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Overview
● Basics of audio breakthrough (ABT) testing
● Calibration and process of testing
● Things that can go wrong (variations) in the lab ABT testing
● Explaining the variations
● Methods to do bench level ABT testing, enabling easy debugging



Basics



Audio Breakthrough (ABT) - Immunity Test
EMC Test Signal & Interference Calibration - Standard
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ABT Uplink / Downlink

Audio Breakthrough (ABT) - Definition
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https://www.youtube.com/watch?v=rSQTwMvakUU
https://www.youtube.com/watch?v=rSQTwMvakUU


Audio Breakthrough (ABT) - Standard
Performance Criteria (Pass/Fail)

35 dB

Fail
Pass

1kHz Sound Power [dBPA]

How to measure reference level
How to measure interference level?

Reference Level

Interference Level

Frequency [Hz]80 MHz - 6 GHz

0 dBPa
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Audio Breakthrough (ABT) - Standard
Sound Pressure Level (dB SPL) vs dB Pa.

dB SPL is the level with the reference level  20 μPa

1 Pa is 20 log10 (1 Pa/20 μPa) = 94 dB SPL

dB Pa is the level with the reference level 1 Pa

1 Pa is 20 log10 (1 Pa/1 Pa) = 0 dB Pa

-35dB Pa = 60 dB SPL = Average conversation level

 



Calibration Process 
and Standards



Audio Breakthrough (ABT) - Standard
Interference Level Measurement (ETSI EN 301 489-52)
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Audio Breakthrough (ABT) - Standard
Reference Level Measurement (ETSI EN 301 489-52)

Downlink Uplink



Audio Breakthrough (ABT) - Standard
Acoustic Calibration (R&S TS9982 Application Note)

Sound Level Calibrator (B&K 4227)

Mouth Simulator (B&K 4227)

Pressure Microphone (B&K 4192)

Step1
: calibrate ref mic

Step2
: calibrate mouth sim

0 dBPa

Vout = 1.3V
Vout = 1.3VVin = 0.5 V

0 dBPa

-5 dB Pa = 0.56 Pa => 0.5V x 0.56 = 0.28 V

Calibrate mic -> use that to calibrate 
sound pressure from mouth simulator



Audio Breakthrough (ABT) - Standard
Acoustic Calibration (R&S TS9982 Application Note)

Sound Level Calibrator (B&K 4227)

Mouth Simulator (B&K 4227)

Pressure Microphone (B&K 4192)

Sound Level Calibrator

Mouth SimulatorPressure Microphone



Audio Breakthrough (ABT) - Standard
Reference Level Measurement  (R&S TS9982 Application Note)
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Audio Breakthrough (ABT) - Standard
Reference Level Measurement  (R&S TS9982 Application Note)
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Audio Breakthrough (ABT) - Standard
Reference Level Measurement  (R&S TS9982 Application Note)
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Audio Breakthrough (ABT) - Standard
Review of Reference Value in Standard (ETSI EN 301 489-52)

Downlink Uplink

35 dB

Fail
Pass

** Downlink Reference 
Value =  99.913 dBμV

** Uplink Reference 
Value = 109.542 dBμV

** Values are from previous slides.

Downlink Reference Uplink Reference

Audio Level Meter
@ 0 dB Pa = 1 Pa

99.913 dBμV / 1 Pa 109.542 dBμV / 1 Pa

Audio Level Meter
@ -35 dB Pa = 18 mPa

64.913 dBμV / 18 mPa 74.542 dBμV / 18 mPa

Reference Level

Interference Level

0 dBPa

-35 dBPa

1kHz Sound Power [dBPA]

Frequency [Hz]80 MHz - 60 GHz



Variations Observed 
and Explanations



Variations Observed in Third party labs
● Wrong calibration with sound level calibrator
● Wrong calibration procedure with mouth simulator and sound level calibrator
● Non-uniform field calibration and Field variations caused due to setup 

variations
● Placing audio pre-amp in a leaky (fields) shielded box inside the chamber.
● Sine-wave cancellation on mobile devices 
● Second and third harmonics (sometimes higher than fundamental) ignored
● Frequency steps missing high Q resonances
● Variation due to phone orientation, different earphone lengths used by 

different labs and how they position the ear phones in the field

Next



ABT - CMW500 Audio and Shield Box Test
The calibrator is controlled by closed loop in the speaker and reference 
microphone. If the calibrator is not sealed properly with the audio tube, it can 
increase the output pressure.

This is why a mouth simulator is used for calibration.

Back



Test - CMW500 - Downlink/Uplink

Downlink Measurement Uplink Measurement

Back

https://docs.google.com/file/d/1ozGhc-D8qq2TZUmq04-UJCWPpJFItlRj/preview
https://docs.google.com/file/d/1RqU3yPodBcHmE4HMqZKD8oDy9mG5dvVD/preview


Test - Different 
Headphone

1
2
3
4

Name Length

1 Long White 118 cm

2 White 110 cm

3 Black 140 cm (Right)
120 cm (Left)

4 Yellow 140cm

Back

Long_White_headphone
Long_White_headphone



Test - Headphone Placement

Horizontal 
Serpentine

Straight Snake
Vertical 
Serpentine

Back



Test - Horizontal



Test - Horizontal - 6 V/m Field Strength

Downlink Uplink

Back



Test - Vertical



Test - Vertical - 6 V/m Field Strength

Downlink Uplink



Test - Headphone Placement

Horizontal 
Serpentine

Straight Snake
Vertical 
Serpentine



Methods for Bench 
Level ABT



ABT - EMC Lab Test
Goal : Minimize these variations to have consistent results

Method :  Provide the guideline to the outside lab.

Procedures : By setting up Audio Breakthrough (ABT) test in lab, we can test how each 
variations will affect the measurement results

Debug ability : Ability to debug the failure while not working in active field



Bulk Current Injection -ABT Test

R&S CMW500
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ABT - CMW500 Audio Generator / Analyzer

2 Inputs / 2 Outputs

Analog / Digital

Frequency Spectrum

Single / Multi Tone Measurement

Current/Average/Extreme

Sampling Frequency = 48 kHz



ABT - R&S Z10 RF Shield Box

Frequency range up to 6 GHz

Shielding characteristics (< 80 dB)

BNC Conn Audio Tube

Audio 
Tube

MIC

Preamp

Output



Chamber ABT Test
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Comparison between Chamber ABT and BCI ABT

Red - Chamber ABT 6V/m
Blue - BCI ABT - 15dBm



Comparison between Chamber ABT and BCI ABT



BCI Placement

Far from the phone

Center

Close to the phone



Comparison between Chamber ABT and BCI ABT



Conclusions
● Variations are expected for ABT when tested in third party labs
● Setup and process should be carefully examined to ensure correct test 

process
● BCI ABT method takes out lot of variation. Gives ability to reproduce and 

debug on bench level without the need for full-size chamber.



Appendix - Audio 
Breakthrough (ABT)



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Audio Breakthrough (ABT) - Standard
Handsfree Application

In ETSI EN 301 489-52,

When an external loudspeaker is used, the SPL from the external loudspeaker is higher than that 
from the earpiece of the portable by a certain amount in order overcome a high ambient noise level.
Two methods can be used to achieve the required SPL:
- the downlink reference level shall be increased by the same amount in order to compensate for 
the
difference in SPL; or
- the distance between the loudspeaker and the measuring microphone shall be adjusted during the
measurement procedure resulting in the required SPL.



Audio Breakthrough (ABT) - Standard
Reference Level Measurement with earphone - Step 1

Call Box
(Ex. GSM)

Audio Meter
Vout = 96.9 dBμV Mic

Acoustic Tube

Audio Signal at 1 kHz



Audio Breakthrough (ABT) - Standard
Reference Level Measurement with earphone - Step 2

Call Box
(Ex. GSM)

Audio Meter
Vout = 98.9 dBμV Mic
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Audio Signal at 1 kHz



Audio Breakthrough (ABT) - Standard

Mobile Speaker Audio Level = 96.902 dBμV

Handsfree Speaker Audio Level = 98.890 dBμV

Difference between Mobile and Handsfree Speaker = 1.988 dB

Handsfree Downlink Reference Value

= Mobile Downlink Reference Value + Difference

= 111.53 dBμV

Reference Level Measurement with earphone (R&S TS9982 App Note)



Audio Breakthrough (ABT) - Standard
Field Calibration - Number of points, amplifier thermostability, metallic box under the table

Freq Step = 1%

Distortion to 2kHz, 3kHz, and so on.

Acoustic Calibration

Mic Sensitivity, Different calibration steps, headphone positioning with artificial mouth

Audio Measurement/Susceptibility of Audio Box

Position Phone/Cables

Echo Cancellation - Max Hold, Turn on/off between Freq Steps, Clear the data measure it 
again, Dwell Time



ABT - B&K Microphone

13.6mV/Pa

Preamp = x10 gain
Measurement Results = 392mV ptp
Sensitivity : 13.6mVRMS/Pa = 
19.23mVpeak/Pa
Expected Results = 385mV ptp



Mouth Simulator/Acoustic Tube/Microphone Test



ABT - CMW500 Remote Control Comm
Serial Communication of Single Tone Measurement Using Matlab/Python and USB port

Code Output



CMW500 - Uplink/Downlink
Setup Uplink and Downlink successfully

GSM - FRV1 - speech instead of echo

Select Audio Measurement - Microphone and Speaker 
Test

Uplink - Digital Measurement [Unit - Full Scale]
Downlink - Analog Measurement [Unit - V]

Next Step - Audio Calibration with the setup, remove 
the earphone and do the better sealings (Max : -15), 
R&S how to set the spectrum (data points)



Third party Labs
Some labs use CMW200 and separate codec cable for speech analysis.

They use artificial mouth for downlink calibration, but not the calibrator.

They use artificial mouth for uplink calibration (Many variations between the phone).



3 V/m Field Strength

Downlink Uplink



6 V/m Field Strength

Downlink Uplink



10 V/m Field Strength

Downlink Uplink



3 V/m Field Strength

Downlink Uplink



6 V/m Field Strength

Downlink Uplink



10 V/m Field Strength

Downlink Uplink



Downlink Uplink

Vertical Comparison



Downlink Uplink

6 V/m Field Strength



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT



Comparison between Chamber ABT and 
BCI ABT


