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The Diamond Standard in EMC PT

Presentation Outline

- Why we should care about EMC Proficiency Testing [PT]

* Brief History & Current Status of the ACIL / ACE-PT Inc. EMC PT Program
« EMC PT Test Artifacts

* Technical Approach & Statistical Methods used in all EMC PT Schemes

* Participation Profiles

* Results of the 150 kHz to 1 GHz EMC PT Scheme

* Results of the 1 GHz to 18 GHz EMC PT Scheme

 Observations and Conclusions
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Why should a Test Lab care about doing EMC Proficiency Testing? - |

From a Quality System Management Standpoint:

=> Except for Clause 7.7.2, all other Clauses of ISO/IEC 17025:2017
concern themselves with process, not with actual results!

=>» The underlying presumption of ISO/IEC 17025:2017 is that if you
properly control the processes, the outcomes (i.e., the results) will also
be controlled. This presumption is almost a dogma and is easily
rebutted by the facts.

=> An across-the-board “Passing” result of a Proficiency Test provides
the strongest proof (i.e., directly relevant objective evidence, rather
than indirect evidence) that the Test Lab can get the correct results.
Such evidence fully satisfies Clause 7.7.2 of ISO/IEC 17025:2017.

Copyright 2024 ACE-PT Inc.
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Why should a Test Lab care about doing EMC Proficiency Testing? - Il

From a Technical Standpoint:

=> 1t is not possible for a single EMC Test Lab to assess its own Bias. In other words, a Test Lab cannot
(by its own efforts) determine whether it is consistently measuring amplitudes that are “hot” or “cold”
as a function of frequency.

=21t is quite difficult for a single EMC Test Lab to assess (by its own efforts) whether or not its test
processes are fully “in control” (i.e., Are the variations in measured amplitude as a function of
frequency reasonable, given their Measurement Uncertainties?) [Note: Daily confidence checks help,
and trending analysis helps even more, but this is far from a formal inter-lab comparison].

=> “Failing” EUTs that should pass (i.e., making a Type I Error) and/or “Passing” EUTs that should fail
(i.e., making a Type II Error) is not good for an EMC Lab’s Customers, nor for the specific EMC Lab
that made the Pass/Fail Classification Error, nor for the reputation of the EMC Test Laboratory
industry as a whole.

Technical Conclusion:

Participating in, and “passing” a well-run EMC PT Program provides objective (and comprehensive)
proof that an EMC Test Lab is competent — i.e.,, that it can consistently make “good” measurements,
and thus, can be relied upon to correctly classify EUT’s as having “Passed” or “Failed”. [“Good
Measurements” are measurements made with acceptable bias and with a process that is “In Control”].

4
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Why should an Independent Test Lab care about doing
EMC Proficiency Testing?

In addition to the reasons given in the last two Slides, it can offer
a competitive advantage:

“Ask our competitors if they can show you objective evidence of competency
(e.g., in the form of EMC Statement of Performance Letter or a Formal EMC
PT Analysis Report from an ISO/IEC 17043-accredited EMC PT Provider).

We can prove ours!

Copyright 2024 ACE-PT Inc.
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Why should a Test Lab’s Customers care about doing
EMC Proficiency Testing?

If a manufacturer or supplier is going to have to pay to get their
product(s) tested for compliance, it would be wise to select a Test
Lab that can provide objective evidence of its ability to make
correct measurements.

Copyright 2024 ACE-PT Inc.
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Why should an AB care about requiring EMC Proficiency Testing?

THE “USES” OF PT ANALYSIS RESULTS TO ACCREDITING BODIES (ABs)

1. Adherence to ILAC Policy (ILAC P9:01/2024)

The mandated use (when available, appropriate and deemed necessary) of the PT
Analysis Results for evaluating the competence of EMC testing laboratories as part of the
accreditation process of laboratories is stated in ILAC Policy P9:01/2024 which is imposed
upon all ABs that are signatories to the ILAC Multilateral Recognition Arrangement (MRA).
[Emphasis Added)].

2. Adherence to ISO/IEC 17011:2017

ISO/IEC 17011:2017 requires ABs to accept that one of the techniques for performing
assessments of conformity assessment bodies (e.g., Test Laboratories) is a review of
performance in proficiency testing and other interlaboratory comparisons

Copyright 2024 ACE-PT Inc.
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HISTORY - | i

« ACIL’s EMC Proficiency Testing (PT) Program dates from 1999.

- Two EMC PT Test Artifacts were ultimately acquired in late 2003.
> a York CNE lll Broadband Noise Source (frequency range: 150 kHz to 1 GHz), and,

» a WD Test Solutions EM-18 Spectrally Broadened Comb Generator (frequency range: 1 GHz to 18 GHz).

The York CNE Il is still in use, and still has essentially identical RF Outputs to what it had when it was new!
The WD Test Solutions EM-18 was destroyed by a customer in late 2021.

In late December 2022, the WD Test Solutions EM-18 was replaced by an EMC Instruments Corp. Model
CG118-250C Comb Generator (frequency range: 1 GHz to 18 GHz).

* Preliminary experiments with EMC PT Testing began in 1999 using borrowed Test Artifacts..

* Formal EMC PT Testing began in 2004 used ACIL-owned Test Artifacts. An outside contractor
(statistician) was paid to perform elementary statistical analyses on the PT Data received
from the Participating Labs.

* Between 2004 and 2009, ACIL made numerous modifications to its User Instructions,
Test Procedures, and Data Collection Procedures for the purpose of improving the
usefulness of its program.

* In 2009, it was recognized that the statistical analyses being provided were technically
inadequate. Acme Testing Co. (an ACIL Member Laboratory) volunteered to take over
the technical management of the ACIL PT Program.

To preserve confidentiality, the procedures were changed such that Participants sent
their PT Data to the ACIL Section Executive Officer, who then “anonymized” their data
and gave each data set a unique 3-character Lab Code as an identifier before sending
the data to Acme Testing Co.’s statistician for analysis.

Copyright 2024 ACE-PT Inc.
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HISTORY - I

« Acme Testing Co.’s statistician immediately realized that the analytical methods used up to that
point were unsatisfactory and needed to be replaced. Several significant improvements were
made, including:

> A rigorous statistical analysis methodology was developed and implemented, based upon
the guidance given in ISO 13528. In particular:

o the “Assigned Values” (i.e., the robust estimators of the “true values”) are determined
by “consensus of participants” using the so-called “Robust Average” Method per
Algorithm A of ISO 13528, and,

o the Performance Evaluation Parameters used for “Pass/Fail”’ determination are based upon the
applicable Ucspr (=3 values (from CISPR 16-4-2) [and Ugrg, -, Values from ETSI TR 100 028]

> Standardized Data Collection Templates were developed, introduced and mandated for use,
to ensure that all participants provide data in the same format, to allow for faster and more
accurate data analysis); and,

» Updated User Instruction Manuals [UIMs] were developed and provided with the PT Test
Artifacts. These UIMs covered the setup and operation of the Test Artifacts, the procedures
to be used for PT Data Collection, and a summary of the Data Analysis Techniques to be
used to analyze PT data).

> Rigorous procedures for periodic (annual) re-characterizations of the Test Artifacts were
developed and implemented, to confirm the stability and repeatability of their RF Outputs.

=» The result of these changes was that ACIL’s EMC PT Program achieved the status of a “well-
organized inter-laboratory comparison (ILC)”.

Copyright 2024 ACE-PT Inc.
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- In 2011, it was decided that ACIL would try to obtain ISO/IEC 17043 Accreditation
for its EMC PT Program.

* To that end, ACIL created a wholly-owned subsidiary, called the ACIL Corporation
for EMC Proficiency Testing Inc. (“ACE-PT Inc.”), and transferred EMC PT-related
assets and responsibilities to it.

* On 12 July 2012, ACE-PT Inc. became the worlds only ISO/IEC 17043-accredited
provider of EMC PT Services. ACE-PT Inc. was accredited by A2LA, under
Certificate # 3360.01.

0 The ACE-PT Inc. EMC PT Program was organized into two basic “PT Schemes”
one from 150 kHz to 1 GHz (using the York CNE Ill Test Artifact), and the other
from 1 GHz to 18 GHz (using the WD Test Solutions EM-18 Test Artifact).

U Each PT Scheme operated continuously, but PT Analysis Results were originally
generated only at the end of each PT Scheme “Round”. A “Round” was typically
declared after about 15 Participating Laboratories had submitted measurements
for the Scheme. This resulted in very lengthy delays.

O Starting in mid 2015, ACE-PT Inc. was authorized to issue Participants “Interim
Statement of Performance Letters”, using Assigned Values and Control Limits
derived from consolidated measurement data from from the previous “Rounds”.
Since this change was made, Participants get their Results within 7 days after they
submit their PT measurements.

Copyright 2024 ACE-PT Inc. 10
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Continuity — |
Since 2012, ACE-PT Inc, has operated two EMC PT Schemes
» Since 2012, ACE-PT Inc, has operated two EMC PT Schemes.

* The “Below 1 GHz” Scheme (150 kHz to 1 GHz) has spanned 13 complete “rounds” (~325
participants) and is now in its 121" Continuation Round). It employs the York CNE Il Serial
Number 0372 Test Artifact.

* This PT Scheme collects data from the following “disciplines”:

Discipline A (ANSI C63.10-2013 Clause 6.7 Antenna Port Conducted Emissions):
- Direct Antenna Conducted Emissions made over the RF Frequency range 0.15 MHz to 30 MHz;
- Direct Antenna Conducted Emissions made over the RF Frequency range 30 MHz to 1000 MHz;

Discipline B (ANSI C63.4-2014 Clause 8 Radiated Emissions at a 3 m measurement distance):
- Radiated Emissions in Horizontal Polarization at a 3-meter distance over the RF Frequency range 30 MHz to 1000 MHz;
- Radiated Emissions in Vertical Polarization at a 3-meter distance over the RF Frequency range 30 MHz to 1000 MHz;

Discipline C (ANSI C63.4-2014 Clause 8 Radiated Emissions at a 10 m measurement distance):
- Radiated Emissions in Horizontal Polarization at a 10-meter distance over the RF Frequency range 30 MHz to 1000 MHz;
- Radiated Emissions in Vertical Polarization at a 10-meter distance over the RF Frequency range 30 MHz to 1000 MHz.

 After the completion of each round of PT, the analysis always consists of the most recent
55 participants. Specifically, in each round, 15-20 new participants are added, and the
same number (of the oldest participants) are aged out.

Copyright 2024 ACE-PT Inc.
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Continuity — Il
Since 2012, ACE-PT Inc, has operated two EMC PT Schemes

* The “Above 1 GHz” Scheme (1 to 18 GHz) spanned 9 complete “rounds” using the WD
Test Solutions EM-18 Test Artifact Serial Number 5002003 (~225 Participants). This
Scheme was ended when the Test Artifact was destroyed by a customer. This PT Scheme
collected (and continues to collect) data from the following “disciplines”:

Discipline D (ANSI C63.10-2013 Clause 6.7 Antenna Port Conducted Emissions):
e Antenna Port Conducted Emissions Peak measurements (from 1 GHz to 18 GHz);
* Antenna Port Conducted Emissions Average measurements (from 1 GHz to 18 GHz).

Discipline E (ANSI C63.4-2014 Clause 8 Radiated Emissions at a 3 m measurement distance):

* Radiated Emissions Peak measurements from 1 GHz to 18 GHz at a 3 m distance in Horizontal Polarization;

* Radiated Emissions Average measurements from 1 GHz to 18 GHz at a 3 m distance in Horizontal Polarization;
* Radiated Emissions Peak measurements from 1 GHz to 18 GHz at a 3 m distance in Vertical Polarization.

* Radiated Emissions Average measurements from 1 GHz to 18 GHz at a 3 m distance in Vertical Polarization.

» After the completion of each round of PT, the analysis always consisted of the most recent
55 participants. Specifically, in each round, 15-20 new participants were added, and the
same number (of the oldest participants) were aged out.

* The “Above 1 GHz" Scheme (1 GHz to 18 GHz) using the WD test Solutions EM-18 Test
Artifact was replaced at the beginning of 2023 by the EMC Instrument Corp. Model
CG118-250C Test Artifact. So far, the “Initial Round” has been completed with 25
participants, and the “1st Continuation Round” is ongoing,

Copyright 2024 ACE-PT Inc.
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CURRENT STATUS

» Since 2012, ACE-PT Inc. has been re-accredited by A2LA under Certificate # 3360.01
on an ~ four-year cycle as an ISO/IEC 17043:2010 Proficiency Testing Provider.

It is still the worlds only ISO/IEC 17043-accredited PT Provider of EMC PT Services.

» ACE-PT Inc. is scheduled to be assessed against the newly-mandated ISO/IEC
17043:2017 Standard sometime in the next two months.
= This change will NOT alter the EMC PT Schemes that we currently offer.

» ACE-PT Inc.’s two EMC PT Schemes are available on a world-wide basis to any
EMC and/or Wireless/RF Test Lab that has (or wants to have) ANSI C63.4 and/or
ANSI C63.10 in their ISO/IEC 17025 Scope of Accreditation.

> ACE-PT inc.’s scholarly paper entitled “On the Correct Approach to the Modeling
and Analysis of Quantitative EMC Proficiency Testing (PT) Data for the Purpose
of Evaluating Test Laboratory Claims of Competency”, TEMC-297-2024, was
accepted for publication in the IEEE Transactions on Electromagnetic
Compatibility on 14 September 2024.
=» This paper will serve as a primary technical reference to the planned ANSI
C63.11 “American National Standard for Inter-lab Comparison EMC Testing"

Copyright 2024 ACE-PT Inc. 13
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ANSI C63.10-2013 / ANSI C63.4-2014 (150 kHz — 1 GHz) EMC PT Scheme
York CNE Il Test Artifact configured for
Radiated Emissions V Polarization EMC PT Measurements

'o“'-

14
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ANSI C63.10-2013 / ANSI C63.4-2014 (150 kHz — 1 GHz) EMC PT Scheme
York CNE lll Test Artifact configured for
Radiated Emissions H Polarization EMC PT Measurements

T —— R —

CNE 111 /
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ANSI C63.10-2013 / ANSI C63.4-2014 (1 GHz — 18 GHz) EMC PT Scheme
EMC Instruments Corp. Model CG118-250C with Stub Antenna Test Artifact
configured for Radiated Emissions V Polarization EMC PT Measurements

16
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ANSI C63.10-2013 / ANSI C63.4-2014 (1 GHz — 18 GHz) EMC PT Scheme
EMC Instruments Corp. Model CG118-250C with Stub Antenna Test Artifact
configured for Radiated Emissions H Polarization EMC PT Measurements

17
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The Canonical Question

Q: If we distributed an EUT to a series of Test Labs, and then
somehow aggregated all their measurements, could we
collectively estimate what God would have measured?

A. YES!

Using many (sufficiently large number) independent
measurements, and the appropriate statistical techniques, we can
estimate the “true answer” (i.e., the value of the correct, error-free
measurement). Additionally, we can estimate the uncertainty of

our estimate of the “true answer”.

= The estimate of the “true answer” is called the “Assigned Value”.

= The estimate of the uncertainty of the “Assigned Value” is called
the “Standard Uncertainty of the Assigned Value”.

18
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Basic Concepts about EMC PT Data

* PT measurements from participating Test Labs are NOT in
any way “random samples” drawn from some assumed
normally-distributed population.

* PT measurements from participating Test Labs are a
“population” (albeit a small one).

« =» This implies the need to use population parameters and not
sample statistics in the evaluation of Test Lab performance.

* PT measurements from participating Test Labs are NOT
normally-distributed. Indeed, they typically are multi-model,
severely skewed in either or both directions.

19
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The Technical Approach - |

 All the EMC PT Schemes operated by ACE-PT Inc. employ the ISO 13528
Consensus of Participants Method, using the 1SO 13528 “Algorithm A” Procedure
for determining the “Assigned Value for Proficiency Testing Assessment”.

+ ISO 13528 states that when the Assigned Value is to be determined as a
“Consensus Value from the Participants”, the ISO 13528 “Algorithm A” is
an appropriate method for determining the Assigned Value.

« 1ISO 13528 “Algorithm A” specifies the method to be used to compute the:
> “Robust Average” , X* (i.e., the Assigned Value),
» “Standard Deviation of the Robust Average”, S*
» Standard Uncertainty of the Assigned Value, u,

Important Note:

In EMC PT Programs, the Standard Uncertainty of the Assigned Value is
almost always significant, and thus cannot be ignored.

Copyright 2024 ACE-PT Inc. 20
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The Technical Approach - I

* All the EMC PT Schemes operated by ACE-PT Inc. employ Bayesian Analysis
(which incorporates the Maximum Permissible Error, U) and the Hypothesis
Testing approach for the performance evaluation of participants:

» Null Hypothesis: (denoted by H, ): To hold as true, that a Test Lab’s
Measurement Process Error < Up

NOTE: In commercial EMC testing, the Maximum Permissible Error values are effectively mandated by the CISPR 16-4-2
and ETSI TR 100 028 Standards. When the Expanded Uncertainty (using, typically, a k=2 Coverage Factor) is
applied, the Maximum Permissible Error, denoted as U, is obtained.

Thus, if H, is true, then the claim of competency is proved.

» Alternative Hypothesis: (denoted by H,): To hold as true, that a Test Lab’s
Measurement Process Error > Up

Thus, if H, is true, then the claim of competency is disproved.

NOTE: Bayesian Analysis is diagnostic, descriptive of the current measurement
procedure in place within a Test Laboratory.

It is NOT predictive. In other words, ACE-PT Inc. does NOT use the Bayesian

Inference model (which is for predicting or forecasting future events).
. 21
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Procedure for computing the Control Limits in “natural” dB Units

In all of ACE-PT Inc.'s EMC Standards-based EMC PT Schemes, when using
“natural” dB units (i.e., either dBuV or dBuV/m as applicable), each Upper
Control Limit [UCL] and each Lower Control Limit [LCL] is computed as
follows:

UCL = X*+ (U, + u,)
LCL = X*-(U, +u,)

where (in a given PT Data Set),

X* is the Robust Average derived using Algorithm A from ISO 13528 for the ith RF
Frequency; and,

U, is the Maximum Permissible Error for a specific EMC PT Test Process; and,

u, is the Standard Uncertainty of the Assigned Value (i.e., of the Robust Average) for
a specific EMC PT Test Process being examined.

22
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Procedure for determining Laboratory Performance (in dB Units)

In all of ACE-PT Inc.'s EMC PT Schemes, the evaluation of participants is
done by comparing each participant’s measurement with the computed UCL
and LCL values, as follows:

LCL < X, < UCL > PASS

X; > UCL - FAIL on the “hot side”
X < LCL - FAIL on the “cold side”

where, X; is the measurement made at i"" RF Frequency for a given PT Data Set

Any measurements which are between the UCL and the LCL are defined as
being "acceptable” measurements and are therefore deemed to have
“Passed”.

Any measurements which are either above the UCL or are below the LCL are
defined as being “Unacceptable”. “Unacceptable” Measurements are also
defined to be “outliers” and are therefore deemed to have "Failed".

23

Copyright 2024 ACE-PT Inc.




The Diamond Standard in EMC PT

Procedure for evaluation of Laboratory Bias (using D-Statistics)

In all of ACE-PT Inc.'s EMC PT Schemes, the Bias (denoted as “D”) of the
measurement made at the it" RF Frequency for a given EMC PT Data Set from
a given "round"” of a given EMC PT Program is evaluated as follows:

D =X - X*
where,
D is the Bias;
X, is the measurement made at it RF Frequency, and
X* is the Robust Average derived using Algorithm A from ISO 13528

Bias is most easily visualized by plotting the computed Bias values (for a
given EMC PT Data Set) as a function of RF Frequency, with Bias = 0.00 being
in the middle of the Y-Axis of each plot. (In other words, the plots are
formatted like those used in plotting the Deviations from Zero Normalized
Site Attenuation).

24
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Procedure for evaluation of Laboratory Ranking (using Z-Scores)

In all of ACE-PT Inc.'s EMC Standards-based EMC PT Schemes, the
performance of each EMC Laboratory can be ranked against all other
participating EMC laboratories by standardizing each participating EMC
Laboratory’s Bias (i.e., D = X, — X*), as follows:

Z-Score = (X. — X*) | S*
where:
X, is the measurement made at it RF Frequency;

X* is the Robust Average derived using Algorithm A from ISO 13528 for the it RF Frequency;
S* is the std deviation of the assigned value (the Robust Average) for the i"" RF Frequency.

Note: the Z-Score (Z-Score = Bias/S*) is the standardization procedure
for a given dataset (for scoring participants against each other);
there is no underlying normality assumption.

In contrast, the Z-Value [i.e., Z-Value = (X; — X*)/o,] is the standardization
procedure for a perfectly normally distributed population. Care should be
taken to avoid confusing the term “Z-Score” with the term “Z-Value”.

Copyright 2024 ACE-PT Inc. 25
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Consistency of Performance Evaluation Results

It is important to note that all three methods just described (i.e.,
computation of results in “natural units”, computation of results
using D-statistics, and computation of results using Z-Scores) for
evaluating participant performance MUST yield the same
(qualitative) “Pass / Fail” results.

If the “Pass / Fail” Results are NOT identical, then a
computational error has been made.

26
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11th “Continuation Round” (Most Recent) PT Scheme Collateral Data (150 kHz — 1 GHz) 2022-2023

Note: Labs with
Failing Results are
shown in Salmon
color.

Copyright 2024 ACE-PT Inc.
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Note: Labs  with
Failing Results are
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10th “Continuation Round” PT Scheme Collateral Data — (150 kHz — 1 GHz) 2021-2022
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WDl | YES | YES | YES | YES | VES | VES | SowofoemBlock |10m(SAC) | (MR TO NO | R&SESU4Dwith Ext R&S | EMIReceiverw.
5@ 3m l TS-PR-2 Preamp [EE] Ext. Preamplifitr
wel | vEs | vEs | vEs | vEs | vEs | ygs |Strofesmentop |dm Wm oo derensisE | w0 HP 85464 / HP 854804 EMI Receiver w
of Wood Base DATS “ndgten . - Est. Preamplifier
WFl | %0 | wo | vEs | vEs | wo | wo Plywood m (SAC) Sunol JB6 O R &S ESCIT EAMI Test Receiver
we2 | %0 | wo [ vEs | vEs | wo | ®eo Phwood m(SAC) Sunol JBS NO R & SESCH EMI Test Receiver
1061 | YEs* | vEs* | ¥Es | vEs | No | %o Styrofoam 3m (SAC) SunAR JB1 NO Agilent N9038A EMI Test Receiver
Agilent NI3EA with .
" i
WHL | vES | vES | mOo | o | YES | ¥ES | StyrofosmBlock |10m(SAC) | TESEQCBLSINID | NO | Schwambeck BBVOT4SEun Efg:‘::“““
Preamp .
. R & SESWH with EN Test Receiver
1 | vES | YES | YES | YES | NO | %0 | Pobypropylenc | dm(SAC) Sumol JB6 NO | g & STSPR Ext Preamp . Ext, Preasp
i ] R&S ES[B4) with EAMI Test Recerver
Wi | yEs | ¥Es | ves | vES | vES | VES | StyvofosmBlock | 10m(sAC) Sunol T3 NO B ST B . Ext Prosmp
HDPE [High R&S ESW44 with Time Domain
WKL | YES | vES | ¥ES | vES | No | wo Density m(SAC) Sunol JB6 NO HP §447D OPT Hed EMI Test Recsiver
Potvethylene] Ext. Preanp w. Ext. Preamplifisr
ETS-Lindgren Low . .
Sehwarrbeck Time Diomain
WLl | YES | YES | ¥ES | YES | NO | NO | DielectncFoam, | 3m(SAC) O RS ESW26 .
31@1_11:.1.1 VULE 5168 ENT Test Racaiver
. - N N . Agilent E4448A w. Com- Spectrum Analyzer
\ £ h
WMl | YES | YES | YES | YES | N0 | MO | Polyemyiene | 3m(SAC) EMCO 5142 N0 | PAM0S Ext Pratmp | w, Ext Proampliinr
, ] EPS [Expanded | . EMCO 31108 & ] X ]
N1 | vEs | vES | YES | YES | No | No | L0l BROT | m(SAC) P 318 NO RAS ESRYS EM Test Receiver
Sunol 1B (& 3m) YES Agdent E44U0A aath Spectrm Analyzer
Rl | | e || e || S Styrofoem W0n (SAC) | ol 183 (@ 10m] | YES Soncma 310Ext Preamp | w. Ext. Preamplifier
) Agilent NO130A-PXA [CE) | Signal Analyrer
-UN N e
WPl | YES | YES | ¥ES | YES | YES | YES | StyrofoamBlock |10m(SAC) | SunelJBI-U O | Rohde & Schwars ESCI [RE] | EMI Test Receiver

* Correcied Entry
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“Initial Round” PT Scheme Collateral Data — (1 GHz — 18 GHz) 2023-2024

el Dir Radisved Emizsions @ Jm Distance
LAk Flepariig of Radiated B 2l = b
Bive &
u:f“ gt Emissions EUT Suppaat Taps oF o — %
Tabls T Temt rnns Typaiu] mped a8
el |EFel |V P | WPl wme Ld
bl e Il e ol e H & ¥ Mk efs] & Model[z] Typefz)
Tirver D
Exrgobo with FYC o RS ESW with fuvanced
Al | YES | YES | VES | YEE | YEE | YES (A | ETEUSGN T [ORGHum Ne | LA Per mrmunnurr::mu
Tuver Oummain
Frpfom with FC bl PG E5W with Adusnced
az | wo | no | ves | ves | ves | ves (g | ETSUngen T0Y (OB T3 AN it e EMY Tegt Plecebn u
]
Frgealom with F¥C B PS5 BT with Mieg BT Pt o,
A3 | no | mo | VES | VES | VES | VES (A | BTG a7 Gy r-1 TR0 0 45 5 Preuraiite
Syl B alybi
wm ETE-Lingren HITFA FUE FEEZE [Anntna Corum ed
B | ves | ves | vEs | VEE | VEF | VEE | SurclosmBNoct i 1 [Condastad] !
&AL [Froe- amgdiens D boar] ¥ Faplerat ERAAGS [Plediat o] Spectrm Angigen
EFS[Ewafoam) el o P FRA-TE
e | ves | ves | ves | ves | ves | ves bz {SAL) ity o sy 1] P S CE G EMI Taat Flacabont
am (SO e FHATE
o | ves | ves | ves | vEs | vES | vES W (SAL) [Por-amxpifie s DA Hoss] D Fuglens NIGDA Signal Fnalynir
T Fughen E44400, w, AM Exsiema PRI AU
E | VEE | VES | VES | VES | VES | YES FYC Table (AR EMCRITE [DRGHam] Lo FARALTE Pes. nemplitnt Fra wrplive:
Tirna Cloenn ENL
Fo|ves [ves | ves [ ves | ves | vER | sipercamBea 0| ETELindiar e T DS ] D AL B8NS B B Pri- | T ——
18] Al .
&1 | MO | MO | vES | YES | YER | YEB Eﬁ[gf:‘“"—" |s::“1:| EMCO 15 [ORG Horn] MO Fugiers NBER EMITast Flectives
& (=] o TS TS TS TS EP‘S%::MJ Ig::nﬂl 00 TS 090G Hoim] (F=] Sughera FOORE ERE Teat Flecarant
EFS (Sipcicam) ) ET-Lindgren 0T MICOOE wah Mins-Cinouste | EWY Tagt Flacahae
| VeS| ves YES | YES | VES Etzh [BAC) | D ] No ZA R 8- Fraurpliie Frewrglite:
Jm Fuglerk MEUNLA w, Mg AR FO- Seigral Ao albgrat v,
1| vEs | vEs | vEs | vEs | vES | vES | SipeicemEmcct i ERACON TS D Hom | T3 I he Fae i
R&E ESWEE [Condponed] | FAS EME Test Frcaiomd
o | ves | ves | ves | ves | ves | ves | FEImbauer | S EPACOITTS (DR Hom| H ESE Ifwih HPBHIGFIe | EW Test Feoetoni
il T gl ier [FLad weed| Preumadive
3m ETS-Linadgren J60-00
(4] L=} nO | YIS | YES | YES | vES SHygm ERack (AL REtindu i 1 (L= g LR I Teat Flecaiem
am ETS-Linegren 3E050
Kz | MO | MO | VEE | YEE | YEE | YEG | SwcfoamBssck (A {Btandas G Heen] ND R SN EMITaat Flacaivet
am ETS/ 00 il & In? T e Cuaman
L | vES | vES | YES | YES | YES | YES | hpoicamEmsct i O Horma] [T Fote Bt L L i
i ETH-Liredgown 510 Fole5 B . Mioh MEFEINE | EMI Tedt Fecenom w
M | w0 | wo | ves | ves | vEs | vES Sagaioam (BAC] TR biom] MO Prvcarnpll -
Tt Choamian EFA
Jm ETS-Liredgren Iuf Foted ESwnis w. b 35458
W | ves | vEs | vES | vES | VES | VES |  dipeicamBnsct Ear | Foet [Ta1 i r.;:‘nu-..u.
T
Bl Stgrefoam - ETS- AH Spinaercn S45-570 DR
o |ves [ ves | ves | ves | ves | ves Linvgeen Table o Fiun] . Wi ARF£0 h FileS ESWEE Tira Duoemien EMY
Loty [RAL] SOSOH Pre-smpdibe ke et
am Fugdens NRITDA . M S Sl A
e | ves | ves | ves | vEs | vES | vES Sopmbown Tabl (AL EPACO TS [DFIG Hom | T3 T IB00. T A e . ool
am ETE-Liebrin 36030 i
@l | MO | MO | VES | VES | VES | YEB | SuooamB (AL {Brandaé GainHom] MO G ESL EMITast Flataivet
am ETH-Linwbgren BE0S0
@z | MO | MO | VER | YEE | YEE | YEE | StwchoamBss (A {Brandasd G Hoen] ND i ESA EMITast Flacaivel
Tiirrer Dl
A | w0 | Mo | vEs | vEs | vEs | vEs Fitetples Table o EPACDN ST |DFG Hom) np  [RASERN ConPuun P | oy 1o Rethon u
[2ALC) P bt
Fog vl
Foatable Spatim
Bm Mot HP 24125 [HF S564E with
S0 | YES | VES | YES | VEE | YEE | YEE | Suwooam Bl (AL EMMCOIS JDFRG Hom] foeaird B Py e eliies m«:‘
m Tl AMHA-TH Poo 29
. 82 | no | mo | vES | vES | vES | vES Mo Sgeciied PSR e
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The Diamond Standard in EMC PT*

“Below 1 GHz” PT Scheme (150 kHz — 1 GHz) Results

Subjective Rankings for the measurement process as an industry

._. = OK (as an industry the process is in-control)
() _
»~—\ — = Poor (as an industry, the process not very well controlled)
g "4
o0 LI : :
— = ~—~ — = Very Poor (as an industry, the process is poorly controlled)
< ’7‘_' g o
2 *8 ® ® - Miserable (as an industry, the process is out of control)

0
0
0
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The Diamond Standard in EMC PT®

Consolidated PT Results — 8t thru 11th Continuation Rounds (dB units)
(150 kHz to 30 MHz, QP) Direct Antenna Conducted Emissions

Conszsolidated (8th through 11th Cont. Ends) Measurement Data Scatter Plot & Control Limits (2018-2023)
Direct Antenna Conducted Emizsions: 0.15 MHz to 30 MHz (ANSI C63.10-2013)
o Y A Test Artifact: York CHNE 11T Detector: Chuasi-Pealk

883 NdIFERNEEEEREEE S

. 1

E ® ® % 2

b

=

=

- - e e

] _!--_---._-.‘-. ‘h_--"--‘-l--..

2 o - e
g t & A

—

———
——

NOTE ; :I.m:l.lﬂ 1imM1 dat:qm o-u'f:ilqe b-flo-w}ﬂ'nplom d area.

. - — T
0.10 Freguency (MEHz) 1.00 10.00
x WD . 0ET - TOE1 ) T0F - 100 = [GAp = 01 = a1
& T LE] + 10k - W01 - 10F1 * 11E1 + 1ct :-c 1101 & 11F1
. 1111 - 1L - LRTTE - 1M1 " 1101 * 1P BT + &l
B b a2 ™ RO3 - B + f= = | o BT 1D b4 B * ff ]
BERZ u HEA1 W HY1-R - =1 = H5H52 - Hx1 - B2 - HXF
- B4 + an & an2 = = k] - a1 - aF1 + o1 - aH 1
- o1 a a2 o a1 01 i o — e S
———— LGL
Participantz: 55 Owerall failure rate (%): 10.91 Acrozzboard failure rate (%): 7.27
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(150 kHz to 30 MHz, QP) Direct Antenna Conducted Emissions

PT Results — 11t Continuation Round (dB units)

/ \ Current (11th Cont Rnd) Meas Data Scarter Plot (Control Limits based on Consolidated Data: 2018-2023)
° ° Direct Antenna Conducted Emissions: 0.15 MHz to 30 MHz (ANS]I C63.10-201%)
‘ Test Artifact: Vork CNE 110 Detector: CJuasi-Pesk
| )
% o 0 ]
26 ]
24 4
i B s g o "1 " g g i
= ] he==t=="T T TT=====" - . T -
2 0] = L T % R W i EI———
b 1
= 7B *
E T8 1 l‘ ! ! i i i i -
E ] * t i_u
T4 ]
o ?2- mm===1T"" - - '-'-ul—ﬁ..-‘_‘ 1-‘-_-*-
T0
M r
- ]
NOTE: A1N1 data are outside ll:nr:lﬂwl the plotied area.
&4 . . —
0.10 Freguency (MHz) 1.00 10.00
x 1D + e x  11D1 a4  1iF1 = 11K . 1L
s TINMT P L1 a 1 ¥ MNPl =semem=lUfl =————lfl
Participants: 10 Overall failure rate (%): 10.00 Acroazsboard failure rate (%): 10.00
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The Diamond Standard in EMC PT

(150 kHz to 30 MHz, QP) Direct Antenna Conducted Emissions

PT Results — 11t Continuation Round (D-Statistics)

Current (11th Cont) End D-Statistics Scatter Plot (Deviation Limits based on Consolidated Data: 2018-2023)
Direct Antenna Conducted Emissions: 0.15 MHz to 30 MHz (ANSI C63.10-2013)

.—. " Test Artifact: York CHE 111 Detector: Chazi-Peak
o 12
10
‘]
= 6
P PSS VAR TR U PR T  FRURSTROR R DR VAR AL Y SRR SO
g
£ +
Eol % § i i i S S
] *
S NN N S S N O (S A S A — A—
2
-5 E
-1 ]
HOTE:| 11N1 data are outside (below) the plotted area.
-110. 10 Frequency (MHz) 1.00 10.00
& 11B1 - 11C1 = 1101 * 11F1 - 11K1 S 1L
o 1181 a T1H1 & 1101 + 1M Ll 3 B -
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PT Results — 11th Continuation Rounds
(Performance Eval Statistics) (150 kHz to 30 MHz, QP)
Direct Antenna Conducted Emissions

Current (11th Cont.) Rnd Performance Evaluation Statistics derived from Consolidated data: 2018-2023
Direct Antenna Conducted Emissions: 0.15 MHz to 30 MHz (ANSI C63.10-2013)
Test Artifact: York CNE III Detector: Quasi-Peak
Summary Frequencies (AMHz)
Statistics 0.15 0.20 0.50 00 2.00 5.00 7.00 15.00 25.00 30.00
X* 76.22 76.63 77.47 77.25 7736 75.97 75.74 75.55 7541 75.46
8¢ 1.382 0.538 0.797 0.783 0.838 0.65% 0.756 0.728 0.762 0.779
0.35* 0414 0.281 0.239 0.235 0.251 0.210 0.227 0.218 0.229 0.234
p 55 55 55 55 55 35 55 55 55 55
U, 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10 4.10
u, 0.233 0.158 0.134 0.132 0.141 0.118 0.127 0.123 0.128 0.131
UCL 80.55 80.89 81.70 8148 81.60 80.1% 79.97 79.77 79.64 79.69
LCL 71.89 72.37 73.23 73.02 73.11 71.76 71.51 71.33 71.19 7128
X* = Robust Average UCL = Upper Control Limit ooy 28 via.n=4.10
§¥= Robust 5td Deviation LCL = Lower Control Limut Std Uncertainty of X*: u,= 1.25 (§*//p)
p = No. of Valid Participants "g:‘p-:-r & Lower Control Limits = X*¥(U_ +1u)
(] @
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Acz-rrive—

Consolidated PT Results — 8t thru 11t Continuation Rounds (dB Units)
(30 MHz to 1000 MHz, QP) Direct Antenna Conducted Emissions

Va - \\ Consolidated (Sth through 11th Cont. Rnds) Measurement Data Scatter Plot & Control Limits (2018-2023)
4 \\ Direct Antenna Conducted Emissions: 30 MHz to 1000 MHz (ANSI C63.10-2013)
re® o Test Artifact: York CNE III Detector: Quasi-Peak
L — o8
A y
A y 08
8 .
24
02 e e e -
oo }— ¢ @+ P {1 1 1l e —
88 : 4 . .
2 | 3 : =
= % \\ -
=] ® x x i ~
§ 84 — i "‘.\_
-% a2 - ‘—...._:‘-- I l o IS o
p— -~ S
s 0 Feo i
g 78 ~x
£ ) SO X
g 78 .;_\‘
74
“~ r ————
72 x
70
. NOTE : | 1001 & 11N1 data are|outside|the plptting area.
86
10.00 Frequency (MHz) 100.00 1.000.00
2 1D1 s TOET = oGt + oM . o1 % T0J1 *  10KT o0
L WM + 0N o 1001 - 10P » 1181 + 1M1C1 11D o 11F1
A TIK1 e ML . 1M1 e 1IN1 . 101 A 1P 81 + 801
- BO2 ¥ BO3 A a04 " P - 8T b4 aun b4 a1 - a8
. BB2 x BE1 x BNIR . 8S1 o &2 . 8X1 -  &x2 e BX3
" BExa - eD1 & Dz b4 aD3 a o1 - =1 a1 L2 a1
' a1 » w2 » a1 - am1 -* 01 - a1 'y a2 - e (UCL
- UL
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Participants: =5

h

Overall failure rate (%): 9.09

Acrozzboard failure rate (%): 3.64
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PT Results — 11t Continuation Round (dB Units)
(30 MHz to 1000 MHz, QP) Direct Antenna Conducted Emissions

//'ﬂ“‘\ Current (11th Cont End) Meas Data Seatter Plot (Control Limits based on Consolidated Data: 2018-2023)
// \‘\ Direct Antenna Conducted Emissions: 30 MHz to 1000 MHz (ANSI C63.10-2013)
| Test Artifact: York CNE 111 Detector: Quasi-Peak
\ T /// Be
) —_— o8
— o ]
Q2 - i —
e S
o0 LT -
e T
= % ! £ Pt
'E 24 | t : . -
--------- - L] S
r * -‘--.__"--"'-h- ﬂ- h""‘u. -
78 . o ! 4
E B T .~ i 3
i 2 & o Y
74 Y
% [ L. L
T2
70
as NOTE: 11N1 data are ouwtside the plotling arga
10000 Frequency (MHz) 100 .00 1.000.00
b4 11B1 + 11C1 = 11D b4 11F1 i 1iKi & 1iL
- 111 - 111 L] 1101 A 11P1 oy e - [LCL
Participani=: 110 Overall failure rate (%): 20.00 Acrozsboard failare rate (%): 10.00
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PT Results — 11t Continuation Round (D-Statistics)
(30 MHz to 1000 MHz, QP) Direct Antenna Conducted Emissions

\\ Current (11th Cont) Rnd D-Statistics Scatter Plot (Deviation Limits based on Consolidated Data: 2018-2023)
“:' Y e Direct Antenna Conducted Emissions: 30 MHz to 1000 MHz (ANSI C63.10-2013)
\\ T /’ Test Artifact: York CNE I Detector: Cuasi-Peak
N 4 12
10
8
L

4 [ g R —— —— o f— ———————— T — — — ————— o — ————— — ]

Deviations (dBpV)
[=] ]
LN
.
>
o
o g
-
e

-
*

E3
-

NOTE:| 11N1 data are owtside the plotfting area.

F Y

-12
10.00 Frequency (MHz) 100.00 1,000.00

¥ 1B + 1ca - 1101 » 11F1 Y 1K1 - 1L
1101 * 1IN b 1101 & TP e o m # D - == [
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PT Results — 11th Continuation Round
(Performance Eval Statistics) (30 MHz to 1000 MHz, QP)
Direct Antenna Conducted Emissions

Current (11th Cont.) Rnd Performance Evaluation Statistics derived from Consolidated data: 2018-2023
Direct Antenna Conducted Emissions: 30 MHz to 1000 MHz (ANSI C63.10-2013)

Test Artifact: York CNE 111 Detector: Quasi-Peak
Summary Frequencies (\MHz)
Statistics 30.0 40.0 70.0 100.0 200.0 300.0 400.0 500.0 700.0 1000.0
Xe 8744 87.39 8§7.12 86.84 85.55 84.00 82.11 79.94 77.00 77.12
5* 0.557 0.447 0.459 0.454 0.55 0.601 0.542 0.563 0.624 0.770
0.38* 0.167 0.134 0.138 0.136 0.165 0.180 0.163 0.16% 0.187 0.231
P 55 55 55 55 55 55 55 55 55 55
U, 4.10 4.10 4.10 4.10 4.10 4.10 410 410 4.10 4.10
u, 0.054 0.075 0.077 0.076 0.093 0.101 0.091 0.095 0.105 0.130
UCL 8163 91.56 91.30 G1.02 85.74 88.20 86.30 8414 81.20 8135
LCL 83.25 83.21 82.94 82.67 81.36 79.80 77.92 75.75 72.79 72.89
X* = Robust Average UCL = Upper Control Lin U:Usgun » wia-n =410
§¥= Robust Std Deviation LCL = Lower Control Limat Std Uncertanty of X*: u,= 1.25 (8%//p
p = No. of Valid Participants Upper & Lower Control Limits = X*+ (U, +u,)
® ©
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Consolidated PT Results — 8t thru 11th Continuation Rounds (dB Units)
Radiated Emissions (3m H Pol, QP, 30 MHz to 1000 MHz)

Consolidated (8th through 11th Cont. Rnds) Measurement Data Scatter Plot & Control Limits (2018-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
. . Test Artifact: York CNE III Detector: Quasi-Peak 3m H Pol
- a0
\ /\' — a5
< 80 r“‘-
75 g e ! ... ~S
- - -
70 & » -
65 1 ,f' ‘f'?“‘- o
~— 80 B | ; f’i > il w1 - -
28 - " ” T . - -
. . 55 A" - x i ¥
: 4 ¥ > P 3 L3 [ L
par = 50 3 1 -~ x % 1 1 $
| — = s i o - T
J ® s _ -’ s . x " ¥ _
2 .§ 40 .t*‘“:*‘a‘::‘j,*’: 3 s I i : 1
= a5 B --...}f s x i * 1
= - 2 x
= P x s i
30 ] X ¥ :
25 ” s . = *
Y l -
o0 20 i 2 +
e k= 15 i
& " |
o 5 1
] : - - T : ———— v - v v v ——
10.00 Frequency (MHz) 100.00 1.000.00
" 1] 5] - W01 -3 FOET 3 10F1 + 1OF2 - 1061 - Wi x w0
+  10K1 . 10L1 X 10M1 . 10MN1 a 1001 . 10P1 - 11A1 o 11A2
- 11C1 a 1ME1 . 11F1 * 11G1 . 11G2 - 1mn A 11H1 - 1K1
- 1MKE2 » "L Y 1161 - 11N x 11O e 1P + aT1D - au
. BV x @81 + B2 x  8E1 . avi1-R . a1 ° 851 . 852
L €81 a 01 - S02 = aD3 a M . aF 1 - aG1 . a1
© 1= k| - ani + a01 b a1 b4 a1 - 02 - and - e MCL
[Rp—— -
Participants: 55 Overall failure rate (%): 63.64 Acrossboard failure rate (%): 10.91
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PT Results — 11t Continuation Round (dB Units)

Radiated Emissions (3m H Pol, QP, 30 MHz to 1000 MHz)

¢

Current (11th Cont End) Meas Data Scatrer Plot (Control Limits based on Consolidated Data: 2018-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)

Copyright 2024 ACE-PT Inc.

Test Artifact: York CNE 1T Detector: (Quasi-Peak 3m H Pol
890 5
a5
40 4 P~
75 3 - ""u_
- T -
- -
70 ’ 1 -
: : - SAsa v =TT
85 3 25 ' = a3 - |
i ao L J'i ¥ ‘L-._ [ ]
a° E - - i -
g 3 - -, -l
= 95 W C f-" K
ﬂ 50 .ﬁ‘ > ] [ -+
] 1 -7 - »
; 45 ] g e - 1
= 4 x X ".r l‘:.‘r [ &
E g5 . r a
35 -
) . Py
30 4 1 # P
] -
25 -1" v
20 2 2
15 3
&
10 : i
5 3
10.00 Frequency (MHz) 100.00 1.000.00
= TTAT o T1AZ s (5] A TET k1 11G1
11G2 1mn i T1H1 & 1= 1MK2 » 1L
A 11841 11N1 x 1101 o 11 - wmow JCL - oo LT
Participants: 16 Overall failure rate (%): 68.7= Acrozsboard failure rate (%): 12.50
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11th Continuation Round (D-Statistics)
Radiated Emissions (3m H Pol, QP, 30 MHz to 1000 MHz)

Current (11th Cont) Rnd D-Statistics Scatter Plot (Deviation Limits based on Consolidated Data: 2018-2023)
PR Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
= Test Artifact: York CNE III Detector: Quasi-Peak 3m H Pol
o 25 NOTE: For several participants, the data at several frequencies are outside the plotting larea.
zc A
5 I :
1
| I _ X |
” il = g 10 *
% [ E .
ﬂ u L] .l ‘I. L ) 1 ] ‘ 1 ] L ’ ' ' ? L i L] ’ L] T
,% ] ; [ £ : !
. . . x b
E -5 : l —— - " - - - .
. . s .-'---- '
A :' ’10 .
- “ 15 s _
& . 1 1
- L | . 1 4 T &
a
-25 $ »
-30
10.00 Frequency (MHz) 100.00 1.000.00
- 1M1 & 11A2 ™ 11C1 A 11E1 s 11F1 1&
- NGz < 1 A 11HA A 1K1 . K2 x 1L
A 1M1 . 11N1 x 1101 o 1P e - oD
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PT Results — 11t Continuation Round
(Performance Eval Statistics)
Radiated Emissions (3m H Pol, QP, 30 MHz to 1000 MHz)

Current (11th Cont.) End Performance Evaluation Statistics derived from Consolidated data: 2018-2023
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
Test Artifact: York CNE 111 Detector: Quaszi-Peak im H Po
Summary Frequenciez (MHz)
Statistics 30.0 40.0 70.0 100.0 150.0 200.0 300.0 500.0 700.0 1000.0
e 32.37 30.37 4240 40 38 30.13 66.532 T3.40 B7.55 62.67 66.18
g+ 0.505 £.214 1.807 2.640 1.363 2.161 2.645 1.741 1.854 1.804
0.35% 2.851 1.564 0.5365 0.792 0.560 0.643 0.754 0.522 0.5336 0.541
r 53 33 35 55 53 55 35 55 33 55
U, 5.06 5.06 5.06 5.06 5.06 5.06 524 324 524 3.24
U, 1.602 1.047 0.320 0.445 0314 0364 0446 0203 0.313 0304
UCL 30.04 36.48 4778 54 .89 6451 71.85 81.08 73.09 £8.23 71.73
LCL 23.71 24 26 37.02 43 38 33.76 61.10 6071 6202 37.12 G064
H* = Fobust Averazs UCL = Upper Control Limit U Urgprinony = 3.06 dB (30 -200 LIH=)
E¥= Eobust Etd Deviation LCL = Lower Control Limit U Uegpreay = 324 dB (200 -1000 MMH=)
p = No. of Valid Participants u= 125 {E*p) Control Limits = X¥ = [Up+u,]

o ¢ o ¢ o ¢
-
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~ L
The Diamond Standard in EMC PT®

Consolidated PT Results — 8t thru 11t Continuation Rounds (dB Units)
Radiated Emissions (3m V Pol, QP, 30 MHz to 1000 MHz)

Consolidated (Sth through 11th Cont. Rnds) Measurement Data Scatter Plot & Control Limits (2018-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
) Test Artifact: York CNE III Detector: Quasi-Peak 3m V Pol
il = *
\ - -— 20 NOTE: For 11K2, the data at several freqquencies are outside the plothing area.
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‘,ﬁ
\ '_'._, x x * 1
- *
< 25
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20 . . . - - . .
10.00 Frequency (MHz) 100.00 1,000.00
a 1061 - 1007 ° TOET x TOFT - TOFZ . T0GT - 1017 x ToOOT
+ 10K1 - 10L1 x  10M1 . 1001 A 1001 . 10P1 . 11A1 ° 1142
- 11C1 a 11E1 . 11F1 - 1161 . 111G ; 1111 A 11H1 a 1K1
. 1162 b 11L a 11M1 . 11N1 x 1101 = 11P1 + 8T1-D " aun
- a1 x &8B1 + 882 Y 8E1 awn-R - 8R1 ©° 1 882
- eB1 a e - eD2 x o0G A a1 . oF1 . oG . oH1
© 1) - oM1 + 201 x orP1 = Q1 - Q2 - a4 —
pg— e
Participants: 55 Overall failure rate (%): 43.64 Acrossboard failure rate (%): 1.82
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The Diamond Standard in EMC PT®

PT Results — 11t Continuation Round (dB Units)

Radiated Emissions (3m V Pol, QP, 30 MHz to 1000 MHz)

Current (11th Cont End) Measz Data Scatter Plot (Control Limirs based on Consolidated Data: 2018-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANS] C63.4-2014)

o0 = e s e
il est . act: | Tork CNE I etector: ras1-Feak am v Pol
_ Test Artifact } CNE III Detect Qasi-Peak VE
b 85
J s a0 NHOTE: For 11K2, the datalat several frequencies are puiside the plotiing area.
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e — é‘ a0 il b ™ . f’ il i . ! -
’ - = '#' F \\ e .—#d‘
ns &5 -~ i .J'r e
x T s x E o
& 50 : T | § i
: )\ - % 1 #_,,ar I
% &5 [] - -
[ _'_-F"-F- M ’fqi‘- & 1
. . 40 4 -l - i ———-1 - ‘.'# s e : o : s 4
p— 35 x - *--‘ -
, \ : L J ",i‘ -
J - 30 ="
w
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20 - .
10,00 Freguency (MHz) 100 .00 1.000.00
[ 1141 ] 1AL o i [%5 ] & T1E1 TTF1 1161
1M&E2 111 11H1 " 11K1 ' 1162 E 1L
-y ‘1‘11 - 11”1 x 1‘01 o 1'|P1 ----L':L — - —La
Participant=: 16 Orverall failure rate (%): 56.25 Acrozzboard failure rate (%): 6.25
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The Diamond Standard in EMC PT®

PT Results — 11t Continuation Round (D-Statistics)

Radiated Emissions (3m V Pol, QP, 30 MHz to 1000 MHz)

¢

¢

¢

Current (11th Cont End) Meas Data Scatter Plot (Control Limits based on Consolidated Data: 2018-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANS] C63.4-2014)

Copyright 2024 ACE-PT Inc.

Test Artifact: York CNE I1I Detector: uasi-Peak im V Pol
85
- NOTE: For 11K2, the data|at several frequencies are putside the plotting area.
i J
7 | s
’J" L] \‘ 4
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Participants: 16 Overall failure rate (%): 56.25 Acrozsboard failure rate (%): 6.25
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The Diamond Standard in EMC PT*

PT Results — 11t Continuation Round
(Performance Eval Statistics)
Radiated Emissions (3m V Pol, QP, 30 MHz to 1000 MHz)

Current (11th Cont.) Rnd Performance Evaluation Statistics derived from Consolidated data: 2018-2023
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
Test Artifact: York CNE III Detector: Quasi-Peak 3m V Pol
Summary Frequencies (\MHz)
Statistics 30.0 40.0 70.0 100.0 150.0 200.0 300.0 500.0 700.0 1000.0
X+ 36.61 38.70 44 .49 50.65 56.46 61.66 73.60 68.70 60.76 65.82
8* 5479 2.544 1.962 1.685 1.573 1.657 1.237 0.969 1.530 1.8%0
0.35% 1644 0.883 0.589 0.506 0472 0.497 0371 0.291 0.459 0.567
P 55 55 55 55 35 55 55 55 55 55
U, 5.06 5.06 5.06 5.06 5.06 5.06 5.24 5.24 5.24 5.24
u, 0.923 0.496 0.331 0.284 0.265 0.279 0.208 0.163 0.258 0.318
UCL 42.59 4425 4588 56.03 61.79 67.00 79.05 74.11 66.25 71.38
LCL 30.63 33.14 35.10 4534 51.14 56.32 68.15 63.30 55.26 60.26
X* = Robust Average UCL = Upper Control Limit U.: Ucrpra .2, = 5.06 B (30 -200 MHz)
$*= Robust Std Deviation LCL = Lower Control Limat U.: Urrpra.y, = 5.24 8 (200 -1000 MH=z)
p = No. of Valid Participants u.=1.25 (5*/p) Control Limits = X* = [U,+ u.]
o 0 o 0 | I
= /il = - =
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CE-P7 INC.
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The Diamond Standard in EMC PT®

Consolidated PT Results — 8t thru 11th Continuation Rounds (dB Units)
Radiated Emissions (10 m H Pol, QP, 30 MHz to 1000 MHz)

Consolidated Measurement Data Scatter Plot & Control Limits: 2016-2023
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
¥ . Test Artifact: York CNE III Detector: Quasi-Peak 10m H Pol
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. 1181 101 11E1 101 x 11K2 + S02 . 551 e 552
x 553 + aa1 3 aA2 . €D -* ED2 . &1 + &2 - 7C1
A C2 x TE1 " TF1 - 7G1 x L1 - N1 » BT1 + 801
. 802 x 803 5 804 + BT1D . EBB1 x &B2 s  BNLR a &R
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- e LCL
Participants: 55 Overall failure rate (%): 5455 Acrossboard failure rate (%): 9.09
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The Diamond Standard in EMC PT®

PT Results — 11t Continuation Round (dB Units)

Radiated Emissions (10 m H Pol, QP, 30 MHz to 1000 MHz)

¢

& |
Field Strength (dBp/m)

¢

Current (11th Cont) Rnd Data Scacter Plot (Control Limits based on Consolidated Data: 2016-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)

Test Artifact: YVork CNE 111 Detector: Quasi-Peak 10m H Pol
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Participants: =

Owerall failure rate (%): &0.00

Acroazshoard failure rate (%) 20,00
(at all 10 frequenciss)
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The Diamond Standard in EMC PT®

PT Results — 11t Continuation Round (D-Statistics)

Radiated Emissions (10 m H Pol, QP, 30 MHz to 1000 MHz)

o0
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“Ji
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%
£
-
(N 3
/
\ »

Current (11th Cont) Rnd D-Statistics Scatter Plot (Deviation Limits based on Consolidated Data: 2016-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)

Test Artifact: Vork CNE 111 Detector: (Quasi-Peak 10m H Pol
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The Diamond Standard in EMC PT®

PT Results — 11th Continuation Round
(Performance Eval Statistics)
Radiated Emissions (10 m H Pol, QP, 30 MHz to 1000 MHz)
Current (11th Cont) Rnd Performance Evaluation Statistics derived from Consolidated Meas data: 2016-2023
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
Test Artifact: York CNE III Detector: Quasi-Peak 10m H Pol
Summary Frequencies (MHz)
Statistics 30.0 40.0 70.0 100.0 150.0 200.0 300.0 500.0 700.0 1000.0
X* 2538 20.54 29.15 38.21 4934 57.59 67.16 59.56 54.07 58.73
5* 7.72 4293 2.347 2.904 1.407 1.306 1.515 1.513 1.057 1.666
0.35% 2319 1.288 0.704 0.371 0422 0.392 0454 0.454 0317 0.500
P 55 55 55 55 55 55 55 55 55 55
U 5.03 5.03 5.03 5.03 5.03 5.03 522 5.22 522 5.22
u, 1.303 0.724 0.396 0.48% 0.237 0.220 0.255 0.255 0.178 0.28
UCL 31.71 26.70 34.58 43.73 54.61 62.84 72.64 5.04 59.47 64.
LCL 19.05 15.19 23.73 32.69 44 07 52.34 61.69 54.09 48.67 33
X* = Robust Average UCL = Upper Control Limit U.: Ucisera-2; = 2-03 dB (30 MHz to 200 MHz
$* = Robust Std Deviation LCL = Lower Control Limat U,: Utisppa-py = 2.22 db (200 Mz to 1000 MHz)
p = No. of Valid Participants u, = 1.25 (8¥%/p) Centrol Limits = X* = [U,+ u,]

/ a —
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Acz-rrive.

The Diamond Standard in EMC PT®

Consolidated PT Results — 8t thru 11th Continuation Rounds (dB Units)
Radiated Emissions (10 m V Pol, QP, 30 MHz to 1000 MHz)

Consolidated Measurement Data Scatter Plot & Control Limits: 2016-2023
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
Test Artifact: York CNE III Detector: Quasi-Peak 10m V Pol
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Participants: 3535 Overall failure rate (%): 40.00 Acrozsboard failure rate (%): 0.00
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The Diamond Standard in EMC PT*

PT Results — 11t Continuation Round (dB Units)

Radiated Emissions (10 m V Pol, QP, 30 MHz to 1000 MHz)

0

Field Strength (dBp/m)

0:

Current (11th Cont) Rnd Data Scatter Plot (Control Limits based on Consolidated Data: 2016-2023)
Radiated Emissions: 30 N{Hz to 1000 MHz (ANSI C63.4-2014)

Copyright 2024 ACE-PT Inc.

Test Artifact: York CNE 111 Detector: Quasi-Peak 10m V Pol
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The Diamond Standard in EMC PT®

PT Results — 11t Continuation Round (D-Statistics)
Radiated Emissions (10 m V Pol, QP, 30 MHz to 1000 MHz)

¢:

¢:

Field Strength (dBp/m)

?Z

Test Artifact: York CNE III

Detector: Quasi-Peak

Current (11th Cont) Rnd D-Statistics Scatter Plot (Deviation Limits based on Consolidated Data: 2016-2023)
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)

10m V Pol

15

10

-10

-15

10.00

Frequency (AMHz)

100.00

1B

1101

1E

°

1mn

Copyright 2024 ACE-PT Inc.




ACIL

d Standard

Aczrrive—

EMC PT®

PT Results - 11th Continuation Round

(Performance Eval Statistics)

Radiated Emissions (10 m V Pol, QP, 30 MHz to 1000 MHz)

Current (11th Cont) Rnd Performance Evaluation Statistics derived from Consolidated Meas data: 2016-2023
Radiated Emissions: 30 MHz to 1000 MHz (ANSI C63.4-2014)
Test Artifact: York CNE III Detector: Quasi-Peak 10m V Pol
Summary Frequencies (MHz)
Statistics 30.0 40.0 70.0 100.0 150.0 200.0 300.0 £00.0 700.0 1000.0
X* 28.79 29.60 38.17 4322 50.87 58.13 66.45 59.01 53.56 57.74
5% 5.043 1.886 1.807 1332 1.096 1.278 1.184 1.146 0.598 1.236
0.35% 1.513 0.566 0.542 0.400 0.329 0.383 0.355 0.345 0.179 0.371
p 55 55 55 55 55 55 55 55 55 55
U, 5.03 5.03 5.03 5.03 5.03 5.03 5.22 5.22 5.22 5.22
u, 0.850 0318 0.305 0.224 0.185 0.215 0.200 0.154 0.101 0.208
UCL 34.67 3465 43.50 4847 56.09 63.37 71.87 64.42 58.88 63.17
LCL 2291 24.25 32.83 37.97 45.66 52.88 61.03 53.59 48.24 52.31
X* = Robust Average UCL = Upper Control Limit U,: Ucispra.ny = 2.03 dB (30 MHz to 200 MHz)
$*= Robust Std Deviation LCL = Lower Control Limat U,z ll.m \ 3,= 5.22 dB (200 MHz to 1000 MHz)
p= No. of Valid Participants u= 125 E*/p Control Limits = = [Us+u,]
o ¢ | I o ¢
Tl = £ — o —
54
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A The Dia ndard in EMC PT*

Consolidated Results (8" — 11t" Rounds):
Direct Antenna Conducted Failure Rate Summary: 150 kHz — 1000 MHz

Direct Antenna Conducted Emissions

(150 kHz - 30 MHz, QP)

Direct Antenna Conducted Emissions

(30 MHz - 1000 MHz, QP)

# participants 55
Overall Failure Rate (%) 10.91
Across-the-Board Failure Rate (%) 7.27

# participants 55
Overall Failure Rate (%) 9.09
Across-the-Board Failure Rate (%) 3.64

11th Round Results

Direct Antenna Conducted Failure Rate Summary: 150 kHz — 1000 MHz

Direct Antenna Conducted Emissions

(150 kHz - 30 MHz, QP)

Direct Antenna Conducted Emissions

(30 MHz - 1000 MHz, QP)

# participants 10
Overall Failure Rate (%) 10.00
Across-the-Board Failure Rate (%) 10.00

# participants 10
Overall Failure Rate (%) 20.00
Across-the-Board Failure Rate (%) 10.00

=>» Possibly worse over time?

Copyright 2024 ACE-PT Inc.
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A The Dia ndard in EMC PT*

Consolidated Results (8" — 11th Rounds):
3m Radiated Emissions Failure Rate Summary: 30 MHz — 1000 MHz

(3mHPol, QP)

Radiated Emissions (30 MHz - 1000 MHz)

Radiated Emissions (30 MHz - 1000 MHz)
(3mV Pol, QP)

# participants 55
Overall Failure Rate (%) 63.64
Across-the-Board Failure Rate (%) 10.91

# participants 55
Overall Failure Rate (%) 43.64
Across-the-Board Failure Rate (%) 1.82

11th Round Results

3m Radiated Emissions Failure Rate Summary: 30 MHz — 1000 MHz

(3mH Pol, QP)

Radiated Emissions (30 MHz - 1000 MHz)

Radiated Emissions (30 MHz - 1000 MHz)

# participants 16
Overall Failure Rate (%) 68.75
Across-the-Board Failure Rate (%) 12.50

(3mV Pol, QP)
# participants 16
Overall Failure Rate (%) 56.25
Across-the-Board Failure Rate (%) 6.25

=>» Possibly worse over time?

Copyright 2024 ACE-PT Inc.
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Consolidated Results (8" — 11th Rounds):
10 m Radiated Emissions Failure Rate Summary: 30 MHz — 1000 MHz

(10 m H Pol, QP)

Radiated Emissions (30 MHz - 1000 MHz)

Radiated Emissions (30 MHz - 1000 MHz)
(10 m V Pol, QP)

# participants 55
Overall Failure Rate (%) 54.55
Across-the-Board Failure Rate (%) 9.09

# participants 55
Overall Failure Rate (%) 40.00
Across-the-Board Failure Rate (%) 0.00

11th Round Results
10 m Radiated Emissions Failure Rate Summary: 30 MHz — 1000 MHz

Radiated Emissions (30 MHz - 1000 MHz)

(10 m H Pol, QP)

Radiated Emissions (30 MHz - 1000 MHz)

(10 m V Pol, QP)

# participants 5
Overall Failure Rate (%) 60.00
Across-the-Board Failure Rate (%) 20.00

# participants 5
Overall Failure Rate (%) 60.00
Across-the-Board Failure Rate (%) 0.00

=>» Definitely worse over time

Copyright 2024 ACE-PT Inc.
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The Diamond Standard in EMC PT*

“Above 1 GHz” PT Scheme (1 GHz — 18 GHz) Results

Subjective Rankings for the measurement process as an industry

o o

—— = OK (as an industry the process is in-control)

() _

»~—\ — = Poor (as an industry, the process not very well controlled)
() () . :
= ~~~ — = Very Poor (as an industry, the process is poorly controlled)
. ’7'4 \ ’7.)

() () ()

- = Miserable (as an industry, the process is out of control)

. '7.J ' '7.J ‘ '.—._'
o8
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The Diamond Standard in EMC PT®

Initial Round PT Results (1 GHz to 18 GHz) — (dB Units)

Direct Antenna Conducted Emissions (Peak)

Disturbance Voltage (dBu\)

Current (Initial) Rnd Data Scatter Plot & Control Limits: 2023/24)
Direct Antenna Conducted Emissions: 1 GHz to 18 GHz (ANSI C63.10-2013)
Test Artifact: CG118

Detector: Peak
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Participants: 14

Overall failure rate (%):

7.14

Acrozszboard failure rate (%): 7.14
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The Diamond Standard in EMC PT®

Initial Round PT Results (1 GHz to 18 GHz) — (D-Statistics)
Direct Antenna Conducted Emissions (Peak)

Current (Initial) Rnd D-Statistics Scatter Plot and Deviation Limits: 2023/24
h Direct Antenna Conducted Emissions: 1 GHz to 18 GHz (ANSI C63.10-2013)
[ @ . Test Artifact: CG118 Detector: Peak
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The Diamond Standard in EMC PT

Initial Round PT Results (1 GHz to 18 GHz) — (Performance Eval Statistics)
Direct Antenna Conducted Emissions (Peak)

Current (Initial) Rnd Performance Evaluation Statistics/Parameters derived from Consolidated data: 2023-2024
Direct Antenna Conducted Emissions: 1 GHz to 18 GHz (ANSI C63.10-2013)
Test Artifact: CG118 Detector: Peak
Labs Frequencies (GHz)
25 2.76 S 6.00 8.00 10.50 13.26 16.00 17.25 18.00
X+ 109.73 107.83 105.8% 102.15 68.77 6381 85.12 85.80 83.76 82.80
§* 0.448 0.675 0.645 0.564 0.855 0.829 0.811 0.955 1.710 1.384
0.35% 0.134 0.202 0.193 0.28%9 0.256 0.245% 0.243 0.287 0.513 0.415
P 14 14 14 14 14 14 14 14 14 14
U, 4.10 410 4.10 410 410 4.10 410 410 4.10 410
™ 0.150 0.225 0.215 0.322 0.285 0277 0.271 0.31% 0.571 0.462
UCL 113.98 112.16 110.20 106.61 103.16 98.19 63.49 50.22 88.43 87.36
LCL 105.48 103.50 101.57 87.717 5435 86 44 84.75 81.38 79.09 78.24
X¥ = Robust Average UCL = Upper Control Limit U Usan sia.n =410
$*= Robust Std Deviation LCL = Lower Control Limit Std Uncertainty of X*: u,= 1.25 (§*//p
p = # of Valid Participants §3=1.134 [T(xi-x*) /(p-1)] - Upper & Lower Control Limits = X*+(U_<+1g,)
o o
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Initial Round PT Results (1 GHz to 18 GHz) — (dB Units)
Direct Antenna Conducted Emissions (Average)

Current (Initial) Rnd Data Scatter Plot & Control Limits: 2023/24)
Direct Antenna Conducted Emissions: 1 GHz to 18 GHz (ANSI C63.10-2013)
Test Artifact: CG118 Detector: Average
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Initial Round PT Results (1 GHz to 18 GHz) — (D-Statistics)

Direct Antenna Conducted Emissions (Average)

Disturbance Voltage (dBp\)

Current (Initial) Rnd D-Statistics Scatter Plot and Deviation Limits: 2023/24
Direct Antenna Conducted Emissions: 1 GHz to 18 GHz (ANSI C63.10-2013)

Test Artifact: CG118

Detector: Average

10 -
8 <
€ 3
43 ————————————————————————————————————————————————————— r‘
A
. . 8 i a
3 * L ) & = b4 e+
P |
0 ¥ $ ' ] 3 L ¥ P
_2: * e + i t £
4 1 —==sssssssssss=s=sseesss = P = ey g o
£ 3
a3
-10 J
-12
14 3
-18
-12
] + + * =
-2ﬁ: + T - - +
22 ]
-24 2 -
1.00 Frequency (GHz) 10.00
A A D . E x F
x H L e N - 0O
x P p—— 7| J——

Copyright 2024 ACE-PT Inc.




ACIL

Ac

£-P7 INC.

The Diamond Standard in EMC PT®

Initial Round PT Results (1 GHz to 18 GHz) — (Performance Eval Statistics)
Direct Antenna Conducted Emissions (Average)

Copyright 2024 ACE-PT Inc.

Current (Initial) Rnd Performance Evaluation Statistics/Parameters derived from Consolidated data: 2023-2024
Direct Antenna Conducted Emissions: 1 GHz to 18 GHz (ANSI C63.10-2013)
Test Artifact: CG118 Detector: Averace
Lake Frequencies (GHz)
1.25 2.75 25 6.00 8.00 10.50 13.25 16.00 17.25 18.00
X* 109.63 107.70 105.67 102.05 98.56 93.62 88.86 85.24 83.23 82.16
§* 0.255 0.728 0.676 0.532 0.911 1.065 0.641 0.492 1.336 1.114
0.38% 0.078 0.218 0.203 0.280 0.273 0319 0.192 0.148 0.402 0.334
p 14 14 14 14 14 14 14 14 14 14
U 4.10 4.10 4.10 4.10 410 410 4.10 4.10 4.10 4.10
u, 0.087 0.243 0.22 0.311 0.304 0.356 0214 0.164 0.447 0.372
UCL 113.81 112.04 110.00 106.46 102.96 88.07 83.17 85.51 87.78 86.63
LCL 105.44 103.36 101.35 87 63 94.15 85.16 84.54 80.98 78.65 77.69
X* = Robust Average UCL = Upper Control Limat U.: U wia-n =410
$*= Robust Std Deviation LCL = Lower Control Limit Std Uncertainty of X*: u,= 1.25 (3%./p)
p = No. of Valid Participants  $*=1.134 [T(xi-x*)'/(p-1)]'° Upper & Lower Control Limits = X*+(U_+1u,)
@
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Initial Round PT Results (dB Units)

Radiated Emissions (3 m H Pol, Peak, 1 GHz to 18 GHz)
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Current (Initial) Rnd Data Scatter Plot - Control Limits based on Consolidated Data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)

Copyright 2024 ACE-PT Inc.

Test Artifact: CG118 Detector: Peak 3m H Pol
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Initial Round PT Results (D-Statistics)

Radiated Emissions (3 m H Pol, Peak, 1 GHz to 18 GHz)

Current (Initial) Rnd D-Statistics Scatter Plot and Deviation Limits (2023-2024)
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
o0 Test Artifact: CGL18 Detector: Peak 3m H Pol
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Initial Round PT Results (Performance Eval Statistics)
Radiated Emissions (3 m H Pol, Peak, 1 GHz to 18 GHz)
Current (Initial) Rnd Performance Evaluation Statistic/Parameterss derived from Consolidated data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
Test Artifact: CG118 Detector: Peak 3m H Pol
Summary Frequencies (GHz)
Statistics 1.25 2.75 4.25 6.00 8.00 10.50 13.25 16.00 17.25 18.00
X* 57.26 55.84 66.28 66.98 60.33 58.26 57.60 53.91 54.4 54 .86
§#* 5.767 3.544 2.504 3.211 3.130 3.650 5.162 5.805 7.181 6.200
0.35% 1.730 1.063 0.751 0.563 0.835 1.107 1.549 1.742 2.154 1.860
p 25 25 25 25 25 25 25 25 25 25
U, 5.18 5.18 5.1 5.18 5.48 548 548 548 548 5.48
u, 1.442 0.886 0.626 0.803 0.783 0523 1.261 1.451 1.795 1.550
UCL 63.88 61.91 72.09 72.96 66.59 64.67 64.37 60.84 61.68 61.92
LCL 50.64 49.78 60.48 61.00 54.06 51.86 50.83 4658 47.13 47.86
X* = Robust Averaze UCL = Upper Control Limat U.:U = 35.18dB (1 - 6 GH=z
$*= Robust Std Deviation LCL = Lower Control Limi U.:U = 5.48 dB (7 -18 GH=z)
p = No. of Valid Participants u= 125(3*lp Control Limits = X¥=[U,+u,]
L I ) L L I
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Initial Round PT Results (dB Units)
Radiated Emissions (3 m H Pol, Average, 1 GHz to 18 GHz)
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Current (Initial) Rnd Data Scatter Plot - Control Limits based on Consolidated Data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)

Test Artifact: CG118 Detector: Average 3m H Pol
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Participants:

Overall failure rate (%): 44.00

Acrossboard failure rate (%): 6.25
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Initial Round PT Results (D-Statistics)

Radiated Emissions (3 m H Pol, Average, 1 GHz to 18 GHz)
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Current (Initial) Rnd D-Statistics Scatter Plot and Deviation Limits (2023-2024)
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)

Test Artifact: CG118 Detector: Average 3m H Pol
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Initial Round PT Results (Performance Eval Statistics)
Radiated Emissions (3 m H Pol, Average, 1 GHz to 18 GHz)

Current (Initial) Rnd Performance Evaluation Statistic/Parameterss derived from Consolidated data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
Test Artifact: CG118 Detector: Average 3m H Pol
Summary Frequencies (GHz)
Statistics 1.25 2.75 4.25 6.00 8.25 10.50 13.25 15.75 17.25 18.00
X* 36.75 33.70 65.50 66.04 58.88 55.54 54.09 48.34 47.86 438.72
5* 6.048 2.463 2.874 2.767 3.844 3.426 3.885 47435 5.04% 3.128
0.35% 1.814 0.739 0.862 0.830 1.153 1.028 1.165 1423 1.515 1.538
P 25 25 25 23 25 25 25 23 25 2
U, 5.18 3.18 5.18 5.18 5.48 5.48 548 5.48 548 5.48
u, 1.512 0.616 0.718 0.692 0.961 0.856 0.971 1.186 1.262 1.282
UCL 63.44 3%.50 71.40 7191 63.32 62.28 60.54 55.00 34.60 55.48
LCL 50.06 4791 59.60 60.16 5244 49.61 47.64 41.67 41.12 4196
X* = Robust Average UCL = Upper Control Limit U.:Ureppra-= 5.18dB (1 - 6 GHz)
S*= Robust Std Deviation LCL = Lower Control Limit U: Ucxrra.a, = 5.48 dB (7 -18 GH=)
p = No. of Valid Participants u= 125 (5%/p) Control Limits = X* = [U;+ u,]
o0 o0 LI

70

Copyright 2024 ACE-PT Inc.




ACIL

Acz-rrive.

The Diamond Standard in EMC PT®

Initial Round PT Results (dB Units)
Radiated Emissions (3 m V Pol, Peak, 1 GHz to 18 GHz)
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Current (Initial) Rnd Data Scatter Plot - Control Limits based on Consolidated Data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
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Test Artifact: CG118 Detector: Peak 3m V Pol
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Initial Round PT Results (D-Statistics)

Radiated Emissions (3 m V Pol, Peak, 1 GHz to 18 GHz)

Current (Initial) Rnd D-Statistics Scatter Plot and Deviation Limits (2023-2024)
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
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Initial Round PT Results (Performance Eval Statistics)
Radiated Emissions (3 m V Pol, Peak, 1 GHz to 18 GHz)

Current (Initial) Rnd Performance Evaluation Statistic/Parameterss derived from Consolidated data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)

Test Artifact: CGI118 Detector: Peak 3m V Pol

Summary Frequencies (GHz)

X* 8.61 5348 64.77 63.76 58.92 55.90

Statistics 1.25 2.75 4.25 6.00 8.25 10.50 13.25 15.75 17.25 18.00

592 3.540 2.407 3.475 2.762 3.067 3.

5
5* 3.
1

0.35%

1.677 1.062 0.722 1.042 0.825 0.920 1.045 2.053 2275 2.970

735 73 13 73 13 73
P 22 23 2 2D 23

U 5.18 5.18 5.1 5.18 5.48 5.48

0.602 0.869 0.651 0.767 0.87
6

54 70.55 65.80

S 5.09 62.15 60.1 3 60 60.27
LCL 52.04 474 58.99 57.71 52.75 45 66 4743 42.62 85 44 36
X* = Robust Average UCL = Upper Control Limit U,:U = 5.1834dB (1 - 6 GH=
S*= Robust Std Deviation LCL = Lower Control Limit U,: Uer = 348dB (7 -18 GH=z
p = No. of Valid Participants u= 125 (8*/p Control Limits = X* = [U,+ u

Copyright 2024 ACE-PT Inc.
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Initial Round PT Results (dB Units)

Radiated Emissions (3 m V Pol, Average, 1 GHz to 18 GHz)

Current (Initial) Rnd Data Scatter Plot - Control Limits based on Consolidated Data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
o0 Test Artifact: CG118 Detector: Average 3m V Pol
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Initial Round PT Results (D-Statistics)

Radiated Emissions (3 m V Pol, Average, 1 GHz to 18 GHz)
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Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
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Initial Round PT Results (Performance Eval Statistics)
Radiated Emissions (3 m V Pol, Average, 1 GHz to 18 GHz)

Copyright 2024 ACE-PT Inc.

Current (Initial) Rnd Performance Evaluation Statistic/Parameterss derived from Consolidated data: 2023-2024
Radiated Emissions: 1 GHz to 18 GHz (ANSI C63.4-2014)
Test Artifact: CG118 Detector: Average 3m V Pol
Summary Frequencies (GHz)

Statistics 1.25 2.75 4.25 6.00 8.25 10.50 13.25 15.75 17.25 18.00
X#* 57.19 51.44 63.35 62.58 57.16 52.87 49.81 42.83 42.60 43.88
§#* 4.658 3.140 1.631 2.640 2.868 1.844 1.791 4.095 3627 4.066

0.35* 1.397 0.942 0.489 0.792 0.860 0.553 0.537 1.22 1.178 o'

p 25 25 25 25 25 25 25 25 25 25

U, 5.18 5.18 5.18 5.18 548 5.48 548 5.48 548 5.48
u, 1.165 0.785 0.408 0.660 0.717 0.461 0.448 1.024 0.982 1.016
UCL 63.54 57.40 68.94 68.42 63.35 58.81 55.74 4933 45.06 50.38
LCL 50.85 4547 57.76 56.74 50.96 46.93 43.88 36.32 36.14 37.38

X* = Robust Average UCL = Upper Control Limat U.: Uer = 3.183dB (1 - 6 GHz)
S*= Robust Std Deviation LCL = Lower Control Limat U.:U = 548 dB (7 -18 GH=2)
p = No. of Valid Participants u= 125 (5*/p) Control Limits = X* = [U;+ u,]
) ;\ o0
= = - =
WY - - A
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Consolidated Results (5t -
Direct Antenna Conducted Failure Rate Summary: 1 GHz - 18 GHz

8t" Rounds — Old PT Scheme):

Direct Antenna Conducted Emissions

(1- 18 GHz, Peak)

# participants 55
Overall Failure Rate (%) 7.27
Across-the-Board Failure Rate (%) 3.64

Direct Antenna Conducted Emissions

(1-18 GHz, Average)

# participants 55
Overall Failure Rate (%) 9.09
Across-the-Board Failure Rate (%) 3.64

Initial Round Results (New PT Scheme):
Direct Antenna Conducted Failure Rate Summary: 1 GHz - 18 GHz

Direct Antenna Conducted Emissions

(1- 18 GHz, Peak)

# participants 14
Overall Failure Rate (%) 7.14
Across-the-Board Failure Rate (%) 714

Direct Antenna Conducted Emissions

(1-18 GHz, Average)

# participants 14
Overall Failure Rate (%) 14.29
Across-the-Board Failure Rate (%) 7.14

=>» Possibly worse over time?

Copyright 2024 ACE-PT Inc.
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Consolidated Results (5" — 8" Rounds — Old PT Scheme):
3m H Pol Radiated Emissions Failure Rate Summary: 1 GHz - 18 GHz
Radiated Emissions (1 - 18 GHz) Radiated Emissions (1 - 18 GHz)
(3 m H Pol, Peak) (3 mH Pol, Average)
# participants 55 # participants 55
Overall Failure Rate (%) 34.55 Overall Failure Rate (%) 38.18
Across-the-Board Failure Rate (%) 1.82 Across-the-Board Failure Rate (%) 1.82

Initial Round Results (New PT Scheme):
3m H Pol Radiated Emissions Failure Rate Summary: 1 GHz - 18 GHz
Radiated Emissions (1 - 18 GHz) Radiated Emissions (1 - 18 GHz)
(3 mH Pol, Peak) (3 mH Pol, Average)
# participants 25 # participants 25
Overall Failure Rate (%) 48.00 Overall Failure Rate (%) 44.00
Across-the-Board Failure Rate (%) 8.00 Across-the-Board Failure Rate (%) 6.25

=>» Definitely worse over time

Copyright 2024 ACE-PT Inc. 78
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Consolidated Results (5t —

8" Rounds — Old PT Scheme):
3m V Pol Radiated Emissions Failure Rate Summary: 1 GHz - 18 GHz

Radiated Emissions (1 - 18 GHz)

Radiated Emissions (1 - 18 GHz)

(3mV Pol, Peak)
# participants 55
Overall Failure Rate (%) 34.55
Across-the-Board Failure Rate (%) 0.00

(3 mV Pol, Average)
# participants 55
Overall Failure Rate (%) 38.18
Across-the-Board Failure Rate (%) 0.00

Initial Round Results (New PT Scheme):
3m V Pol Radiated Emissions Failure Rate Summary: 1 GHz - 18 GHz

Radiated Emissions (1 - 18 GHz)

(3mYV Pol, Peak)

# participants 25
Overall Failure Rate (%) 48.00
Across-the-Board Failure Rate (%) 8.00

Radiated Emissions (1 - 18 GHz)

(3mV Pol, Average)

# participants 25
Overall Failure Rate (%) 48.00
Across-the-Board Failure Rate (%) 8.00

=>» Definitely worse over time

Copyright 2024 ACE-PT Inc.
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FINAL OBSERVATIONS AND CONCLUSIONS

Based on the EMC Proficiency Testing Results presented herein, it is
clear that a large percentage of Test Laboratories still have very serious
problems with making correct measurements. Specifically:

U There is abundant objective evidence that many Test Labs are unable to
verify the correctness of their end-to-end measurement chains.

O There is abundant objective evidence that a very considerable number of
Test Labs exhibit severe and consistent bias errors in their
measurements.

0 There is abundant objective evidence that a very significant number of Test
Labs have test processes that are out-of-control.

» Below 1 GHz, most of the Test Labs whose processes were “out-of-control” were
measuring “cold” [i.e., were likely to make Type Il (False Pass) Errors].

» Above 1 GHz, Test Labs whose processes were “out-of-control” were about equally
likely to measure “hot” [i.e., were likely to make Type | (False Fail) Errors] as they
were to measure “cold” [i.e., were likely to make Type Il (False Pass) Errors].

0 There is some objective evidence that the skill — levels at many test Labs

are worse now then the were prior to the COVID-19 Pandemic.
80
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Any Questions?

ACE-PT Inc. PT Program Technical Manager

Copyright 2024 ACE-PT Inc.

Contact Harry H. Hodes
by telephone at :
1-360-303-4096
or by e-mail at:

hhhodes@yahoo.com
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