;qre3e Pl $S@TPCM ! 18 July 2002 *166166* TI TLE OF THE | NVENTI ON Anal.og
Signal Anplifier and Audio Signal Anplifier FIELD OF THE | NVENTI ON The
present invention relates to an anal og signal anplifier for anplifying the
anal og signal or the like, and an audio signal, and an audio:*gy@yz Q2
anplifier for anplifying an input audio signal and supplying the Iﬂﬁlfied
audi o signal to a reproduci ng devi ce. BACKGROUND OF THE | NVENTION I n recent
years, an audio signal anplifier used for anplifying an audy ' s
been roughly divided, in view of itsloperating state durin%ﬂﬂ“ﬁ“@ﬂ@@ﬂmﬁ
anplifying stage, into three kinds of anplifiers including

anplifier) a B class anplifier and an AB class anplifier. The (i$86%f

anpl i fi EFELBt QBr THR ANVENT I@¥ove nentioned anplifiers Wiich have been used
has been extrenely Iow, Mdst of the A class anplifiers) the B class
amplifiers andAPH£°RBSEF%§§ At i fie e fdiocFignak- parlikian ter
followers) as the final constructions of their power anplifying stages.
This push-pull emtter follower includes a power device having two

conponepy iy b ?&éffﬁ¢§ﬁT§Eiarities as one pair. If the power device is a
power t , : N type pawer transistor and a PNP type power
traln,s:c Stor aph&Ngrééids W Blorexd1aRdE @3 Wil lan8 0@ W8RnaT bApl PEi1é Cl ass
amplifier,

for emplifying the analog signal or the like, and an audio

signal, and an audio signal amplifier for amplifying an input

audio signal and supplying the amplified audio signal to a
reproducing device.

BACKGROUND OF THE INVENTION

In recent years, an audio signal amplifier used for amplifying
an auwdio signal has been roughly divided, in view of its operating
state during its power eamplifying stage, into three kinds of
amplifiers including an A class amplifier, a B class amplifier and
en AB class amplifier. The use of smplifiers other than the above

mentioned amplifiers which have been used has been extremely low.

Most of the A class amplifiers, the B class amplifiers and the
AB class emplifiers have used push-pull emitter followers, as the
finai constructions of their power amplifying stages.

This push-pull emitter follower includes a power device having

two components with different polarities as one pair. If the power

device is & power transistor, then an NPN type power transistor
and a PNP type power transistor as one pair.

A brief explanation will be given as to the A class amplifier,

R
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18 July 2002 2 the B class anplifier and the AB class anplifier
respectively hereinafter. The A class anplifier is provided with the above
descr.i bed two power transistors which constantly operate in an active
state. In the B class anplifier) one of the two power transistﬁgjhwy%méates
so as to be always located in a cut-off area when the other is actlvated.
Further, the AB class anplifier has an internedi ate operation between the A
class anplifier and the B class anplifier and operate so that one power
transistor is located in an active aZea or a cut-off area when the ot her
transistor is in an active area. Now) the above nentioned push-pull emtter
follower will be described specifically. A set of power devices formng the
push- pultheerfi t ¢ bas§ ohhpliefi€eonnedt ahei MBecl &ss benpddit i arsupppgcpovely
source and a speaker reproducing devive(a speaker)which is a | oad.

Speci fi &greYnHAEArt he Thewdr akastsi amplifiierenis ogeev bdednwbikianphe ebovée
power devise.ngrrent is supplied fromthe power suply source (ground)

t hr ough %eRETLBPR M8y ROXER b ersTl atod spdtidct roahs ankly (pReRAtq t B an
i-Armnal .qf th ower jrapsistor .and the repoducintg device. It is
apparen%cﬁggﬁlfﬁ@ﬂgbovéhﬁegé?i e&legﬁsffﬁegggﬁrfhé?“%d%%lyhgoﬁV8ep98FFage
i's divi dednkPEQo¥o! § 506 P! L% o 202 bBETWRPL \A@@,?aw@ £o!d %Qh@-fof%ew‘aga'
and the emtter termnal of the power transistor) and voltage appliéd to
the repraacCi i dbhede ias acttiBatked N ot her words, mirieRrt,haneUnBeRl ass
supplied to the reproduci ng device serving as the |oad allays passes 18
July 20@mmd iifdtewebast s dolteenediatter wpealatamoh tthedwadn ttde tdr m nal of the
power transistori and the above nentioned voltage is applied between these
t er ni naledess| epptitippvand jthedhalnss byrihfiepoard openstetay . thadr oher)
since this power is not supplied to the reproducing device as the |oad,

pover | RAYGL (FRRAlsteo isydinaadedy 1nadn, goddyer jpnegaion & HWaeddd angean
P- N j ungti Qn .of o] trapsistor.. Wen it is assumed that the power
| 0SS coﬁ%&%ﬁ&gfn%?ﬁfg g%%%?{?g%ﬁs%%t%ﬁ ﬁﬁsaﬁé}vfhérSSMBr | oss pa of the B

class anpl i f gt Mghehabsvé hﬁeﬁmw&tp@mﬁh%m; h%ﬁ&leqsmqrip'ﬂefi er)

the B class anplifier and the AB class anplifier are shown approxi mately by
the formMescribgl —sBeXi¥T€aXI¥OVT A_ 96Q0rof . powel )déVWhes€ FoTMPRAEY t3RUrCe
voltage value is -!-Vcc) the anplitude val ue of output voltage is Vast and
t he val ueugi-nwldd émitfier )f odsl aygrarcannefcted tim ssendmeeded toreent e Py | oss
Pd is a value which depends on the power supply. voltage value V~. .

gener al IB3Y¥ShefCiTe ot | FudBeokPte PeBYPIEF I G Ssyice @ w&%@%w e

val ue Rygafy. t Reehopb-A1g, kABh GRNSHRH tradiEsvert e afploped peven daesldaf

beconmes large as the power supply voltage value increases. This faces is

appl i cabire pewdrotbvinie, t erpAnt | s sugplpikedf frem Hnel poer ABpPLY moureerignpunst).
through the collector temminal of the power transistor, the emitter termminal

of the power transistor and the reproducing device.

It is eapparent from the above described construction that
supply source voltage is divided into voltage applied to & part
between the collector terminal and the emitter terminal of the
power transis.tor, and voltage applied to the reproducing

device as a load. In other words, since the current supplied to

the reproducing device serving as the load always passes



18 July 2002 4 In the nmeantine, when it is assuned that the nmaxi num out put
power value of an audio signal anplifier for anplifying a sound signal is
W-ux) Wux is shown approximately by a fornmula nentioned bel ow)
irrespective of its operating class, nanmely, the A class anpligigy200he B
class amplifier and the AB class anplifier. 2 Wcc It can be understood
fromthis fornmula that the maxi num out put power value Wwc of the audio
signal anplifiers is a value which only depends on the power supply voltage
val ue Vcc when the value RL of the I¥dad is nmintained constant. In these
days, in order to mainly |ower the production cost,' the structures and
parts to be used in a variety of products has to be standardi zed. In these
ci r cunstbfeteent hdieauek bl e tpral tenmdinefli eandankhé t empbiier semplnesouf céhaeed
to be standardized. The central problemin standardizing the audi o_signal
anpl i fi RO¥EH tTanpbikr supply. drsur eRoYesigas ipRe e he aldiegei ok hiepPhdeteen

t he above descri bed power, s |y vol tage val ue,and the i out put power
Val e of SEATEERL e ge L EEFR Rt NGt o BOTRE bR T SR (N iy SoBReT
aplificatj N it d up 50 dl j of the audio
si gnal g%%€$#|erlandﬁ 5%6§me?9§§gpﬁgﬁéoggﬁﬁﬁ%?gg?ﬁﬁégi ,'%n the 18 July
2002 5 aggli @ngi gBphoaltRling Aevide Naisdithecneydd ,Mpowasm Xospuis power val ues
under the sane power supply voltage value is obtained. Generally, in the,
case of andesfiraly géwbmteddnalAsanpldddlt,, heat is produced in an P-N

Junction of the power transistor. When it is assumed that the power
loss consumed in this power transistor is P4, the power loss pa of
the B class amplifier which is the smallest among those of the A
cless amplifier, the B class amplifier and the AB class amplifier

are shown approximately by the formura:

2Xv, Xv v, 2
— CC. OUT e ouT 001(1)

Fa TXR, 2XR,

(where a supply source voltage value is *Vcc, the amplitude value

of output voltage is Ve and the value of loed is Ri.)

As apparent from this expression, the power loss Py
is e: value which depends on the\power supply voltage value Vcc.
Generally, when the amplitude value Vour 0of the output voltage and
the value R. of thg load are kept constant, the value of the power
loss P4 becomes large as the power supply voltage value increases.

This fact is applicable to both of the A class amplifier and the AB class

amplifier.



a he at radiator (otherwi se known. as a heat sink) is nounted on a power
device in order to suppress the tenperature increases due to power | oss
generated during the power anplification. In this case) a designer nay
initially desire to nount a smaller heat sink on the audio signhalygopdifier
having a smal |l maxi mum out put power value. On the contrary, since a |larger
heat sink cannot be nounted on the audio signal anplifier because of the
size limtation of a product or the |ike, or the output current of the
power supply source cannot be suffidiently increased, it may be preferable
to limt the maxi num out put power value of the audio signal anplifier. As a
method to realize the audio signal anplifier having different maxi mum

out put power Lfalthes mgaA&AmeneWBahel pot®r e&EHMY (RA T alhe axidupc cutayt
menti oned above, |t y be preferable to Linit t maxi val ue of signal
vol t age PRPEE Y%l‘f?\eggu‘tﬁ oa‘g‘{ig“nélig I i&f“Pi#%age}e%% %@ﬁ%ﬁ?g gain of the
audi o si gnal lifier. Jdn.ghis,case, t ut ot _.the aud

si gnal a%p PP?gPs?éhg%pfgéséﬁ'b;@“(ﬁﬁpﬁ?ggﬁgﬁ%&gegﬁbéggﬁyx%(fghacnggﬁﬁ of .
audi o si goati Y ie1%),- 1TREESEOL B)e WEN dNQpRXILTUR ¥RhEE, Hahdy SigRA
voltage input to the audio signal anplifier is Iimted, the maxi mum out put
power vahuecDisd hampudif@esi, gnete aBpl tibes iempdli¥d elri Mai@d.the 18BJW 1R s2002 6
As stated above, however) since the power Pa consuned in the power
transi st empyiebetry depends on the power supply voltage val ue Voc, even if

t he maxi mum out put power value is limted by the maxi muminput voltage

val ue, the value of the power Pa consuneg by the power transistor is hardly
changed as conpared to that of tge etideo sigqu anplifier having an
ori gi nal maxi mum out put power val*®®. iﬁGEkfore, t he heat sink nust have a
size simlar to that of the audio signal anplifier having its original
maxi mum out put power. Consequently the |imtation of the nmaxi mum voltage
val ue of the §Rn edlAle M tdod @ rBRADh Y| S3hulk tAHE {HdMaxdRuANOL BSMit
method for limting the maxi num out put power value while the .power supply
vol t age palwee Wadues Waai braithed autidobeignast amp)ifiers hps anyeabee consexler ed
in which the nmagnitude o f the maxi maminput vol t age is predeterm ned
arid the omlyafiepends ofn tithe powes suppdly xyegitageevalaieseV hashiemhithegralue
magni tude. Wth this nethod, however) it is inpossible to make the val ue of

h
t he powe ‘Eﬁqug%ikﬁﬂ%xfﬁ|?aﬁﬁéaﬁ8ﬁgr°??%h§?%tor smaller than that of the
power Pa d'55i93{$§¥é'&akgﬁ]?RV§¥%§H'QQSH§ER{% oﬁQ} ud 8,54 90A o AR T 1 er
ou power e. I'n

havi ng an ori g1 nal  maxi t pu va concrusi on, en the
repr oducithg ddwiveduvasts rpdapart=dnd ite detest Mmedl, vanigtPpyof opeodagtshe
supply source voltage to be supplied to the audio signal anplifier, the
maxi mum &@SptR bsowdrangdandd qed + B Ahess chrgungtances, cthe saudppi signadnd

the AB cl ass , lifier which are currently used can be linmted, the power
18 July 5&&?1 ler and its power supply source need to be standardized.

The central problem in stgndardizing the audio signal

ampiifier and its power supply.source resides in the

relationship between the above described power supply voltage

value and the maximum output power wvalue of the.audio signal
amplifier, and the power loss during power aplification.
Now, it is supposed that the standardization of the audio

signal amplifier and its power supply source is achieved, and the



| oss durong the power anplification can be reduced) and the heat sink can
be made conpact. It is to be noted that the sane problens) as nentioned
above, arise when the supply power source of a signal anplifier for various
anal og signals such as video signals, sensor signals of neasuqhqg 2002
instrunents) etc., as well as the audio signal anplifier i~ stan gré%zed.
SUWARY OF THE | NVENTI ON One obj ect of the present invention is to provide
an i nproved anal og signal anplifier and an inproved audi o signal anplifier
in which a maxi mum out put power val uegcan be varied and a heat sink can be
made conpact depending on the limting operation of the power |oss, while a
power supply voltage value is kept constant . In order to achieve the above
ment i onedciddloj ed¢ghal nengrlddricdanbev img Rl idite raspaesix ofurt lo@ tpunespowe ¥ RedRieisoN,
there is provided an anal og signal anplifier including an input limting
means fdmdednithiengama@awed MRy vgliage agelualire ditaingédput anal og
signal, and a power anplifying neans for converting the signal output from
the input |iGPReRylheard itheocase @t it wFIdpgsy &Paépuﬂéamrh anplohfier,

frequency conpone anpl i, fying power and for, output.ting the amplifier

o tehi i SPBParsdbhroRaeththiSe bR 8% et BHAPhaE GphEE BB RSS! esen
invent i Qayiéd iaugiders kg Eippaddy ithé elembsrapuoy i tededss amdldof yi ng an 18
July 2002 8 input audio signal, and for supplying the anplified audio

signal tgo@dlr Ak ST NELARY GBe dRELUaNIEEIdHbN] | M Ting meansy,{ or
limting the maxi mum signal voltage value of the input audio signal, and a
vol t age/ ttoierc sarp| bf fesnign@nnmyWiht bi €Dl elels {xegbal moilt teagma@uépuUthddOm
the input | imting nmeans into information represented by the signal w dth,
to anpl i$ynknd ourputthiet exdimwetensheemplthii¢y hpvMingcor demedd vinehinume
anal og signal anplifier) the maxi mum vol tage val ue of the input anal og

si gnal i QUFRYS moyegy vehie i iR ithg RRRRESTY he SdBCRUR tMEFUOMeRd Ttk to the

power anplifying nmeans_and converted into a, swifchin ignal, so that_.the
i nput srgﬁgf‘gkeg"oeneg‘_"f‘ﬂgegov‘\?rfrgéﬁe_nac q@onf)%%%?‘n{) &Qﬁgi?ﬁgﬁ r}’ : siegat s
anpl i fiegizEUL i REEatiBnaeeoRd3ReAUWL Bt heecaudikg Sidnalnam]ddder . the
maxi mum vol t age val ue of the input audio signal is |imted by the input

limtingcueaBat t&L OtPpbwkhesenhllys soritice @anh® 1 ®aers Ml ¢ for £1gy means)
and converted into the information represented by the signal w dth. Then
t he convénteeesew oritamiagnbe speefsisbiled tand iovittpdilnst edhx IBRINEFOWDESCORI pOWweON OF

THE DRAMWQ%ESFH . is a.block di.agram.id.l ustrating an audi o si gnal
anplifiéY a%eoﬂg Eh%oaﬁﬁéﬁtsé888%d|ﬁ qbghfﬁé present invention. Fig. 2 is a

bl ock di 20r a1 YeE a8 Nl A PBTPeOhulle! BPBal | B A S Bie®
different maximum output power values under the same power
supply voltage value Ve, a5 mentioned above, It may be preferable
to limit the maximum value of signal voltage input to the audio signal
emplifier based on the final gain of the audio signal amplifier.

In this case, the

output voltaege of the audio signal amplifier is expressed by:
(input signal voltage) X (final gain of audio signal amplifier).
Therefore, when the maximum value of the signal voltage input to

the eudio signal eamplifier is limited, the maximum output power

value of the audio signal amplifier {s also limited.



18 July 2002 9 for the audio signal anplifier shown in Fig. 1. Fig. 3 is a
bl ock diagramillustrating an exanple of a power anplifying circuit 5 used
for the audio signal anplifier shown in Fig. 1. Fig. 4 is a waveform
representation for explaining the operation of the circuit shpg\ghﬂ,m@ g. 3
DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Referring to the draw ngs, a
description will be given as to an enbodi nent of an audi o signal anplifier
according to the present invention. In an audio signal anplifier of an
enbodi nent of the present invention, @ shown in Fig. 1, an input signal in
the formof voltage change which is supplied froma signal source 1 is
received through an input termnal 2, a voltage value is |imted in an
input limting Etaced lathove, HvMevR@WEEihBeabRE | powélr DY: & cpeWRedanR! thyi ng
circuit 5 and an audio signal is supplied to an. audi o reproduci ng device
7. Her eippwetrhér mosiert canmgice & {1 nglepiendai dn Stlad apived: tsummiw evdl tamge svahad
fromthe input limting circuit 3 to a swtching signal to be a |l ow
f r equenddee.c €¥gBNnEAt theamspiimymt pretyitg pakvepoveluaid ddmptedibe switching
signal. For ex:il le, in such a power arTBI i f%;i ng circuit, by tenporarily
convert it MgE gﬁ’bl’i’i%’&evf’ﬁ%ﬁm‘ﬁlﬂﬁ'oﬁ Fnp ’t“esi"&nélhevBP‘f“ééeP'i fegstped
i nf or mat algng the te ral. di jon ul se wi dth nodul ati on (PWW)
or the |*‘ﬁgf‘eapﬁg%v‘ér“s”‘l?ﬁg%%oﬁda%ag&%i ue %%&9818 July 2002 10 the audio
si gnal | k& { S tkept St,antyp 2 n r [ ' [
suppl i egtmt)obgmg%{%%l | ed Dtglggsg’éar%]lei %%\ffpg%i %ﬁgf'ggggévﬁnﬁ%{égﬁﬁgﬁn
circuit éefgitnhe RAWSHuANPU{ELEHPov@h QW .t PReconsLEICthOMe SRAKAt T on of
respective conponents will be described in detail. The input signal voltage
suppl i ednis bnhave si ghak sdmiterltdhrbedh otfthehienputditcerafigredl Zampd itieml i ed
tothe input limting circuit 3. This input limting circuit, 3 is adapted
to |im thehtng npis \nhedge ly anyeimspeadtRyt opoMed .| | miConseaurat hixi e

output p val ue of the audio signal anplifier. The power |imted output
o Duppl PR tREHHE BouctiammBrr Fyihg VoLCHBL ¥ 1Uheot nite IR AHSERLeur
3) as sheyp i Pe FhBanZngi8gkudes an attenuation part 31 and a limter part
32. The attenuation part 31 is a circuit controlled by an input signal

vol tage settimg @ik eUbl, 4ARAoeRBE Nl thdd 1@ o MRhhi tie; Ofhd RBxiREN 0B a1
vol t age depending on a signal supplied fromthis circuit 4. The signal

vol tage poteuitvdluemwhbee atieepyatrosupaly ¥blitageemalie Vhe isi mairdpipag.t 32
in which the maxi mum val ue of the above descri bed signal voltage is

det er m néd. b¢ reanrtieantwordsp thafsmanpee ¢9mskdanpdkiincwhich dbhechpgnbiudae

fi | i t put | t | f th di 0, si Jfi . d
Lo the DPESER BRBDEIROHIEEE Yokt Aaty it PR AERHRASE A HEE oAb aH O] gnar
It | | h h t ; Lo h it :
%?rafj?g,%gﬁg%ﬁg%a%fgn% 3&%629& [9Uglt BELAPYL LhE hbPHi ChESY! twdeh S
this method, however, it is impossible to make the value of the

power P4 dissipated in the power transistor smaller than that of the
power Py dissipated in the power transistor of an audio signal
ampiifier hdving en original m&ximum output power value.

In conclusion, when the reproducing device acting as
a load is determined, only by lowering the supply source voltage
to be supplied to the audio signel amplifier, the maximum output
power value in the A class amplifier, B class emplifier and the AB

class amplifier which are currently used can be limited, the power



11 final gain of the audio signal anplifier is Ao) the final maxi num out put
vol tage value V,u,c of the audio signal anplifier can be expressed by: Yrux
-vrtutau XAs .. ~ 3 ) Herein, the nmaxi num si gnal voltage val ue passing
‘through the input limting circuit 3 is determ ned by the |i mggiy2e02 32
inthe input limting circuit 3, as nentioned above. Based on the
expression of (the maxi num out put voltage val ue of an audi o signal
anplifier to be set)/Aa, the maxi mum signal voltage val ue of the input
limting circuit 3 is set by the limter part 32 in this input limting
circuit 3. As the attenuation part 31 of the input Iimting circuit 3, for
exanpl e a variable attenuator such as an el ectronic volune control nay be
used andethdumiggnthef DQwsati on amylifd apddpadedy Renaedysad . serthathe

vol tage, val ue setting circuit 4. As the limter part 32, for exanple, an
or di nai P§2Fi MYy ci F@H PesheAeasoBPafbde limiter or a soft limiter circuit

using | evel gconpression b CA variabl e gai.n anplifier r the like may
be enpl oyed.lCRA;ilgsn%?hiée n%&%/erféar%\(&ﬁt %ﬁ? R P R s F‘F%‘é?of‘gdnﬁ%c’eve'

di f7er egt. k6 ORmERAtul Buph £y T BBReONGourde 441 helaihihl I e TARL aced
by a new one wth differen imt voltage, or the limt voltage nmay be
changedviyidekN@nd1bgMelikAE161 EGUht akNvie6Nst BRal 5N EeNObE 28Lg kRN DSr

adj usted. Then; the power anplifying circuit 5 shown in Fig. 1 applies 18
July 2002a&@rimgfNstpdmenats pretocn ,t e sephaks viid agel ifor arighlad emputfiém ting
circuit 3 so that the anplitude information of the signal voltage is
convert dé shepdendized ormati on al ong the tenporal direction and a power
anplification is carried out by a so-called D class anplification. A Dcl ass
anplifier is adapted to control the switching by a binary operation such as
turning pawer i sfor and output a PWM nodul ated power signal.
The mximmm ciency is 100% and, therefore the consuned
power of theof! aftsedleObsCefle Nordl ! ihvERUYE6RT1 s D proddd Sl AhBRodBa
exanpl e of the specific construction of the above descri bed power

anpl i fyidd@16kr §Ukhab. adi Ui £ Yo ldndstapatigproReashgand yeped Orep 107t iehe in
respective parts shown in Fig. 3. Referring to Fig. 3, for exanple, an

out put wilitcdgea f momitmhe inarut | pewengveilneuidan3 be vhaowrdi rend ge HAaits
suppl i ed; {,g.an adding and integrating circuit 52 through an input term nal
51. For exanpl e) %nsg%?al'"éd\ﬁa\?é’m@ﬁcﬁo opentingyer ethe LHpiting posirgtisen js
supplied.to e_addi ng_and | rat| i 562 froma square waye .
gener at i(#g %é?cﬁ?‘[’e%?)%ﬁésgﬁifgnﬁl ggg?g %glgg&yan °i1%F§§r§t%gHei r%st \riféapé:ddi ng
and intefddepd circuit 52, so that a signal wth a waveformas shown in
Fig. 4Cis obtained and this signal is sent to a conparator 5~4. The

wavef orm showh bfdér ko 4ChisvEOtHE letiv$ Wartidped by jebe, signadcovddhdehe
wavef orm shown by broken lines and simlar~to that showmn in Fig. 4A on a
tri angul@eftinaome Fhpeetsaft dhe waesfeotminyeadipan edheireh iG |rnoeided tane

conpar at or 54, 18 July 2002 13
anelog signal emplifier including an input limiting means for

limiting the maximum signel voltage value of an input analog
signlal, and & power amplifying means for converting the signsal
output from the input limiting means into a switching signal
included in a low frequency component, amplifying power and
for outputting the amwlifier switching signal.

Further, in accordance with another saspect of the present

invention, an audio signal amplifier is provided for amplifying an



so that a rectangular wave signal as shown in Fig. 4D is obtained. This
rect angul ar wave signal includes the signal showmn in Fig. dinits | ow
frequency conponent. This rectangular wave signal is anplified by a
'so-called D class anplifier 55 to obtain a rectangul ar wave sgQrg2doavi ng
the anplitude substantially equal to that of source voltage. The "obtai ned
rectangul ar wave signal is output froman output termnal 56. An output
signal output fromthe output termnal 56 is supplied to an audi osi gnal
denodul ating circuit 6 as the output qof the power anmplifying circuit 5
illustrated in Fig. 1. The sound signal denodulating circuit 6 shown in
Fig. 1 renpbves switching frequency included in the output signal of the
power ahpputyaudicisigidl,Seavid fdenmappadydeagt the amppified gnadid o ignsilgnal
simlar to the one of the original signal source. Then, the denodul ated
si gnal f¢om whdiqudrersidprdneddapties atinrg wiingui t énpytsuppl ¢ buk tree drive
audi o reprodUC|ng device 7 so that the speaker reproducing device 7 is

driven. fTReldBURERE| thramaxdmsguisdEntd yrliace geliel afletha inpypaandid | ter

that th W tch | t h t | of th
Sl | Ty FERET s e eV LEqgb/aiat o fie HEEP A mntne o B ops SalREbt B RRY b a
si gnal %bqkkg Bﬁaﬁﬁgt ﬁén2%§=QHkﬂg$§&nﬁxqgilmﬁQHEC Th|§0 ”DQU'ated

signal is su uci ng devi ce arlve t he
devi ce reowﬁaét%ﬁ oy, ﬂ??e&tlgfgié-n&%%dt@@mﬂ-b%b@%@roq’@% Irtnaﬂ@W&Edi o signal
anplifier is caused during the power aplification. 18 July 2002 14
Accordi ng t cspdrd fiiReeDy | Ofh edicoe@andd whehi tHordmilio sdfgnaicampputidy si gnal
voltage is nodulated into the information along the tenporal direction, the
pover stppl paxbiumageléatecvelys ioddthe thpupoweslasp lignplngscilindited Soyluri ng
the power anplification is not related to the power loss in this audio
signal &S i HiRitingsuArRE. ( Hhe (MRURGE utRETBAT Y diS afRRbf ta pdveer power

tran3|stor he D cl ass anm I|f i ng rt of omer a I|fy| cifcuit b
is Vs~T) %gﬁinﬁuﬂcﬁgﬁtan H 152@ “i?%% d88ftgﬁ§ Eﬁﬁlass
anpl i fyuraq,&arstign%lTbe@me;hehél f&ﬂtfﬂ@qﬁen @%ﬁméﬁaﬂ" anlTihkh BbudrPasic

swi t chi ng waveform (square wave) 1n t $%ass anplifying part a
suffician leynp3heity.t he power | oss Pna in the audio signal amplifier is
approximately shown by the followwng formula: 1'cd T X ~c¢c ( VSAT X r~~. vy
dt ... ( HerBunyhehenin te¢oombougmedvitthatthésqudio coestedntempldsedron thhe
out put current the power | oss can be determ ned definitel Accordingly,
since t HREX i &Pll‘éhg%f"ﬂ"}te |9fplfth33|1@ﬁél‘lt 9B#éag§1§aPhe1%ahé@stetdhé’Yoﬁlﬁut

t,, [ b t ed, h th
Gemaul Ay cHbdh % wiiee Yo B0PebFod e.rr%é adt et oo VG meam oac)
the pOWee[mxllqsf%i%‘ér ' 199 dxfube Ah@P 93:1@%& anRleef | ¢RE! qrhfo%m%'tign

si mul t aneousl |n1 e Cbnsequent t he maxi num out ower val ue can be
vari ed %FPH@@P ndiesh Bivng hen y vorengeh?af V%ﬁ ed RREPTEAKEOBAN
18 July ,2002 15 be nade conpact in accordance with the reduction of the
power | d&s ampkifiedang gg%b according to the audio signal anplifier of
t he present |nvent|on the anplitude information of the input signal
voltage is tenporarily converted into information represented bt signa

wi dth i i f¥bng..Gi i so that it is not correlated with
tk~e po3%éggﬂﬂﬁ%g%ﬂgﬁﬂége§§aﬁﬁ__éﬁﬁgiﬂgd to the power anmplifying circuit 5
in the courseg Qf pquwessanpligisati oOfadoa MESUdored1h Bl BUALBUERGhaROVer

val ue can be
amplifier as one embodiment according to the present invention.

Fig. 2 1is a block diagram illustrating an example of an

input limiting circuit 3 employed
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throﬁgh an input terminal 2, a voltage value is limited in an input

limiting circuit 3,- signal power is amplified by a power
amplifying circuit 6§, and @n audio signal is supplied to an‘audio
reproducing device 7. Herein, the power amplifying circuit & adapted
to convert the signael from the input 1limiting circuit 3 to =a
switching signal to be a low frequency component, amplify the

signal power and output the switching signal. For example, in

such a power amplifying circuit, by temporarily converting the
amplitude information of input signal voltage into the

information along the temporal direction by a pulse width

modulation (PWM) or the like, a power supply voltage value to
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wave signal, an adding and integrating circuit for adding said square wave
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The input signal voltage supplied from the signal source 1
through the input terminal 2 is supplied to the input limiting
circuit 3. This input limiting circuit 3 is adapted to limit the input
voltage value depending on the limit of the maximum output
power value of the audio signal amplifier. The power limited
output is supplied to the power amplifying circuit 5. The input
limiting circuit 3, as shown in Fig. 2, includes an attenuation
rart 31 and a limiter part 32. The attenuation part 31 is a
circuit controlled by an input signal voltage setting circuit 4 ;nd
controls the hmplitude of the input signel voltage depending on a
signal supplied from this circuit 4. The signal voltage output
from the attepu&tion part 31 is sent to the limiter part 32 in
whigh the maximum value of the above described signal voltage is
determined. In other words, this input 11m1£1ng circuit 3
determines the final maximum output voltage value of the audio
signal emplifier eaccording to the present embodiment of the
invention.

Assuming that & meaximum signal voltage value capable of

passing through the input limiting circuit 3 is Vmux, and the
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amplifier to be set)/A,, the maximum signal voltage value of the
input limiting circuit 3 is set by the limiter part 32 in this
input limiting circuit 3.

As the attenuation part 31 of the input limiting circuit 3,

for example, a variable attenuator such as an electronic
volume control may be used and the amount of attenuation
may be varied by the input signal voltage value setting
circuit 4. As the limiter part 32, for example, an
ordinary limiter circuit such as a diode limiter or a
goft limiter circuit using level compression by a VCA
(variable gain amplifier) or the like may be employed.
When the maximum output power of the amplifier is made
different from that of a previous one, the limiter part
32 may be replaced by a new one with different limit
voltage, or the limit voltage may be changed by using a
limiting circuit in which the 1limit voltage can be
adjusted.

Then, the power emplifying circuit 6 shown in Fig. 1 applies
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a PMW modulation to the signal voltage from the input
limiting circuit 3 so that the amplitude information of
the signal voltage is converted into the information
along the temporal direction and a power amplification is
carried out by a so-called D class amplification. A D-
class amplifier is adapted to control the switching by a
binary operation such as turning on/off a power
transistor and output a PWM modulated power signal. The
maximum value of power efficiency is 100% and, therefore
the consumed power of the translistor can be greatly
reduced.

Fig. 3 illustrates an example of the specific construction of
the above described power amplifying circuit 5. Fig. 4 illustrates
the signal waveforms of the respective parts shown in Fig. 3.
Referring to Fig. 3, for example, an output voltage from the input
limiting circuit 3 as shown in Fig. 4A 1is supplied to an adding
and integrating c¢ircuit 62 through an input terminal 61. For
example, a square wave of 50 ¥ duty cycle as shown in Fig. 4B is
supplied to thé adding and integrating circuit 62 from & square
wave generating circuit 63. These signals are added and integrated
in the adding and integrating circuit 62, so that a signal with a
waveform as shown in Fig. 4C is obtained and this signal is sent
to a comparator 64. The waveform shown in Fig. 4C is formed by
superimposing the signal with the waveform shown by broken lines
and similar to that shown in Fig. 4A on a trianguler wave. The

resultant waveform 1is compared with 0 level in the comparator 54,
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44in its low frequency component. This rectengular wave signal is

shown in Fig.

amplified by &a so-called D class amplifier 55 to obtain a

rectangular wave signel having the amplitude substantially equal

to that of source voltage. The obtained rectangular wave signal

is output from an output terminal 5§6. An output signal output from

the output terminal 66 is supplied toan audiosignal demodulating
circuit 6 as the output of the power amplifying circuit 5
fllustrated in Fig. 1.

The sound signal demodulating circuit 6 shown in Fig. 1
removes switching frequency included in the output signael of the
power amplifying ciréﬁit 5 and gemodulates this output signal to
a signal similar to the one of the original signal source. Then,
the demodulated signal from the audio signal demodulating circuit
6 is supplied to the audio reproducing device 7 so that the
speaker reproducing device 7 is driven.

The sound signal demodulating circuit 6 includeé & low-pass
filter so that the switching frequency included in the output
signal of the power amplifying circuit & is removed and the output
signal is demoduleted to a signal similar to that of the original
signal source. This demodulated signel is supplied to the audio
reproducing device 7 so as to drive the device 7.

Generally, heat generated due to power loss in the audio

signal amplifier is caused during the power aplification.
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According to the invention, since all the information of the input

signal voltage is modulated into the informetion along the

temporal direction, the power supply voltage value applied to the power
amplifying circuit 5 during the power amplification is not
related to the power loss in this audio signal emplifier.
Assuming that the saturation voltage of a power transistor in
the D class amplifying part of the power amplifying circuit 6§ is
Vsar, output current is Iour, the basic switching period of the D
class semplifying part is T, and the rise time t. and the fall time
tt of & basic switching waveform (square ﬁave) in the D class
amplifying part are sufficiently short, the power loss Pps in the

audio signal amplifier is approximately shown by the following

formule:

BT L XS (Ve X T 1 1)

Herein, when it is assumed that Vsar is constant, based on the
output current, the power loss can be determined definitely.

Accordingly, since the limitaetion of the input signal voltage
value causes the output current, to be limited, which is supplied
through the sound signal demodulating circuit 6 to the audio
reproducing device 7 serving as a load, the power loss during the
step of power amplificetion is also simultaneously limited.
Consequently, thé maximum output power value cen be varied without

changing the power supply voltage value and e heat sink can
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be made compact in accordance with thereduction of the power loss.

As mentioned above, according to the audio signal amplifier of
the present invention, the amplitude information of the input

signal vo;tage is temporarily converted into information

represented bt signal width in the power amplifying circuit 5 so
that it is not correlated with the power supply voltage value
supplied to the power amplifying circuit 5 in the course of power
amplification. As a result, the maximum output power value can be

varied without changing the power supply voltage value and the

volume and the size of the heat sink can be reduced based on the

power loss reduction,

It is to be noted that the present invention is not limited
only to the above described embodiment. As an input analog signal,
for example, not only an audio signal but also various kinds of
analog signals such as video signals, sensor signals of measuring
tnstruments, etc., which require the power amplification, can be

~employed. In eddition, instead of the PWM (pulse width

modulation) in the power amplifying circuit, means capable of
converting the output signal from the input limiting means into the
switching signal having an original analog signal included in the
low frequency component, sﬁch as a PPM (pulse phase modulation),
a PNM (pulse number modulation) or AZX modulation, may be employed.

As mentioned above, the analog sighal amplifier of the present

invention includes the input limiting means for limiting the
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maximum signal voltage value of the input analog signal and the
power amplifying meens for converting the signal output from the
input limiting means into the switching signal included in the low

frequency component, and for amplifying the power and outputting

the switching signal. Thus the maximum output power can be varied

while the power supply voltage value is kept constant, the power

loss can be reduced and the heat radiator or the like can be

epplied with its maximum output. power,

Further, saccording to the saudio signal amplifier of the
present invention, in addition to the above described effects, the

maximum output power voltage to the audio reproducing.device can

be varied and the size of the heat sink cen be decreased depending

on the power loss limitation.
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What is claimed :-

1. A signal amplifier for amplifying an information carrying signal,

comprising:

a signal source for generating said information carrying signal;

a limiting circuit coupled to said signal source including attenuation means
for variably adjusting a voltage amplitude of said information carrying
signal and limiting means for limiting said voltage amplitude of the
adjusted signal to a maximum value in response to said attenuation
means;

a setting circuit coupled to said limiting circuit for controlling said attenuation
means;

an amplifying circuit coupled to said limiting circuit for converting the
adjusted signal to a plurality of puises such that information
represented by said voltage amplitude corresponds to said
information represented by widths of the pulses, said amplifying
circuit further including means for amplifying an amplitude of each
of the pulses;

a demodulating circuit coupled to said amplifying circuit for demodulating
the pulses to produce an amplified information carrying signal; and

a reproducing device for reproducing said information based on said
amplified information carrying signal.

2. The signal amplifier according to claim 1, wherein said amplifying
circuit includes a square wave generator for generating a square wave
signal, an adding and integrating circuit for adding said square wave signal
and the adjusted signal and for integrating a first signal resulting from the
addition, a comparator for comparing a level of a second signal generated
by said adding and integrating circuit to a predetermined level, and a class
D amplifier for amplifying a third signal generated by said comparator.
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circuit is adapted to select a low frequency component from the pulses
generated by said amplifying circuit.

4. The signal amplifier according to claim 1, further comprising a power
supply for generating a supply voltage signal having a substantially
constant amplitude.



