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Introduction

The purpose of the Signal Microwave Plug and Play Kit is to evaluate the accuracy of de-embedding
algorithms following the procedures described in the associated documents described in References [1] and
[2] on page 11. Figure 1 below shows the kit with optional attached edge mounted connectors, adapters and
flush short.

BETTY DUT 6CM MICROSTRIP DUT 3 CM 2x-THRU DUT

OPTIONAL MALE/MALE
ADAPTERS

6 CM MICROSTRIP FIXTURE B

OPTIONAL
MALE/FEMALE
ADAPTERS

6 CM 105% Z0 FIXTURE B

Figure 1. Kit with optional 1.85 mm edge connectors, adapters and flush short.

The kit is implemented on a Rogers 4003 dielectric with a NiAu plating (minimum of 75 um Au thickness).
The design trace width is 17.3 mil. The stack up is shown below.

1/2 OZ CU +/- .0002, 2.1 MILS FINISHED
8 MILS +/-.001 0.5/0.5 RO4003 CORE
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Figure 2: Test Coupons PCB stack up.

Kit Contents
The Plug and Play Kit is composed of 9 PCB test coupons.

Devices Under Test

1. 6 cm microstrip DUT
2. 6 cm Beatty standard DUT



Text Fixtures (side A and side B)

e 6 cm microstrip
e 6 cm microstrip with 2 vias in series
e 6 cm microstrip with 105% impedance

Connector De-Embedding 2x-Thru
e 3 cm microstrip

DXEF files for each of the test coupons, for importing into simulation tools, are available on the Signal
Microwave website at http://www.signalmicrowave.com.

The via design used on the two vias in series test coupon is shown below. Note that the intention was not to
design the best possible via for the used stack up. The via is purposefully not optimal in order to stress the
capabilities of the de-embedding algorithms.

Plated Via, 5 places 75 PN\ _Tronsmission Line Ground Antipad
13 %/=1. 88 Dt ” 46 mil +/-1 nil
23 mil Pad )
\_/% All other Ground Antipad
\_) 52 mil +/-1 mil
—

Figure 3: Via Design

Optional connectors and adapters

The connectors/adapters contents are optional and can be the following:

3. 18x edge coaxial connectors (2.92 mm, 2.40 mm or 1.85 mm)
4. 2x M/F Adapters and 2xM/M adapters all phase matched(2.92 mm, 2.40 mm or 1.85 mm)
5. 1x male flush short (2.92 mm, 2.40 mm or 1.85 mm)

The adapters need to be calibration grade and identical to those discussed in the associated documents
described in Reference [2] on page 11

The following table lists part numbers of adapters from selected vendors.

Part# | Description # Required | Vendor

8714C2 | 2.92 mm Adapter Male/Female 2 Maury Microwave
8714B2 | 2.92 mm Adapter Male/Male 2 Maury Microwave
7921C | 2.4 mm Adapter Male/Female 2 Maury Microwave
7921B | 2.4 mm Adapter Male/Male 2 Maury Microwave
7821C | 1.85 mm Adapter Male/Female 2 Anritsu
7821A | 1.85 mm Adapter Male/Male 2 Anritsu



http://www.signalmicrowave.com/

The figure below shows the impedance profiles for the different test coupons in the kit (excluding the 3 cm
microstrip 2x-thru coupon).
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Figure 4. Impedance profiles for test coupons

Example Set of Measurements

The kit allows for a large number of experiments to be performed. The following set of measurements were
used by the IEEE P370 standard technical committee as a vehicle to evaluate different de-embedding
algorithms and provides an example on how the kit can be used.

M/F or F/M denotes a male to female adapter and M/M denotes a male to male adapter.

Each of the S-parameters files from the measurements below are usually named as M1 to M19 (Example
sets are available on the Signal Microwave website at http://www.signalmicrowave.com.

DUT Measurements

1. F/M + 6 cm Microstrip DUT+ M/F
2. F/M + Beatty Standard DUT + M/F

MALEFEMALE ADAPTER MALE/FEMALE ADAPTER

DUT
PORT 1 _ / PORT 2
N 1

Figure 4: Setup example picture for measuring the DUT.
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Test Fixture Measurement

3. 6.cm Test Fixture A + M/F

F/M + 6 cm Test Fixture B

2 vias Test Fixture A + M/F

F/IM + 2 vias Test Fixture B

6 cm 105Z0% Test Fixture A + M/F
F/IM + 6 cm 105Z0% Test Fixture B

© N O

2XThru Measurements

9. 6 cm Test Fixture A+ M/F + M/M + 6 cm Test Fixture B (50 Ohm)

10. 2 vias Test Fixture A + M/F + M/M + 2 vias Test Fixture B (2 vias in series)

11. 6 cm 105Z0% Test Fixture A + M/F + M/M + 6 cm 105Z0% Test Fixture B (105%Zo
2xthru)

MALE/MALE ADAPTER MALE/FEMALE ADAPTER

FIXTURE A
PORT 1 —\ / FAIURE B PORT 2

Figure 5: Setup example picture for measuring the 2x-thru of the test fixture.

Open/Short Measurements

Open/short measurement are only done for the 50 Ohm test fixture for comparison between and open/short
with a 2xthru de-embedding. Only S11 is measured with nothing connected on the other port for an open
measurement and the zero-length short for the short measurement.

12. 6 cm Test Fixture A + M/F + (open, nothing connected)
13. 6 cm Test Fixture A + M/F + (zero-length short)
14. 6 cm Test Fixture B + M/F + (open, nothing connected)
15. 6 cm Test Fixture B + M/F + (zero-length short)

1x-REFLECT OPEN MEASUREMENT MALE/FEMALE ADAPTER

FIXTURE A /

PORT 1 —

1x-REFLECT SHORT MEASUREMENT MALE/FEMALE ADAPTER
FIXTURE B
PORT 1 =

FLUSH SHORT

Figure 6: Setup example picture for measuring open and short for the 1x-reflect methodology.



DUT + Test Fixture Measurements

16. 6 cm Test Fixture A + M/M+ F/M + 6 cm Microstrip DUT + M/F + M/M + 6 cm Test Fixture B

17. 2 vias Test Fixture A + M/M + F/M + 6 cm Microstrip DUT + M/F + M/M + 2 vias Test Fixture B

18. 6 cm Test Fixture A + M/M + F/M + Beatty Standard DUT + M/F + M/M + 6 cm Test Fixture B

19. 2 vias Test Fixture A + M/M + F/M + Beatty Standard DUT + M/F + M/M + 2 vias Test Fixture B

FIXTURE A

MALE/FEMALE ADAPTER

MALE/MALE ADAPTER

MALE/FEMALE ADAPTER
FIXTURE B

MALE/MALE ADAPTER

Figure 7: Setup example picture for measuring the DUT plus the test fixture.

PORT 2

The figure below is an example of the measured data with the Kit for the measurements M1, M9 and M16.

Loss, dB

Loss, dB

Insertion Loss 6 cm Microstnip DUT

Insertion Loss 6cm Microstrip 2x-Thru

Insertion Loss DUT + Test Fixture

0 0
0 -2*7 5 ]
4] hE
-2 Q 67 S -103
@ -8 @
] 3 109 3 -15
6 127 20
J -14+ ]
-8 T T 2164 i - ‘ - 253
0 10 20 30 40 50 60 0 10 20 30 40 50 60
freq, GHz freq, GHz
10 Return Loss 6 cm Microstrip DUT Retum Loss 6ecm Microstrip 2x-Thru
- 0
-20
30 3 g 20
@ i
40 8 3 30
Il
-60+4 T T T T T T I B e e o —50||‘|.‘
0 10 20 30 40 50 60 0 10 20 30 40 50 60 0

freq, GHz

10 20 30 40 50
freq, GHz

Return Loss DUT + Test Fixture

60

freq, GHz

Sl

iy

tfm

Figure 8: Example of measured data

De-Embedding Computations

freq, GHz

The following set of de-embedding computations was used by the IEEE P370 standard technical committee
as a vehicle to evaluate different de-embedding algorithms using the data provided in the previous section.

1.
2.
3.

6 cm microstrip using 50 Ohm test fixture and 50 Ohm 2xthru (M16 using M9 as 2x-thru)
Beatty Standard using 50 Ohm test fixture and 50 Ohm 2xthru (M18 using M9 as 2x-Thru)
6 cm microstrip using 2 vias in series test fixture and 2 vias in series 2xthru (M17 using

M10 as 2x-Thru)

Beatty Standard using 2 vias in series test fixture and 2 vias in series 2xthru (M19 using

M10 as 2x-Thru)

6 cm microstrip using 50 Ohm test fixture and 45 Ohm 2xthru (M16 using M11 as 2x-Thru)

8



6. Beatty Standard using 50 Ohm test fixture and 45 Ohm 2xthru (M18 using M11 as 2x-Thru)

7. 6 cm microstrip using 50 Ohm test fixture and open/short 50 Ohm test fixture measurement
(M16 using M12/M14 as Open and M13/M15 as Short)

8. Beatty Standard using 50 Ohm test fixture and open/short 50 Ohm test fixture measurement
(M18 using M12/M14 as Open and M13/M15 as Short)

Computations 7 and 8 are only possible if the de-embedding algorithm used supports them.
The reference de-embedding algorithm from the IEEE P370 standard is freely available at:
https://gitlab.com/IEEE-SA/ElecChar/P370

Each of the S-parameters files from the de-embedding algorithms above are usually named as E1 to E8
Example sets are available on the Signal Microwave website at http://www.signalmicrowave.com.

Note that the kit can also be used to evaluate the de-embedding algorithm accuracy for un-symmetrical test
fixtures as indicated in the associated document described in Reference [3] on page 11.

The figure below shows one example of a de-embedding algorithm results and error evaluation (For details
see Reference [2]).

DUT
DE-EMBEDDED

Return Loss, dB
w
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Error, dB
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Figure 9: De-embedding results for the 6 cm microstrip DUT with the 6 cm microstrip test fixture using 2x-thru based de-embedding.

Using the kit for PCB Model Tuning Techniques Evaluation

The kit can also be used for the evaluation of using the Beatty standard for PCB model tuning as indicated
in the associated document described in Reference [4] on page 11.

In this case the 3 cm 2x-thru coupon is used to de-embed the connectors from the Beatty standard DUT and
6 cm microstrip DUT test coupons so that the reference point is located on the microstrip trace 1.5 cm from
the connector as shown in the figure below.


https://gitlab.com/IEEE-SA/ElecChar/P370
http://www.signalmicrowave.com/

Figure 10:.De-embedding the connectors from the 6 cm microstrip DUT and the Beatty standard DUT.

This means that after de-embedding we will have a 3 cm microstrip or a Beatty standard with a 0.5 cm 1x
trace width on each side and in the middle a 2 cm 3x trace width microstrip. Note that the transition to the
3x trace width is made as sharp as possible as required to create a good series resonant standard as shown

below:

Figure 11: Beatty standard transition

The figure below shows the measured 3cm microstrip 2x-Thru using a 2.92 mm edge connector.
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The figure below the results of the measured and de-embedded results for the 6 cm microstrip with 2.92

mm connectors.
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The figure below shows the results of the measured and de-embedded results for the Beatty standard using
the kit with 2.92 mm connectors. One can see that after the de-embedding of the connectors the resulting
insertion and return loss look much closer to what is expected from a perfect series resonator.
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The de-embedded S-parameters from both of these structures allow for investigation and comparison of
model tuning approaches using either a simple microstrip line or a series resonant standard as indicated in
the associated document described in Reference [4] below. An example of using the technique presented in
Reference [4] using this kit in ADS is on the Signal Microwave website at
http://www.signalmicrowave.com.
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