IIpumep ananmu3a moxenu ycuaurtesasi Ampzilla (ynpoimennas Bepcusi)
Ampzilla Amp Model Analysis Example (Simplified Version)

B kadecTBe MOIOMBITHOTO YCHIIUTENS BO3bMEM YIPOIIEHHYIO MOZEIb JiereHaapHoro yeunutens Ampzilla. Yeunurens Obut
pa3paboran B Havalsie 70-x BeiatomumMcs mactepom Jxxumom bonmxopno (Jim Bongiorno). Yeunutenb Obll MAKCUMAJIbHO YIIPOIIEH
U TIPUBEICH 10 MUTaHuIO K +-40 B kak y paHee pacCMOTPEHHBIX YCHIIUTENCH.

As an experimental amplifier, let's take a simplified model of the legendary Ampzilla amplifier. The amplifier was developed in
the early 70's by the eminent master Jim Bongiorno. The amplifier was simplified as much as possible and the power supply was
reduced to + -40 V as in the previously considered amplifiers.

[Tapy cioB o mactepe: Jim Bongiorno He TOIBKO XOPOIIO pa3Oupacs B 3ByKe, Tak Kak ObUT MpodeCcCUOHATBLHBIM MY3BIKAHTOM,
HO Y ObUI TeHHAJIbHBIM IEPBOMPOXO/ILIEM B CXEMOTEXHHUKE TPAH3UCTOPHBIX YCHUIIUTETICH.

OCoOGeHHOCTH CXEMOTEXHUKH PAaCCMOTPUM Ha MPUMEpe yIPOLIEHHOM MOIeNH, puc. 1.

A few words about the master: Jim Bongiorno was not only well versed in sound, as he was a professional musician, but was
also a brilliant pioneer in the circuitry of transistor amplifiers.

We will consider the features of circuitry using a simplified model as an example, Fig. 1.
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Fig. 1

Cxema ycunutens CMHMMETpHU4Hasi. Bo BXOJJHOM Kackajie UCI0JIb30BaHa HeOoubInas koppekius Ha onepexenue (Co6, C7) u
nacCUBHas KOPPEKIIUsI B HArpy3Ke BXoAHOTO Tuieua qudrackana R3, C2 (R6, C3). B uenu NFB ucnonbs30BaHbl HU3KOOMMHBIE
pesuctopsl R20, R21. [Ilnoaer D4, D5 cinyxar 115 HCKIIFOUEHHS HACBIIIECHUS TPAH3UCTOPOB YCHUIIUTENS HANIPsKEHUsI. TOK OKoA
BBIXOJIHBIX TpaH3UCTOPOB (bias) perynupyrot noapdopom pesuctopa R28. [logasnstoniee O0NBIIMHCTBO yCHIIUTENEH HYKIAETCS B
Jpocceie Ha BBIXoZe IS oOecrieueHus ycTounBoii padboTsl. Ho kak roBopun Graham Maynard ot qpoccerns yacto Oonbine Bpena
YeM MOJIb3bl, TaK Kak OH MOXKET 00pa30BbIBATh MOCIEI0BATENIbHBIN KOJIEOATEeIbHbIN KOHTYP C PEaKTUBHON Harpy3Koil.

The amplifier circuit is symmetrical. In the input stage, a small advance correction (C6, C7) and passive correction in the load of
the input arm of the differential cascade R3, C2 (R6, C3) are used. In the NFB circuit, low-resistance resistors R20, R21 are used.
Diodes D4, D5 serve to exclude saturation of the voltage amplifier transistors. The quiescent current of the output transistors (bias) is
regulated by selecting the resistor R28. The vast majority of amplifiers need an output choke to ensure stable operation. But as Graham
Maynard said, the choke is often more harm than good, since it can form a serial oscillatory circuit with a reactive load.

CHumem TumnoByro auarpammy bone 6e3 BxogHoro puasrpa HU (C1=0), puc. 2. [Tockonsky mporpamMmma Microcap MO3BOJSET
OIHOBpEMEHHO mpocunuThiBaTh U Group Delay, To 3a01HO BEIBeieM U ATOT rpaduK.

Let's remove a typical Bode diagram without an input low-pass filter (C1 = 0), Fig. 2. Since the Microcap program allows
calculating the Group Delay at the same time, we will also display this graph.
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Kak Bugum u3 rpaduka Group Delay paBno 62 He. ['padux GD umeeT ropu3oHTaIbHBINA yU4acTOK 10 HecKonbKkux MI'. B koH1Ie
rpaduka UMeeT MeCTO TUIaBHBIN CIIa].

Crenyrommii BaxHbIN rpauk — rpaduk MeTIeBOro yCUICHHsI, OTBEYAET 3a YCTOWYMBOCTh pabOThl yCUITUTENS, pUC. 3

As you can see from the graph, the Group Delay is 62 ns. The GD plot has a horizontal section up to several MHz. There is a
gradual decline at the end of the chart.

The next important graph is the loop gain graph, which is responsible for the stability of the amplifier, Fig. 3
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13 rpaduka nemieBoro yCWICHHs BUAHO YTO YCHIIMTENh a0COTIOTHO YCTOWMYMB Ha JIF000H peakTuBHOM Harpy3ke. [myouna NFB

Ha gacrtore 20 k['q 6bonee 40 nb.

Crnenyrouuid TpaguiiuoOHHO u3MepsieMbiit napametp 3to THD unu cnektp Ha wacrote 1 kl'1, nunorna Ha yacrore 10 unum 20 kI,

[TocmotpuMm cniekTp curnana yactoroi 10 kI’ Ha BeIxoae ycunurens, puc. 4

dB.

The loop gain graph shows that the amplifier is absolutely resistant to any reactive load. NFB depth at 20 kHz is more than 40

The next commonly measured parameter is THD or spectrum at 1 kHz, sometimes at 10 or 20 kHz. Let's look at the spectrum of

a signal with a frequency of 10 kHz at the amplifier output, Fig. 4
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Kak BuHO 13 TecTa CIEKTp CHaJalolIHii, B CIIEKTPE MPEUMYIIECTBEHHO 3-51 TApMOHUKA.

Crnenyromuid TpaJulIMOHHO MTPOBOJIMMBIN TeCT 3T0 TecT Ha IMD, puc. 5

As can be seen from the test, the spectrum is falling, in the spectrum there is mainly the 3rd harmonic.
The next traditionally performed test is the IMD test, fig. 5
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Fig. 5

N3 tecta cneayert uto IMD nepBoro nopsiaka (curnan yactoroit 1 k') umeet ypoBues 0,25 mB. BOm13u 0CHOBHBIX CUTHAJIOB
€CTh HECKOJIbKO ApyTrux npoaykroB IMD, HO oHU OyayT XOpOII0 3aMacKUpPOBaHbI MOJE3HBIMU cUrHaaMu. OctaiibHble TpoayKTsl IMD
B 3ByKOBOM JIMAMA30HE HUKE MOJIE3HBIX CUTHATIOB puMepHo Ha 140 nb.

It follows from the test that the IMD of the first order (signal with a frequency of 1 kHz) has a level of 0.25 mV. There are
several other IMD products in the vicinity of the main signals, but these will be well masked by the useful signals. The rest of the IMD
products in the audio range are below the useful signals by about 140 dB.

[TpoBepuM yCHIIHTETh HA KOMMYTAITMOHHBIC HCKKEHUS (PUC. 6) € TIOMOIIBIO CIIeUaIbHO Pa3pabOTaHHOTO ISl 3TOM LIEIH
bunsTpa
Let's check the amplifier for switching distortion (Fig. 6) using a filter specially designed for this purpose.
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Kak moka3bsIBaeT TECT B yCHINTENE MpeodaagacT 3-51 TapMOHUKA, KOMMYTallMOHHBIC HCKAKCHHSI HIUTOXKHO MaJIbl M HOCST
MSTKUU XapaKTep.

OdeHb HAJICFOCh YTO TECTHI MPOBEJACHHBIC BHIIIC MIOHATHBI BCEM, Ja)Ke HAYMHAIOIITUM PaTHOJIFOOUTEIISIM.

JIOTIOTHUTENBHO TIPOBEIEM TECT JJIsl IPOBEPKHU Havalla yCuiaeHus curHana yactotoi 20 kI, puc. 7

As the test shows, the 3rd harmonic prevails in the amplifier, switching distortions are negligible and are of a soft nature.

I really hope that the tests carried out above are clear to everyone, even to novice radio amateurs.

Additionally, we will conduct a test to check the beginning of the amplification of the signal with a frequency of 20 kHz, Fig. 7
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Kak noka3pIBaeT TeCT BpeMsi BbIX0/]a Ha YCTaHOBUBIIHMIACS pexuM 3annMmaet meree 100 ue mpu Gdelay paBaom 62 Hc.
bnaromapst 607b11101 IPOTHKEHHOCTH TOPU3OHTAIBHOTO yuacTka GD u miiaBHOMY criaay B KOHIIE XapaKTEPUCTHKU HA CHHYCOUJIE HET
UCKaKEHUH KoJiebarenbHro Xapakrepa. CKOPOCTHBIE NCKAKEHUS BBICIICHHBIE )KEITHIM IIBETOM HUYTOKHO MAJIbI.

B nononnenue nposepuM Kak ycunuaercs curtai yacrorov 1 MI'm, puc. 8

As the test shows, the time to reach the steady state takes less than 100 ns with Gdelay equal to 62 ns. Due to the large length of
the horizontal section GD and a smooth slope at the end of the characteristic, there is no oscillatory distortion on the sinusoid. Velocity
distortions highlighted in yellow are negligible.

In addition, let us check how the 1 MHz signal is amplified, Fig. 8
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Haunnas co Broporo neproaa y>xe He BUIHO 3aMETHBIX HCKaKCHHM.
Starting from the second period, noticeable distortions are no longer visible.

51 B odepenHoil pa3 mokasaj uTo JUIs MOTyYeHHUsT MaJIbIX UCKKEHHUH y)Ke HauuHasl C IepBOro MEePHoIa CUTHANA (3TO TO YTO
neiTasics JoHectd Graham Maynar ceoum FCD) HeoOXoqumMo 100MBaThCs Kak MOKHO MeHbIero 3HadeHus: Gdelay kak B 3ByKOBOM
JMara3oHe, TaK M 3a ero MpeeIaMu.

Uro kacaercst punbTpa HY Ha BXOme ycumTens, TO 1axe B TO najekoe Bpemsi Jim Bongiorno ucmonb30Ban GUIBTP ¢ 4aCTOTOM
cpe3a 800 xI'11 (B 5 pa3 BbIlIe TPAAUITMOHHO TPUMEHSIEMOTO CETO/IHS ).

I once again showed that in order to obtain small distortions already starting from the first signal period (this is what Graham
Maynar tried to convey with his FCD), it is necessary to achieve the lowest possible Gdelay value both in the audio range and beyond.

As for the low-pass filter at the input of the amplifier, even at that distant time Jim Bongiorno used a filter with a cutoff
frequency of 800 kHz (5 times higher than traditionally used today).

Kparkuit ananus nposei
A brief analysis was carried out

Petr



