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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%.
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. 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":

GD = -dp(w)/dw

Yem meHbwe B3, mem 8biwie CKOPOCMHbIE XapakmepucmuKu cu2Hano8 HU3K0o20
YPOBHS, meM riyduwie ycunumerib nepedaem 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 si8HO He0bXx00UMO, mak 3mo Memod orpedesnieHUs Mo20, CribIWHbI JU UCKaXeHUSs 8
OaHHOM obopydoeaHuuU. Omo ornpederneHue criedyem denameb, UCMOMb3YS My3bIKy 8 Kadecmee
UCMOYHUKa, a He o2paHu4ugas uccredosaHue ycmaHo8UBLWUMUCS CU2Hanamu, makumu Kak
CUHycoudarsbHbIe Uru fpsiMOy20s1bHbI€ 8OJTHBbI.

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 cniywamernb MO2 cpagHUMb 80CIpPOoU38e0eHHbIU 38YK C OpU2UHAIOM, OH MO2
661 cam cyOumb, 3amemHa /iU cmerneHb uckaxeHut. OOHaKko 3mo rposepka ecel ayduoueru,
8KI1ro4asi MUKPOGOHbI U QuHamuku. OmaoenbHo onpedenums, npou3sooum mu ycunumersb
ClIbILWUMbIE UCKaXXeHUs unu Hem, He ydanock. Ymobbi npocrnywams UCKaXeHUs ycunumerns,
Heobxodumo umems amasioH Orisi CPaBHEHUS.

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.

Haubornee moyHbIM U yOO6HbIM 3mMarioHOM sierisemcsi mpaduyUuOHHbIU rPsiMoU rpoesoo.
[Mpsmot npoeod umeem 6ECKOHEYHO Marible UCKaxXeHUs U o ceoel npupode 0ormkeH bbimb
6oree mo4yHbIM, Yem riroboe akmugHoe ycmpolcmeo, Harnpumep ycunumerbs. 3mo cpasy
OMKpbigaem 803MOXXHOCMb cpasHeHUs1 A/B Mexdy HUM u mecmupyeMbiM ycunumenem. 3mo
MOXHO cOerlameb, NoOKIrYU8 08a ycusriumerisi rnocriedosamersibHO, nNpu 3momM KoaghguyueHm
ycurneHusi mopo2o bydem ymeHbuweH 00 eOUHUUbI, Ymobbl coomeemcmeosams
KoaghgbuyueHmy ycuneHusi rpsiMoz0 rnpoegoda; moada mecmupyemMbil ycurnumesib MOXHO
oboumu, nodkriro4u8 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 kaHars
cmepeoycusiumeriss MOXHO UCIO/b308amb 8 Kayecmae UCMOYHUKa 8036y 0eHus nubo Ors
Opye2020 KaHana, nubo 051 npsiMozo rpoeoda. B amom akcriepumeHme criedyem obpamumae
8HUMaHuUe Ha 08a MOHKUX MOMeHma. Bo-nepebix, koeda nepekntodameris Haxooumcs 8
nnonoxeHuu «A», Ha ycunumerbs MouwHocmu 0ormkHa bbimb aKkycmu4veckasi Hagpyska. Ecru
Hazpy3Kka OuHaMuKa He UCrofib3yemcs, ucribimaHue 6ydem meHee cmpoauM, MOCKOIbKY
grusHuUe OuHaMuKa 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, U3MEeHeHUe Hazpy3Ku 2poMKo2080pumeris 0elicmeumesribHO
MOXem U3MeHUMb XapakmepucmuKu ycunumerns. Ha pucyHke 1 nokasaH ycunumersb
8036yx0eHusi ¢ cobcmeeHHOU akycmu4eckol Hazpy3KoU rpu rnepekIrYeHuU Ha «A» U c
Haegpy3Kol mecmoego20 ycunumers rnpu nepekrYyeHuU Ha «By». EcmecmeeHHO, oba OuHaMmuka
00/mKHbI bbImb 0OUHaKo8bIMU. Bmopoe mpebosaHue 3aKkoyaemcs 8 moM, 4Ymo akycmuyeckasi
Hazpy3Kka ycunumersns MouwHocmu 0ormkHa 6bimb U3ouposaHa, noMecmus ee 8 0moesibHyH
KoMHamy. B npomueHOM criy4ae 38yK U3 amo2o duHamuka 6ydem mackuposamse 38yK
CpasHeHuUs ycunumers u rnpogooa.

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 delicmeeHHbIU U Hay4YHbIU memo0d cpagHeHuUsi. OOHaKo OHO
mpebyem cyx0eHus U rnodsepaaemcsi KpUmMuUKe Kak cbusarouiee ¢ morsiky, ymomnsirouwee u
ucKyccmeeHHoe. Hem coMHeHuUl 8 moMm, 4mo mo, 4mo cribiuum OOUH 4Yeriosek 6o spems A/B-
mecma, He obsi3amernbHO cogradaem ¢ mem, Ymo cribiwum dpyaod. Cyuwecmayrom
3Ha4yumerbHble pa3Hoanacusi ro nosody docmouHcme A/B-mecmupoegaHusi. [10CKOrbKy 3mo He
sernssiemcsi 0bwenpuHsImMbIM, K cHacmabio, cyujecmayem bosiee 4yyecmeumeribHbIl mecm Ha
UCKa)KeHUs1 rpu rpocsiywueaHuu. [pednoymumeribHbit criocob 0bHapyXeHUs UCKaXeHUU —



ucrosib3o8ame Mo, YMo 51 Ha3blearo OughghepeHyuanbHbIM MECMOM 10 MPSIMOMY MPO800Y
(SWDT). Eco pacrionoxeHue rokazaHo Ha puc. 2. 30ecb cHo8a 00UH KaHasl cmepeoycunumers
ucrnonb3yemcs 0rns obecriedeHusi UCMOYHUKa 8030yXXOeHUSs C HUSKUM umnedaHcoMm, a
KoaghgbuyueHm ycurneHusi Opy2020 KaHarsa ycmaHaenueaemcsi pasHbiM eOuHuye, Ymobhbl
coomeemcmaeosams rpsiMomMy rpoeody. [NpakmuyecKku 80 8cex ycunumessix MoOWHOCMu 8xo0 u
8bIX00 CUHha3HbI, MO3MoMy rpeobpasosamerib, HarpPUMep 2pPOMKO2080pUMESb, MOXHO
MooOKno4UMb 0m 8xo0a K 8bixo0y 8 dughghepeHyuanbHoMm pexume. OQuesudHO, YmO ecriu 8x00
U 8bIX00 UOEHMUYHbI, CU2Harna 8 epomMkoaoeopumersie He 6ydem. Noamomy noboU 38yK,
CNbIWUMBIU rocrie muiamerbHOU peaynuposKu ypo8Hsl, bydem ucCKaxxeHUem.

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 HeruHetuHocmu, kak THD u IMD,
8ce muribl Nepexo0HbIX UCKaXeHUl, a makxe aMmrnumyOoHble U ¢ha3osbie abeppayuul.
®akmuyecku, croda 8xo05im He MOJIbKO 8Ce U3B8ECMHbIE UCKaXeHUs, HO U J1tobble, Komopble
mMoaym 6bimb 8bisierieHbl 8 bydyweM. Yez2o oH He Oerlaem, mak 3mo pa3sdesisem muribl
ucKaxkxeHuU, noamomy 6ornee HernpuUsMHbIM U3 HUX HEMb35 puc8oumb HUKaKo20 eeca.

lMpumeyaHue. MoxHo nodymamse 4mo yugpa THD = 0,001% 2oeopum o kakux 1ubo
KOHKPEeMHbIX UCKa)keHUsiX. [lepexodHble UCKaXeHUs ycurnumersis 803HUKarowue Ha rnepebix
rnepuodax CKpbIMbI MOSTHOCMbIO, MaK KaKk mecm rposooumcs 8 yCmaHO8UBWEMCS PeXXUME.
Haxe paspabomuyuku rpoepammsl Micro-Cap noddanuck Ha rnposoKayuro u ogpaHu4unu
MUHUMaJIbHOE Kosiudecmeo rnodasaemMbix 05151 rpocdema yukrios 4-ms. [Npocyem ude o
rnocnedHemy nepuody. Ho dns psida ycunumeneu ¢ 6onbwum 3Ha4eHuem B3 u 4-x nepuodos
HedocmamoyHoO.

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.

Kozda amom mecm niposodumcsi Ha bonbwuHcmee ycunumerel, MOXHO ycrblamb
2paHX, pe3KoCcmb, Pe3KOCMb, 3epPHUCMOCMb U Opyaue pa3dpaxaroujue 38yKu. Takxe MOXHO
yCrbllwamb OMHOCUMESIbHO YUCMbIe 38YKU, KOMOPbIE 803HUKaKM 8 OCHOBHOM U3-3a OWUbOoK
rno amnnumyode u ¢ghaze. Imo He obsizameribHO pa3dpakaem, HO 3AMO HEMOYHOCMU, U JTydwue
KOHCmpyKyuu ycunumenet O0/mMKHbI MUHUMU3UPOB8amMb UX, KaK U pa3dpaxarouue ¢hakmopsi.

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 anezaHmHo npocm u He mpebyem HuKakux uHcmpymeHmos. E2o docmouHcmea
04€8UOHbI, HO €20 KpalHe CITOXKHO NPUMeHsIMb U3-3a 60/1bWol 4y8cmeumenbHOCMU:



Heckosbko MUuHym (donu epadyca) ¢ha3oeo20 coguza usnu HeCKOsIbKO mMusinubern (combsie 0onu
Oeyuberna) usmeHeHUs1 amnumyoObl NMPOsBSMCS 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.

Koada nodobHbili nodxod Kk mecmuposaHuro ycunumerneu bbin uccrie0o8aH 8 rnpousiom
(cm. « TecmuposaHue ycunumernel ¢ Mocmomy, QHOpro P. KonnuHa, «Ayduo», mapm 1972 2.),
3KcrnepumMeHmamopbl 0B6HapyXuiu OMHOCUMEIbHO 8bICOKUE yPOBHU 38yKa U3-3a U3MEHEHUU
asbi u amnaumyObl. OHU HE cHUMaIu 3mo 8a)KHbIM U KOMMeHcUposasiu rnpsimMou rnpoeoo,
4mobbl MUHUMU3UPOB8amb makue omkrioHeHus. OHU NpednoIoXusiu, 4Ymo USMEeHeHUs gha3sbl
He3amMemHbl. Mo COMHUMEIbHO U CrOPHO. S rpedrnodyumaro Koppekmuposams ycunumerss,
umobbl ycmpaHumb amu abeppayuu, a He ycmpaHsimb UX U3 UCMOYHUKa cuaHarna.

lMpumeyvaHue. B smom u 3aknoyaemcsi owubka eekmopHo20 aHanu3a Carnoxkosa-
AkynuHuyeesa-bakcaHdarnna. lNod2oHss1 AYX exo0Ho20 cuzHana nod AYX mecmupyemozao
yeunumerssi 8 3Ha4umeribHOU cmerneHu yCmpaHsIlomcsi UCKaXeHUs1 NepexodHbIX Mpoyeccos 8
yeunumensx. [pu ucrnonb308aHuU KOMAEHCaUUOHHO20 Memoda U3MepeHUs UCKaxXeHUU
3adepxKa 8X00HO20 cuaHara Ha 8peMsi MPOXOXOeHUs cuaHana 8 ycunumersie 0omkHa bbimb
udeasibHouU! TorbKo 8 amoM criydae Mbl 6ydeM cpagHUBamb 8bIXOOHOU CcU2Hall C 8XOOHbIM KaK
C 5Ma’sioHOM U y8udum ece 8udbl UCKaXXeHUl 8HOCUMbIX ycurnumernem (8 mom Jucrne u
rnepexooHsble).

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 0aem paspabomuyuKy ycunumesns UHCmpyMeHm 011 yry4YuleHUsI 38YKO8bIX
Xxapakmepucmuk e20 KOHcmpykuuu. [Nepebim ycunumernem moel KomrnaHuu, paspabomaHHbIM
C ucrnornb3o8aHuem amoul mexHornozauu, bbinn Hafler XL-280. Haw rnodxo0 6bi/1 04eHb
KOHCcep8amueHbIM, HO 8CE XXe HO8aMOPCKUM, Mbl CMPEMUIIUCH K CO30aHUK WUPOKOMOI0CHOU
KOHCMPYKUUU C HU3KUM YPOBHEM UCKaxeHul 00 rnpuMeHeHus obwel ompuyamernbHoU
obpamHou cesi3u u 00 HacMpPOUKU KOHEYHbIX 31IeMeHmMOo8 0711 MUHUMaribHO20 (ha308020
cdsuza 0OHOBPEMEHHO C MUHUMAaITbHbIMU UCKaXXeHUSMU U 00CMamoYHbIM 3arnacom
ycmoduyueocmu. bbinu 8bibpaHbl KOMIMOHEHMbI, IPOBEPEHBI MOKU CMeuweHUsi, 0obaerneHa
gazosasi KoMmreHcayus — ece 0519 mo2o, 4mobbl MosTy4umb MUHUMAaITbHbIU 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.



Yecunumenb XL-280 nonHocmeto cummempuyeH om exoda 0o ebixoda. OH ucrornb3yem
HECKOJIbKO UCMOYHUKO8 rnumaHusi ¢ obwum cusnosbiM mpaHcgopmamopom. NMumaHue
umeemcs 051 Kaxx0020 KaHara, a makxe omoesibHbIe UCMOYHUKU rnumanusi 0518 Kackados
Opateepa Kracca A u 8bIX00HbIX Kackados Kracca 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 npedcmaserstom cobol J-FET e kackoOHOU KoHgbuaypayuu.
3mo obecrieyusaem 8bICOKYH cmerneHb JTUHeUHOCMU MpU O4eHb HU3KOM ypO8He Wyma.
Bbicokuti exoOHoU umnedaHc J-FET noseonsiem ucrnonb3o8ame 60riee 8bICOKUU UMNedaHC 8
8XOOHOU Mo4YKe 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 Opatisepa ¢ ompaxeHueM moka obpamHo Ha rnepsyro
cmyrneHb. 3mo rpueodum 8 delicmeue Kackad aMummepHo20 Nosmopumeris, Komopbil
obecriequsaem UCMOYHUK C HU3KUM UMedaHCOM rpu OMHOCUMESIbHO 8bICOKOU 8XO0HOU
eMKoCmMu 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.

BbixodHou Kkackad cocmoum u3 08yx e3aumodorionHsawux epynri no mpu MOII-
mpaH3ucmopa, NoOK/MOYEHHbIX naparsiesibHo u pabomarowux KaK UCmoKo8bIe Noemopumernu.
Amu MOTl-mpaH3ucmophbl UCOnb3yMCS U3-3a UX 8bICOKOU CKOPOCMU, 8bICOKOU CmereHu
JIUHeUHoCMU U 4pes3ebldaltiHoU HadexxHocmu, y Hac bblnu MuHuMmarsibHble cbou u3 comeH
MbICAY, KOMOPbIe Mbl UCM0b308asIU 8 yCUnumensx-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
rnoroxeHuu nepekrrodamerns ER «A» criywamernu cribituam cuzaHals ycurnumeriss MowHocmu
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. YcemaHoeka 0nsi OughgbepeHuuanbHO20 ucrbimaHusi npsimoeo rnposoda (SWDT). Npu
HacmpoUkKe MomeHyUoOMempos usiu MUHUMaIbHOU 2POMKOCMU 38yKa, 8bl0asaemMo20
OUHaMUKOM, CIlbIWHbI MOJSIbKO UCKaXXeHUSs U owubku ¢hasbl u amriumyobi.

lpumeyvaHue. [paleepHbil ycunumersb XernamesibHO UMemb 8bICOKO20 Kadecmea, 8
rpPOMUuBHOM criydae OpaleepHbili ycunumerib yxe ybuswul MUKpoOUHaMUKy He rno3eonum
rpasusibHO OUEeHUMb mecmupyemMblil ycurumerib.

Hanpumep, ecniu 8 kavecmee OpalieepHo20 ycunumeris 83simb ycunumersb Sokol-3
KOMOPOM MOSTHOCMbIO ybuma MUKpOOUHaMUKa, mo Mbl HE CMOXEM MpasusibHO OUEHUMb
mecmupyembil ycunumernb. B3 makoao ycunumerisi 04eHb 8€/1UKO U3-3a He2pPaMOmHO20
8bibopa Yacmombl cpe3a 8X00HO20 paduo4acmomHo20 uibmpa.
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A 80m Kak 8blariidum mom e mecm rnpocmoeo Kak epabnu ycunumerns u3 Paduo
1972-06 (aesmopbl bamb u Cepeda).
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Laxe makoul dpesHul ycunumersb 6ydem boree Ka4eCmeeHHO 8bIrOIHSIMb POsb
OpalieepHo20 ycurnueris.

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 Koru4ecmaso ompuuameribHolu obpamHou cesi3u 8
obwem KoHmMype, a makxxe siokanbHyr 0bpamHyr C8513b, Harpumep, 8 8bIXOOHOM Kackade
ucmok-rnosmopumersib. Xomsi ecmb 100U, KOMopbie Hecrpasediugo 068uUHsOM
ompuyameribHyr obpamHyo ces3b 80 8pede, 1 dyMaro, MOXHO C y8EepPEeHHOCMbIO cKa3amb,
ymo ompuyamernbHasi obpamHasi cesi3b, €CJlU ee MpPasusiIbHO MPUMeHsIMb, 8ce20a Mosie3Ha.
lNpasurnbHoe npumeHeHue rpedrosiazaem UCoIb308aHUE €20 C O4YEeHb JTUHEUHbIM
ycunumenem u obecniedeHue 0ocmamoyHo20 3anaca cmabunsHocmu. [Npu makom
ucrnoib308aHUU ompuyamersbHas obpamHas C8s3b YMEeHbWUM UCKaXeHUSs U pacwupum
riorniocy nporiyckaHus. Camoe anasHoe, 3mo makxe cmabunusupyem pabodyue
XapakmepucmuKu, maK 4mo rpou3eodumesisHocme He bydem MeHsIimbCs 8 npouecce
uCrnonb308aHuUsi U 4Ymo om o00HOU nMpou3sodcmeeHHoU eOUHUUbI K Opy2ou bydym
He3Ha4yumeribHbIe Pa3suYus.

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 docmuxXxeHusi MUHUMaribHO20
gpa308020 cOsuz2a 8 38yKOBOM Ouara3oHe U rosly4eHUs MakcumMaribHOU YyscmeumerbHoCmu
SWDT.
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Huxrut epagpuk B3 2080pum 0 mom 4mo MOXXHO roslydume Oaxe ompuuamersibHoe
3HadeHue B3 6e3 onaceHus nosy4umse rpu 3mom eo36y0d. [1ns ebinonHeHust Kpumepus SWDT

80 ecel 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.

LocmuxeHue o4eHb HU3KO20 (ha308020 cO8U2a Ha 8bICOKUX Yacmomax UCKITrYaem
ucrnonb3o8aHue 0bbI4HOU 8bIXOOHOU KamyuwiKu, ucrnonb3yemol 8 6onbwuHecmese ycunumened.
UmobbiI dosecmu KOHMPOrib ghadbl 00 MaKCUMarlbHO20 YPOBHS, (ba3o8bil «peaynsimop»
pacronoxeH mak, 4mobbl OH 6bis1 00CMYNEH CHapyXXu ycunumeris.



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 yernb cocmoum u3 rnocriedogamesibHoO20 pesucmopa U ModcmpoeyHo20
KoHOeHcamopa, Komopsble peaynupyrom Hebornbwol rnuk 8 duanasoHe ebiwe 200 Kl'y. Mbi
cmpemusnuchb K MakcumaribHO POBHOMY yCcurumero 8 38yKogoM Ouarna3oHe, a MakcuMmaribHasi
poOBHOCMb MPUBOOUM K HEGOIbWOMY 380HY — K CHacmhbl0, Ha yibMmpaseyKosbIX Yyacmomax,
20e OH He MOXXem r106/1UsIMb Ha Ka4ecmeo 38yka. YcmaHoerneHue nuka 68 3 unu 4 0b Ha
yacmome 200 kl'y sensgemcs xopowel aribmepHamugoU rnpakmu4yecku rnosiHomy
omcymcmeuro ¢ha308020 cdsueza 6 duarnaszoHe om 5 do 10 klu.

lMpumeyaHue. VimeHHO 8bibpoc B3 Ha yacmomax ebiwe 200 kl'y, u npugodum K momy
4Umo 8 Hayare u KoHye bypcmoes yacmomou 10 kl'y eo3Hukarom SID-uckaxxeHus (Slew-induced
distortion). 3mo mo, Ha Ymo He obpamus 8HUMaHue Xagriep rnpoeodsi mecmsi 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.

[pu mecmupoesaHuu ycunumerssi 60 MHO2UX yCrio8UsiX b6bIrI0 3aMeYeHo, 4mo
onmumarnbHasi modka pabomsi, oripedeneHHass SWDT, cmewanacek rnpu cMeHe
2poMKo2080pUMErs. OMO rPOU3oWIIO U3-3a USMEeHeHUU umMnedaHca 2poMKo2080pUMeErs U
moeao ¢hakma, 4mo 8HymMpeHHee ConpomuerieHue ycunumerssi ye8enu4ueasnochb Ha 8bICOKUX
yacmomax. MismeHeHue umnedaHca 2pOMKO2080pUMESIS MPUBESIO K HE60IbWOMY U3MEHEHUIO
amnnumyOHoU xapakmepucmuku. 3mu Hebornbwue gapuayuu Mo2ym 6bimb rnpu4yuHoU
HEeKOMOpbIX 38yKOBbIX pa3fiuquli, Komopble cribiwam criywamesiu ¢ «3010mbiM yxom». K
cyacmebto, amu HeboIbUWUEe OMKITOHEHUSI MOXHO JIE2KO KOMMEeHCUpOo8amb C MOMOWbIO
«meukepa» rnepeMeHHo20 ¢ha3o8020 cdsuza, 8CMPOEHHO20 8 yCcunumersisb.

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 UHOUBUOYarlbHYyH cucmemy
8 3a8UCUMOCMU OM KOHKPEeMHO20 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 6onbwuHecmea criywamenel MUHymHasi pa3Huya us-3a ¢puHasbHoU HacmpoUuKu He
umeem 3Ha4yeHusl, U rposepka ¢ nomowibto A/B-mecma Ha puc. 1 nodmeepxxdaem 3mo.



bonbwuHcmeo nodel mo2ym bbimb y008r1emeopeHbl peayruposkol, 0CHo8aHHOU Ha /1iobou
006b14HOU Hagpy3Kke Ha QUHaMUKU, a He Ha KOHKPemMHOM OUHaMUuKe, KOmopbIl OHU UCMOb3YHm.
OO0Hako 0nsi nepgheKyUOoHUCMO8 U caMbiX KDUMUYHbIX «3010MbiX ywely ycunumerns XL-280
MOXHO Hacmpoume Ha MakCuMarsibHyt MOUHOCMb C MOMOWbIO crieyuasibHbIX
epomkoeoeopumenet, ucnonb3yss 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 ynomuHanoce paHee, ko2da Mbl puMeHuu oughghepeHyuarnsHbil mecm o
rpPsIMOMY po8ody KO MHO2UM yCUumesisiM, ocmamoyHbIU WyM, KOmopbIl Mbl yCrblWwarnu,
8K/IroYar Kak wepoxosamale, pasdpaxarouue 38yKu, Komopsbie bbiu npodykmamu
pasopaxarouwux UCKaxXeHul, maK U «4ucmbie» 38yKu, Komopble bbinu pe3yribmamom gha30o8bix
u amniumyOHbix abeppauyudll. . @azosble U amaumyOHbIe UCKa)XXeHUs, XOmSs U He HernpusimHabl
0151 yxa, Mo2ym r1oe/iusimb Ha moHasibHbIU banaHc u meMbp 38yKa, a makxe rnoenusims Ha
o0bpa3s u 38yKosyto cueHy cmepeoucriosniHeHust. [NpumeHss SWDT k XL-280, Mbi 06Hapyxurnu,
4Ymo rpu 80Crpou3eedeHUU My3bIKU Ha ypPO8HEe 2pOMKOCMU 8biLe HOPMaribHO20 Usu rpu
pacrionoxeHuu o4eHb brIU3KO K 2pOMKO2080pUMESISIM MO2ym rnpucymcmeosams Heborblwue
38yKU, KOMOpPbIe YemKo udeHmuuUuupyromcs o ux yucmome Kak ¢ha3osble U aMmriaumyOHbIe
UckaxxeHusi. VIx amnnumyObl MeHbWwe, 4eM Mbl 06HapyXusu 8 1robom dpyaom ycunumerne, u
OHU docmamoYHO Maribl, Ymobbl 6bIMb MOSTHOCMbIO 3aMacKupO8aHHbIMU OBbIYHbIM
My3biKaribHbIM codepxxaHuem; amo rnodmeepxdaemcsi mecmom A/B, komopbiti
noomeepxx0aem, ymo XL-280 Heomnu4um om npsAMo20 rpoeoda. [locrie Hacmpouxu
omaoeribHbIX UCOnb3yeMbiX 2pOMKOo2080puUmeriel UsMepeHUsi rnokasbiearom obHyneHue 0o 70
06 8 cpedHel ronoce u okoro 60 0b 8 ocmaribHOM 38YKOBOM criekmpe. 3mo o3Hadyaem, 4mo
CyMMapHble uckaxxeHusi 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 cywiecmeeHHbIlU Hyresou ypo8eHb My3biKallbHO20 Mamepuarna rnpu
HOPMarsbHbIX YPOBHSX MPOCAyWUBaHUS, MOYHOCMb 38yHYaHUS yCcunumers yay4uwums



Hego3MOXxHo. JTrobolu dpyaoul ycunumerib, KOmMoOpbIU He 0aem makozo 2/1yb0K020 Hyrisl Ha
SWDT unu komopsbil 38y4um uHa4ye, MEHEE MOYEH, HE3a8UCUMO OM MOeo, NMPUSIMEH U €20
38yK. Kak monbko amom ypogeHb rpouszeodumerisHocmu ycunumerns 6ydem docmuaHym,
OarnbHeliwee yrydweHue kaiecmea 38yka 00/mKHO bbimb docmuaHymo 3a cHem 3/1eMeHMo8 8
uenu Hi-Fi, omnu4Hbix om ycunumers MOWHOCMuU, Xomsi, KOHEYHO, KOHCMpPyKmopam r1o-
npexHemy ripudemcsi cmarsikueamabCsl € rpobriemamu HadexHocmu, aghgpekmusHocmu u
3KOHOMUYHOCMU yCUTUMEJTS.

(Source: Audio magazine, Feb. 1987)
Also see:

Understanding Common-Mode Signals (Feb. 1988)
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