solid state

A High-Quality

Solid-State

Headphone Amp

By Dennis Colin

This compact unit, powered by an external 24V DC “wall wart”

or battery, provides very high sonic fidelity, no audible noise, and

switchable loudness compensation.

he maximum output power of this

phone amp is 137mW into 300Q
phones, and 218mW into 32Q
phones. With the (most excellent;
see sidebar) Sennheiser HD 650 3002 AMPLIFIER CIRCUIT
phones, maximum undistorted SPL

is 119dB sine wave, corresponding to :

¢ about 105-108dB music waveform aver-
‘ age, which is about the SPL of a large
BW (bandwidth) of about 1.5MHz (Fig.
1). Q3-Q4 bias is about 30mA, enough
to ensure Class A operation up to full
. power with 300Q phones. With 32Q
. phones, operation will be class AB at

orchestra playing full blast.

The output stage Q3-Q4, biased by con-
stant-current sources Q1-Q2 (and asso-
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PHOTO 1: Headphone amp.

ciated diodes and resistors), is a unity
voltage gain power amplifier with a

FIGURE 1: Headphone amp (L channel shown).
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high power, but distortion will still like-
ly be inaudible. But you can obtain full
Class A with 32Q phones by increasing :

Q3-Q4 bias to about 120mA, by chang-
ing R13, R14 to 1.2kQ. This, though,

increases the dissipation of Q3 and Q4
from 0.36W to 1.1W, so you should use

small TO-220 heatsinks (or insulated
chassis heatsinking).
The TL082 input stage has a Class

AB output. However, measurements
involving supply current monitoring es- :

tablished that the TL082 output bias is
0.62mA, and its operation is Class A up

to a load current of about £1.2mA peak.
The application here draws only about
10.5mA peak, so the TLOS?2 is always in :

Class A. This, plus a 1.3MHz available

BW (reduced to 230kHz by C4), ensures

high-purity amplification by the TLO082.

INPUT STAGE AND FEEDBACK
The (half per channel) TL082, operating
in Class A as described, provides stable

gain, low DC offset, and low noise (in-
audible; about 4dB SPL with the most

sensitive phones). Feedback resistors
R6, R8 precisely set the gain. C4 applies
negative feedback locally around the op

amp, above about 230kHz (the -3dB roll-
off frequency of the overall amplifier). :

This cap is not necessary for stability;
without C4 the amp’s -3dB bandwidth

is 1.26MHz and stable, but this invites :

AM radio interference, and so on.

50€2 OUTPUT IMPEDANCE

The feedback is taken from emitter re-

sistors R17, R18, giving this junction
a very low output impedance (<1Q).
So why the series 50Q R20? This, of :

course, sets the amp’s output imped-
ance at 50Q. The reasons for this are:

1. Output is unconditionally stable—

open, short, pure reactance.

FIGURE1a: Transistor Pinouts.
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Precision Acoustic Measurements
Require Precision Microphones

PS9200KIT™ USD
A complete IEC and ANSI traceable Type 1 Measurement
Microphone System 2 Hz to 40 kHz, 15 dBA to 160 dBSPL
*% inch capsule *4012 Preamp *PS9200 2 Channel PS
*AC adaptor *WS1 windscreen *SC1 die cut storage case.
Options: 511E Calibrator; 1 & ' inch mics; and Gain for
DRA’s MLSSA and other board level products.

ACO Pacific, Inc.

2604 Read Ave. Belmont, CA 94002 USA
Tel: (650) 595-8588 FAX: (650) 591-2891
e-mail acopac@acopacific.com

ACOQustics Begins With ACO™

Impeccable sound quality in a small

package! YES, Less is More with At KICKWOOD AUDIO
THE LITTLE WALLY we design for optimal

provable test results
Clever Design & Minimum Parts

Count = BIG SOUND in an Amp

that Should cost more ... but Then we final tune under

Mojo is included Free real listening conditions

. with recordings we are
@ High Performance-to-Cost very familiar with so

Ratio with a No-Compromise we can extract the last

Attitude combined with little nuances which are

> Upgradeability—so if you present in the medium,
want to go faster, the but often masked by
already great-sounding Lil imperfections in the

Wally can be tweaked to perfection with just a playback chain.

little guidance from the designer. Amaze yourself
& your friends by revealing what good sound

is, and how to get it. How? The Little Wally is
available in kit form as a module for your personal
& custom modifications for $150 US, or as a fully
assembled amplifier.

We have Trapezoidal
cabinet designs for the 10inch,
12inch, and I5inch Tannoy
Gold & Tannoy Royal
Tannoy HPD transducers.

Contact us at www.audiofyle.com to order a We will also build cabinets to your specs.

pair of modules or for a price for a pair of fully Contact us at www.audiofyle.com
assembled mono-blocks.

Audio-Phyle Options
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TABLE 1. Characteristics of Sennheiser Headphones. o is sh :
Sennheiser HD 650 *  Sound: Extremely Excellent ¢  $449 2. Output is short- :
Z = 287Q + 1.227mH (both channels very well matched) circuit proof.

Sens. = 103dB SPL at 1V RMS (manufacturer’s data; confirmed by test) (3.3mW) 3. Power deliv-

L-Chan R-chan. d to 3009 P :

F 29) F 2Q) ored 1o Cand
32Q phones is ap-

DC 287 DC 287 X ;

10Hz 296 10Hz 296 proximately equal .

335 390 ns 394 (about 3dB higher
435 429 51.4 428 with 32Q phones,
T8Hz 481 LF Res. 100Hz 481 LF Res. but they tend to be

132 429 146 428 less efficient).

180 390 187 394 But what about

1kHz 307 1kHz 310 “g . factor”®

18kHz 304 18kHz 302 amping lactor-+ .
20kHz 356 20kHz 360 Unlike speakers,

) ) whose bass reso-
Comparing the HDB50 with the Grado RS-2 (both about $450), the Grado had some upper . ‘
midrange roughness, while the Sennheiser sounded exceptionally smooth and tonally neutral. nance might show a

10x impedance rise, :

FIGURE 2: Power supply for HA-2 headphone amp.
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phones have a nearly constant, nearly re-

sistive impedance. The Sennheiser HD

650 (see Table 1) has a resonance Z of
481Q (re 300Q2 nominal). With a 50Q am-

plifier output Z, the signal increase to

the phones at their LF resonance is only
0.5dB. If this concerns you, you can delete

R20. But then a clipping signal level into
32Q phones could deliver about 2W, blow-
© ing the phones and perhaps your ears!

. POWER SUPPLY

To eliminate concerns about AC line
: pollution, I decided on an external “wall

wart” DC supply. The unit specified in
Fig. 2 works perfectly and causes no
audible hum, or other noise (Photo 4).
The circuit comprising Q1, 2 derives a

midpoint of the incoming single-ended
DC supply voltage.

Basically a push-pull Class AB buffer

amp, the output (R5-R6 junction) serves
as the circuit ground, to which is then
referenced the desired bipolar (about
. +13V) supply. You could add voltage
: regulators, but they are not necessary
: because the amplifier has a very high
. power supply rejection ratio (PSRR).
Including regulators would lower the
supply voltage, and therefore the ampli-
fier’s maximum output power.

~ INPUT CIRCUIT

. The ALPS 100KAX2 100kQ stereo vol-
ume control pot (Fig. 1) is, as of this
writing, available at Radio Shack for
about $3. This is a bargain—buy all you
can. Quality appears to be excellent,
and they have a 10% tap which I used
for switchable (low) loudness compensa-
tion. Of seven units, I measured attenu-
ation tracking (L/R), from 0 to -40dB, to
be between about +0.2dB and +1dB (this
does not depend on full-R matching,
but rather on matching of the ratios of
wiper-to-ground R to the full R). I sug-
. gest purchasing a number of units and
. selecting for best attenuation tracking.

R2 and C1 filter HF interference, such

as AM radio stations. C2, the only cap in
the audio path, removes any source DC
. offset that would cause noisy attenuator
operation. I used a 1.0uF 100V metal
poly cap from Digi-Key (EF1105), 10
. for $7.36. Or, you can spend whatever
: you like on the audiophile cap of your
i choice. R1 keeps C2 discharged with no



input connected.

The gain (3.2W/300Q phones) is

such that at full volume (attenuation at

0dB), a 2.0V RMS input (Red Book CD - in the audio path or power supply affect the sound you hear more than any other

0dBFS = full scale) drives the amp to . component in the circuit.
full power, producing 119dB SPL peaks, :

and about 107dB average music SPL- . to check the capacitor’s ability to pass dynamic signals by measuring the ESR

~about that of a large orchestra play- (Equivalent Series resistance) with a guaranteed 100% accuracy* in 3 seconds.
ing full-blast—on the Sennheiser HD650
phones. But you can easily change the
gain (with R6); the circuit maintains
stability and adequate HF response

over a gain range of at least 1 to 10.

LOUDNESS
COMPENSATION
When S1 activates this, R3, R4, and C3
provide the LF boosts versus attenua-
tion shown in Fig. 3. Maximum boost
occurs at 20dB attenuation and then
stays constant below that level. Down to
about -30dB (re full volume), the boost
nicely compensates the loss in LF hear-
ing sensitivity (Fletcher-Munson con-
tours) from >100dB SPL down to 70dB
SPL, within about 2dB to 20Hz. The
compensation is not adequate for much
lower than 70dB SPL, but with good
headphones why listen at lower volume?
Unlike many attempts at such com-
pensation, that used here does not
sound “boomy” or “muddy.” With a
maximum boost of only 3dB at 100Hz,
7dB at 36Hz, and that only at and below
-20dB volume, the compensation simply
maintains natural bass fullness as the
volume is decreased.

Note: If you use the ALPS 100k AX2
pot, you can use Photo 2 as a calibrated
dB template. These pots are very unit- :
to-unit consistent regarding attenuation

versus rotation angle.

CONSTRUCTION

Don’t do what I did—I (barely) stuffed
everything into a 5 1/8” X 2 7/8" x 2 |
1/8” aluminum “Bud Box Clone” from !
Radio Shack (Photo §). Fabricating a
PC board, as opposed to the “rat’s nest :

on balsa wood, lots of glue” construc-
tion I used, might save space, but I
think the enclosure should be at least
6" x 3" x 3" in size*.

The DC supply input jack must be
insulated from the metal enclosure. As
Photo 3 shows, I cut a 3/4” hole (with
a Greenlee chassis punch—very pre-
cise and burr-free), then mounted over

How do your capacitors sound?

Doing a restoration, pooging, repair or upgrade? Fact: The quality of capacitors

What a great reason to use this most highly recommended in-circuit cap tester

CapAnalyzer 88A series Il by EDS

Measures ESR from 0.1 to 20 ohms @ 120kHz
Color chart indicates good-fair-bad readings
One-handed tweezer test probe

Checks any cap from 0.47uF to 2200uF

Beeps one to five beeps for quality of cap ESR
Checks DCR to 500 ohms with Set Alert
Checks both through-hole or surface mount
Automatically and safely discharges cap first
Battery operated; optional AC adapter

Used and recommended by engineers and technicians from ABC, NBC, CBS,
and by professional/commercial broadcast equipment technicians from JVC,
Panasonic, and Sony, and government agencies including NASA and the CIA.

$199 3-year warranty Made in the USA
*60-day satisfaction or money-back guarantee
Electronic Design Specialists www.eds-inc.com 561-487-6103

EARN YOUR

B.S.E.E.
DEGREE

THROUGH HOME STUDY

Our Highly Effective Advanced-Placement Program for experienced
Electronic Technicians grants credit for previous Schooling and
Professional Experience, and can greatly reduce the time required
to complete the program and reach graduation. No residence
schooling required for qualified Electronic Technicians. Through our
Special Program you can pull all of those loose ends of your electronics
background together and earn your B.S.E.E. Degree. Upgrade your
status and pay to the engineering level. Advance rapidly! Many finish
in 12 months or less! Students and graduates in all 50 states and
throughout the world! Established Over 50 Years! Write or call
for free Descriptive Literature. (601) 371- 1351

COOK'S INSTITUTE

OF ELECTRONICS ENGINEERING

MY E 4251 Cypress Drive
CIx= Jackson, Mississippi 39212
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PHOTO 2: Attenuator dB scale.
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PHOTO 3: Insulated 24V DC jack.

TABLE 2 HA-2 Headphone Amp Measurements.

Maximum Gain: 3.705 = 11.4dB, no load

3.176 = 10.0dB, 3002 load

1428 = 3.1dB, 32C2 load

At maximum gain, 0dBFS = 2.0V RMS (Red Book CD Full Scale Signal) drives
amplifier to full output.

Maximum Output: 6.41V RMS = 137mW, 300<2 load

2.64V RMS = 218mW, 32€2 load

Maximum SPL with Sennheiser HD 650 phones = 119dB

Frequency Response: -3dB, 3.3Hz-230kHz

Half-Power Bandwidth: 360kHz, Slew Rate = 13.6V/uS (300£2 load)

Input Impedance: 27kQ2 Output Impedance: 51Q2

Equivalent Input Noise: 31 nV/\Hz density, flat spectrum (white)

(maximum with 4.381LV RMS unweighted, 20-Hz-20kHz attenuator at -6db;
3.42uV RMS “A” weighted, 20Hz-20kHz noise is 2.6dB lower with
attenuation at 0dB)

“A" weighted signal to noise ratio: 115dB re full output

Noise Level with Sennheiser HD650 phones: 4dB SPL (maximum with attenuation at
-6dB); 1dB SPL with attenuation at 0dB

Crosstalk: -66dB at 20kHz, -92dB at 1kHz (attenuation at OdB, inputs term. in <1kQ)

Output DC Offset: +2.1mV (left), +19.7mV (right), 3002 load +0.9mV (left), +8.9mV
(right), 32€2 load

Loudness Compensation (switchable): Maximum at attenuator = -20dB; constant
below -20dB: +3dB at 100Hz, +7dB at 36Hz (close to equal-loudness contours for
80dB SPL re >100dB SPL)
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the hole a piece of :
thick plastic, on
which the DC jack
to transistor parameters (I've verified

I didn’t use any
shielded cables
for the audio input

paths, hence the ADDING A SECOND PAIR

20kHz crosstalk OF OUTPUTS
of -66dB (not that
anyone would no- |
tice it). But coax
cable input con- :
will go into Class AB above about half
the full voltage output. I've found that
such Class AB loading appears clean
if only for the sake
of impressive
- achieve full Class A operation with two

Regarding
Photo 5, I didn’t |
use the transistor
types specified in :

was mounted.

nections would
certainly improve
20kHz crosstalk,

numbers.

the schematics; I used OHS (on-hand
stock) types, similar enough to those
specified. The circuit is very insensitive

this by trying very different transistors;
no noticeable degradation).

You can connect a second 50Q resistor
to the R17/R18/R20 junction to drive a
second output. If driving two pairs of
300Q2 phones, the output stage Q3-Q4

(no visible crossover distortion nor ob-
vious sonic anomalies). But you can

pairs of 300Q phones by increasing the
bias to 60mA (change R13, R14 to 560().
Small heatsinks on Q3, Q4 may or may
not be needed; if Q3, Q4 are not too hot

PHOTO 4: 24V DC wall supply.

www.audioXpress.com




SENNHEISER

HD 650 PHONES

Is $450 expensive for head-
phones? Well, to quote the Chuck
Mangione song title, “Compared
To What?” Most audiophiles
wouldn’t blink at spending $450
for a good pair of speakers, es-
pecially if they were almost ruler
flat from 20Hz to 20kHz, could
produce 120dB SPL, and repro-
duced clean 16Hz at 100dB SPL.
Not on this planet for $450!

But these headphones do all of
the above, plus they have razor-
sharp, time-adjusted, pristine
transient response (not to men-
tion the obvious freedom from
room acoustics). Tonal reproduc-
tion is effortlessly and extremely
natural. “Coloration” doesn’t ap-
pear to be in these phones’ vo-
cabulary.

As wonderful as this is, there’s
something beyond, difficult to
describe, when these phones are
driven by a highly transparent,
sonically noiseless amplifier, fed
directly from a player, particular-
ly an SACD or DVD-A unit: You
will be repeatedly startled into in-
stinctively looking around as you
hear quiet but clearly-revealed
background noises, such as the
conductor’s footsteps, musicians’
motions, distant glasses clinking,
and everyone breathing. Every
subtle sonic nuance produced by
the instruments is revealed with
crystal clarity. If an unexpected,
well-recorded xylophone is played,
for example, you’ll swear the reso-
nating metal is right in front of
you—downright spooky. H

AUDIO TRANSFORMERS
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ELECTROSTATIC SPEAKER TRANSFORMERS

Williamson Amplifier Transformer Specialist
WE DESIGN AND BUILD TRANSFORMERS
FOR ANY POWER AMPLIFIER TUBE

PHONE: [414] 774-6625  FAX: [414] 774-4425
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WAUWATOSA, WI 53226-4601
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FIGURE 4: Square-wave responses; phones = Sennheiser HD650 (300Q); SPL = 109dB.
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20Hz 10mS/div

1kHz

A-2512-04

200 uS/div 20kHz

Figure 4 shows
square-wave responses
(20Hz, 1kHz, 20kHz)
while driving the
HD650 phones to 109dB
SPL, and also with no
load. The 20Hz expo-
nential decay, and the
20kHz exponential rise
time, reflect the -3dB
bandwidth of 3.3Hz to
230kHz.

SONIC
TRANSPARENCY

I compared various
SACDs (1) with the

10uS/div

to touch, they’ll be fine.

the full voltage output will be Class AB.

But the 120mA bias is more than enough
to ensure the absence of crossover dis- :

¢ tortion; the sound will still be very clean.
The amp (with the pair of 50Q output

resistors) can drive two pairs of 32Q ELECTRICAL PERFORMANCE

phones, but since it’s not recommended

to increase Q3, Q4 bias above 120mA

(the level for full Class A driving one

pair of 32Q phones), operation about half

Table 2 summarizes the measurements.

is Class A).

HD650 phones direct-

. ly connected to the player output (the
300Q phone impedance and high sensi-
tivity allow that) and (2) with the head-
phone amp inserted into the path (loud-
I don’t have a distortion analyzer, but
THD up to just below clipping is prob-
ably no more than the 0.004% typical of
. the TLO82 (that figure is with its output
stage Class AB loaded; here everything :

ness compensation off, volume control
set to match the direct connection). I
heard no difference. Some might pre-
fer a headphone amp that imparts a
pleasing (euphonic) “sound”—warm,

1

i “romantic,” and so on—but this unit

NOW YOU CAN BECOME A SPEAKER BUILDER
with Speaker Building 201 by ray aiden

Whether you’re a beginner eager to get into speaker building, an intermedi-
ate builder who wants to improve his skills, or a speaker building fanatic who’s
looking for projects to build, author Ray Alden has written this book for you!

You don’t need an elaborate workshop, expensive analytical equipment, or
sophisticated software. Alden walks you through the steps to design and con-
struct a first-rate system—one that surpasses higher-cost commercial products.

Features 11 proven projects to build, many of which have been tested by loud-
speaker expert, Joseph D’ Appolito.

2004, 8% x 11, softbound, ISBN 1-882580-45-1. Shipping weight: 2 lbs.

M To order call 1-888-924-9465 or order on-line at www.audioXpress.com M

BKAA66 — $34.95

Speaker Buildin
p r Bui 019

A Comprelensive Course 2
in Speaker Design
by Ray Alden
with 11 completely
designed speaker systems
Including a 5.1 home
theater system

“This is the book I've been waiting for all my life.... In the future, when I'm asked to recommend a book to some-
one who wants to ‘learn about speaker design,” I'll be recommending Ray Alden’s Speaker Building 201. It’s an
outstanding acheivement.” — Jutta Dziwnik, Australian Hi-Fi Magazine, June/July 2005

Old Colony Sound Laborato

PO Box 876, Peterborough, NH 034581?6876 USA
Toll-free: 888-924-9465 Phone: 603-924-9464 Fax: 603-924-9467
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Headphone A_mp Parts List o i isn’t one of them. If the recording has
Total Schematic Ref Description Source H s .
Qty. Amp Supply . natural warmth, you’ll hear it clearly
(with good headphones). aX
1 Al Dual opamp, TLOB2CP
2 c4 Cap, 22pF . .
2 c1 Cap, 100pF : The Hammond 1590 E aluminum enclo-
2 c3 Cap, 0.33uF 100V poly Digi-Key EF1334 i sure, 7.4” x 4.7" x 3.1”, Digi-Key HM155,
2 C2 Cap, 1.0uF 100V ply Digi-Key EF1105 {isa good choice.
8 C5,6,7 8 Cap, 1000uF 16V :
10 D1,2, 3,4 D2, 3 Diode, 1N4148
1 D1 Diode, 1N4007
1 F1 Fuse, 0.5A
1 Fuse Holder - [r—
2 w2 sk, RCA vACUUM Siadre
1 J3 Jack, 4" stereophone Digi-Key SC1094
1 J1 Jack for T1 (DC IN) Digi-Key SC1048
1 LED1 LED, Violet Digi-Key 67-1830
1 P1 POT, 100k stereo ALPS 100K AX2
Radio Shack 271-1732
2 a1 PNP. 2N3906 Digi-Key
2N3906RLRAOSCT
2 2 NPN, 2N3904 Digi-Key
2N3904RLRAOSCT
3 a3 01 NPN, TIP29 Digi-Key TIP29B0S
3 04 02 PNP, TIP30 Digi-Key TIP30COS
2 R20 RES, V4W, 1% 49.9Q
2 R6 RES, V4W, 1% 10.0k
2 R8 RES, V4W, 1% 27.4k
2 R5, 6 RES, V4W, 5% 10Q
8 R16, 17, 18, 19 RES, V4W, 5% 15Q
1 R3 RES, V4W, 5% 39Q
4 R5, 7 RES, V4W, 5% 82Q2
4 R13, 14 RES, V4W, 5% 270Q2
8 R9, 11, 12, 15 RES, V4W, 5% 330Q2
2 R2 RES, V4W, 5% 1k
2 R2, 4 RES, Y4W, 5% 2.7k
1 R1 RES, V4W, 5% 3.3k
2 R4 RES, Y4W, 5% 3.9k
2 R10 RES, V4W, 5% 12k
2 R3 RES, "4W, 5% 33k
2 R1 RES, “4W, 5% 1M Silver foil & wire for cables & internal wiring
1 S1 Switch, DPDT Digi-Key 360-1156
1 T “Wall Wart” 24V DC Marlin P. Jones Full info on these kits & DIY essentials:
300mA Alternate T1 15371PD www.vacuumstate.com
- Digi-Key T520-P6P Vacuum State GmbH
1 Suggested Enclosure Digi-Key HM155 Busingerstr. 5 8203 Schaffhausen
Hammond 1590E Switzerland Ph + 41 52 620 35 81
(74" x 47" % 3.1") Questions? aw@vacuumstate.com

Pasadena Embassy Suites
211 Huntington Dr. , Arcadia, CA
November 19-20, 2005

10AM TO 6 PM
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