Update

Oct 2010

Due to thespeed at which computeomponents go obsete,
many of the components suggested in th{separealready
unobtanium. Neverthess, theecipe has already been updated.
Please download the RMAF Oct 2010 issue ofAhsolute
Fidelity newsletter for the latest infoation.
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Building an Absolute Fidelity
By Gary Leonard Koh
Genesis Advanced Technologies

With the increasing availability of higlesolution music downloads, and improvements

in DACs and interfaces, it is almost mandatory that audiophiles who aflevnotn 'y | onl y o
build a music serverHowever, there are a couple of obstacles to successfully integrating
acomputerasahighnd musi c server into an audiophile

Some of these obstacles include:

1) Physical noise and vibration caused by camper 6 s f ans, hard di s
drives, etc. intrude into the listening room, the vibrations will also degrade the
sound from audio components when placed on the same rack;

2) Electronic noise in the ground and EMI/RFI emanating from digital circuits
and switcheemode power supplies intrude into other audio components;

3) Using the correct software, settings, and components to ensure bit
transparency and proper timing during sampling for the best sound.

This White Paper takes a stab at guiding readers towardsnguddedicatecaudiophile

Windowsbased music server. This means that the server is used only for serving music,

and very little else. It is by no means comprehensive, but there is much information
available on the Interoekotorheéeplipétasscamp
components go obsolete extremely quickly. Hence, some recommendations may no

longer be available by the time you read this paper. Nevertheless, the nature of computer
components is that the alternatives and replacements witidager and better!!

This White Papeis based on experience learned from the years spent developing the
Absolute FidelityE CD (Black CD) burning pro
server that we have used for demos during CES and RMAF for the past 5 years. Properly
configured, a musiserver sounds way better than even a Black CD plusdmdh

transport, and will cost substantially less.

Hardware Configuration

In order to overcome the first obstacle of physical

noi se and vibration, we need t
This is a PC builtvithout fans and spinning drives so

that it can be placed in the audio rack without

degrading the other components residing in the same

rack. A recurring theme you will find me talking

about is ficoolingo. This is b
biggest problems making a successful Audiophile

Music Serveii either your server burns up, or you

have a lot of noisy fans.

Shuttle X27D miRC

‘'t is funny that when we demob6éed using a digital mu s
| aughed at. By CES2009, the music server was al most e
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Approach 1: The almost silent PTCthis is based on a miiC, like the one used by

Genesis, using a barebonesikiine example is the Shut#@7D (the original XPC

X100 used at Genesis i s nboolsipeg ePrCoav awii lt &hb | e)
external power supplies. There are other brands besides the Shuttle, but it is up to the

reader to explore them. Try newegg.com and tigerdirecticamle | have absolutely no

affiliation to either of these companies, these are the two websites | use most often for

computer components at a good price.

Starting with a boolsized barebones kit simplifies things; due to the small size cooling is
a prdolem. They usually have a small and noisy fan that kicks in when the CPU gets too
hot. Nevertheless, serving music is not very CPU intensive, and it is usually possible to
slow down the internal fan to reduce noise. The Shuttle has one of the quietbufans,
when it kicks in, you will notice it. There are also larger riiliX sized kits with

external power supplies that can be built fanless, or with gn
even quieter fan.

The big advantage to using a barebones kit like this is thal
is the easiest way &iart. Plug in a CPU (often supplied) ar
a disk drive (also usually
to rock and roll. The disadvantage is that you are limited i
upgrading options on CPU, memory, etc., and they usuall
come with Af e dNQTrwardto use, buahtas
ab5kc hannel audiaphil®t (inMtA ! ) so

Zalman HD160XT
($750 fom newegg.com)

With the Shuttle X27D and an Intel dual core Atom 330
CPU, and some storage, you have a ftiliyctioning PC that
is a great foundation for building the Audiophile Music
Sever. In addition to the Shuttle, there are many other
suitable barebones kits available.

,v/‘ | would replace the us i Lc108 . 5
kﬂ‘ drive with either a 2. ($109'0voe;rs;?:iewegg com) e
a solidstate drive (more on drives later). ' '

Approach 217 building the really silent PC. You will probably skin some
knuckles, but almost anybody can build a PC these days. Unfortunately, Zalman

P\
et

—

Noctua oipressure
bearing silent fans
($15 ea from
tigerdirect.com)

Ultra 4 fan controller
($19.98 from
tigerdirect.com)
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discontinued their Totally No Noise (TNBDO) series of heatink cases that is
the basis of a totally noisand vibratiorfree PC, but with some careful
choices, you can build a really silent PC for your music room.

Start with a decent case. With the Zalman HD160XT, you have aittduch
screen LCD screen. This case has lots of fans, but you can easily replace all of
themwith quieter fluidball-bearing models, and install a fan controller to

reduce the speed for lower noise and vibration.

You can build a silent PC inside almost any case, and these cases can run as low
as $40. Buy one without a power supply, because ytbwant to install and
use a farless power supply to eliminate noise and vibrations from this source.
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Next, find a suitable motherboard. You do not need very much computing power, but
dualcore is a distinct sonic advantagso, pick a one of the slow€ore 2 Duo CPUs

(which is also cheaper and requires less cooling). With a larger case, use a standard ATX
(not mintATX) motherboard, which gives you more space to work and be easier to add
more cooling by installing larger heatsinks.

The Asus P5Q SEI#s at about $90 is a socket 7&fpe and will be good enough. You

dondt need much more than tinlheintelCheddDua mat c hi
E7400 ($120) at 65W is the lowest powered CPU in the Core 2 Duo range -#irtkeat

and fan is includedybintel at this price, but you will want to ditch this small noisy

freebie, and buy something that will perform better.

Cooler Master, Noctua, Zalman and ZeroTherm make some really

nice ones. Get the ones r-ated for mi
clocking sowith the small 65W CPU, it is unlikely that the fan will

be needed. However, even if the fans kick on, they operate at less

than 24dB (at 1m) at their lowest speed setting, so you are unlikely

to hear them. Just remember that hot air rises, and deperdhragyv

you have your computer built, you will know which heatsink will

work best for you.

Once you have the server built, you can run it for a bit, keeping

ZEROtherm Nirvana NV120 | - \yatch on the motherboard and CPU temperatures and make sure that
(339.99 from newegg.com) | ¢ b oy donét go mlhe Asusanotbevbeardsd@l deg C.
provide a software utility for you to do this. It is highly likely that

with a very large heatsink, you might not need to run the CPU fan.

The next decision to make is the power supply. The power supply

fan is usually the noiss, and the one fan that you can do the least

about, | would go with a fanless power supply. They can be as rare

as henés teeth, and the only one |
400 ($129.99 from newegg.com). This is a 400W power supply, and

is much meoe than adequate for our needs.

Zalman CNPS8700

($64.99 from tigerdirect.com) | With either approaches above, we haye 4

the basis for a pretty silent music
server. However, starting with a barebones kit is very much
simpler and straightforward. Assembling your own PC m
ultimately be more satisfyingnd might even perform
better, but there is the risk of having incompatible
components, and of course, making mistakes. Doing this
the first time, unless you are guided by an expert at buildi
PCO® s, Highlyrecormend that you start with a
barebones kit.

OCZ Reaper 4Gb DDR2 1066
"ébuor fthe |ife of me, | canot |[exp]!l &#4999 fwomjigerditectaom)u | d| b
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Storage and Memory
Simplei get as much memory as you can afford and that will fit on the board (but it
depends on your operating system how much you can really use). Both the Asus
motherboard as well as the Shuttle barebones kit will take teks sif DDR2 1066
SDRAM. Get two sticks of 2GB each for 4GBvhich is about as much as WinXP-Bi

can handle.

Initially, only 3GB will be addressable, but set the /PAE switch and the /3GB switch in
BOOT.INI and 3GB will be allocated for usarode proesses, and 1GB for keraglode
processes so that you can play very large-hégifiles. Unless you go to &t operating
systems, anything more than 4Gb is useless.

Staying with the theme of cooling, some of the more expensive memory sticks have a
built-in heatsink for greater reliability and long life. Examples include OCZ Reaper and
the Mushkin. Both of these will fit the fuflized ATX motherboard, but might not fit into
micro-ATX motherboards due to the size of the heatsinks. They will definitelijt moto

the Shuttle due to the tight space.

Having more main memory means that the operating system does not need to do much
paging to the hardrive. This would result in smoother serving of the music files,

reducing jitter. Having 4Gb of main memomtsip as above, it is possible to turn off
Windows memory paging totally if the PC is only used as a music server, and only one
application is run at any one time.

256

($699.99 from tigerdirect.com)

Patriot Torgx 256Gb

With high-rez files weighing in at 400Mb for 24bit/192kHz sampling,
a large hard drive igbsolutely necessary for storage. While hard
drives are cheap these days, it is an unfortunate fact thasssatel
drives sound better. | have no idea why, but they do.

Hence, for the primary drive from which you will be playing the music
off, invest n a good Singkevel Cell (SLC) Solid State Drive (SSD).
At the date of this writing (Dec 2009) they are available at up to

256 Gb for about $800.

SSD6s do

to the number of times each cell can be written to, so doseait tor
Windows paging memory and do not defragment it often. They can be
read an almost infinite number of times, but writing deteriorates the
drive relatively quickly. With Windows memory paging turned off, the
SSD can be used as the main drive inntlusic server.

have

Store your music on a normal spinning hard disc drive (HDD), and bring it over to the

SSD for

critical | istening.

This way,

backup and storage, and a smaller SSD for playback. Your magicribrary could
even be stored on Network Attached Storage so that you can access it from anywhere.

#| cannot emphasize enough the need to backup your music server. Computer drives are inherently
unreliable, and a hard disk crash could decimate your precious music coliegtiahleastause you lots
and lots of inconvenience, not to mention muegs nights!
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Flash cards (especially if you have a notebook computer with ieets) for storage of

your music. These come in capacities up to 64Gb these days, and that stores a respectable

amount of musi¢ even highrez music.

Ground and other Electrical Noise
One major problem with computers is the dirty, noisy
digital groundgenerated by the switchedode power

supply and also the digital electronics. Just plugging the
computer into the same power bar as the rest of your hif

gear will degrade the souiiceven when playing vinyl!!

| recommend a separate power conditionetter
computer gear. | use a dedicated IsoTek Mira on the

computer and monitor, but almost anything will do, as lo
as it is external to the power conditioner that you use for

the rest of your system. If the DAC you use does not
effectively separate theaund of the signal from the
incoming connection to the computer, this could be a

source of contamination as well. In this case, be sure to
properly ground the DAC, and use a power conditioner on the DAC that removes ground

noise and isolates the DAC frometrest of your system.

SSD,

IsoTek Mira
($495.00 from kosmic.us)

Another problem is the radiated EMI and RFI from the digital electronics. Whether you
are using a barbones kit or building your own, it is unlikely that the case will be well
shielded. Putting the server on your equipment ratikaly to degrade the performance

of the other components on the rack even if it does not vibrate.

CONDUCTIVE

NICKEL COATING
Reduces or eliminates
EMI/ RFI interferanc?

O®Y

' DANGER

———

MG Chemicals Super Shig
($31.63 from allikelec.com)
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A simple solution is to use a sprayp EMI/RFI shield on the inside of the

case, and

properly

ground

t he

Super Shilel, which is a conductive nickel coating, but they also make a
silver-copper and a pure silver versibtoth vastly more expensive!

Some power conditioners have a grounding post that is-wapgate to
sink the noise in the ground to earth. This isliést solution for grounding

the case to reduce the radiated digital EMI/RFI.

Software and Settings

This is usually a major issue as there is so much confusion out there. It is
unfortunate that software developers are so rarely audiophiles for many of
thedecisions made in the software will affect the sound.

My preferred playback software is Foobar2000 for its flexibility (but it is
not as user friendly). This is free usampported software, and the
community of users are always improving it and fixingy®. Other available software
include MediaMonkeys, iTunes, the Windows Media Player, etc.

Copyright Genesis Advanced Technologies, 2009
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The problem with computers is that can only do what programmers tell it to do. When
music is properly ripped off a CD, itis in a PCM format that has 16bit resolatith

44.1kHz sampling. Unfortunately, the native rate for many DACs-Sitlé8kHz (in

fact, a lot of music is recorded at 16/48!). The operating system (Windows in this case),
makes this At r anspmngéeadddkHz btstream BkHZT aby r e
norrinteger resampling. Unfortunately, to us audiophiles, this is by no means transparent,
and we can hear the deterioration.

This resampling is courtesy of the internal Windows kmikevhich is to be avoided at
all costs. The way around ttisto use ASIO(audio stream input output), a phry

which is available for Foobar. It is easy to hear the difference between Direct Sound,
Kernel Streaming, and ASIO using Foobar.

Suffice to say, you need two pieces of software
i both available for fre. The player from
www.foobar2000.conand the USB DAC ASIO 0
driver fromwww.asio4all.comSome DACs ottt
come with their own ASIO drivers, and if they | 5™ .
do, try both and use the etthat sounds better. | -os P .

R ) Ty
A few settings in Foobar to noteturn the o :
volume control to max, and turn off gain = bt
processing. This is in thi@ayback option 13:51:25
underpreferences . Also in the Playback e—
menu, make sure that |t hese ad.g..0.0 active D|SF
under the DSP Maiggr.
The Operating System
For simplicity, | use WinXP Media Center Edition Service Pack 3. This has a couple of
Ahookso that allow the use of a remote contr

and stop. A better user interface for the remote oboém probably be written, but at this
time, | have not bothered to do this.

The problem with WinXP is that it runs many background services for a wide variety of
tasks. When used to operate a computer for
operatirg system for a dedicated music server, it is continually interruptingiitself

resulting in distortion (jitter??) to the music that we can hear.

Some of these services can be disabled, and your music will sound better. To access the
Services menu, go the [Start ] button, pickControl Panel , chooSe\dministrative

Tools , and clickservices . The following menu will appear. Now, you need to be very
careful, as this may completely screw up your Windows installd®imteed here at

your own risk. The list ofdisabled services here has been implemented over the past
several years using my own Music Server that us used for nothing other than to rip and
serve music. It is too unstable for general use, and would hang if you unplugged a mouse!

" A better explanation is available here: http://wwii.dregibrums/f46/asio4atkplanatiof21237/
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Double click the sevice you want to change, and a pagp appears. Click th&artup
type drop-down menu, and you cansable the service the next time that Windows
startsup.

% Services
File  Action WView Help
] B & LI

% Services (Local) . Services (Local}

Agere Modem Call Progress Audio Mame

%Alerter

%Application Layer Gakeway Service
Application Management
%Automatic Updates
%AVG Freed E-mail Scanner
€ AW Free@ WatchDog
%Background Inteligent Transfer Service
%ClipBook
%COI\'H Event System
COM+ System Application
%Computer Erowser
%Cryptographic Services
%DCOM Server Process Launcher
8 DHCP Client
%Distributed Link Tracking Client
%Distributed Transaction Coordinatar
EDNS Client
%Error Reporting Service
%Event Log
%Extensible Authentication Protocol Service
%Fast User Switching Compatibility
%Health Key and Certificate Management Service
%Help and Support
%HID Input Service
iﬁaHTTp sl

Maodem Call Pre
Stop the service
Restart the service

Description Status Startup Type #
Starked Aukomatic
Motifies sel... Disabled
Provides s...  Started Manual
Provides s... Manual
Enables th...  Started Autarmatic
Started Autarmatic
Started Aukomatic
Transfers f... Manual
Enables Cli... Disabled
Supports 5., Started Manual
Manages t... Manual
Maintains a...  Starked Automatic
Provides th... Started Autarmatic
Providesla...  Started Autarmatic
Manages n.,,  Started Autamatic
Maintains ... Started Aukomatic
Coordinate. .. Manual
Resolves a..,  Started Aukomatic
Allows erra..,  Started Aukomatic
Enables ev...  Starked Autarmatic
Provides wi... Manual
Provides m... Manual
Manages h... Manual
Enables He.., Started Aukomatic
Enables ge... Started Automatic
This srrvir... Maninal b

\ Extended A Standard

The following services can bies a f dishbjed. Again, this is at your own risk)
Alerter, Application Layer Gateway, Application Management, Automatic Updates
(but be sure to update Windows manually regularly), Background Intelligent
Transfer, Clipbook, COM+ Event Systems/State Application, Distributed Link
Tracking Client, Distributed Transaction Coordinator, Error Reporting, Fast User

Switching, HID Input, Indexing Service, Internet
Connection Firewall Sharing, IPSEC Services, Machine
debug manager, Messenger, Microsoft shadow copy
provider, NetMeeting Remote Desktop, Network DDE,
Network DDE DSDM, NLA, NT LM, Performance Logs
and Alerts, Portable Media Serial Number, QoS RSVP,
Remote Access Connection Manager, Remote Desktop
Help, Remote Registry, Routing and Remote Access,
Secondary Logon, Server, Shell Hardware Detection,
Smart Card, Smart Card Helper, SSDP Discovery,
System Event Notification, System Restore, Task
Scheduler, TCP/IP Helper, Telephony, Telnet, Themes,
UPS, uPnP Device Host, Upload Manager, Volume
Shadow Copy, Webclient, Windows Audio, Windows
Image Acquisition.
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Plug and Play Properties (Local Computer)

General | Log On || Recovew || Dependencies

Service name: PlugPlay

Display name: Plug and Play

Diescription: Enables a computer ta recagnize and adapt ta ~
= hardware changes with litle or no user input. 3
Path to executable:

CAWINDOWS \spstem32hservices. exe

Startup type: Automatic A

Automatic

Service status:

ou can specify the start parameters that apply when pou start the service
from here:
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One service thdthighly recommend disabling (but is not generally considered safe to do
so) is Plug and Play. Once this service is disabled, the system is unstable, and incapable
of USB and Firewire hot plug, and incapable of detecting hardware changes. However,
this sbps Windows from checking that the DAC is still plugged in before sending data,
and | think results in a significant improvement in the sdutitere is huge improvement
in the Aflowo and pace of music, and soundst
Turn Off System Paging

This is essential for the life of your solgdlate drive if you are using it as the main drive

of your system, and it also improves the sonics substantially even if you are using a

spinning hard disc for your music storage. Do not do this if yoe hess than 1Gb of

main memory as you will need at least this amount for WinXP plus Foobar to operate

smoothly. It is fairly safe to do this with 2Gb or more of memory.

This setting can be found under thantrol Panel  , double System Properties [t

click system and then th¢ Advanced] tab and you will see the s iee | skl | e
Screen to the right' Undeerformance 1 CliCk [Settlngs] to get YuumuslbaluggedunasanAdminislraturtDmakemuslull‘hesechanges.
to the screen left. Click tHadvanced] tab and you can Pafomence
. . . Visual effects. processor scheduling, memony usage. and virtual memor,
[Change] Virtual memory tgNo paging file] o st
Other Software Settings s
visual Effects | Advanced | Data Execution Prevention It |S pretty ObVIOUS, bUt bwre tO =
. -g ings
Processor schecliing disable any volume controls,
. - ~ Startup and Recover:
E:’o‘::z‘:glrtjti:::tcoo:z?ﬂu;zus;reotgtoanﬁ:.eagreater s e q u a I I z e r S ) n S p a t Syslerpn startup, spslej:n failure, and debugging information
Adjust For best perfarmance of: W|nd0WS, and any playbaCk SOftware
T £ P It is also best to turn off Windows
emory usage Soundl- the beepS and CliCkS and [Envlrnﬂment\l’anahles ][ Error Reporting ]
By Iiifrzutltmtﬁs ;Smpslrtsgrri: 5t t0 Use 3 greater share of whistles tha..t arg native to WlndOW.S.
et o B e of All they do is to interrupt your musical
() Pragrams () Systern cache pleasu re.
Virtual memory L.
A paging File is an area on the hard disk that Windows uses as Thls IS also done under tmntl’0| Panel y Undel’sounds and
if it were RAM, . . . .
ot g Fl sze for l drivess OB Audio Devices Properties . Click the dropdown menu
underSound Scheme and pickNo Sounds .
Getting the Music into your
Ewtiaction Method | Diive | Offset / Speed | Gap Detection | ‘Witer
Server
The recommended software
~ . . N ) Secure mode with following drive features [recamended)
Lo J[ concol ] for Arippingo]|your D
EACT Exact Audio Copyi
available free fromvww.exactaudiocopy.ddf you AR A
own a Plextor drive, you might have access to a o
software called PlexTools. This has a DAE (digital O Fasimote
audio extraction) function that is fasterdaas accurate -
.e - . Burst made
as EACi unfortunately, it only works on certain
. [ Detect Fead Feaures. ] [ Examine C2 Feature
models of Plextor drives.
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Using EAC, rip your CDO6s in Paranoid Mode (e
reason that it is not recommended is that it thrashes yotRQM. The solution iso

buy a couple of cheap external USB CDROM drives, and chew through them while you

work through your CD collection to get the music into your server. The things we do for

good musid .

TheParanoid option is available through tlBACmenuDrive Options  (Or just hit

F10). Even though you are using EAC to extract the most accurate possible data from

your CDOs, Il would stil]l recommend that you
rip faster too if there are no errors.

The best cleaner to use fgyur CDs is daonized water, but any acrylic cleaner will

work well. An example is Novus #1. If your CD is scratched, it might be possible to
remove the scratch (as long as it is not on the label side) with Novus #2 and #3. Do not
use tissue or a papemtel as they will create micrscratches on the surface. Use a good
quality microfiber cloth like one used to clean eyeglasses.

One of the major reasons for building a music
server is so that we can listen to high resolution
music. There are a numbenwébsites that sell
such music downloads. These include, but are |
no means limited to the following:
www.hdtracks.com

www.2l.no
www.highdeftapetransfers.com
www.musicgiants.com

www.linnrecords.com
WWW.itrax.com April Music Stello DA100 Signature
($995.00 from kosmic.us)

= =4 =4 -8 -8 -9

Getting Music out of your Server

Thereara number of ways to get the music out of
built. The most obvious solution is to use an easily available USB DAC. Unfortunately,

even though many of these are 24/96 DACs, the Windows driver sound device interface

used is ommonly the USB Audio Class Specification and is limited to 12Mb/s data rate.

Of that 12Mb/s, only about 40% or 4.8Mb/s is available for the

data itself, the rest of it is err
24bit/96kHz * 2 channels equals 4.6Mb/so, hat would be the
theoretical limit of USB 1.1. Unfo
get to the theoretical limit, and so 24bit/48kHz is the practical

limit.

There are many such good USB DACs available, ranging from
the excellent $995 Stello DA100 Signatuo the $99 Music
Streamer from High Resolution Technologies.

EMu 0404 USB There are also available USB 2.0 DACs that are able to pass high
($199.99 from musiciansfriend.com)| resolution (higher than 24/48 by using proprietary drivers or
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ASIO. One example is the $2560NBJ 0404 with its supplied driverthat allows low

latency 24bit/192kHz output through a USB 2.0 interface. New chipsets are now coming
available that allow for USB 2.0 to natively output 24/96. More and more will become
available as this technology matures.

Unfortunately, there are funoheental issues with the USB interface that is not well

understood by audiophiles. This has resulted
maj o

worseo than S/ PDIF being published by a

The first problem is that USB stands for UniveiSatialBus.| 6 ve it alici zed

seri al becaus e Iitithsdike @ bus tiat goes sadalyBfrord ane device to
another device, and picking up and dropping passengers (data) as it goes. This means
JITTER in large, big capital letters. If there aréaof devices on the bus route, the bus
will be slow and deliver data in fits and starts. Nevertheless, there are some DACs that
will buffer the input datastream andckcks the data before the conversion to analog
will perform much better as a resuBtt you can hear the computeaiused jitter even on
these.

Secondly, because USB is a plaigd-play device, the operating system has to constantly
check for the existence of a device plugged into that port before it reads or sends data.
Hence, the recommeation to disable the Plug and Play service on the operating system.
Both these problems introduce jitter and timing problems into the USB interface, and
result in flat, dimensionless music with no pace and rhythm. There are some DACs that
use the USB imsynchronous mode, that may eliminate the jitter and timing problems of
the USB interface, but | have not tried any of these.

Nevertheless, properly implemented, a music server driving a USB DAC will sound far,
far better than a higbnd transport playing CD driving the same DAC.

A much better interface for the computer to
interface with a DAC is Firewire (IEEE1394).
Firewire is also a serial bus interface, but more
importantly, it can be configured for higipeed
isochronous (equdlme, in phase) rédime data
transfer. This is usually the interface of choice in
the preaudio world. It is widely used in studios
for recording and playback devices.

Alternatively, the DAC can be made the master
clock for the whole system. This means that the
audio souce is slaved to the DACnot easily

done with a CD transport, but easily implemented
with a computer serving bits over Firewire.
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