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From: Alan E.E. Rogers
Subject: Tests of a new pre-amp configuration

The present VLBA recorder pre-amp uses an emitter-follower, followed by a common emitter stage.
This configuration has the following independent noise voltage contributions (referred to the input)
for low input impedance:

1] 1% 2N3906 at 1 ma 1 nV//Hz

2] 500 emitter resistor 0.9 nV//Hz

3] 2™ 2N3906 1nV//Hz
Iss 1.7 nV//Hz

Simply eliminating the first stage and removing the emitter resistor eliminates the first two sources
of noise and lowers the noise floor to 1 nV//Hz or 4.5 dB improvement This has been tested on
the VLBA REC #3 by removing the emitter-follower transistor and replacing it with a jumper.
Also removed were the oscillation damping circuit and the 3.3K bias resistor. The emitter resistor
was reduced to 10 ohms and the collector resistor was reduced to 470 ohms to lower the gain and
provide about the right capacitance (via the collector-base feedback) to resonate the head at 4.5
MHz. With this circuit, the SNR at frequencies below 1 MHz is improved by about 5 dB. At higher
frequencies the SNR improvement is less since at these frequencies the thermal and tape noise
from the head are starting to dominate the transistor noise. Since the head was resonant at
bandedge the equalizer was sxmphf ed to the circuit shown in Figure 1. The overall broadband SNR
improved by 5 dB to 23 dB!.

Cascode pre-amp

While the emitter-follower could be changed to a common emitter circuit without changing the pc
boards, I suggest a completely new design using the "cascode" configuration to provide noise floor
improvement plus a lower input capacitance. The large input capacitance is the result of
magnification of the collector-base stray capacitance owing to the voltage amplification. The

1Usin5 D1K tape at 56 Kbi (160 IPS playback).



cascode circuit plus an emitter-follower can provide the same frequency response and gain as the
present circuit so that the equalizer will be unchanged. It is probably more flexible not to resonate
the head at bandedge - but to keep the resonance above bandedge as in the emitter-follower pre-
amp. Further noise floor reduction could be made by using a transistor with larger area (and hence
larger capacitance) than the 2N3906 or by connecting many 2N3906s in parallel - but this will force
a lower head resonance.

Tests have been made using the cascode follower circuits shown in Figure 2. Feedback has been
added to reduce the Q of the head resonance (as is used in some VCR preamps) without the noise
penalty that results from placing a resistor in parallel with the head.

The SNR is improved by about 5 dB on the average throughout the band, although the larger
improvement tends to be at frequencies below 1 MHz. The broadband SNR is improved by 5 dB.
When the broadband SNR is measured at the differential input to the comparator, some of the low
frequency noise is cancelled by the DC restoration circuit and the SNR advantage of the better pre-
amp is estimated to be reduced by 1 dB, to 4 dB. Component values were chosen to have virtually
identical signal response to emitter-follower pre-amp. Figure 3 shows the noise level for each pre-
amp (signal levels are the same to within 1 dB) with the tape stopped. With D1K running on blank
tape the noise level is evident with cascode preamp at frequencies above 1 MHz. With Fuji S-
VHS tape the degaussed tape noise was not detectable with either pre-amp.

At present, there is no plan to replace the emitter-follower pre-amp in the VLBA recorder with a
lower noise pre-amp. However, if the headblock assembly has to be improved for other reasons
(like circuitry changes to solve record cross-talk), then consideration should be given to including
a better pre-amp. Also, our need for better SNR may depend somewhat on our selection of tape -
although in general an improved SNR margin is highly desirable.
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Figure 3. Signal and noise level comparisons

Emitter-follower vs Cascode Preamp.



