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Nulling Out Amp Distortion by David Hafler (Feb. 1987)
By DAVID HAFLER

Throughout the history of sound reproduction, there has always been uncertainty as to
what degree of distortion and what types of distortion are audible. At one time it was thought
that 5% total harmonic distortion was the threshold of audibility. Later, 2% was considered to be
the goal to be reached to make distortion inaudible.

Ha npomsixeHuu ecell ucmopuu eocrpou3sedeHust 38yKka eceada cyujecmeosarna
HeornpedernieHHOCMb OMHOCUMEIIbHO MO20, Kakasi cmereHb UCKaXeHul U Kakue muribl
UCKaxkeHul cribiwHbIl. Ko2ada-mo cyumarnock, 4mo 5% obujux 2apMOHUYECKUX UCKaXeHUU —
3mo rnopoe crbiwumocmu. o3xe cyumarnock, 4Ymo Uesbi, KOmopyr Heobxodumo 0oCmuYb,
Yymobbl UCKa)XeHus1 bbinu HecrbituuMbIMU, 66110 2%.

Now, high-quality amplifiers routinely specify distortion of less than 0.1% over the band
from 20 Hz to 20 kHz. Despite this low distortion, many critical listeners claim to hear
differences in performance which, if correctly identified, show that conventional distortion
measurements are inadequate for indicating whether an amplifier's distortion is audible. This
has led researchers to seek forms of distortion other than THD and IM, and some emphasis has
been placed on transient distortion. However, this has still not given us the possibility of making
a measurement and assigning a numerical value above which distortion may be audible and
below which it is inaudible.

Tenepb 8bicOKOKadYecmeeHHble ycunumernu 0bbIYHHO umerom uckaxkeHusi MmeHee 0,1% &
Ouana3oHe om 20 'y, do 20 kl'y. HecmMompsi Ha makol HU3KUU ypOBeHb UCKaXXeHuUU, MHoaue
Kpumu4ecKu HaCcCmpoOEHHbIe Ccrywamernu ymeepxxoarom, 4Ymo Cribilam pasiuyusi 8
Xxapakmepucmukax, Komopble, eCc/lu UX rpasusibHO orpederiuma, roKasbiearom, 4mo 0bbIYHbIe
U3MepPEHUSI UCKaxKeHUU HedocmamoYHbl O ornpederieHuUst mo2o, CrbIUHbI JTU UCKaXXeHUs
yeunumernsi. 9mo rnobyduso uccredosameriel uckame Opyaue hopMbl UCKaxeHuU, MnoMumo
THD u IMD, u HekomopsIl akueHm bbinn coenaH Ha nepexoOHbIx uckaxkeHusix. OOHaKo amo
00 cux rnop He 0asio Ham 803MOXXHOCMU po8ecmMuU U3MepeHUe U Ha3Ha4yuma 4Ucriogoe
3Ha4yeHue, 8bIlEe KOMOPO20 UCKaXXeHUSI Mo2ym b6bimb CribIWHbI, @ HUXE KOMOpPOo20 OHU He
CIIbIUWHBI.

lMpumeyaHue. NMpumepHO Moxe camoe 38y4um u 8 cmambsix M. AndowuHou rno
rcuxoakycmuke:

«B npedbidywue nepuodbi pazsumus ayOuomexHUKU cyujecmeosarl 02pOMHbIU paspble
MeX0y 06LEKMUBHBIMU U3MEPEHUSIMU U CyObeKMUBHbLIMU OUEHKaMu. Mamepsnock
cpasHUMernbHO Hebornbwoe Konudyecmeo napamempos (AYX, KHU, xapakmepucmuka
HarnpaeneHHocmu u 0p.)

3adaya ncuxoakycmuku Ha 0aHHOM amarie — omeemumab Ha 80r1POC. KaKue UMEHHO, U
CKOJMIbKO rnapamempos Hado usMepsimb 8 ayouoariiapamype, ¢ meM, Ymobbl ¢ UX MOMOUWbIO
MOXHO bb1510 adekeamHO cyOumb O Ka4ecmee 38y4YaHusl. VMIHa4e 2080ps, ycmaHo8UMb C8513b
MeX0y meM, Ymo Mbl USMEPSIEM, U YMO Mbl CIIbILUUM. »

«....llopoeu crnyxoeol yyeacmeumernibHOCMU Cyu,eCcmeeHHO 3a8UCSm Om xapakmepa
HenmuHelHoOCMuU: npu MosieneHuU HU3wux (emopotl, mpemsbell) 2apMOHUK Mopoau cjyxa OJisi
MOHaJibHbIX cu2zHasnoe cocmasssitom 0,1%, Ons ghopmenuaHHOU My3bIKU 1...2%, Onsi
acmpadHou My3biku 00 7%.


https://gammaelectronics.xyz/audio_02-1987_null.html

. uccnedosaHusi bnayepma nokasanu, 4Ymo criyx Haubornee 4ygcmeumerieH K CKopocmu
U3MEHEeHUSs ¢ha3sbl, m.e. K 2pyrnrnoeomMy spemeHu 3adepxxku (FB3).»
"3eykopexuccep” : 2001 : Ne4 Tembp, yacmb 3

... BbIno ycmaHoeneHo, ymo criyx peazupyem & repgyro odepedb Ha CKOPOCMb USMEeHeHUs
¢asbl (m.e. ee npoussooHyHo MO Yacmome), Komopasi Hadbleaemcs "epyrnnosoe epemsi
3adepxxueaHusi [B3":

T = -do(w)/dw

Uem meHbwe B3, mem 8bilie CKOpOCMHbIe XapakmepuCmuKu cugHa08 HU3Ko20
YPOBHS, meM Jiyduwe ycunumersb rnepedaem MUKpOOUHaMUKY.

What is clearly needed is a method of determining whether distortion is audible in a given
piece of equipment. This determination should be made using music as a source, and not
limiting the investigation to steady-state signals such as sine or square waves.

Umo s.8HO Heobxodumo, mak amo mMemo0 orpedernieHuUs Moao, CribIUWHbI U UCKaXXEHUS 8
OaHHOM o0bopydoeaHuu. Omo ornpederneHue criedyem dename, UCMOMb3Ys My3bIKy 8 Kadecmee
UCMOYHUKa, a He 0gpaHu4ueasi uccredosaHuUe ycmaHo8UBLWUMUCS CU2Hanamu, makumu Kak
CUHycouOlasbHbIe Usu MPsIMOY20IbHbIE 80/IHbI.

If a listener could compare the re produced sound with the original, he could judge for
himself whether the degree of distortion is detectable. This, however, is a test of the entire audio
chain, including microphones and loudspeakers. One could not separately determine whether
the amplifier produced audible distortion or not. To listen for an amplifier's distortion, one must
have a reference for comparison.

Ecnu 6b1 cnywamernb Mo cpagHUMb 80CPouU38e0eHHbIl 38YK C OpU2UHAIOM, OH MO2
661 cam cyOumb, 3amemHa /iU cmerneHb uckaxeHut. OOHaKko 3mo rposepka eced ayduoueru,
8KJTHO4asi MUKPOGOHbI U QuHamuKku. OmaoeribHO onpedeniums, npou3sooum fu ycunumersb
C/IbIWUMBbIE UCKaXeHuUs unu Hem, He ydasnocb. Ymobbl npocywams UCKaxeHuUsl ycunumeris,
Heobxodumo umemb amaisioH Orisi CPagHeHUSs.

The most accurate and convenient reference is the traditional straight wire. A straight
wire has infinitesimal distortion and must, by its nature, be more accurate than any active device
such as an amplifier. It immediately opens up the possibility of A/B comparison between it and
the amplifier being tested. This can be done by putting two amplifiers in series, with the gain of
the second one reduced to unity to match the gain of the straight wire; then the amplifier under
test can be bypassed by switching the straight wire across it.

Haubonee moyHbIM u yOObHbIM 3marioHOM sierissemcsi mpaduyuOHHbIU rPsiMoU rpoeoo.
[psimoti npoeod umeem 6ECKOHEYHO Marible UCKaXXeHUs U o ceoel npupode OormKkeH bbimb
6oree mo4yHbIM, Yem f1roboe akmugHoe ycmpolcmeo, Harpumep ycunumersb. 3mo cpasy
OMKpbIBaemM 803MOXHOCMb cpasHeHUs1 A/B Mex0y HUM u mecmupyembiM ycurnumenem. 3mo
MOXHO cOenameb, NodK4Yue 08a ycunumerns rnocrnedosameribHO, npu 3moM KoaghguuyueHm
ycuneHusi mopoe2o bydem ymMeHbuweH 00 eOuUHUUbI, Ymobbl coomeemcmeosams
KoaghbuyueHmy ycuneHus npsiMoz2o rnpoeoda; moeda mecmupyembil ycunumesib MOXHO
oboumu, nodk4u8 K Hemy rpsimou rpoesoo.

Figure 1 illustrates the simple setup for making this A/B test. One channel of a stereo
amplifier can be used as the driving source for either the other channel or for the straight wire.
Two subtle points must be observed in this experiment. First, there should be a loudspeaker
load on the driving amplifier when the switch is in the "A" position. If that speaker load is not



used, the test is less stringent, as the effect of the speaker on amplifier performance is not taken
into consideration.

Ha puc. 1 nokazaHa npocmasi cxema ripoeedeHusi amoeo A/B-mecma. OOuH kaHas
cmepeoycunumersisi MOXHO UCI0b308amb 8 Ka4eCcmee UCMOYHUKa 8036yx0eHusi nubo Ornsi
Opye2020 KaHana, nubo 055 npsiMoeo rpoeoda. B amom akcriepumeHme criedyem obpamumae
B8HUMaHue Ha dea MOHKUX MOMeHma. Bo-nepsabix, koeda repekrodamerib Haxooumcsi 8
rnonoxeHuu «A», Ha ycunumersb MouwHocmu 0o/mkHa bbimb akycmu4yeckasl Haepyska. Ecnu
Hazpy3ka OuHaMuKa He UCrofib3yemcs, ucribimaHue bydem meHee cmpoaum, MOCKObKY
gnusHuUe QuHaMuKa Ha Xxapakmepucmuku ycunumerssi He NPUHUMaemcs 80 8HUMaHUe.

As we shall see later, a change in loud speaker load can indeed change the performance
of an amplifier. Figure 1 shows the driving amplifier with its own speaker load when switched to
"A" and with the test amplifier's load when switched to "B." Naturally, both loud speakers should
be identical. A second requirement is that the speaker load for the driving amplifier must be
isolated by putting it in a separate room. Otherwise, sound from that speaker will mask the
sound of the amplifier-versus-wire comparison.

Kak mbI ygudum rosxe, U3MEHeHUEe Hazpy3Ku 2pOMKo2080pumeris 0elicmeumeribHO
MOXXem U3MeHUmb xapakmepucmuku ycunumerns. Ha pucyHke 1 nokasaH ycunumernb
8036yx0eHusi ¢ cobcmeeHHOU akycmu4ecKkol Hazpy3KoU rpu nepeKroYeHuU Ha «A» U c
Hazpy3Kol mecmoego20 ycurumersis npu nepexkdyeHuu Ha «By. EcmecmeeHHo, ob6a OuHaMmuka
0ormkHbl bbimb 00uHakosbiMU. Bmopoe mpebosaHue 3aKrioyaemcs 8 moM, 4mo aKycmu4yeckasi
Hazpy3ka ycunumerssi MowHocmu dormkHa bbimb U30uposaHa, noMecmues ee 8 omoesbHYH
KoMHamy. B npomugHOM criy4ae 38yK U3 amoeo duHamuka 6ydem mackuposams 38yK
cpasHeHus ycurnumersi U rnpoeooa.

A/B testing is a valid and scientific method of comparison. However, it re quires
judgment, and it has been criticized as being confusing, fatiguing and artificial. There is no
question that what one person hears on an A/B test is not necessarily what another hears.
There is considerable dissension about the merits of A/B testing. Since it is not universally
accepted, it is fortunate that there is a more sensitive listening test for distortion. The preferred
way to listen for distortion is to use what | call the straight-wire differential test (SWDT). Its
arrangement is illustrated in Fig. 2. Here again, one channel of the stereo amplifier is used to
provide a low-impedance driving source, and the gain of the other channel is set to unity to
match the straight wire. In practically all power amplifiers, the input and output are in phase, so
a transducer such as a loudspeaker can be connected from input to output in a differential
mode. It is obvious that if input and output are identical, there will be no signal in the
loudspeaker. Any sound that is audible after careful adjustment of the level will therefore be
distortion.

A/B-mecmupogaHue — 3mo 0elicmeeHHbIU U Hay4YHbIU memo0d cpagsHeHuUsi. OOHaKo OHO
mpebyem cyx0eHusi u nodsepaaemcs Kpumuke Kak cbusarouiee ¢ moriky, ymomrsouwee u
ucKkyccmeeHHoe. Hem comHeHul 8 mom, 4mo mo, 4mo cribium 0OuUH Yeroeek 8o spemsi A/B-
mecma, He obsi3amernbHO cogrnadaem ¢ mem, Ymo crbiwum dpyaod. Cyuwecmayrom
3Ha4yumerbHble pa3Hoanacusi ro noeody docmouHcme A/B-mecmupoeaHusi. [10CKOrbKy 3mo He
[ger19emces 0bwenpuHamasIM, K cHacmeio, cyuiecmgyem 6osee 4yecmeumerbHbIl mecm Ha
UCKa)KeHUs rpu rpocywuesaHuu. [pednoymumeribHbit criocob 0bHapyXeHUs UCKaXeHUU —
ucronb308ame Mo, YMo s Ha3blgaro dughbghepeHyuaribHbIM mecmomM o fPsIMOMY rpPoeody
(SWDT). Eco pacrionoxeHue rokazaHo Ha puc. 2. 30ecb cHo8a 00UH KaHasl cmepeoycunumers



ucronib3yemcsi 0 obecriedeHuUs1 UCMOYHUKa 8036yKO0eHUs1 C HUSKUM uMrnedaHcoM, a
KoaghbuyueHm ycurneHusi Opy2020 KaHarsa ycmaHaenueaemcsi pasHbiM eOuHuye, Ymobhbl
coomeemcmeogamsb npsiMoMy rposody. [Npakmuyecku 80 8cex ycurnumersnsix MouHocmu exo0 u
8bIX00 CUH@a3sHbI, Mo3mMomy rpeobpazosamersib, HaNpPuUMep 2POMKO2080pUMESTb, MOXHO
MooOKno4UMb 0m 8xo0a K 8bixo0y 8 dughghepeHyuanbHoMm pexxume. OuesudHO, YmMO ecriu 8x00
U 8bIX00 UOEHMUYHbI, CU2Hala 8 epoMKo2osopumerie He bydem. [loamomy robol 38K,
CrbILWUMBIU 1OCTIe MujamesibHOU peayriupo8KU YpoB8HS, bydem UCKaxXxeHUEeM.

What happens here is that the original signal is removed by subtracting the output from
the input; this unmasks the distortion generated in the second (test) amplifier. This remainder
includes nonlinearities such as THD and IM, all types of transient distortion, and amplitude and
phase aberrations. In fact, it includes not only all known distortions, but also any which may be
identified in the future. What it does not do is separate the types of distortion, so no weighting
can be given to the more obnoxious ones.

30ecb npoucxodum crnedyrowiee: UCXOOHbIU cuaHarn ydansgemcs nymem 8bldumaHusi
8bIXOOHO20 cu2Harsa u3 8X00H020, 3MOo deMacKupyem UCKaXeHUSsl, 2eHepupyeMbie 80 8MOPOM
(mecmosom) ycunumerie. 3mom ocmamokK 8K/r4Yaem makue HenuHetHocmu, kak THD u IMD,
8ce muribl Nepexo0HbIX UCKaXKeHUl, a makxe aMrinumyOoHble U ¢ha3osbie abeppayuul.
®akmuyecku, croda 8x005imM He MOJIbKO 8Ce U3BECMHbIE UCKaXeHUSs, HO U f1tobbie, Komophbie
mMoaym 6bimb 8bisierieHbl 8 bydyweM. Yez2o oH He Oerlaem, mak 3mo pasoesisem muribl
uckaxkeHuti, noamomy 6oree HernpusiMHbIM U3 HUX HErb3s NPUC8oUMb HUKaKo20 eeca.

lMpumeyaHue. MoxHo nodymame 4ymo yugpa THD = 0,001% 2o0eopum o Kakux fubo
KOHKPEMHbIX UCKaxKeHUsiX. [lepexodHble UCKaxeHUsl ycunumersisi 603HUKaouwUe Ha rnepsbix
rnepuodax CKpbIMbI MOSTHOCMbIO, MaK Kak mecm rposooumcsi 8 yCmaHOo8UBLEMCSI PEXXUME.
Laxe paspabomyuku rpoepammbl Micro-Cap noddanuck Ha npo8oKayur U og2paHu4usiu
MUHUMaIbHOEe Kosiudecmao rnodasaembix Orisl mpocyema Uukios 4-msi.

When this test is performed on most amplifiers, one can hear grunge, harshness,
edginess, grain, and other irritating sounds. One can also hear some relatively clean sounds
which come mainly from amplitude and phase errors. These are not necessarily annoying, but
they are inaccuracies, and the best amplifier designs should minimize them as well as the
irritating factors.

Koada amom mecm nposodumcsi Ha bonbwuHcmee ycunumeriel, MOXHO ycrblwamb
2paHX, pe3Kocmb, pe3Kocmb, 3epHUCMOocmb U Opyaue pa3dpaxaroujue 38yKu. Takxe MOXHO
yCriblwamb OMHOCUMESIbHO YUCMbI€ 38YKU, KOMOPbIE 803HUKaKM 8 OCHOBHOM U3-3a OWUbOK
rno amnnumyode u ¢ghaze. Imo He obsisameribHO pa3dpaxkaem, HO MO HEMOYHOCMU, U JTyHwue
KOHCcmpyKyuu ycunumenel O0/mMKHbI MUHUMU3UPO8amb UX, Kak U pa3dpaxarouwue hakmopsbl.

The SWDT is elegantly simple, requiring no instruments. Its merits are obvious, but it is
extremely difficult to apply because of its great sensitivity: A few minutes (fractions of a degree)
of phase shift or a few milli-bels (hundredths of a decibel) of amplitude variation will show up as
significant sound.

SWDT aneeaHmHo npocm u He mpebyem HUKakKux uHcCmpymeHmos. Eco docmouHcmea
04eB8UOHbI, HO €20 KpaliHe CIIOXKHO MPUMEHSMb U3-3a 60/1bWoU HYy8cmeumeibHOCMu:
HeckosbKo MUuHym (donu epadyca) ¢pa3oe020 coguza usu HeECKObKO mMusnuben (comsie donu
Oeyuberna) usmeHeHUs1 amrnumyOobl NPOsIBSIMCS KakK Cyu,eCmeeHHbIU 38YK.



When a similar approach to amplifier testing was explored in the past (see "Testing
Amplifiers with a Bridge" by Andrew R. Collins, Audio, March 1972), experimenters found
relatively high levels of sound due to phase and amplitude variations. They did not consider
these to be important, and they compensated the straight wire to minimize such variations. They
made the assumption that phase variations were inaudible. This is disputable and controversial.
| prefer to correct the amplifier to eliminate these aberrations, rather than to eliminate them from
the signal source.

Kozda nodobHbiti nodxod Kk mecmuposaHuro ycunumerneu bbin uccried0o8aH 8 rnpousiom
(cm. « TecmuposaHue ycunumernel ¢ Mocmomy, QHOpro P. KonnuHa, «Ayduo», mapm 1972 2.),
3KcrnepumMeHmamopbl 0B6HapyXuiu OMHOCUMEIbHO 8bICOKUE yPOBHU 38yKa U3-3a U3MEHEHUU
asbl u amnaumyObl. OHU HE cHUMAaIIU 3MO 8aXKHbIM U KOMMEHcUposasiu rnpsimMou rnpoeoo,
4mobbl MUHUMU3UpPOBamb makue omkrioHeHus. OHU NpPednoIoXusiu, 4Ymo U3MEHEeHUs gha3sbl
He3amemHbl. 3mMo COMHUMEIbHO U CrIOPHO. A npedrnoyumaro Koppekmuposams yCunumerss,
umobbl ycmpaHumb amu abeppayuu, a He ycmpaHsimb UX U3 UCMOYHUKa cuaHarna.

lMpumeyaHue. B smom u 3aknoyaemcsi owubka ekmopHo20 aHanu3a Carnoxkosa-
AkynuHu4eea-bakcaHdarnna. lNod2oHsis1 AYX exo0Ho20 cuzHana nod AYX mecmupyemozao
yeunumerssi 8 3Ha4umeribHOU cmerneHu yCmpaHsIlomcsi UCKaXeHUs1 NepexodHbIX Mpoyeccos 8
yeunumensx. [pu ucrnonb308aHuU KOMAEHCAUUOHHO20 Memoda U3MepeHUs UCKaxXeHUU
3a0epxxKa 8XOOHO20 cuz2Harsia Ha 8peMsi NMpPoXoX0eHUs cuaHarna 8 ycusumersie 0ormkHa bbimb
udearsibHoU! TorbKoO 8 aMOM criyd4ae Mbl y8UOUM 8Ce 8UObI UCKaXXeHUU 8HOCUMbIX ycurumeriem.

The SWDT gives the amplifier de signer a tool for improving the sonic performance of his
designs. My own company's first amplifier to be de signed with the aid of this technique was the
Hafler XL-280. Our approach was very conservative yet still innovative; we aimed for a wide-
band, low-distortion design before the application of overall negative feedback, and before
tweaking the final elements for minimum phase shift simultaneous with minimum distortion and
adequate stability margin. Components were selected, bias currents were tested, phase
compensation was added-all to get minimum sound output with the SWDT.

SWDT daem pa3spabomyuky ycunumersi UHCMpyMeHm Or1s yIlyHueHUs 38yKo8bIX
Xapakmepucmuk e2o KoHcmpykuuu. [lepsebim ycunumernem Moel KomnaHuu, pa3pabomaHHbiM
C ucrionb3o8aHueM amou mexHonoauu, bein Hafler XL-280. Haw rnodxod 61 o4eHb
KOHCeps8amueHbIM, HO 8CE XXe HO8amMOPCKUM; Mbl CMPEMUITUCH K CO30aHU WUPOKOMOIOCHOU
KOHCMPYKUUU C HU3KUM YPOBHEM UCKaxkeHul 00 npumMeHeHus1 obweld ompuyamesibHoU
obpammHou cesi3u u 0o HacmMpPOUKU KOHEYHbIX 3rIeMeHmMoe8 01151 MUHUMaribHO20 (ha308020
cosuza 0OHOBPEMEHHO C MUHUMAaIbHbIMU UCKa)XXeHUsIMU U 00CmamoYyHbIM 3arnacom
ycmou4usocmu. bbinu ebibpaHbl KOMIOHEHMbI, MPOBEPEHbLI MOKU cMeweHusi, dobaeneHa
gazosasi KomreHcauyus — ece 0519 mo2o, 4mobbl Mosy4umb MUHUMAaIbHbIU 8bIXOOHOU WyM
npu ucnonb3ogaHuu SWDT.

The XL-280 amplifier is completely symmetrical from input to output. It uses multiple
power supplies with a common power transformer. There is a supply for each channel, and
separate supplies for the Class-A driver stages and for the Class-AB output stages.

Ycunumenb XL-280 nonHocmeto cummempuyeH om exoda 0o ebixoda. OH ucrornb3yem
HeCKOIbKO UCMOYHUKO8 rnumaHusi ¢ 0buwum cusoebim mpaHcghopmamopom. [NMumaHue
umeemcs 0115 Kax0020 KaHara, a makxe omaoesibHble UCMOYHUKU numaHusi 05isi Kackados
Opateepa Kracca A u 8bIX00HbIX Kackadoe Kriacca AB.



The input transistors are J-FETs in a cascode configuration. This provides a high degree
of linearity with very low noise. The high input impedance of the J-FETs permits a higher
impedance in put point for the negative feedback loop.

Bxo0Hble mpaH3ucmopsi npedcmasristom cobol J-FET e kacKoOHOU KOHgbuaypayuu.
3mo obecrieyusaem 8bICOKYH cmerneHb JIUHeUHOCMU MPU O4eHb HU3KOM YypPO8HEe WyMa.
Bbicokuti exo0Hou umnedaHc J-FET noseonsiem ucrionib3o8ams 6oriee 8bICOKUU UMNedaHC 8
B8X00HOU MOoYKe KOHmMypa ompuyamesibHolU obpamHoU ces3u.

A driver stage follows, with current mirroring back to the first stage. This drives the
emitter-follower stage, which provides a low-impedance source for the relatively high input
capacitance of the multiple output section.

Lanee cnedyem cmyneHb Opalisepa ¢ ompaxeHuemMm moka obpamHo Ha nepsyro
cmyneHb. Omo rpueodum 8 delicmeue Kackad aMummepHoO20 No8mopumerisi, Komopabil
obecriequsaem UCMOYHUK C HU3KUM UMNedaHCOM rpu OMHOCUMESIbHO 8bICOKOU 8XO0HOU
eMKOCMU MHO208bIXOOHOU CeKyuU.

The output stage consists of two complementary groups of three MOS FETs in parallel,
operating as source followers. These MOS-FETs are used because of their high speed, high
degree of linearity, and extreme robustness; we have experienced minimal failures out of the
hundreds of thou sands we have used in predecessor amplifiers.

Bbixo0HoU Kkackad cocmoum u3 08yx e3aumodorionHawux epynn no mpu MOII-
mpaH3ucmopa, NoOKMOYEHHbIX naparsnenbHo U pabomaruwux Kak UCmoKos8ble nosmopumeriu.
Amu MOTl-mpaH3ucmophkl UCMONb3YHMCS U3-3a UX 8bICOKOU CKOPOCMU, 8bICOKOU CmereHu
JIUHeUHoOCMU U 4pesebldaliHot HadexxHocmu, y Hac 6blnu MuHuUMaribHble cbou u3 comeH
MbICS4, KOMOPbIe Mbl UCM0Mb308asIU 8 yCUnumensix-npedwecmeeHHUKax.
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Fig. 1--Setup for comparing the sound of an amplifier to that NG-of a straight wire. In ER switch
position "A," listeners hear the driving amp's signal through the straight wire; in position "B," hey
hear it through he amplifier under test.

Puc. 1. YemaHoeka 0nsi cpasHeHuUs 38yKa ycurnumerisi co 38ykom NG-ripsimoz2o rpoeoda. B
rnonoxeHuu nepekrodamens ER «A» cnywamenu crbiwam cuzgHasn ycunumernsi MoOWHocmu
yepes rnpsMou rnpoeod; 8 rnosoxeHUU «By, ad, ycrbiwb 3mMo Yepe3 mecmupyembil ycunumersib.

Fig. 2--Setup for straight-wire differential test (SWDT). When the pots are adjusted or minimum
sound output the speaker, only the distortion and phase and amplitude errors are heard.

Puc. 2. YemaHoeka 0nsi QughgbepeHyuanbHO20 ucrbimaHusi rnpsiMozo riposoda (SWDT). lNpu
HacmpoUlike MoOMeHyUoOMempo8 unu MUHUMasabHoU 2pOMKOCMU 38yKa, 8b10a8aeMo20
OUHaMUKOM, CJlbIWHbI MOJIbKO UCKaXXeHUs1 U owubkKu ¢asbl u amriiumyosi.

lpumeyvaHue. [paleepHbil ycunumersb XernamesibHO UMemb 8bICOKO20 Kadecmea, 8
MPOMUBHOM crlydae OpausepHbIlt ycunumersib yxe ybuswul MUKpOOUHaMUKy He r1o38orum
rpasusibHO OUEeHUMb mecmupyembil ycunumerlb.

The XL-280 uses a moderate amount of negative feedback in an overall loop, plus local
feedback such as in the source-follower output stage. Though there are some who unjustly
accuse negative feedback of being detrimental, | think it is safe to say that negative feedback,
when properly applied, is always beneficial. Proper application involves using it with a very
linear amplifier and assuring an adequate stability margin. Used in that way, negative feedback
will reduce distortion and widen band-pass. Most important, it will also stabilize operating



characteristics so that performance will not drift in use and so that there will be negligible
variation from one production unit to another.

XL-280 ucrionb3yem ymepeHHOe Konu4ecmaso ompuuamesibHol obpamHoU cesi3u 8
obwem KoHmMype, a makxe fokasnbHyr0 0bpamHyro ces3b, Haripumep, 8 8bIXOOHOM Kackade
ucmok-rnosmopumersib. Xomsi ecmb 100U, KOmMopbie Hecrpasediugo 0b68uHsIOM
ompuyameribHyr0 obpamHyo ces3b 80 8pede, 1 dyMaro, MOXHO C y8epEeHHOCMbIO cKa3amb,
ymo ompuyamernbHasi obpamHas Ces13b, €CJIU ee MpPasusiIbHO MPUMeHsIMb, 8ce20a Mosie3Ha.
lNpasunbHoe npumeHeHue rpedronazaem UCMOIb308aHUE €20 C OYeHb JTUHEUHbIM
ycunumenem u obecredeHue 0ocmamoyHo20 3anaca cmabunsHocmu. [Npu makom
ucrnonbL308aHuUU ompuyameribHas 0bpamHasi Cesi3b YMEeHbWUM UCKaXeHUs U pacuupum
rorniocy nporiyckaHus. Camoe anasHoe, 3mo makxe cmabunusupyem pabodyue
XapakmepucmuKu, maK 4mo rpou3eodumerisHocmb He bydem MeHsimbCs 8 npouecce
uCrnonb308aHuUsi U 4mo om 00HOU nMpou3sodcmeeHHoU eOuHUUbI K Opy2ou bydym
He3Ha4yumeribHbIe Pa3uYus.

Phase compensation is used in the XL-280 to achieve minimum phase shift in the audio
band, in order to get maximum sensitivity from the SWDT.

®a3zo0eas komreHcayus ucrionb3yemcs 8 XL-280 0ns docmuxXeHusi MUHUMarlbHO20
pa308020 cOsuza 8 38yKOBOM Ouara3oHe U rosly4eHUs MakcumMaribHoOU YyscmeumerbHoCmu
SWDT.
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HuxHut epaguk B3 2o80pum 0 mom 4mo MOXHO fosly4ums daxke ompuyameribHoe
3HavyeHue B3 6e3 onaceHus nomy4ums rpu 3mom 8036yd. [1ns ebinonHeHus kpumepus SWDT
80 8cel 38ykoeoU rorioce B3 Ha 20pu30HmMarnbHOM y4acmke OO/MKHO bbimb <= 8 HC.

Achieving the goal of very low phase shift at high frequencies precludes the use of the
customary output coil found in most amplifiers. To carry the control of phase to the ultimate, a
phase "tweaker" is positioned so that it is accessible from outside the amplifier.

LocmuxxeHue o4eHb HU3KO20 (ha308020 cO8U2a Ha 8bICOKUX Yacmomax UCK/IrYaem
ucrornb308aHue 0bbI4HOU 8bIXOOHOU KamywiKu, ucronb3yemou 8 bonbwuHecmse ycunumerned.



UmobbI dosecmu KOHMPOIib hadbl 00 MakcUMarilbHO20 YPOBHS, ¢ha3o8bil «peaynsimop»
pacrionoxeH mak, 4mobbl OH bblr1 Q0CMyrneH CHapyXu ycunumerisi.

This network consists of a series resistor and capacitor trimmer which adjust a small
peak in the range above 200 kHz. We have aimed for a maximally flat amplifier in the audio
range, and maximum flatness leads to a slight ringing-at ultrasonic frequencies, fortunately,
where it cannot affect the sound quality. Putting a peak of 3 or 4 dB at 200 kHz is a good
exchange for obtaining essentially no phase shift in the 5- to 10-kHz range.

Oma uyernb cocmoum u3 rnocredogamesibHo20 pe3ucmopa U rnoocmpoeyHo2o
KoHOeHcamopa, Komopskle peaynupyrom Hebornbwou rnuk e duana3oHe ebiwe 200 Kl'y. Mbi
CmMpeMunuchb K MakcumarsibHO POBHOMY yCUIUMerto 8 38yKoeoM Ouara3oHe, a MakcuMmasibHas
po8HOCMb MpUBOOUM K He6OIbWOMY 380HY — K CHacmhblo, Ha yrbmpassyKosbIX Yyacmomax,
20e OH He MOXXem r106/IUSIMb Ha Ka4ecmeo 38yka. YcmaHoeneHue nuka 6 3 unu 4 0b Ha
yacmome 200 kl'y, sensemcs xopowel asibmepHamugoU rnpakmu4yecku rnosiHomy
omcymcmeuro ¢ha3o8020 cdsuea e duarnazoHe om 5 do 10 klu.

lMpumeyaHue. VimeHHO 8bibpoc B3 Ha yacmomax ebiwe 200 kl'y, u npugodum K momy
4Umo 8 Hayare u KoHye bypcmoe yacmomou 10 kI'y eo3Hukarom SID-uckaxxeHus (Slew-induced
distortion). 3mo mo, Ha Ymo He obpamurs HUMaHue Xagrep rnpoeodsi mecmsl 8
yCmaHo8UBLUEMCS PEXUME.

In testing the amplifier under many conditions, it was observed that the optimum point of
operation, as deter mined by the SWDT, shifted with a change of loudspeaker. This was due to
variations in loudspeaker impedance and the fact that the amplifier's internal impedance
increased at high frequencies. A change in loudspeaker impedance made a small change in
amplitude response. These small variations may be the cause of some of the sonic differences
which are heard by "golden-ear" listeners. Fortunately, these small deviations can be readily
compensated with the variable phase shift "tweaker" built into the amplifier.

lpu mecmupoesaHuu ycunumerssi 80 MHO2UX yCrio8UsiX b6bIrI0 3aMeYeHo, 4mo
onmumarsibHasi moyka pabomei, onpedeneHHas SWDT, cmewanacek rnpu cMeHe
2poMKo2080pUMEris. OMO rPOU3oWSIO U3-3a USMEeHEeHUU umnedaHca 2poMKo2080pUMens u
moeo ghakma, Ymo 8HYyMpPEHHEE CONMPOMUBIIEHUE YCUUMersisi yeenu4ueasnochb Ha 8bICOKUX
yacmomax. MIameHeHue umnedaHca 2poOMKO2080pUMesisi rpueesio K HebosibWomy U3MEeHeHUH
amnnumyOHoU xapakmepucmuku. 3mu Hebornbwue gapuayuu mMo2ym 6bimb rnpu4yuHoU
HEeKOMOpbIX 38yKOBbIX pa3fiuquli, Komopble cribiwam crywamesiu ¢ «3070mbiM yxom». K
cyacmbro, amu Hebornbwue OMKIIOHEHUST MOXHO 51e2KO KOMIMEeHCUPO8amb C MOMOUWbIO
«meukepay nepemMeHHo20 ¢hazoeo20 cdsuaa, 8CMPOEHHO20 8 yYCUTUMEb.

The result is that, by using the SWDT, it is practical to compensate the individual system
for the specific type of loud speaker in use.

B pesynbmame, ucrnonb3dys SWDT, MOXHO KoMrieHcupogame UHOUBUOYarbHyH cucmemy
8 3a8UCUMOCMU OM KOHKPEMHO20 muria Ucrosib3yeMo20 2pOMKO2080pUMETTS.

For most listeners, the minute difference due to the final tweaking is unimportant, and a
check using the A/B test of Fig. 1 confirms this. Most people can be satisfied with an adjustment
based on any conventional speaker load, rather than the specific speaker they are using.
However, for perfectionists and the most critical "golden ears," the XL-280 amplifier can be
adjusted to its ultimate capability with specific loudspeakers, using the SWDT as the measuring
tool.



Lnsa 6onbwuHecmesa criywamernel MUHymHasi pa3Huya u3s-3a ¢puHasibHoU HacmpoUuKu He
umMeem 3Ha4yeHus, U rposepka c nomouwbto A/B-mecma Ha puc. 1 nodmeepxxdaem amo.
GonbwuHcmeo ntdel mocym bbimb y008/1€MeOPEHbLI PE2YNUPOBKOU, OCHOBaHHOU Ha 1060
0bbIYHOU Hagpy3ke Ha OUHaMUKU, a He Ha KOHKpemHoOM OUHaMUuKe, KOmophbIU OHU UCIOMb3ym.
OO0HaKo 0nsi nepgheKkUUoHUCMO8 U caMbiX KDUMUYHbIX «3010mbiX ywely ycunumerns XL-280
MOXHO Hacmpoume Ha MakCuMarsibHy MOUHOCMb C MOMOWbIO crieyuasibHbIX
epomkoeoeopumenet, ucronb3yss SWDT e kasecmee uamepumeribHo20 UHCMpPYyMeHMa.

As mentioned earlier, when we applied the straight-wire differential test to many
amplifiers, the residual noise we heard included both grungy, irritating sounds, which were
products of annoying distortion, and "clean" sounds which were the result of phase and
amplitude aberrations. Phase and amplitude distortions, while not unpleasant to the ear, can
affect the tonal balance and timbre of the sound and also influence the imaging and sound
stage of the stereo performance. Applying the SWDT to the XL-280, we have found that when
playing music above normal listening levels or when seated very close to the loudspeakers,
there may be slight of al sound which are clearly identifiable by their cleanliness as phase and
amplitude distortions. Their amplitudes are less than we have found in any other ampilifier, and
they are sufficiently minor to be completely masked by normal musical content; this is verified by
the A/B test, which affirms that the XL-280 is indistinguishable from a straight wire. After
tweaking for the individual loudspeakers being used, measurements show up to 70 dB of nulling
in the mid-band and about 60 dB over the rest of the audio spectrum. This means that the total
distortions do not exceed 0.1% over the audio band and confirms their inaudibility.

Kak yrnnomuHanoce paHee, ko2da Mbl rnpuMeHunu oughghepeHyuanbHbIU mecm o
rpPsIMOMY rpo8ody KO MHO2UM yCUumessiM, ocmamoyHbIl WyM, KOmopbIl Mbl yCrbllwaru,
8KJI0Has Kak wepoxoeamele, pasdpaxkaroujue 38yKu, Komopsbie bbiriu npodykmamu
pasopaxarouwux UcCKaxXeHul, maK U «4ucmbie» 38yKu, Komopble bbinu pe3yribmamom ha3o8bix
u amniumyOHbix abeppauyud. . @azosble U amaumyOHble UCKaXXeHUs, XOmSs U He HerpusimHabl
0n1a yxa, Mo2ym roenusimb Ha moHasbHbIl banaHc u membp 38yKa, a makxe rnoenusime Ha
obpa3s u 38yKosyto cueHy cmepeoucriosniHeHust. [Npumersss SWDT k XL-280, Mbi 06Hapyxunu,
4Ymo rpu 80Crpou3eedeHUU My3bIKU Ha YPOBHE 2POMKOCMU 8bIlE HOPMasibHO20 Uu rnpu
pacronoxXeHuU o4eHb bIU3KO K 2pOMKO2080pUMENSIM MO2ym fipucymcmeosams Hebornbuwue
38yKU, KOMOpPbIe YemKo udeHmuguuupyromcs rno ux yucmome Kak ¢ha3osble U aMmriaumyOHbIe
uckaxxeHus. Ix amnnumyObl MEHbWE, YeM Mbl O6HapyXunu 8 mobom dpyaom ycunumene, u
OHU docmamoyYHO Maribl, Ymobbl 6bIMb MOSTHOCMbIO 3aMacKupoO8aHHbIMU OBbIYHBIM
My3bIKarbHbIM coOepxXaHuem,; amo nodmeepxdaemcsi mecmom A/B, komopbil
noomeepxxd0aem, ymo XL-280 Heomnu4um om npsiMo20 ripoeoda. [locrie Hacmpouxu
0moeribHbIX UCIOMb3yeMbIX epOMKO2080pumMernel UsMepeHus rnokassieatom obHyneHue 0o 70
06 8 cpedHel ronoce u okoro 60 0b 8 ocmaribHOM 38YKOBOM criekmpe. 3mo o3Hadaem, 4mo
CyMMapHble uckaxeHusi He ripesbiwarom 0,1% o 38ykoeomy Ouaria3oHy u rnoomeepxdaem ux
HEeCbILUMOCMb.

When the SWDT gives a substantial null on musical material at normal listening levels,
the sonic accuracy of the amplifier cannot be improved. Any other amplifier which does not
produce as deep a null on the SWDT, or which sounds different from one that does, is less
accurate, regardless of whether its sound is pleasing. Once this level of amplifier performance is
reached, further improvements in sonic quality must be obtained from elements in the hi-fi chain
other than the power amplifier, although, of course, designers will still face the challenges of
reliability, efficiency and economy in amplifier designs.



Kozda SWDT daem cywiecmeeHHbIU Hyregou ypo8eHb My3biKallbHO20 Mamepuarna rnpu
HOpPMaribHbIX YPOBHSIX MPOCYWUBAHUS], MOYHOCMb 38y4aHUSs yCunumerns yray4wums
Heso3MoxHo. JTrobol dpyaoli ycunumerib, KOMopbIl He 0aem makoao a/1yb0Ko20 Hyrs Ha
SWDT unu komopsbil 38y4um uHa4ye, MEHEE MOYEH, He3a8UCUMO OM MOoeo, NMPUSIMeH U €20
38yK. Kak monbko amom ypogeHb rpouszeodumerisHocmu ycunumens 6ydem docmuaHym,
OarbHelwee yriydweHue Kadyecmeaa 38yka 00/mKHO bbimb 0ocCmu2Hymo 3a c4em 3/1eMeHmMos 8
uenu Hi-Fi, omnu4Hbix om ycurnumers MOWHOCMuU, Xomsi, KOHEYHO, KOHCMpPyKmopam r1o-
npexxHemy ripudemcs cmasnkueambCs € rnpobriemamu HadexxHocmu, aghghekmusHocmu u
3KOHOMUYHOCMU yCUuUMmers.

(Source: Audio magazine, Feb. 1987)
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