https://benchmarkmedia.com/blogs/application_notes/power-amplifiers-the-importance-of-the-first-watt

Power Amplifiers - A "First Watt" ABX Test

In Benchmark's listening room we recently demonstrated the importance of the first watt
using two 100 watt stereo power amplifiers. One amplifier was a traditional class-AB amplifier,
the other was Benchmark's AHB2 power amplifier with feed-forward error correction. Using a
double-blind ABX test, we verified that there was a clearly audible difference when the amplifiers
drove speakers at an output level of 0.01 watt.

B komHame nipocrywueaHusi Benchmark mbl HedagHO rpodeMoHcmpuposasiu 8aXHOCMb
rnepeoao Bamma, ucnone3ys dea 100-BammHbix cmepeoycunumens mouwHocmu. OOuH
yeunumerib 6b11 mpaduyuoHHbIM ycunumernem Krnacca AB, Opyaou — ycunumernem mouwHocmu
Benchmark AHB2 ¢ npsimoli koppekuyuet owubok. Mcronb3ys dsouHou crieriotd mecm ABX, Mbi
ybeodurnuck, Ymo bbina 4emko criblumMasi pa3Huya, koeda ycunumesu yrnpaensnu OuHaMmukamu
Ha ypoeHe 8bixoOHoU mowHocmu 0,01 Bm.

Why is the First Watt Important?

When music is playing at a reasonably loud level on a typical studio monitoring system,
or on a home hi-fi system, the average power into the speakers is usually only about 1 watt.
With typical recordings, peaks reach 25 to 65 watts while the average music power is just 1
watt. The peaks are important, but most of the musical details are conveyed in the low power
regions between the peaks.

lNoyemy ea)xeH nepebii Bamm?

Koeda my3bika uepaem Ha 00Cmamo4YyHO 2POMKOM ypO8HE Ha muru4YyHoU cucmeme
cmyOuliHo20 MOHUMOPUHaa unu Ha domawHed hi-fi-cucmeme, cpedHAsT MOWHOCMb 8
OuHamukax obbI4HO cocmaerisiem ece2o okosio 1 Bm. Npu munu4HbIx 3anucsx nuxku
docmuzarom 25-65 Bm, 8 mo epems Kak CpedHsIsi MOUWHOCMb My3bIKU cocmaerisem eceao 1
Bm. Nuku saxHbl, HO 60IbWUHCMBO My3biKarbHbIX demarel rnepedaemcsi 8 obriacmsx HU3Kou
MOWHOCMU MexXQOy rnukamu.

Musical Details are Conveyed by the First Watt

Between the transient peaks, most of the important musical details are reproduced at
power levels of much less than 1 watt. In any musical recording, the durations of transient
peaks are very short relative to the time between the peaks. The first watt is the most important
because the amplifier spends most of its time delivering less than 1 watt, even when the music
is cranking.

My3bikanbHble demarnu nepedaromcs nepebiM Bammom

Mexdy nepexoOHbIMU rukamu 6051bWUHCMEBO 8aXXHbIX My3blKaribHbIX 0emarel
80CIpPOU3800SIMCS Ha YPOBHAX MOWHOCMU HaMHO20 MeHbwe 1 Bm. B r1tobou mMy3bikaribHOU
3anucu OrnumesibHoCMb NMepexo0HbIX MUKO8 OYEeHb KOpOMmMKa Mo cpasHEeHU Co peMeHeM
mex0y nukamu. Nepebili Bamm sensemcsi caMbiM 8a)KHbIM, MOCKOMbKY ycunumerib npogooum
6onbwyto yacme epeMeHu, ebidasasi MeHee 1 Bm, daxe ko20a My3bika ugpaem Ha rosiHyto
KamyuwiKy.
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The Effects of Distortion in the First Watt

In the low power region, it is our opinion that distortion can change the harmonic
character of musical voices, clutter the unused frequencies between musical tones, and add a
fatiguing harshness. Together these effects can detract from emotion and authenticity of the
musical performance. Distortion can detach us from the performance and give us the distinct
impression that we are just listening to sound coming out of a box.

A pekmbi so3delicmeusi 8 nepeom Bamme

B obnacmu Hu3koU MowHOCMU, 1o HaweMy MHEeHUI, UCKaXeHUe Moxem U3MeHUMmb
2apMOHuUYecKul xapakmep My3blKallbHbIX 20/10C08, 3a2pPOMOX0amb HeUCro1b3yemMble
yacmombl Mex0y My3blKallbHbIMU MOHamMu U dobasumb ymoMIIsoWyo pe3kocms. Bmecme
amu aghghekmbi Mo2ym omeriedb 0m 3Mouul U nodIUHHOCMU My3bIKallbHO20 UCMOMIHEHUS.
UckaxeHue Moxem omopgambs Hac Om UCIMOJTHEHUS] U co30amb y Hac omyemiiugoe
griedamsieHuUe, Ymo Mbl POCMO CrywaeM 38yK, UCXo0swWul u3 KoOpobKu.

Audibility is Related to Time

Our ears need time to detect distortion. The thump of a kick drum, a note on the bass, or
a loud transient from the percussion may approach the output limits of a power amplifier, but
very little time is spent reproducing these transients. The short durations of these transients
make it harder to hear the distortion that occurs on these musical peaks. In contrast, our ears
have plenty of time to detect the distortion that occurs in the low-power spaces between loud
transients. For this reason, our enjoyment of the music is largely dependent upon the quality of
the delivery within the first watt. Ironically, amplifier bench measurements tend to focus on the
THD+N (total harmonic distortion + noise) at maximum power. Unfortunately these high-power
specifications have no direct relationship to the performance within the first watt. For this
reason, it is important to separately examine the first-watt performance.

Cnbiwuumocmsb cesizaHa co 8peMeHeM

Hawum ywam HyxHo epemsi, 4mobbl obHapyXume UCKaxeHue. Y0ap bac-6o4yku, Homa
Ha 6acy unu 2poMkul Nepexo0HbIl rnpouecc om rnepkKyccuu Moaym npubrnuxamaecs K
8bIXOOHBLIM ripederiamM ycurnumersisi MOUWHOCMU, HO Ha 80cripou3sedeHue amux rnepexooHbIX
rpouyeccos mpamumcsi o4eHb Mario epemMeHuU. Kopomkasi npodormKkumeibHOCMb 3MmMux
repexo0HbIX Mpoyeccos 3ampyOHsiem 80CrpUAMuUe UCKaXeHUUl, 803HUKaroWUX Ha 3mux
My3biKalnbHbIX nukax. Hanpomus, y Hawux ywet 0ocmamoYyHo gpemeHu, 4mobbl 06Hapyxumke
UCKa)XXeHUSl, B03HUKarWUe 8 MasloOMOWHbIX POMEXYmKax Mexoy 2pOMKUMU NePexXoOHbIMU
npoueccamu. o amou npu4yuHe Hawe Hacraxxo0eHue My3bIKol 80 MHO20M 3asucum om
kadyecmea riodadu 8 ripedenax nepeo2o Bamma. o upoHuu cyObbhkl, UdMepeHuUsi Ha cmeHde
ycunumerns, Kak npasuso, gpokycupyromcsi Ha THD+N (rnornHble 2apMOHUYECKUE UCKaXeHUs +
wym) npu MakcumarsbHoU mowHocmu. K coxarneHuro, amu 8bICOKOMOWHbIE XapakmepucmuKu
He umerom rpsIMo20 OMHOWEHUS K rpou3dsodumeribHocmu 8 rpedesiax nepgo2o Bamma. o
amoli rnpu4yuHe 8aHo omaoesibHO U3y4umb npouseodumesibHocMb nepeo2o Bamma.

A Traditional Class-AB Amplifier Operating at 1 Watt

The following photo shows a pure 1 kHz tone being reproduced by a typical class-AB
power amplifier at a power level of 1 watt. This amplifier has very good specifications near full
power (100 watts), but like many class-AB amplifiers, it performs poorly at low power levels.

The top trace shows the amplifier output waveform at an output power of 1 watt. The
lower trace shows the error waveform (distortion + noise).



TpaduyuoHHbIU ycunumernsb Knacca AB, pabomarowuli Ha
mowHocmu 1 Bm

Ha cnedyrowem ¢pomo rnokasaH yucmaeiti moH 1 kl'u, eocrpou38odumMbIl MUnuYHbIM
ycunumernem MouwHocmu krnacca AB nipu yposHe mowHocmu 1 Bm. Omom ycunumerns umeem
O4YeHb Xopouwlue xapakmepucmuku ebnusu nonHou mowHocmu (100 Bm), HO, Kak u MHoaue
yecunumenu kracca AB, OH r1r1oxo pabomaem Ha HU3KUX YPOBHSIX MOWHOCMU.

BepxHul ocyunnozpamma riokasbleaem 8bIXOOHY0 ¢hOpMy 8071HbI ycunumerns rnpu
8bIX00HOU MowHocmu 1 Bm. HuxHsisi - nokasbieaem ¢hopMy 80s1HbI OUIUBKU (UCKaxeHue +
wym).

The top trace may look like a perfect sine wave (pure tone) but our ears would easily tell
us that it is not a pure tone. With an audio analyzer we can extract the error waveform (lower
trace) and amplify it so that we can see what our ears are hearing. In this case, the error signal
has been amplified by 1024 (about 60 dB). At a 1 watt output, this class-AB amplifier produces a
distortion waveform that measures 70 dB below the output level of the 1 watt test tone (see
graph at the bottom of this application note). This means that the power produced by the
THD+N is 70 dB below 1 watt. If we drop the level of the test tone by 20 dB, the output power is
0.01 W. At this output level the amplifier was still producing distortion at a level of 73 dB below 1
watt. At 0.01 watt the distortion waveforms look virtually identical to the 1 watt waveforms. This
distortion was clearly audible when we used this amplifier to drive a speaker at 0.01 watt. For
our tests we used a stereo pair of Benchmark SMS1 speakers with a sensitivity of 87 dB 1 watt,
1 meter. The tone was reproduced at a sound pressure level of about 67 dB (measured 67 to 68
dB SPL) at the listening position while the amplifier distortion was reproduced at a calculated
sound pressure level of about 14 dB (87 dB - 73 dB = 14 dB). With a 0.01 watt 1 kHz test tone,
the amplifier distortion was clearly audible through the loudspeaker. At this low power level, the
speaker distortion is lower and much more musical than the ugly crossover distortion produced
by the amplifier.

BepxHsis1 Kpusasi Moxxem 8blerisidempb Kak udeasibHasi cuHycouda (Yucmslil moH), HO
Hawu ywu yieeko cKaxxym HaM, 4mo 3mo He yucmbit moH. C rnomowbto ayouoaHausamopa
MbI MOXeM u3eriedb (hopMy cuaHaria owubKu (HUXHSAS Kpueasi) u ycunume ee, Ymobbl Mbl
Moasiu eudems mo, Ymo cribiwam Hawu ywu. B amom criyyae cuaHan owubku 6bi ycurneH 8
1024 pa3sa (okoso 60 0b). Npu ebixoOHOU MowiHocmu 1 Bm amom ycunumerbs kracca AB
co30aem uckaxeHue, komopoe Ha 70 0b Hu)xe 8bIXOOHO20 YPOBHS MEecmogo20 moHa
MowHocmbto 1 Bm (cm. epachuk 8 HUXHel Yacmu 3mou 3aMemkKu 1o rpuMeHeHUur). 3mo
03Ha4yaem, 4Ymo mouwHocmsp, co3dasaemass THD+N, cocmaensem 70 06 Huxe 1 Bm. Ecniu mbi
CHU3UM ypog8eHb mecmoeo2o moHa Ha 20 0b, ebixo0Hasi moujHocmb cocmasum 0,01 Bm. pu
3MOoM 8bIXOOHOM YpPOBHE ycunumerib 8ce euwe co3dasarl UckaxeHue Ha yposHe 73 0b Huxe 1
Bm. lNpu mowHocmu 0,01 Bm ¢bopmbi uckaxkeHUU 8bleiidsim ripakmuyecku U0eHmMuUYHbIMU
gopmam cueHanoe mouwHocmsro 1 Bm. 3mo uckaxeHue bbirio omyemsiueo CribIWHO, Ko2da Mbl
ucrnonb308arsu amom ycunumerib 051 yripaeneHusi OuHamukom Ha 0,01 Bm. [ns Hawux
mecmoe Mbl UCronb308asu cmepeornapy duHamukoe Benchmark SMS1 ¢
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yyscmeumersibHocmbto 87 06 1 Bm, 1 memp. ToH 8ocripou3eo0urics rpu ypoe8He 38YKOB020
OaerneHusi okono 67 0b (usmepeHo om 67 do 68 0b SPL) 8 moyke rnpocryuwugaHusi, 8 mo
8PEMS KaK UCKa)KeHUe ycusrumerisi 80Crpou3800UsIOCh Mpu pacyemHOM YPO8HE 38YKO8020
OaeneHusi okoso 14 06 (87 06 - 73 0b = 14 0b). lNpu mecmosom moHe 0,01 Bm 1 kl'y
uckaxxeHue ycunumerns 6b1510 0m4yemsiu8o CrbIWHO Yepes 2poMKoaoeopumersib. Ha amom
HU3KOM YpO8HE MOWHOCMU UCKaxeHue OUHaMuKa HUXxe u 2opa30o boriee My3biKasibHO, YeM
ypoOnueoe uckaxxeHue Kpoccogepa, cosfagaemMoe ycuumersem.

lNMpumeyaHue. CuegHan owubku 6 Modenu ycunumersns MOXHO U3Mepumsp
C MOMOWbIK PEXEKMOPHO20 puibmpa N0 OKOHYaHUU NepexooHbIX
npoyeccoe (Kak npasuso He paHee 15-20 nepuoda).

Crossover Distortion

Note the abrupt positive and negative spikes that occur in the distortion waveform. These
occur whenever the top waveform crosses zero current. These spikes are caused by a less-
than-perfect transition between the positive and negative output power transistors in the class-
AB amplifier (see the simplified amplifier schematic below).

UckaxeHue Kpoccoeepa

O6pamume 8HUMaHUe Ha pe3Kue MonoXumerbHbIe U ompuyameribHbIe MUKU, KOmopbIe
803HUKarom 8 ¢hopme uckaxxeHusi. OHU 803HUKarOm 8CsSKUU pa3, Koe0a 8epxHsisi hopmMa B0JTHbI
repecekaem Hyrneesol mMoK. Omu MuKU 8biI38aHbl HeudearibHbIM 1epexo00M MeXX0y
MonoXumernbHbIMU U ompuyamesibHbIMU 8bIXOOHbIMU CUSI08bIMU mpaH3ucmopamu 8
yeunumerne knacca AB (CcMm. yrpoweHHyo cxemy ycurumersisi HUXe).
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The class-AB amplifier used in our tests includes a traditional negative feedback system
which is designed to correct the distortion caused by the output stage. Clearly, this feedback
system is not fast enough to fully correct the high-speed transients that occur when the output
stage transitions through the crossover region. These crossover distortion transients are a
common occurrence in class-AB power amplifiers. The negative feedback networks used in
power amplifiers are often too slow to reduce these transients to inaudible levels.

Ycunumene Knacca AB, ucronb3yemMbil 8 Hawux mecmax, ekrirodaem mpaduyUuoHHYH
cucmemMy ompuyameribHoU obpamHou ces3u, Komopas rpedHa3HaqyeHa 05151 ucrpasneHusi
UCKa)keHul, 8bl38aHHbIX 8bIXOOHbIM Kackadom. O4eg8udHO, YmMOo ama cucmema obpamHou
c8s13u Hedocmamo4Ho bbicmpa, YmMobbI MOTHOCMbIO UCMPasUMb 8bICOKOCKOPOCMHbIE
repexo0HbIe rpouecchl, B03HUKarouwue rnpu rnepexodax 8bixoOHO20 Kackada Yyepe3s obracmb
Kpoccosepa. dmu nepexodHbIe rMpoUeCcChl UCKaXXeHUsI Kpoccoeepa s8rsiiomcesi 06bIYHbIM
sereHuUeM 8 ycunumernsix MouHocmu knacca AB. Cemeebie cxembl ompuuameribHol
obpammHou cesi3u, Ucrosib3yemMble 8 yCcurnumerisix MOWHOCMU, 4acmo CIIUWKOM MeOrIeHHbIE,
Umobbl CHU3UMb 3MuU epexodHble NPouecchbl 00 HECbILUMBbIX YPOBHEU.



More Feedback is Not the Answer!

The bandwidth of any feedback system must be limited in order to achieve high-
frequency stability. The large transistors used in power amplifiers are much slower than the
small transistors used in line-level stages. The use of these slow devices dictates that the
feedback network must also be slow. If the bandwidth of the feedback system is not limited (to
properly match the speed of the power transistors) the amplifier will become a giant oscillator.
Because of these speed constraints, power amplifiers often contribute more crossover distortion
than the total of all the other electronic components in the signal chain.

bonbwe ob6pamHoU ces13u — 3mo He peuweHue npobriembi!

lMonoca nponyckaHusi nrobol cucmembl 0bpamHoU ces3u O0rmKHa bbimb 02paHu4YeHa
011 docmuXXeHUs1 cmaburibHoCcmMuU Ha 8bICOKUX Yacmomax. bornbwue mpaH3ucmopel,
uCrnosib3yemMble 8 yCcunumerisix MouHoOCmMu, HaMHO20 MeOSIEHHee, YeM MasleHbKUE
mpaH3ucmophbl, UCMOMb3yeMble 8 Kackadax /TUHelHO20 ypOo8HS. Mcronb3o8aHue amux
MeOdIeHHbIX ycmpoucme dukmyem, 4Ymo cemb 06pamHoU cesi3u makxe 0ormkHa bbimb
medneHHou. Ecru nonoca rnponyckaHusi cucmembl 06pamHou cesi3u He ogpaHuyYeHa (Ymobhbl
00/mKHbIM 06pa3oM coomeemcmaeos8amb CKOPOCMU CUI08bIX MPaH3UCmMOopos), ycunumersb
cmaHem a2u2aHmMCcKUM 2eHepamopoM. M3-3a amux o2paHu4YeHuli ckopocmu ycunumernu
MOWHOCMU Yacmo 8HOCcsIm 6orblie UCKaXeHUl Kpoccosepa, YeM 8ce ocmarsibHbIe
31EKMPOHHbLIE KOMITOHEHMbI 8 0bWel CIoXHOCMU 8 Uernu cusHarna.

lMpumeyaHue. B cmambe He paccmampueaemcss makol eud
UcKkaxeHul KaK uUCcKaxeHuUs cesi3aHHble C epaweHuUeM ¢hpoHmMoO8 cuzHasa 8
nepuodbl amaku u cnada (SID - Slew-Indused Distortion). 3mom eu?d
uckaxeHul e Haubosibwel cmeneHU 3agucum Oom 8peMeHU MPOXoXO0eHUs
cueHarsna co exoda 00 Hazpys3ku (m. e. om 6bicmpodelcmeusi Komopoe
cesizaHo ¢ B3). lpuyem npu nocmossHHOU CKOpocmu HapacmaHus
amnaumydbl cuHycoud 8 amake (crnade) ckopocmb gpauw,eHUss hpoHMo8
makxe rnocmosiHHa, MOCMOSHEH U YypOBEHb 8HOCUMbIX UCKaxXeHul
He3zagucuMo om amnaumydbl cugHana. A amo 3Ha4yum 4mo YeM MeHbWe
amnnumyda cueHana 8 amake (crnade) memMm 8bluie€ OMHOCUMENbHbIU YPOBEHb
8HOCUMBbIX UCKaXeHuUl. Omo 80 MHO20M 0bbsicHAem pas3nu4dyue 8 rnepedave
MUKpOOUHaMUuKuU pa3HbIMU ycunumensamu. Omomy eudy uckKkaxeHul 8
Haubonbwel cmerneHu noosepxeHbl 21yb60okoOCHble ycunumenu ¢ B3
6onee 100 Hc. 6e3OCHble ycunumenu u ycuaumesnu ¢ OMHOCUMEsNbHO
Heenybokou OC umerom Mmarnbili ypoeeHb amoeao euda uckaxeHud npu B3
00 HEeCKOJ/IbKUX COMEH.

Omom eud uckaxXeHuUl MOXHO 2pybo oyeHUmpb Ha nepeom nepuode
cuzHana no ezo cnekmpy. Ecnu Hem cyuwecmeeHH020 pocma 8biCUUX
2apMOHUK HadYuHas ¢ 5-0 (e OecamKu a mo U COmMHU pa3) o cpaBHeHUK co
crnekmpom 2-20 u nocrnedyrwux nepuodos8, mo MOXHO bbimb y8epPEHHbLIM
Ymo u ¢ MUkpoduHaMuKoU ycunumesb Cpasumcs Xopouwo.

|s Amplifier Distortion Audible?

Some people have argued that the differences in power amplifiers are inaudible. They
justify this assertion by pointing out that loudspeakers produce more distortion than any
reasonably good power amplifier. The fallacy of this argument is that the distortion produced by
speakers is much different than the crossover distortion produced by a power amplifier.
Speakers are also relatively clean at low power levels while power amplifiers may produce
significant distortion at these low levels. In our listening tests, we verified that the distortion
waveform shown above is audible while playing a 1 kHz test tone through speakers. If amplifier
distortion is audible with a test tone, it may also be audible while playing music.



CrbIWHbI TU UCKa)>XeHUS ycunumess ?

Hekomopsie nodu ymeepx0arom, 4mo pasfiudusi 8 ycuriumerssix MOUWHOCMU HeCbIWHBbI.
OHu onpaedbigarom amo ymeepxx0eHue, yKasbleasi Ha mo, 4mo 2poMKo2080pumernu
rnpou3eo0sim bornbwe UucKkaxxeHuu, 4emM mobol 0ocmamoyYyHO Xopowud ycunumerb MOWHOCMU.
OwuboyHOCMb 3Mo20 apayMeHma 3aKI4yaemcsi 8 MmoM, Ymo UCKaxXeHUsl, co30asaemMble
2POMKO2080pUMESISIMU, CUMTbHO OMIIUYaKMCs 0m UCKaXXeHul Kpoccoeepa, co30asaeMbiX
ycunumesnem mMowHocmu. [poMKo2og8opumernu makxe OmHOCUMesIbHO YUCMbl Ha HU3KUX
YPOBHSIX MOUWHOCMU, 8 MO 8PEMS KaK ycunumenu MowHocmu mMo2ym co3dasamb
3Ha4YUMeEsbHbIE UCKaXXeHUSsT Ha 9muX HU3KUX YPOBHSIX. B Hawux mecmax Ha npocnyuusaHue
Mbl y6edusnuchb, Ymo rnokasaHHasi ebile hopma 8071HbI UCKaXXEeHUS CrbIWHa rnpu
gocripoussedeHuu mecmoegoz2o moHa 1 kl'y yepes epomkoz2osopumenu. Ecnu uckaxeHus
ycunumernsi C/bIWHbI IPU Mecmo8oM MOHe, OHU makxe Moaym 6bimb CrbIWHbI 1pU
gocripoussedeHUU My3bIKU.

High-Bandwidth Feed-Forward Error Correction

The Benchmark AHB2 power amplifier uses a patented distortion-reduction system that
includes feed-forward error correction. Unlike feedback systems, the feed-forward system is
inherently stable. The bandwidth of the correction signal does not need to be limited. This
means that the high-speed crossover distortion transients can be fully corrected. The next photo
shows the output of the AHB2 at 1 watt. The test conditions and scale factors are identical to
those shown above. Like the prior photo, the distortion waveform is boosted by 60 dB, but this
time, no traces of crossover distortion are visible. The feed-forward system delivers the first-watt
performance of a class-A amplifier while outperforming class-A amplifiers at high power levels.

Koppekuusi owub0ok rnpsiMou cesi3u ¢ 8bICOKOU npornycKHoU

crnocobHocmbo

B ycunumene mowHocmu Benchmark AHBZ2 ucrnionsb3yemcsi 3anameHmoegaHHasi
cucmemMa CHUXXEHUS UCKa)KeHUUl, Komopas 8K/irodaem Koppekyuto owubok npsimoul cessu. B
omnu4yue om cucmem obpamHoU €853u, cucmema rnpsamMoul ces3u U3HadasibHO cmabursibHa.
lMonoca nponyckaHus cugHana Koppekyuu He dormkHa bbimb ogpaHu4yeHa. dmo o3Hadaem, 4mo
8bICOKOCKOPOCMHbIE NMepexo0HbIe UCKaXeHUs1 Kpoccosepa Mo2ym bbimb rosIHOCMbHO
ucrnipaereHsl. Ha cnedyrouwem ¢gpomo rokasaH ebixo0 AHBZ2 npu 1 Bm. Ycnosus ucrnibimaHul u
macwmabHbie KoaghuyueHmMbl UOEHMUYHbI NMoKa3aHHbIM 8biwe. Kak u Ha rnpedbiOywem
gomo, chopma 80s1HbI UCKaxeHus1 ycurneHa Ha 60 0b, HO Ha amom pa3 HUKakux criedos
UCKaxkeHusi Kpoccosgepa He sudHo. Cucmema rpsiMoli ces3u obecriedusaem
rpou3godumesibHOCMb rnepg8o2o Bamma ycunumens knacca A, rnpesocxods ycunumernu
Knacca A Ha 8bICOKUX YPOBHSIX MOUWHOCMU.
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The Listening Test

To conduct a double-blind listening test, we connected both amplifiers to a relay-
controlled ABX switch box. The output of the switch box was connected directly to a Benchmark
SMS1 loudspeaker. Both amplifiers were precisely adjusted to deliver a 1 kHz tone at 0.2828
Vrms into the speaker. This drive level of approximately 0.01 watt produced a sound pressure
level of about 67 dB at the listening position. The test box ran a random sequence of 25 trials.
The subject had a remote control with four buttons; "A", "X", "B", and "Enter". One amplifier was
assigned to "A" and the other was assigned to "B". For each of the 25 trials, "X" was a random
selection of either "A" or "B". In each trial, the subject was free to switch between "A", "B", "and
"X" an unlimited number of times before determining that "X" is "A" or "B". At the end of 25 trials,
the ABX box showed how many of the 25 trials were correctly identified. It was very easy for me
to score a perfect 25 on my first attempt. The distortion created by the conventional class-AB
amplifier at 0.01 watt was clearly audible while the AHB2 produced what sounded like a pure 1
kHz tone. The distortion is also audible at a power level of 1 watt, but the test tone is far too loud
to conduct a sequence of 25 trials. Even at 0.01 watt, the test tone is annoyingly loud (67 dB
SPL). This just goes to show how much of our music is reproduced at very low power levels. A
single note on a flute may sound loud when it is delivered to the speakers at a power level of
only 0.01 watt! Dick Olsher once said that "the first Watt is the most important Watt". In my
opinion, “the first 10 milliwatts are the most important”!

Tecm Ha npocnywueaHue

UmobsI nposecmu 080UHOU crierol mecm Ha rpocsiywusaHue, Mbl MoOKYuUIu oba
ycunumernsi K KoMMymauuoHHoU kopobke ABX ¢ peneliHbiMm yripaeneHuem. Bbixoo
KOMMYymayuoHHOU KOpOobKuU bbis1 MOOKMOYEH HarnpsiMyto K epoMKkoz2oeopumertto Benchmark
SMS1. Oba ycunumens 6birnu Mo4YHO HacmpoeHb! 0151 nodaqyu moHa 1 kl'y npu 0,2828 B
cpedHeksadpamu4yHO20 3Ha4yeHUs1 8 QUHaMUK. 3mom ypoeseHb 8036yx0eHus npumepHo 0,01
Bm cosdasan yposeHb 38yk08020 OaerieHusi okosio 67 06 e mouke npocrnyuwusaHusi. Tecmosasi
Kopobka 3aryckara cry4alHyro riocriedogameribHocmb U3 25 ucribimaHud. Y ucrbsimyemMoza0o
6611 ynbm ducmaHUUOHHO20 yrpaerieHUs ¢ YembIpbMsi KHorkamu: «A», «X», «B» u «Enter».
OO0uH ycunumernb bbin1 HasHavyeH Ha «A», a Opya2ou — Ha «Bx». [ns kaxdo2o u3 25 ucribimaHul
«X» 6bIn criydatiHbiM 8blbopom r1ubo «Ax, nubo «Bx». B Kax0om ucrbimaHuu ucrbimyembil Mo2
€c80600HO repekrodambscsi Mexoy «Ax», «B» u «X» HeoepaHu4YeHHOe Kornu4yecmeo pas, rpexade
4yem onpedeniums, 4mo «X» — amo «A» unu «By». B koHUe 25 ucnbimaHut swuk ABX nokasarn,
CKOsbKO U3 25 ucrnibimaHul 6binu rpasusibHo udeHmuguyuposaHsl. MHe 6b1r10 04eHb 1e2Ko
Habpamb udearsbHble 25 6asnos ¢ nepeol norbimku. MickaxeHue, cos0asaemoe 0bbI4YHbIM
ycunumernem Knacca AB nipu 0,01 Bm, 6b1/10 omyemnueo cribIHO, 8 Mo epeMsi kak AHB2
80CrpouU3800UST MO, YMO 38yYarsio Kak Yyucmbili moH Yacmomou 1 kl'uy. VIckaxeHue makxe
CIIbILUHO MpU yposHe MowiHocmu 1 Bm, HO mecmoebil MOH CrIUWKOM 2pOMKUU, YmobbI
rnpoeecmu riocriedogameribHocmb U3 25 ucrisimarud. axe ripu 0,01 Bm mecmosebit moH
pa3sdpaxarowe epomkut (67 0b SPL). 3mo npocmo roka3bieaem, Kak MHO20 Hawel My3bIKU
80CrpPOU3800UMCS Ha O4EHb HU3KUX YpOo8HsX mouwHocmu. OO0Ha Homa Ha ¢brietime Moxem
38y4amb 2POMKO, ec/lu OHa rnodaemcsi Ha OQUHaMUKU rpu yposHe MmowHocmu ecezo 0,01
Bamma! Juk Onwep o0Hax0bl cka3ars, 4mo «nepebili Bamm — cambili 8axkHbIl Bammy. 1o
MoeMy MHeHUr, «rnepebie 10 Mmuniueamm — camble 8a)KHbIE»!

Conclusion

On musical peaks, speakers may be the largest source of distortion in the entire playback
system. But, in between the peaks, traditional class-AB amplifiers may produce more audible
distortion than speakers. In our listening tests, it was easy to hear the difference between the
two amplifiers, and score perfectly in a sequence of blind random ABX trials. Both amplifiers
were playing a 1 kHz tone at 0.2828 Vrms into Benchmark SMS1 speakers (a level of about
0.01 watt). There was a clear audible difference when the amplifiers were performing this very
simple task. The AHB2 reproduced a pure tone while the traditional class-AB amplifier added


http://benchmarkmedia.com/collections/products/products/benchmark-sms1-loudspeaker

audible distortion. At a power level of 0.01 watt, the distortion produced by the speaker did not
mask the difference between the two amplifiers.

We have proven that amplifier crossover distortion can be very audible through
loudspeakers when playing pure tones at 0.01 watt. We have also shown that feed-forward error
correction is very effective at eliminating the fast transients that are produced by crossover
distortion in an amplifier's output stage. In contrast, traditional feedback systems are usually too
slow to fully remove these transients. The remaining crossover distortion artifacts may be
audible.

3aksroyeHue

Ha my3bikarnbHbIX nukax OuUHaMuku moa2ym 6bimb KpyrnHeUwumM UCMOYHUKOM UCKaXeHul
80 8celi cucmeme socripoudsedeHust. Ho mexdy nukamu mpaduyuUuoHHbIe ycunumersnu Knacca
AB moaym co30asamb 6oriee CribIWLUMbIE UCKaXXeHUs, Yem OUHaMuKu. B Hawux mecmax Ha
npocnywusaHue 6bIro 1e2ko ycrbiwamb pasHuly Mexoy 08yMs ycunumernsmu, U OHU
rokasarsu omiru4Hble pe3yribmamakl 8 nocredosameribHOCMuU CrerbiX criydalHbIX ucrsimaHuu
ABX. Oba ycunumerns eocripouseodusniu moH 1 kl'y npu 0,2828 Brms e duHamuku Benchmark
SMS1 (yposeHb okoro 0,01 Bm). bbina yemkas cribiwumasi pa3Huuya, koada ycunumernu
8bIMOJIHAIU 3MYy O4YeHb rpocmyto 3adady. AHBZ2 eocripou3sodurs yucmail MOH, 8 MO 8peMs KaK
mpaduyuUoHHbIU ycunumerb Krnacca AB 0obaensn cnbiuumbie uckaxxeHust. [Npu yposHe
mowHocmu 0,01 Bm uckaxeHusi, co30agaemble OUHaMUKOM, HE CKpbI8asiu pa3HUUy Mexoy
o8yms ycunumernsmu.

Mbi OoKasaru, Ymo KpoCCOBEpPHbIe UCKaXXeHUs ycunumeris Mo2ym 6bimb OYeHb
ClbILUUMbI Yepe3 2poMKo2080puUmMenu rpu eocrpoussedeHuu Yucmaeix moHos rpu 0,01 Bm. Mbi
makxe rokasarsiu, 4mo KoppeKkuusi owubok rpsiMol ces3u o4eHb 3ghghekmueHa Ons
ycmpaHeHusi bbicmpbix nepexo0HbIX MPOUECCO8, KOMOPLIE MPOoU3B0OSIMCS UCKaXXeHUEM
Kpoccoeepa 8 8bIXOOHOM Kackade ycunumerns. Hanpomus, mpaduyuoHHble cucmems]
obpamHou cesi3u 0bbIYHO CITUWKOM MeOIeHHbI, 4mobbl NosIHOCMbI0 ydanume 3mu
nepexodHsie rpouecckl. Ocmasuwuecss apmegakmbl UCKaXXeHUs1 Kpoccogepa Mmoaym 6bimb
CIbIUWHBI.

Amplifier THD+N Measurements

The following graph shows THD+N vs Power where THD+N is dB relative to 1 watt. This
scale-factor makes it easy to calculate the sound pressure level of the distortion signal when it
drives speakers. For example, if the speaker sensitivity is 87 dB, 1 watt, 1 meter, the distortion
sound pressure level produced by the conventional amplifier at 1 W is (87-70) = 17 dB SPL. At
this same 1 W power level, the distortion sound pressure level produced by the AHB2 is (87-
108) = -21 dB SPL. The negative number indicates that this distortion signal should be 21 dB
below the threshold of hearing when played in a quiet room. The conventional class-

AB amplifier produces audible distortion, the AHB2 does not.

U3mepeHuss THD+N ycunumens

Ha cnedyruwem epaguke nokazaH THD+N e 3asucumocmu om mowHocmu, e0e THD+N
paseH 06 omHocumenbHO 1 Bm. 3mom macwmabHbIl KoaghghuyueHm rno3eosisiem fie2ko
paccdumame ypo8eHb 38yKOB020 0as/ieHUsI cugHasia UCKaXXeHUusl, kKoeda OH yrpassnsem
OuHamukamu. Hanpumep, ecrnu 4yyscmeumernbHoCcmb OuHamuka cocmaensem 87 0b, 1 Bm, 1
Memp, ypo8eHb 38yYK0O8020 0aesrieHUs1 UCKa)keHUsl, co3dasaeMblil 0bbIYHbIM ycunumernem rpu 1
Bm, cocmaensem (87-70) = 17 db SPL. lNpu amowm xe yposHe mouwHocmu 1 Bm ypoeeHb
38yK08020 OasrieHuUs UCKaxkeHusl, co30asaembiti AHB2, cocmasrnsem (87-108) = -21 0b SPL.
OmpuuamernbHOoe Yucso yKasbleaem Ha mo, Ymo 3mom cu2Hals UcKaxkeHusi Qo/mkeH bbimb Ha
21 0b Huxe nopoea cribiuuMocmu rpu eocripouszeedeHuU 8 muxou komHame. O6bIYHbIU
ycunumerns Knacca AB co30aem cribiWuMble uckaxeHusi, AHB2 — Hem.



lpumeyaHue.

K coxaneHuro Ha ghopyMax ecmpedaromcsi « meopemuKku» Komopble 20moeb!
0okasbigamb 4mo A0CMamoYHO CHU3UMb YPOBEHb UCKaXeHUU HUXe riopoaa cribiuumocmu u
OHU He 6yOym CIbIWHBI.

lNepebiti Bamm Ha Hazpy3ke 8 Om coomeemcecmegyem 8bIXOOHOMY HarnpsixXeHuro 4 B(ruk).
PearnbHoe connpomusneHue AC bnuxe k 6 OMm. To20a rnukosblli MoK Hagpy3Ku cocmaersiem:

4 B/6 Om = 0,67 A.

Tok nokosi ycunumerieu knacca AB kak ripasurio pedko npesabiwaem 100...150 MA. A
3Mo 03Ha4aem 4mo yxxe Ha nepgsom Bamme ycunumerb 8bixo0um u3 Krnacca A U Heu36exHo
B803HUKatom KpoccoeepHsble uckaxeHusi ecriu OOC HedocmamoyHo bbicmpasi.
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