I'pynnoBoe BpeMs 32/1epPAKKH NMPOXO0KICHUSI CUTHAJIA
Group delay time

MHorue KoJIerd yTBEPKIAt0T YTO ISl TOTO YTOOBI UMETh MPECTAaBICHHE 00 YCHUIIUTEINE BIOJTHE JOCTATOYHO CHATh TAaKHUE €T
xapaktepuctuku kak AUX u ®UX (muarpammy boxe). PaccMoTprm 310 Ha mpuMepe paHee paCCMOTPEHHOTO yCHIIUTENS, puc. 1

Many colleagues argue that in order to have an idea about the amplifier, it is quite enough to remove such characteristics as the
frequency response and phase response (Bode diagram). Let's consider this using the example of the previously considered amplifier,

Fig. 1
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YUTo MOXKHO CKa3aTh O TAKOM yCHiIMTeNe? YCUIIUTENb NOCTOSSTHHOTO ToKa ¢ JuHeiHoN AYX noutu 1o 100 xI', Beime 100 kI
nMmeeT Mecto noabem AUX ¢ makcumyMmoM Ha yactore 350 kI'. Ho 3To Bcero nuiib MaioCUTHaIbHbBIC TApaMeTPbl HUUETO HE
TOBOPSIIYE O TOBEACHUN YCUIIUTENS HA PEAJIbHOM CUTHAJIE.

Emte pa3 cHuMeM xapakTepHuCTHKY, HO Ha 3TOT pa3 ¢ Group Delay, puc. 2
What about such an amplifier? A DC amplifier with a linear frequency response up to almost 100 kHz, above 100 kHz there is a

rise in the frequency response with a maximum at a frequency of 350 kHz. But these are just small-signal parameters that say nothing

about the behavior of the amplifier on a real signal.
Let's remove the characteristic again, but this time with Group Delay, fig. 2
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Fig. 2
Kak Bugum Ha gactore 350 k[t umeet mecto mogbem AUX 1o 5 n1b u Group Delay mo 700 e



[Tocmotpum Gonee BHUMarenpHO moBeaeHue Group Delay B 3BykoBOM amarma3one, puc. 3
As you can see, at a frequency of 350 kHz, there is a rise in the frequency response up to 5 dB and Group Delay up to 700 ns.
Let's take a closer look at the behavior of Group Delay in the audio range, Fig. 3
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B Gounbieit yactu 3BykoBoro auamnazona Group Delay umeer orpuniatenbHOe 3HaY€HUE, MAKCUMYM KOTOPOTO MPUMEPHO Ha

gactore 3 kI'11 — o0iacTh HauOOJIbIIIEH YyBCTBUTEILHOCTH cliyXa. Group Delay mepexonuT B MOJOXKHUTEIBHYIO 00J1aCTh Ha 4aCTOTaX
gke 300 't m Beime 33 kI,

[TocMoTpuM ycuiieHHe MepBOro nepuoaa curuana yacrorout 33 k', puc. 4

In most of the audio range, Group Delay has a negative value, the maximum of which at about 3 kHz is the area of greatest
hearing sensitivity. Group Delay goes positive at frequencies below 300 Hz and above 33 kHz.

Let's see the amplification of the first period of the signal with a frequency of 33 kHz, Fig. 4
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Hccnenyem 6osee BHUMATENIBHO HaYajIo0 Mepuoja, puc. 5
Let us examine more closely the beginning of the period, Fig. five
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Hecmotps Ha orpunarensnoe Group Delay Hayano cursana cyuecTBEHHO 3aJepKaHo, 3aTeM Olrke K 1,5 MKC MpOucXoauT
NepPEeCEUYEeHHE BHIXOAHOIO CUTHAJIA C BXOJHBIM CUTHAJIOM YMHOXEHHBIM Ha Ky 1 Jlajee HacTymaer onepe:KeHue BbIXOJTHOTO CUTHAJa.
BbIxon Ha yCTaHOBUBIIMICS PEKUM 3aHUMAET Ooiee 3 MKC.

U3 pucynka 2 Mol 3HaeM uyto AYX u Group Delay umerot nogbem Ha yactore 350 kI'11, 4TO rOBOPUT O pe30HAHCE HA ATOU
gactore. [lepuos 3Toit yacToThl paBeH 2,86 MKc. IMEHHO ¢ 3TO# 4acTOTOM MBI BUIUM KOJIeOaTeIIbHBIN MPOIEeCcC B Hauaje mepruo/ia
J1000T0 CUTHANA.

[IpoBepuM Havano ycunenus curnana yactorou 10 kI'm, puc. 6

Despite the negative Group Delay, the beginning of the signal is significantly delayed, then closer to 1.5 ps, the output signal
intersects with the input signal multiplied by Ku, and then the output signal is advanced. It takes more than 3 ps to reach the steady
state.

From Figure 2 we know that the phase response and Group Delay have a rise at 350 kHz, which indicates resonance at this
frequency. The period of this frequency is 2.86 ps. It is with this frequency that we see the oscillatory process at the beginning of the
period of any signal.

Let's check the beginning of signal amplification with a frequency of 10 kHz, Fig. 6
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N na gactore 10 xI'11 MBI HAOIFO/IaEM TOT K€ KOJIeOATESIIBHBIN MPOIIECC.
And at a frequency of 10 kHz, we observe the same oscillatory process.

OTKITIOYMM CHCTEMY CEPBOKOHTPOJIS, COATAaHCUPYEM YCUIIUTENh U MPOBEPUM BEKTOPHYIO MOTPEUTHOCTH HA MY3bIKAIHLHOM
curnaie, puc. 7. Koaddumuent ycunenus orkanudpoBan Ha yactore 5 kI 1.

Turn off the servo control system, balance the amplifier and check the vector error on the music signal, Fig. 7. The gain is
calibrated at 5 kHz.
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Fig. 7

Kak BuHO U3 TecTa aMIUIUTY/la BEKTOPHOU MOTPENTHOCTH K KOHILy Tpeka aocturaet 15...20 MB npu amruinTyie BEIXOTHOTO
HanpspkeHust nocruratonieit 32,5 B(nuk). Ecnu BbIpa3uTh BEKTOPHYIO MOTPEITHOCTD B MPOIIEHTAX, TO OHA COCTaBUIJIa PUMEPHO
0,06%.

As can be seen from the test, the amplitude of the vector error at the end of the track reaches 15 ... 20 mV with the amplitude of
the output voltage reaching 32.5 V (peak). If we express the vector error as a percentage, then it was about 0.06%.

Msr1 npoBenu TecT 6e3 BxonHoro ¢uinsrpa HY. Bepaem nHa Mecto xornencarop 1 H®, yrouanm kodhPUIMeHT ycuneHus Ha
yactoTre S5 kIl 1 TOBTOPUM TECT, puUC. §

We ran the test without an input low pass filter. Replace the 1 nF capacitor, refine the gain at 5 kHz and repeat the test, Fig. 8
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Fig. 8

U xoTs Ha mepeaaye cCUrHajla B 3ByKOBOM JanazoHe BKirodeHne puiabrpa HU nmpakTudecku He OTpa3uiioch, TEM HE MEHEE
BEKTOpHAs IOTPEITHOCTh BhIpocya Oosee ueM B 5 pas!

And although the inclusion of the low-pass filter practically did not affect the signal transmission in the audio range,
nevertheless the vector error increased by more than 5 times!



Hy a Tenepp 115 cpaBHEHHS] TOCMOTPUM aHAJIOTMYHbIE MapaMeTpbl Broporo ycunurens [1]. g nayana caumem AUX, ®UX u
Group Delay ¢ oTKIF0O4€HHOM CUCTEMOW CEPBOKOHTPOIIS, pUc. 9

Well, now, for comparison, let's see similar parameters of the second amplifier [1]. First, let's remove the frequency response,
phase response and Group Delay with the servo control system turned off, Fig. 9
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3nech Mbl BuguM 4to Group Delay npumepHo paBHO 20 HC ¥ OHO TOCTOSIHHO BO BCEM 3BYKOBOM JHANa30HE U J1aJIEKO 3a €ro
npenenamu. [locmorpum Group Delay B TakoM e maciiTade Kak v rpaduk npeablayero ycuimrens, puc. 10

Here we see that the Group Delay is about 20 ns and it is constant throughout the entire audio range and far beyond. Let's see
the Group Delay on the same scale as the graph of the previous amplifier, Fig. 10
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[IpoBepum Havano ycuieHus curnana yactoroi 20 kI, puc. 11
Let's check the beginning of signal amplification with a frequency of 20 kHz, Fig. 11
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Kak BugHO 13 pucyHka 10 BbIxomHOM cuTHAI yke depe3 30 HC cIMBaeTCs C HIeaIbHBIM CUTHAJIOM 0€3 KaKuX JH00
KoJieOaTeNbHbIX MporeccoB. Eciu nmperedpedb CKOPOCTHRIMU MCKAKEHUSMH (BBIZICIICHO KEJITHIM I[BETOM), TO MOKHO C YBEPEHHOCTBIO
CKa3aTh UYTO CUTHAJI IPOCTO 3a/iepkaH Bo BpeMeHu Ha 20 He. Ha Oonee HU3KkMX yacToTax OyzeT Ta ke 3aJepikKa, HO OTHOCUTEIbHOE
3HAYE€HHE CKOPOCTHBIX HCKAXEHHUM Oy/IeT CYIIECTBEHHO MEHbIIIE.

[TpoBepuM 4TO 3TO A€T B TECTE HA BEKTOPHBIC MOTPEITHOCTH HAa PEaTbHOM MY3bIKAJIbHOM CUTHAJE, puc. 12

As can be seen from Fig. 10, the output signal merges with the i1deal signal after 30 ns without any oscillatory processes. If we
neglect the speed distortions (highlighted in yellow), then we can say with confidence that the signal is simply delayed in time by 20
ns. At lower frequencies, there will be the same delay, but the relative value of speed distortion will be significantly less.

Let's check what this gives in the test for vector errors on a real musical signal, Fig. 12

Fig. 12

Kak BUIMM BEKTOpHAas MOTPEIIHOCTh 3TOTO YCUIIUTENSA B 6 pa3 MeHbIIE, T. €. paBHa Bcero 0,01%.
As you can see, the vector error of this amplifier is 6 times less, that is, it is only 0.01%.

BriBo.
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Heobxonumo caumars xapakrepuctuky Group Delay He Tonpko Ha onHol yactote 20 kI'11, HO TPOBOAUTH €€ aHaU3 BO BCEM
3BYKOBOM JIMaNa30He U JaJieko 3a ero npeaenamu. Ocoboe BHUMaHUE cienyeT yueisTs noBeaenuto Group Delay nanexo 3a
npeiesaMu 3ByKOBOTO Juana3zoHa. Yem 0oJbllie NpoTsKeHHOCTh JJMHEHHOTo yyacTka — TeM Jiydine. OnTUManbHbIi BApUaHT KOTAa
Group Delay umeer mnaBusbiit ciaa. HeGonpimoit mogbem GD nomycTum He panee yem Ha yactore 1...2 MI ', ipu 3TOM BendnHa
norbeMa He JI0JDKHA npeBbimare 1,5...2 GD cooTBecTByIOMIETro rOpU30HTAILHOMY y4acTKy (Wim Ha yacToTtax 5...20 kI'm).

Conclusion

It is necessary to record the Group Delay characteristic not only at one frequency of 20 kHz, but to analyze it throughout the



entire audio range and far beyond it. Particular attention should be paid to Group Delay behavior far beyond the audio range. The
greater the length of the linear section, the better. The best option when Group Delay has a smooth decline. A small rise in GD is
allowed no earlier than at a frequency of 1 ... 2 MHz, while the amount of rise should not exceed 1.5 ... 2 GD corresponding to the
horizontal section (or at frequencies of 5 ... 20 kHz).
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