Buabl uckaxeHUMd U METOAbI UX U3MeEPEHUit
Distortion types and methods of their measurement

Knaccudukanusa nckaxkeHui
Distortion classification

HckaxkeHus moapa3aensaroTcs Ha JBa OCHOBHBIX Kilacca:
— JIMHCUWHBIC;
— HEJIUHEHHbBIC

Distortion 1s classified into two main classes:
linear;
nonlinear

K nuHelHbIM UCKaKEHUSIM OTHOCAT MCKAKEHUS BO3ZHUKAIOIIME B IMHEHHBIX HEMAX. ITO U MOHSATHO, B TMHEHHBIX LETAX (eCiu
9TH METH COCTOAT U3 UcalbHBIX KoMIOHEeHTOB R, C, L) HeT npeanochuiok i ux BO3HUKHOBeHUS. OTHAKO MaJIo TJE 3a0CTPseTCs
BHUMAHHE YTO 3TOT TEPMUH (TIOHATHE «JIMHEWHOCTDHY) OTHOCUTCS TOJBKO K YCTAHOBHUBIIIEMYCS PEKUMY TOCIIe OKOHYAHUS
MIEPEXOHBIX MPOIIECCOB KOT/a B CUTHAJIE YK€ HET JIOMOJIHUTEIHLHBIX KOMITOHEHT.

Linear distortions include distortions that occur in linear circuits. This is understandable, in linear circuits (if these circuits
consist of ideal components R, C, L) there are no prerequisites for their occurrence. However, in few places attention is drawn to the
fact that this term (the concept of "linearity") refers only to the steady state after the end of transient processes when there are no
additional components in the signal.

Yro kacaeTcs HeMMHEHHBIX NCKKEHUN, TO JUTSl KX BOSHUKHOBEHUS CYIIECTBYET MHOXKECTBO IIPUUYNH: HEJTMHEHHOCTH BXOIHBIX U
BBIXOJIHBIX UMITCJIAHCOB YCHIIUTENIS, €T0 KaCKaJ0B YCUJICHUS, YCHIINTEIbHBIX KOMITOHCHTOB, TEIUIOBBIC MCKAXCHHS KaK aKTHBHBIX
KOMITOHEHTOB TaK M MMACCUBHBIX U MHOTOE JpyToe. [IoMrIMO HEMMHEHHBIX UCKAKEHUN €CTh €Ille U MHTEPMOAYIIAIINOHHBIC UCKAKCHHUS,
a MPU HEJOCTATOYHON CKOPOCTH HapaCTAHUS BBIXOJHOTO HAIIPSKEHUS U IMHAMHUYECcKUe uckaxkenus tuna TIM, SID.

As for nonlinear distortions, there are many reasons for their occurrence: nonlinearity of input and output impedances of an
amplifier, its amplification stages, amplifying components, thermal distortions of both active and passive components, and much more.
In addition to harmonic distortion, there is also intermodulation distortion, and if the slew rate of the output voltage is insufficient,
there is also dynamic distortion of the TIM, SID type.

TecTsl Ha CTAITMOHAPHBIX CHHYCOUAATBHBIX CUTHAJIAX B YCTAHOBHUBIIIEMsI PEKHUME HE JAI0T MOJIE3HON nH(pOpMaIiu 00
YCHJIMTENIE, TaK KaK HE TOBOPAT O €T0 TMHAMHUYECKUX XapaKTEPUCTHKAX, O CIOCOOHOCTH TOYHO MEPEIaBaTh UMITYJIbCHBIE 3ByKOBBIC
CUTHAJIBI.

Tests on stationary sinusoidal signals in a steady state do not give useful information about the amplifier, since they do not speak
about its dynamic characteristics, about the ability to accurately transmit impulse sound signals.

[Tpu ycuneHur CUHYCOMIATbHBIX CUTHAJIOB C HEU3MEHHOW 9acTOTOM (YTO M POUCXOAUT IpHu u3mepeHun THD) Bompoc
JMHEWHBIX UCKXCHUH HE UTPACT HUKAKON POJIH, TaK KaK U3MEPEHHSI POUCXOIAT TI0 OKOHYAHHUH MTEPEXOIHBIX MPOIIECCOB.

When amplifying sinusoidal signals with a constant frequency (which happens when measuring THD), the issue of linear
distortion does not play any role, since the measurements take place after the end of the transient.

Bo Bpems mepexoHbIX MPOIIeCcCoB (HE MyTaTh ¢ KPOCCOBEPHBIMH UCKAKEHHUSIMU, KOTOPhIE BOSHUKAIOT BOJIM3HU TIepexoa
CUTHAJIa Yepe3 HOJb) BO3HUKAET MTUPOKHUI CIIEKTP TaPMOHUK MPOJAOKUTEILHOCTh U aMIUTUTY/Ia KOTOPBIX 3aBUCAT OT MX
0COOEHHOCTEH (CIIO)KHOCTH) M TIPOIOJDKUTEITLHOCTH (BPEMEHH BBIXOJa HA YCTAHOBUBIIIUNCS PEKHIM).

During transient processes (not to be confused with crossover distortions that occur near the transition of the signal through
zero), a wide range of harmonics appears, the duration and amplitude of which depend on their characteristics (complexity) and
duration (time to reach the steady state).

B ¢popmupoBannu 100010 3ByKa (My3bIKQJIBHOIO HHCTPYMEHTA UJTU TOJIOCA) MOYKHO BBIIETTUTh TPH (pa3bl: aTaky 3BYyKa (Ipolecc
HapacTaHUs 3ByKa), CTAIIMOHAPHYIO YacTh M MpoIlecc craja 3Byka. COOTHOIICHUS MEX Ty (ha3aMu y pa3HbIX HHCTPYMEHTOB pPa3HEIE.
Kak oka3ajgoch IMEHHO aTaka M MPOIeCC Craaa 3ByKa ONPEACIIIOT TeMOp 3ByKa, OTJIMYMS OJTHON HOTHI Y Pa3HbIX HHCTPYMEHTOB.
BrIsicHMIIOCH, 9TO YennoBek c1abo (B MEHBIICH CTENEeHN) pearupyeT Ha YCTaHOBHBIIHECS MTPOIIECCHI (CTAIlMOHAPHYIO YaCTh CHTHANA), &
oOpamaeT Oorbllice BHUMaHNE Ha HECTAIIMOHAPHBIE, HA JHHAMHUYECKHE MTapaMeTphl 3ByKa, KOTOPBIE U OTBEYAOT 32 TEMOP 3ByKa.

In the formation of any sound (musical instrument or voice), you can distinguish three phases: the attack of sound (the process
of increasing sound), the stationary part and sound decay process. The relationships between the phases are different for different
instruments. As it turned out, it is the attack and decay of the sound that determine the timbre of the sound, the differences between
one note in different instruments. It turned out that a person weakly (to a lesser extent) responds to steady-state processes (stationary
part of the signal), and pays more attention to non-stationary, to the dynamic parameters of sound, which are responsible for the timbre
of the sound.

Teopus riacur:

OTKIUK TUHEHHOW ey MPU TPOU3BOJILHOM BO3ACHCTBUHU OyJIeT UMETh TAKOM JKE€ BUJ, KAK U CUTHAJ Ha BXOJIE, €CJIU LIETIb
obmanaet nuHeitHOM AUX 1 @YX B OeCKOHEYHOM MOJIOCe YacTOT. Eciu ke 3T0 yCIoBUE HE BBIMOIHIETCS, TO TPOUCXOANUT TaK
Ha3bIBa€MOE JMHEHHOE MpeoOpa3oBaHue CIIEKTPa, COMPOBOXKIAIOIIEEC NCKa)KEHUEM BBIXOJHOTO CUTHAJIA YTO Mbl U HaOII0aeM Ha
BBIXOZIC YCHJIUTENSI B Ha4aJle TIEPBOT0 MeproJa CHHYCOUJAIbHOTO CUTHaMa (a TaKKe Ha BEPIIMHAX TPEYTOJIbHOTO CUTHANIA U Ha
(GpOoHTaX MPSAMOYTOJIbHHUKA).

The theory says:

The response of a linear circuit under an arbitrary action will have the same form as the signal at the input, if the circuit has a
linear frequency response and phase response in an infinite frequency band. If this condition is not met, then it happens like this called
linear transformation of the spectrum, accompanied by a distortion of the output signal, which we observe on the output of the
amplifier at the beginning of the first period of the sinusoidal signal (as well as at the tops of the triangular signal and at the edges of
the rectangle).

[TpaBna B 3ToM yTBepkaeHuu ynyueHo BiausHue GDelay, a umenno: eciiu GDelay He paBHO HY:I0, TO BO3HUKAIOT CKOPOCTHBIE



HCKaXeHUs1 Ha KoTopble ykazan Upxku [Jocran [4]. A Tak Kak B peaJIbHOCTH 3TO PEATU30BaTh HEBO3MOXKHO, TO JJISI HCKITFOUEHUS
3aMETHOCTH 3TUX UCKAKEHHUI BpeMs 3aJIep>KKH MIPOXOXKICHHS CUTHANIA He T0JDKHO npeBbimarh 100 He (Jryylie eciau oHO OyaeT
MEHBIIIE C 3aracoM B 2...3 paza).

The truth is, this statement misses the influence of GDelay, namely: if GDelay is not equal to zero, then speed distortions
appear, which were pointed out by Jiri Dostal [4]. And since in reality this is impossible to implement, in order to exclude the visibility
of these distortions, the signal transmission delay time should not exceed 100 ns (it is better if it is less than 2 ... 3 times with a
margin).

GDelay no onpeneneHuto - 3To Npor3BoHAas (a3bl [0 YaCTOTE, FEOMETPUUYECKH - TAHTCHC yIvIa HAKJIOHA K KacaTeJIbHOU B
BBIOpaHHOM Touke Ha rpaduke GUX.

Takum 00pa3zom AJig HeUCKaXKEHHOU niepenaun Jro0oro curnana rpadgux AUX u @YX 10mKeH BBIISAETh CIETYIONIM 00pa3oM

By definition, GDelay is the derivative of the phase with respect to frequency, geometrically - the tangent of the angle of
inclination to the tangent at a selected point on the phase response graph.

Thus, for undistorted transmission of any signal, the frequency response and phase response graph should look like this
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Ideal amplifier frequency response

a) amplitude-frequency; b) phase-frequency

Hemuneitnocts Gdelay (cnencrBue nHenuueiitnoctn AUX 1 ®UX) BegeT k Tak Ha3pIBAEMOW aMILTUTYIHO-(a30BOM KOHBEPCHH
CUTHaja, K HapyUICHUIO Oru0aomux (OpPMaHT, 4TO B CBOIO OUepe/lb BEAET K UCKaKEHHUIO TeMOpa. OT BeIMYMHBI CaMOil 3a1€PKKU
MPOXOXICHUS CUTHAJIA 3aBUCUT Tepeaada MUKPOIMHAMUKN 3ByKOBOTO CHTHAJIA, OTBEYAIOIICH 3a Mepeady HIOAHCOB TOHKOM 3BYKOBOM
MaTepuH.

The nonlinearity of Gdelay (a consequence of the nonlinearity of the frequency response and phase frequency response) leads to
the so-called amplitude-phase conversion of the signal, to the violation of the formant envelopes, which in turn leads to the distortion
of the timbre. The transmission of the microdynamics of the sound signal, which is responsible for the transmission of the nuances of
subtle sound matter, depends on the magnitude of the signal transmission delay itself.

Uro kacaercst pa3oBOil MIyXOTHI YEJIOBEKA, TO 3TO HE COOTBETCTBYET ACHCTBUTENBHOCTH. PaHHME HCcCe0BaHMs TPOBOIUIUCH
Ha MOHO()OHUUYECKUX cUTHaNaX. boree mo3nHue ucciaenoBanrs ONPOBEPIVIN ATOT (PaKT.

As for the phase deafness of a person, this is not true. Early research was done on monophonic signals. Later studies have
refuted this fact.

VckakeHns yCUIIATENEH TTOCTOSTHHOTO TOKA ¢ OTHOIIOJIFOCHONW KOPPEKIMEH Y MHOTHX aCCOIMUPYIOTCS C TMHCHHBIMH
HCcKaxeHussMu npoctoil RC-nenmu.

Paccmorpum napametpsl npoctoii RC-ieny, puc. 1

The distortion of single-pole corrected DC amplifiers is often associated with the linear distortion of a simple RC circuit.

Consider the parameters of a simple RC-circuit, Fig. 1



C RL

RL >> R GDelay = RC, uS
R - kohm;

C-nF

Fig. 1

CuumeM nuarpammy boze Takoit nienu Bmecte ¢ ['B3, puc. 2
Let's remove the Bode diagram of such a circuit together with the Group Delay, fig. 2
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Fig. 2

[Tonoca nporyckaHus Takou 1enu Ha ypoBHE -3 1b ot nmoctossHHOTro ToKa 10 100 kI't1. CaBur ¢assl Ha yactote 100 k['11 paBen
45 rpanycos. I'B3 B Mkc paBHo npousBeaenuto RC, rae conporusnenue B kOmax, a eMKoCTh B HaHOGapanax. ' B3 npumepHo
nocTosiHHO A0 1/10 yacToTsl cpe3sa, T. €. 10 yactoThl 10 k['. Ha camom nene mbl BuauM uTo pa3a Havajga KPYTUTHCS TOPa3/io paHbIIIe,
npaktudecku ¢ yacToThl 1 kI'11. Kak yTBeprkaeT Takasi Hayka Kak MCUX0aKyCTHUKa CITyX MEHEE YyBCTBUTEICH K aMIUTUTYIHBIM
HCK)KEHUSIM U HanboJiee YyBCTBUTEIICH UMEHHO K (pa30BbIM HCKakeHUsIM. B xadecTBe mprumMepa Bo3bMeM curHai yactoTon 20 kI ¢
MOIMEIIIAHHOM K HEMY TpeThel rapMoHukoit paBHor 60 kI'11. CormacHo quarpamMmMbl bose TpeThs rapMoHuKa Oyzet cauHyTa Ha 30
rpamycoB. K uemy 3To mpuBeeT HAMMISTHO BUAHO HA pUCYHKE 3. [IlyHKTUPHBIMU JTUHUSMU TTOKA3aHBI TIEPBasi U TPEThsI TAPMOHHKH.

The bandwidth of such a circuit is -3 dB from DC to 100 kHz. The phase shift at 100 kHz is 45 degrees. GD in pus is equal to the
product of RC, where the resistance is in k€, and the capacitance is in nanofarads. The group delay is approximately constant up to
1/10 of the cutoff frequency, 1.e., up to a frequency of 10 kHz. In fact, we see that the phase began to spin much earlier, practically
from a frequency of 1 kHz. According to such a science as psychoacoustics, hearing is less sensitive to amplitude distortions and is
most sensitive precisely to phase distortions. As an example, let's take a signal with a frequency of 20 kHz with a third harmonic equal
to 60 kHz mixed with it. According to the Bode diagram, the third harmonic will be shifted by 30 degrees. What this will lead to is



clearly seen in Figure 3. The dotted lines show the first and third harmonics.

Fig. 3

Kak Bugum u3 prcyHKa opma UCXOTHOTO CHTHAJA (HepephIBHAS JIMHKS) CYIIECTBEHHO H3MEHUIIACh, XOTS CIIEKTP CUTHAJIA
OCTaJICs MPEKHUM. AHAJOTHIHBIC N3MEHEHHS ()OPMBI UCXOTHOTO CHTHAJIa TIPOUCXOJIAT U ¢ 00JIee HU3KOYAaCTOTHBIMU CUTHAJIAMH,
MIPOUCXOMT HapyIIeHne (POPMBI OTHOAIOIIIEH CITIEKTpa CUTHAIOB KOTOPOE BEJIET K M3MEHEHUIO TeMOPaIbHOW OKPACKH 3BYKa.

As you can see from the figure, the shape of the original signal (continuous line) has changed significantly, although the signal
spectrum remains the same. Similar changes in the shape of the original signal occur with lower-frequency signals, the shape of the
envelope of the signal spectrum is disturbed, which leads to a change in the timbre color of the sound.

B Havasne pa3BuTHS 3ByKOYOCHJIMTEIILHON TEXHUKHU YCUIUTEIN CTPOMWINCH MpeuMyIiecTBeHHO Ha Jiammax 6e3 OOC. Criektp
BBIXOJTHOTO HAMPSHKEHUS TaKUX YCUIIUTENEH ObIIT KOPOTKUH (aHAJIOTHYHBIN CIIEKTPY aKyCTUYECKHUX CUCTEM), XOTS U C BEICOKUM
COJep KaHMEM HU3IIMX TAapMOHHUK. B 3TOM cityuae pesynbrarsl uaMepenns THD xopoio koppennpoBany ¢ Ka4eCTBOM 3ByKa. B To
BpEMsI Hauajla MHTEHCUBHO Pa3BUBAThCA CXEMOTEXHHMKA yCUIUTENel Ha TpaH3ucTopax ¢ mpumenenrem Global NFB. ITo mepe
yBennuenus nyounsl NFB yposens THD cHukasics, a aieKBaTHOTO MOBBILIEHUSI KAY€CTBA 3ByKa, KaK 3TO HH MMapaJOKCalIbHO, HE
MIPOUCXOAMIIO.

At the beginning of the development of sound amplification technology, amplifiers were built mainly on tubes without NFB.
The output voltage spectrum of such amplifiers was short (similar to the spectrum of acoustic systems), although with a high content
of lower harmonics. In this case, the THD measurement results correlated well with the sound quality. At that time, the circuitry of
transistor amplifiers using the Global NFB began to develop rapidly. As the NFB depth increased, the THD level decreased, and an
adequate increase in sound quality, paradoxically, did not occur.

Korna nonsim uro mexay THD u kauecTBOM 3ByKa HET HUKAKOW KOPPEISALMU CTAIU UCKAaTh APYTUe METOJIBI TECTUPOBAaHUS. Tak
POIWIICS TECT HA MHTEPMOY ISIIMOHHBIE HCKakeHns. Kak mokasana mpakTuka U 3TOT TECT C1abo KOPPEIUPET C KaueCTBOM 3BYKA.
Torma caenanu curHaia MHOTOTOHATBHBIM KOTOPBIN OJTMKE K My3bIKaJIbHOMY CUTHAITY. [I[prMep TECTOB Tpex yCHINTENeH moKa3aH Ha
cienyomux pucyHkax (4-6) [1].

When they realized that there was no correlation between THD and sound quality, they began to look for other testing methods.
This is how the intermodulation distortion test was born. As practice has shown, this test also weakly correlates with sound quality.
Then they made the signal multi-tone which is closer to the music signal. An example of tests for three amplifiers is shown in the
following figures (4-6) [1].
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Fig. 5 Test result of single-ended transistor amplifier without NFB
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[lepBblii yCUIUTENH UMEET OUEHBb MAJIO€ BpeMs 3aJEP>KKU MPoXoxkaeHus curnana. Beero 1,3 He. KadecTBo 3Byka 3100
YCHIIUTEINS OL[CHIIIO OOJBIIIOE KOJTMYECTBO KaK PaJnoto0nTeNel, IPOCTO MEJIOMAaHOB, Tak U MPO(EeCCHOHAJIOB U BCE OHU JIalTu
BBICOKYIO OLICHKY KaueCTBY 3ByKa. M3 nckaxeHunit Mmpl BUauUM Tosbko S50 I'x m ero tpersro rapmonuky 150 I'n. Jlymaro 9yTo oHHM MOIn
OBl OBITh yCTpaHEHbI 00JIee KaYeCTBEHHBIM U3TOTOBJIEHUEM OJI0KA MUTAHMUS.

JluHaMu4eckuil Auana3oH BTOPOro yCUiauTens (Tpan3ucTopHbiit oHOTaKT) okoio 80 nb (100 — 20 = 80). [Ipuuem cniektp
TapMOHMK CITaIAOIIUN.

The first amplifier has a very fast signal propagation delay. Only 1.3 ns. The sound quality of this amplifier was appreciated by a
large number of both radio amateurs, music lovers and professionals, and all of them praised the sound quality. Of the distortions, we
only see 50 Hz and its third harmonic at 150 Hz. I think that they could be eliminated by a better manufacturing of the power supply.

The dynamic range of the second amplifier (transistor single-cycle) is about 80 dB (100 - 20 = 80). Moreover, the spectrum of
harmonics is decreasing.

VY TpeTrbero ycunurens JMHaMU4ecKuil auana3oH Bcero 60 nb, mpuueM crekTp BBICHIUX TAPMOHUK HOCUT HapacTaroIIni
XapakTep. A Kak H3BECTHO MMEHHO K BBICIIIMM TapMOHHMKAM CITyX HanOosee 4yBCTBUTEIICH, MIMEHHO OHU HanOosee HenpusTHBL. Kak
NHACAJI B OAHOM U3 MHTEPBbI0 Ouinn Hero2m1 npyu oiMHaAKOBOM YPOBHE HHTEPMOAYIISILIMOHHBIX HCKAKEHNUN CITyX denoBeka B 40 pas
0oJiee UyBCTBUTEIIEH K BBICIITIM TAPMOHHUKAM BBIIIIE ISITONH. A €CJTM YYECTh YTO Pa3HHUIIA B YPOBHSX BBICIINX TAPMOHUK BTOPOTO U
Tperbero yeunurens paBHa 30 a1b (30 paz), To gaxke 06e3 ymHoxkeHus eiie Ha 40 MOHSATHO YTO 3BYK TPETHErO YCUIUTENS Oy/IeT 3aMETHO
xyxe. IMEHHO 3TO ¥ MOATBEpANI TeCT MpocaymuBaHus. [Ipu 3ToM Ka4ecTBO 3ByKa MEPBOTO M BTOPOTO YCHIIUTENS OKa3alI0Ch
HEOTJTUINMBIM.

The third amplifier has a dynamic range of only 60 dB, and the spectrum of higher harmonics is growing. And as you know, it is
to the highest harmonics that the ear is most sensitive, they are the most unpleasant. As Philip Newell wrote in an interview with the
same level of intermodulation distortion, human hearing is 40 times more sensitive to higher harmonics above the fifth. And if we take
into account that the difference in the levels of the higher harmonics of the second and third amplifiers is 30 dB (30 times), then even
without multiplying by another 40, it is clear that the sound of the third amplifier will be noticeably worse. This is exactly what the
listening test confirmed. At the same time, the sound quality of the first and second amplifiers was indistinguishable.

Crnenyrolas MoneiTKa B IOMCKaX KOPPEISLUU C KAY€CTBOM 3ByKa MPEANPUHSTA B padoTe [2], KoTopas no3/AHee NpUBea K
poXxaeHut0 HOBOro cranaapta u rectoB Tuna DIM 30 and DIM 100. OnHako 3TH T€CTbl HEAOCTYIHBI MOAABIIAIONIEMY OOJBIINHCTBY
paAMOIIO0UTENEH 3aHUMAIOILIMXCSI KOHCTPYUPOBAHUEM Ay IUOY CUIIUTEIIEH.

The next attempt to find a correlation with sound quality was made in [2], which later led to the birth of a new standard and tests
such as DIM 30 and DIM 100. However, these tests are not available to the vast majority of radio amateurs involved in the design of
audio amplifiers.

Ho naBaiite mompoOyeM Bce ke pa3o0parhbCs B YeM K€ IPUYMHA OTCYTCTBUS Koppesnuu Mexxay THD u kauectBom 3Byka. Ha
pUCYHKe 7 MOoKa3zaHa CTPyKTypHas cxema HanOoJjiee pacpOCTPAaHEHHOTO aHaJIOTOBOTO M3MEPUTEISI HeTMHEHHBIX NCKAKEHUH.

But let's try to figure out what is the reason for the lack of correlation between THD and sound quality. Figure 7 shows a block
diagram of the most common analog harmonic distortion meter.

Vin (1) pd 2

@ input 7 =
circuit Bt —~—

block diagram of a nonlinear distortion meter

1 - calibration, 2 - measurement
Fig. 7

OCHOBHOM MPUHIIUIT PAOOTHI U3MEPUTEIIS 3AKITIOYAETCS B BRIPE3aHUM OCHOBHOW TApMOHUKH PEXKEKTOPHBIM GuisTpoM. Bee uro
OCTaeTCs Ha BbIXOJe GUIIBTPA U €CTh UCKAKEHUSI.

The basic principle of the meter is to cut out the fundamental harmonic with a notch filter. All that remains at the output of the
filter is distortion.

Bo-niepBBIX 04€HB CIOXKHO C/IeNaTh MepecTpanBaeMblil (PUIBTP C BEICOKUM TOJIaBJICHUEM OCHOBHOM TapMOHHMKHU. BO-BTOPBIX
Y376l I3MEPUTEIISI CAMH BHOCSIT HCKaXKCHHS. B-TpeThuX, KaK y 100010 (priibTpa BpeMs YCTaHOBJICHUSI CUTHAJIA Ha BBIXO/IC U3MEPUTEIS
3HAYUTEIIBHO OOJIBINE MePHOo/Ia U3MEPSIEMbBIX CUTHAIOB. [103TOMY M3MepeHne HCKaKEHUI BO3MOKHO TOJIBKO B YCTAHOBHBIIIEMCS
pexxume. B 3ToM citydae uckaXeHUs BO3HUKAIOIIKE B TIEPEXOIHBIX IMPOIECCaX CaMOTO YCUIUTEINS OKa3bIBAIOTCS BHE ITOJIS 3pCHHS. A
BE/Ib UMEEHO OHU W OKa3bIBAIOT HaHOOJIbIIIee BIIUSHUE HA KaUeCTBO 3BYKa.

First, it is very difficult to make a tunable filter with high fundamental suppression. Secondly, the units of the meter themselves
introduce distortions. Thirdly, like any filter, the settling time of the signal at the output of the meter is much longer than the period of
the measured signals. Therefore, distortion measurement is only possible in a steady state. In this case, the distortions arising in the
transient processes of the amplifier itself are out of sight. But they have the greatest impact on sound quality.

EnuHCTBEHHBIN cTOCOO BBIIETUTH PEAIbHO BHOCUMBIE YCHIIUTEIEM UCKAXKEHHUS — HTO BOCIIOJIH30BATHCSI BEKTOPHBIM METOJIOM U
BBIYECTh BBIXOJTHOE HAMPSHKEHUE YCHIIUTENS U3 UEaTBLHOTO BXOHOTO. UTOORI MONMYYNTh MICTBHBINA BEIXOIHON CUTHAIT HEOOXOIUMO
YMHOXUTh BXOAHOU cuTHaN Ha Ky v cIBUHYTH €ro Ha BpeMsl 3aJIep>KKU TIPOXOXKICHUS CUTHAIA B YCUJIUTENE, T. €. Ha Bpems tPD (time
Propagation Delay). MoxHoO clienaTth U 1o Apyromy, MpocTo CABUHYTh BXOJIHOM curHai Ha Bpemsi tPD, a BhIXoHOM curHam ociabuTh



JI0 YPOBHS BXOTHOTO. ITOT METOJ OB MpeiokeH B [3] u npyrumu aBTopamu emie 10 bakcangama, puc. 8

The only way to isolate the real amplifier distortion is to use the vector method and subtract the amplifier's output voltage from
the 1deal input voltage. To get the ideal output signal, it is necessary to multiply the input signal by Ku and shift it by the time delay of
the signal passage in the amplifier, that is, by the time tPD (time Propagation Delay). You can do it differently, just shift the input
signal by the time tPD, and attenuate the output signal to the input level. This method was proposed in [3] and other authors even
before Baksandall, Fig. 8
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Fig.2.3. Test circuit for an inverting amplifier

Ref.29.
F.J.Baxandall, "Audible amplifier distortion is not a
mystery."
Wireless World, November 1977, pp 63 - 66.
Fig. 8

Kak BuHO 13 pucyHKa 8 BpeMsl 3aJep>KKH JIJIsl BXOJHOTO cUrHaia popmupyercst GUKCUpOBAHHOM JIMHUEH 3aaepxku Ha 150 Hc,
HEJIOCTAloLIee BpeMs 3aJIepKKH noaoupaercs ¢ nomomipto RC-nienu. Ecin ske BeIunTaHUE MPOU3BOAUTH O€3 CABUTA BXOAHOI'O CUTHAA
BO BPEMEHU TO MBI MOJTYYUM BEKTOPHBIE MTOTPEITHOCTH, YTO U MOKa3as B cBoei padore Upsxku [Joctan [4]. [Ipocreiimuii ciocob
OIICHKU BEKTOPHBIX MOTPEIIHOCTEN Ha CIIyX mpeuioxkt Xadmep, puc. 9

As can be seen from Figure 8, the delay time for the input signal is formed by a fixed delay line of 150 ns, the missing delay
time 1s selected using an RC circuit. If the subtraction is performed without shifting the input signal in time, then we will get vector
errors, as shown in his work by Jiri Dostal [4]. The simplest way to assess vector errors by ear was suggested by Hafler, Fig. 9

Metoaom bakcanaanna mupoko Moib30Bascs NOMYISIPHBIA poccuiickuil paguonooutens M. AkynunudyeB 100MBasch B CBOUX
KOHCTPYKIMSIX MUHUMAJIBHBIX BEKTOPHBIX U CKOPOCTHBIX UCKakeHUH (T. e. MuHMManbHoro GDelay). K ocobennocTsim ero
KOHCTPYKIIMIA MOKHO OTHECTH OTCYTCTBHUE paauodacToTHoro ¢puistpa HY Ha Bxome ycumnurens. Bce KTo MOBTOPUIT €T0 KOHCTPYKITHH
OTMETUJIU BBICOKOE Kaue€CTBO 3BYyKa M HUKTO HE OTMETHJI HAJTMYMsI KaKUX JIMOO TOMEX M3-3a OTCYTCTBHS (PUIIBTpA.

The Baksandall method was widely used by the popular Russian radio amateur I. Akulinichev, who achieved minimal vector
and speed distortions in his designs (i.e., minimal GDelay). Its design features include the absence of a RF filter at the amplifier
input. Everyone who repeated his designs noted the high sound quality and no one noted the presence of any interference due to the
lack of a filter.

Driving amp
Signal input ™ A

e

1k

Amplitude
balance

o

100

Power amp under test Re:f;jﬁg{
(non-inverting) speaker

Fig.4. Hafler ‘straight-wire' differential test.

Fig. 9

Ecnu B KauecTBe TECTOBOI'O CUTHAJIA UCIIOJIb30BATh MPSIMOYTOJIbHBINA CUTHAJ, TO Ha Harpy3ke OyAyT UTOJIKM BBEPX U BHU3 OT
oceBoil uHuU. Yem MeHblle BpeMs tPD TecTupyeMoro ycunurensi, TeM KOpode 1Mo JJIUTEIbHOCTH OyqyT UTOJIKU Ha Harpy3ke. Pexe
MOJIb3YIOTCS TPEYTOJbHBIM CUTHAJIOM, HO UMEHHO OH HauOoJjiee yao0eH AJIs UCIIOIb30BaHus B 3TOM TecTe. [lepeMeHHbIM pe3rucTopoM
J0OMBAIOTCS TTOYYEHUSI MPSAMOYTOJILHOTO CUTHAJa Ha Harpy3ke. AMIUIMTY/Ia TOTO CUTHaia (BEKTOpHAsk MOTPEIIHOCTh) U TOBOPUT O



BPEMEHU 33JICPKKU MTPOXOXKICHUS CUTHAJIA B TECTUPYEMOM yCcuiauTesne. MHOTHE, KTO BOCIIONB30BAJICS TUM TECTOM, U CMOTIIH
YMEHBIUTH BpeMsi tPD HackoIbKO 3TO BO3MOXKHO yOEAHMINCH B YIIyYIIIEHUN Ka9eCTBa 3ByKa.

If a square wave is used as a test signal, the load will have pins up and down from the centerline. The shorter the tPD time of the
amplifier under test, the shorter the needles on the load will be. A triangular signal is used less often, but it is he who is most
convenient for use in this test. A variable resistor is used to obtain a rectangular signal across the load. The amplitude of this signal
(vector error) indicates the delay time of the signal propagation in the amplifier under test. Many who have used this test and have
been able to reduce the tPD time as much as possible have found an improvement in sound quality.

N3mepeHre BEKTOPHBIX MOTPEIIHOCTEN JIs IBYX TUIIOB yCHIIUTENEH (MHBEPTUPYIOUIUX U HEMHBEPTUPYIOIINX ) MPEUIOKHIT B
cBoeil kaure u Jlocran [4], puc. 10

Measurement of vector errors for two types of amplifiers (inverting and non-inverting) was proposed in his book and Dostal [4],
Fig. 10

.____:.-”rﬁ,w Cs 6.4 Measurement of Errors
Figure 6-25.
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Fig. 10

U X0Ts BEKTOpHAS MTOTPENTHOCTH HE SIBISICTCS UCKAKEHUEM CUTHAJIA B TIPSIMOM CMBICIIE ATOTO CJI0BA, HO €T0 BEJIMYNHA KOCBEHHO
TOBOPHT O BEJTMYMHE CKOPOCTHBIX HCKAKCHHUH KOTOPBIC MPOSIBIISIFOTCS TIPH JIFOOOM OTKIIOHEHUHW CUTHAJIA OT CHHYCOHJIBI U O KOTOPBIX
ynomuHaeT B cBoeit kaure [locran. [IpaBaa Jloctan He coBceM 4eTKO CHOPMYITHPOBAI CaMO MOHSATUE 3TOTO BHJIA UCKAKSHUH.

And although the vector error is not a signal distortion in the literal sense of the word, its value indirectly speaks of the
magnitude of the speed distortions that appear at any deviation of the signal from the sinusoid and which he mentions in his book I got
it. True, I didn’t quite clearly codify the very concept of this type of distortion.

[ToaTOMYy 51 OCMENUIICS UHTEPIPETUPOBATH UX IO CBOEMY. Eciii TOBOPUTH O BEKTOPHOM (DOPMUPOBAHUM HATIPSIKEHUS, TO
JIOCTAaTOYHO YBEJIMYUTH WM YMEHBIIUTH aMITUTYIy BEKTOpa 00pa3yIoIiero CHHYyCOUTY, YBEITUIUTh I YMEHBIITUTH CKOPOCTh
BpAIICHUS 3TOTO BEKTOPA KaK TYT K€ BO3HUKAIOT CKOPOCTHBIC UCKKEHUS. BemnunHa 3THX UCKaKeHUH (BBIIEIIECHO JKEITHIM IIBETOM )
3aBUCHUT OT BPEMEHU 3aJIeP>KKU MPOXOkIeHus curHana (ot tPD), puc. 10a).

Therefore, I dared to interpret them in my own way. If we talk about the vector formation of voltage, then it is enough to
increase or decrease the amplitude of the vector forming the sinusoid, increase or decrease the rotation speed of this vector, and speed
distortions immediately appear. The magnitude of these distortions (highlighted in yellow) depends on the signal propagation delay
time (from tPD), Fig. 10a).

Ideal transient
function Vector error

Hout Win*Ku (t) . —~Eout=WoutTe

Hggx A

' Real transient
function wgyi(t)
0 i \ i
< Speed error

Speed error of a non-inverting amplifier when excited with a linearly
increasing voltage

Fig. 10a)

[Tapy pexoMeHaIuii TeM KTO 3aX0UeT MOIKCIIEPUMEHTHUPOBAThH C 3TUM METOIOM.

Cnenyet yuntsiBath uTo GDelay B mrama3oHe 3ByKOBBIX YaCTOT MOYKET UMETh HEOOIBIIINE OTKIOHCHHS, IIOATOMY TSI OOJTbIIIEH
TOYHOCTH U3MEPEHUS Ha MHOTOTOHAJIFHOM CHUTHAJIC MJIM Ha 3BYKOBOM CHUTHAJIE CIIEAYyeT MCIOJIb30BaTh CpeIHee 3HaueHue. Eciu s
UCIIOJIb3YIO B KAUE€CTBE TECTOBOTO CUTHAJIA TPEYTOIbHBIN curHai yactotoi 10 k1, To s ucnonb3yto B kaduectBe tPD 3amepxkky B
yCWJIMTENE Ha 3TOM yacToTe. [ Hauana nojaro CHHYCOMIAIbHBIN CUTHAM U TIIATENIBHO KATUOPYIO Kak KOdYPPUIIUEHT yCUIICHUS, TaK
U BpeMsI 3aJIEP>KKH JI0 MTOJIHOTO COBNAACHUS «UJI€aTbHOT0» BXOJHOTO CUTHAJa (CM. BBIIIE) U BHIXOJAHOTO CUTHAJIA.

A couple of recommendations for those who want to experiment with this method.

It should be borne in mind that the group delay in the audio frequency range may have small deviations, therefore, for greater
measurement accuracy on a multi-tone signal or on an audio signal, an average value should be used. If [ use a 10 kHz triangle signal
as a test signal, then I use a delay in the amplifier at that frequency as a tPD. To begin with, I apply a sinusoidal signal and carefully
calibrate both the gain and the delay time until the “ideal” input signal (see above) and the output signal match.

Ecnu ycunurens noctossHHOro ToKa, To ero GDelay kak npaBuio nuHelHo oT nonel ['epiia, 10 HECKOIbKUX COTEH K 11 U BHIIIIE.



Yeunutenu ¢ pazaenuTeabHbIM KOHIEHCATOPOM Ha BXOJIE 5 BpEMEHHO MEePEBOXKY B YCHIIMTEIH MMOCTOSHHOTO TOKA M THIATEIbHO UX

OanaHcupyto. M ToIpKO MOCIE 3TOr0 TECTHUPYIO B CUMYJISTOPE.
If the amplifier 1s a direct current, then its GDTime is usually linear from fractions of Hertz, up to several hundred kHz and

above. Amplifiers with a blocking capacitor at the input I temporarily convert to DC amplifiers and carefully balance them. And only

after that I test it in the simulator.

Jlaxe yCWIMTENIN MOCTOSHHOTO TOKA C CUCTEMOM CEpBOKOHTPOJISI MMEIOT oTkiioHeHue ['B3 B obmactu HY ot ropuzoHTanbHO#M
auHuu. B aTOoM ciiyuae s ucnoneiyto Bpems GDelay Ha ropu3oHTaIbHOM y4yacTKe B Auana3zoHe yactot S... 20 kI'm.
Even DC amplifiers with a servo control system have a delay in the low frequency range from the horizontal line. In this case, |
use the delay time on the horizontal section in the frequency range 5 ... 20 kHz.
[Ipu ucnonab30BaHMU B KAYECTBE TECTOBOTO CUTHAJA TPEYTOJIbHUKA BEKTOPHAS MOTPEUTHOCTH MPECTaBIsET COO0M
npsMOYTONIbHBIN curHal. [Ipu maneiimeit HetouHocTH Ky oKy npsiMOyroibHOTO curHaia OyayT UMETh HAKJIOH B Ty JTHOO APYTYIO
cTopony. [Ipu u3mMepeHnn CKOPOCTHBIX UCKAXKEHUH Mpy HeTOYHOM n3Meperun tPD OymyT octarku nmpssMoyroipHOro curHana. [lpu
ToyHOM noabope kak tPD tak u Ky B pe3ysnbrare BBIYMTaHUS MTOJTy4aeM BCE BUJIbI MCKAKECHUI: HEJTMHEHHbBIE, KPOCCOBEPHBIE U
CKOpOCTHBIC. JIMHEHHBIC HCKAXKEHUSI B TIPSIMOM CMBICIIE CJIOBA (TO YTO OTBEYAET 3a «JIMHEHHOCTHY) MPU 3TOM MOTHOCTHIO
KOMITEHCUPYIOTCS 33JIePKKOW U Ha PE3yJIbTaT TECTa HE OKA3bIBAIOT BIUSHUSI.
When using a triangle as a test signal, the vector error is a square wave. At the slightest inaccuracy K, the shelves of the
rectangular signal will have an inclination to one side or the other. When measuring velocity distortion with an inaccurate
measurement of tPD, there will be residuals of a square wave. With an accurate selection of both tPD and Ku, as a result of
subtraction, we obtain all types of distortions: nonlinear, crossover and high-speed. Linear distortions in the literal sense of the word
(what is responsible for "linearity") are fully compensated for by the delay and do not affect the test result.
[Ipu TecTpoBaHUU peanbHBIX yCUIUTEIEH MeToaoM Xadiepa Takxke yI100HO UCIIOIb30BaTh TPEYTOIbHBIM CUTHAT YaCTOTON
3...10 x['1. B aTOM cityyae HacTpoiika 3aKiII04aeTCs B MOJIyYEHUHU MPSMOYTOJIBHOTO CUTHAJIA HA Harpy3ke. AMIUIUTYAA
MPSIMOYTOJIBHOTO CUTHAJIA U OyJIeT KOCBEHHO TOBOPUTH O BEJIMYMHE CKOPOCTHBIX MCKAKEHU.
When testing real amplifiers using the Haffler method, it is also convenient to use a triangular signal with a frequency of 3 ... 10
kHz. In this case, the adjustment consists in obtaining a square-wave signal at the load. The amplitude of the square wave signal will
indirectly speak about the magnitude of the speed distortion.
CrnenyeT oTMETUTH YTO MeTO Xadiepa NpeKpacHo padoTaeT Ha JI000M CUTHAJIE, B TOM YHCIIE U HA PEAIbHOM MY3bIKaJIbHOM.
HacTopoiika cBOIUTCS K yCTAaHOBKE MUHUMAJIBHOTO HAIIPSDKEHUS HA Harpy3Ke.
It should be noted that Hafler's method works great on any signal, including a real musical one. The setting is reduced to setting

the minimum voltage on the load.

Jlureparypa:

http://forum.vegalab.ru/showthread.php?t=72049&p=2451108&viewfull=1#post2451108
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Jiri Dostal, Operational Amplifiers, 1993

Best regards
Alexander Petrov (Petr)

IIpumep UCMOIb30BAHUSA TPEYIOJbLHOI0 CUTHAJIA HA IPAKTHKE
An example of using a triangle signal in practice

[TpoBepyM TPEYTOIbHBIM CUTHAJIOM MOJEIb YCHUIIMTENS BBIIOJHEHHOTO 1O [5], puc. 11
Let's check the amplifier model made according to [5], fig. 11
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Eero Leinonen, Matti Otala, and John Curl, A Method for Measuring Transient Intermodulation Distortion (TIM)*
by Peter J. Baxandall, Audible amplifier distortion is not a mystery, Wireless World, November 1977
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Curnan reneparopa mnomaercst Ha Bxoj ycunurens yepe3 HU-bunsrp. g nagana B camom ycunurene otkitouanm HY-dunstp,
koHgeHcarop C4=0. CkopocTb HapacTaHHs TaKOTO CUTHAJIA Ha BBIXOJIE YCUIIUTEN HUUTOXKHO Mana: 60V/50uS = 1,2 V/us

[locMOTpYM Kak yCHUIIMBAETCS TAKOM CUTHAJ, puc. 12.

The generator signal is fed to the amplifier input through a low-pass filter. To begin with, in the amplifier itself, turn off the low-
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frequency filter, capacitor C4 = 0. The slew rate of such a signal at the amplifier output is negligible: 60V / 50uS = 1.2 V / us Let's see
how such a signal is amplified, Fig. 12.

35.000 Af‘u"IF':Like AJ{EUUQ—U:Q no-LF triangll:a_CIR

20.000f - 2 B

o A | | | | | | | | | |
oo e _— S _— B | | i | — S
o N -/ — ~ O 7
P s - A— o e E— A— PR

0.000u 25.000u 50.000u 75.000u 1UU_UUUL/ 125.000u 150.000u 175.000u 200.000u 225.000u 250.000u 275.000u 300.000u

-35.000

18.945%(in) v{out}-13m

28.250

27.500
27.000
26.500
26.000
25.500
25.000

124.000u 124_;5[10u 125_h00u 125_I5[JUU 125_|[][][]u 125_;5[][]u 12?.h00u 127"_I5EJUU 128_h00u 128_ISUUU 129.000u
18.945%(in) viout)}-13m
400.000m . :
300.000m
200.000m
100.000m
0.000mf
-100.000m
-200.000m
-300.000m
-400.000m

00000 25.000u 50 000u 75 000u 100.000u 125 000u 150.000u 175.000u 200.000u 225 000u 250.000u 275.000u 300.000u
18.945%(in}-~v(out}+13m

T (Secs)

Fig. 12

Ecnu pactsHyTh curHaiibsl BOJIM3M 1epexojia yepe3 Hojlb, TO MOJKHO YOETUTHCS UTO BHIXOJJHOW CUTHAJI ONEepekaeT BXOIHOM Ha 13
HC.

If you stretch the signals near the zero crossing, you can make sure that the output signal is ahead of the input one by 13 ns.

Ha Bepmmnax TpeyronpHuKa aMIUIMTYIa CUTHAJIA YBEIUYMBaeTcsA Ha 345 MB u3-3a 3ama3gpiBaHus peakUuy yCUIUTENA Ha
M3MEHEHUE BEKTOpa 00pa3yollero Curuai. J[muTensHOoCTh MpUpalieHus CUrHajia paBHa neproay curnana yacroroit 350 k' —
4acToTa Ha KOTOPOU €CTh MUKOBBIN ypoBeHb AUX 1 nukoBbild ypoBeHb GD.

Crnemyet oOpaTuTh BHUMaHUE HA TO, YTO BEPUINHBI CUTHAJIA SKBUBAJICHTHBI Ha4Yally MIEPBOTO MEPHO/Ia CHHYCOUAATEHOTO
curHaia. Takum oOpa3oM UCKaKEHHUS BO3HUKAIOIIKE HAPOTHUB BEPIIMH TPEYTOJIbHUKA YKBUBAJICHTHBI UCKAKSHUSM MIEPBOTO TIEpHUO/Ia
(FCD). C npyroii CTOpOHBI 3TO HE YTO UHOE KaK CKOPOCTHBIE HCKaKEHUSI.

Bxorounm BxogHo# GuneTp yerurens (C4=1 Hd) u cHOBa IpoBeIeM TecCT, puc. 13.

At the vertices of the triangle, the signal amplitude increases by 345 mV due to the delay in the response of the amplifier to a
change in the vector of the generating signal. The duration of the signal increment is equal to the period of the signal with a frequency
of 350 kHz - the frequency at which there is a peak frequency response level and a peak GD level.

It should be noted that the signal peaks are equivalent to the beginning of the first period of the sinusoidal signal. Thus, the
distortions occurring opposite the vertices of the triangle are equivalent to the first cicle distortion (FCD). On the other hand, this is
nothing more than speed distortion.

Turn on the mput filter of the amplifier (C4 = 1 nF) and perform the test again, Fig. 13
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Fig. 13

bnaronaps Bkimouenuto Guiibtpa HY Bpems 3aep KKy MPOXOKICHUS CUTHAJIA BO3pacTaeT npakruuecku A0 1 mxc (945 He).
AMIUTUTYIa BEKTOPHOM morpenrHocTy paBHa 1 B (2 B oT nuka 10 nuka). AMIUTUTY/Ia CKOPOCTHBIX UCKaKEHUM CHU3WIIACh O0Jiee YeM B
2 pa3a u ctana paBHa 150 mB. HanpoTus nepexona curnasna yepes3 HOJb SIBHO BUJIHBI KPOCCOBEPHBIE UCKaXKEHUsI. PacTsHEM cUTHAJ 11O
BEPTUKAIIN ¥ TIOCMOTPUM yYPOBEHB 3TUX HUCKKEHUH, puc. 14

Thanks to the inclusion of the low-pass filter, the signal propagation delay time increases to almost 1 us (945 ns). The
magnitude of the vector error is 1 V (2 V peak-to-peak). The amplitude of high-speed distortions decreased by more than 2 times and
became equal to 150 mV. Crossover distortion is clearly visible opposite the zero crossing of the signal. Stretch the signal vertically
and see the level of these distortions, Fig. 14
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Fig. 14

CornacHo TecTy aMITUTYa KPOCCOBEPHBIX UCKKEHHH MpeBbimaeT 5 MB. JlomomTHUTENEHO MPOBEIEM TECT 3TOTO YCHIUTEIS C
TIOMOIIIBIO CTIETIMAIBFHO Pa3pabOTaHHOTO ISl 3TOM LETH PEKEKTOPHOTO PIIIBTpa, puc. 15

The crossover distortion is greater than 5 mV in the test. Additionally, we will test this amplifier using a notch filter specially
designed for this purpose, Fig. 15
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[Tpu ammuintyne curnana 4yth 6osapuie 10 B MbI Takke HaOII01aeM HCKaXKEHHsI BOJIM3U MEPEX0/1a BBIXOJJHOTO CUTHAja Yepes
HOJIb (KOHTPOJIBHBIN CUTHAJI YEpHAs! JIMHUS).

s cpaBHEHMS IPOBEAEM TECT TPEYTOJIBHBIM CUTHAJIOM ycuiuTens [6], puc. 16

With a signal amplitude of slightly more than 10 V, we also observe distortions near the transition of the output signal through
zero (the control signal is black line).

For comparison, let us carry out a test with a triangular signal of the amplifier [6], Fig. 16
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Fig. 16

[To cpaBHEHUIO C MPEABIAYIINM yCHINTEIEM BCE BUIBI HCKAXCHUN 3TOTO YCHUIIUTENSI HHYTOKHO MAJTbI
Compared to the previous amplifier, all types of distortion of this amplifier are negligible

B nonosiHeHue npoBeaeM aHaNOTruuHbIN TecT Ha curHanax 19 u 20 k', puc. 17
In addition, we will conduct a similar test on 19 and 20 kHz signals, Fig. 17
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Ha cunycounganbHbIX CUTHaAIaX BCE BUJIBI MCKAXXEHUM HE MPEBBIIIAIOT J10J1eH MUUIMBOoIbTA.
[IpoBeneM aHaNOTMYHBINA TECT HA IEPBOM yCHIIUTEIE, pUC. 18

On sinusoidal signals, all types of distortion do not exceed fractions of a mV.

Let's carry out a similar test on the first amplifier, Fig. 18
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Fig. 18

W Ha cuHyCcOMIaNbHBIX CUTHAJIAX HAPOTHUB BEPIIMH CUTHAJIA MBI BUIUM MPOTYKTHI HCKAKCHUH aHAIOTUYHBIC HCKAKCHHSIM
HAIPOTHUB BEPIITNH TPEYTOJBHOTO CUTHAJIA aMITUTY/Ia KOTOPBIX goctruaet moutu 50 MB. [losToMy HEyIMBUTEIBHO YTO U B TECTE HA
IMD B 3ByKkOBOM Juamna3oHe BO3HUKAET MOBHINICHHBIA YPOBEHb ITyMOBOM MOJICTABKH 3a CYET MPOTYKTOB HHTEPMOIYJISIIUNA BBICIITHX
nopsikoB. HanmpoTus mepexo10B yepe3 HOIb XOPOIIIO BUIHBI H KPOCCOBEPHBIC HCKAKCHHS.

HennHeHOCTh aMITUTYTHON XapaKTEePUCTUKH 3aTPyAHsIET oaoop kosdduimenta nepenaqu (Ky) xopoiro padoTaroiiero Bo
BCEM JIMaIia30He aMILIUTY]l CUTHAJA.

And on sinusoidal signals opposite to the signal peaks, we see distortion products similar to the distortions opposite the
triangular signal peaks, whose amplitude reaches almost 50 mV. Therefore, it is not surprising that in the IMD test in the audio range
an increased level of noise bias occurs due to higher-order intermodulation products. Crossover distortions are clearly visible opposite



the zero crossings.

The nonlinearity of the amplitude characteristic makes it difficult to select the transmission coefficient (Ku) that works well over
the entire range of signal amplitudes.
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