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A Passively Equalized
Phono Preamp

HIS ARTICLE describes a ''passive"’

RIAA preamplifier. I have paid
close attention to its operating re-
quirements and parameters, as well
as to the devices and components-
used to create it. It produces superior
sound; but it is neither inexpensive
nor very easy to build.

I will forego the standard approach
to describing its circuitry ('R, does
this and C, is for that,” etc.). Instead,
I'm going to describe the less obvious
considerations and an approach to, or
philosophy, of design. But first I'd
like to digress a bit.

TRADITIONAL ANSWERS

The preamplifier shown in Fig. 1 has
been the mainstay of many good pro-
ducts for quite some time. The
general idea is to provide open loop
gain high enough to minimize noise.
The RIAA network needs about 60dB
at low frequencies. Add another 20dB
for stability and distortion reduction,
and we have 80dB. Many circuits,
particularly the IC types, meet and
exceed this requirement at very low
frequencies.

Using this approach, the builder
reduces noise in the input stage with
low collector currents—100pA is a
frequent choice. But this con-
siderably limits the stage's slewing
ability; in addition, the preamp’s
open loop bandwidth is usually only
about 100Hz.

In the light of much recent in-
vestigation into audio distortion
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Traditional preamp
desiﬁners deal inadequately
with many problems: feed-

back, accurate equaliza-
tion, symmetry, DC offset,
input loading, polarity,
crosstalk, power supply and
grounding. Here's one
designer’s approach to the
questions.

mechanisms, a good deal of this tradi-
tional design approach is ques-
tionable and makes it difficult to
meet the challenge presented by new-
ly developed requirements and in-
sights. Feedback is one important
matter. The amount of negative feed-
back ["active’’ RIAA) differs with
varying frequencies: how much it dif-
fers depends on the RIAA closed-loop
gain versus frequency and the shape
of the open-loop gain versus frequen-
cy curves. Negative feedback does
not reduce all harmonics by the same
amount, low-order harmonics being
reduced more than high order ones;
low amounts of negative feedback
can actually increase the high order
content. Perhaps these varying
amounts of feedback accompanying
the '‘active’’ RIAA amplifier con-
tribute to its discontinuous tone
quality.

EQUALIZATION PROBLEMS

Another concern is that error correc-
tion and phase/amplitude compensa-
tion (RIAA) in the same path leads to

a compromise situation. The error
components (distortion) of the output
signal are also subjected to the RC
networks’' phase/amplitude action.
This leads to somewhat less than
ideal error correction when applied
to the inverting (~) input port.
Active RIAA circuits may also have
an inherent problem I'd like to get rid
of. This type of feedback has two
functions, RIAA compensation and
error correction. If we think of the
preamp output as composed of two
components, the pure amplified
signal and the added distortion, we'll
visualize the problem more clearly.
The pure (undistorted) amplified
signal is fed back through an inverse
RIAA network for flat response at the
output. The distortion components

.generated by the imperfect amplifier

are fed back to the same input port

‘but changed in amplitude and phase

by the RIAA network. A better solu-
tion, therefore, would be to separate
the error correction from the RIAA
network, as does a '‘passive’’ RIAA
preamplifier.

Distortion is greatest in the single-
ended driver stage Qs (See Fig. 1)
because this stage must usually drive
the output stage’s relatively low im-
pedance and/or swing the full power
supply voltage. Attempts to remove
the distortion by such means as
bootstrapping and active current
sources produce nowhere near the
improvement achieved with push-
pull or symmetrical designs.



PASSIVE ALTERNATIVES

In a ''passive’’ RIAA phono amplifier
the RIAA network is not part of the
feedback circuit, but is simply an RC
circuit placed between two gain
stages. Since we no longer have to get
all the gain needed from one stage,
we can reduce open loop gain while
increasing open loop bandwidth to
cover the whole audio range and
beyond if we wish.

The best amplifier circuit is balanc-
ed and symmetrical, thus offering the
lowest distortion potential; examples
are the differential and com-
plementary-symmetry push-pull.
Operation must be Class A
throughout. With discrete circuitry
we can run at higher currents and
voltages, thereby reducing the
signal's power to change device
parameters under dynamic signal
conditions. It also allows the devices
to operate up on the flat portion of the
transconductance curves.

Achieving the full potential of any
symmetrical stage requires compo-
nent devices matched at all levels.
Devices are often matched. at their
idle currents alone, but this givesonly
one reference point. They must also
match at the current level produced
by peak expected signal swings.
(Relatively high idle currents, of
course, minimize the range of current
swings.) If two devices match at both
levels, they'll do a good job of track-
ing each other between the two
operating extremes. Selecting devices
matched at only one operating point
may lead to the pair going off in dif-
ferent directions when a signal is ap-
plied—i.e., a differential error occurs
between the quiescent and peak
points and distortion increases,
especially even-order distortion.

Matched pairs also offer better
thermal tracking, necessary for low
drift and offset in direct-coupled
designs. Such designs offer low
distortion in many inconspicuous
ways. The topology used here allows
the use of monolithic matched dual
devices which eliminate any need for
individual selection and testing and
provide superior thermal balance.

CAPACITOR BAN

The use of DC coupling provides
several ancillary benefits, such as
eliminating the cost and distortion of
coupling capacitors (yes, capacitors
do introduce audible distortion).
Equally important is the reduction of

envelope and group delay distortion?,
which can be significant in AC amp-
lifiers. These types of distortion have
a marked effect on low frequency
tone quality. Envelope distortion can
also be heard in the middle frequen-
cies, being especially noticeable in
solo piano recordings where rapid at-
tacks seem to lose clarity and sound
muddy.

When we analyze the output signal
equation for THD into a Fourier
series, a DC item appears in the equa-
tion. If we measure THD with a sine
wave this item remains constant with
respect to time and therefore does not
appear in the measurement. But
when we feed audio {music) signals
into an amplifier, the DC changes in
relation to time. This fluctuation

causes adverse effects in the form of
low frequency content not found in
the original signals. This pheno
menon's discoverers call it DC distor-
tion, and think it exists in amplifiers
with a gain difference between the in-
put signal's positive and negative
polarities; they also suspect it is close-
ly related to even-order harmonic
distortion.

I need only say that envelope
distortion which includes DC distor-
tion cannot be reduced in AC amp-
lifiers simply by reconstructing the
circuits into a direct-coupled design,
nor by forcefully eliminating
capacitors from feedback circuits.
The various methods I use in this DC
preamplifier help to reduce envelope
distortion; consequently, no signifi-
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Fig. 1. Typical active phono stage topology.
2. Basic phono stage circuit diagram.
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Fig. 3. Block diagram of a passively equaliz-

Fig. 4. A compound-complimentary amplifier.
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cant changes in such distortion will
occur even if we include a coupling
capacitor to turn a DC amplifier into
an AC one. However, if you think
such capacitors are useful, then for
minimal distortion they must be of
the low dielectric absorption type.

A DC amplifier must have very lit-
tle offset voltage at its oufput, and the
offset must not vary with tempera-
ture variations. Do not try to achieve
a zero volt DC output by introducing
an opposite voltage to compensate for
an inherently unbalanced stage. Zero
VDC is a result of a well-matched,
balanced, symmetrical amplifief,
which provides the lowest distortion.
Well-matched devices produce an
audible improvement, immediately
apparent as increased smoothness
and airiness with greater ability to
resolve details.

FET USAGE

FET inputs solve a few problems with
ease. An FET input won't load the
RIAA network, so it maintains ac-
curate frequency response, allows
the use of more idle current, and can
give better SID characteristics. But
you'll ask: "‘aren’t FET's said to be
noisy at low impedances?"’

Some indeed are noisy, but by no
means are all of them these days. The
E111 performs well, as does the
2N6550. The E111 is a low noise swit-
ching FET; its high mutual conduc-
tance can give very low levels of
distortion with small amounts of local
feedback. The noise spec. for the
2N6550 (input grounded) is
6nV/\/Hz @ 10Hz.

What really matters is what hap-
pens when we connect a phono car-
tridge. With magnetic coil input
transducers a resonance arises bet-
ween the inductance and the load
capacitance and resistance, causing a
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peak in the noise spectrum’s
10-20kHz region.8 This peak noise
can be associated with an impedance
increase of 100kQ or more. A bipolar
transistor operating at 100uA collec-
tor current will usually have lowest
noise in the 200Hz-2kHz region. FETs
can be very good at 1kHz/1kQ and
may be even better at the 10kHz
region where cartridge noise is
greatest. Because our hearing is more
sensitive at higher frequencies, an
FET can sound quieter than a bipolar
which measures as well or better
with a 1k input terminating test
resistor.

Noise should, of course, be low
enough to be unnoticeable. Clean
program material seems brighter and
more spacious with noise added.
Many designs start with an effort to
achieve the lowest noise possible,
and usually accomplish this at the ex-
pense of other important re-
quirements.

In a DC amplifier the FET prevents
current from flowing through the
phono cartridge, and different car-
tridge impedances won't affect offset.
An FET's input impedance is very
constant with frequency. Since this
impedance is more linear than that
achieved with a bipolar, it provides
superior RFI without elaborate input
filtering; a couple of ferrite beads on
the gate are wusually all that is
necessary.

Of more concern than THD is har-
monic structure. There seems to be
some evidence that FETs produce
smaller amounts of harmonic distor-
tion than do voltage driven junction
transistors, and that these harmonics
decay more rapidly with increasing
order. If the collector (or drain) cur-
rents are equal, low order even har-
monics are virtually eliminated!.
With bipolars, analysis shows that
harmonic distortion is independent of

the Ve match. Matched collector cur-
rents, however, are essential for ob-
taining the lowest distortion.
Monolithic matched pairs help en-
sure equal collector currents, as does
the mirror current loaded differen-
tial.

The topology is differential with
single-ended push-pull with output
diode biased. The AC signal can
modulate this bias string, which also
represents significant impedance; we
therefore bypass it with a high quali-
ty capacitor. Many amplifiers’ bias
networks are insufficiently bypassed;
for example, simply placing a large
capacitor across the bias transistor Qs
will greatly improve Leach's ‘'Low
TIM Amplifier'* (see Audio magazine,
Feb. 1977, p. 30).

The single-ended push-pull output
stage provides some loading of the
preceding differential stage, thereby
slightly reducing open loop gain; but
this is of less concern in a passive
RIAA design.

An output or line amplifier can be
of the same configuration as a phono
stage with the gain setting feedback
resistor reduced to 15kQ (x10 or
20dB). But I decided to try another
circuit here. Since this line amplifier
will deal with higher voltage swings,
I used a large amount of local feed-
back in conjunction with negative
feedback and derived the circuit from
a single-ended compound-comple-
mentary amplifier (see Fig. 4) arrang-
ed in symmetrical push-pull (see Fig.
5).

A large amount of interaction and
coupling occurs by using low im-
pedance, high current design. This
produces a very linear wideband
width amplifier. My original design
used different output transister types
that ran at 23maA idle current. And a
slightly different bias method was us-
Continued on page 22




THE MARSH PREAMP: PART 1
Continued from page 20

ed but the topology was the same. Us-
ing an H-P 339A, THD at 20kHz and
at 8 volts RMS (22 volts peak-to-peak)
was .005%! Square-wave rise time
was something better than
50nanoSec. Yet the circuit was rock
stable. This was accomplished with
only 15dB of over-all negative feed-
back. Unfortunately, the discrete cir-
cuit required heroic AC and DC
matching which I feel would be
beyond the resources of many
audiophiles to duplicate.

As a practical matter of writing a
construction article, I opted for the
quad complementary pair DIP from
Motorola, the MPQ6600A-2. I
specified the high-gain (-A version)
with their tightest matching (-2 ver-
sion). With the reduced idling current
{due to package dissipation limita-
tions) and not as good complemen-
tary matching, the distortion is higher
and bandwidth is reduced. Can you
live with -3dB at 600kHz and less
than .01% THD at 2 volts RMS at
20kHz?

BANDWIDTH ISSUES

Sonic performance noticeably im-
proves with extended bandwidth at
the top end. Recent tests indicate that
under certain conditions one can hear
a 10 degree phase shift.1® To exceed
the 10 degree requirement, even at
the highest audible frequencies, we
need a low distortion bandwidth
greater than 250kHz; both line and
phono amplifiers exceed this.

All the amplifiers are non-
inverting. Psychoacoustic tests show-
ed long ago that our eardrums are
more sensitive to rarefaction
{negative pressure or sucking out-
ward) than to compression. In certain
music an inverted signal can be quite
noticeable. Conditioning also plays a
part. For example, all the com-
ponents of a live drum set (kick, up-
per and lower tom, snare, hi-hat,
crash cymbals) when initially struck
present a compression wavefront to
the listener. Unfortunately confusion
set in and the polarity question was
shunted aside and eventually ignored
as multi-microphone, multi-channel
equipment became popular.

IN
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TO RIGHT CHANNEL

Fig. 5. Symmetrical push-pull, compound-complimentary amplifier.
Fig. 6. Single supply for stereo amplifier. Point B must have very low Z to prevent in-
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I believe much of the confusion as
to whether or not an inverted signal is
a problem results from the use of
multiple microphones. Recording
engineers often use microphones
(usually too many) on the performers'
side of some instruments and on the
listeners' side of others—sometimes
they'll have mikes at both ends of a
drum set. Then they mix the whole
lot down together. Now, you play it
back and try to decide which way is
correct by switching your speaker
wires' polarity; are you confused? Or
have you been misled into believing
polarity is not detectable?

Polarity reversal is easier to detect
with the use of high energy tran-
sients. Piano recordings make a good
test as they are fairly consistent in
technique.

POWER PROBLEMS

The power supply, grounding, and
decoupling are neglected design
areas; most designers seem to be
mainly, or solely, concerned with
static hum and noise measurements.
Yet proper power supply design can
produce profound sonic changes. The
supply must be very quiet and
regulated against AC line variations
and signal load demands; we can par-
tially fulfill these requirements with
a three-terminal regulator IC.

A Class A preamp's current
demands are more constant than
those of an AB or other design, so
regulation requirements aren’t par-
ticularly severe. However, if we have
a single regulated supply feeding
both left and right channels, we may
get crosstalk between the sides—see
Fig. 6.

Any signal on the left channel (A)
will pass through B to C. But if point
B had 09 impedance, then crosstalk
via the supply rails would be no pro-
blem. We can hang a ton {or more) of
capacitance to ground at B, but this
capacitor is bulky, costly, and slow.
Placing one high quality capacitor
across the large one and another at
the circuit boards helps us overcome
the large polar capacitor's slow
response.

Even if we had two separate sup-
plies we would still need the high
quality bypass capacitor, because at
frequencies above a few kHz the
regulator and large polar capacitor
impedance increases; in addition, this
capacitor is better able to sink signals
than is the series pass regulator.
Maybe a shunt regulator or a push-



pull output drive regulation scheme
would be beneficial. Much research
remains to be done on the audible ef-
fects of power supplies.

CROSSTALK, PHASE

No matter what its origin, we must
keep crosstalk to an absolute
minimum,; it causes image blurring
and loss of detail, and alters spatial
perspective. We can effectively
reduce supply crosstalk by using
separate regulator chips for each
phono and line stage, locating each
chip on the board near the stage it
feeds; this solution is cheaper and
less bulky than using huge aluminum
capacitors. Locating the regulator
within 2-3"" of the circuit will also aid
in keeping the supply line impedance
low at high frequencies by minimiz-
ing lead inductance. We must also
shield all signal carrying wires and
put a grounded divider shield bet-
ween selector switch channels if sec-
tions are close to one another. Reduc-
ing separation at 20kHz isn't too dif-
ficult.

Out of phase signals in music when
combined cause a loss of information
and reduce the sound field's width
and depth. The effect of crosstalk or
poor separation is to make stereo
signals sound monophonic.

I could elaborate upon this subject
at much greater length. I hope that in-
stead readers will concentrate on
some of the points I've touched on
and come up with ideas of their own
for improving my design.

A LOW DISTORTION
GROUNDING SYSTEM

CIRCUITS ARE USUALLY THOUGHT OF as
three terminal designs. The plus and
minus inputs and the output. Actual-
ly, they are missing consideration of
the fourth terminal. The ground.

A large percentage of system
degradation can be traced to im-
proper power distribution and/or
ground loops. The symptoms of these
poor designs are excessive noise,
voltage spikes, and ringing on the
power buses, crosstalk, AC power
line noise pick-up, and poor load
regulation, to mention a few.

Grounding, to be truly effective,
must be returned to a single point.
This is quite effective in reducing cur-
rent loops but care is still needed in
how the order of grounds for power
supply and signals are applied. I sug-
gest a separate ground buss for signal

common and power supply common.
Both buses being returned to a single
point '‘star’’ ground.

The series impedance of a common
ground line will cause voltages to be
developed that are combined with
the signal. Supply rail bypass
capacitors on a single common
ground area source of unwanted gar-
bage (audio, ringing, noise, etc.). Us-
ing separate ground returns, and
short conductors results in cleaner
and quieter sounding amplifiers.

The characteristic impedance of the
DC power distribution and ground
line can be used as a figure of merit
for comparing the noise performance
of various power distribution
transmission systems. For best noise
performance, we want a power trans-
mission line with a characteristic im-
pedance which is as low as possible
typically a few ohms or less.
Therefore, the line should have high
capacitance and low inductance.

Transient noise voltages in the

power distribution circuit (which in-
cludes grounds) are produced by sud-
den changes in the current demand of
the load. If the current change is
assumed to be instantaneous, the
magnitude of the resulting voltage
change is a function of the character-
istic impedance (Z,) of the line:

Z, = VLo

Cr

The instantaneous voltage change
AV, across the load will then be AV,
= Al Zo. The assumption of an in-
stantaneous change in current is
realistic for digital circuits, but not
necessarily so for analog circuits.
However, even in the case of analog
circuits Z, can be used as an indicator
of noise performance.

I've read many times that a large
gauge wire should be used to assure a
low Z ground. There seems to be an
overemphasis with design proce-
dures that are based on DC para-
meters. It is impedance in an AC cir-

RESISTORS (connect in series)
27k
3.93k

CAPACITORS (connect in parallel}
0.081uF =
0.02778uF =

EQUALIZER COMPONENTS—ONE CHANNEL

9099 +26.1k + 1% metal film (MF)
3.83k+1002 +1% MF

.047uF +.033uF polystyrene

777
-24VDC

.022uF +.0047uF + 500pF polystyrene
BUSES
FiG. 7 +30V P.S. COMMON CONNECTED
ol TOGETHER
TS AT SUPPLY
ce REG SIGNAL COMMON | coMMON
’l: L GROUND
p = POINT
Veck
+24VDC
~——— TO SELECTOR
ALL CABLE: | ——> SWITCH/VOL.
LOW NOISE ' r==" 7 conTrROL
COAX v
BELDEN 9223 : |
[}
i
4 T 75y MON.
I“'T_‘?

NOTE: ONLY ONE
CHANNEL SHOWN

Fig. 7. Block diagram, input and equalization components of the passively equalized
preamp stage. See Fig. 9 for details of stages 1 and 2.
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cuit that we are dealing with (just a
reminder). A large gauge conductor
isn't very effective in itself in lower-
ing Z.

Suppose we use a wire of .148'" dia-
meter {= #14 gauge), and that this
wire is a %'’ from the chassis thus:

d_l_o___
h
24
Z = 60 cosh! [2_h]
Ve, d
for2h/d = 3,2 = 60 In [éb]

Ve, d

where ¢, = 1 for air
Zo = 60 In [L] = 115Q

.148

This amount will nullify the work put
into a power supply which measures
Z of milliohms at the supply ter-
minals {(but not at the circuit).

The inductance can be reduced by
using a rectangular cross section con-
ductor (now L) instead of a round
conductor and by having two conduc-
tors as close together as possible (high
C) thus:

o]

a
v L]
Ve, w

If we use a flattened braid %'’ wide
and separated by a thin {.005"'} sheet
of mylar, the characteristic impe-
dance is:

Z, = 377 [@5
V5 L.375

For W>h, Zo =

= 2.25Q

Since employing this method, I've
persuaded others to try it in their
commercial equipment and personal
designs. The sonic improvement was
most noticeable in providing a more
stable image, and greater clarity. W.
Jung reported similar improvement
to his highly modified PAT-5 after
changing his ground to a truly low Z
one. Of course, this works quite well
with power amplifiers too.

CONSTRUCTION
Construction is really quite straight-

forward. I used vector perf board for
my prototype's circuitry; it looked

rather messy compared to a printed
circuit board but worked every bit as
well.

I chose not to include complex in-
put switching arrangements for many
sources, preferring to use outboard
patch panels if necessary. This keeps
to a minimum the number of contacts
which the music must pass. If you
don’t want to be as spartan and build
some flexibility into your pre-
amplifier, use silver or gold contacts
in your switches. 1 prefer silver
because it has the lowest contact
resistance. It oxidizes easily so these
switches must be of the multiple
finger, self-cleaning wiping action
type and be fully enclosed or sealed.
These are expensive and hard to find.

Perhaps more practical are the gold
contacts which are easy to come by in
all manner of styles and configura-
tions. Use only gold RCA jacks and
plugs for all input and output as well
as on cables. I eliminated the output
jacks entirely by removing the plugs
from one end of a pair of Gold Ends
cables and hardwired them directly
to the line amplifier output. I brought
the cables out of the chassis through
rubber grommets and used cable ties
on the inside for strain relief.

One switch contact by itself is bare-

RESISTORS
Ry, Rz, (Rae),(Rz7) 1009
Ra,R4,(st),(Rzg) 147k, 1/2\/\’
51 ‘R30)
R (Rai)
R7 {Ra1) 1.47k
Rs {Rgs) 31.6k
Rg,R10,{Ra4){Rass) 5119
Ri (Rss) 6.81k
Riz,Ri13,(Ras}(Rsr) 5.11k
14 46.4k
Ris,Rie(Rao)(Rao). 46.490, VW
Ry7 (Rai) 10k
Ris (Rzz) 162}
Ris, Rao 1009
Rz 100k

1kQ trimpot, CTS350 or IRC100 series
2kQ trimpot, CTS350 or IRC100 series

POWER SUPPLY PARTS—TWO CHANNELS SEMICONDUCTORS

Q1 (Qs) 2N5564 (National) 8 pin minidip
Q, (Qs) 2N2907A

R, 4.3k, +10%, 1W Qs (Quo) 2N3823 (Texas Inst.) TO72

C, G, 4,000uF/50V electrolytic, computer grade Qs (Qu1) ADS821 (Analog Dev.) TO71

D,, D, IN4003 or one WO2M bridge. 1.5A/200V rating. Qs (Qi2) ADS811 (Analog Dev.) TO71

F, 24, SloBlo Qs (Qua) 2N2219A

S, SPST Q7 (Qid) 2N2905A

LED Litronix RL4850 or equiv. (James XC556R) U, LM340T-24

T, Signal DP-241-6-56; 56VCT @ 0.54A 2 LM320T-24
CR,,(CR},CR;(CRo)
CRS'(gglllgm(gRIZ) IN

1 414
PARTS LIST: PHONO PREAMP— Cp R ICRACRw) IA148
ONE CHANNEL
' HEATSINKS

U, U; Thermalloy 61078-14, or 6030, or equivalent.
Qs (Qus), Qs (Qus) Thermalloy 2275R or equivalent.

CAPACITORS
Cl(cla)Cz(Cu)C4,C5

5uF/50V metallized polycarbonate
{Elpac or Wesco}, low inductance
mylar®

All resistors metal film, +1%, %W unless specified otherwise.
Volume control 10k Allen Bradley type JJU.

Cs. (Cz), Co 10uF/50V metallized polycarbonate
(5-10uF metallized polypropylene
would be better for C, but is
expensive.}

Cs, (Cyo) 5pF +5% polystyrene or silver mica

Gz, (Ca), Ca, (Cai) 10pF +5% polystyrene or silver mica

10 Cu1 470uF/50V electrolytic, low loss
Panasonic LS series type ECE
B1HV471S of Sprague 673D
MISCELLANEOUS

Shielded Cable Belden 9223 low noise coax; 9452; RG-58C
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Fig. 10. High level output amplifier. Parts designations in parentheses are for second channel,

PARTS LIST: HIGH LEVEL
AMPLIFIERS—TWO CHANNELS

RESISTORS
Ra1, Ruans Rz, Rigz, Ras, Rygs

Rus, Russ, Rsz, Rise 100Q

Rua Riss, Rag, Rigs, Rag, Riss 1kQ

Rz, Rigr 1.47k

Rus Russ 2.15k, v2W
Rso, Riso, Rsi, Risy 3830

All resistors metal film, +1%, %W unless specified otherwise.
Rss, Ryss 1k trimpot, CTS series 350 or
IRC series 100

CAPACITORS
C9, Clzg, C301 C130 IO#F/SOV metallized
polycarbonate (Elpac or Wesco
32MPC)

5uF/50V metallized
polycarbonate (Elpac or Wesco
32MPC)

470uF/50V low loss elec-
trolytic Panasonic 2 series
type ECE B1HV471S;

Sprague 673D.

C31f C13h C321 C132

CSS: C1331 C341 Cl34

SEMICONDUCTORS

Us, Uios LM320T-24/w heatsinks
(see Fig. 10)

Ue, Uigs LM340T-24/w heatsinks

Que, Quis MPQ6600A-2 16 pin dip
Motorola

CR17, CR117, CRls, CRug IN4003
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TESTS FOR THE RESULT

"A lot of things can happen to a 24-track master between
original recording in London, sweetening in New York, and
cutting the lacquer in California. Some of them will happen
no matter what you do."” So begins an ad for a famous noise
reduction system. There certainly are a lot of steps between
studio(s) and your recordings. Each adds not only noise but
distortion. Then it must contend with your turntable/arm/
cartridge and perhaps a pre-preamp. All this obscures the
original and interferes with my ability to Jjudge the perfor-
mance of a preamplifier, power amplifier or loudspeaker.

For evaluating a preamplifier, I produce my own master
tapes and play them through an inverse RIAA network
(suitably attenuated) [see TAA 1/80, pp. 22-24] fed to the
preamp phono input. The advantage is of course much
higher fidelity going into the preamplifier. But Jjust as impor-
tant, you were there when the recording was made and know
what the original (live) music sounded iike. This is a tremen-
dous advantage when judging the sonic and spatial charac-
teristics of the preamplifier or power amp. Although I used
the Otari MX5050-8D (8 channel deck) when I was doing
mobile recording with excellent results, I find the 15 ips, Y2
track Revox A77 and two microphones to be very satisfac-
tory, and highly recommend Ed Long's Pressure Zone Micro-
phone technique. [db magazine, Jan. 1980, p. 31-32, and
High Fidelity, Aug. 1978, pp. 60-63.]




ly detectable, but it becomes more
noticeable when we eliminated
several contacts from the signal path.
Periodically, clean all the system
cable plugs and chassis jacks inside
and out with alcohol and be sure all
fit tightly.

The power transformer is in the
right corner near the power on-off
switch, boxed in by an aluminum
two-sided wall. Nearby are the rec-
tifier and filter capacitors; another
divider runs from the front to the rear
panel, separating the power supply
circuitry from the amplifier circuits.
A hole near the divider bottom allows
the supply lines and grounds to exit.

WIRE AND WIRING

Although conductors are not normal-
ly considered components, they do
have characteristics important to
electronic circuits’ noise and tran-
sient performance. Among the most
important is inductance: even at low
frequencies, a conductor may have
more inductive reactance than resis-
tance.

For low impedance grounds, use
flattened braid enclosed in shrink
tubing and taped down against the
chassis bottom. Supply wiring should
be #18 or larger; place it away from
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Rather than daisy-chain the supply
lines and grounds from one board to
another, I wired each stage (left,
right, phono, and line) separately to
the single point of the filter capacitor
(+) or (-) and to the single-point
ground. The signal common also
returns to this same single point
ground terminal via a separate wire.

SETTING UP

A few adjustments require a DC
voltmeter able to see less than 10
millivolts. Center all trim pots and
turn on the power—of course you've
first double checked the wiring and
polarity of all caps, diodes, and tran-
sistors. If supply voltages are OK, let
the preamplifier stabilize for about
five minutes.

First, adjust the current source pot
of the FET differential input (Re) for a
voltage drop across either drain
resistor (R; or R,) of 12 volts. Then
adjust the "'balance’” trim pot (Rs) for
zero volts (no greater than 5mV) at
the first phono amplifier stage out-
put. Short this output to ground with
a short jumper wire and proceed to
adjust the second phono amplifier
stage’s current and balance. The DC
voltage at the second stage’s output
(overall phono preamplifier output)

amplifier circuitry. Systems. Bell Labs, John Wiley & Sons, 1976. Continued on page 58
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Fig. 11. A suggested switching scheme for the
input and tape facilities.
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VARIZD TREASURIE

Great articles out of our past

“Price, Time and Value” surveys nine years of the fortunes of used equipment. An
1970 Il silicon, complementary output, 20W per channel amplifier, fail-safe overload protected
by Reg. Williamson. A high efficiency bookshelf speaker by Peter J. Baxandall. How to update and
improve your Dynaco PAT-4 preamp. A visit to the Heath Co.

A superb, simpie, high quality preamplifier by Reg Williamson; A 4 + 4 microphone mixer,
1 971 using four ICs in a compact chassis, with eight inputs and two-channel output. A four chan-
nel decoder for adding a new dimension to listening: cost to build: $12.50. Two four-channel en-
coders, one with microphone preamps, to put four signals on two tape tracks. Three voltage/current
regulated power supplies for better power amp performance.

A nine octave graphic equalizer with slide pots by Reg Williamson. A 10%2” reel tape
1972 transport, a full-range electrostatic loudspeaker and a 900 watt tube amplifier for driving
the electrostatic paneis directly. A high quality op amp preamp, Heath AR15/AR1500 modifications. A
new type A + B, low cost 35W power amp, electronic crossovers for bi- and tri-amplifier operation. All
about microphones, and tuning bass speakers for lowest distortion.

Construction: Five transmission line speakers: 8” to 24" drivers, peak reading level meter,
1 973 dynamic hiss filter, tone arm, disc washer, electrostatic ampilifier I, and customized Dyna
Mark |l and Advent 101 Dolby. How to photograph sound, power doubling, microphones, Jung on IC
op amps, Williamson on matching and phono equalization, and much more.

A perfectionist’s modification of the Dynaco PAS tube preamp, a mid/high range horn
1974 speaker, a wall-mounted speaker system, an IC preamp/console mixer by Dick Kunc, a
family of regulated current limited power supplies, a switch & jack panel for home audio, grounding
fundamentals, low-level phono/tape preamp with adjustabie response, an IC checker, a lab type
+ 15V requlated supply. A series on op amps by Walt Jung and kit reports on an electret microphone
and a Class A headphone amplifier.

The superb Webb transmission line speaker construction article, how to test loudspeakers,
1 975 a test bench set of filters, a variable frequency equalizer, building and testing Ampzilla, a
power amp clipping indicator, a compact tower omni speaker, controls for two systems in three
rooms. A visit to Audio Research Corp., an ultra low distortion oscillator, all about filters by Walt
Jung, a universal filter for either audio garbage or crossover applications. An electrostatic speaker
and complete schematics for Audio Research Corp.'s SP-3A-1 preamp, Heath’s XO-1 and the Marantz
electronic crossovers.

Three mixers by Ed Gately, a vacuum system for cleaning discs, a 60W per channel amp for
1 976 electrostatic speakers, a silent phono base, a perfectionist's tonearm, re-mods for Dyna’s
PAS preamp, Jung on active filters, a white noise generator/pink filter, A-Z tape recorder set-up pro-
cedures by Craig Stark, modifying the Rabco SL-8E, a high efficiency speaker system for Altec's
604-8G, uses for the Signetics Compandor IC, modifying Heath’s IM (tube) analyzer, simple mods for
Dyna's Stereo 70 amp, a tall mike stand. Kit reports: the Ace preamp, Heath’s 200W per channel amp,
Aries synthesizer, Heath's 10-4550 oscilloscope.

Walt Jung’s landmark series on slewing induced distortion, a wood/paper/epoxy horn, Reg
1 977 Williamson's Super Quadpod, experiments with passive radiator speakers, a high efficien-
cy electrostatic speaker with matching low-power direct-drive amplifier, modifying the AR turntable
for other arms, do-it-yourseif Heil air motion loudspeakers, a $10 Yagi FM antenna, Ed Gately's
16-in/two out micromixer, the speaker saver: complete stereo system protection. Audio Research
modifies the Dyna Stereo 70; the super output buffer, a 101dB precision attenuator.

Modular equipment packaging, A PAT-5 preamp modification, a radio system for Hospitals,
1978 supply regulation for Dyna’'s Mark [Il amp, B.J. Webb on phono interfacing and record
cleaning, a 24" common bass woofer, a TV sound extractor, modifying the Formula 4 tonearm, a
phono disc storage cabinet, Jung on IC audio performance and noise control, a visit to Peter Walker's
Quad factory, a small horn enclosure, an audio activated power switch, the Nelson Pass 40W class A
amplifier, a thermal primer, a capacitor tester, recording with crossed cardioids. Kit reports: Heath IC
1272 audio generator, Heath's IM5258 harmonic distortion analyzer, Hafler preamp, Dynaco’s octave
equalizer, West Side Electronics pink noise generator.

A space-age |C preamp by Lamptom-Zukauckas; a scientific evaluation of listening tests. A
1 979 room testing oscillator, a do-it-yourself version of the Advent mike preamp, three preamp
construction projects compared, basic issues or record manufacture, a primer on solidering, a
variable frequency tube-type electronic crossover, a re-modification of Dynaco’s PAT-5 preamp. A
noise reduction system for amateurs, Williamson's 40W power amp, a LED power meter, and an inter-
view with Peter Baxandall. Kit reports included: The Integrex Dolby, Heath’s audio load, 1G1275
sweep generator and their Technician’s training course. Classic circuitry included a 1936 GE con-
sole, the Marantz 8B, Dynaco PAS-3 and Audio Research SP-6.
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Letters

we need more inquiry and open communica-
tion to resolve and explain our different
observations. Value judgments as to impor-
tance, practicality, expense, etc., should be
left to individual decision; they do not belong
in the process of research.

As Curl, Moncrieff, and others have notic-
ed, even ceramic and tantalum bypass
capacitors on the power supply rails in-
troduce audible sonic degradation compared
to film capacitors as bypass caps. I've heard
the differences too. I don’t believe it takes
“Golden Ears” to hear the effects of poor
contacts, capacitors, or whatever, although it
does often take an experienced listener. I, for
example, cannot hear a poor switch contact
on average gear, but [ can on the very best
equipment. A typical set-up will have many
contacts in the signal path. The best equip-
ment makes the differences clearer,
sometimes subtle perhaps but nevertheless
audible, even with double blind tests.

Dick MArsH
Livermore, CA 94550

1 deeply regret that a large number of excellent letters on the
Lipshitz/Jung forum could not be used in this issue for
lack of space. —Ed.

THE MARSH PREAMP: PART 1
Continued from page 27

should be within 10mV with the
jumper removed.

Make these adjustments with the
input shorted. You may have to go
back and retrim them after a long
warmup period. Over several days
the monitored phono DC offset
drifted less than +10mV. I've decid-
ed to let my preamp stay on all the
time. These procedures will give you
under 0.01% THD.

The line amplifier adjustment is to
provide zero volts DC at the line out-
put. Adjust R,; for zero volts +5mV
or better. I used fingernail polish to
set and keep each adjustment fixed.

A potential problem with a DC-
coupled phono preamplifier comes
when you use pre-preamps with
leaky output coupling capacitors. The
leakage current will develop a small
DC voltage at the preamp input.
When this is amplified the resulting
imbalance leads to increased distor-
tion. If your DC offset increased
when you connected your pre-
preamp, then you'll have to replace
those output capacitors. I've tried
several different pre-preamps
without problems.

Be sure you have excellent solder
joints. One microampere through 4
milliohms = 4 nanovolts, equal to the
noise of a 10009 resistor. I recom-
mend silver bearing solder (2-3%).

Circuitry reduced to a schematic



and parts list can be deceptively sim-
ple. An amplifier's success depends
largely on its components and con-
struction techniques. Although this
design is more complex than IC
designs and active RIAA circuits, I
feel the effort is well worth it; I think
you will agree. U

Etched circuit boards for this project are
in preparation and will be published in
issue 4, 1980. — EDITOR

Classified

PRIVATE CLASSIFIED ADVERTISING
SPACE up to 50 words in length is open
to The Audio Amateur’s subscribers
without charge for personal, non-
commercial sales and for seeking in-
formation or assistance. The
publishers reserve the right to omit any
ad. Any words beyond 50 are 20 cents
per word. Please type or neatly print ad
copy on a separate sheet or card with
your full name and address.

TRADE CLASSIFIED ADVERTISING
RATES: 35 cents per word including
name, address, and zip code—prepaid
only. 10% discount for four insertions.
The Audio Amateur cannot accept
responsibility for the claims of either
the buyer or the seller.

TRADE

PRINTED CIRCUIT BOARDS from sketch or

artwork. Kit projects. Free details.
DANOCINTHS Inc., Dept. A, Box 261,
Waestiand, M| 48185. T4/80

ACCURATE, QUALITY AUDIO EQUIPMENT
reasonably priced. Send stampicail: DEN-
CO AUDIO, PO Box 6104-M, E! Monte, CA
91734. Eves, weekends. . T2/81

SERIOUSLY searching? DISCantinued
Records, (213) 846-9192/849-4791. T1/82

The

)
. UNKITS! :

B They don’t LOOK like kits!
H They don’t SOUND like kits!
B They just SAVE like kits!

Build your own speakers — Save 50% or more...
No soldering required!

[} FREE KIT BROCHURE — I'm interested — send me your free
B8-page Brochure (kits from $55.00 each).

[] $1.00 Catalog/Manual — Give me all the details — send me your
comprehensive manual on speaker kits, crossovers, basic components
and engineering data with ““How-to-do-it” article by noted speaker
designer John Hoge. $1.00 enclosed.

K cﬂcusta‘!?@ﬁ Dept. AA P.O. Box 12030 « Shawnee Mission, Ks. 66212

PRINTED CIRCUIT

Positive Acting Photo Resist; Carbide
bits: Bubble etchers; Artwork; Epoxy

Glass Boards.

Send stamp & address label for flyer

TRUMBULL
833 Balra Dr., El Cerrito, CA 94530

SEAS AND AUDAX drivers.
Wholesale—retail. Dynaco replacement
drivers this month’s specials: Audax HD100
D25 tweeters—$11.00, Audax HD17B25-
J2C12 6% woofers—$20.00, SEAS
17FGWB 6% woofers as used in Dynaco
A-10—$15.00, SEAS 33FWKA 13" woofers
as used in Dahlquist subwoofers—$65. For
literature and information on Audax and
SEAS drivers, crossover networks, and
speaker kits, send $1. refundable upon pur-
chase to: THE SPEAKER WORKS, Box 303,
Canaan, NH 03741, (603) 523-7389. T3/80

GOLD PLATED phono jacks $1.10, plugs
85¢ ea., $1.00 handling. Also custom 1%
capacitors, 0.5% resistors. Details SASE.
REFERENCE AUDIO, Box 368M, Rindge, NH
03461. T2/81

PARTS FOR CONSTRUCTING latest
“classic” tube preamp circuit. High quality-
low prices. Free flyer. UNIVERSAL AUDIO,
Box 712, Providence, R.1. 02901. T4/80

DYNACO/DYNAKIT/ISPECIALS! QD-1
(“Quadaptor”) Ambience Recovery Unit
(David Hafler design; amazing spatial
realism)—$19.95/kit, $24.95/wired; Dynaco
Walnut Cabinets (dramatically improve
Dynakit appearance)—$19.95/single,
$24.95/double. Please specify models. RMS
19" rackmounts—$24.95. Postpaid. FREE
DYNACO PRICE LIST. CODs welcome!
SCC, Box 8014 (7980AA), Canton, OH 44711.
(216) 452-6332. T4/80

RECONDITIONED test equipment. $1 for
catalog. WALTER’S TEST EQUIPMENT,
2697 Nickel, San Pablo, CA 94806. T1/84

ANOTHER AUDIOPHILE PUBLICATION?
Audio Update is published ON TIME. This
bi-monthly includes modifications, con-
struction projects, improvement methods,
data available nowhere else. It's pro-
vocative, informative, and a MUST if you en-
joy audio. Annual: $12.00 USA/Canada,
$14.00 eisewhere. Add $1.50 for first class
mail, $4.38 for overseas. Mastecharge/Visa
welcome. AUDIO DIMENSIONS, 8888
Clairemont Mesa Blvd., San Diego, CA
92123. (714) 278-3310) T1/82

t

S
:

TAPE HEAD REFINISHING—Precision
method restores full frequency response.
$15.00 ea. One day service. Ed. Maher, 5
Evans Place, Orinda, CA 94563. T1/81

PERFECTIONIST PRODUCTS. TA-3A
tonearm: proper geometry throughout, 25
grams effective mass, $249. B & O 4002
Tonearm Modification: $199.00. Stainless
steel ($2.50) and nylon ($1.00) cartridge
mounting hardware. Tonearm Alignment
Protractor: $3.00. lvie Electronics test
equipment. Veritone Interconnection Cable:
.03 ohms, 11 pico-farads, and $4.00 per foot;
connectors extra (RCA, $2.00 each; Lemo or
SMA, $10.00 each). Money-back guarantee
on above. Audiophile records and com-
ponents: list price. Shipping prepaid. JML
COMPANY, 39,000 Highway 128, Clover-
dale, CA 95425. T3/80

PARALLEL TRACKING PICKUP. Build your
own to simple optoelectronic-control
design published in “Wireless World™
December 1979. Available as a kit. $1.00 br-
ings details and price list or $3.00 for 10
page reprint of article. J. BILES ENGINEER-
ING, 120 Castie Lane, Solihull, B92 8RN
England. T3/80

NEW AND USED recording tape in bulk.
10%:” pancakes (bulk paks) New factory
fresh Scotch or Ampex L/N, 3600" Six for
$33. Same special with metal sides (UG
grade) added and boxed, six for $45. Add $3
to either special for UPS delivery. 24 page
book by Joe Tall on tape editing 80¢. 10 7"
reels of Ampex’s good lube tape for $20 or
10 Shamrock 041 for $13. Write for catalog.
SOUNDD, Bidg. 2-A Dekalb/Peachtree Air-
port, Chamblee, GA 30341. TTF

AUDIOVISUAL PLANS. Build multiprojector
tape-slide synchronizers and automatic
image-blending lap-dissolve programmers.
Schematics,$5.50. Full plans $8.50, depict
mixers, compressors, line-driving
microphone preamps. Undoctored, uncom-
pressed STEREOTAPE, $6.50, samples
popular microphones recording chorus-
orchestra. Specify reel or cassette. Free
catalog. MILLERS/SOUNTAGE, 1836
Maywood, South Euclid, OH 44121. TTF

FALCON service for the loudspeaker
system home constructor. Units, (baskets)
crossover networks (or components), grille
fabrics and foam padding, long fibre wool,
BAF wadding—in fact everything except
the cabinets! Send $1 bill for price list P.L.
11, shipping charges, fabric samples to
FALCON ACOUSTICS LTD. Tabor House
Norwich Rd, Muibarton, Norwich Norfolk,
NR14 8JT England. TTF

TRANSFORMERS for Sanders and
Hermeyer ESL's, $35. R. Sanders, 1578
Austin St, Atwater, CA 95301. T3/80

PREMIUM AUDIO GRADE CAPACITORS
now available for critical applications. See
Walt Jung & R. Marsh *“Picking Capacitors”
for Feb. & Mar. '80. Use for either crossover
& preamp mods or new construction. These
caps have fastest transient response dueto
high AC current carrying capacity, low ESR
& lowest Dialectric Absorption. Send $1.00
for details on these, plus our air & SUPER
air core inductors. Information also includ-
ed on the phase coherent Jordan 50mm
Modules in addition to bextrenes & soft
domes.. TRANCENDENTAL AUDIO, 6796
Arbutus St., Arvada, CO 80004.
(303-420-7356) E.J. Jordan, Polydax (Audax),
Decca, Emminence. T2/81
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