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Ownarpamma boae npuseneHa Ha puc. 2
The Bode diagram is shown in Fig. 2
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Audio amplifier with current feedback

3T0T yeunutenb 6bin onybnmkosaH B Poccmimckom xypHane [1], puc. 1
This amplifier was published in the Russian journal [1], Fig. 1
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N3 anarpammbl boae BUAHO 4TO BpeMSs 3a4epXKU rnpoxoxaeHust curHana (time Propagation Delay)
paBHO 20 HcC.
MeTneBoe ycuneHme Ha peakTuBHon Harpy3ke CL nameHstowencsa ot 0 go 2 Mmxk® (0; 0,1; 0,5 n 2 Mk®d)
NOAKJ/TIOYEHHOW NapanfnenbHO HOMUMHANbHOM Harpy3ke NokasaHo Ha puc. 3
The Bode diagram shows that the time Propagation Delay is 20 ns.

Loop gain on a reactive load Cl varying from 0 to 2 yF (0; 0.1; 0.5 and 2 pyF) connected in parallel to
the rated load is shown in Fig. 3
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N3 rpacduka cnegyeT UTO yCUNuTeb A0OCTAaTOYHO YCTOMUYMB K pE€aKTUBHOW Harpyske U A0NOSIHUTENbHas
Harpy3ka Ha 3anacax yCTOMYMBOCTU He OTpa)aeTcsl.

CnekTp rapMoHuK Ha 4yactoTte 20 kl'y npu BbIXOAHOM Hanps>xeHun 30 B(nnk) nokasaH Ha puc. 4

It follows from the graph that the amplifier is sufficiently resistant to reactive load and the additional
load is not reflected in the stability margins.
The harmonic spectrum at a frequency of 20 kHz at an output voltage of 30 V (peak) is shown in Fig. 4
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B cnekTpe nckaxeHum curHana yactoton 20 kl'y B YCTaHOBUBLUEMCS pexume npeobnanaer 2-5
rapmMoHuka yposHem 0,0002%.

3aBucmmMocTb THD OT 4YacToTbl NOKasaHa Ha puc. 5

In the spectrum of signal distortions with a frequency of 20 kHz in the steady state mode, the 2nd
harmonic with a level of 0.0002% prevails.

The dependence of THD on frequency is shown in Fig. 5
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CneKkTp MHTEPMOAYALMNOHHbBIX UCKAXEHUN npuBeaeH Ha rpaduke puc. 6
The spectrum of intermodulation distortion (IMD) is shown in the graph in Fig. 6
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MMW nepsoro nopsaka yactoton 1 kl'y umeeTt ypoBeHb 60 MKB, a aMmnnmntyaa WyMoBOW NoACTaBKU B
3BYKOBOW noJsioce paBHa 25 MKB.
KpoccoBepHble UCKaXXeHNs Npu Toke nokost 135 MA Ha oAMH BbIXOAHOW TPaH3UCTOP NOKa3aHbl Ha pucC.

7

IMD of the first order with a frequency of 1 kHz has a level of 60 uV, and the amplitude of the noise
bias in the sound band is 25 pV.

Crossover distortion at 135 mA quiescent current per output transistor is shown in Fig. 7
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N3 pucyHKka 6 BUAHO YTO KOMMYTALMOHHbIE NCKaXeHUS Ha YacToTe 20 Ky HOCAT «MArkun» xapakTep
N UMEKT HU3KUN YPOBEHb BHOCUMbIX MCKaXXeHUNn. Ha 6onee HU3KMX YacToTaX UCKaxXeHmns 3Toro emaa
HUYTOXHO Masbl.

N3MepuM CKOpOCTb HapacCTaHUS BbIXOAHOMO HanpsXXeHUs C NOMOLLbIO naeanbHOro MeaHapa
nponylweHHoro yepes ®HY c yactotomn cpesa 1,2 Mly, puc. 8

Figure 6 shows that switching distortions at a frequency of 20 kHz are “soft” in nature and have a low
level of introduced distortion. At lower frequencies, this type of distortion is negligible.

Let's measure the slew rate of the output voltage using an ideal meander passed through a low-pass
filter with a cutoff frequency of 1.2 MHz, Fig. 8

2.000 R2018-06_SR_CL.CIR

1500 -- === == m == wmm e e e ' T TTE '
1000/
) R e e e ERRCEELEEE PP PP PR PP EEPEPEEEPEEPPERES
0.000 e T T
T e T e TETTTeES
ALDODL - === = e T T
T HHL b S ELTTTEETREE
-2.000 : ' : '

0.000u 25.000u 50.000u 75.000u 100.000u 125.000u

40.000 : : : :
30 000 - - - === ' . -
011111 N A i i -  l i il A Al R
10000 F
0.000 Y i  l E
T ——— e Y
20000 ------------------------------------ ............................................................................................................
30,000} - e e
40.000 ' ' '

0.000u 25.000u 50.000u 75.000u 100.000u 125.000u

35.000
25.000
15.000
5.000
-5.000
-15.000
-25.000
-35.000

99.900u 100. UUUU 100. 1[][.'Iu 1[][]_2[][]u 100. 3[]0u 100. 4[][Ju 100.500u

w(OUT) (V) SR=50V/0.335u5 = 150 V/uS; SRN =150/50 =3 1/uS T (Secs) FPBW = SR/(2nVp) = 150/(2*3,14*35) = 680 kHz
BCs

Fig. 8

BepxHsst yacToTa NOIHOW MOLWHOCTM Mo pacyeTy paBHa 680 kl'y ¢ yyetoM punbTpa 500 Kklu. MNMoatomy
ANs Hadana npoBepuM paboTy ycunutensa Ha yYactote 500 kl'u, puc. 9

The upper frequency of the apparent power is calculated to be 680 kHz (FPBW) with a filter of 500
kHz.

Therefore, first, let's check the operation of the amplifier at a frequency of 500 kHz, Fig. 9
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N3 pucyHka 9 BUAHO 4YTO C ycuieHneMm curHana vactotom 500 kl'y HMKakux npobnem He BO3HUKAET
BMAOTb A0 XXECTKOro KJAMNMPOBaHMNSA CUrHana.

MpoBepuM paboTy ycmnutens Ha 4actoTte B 1,4 pa3sa Bbiwe FPBW, puc. 10

Figure 9 shows that with the amplification of a 500 kHz signal, no problems arise up to hard clipping
of the signal.

Let's check the operation of the amplifier at a frequency 1.4 times higher than FPBW, Fig. 10
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N3 pucyHka 10 BUAHO 4YTO Ha 4vacTtoTe 1 MY Ha NOMIOXUTENBbHOW NOYBOJ/IHE HE XBaTaeT CKOPOCTM
HapacTaHUa AN HEMCKaXXEeHHOro yCuneHmns cmrdana. MoXHO C yBEPEeHHOCTbIO CKa3aTb 4YTO peasnbHasa FPBW
AaHHOro ycunutens He Huxe 800 kIu.

Figure 10 shows that at a frequency of 1 MHz at the positive half-wave there is not enough slew rate
for undistorted signal amplification. It is safe to say that the real FPBW of this amplifier is not lower than
800 kHz.

NMpoBeaeM TeCT C NOMOLbI UAENbHOro TPeyroabHOro curHana d4acrotom 10 klMy nponyweHHoro yepes



®HY c yactoton cpesa 500 kl'y, puc. 11. CKopoCTb HapacTaHusi/cnaga Takoro curHana pasHa 60 B/100
Mkc = 0,6 B/MKc.

Let's carry out the test using an ideal triangular signal with a frequency of 10 kHz passed through a
low-pass filter with a cutoff frequency of 500 kHz, Fig. 11. The slew rate of such a signal is 60 V / 100 ps
= 0.6 V/ ps.
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Mpn BblUNTAHUU CABUHYTLIX NO (pa3e TpeyrosibHbiX CUFHANOB B pe3ysbTaTe nosy4vyaeTcsa meaHap
aMnNAuTyaa KOTOPOro 3aBUCUT OT BPEMEHU CABUIra MexAay CUrHanamm. Yem MeHblle BpeMs 3a4€PXKN — TeM
MeHble amnantyaa. AMNAMTy4a MeaHApa eCTb BEKTOpHas norpewHocTb [2]. Ha BeplunHax TpeyrosbHOoro
CUrHana NpoucxoanT pe3Koe U3MEHEHMe HanpaB/eHMs C HapaCTaHUs Hanpsi>XeHnsa Ha cnag n HaobopoT.
MMeHHO Ha BepLlIMHAX CUrHana v NpouxoasaT AOMOAHUTENbHbIE UCKAXEHMS, HA30BEM UX CKOPOCTHbIMU. NX
MOXXHO U3MEPUTb C MOMOLLbIO BblYNTAHUS U3 BbIXOAHOMO HANpPSXXEHUS BXOAHOMO Hanpsi>XeHus
NpUBEAEHHOIO K BbIXOAHOMY YMHOXEHMeM Ha Ku 1 3aaepXXaHHOro Ha BpeMs NMpOXOXAEeHWs CUMrHana co
BX04a A0 BbIXoAa ycunutens. B pe3ynbraTe BblYMTAHUA Mbl NOy4YaeM BCe BUAblI CKaXXeHUn. Ecnu Bpems
3a4EepPXKN NpoxoxaeHuns curHana mano (He 6onee 50...70 HC), TO CKOPOCTHbIE UCKAXEHUS HUYTOXHO Manbl
N HE NPUBOAAT K 3aMETHbIM UCKAXEHUAM CUrHana. B psaae ycmnutenem Bpems 3a4epXKU NpoOXoXXaeHUs
curHana gocturaet 1...1,5 Mkc (a B psae cnydaes 1 2 MKC). B Taknx ycunutenax 6narogaps rnyéokon OOC
B YCTAQHOBUBLUEMCS peXuMe MOryT bbiTb OUYEHb MaJsible HeIMHENHbIE UCKaXXeHUS, HO 6onbline CKOPOCTHbIE
NCKaXXeHUs MOryT NpMBOAUTL K MOoTepe MUKPOAUHAMM, K NOTepe NOCAE3BYUYUIN, K YXYALUEHUIO
NPO3pPayYHOCTM 3BYYaHUS, K AONOAHUTENbHBIM MHTEPMOAYASALMOHHBIM NCKAXEHUSM B BUAE LIYMOBOM
noACTaBKMU.

Subtracting the phase-shifted triangular signals results in a square wave whose amplitude depends
on the time shift between the signals. The shorter the delay time, the smaller the amplitude. The
amplitude of the meander is a vector error [2]. At the tops of the triangular signal, a sharp change in
direction occurs from an increase in voltage to a decrease and vice versa. It is at the signal peaks that
additional distortions occur, let's call them high-speed ones. They can be measured by subtracting from
the output voltage the input voltage reduced to the output by multiplying by Ku and delayed by the time
the signal travels from the input to the output of the amplifier. As a result of subtraction, we get all kinds
of distortions. If the signal transit delay time is small (no more than 50 ... 70 ns), then the rate distortions
are negligible and do not lead to noticeable signal distortions. In a number of amplifiers, the signal
propagation delay time reaches 1 ... 1.5 pys (and in some cases even 2 us). In such amplifiers, due to the
deep OOS in the steady-state mode, there can be very small nonlinear distortions, but high speed
distortions can lead to loss of microdynamics, to loss of seals, to deterioration of sound transparency, to
additional intermodulation distortions in the form of noise damping.

MpoBeaeM AONOSIHUTENbHbBIA TECT C MOMOLWbIO cUrHana 4actoton 10 kl'u ¢ amnanTyaHon moaynsaumen 1
Kly, puc. 12

Let's carry out an additional test using a signal with a frequency of 10 kHz with an amplitude
modulation of 1 kHz, Fig. 12
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Buabl nckaxeHnin noanncaHbl Ha pUCYHKe

Ha pucyHke 4 nokasaH pe3ynbTaT U3MEepeHUs UCKaXEHUN B YCTHOBUBLLUEMCS pexume. [poBepuM 4YTo
HaM OacT U3MepeHue Ha NepBoM nepuoae Kak n npegnaran 'pam, puc. 13

The types of distortions are labeled in the figure.

Figure 4 shows the result of a steady state distortion measurement. Let's check what the
measurement will give us in the first period as suggested by Graham, fig. 13
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Fig. 13

N3 pucyHka 13 BnAHO 4TO Ha 4vactoTte 20 kl'y 2-9 rapMoHuKa nmeet ypoBeHb -83 aAb nnaum 0,007%.
CnenyeT OTMETUTb YTO 4 NMPOBES MHOIMo UCCNenf0BaHUN pPasiNdHbIX YCUnuTenem metoaom 'paMa n aoskeH
CKa3aTb 4YTO nogasnstouiee 60/bWMHCTBO YCUAUTENEN UMEET YPOBEHb MCKaXXeHUN Ha rnepBoM nepuoae oT
-40 po -60 ab (0,1...1%), B TO BpeMsi KaKk B YCTAHOBMBLLUEMCS peXnUMe X NCKaXeEHUSA BbIIN HUUYTOXKHO
MasbIMU. IMEHHO UCKaXeHUSA Ha NepBOM Nepuoae U AatT KOCBEHHYH OLEHKY CKOPOCTHbIM CBOMCTBaM
ycunuTenem n KoTopble Kak otMmedan paM KoppenupyroT C KayecTBOM 3BYyKa.

Figure 13 shows that at 20 kHz the 2nd harmonic has a level of -83 dB or 0.007%. It should be noted
that I have carried out a lot of research on various amplifiers using the Graham method and I must say



that the vast majority of amplifiers have a distortion level in the first period from -40 to -60 dB (0.1 ...
1%), while in the steady state their distortion was negligible. It is the distortions in the first period that
give an indirect estimate of the speed properties of amplifiers and which, as Graham noted, correlate with

the sound quality.
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