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Pin diameter aspects in metrological practice

ÅPin diameter effects in electrical quantities

ÅDimensional connector interface measurements

Å IEEE Standard P287:   2.92 mm specifications

ÅAir line calibration services provided at METAS
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Air line calibration services provided at METAS

ÅCentre Conductor diameter profile (CC)

ÅCalculation of the electrical quantities

ÅOuter Conductor diameter profile (OC)

ÅOC length measurements (direct or compressed)

ÅPin diameter and slotted section measurements

Å In the future: connector modelling (CoMo70)

ÅPin-depth measurements (direct or compressed)
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Example: OC cross section f(longitudinal position)
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Example: OC cross section f(longitudinal position)
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Example: CC cross section f(longitudinal position)
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The graph shows the calculated impedance for

each air line section vs longitudinal position for 

the inhomogeneous lossless case

Example: derived electrical quantities

The graph shows calculated average, minimum and 

maximum impedance vs. frequency for the case of a 

homogeneous and lossy coaxial transmission line.

inhomogeneous and lossy case
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Example: connector cross section
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Slotted female end
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Example: 1.85 mm CC with connector cross section

Slotted female end
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Future calibration services: connector characterisation 

and modelling

Johannes Hoffmann, ETHZ, CoMo70 project  (Paper published at the EuMW 2007)

CoMo70 project
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Customer request

Calibration of a 2.92 mm(female) cross section when mated 

with a nominal male pin having a diameter of 0.914 mm

(according the new IEEE Standard P287-2007)

Problem: the reference 2.92 mm (female) pins used

at METAS have a nominal diameter of 0.927 mm +/-0.001 mm

(same reference pin used as for the 3.5 mm system)

Resulting pin diameter difference = -0.013 mm
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Critical mechanical specifications are missing!

IEEE Standard for Precision Coaxial

Connectors (DC to 110 GHz)

Detail specifications for the precision coaxial 1.85 mm connector (LPC)
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Detail specifications for the precision coaxial 3.5 mm male connector (LPC)

Ø 0.927 mm   +/- 0.008 mm

Ø 0.919 mm - Ø 0.935 mm

Ø 0.0365 in   +/- 0.0003 in

Ø 0.0362 in - Ø 0.0368 in

Conversion factor: 25.4

IEEE Standard for Precision Coaxial

Connectors (DC to 110 GHz)
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Detail specifications for the precision coaxial 2.92 mm male connector (LPC)

Ø 0.914 mm   +/- 0.008 mm

Ø 0.906 mm - Ø 0.922 mm

Ø 0.0360 in   +/- 0.0003 in

Ø 0.0359 in - Ø 0.0363 in

Conversion factor: 25.4

IEEE Standard for Precision Coaxial

Connectors (DC to 110 GHz)
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Detail specifications for the precision coaxial 2.92 mm male connector (LPC)

Ø 0.927 mm   +/- 0.013 mm

Ø 0.914 mm - Ø 0.940 mm

Ø 0.0360 in   +/- 0.0005 in

Ø 0.0355 in - Ø 0.0365 in

Conversion factor: 25.75

IEEE Standard for Precision Coaxial

Connectors (DC to 110 GHz)
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Detail specifications for the precision coaxial 2.92 mm male connector (LPC)

Ø 0.927 mm   +/- 0.013 mm

Ø 0.914 mm - Ø 0.940 mm

Ø 0.0360 in   +/- 0.0005 in

Comply with other 2.92 mm pin spec

IEEE Standard for Precision Coaxial

Connectors (DC to 110 GHz)

Mean comply with 3.5 mm pin spec !
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Anritsu: Precision RF & Microwave Components product catalog

(2.92 mm or K connector specifications)

Dimensions in millimeters

3.5 mmIEEEï2.92 mmAnritsu pin diameter difference = - 0.017 mm
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Maury: Precision 2.92 mm (K) specifications (drawing 5E-063)

Same nominal pin

diameter specification

used from:

- Rosenberger

- Rohde&Schwarz

- Agilent

- Huber+Suhner

-é

Dimensions in inches

3.5 mmIEEEï2.92 mmMaury pin diameter difference = - 0.000 mm

Ø 0.927 mm   +/- 0.008 mm
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Pin effects and traceability issues

ÅLength and profile of the male pin

ÅSpreading of the contact fingers

ÅSlotted versus slotless connectors 

ÅContact point

ÅContact resistance: plating, material properties
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Slotted versus slotless female connector design

HP Microwave Connector Care  (08510-90064)

Spring forces inner

contact forward
Inserted male plug

Detail of precision slotless female centre conductor developed by Agilent

(Slotless female conductors are available for Type-N, 3.5 mm and 2.4 mm connectors)
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- Slotted female CC

- Cal Standard Ăcorrectedñ

The error introduced by the TP will become Ăabsorbedñ

into the error box of the calibration model of the VNA

2.92 mm(f) Cal Standard2.92 mm(m) Test Port

- Ăconnector

modellingñ
Ănominal pin diameterñ
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- Slotted female CC

- Problem: pin diameter

The error introduced by the TP pin will change the impedance

characteristics of the connected calibration standard

2.92 mm(f) Cal Standard2.92 mm(m) Test Port

ĂPin diameter variationsñ
- Ămodel parameter

not correctñ
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- Slotted female CC

- Problem: pin diameter

The error introduced by the TP pin will change the impedance

characteristics of the connected calibration standard

2.92 mm(f) Cal Standard2.92 mm(m) Test Port

ĂPin diameter variationsñ
- Ămodel parameter

not correctñ
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Manufacturing issues
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Manufacturing issues

Stamping marks, bone effects or bubbles on fingers (in and outside)
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Profile of two 2.4 mm precision air line male pins

Manufacturing issues
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Pin diameter effects in electrical quantities

CoMo70 modelling:

1.85 mm male pin 

diameter reduction

of 10 ɛm

1.85 mm nominal male pin Ø = 0.511 mm

Johannes Hoffmann, ETHZ, CoMo70 project  (Paper published at the EuMW 2007)
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Pin diameter effects in electrical quantities

CoMo70 modelling:

1.85 mm male pin 

diameter reduction

of 10 ɛm

Johannes Hoffmann, ETH
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Conclusions : ñStandard versus marketò

ÅModelling: a must for millimetre-wave coaxial connectors

ÅNMIs: need the detailed connector specifications

Å Impact of pin diameters in measurement comparisons?

ÅTraceable pin-diameter and slotted area measurements ï

a must for modelling

ÅOther critical effects not discussed (near field effects, é)

Å IEEE Std P287-2007: be careful with the specifications
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Thank you very much for your attention !

Federal Department of Justice and Police FDJP

Federal Office of Metrology METAS
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Automated Laser Scanner Measurement System

(->  For the outer diameter of the inner conductor)

Z-Mike 

Laser micrometer

Step motor

( rotation )

µP controlled

ñlinear slide blockò

( length position )

Airline

inner conductor

Measurement

zone

View into the measurement zone
Measurement of the diameter profile :
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Automated Laser Scanner Measurement System

(->  For the outer diameter of the inner conductor)


