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Agenda

Noise and interference: what is it?

ntroduction — basic principles of residential and
ight-commercial AC power

nterconnection — analog signal integrity in audio
iInterconnection cables

Sources of interference — inductive/magnetic
coupling, capacitive/electric coupling

What to do to find and eliminate problems
Conclusions

MONTANA | o=

STATE UNIVERSITY | ENGINEERING Mountains << Minds



Disclaimer

* This is NOT an authoritative lecture or
training session about the National
Electrical Code!

— Some or all of you may know more about the
NEC than | do!

— Designers and installers must consult and
follow the Code, and use qualified, licensed
personnel.

— Whenever there is a doubt, consult with a
knowlecgeable licensed electrician.
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Some material taken from:

* Bill Whitlock, President, Jensen
Transformers

“An Overview of Audio System Grounding
and Interfacing,” September, 2012, Audio
Engineering Society Central Indiana
Section.

https://centralindianaaes.files.wordpress.co
m/2012/09/indy-aes-2012-seminar-w-notes-
v1-0.pdf
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https://centralindianaaes.files.wordpress.com/2012/09/indy-aes-2012-seminar-w-notes-v1-0.pdf

Grounding and Interfacing

 Many myths and misinterpretations
— Cables don’t magically “pick up” noise
— The “earth” is not a magically perfect “ground”
— Better “shielding” is not always the answer

— Just because a box or cable is expensive
does not mean it has good interconnect
properties

— Physics is not negotiable!
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Electrical Noise

« ALL electronic materials and devices have
Inherent noise.

— Johnson/Thermal noise: v,..=V(4kTRAf)
e.g., 10k resistor, 20kHz bandwidth, @ room temp: v, .= 1.8 V.

 Dynamic Range: Ratio of the maximum
undistorted output signal to the residual
output noise, or “noise floor.” Good audio
systems require 120dB range (ratio 10°).
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Electrical Noise (cont.)

* Once in-band noise becomes part of an
analog signal, it is essentially impossible
to remove |it.

* Therefore, the weakest link principle
applies: the dynamic range of an audio
system is constrained by the dynamic
range of each stage.
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Things to remember...

 Circuit principles are key: identify the
circuit and all AC-coupled and DC-coupled
paths.

* The protective ground (third prong) is
there for life safety protection. Engineers
shall NEVER defeat this purpose.

* Always employ good gain structure: never
attenuate a signal that will have to be
amplified again later in the audio chain.
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Residential Power in U.S.A.

Delivery of Utility AC Power

120 VAC
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Residential 3-Wire Service

BHEQKEE PﬁNEL
EQUIFPMENT

UTILITY FPOLER
TEﬁHSFDHHER
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What's up with “GROUND”?

» Unfortunately, the use of the term “ground”
Is widely used to refer to a common return
path in a circuit. It almost never literally
means the physical earth (soil) ground,
unless this is clearly stated.

 The ONLY reasons physical earth (soil)
ground Is considered is lightning protection
and antenna (ground plane) propagation.
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Mythical Soil

A common statement by some audiophiles
Is that earth ground is essential for good
quality sound.

* Apparently the earth can suck up all the
stray electronic noise?

» Soil is generally a very poor conductor:
not something with magical properties!
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What’s up with “GROUND”? (cont.)

Automobiles have audio systems: are
they grounded to the earth?

Portable battery-powered electronics: is
an earth ground necessary?

Aircraft (and spacecraft!) have electronics:
IS an earth ground used? Of course not!
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Why we use three wires:
FAULT Current Trips Circuit Breaker

BREQKEH PﬁNEL

UTILITY POWER
THQHSFORMER
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DEFECTIVE
EQUIPMENT

o EARTH

Fault currents range
from 150 Ato 1,000 A

Trip times range from
under 10 ms to 2.5 s
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Protective Ground

 NOTE that the protection comes from the
circuit loop wiring and the circuit breaker:
the physical soil of the earth is NOT
iInvolved in the protective action AT ALL.

* The soil/earth ground provides a path for
lightning to discharge before entering the
premises. It is not essential for audio
equipment at all.
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Watch out: the 3-to-2 Adapter

« Some old residential electrical systems
have two-prong outlets. In SOME cases
the outlet box is served by metal conduit
that is bonded to the ground bus at the
service panel. A 3-to-2 adapter can be
used to provide the protective ground
continuity required by a three-prong
appliance.
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3-to-2 Adapter (cont.)

« HOWEVER, some individuals may try to
remedy noise interference issues by
“lifting” the protective conductor of a three-
prong device by deliberately using the
adapter with the ground NOT connected.

* |f an engineer does this and there was a
fire or injury in a system connected this
way—the engineer is legally liable!

NEVER do thls'
MONTANA

STATE UNIVERSITY

LNLINEEEINL Mountains << Minds



A Particularly Bad Scenario

* One device has 3-prong power cable,
connected to another device with a ground
“lifter” in place.

* When a fault occurs in the “lifted” device,
the resulting fault current can flow in the
iInterconnect cable, likely causing it to
overheat, melt, and catch fire.
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GFCI

* |f a protective safety ground is not
available, always use a Ground Fault
Circuit Interrupter (GFCI).

* By code, a GFCI need not have an actual
protective ground wire back to the service
panel.
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Myths vs. Facts

» “A stout copper wire has zero impedance”

— In fact, a wire will have finite DC resistance
(milliohms per foot), and finite inductive
iImpedance (JwL). The inductive impedance of
a power conductor wire may be tens of ohms
in the AM radio frequency band.

— Inductance doesn’'t depend much upon the
diameter of the wire.
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Myths vs. Facts (cont.)

» “All earth/protective grounds need to be at
zero volts, so use lots of ground rods.”

— In fact, solil resistance between separated
ground rods is tens or hundreds of ohms (!),
and varies with soil conditions, moisture,
corrosion, etc. A wire connecting the ground
rods will have a much lower resistance—and
this is required by the code!
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Myths vs. Facts (cont.)

“A ground loop is the fault of protective
ground wires.”

— In fact, a ground loop is caused by ALL signal
interconnection wiring, and so choosing an
iInterconnection that is immune to ground loop
Issues is the solution, NOT eliminating
protective grounds.
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NEVER NEVER NEVER!!

EEEﬁKER PﬁNEL DEFECTIVE
EGUIPMEHT

TILITY POWER
THﬁHSFDRMER

"QUIET" GEOUND

GROLUND ROD
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Audio Circuit Review

Goal of interface: maximize voltage
transfer (not power transfer)

Current requires a circuit: audio frequency
noise is due to current in the interface, and
electric and magnetic field coupling.

Nominal consumer level: 316 mV rms
Nominal professional level: 1.23 V rms
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Audio Interconnect:
2 conductor (no earth ground)

DEVICE A DEVICE B

DRIVER NTER ASSIS RECETVER

ANY INTERCONMMECT WIRE
STIGHNAL GROUND SIGHNAL GROUND

(MAaY BE 5@ VOLTS OR MORE WITHOUT IMTERCOMWECT WIRED

POWER TRANSFORMER PARASITIC CAPACITANCES
LINE EMI FILTER CAPACITANCES (IF USED)
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Audio Interconnect:
3 conductor (earth ground)

DEVICE A DEVICE B

FORMER ‘ , . .
ACITANCES DRIVER . RECETUER

SIGHAL

INTERMAL "GROUND" INTERMAL *GROUND"

GROUND VOLTY
DIFFERENC

¥ OPTIOMNAL POWER LIWE EMI FILTER

LOAD CURRENT + c WHITE

LOAD CURRENT
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Unbalanced vs Balanced

DEVICE A DEVICE B

SIGNAL O SIGNAL
DUT INy Zi

A

Grounded 17

Unbalanced
DEVICE A DEVICE B

Balanced
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Unbalanced Interconnect:
Inherently Noisy

DEVICE A DEVICE B
DRIVER @, (i EECE{UER

CABLE SHIELD + CONTACT RES
CIRCULATING INTERFEREMCE i

RECEIVER IND = REFERENCE FOINT
INTERFERE OLTAGE AT DRIVER GROUND, E =1 = R
(C) = INTERFEREMCE VUOLTAGE + SIGNAL (RECEIVER INPUT)
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Some numbers...

Leakage Current Effect - A Calculated Example

® A 25-foot cable (foil shield, #26 AWG drain wire) has an end-to-end
shield resistance of 1 Q

Measured leakage current between the ungrounded devices is 316
MA (well under the UL limit of 750 pA)

From Ohm’s law, noise voltage E=Ix R =316 pJAXx 1 Q = 316 pV
Consumer —10 dBV reference level = 316 mV
Signal to Noise ratio = 20 x log (316 mV/316 pV) = 60 dB

® This is 35 dB worse than an audio CD!

Same length of Belden #8241F cable, with its shield resistance of
only 0.065 Q, makes S/N 84 dB, an improvement of 24 dB!

MONTANA | -

STATE UNIVERSITY LN‘JINEERINL Mountains << Minds



Audio cables: Check specs

Belden 8412

20 AWG stranded

0.59 uH/m

98.4 pF/m

Shield DC R: 10 ohm/km

Belden 2221

26 AWG stranded

0.55 uH/m

42.7 pF/m

Shield DC R: 21.6 ohm/km

’, MUNTAHA College of

 STATE UNIVERSITY ENGINEERING

Belden 8451

22 AWG stranded

0.56 uH/m

112 pF/m

Shield DC R: 47.6 ohm/km

Belden 1883

24 AWG stranded

0.56 uH/m

101.7 pF/m

Shield DC R: 60.7 ohm/km
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Coupling to Protective Ground

RESLIItS Induced Voltage vs Frequency

6 A rms Test Current, 20 foot Sample Length
M0V — . -

|
Worst Case || ' By
- 1 =

[~ T mp—p—

=
S 10mVv
8
S

- RefinCnndui‘t_} e e e

Twisted L-N

1 kHz
Frequency (Hz)

100 kHz
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Solution: Audio Transformer

DEUICE A DEUICE B

DRIVER GROUND ISOLATOR RECEIVER

i
-

SIGHAL $—C

POLWER FOWER
TRANMSFORMER = TRANSFORMER
INTERWIMDING ’ ' IMTERWIMDING
CAPRCITAMCES CAPACITAMCES

44— INTER-CHARSSIS HOISE WOLTAGE ———— | CHASSIS
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Wiring Error: BIG Noise Issue

El Fl E H F E F; E| Iﬁl v M I E; - L'l I E. E EI I:J I._I T I_ E T
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Thank you

MONTANA | =

STATE UNIVERSITY E"GIN EERING Mountains & Minds




	Principles of Audio System Grounding�and�Signal Integrity
	Agenda
	Disclaimer
	Some material taken from:
	Grounding and Interfacing
	Electrical Noise
	Electrical Noise (cont.)
	Things to remember…
	Residential Power in U.S.A.
	Residential 3-Wire Service
	What’s up with “GROUND”?
	Mythical Soil
	What’s up with “GROUND”? (cont.)
	Why we use three wires:
	Protective Ground
	Watch out:  the 3-to-2 Adapter
	3-to-2 Adapter (cont.)
	A Particularly Bad Scenario
	GFCI
	Myths vs. Facts
	Myths vs. Facts (cont.)
	Myths vs. Facts (cont.)
	NEVER NEVER NEVER!!
	Audio Circuit Review
	Audio Interconnect:�2 conductor (no earth ground)
	Audio Interconnect:�3 conductor (earth ground)
	Slide Number 27
	Unbalanced Interconnect:  Inherently Noisy
	Some numbers…
	Audio cables:  Check specs
	Coupling to Protective Ground
	Solution: Audio Transformer
	Wiring Error:  BIG Noise Issue
	Thank you


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages false

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages false

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



