping and speed or timing (slow down) of

20 lower frequency suffers due to 100% bootstrapping of the cathode driver
causing varying output impedance and time differences between the upper

and lower drive signal. This creates unnecessary lower frequency boom and

sound quality degrading.



In the present invention, the output stage is

configured as cat hode/ source follower, which requires
wW@200688®e4 anount of negative feedback to reducBCT/CN2006/000127

di stortion and output inpedance. To successfully

appl i ed negative feedback, the open |oop distortion

shoul d be kept low, as expected anplifier distortion

is roughly the open | oop distortion divided by the

amunicof ohe j.on for

vol tagegofol I g%ggcalh%g SE%ES?&%%&H%%&?%Q#%C&SS than 1%

for cathode / source follower. To obtain the sane

disto [ | evel 0 tjne re negatiyv, db
requi Pea. e SRk B hAo0t d6F e Gaa i e Bupidic be load, high
possi bl e yditagetdr fHen@fivddy mhieappe@Woh a6 Bp@tf tdri®nal unless suitable
front-end device, and if exceeded, it can cause
addi ti ond?roﬁpwlr(‘@ﬂd%mnﬁﬂenom cs distortion which can
i mpair sound quality since these higher harnonics
al t hough inaudible to the ear but their existence can
Smodul 2% e Ndedvaaiages inlconveritdhd Gfpewidtvicd apaidge blgoveaund
quality. The slew rate requirenent of the front end
stage and driver was first analysed by Dr. Matti Oal a

in 19[?10’[1% Pﬁs@rﬁsip%\?\%uoq § Qr ijk el saQ:t% Aéﬁdj:acqloq/\/source

Power fiers eré c ear
rate f@ﬂOWhle Whight reqnniesstaa@esarru&homC&@dlegitB/eSfe@ﬂbdck to reduce

P2NdVighfhon And Sroffs? Snddanice @%%E’Eesst%&ﬁ?é{:ﬁ?e:ﬁienegptwe foedback, the

di St aigeh OBop ListoRidh QRoutaCh kBR R Rt eﬁb@btteé%ncﬂlfﬁer distortion is

required to change faster than thé anplifier can cope;
10 t i gonghdp theappeaadloop |déssprtian elivididsly thei amourand fprdbeaic &he open

a co der of r.noni c t.he fee

e Ao st B8Ry SRR L SBalito et s TR Han 19 for
Si gnaiatlbaad\&bﬁlﬂch folgowald. KF¥ obamntht Rema dtbitio el oOUd €mes more
have bandmndth of 20 KHZ at_|east in the open |oop

ot herikB¥wre: Fredbacki ﬁuf?ﬂbﬁ%rT@Jﬂwﬂn@n @m@urﬂr@fqaeg?@ye feedback
will g | {ib‘l@ Qs déEﬁYgé HeSa1 P rraté? aﬂy@nt 2Rd dgﬂcg aéﬁlﬁ if exceeded,

band*filter as ermnln I's Fea
15cur r én¢anl danset eakiltmnablilgheh@rmmbﬁn@ﬂm dlﬁtbﬂfan vlrlnclli eal i nnpalr sound

wor | d CIrCUIt one, has toconsider the effects of th
resi JPAHYeLnCe: those P{gilﬁgglgngmcq Aldhveh Haadibls tgetheroar ntelt their

the @ﬁtM%ﬁ@ﬂﬁteQEﬁ&% AB6k Which Wil B (HESRAE duslity. The
frequency dependent
slew rate requirement of the front-end stage and driver was first analysed by Dr.

Matti Otala in 1970°s “Transient Distortion in Transistor Audio Power
20 Amplifiers” where he clearly shows that the slew rate of the front-end stage must
exceed the signal bandwidth. Otherwise it can cause Transient Inter-modulation
Distortion (TIM). This type of distortion is created when the output voltage is
required to change faster than the amplifier can cope; it is also called 'slew rate'
distortion, and produces a complex high order of harmonics which the feedback
25 mechanism is too slow to remove. That is to say if the signal bandwidth is 20
KHZ then the amplifier should have bandwidth of 20 KHZ at least in the open
loop otherwise the maximum power output at top frequency will reduce. Slew
rate is not the same as low pass band filter as the determining factor is really the

current limitation of the whole amplifier. In real world circuit, one has to



In addition, when cone to negative feedback, poor slew

rate causes phase error in the front-end and driver as

W@ by 084994 t 0 advance the phase angl es in attenptT/CH2006/000127
correct the error. This invention solves the probl em

by i nplementing distributed nulti-port feedback schene

in the front-end stage, so that the anount of feedback

at each port is such that speed of negative feedback

i s f asbesider isneffdes ofltherresiBlacaNchpaeitamses zmdldﬁap:ctdrhes to determine

phase shift error to very low |evel. The result of
this HspmpEEny Fuient éi@ar@@a and, this Gpreens dgman ls jreqsBGk dependent.

t hat fﬁjh&hﬁ rvtihefnec%ﬁg%lﬁle ;&%ééﬁa@ &Jgiop Glefr 1@94 éauses phase error

f eedbac exanpl e anp ier can 1 ver
i nto & thernfsornt-ead and dfied dstbkey irynpd addnSr tlmfphﬁ@\/dn@sun attempt to

close | 0o the cal cul ati.on belo ex l.e, .
St | PR i T R o S e ety B pa RS drtributed
of  OULRIK-pbH bReMRICK Gschamb eiﬂeﬂfeeﬁ))nt e'ﬂde V\%@t $9hANGe amount of
power output cal cul ation frmax= Sr/ ere fmax is

t he n&pdhmm aftree@#ueﬁ@ys pyehKbpt, spsed o%ngaev@ feerlbadknis iist@, than the

and V| out put, vo s the ou

ot o SelAR P 2B RRLRER (P g g5 ggBY ioBE g resutt o
16 4 #49a likﬁtlén 29 sthfed3id ThHH1d 2 #hed it Ghd®s lmt GAulb 0'3’[7 feedback
8 64 64 20 15 96 144 25 12 96 144 20 15 114 203 2

1914 20¢pororys sipge rog feodbrek1Pie oxanplo appliéiey Fary dﬂtmr 16V p-p
to Figy, §’%hﬁ)lg ‘iioaﬁ a?% g%e | S'{}g%? 1?9}9%% Infés}o&*léép, the calculation

over cOnes vant a
i | I usbelawdtishow’ehd exppiploaaplkifiertdnepue powen@tihg (sabgct to the number

of output tube being implemented).

Slew rating and power output calculation
15 fmax= Si/27V,, where fmax is the maximum frequency in KHz, S; is slew rate in

V/mS, and V,, is peak output voltage, P, is the output power into 8 ohms load

impedance.
S: Vo Py fnax Ss Vo Py fma
20 15 8 1 298 1 8 1 ZXO
15 16 4 149 2 16 4 20
15 32 16 75 4 32 16 20
15 64 64 37 8 64 64 20
15 96 144 25 12 9 144 20
25 15 114 203 21 14 114 200 20
15 128 256 19 16 128 256 20

Referring now to Fig. 3A and Fig.3B, where phase splitter that overcomes all of
the above disadvantages is illustrated. The functions of the components are
described as follows:-

30 Legends: J - Jack, R - Resistor, C capacitor, Z - Zener, D - Diode, S - Signal, P -

Preset trimmer, VT - Vacuum Tube, Q - Solid State transistor



descri bed as follows:- Legends: J - Jack, R -

Resi stor, C capacitor, Z - Zener, D - Diode, S -
wEe@nageo2d - Preset trimrer, VT - Vacuum Tube, PQ/€N2006/000127
Solid State transistorRef. Type Functional Description

No. 30 D This diode is used for grid over voltage
protection for VT2A when power is first turn-on by
shunting the high voltage away fromthe grid into t he
cat hode. en device is full rat|

vol t age § 't he gﬁﬁ hode is hi gher)ﬁluﬂg ﬁg 'i'%m“l'hl s
reverse ased the di ode so nornal functlon conti nued.
38 R This resistor is the anode resistor armof the

cat hodynggphasg splittefqpis4oR iLh g. £& St
cat hode resistor arm of claslt %dylnesp as?rsp etrterage %roﬁctlon

This resistor is the detwlliAgheegiostis first turn-on by shunting
orresponding to coupli i st is film

5gapam tor is used for dg’goh’ﬁ% @1?4%?1\/\/5‘?1?3@0&‘?’8 a&ild into the

signal. 46 C This capacidtRidel WRerP#RAGN i@ ACHIR! bfﬂe‘r&tlng, the

capacitor for negative supply. 48 R This resistor
vol tage dropper, so thavoliage ahé@aﬁﬁthﬁéemhlghgrethas the grld This

between -45 to -100V. 5 Th S

f eedback resistor divi d%?’gS%ZB’%ﬂflﬁﬁé 0‘2189 m?rgja hiymction
f eedback vol tage coupl i ¢htinued.

10 38 R This resistor is the anode resistor arm of the

cathodyne phase splitter.

40 R This resistor is cathode resistor arm of cathodyne
’ phase splitter.
42 R This resistor is the decoupling resistor,
15 corresponding to coupling resistor 46.
44 C This film capacitor is wused for decoupling
unwanted feedback signal.
46 C This capacitor is a bypass electrolytic capacitor for
negative supply.
20 48 R This resistor is a voltage dropper, so that the
negative voltage is between -45 to —100V.
50 R This resistor is the feedback resistor divider.
52 C This capacitor is the feedback voltage coupling
capacitor.
25 C-40V- This is negative supply for VT2A / Q4.
175V
NFB1 This is negative feedback source 1. This feedback

is connected to feedback port at cathode of V1B/Q1
and feedback port at anode of VT1A.



capacitor. C-40V- This is negative supply for VI2A /
4. 175V NFBI This is negative feedback source 1. This
w0 e@dosok4 i s connected to feedback port at catPOOEN2H06/000127
V1B/ QL and feedback port at anode of VTIA NFB2 This is
negati ve feedback source 2. The feedback is connected
to anode / drain resistor arm of cathodyne phase
splitter VI2A/ 4 and feedback port at V2B/ @ grid /
gate. SI This is input source signal. S2 This nornal
driver output NgiBgnal . Has EhiegativaviBsdback SHurde?. THetiBatback is
signal, equalised. Vo This is the normal anplifier
out put vol tage. B+500\fomngcied sfopapeder y/ Hirgih tresigprorarm  of
for the phase splitter i:opl S N« LA ed.
N channel MOSFET ( Met éiat@?lgﬁe-‘s#?i %’%ﬁgﬁ\@é&/ éfl faenéit %%d%(;k
Transistor) V2A V Vacpom 4t MaB/Qpetdypgatbll triode There
are 2 disti ncé di fferences .conpared to_the prior art,
5(1) negative PEedback TS Bt QNIERSighdde resi stor arm
of upper tubegsli rect | yoyi@fithdoPdridBufil Ygtall S_ar OUNd
referenced, instead of output reference.~In addition,
the driver haS3the folThisinmertadtirivet agpst sigral equalised.

Differential pegative, feedbacks FBI . & NFB2 re

t apped across{)P_esi storfhé%lﬁgﬁ OIP%QIM%‘H&I OHE"\‘}?%‘gtage'

cathode and rgssgvor (DA isQrichdrp Hi@i"ﬁ:hsigﬁ\fbrcﬁlegﬂgﬁséplitter,
tage at out put but they

This voltage is simlar tovo

1are

15

20

25

ripple has been filtered. _
Q4 Q N channel MOSFET (Metal Oxide-Silicon Field
Effect Transistor)
V2ZA V Vacuum tube, medium Mu triode

There are 2 distinct differences compared to the prior art, (1) negative feedback
is applied to anode resistor arm of upper tube directly, and (2) the driver is
ground referenced, instead of output reference. In addition, the driver has the

following advantages:-

(1)  Differential negative feedbacks (NFB1 & NFB2) are tapped across
resistor (72) of the upper device cathode and resistor (74) of the lower
device anode. This voltage is similar to voltage at output but they are
better immune to the back EMF created by output device. The back EMF
has to buck against resistor (72) and (74) before reaching the feedback

circuit.

2) Differential negative feedbacks permit feedback to be fine tuned so that

harmonics distortion contents can be reduced to minimum. In normal
output signal there is always some Large Signal Nonlinearity (LSN)
which causes large harmonics distortion. This implied some differences

in forward gain for signal travelling through upper and lower device. This



better i mune to the back EMF created by output

devi ce. The back EMF has to buck against resistor (72)
w@eaeFA24 bef ore reachi ng the feedback circui tPCREN2006/000127
Differential negative feedbacks permt feedback to be

fine tuned so that harnonics distortion contents can

be reduced to m nimum |In normal output signal there

is always some Large Signal Nonlinearity-(LSN) which

causes | ar gen Ibarsobvedclsy dpplyimgt 4 differdittias negativie eldedbmnle amount to

differences_in forward in f ignal travellin .
thr ough upbgzgﬁﬁhﬁ Evgp? %&?ﬁ{haﬁfﬂgggﬁqgﬂs’é 414 téeg’tuseythe gain of
applying at £thent hahen@gat | ve feedback anount to

i ncrease the gain of ?%e %ﬂ?f that is [ ower gain and

to reduce the gain of the half that is higher gain.

(3) T ci i i E ' R i .
(5) 18, 550 R S ) e 0 L
Sout put devifeedbackhilsop dfoal thk easaac sutpec h@RiceM TS local feedback

greatly enhance the stabi]lity of the solid state .

out put ~ deviReshagian «an rgreaily; pihagcsyiion stAbiie Pt thi solidygtate output
vacuum t ubg..¢ . . '

ot ant - aciy ot Fhek 0Pk S mRE 3ttt Hafi WP Sachitubo counter part
heat up. ThelepeNFBoamadiistooinsiaohadtion!voitkent ssitingt for the vacuum

devi ces now. operat ed cat hade follower. (4 tive
foedback 1 BIPSRR e TR, ey tidagy AROTBRR toehae Tamcdevices now

10f the phagge sl h{ EfhodeUBBowdine | ower device has
hi gher gain and therefore higher input capacitance due

to mller effect than the upper device. This | ow

i npedapce | ps t rive the l,ower devi b ovidin

oo Tl e NEeRs Brdtiab Tof B AU afits SR Gkl fibeialt of whe
cat hode ar phdss spltter dilifee The thvddr e Gc@RYs 16Skdr @8O tAgefore higher
| evel increased at the cathode armw |l be decoupl ed

by el ect r oinpif eapagisnce tdve togmiller effect than the upper device. This low
impedance helps to drive the lower device by providing more current

15 capability.

(5)  The output level of the cathode arm is not affected since any
corresponding level increased at the cathode arm will be decoupled by

electrolytic capacitor (44).

(6)  High driver output level is possible by applying negative voltage rather

20 , than further increasing high tension voltage.

(7)  The input impedance of the cathodyne phase splitter is high as high value
grid resistor is being used. This has resulted very little phase shift at the
lower freq due to minimal signal loading. Frequency phase shift at 10 Hz
is <0.5 degree.



(6) H gh driver output level is possible by applying
negati ve voltage rather than further increasing high
w0 ensiog24/o0l tage. (7) The input inpedance of tPEI/CN2006/000127
cat hodyne phase splitter is high as high value grid
resistor is being used. This has resulted very little
phase shift at the lower freq due to mnimal signha
| oadi ng. Frequency phase shift at 10 Hz is <0.5
degr eghidithe phhe PliaschasRbived e frobleflof ek rive Pk O WETB offering
of the prior arts, as well| offering other advantages
as neﬁﬂpbﬁﬁﬁn@B®V§In@é@é@?ﬂﬁﬁenOM/to Fig. 4A and 4B,
they show circuit diagrans illustrating the front-end
stage (110) and driver nodule (120) of the present
i nveanfa:rringThewftolH‘1Q\M'1Agmda4&, mlby‘:‘ show alidcaid ahagrams illustrating the

descri ptlo f or onent ends:
Jack, Peﬂ € %iP&ft Zﬁoﬂ‘ 2%%? tnéﬁ 205&%@#6 H_rﬁ&enbinzy&atwn The
55 - Sf(ﬂfc‘@}m sfarg th'grfﬁlﬁﬁbnﬁlr thIlY% ealRESHPINEUPEsedQ -

Sol i d State Transi st or ype Function
Description No. 2 J Si gnal |nput jack, RCA type to

accep u cq | Lng, capaci d

o o HeEeBRRt I el FonKpeiRof Centeioh riczenat R iege; 3 - Signal, P-
| Nput Pekdtt@mnle@SVEL PhouuRATELEOD) - SHIAISHt Ti8fistor R Fi xed

bi as resistor VTlB/Ql Fi xed bias does away with the

sel f bias resistor and el ectrol ytic capacitor which
can h und |rabl iC fect of the signal and
t hus ﬁf be 2%8? ded ‘%WF@%‘%’%WM resi stor which
al so i¥%part of input |rrpedance 8 C This is input
filter capacitor, part of input. Together

10 2 J Signal input jack, RCA type to accept input
3 C Input signal coupling capacitor and provide DC
isolation for fixed biasing. V
4 R This is input filter resistor, part of input filter.
R Fixed bias resistor VT1B/Q1. Fixed bias does away
15 with the self bias resistor and electrolytic capacitor

which can have undesirable sonic effect of the signal

and thus can be avoided.

6 R This is grid resistor which also is part of input
impedance.
20 8 C This is input filter capacitor, part of input. Together

these two components prevent high frequency
oscillation say beyond 2 MHz.

9 P This is bias trimmer. It is adjusted so that the voltage
on pin 6 VT1B plate is about +120V (when ECC83is

25 used).



t hese two conponents prevent high frequency
oscillation say beyond 2 WHz. 9 P This is bias
WO eooroe924 |t i s adj usted so that the voltage oPCPCN2B6/000127
VTI B plate is about +120V (when ECC83is used).12 R
This is NFB divider to accept negative feedback. It is
al so known as port 1 of distributed feedback. 13 R
This resistor value determ nes the part of the anmount

of ne j ve fegedback. . 14. [ rovi des the groun .
pat h 19 0 3 i nput® drive B}lﬁ ﬁsaﬁ\],lt'ga‘iwﬁ%ﬂ fosaC&%Rfdl?rg?th& #B‘ﬂ’a"k- It is
ground and provide fidl§ckddeh 4sPortdl FSdiMAbhiRS EeabRR! V-

15 C This capacitor works in conjunction with resistor
(13), a® it rBduces tHas sesisterhiadie detenniingsi thy pduerfthasmount

| ags when NFB is appl| Thi ], permt the system
to stabilise. 16 R Th(?f(s%%fgzgp&rf?e raé istor for VI2B/ B

%nd | oadt resi6tor forThifprovides theatCuril gugtefor iy Gfive signal, as
resi stance.val ue can be used for the fix bias schene

bei ng used. 18 P Thi st #rdeqpnledriorperdsandsoyide filtaring for bias
bias for VT2B/ B. Addj i Q! gegative can be provi ded
by the rectified act S}c?trl}ﬂag{ B/@ as the signal drive
i s incridased.C20 R THitds eapatine vearkdhddenjiastisn efithatsistor (13),

VTI A. The vol tage drops, across_ it forns the bias
vol tage for VTIA 21 &RMtfducessthe owpashept g dinging dus phasp lags

1g0nbi nes i nput si gnalyRANMEES aghiaairnis IS pd Rt §5stem to
in error correction -
stabilise.

16 R This is grid resistor for VIT2B/Q3 and load resistor for
the front end stage. Higher resistance value can be
used for the fix bias scheme being used.

15 18 P This trimmer provides the initial bias for VT2B/Q3.
Additional negative can be provided by the rectified
action of VT2B/Q3 as the signal drive is increased.

20 R This is the cathode resistor of VT1A. The voltage
drops across it forms the bias voltage for VT1A.

20 21 R This is suﬁlming resistor, which cdmbines input signal
and NFB2 signal. This resulted in error correction
signal output to the grid of VT2B.

22 D Green LED provides 1.85V DC bias supply voltage.

25

25 23 R This is ne'gative feedback resistor at grid VI2B. The
feedback source is NFB2, which is taken from the
slider side of differential feedback pot. (94).

@!

This film capacitor is for signal coupling.



signal output to the grid of VI2B. 22 D Green LED

provi des 1.85V DC bias supply voltage. 25 C This film
w@apaosdde+s is for signal coupling. 2233 R Thi SPEHCN2006/000127

negative feedback resistor at grid VI2B. The feedback

source is NFB2, which is taken fromthe slider side of

differential feedback pot. (94).30 D This diode is

used for power first turned on protection for VT2A by

shunting the high voltage away into the cathode. \Wen

t he devg@e i sDully opémsativdegis usduefoy pdweardastdtirnetien protection

cat hode is higher thap t id, this reversed bias .

the di ode so nor mal fg%c\lyf%%%iysghgrgmgithﬁgﬁ vgtagg Qrapinto the

plate | oad resistor. EhRodd MBheNle Aevi®SisSHAly ioperating, the

connected to regulated HT+350V 35 R. Gid resistor )

for VT2A. 3366 C Thi sVelfagaaat e gthode ihAigher drami thal grid, this

functi on as capacitor Z.,7e di_od vol .
5r egul at or +150V 58 Z eng)ridd?%(sjefh%vgﬁ{dggégrg%ﬁagt %@%ﬁon 18

+150V, series toget heconsinubd.Zener di ode (56) to

provi de é—lT +300V to frontend. 60 Z Zener di ode, i .

vol t age3f equl & or, seVieB Ripte doatbigaistoni Heothesendad yresigior is

provi de HT +350V to dgd .S 1 filtering

capacitor. This e- capE%n}ﬁg%e?ﬁ %@gteglﬂﬂaafgtyﬁhi ssi ng

noi se i M roduBed by .t BeidZesisor i ¥d84. 64 R This

18 or har aban e s SR QpiSe ‘AR s0dRS untion as

capacitor (25).

56 Z Zener diode, voltage regulator +150V

58 Z Zener diode, voltage regulator +150V, series together
with Zener diode (56) to provide HT +300V to front-

15 end.

60 Z Zener diode, voltage regulator, series with Zener
diode (56, 58) to provide HT +350V to driver

62 C This is the filtering capacitor. This e-cap also filters

out any hissing noise introduced by the Zener diodes.
20 64 R This resistor discharges any reminding voltage in e-

cap 62 after power down.

66 R This is voltage dropper.

Q1 N channel FET (Field Effect Transistor)

VT1A Vacuum tube, medium Mu triode
25 VT1B Vacuum tube, high Mu triode

VT2B Vacuum tube, high Mu triode

Q1 N channel JFET (Junction Field Effect Transistor)

Q2 N channel JFET (Junction Field Effect Transistor)

Q3 N channel JFET (Junction Field Effect Transistor)
25 S0 Normal input signal source

S1 Normal output signal source



66 R This is voltage dropper. Q@ N channel FET (Field

Ef fect Transistor) VTl A Vacuum tube, nedium Miu tri ode
wO/TloR0’@euum t ube, high Mu triode VI2B Vacuum PCHYEN2006/000127

high Mu triode Q N channel JFET (Junction Field

Effect Transistor) @@ N channel JFET (Junction Field

Ef fect Transistor) B N channel JFET (Junction Field

Ef fect Transistor) SO Normal input signal source Sl

Nor mal out put signal sourceS2 Inverted output signal

source B+300V, . This i reg | at ed ,su gl for front-end
B+350V This i°¢ regul Z‘%Véat ‘iabtﬁ}l&s@b’*ﬁ) %P?;?%er B+380-
H T. supply, Hisober eq“hlsﬁ?&%maiéarsugﬁwmréﬁt% gstate
500V out put stage, +380V fOr solid State output stage.

Overal | descB+360¥n Ei’hlsasrqgv]atefdrsupplyémddrm:d driver

conmponent s ( umt splid stat

devi ces into a?ggunt 's SYE) cfl +§5‘g" fﬁ)’ﬁ\ ‘éﬁ‘meRB?ube state
5(1) This ciregoy usesutpi dtada! $38U\ﬁfdr's@ll}’d SiokeNaBut Stage.
reduce odd harnonic distortion since odd harnonic

conte ehl n ath wth e
amountVer e e e R AR A R oo g ing vacuum
f eedbadk spie 4RI GHd sARMides irfo 8stodhtyad @spicledBNMClg A and 4B:
slewrate of the preanp and driver stage | f the sl ew

rate i s exceeded, then nore odd harnonics will be

gener gted &{.1C . s | .
O67er 89°F, PCBATPS, Akl Sho BB 6 B354 M harmonic
t he front éustbridon einceandil hﬂiﬁﬁ)ﬁlc&mni;dntsﬁmulﬂrbetﬂ’ighdiﬁn a single path
onst ant, |l arge and Cis small nd hence .

19 get her mmthi?rgi apopntlinegatiieresaback. A singlsrlaon aegative feedback

extend | ovipf fRRUERGHE HERRASBater demand on slew rate of the preamp and

driver stage. If the slew rate is exceeded, then more odd harmonics will

be generated since NFB is not fast enough to clear the errors.

(2)  This circuit use DC fix bias control in the front end diver and phase

15 splitter. In the RC constant, R is large and C is small, and hence together
with fixed biasing scheme it can provide extend low frequency response

with little phase shift and less sonic penalty as no cathode bypassed

capacitor is required.

(3)  The vacuum tube base output stage requires more feedback due to higher

20 output impedance. It also required higher driver level at the output stage
due lower cathode efficiency and lower trans-conductance. It has less

distortion and odd harmonic due to triode characteristics. So high gain,

high voltage driver will be demanded.

4) On the other hand, the source follower has better efficiency than cathode
25 follower but higher distortion initially than tube base, and so it requires more

current and less voltage drive but fairly high gain demanded.



with little phase shift and | ess sonic penalty as no

cat hode bypassed capacitor is required. (3) The vacuum
Wao aive/ob@se out put stage requires nore feedbackP@UeN2@®6/000127

hi gher output inpedance. It also required higher

driver level at the output stage due |ower cathode

efficiency and | ower trans-conductance. It has |ess

di stortion and odd harnonic due to triode

characteristics. So high gain, high voltage driver

wi || berdgnmandpghe (BurtohdlD@tHptioband, the source
fol | oweg,has better efficiency than cathode foll ower

but hi g{ygfgdi sgorti ofd qgt\»a%{l{n;i m@n ghﬁase@r andIlS Signal

it requirés more current and |ess vof tag drive but
fairly high gain demmpliéidatRef tubEyFbe maincof hialtube is about 55

Description No. VTIB V

Spreanplifier for smal hengygﬁ%é @%@?ﬁ%&%&g@ ¢ figpilar fube with
gain of this tube isaheotis 38cdMPsteEBRe ()4s adjusted so that
12DWr/ ECC83) or similar tube with f/u 100e|gg>use :

Preset trinmmer (9) ithe adﬁaggtaéglns@ ig ahout ﬁ-h@\(,dppl&@égl@{ enters

pn 6 i about 120\ L noyl R LANLALA AIEEL ARk, NEBL s
applied to cathode abplédBio aRthotitiics VSBPERT thisof PORT 1 of

. distributed feedback. The a l'ified output, signal is.
1¢ aken from cat hode gligiributed e(&’?}?lbu?h‘f ifigdl souipyiy pignal is

is better as the Sql{@&%# gew i H@V‘@‘hé Sﬁgutri‘r&ﬁ'tlﬂgsource is

and har noni cs. VTI A acts as plate I oad

for VTI B and by itsdeftes 85 ahecaduand ecsponseoshowsvibes singing and
out put signal is connected to next stage. Val ue of
resistor 20 is |argdlRIMAUES-ECC82 i s

VTIA V This device acts as plate load for VT1B and by itself is a
15 cathode follower where output signal is connected to
next stage. Value of resistor 20 is larger when ECC82 is
used (1/2 12DW7/ECC832) and the value is chosen so
that it has about % the supply across it. The plate current
is about 0.8mA. The top plate is connected to B+300V
20 via resistor (70). NFB is applied to the top plate via film
capacitor (68) and this forms PORT I2 of distributed
feedback route.
VI2B V This vacuum tube is for further signal amplification and
to drive the phase splitter. For vacuum tube output state
25 12DW7 or ECC83 section is used and the gain is 70
fully bypassed. For solid output stage ECC99 or 6N30P
is used and the gain is about 15, either device can
provide the high current drive for solid state oufput
stage. V2B is fixed bias and the initial bias is adjusted
30 by trimmer so the gird voltage - 1.0V, plate voltage



used (1/2 12DW/ ECC832) and the value is chosen so
that it has about 1 the supply across it. The plate
W@ 006081924 s about 0.8mA. The top plate i s connPCTL/€N2106/000127
B+300V via resistor (70). NFB is applied to the top
plate via filmcapacitor (68) and this forns PORT 2 of
di stributed feedback route. VI2B V This vacuumtube is
for further signal anplification and to drive the
phase splitter. For vacuum tube output state 12DW or
ECC83 section is usegt thisdichd& 930V wish Z6bukk Ol3nyA current flows.
bypassed. For solid qutput stage ECCO9 or 6N30P_is .
used and the gain i sTAhskiver 5 this ioperatiggvmeds, di(C83 delivers
rovi de the high cur JJq oL...80L 14, Sk.at e. qut
gt age. V2B is fixed %@f}g Pg}%da{?%é ?ﬁ?ti&aqd%bﬁﬁlgtéﬁ}ogl' When the
adj usted by trinmer signdlhleiveibecbnveslla@gethe addifidhal piastveltage
voltageat this tine js +150V.with abouyt 0, 3mA_curr.ent
fl owsg The driver | nlstm?@g?ﬁjp‘é‘?eatpi%@ lﬁ%'ij@EtIOEQE%B’IOVI‘?CS stable
Sdelivers 200V p-p oujmpkfidibh afrd BEA tﬁ%}?ﬁ/ﬁll s alymgpclipping
the signal drive becones |arge, the additional bias
vol tage is provi ded duak output.dNFB2ks appliedviaredistor (23) and

provi des stable anplification.and hence the i Il .l ess
abrupt clipping at p‘égkn%é?cgmt.‘al_%&%%ng %5 ‘Blyﬁzmj fhl%\resumd
resistor (23) and i tinSerfel @ecMbi Bigﬁlﬂr’rmtﬁﬂ {oCfhb SERY of V2B

(21). This resulted in error correction signal output
to the grid of V2B atfd thisifermePERTEORT dtrdfuted feedback route.

1¢li stributed feedbac kRés?#&rS%???%ﬂg\i}gﬁg@er(tgé )osgiléc’nooal at very low

prevented oscillation a requency an
i ncreases the stabilfréguendy doden&ysseehe stability of the system.

VI2A V This is vacuum tube based cathodyne phase splitter.
The plate is connected to 500V via resistor (50) and
(38) and cathode is connected to negative supply of
15 : about -100V via resistor (40, 42 and 48). This is a total
of 600V. For tube base output stage, the tube used is
ECC82 section of 12DW7. The actual anode to
cathode voltage is not more the 300V. The high
voltage is necessary as at least 200V p-p output is
20 required from each arm of phase splitter. This grid is
self biased to about -15V and this is about 4.5 mA
current flows through resistor (40), which is enough to
drive the vacuum tube output stage. When ECC99 or
6H30P is used, the current will be 15-20mA, which is
25 enough to drive the solid state output stage. Resistors
(50) and (38) forms voltage divider so that this permits
100% negative feedback via NFB2 differential
feedback port.



VT2A V This is vacuum tube based cat hodyne phase
splitter. The plate is connected to 500V via resistor
W@ 2@p/0869et4 (38) and cat hode i s connected to negBtT/¢N2006/000127
supply of about -100V via resistor (40, 42 and 48).
This is a total of 600V. For tube base output stage,
the tube used is ECC82 section of 12DW. The act ual
anode to cathode voltage is not nore the 300V. The

hi gh vol t age i least 200V p-p output
s r e glrerbtos PR TR R d e comppantt (aleiid stk dovices)

I's self gbligegsh 1@, eBQKd 415V and this is about 4.5 mA
current flows through resistor (40), which is enough

to drive the vacuum tube output stage. When ECC99 or
6H30P iRefised,Typee cHonetivnabDielcrijtiob5- 20mA, which is
enough Neo. drive the solid state output stage.

Resistopsg (50)Qand (38k fiordvhdvetateagaes %iﬁéerf@lo shid@t signal
this permts 100% negative feedback via NFB2
di fferential feedbacRmphticationdpbs.| Thieswniqft thimisoabout 55 and

front-end and driver e ( S| t .
devi ces) as depi ct edre:aﬁ[g%)g). Ql%@téﬁéh%%?&)%gfo ? n%%téve feedback.
Functional Descri pti BresdfotringherQ9)hik sadjisiteslotd thastthé &/oltage at

preanplifier for small signal anplifjcation tube. The
gain of this is aboutPrss JERY soutfedeabey 4ubucbBS valtage Input

1 o regat e SR el g ) e, 2 o
about Vi the +B3 vol teaigtor. INHRIL is applied to source of Q1, and this is
PORT 1 of distributed feedback.
Q2 Q This device acts as plate load for Q1. Value of resistor
(20) is chosen so that about % the supply across it. The
15 current is about 2-3mA. The top drain is connected to
+B3 via resistor 70. NFBL1 is applied to the top drain via
film capacitor (68) and this forms PORT 2 of
4 distributed feedback route.
Q3 Q This JFET is for further signal amplification and to
20 drive the phase splitter. The gain is about 30. It is fixed
DC bias controls by trimmer (18) and resistor (16). The
driver needs to supply about 50V p-p output. NFB2 is
applied via resistor 23 and it’s merged with summing
resistor (21). This resulted in error correction signal
25 input to the gate of Q3 and this forms PORT 3 of
distributed feedback route.
Q4 Q  This is solid state based cathodyne phase splitter. The
drain is connected to +B1 40V via resistor 50 and 38
and source is connected to negative supply of about -

30 40V via resistors (40, 42, 48). This is a total of 80V and



signal enters RCA jack 2, and to gate 2 via filter
resistor. NFBl is applied to source of Q, and this is
w@PaRE/0d9690f di stributed feedback. @@ Q This devPCECHZ106/000127
as plate load for Q. Value of resistor (20) is chosen
so that about Vi the supply across it. The current is
about 2-3mA. The top drain is connected to +B3 via
resistor 70. NFBl is applied to the top drain via film
capacitor (68) and this forns PORT 2 of di stri buted

f eedback route. B Qaﬂ3ﬂt540i/':§gp IoRtpfuPfis fr uﬁr@@rfr&h%@ﬁ arm of

anplification and to drive t esp tter.
gain is about 30. Itph@efspk@@ Dtolibgtaﬁrapomsnswm abyused to bias

trinmrer (18) and respst (1 erer ds t
supply about 50V p-p h&P?lﬁ Sp%hﬁrBEIhhfs ety %eg{s@ia%\ed the current
resistor 23 and it' sisngjoaeOmA Imosv@nﬂmmhneﬁstsf QJ[O) which is

(21). This resulted in error_ correction signal %
to the gate of @ aneraughdofdsiviessotidromipntottagsi M@S Teygn be

sfeedback route. 4 Qﬂirﬁée‘fle%ﬁut%girélﬂ {5 §c§ﬁ@e &61%89’ or more, but the

cat hodyne phase splitte 'S connéecte
+Bl 40V via resi storinplt eqpdcihcantosdwecw Snougnrb@c:iteﬁn be

to negative supply of .abqut - 40V via resistors
42, 48). This is a t@e‘éqn%afdrgf@v%éna%ﬁa&s (ZQ)@C})??%) forh voltage
out put is required f&l@i@eﬁ?&ﬁla@f rg199§§@%§ﬁg%tg\;seg€edback via

Vol tage drop resistors are use Ias the
splitter. This devi cNFB2 diédréntlal %ébb,cktpbst current is

1 3P o ool EEER AR B Bl st S pverond am
transients.

56 Z Zener diode to protect MOSFET from overload and

transients.

15 Referring now to FIG. 12 (TABLE 1), Comparison figure of multi-port
distributed feedback and single route feedback against expected distortion. -
Output = 16V p-p into Load=8 ohms. THD figures are based on Hameg 8027
Distortion Meterland HM8037 Oscillator. From the figures, it is noted that:-

1) A single path feedback of large amount at Port 1 does not achieve best
20 distortion figures.

2) When all ports are used, it can achieve best distortion figure.
Reference is now made to Fig. 5 and Fig. 6. Fig. 5 is circuit diagram illustrating
the vacuum tube state output stage of the invention, and Fig. 6 is circuit diagram

illustrating the solid state output stage of the invention.

25 Functional description of components as in Fig. 5 and Fig. 6



| RF series with drain to source of 150V or nore, but
the i nput capacitance should be | ow enough so it can
wheoodosesen by driver (B. Resistors (50 and 38)PEDCN2006/000127
vol tage divider so that this permts 100% negative
feedback via NFB2 differential feedback port. 54 Z
Zener diode to protect MOSFET from overl oad and
transients. 56 Z Zener diode to protect MOSFET from
overload and transients. Referring nowto FIG 12
(TABLE Ref. Corfbype sdfunctigualdestriptibni - port di stri but ed
f eedbacNoand singl e route feedback agai nst expected
di stortion. Qutput = 16V p-p into Load=8 ohns. THD
figures_are based on Hanmeg 8027 Distortion Meter and
HVB037 ®sci | | dtor. Mo ¢MBliRg gures, it is noted
that:- 1) A sifgle ck of | arge anpunt at
Port 1 %oes no(? achﬁ%@%@gﬁ%i stortion figures. 2)
Shen al 6 port<Care wsipmdl, couplimpn achi eve best
di stortéon figyre. Reference is now nmade to Fig. 5 and
Fig. 6.°Fig. i s cifteRRi B ram i1l ustrating the
vacuum foibe stte owjRUblisl-agadef the invention, and
Fig. 6 is circuit diagramillustrating the solid state
out put Btage dt thebianvehageatividéiuncti onal description
of co entsas in_Fig. .5 and Fig. 6Ref. Type
Funct :Tgir?al Desgélri ptlb ﬁ%%a}gegﬁ%dgri gnal coupling 4 C
18i gnal 130uplimy 6 Chizk gomdge@HBéd Ng 8 C signal
coupl i nIg4

P bias voltage trimmer
16 P bias voltage trimmer
18 P bias voltage trimmer
20 P bias voltage trimmer
15 22 R grid / gate supply resistor
24 R grid / gate supply resistor
26 R " grid / gate supply resistor
28 R grid / gate supply resistor
30 R grid / gate resistor
20 32 R grid / gate resistor
34 R grid / gate resistor
36 R grid / gate resistor
38 C Decoupling / bootstrap
40 C Decoupling / bootstrap
25 42 C Decoupling
44 C Decoupling
46 R grid / gate stopper
48 R grid / gate stopper
50 R grid / gate stopper
30 52 R grid / gate stopper



10 R bias voltage divider 11 R bias voltage divider 12

R bias voltage divider 13 R bias voltage divider 14 P
wWhr@s/ 084 age trimer 16 P bias vol tage tri mMmePCIL/BNER06/000127

bias voltage trimrer 20 P bias voltage trinmer 22 R

grid / gate supply resistor 24 Rgrid / gate supply

resi stor

26 Rgrid / gate supply resistor 28 Rgrid /

gate supply resistor 30 Rgrid / gate resistor 32 R
grid / gate resistor 34 Rgrid / gate resistor 36 R
grid / 3fmte r&si st oshcdBeifculdennblliniger/ bootstrap 40 C

Decoupl
46 R gr

4’ng | bootstrap 42 C Decoupling 44 C Decoupling
&/ gz?te st

ehepletircal crargptilamifergat e st opper 50 R

grid / gpte stlppperSlﬁgﬁ&c_g{ticgnétgq&gi%ﬁstopper5 6 R

short circuit current
current62imt &

5

10

15

20

25

64
66
68
70
72
74
76
78
80
82
84
86
88
90
92
94
100-
112
VT1
VTn

TR1
VTn

F

N2 YT OONN®MOT TR W DG 9

< <

<

Imter ort circuit

short circuit current limiter

fuse, normal, output device fault protection

fuse, normal output device fault protection

fuse, normal output device fault protection

fuse, normal output device fault protection

Feedback resistor, upper half

Feedback resistor, lower half

Fuse, overload / speaker protection, fast acting

open loop resistor

Snubbed cap, prevent high freq oscillation

Snubbed resistor, prevent high freq oscillation

Zener, faulty DC output protection

Zener, faulty DC output protection

Decoupling

Decoupling 4

Preset trimmer, differential feedback pot. NFB1

Preset trimmer, differential feedback pot. NFB2

Zeners to protect MOSFET from signal overload, and
transients

Vacuum tube Power output device

Vacuum Power output device, where n is multiple of 2 up
50.

Solid state Power output device

Solid Power output device, where n is multiple of 2 up to

8.



60 R short circuit current limter 62 R short circuit
current limter 64 F fuse, normal, output device fault

wEe@bestozon 66 F fuse, normal output device faRdT/CN2006/000127
protection 68 F fuse, normal output device fault
protection 70 F fuse, normal output device fault
protection 72 R Feedback resistor, upper half 7744 RR
Feedback resistor, lower half 76 F Fuse, overload /

protectlon fast acting 78 R open | oop

k
[ esi s DBPIAHGICETIBIFAAEHIN e SlAnEnd¥al Fatequiput stage as in Fig, 5
osci | %ﬁHFg%géﬁf )ed resistor, prevent high freq

oscil l'atl ener, faulty DC output protection

86 Z Zener, faulty DC output protection 88 C
De ing 90 C Decoupling 92 P Preset trinmrer,
Giff :%‘Jﬁ? ot SFféf‘édﬁ%ElgaﬁéttgteﬂFBPleg@kmutRFtagﬁr ekhet vacuum tube stage
tri r
MEerated frb@r L0 1A R}fp??agwglggg ?nd'\ﬁ:§§ ap;'agﬁ 121% s $S9DH Shile the

to protect MOSFET fro
5tr ans$Céldt %atwpel‘dte\fa@n wrdiVileed Hevisins suphuis bdawo&tagé/iﬁrtakén from

VO BB A 5 RS UL B BB o
SO| l dloE’@‘ﬁiﬁﬂle%ﬂpéﬂcaﬂﬁHb CRd MRWRr Ralf St Sl ﬂlb Ebhﬁ FandddiBr source
of lower device. In the ground position as shown, the upper half is cathode or

source follower and bottom half is cathode or source grounded amplifier, and in

10 lower half the load is at the anode or drain. The upper cathode (source) follower
required higher drive signal or 30% higher than the bottom device due to the

100% degeneration or negative feedback on its cathode (source). The bottom

tube has a gain of about 3 when the load is very light or open circuit, and gain

drops as load is increased. The gain is only slightly greater thén the upper

15 cathode follower as the load is increased. The bottom MOSFET has a gain of
about 30 when the load is very light or open circuit, and gain drops as load is
increased. More details of the gain calculation can be found in Table 1 (Fig. 12).

It’s noted MOSFET has far more gain in common source mode than source
follower mode. For modular design, every module consists of 2 x 6C33C or 10 x

20 6C19P. For modular design, every module consists of 2 x MOSFET. To double
the power output, the output of the modules is combined, and is driven by one

single driver module. The output device needs not be perfectly matched but 20%
matching is desirable. This ensures peak power output is not prematurely clipped

by under power device. Although MOSFET has better match than tube, 20%

25 match is preferred. The bias of each device is separately adjusted so that the DC
offset is not offset by different idle current. In fault condition, DC higher than

50V of either polarity will cause the two Zener diodes connected back to back to
conduct current and the fuse will be blown. Hence there will be no DC higher

than 50V appears in output terminal. The Zener diode arrangement permits 100V

30 p-p audio signal to pass. This is about 90W RMS into 16 ohms load.



8. Overall description of vacuum tube state and solid
state output stage as in Fig. 5 and Fig. 6 are as

w0 o00bos®24 This is a series connected totem poPEI/ON2EPEN00127

stage. The vacuum tube stage operates froma 175V
bi pol ar DC supply and has separate bias supply while
the solid state operate from 45V and the bias supply

i's bi | t t aken f bi ly. Th
o oun TS s R paties B SRR b P Hi e Afpied or when
hal T Bag dofdeoh. nléﬁehﬁlrﬁﬂﬁ Budlo G ROHSec @Bt ARESShAVES out through

half, 1t's in pat h of anode or source of | ower
devi cthe lpad. tHoe egamplnlemsbqth dwbeg Arg ﬁﬁmad@%@u@uﬂ)@rblas problem,

cat nobed eSS o8 BB E Ry Frradth Indfib bR chfhe s tille currem
shal f fibg theash ihe s?éaklnh BleAer) Biee @b4 £ 7)tan DO QoD éllise or even slow
cat hode (source) follower required hi %her drive sjg

or 30blowi dherdyinsgetindo pevesnmecssay dite Plgwprut ﬁ@@%lomentary
degenﬁéx?atl %}éo do pucht c% iﬁ% Jpﬁgﬂg BN He#o%va%%%‘agleav%léenoutput. All

(sourc ube gain o
t he |faeh fos M@SBET p@hdction afast aclmg: Bt fusa rqaz)gm'lsn b fagp acting to

as load is increased. The nis only.s

gr eat BPteChagin Ay g @aalccsm%aea Speh §¢ 5‘6%%1%?@% Qaﬁ&&éaqlgv output

1Hncr ﬁ%%édlihatTg Ca \/é EBbol$ara 183 Bt @b oﬁﬁﬂ%’@erﬁ%al Speaker
ery lig

when t ht or open circuit, gain
dr opscusuk a&aﬂnplsmentcd fasalded wﬁeta (Tt aiut fooﬁlawh@ﬂlgbn friggered to

calcu ot on,Can b2, LopA0,! ToR) &l LFL B ARy Lt Trmmer

than @oyisage dipfetayial zprggédﬁlml’ﬁ@ffoﬂﬁ@lgdtl% fGBAGN The ¥ @Fayitages are:-
nodul e consi sts of X 6C33C or 10 x 6C19P. For

nodul ar design, every nodul e consists of 2 x MOSFET.

To doﬁob#]ﬁ%%we ﬁ%all\)e &k ?j 1t Byt finke) tlaﬁecf) B Q%)Ilrgfvglﬁeli?c\?/ g?ﬁ?&%ﬂ)ﬁﬁs lowest.

is co I Vén Dy ohe
nodul e. The out put devi ce needs not be perfectly
mat ched but 20% matching i s desirable. S ensur

1peak Powdpgasiye pleedhagk iy ttapsde i tiop &t feE‘ilt?aﬁ*Ser&SlBS‘?f d%arCh output
power de@/é\ﬁ@e ook mg{h{‘rﬁﬁtpmﬁﬁfoﬂﬁ?hﬁstd&ﬁ@dwn as it’s

t ube, match is pre erred s of each device
is separmﬁtéﬂeyvxh;d!paxmied so that the DC

3) The feedback circuit are more isolated from the output and thus better

immured against the back EMF of the load impedance.

20 Trimmer (94) is the differential feedback NFB2. It is used to control the gain of
lower output device so that the gain is the same as the upper output device. The
advantages are same as 92 mentioned above. Film capacitors (38 and 40) are
connected to output, so there is a small amount of positive feedback to resistor

(30 and 34). Advantages are:

25 1) Permits smaller value with higher quality film to be used

2) Reduced loading effect of input stage, and hence reduce distortion



offset is not offset by different idle current. In

fault condition, DC higher than 50V of either polarity
wowdob/og@ese t he two Zener di odes connected backCT/ONb@6K00127

to conduct current and the fuse will be bl own. Hence

there will be no DC higher than 50V appears in output

term nal. The Zener diode arrangenent permts 100V p-p

audi o signal to pass. This is about 90ARMS into 16

ohns Bpad. Rran&dMLmbrise distRti ' i

when tEe tubes are overlgggg%&%ghﬁﬁg%aggﬁﬁﬁbg%n |t%§£ﬁﬂnChthe

The cur r enhageani¢sonignts arahighentive ¢athode folowssepeyatipn.

out through the | oad. For exanple when both tubes are

over|l oaded due to a bias problem both tubes will draw

j ust  Rsistord (22 t6 2BF aeUih serids. wik bial sepptsLthe kgt WSvice, and they

little current flow through the speaker. Hence, fuse

(64 t 8rerennecisd tocleaha baalsiwap dilmey ene endowtishoawe patief the grid /

advan J: ry, fu | own _oqut due
Smovanp RS oTRL BB BIAEF I 1 36 B S rance o
bel owicsat drdqasmdy. dhe taieantagiep ute; INPerhitts@Shibhér WRRFET grid / gate
protectjon are fast, acting, But fuse (72)_ nust be fast _
act i niFSIPT e B¢ B8ad. sigss Prrhoh bt reurrend wall be sippkiad hy shunt film
Ser Vecs Sing : 3 [ ‘s
causi (Bt SPRARSH sOnibEHES fialb] R0 hi b 27 Permiting
t er mi beiter IS dtegnersytrespotsel s i npl enent ed for "added

safety. The cut off relay will be triggered to isolate
output termnal if nore than IV appears at the out put

10 er m Tenmel {14720+ 8¢ bidsréds8epstbdilabnRidt & tHaf @ﬁ?’s}oltagf)for each

trimmer for negative feedback. The advantages are: -
Negat QWRutf dinsaeie basepseately nljustasied The advanbiges amielt)ePermitting

di st j I35 t. tive.fee ck is taped. o
top o nsRqyidiee, b LIRELE S0l RN hersk B BRFGR). and 2
bet t ePermétting senillsr ilae @fitdouplivvgfaoien ek asedoss ﬁ@hi Pdiistor is
as it's not heavily | oaded. 3) The feedback circuit
are M8l sol ated fromthe out put and thus better
i mmur ed agai nst the back EMF of the | oad i npedance.
Trimrer (94) is the differential feedback NFB2. It is
1used Resistmni(7TDhnd ™) gaiNFBfesistone Provitlp diffeskaniantf2eltnck for front-

EI'E Zt etn s 4R 'to ﬁletpl?ltz:i‘sessaprfi‘?tera.1 sfhtegeerelélig%?sr algcl)J Eigtg;migg \{lllecleir'nit of the
output impedapce. This permits output impedance to be predetermined to match
the critical damping of the speaker. In the conventional feedback émplifier,
output impedance is a by product as it varies by the amount of feedback and it

20 can be reduced to very small value with large feedback amount. This can cause
over damping, which reduces bass response. In this invention, minimal output

impedance is equal to these two resistors in parallel. This minimal output

impedance is necessary for solid state device to have tube like sound.

Reference is now made to FIG. 13 (Table 2) that shows the drive level
25 requirement and gain / NFB calculation for vacuum tube state and solid stage

output devices as the output is connected to different load impedance.



advant ages are sane as 92 nentioned above. Film
capacitors (38 and 40) are connected to output, so

w0 b@re8dos4 a snmal | anmount of positive feedback PEI/CN2006/000127
resistor (30 and 34). Advantages are: 1) Permits
smaller value with higher quality filmto be used 2)
Reduced | oadi ng effect of input stage, and hence

reduce distortion3) Reduced harm)nlc stortion
cont &ﬁgs 7 1552 Gippuit glgq,streténg)@n e 9#@1 F%p%%agg)hfler of the

cont quélti%flesom@&%&ntq}éﬁs Gefoneds; ol | ower operation.
Resi stors (22 are In series with bias supply of
t he out put deV|ce and they are connect ed to decouple

/ b fil t Th

or td ATELAR arordiidtpo B B tomate ot R Sps TRl iRl il Syppties 120v
SO t IRy tb M Reriflers BF eﬁaota@ @ﬁﬁp?l? GRd @harg@ma c ;IBa%ﬂUﬁfiﬁ)posnwe rail.
The advant ages are; Pernmitti ng higher va

ue of
5/ gatle therixé negative Pb@seulé ebiargesi the eamamr ipmegptivg rail. élgﬁéfoltage 18
curr nt wi_| | I|ed by shunt film capacitor 38-44
W th B‘fverrll?nsﬁ agta “? rlsk of thermal run away, and 2)
Permitting better |ower frequency response. Trimer
(14 to 20+ are bias preset otentlal-neters so that

bi as Wol té@é‘l})ﬁr@se@@ Pigs, SURply GEGRiE dhatglg @gulgegpg} Qtaél tSbe output
adj ust ed ' dbfeath KRR BES 1R g oot ot hdRGaH/ AL BB the bias

devi ce to e use
reconnendampﬂgﬁneahd&&mtﬂpﬂmnuﬂjng snaller val ue of
coupling capacitor to be used as input resistor is
hi gher. Resistors (72 and 74) are NFB resistors.

107" ow%e ditf §8p88¢ inthediBEshRAs o t}fér olfe® Ath8 B oAS chMBh4L. to

the phase spliitter. These reS|stors al so determ ne the
l[imt of the output i npedance. This perntts output

camping. ot PRBTEDBERENE! s o' B BOLE el bk hF hg channet.

anplifler out put inpedance is a by product as it
varies :% t he amount of feedback and it can be reduced
to veddTLiseanotheaiereidal pewverdragsiormer Jawphastolgiihe npsrsg of A4TIL,

can D8Rfcitors at th
ot %lggﬁl%ﬁgl\élg{ Agﬁf%'Vntg bi n@iﬁrgg%tgﬁe%]goeﬁlaﬁ%}ﬁrée%stﬂ Estfacitors at the
opposite rail, LE. when A4T1 is charging the capacitors in positive rail, this
15 A4T2 is charging the capacitor in negative rail and via-versa. The voltage is
lower in solid state output. Thus together with A4T1, it’s a full wave rectifier,

much like a centre tap power transformer.

1) It supplies power to the high tension supply circuit that is required by

front end stage.

20 2) It supplies the heater power to the power tube of one channel.
3) It supplies the heater power for the front end driver tube of one
channel.

4) It supplies the 24V supply for speaker relay cut out and cooling fan.



i npedance is equal to these two resistors in parallel.
This m nimal output inpedance is necessary for solid

wetabes@eyi ce to have tube |i ke sound. Refer enP@I/CN20068000127

made to FIG 13 (Table 2) that shows the drive |eve

requi renment and gain / NFB cal cul ation for vacuum tube

state and solid stage output devices as the output is

connected to different |oad i npedance.Fig. 7 is a

Ci ' cUlliv Ak 3 diiilobbiunige an_exanpl e of audi o power

anplifier of e i nvefition, sonme descriptions as

fol | ows: AATl is a tor0|dal power transforner In the

positjve S lies 120V AC to.the jfiers

of bi Ia %B?)‘i’%f f&wﬁf EH%P QRe HRSTrmELA9es & Ctr iils other and hence

positive raishre dighal ffegi@t negative phase, it charges

the capacitor in negative rail. The voltage is | ower

in solid state oUtput 1) It supplies the bias supply
ed to t.he out

circ th r

sol i 3& St at gggutlitgnblg g?ﬁ?fﬁav ?ss &lasn%’é’BB's‘ﬁrC(}nX% ?rf’m the same
Sderive t herdtisefimss B bipothir 'REHI ?ry Thé ®iBsiupgilyadnd iﬁpbm aﬁpply will
It supplies the heater power to the power "tube of

channel . 3fluqtyate; indhe pasee mamnereat er power for the front

end driver tube of one channel. A4T2 is anot her

toroi dal power transforner. The phase is the inverse

of A1, Sthd HTprso&érdJeS At kRO Varhe sbbgil?a&”hé Qﬁpdlﬁﬂ Qipply using

so that it apacjtors at t
rail, I. C\iﬁ% ¢ I’isa*i‘déiie%o P‘P?ét“@afé’é@f giﬂ%ﬁf itgobtain a total

posi ti ve r(ﬁ' 1500%/Me uﬁ‘!ﬂ g £ Eﬁ’d tﬁb@ax‘aaig?gdutc&f aé the use of
negative rail and via-versa. age i's [ ower

1ol i d st atdangerppubigh Vhlitﬂgettmg&fohm 1svavd1ddisl4Tl, it's a

full wave rectifier much |ike a centre tap power

t ransf or ner. It suppl ies power to the high tension
SUpPpPlABTILY @i frel‘é{: ahd it§ akRRHatd @igcuii’ty twin %eﬁf&dsoﬂlﬁg €he ?eaker is
It sﬁ&flres t he heater power to e power tube of on
chanrtégconmpctads wherp Hicreds mhee h\%d@@rappmronftbp outpmit fierorinal. The

end %Hl?{geﬁmte yb gn}%fnc% using the released timing which is normal faster than

make time. This is about 3 mS. Advantages:

15 1) To avoid DC output at the speaker terminal that can destroy the speaker.

2) To disconnect speaker due to distortion that causes DC output at the

output terminal.
3) To mute the amplifier during heating up.
A3DZ1 to A3DZ4 are power Zeners connected back to back. The rating is 50V

20 each and hence it permits DC protection up to 50V and audio signal up to 100V
p-p to pass with no loss or degrading of sound quality.



channel . 4) It supplies the 24V supply for speaker

relay cut out and cooling fan. Advantages of this
wa@eooatgmeent are: 1) The power fluctuation of PEECN2006/000127

transfornmer does affect this other and hence ensure

signal integrity. 2) Regulation is not necessary as

the bias supply is derived fromthe sane transforner

as bipol ar supply. The bias supply and bipolar supply

wi || Abuaitaggse in the sanme manner. 3) The HT is

derived fromthe same supply as the bipolar supply

usi ng voltage doublers and it is added to positive

rail pf bi . ' | .of +500V required by

the rront oodtdigRidle Rdodht ol oRmh L' Ot
dangerous high voltage transformer is avoi?ed. A3RL1

is atelay,and,its as iate circuitry will operate so .
t hat %)he Z%“é‘&ké*rmf’@ raﬁ%g%ﬁﬁéé%léﬂ Cyitfarh Orbise fall bagk safety device
DC_appear si@BhiyGoplichithe bidfdtlipg! - The acting time is

enhanced by using the refeased timng which is nornal
faster than make tinme. This is about 3 nfS. Advant ages:

1) To ' ut speaker termnal that can

5 Gest P Phdo SaRdlef s fher TS RS RHC e Shaiioretidat dodicate the
di st @ohdigion o @iscs A2FE 30 ROFIO! Phtkse REDSNEROWIPHS off if the fuses are
termnpal. 3) To nmute the anplifier duri'ng heating up.

A3DZDlgwn rely @1qyeindizatio of thoprobleedevicesk t o
back. The rating is 50V each and hence it permts DC
protection up to 50V and audio signal up to 100V p-p

to p&eferendehis nowlrsd t0IFICLY vheictBe 8YerBPBREk diagram representation
1) To prevent high voltage appéars

2 R i R o apEhratn RGNS T tcptsrie isinebodliraent of the
10;:'(:2%’%6!;5?& %g;:ﬁc%tgtgluirsit 1r1]1'5§tf)a‘;i'eodt‘ :ﬂ(‘:l'{ei %%ﬁﬁtﬁafcngﬁﬁesdﬁ\éhtggnd input stage
(110),ya distributed negative feedback me.ans (300), a non bootstrapped phase
inversion stage (130), an output stage (150) having asymmetry output device

(152), a balanced equalization method for asymmetry output device using
negative feedback. The input stage comprises of a multiple feedback port (102),

15 summing network (105) and a driver module (120). The output stage (150) is
capable of providing multiplicity of negative feedback to be as feedback to the
different stages in the front-end input stage (110) and the phase inversion stage

(130). Output stage (150) is shown comprises of bias drtive network (140),

output device (152), differential negative feedback network (155) and short

20 circuit protection means (160). The short circuit protection means (16) includes
used of Zener diodes. The power supply requirement of the apparatus is being

met by used a power supply means (250) that include used of dual transformer

AC power supply (230) providing high voltage power supply (220) to the front-

end stage (110) and the non bootstrapped inversion stage (130), bias power

25 supply (210) to the output stage (150), bipolar power supply (200) to the output
device (152) and direct current supply (190) to a speaker cut out circuitry (170).

The output stage (150) capable of providing multiplicity of negative feedback as

mentioned earlier.



A2DL1 to A2DL10 are the LEDs (Light Emtting D ode)

that indicate the condition of fuses A2F1 to A2F10.
wabh@sesdo:Ds [ ight will go off if the fuses ar ep@l/ONen06/000127

and thereby provide indication of the probl em devi ces.

Ref erence is now nade to FIG 8 where the overal

bl ock di agram representation of the anplification

‘apparatus as disclosed in the preferred enbodi ment of

t he pileedmpleasplationtdfothe ipsefietrbdistibatimknt Tichappeeat ifention is

i ncludes frontsend input stage (110), i stributed

negat g?PéCtF ci &y g&@k gn@@ ﬁga (130 &qs,cugﬂ?fb [D Hg% ?’éﬁlF dypdmg block of the
phas eampfcatiof NapphRER 6 3R) predéht Ol BtonS h&9Bednl gf&ussed earlier;
haV|n31asynnetr out put device (152), a bal ance

equal theefereat widk nm fe tepeatad paaint Sufficutomay titk viedeyleddments within

negat g.\ue.: . I npuUt, st age. conpri ses of a .
St i coifBRERA e bifink Wb B 1ok TRE thprac e, Gyt improved
and aamplifietionaphiratud thaOhet th6bjests BEthe $hRG804.150) i
capabl e of providing multiplicity of negative feedback

to be as feedback to the different stages in the

front ipt : 1 hase inpversipn

St age (30| Rt dus 0%, BEt-bef BRI S8 "y profereed

bi as embadimemnteit womdt ixftdudd) to tinitbie setpeio€ ehe(idbedtion to the particular

di fferential. negative feedback network $155) and short

circ Ofmpsregtf%r@{’gﬂ’ﬁ e thg scontrary) it whitepded tto Corerusich alternatives,
1(pr ot efbdifBatiRANmd(chfivaieaf! i

The power sup p’Pa?/ldreégDJialreg{r%reaﬁ ?ﬁ%f %tsﬁlglug%%é?tgﬁ}g ¢ isgﬁiﬁ éfl% SCOP e of

met By twertion gsolséinedsopihe ppperdnd claBB0) t hat i ncl ude

used of dual transformer AC power supply (230)

provi di ng high vol tage power supply (220) to the

frontend stage (110) and the non bootstrapped

i nversion stage (130), bias power supply (210) to the

out put stage (150), bipolar power supply (200) to the

out put device (152) and direct current supply (190) to

a speaker cut out circuitry (170). The output stage

(150) capable of providing multiplicity of negative

f eedback as nentioned earlier. The inplenentation of

the preferred enbodi rent of the present invention is

depicted in FIG 9, 10 and 11. D scussion on the basic

bui | di ng bl ock of the



anplification apparatus of the present invention has
been di scussed earlier; therefore it wll not be

WO eems@es again. Suffice to say that the key ePEIEN2®6/000127

within the circuits of the building bl ocks work
together to provide nmuch inproved anplification
apparatus that nmet the objects of the invention. Wile
the invention has been described in connection with a

pr ef ' qalt is not intended to Iimt the
scopmzwpo@'to the particular form set

forth, but on the contrary, it is intended to cover

such alternatives, nodifications, and equj vgl,er})t@s ag

may de i A¥) et adaptad foremplificationypharactsiged & thahgard apparatus
i nventi o?@ﬁegzefi ned by the appended clainms. WHAT | S
CLAIMED ['S: 1. An apparatus adapted for anplification

- characterized in that said apparatus includes:- a

5

front-end i nput stage (110 ing nultiple feedb

port (102);2 O%tl"glfirlﬁ?%t{“é‘%e bé@gi\{?"\}& @g&@%ﬁd%ﬁﬁgﬁ%ﬁ%;
(300); a non bootstrapped phase inversion stage (130)

for connection with an output stage (150) having

asymet ry ocudipigibuttdwiegasive f&2Abackemeral £ equal i zat i on

met hod for asymretry output device using negative

f eedback; and sai d out put stage (150) capabl e of

provi di ng rahér Bbdtéttdppedphade Gintersich §t@ANB0K forZonMttion with an
apparatus as clainmed 1n claim1, further characterized

in that saiiputsieeld0) hptire axyagretiyontutdavce tod)a

driver nodule (120) for electrical connection with

sai d non bootstrapped i nversion stage (130). 3. An

appar at us as balhacedeehualizatioai method ffor abenmetiprongiverdex&d using
in that said output_ stage, (150) having a predeterm ned

out put i npearew foedbaekiand " an apparat us as clained in
claim3, further characterized in that said output

said output stage (150) capable of providing multiplicity of negative

10 feedback.

15

20

2. An apparatus as claimed in claim 1, further characterized in that said front-
end input stage (110) includes a driver module (120) for electrical

connection with said non bootstrapped inversion stage (130).

3. An apparatus as claimed in claim 1, further characterized in that said output

stage (150) having a predetermined output impedance value.

4.  An apparatus as claimed in claim 3, further characterized in that said output

stage (150) having separated bias control and signal drive module (140).

5. An apparatus as claimed in claim 1, further characterized in that said
apparatus includes a power supply means (230) having dual power

transformers, said power supply means providing high voltage (220) power



stage (150) having separated bias control and signa

drive nodule (140). 5. An apparatus as clained in
w@bk@bmsek24 f urt her characterized in that said apEECH2S/000127

i ncl udes a power supply neans (230) havi ng dual power

transforners, said power supply nmeans providing high

vol tage (220) powersupply to said front-end stage

(110) and said non bootstrapped inversion stage (130),

bi as powaippsumpsaid (RhOEnd stagai(Hl0)unp seidsiagkodidEPped inversion

bi pol ar power_supply (200) t al d out put device .

and di r ettegec (B30 rkiag aéwms‘{@g)of%og tQ saijeoupyt Hage éﬁﬁf)blpolar

circuitr 7 " ( dfe&! caklhésuppl

further %ﬂ%%é%%gyﬁgggprﬁggﬁg?bgggﬁﬁgéggggﬁﬂgH?%cludes bRy

a conpen@80esh dxpaskemeainmit CiveuiRi(70Qut put devi ce so as

to obtain a maxi num possi bl e output power. 7. An

apparatus as clainmed in claim1, further characterized
51in that Ag %ep@%ﬁr a UhihBEiHd8Sim 4 FRMES chixatBAF@ASE that said

slew rate; ans for distributing nultiple negative |

f eedbac kappaedwssinclydesed Gompgrsated bidsi meansfppspid Optput device so as

bootstra .an _upper_out put devi o reduce odd
and/ or hf()’g(f&?gffmarm fﬁ"‘ﬁlgrpr%ﬁﬁgg;up\r{r%gﬁgérto provi de

mul ti-path negative using differential potentioneter
adj ustnent for said phase_inversion stage (130), a

: . and :
sai d7f r of\D- enparatisagfe Claipgd pclHm iloﬁyﬂ@waéraﬁ‘ie&ﬁedq in that said
vol t age %ﬂﬁ Srlgens] ﬁ}g rent drive signal fromsaid phase
I nversio sfage f » means to provi de negative
feedback from sai.d out put device (152); neans to
provi de hi gh tensjon ans? bi as voltage to said

10f r ont - end RG308 ISIREEgRSESIAMDI2SiNd sai d non boot st r apped
phase i nversion stage (130).8. An apparatus as cl ai ned
in claiml, further characterized in that said out put
means for distributing multiple negative feedback;

means to reduce phase shift;

means to bootstrap to an upper output device to reduce odd and/or

higher order harmonics;

15 means to provide multi-path negative using differential potentiometer
adjustment for said phase inversion stage (130) and said front-end stage

(110);

means to provide high voltage and high current drive signal from said

phase inversion stage (130);
20 means to provide negative feedback from said output device (152);

means to provide high tension and bias voltage to said front-end input

stage (110) and said non bootstrapped phase inversion stage (130).



stage (150) is provided with short circuit protection
nmeans, each of devices connected thereto is separately
wo e@eds@edl | ndi cati on neans to indicate faultyPOBCN2®6/000127
and said output stage (150) is further protected by an
over voltage protection circuitry (160). 9. An
apparatus as clained in claim?7, further characterized
in that said frontend i nput stage (110) and said
| nvegs! Oaﬂ%kgﬂgtug %é;%)im%vlh REiHAC BiRet bRRad8¥iea8n that said ontput
el enent ereas sald output stage (150) having solid
st at e destage(16DkisentviddDwitisharp piacuatt pretegidorcmaanspenrchrpf devices
claim7 furthe har acteri z in that.sai.d frontend, . ..
Stage (160HeES dhetpiy r Soffly s B FRUfhbE AR o indicate
out put stARNEG ddiek nEd Sald &htﬁﬁtaﬁ%ed@‘w):ﬁ Ri@sEploteciel. by\an over
apparatus as claimed in claim7 further characterized
5in that veltageprasentiongirseitgélq0)10), said i nversion
stage (130) and said output stage (150) having vacuum
tube state device el enent.
9.  An apparatus as claimed in claim 7, further characterized in that said front-

end input stage (110) and said inversion stage (130) having vacuum tube
device element whereas said output stage (150) having solid state device

element.

10 10. An apparatus as claimed in claim 7 further characterized in that said front-
end stage (110), said inversion stage (130) and said output stage having

solid stage device element.

11.  An apparatus as claimed in claim 7 further characterized in that said front-
end stage (110), said inversion stage (130) and said output stage (150)

15 having vacuum tube state device element.



