Moaundpukauma ycunurtena Xvuparm knacca AB Ha TpaH3ucTtopax tuna Lateral
Modification of the Hiraga's class AB amplifier on lateral transistors

Ha pucyHke 1 npeacTtaBseHa Cxema BapumaHTa Mmoandukaumm ycunutensa Xmparun knacca AB
Figure 1 shows a diagram of a modification option for a Hiraga's class AB amplifier
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Puc. 1 (Figure: 1)

ToK NoKOoS BbIXOAHbIX TpaH3ucTopoB No 200 +-20 MA Ha TpaH3MUCTOP BbICTaBAAKOT Noa60poM
pe3nctopa R14. Honb Ha BbIXoAe BbICTABAAKT MOACTPOEYHMKOM X1, npn HeobxoanmMocTn noabuparoT R6.
I1 - TokocTabunuaupywmnm anog Ha 5 MA Tmna E-562 nnun aHanornyHbli, Npu OTCYTCTBUMU
ToKOCTabunusnpyrwwero gnoga MoxHo ncrnosbsoaTtb CT Ha JFET-TpaH3uUCTOpe C nocnenoBaTesibHO
BKJTIOUYEHHbIM pe3uctopoM 8,2...10 kOM. CeeToamobl 3e/1eHOro uBeTa, TakXXe MOXHO MCNOoJ1Ib30BaTb
XXentoro, 6e50ro M CMHero uBeTa, BaXXHO YTobbl NageHne HanpsaXxeHus Ha ceetoamone 6biN0 He MeHee
2 B.

The quiescent current of the output transistors of 200 + -20 mA per transistor is set by selecting the
resistor R14. Zero at the output is set with the trimmer X1, if necessary, select R6. 11 is a 5 mA current
regulative diode (CRD) of the E-562 type or similar, in the absence of a CRD, you can use a referenced
current sourse (RCS) on a JFET transistor with a 8.2 ... 10 k2 resistor connected in series. The LEDs are
green, you can also use yellow, white or blue, it is important that the voltage drop across the LED is at
least 2 V.

OuarpamMMma boge nokasaHa Ha puc. 2
The Bode diagram is shown in Fig. 2
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N3 gnarpammbl boge BuaHO 4To B3 paBHO 22 HC U NMOCTOAHHO OT eanHuy 'y o 10 MlTu. MNMpoeepum
3anacbl YCTOMYMBOCTU ycunutensa. nsg 3Toro cHUMem rpadumk neTneBoro ycuneHus, puc. 3

From the Bode diagram, it can be seen that the Group Delay is 22 ns and is constant from units of Hz
to 10 MHz. Let's check the stability margins of the amplifier. To do this, remove the loop gain graph, Fig.
3
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MeTnesoe ycuneHue pasHo 40 Ab M NOCTOSAHHO BO BCEW 3BYKOBOW noJsioce. HacTtoTta nepBoOro nostca
paBHa 80 kly. U3MepuM TpaaNLMOHHYIO 3aBUCUMOCTb KO3 PULMEHTA FAPMOHNYECKNX UCKAXEHNN OT
4acTOTbl NpU BbIXOAHOM Hanpsi>keHun 30 B(nuk), puc. 4

The loop gain is 40 dB and is constant throughout the sound bandwidth. The frequency of the first
pole is 80 kHz. Let's measure the traditional dependence of the harmonic distortion factor on frequency at
an output voltage of 30 V (peak), Fig. 4
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N3 pucyHka 4 BnaHo 4to Kr paseH 0,0014% npaktndyeckn ao 10 kly n Bo3pactaet o 0,002% Ha

yactoTe 20 Kkl'u. Bbiwe 20 k'y MMeeT MeCTO niaBHbIN POCT UCKaxXeHUn n K yactoTe 200 kl'u gocTuraer
0,024%.

anIHﬂTO CUYMTATb YTO BAXXHO UMETb HU3KUMN YPOBEHDb NCKAXXeHUN He TO/IbKO Ha MaKCMMasibHOM

MOLLHOCTU, HO U NPU MOLWHOCTM okoJio 1 BT, puc. 5

Figure 4 shows that THD is equal to 0.0014% practically up to 10 kHz and increases to 0.002% at a

frequency of 20 kHz. Above 20 kHz, there is a gradual increase in distortion and by the frequency of 200
kHz it reaches 0.024%.

It is generally accepted that it is important to have a low level of distortion not only at maximum

power, but also at a power of about 1 W, Fig. 5
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Mpu BbIXOAHOW MOLLHOCTN OKO10 1 BT ypoBeHb MCKaXeHnn Ha vyactoTe 20 Kl'y He npesblwaeT

0,0003%.

N3MepuM MHTEPMOAYNALNOHHbBIE UCKAXEHUSA, pUc. 6
With an output power of about 1 W, the level of distortion at a frequency of 20 kHz does not exceed

0.0003%.

Let's measure the intermodulation distortion, fig. 6
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yacTtoTon cpe3a 5 MINy. CKoOpoCTb HapacTaHMs BbIXOAHOrO HaNpsXXeHUs C Yy4eToM 3Toro dpunibTpa paBHa 495
B/MKc. lNepeBeneM 3To 3Ha4YeHUE B NpMBEAEHHYIO CKOPOCTb HapacTtaHusa (MCH). Ana aToro pasgennum SR Ha
Ha aMnNAUTyay HanpsxeHusa: 495/54 =

puc.
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NMMW nepBoro nopsiaka meHee 100 MKB, wyMoBas noactaBka HUUTOXHO Mana (okoso 30 MKB)
6narogaps Manoun 3agepXKe rnpoxoXXaeHust CUrHana.
N3MepuM CKOpOCTb HapaCTaHUs BbIXOAHOIrO HaNpsiXXeHus, puc. 7
IMD of the first order is less than 100 uV, the noise bias is negligible (about 30 uV) due to the low
signal propagation delay (Time Propagation Delay).

Let's measure the slew rate of the output voltage, Fig. 7
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Mepea nogayen Ha BXOA yCUNUTENS naeanbHbIM MeHAP nponyleH Yyepe3 OHY nepBoro nopsiaka c

9,2 1/MKc.

NpoBepuM aMNAUTYAHYO XapakTepucTUKy MoAenun Ha yactoTte 1 Ml oo pexuma KANNMpoBaHuS,

8

Before being fed to the input of the amplifier, the ideal waveform is passed through a first-order low-

pass filter with a cutoff frequency of 5 MHz. The slew rate of the output voltage with this filter is 495 V /

100.000K



us. Let us convert this value to the normalized slew rate (NSR). To do this, divide SR by by the
voltage amplitude: 495/54 = 9.2 1 / us.

Let's check the amplitude characteristic of the model at a frequency of 1 MHz before the clipping
mode, Fig. 8
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[laxxe Ha JacTtoTe 1 MY KAMNMpPOBAHME AOCTAaTOYHO «MArkoe»

N3BEeCTHO 4TO ycmnuTensam knacca AB npucyuwm KOMMyTauMOHHbIE ncKaXeHud. na 6opbbbl ¢ 3TUM
BUAOM UCKaXEHUN NpeanpuHMManocCb He Masio NonbITOK CBECTU UX K MUHUMYMY. OAHAKO HU OAHO
n3obpeteHne He pelnno 3Ty npobnemy 4o KoHua. [NpoBepmM BHOCUMbIE UCKAXXEHUSA C MOMOLLbIO
cneunanbHoro ¢gpunetpa [1], puc. 9

Even at 1 MHz, clipping is quite "soft"

It is known that class AB amplifiers are characterized by switching distortion. To combat this type of
distortion, many attempts have been made to reduce them to a minimum. However, no invention has
completely solved this problem.

Let's check the introduced distortions using a special filter [1], Fig. 9

35 000 leaga-.AEI_-iDV_La:teraI_u:ros—mst.ClR

25.000
15.000¢ -~
5.000 'II
-5.000] .
-15.000
-25.000
-35.000

10.000m 15.000m 20.000m 25.000m 30.000m
viout) (W)
2.000m

1.500m
1.000m
0.500m
0.000m
-0.500m
-1.000m
-1.500m
-2.000m

10.000m 15.000m 20.000m 25.000m 30.000m
2*y(dist)
2.000m
1.500m
1.000m
0.500m
0.000m
-0.500m
-1.000m
-1.500m
-2.000m

14.900m 14.925m 14 .950m 14 .975m 15.000m 15.0258m 15.050m 16.075m 15.100m
2*y(dist) 0.0001*v{out)
T(Secs)

Puc. 9 (Figure: 9)



®unbTp [1] Nno3BoNsET N3MEPUTb KOMMYTaLMOHHbIE NCKaXeHUA Ha O4HOW BbiCLLIEN 4YaCcToTe 3BYKOBOIro
AnanasoHa, T. e. Ha yacTtoTe 20 kl'y. B aaHHOM cny4dae naMepeHund npoeeaeHbl ABYX4YaCTOTHbIM MEeTO4A0M
Npu KOTOPOM MUCMNOoJ/b30BaHa aononHuTenbHas vyactota 100 My. MNpu SsBHOBbIPaXeHHbIX KOMMYTaUMOHHbIX
NCKaXXKeHUAX Ha 2-M rpaduke Kak npaBuao HabngaeTcs xapakKTepHbIM POCT MCKAaXEHUN HaAaNnpoTuB
nepexonoB BbIXOAHOIO cmrHana (BepxHuun rpaduk) yepes HoNb. Ha TpeTbeM rpadmnke Mbl BUAUM MPOAYKTbI
NCKaXXeHnn (KpacHasi) KoTopble MMEOT Manblil YPOBEHb U HOCAT MSAMKUIMN XapakKTep. YepHbIM LIBETOM
NoKasaH BbIXOAHOW curHan ocnabneHHbi B 10 TbIC. pa3 As9 CUHXPOHU3aUUN NPOAYKTOB UCKAXEHUN, T. e.
Anga 6onblien HarnsaaHoOCTU.

Filter [1] allows to measure switching distortions at one highest frequency of the audio range, ie at a
frequency of 20 kHz. In this case, the measurements were carried out by a two-frequency method in
which an additional frequency of 100 Hz was used. With pronounced switching distortions on the 2nd
graph, as a rule, there is a characteristic increase in distortions opposite to the transitions of the output
signal (top graph) through zero. In the third chart, we see distortion products (red) that are low and soft
in nature. The black color shows the output signal attenuated by 10 thousand times to synchronize the
distortion products, i.e., for greater clarity.
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N3MepuM BbIXOAHOE CONPOTUBNIEHMNE YCUNNTENS OAHUM U3 TPAAULMOHHBLIX cNocoboB NyTeM nogauu
Hanps)XeHUs Yyepes3 HarpysKy Ha Bbixog ycunutens, puc. 10

Let's measure the output impedance of the amplifier in one of the traditional ways by applying
voltage through the load to the output of the amplifier, Fig. 10
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Pe3ynbTaT naMepeHust BbIXOAHOr0 CONpPOTMBIIEHUS NOoKasas 4To OHO paBHO 72 MOM mnu 0,072 Oma.
EcTb ewe oanH opurnHanbHbi cnocob namepeHns KOTopbli onucaH B KHUrax boba Kopaenna v [lyrnaca
Cenda c noMoLWbo IMHENHO HapacTaloLWero HanpsXXeHnsa TakxXe rnoAaHHOro yepes Harpy3sky Ha BbixXo[
ycunutensa, puc. 11

The result of measuring the output resistance showed that it is equal to 72 mOhm or 0.072 Ohm.
There is another original measurement method described in the books by Bob Cordell and Douglas Self
using a ramp voltage also applied through the load to the amplifier output, Fig. 11
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N3 nepBoro rpadmka BUAHO YTO Yepes3 HarpysKy NpuIoXeHO JIMHENHO cnajatouwee HanpshxeHme ot 30
Ao mmHyc 30 B. Ha BTopoM rpadunke nokasHbl Toku nned BK. A Ha TpeTbeM rpaduke BbiBeaeH rpadumk
BbIXOAHOIO COMPOTUB/IEHUSA 3HAYEHME KOTOPOro coBnagaeT Cc npeablaywmM namepeHmeM. [JJoCTOMHCTBO
3TOro0 MeToZa euwe U B TOM YTO Mbl MOXEM BUAETb JIMHENHOCTb BbIXOAHOMO CONPOTUBAEHUS OT NMPUNOXEHHON
K BbIXO4Y Harpy3ku. B gaHHOM ciy4yae OHO AOCTaTO4YHO NIMHENHOoeE, Npu 3ToM geMnunHrdaktTop 6onee 100.

The first graph shows that a linearly decreasing voltage from 30 to minus 30 V is applied across the
load. The second graph shows the currents of the transistor out stage. And the third graph shows a graph
of the output resistance, the value of which coincides with the previous measurement. The advantage of
this method is also that we can see the linearity of the output resistance from the load applied to the
output. In this case, it is quite linear, while the damping factor is more than 100.



[10 HepaBHero BpeMeHn npu naMmepeHnn napameTpos YM34 orpaHnumMBanmcb U3MepeHns MM BbIXOAHOW
MOLWHOCTM Ha pa3nnyHbiX Harpyskax (8, 4 nHorga 2 OMa), Nonockl NponycKkaHus, KoadpduumneHTa
HEeNIMHENHbIX UCKAXXEHUN NMpu HOMMHANbHOM MOLHOCTU Ha YactoTe 1 kly (peako Ha 4dactoTte 20 klMy B
nosoce go 80 kl'u), HTepMOAYNSAUMOHHbBIX MCKaXXeHUW (He Bceraa), AeMnunHrdakTopa U CKOPOCTH
HapacTaHWa BbIXOAHOrO HanpsxeHus. OgHaKO Kak nokasana npakThuka BeCb 3TOT NepeyvyeHb Masao roBoOpuUT
O KOppensiumMm C Ka4ecTBOM 3BYyKa, KpoMe noxanym SR KOoTopyto cTann NnpuBoAnTb B cneumndukaumsax
HeAaBHO.

Until recently, when measuring the UMZCH parameters, they were limited to measuring the output
power at various loads (8, 4 sometimes 2 Ohms), bandwidth, harmonic distortion at rated power at a
frequency of 1 kHz (rarely at a frequency of 20 kHz in a band up to 80 kHz), intermodulation
distortion (not always), damping factor and slew rate of the output voltage. However, as practice has
shown, this entire list says little about the correlation with sound quality, except perhaps SR, which they
began to cite in the specifications recently.

Ewe B 1982 roay U.0ocTtan B KHUre [2] obpaTnn BHUMaHUE Ha ApYyrne Buabl UCKaAXeEHUN (OH UNn
nepeBoAYMK Ha3Basl UX NOrpewHoCTIMK), puc. 12 1 NnpuBen pacyeTbl HA HUX.

Back in 1982, I. Dostal in the book [2] drew attention to other types of distortions (he called them
errors), fig. 12 and gave the calculations for them.
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Ha pucyHke 12 Mbl BUAMM yXe NPUBbIYHbIE NCKaXeHnsa AYX (aMnNanTyaHas norpeLwHocTb) U
3a4epxKy no ¢ase (dpasosas NorpewHoCTb) 06bIYHO CHMMMbIE C MOMOLWbIO gnarpamMmbl boge. [0
HeJaBHero BpeMeHW HMUKTO He nNpuaaBas 3Ha4YeHue rpynnoBoMy BpeMeHu 3aaepxkun (MB3) KoTopoe CcBSA3aHo
c AYX 1 ®YX 1 OT KOTOPOro B 3HAUUTENIbHOM CTEMNEHN 3aBUCUT BEKTOPHAst NOrpewHocTb (BblaesieHa CUHUM
LBeToM). ABTOp NpuBen ABe CXeMbl UBMEPEHNS BEKTOPHOM MOrpPewHOCTU — ANS UHBEPTUPYHOLWeEro n
HEWHBEPTUPYIOLLEro ycunutenen. Ha nepsbin B3rnsa4 MOXeT CO34aTbCs BNevaT/ieHne YTo BpeMS 3a4eprKKU
NPOXOXAEHMS CUFHANA HU Ha YTO He BAUSET (Tak U YTBEPXKAAKT HEKOTOPbIE sipble KPUTUKK, Hanpumep [3])
N cUNbHO 3abnyxaatTcsa. ToNbKO HEeAABHO B cneumduKkaumax Ha O4YeHb AOporve U 3asiBnsieMble Kak
pedepeHCHble YCUINTENN Hayvanm npmeBoanTb Takon napameTp kak B3 (Time Propagation Delay).
Hanpumep B cneundpukaumnmn ycnnutens Goldmund Telos 5000 [4] (ctoumocTbto 375 ThiC €BpO 3a napy)
yKa3aHo 4To ero B3 nOCTOSAHHO OT NMOCTOSIHHOro Toka Ao 200 kl'u » He npesbiwaeT 100 Hc. B cBoen
paboTe [2] aBTop Nnokasan pu3nyeckmim CMbIC1 CKOPOCTHOM MOrpeLHoCTn ces3aHHou ¢ B3, puc. 13

In Figure 12, we see the already familiar distortions of the frequency response (amplitude error) and
phase delay (phase error), usually taken using a Bode diagram. Until recently, no one attached
importance to the group delay time (GD), which is associated with the frequency response and phase
response and on which the vector error largely depends (highlighted in blue). The author gave two
schemes for measuring the vector error - for the inverting and non-inverting amplifiers. At first glance,
one might get the impression that the signal transmission delay time does not affect anything (as some
ardent critics claim, for example [3]) and are greatly mistaken. Only recently in the specifications for very
expensive and declared as reference amplifiers began to cite such a parameter as the Time Propagation
Delay. For example, the specification of the Goldmund Telos 5000 amplifier [4] (worth 375 thousand
euros per pair) indicates that its GDT is constant from DC to 200 kHz and does not exceed 100 ns. In his
work [2], the author showed the physical meaning of the velocity error associated with the GDT, Fig. 13



Ideal transient
function
i

out Woutl ™

Hﬁhli‘i i

Vector error

—-Eout= WoutTs

b Real transient
function wgyui(t)
t

Speed error

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

Puc. 13 (Figure: 13)

MOXHO CUYMTaTb YTO Ha4daslbHbIA YY4aCTOK CMHYycouAabl 6/IM30K K JIMHENHO HapacTaloLWeEMY HarnpsH>XeHMUI0.
MocMOTpUM Kak paboTaeT pacCMOTPEHHbIN ycunutenb Ha YactoTe 20 kl'u. M3 rpadumnka pmc. 2 Mbl 3HAEM YTO
B3 ycnnutensa paBHo 22 Hc. [lobaBMM Ha BbIXOoAe reHepaTopa uaeasbHYy 3a4epXKY BESIMYMHON 22 HC U

npmMBeaeM BXOAHOW CUrHaN U 3a4epXXaHHbIW K YPOBHIO BbIXOAHOIO YMHOXeHneM Ha Ky, puc. 14
We can assume that the initial section of the sinusoid is close to a linearly increasing voltage. Let's

see how the considered amplifier works at a frequency of 20 kHz. From the graph in Fig. 2 we know that
the amplifier's delay is 22 ns. Let's add an ideal delay of 22 ns at the generator output and bring the input

signal and the delayed signal to the output level by multiplying by Ku, Fig. 14
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Ha pucyHke 14 nokasaHo 3 curHana kotopble 6narogapst Manomy B3 cnmeatoTcsa B O4HY JIMHUIO.
UTobbl paccMoTpeTb UX 6onee aetanbHO (Kak MokKasaHo Ha puc. 13) pacTsHEM HadalbHbIKM y4acTok, puc. 15
Figure 14 shows 3 signals that merge into one line due to the small group delay. To consider them in

more detail (as shown in Fig. 13), we will stretch the initial section, Fig. 15
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Bce norpelwHocTn B COOTBETCTBMM C Knaccudumkaumen M.Joctana noanncaHbl Ha pUcyHke. Mbl BUAUM
TaKXXe YTO BpeMsi BbIXO4a Ha YCTaHOBMBLUMNCS pexnM 3aHumaeT Bcero 30 HC. MNnowaab «TpeyrosibHu4YKa»
BblAe/IeHHas XeNTbIM LIBETOM He YTO MHOE KaK CKOPOCTHas NorpewwHoCcTb. B AaHHOM cny4yae 3Ta
NOrpeLwwHoCTb HUYTOXHO Mana: He 6onee 10 MB no amnauTyae Npu aMnanMTyne BbIXOAHOMO HaNpsI)KEHUS
yactoton 20 klN'y pasHon 30 B(nunk). A HeoAHOKpATHO NoAYepKMBaa YTO MMEHHO 3TOT BUA UCKAXXEHUN
OoTBeYyaeT 3a MUKPOAMHAMMKY, 3@ TOYHOCTb YCUNeHus cnabbiX 6bICTPO MEHAOWMXCS KaK MO 4YacToTe Tak u
no amMmnanTyae CUMrHanos.

All errors in accordance with 1. Dostal's classification are signed in the figure. We also see that the
time to reach the steady state takes only 30 ns. The area of the "triangle" highlighted in yellow is
nothing more than a velocity (speed) error. In this case, this error is negligible: no more than 10 mV in
amplitude with an output voltage amplitude of 20 kHz equal to 30 V (peak). I have repeatedly emphasized
that it is this type of distortion that is responsible for microdynamics, for the accuracy of amplifying weak
signals that are rapidly changing both in frequency and in amplitude.

B3 3@ NMHENHbIM Y4aCTKOM AO/HKHO UMETb NaBHbIN cnag. Beibpoc MB3 3a rop3oHTasbHbIM Y4acTKOM
CBUAETENbCTBYET O HECTAbUIBHOCTU YCUNUTESNA, O SABEHUAX Pe30HAHCHOro xapaktepa. [JobpOoTHOCTb
pe30HAHCOB 3aBUCUT OT BeSIMUYMHbI Bblbpoca 1 ero WwupuHbl (MpoAO0/IKUTENBbHOCTU NO 4YactoTe). MNMNoaobHble
SIBIEHNS BbI3blBAlOT YBE/IMYEHME BPEMEHW BbIX0Aa Ha YCTAHOBUBLUMNCS PEXUM N MOTYT HOCUTb
KonebaTenbHbIN XapaKTep AalOWKWM A0NOAHUTENbHOE OKpallMBaHue 3ByKaM. MNoaobHble apdeKTbl HUKAK He
BbISIBASAKOTCA TPAANULMOHHBIMU N3MEPEHUSAMN MAapaMEeTPOB Ha CTAaLMOHAPHbIX CUHYCcOMAanbHbIX CUrHanax. Ha
CTaAUN NPOEKTUPOBAHUSA UCKAXEHUS CBSI3aHHblIE CO CKOPOCTHbIMU NOrPEeLHOCTSIMM MOXHO YBMAETb METOAOM
BakcanHganna [5] ncnonb3ysa B KayecTBe TECTOBOIMo TPEYrosibHbIM cUrHan yactoton 10 klu. TpeyronbHbin
curHan vactoton 10 kly coaep>XuUT cnagatowmin pag HeYeTHbIX FrapMOHMK. BepLlinHbl TpeyrosibHMKa — He
YTO MHOE KaK Hayano JIMHENHO HapacTawuwero/cnagatouwero curHana no [2] puc. 13.

GD behind the linear section should have a smooth decline. The burst of the group delay behind the
horizontal section indicates the instability of the amplifier, about the phenomena of a resonant nature. The
quality factor of resonances depends on the magnitude of the surge and its width (duration in frequency).
Such phenomena cause an increase in the time to reach the steady state and can be of an oscillatory
nature, which gives additional coloring to sounds. Such effects are not detected in any way by traditional
measurements of parameters on stationary sinusoidal signals. At the design stage, distortions associated
with velocity errors can be seen by the Baksandall method [5] using a triangular signal with a frequency
of 10 kHz as a test signal. A 10 kHz triangular signal contains a falling series of odd harmonics. The tops
of the triangle are nothing more than the beginning of a linearly increasing / decreasing signal according
to [2] Fig. 13.

[Ns NoNy4YeHNs CKOPOCTHbIX NorpelwHocTen (MCKaXxeHun) B YNCTOM Bmae (TO UTO BblAENEHO LBETHLIM
TPeyronbHUYKOM) HEOHXOAMMO UCKNOUYNTb BEKTOPHYIO NOrPELIHOCTb. /18 3TOro AOCTaTOYHO BbiYECTb U3
BbIXOAHOIO CUrHana 3agepXaHHbln Ha BpeMs B3 BXOAHOW CUFHaN NpuBeAEHHbIN K YPOBHIO BbIXOAHOMO
YMHOXeHMneM Ha Ky. YunTtbiBas 4To NMHENHOCTb B3 peanbHbIX ycunmutenen penko npesbiwaet 200 klMy
CNeKTp TeCTOBOIro TPeyrosibHOro CUrHana nHoraa cnegyet orpaHuumMTb C NOMOLWbIO TpaamunoHHoro ®HY ¢
yactoTon cpesa 160...200 kly. B ycunutenax tmna YMNT MB3 NOCTOAHHO OT MHMPaHU3KMUX 4YacCToOT.

To obtain speed errors (distortions) in their pure form (what is highlighted by a colored triangle), it is



necessary to exclude the vector error. To do this, it is enough to subtract from the output signal the input
signal delayed for the time delayed delay and reduced to the output level by multiplying by Ku.
Considering that the linearity of the group delay of real amplifiers rarely exceeds 200 kHz, the spectrum of
the test triangular signal should sometimes be limited using a traditional low-pass filter with a cutoff
frequency of 160 ... 200 kHz. In amplifiers such as dc amplifier GD (time Propagation Delay) constantly
from infra-low frequencies.

Moaenu ycunutenemn c pesgenmtenbHbiMM KOHAEHcCaTopaMm Ha Bxoge un B uenn OOC xenaTtenbHo
BpeMeHHOo nepesect B YIT 1 npom3BecTu TwaTtenbHyo 6anaHcMpoBKy. Ho gaxe ecnm Mbl 3TOrO He
cAenaeM Ha TecCTe TPeyrosibHbIM CUFHANIOM NPaKTUYECKN 3TO HUKAK He cKaxeTcs. Mpobnembl MoryT
BO3HWUKHYTb NMPU UCMOSIb30BAaHMM B KayeCcTBe TECTOBOr0O MHOMOTOHaIbHOrO CUrHana, Hanpumep [6].

It is advisable to temporarily transfer models of amplifiers with reshaping capacitors at the input and
in the NFB circuit to the DCS and make careful balancing. But even if we do not do this on the test with a
triangular signal, this will practically not affect in any way. Problems can arise when used as a test multi-
tone signal, for example [6].

MpoBepuM paboTy Moaenu TeECTOBbIM CUMHANIOM TUMNa «TpeyrofbHUK» yactotom 10 kly, puc. 16

Let us check the operation of the model with a test signal of the "triangle" type with a frequency of
10 kHz, Fig. 16
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Ha BepxHeM rpadumke nokasaH BbIXOAHOW CUIrHan, HA BTOPOM rpaduke BeKTopHasi NOrpeLwHoCcTb —
pe3ynbTaT BblYMTAHUSA BbIXOLHOIMO HAMPSXeHUs M3 BXOAHONo NpMBeAEHHOro rno YPOBHIO K BbIXOAHOMY. Ha
TpeTbeM rpadmke nokasaHbl UCKAXXeHUS NOoSyYeHHble B pe3ysibTaTe BblYMTAHUA BbIXOAHOMO HaNpPSXeHUs mn3
3aZlep>XXaHHoro Ha Bpems tPD BXOogHOroO NpuBeAEeHHOro NO YPOBHIO K BbIXOAHOMY. [Ans 6onbwen
Harns94HOCTM CKOPOCTHbIX NOrpewwHOCTEN TeCTOBbLIN CUrHaN He obpabaTtbiBancs dunbTpom HY. Mbl BUAUM
YTO CKOPOCTHAas MOrpewwHoCTb MeeT aMnanTyay Ao 7 MB 1 obLas npoaomXnTenbHOCTb 0Ko10 30 HC, 3TO
TO, YUTO YCUIUTENb NOTEPST HA BepLlUMHaxX curHana. Hagecb NOHATHO YTO CKOPOCTHbIE NCKAXXEHUS 3aBUCAT
OT NpuBefeHHOW ckopocTn HapacTaHus (MCH) BbIXOAHOMO CUrHana M BO3HUKAKT B MOMEHTbl U3MEeHEHUS
HanpaBfeHNs HapacTaHusa/cnaga HanpshxeHus. OTcrona Hanbonee noaBep>KeHbl 3TUM UCKAXXEHUSIM UMEHHO
Masible CUrHanbl nMerwme Bblcokme 3HadeHms NCH. Xouy o6paTnTe BHMMaHME Ha NPOAYKTbl NCKaXXEeHUMN
HanNpoTUB NepexoaoB Yepe3 HOJlb, OHM MOXOXWN Ha UCKAXXEHUS Ha pUcC. 9 N He UMEIDT NPU3HAKOB
XapaKTepHbIX A9 KOMMYTaUMOHHbIX UCKAXXEHUMN.

The upper graph shows the output signal, the second graph shows the vector error - the result of
subtracting the output voltage from the input voltage level-to-output. The third graph shows the
distortions obtained as a result of subtracting the output voltage from the input voltage delayed by the
time GD, adjusted to the output voltage. For greater clarity of the rate errors, the test signal was not
processed by the low-pass filter. We can see that the velocity (speed) error has an amplitude of up to 7
mV and a total duration of about 30 ns, which is what the amplifier lost at the signal tops. I hope it is
clear that speed distortions depend on the normalized slew rate (NSR) of the output signal and occur
when the voltage rise / fall direction changes. Hence, the most susceptible to these distortions is precisely
the small signals with high values of NSR. I want to draw your attention to the distortion products
opposite to zero crossings, they are similar to the distortions in Fig. 9 and have no signs of switching



distortions.

Ecnun npon3BeCTn BblHUTaHUNE Hao6op0T, T. €. N3 BbIXOAHOI0 CUIrHa1a Bbl4ECTb 3a,u,ep>|<aHHb||7| BXO,EI,HOI7I,
TO MOJSIYYMM NPOAYKTbl NCKAXEHUN B MHBEPCHOM Buae, puc.17

If we subtract the other way around, that is, subtract the delayed input signal from the output signal,
we get the distortion products in inverse form, Fig. 17
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Figure: 17 (the loss at the top of the triangular signal is highlighted in yellow)
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DMUTTEPHble uenun BxoaHblx nostoputenen nutatTcsa oT CT. Tok 'CT KoHTponupytoT b2-nepexoabl
TpaH3ucTtopos Q5, Q6. Ana ctabunmsaunmn pexnMos paboTbl BXOAHbIX Kackagos TpaH3ucTopbl Q1 n Q9, a
Takke Q3 n Q7 AO/MKHbI MONAPHO UMETb TErnJI0OBOM KOHTAKT M ObiTb B OAMHAKOBbLIX TEMN/I0BbIX YCI0BUAX (KakK
BapuaHT pacnofioXeHbl Ha O4HOW BbICOTE MO FOPU30OHTa M UM CHAabXeHbl 06WKMM Ten100TBOAOM Yepe3



nacty). TpaH3ucTtopbl ICT Q5, Q6 TakXXe A0/KHbI 6bITb B OANMHAKOBbIX TEM/I0BbIX YcnoBusax! (Kak BapnaHT
Ha BCE WeCTb TPAH3UCTOPOB C BbICTAaB/IEHHbLIMM MO BbICOTE KOpNyCcaMun rNpuKneeHa Ha TepMonacTty
MeTanmnmyeckas niactmHa)

The emitter circuits of the input repeaters are powered by the RCS. The RCS current is controlled by
BE-junctions of transistors Q5, Q6. To stabilize the operating modes of the input stages, the transistors Q1
and Q9, as well as Q3 and Q7, must have a thermal contact in pairs and be in the same thermal
conditions (as an option, they are located at the same horizontal height or equipped with a common heat
sink through a paste). RCS transistors Q5, Q6 must also be in the same thermal conditions! (as an option,
a metal plate is glued to the thermal paste for all six transistors with the housings set in height)

TpaH3uctopbl Q8, Q11 n Q10, Q14 npeacrasnsaoT cobon MacwTabHble oTpaxaTenm Toka n nx
TPaH3UCTOPbI AO/KHbI MOMNAPHO MMETb TEMJIOBOM KOHTAKT Mexay cobom n HaxoauTbCs B OAMHAKOBbIX
TENM0BbIX YCNOBUAX. DTN TPaAH3UCTOPbI paboTaloT Npu Manbix HanpsxeHnsax IK, no3ToMy BbiAeNnseMble Ha
HUX MOLLHOCTN HEBENUKN. MaKCMManbHbIN TOK KOTOPbIN OT HUX TpebyeTtcss — 310 okosio 100 MA B NUKe Ha
(dpoHTax MeaHgpa. [na aTUX NO3MUMK He 06a3aTeNbHO NCMOMIb30BaTb TPaH3UCTOPbI B Kopnyce TO-126,
BMO/IHE MOXXHO MCMNOJIb30BaTb HU3KOBOJIbTHbIE TPAH3UCTOPLI B Kopnyce TO-92 gonyckawouwme MMnynbCHble
Tokn 6onee 100 MA. TpaHauctopbl Q11, Q12 n Q13, Q14 obpa3yoT Kackoabl CO cregswnMm NMUTaHneEM.
TpaH3unctopbl Q12, Q13 Heob6X0AMMO pa3MeCcTUTb Ha obweM Ten00TBOAE, B Ka4YeCTBe 3TUX TPAH3UCTOPOB
MO>HO ncrnonb3oBatTb 25C5171/2SA1930, 25C6072/2S5A2190, KSC2690/KSA1220, 25C3421/2SA1358,
25D600/25B631, MJE340/MJE350 n apyrue.

Transistors Q8, Q11 and Q10, Q14 are large-scale current reflectors and their transistors must in
pairs have thermal contact with each other and be in the same thermal conditions. These transistors
operate at low EC voltages, so the power allocated to them is low. The maximum current that is required
from them is about 100 mA peak at fronts of a meander. For these positions, it is not necessary to use
transistors in the TO-126 package, it is quite possible to use low-voltage transistors in the TO-92 package
that allow pulse currents of more than 100 mA. Transistors Q11, Q12 and Q13, Q14 form monitored
cascodes. Transistors Q12, Q13 must be placed on a common heat sink, as these transistors you can use
25C5171 / 25A1930, 25C6072 / 2S5A2190, KSC2690 / KSA1220, 25C3421 / 25A1358, 2SD600 / 25B631,
MJE340 / MJE350 and others.

B KauecTBe BbIXOAHbIX TPAaH3MCTOPOB MOXHO MCNOMIb30BaThb JlaTtepanbl TMnos BUZ900/BUZ905,
ECF-20N16/ECF-20P16, 2S5K1056...58/25]160...62 n gpyrue.

TOK NoKOS BbIXOAHbIX TpaH3ucTtoposB No 200 +-20 MA Ha TpaH3MUCTOP BbICTaBAAKT Nog60poM
pe3nctopa R14. Honb Ha BbIXoAe BbICTABAST NOACTPOEYHMKOM X1, npu HeobxoanmocTn noabupatoT R6.
I1 - TokocTabunuaupyowmn anog Ha 5 MA Tmna E-562 nnn aHanornyHbln, Npu OTCYTCTBUMU
TOKOCTabunusnpyrowero aguona MoxHo ncnonosoBatb 'CT Ha JFET-TpaH3uCTOpe C nocnenoBaTeNbHO
BKJTIOYEHHbIM pe3ncTtopoM 8,2...10 kOM. CeeToamoabl 3e/IeHOro UBeTa, TakXe MOXHO UCMOoIb30BaTb
XXentoro, 6enoro nnn cMHero uBeTa, BaXKHO 4YTOobbl NaaeHue HanpsXXeHuns Ha ceeToaTone 6bI10 HE MeHee
2 B.

Lateral types BUZ900 / BUZ905, ECF-20N16 / ECF-20P16, 2SK1056 ... 58 / 25J160 ... 62 and others
can be used as output transistors.

The quiescent current of the output transistors of 200 + -20 mA per transistor is set by selecting the
resistor R14. Zero at the output is set with the trimmer X1, if necessary, select R6. I1 is a 5 mA current
stabilizing diode (CRD) of the E-562 type or similar, in the absence of a current stabilizing diode, you can
use a CRS on a JFET transistor with a 8.2 ... 10 kS resistor connected in series. The LEDs are green, you
can also use yellow, white or blue, it is important that the voltage drop across the LED is at least 2 V.

BO3MOXHbI BapuMaHT C HECTOXHOMW AopaboTkoM nokasaH Ha puc. 18

A possible variant with a simple modification is shown in Fig. 18
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[JobaBneHune 4-x aneMeHToB npespawaet 'CT nuTaowme BXoAHbIE MOBTOPUTENN B KaCKOAHbIE.
The addition of 4 elements transforms the CRS feeding input repeaters into cascode repeaters.
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