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Â Founded in 1945

Â Workforce of more than 2400 people all 
over the world

Â Annual turnover approx. 
600 million euro

Â Three production sites in Germany, 
Ireland and the USA

Â International network of subsidiaries and 
distribution partners

Â Own R&D department in Germany and 
USA (Palo Alto)

SENNHEISER AT A GLANCE



1947 1950 1953 1957

Lab W develops its first microphone, the DM 2 (MD 2)

Dr. Fritz Sennheiser founds 
‘Laboratorium Wennebostel’ (Labor W). 
The young company manufactures tube 
voltmeters

The company exibits its first  amplifiers and 
preamplifiers

Labor W exhibits an RF wireless system for 
professional TV and stage use, developed in 
cooperation with German broadcaster NDR. 

From 1958, the system is marketed under the 
name Mikroport

The classic MD 21 microphone sees the light of 
day

EARLY IDEAS AND INNOVATIONS

1945

Sennheiser Facts



Wireless microphone history

Patent granted 
March 20, 1917
William Baldwin Vansize



The UHF 
wireless system 
has a convenient 
place in the 
luggage 
compartment

Wireless microphone history    1936



History  of  Wireless  Microphones

1957



Wireless microphone history



Eurovision
For
25+ Years

Wireless microphone history



SPECTRUM



Wireless Spectrum Update

Australian  Radio

Frequency

Spectrum Allocation

WE  HAD THIS

* Source: Australian Communications and Media Authority



Wireless Spectrum Update

Australian  Radio

Frequency

Spectrum Allocation

* Source: Australian Communications and Media Authority

NOW WE HAVE THIS
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Wireless Spectrum Update

Why the changes?

Mobile broadband
growth



This is the make-up of the Digital Dividend

Mid Band GapGuard Bands

Wireless Spectrum Update

748 – 758MHz

Television Broadcasting

Mobile Voice & Data

2014

OPTUS 2 x 10 MHz Blocks

703 –713 MHz Up Link

758 –768 MHz Down Link 2014 - UNSOLD 2 x 15 MHz Blocks

2014

TELSTRA 2 x 20 MHz 
Blocks

713 –733 MHz Up Link

768 –788 MHz Down Link
2017 - SOLD TO: TPG &  VODAPHONE



TV Channel Stacking

6 stations per market –many markets have one channel unallocated

Some markets overlap

520 –526 MHz is empty of DTV

Channel 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51

Frequency

Block B UHF

Block C

Block D

Block E

526 - 568 MHz 568 - 610 MHz 610 - 652 MHz 652 - 694 MHz

Regional Markets & In-Fill are UHF (526 – 694 MHz)

6  TV Channels fully occupy one Green Block = 42 MHz wide

42 MHz

42 MHz

42 MHz

42 MHz

UHF

Capital Cities are VHF
(app 175 –230 MHz)

Wireless Spectrum Update



Wireless Spectrum Update



Wireless Spectrum Update



TV restack is all finalised

Go to:
www.acma.gov.au

Search:
Digital Television Channel 
Chart

Wireless Spectrum Update

http://www.acma.gov.au/


INFORMATION  RESOURCES

http://myswitch.digitalready.gov.au/

HELPFUL TOOL

www.frequencyfinder.com.au

Wireless Spectrum Update

http://myswitch.digitalready.gov.au/
http://www.frequencyfinder.com.au/


WIRELESS 

MICROPHONES



Basics

Transmitter

Receiver

Antenna



System Components

Mains Powered IEM Stereo 
Transmitters

Plug On Transmitter

Handheld Transmitter

Bodypack Transmitter



GZA 1036

omnidirectional

Ground Plane

450-960 MHz 

Gain :  0 dBd

A 1031

omnidirectional

Vertical Dipole

450-960 MHz

Gain :  0 dBd

A 2003 UHF

directional

Log Periodic

450-960 MHz

Gain : 4 dBd

A 5000 CP

directional

Circular polarized

450-960 MHz

Gain : 4-6 dBd

Passive  Antenna - Receiving  &  Transmitting



System Components

Mains Powered Receivers

IEM Stereo 
Receiver

Portable Receivers



Audio

FM    Frequency  Modulation

Original
Carrier

Frequency Modulation



Licencing
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BASICS OF RADIO

Digital Audio  &  Shannon’s Law

Shannon – Hartley  Theorum

C  =  Channel Capacity (amount of data)

B  =  Bandwidth

S  =  Signal Strength

N  =  Noise Strength

Channel Capacity grows with bandwidth and S/N Ratio

Claude Elwood Shannon  - The father of Information Theory



IMPROVING   AUDIO   

PERFORMANCE



100 Hz           1 kHz                 5 kHz              10 kHz            15 kHz AF-Freq.

AF Level

+ 15 dB

+ 10 dB

+   5 dB

0 dB

- 5 dB

- 10 dB

- 15 dB

AF-Frequency Response

Pre-Emphasis

De-Emphasis

Frequency Response System

Pre-Emphasis  & De-Emphasis



Compander

Compressor Expander

Different Brands are NOT compatible

60dB
Dynamic 
Range

2:1 1:2

Systems with Companders implemented in DSP are sometimes marketed as 
“DIGITAL” Systems



Reflected signals

Direct 
signals

Diversity



time

Antenna  A

Antenna  B

Used Diversity Signal1000

100

10

µV

True  Dual  Diversity

Squelch level

B            A               B                       A                                               B                    A  B       A



Intermodulation Protection

RF Power Amp

RF Output stages fitted with Circulators

Intermodulation products reduced about 40dB

Equal channel spacing is now possible = more channels per MHz bandwidth



What next ?

►The World goes Digital 

–It’s better Quality –Solves all analogue Imperfections

–It’s easier to operate –all works automatically

–Features added by Software update only

–It’s cheaper

–Logically next development step: Faster, higher, brighter, louder, quieter 

…

–Overall it makes a better World

–Right?



Digital

►Main Goal of Digitizing Audio Transmission of Wireless Microphones

–Perfect Audio Quality 

–No Compander Artefacts anymore

–Best Signal to Noise Ratio

–Best Frequency Response (20Hz…20kHz)



What are the Challenges of digital Audio Transmission?

►Very high Data Rate without Audio Data Compression

–Desired: 24Bit * 96kHz ≈ 2.3MBit/s

–Min. for 20kHz Audio and abt. 110dB Dynamic: 18Bit * 44.1kHz ≈ 0.8MBit/s 

–Additional Data for Framing and 

Channel Coding (usually x1,5) 

end up in gross data rate of abt. 

3.5MBit/s or 1.2MBit/s respectively 

–Any Reduction requires Compromises 

24Bit, 
96kHz

18Bit, 
44.1kHz



How does it work – digital Transmission?

Phase
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n Digital Modulation - Basics

§ To impress as much information as possible onto a Radio Frequency Carrier 
the  Phase and Amplitude are modified simultaneously

§ Visualisation of a Modulation Signal as Vector

§ Maximum Speed of changing States is 
limited by allowed Frequency Bandwidth 
and Pulse Shaping

( ) kBpsstatesff SymbBit 308#2log ºÖ= (4 states )



How does it work – digital Transmission?

►Digital Modulation – Symbols and Bits

–Discrete Amplitude and Phase Constellation Points (CP) are defined to represent 

a certain Bit( -sequence)

–Number of different CPs determines 

the carried Bits per Modulation Pulse 

–Number of CPs/Symbols per Second 

is limited by given RF Bandwidth 

– The modulated RF Carrier (Vector) 

goes continuously from one to the 

other Constellation Point depending 

on Bit sequence to be sent 

–Only on certain Instances in Time the 

CP is taken (Symbol Time)
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Summary and Consequences

► Licensable(!) digital Audio Transmission requires reasonable compromises in terms of  

–Audio data rate and hence  Audio Quality

–Robustness due to needed CIR

–Operating Time vs. Size (Battery)

– Latency

► The Limits are given by Regulation and Physics 

and are identical for all manufacturers

►A certain Set of Compromises can be optimal for 

one Use Case but never for all

► Therefore Digital 9000 provides two Transmission Modes to cover the needs of 

different Use Cases and Situations

Robustness

Operating 
Time

Audio Quality

Latency



The Digital 9000 Solution

► Provided Transmission Modes to Cover needs of different Field Scenarios 

Digital 9000 High Definition Mode 

(HD)

Long Range Mode 

(LR)

Audio Data 

Compression

None Sennheiser Digital 

Audio Codec (SeDAC)

Audio Dynamic Range 112dB(A) 

Instantaneous(!)

112dB(A)

Modulation Order 64 

(6 Bit/Symbol)

4 

(2 Bit/Symbol)

CIR necessary 28dB 11dB

TX Power rms/peak 10dBm/17dBm 13.5dBm/17dBm

Latency 

analogue to analogue

analogue to digital out

3.2 ms

3.0 ms

3.2 ms

3.0 ms



Digital 9000   Series  Microphones

EM 9046 8 Channel Digital 
Receiver

SK 9000  Bodypack 
transmitter

SKM 9000
Handheld Transmitter



Digital 6000   Series  Microphones

EM 6000 DANTE Digital 
Receiver

SK 6000  Bodypack 
transmitter

L 6000 Modular Charging 
System

SKM 6000
Handheld 
Transmitter



There is more than one way . . .



Define the need



Define the need
WHERE DO WE NEED WIRELESS MICS?

Traditional users of wireless systems:

ÁPerformance & Theatre

ÁBroadcast and News gathering

ÁCorporate and presentation

ÁEducation



Define the need
WHERE DO WE NEED WIRELESS MICS?

Emerging user groups:

ÁAmateur film makers

ÁVloggers

ÁMobile Journalism

ÁCorporate collaborative 

environments



Where to from here?
THE CHALLENGE

The spectrum thirst

–Spectral sell -off helps 

balance the budget

–At what cost

Spectrum Availablity

Demand for wireless

Connected devices

2010

2020

Spectrum vs Wireless Demand (device independent)

Spectrum Availablity Demand for wireless Connected devices



Solutions….here, now.
WHAT IS AVAILABLE TO US?

Currently available spectrum:

Á900Mhz ISM

Á1.8GHz ISM

Á2.4GHz

Á1.9GHz DECT



900MHz: ISM



Solutions….here, now.
900MHz

Á926-928MHz Industrial, Scientific & Medical (ISM) band

o Licence free

ÁEfficient use of spectrum

ÁNot suggested for mission critical applications

ÁLow transmission power due to regulation

ÁGreat for tourguide applications



2.4GHz



Solutions….here, now.
2.4GHz

Á2400 –2483.5 MHz Industrial, Scientific & Medical (ISM) band

o Licence free globally

ÁShare the spectrum with WiFi , Bluetooth, Microwave ovens and much 
more

ÁMultiple carriers, changing frequencies to avoid interference

o Frequency Shift Keying modulation

ÁLatency depends on system design  Sennheiser D1 = 3.9 mSec

ÁNo regulatory design parameters apart from frequency limits and 
radiated power (100mW)



Solutions….here, now.
2.4GHz

ÁNo shortage of products in this space
ÁNot without its challenges

o Require greater co -ordination ( ie. with IT dept.)



DECT



Solutions….here, now.
1.9GHz DECT

ÁDIGTIAL ENHANCED CORDLESS TELEPHONY

ÁETSI Standard Developed in 1992

ÁNext to WiFi , most successfully deployed global standard

Á100’s of millions of devices sold

ÁStandard managed by the DECT Forum

o Members include:



Solutions….here, now.
1.9GHz DECT

The Good Stuff

►High capacity structured network access

►Flexible and powerful identities, addressing and security

►High spectrum efficiency

►Reliable - high quality and secure - radio access

o Robustness even in hostile radio environments

►Flexibility towards varying bandwidth needs (which is bandwidth on 
demand e.g. for data applications)

►Power efficiency

►Tried and tested



Solutions….here, now.
1.9GHz DECT

The Cost

►Latency

►Mutually exclusive connection methodology

–1:1 does not facilitate 1:MANY

►Does not facilitate flexible active antenna combining and distribution



►GFSK Modulation Schema

–Gaussian Frequency Shift Keying

–Adds a filter step to the Binary shift keying (essentially a smoothing filter)

–Minimises group delay

–Tightens binary transition,
conserving spectrum

DECT.
HOW DOES IT WORK?



►TDMA

–Time Division Multiple Access

DECT.
HOW DOES IT WORK?



Á10ms frame divided into 24 slots

ÁEach slot can be used either for uplink or downlink (FP -PP)

ÁUsually used symmetrical (12 FP|12 PP) 

ÁTransmission bursts of one link can be on different frequencies within one frame 

(Frequency Division Multiplex )

DECT.
TDMA



Packet structure

► S-Field: Sync word

►D-Field: Data field

–A-Field: link control (Master/Slave, change RF channel, RSSI exchange, …) 

–B-Bield: Audio, Control and/or Status data + 16bit CRC 

►X-Field: CRC

► Z-Field: CRC

G
u

a
rd

tim
e

DECT.
HOW DOES IT WORK?



Master

Level 1 Level 1

Level 1

Level 2Level 2

Standby Master

DECT SYNCHRONISATION
ALL DANCING TO THE SAME TUNE



Master

Level 1 Level 1

Level 1

Master

Level 1

Standby 
Master

Level 1

DECT SYNCHRONISATION
ALL DANCING TO THE SAME TUNE



ÁThe Master and Commander:

o Master and slave hierarchy established

o Based on master discover process as part of boot sequence

o Will Sync to 1 st level slave or master

o Master decalred by 1st on or lowest DECT id.

o Master builds RSSI table

ÁMaster receiver sets zero position to avoid 
collisions of bursts from another “like” link

ÁWhen loss of master occurs, process begins again .

ÁAll over the air

DECT SYNCHRONISATION
ALL DANCING TO THE SAME TUNE: The notion of Spectral Awareness



►DECT has proven extremely reliable

DECT
PRODUCT EXISTS… AND IT WORKS!

TeamConnect Wireless

SpeechLine Digital 

Wireless

AVX



Á All DECT equipment is obliged to regularly scan environment 
at least once every 30 seconds

Á Builds the RSSI (Received Signal Strength Indicator table)

Á Handover method allows for simultaneous backup transmission as an 
avoidance mechanism

Á Both transmissions continue until firm comms is established and the weaker 
transmission terminated

ÁALWAYS Initiated by the PP. FP can send directive to change but PP is always 
the facilitator

DECT CHANNEL MANAGEMENT
DYNAMIC FREQUENCY SELECTION



Tomorrows obstacles and possible solutions…



Solutions….tomorrow.
WHERE IS THE FUTURE?

Unfortunately not an easy path forward

►More and more wireless network devices

Number of Connected Devices - 2004 Number of Connected Devices – 2017

2 27



Solutions….tomorrow.
WHERE IS THE FUTURE?

But wait there’s more…

►2.4 | 5 | 5.8GHz wifi –802.11n/AC

►802.11AD–Introduces 60GHz operation.

►Internet of Things

►Threatens 900MHz band

►802.11AH–900Mhz for long range low 

power/data rate sensor traffic

►DECT-LE - Dect low energy for industrial 

telemetry 



Solutions….tomorrow.
WHERE IS THE FUTURE?

But wait there’s more…

►White -Fi –802.11af

o Whitespace devices

o Uses gaps in TV spectrum

o Refers to centralised database for 

avoidance of “registered” devices

o Low volume implementation

o Poses great threat to our UHF 

spectrum

Whitespace trial image copyright Microsoft research



Solutions….tomorrow.
THE NETWORK

Why cant we just use the wireless network:

ÁNetwork data is inherently non -deterministic

ÅThis is not ideal for low latency traffic

ÁTiming protocols required for synchronisation 

ÅAlignment of arrival times through the network

ÁTraffic shaping and bandwidth reservation are necessities



Wrap up.



Solutions….tomorrow.
WRAP-UP

We have come a long way

–The squeeze will continue

–We will get kicked around as the thirst for spectrum increases for big data

–This does invoke lateral thought and innovation

–Pressure makes diamonds



Questions?



Thank you!

Contact
James Waldron
james.waldron@sennheiser.com

Contact
Jason Grbevski

jason.grbevski@sennheiser.com


