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The F1 power amplifier.

This is the service manual for the First Watt F1 power amplifier.
There were only 101 amplifiers built of this design and made
available for sale. As none have broken in the field yet, this
document is most likely to appeal immediately to the audio DIY
enthusiasts, and is so structured.

Related reading
owner's manual and the two articles
’ about current source amplifiers post-

ed at www.firstwatt.com and also

. published in audioXpress magazine. )
\

he following comments are direct-

ly from the owner’s manual:
conductance power amplifier,

rent source.

age. This is not that kind of amplifier,

such amplifier available for audio use.

HOW IT WORKS

Being a current source, the F1 oper-
ates differently with a loudspeaker. A
regular audio amplifier supplies an ar-
bitrary output voltage, and the speaker !
draws current according to its complex :

PHOTO 2: Inside view of the First Watt amp.
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characteristic. As such, the current
¢ through the loudspeaker is not exactly
The F1 is a two-channel trans-

A current source amplifier delivers a
loudspeaker driver, ignoring the series

cluding the wire, the inductance of the

controlling the acceleration of the voice
coil.

systems are

age source,

products can

eral, these
are high-ef
ficiency driv-
ers (ones
that produce

www.audioXpress.com

more than 90dB per watt). Of greatest

. interest is the performance offered to
proportional to the voltage in either
© amplitude or time. '
which is a fancy name for an active cur-
precise current to the voice coil of the

A given input voltage results in a
particular output current. Ordinary am-
plifiers are voltage amplifiers—an input
voltage translates into an output volt-

high-efficiency full-range drivers, in

© which not only is the loudspeaker very
efficient, but also covers (or tries to
cover) the full audio spectrum through
© a single radiating surface.

impedance elements in the circuit, in- :
. gle cone drivers such as the products
voice coil, the resistance of the voice !
© coil versus temperature—all that stuff. '
and as of this writing, the F'1 is the only

Often this translates to delicate sin-

from Lowther or Fostex, with big motor

. assemblies coupled to light fragile
This is potentially valuable in that
. the current passing through the mag-
netic field of the loudspeaker produces '
the force and acceleration on the voice
coil and cone, and this translates di- |
rectly into sound pressure. A current
source is simply the most direct way of

paper cones. These are the speakers
that often don’t sound good with “high

quality” solid-state amplifiers, most
. often because the two are mismatched

in impedance and wattage.
This is a very unusual amplifier that
will not sound good with about 98% of

© the loudspeakers on the market. It re-
quires careful attention to loudspeaker

Since most
loudspeaker

loading to get the best performance.
The accompanying white paper “Cur-

rent Source Amplifiers and Full-Range
designed
around a volt-
. and experimental tool. If you just want
only a small
subset of

High-Efficiency Drivers” is required
reading. This is a tinkerer’s amplifier

to be a consumer, then buy something
else; otherwise, be prepared to patient-

. ly experiment with your system to get
take advan-
tage of this
effect. In gen- FEATURES

It does not often work well with ordi-
5 nary passive crossover networks—the
. components and their locations tend to
be reversed. It won’t break, but prob-

i ably won’t sound good. If you have an

the best performance.



electronic crossover, you're in better
shape, at least until I can finish a white
paper describing passive crossovers
for use with a current source.

If being a current source amplifier
isn’t different enough, the F1 is special
in other ways. It uses no feedback to
reduce distortion, flatten frequency re-
sponse, or produce a low output imped-
ance, and it ignores the voltages that
appear across the speaker terminals. It
also ignores the wire and the quality of
your speaker connectors and so on.

The F1 has only one gain stage, not
two or three or four or nine. It operates
in pure Class A mode, which is the very
best, but at a cost of constantly draw-
ing 100W per channel and giving only
10W to the speaker. This is a very quiet
amplifier, with a typical figure of about
100 pico-watts noise. A pico-watt is a
trillionth of a watt.

As Class A amplifiers go, this one is
referred to as a “balanced single-ended
Class A” device, in which a single “dif-
ferential pair” of transistors are biased
by three constant-current sources.

You can use either the RCA inputs
for single-ended input operation or the

balanced XLR input for operation from
a source with balanced outputs. If you
use the RCA inputs, then be sure to use
the included gold-plated “U” shorting
jumpers between pins 1 and 3 of the
XLR connectors as shown in Fig. 1, or
the amp won’t work properly. Some of
you will lose these jumpers, but I can
send a replacement. Note that pin 1 of
the XLR is ground, and pin 2 is the plus
input and pin 3 is the minus input. Pin
1 of the XLR is exactly the same as RCA
ground, and pin 2 is exactly the same
as RCA “hot.”

The outputs of the amplifier are bal-
anced, and operate at a 13.8V DC po-
tential above ground, just like your car
battery. Don’t worry, the speaker sees
only the difference between them, and
not the DC, but don’t expect the ampli-
fier to operate properly if you attach
either output to ground.

The fuse is a 3AG slow-blow type, 4A
for 120V AC and 2A for 240V AC. No
substitutions. Contact First Watt if you
have any questions.

The power supplies of each channel
are isolated from each other electri-
cally, except for a thermistor on each

which connects the circuit ground to
the chassis and earth ground. In this
way ground loops are prevented, as the
channels will typically share ground
only at the source, but the thermistors
stand by to conduct AC line voltage to
ground until the fuse blows, in case of
transformer or other such failure.

The amplifier requires about % hour
of operation to reach normal operating
temperature, and this warm-up time is
appropriate for the most critical listen-
ing, but is not otherwise an issue, as
the performance difference between 5
minutes and 60 minutes is very mar-
ginal. I do not personally see a reason
to run the amplifier all the time.

FIGURE 1: RCA input.
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WELBORNE

Laboratorie

REMOTE CONTROLLED STEPPED ATTENUATOR KITS

Finally a remote controlled stepped attenua-
tor that doesn’t use noisey motors or dozens
of expensive relays. Our new attenuator
design is affordable, compact & modular!

- 60 Steps of Attenuation

- Mute, Balance, Power & Source Selection
- Only a single resistor in the signal path

- Available with numeric LED readout

- Single Ended or Balanced Operation

- Circuit board signal path of <1 inch

- Compact.... each circuit board 1.75” x 4.00”
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CIRCUIT OPERATION

Figure 2 is a simplified schematic of the
amplifier.

pressed upon their gates. The voltage

difference between the plus and minus
input signals causes current to flow in
but clearly needs more definition to
and this produces voltage and current at
the Drains of the devices (the outputs),

opposition between the two MOSFETsS,

where the loudspeaker is connected. The

i sources, so that the loudspeaker only :
needs to see the AC current variation,
. not the DC.

The principle is straightforward. The
circuit is a simple differential pair of
gain MOSFETs commonly biased by a
constant-current source attached to their |
Source pins, with the input signal im-
. provide more background information.
Of course, this is just the simplified :
. less than 2A per side, 4A total. The bias
- on Q3 - Q4 is provided by bipolar PNP
transistors which generate the .6V junc-
With reference to the channel sche-
. matic, note the following typical volt-
DC bias current from the bottom con- : '
stant-current source is divided between |
the two MOSFETSs, and is taken up at !
the output by two other constant-current :

If you are familiar with the Zen series
of amplifiers published in audioXpress,

similarity to the Son of Zen and some

schematic. It would work in principle,

make a real amplifier (Fig. 3).

ages:

P1 is adjusted so that the Drains of
Q1-Q4 operate at 13.8V DC relative to

ground. This value is readjusted after a R5 - R8, which provide DC feedback. The

FIGURE 2: Simplified F1 schematic.

. they provide virtually no feedback effect
. at audio frequencies. The gain of the
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1 hour warmup, with the heatsinks op-

© erating at approximately 50° C. It should
: not need additional adjustment over the
© life of the amplifier, as it references the
: single Vgs figure (~3V) of Q7 with little
then you will see more than a passing !
proximately 3V relative to ground.
later variations, and these articles can
proximately 0.60V DC, which sets the

gain. The Drain of Q7 is operated at ap-
The voltage across R27 - R30 is ap-

bias for the gain stages, and is slightly

tion reference for this value, so that these
need no adjustment over the life of the

. amplifier.

The Gates of Q1 and Q2 are held at
about 7V DC by the divider networks of

impedance of these resistors is very high
compared to the source impedance, so

: amplifier is determined by the transcon-
ductance of the MOSFETs themselves
plus the parallel Source resistors, for a
current gain of approximately 0.6A per
input volt. This figure gives 14dB of gain
© into 8Q.

The speakers operate across the

: Drains of the gain and current source
: MOSFETs. This is at an absolute po-
© tential of 13.8V DC, but the differential
© voltage seen by the loudspeaker is about
. 50mV, depending on the Vgs matching

of Q1-2 and Q3-4. If this differen-
tial DC offset exceeds 50mV after
1 hour warmup, then it may be
adjusted by placing resistance
across R27 or R29 depending on
the polarity of the offset. 10Q in
parallel will shift the differential
DC by approximately 50mV. Note
that the absolute DC value should
typically be blocked by a capacitor
if you are using the amplifier to
also drive a subwoofer amplifier.
P2 has only the effect of allow-
ing attenuation of the brightness of
the on/off LEDs on the front panel.
It allows matching of brightness
in the event that the LED output is
not matched, or allows them to be

s |

Fral
IRFP248

completely turned off (Yes, there
are customers who want them off).
Input zener diodes Z1 and Z2 are

f™ )
()

v
LED1

3]
FIRST WATT F1

COPYRIGHT 2004
GENERAL AMPLIFIER

A-2587-3

for protection from high voltage
static input, and otherwise do not
perform a function.
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Figure 4 is the printed circuit board : are of the Keystone CL60 type,
layout for the left and right channels. | with a 10Q cold value and a 5A
Note that they are mirror images, right : current rating. The secondary

FIGURE 4: PCB layout for the left and
right channels.

and left. channels are completely sepa-
rate, and communicate to chassis

POWER SUPPLY ground through thermistors.

Figure 5 is the schematic for the power Resistors R1 - R8 and ca-

supply for both channels. Note that : pacitors C1 - C8 form CRC-type
there are separate tap arrangements @ storage banks, with a total of
for 120 and 240V AC. On the diagram of | 120,000uF, with a nominal 24V
parts layout (Fig. 6) note the positioning : DC value and ripple voltage fil-
of thermistors on the PC board which '@ tered down to a few millivolts.
allow for conversion between line volt- | Resistors R9 - R10 provide bleed
ages. All thermistors in the amplifier ' off to remove the charge on the
capacitors when

TABLE 1 Summary of the nominal specifications the amplifier is
Input impedance, balanced 100kQ2, 8Q2 load turned off.
Input impedance, unbalanced ~ 50kQ, 8Q load Safety ground-
Output impedance 80Q2 ing is important.
Output power 82 10W at 5% THD 1kHz You will note that
Output power 4Q 6W at 5% THD 1kHz the AC line earth
Output power 16€2 9W at 5% THD 1kHz ground goes to
Gain 14dB at 8Q2
Maximum output voltage +20V the power supply
Maximum output current +1.75A board where it
Frequency response -3dB at 3Hz, 100kHz connects direct-
Noise 30uV unweighted, 20-20kHz, 82 ly to the bottom
Power consumption 200W (100W/channel) of the chassis
Fuse gﬁ[ifosrlozv‘\llg)\llu/\-l\vctype, 4A for 120V AC through the four Sl Eob T

standoff mounts. A-2587-4

-fi D

E No matter what your requirements are, pcX has what you need. Whether
it be vacuum tubes (NEW, New Old Stock or 0S), sockets, transformers, capacitors, resistors,
connectors, hook-up wire, etc...we've got a world class selection of all the best brands...and
more arriving every month!

Visit our website and sign up for our quarterly eConneXion Newsletter!
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A GREAT REPRIN

Inside The Vacuum Tube

by John F. Rider

One of the most thorough (and
funny) books ever written on
the way vacuum tubes function.
Beginning with a clear explana-
tion of what electrons are, how
they behave, and the actions
within tubes, the remainder

of the book discusses types

of tubes from the diode to

the triode to the tetrode and
pentode. Also looks at cathode
circuits, power amplifiers and a
variety of tube types. Extensive
appendix includes plate volt-
age/plate current curves and
letter symbol meanings. Rider’s
mastery of analogies common
to most of us makes the book
especially useful to those who
want to learn about vacuum
tubes. 2002, 1945, 424pp.,
softbound, ISBN 1-882580-42-7.
Shipping wt: 2 Ibs.

BKAA64 $29.95*
*Shipping & handling add $6.00 in the US; $7.00 in
Canada; $9.00, other surface; $14.25, other air.

Old Colony Sound Laboratory

PO Box 876, Peterborough,

NH 03458-0876 USA
603-924-9464

Fax: 603-924-9467

E-mail: custserv@audioXpress.com

To order call

1-888-924-9465

or e-mail custserv@audioXpress.com

www.audioxpress.com
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of the chassis by the ground case tabs
: of the XLR input connectors.

Each of the two analog grounds is

isolated from chassis/earth through the
thermistors TH1 and TH2 which ordi- :
narily operate at 5Q or so in the ampli-
fier, but which rapidly reduce their re-
sistance so that the fuse will blow before |
the thermistor fails in the event that the :
live AC line comes in contact with the
secondary system. This finite resistance :

FIGURE 5: Power supply for both channels.

3
248 VOLT =
3

¢ It also is connected directly to the rear :

value is in place to allow safety conduc-

! tion to ground while minimizing ground
loops from an RCA input ground to the
preamp and back to the other channel’s
RCA input, and also the F1’s AC line

ground back to another component’s AC
line ground.
Each amplifier is tested for proper

ground/chassis resistance and high-volt-

age-tested to withstand 2200V primary

. to secondary. Transformer orientation is

part of the test procedure for new ampli-

d

A-2587-5

FIGURE 6: PCB layout for the
power supply board.

A-2587-6

FIGURE 7: F1 distortion vs.

power-8Q/1kHz/balanced input.
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FIGURE 8: F1 distortion vs.

power-16Q/1kHz/balanced input.
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fiers—there is an optimal rotation angle
which minimizes the noise pickup by the
circuit. A few degrees one direction or
another will take the noise down to 30uV
(unweighted audio range) output noise or
less on both channels.

Note in Fig. 6 the placement of thermis-
tors for AC voltage on the left-hand edge

ing posts go to chassis ground. Typical
performance curves are in Figs. 7-10. aX

Warranty: Parts and labor for 3 years,
not covering shipping or consequential

FIGURE 9: F1 distortion vs.

power-4Q/1kHz/balanced input.
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product. There is no representation that
the amplifier will make you happy.

: Copyright 2004 General Amplifier

. General Amplifier Inc.

(120V - 120V and 240V). All four mount- | po BOX 7607

Reno, NV 89510-7607

i www.Firstwatt.com
: nel @p

labs.com

Typical performance curves are in

. Figs. 7 and 8. More curves are in Figs.
damages. This amplifier is a specialty

9 and 10.

FIGURE 10: F1 distortion vs. fre-

quency-8Q/1W/balanced input.
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RADIO VINTAGE RADIO
DAZF & ELECTRONICS ~

e Books e Capacitors Of All Kinds e Chassis-Aluminum/Steel
e Chokes e Custom Cloth-Covered Solid/Stranded Wire
e Dial Belts & Cord e Dial Lamps & Sockets e Diodes e Enclosures
e Fuses & Fuseholders e Grillecloth ¢ Hardware e Kits e Knobs
e Potentiometers e Power Cord & Plugs e Refinishing Supplies
e Reproduction Glass Dials For Vintage Audio & Radio
® Resistors e Service Supplies ¢ Sockets ¢ Technical Data e Tools
e Transformers - Classic Audio, Power, Filament, Isolation, etc.
e Vacuum Tubes - One of the largest inventories of NOS tubes
«««» and much, much more!

‘ Contact Us For Our Free 64 Page Catalog!!

%

Radio Daze, LLC -

7620 Omnitech Place * Victor, New York 14564

(585) 742-2020 * Fax: (585) 742-2099 * Toll Free Fax: (800) 456-6494
e-mail: info@radiodaze.com ' Web Site: www.radiodaze.com

Signal Wizard can equalize your
loudspeaker!

DSP Knowledge...Optional !

Signal Wizard Il

Zen amplifier is a trademark of Pass
Labs, Inc. :

Want to create DSP crossovers & EQ
without the learning curve?

With Signal Wizard you can !

Just specify your filter in the PC software, click
to load DSP code into hardware, and then
select the filter!
Designers appreciate the ease of changing fil-
ters on the fly!

- FIR, IR and adaptive filters.

- Butterworth, Chebshev, LP-Brickwall.
- Low/high pass, bandpass/bandstop pole-
zero placement.

- Spectrum analyzer and oscilloscope.

- Frequency response import (text file)
allows precise loudspeaker equalization.

- Channel gain, mixing and inversion.

- Variable delay for precise LS alignment.

- Flash memory for standalone operation.
- Transparent audio - 24bit, 107dB SNR,
range of sampling rates -4-48KHz

- High performance Freescale 56309 DSP

Applications:

- Loudspeaker crossover, equalization
and room correction

- Acoustics research and development

- Sensor conditioning, and more...

Horn Equalizationfcrossover
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Complete kit...everything you need

$399
Saelig Co Inc

www.saelig.com
info@saelig.com

; p: 585.385.1750
European Technology I 585.485.1768
Visit the web at: www.saelig.com/Supp g d2.him
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