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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIGITAL AUDIO INTERFACE -

Part 4-4: Professional applications —
Physical and electrical parameters

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60958-4-4 has been prepared by technical area 4: Digital system
interfaces and protocols, of IEC technical committee 100: Audio, video and multimedia
systems and equipment.

This first edition, together with IEC 60958-4-1 and IEC 60958-4-2, cancels and replaces the
IEC 60958-4 published in 2003 and its Amendment 1:2008 and constitutes a technical
revision.

This edition includes the following significant technical changes with respect to
IEC 60958-4:2003 with its Amendment 1:2008:

a) support for a wider range of physical media;

b) support for a wider range of audio sampling frequencies;

c) deprecation of “minimum implementation” of channel status data.
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The text of this standard is based on the following documents:

CDhvV

Report on voting

100/2454/CDV

100/2583/RVC

Full information on the voting for the approval of this standard can be found in the report on

voting indicated in the above table.

A list of all parts in the IEC 60958 series, published under the general title Digital audio

interface, can be found on the |IEC website.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data

related to the specific publication. At this date, the publication will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

Full document details: IEC 60958-4-4 2016
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INTRODUCTION

The two-channel digital audio interface has been widely used in a variety of professional
audio applications that have reached beyond the vision of the original standard. In particular,
applications using increased sampling frequencies and alternative physical media.

Separating the standard into independently-maintainable parts allows, for example, additional
transmission media to be introduced in the future by revising IEC 60958-4-4 without affecting
the other parts of the IEC 60958-4 series. The parts comprise:

Part 4-1:  Audio content: defines the format for coding audio used for the audio content. It
specifies the semantics of the audio data, including the "validity" flag. It also
specifies the sampling frequency by reference to AESS5.

Part 4-2: Metadata and subcode: specifies the format for information, metadata, or subcode
transmitted with the audio data: principally the channel status but also user data
and the auxiliary bits. Implementors will note that the current implementation
options ("Standard" and "Enhanced") both require that status data be
implemented correctly in compliant equipment.

Part 4-4: Physical and electrical parameters: specifies the physical signals that convey the
bit stream specified in IEC 60958-1. The transport format is intended for use with
shielded twisted-pair cable of conventional design over distances of up to 100 m
at frame rates of up to 50 kHz. Longer cable lengths and higher frame rates may
be used, but with a rapidly increasing requirement for care in cable selection and
possible receiver equalization, or the use of active repeaters. Provision is made in
this standard for adapting the balanced terminals to use 75 Q coaxial cable.
Transmission by fibre-optic cable is under consideration.
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DIGITAL AUDIO INTERFACE -

Part 4-4: Professional applications —
Physical and electrical parameters

1 Scope

This part of IEC 60958 specifies the physical and electrical parameters for different media.
This part together with IEC 60958-1, IEC 60958-4-1, and IEC 60958-4-2 specify an interface
for the serial digital transmission of two channels of periodically sampled and linearly
represented digital audio data from one transmitter to one receiver.

The transport format defined in IEC 60958-1 is intended for use with shielded twisted-pair
cable of conventional design over distances of up to 100 m without transmission equalization
or any special equalization at the receiver and at frame rates of up to 50 kHz. Longer cable
lengths and higher frame rates may be used, but with a rapidly increasing requirement for
care in cable selection and possible receiver equalization or the use of active repeaters, or
both. Provision is made in this standard for adapting the balanced terminals to use 75 Q
coaxial cable, and transmission by fibre-optic cable is under consideration. This standard
does not cover connection to any common carrier equipment. In this interface specification,
an interface for consumer use is also mentioned. The two interfaces are not identical.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60268-12, Sound system equipment — Part 12: Application of connectors for broadcast
and similar use

IEC 60603-7 (all parts), Connectors for electronic equipment — Part 7: Detail specification for
8-way, unshielded, free and fixed connectors

IEC 60958-1:2008, Digital audio interface — Part 1: General
IEC 60958-1:2008/AMD1:2014

IEC 60958-4-1, Digital audio interface — Part 4-1: Professional applications — Audio content

IEC 60958-4-2, Digital audio interface — Part 4-2: Professional applications — Metadata and
subcode

IEC 61169-8, Radio-frequency connectors — Part 8: Sectional specification — RF coaxial
connectors with inner diameter of outer conductor 6,56 mm (0,256 in) with bayonet lock —
Characteristic impedance 50 Q (type BNC)

ISO/IEC 11801, Information technology — Generic cabling for customer premises

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply. Documents
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31

unit interval

ul

shortest nominal time interval in the coding scheme

Note 1 to entry: There are 128 Ul in a sample frame. See Annex A.

Note 2 to entry: This note applies to the French language only.

3.2

interface jitter

deviation in timing of interface data transitions (zero crossings) when measured with respect
to an ideal clock

3.3

intrinsic jitter

output interface jitter of a device that is either free-running or synchronized to a jitter-free
reference

3.4

jitter gain

ratio of the amplitude of jitter at the synchronization input of a device to the resultant jitter at
the output of the device

Note 1 to entry: This definition excludes the effect of intrinsic jitter.

Note 2 to entry: The ratio is expressed in decibels.

3.5
frame rate
frequency at which frames are transmitted

4 Common features

All interfaces shall be subject to the common jitter requirements in accordance with Clause 5.
Other parameters shall comply with the transmission type specified.

The interface should use the balanced transmission format specified in Annex B. The
interface may use the format specified in Annex C or one of the alternative transmission
formats to be specified in a future edition (see Annex D).

5 Jitter

5.1  Output interface jitter
5.1.1 General

Jitter at the output of a device shall be measured as the sum of the jitter intrinsic to the device
and jitter being passed through from the timing reference of the device.

5.1.2 Intrinsic jitter

The peak value of the intrinsic jitter at the output of the interface, measured at all the
transition zero crossings shall be less than 0,025 Ul when measured with the intrinsic-jitter
measurement filter.

The following aspects have to be considered.
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e This jitter may be strongly asymmetric and the deviation from the ideal timing should meet
the specification in either direction.

e This requirement applies both when the equipment is locked to an effectively jitter-free
timing reference, which may be a modulated digital audio signal, and when the equipment
is free-running.

e The intrinsic-jitter measurement-filter characteristic is shown in Figure 1. It shows a
minimum-phase high-pass filter with 3 dB attenuation at 700 Hz, a first order roll-off to
70 Hz and with a pass-band gain of unity.

10 T T T T T
ok
—_ 700 Hz, -3 dB
[a1]
Z
. -10| .
T
o
20 -
70 Hz, —20 dB
-30 | I | 1 1
10 100 1 000 104 105 106 107

Jitter frequency (Hz)

IEC
Figure 1 — Intrinsic-jitter measurement-filter characteristic

5.1.3  Jitter gain

The sinusoidal jitter gain from any timing reference input to the signal output shall be less
than 2 dB at all frequencies.

If jitter attenuation is provided and it is such that the sinusoidal jitter gain falls below the jitter
transfer function mask of Figure 2 then the equipment specification should state that the
equipment jitter attenuation is within the specification of this standard. The mask imposes no
additional limit on low-frequency jitter gain. The limit starts at the input-jitter frequency of
500 Hz where it is 0 dB, and falls to —6 dB at and above 1 kHz.
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10
500 Hz, 0 dB
0 |
\1 000 Hz, -6 dB
_10 | | | |
10 100 1 000 104 105 106

Jitter frequency (Hz)

Figure 2 — Jitter transfer-function mask

5.2 Receiver jitter tolerance

107

IEC

An interface data receiver should correctly decode an incoming data stream with any

sinusoidal jitter defined by the jitter tolerance template of Figure 3.

The template requires a jitter tolerance of 0,25 Ul

peak-to-peak at high frequencies,

increasing with the inverse of frequency below 8 kHz to level off at 10 Ul peak-to-peak below

200 Hz.

100

10 -

Tolerance (Ul)

1+

0,1

200 Hz

(un
Tolerance

8 000 Hz

0,25 Ul

10

Full document details: IEC 60958-4-4 2016
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Figure 3 — Jitter tolerance template
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Annex A
(informative)

Symbol rates and Ul

Demands on the performance of the interface are determined by the frame rate, which is in
turn determined by the audio sampling frequency. AES5 recommends a set of sampling
frequencies referred to a basic rate of 48 kHz with options to use 44,1 kHz or 32 kHz. These
basic rates may be scaled by certain multiples to achieve higher or lower sampling
frequencies.

Table A.1 and Table A.2 illustrate how the symbol rate at the interface, and the Ul, change
with different sampling-frequency multiples.

Table A.1 — Symbol rate versus sampling frequency

Sampling frequency (F,)
kHz
Multiple 32 441 48
0,25 1,024 1,411 2 1,536
0,5 2,048 2,822 4 3,072
1 4,096 5,644 8 6,144
2 8,192 11,289 6 12,288
4 16,384 22,579 2 24,576
8 32,768 45,158 4 49,152

Table A.2 — Ul (ns) versus sampling frequency

Sampling Frequency (F,)
kHz
Multiple 32 441 48
0,25 976,56 708,62 651,04
0,5 488,28 354,31 325,52
1 244,14 177,15 162,76
2 122,07 88,58 81,38
4 61,04 44,29 40,69
8 30,52 22,14 20,35

NOTE As the sampling frequency is increased, the demand on jitter performance will also increase. For example:
a sampling frequency of 8 x 48 kHz (384 kHz) will require an intrinsic jitter of 0,025 x 20,35 ns, or 0,51 ns (see
5.1.2)

Full document details: IEC 60958-4-4 2016
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Annex B
(normative)

Balanced transmission

B.1 General characteristics

B.1.1 Configuration

A circuit conforming to the general configuration shown in Figure B.1 may be used.

Line driver Interconnecting cable Line receiver
ZS =110 Q ZC =110 Q ZL =110 Q
- —
—_—— — r———
I L\ ﬂ 3!, J Termination
Driving 1 and
| network | | isolation

—_——

|
! 2 )_I network
m -

Yo

IEC

NOTE The electrical parameters of the interface are based on those defined in ITU-T Recommendation V.11
which allow transmission of balanced-voltage digital signals over cables up to a few hundred meters in length.

Figure B.1 — Simplified example of the configuration of the circuit (balanced)

B.1.2 Equalisation

Equalization may be used at the receiver.
There shall be no equalization before transmission.

The frequency range used to qualify the interface electrical parameters is dependent on the
maximum data rate supported. The upper frequency is 128 times the maximum frame rate
(about 6 MHz for 48 kHz).

B.1.3 Cable

The interconnecting cable shall be balanced with a nominal characteristic impedance of 110 Q
at frequencies from 100 kHz to 128 times the maximum frame rate.

The cable shall be one of the following types:

e shielded (screened) cable;

e unshielded (unscreened) twisted pair (UTP) structured wiring (Category 5 or better, see
ISO/IEC 11801); see item e) below.

e shielded (screened) twisted pair (STP) structured wiring (see ISO/IEC 11801).

The same cable type shall be used throughout any single interface connection, including
patch leads.

The following additional considerations have to be taken into account.
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a) Holding closer tolerances for the characteristic impedance of the cable, and for the driving
and terminating impedances, can increase the cable lengths for reliable transmission and
for higher data rates.

b) Closer tolerances for the balance of the driving impedance, the terminating impedance,
and for the cable itself can reduce both electromagnetic susceptibility and emissions.

c) Using cable having lower loss at higher frequencies can improve the reliability of
transmission for greater distances and higher data rates.

d) Care should be taken concerning the design of the interface to provide adequate balance
on the twisted pair within the Category 5 cable. Using RJ45 connectors, conventionally
wired, current practice favours the use of pins 4 and 5 for signals using this balanced
interface (separating them from ATM signals on the same cable, for example). Pins 3 and
6 are the preferred second pair. For full protection, the interface may have to withstand
power voltages specified to support network equipment, and the use of transformers and
blocking capacitors on the balanced interface is strongly recommended.

e) The UTP cable has been shown to offer transmission up to 400 m overall unequalised, or
800 m equalised, at 48 kHz frame rate. (See AES preprint 3783.)

B.2 Line driver characteristics

B.2.1 Output impedance

The line driver shall have a balanced output with an internal impedance of 110 Q with a
tolerance of 20 %, at frequencies from 0,1 MHz to 128 times the maximum frame rate when
measured at the output terminals.

B.2.2 Signal amplitude

The signal amplitude shall lie between 2 V and 7 V peak-to-peak, when measured across a
110 Q resistor connected to the output terminals, without any interconnecting cable present.

NOTE A typical valueis 4 V £ 10 %.
B.2.3 Balance

Any common-mode component at the output terminals shall be more than 30 dB below the
signal at frequencies from DC to 128 times the maximum frame rate when terminated in a
floating load of 110 Q.

B.2.4 Rise and fall times

The rise and fall times, determined between the 10 % and 90 % amplitude points, shall be
between 0,03 Ul and 0,18 Ul when measured across a 110 Q resistor connected to the output
terminals, without any interconnecting cable present. Care should be taken to meet local
regulations regarding electromagnetic compatibility (EMC).

NOTE 1 The minimum and maximum rise and fall times for a frame rate of 48 kHz are 5 ns and 30 ns respectively.

NOTE 2 Operation toward the lower limit of 5 ns may improve the received-signal eye pattern, but may increase
electromagnetic radiation at the transmitter.

B.3 Line receiver characteristics

B.3.1 Terminating impedance

The receiver shall present an essentially resistive impedance of 110 Q with a tolerance of

20 % to the interconnecting cable over the frequency band from 0,1 MHz to 128 times the

maximum frame rate when measured across the input terminals. The application of more than

one receiver to any one line might create transmission errors due to the resulting
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