First cycle distortion (FCD) - Graham, what is that?
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I had asked when Graham invented FCD that he provide clear definition of FCD. However, he was too busy
branding my requests as attacks so we never got time to understand clearly what he meant by FCD.

Well, | certainly hope that he come back to finish this discussion....

And | think if proven true, FCD can be a revolutionary step forward in our understanding of audio and human
hearing.

Back in 1982, |. Dostal [1] introduced the concepts of such distortions as vector and sped (velocity), Fig. 1
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Figure 1 on the right shows the ramp voltage reduced to the output voltage level by multiplying by Ku, as well as the
actual output voltage.

The real output voltage is delayed at the amplifier output by the time the signal travels from input to output (Tc).

The filled triangle represents speed distortion. Let's consider the manifestation of high-speed distortions on a
specific example of a composite amplifier, Fig. 2
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Let's check the loop gain and stability margins, Fig. 3
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The amplifier has a phase margin of 65 degrees, which is close to optimal. The loop gain at 20 kHz is 70 dB, and at

low frequencies it reaches 170 dB.

Let's remove the Bode graph, Fig. 4
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DC amplifier, therefore, the group delay is constantly from infra-low frequencies and has a horizontal section almost

up to 10 kHz, higher in frequency, a smooth decline of the group delay begins. As practice shows, in order for the amplifier
to have a minimum of transient distortion, its GDT must be constantly in the sound band and have a margin in both
directions at least 10 times, i.e. from 2 Hz to 200 kHz.

For example, the following parameters are given for the reference amplifier Goldmund Telos 5000

Goldmund Telos 5000
http://www.goldmund.com
Circuit Speed

* Slew rate : = 200 V/us.
* Rise time : < 200 ns.
Group Delay

Time Propagation delay < 100 ns stable with frequency from DC to 200 kHz.

Let's measure the spectrum of nonlinear distortions at a frequency of 20 kHz with an output voltage of 10 V (peak),

Fig. 5



T 10,0000 compaosite Yewen. CIR
x1 —
AT PD ST N N— . SU— S S—— i — S S
1.5u s | = = | | | |
] | BT et St e D000V sssmisms A s s
R1 R3 : : ; ] : : | :
i e . e s e
4.7k 4.9k : : : ! :
ZO00uf--------- CIEREaES| THORT SRR [EORdi JTaRie et ISR ICECIORTTS
R4
II 5 d 0.000u™
* 180 . UEU.CIDK 40.00K S80.00K S0.00K 100.00K 120.00K 140.00K 180.00K 180.00K 200.00K
G\ E IHIYHARMORLY) (3%}
F {Hz)
o V1 -¥" LM318 12500 ,
-~ x2 e o e e e
R2 * RS e T R R R R [ IR | PR —
L L___*f + MNC 1.5k
2.4k 0000 |0 e sdma e e e T (R
R6 D . &
510 : : : : : ! ! : :
T A, e e dcmacny TR o s (A e R
e —12.5-530.:'35“ EQ. 000w 100.000u 1850.000u 200.000u 250.000u 300.000u 35D.000u 400.000u 450.000u E00.000u
T {Secs)
Fig. 5

Due to the deep feedback, the level of nonlinear distortion in the steady-state mode in the 80 kHz band does not
exceed 0.000004%. At lower frequencies, the level of distortion is even lower. There are practically no transient distortions
in amplifiers with more than 10-fold linearity margin of the group delay and they are stable already from the first to the
second period. The amplifier was simulated in the 11-th version of the program Microcap, where it is not possible to check
the distortion spectrum in the first periods, therefore, we will check in the 4-th period (program limitation), Fig. 6
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Although the distortion is still small, it is more than 2000 times higher than in steady state.
Since the initial section of the sinusoid is close to a linearly increasing voltage, it is very convenient to see the speed
distortions in the first period, Fig. 7
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sinusoid only at the beginning of the first period, Apparently it was this type of distortion that Graham had in mind. Starting
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The time propagation delay is quite large - 1.5 us (see Fig. 4). We see the deviation of the output voltage from the

from the second period and on subsequent ones, there are no speed distortions associated with transient distortions and
the magnitude of the delay time. That is why distortions are not detected in standard measurements! The initial section of
the sinusoid is highlighted with a square, let's see it in more detail in an open form, Fig. 8
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It is clear that there is no repetitive high-speed distortion on a sinusoidal signal. For this, a triangular signal must be

used as a test signal. Then, when changing the direction of the voltage (at the tops), speed distortions will appear every

time

. To isolate them, it is necessary to subtract the input voltage multiplied by Ku and delayed by the time propagation

delay (GD) from the output voltage.

This procedure is very convenient to do virtually at the stage of amplifier design.
As practice shows, speed parameters are highly correlated with sound quality. The time propagation delay should

not exceed 50 ... 70 ns.
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