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A $450 Triode/Ultralinear
Integrated Stereo Amp

This push-pull, self-bias, class ABL amp performs

well in both the ultralinear and triode modes.

he sensitivity of this amp is 0.4V :
RMS for 28W triode or 0.48V :

RMS for 50W ultralinear (UL)
output. It has 12dB of loop

feedback. The distortion at 1kHz is = The front of the power amp chassis has

0.5% for the 28W triode amp and 0.8%
for the 50W ultralinear amp. The noise

measured at the 82 output of the amp

is 0.003V with the input open and the
volume control full-on. The damping

and square waves are excellent. Only a !

driver and inverter stage is required to
drive the power output stage, and this

reduces the components and the clutter :

- AUDIO SWITCH BOX

usually associated with typical power
amps.

Important: The two amps and power

supply are constructed on three 13 x 5 x
2” aluminum boxes (Photo 1). This sim-
plifies the wiring and layout because the

power supply and amps have a unique :
construction process. Do not use steel !

boxes, because grounds require stripping :
the painted steel boxes to bare metal. :
Also, drilling and punching holes are

much more difficult with a steel chassis.

a heater and high voltage on-off switch.

- The rear of the power supply chassis has
two power connectors, power cord and :

fuse. The rear of the amp chassis has
three speaker terminals and an RCA
connector. I recommend you use an 80-

cfm fan, located directly behind the fila-
- tion of 0.7% with a 5V RMS output.

ment and plate transformer.

A commercial audio switching device

is required to permit the two separate |
amps to function as integrated amps. | DC supply is +318V DC, and 80V DC
You can purchase a $27.50 (Recoton)

. 4-position A/V selector switch from

Parts Express or you can build your own

switch using double pole, 6-position ro- !
- (UL-connected output stage) is required
: to obtain circa 5V AC output from the

PHOTO 1: The 28W triode/50W-ultralinear amp.
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tary switch PN 275-1836 from Radio
Shack with appropriate box and RCA
connectors. I used a commercial unit to
avoid unnecessary work. I drilled two
holes at the edges/center of the box, so
I could mount the box to the side of my
cabinet using wood screws.

FIRST STAGE AMP

The first stage amp (Fig. 1) is a paral-
leled 12AT7 with a flat frequency re-
sponse of 20Hz to 18kHz and a distor-

The plate impedance is 5kQ, and the
paralleled sections have a voltage gain of
36. The 5V output is the value required
for full power output from the amp. The

is provided to the plate via a 47kQ resis-

tor. The cathode voltage is 0.8V DC.
An input signal of 0.4V AC (triode-

connected output stage) and 0.48V AC

first stage amp and a maximum output
from the power amp.
Note: When making the stage gain and

distortion measurements of the first stage
" and inverter stage, loop feedback is not ap-

plied.
PHASE INVERTER

- The phase inverter is a 5687 long-tail
- inverter with a flat frequency response

of 20Hz to 20kHz. It uses a 33k<2 plate
resistor on the grid-driven side and a
47k€ plate resistor on the cathode-driv-

- en side to obtain equal output voltages
. from the inverter. The cathodes have
a resistor of 8.2kQ and operate at 87V

DC.The DC supply is +472V DC.
The plate voltage via the 33K plate
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FIGURE 1: Amp Circuit.
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load resistor is +268V DC, and plate
voltage via the 47kQ load resistor is |
250V DC. The plate impedance at these
operating parameters is 4000Q. The
input signal to the inverter is 5.0V RMS
to obtain 36V RMS at the 6550 grids.

Inverter stage distortion is 0.5% (grid-
driven side) and 0.85% (cathode-driven :
side) at an output signal of 36V AC.

Note: I recommend you connect the
amp in either triode or UL mode and :
leave it in that mode. It has been my
experience that listening establishes a
preference.

28W TRIODE POWER

OUTPUT STAGE

The power amp stage includes 6550s

connected in a push-pull triode con-
figuration. The 6550 output stage re-
quires 36V RMS signal drive for the
grids of 6550s to obtain a 28W output.
The 6550s employ isolation resistors on :
the grid and screen to ensure the tubes
are free of unwanted signals. The screen
grid is connected to the plate via a 2200, :
2W metal oxide resistor for triode oper-
ation. A 470Q 10W resistor is connected
to each 6550 cathode to provide a +50V :
DC bias voltage. The Ebb is +475V DC
and the Eb (plate to cathode) is 430V
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DC. See Table 1 for plate dissipation :
. the 8Q secondary increases to only 3.1V

and plate current information.

Operating at this level, the sonics of
the sound are greatly improved; this is
commonly referred to as the “sweet spot”
and occurs circa the design center maxi- |

mum level, and no color of the plates
is observed. The distortion of the amp
without feedback is 1.6% at 1kHz-28W.
With 12dB of loop negative feedback

- at 1kHz, the distortion at 28W is 0.5%.

l TABLE 1: TRIODE TUBE DATA

6550 CLASS AB1 (PUSH-PULL-TRIODE)

e AV
B RN . s
S oeotonoassass a0 B GG
ISR - oossonnsscan e o
Gl St W (o) 2 RSB
Load Resistancs (platetoplate) < 4300Q
Dz toke 404 ISR S
Jbrrdnmm el BERS e
Power Output 1 28W

Plate + Screen Dissipation

(per tube)

Plate + Screen Dissipation 28W (maximum
pertube) Sl

Harmonic distortion at 1kHz, no

: 16%
feedback :

* Plate to cathode voltage
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The damping is excellent, as 2.8V AC at

AC when the 8Q load is removed.

The negative feedback loop of the 8Q
secondary winding uses an 8.2kQ resis-
tor, and the 4€ tap uses a 3.9k resistor.
For proper operation of the feedback
loop, select the 4 or 8Q secondary out-
puts.

Comment: The triode power amp
shows no sign of ringing with a 10kHz
square wave when a 0.1UF capacitor is
placed across the secondary winding of
the output transformer.

Caution: Before applying power to
the amp, make certain the 100K grid re-
sistors are connected between the 6550s

- grids and ground. This precaution will
- prevent catastrophic failure of the 6550s
. output tubes.

50W ULTRALINEAR

POWER OUTPUT STAGE

The power amp stage includes 6550s
connected in a push-pull UL configu-
ration. The 6550 output stage requires
36V RMS signal drive to obtain a 50W
output. As in the triode mode, the 6550s
employ isolation resistors on the grid
and screen to ensure the tubes are free

- of unwanted signals. The screen grid is



connected to the UL winding via a 220Q, 2W metal oxide
resistor for UL operation. A 470Q 10W resistor is connected
to each 6550 cathode to provide a +45V DC bias voltage.

Also as in the triode mode, the Ebb is +475V DC and the Eb
(plate to cathode) is 430V DC. See Table 2 for plate dissipa-

tion and plate current information.

The distortion of the amp without feedback is 3% at
1kHz-50W. With 12dB of loop negative feedback at 1kHz,
the distortion at 50W is 0.8%. The damping is excellent, be-
cause the measured 2.8V AC at the 8Q secondary increases
only to 3.2V AC when you remove the 8Q load.

As in the triode mode, the negative feedback loop of the

8Q2 secondary wind-
TABLE 2: UL TUBE DATA

ing uses an 8.2kQ
6550 CLASS AB1 (PUSH-PULL-UL) resistor and the 4€Q

tap uses a 3.9kQ

Ebb : 475V .
............................... §00000000000000000 reslstor‘ For proper
Eb* : 430V .
............................... Operatlon of the
Ek 45 to 52V

Rk (each tube) 4 7[]Q ............. the 4 or 8Q second-
Reuticionatiey maanun S AR ary outputs.
 Load Resistance (platetoplate) :4300Q Like the triode
blzerosignal) L - amp, the UL amp
ILHnE imngsi0nalRERRRNN, 1 U oo is free of ringing at
Power Output 50W

10kHz when a 0.1uF
capacitor is placed
across the 8Q sec-
ondary. And the same

Plate + Screen Dissipation
(per tube)

Plate + Screen Dissipation : 22W (maximum

pertube) sl )
Harmonic distortion at 1kHz, no :3.0% .Cautlon before appl}.l—
feedback : ing power to the tri-
* Plate to cathode voltage ode amp also app lies
to the UL amp.
OUTPUT TRANSFORMER

The 1650N-output transformer is rated for an output of
60W. The transformer has a 40% tap on the secondary wind- |
ing to permit UL operation. The transformer provides excel-

lent fidelity and required a well-thought-out design to oper-
ate over a frequency range of 30Hz to 20kHz. To obtain this
frequency range from a ($79) transformer (weight 6.8 Ibs)
with such a large amount of iron and large circumference coil
is indeed commendable. This transformer also measured well
in square wave testing.

Comment: My philosophy is to design affordable hi-fi
equipment for the audiophile, and Hammond transformers
met that requirement.

POWER SUPPLY

The power supply contains the power transformer, heater

transformer, capacitors/resistors, switches, and a low noise !
80cfm blower fan (cools the power transformer and output . MSolder™ Silver/Gold
tubes). The front of the chassis has separate heater and high !

{ MSolder™ Supreme
voltage switches to permit applying heater power prior to ap-
plying high voltage. The rear of the chassis has a power con- |
nector, power cord, and fuse. The power supply provides power
for two push-pull power amps described in this article. The !

80cfm fan is located directly behind the filament and power

transformer.

teedback loop, select !
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FIGURE 2: Power supply.
TABLE 3: TRIODE POWER AMP | Parts List of Amp (double for stereo)
DISTORTION WITH 12DB FEEDBACK
.| Part Source
Trode Operation 220Q 2W metal oxide 262220 (2) Mouser
330€2 5W wire-wound 280-CR5-330 Mouser
470€Q2 10W wire-wound 280-CR10-470 (2) | Mouser
1000€2 1W carbon film 294-1K (4) Mouser
150€2 2W metal oxide 262-150 Mouser
3.9k TW metal oxide, 261-3.9K Mouser
8.2k€2 2W metal oxide 262-8.2K (2) Mouser
18kQ2 2W metal oxide 262-18K Mouser
220k<2 '2W carbon 3BJ500-220K Mouser
33kQ 2W metal oxide 262-39K Mouser
47k 2W metal oxide 262-47K Mouser
Parts List of Power Supply 100k<2 2W metal oxide 262-100K (3) Mouser
(do not double parts) 100K audio taper, single, R-V38-100KA AE
Part Source 100pF 500V silver mica C-SM100 (3) AE
M1, Fan, 80 cfm, 4.7 in? x 17 thick, “low | — 1UF 250V polypropylene 5869-250V1.0F | Mouser
noise” (Specifications Typical) 0.2214F 600V polypropylene C-RD22-600 AE
D1-4, Diode Rectifier, 1A, 1000V, AE A
, Diode Rectifier, 1A, | -
P-0INAT00 (4) 40uF 500V electrolytic C-SA40-500 AE
SR Y R e T 100LF 450V electrolytic 140-XRL450V100-RC | Mouser
-S2, Switch, Rocker, 6A at / i ouser -
17 hole (2)  T12-R13-130A 200uF 63V electrolytic 647-TVX1J221MCD (2) | Mouser
220N, 600V, C-RD22-600 AE 0687, double trode A
it 2AT7, double triode AE
560].”: 250V 5985-380-250V561 (4) Mouser 6550C-WC, power Pentode, Winged C AE
. ) ‘ (matched) (2)
20€2 25W wire wound 280-CR25-20 Mouser Note: Order extra 12AT7 and 5687 in
51kQ 5W metal oxide 286-51K-RC (2) Mouser case of defective tube. T1- Output Trans-
former, P-T1640N Push-Pull, 60W, Pri-
T1, Heater transformer, 120V to 6.3V AE mary Impedance 4,300 center tapped,
center-tapped, 10A, Hamm. P-T16656 Secondary 4,8,16€2, 20Hz to 20kHz
T2, Plate transformer, 120V to 200V, AE ELBLT TGN U TS
870mA, Hamm. P-T167H200 9-pin ceramic tube socket, PST9-162 (2) AE
J203, Socket Jones, Female, 53823041 (2) | Mouser Octal tube socket, PSTE-209MIP (2) AE
- — J1, RCA Jack, Gold Plated, 274-852 RS
E::sL)u(gs')ne Points, 4 per pack (also for i J2, Binding Post, Insulated, Back, 15A, Mouser
530-111-0103-1
Chassis box, aluminum, 17 x 10 x 3”, AE J3, Binding Post, Insulated, Yellow, 15A, Mouser
P-H1444-32 (3) (also for amps) 530-111-0107-1
Fuse holder = J4, Binding Post, Insulated, Red, 15A, Mouser
530-111-0102-1
71 sy, 7l O O _ P1, 4- Plug Jones, Male with Hood, Mouser
J1, Line cord (3 wires, 14 AWG, AE 538-13041
6'-8-W206 4-Wire Cable, # 16, 6" =
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The power supply (Fig. 2) has a 6.3V

i AC center-tapped 10A heater transform-
- er and a 200V AC 870mA plate trans-
- former. The plate supply has a full-wave
. bridge with two 560uF capacitors func-
. tioning as a voltage doubler circuit. In a
- voltage doubler application, the current
- rating of the transformer is reduced to
- 435mA. The final filtering of the +475V
- DC is provided by two 560uF capacitors
- connected in series with a 51K resis-
. tor connected across each capacitor. The
. series-connected 51kQ resistors function
- as a bleeder.

The AC ripple of the +475V DC out-

put of the power supply is 3.9V AC. The

ripple at the 40uF capacitor of the in-
verter is 1.6V AC and 0.2V AC at the
100uF capacitor of the driver. The plate

and heater transformer furnishes power

- to R and L channel power amps. The

12AT7 and 5687 heaters are paralleled
for 6.3V AC operation.
Important: To prevent electrolytic ca-

- pacitor burnout, separate switches are
- provided for the filament and high volt-
- age circuits. The high voltage switch is

connected to the output side of the heater
switch so it can never be turned on unless

- the heater switch is set to the on position.

The triode amplifier frequency re-

' sponse at 28W is flat from 30Hz to

20kHz (Table 3). The 1kHz and 10kHz
square waves at 28W are reproduced per-

. fectly and the 100Hz square wave shows
© a moderate amount of tilt. Sensitivity is

0.4V RMS for 28W output and 0.24V
RMS for 10W output.
The UL amp frequency response at

© 50W is flat from 30Hz to 18kHz. The
- 1kHz and 10kHz square waves at 50W

are reproduced perfectly, and the 100Hz

square wave shows a moderate amount

- of tilt. Sensitivity is 0.48V RMS for 50W
- output and 0.22V RMS for 10W output.

Caution: If the amp squeals when it is
first turned on, reverse the plate leads or
the 5687 output coupling capacitors. Use

- an inexpensive speaker during the initial
. turn-on.

FORCED-AIR COOLING
Photo 2 shows an 81cfm (noise 33dB)

- fan located directly behind the filament
- and power transformer. The fan also cools

the four 6550s. Use mounting feet on the
bottom of the chassis to give good under-
chassis airflow.



CONSTRUFT|0N TIPS . L channel heaters of the amp. Mount TABLE 4: UL POWER AMP

Use an aluminum chassis and not a paint- : the 6550 tube sockets so the centers of | EEyfe1 il R 1 REI R0 e ¢

ed steel chassis to ensure good grounds = the socket are about 3” apart. The four-
and ease of hole punching. Do not use a | conductor cable has wires from one end

UL Operation

common ground bus. Use single ground | connected to the B+, chassis ground, and @ ... :10W _:20W :30W :40W :50W
lugs and the ground lug of the five-po-  heaters of the amp and the wires from :  35Hz :020% :028 :050 :080 :15
sition terminal strips for all grounds. All | the other end connected to 4-pin, male ;|  100Hz :0.15 :026 :030 :056 :10

audio signal leads over 3” must use a  Jones plug, P1.  aX

shielded lead grounded at the input end. : ;0

A short ground path is provided for the | WARNING: Lethal voltages are pres- 15kHz :0.19 1028 :038 :076 :11

plate, grid, and cathode circuits. ent! Exercise extreme caution when
Use a shielded cable (although not re-  constructing and testing the amp. Never

quired) for the inverse feedback lead. Use : leave the amp upside down when chil-

16 AWG hook-up wire for the R and ' dren are present. PARTS DISTRIBUTORS

=

Mouser
Mouser Electronics
1-800-346-6873

AE

Antique Electronics Supply
(602) 820-5411

6221 South Maple Ave.
Tempe, AZ 85283

RS
Radio Shack

NE VERDIE

Ming Su Laboratoire J.C. Verdier

4707 Cochran-Place,-Centreville, VA 20120 5/7, rue d'Ormesson 93800 Epinay-sur-Seine, France
Phone:-703-598-6642 Phone: (33)1-48418974 — Fax: (33)148416928
Email: info@goto-unit.com www.jcverdier.com
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