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Bill Whitlock joined the AES in 1966 and has been active in standards work since 1994. He was on
of several chairs of working group-8&05 that wrote AES48, he created a revised CMRR test for IEC
standard 60268 t hat was adopted in 2000, and is a |

for pro audio. Bill’ s | andmark paper on bal
the “pin 1 probl em, "selingJure 1995 dpdcial editiencf the AESt Jbuenal.b
He' s become an industry guru on AC power, gr
teaching at conventions and universities, 1in
matter expert for CEDIA University and his NSCA students votetelsimmical Instructor of the Year

I n 2009 and 2010. He’' s written numerous maga

B a | IHangbosk for Sound Engineeasid dozens of application notes for Jensen Transformers.

B i | [-audio cpreeostarted with premier custom consofaker Quaekight in 1972, where he
conceived and developedompumi® console automation. In 1981 he joined Capitol Records as
manager of electronic development engineerin
became owner and chief engineer of Jensen Transformers and began his research into signal
interfaces and system grounding. He sold Jensen in 2014, but continues to darfceecircuit and
product design. His five patents include the InGenius® balanced line receiver by THAT Corporatior
and the ExactPower® wavefoworrecting AC voltage regulator. He became a Life Fellow of the AES
in 2012 and is Life Senior Member of the IEEE. He currently resides in Ventura, CA.



INTRODUCTION

A A project to standardize all specifications published by equipment manufacturers has been
talked about within AES Standards for at least 20 years. But such a project is necessarily nebul
and knowing when to stop is a problem, not to mention pisitk from equipment makers, who
often feel that publishing minimal or no product specs gives them a marketing advantage.

A Before about 1970, pro audio equipment most often used transformers to interface their
inputs and outputs, making interconnections straightforward and relatively trofriele. But
equipment design has evolved and now there areumberof electronic interfaces iwide use.

A few combinations are welinown to degradeperformanceor evendamageequipment. But, to
predict or avoid these problems, we needtoknév? KI 1 Qa 06 SKAYR GKS 02y

A Since specs for inputs and outpigs smaller and more defined projeet,number of
standards members finally decided it was time to start formulating a standard.

A The current writing group includes: ®abot B. Whitlock, R. L. Hess, J. Woodgate, J. Brown,
A. PKuzub, A. Walker, and J. MeyeAnyone interested is encouraged join and participate in the
on-line and inpersonmeetings.
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A X-152 will create a STANDARD fmesentingelectrical specificationgor analog audio
system component inputs and outputs in a way that enableseroperability issues to be
predicted.

A The problem: Signals normally move from the output of one system component to the
input of the next via cables with connectors. Bo¢chanically compatible connectors do
not guarantee electrical compatibility of the electrical interfaces at component inputs and

outputs. Depending on the manuf amerfacesa@nr ' s
be unexpected.

A The solution: The proposed format for presenting input and output specifications in a
component datasheet will allow prospective buyers and users to predict, and potentially
avoid,interoperabilityissues.

A Applicability: The standard applies to balancadalogaudiointerconnections and to
transitional (balanced to unbalanced or unbalanced to balanced) connections to them. Full
unbalanced interconnections (i.e., computers) and thesih source impedances ovdr K Q
(i.e., somanusical instruments) are purposely excluded.



INTERFACES ANIYTHS

A Do cables really pi ck up” e
A Equi pment manufacturers oft on:
fromFROOTLOOPS...and 1 t’'s often wha N O

sheet that complicates noise and other problems!

A Basic rules of physics are routinely overlooked, ignored, or
forgotten

A Overheard at a cocktail party:
“2 K R2 &2dz R2 FT2NJ I tAQAYy FKE
aL RS&aA3IYy IYyR Ayailaltt az2dzyR aeadas
G2 KFddya a2 KINR o2dzi GKIG oo &2



Courtesy o€oilcraft
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Signal Cable

VICTIM

AGGRESSOR

Safety Ground Wiring
Ground Voltage Difference



AC POWER AND GROUND(NGI 9 &! Dw9 { { ¥

A AC power is the electrical framework on which electronic systems are overlai

A The National El ectrical Code, a. k.
designed to prevent fire and loss of life.

I Enforcednatiorni de by the *“authority hay
I NOT designed to reduce noise problems in electronic systems!
I Code is NOT optionalviolators can be, and often are, prosecuted!

A To deal with system noise issues, we must understand how a-Godpliant
systemworkssand what the unintended “sic
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Fluctuating field surrounds Field induces an ACOLTAGIN
every wire carrying AC any nearby conductor
CURRENT (transformer principle)



MAGNETIC FIELDSROMEX — =

Current in L and N are equal but flow in opposite direction:s
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wires inside electrical conduit!
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A This effect creates the driving force for 99% of ground loops!

A Load current in line and neutral produces opposing magnetic fields since
Instantaneous current flow is in opposite directions

A Imperfect cancellationmagnetically inducesoltage over the length of the
nearby safety ground conductor

I Strongly affected by geometry and proximity of wires
I Highest voltages with randomly positioned wires in conduit
i Lower voltages with uniform geometry Bome®

A Voltage is directly proportional tmad current wire length, andrate of
change in currenor Al/ At

I Mechanismfavorshighr equency har monics of
I For constant current in L and N, induced voltage rises at 6 dB/octave

12



Voltage (V)

TEST RESU LTS Induced Voltage vs Frequency

6 A rms Test Current, 20 foot Sample Length
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THE FACTS OF LIFE

‘Tf "\"“L
(I-l/ (l-../
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A #; A #;

A SMALL VOLTAGE DIFFERENCESIWWYEXIST BETWEEN
ANY TWO PIECESGHOUNDEBEQUIPMENT

A SMALL LEAKAGE CURRENTSIMIAYFLOW IN SIGNAL
CABLES QMN-GROUNDEBQUIPMENT

14



SIGNAL INTERFAGESI 9 azxL/ ¢Lac

A Aninterface consists of a device output (lirtiver), the interconnecting
cable (ine), and a device input (lineeceivel)

A TWOconductors are always required to complete a signal circuit

A BalancedversusUnbalancedstatus depend©NLYon theIMPEDANCES
with respect to ground of these two conductors!

I Forunbalanced interfaces, one impedance iQ0r“ gr ounded”
the other is significantly highergenerally 502 or more
I For balanced I nterfaceBQUAL mpedan

I Since driver, line, and receiver are connected in parallel, each must have equal
impedances to groundgi t ' s-systems u b



UNBALANCEZBALANCED

DEVICE A ODEVICE B
Zio
SIGHAL £} ¥ STIGHAL
Unbalanced ouT n| zi
4; Grounded 17
DEVICE A ODEVICE B
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UNBALANCED INTERFACES

A INHERENTLY SUSCEPTBhdise coupling!

Al t s ir osilldomirate eohsumehagdio after nearly 100 years,
while the dynamic range of readivailable program material has steadily
iIncreased-the era of AM radio and scratchy 78 RPM records is long gone!
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COMMONIMPEDANCE COUPLING

DEVICE A DEVICE B

DRIVER @ @ RECEIUER
o P
+ L A
I | — R !
®

CABLE SHIELD + COMTACT RESISTANCE
CIRCULATING IWTERFEREMCE CURRENT

®= RECEIVER GROUMD = REFEREMCE POIMNT
= INTERFERENCE WOLTAGE AT DRIVER GROUMD, E =1 = R
.r’_““x ©= INTERFERENCE WOLTAGE + SIGHAL (RECEIVER IMPUTI .f’_““x

Two currents, powedtline leakage and signal, flow in the same
AYLISRI yOS aGwXé GKAOK Fftf2g
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DEVICE A DEUICE B
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EXAMPLE OF CABLE NOISE DUE TO LEAKAGE CUF

A A 25foot audio cable (foil shield, #26 AWG drain wire) is found to have an
end-to-end shield resistance of 1D

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

A From Ohm s | aw, noise Qe8l6fiNage E =
A Consumer signal reference levett0 dBV = 316 mV
A Therefore, SNR (signal to noise ratio) = 20 x log (3¥816\1V) 60 dB

I 20dBworsethanaCDplaye(! 15 dB “headroom” &
A

The same length delden #8241Eable, with its shield resistance of only
0.065Q, increases SNR to 84 dB,iiaaprovement of 24 dB!



THE BALANCED INTERFACE

A Inherentlyimmuneto noise couplingt hat 's why it ' s
A Telephone companies popularized it in 1890s and still use it today
A Its true nature has beeWIDELY MISUNDERSTOOD for decades!

“Each conductor is always equal I N
The circuit that receives this signal in the mixer is called a differential amplifiet
and this opposing polarity of the

ThisWR@NGexplanation from the internet, like many others in prigt2 S & y Q
even mentionTHEsingle defining property of a balanced interface!

L LINBaSYidSR Yé LI LISNCIOT T I TOSRA F W ¢
25 years ago, hoping to debunk this myth, whose consequences have tarnish
the reputation of balanced interfaces in general!
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“A bal anc e d-canductar circutt in which @oth tomdoictors and all circuits
connected to them have theame impedancavith respect to groundand to all other
conductors. The purpose of balancing is to make the noise pickup equal in both
conductors, in which case it will be a commmonrde signal which can be made to canc
out I n t he | @aydvot Distinguished Member of the Technical Staff, AT&T Bell Lal

o
S

“Onl y t h-modeimpedanca balancef the driver, line, and receiver play a rolg
In noise or interference rejection. This noise or interference rejection property is
independentof the presence of a desired differential signal. Therefore, it can make
difference whether the desired signal exists entirely on one line, as a greater voltags
one line than the other, or as equal voltages on both of th8gmmetryof the desired

signal has advantages, but they concern headroom and crosstallkoise or 1EC

Il nterference rejecti on. ” IECStandard 60268(2000) G
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BASIC BALANCED INTERFACE

DEWVWICE A DEVWICE B
=
s HI HT) 5o |
—\ Z ! L
= DIFFEREMTIAL . +DIFF
THDRIVER, SIGNAL £1 _AMPL
B ;
o, Lo l Lol ! f A
ZCm
y @ >
"GREOUMD MOISE™
Audi o signal bet weeimoldle DMiod L

Noise appears on both HI and LO at receiveércasimonmode”
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COMMONMODE REJECTION RAHOMRR

|Idealreceiver would respond only tbM and not respond at all t&€M

Rear ecei vers, whether using ampl i fi
some small response ©M(i.e., limited rejection)

Common Mode Rejection Ratj@r CMRHRSs the ratio ofDM (signal) gain to
CM(noise) gain, most commonly expressedii

I Is aratio not a signalevel— anot@xpressed as dBu, dBV, or dBm
I Is apositive number for any useful receiver

I A larger number means better noise rejection
nec@gﬂj%m,m‘

MR CMRR



BALANCED INTERFACE = WHEATSTONE BRIDGE

GROUNDDRIVER . . . A Driver/receiver CM impedances form bridge
. _— A Unl ess precisely "“ba
convertsV,, to signal, reducing rejection
. . A “Balance” requires p

"~ BALANCED | the +*“amms™ of the b

Uem () — SICHAL — o

LINE . A Variations havevorst effect when all four
A ; Impedances are equal andast effect when
upper and lower pairs are widely different
Rem— Hcm+§ A If lower pair (receiver CM input) impedances
I are made extremely high, good balance (high
GROUNDRECEIVER CMRR) is maintained even with wide variation

In upper pair (driver output) impedances
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A Inreal-world equipment, driver output impedances are determined by
typical£5% tolerance resistors ant0% tolerance (or worse) capacitors

I Typical output impedancenbalancesare aboutg10Mm (at 60 Hz)

A Inrealworld“ el ectbahiacaleldy | ine recei Ve
typically range from 10&to 50 KQ
I This makes theireal-world noise rejection (CMRRXquisitelysensitive
to driver output imbalance
I CMRR of the popular SSM41 balanced input IC drops B§ dB from
90 dB to 65 dB) with onlylam imbalance at the driver output

A Actual CMRR then becomes unpredictable in the assembled system,
although the receiving equipment input has a high advertised CMRR!

26
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A A CMRR (noise rejection) test that uses a shorted input or a laboratory
UNAYYSR az2dzZNOS LINBRdzOSa Rl Ul GKIF G
A Traditional CMRR tests completely

iIln 1999, the | EC recognized that
world experience and asked for comments

i | proposed the new test, which was adopted and published August 2000
iIn IEC Standard 60268 Sound System Equipmefart 3: Amplifiers

I Audio Precision, much to their credit, has also incorporated the new IEC
test in several audio analyzers

27



TESTS FOR CI\/I(RBLD\/S NEW

GENERQTOR DEUICE UMNDER TEST IEC Normal-Mode

METER Test
@ Establishe® dB reference

Od-Tweaked ° ----V—I-r-:-'-':- ---------- TE--Te ct IEC Common-Mode
GENERATOR - Test 1988 Ed 2

METER
@ RT and CT are trimmed

for same reading as
: 5 SZ is togoled. This
"""""" W "perfect" reading is

used to calculate CMRERE.

New—Imbalancedt10Q DEVICE UNDER TEST
JGEMERATOR. .. T IEC Common—-Mocde

A v i i Test 2000 Ed 3

METER
sz > @ 52 is toggled and
. - highest reading noted.

Thiz reading iz u=sed
to calculate CHMRR.

1o+l
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Commonimpedance coupling that occunssideequipment, turning its
shield connections into vedpw-impedance signal inputs!

Dubbed the “pin 1 probl em” MngyinR p |
his 1994 AES paper

Thisdefecthas been inadvertently designed into an alarming number of
products .. and, sadly, i1t continue

It allows shield current (groundoop current) to flow in wires or PCB
traces shared by internal amplifier circuitry

This problem can exist at I/O ports, whether analog or digital, in ANY
piece of equipment
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i [ PowER i [ Power | i [ PowER |

i | SUPPLY : i | SUPPLY }J i SUPPLY

SEAFETY GROUMD NS SEAFETY GROLMD WA SEFETY GROUMD
MOISE HOISE
LUOLTAGE LIOLTAGE

{KAStR OdzNNByd Ft2¢a Ay Sldza LIYS

Powersupply leakage current flows in signal reference ground in two of the boxes. Thi
design flaw results in scalledd & S y & d\ ipdw@rdire primadonna e qui p me
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: SIG REF : \} ' LM ' —) . l\—r ' SIG REF ‘O
| | | | Hybrid | |
{,, : : Ground :
i [ POWER | ; i [ POWER | POLER |
{ | SUPPLY : { | SUPPLY ) SUPPLY :
Nor-Metallic Metal Metal
T Housing T Chassis Chassis
SAFETY GROUND WA SAFETY GROUND N SAFETY GROUMD
HOISE ROISE
LOLTAGE LOLTAGE

Shield currents must flow back to safety groumdgiving them their own

separate path completely avoids the problem!
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UNBALANCED TO BALANCED TRANSITIONS

A Al so called “Consumer to Pro” con
A Signal reference levels are different
T Consumer ref dBv=3l8rmdBu = -10

I Professional ref = +dBu = +1.8 dBV = 1.228 V rms
I Requires voltage gain of about 4 X, ord2
A0 dBu=0.775 ¥ns
A 0dBV=1.000 ¥ms
A 0dBV=+2.2 dBu
A Why not use a 1:4 stepip transformer do | hear you ask?

32
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A Mode transition and noise rejection are the issuest gain
A a! RFLWUWSNEE YR Y2aid aF RFLIWGSNI OF of
benefit of the balanced input
I AnRCA to XLR adaptat a balanced input reduces the entire interface
to a noiseprone unbalanced one!
A A 3conductor (shielded twisteepair) hookup takes advantage of noise
rejection available at the balanced input
I If the balanced input uses a quality input transformer or the InGenius®
|IC, noise rejection can (88 dBor more!

I Even with ®“garden variety” Dbal al
generally be abouB0 dB

33



2 CONDUCTORS ... OR 3?

TP "COWNSUMER" OUTPUT

+jl®uF

1

15@pF

476
1

HI ¢ _______________ :
T & 55 e B
SH . .
@0k ADAPTER! §5 | &
i ; 1ok

Unbalanced cable ADAPTER O dBrejection

TYP "COWSUMER" QUTPUT TYP "PRO" INFUT

1auF HI

47
+a = HI >
- L \@ SS ( 5
= =f Lo
1aalk

Balanced (STP) cable = typically o meje&ion

a

r
=]
w
I
—
L
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15a@pF

15anF

15anF
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BALANCED TO UNBALANCED TRANSITIONS

A Al so called “Pro to Consumer” ofr
A Signal level differencés a legitimate concern
I Consumer inputs are easily ovarnven by pro levels, requires 12 dB

loss
I If pro output level is reduced, metering and S/N are degraded
I Resi stor “pad” can be used but p

A Design variations among balanced output stages makes it risky business!
I Some misbehave or are damaged if either output line is grounded
I But some must have one line grounded, but where?
A Grounding at driver reduces the entire interface to unbalanced

A Grounding at receiver, enabling noise rejection, may cause high
frequency iIinstabalanged™ someu
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BALANCED OUTPUYPES

GROUNERERFSYMMETRICAL
One Output | yB@ Grounded!

GROUNEBERERIONLY
Low OutputMay Be Grounded!

ACTIVE FLOATING DIFF
One OutputShouldBe Grounded

TRANSFORMBROATING DIFF
One OutputMust Be Grounded!
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OUTPUT STAGES EQUIVALENT CIRCUITS

Ground-Ref
Symmetrical

Active
Floating Diff

Transformer
Floating Diff

SSSSSS
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RED YEL
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ouT
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U
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= CCP‘Il 26 ko
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e
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%%7
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IDEAL :
ouT
DIFF-AMP

TRANSFORMER FLOATING SOURCE
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Experimenting can be both frustrating and dangerous to equipment!
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SPECIFICATIONS

Measurement Conditions

1. 0dBu=0.775Vrms.

2. 0dBm=1mWatt=0.775 V rms across 600
ohm load.

3. Measurements are referred to a 1 kHz, 0 dBu
sinewave input signal unless noted.

4. Measurement bandwidth is restricted to 30
kHz unless noted.

5. No personality modules installed,
enhancement disengaged.

6. No isolation transformers installied.

Number of Channels:
Two independent channels (common power supply)

Input Topology:
Electronically-balanced via “Superbal” differential input
amplifier topology

Input Impedance:
30 k ohms balanced
15 k ohms unbalanced

Nominal Input Level:
0 dBu

Output Topology:
Electronically-balanced via modified cross-coupled dif-
ferential amplifier topology

Nominal Qutput Power (Ref. 1 kHz):
0dBm, £0.5dBm (+1 dBu, £0.5 dB with 15 k load)

Maximum Output Power:
+20dBm

Output Source Impedance:
75 ohms

Minimum Load Impedance:
600 chms

Frequency Response:
20 Hz 20 kHz, +1 dB (Ref. 1 kHz, 0 dBm output power,
500 kHz measurement bandwidth)

(Total Harmonic Distortion + Noise):
<0.1%, 20 Hz 20 kHz (0 dBm output power)

Output Noise Power:
< -80 dBm A-weighted (77.5 wV rms across 600 ohm
load)
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THE ONLY METHOD THAT ALWAYS WORKS

Transformer isolation arks withany output type
4:1ratio transformer reduces signal 12 dB
Superior noise rejection

TYP "PRO" OUTPUT

7 100 , _100uF
= 10ak 2
+

b 1a6k i
+

o«

g HI
)3 Lo~

e

Jensen Transformers

JT-1@KB-D TYP "CONSUMER" INPUT
it 4.7uF

I
: i

Lo i 1
[b.l_l-li_tB_L}Z' Zk37 47k
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ANALOG SIGNAL INTERFACES AND STANDARDS

A The Audio Engineering Society has a number of standards committees that
work to make the results of assembling even the most complex audio
systems predictable.

A Some manufacturers are ignorant of existing standards and do things their
own way, often making their equipment incompatible with other gear.
System performance may be unacceptable or simply not work at all!

A Critical specifications and/or test conditions are sometimes conspicuously
absent from specifications and user manuals

A Installers and users of equipment sometimes find that system performance
IS poor for no obvious reason. For example, an unbalanced input might hay
an input impedance of R (hstead of meeting the accepted IEC standard of
22k (ninimum. Low end frequency response would likely suffer.



Thanks for Your Attention!

Question®

Engineer_bill@verizon.ne



