
A simple method to characterize and accurately 
remove the effects of push-on connectors.

O.J. Danzy
Application Engineer

Presenter
Presentation Notes
Abstract: Push-on (blind mate) connectors are commonly used in SI fixture design and device connectivity. They are made by a variety of manufacturers and are specified for frequency ranges to 40, 65, or 100 GHz.  They provide a higher density of connections that typical threaded SMA connectors. A long standing issue with these connectors is calibration. There are no or very limited calibration kits (usually only to 18 GHz). This paper proposes a simple method to characterize these connectors over the full frequency range without a special calkit. Results will be compared to EM Simulation data for the connectors and adapters.
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Push-on (blind mate) connectors
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• SMP, Mini-SMP, GPO, GPPO, ... 

• Small footprint (higher density)

• Quick connect

• Lack of high quality calibration kits for all types

Presenter
Presentation Notes
Push-on (blind mate) connectors are commonly used in SI fixture design and device connectivity.  They are marketed under a variety of names from different manufacturers (SMP, Mini-SMP, GPO, GPPO, ... ) . Some are interchangeable between manufacturers and others are unique to the manufacturer. They are specified for a variety of frequency ranges (23, 40, 65, or 100 GHz). They are desired because of their smaller foot print, allowing higher density of connectors for a given area. They are “quick connect” for easier connections and removals. This feature makes repeatability worse than threaded instrument grade connectors. One of the issues with using these connectors is the lack of high quality calibration kits. The calibration kits are user to “characterize” these and remove them from the measurement of the device under test. There are kits for some families of connectors and they vary in quality. For some connector families there are no calibration kits. Part of the quality issues stem from the misalignment of these quick connect interfaces, as well as the movement after connected. In this paper we will investigate using a relatively new technology called Automatic Fixture Removal (AFR) to characterize very small RPC-2.29 to SMP adapters. These short and very low loss devices will stretch the limits of AFR. We will show the results as well as limitations due to frequency range, Comparisons to older techniques such as Adapter Characterization and measurements using SOLR calibration will be made. Finally results will be compared to EM Simulations.
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RPC-2.92 to SMP adapters

5

Presenter
Presentation Notes
The most commonly used connectors for fixtures have been connectors mate able with 3.5 mm connectors. For lower frequency needs, the less expensive SMA connectors are mostly used. For higher frequency ranges up to 26.5 GHz, the higher quality 3.5 mm connectors are commonly used. The other common connector used is the 2.92 mm connector. It is mate able with SMA and 3.5 mm connectors and can operate up to 40 GHz.  2.4 mm connectors are starting to be used to cover frequencies up to 50 GHz. For this paper we will use the RPC-2.92 mm connectors and make measurements up to 40 GHz. We will start by trying to characterize RPC-2.92 to SMP adapters.
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Challenges
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Electrically very short

Very low insertion loss

Discontinuity at the end of the connector (mated connection)
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Presenter
Presentation Notes
When characterizing physical layer devices the usual instrument of choice is a vector network analyzer (VNA). It provides the accuracy, stability, and dynamic range to measure the widest range of physical layer components and devices. To accurately characterize components, like adapters and cable assemblies we are interested in, a calibration kit is required to remove the systematic errors in the VNA and test port cables needed to connect to the components to be measured. For traditional metrology and instrument grade connectors, like 3.5 mm, 2.29 mm, 2.4 mm, 1.85 mm, and 1.0 mm, there are traceable mechanical calibration kits and electronic calibration modules that are used to accurately calibrate to the end of the test port cables.  
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Calibration Techniques
Use a cal kit for the desired connector type

•Easy
-get testport cables with connector type
-Or use adapters on standard testport cables 

•Not available for all connector types
•Some manufacturers do NOT cover the 
full range of the connector

Presenter
Presentation Notes
The challenge in measuring adapters and cables that convert from the instrument grade connectors to the smaller and more convenient blind mate connectors is many times there is no calibration kit available or the calibration kit does not cover the full range of the connectors use.
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Calibration Techniques

Cal kit for the SMP connector
• SOLT kit to 40 GHz

• Standards for Plug and Jack

• Most use “polynomial” model
open and short effects

• Broadband load (perfect)
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Calibration Techniques

What if there is no cal kit available?
• Calibrate at testport cable (RPC 2.4) 

• Removes cable effects and VNA errors
- Ignore adapter (short and low loss)
- Model adapter and de-embed
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Model for Adapter

EM Simulation
• Requires mechanical details on adapter

Adapter Characterization (VNA)
• Requires 2 cal kits: RPC-2.4 and SMP

Automatic Fixture Removal

Presenter
Presentation Notes
An alternative to measuring the connector, adapter, or cable is to use a model generated by a 3D electromagnetic simulator. Accurately entering the exact dimensions, surface finish, dielectric constant, etc. into a simulator can result in a useable model for the component. Without a calibration kit or access to an accurate simulation model it can be difficult to accurately remove the effects of the adapter or cable.
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Automatic Fixture Removal

Introduced ~6 years ago
• Originally 2X Thru (left and right fixture)

- well established as an accurate 
alternative to TRL calibration kits
for PCB fixtures and cables

• Last year 1X fixture (open or short)
- Very good comparison to 2X – still being evaluated

Presenter
Presentation Notes
Automatic Fixture Removal (AFR) has been in the market place for 6 years now. The original version based on a 2X thru, made up from the left and right fixtures of equal length, has been demonstrated to be as accurate as building a TRL (Thru Reflect Line(s)) calibration kit and for many users has replaced the TRL calibration kits. The newly introduced 1 port AFR appears to be even an easier way to remove fixture effects with close to the same accuracy of the 2X Thru version.  In this paper we will look at both the 2 port and 1 port versions of AFR to see how well they can model the effects of SMP adapters and cables. The adapters will be the most difficult because they are extremely short and have very low loss. The longer cables with their higher loss should be relatively easy for the AFR process.�
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AFR Process

1. Calibrate at the RPC 2.4 cable ends
1 port, 2 port, or 4 port calibration

2. Measure fixture, compute and save “model” of fixture(s)
3. Measure fixtured DUT
4. Remove fixture(s) using de-embedding
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Measurements and Models
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2X AFR (Jack / Plug) – 2 port 2.4

1X AFR (Jack and Plug) – 1 port 2.4

Adapter Characterization – 1 p 2.4 & SMP

SOLR Measurement – 2 port 2.4 & SMP

EM Simulation Results
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Mated Pair of Adapters
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Presenter
Presentation Notes
First we need to get a look at what the mated pair of adapters looks like. Connecting the plug and jack adapters gives a Device Under Test (DUT) that is an insertable RPC-2.92 device. We will do a 2 port coaxial calibration and then measure the plug/jack pair. This plot shows the Return Loss and Insertion Loss. The data falls within the specification for the adapters. The specified insertion loss of a single adapter at 40 GHz is 0.32 dB. The return loss for S11 and S22 is nearly identical, showing the adapters nearly identical.�
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Time Domain of Mated Pair
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Presenter
Presentation Notes
Looking at the time domain T11, TDR plot of S11, we can see that there is about a 3 Ohm discontinuity where the adapters mate. Since this discontinuity is real it should be included in the model for the adapters.  The next thing to check is the length of each adapter. By plotting S11 and S22 in the time domain (T11 and T22) and measuring this 3 Ohm peak we can quickly determine how close to equal length these two adapters are. From the plots of T11, the plug adapter connected to port 1 has a length of 95.36 ps and the jack connected to port 2 is 96.22 ps. The difference in the length of these two adapters is just under 1 ps. The T21 plot of the plug/jack pair shows a length of 191.3 ps. Checking the rise time of the T21 plot we get 18.29 ps.   Note: Depending on the referenced design standard for SMP interfaces the plug and jack may have significant pin recession (pin depth). The same recession for both plug and jack cannot be assumed.
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Rise Time Test

40 GHz measurement
• Spatial resolution = 12.5 ps

• Risetime 18.0 ps

Plug = 95.36 ps and Jack = 96.22 ps

Risetime = 18.29 ps (4X = 73.16 ps) 

Presenter
Presentation Notes
Since these adapters are very short we need to check their length against the rise time of the T21 measurement. The AFR 1 port algorithm has tighter constraints than the 2X thru version. For the 1 port version AFR warns the user when the length of the “fixture”, adapter in this case, is less than 4 times the rise time. Four times the rise time is 73.16 ps and the adapter length is 95 ps so we should be fine. The last thing to consider is the spatial resolution in the time domain after IFFT of the S parameter data. With the default windowing in PLTS the spatial resolution for a 40 GHz span is 12.5 ps. This means that we will not be able to distinguish discontinuities that are less than 12.5 ps apart.
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Time Domain of Mated Pair
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• Discontinuity at the split point –
usually try to avoid this in your 
design of the fixture.

• For this case we will use the 
AFR option that sets the 
Calibration Reference Z0 back 
to 50 Ohms

Presenter
Presentation Notes
We can use the “2x thru” version of AFR to split this adapter pair. Normally you would want to split the “fixture” where the impedance is constant to get a good value for the fixture impedance. In this case the split will be in the middle of the peak. For this case we will use the AFR option that sets the Calibration Reference Z0 back to 50 Ohms.We can use the “2x thru” version of AFR to split this adapter pair. Note the distance in this plot is the 2 way distance (like a TDR). Normally you would want to split the “fixture” where the impedance is constant to get a good value for the fixture impedance. In this case the split will be in the middle of the peak. For this case we will use the AFR option that sets the Calibration Reference Z0 back to 50 Ohms.Choosing “Measured Fixture Z0” would result in the model of the adapter being 50 Ohms on the RCP-2.92 side and about 52 Ohms on the SMP side. This would not be desirable.
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Time Domain of Mated Pair
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• About ½ of the discontinuity 
is included in each models

• The models goes back to 50 
Ohms at the end of the 
adapter.

• The jack adapter has slightly 
more of the discontinuity due 
to the ~1 ps difference in 
lengths. 

Presenter
Presentation Notes
Using AFR to split the “2X thru” we create 2 models that look very close to the time domain response of the measured pair. About ½ of the discontinuity is included in each of the 2 models. The models goes back to 50 Ohms at the end of the adapter as we chose in the setup.  The jack adapter has slightly more of the discontinuity due to the ~1 ps difference in lengths of the plug and jack.�
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Frequency Domain

• Insertion Loss of models 
is ~1/2 of the pair.

• The Return Loss of 
models is better than the 
pair.

• To a first order this 
seems reasonable.

Presenter
Presentation Notes
Checking the frequency domain, we see that the loss of the adapters is one half the total loss and the S11 and S22 of each adapter is slightly better that the pair. This indicates that the models appear to be generally correct. 
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Embedded Adapters vs Original Measurement

Presenter
Presentation Notes
Another good test to verify the models is to embed the plug model to the beginning of the jack model. This mathematically recombines the S Parameters of the modeled adapters and we can see there is excellent agreement to the original measurement of the adapter pair
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1X AFR

• Both open plugs and the 
shorted plug look very 
similar.

• The open jack radiates > 27 
GHz.

• The shorted jack compares 
well with the open below 27 
GHz and is very similar to 
the plug response where 
the open radiates.

Presenter
Presentation Notes
Next we will take a look at using the newer 1 port AFR to see if we can create a model for just an open or shorted adapter. For this case we have just one measurement, S11, for each case. The plot below shows S11 for 2 open plugs, and 1 open jack. It also includes measurements for a shorted plug and shorted jack. Note that the green trace (the open jack) starts to radiate around 27 GHz. This radiation will dramatically affect the model we are able to generate. One of the assumptions for 1 port AFR is that the “fixture” is terminated in a good open or short. When a fixture radiates, the reflected power is reduced by the amount of the radiation as can be seen in the plot.
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1X AFR

• This discontinuity is too 
close to the open response 
to be accurately modeled. 

• Wider frequency range 
might help resolve the 
discontinuity from the open 
response.

Presenter
Presentation Notes
Before generating a model, let’s look at the T11 for the plug adapter. Figure 10 below shows the Plug open circuit, and the model generated from the 1 port AFR. The Model generated from the 2X thru is shown for reference. Looking at the open (blue trace), the start of the 2 Ohm discontinuity is starting to be seen (see small cursor on plot). Before seeing all of the discontinuity the open response dominates. For 1 port AFR, the default is  to back off 4 x rise-time from the open (or short) circuit response. In this case we are not able to separate the response of the discontinuity from the open circuit. Remember the 12.5 ps spatial resolution the measurement has from the 40 GHz span. Measuring the adapter over a wider frequency range will improve the spatial resolution and may do a better job capturing the discontinuity at the end of the adapter. It is clearly seen in the green trace of the model generated from the open, none of the discontinuity is included.



Page

1X vs 2X Models

Without including the discontinuity effects (1X), both the return loss and 
insertion loss are too good compared to the 2X models.

Presenter
Presentation Notes
This plot compares the frequency response of the plug models generated from the 2X thru and the 1 port Open measurement. Comparing the 1 port AFR results to the better, 2 port AFR results, it can be seen that the match is too optimistic by about 10 dB and the insertion loss is about 0.09 dB too optimistic. For the ease of use for 1 port AFR these results are still quite good. When measuring an adapting cable, the 0.09 dB loss will be insignificant. The return loss difference will also essentially disappear. 
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Shorted Adapters 

Presenter
Presentation Notes
Since the Jack adapter radiated we will investigate connecting a short to the jack and plug adapters and repeat the 1 port AFR results. Looking at the time domain response of the shorted measurements we can now see the discontinuity we are looking for as well as some discontinuity from the short that was connected (left plot). Note the discontinuity from the jack is larger than the plug. The second peak (right before the short response) is an additional discontinuity in the short.Using the default settings some of the discontinuity is included but it is broader in time that the one from the 2X thru (right plot above).  The AFR dialog has an “edit” mode after measuring (or loading) the 1 port standards. As mentioned earlier the “impedance” marker and “gating” marker are set by default 4 rise times from the open or short response.�
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Model Comparison

The short seams to give somewhat better results compared to the open.

Presenter
Presentation Notes
The results show the model generated from the shorted plug adapter has about the same match but the insertion loss is much improved over the open model for   the first 60% of the frequency range.  We are still not able to get the narrow discontinuity like the 2X thru model.
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Editing the 1X AFR Settings

• There are 3 available 
adjustments:

• Impedance
• Gate Position
• Fixture Length

• In this case we 
adjusted the 
Impedance and Gate 
markers.

Presenter
Presentation Notes
The AFR dialog has an “edit” mode after measuring (or loading) the 1 port standards. As mentioned earlier the “impedance” marker and “gating” marker are set by default 4 rise times from the open or short response.�By adjusting the gating and impedance settings it is possible to include the discontinuity. To do this simply move the gate marker (the flag) to the top of the discontinuity. Then move the impedance marker (M1) to force the impedance back to 50 Ohms. See the blue pointers in Figure 13 above. Now it is larger and still broader in the time domain than the one from the 2X thru model.
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Tweaked Short Model

Adjusting the parameters to include the discontinuity can give better results.

Presenter
Presentation Notes
The adjusted model does a better job of matching the model from the thru. The insertion loss looks better, but there is still room for improvement.
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Adapter Length Comparisons

Both 2X AFR and 1X AFR (short) agree with the simulated length. 
The open measurements show fringing effects and not the same for 
the plug and jack.

Presenter
Presentation Notes
These shorts are offset shorts used for calibration. The short is offset 6.5mm. We can offset the 1 port AFR by that amount to obtain the correct length. Comparing the adapter lengths with the different methods, Table 1 below shows the adapter lengths computed from the 2X thru and 1 port shorted give the same result. The 1 port open fixtures give slightly different answers (0.8mm for the plug and 0.15mm for the jack).An open plug connector has a higher fringing (stray) capacitance compared to a jack connector, because of the additional plug pin. This makes it appear electrically longer.
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Adapter Characterization

• Requires 2 1-port calibrations:
• RPC 2.4
• SMP

• For short low loss 
measurements cable 
movement is critical. (use 
testport of VNA)

• Results are not as good as 
AFR.

Presenter
Presentation Notes
Next we will compare the models generated using AFR with a method that has been around for some time. That method is usually referred to as adapter characterization. It involves calibrating the VNA (1 port calibration) with the first connector type, RPC-2.92 in this case. That calset is saved. Then an adapter (RPC-2.92 to SMP in this case) is connected to the previously calibrated port. A second 1 port calibration is performed. This time using a calibration kit with the second connector type (SMP). The second cal set is then saved. A model for the adapter is computed by “subtracting” the two calsets. The result for the RPC-2.92 to SMP Plug adapter is shown below.The S parameters from the Adapter Characterization are similar to those from the AFR process. The predicted match (S11 & S22) from Adapter characterization is a little worse that the AFR results. There is a larger issue in the insertion loss. The data is not as smooth as would be expected and there is a rather large resonance around 35 GHz. Note that this method relies on the accuracy of 2 calibrations and stability in the measurement. The first attempt at this measurement was done by calibrating at the ends of the cables. Moving the cables can cause phase errors that are very easily seen in these low loss short device measurements. Also note to take care that the SMP connection is not under stress and is properly aligned.
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SOLR Measurement

Requires a full 2 port calibration 
• Port 1 is RPC 2.4

• Port 2 is SMP

• The “thru” is the DUT as unknown
- Helps minimize cable movement

Presenter
Presentation Notes
Another method to characterize an adapter is to do a mixed connector calibration. In this case a full 2 port SOLR (unknown thru) calibration is done on the VNA. One port is calibrated in RPC-2.92 and the other port in SMP. The “unknown thru” is simply the adapter. When the calibration is complete the adapter is measured directly. This method, like Adapter Characterization, also requires 2 calibrations kits.
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SOLR Measurement

• Good correlation for match.

• Insertion loss shows a little 
less loss and a high 
frequency curve.

Presenter
Presentation Notes
The S11 and S22 match the results with AFR more closely than the Characterize Adapter method. The match is quite acceptable. However the insertion loss shows too little loss and there is a strange curve up in the last 4 GHZ of the frequency range. The S11 is too pessimistic for higher frequencies. Probably related to the problem with insertion loss which is not too good for the last half of the frequency range. One thing to consider with this method is the “Unknown Thru” (SOLR) calibration needs very well-known reflection standards. This is a challenge for blind mate standards. To get very accurate characterizations is difficult and many times not the most accurate (especially when compared to instrument grade connectors.
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EM Simulation Results

3D EM simulations using HFSS were run:
• for the “open” jack and plug. (.s1p)

• For the “thru” jack and plug (.s2p)

Simulations were based on the manufacturer’s mechanical 
specifications for the adapters.
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EM Simulation Results

Reasonably good agreement between simulation and measurements.  

Presenter
Presentation Notes
The simulated and measured data have very similar trends and variations. The simulated data shows slightly less loss then the measured data. The measured data also shows some non passive behavior at low frequencies. 
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EM Simulation Results

• Simulated Match of the 
model is  better than 
measurement.

• Simulated Insertion loss 
is significantly less that 
measurement.

• Time domain data 
shows discontinuity is 
smaller for simulated 
data.



Page

Potential Causes for Differences

mechanical tolerances of the piece parts

forces used during assembly

conductivities and surface roughness not exactly known

exact layer composition of the plating not included in the simulation

errors due to calibration are not included in the simulation
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EM Simulation Results

• Simulated Match of the 
model is ~6dB better 
than measurement and 
has more variation.

• Simulated Insertion loss 
is significantly less that 
measurement.

• Time domain data 
shows discontinuity is 
smaller for simulated 
data.
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Fixture Model Comparisons

The size of the discontinuity has the major effect on the loss and match.
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Summary

Blind-mate adapters are very challenging do to low loss and short length.

The variation in the discontinuity at the mated junction is critical to the match and 
loss

AFR (1X and 2X) can provide a quick and accurate  to remove the adapter 
effects.

2X AFR seems to generate better models when there is a discontinuity at the 
reference plane.

High bandwidth measurements are required to get good models.

Presenter
Presentation Notes
This paper investigated using AFR technology to characterize extremely short and low loss SMP adapters. One issue in using blind-mate adapters like SMP, is trying to characterize these adapters and cable assemblies. Only limited calibration kits are available for some families of connectors. Other connector families have no calibration kit available. This leaves the user no easy way to remove the effects of these adapters and cables. If the adapters are good enough (in match, loss, and short length) they are usually just ignored. As data rates rise these effects become more important and need to be removed from the measurement. For longer adapter assemblies, and cable adapters, the length and loss definitely needs to be removed.2X thru AFR and the newer 1 port AFR both provide accurate models for these adapters. 1 port is easier but only slightly less accurate for very loss devices like these adapters. The 2X thru version gives slightly better results but requires 2 devices.



Page

Acknowledgements
Reinhold Wolpert – Rosenberger for the simulation results.



Page

References
J. Hoffmann,Traceable S-parameter measurements in coaxial transmission lines up to 70 GHz, Dissertation 
ETH no. 18593, October 2009

Vahé Adamian, Brad Cole and Jim Nadolny, “A Novel Procedure for Characterization of Multi-port High 
Speed Balanced Devices”, IEC DesignCon 2007.

Joel Dunsmore, Cheng Ning and Zhang Yongxun, “Characterizations of asymmetric fixtures with a two-gate 
approach”, ARFTG 2011.

Archambeault, B., Connor, S. and Diepenbrock, J.C., “Time domain gating of frequency domain S-
parameter data to remove connector end effects for PCB and cable applications,” 2006 IEEE International 
Symposium on EMC, Volume 1, August 14-18, 2006, pp 199-202.
De-embedding and Embedding S-Parameter Networks Using a Vector Network Analyzer, Agilent Application 
Note 1364-1, June 2004.

Bob Schaefer, “Challenges and Solutions for Removing Fixture Effects in Multi-port Measurements” IEC 
Design Con 2008

Robert Schaefer, “Comparison of Fixture Removal Techniques for Cable and Connector Measurements”, 
IMS 2010 WSE


	A simple method to characterize and accurately remove the effects of push-on connectors.��
	Original Authors
	Outline
	Push-on (blind mate) connectors
	RPC-2.92 to SMP adapters
	Challenges
	Outline
	Calibration Techniques
	Calibration Techniques
	Calibration Techniques
	Model for Adapter
	Automatic Fixture Removal
	AFR Process
	Outline
	Measurements and Models
	Mated Pair of Adapters
	Time Domain of Mated Pair
	Rise Time Test
	Time Domain of Mated Pair
	Time Domain of Mated Pair
	Frequency Domain
	Embedded Adapters vs Original Measurement
	1X AFR
	1X AFR
	1X vs 2X Models
	Shorted Adapters 
	Model Comparison
	Editing the 1X AFR Settings
	Tweaked Short Model
	Adapter Length Comparisons
	Adapter Characterization
	SOLR Measurement
	SOLR Measurement
	EM Simulation Results
	EM Simulation Results
	EM Simulation Results
	Potential Causes for Differences
	EM Simulation Results
	Fixture Model Comparisons
	Outline
	Summary
	Acknowledgements
	References

