PART 1

NEW POWER AMP MODULES

ince I introduced the 60W amp in

1982, and the Servo-100 and DC-100
in 1984, a number of you who have built
theseamplifiers have given mesome posi-
tive feedback. I have also received some
comments and suggestions indicating
there is room for improvement. So I have
been continuously monitoring their per-
formance and updating the designs.

By Erno Borbely
Contributing Editor

I designed the original DC-100 with
two pairs of output devices, addressing
the more traditional speaker loads of
5-8Q. Since many of you are using
lower-impedance loads (some going as
low as 1Q), I have added higher-current
devices to the output which allow loads
in the 2-4Q region. Due to the high sup-
ply voltage, a significant heatsink in-

crease is required to cope with the in-
creased power dissipation. For high-
current, low-impedance applications,
the new power amp operates from a
lower voltage than previous versions.
One problem with the old unit was
the wiring of the TO-3 metal-can output
devices. Although a pinout was pub-
lished, it is easy to reverse a couple of
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FIGURE 1: Servo-50 EB-691/125 driver board.
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TABLE 1
TO-3P MOSFETs

MOSFET PAIRS  PIN D-S lomax Pp VGS(0FF)

Volt Amp Watt Voit
25K1058/28J162  GSD 160 7 100 0.15-1.45
28K405/28J115 GDS 160 8 100 0.8-2.8
2SK1529/28J200 GDS 180 10 120 0.8-2.8
25K1530/128J201  GDS 200 12 150 0.8-2.8
25K414/25J119 GDS 160 8 100 2-5
25K400/28J114 GDS 200 8 100 2-5
IRFP241/IRFP9241 GDS 150 12 150 2-4

Note: The first four types are especially suitable for audio use.

wires, which results in catastrophic fail-
ure. I have been monitoring the devel-
opment of the TO-3P plastic package
and believe they are now reliable
enough for audio use. Different versions
are available, making them suitable for

most applications. Plastic devices offer
several advantages: they have only one
hole and are easy to mount; when com-
bined with specially designed output
boards, the pin connections are practi-
cally fool-proof.

TABLE 2

EB-691/125 DRIVER BOARD PARTS LIST

REF. DESCRIPTION
Capacitors

C1 560pF/160V, PP, PS
C2,7,13,15 0.1uF/160V, PP
C3,6 560pF/630V, PP, PS
C4-6,8,20, 0.1uF/100V, ceramic
25

c7,9 10pF/35V, TA

C10 S6pF/630V, PP, PS
C11,12 0.22uFM160V, PP
Cl4 330pF/630V, PP, PS
C16, 21 47uF/63V, low ESR, ROE, EKR

Output Coil
L1 1.7pH (Int. diam: 16 mm, length: 20 mm,
wire diam.; 1.5-1.8 mm)

Resistors
R1, 7-12 100
R2 shorted
R3, 22 100k (R3 = 499 for balanced operation)
R4, 16 121
RS, 17 1.4k
RS, 18 137
R13 10
R14, 15 75
R19 523 (for 26dB gain, single input)
1k (for batanced operation)
R20 10k/1.4W metal oxide
R21 shorted
R23, 24 ™M
R25 22k/1.4W metal oxide
R26, 28 1.5k
R27 681 (for 25K405/28J115 "O"-type)
499 (for 25K405/2SJ115 "Y"-type)
R29 10/1.4W, metal oxide
R30 1/4.5W, metal oxide
R31 10/4.5W, metal oxide
Semiconductors
Q1A, 1B 2SK389BL/V or 25K240BL/V
Q2A, 2B 25J109BLV or 28J75BLV
Q3,4 2SC3381GR/BL
(MATO1, 2N2920, 2 x 258C1775)
Q5,6 2SA1349GR/BL
{MATO03, 2N3811, 2 x 2SA872)
Q7 78L15
Q8 79L15
Q9 TLO71, LF411CN or AD711IN
Q10 2N5551
Q11 2S5A1210 or 2SA1407

REF. DESCRIPTION

Q12 2N5401

Q13 25C2912 or 25C3601

Q14 MPSA06

Q15 MPSA56

D1,4 40.2k resistor (when regulator) or
J505, CR100/120, 1N5297 current diode

D2,3 LM336Z-5.0

D5,6 ZPY20, 20V/1W zener, without reg.

D7,10 1N4148

D8, 9 ZPY15 or equivalent 1W zener

Trimpots

P1 1k, P1 is used for balanced op.

P2 200, multiturn cermet

P3 . 50, multiturn cermet

P4 5k (for 28K405/25J115 "O"-type)

2k (for 25K405/254116 "Y"-type)
Miscellaneous
TO-92 heatsink for Q7, Q8
8-Pin DIL socket for Q9
Heatsink for Q11, Q13, Q16, Q20, aluminum, 120 x 25
mm, 2-2.5 mm thickness
EB-691/125 PC board (120 x 120 mm)
Solder pins
6.3 mm/v4" flat connectors
Terminal blocks or eyelets for signal and power connection

Note
All resistors 1%/0.5W metal film, ROE MK-2 or equiv.

Positive and negative regulator
R32, 41 10k/2W (22K in par. with 22k/I1W)

R33,34,38, 1k

42,43, 47
R35, 44 100
R36, 45 681
R37, 46 2.21k
R39, 40, 22.1k
48,49
P5,6 1k, multiturn cermet
C18,23 0.1pF/100V ceramic
C19, 24 10uF/35V TA
C17,22 560pF/100V ceramic
Q16 25K216
Q17 MPSAS6
Q18,19 25C2240
Q20 28J79
Q21 MPSAQ6
Q22,23 2SA970
D11,12 1LM3362-5.0
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An additional reason for designing
the new modules was component avail-
ability. The NPD5566 and the
AH5020C] used in the DC-100's input
stage, for example, were not availablein
Europe. This was alleviated when we
began selling the kits, but in the mean-
time some components had been
phased out of production.

I have recently introduced three new
power amplifier modules: the Mini-
Servo, the Servo-50, and the DC-102.
Although sonically very similar, they
have different applications. The Mini-
Servo has relatively limited output
power, and is ideal for active loud-
speaker systems. The Servo-50 offers
tremendous current capability, and will
drive multiway passive as well as low-
impedance ribbon speakers. The DC-
102 is the favored driver for
electrostatics. Both the Servo-50 and the
DC-102 have the flexibility to drive any
speaker given the right combination of
power supplies and the appropriate
number of output devices.

Servo Circuit

The Servo-50 is a high-current power
amplifier, nominally rated at 50W into
8Q. With a full complement of five out-
put device pairs, it delivers 100W into
40, and, depending on your power
supply, close to 200W into 2Q. It can
drive a peak current of more than +40A
into 0.88Q.

The 60W amp and the Servo-100 both
use the same driver topology, with bi-
polar transistors in the input stage.
Based on my experiences with the Class
A preamp module ("Measuring Non-
linear Distortions," TAA 3/90, p. 8), I
selected its topology for the new servo
driver circuit. The Mini-Servo and
Servo-50 circuits are practically identi-
cal. [See Resource Box for details.--Ed.]

The Servo-50 driver schematic is
shown in Fig. 1. I used either dual
2SK?240BL./2S]75BL or monolithic dual
2SK389BL./25]109BL Toshiba JFETs for
the input devices, and monolithic dual
2SC3381GR/BL and 25A1349GR/BL
bipolar, low-noise transistors for the
cascode input stage. Rated at 80V break-
down, they are suitable for most power
amp inputs. I biased the cascode transis-
tors with 5V reference diodes. These are
floating with the Q1 and Q2 source volt-
age, which practically eliminates the
voltage change across the input FETs
and reduces the input capacitance to
very low value. [ set the input stage



current to 2mA with P2, and adjusted
the input offset with P3.

The second stage, consisting of Q11
and Q13, is the well-known folded cas-
codecircuit. As an extension of theinput
cascode circuit (through the use of resis-
tors R8 and R18), it shows very good
linearity; however, transistor selection
is critical. Q11 and Q13 must have very
low collector-base capacitance, low
saturation voltage, and good linearity at
the operating current. They must also
have high breakdown voltage in order
to cope with the high supply voltage.

I used BE757/760 video transistors in
the original Servo-100 circuit. Some of
these 300V devices have rather high satu-
ration voltage at the 10-20mA operating
current, but they will eventually be
phased out of production. A TAA reader
suggested I consider Sanyo’s
25C2912/25A1210 video transistors,
which are 200V devices in a TO-126 pack-
age with a rated collector current of
140mA and an fr of 150MHz. They have
extremely low collector-base capacitance
and a reasonably good saturation voltage
up to about 20mA collector current, mak-
ing them ideal for the second stage.

TABLE 3
EB-391/109 and EB-391/110 OUTPUT STAGE PARTS LIST

REF. DESCRIPTION REF. DESCRIPTION
Capacitors Q8-12 28J162 Hitachi
C1-5,8-12  0.1uF/100V, ceramic 28J115 Toshiba
C6,7 100..F/63V low ESR, ROE, EKR 28J200 Toshiba
C13-17 33pF/100V, cog or dipped mica

(Used only for 25K1058/284162 Miscellaneous

Hitachi MOSFETSs.) EB-391/103 PC board for B- and C-type
Resistors (G-D-8 pinout) MOSFETs
R1,2 100 EB-391/110 PC board for A-type {G-S-D pinout) MOSFETs
R3-12 221 Solder pins
R13 75/1W (for 2SK1058/25J162 MOSFETS) 6.3 mm/v4” flat connectors

150/1W (for 2SK405/28J115 "Y"-type)
Semiconductors
o 28

K216
Q2 28079
Q3-7 25K1058 Hitachi (0.15—1.45V)

2SK405 Toshiba (0.8-2.8V)
2SK1529 Toshiba (0.8-2.8V)

Terminal blocks or eyelets for signal and power connections

Notes

All Components are mounted on the copper side.

In case the 25K216/2SJ79 are mounted on the driver
board, leave these and resistors R1, R2 and R13 out.

For stuffing the board without the drivers, see separate
stuffing guide.

Another complementary pair for this
position is the 25C3601/25A1407, with
an fr of 400MHz. The second-stage bias
transistors, Q10 and Q12, are TO-92
high-voltage devices for which I am us-
ing the 2N5551/2N5401.

Q14/Q15 serve as a complementary
Vee multiplier for biasing the output
stage. I selected this dual-transistor ver-

sion because of the relatively high bias
needs of some of the output MOSFETs.

Driver Boardom

I mounted the source follower drivers
on the output board rather than on the
driver board for several reasons, the
simplest being that I didn’t have room
for them on the driver board. More im-
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FIGURE 3A: Transistors mounted directly on heatsink. B: Transistors mounted with straight legs
on 4 x 25 mm aluminum. Note: Aluminum and heatsink must be flat for good thermal contact.

portantly, mounting them as I did re-
duces the distance between the driver
and output transistors, which in turn
reduces the risk of high-frequency os-
cillations, The third reason is thermal
stability. Some of the output MOSFETs
have positive temperature coefficients,
while the 25K216/2S]J79 drivers have
negative temperature coefficient when
operated above 20mA drain current.
Mounted on the same heatsink, they
tend to compensate each other. Finally,
you can run the drivers at higher cur-
rent for improved linearity without
heatsinking problems.

The Servo-50, Mini-Servo, and DC-
102 driver circuits have high open-loop
gains in the order of 85-90dB, with an
open-loop frequency response of about
2kHz. The Class A topology with a
source follower output results in a sec-
ond stage with very little loading (only
the source followers’ input capacitance),
and consequently high gain. The advan-
tage of high gain and plenty of feedback
atmidfrequenciesis that they reduce the
by-products of nonlinearities which are
outside the audio band. ‘

You can reduce the open-loop (OL)
gain by loading the second stage. For
example, two 100k resistors connected
from the second stage collectors (one
from each side of the bias circuit for
symmetry) will reduce the OL gain to
about 70dB and increase the OL fre-
quency response to close to 20kHz. In-
creasing the input stage source resistors
will further reduce the gain. (I have not
been able to verify the sonic advantages
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of these modifications, and so have not
included them in my designs; however,
please try them and report the results.)
Theoretically, the Servo-50 is a DC-
coupled amplifier. JFETs have a much
higher temperature drift than bipolars,
however, and this causes DC offset. If
you are running your amp at a constant
(and relatively low) temperature, sim-
ply trim the DC offset to zero with P3. If
the temperature range is expected to
vary widely, I recommend installing
servo amp Q9, which is supplied with
+15V by Q7 and Q8. D5 and D6 are
connected in series with Q7 and Q8 to
protect them from input/output (1/O)
overvoltage, although they are unneces-
sary if the supply voltage across C16
and C21 is less than or equal to £50V.
Driver circuits can benefit from regu-
lated supplies, although I am not con-

WRONG.

9 D

CORRECT.
FIGURE 4: Bending transistor leads.

vinced that the outputstages need them.
"Pos. Reg." and "Neg. Reg." in Fig. 1 are
discrete regulators comprised of a dif-
ferential input stage, a driver, and a
MOSFET output stage. The MOSFET
and Q11/Q13 second-stage transistors
are mounted on the same heatsink. The
reference voltage is supplied from D11
and D12, which are LM336Z-5.0 refer-
ence diodes. P5/P6 trimpots in the feed-
back circuit adjust the output voltage
over a 35-50V range.

Theinput voltage to the regulator must
be a minimum of 5V higher than the out-
put voltage. Thus, the regulated supply
voltage requirements are: regulated out-
put supply for the drivers of +45V (+40V
output voltage plus 5V) and 50V input
voltage (+45V plus 5V). I recommend op-
erating the regulators with 55V input
voltage and adjusting the regulated volt-
age to +45-48V. Due to circuit simplicity,
the regulators are not short-circuit proof,
but they tolerate higher 1/O voltage dif-
ferences than IC regulators.

The generous-sized output pads on
the PC board offer a number of connec-
tion possibilities: 14" Quick Connect
connectors; the dual, screw-type termi-
nal blocks with 5 mm or 0.2" pin spacing;
or normal solder pins. You can also sol-
der your cable directly to the board.

Resistors Reduplicated

Feedback resistor R19 appears twice in
the stuffing guide. If you use the amp
with single input, the 523W resistor
should be mounted in the R19 (1) posi-
tion. For use with balanced inputs, install
the 1.1k resistor where R19 (2) is shown.
Obviously, both can be mounted, but
only one can be active at a time. The
heatsink for second-stage transistors
Q11/Q13 and regulator transistors
Q16,/Q20 is 120 x 25 x 2 mm aluminum.

I suggest you begin the board assem-
bly by testing and adjusting the two
regulators. First, place the common
heatsink of Q11, Q13, Q16 and Q20 on
the board, then mount pass transistors
Q16 and Q20 on the heatsink.

With the positive regulator compo-
nents in place, connect a 470Q/5-10W
resistor across C2 or C16, and a voltme-
ter across the resistor. Apply +55V un-
regulated voltage to +Vs. Depending on
P5’s position, the output voltage should
be between 30-55V. Adjust the regu-
lated voltage to +45V with P5, then dis-
connect the load resistor and recheck the
voltage. The same reading should ap-

Continued on page 15
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Continued from page 12
pear between the loaded and unloaded
voltage on a 315-digit DVM set to 200V.
Ifyou can’tadjust the voltage, or if the
difference is greater than 0.1V, recheck
all components for correct place-
ment/orientation. Set your scope on AC
and the highest possible sensitivity.
Connect it across the load resistor and
check for output oscillation. When you
have mounted all of the negative regu-
lator components, repeat this proce-
dure. You can then assemble the
components on the board. Mount the
output coil last, as some of the compo-
nents are mounted partially under it.
Make certain that the four heatsink tran-
sistors are insulated with mica, or the
newer inert plastic isolators.

Prepare to Mount

The EB-391/109 and 110 output boards
(and their mini companion, the EB-
792/111) have been developed for out-
put stages using TO-3P output devices.
The two versions have two different pin

configurations: G-D-S for the 109 and
111, and G-S-D for the 110. The boards
also incorporate the 25K216/2S5J79
drivers, enabling you to mount them on
the main heatsink with the output
MOSFETs. (If the drivers are mounted
on the driver board, you can leave them
out.) The output stage schematic is
shown in Fig. 2.

The TO-3P devices bolt directly onto
the heatsink with single-hole mounting.
Transistor connections are facilitated by
the special PC boards, to which all transis-
tors are soldered. Since the PC board must
bemounted off the heatsink to avoid short
circuits, the transistors will be at a differ-
entlevel (Fig. 34). You can build a pedestal
using an appropriate aluminum profile to
raise the transistors (Fig. 3b), although this
method introduces an extra thermal resis-
tance between the transistors and the
heatsink. It should therefore be used only
when necessary.

If you mount the transistors directly
onto the heatsink, you must bend the
leads before you can solder them to the

contact, place a large-diameter, flat
washer under the screw holding the
transistor. Alternatively, you can place
an aluminum bar across all the transis-
tors and use the individual screws to
tighten the bar (and, consequently, the
transistors). Use an insulator and a gen-
erous amount of silicone grease under
each transistor.

Table 1 lists some available TO-3P
MOSFETs. The Hitachi 25K1058/
25]162 are the plastic equivalents of the
well-known 25K135/25K50 TO-3 metal
cans. Their positive and negative tem-
perature coefficient crossover point is
around 100mA, with no thermal run-
away if you operate them athigher drain
current. The Toshiba 25K405/25J115
have a much higher crossover point and
good thermal stability, provided you use
the Hitachi 25K216/2S]79 drivers
mounted on the main heatsink with the
output devices.

The 25K1529/25]200 are recom-
mended for very-high-power amplifi-
ers. They have positive temperature
coefficient across the entire current
range and require special care to ensure
thermal stability.!

The last three MOSFET pairs are also
suitable for audio applications. Their
primary difference is a significantly
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higher bias voltage, which you can com-
pensate for by modifying the bias circuit
and running the driver circuit at 5-10V
higher supply voltage. These devices also
have positive temperature cpefficient
across most of their operating current
range, and require the same care for ther-
mal stability as the 25K1530/25]201.

[recommend using two or three pairs
of output devices for 8Q operation, and
the EB-792/111 board is laid out for two-
pair usage. The minimum for 4Q s three
pair. If your load impedance is likely to
drop below 3Q, use a full complement
of five pair. You can operate the output
devices with a quiescent current range
of 100-200mA per pair, but I advise
500mA as the minimum total current for
the output stage.

Power Supplies

Use a 400VA or larger transformer per
channel and separate windings for the
driver (2 x 40V RMS/200mA) and out-
put stages (2 x 25-30V RMS/6A). With
a full complement of output devices,
the outputstage filter capacitors should
be minimum 20,000uF/50V and
1,000uF/63V for the driver stage, with
both supplies grounded at the same
point (e.g., at the driver board’s PGND,
or a star-ground point elsewhere). Con-
nect a 0.1pF/160V film capacitor be-
tween the board’s two supply pins
(plus-to-plus and minus-to-minus).
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This will establish a common high-fre-
quency reference. One possible wiring
diagram is shown in Fig. 5.

You can always use one supply for
both the driver and output stages, either
from a high-current, unregulated sup-
ply of +40-45V, or from a common,
high-current regulator of the same out-
put voltage. In either case, omit the com-
ponents associated with the driver
board regulators. Figure 6 shows typical
wiring of a Servo-50 monoblock using a
single supply.

If you use capacitors larger than
20,000pF, you should install a slow-
turn-on circuit to protect the rectifier
bridges/diodes (and to avoid blowing

your house fuses every time you switch
on your amp). I highly recommend us-
ing a DC-sensing/protection circuit at
the amplifier output. The plus/minus
fuses should protect your load, but it is
possible to accidentally install a much
smaller fuse on one side. This fuse will
blow and you will have the output sit-
ting at the other supply voltage, which
might permanently damage your
speakers. This can also happen if a com-
ponent fails and the output gets stuck at
one of the supply voltages. Remember,
these amplifiers can deliver high cur-
rents into very low impedances.

A word of caution concerning short-
ing the amplifier output: the only pro-
tection comes from the diode/zener
diode current limiter at the input of the
driver MOSFETs, which is intentionally
kept fully open in order to prevent dif-
ficult loads from triggering the current
limit. The diodes protect the MOSFET
gates only from overvoltage—there is no
protection from excessive current or ther-
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FIGURE 7: Proposed heatsink assembly using SK-56.




Resources For This Article

Please contact the following companies for pricing
and other information as shown:

Old Colony Sound Lab, PO Box 243, Dept. A93,
Peterborough NH 03458, (603) 924-6371, (603)
924-6526; FAX (603) 924-9467 (24 hours).

1. PC boards only (less components):

Servo-50 (EB-691/125)
DC-102 (EB-1091/117)
Output without Drivers ~ (EB-391/110)
DC Protection (EB-192/132)

Welborne Labs, 971 E. Garden Dr., PO Box
260198, Littieton CO 80126-0198; (303) 470-6585;
FAX (303) 791-7856.

1. Information about the Mini-Servo and

the DC-150.

2. PC boards and/or kits:
Mini-Servo (EB-692/116)
Little Qutput with Drivers (EB-792/111)
Output with Drivers (EB-391/109)
DC-150 (EB-892/127)

Borbely Audio, Melchior Fanger Strasse 34A,
82205 Neu-Gilching, Federal Republic of Ger-
many; 011-49-8105-5291; FAX 011-49-8105-24605
(24 hours).

1. PC boards and/or kits:
Al of the above except Mini-Servo,
Little Output, and DC-150.

For those interested in fabricating their own boards,
prints of all board patterns and stuffing guides are
available on request. Please send a 9” x 12" manilla
SASE with postage for 2 oz. (international readers,
please include postal coupons) to: TAA, PO Box 576,
Dept. EB393, Peterborough, NH 03458-0576.

|

mal overload, and the amplifiers will not
survive any long-term short at the out-
put. If you expect to encounter short cir-
cuits, especially in the testing phase, you
should use 10V zeners for current limit-
ing and 2A fast fuses for the plus/minus
supplies. Once everything is in working

.y D2 St
<1 23456 7> P
G2 Gl
BEhgRaA & s2 D1
=2
2]
23K389 ggégﬁ 2SK240 2SJ75
23J109 DOT INDICATES DRAIN DOT INDICATES DRAIN
cl us B =
B C + m_
E C B
E 1 E
LI ADS - N HEATSINK
SIDE
2N56551 (NPN 2SAB72 (PNP) LM336Z—-2.5 28A1210/2$A1407
2N5401 (PNP 28C1775 (NPN) LM338Z~-5.0 23C2912/25C3601
MPSAO06 (NPN 2SA970 (PNP)
MPSA56 (PNP 25C2240 (NPN)
G D S
¢ s D G S D - m
| | | . - 3
HEATSINK
X HEATSINK N
SIDE o SK405 2SJ15112E 1505
2SK216 25K1058 .l: ANODE
2379 237168 2SK1530 2S8J201 2 CATHODE
- + ANODE — CATHODE
NC 8 F 1 BAL mpur | ¥ OUTPUT
Vi 7 2 —INP.
0 ] INPUT
oUT 6 4' a +ovp, CROUND a
BAL 5 4 V- outputr | GROUND &
- CATHODE  + ANODE
TLO71 LM78LXX LM79LXX IN5297 CR100
AD711JN
LF411CN

FIGURE 8: Pin configurations for Servo-50 devices. Note: All devices shown bottom view.

order, you can make adjustments for
your particular load condition.

Set-Up Procedure

You should invest in a variable trans-
former before you start this procedure;
a 500VA Variac™ should be adequate.
It can save you some expensive output
devices, not to mention the aggravation

of replacing blown transistors and
other components.

Before turning on the AC power,
place P2 and P4 in their maximum-resis-
tance positions and P3 in midposition.
Don’t install Q9 if it is socketed. If you
have an 8Q load resistor with a mini-
mum rating of 50W, connect it to the

Continued on page 13

1993 Design Manual and Catalog

" Our 1993 160+ page Design Manual and Catalog
is loaded with parts, kits, schematics, books,
software, and how-to instructions for building and
modifying high quality solid state and vacuum
tube audio equipment. For your copy send $10
(United States and Canada), or $14
(Intemational).

PH: 303-470-6585 (evenings best)
Fax: 303-791-7856 (24hrs)

We Now Accept Visa and MasterCard

1993 Product Offerings

MIT MultiCap™ Capacitors

Kimber Kable OFC/Sitver Hookup Wire

Caddock Resistors

Strongbox and other Enclosures

Vampire OFC RCA Jacks

Tesla EL-34 Power Tubes

MagneQuest™ Output Transformers

Analog Devices & Linear Technology Semi's
Largest Selection of WIMA Caps (over 50 values)
Plus: qwik cad pcb software-Version 4.0 (free
demo disk included with catalog), TEC-200 Film
Siemens caps, Roederstein resistors/caps, Wonder
Caps-Wire-Solder, WBT, Vampire, Neutrik, Ram
Labs, Audiovalve, Grayhill, Boumns, TKD, Toshiba
Hitachi, Caig Laboratories-ProGold and much more

P TP

m vVwe LUMO

QAR audiocraft design /° supplies /° service /°

Kits Available in 1993

Tube:

35 and 60 watt Amplifiers (mu-stage design)
Dynaco ST-70/MKIII Mods

Line and Phono Preamps (hybrid mu-stage)
Solid State:

Borbely Mini-Servo 60 W Amp

Borbely DC-150 150 W Amp

Borbely New Class-A Line Amplifier

Unity Gain Buffer Stage

Several Regulated Power Supplies

Passive:

Passive Linestages

Stepped Attenuators

p.0. box 260198, littleton, co usa  80126-0198
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1986 Eectronic Tumtable Speed Control « Cable-
ready and Stereo TV o Borbely Preamp (Part 2) + Three-
Channel Stereo « 20W Class A Amp « Solid-state Relay
Power Control « 10 Instrumentation Amp « Vacuum Tube
Primer {Part 1) « Op Amps for CD Players + Yamaha CD2
Mods « Hafler DH-100 Mods « Signal Sniffer « Borbely
Moving Coil Preamp (Part 1) « 500W MOSFET Power
Amp (Part 1) ¢ Dyna FM-3 Mod « Frequency Multiplier «
Grid Isolation Resistors ¢
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MOSFET Power Amp (Part 2) « Wideband Power Supply
« Improve Logical Systems’ 1081 Analyzer « Connectors
(Parts 1, 2) « Digital Tape Dropout Detector « Pulse Code
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Analyzed « Oscilloscope Upgrade (Part 1) « Power Supply
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1988 rooce-4: Philips/Magnavox CD Mods
(Parts 1, 2) « Audio Power Meter « New Buffer « Push/Pull
Shunt Regulator « Oscilloscope Upgrade (Part 2) « 40W
All- MOSFET Power Amp o Audio System Design Proce-
dures « Sequenced Power Switch « Switchless Audio
Switch « Tape Timing Control « Hafler DH-330 Mod « Belt
Drive Tumtable Revisited « Car MOSFET Amp (Part 1) «
Magnavox 14-bit CO Mods « A. Sugden Profile « AC Motor
Stabilizer « Computer Programs for Stepped Volume Con-
trols o |

1989 Apple !t CD Player Control « DC3008 Tube
MOSFET 150W/Channel (Parts 1, 2) « Car MOSFET Amp
(Part2) o Marsh Preamp Mod o Direct Mods for Magnavox
CEDB-560 CD Player « Multi-toneDistortion Measurement
(Parts 1, 2) » Tape Calibration Oscillator » Simple CD
Output Amp « AC Sensing Control + Digital Gain Control
Theory » Ford Auto Electronics Upgrade o Design
Stepped Volume Controls « 14-bit Magnavox CD Players
Update « Feedforward Error Cancellation « Dyna PAT-4
Redesign « ADCOM GFA-555 Power Supply Regulator o

1990 wmos Preamp (Parts 1, 2) « Tigersaurus
Restoration Odyssey (Parts 1, 2) « A Biology of Music o
High Performance Analog Circuitry for CD Players « Un-
derstanding RIAA Curves « Multi-tone Distortion Measure-
ment (Part 3) « Power Pro Failsafe Line Protection «
Modify Crown’s IC-150 Preamp « Auditory Perception e
Balanced Line Design ¢ Audio Engineering Careers «
Simple Curve Tracer (Part 1) » Build a Digital Level Control
« Parallel Audio Regulators « Amp Protection Circuit «

1991 improve the CDB-650's DAC « Balancing
Amps « Active Inverse RIAA Circuit « Simple Curve Tracer
(Part2)  Dalzell on Noise « Electrostatic Headphone Amp
+ Remote Control Volume/Balance System ¢ Borbely
Preamp: The Modules « Heath's IG-72 Sine Wave Gener-
ator ¢ Ground Loops Revisited « Phase Coherent Cable
« Stepped Attenuator for Balanced Audio Amps « New
Control Preamp (Part 1) « IR Remote Slave « Improve
Your Power Supply « Build a Video Test Generator «

1992 saivaged 35W Power Amp « New Control
Preamp (Part 2) « Centralized Power Conditioner
POOGE-5: DAC960 Rite of Passage (Parts 1, 2) + Build
an A-Weighting Filter « Safe Soidering + Balancing Differ-
ential Circuits « Batanced-Jack Differential Audio Project
« MOSFET Dyna ST-120 Mod « Pots: Encapsulated Mod-
ules « Build the A75 Power Amp (Part 1) « Anti-shock
Tumntable Cradle « High-Quality AM from Crystal Radio «
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Continued from page 17

output. Connect the minus and plus in-
puts to signal ground at the input. Re-
move one of the output stage supply
fuses and connect an ammeter set to 0.5
or 1A across it. If you have a scope and
a DC voltmeter, connect both to the out-
put. Slowly turn on the AC power using
the Variac. The current measured by the
ammeter should not exceed a few hun-
dred milliamps, and the DC voltage at
the output should remain around 0V.

Connect the DC voltmeter across resis-
tor R5 (or R17) and adjust the input stage
current to approximately 2mA, which
will produce a voltage drop across the
resistors of 2.8V. If you are lower than
2.8V, shortR13. If you are higher, increase
R13's value to 200W. (This might be nec-
essary if you are using "V'-type input
devices.) Reconnect the DC voltmeter to
the output and try to adjust the DC offset
to OV. You might have difficulty with this
if you are using high-bias output transis-
tors which are completely off. In this case,
leave the offset for the time being and
adjust the bias.

Monitoring the current through the
output transistors with the ammeter, in-
itially adjust the bias to approximately
500mA. Now return to the DC offset at
the output and adjust it as close as pos-
sible to 0V with P3. As shown on the
schematic, this is actually a DC ampli-
fier, and it can be used as such provided
the input FET’s ambient temperature
doesn’t change more than 10-20°C. As
FETs drift more with temperature than
bipolar transistors, you should always
use the servo in high-temperature envi-
ronments. Switch off your amp and in-
stall Q9. With the servo installed, the
output offset should be less than a cou-
ple of millivolts.

Once you have made the basic DC
adjustments, remove the short from the
plus input and connect a 1kHz/0.5V
RMS signal to it. Turn on the amplifier
and observe the output with a scope. It
should be an undistorted sine wave,
with no high-frequency oscillation. If
you have a total harmonic distortion
(THD) analyzer, perform the usual
measurements at different frequencies.

When the amp is running properly,
connect it to your system. To get the best

Continved on page 41
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1. Mospower Applications, "Temperature Compensated
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The magazine
that finally deais seriously with
the art and craft of speaker building

The Art of building a speaker is to opti-
mize that mixture of design and engi-
neering to balance all the parameters for
the most beautiful sound possible. The
Craft is knowing how and why. Speaker
Builder gives you knowledge—from
driver parameters and crossovers to
woodworking—to develop and refine
your techniques, and to get the most out
of your system.

Speaker Builder helps you explore new
designs with how-to construction articles,
and can show you how to modify your
old speakers and make them sound bet-
ter than ever. Learn from our writers
who turn abstract theory into practical
approaches, and from the experience of
other readers who have been down the
road before you. Speaker Builder is the
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Contributing Editor Erno Borbely responds:

You might have an RF oscillation in your amp.
Connect an oscilloscope to the output and you
should be able to detect any RF oscillation.

O

R
POWER AMP MODULES

Continued from page 19

sound, you must experiment with the
bias. Adjust it to 100-200mA per pair of
output devices if you are using large
heatsinks. With a full complement of
outputdevices, the total bias current can
be in excess of 1A.

If the supply voltage on the output
devices is approximately +40V, the total
dissipation is a minimum of 80W, re-
quiring a heatsink with a 0.25-0.3°C/W
thermal resistance at 25°C ambient tem-
perature. The SK-56 heatsink shown in
Fig. 7 is sufficient for approximately
80W dissipation with proper air circula-
tion. I recommend using a thermal
breaker witha 70°C cut-out temperature
on the heatsink: O

L
THE HEAT’S OFF

Continued from page 29

even though you used a new breed of
thermal pad and a large heatsink, you
can only safely dissipate 52.1W with this
thermal design. And despite the fact
that it’s rated at 100W!

The example illustrates how simple it
is to analyze a thermal circuit. All you
need is an understanding of the heat
transfer modes and appropriate infor-
mation on the components used to
transfer the heat. Implementing proper
thermal design techniques will result in
a high level of reliability and save time,
trouble, and money. 0O

Ask TAA
Continued from page 36

optimum performance. After aligning a play-
back head, I usually check the phase at several
frequencies between 1-15kHz. If the phase re-
lationship between the left and right channels
varies with frequency, it is indicative of the
equalization phenomenon you described.
Thanks for sharing this extremely prudent ad-
vice with us. O
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