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0 Federal Office of Metrology METAS

How to prove the claimed connector effects?

Port 1 Port 2
I Air Line i

I Test Port
Female Contact (Slotless)

(Slotless)

Test Port

A Up to now : connector effects have (mostly) been ignored
A CoMo70 : significant effects from small coaxial connectors
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U Federal Office of Metrology METAS

Topics
A How to verify VNA traceability?
A Change of paradigm: the out-dated dogmas

A The actual 2.4 mm connector experiments

Round table discussions

A Relevance to the S-parameter traceability work

A Impact on the NMI level and the industry
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U Federal Office of Metrology METAS

Traceability chain in metrology

: : It can be related to stated references through an unbroken

chain of comparisons all having stated uncertainties.

\ 4

Primary Current state-of-the-art in VNA metrology:
NMI
Standards
- Reproducibility y
) 4

Calibration Cal _

Laboratory Standards| |- ConsistenSl A
AAccredited | aboratories or NMI6s (with

AAccepted and documented methods
A Accepted uncertainty calculations (GUM)
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U Federal Office of Metrology METAS

Concepts to ensure S-parameter consistency

A Physical behaviour of passive standards

A All passive devices . fulfil passivity conditions

A e.g.: short and flush short . reflection coefficients not larger than 1

A e.g.: flush short ' no positive phase behaviour ©O1 80 deg’
A e.g.: air line : no ripple on transmission coefficients

A Over-determined calibration process

A More standards measured than needed to solve the error terms
A For all standards: compare modelling with measurement results

A Consistent results by using different cal methods

A e.g.: S11 and S22 measurements of low loss components

A Measurement comparisons?
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0 Federal Office of Metrology METAS

2.4 mm male fluh shrt standard
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0 Federal Office of Metrology METAS

2.4 mm female flush short standard
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U Federal Office of Metrology METAS

Out-dated connector dogmas

A Interconnects are designed to be almost perfect
A Connector effects are corrected during calibration
A Cal definitions include the connector effects

A Mind the gap

A Slotless connectors are always better
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U Federal Office of Metrology METAS

Out-dated connector dogmas

A Interconnects are designed to be almost perfect

A
A
A
A
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c Federal Office of Metrology METAS

Interconnects are designed for low reflection
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c Federal Office of Metrology METAS

Effects from interconnects can be ignored
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c Federal Office of Metrology METAS

Effects from interconnects can be ignored
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U Federal Office of Metrology METAS

Out-dated connector dogmas

A
A Connector effects are corrected during calibration
A
A
A
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U Federal Office of Metrology METAS

Out-dated connector dogmas

A Connector effects are corrected during calibration

- Effects from the calibration standard connector and
the DUT connector are the same: effect can be ignored.

- Connectors have always to be treated as a pair !
Result: Ignoring the reference plane definition.
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0 Federal Office of Metrology METAS

Out-dated connector dogmas

- Effects from the~ dard connector and
Same:. effect can beignored.
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0 Federal Office of Metrology METAS

2.4 mm (male) connector interface

111

pin-depth

JA

Outer conductor mating plane = electrical reference plane J
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c Federal Office of Metrology METAS

2.4 mm (femal e) connector 1Inte

z'AprotrusioL\ﬁ pin-d e pt h Arecessioni
not allowed!

Outer conductor mating plane = electrical reference plane
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0 Federal Office of Metrology METAS

Connectors have always to be treated as a pair

7, 2.4 mm(m) Test Port 2.4 mm(f) Cal Standard
7 N N

~ - connector
« effectsignored

T

Example: The standard definitions do not take into account
for any connector effects
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0 Federal Office of Metrology METAS

Connectors have always to be treated as a pair

g 2.4 mm(m) Test Port 2.4 mm(f) DUT \\

~ -connector

« effectsignored

DUT has the same effect!

I

Dogma: the same design is used for cal standards and DUTs
therefore the connector effects are calibrated out

APl

7/
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0 Federal Office of Metrology METAS

Connectors have always to be treated as a pair

7 (m) (f) Cal N
7, 2.4 mm(m) Test Port 2.4 mm(f) Cal Stangz*~ W\
% N \

“-\a
<o o~

effects ignored

i

DUT has the same effect!

7N

772
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0 Federal Office of Metrology METAS

Electrical reference plane Issue: If treated as a pair only

N

%

2.4 mm(m) Test Port 2.4 mm(f) Cal Standard
% N N

N

~ - connector
« effectsignored

___

o

The electrical reference plane is not correctly defined:
effects of female connector absorbed in the test port error box
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0 Federal Office of Metrology METAS

Defined: gives consistent results

Electrical reference plane

7, 2.4 mm(m) Test Port 2.4 mm(f) Cal Standard
7 N N\

~ - Slots accounted
4 - Pin-depth acc.

o

Only the error 1T ntroduced by th
Into the error box of the calibration model of the VNA
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U Federal Office of Metrology METAS

Out-dated connector dogmas

A
A
A Cal definitions include the connector effects
A
A
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U Federal Office of Metrology METAS

85054B Type-N Cal kit standard definition table

Table A-7 Standard Definitions for the 8510 Network Analyzer

System Z;,* =50.0 Q Calibration Kit Label: TYPE N B.2
Disk File Name: CK_NTYPB2 File Number: * FILE 1
N E
- = = = Frequency
Standard” | 7 X = % Offset in GHz!
b5 x x = X
= - ~ ag] v =
> % g . > |5
= = = = 7 S = -
& = = 2 o s < - I~
2 T A = L = & = S |3
Z | - = = N i = = N |- p= = 3
1 | Shorte | —0.1315| 606.21 | -68.405| 2.0206 27.990 | 50 |1.3651 O 999 Coa Short (m)f
2 Open® 104.13 | -1943.4 | 144.62 2.2258 22.905 | 50| 0.93 0 999 Co.!x Open [m}f
3 | ghort® | 0-7963 | 459.88 | —52.429| 1.5846 63.078 | 50 [1.1273 O 999 Copx | ghort Af
4 Open® 89.939 | 2536.8 | —264.99 13.4 57.993 | 50| 0.93 0 999 Codx Open ff)f
- N
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U Federal Office of Metrology METAS

85056A Cal kit standard definition table (male = female)

Table A-9 Standard Definitions for the PNA Series Network Analyzers

© METAS

System Zg" = 50.0

Calibration Kit Label: 2.4 mm Model 85056A

L o N
=3 = = f Frequency
Standard® | Z = 3 % Offset in GHz
s | |3 |3
S |¢T g |3 .
= R E & z
== == T T = . =4 = =
, 2 = 5 ¢ 2 |2 z z =
o = = = = = = = e =
sz | & 3 = 3 3 = = | S = = c /1 &
1 |ghortt 2.1636 | —146.35 | 4.0443 | -0.0363 22.548 | 50 | 3.554 0 999 C-oft Short
2 |Open® 20.722 | 165.78 | -3.5385 | 0.0710 20.837 | 50 | 3.23 0 999 Cok Open
3 |Load Fxd 0 50 | 3.554 0 999 Coax ‘W
4 [Delay/ 0 50 | 3.554 0 999 Coax |Thru
thru
5 |Load Sliding 0 50 | 3.554 | 3.999 999 Coax |Sliding
6 [Load F=xd 0 50 | 3.554 0 4.001 | Coax |Lowband
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o Federal Office of Metrology METAS

Sliding load (connector assumed to be perfect)

FRONT EDGE SLIDING  RING

Im Residual directivity
A
S, Of the load element
Actual Si14 Of load housing (beadless air line part)
directivity
>
Re
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O Federal Office of Metrology METAS

Out-dated connector dogmas

A
A
A

MIND THE GAP

A Mind the gap v
A e always better




- Typical connection
- Pin-depth on both sides

/ 2.4 mm(f) Test Port 2.4 mm(m) Component \

Electrical reference planeT




- No pin-gap
A nNomi nall T Pdepl connection (50 ohm)

/ 2.4 mm(f) Test Port %\ 2.4 mm(m) Component \

Electrical reference planeT



- TP with no pin-depth
Anomi nall T fq&l: minimise the pin-gap

/ 2.4 mm(f) Test Port %\ 2.4 mm(m) Component \

Electrical reference planeT



0 Federal Office of Metrology METAS

Old paradigm: keep pin-gaps as small as possible




0 Federal Office of Metrology METAS

1.85 mm connector: S11 with small female chamfer

0.06 . ' ' ' ' | |
—— PinGap=0.001mm
-------- PinGap=0.005mm
005 | ... pinGap:O_Olmm
s PinGap=0.02mm
004l —&— PinGap=0.05mm .
. PinGap=0.1mm
ﬂﬁ 0.03r |
0.02r |
0.01r |
CoMo70 outcomes: 0=
0 10 20 30 40 50 60 70 80

Johannes Hoffmann, ETHZ, CoMo70 project (Paper published) Frequency [GHZ]
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O Federal Office of Metrology METAS

Issue: near field effects

1.85 mm connector: S11 with big female chamfer

0.07

0.06

0.04

IS,

0.03

0.02

0.01

CoMo70 outcomes: R

Johannes Hoffmann, ETHZ, CoMo70 project (Paper published)
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o Federal Office of Metrology METAS

Typical near field effects when measuring beadless air lines

2.4 mm 85056A K08 beadless Airline 30 mm SNO00104

0.00

-0.10

-0.20

-0.30

-0.40

-0.50

VAW
Y
V

-0.80

S21 mag (dB)

'090 T T T T T T T T T
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Frequency (GHz)
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0 Federal Office of Metrology METAS

ONTROL THE GAP
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U Federal Office of Metrology METAS

New dogma in RF & MW metrology:

A Goals for the gap:
neither too small nor too large
but not as small as possible

A The pin-gap needs to have a certain size
to ensure reproducible S-parameters

A The smallest admissible pin-gap is
different for each connector design
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0 Federal Office of Metrology METAS

TP recession will avoid the potential near field effects

NN

2.4 mm(f) Test Port (TP)
BN

A

2.4 mm(m) Cal Standard

s

- Nominal connector
with no recession

The error introduced by the TPpin-dept h i s Aabso
In the error box of the calibration model of the VNA

N
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0 Federal Office of Metrology METAS

TP recession will avoid the potential near field effects

NN

2.4 mm(f) Test Port (TP)
BN

A

2.4 mm(m) Cal Standard

s

- Pin-depth effects
modeled

A Pin-depth tolerances on the Standard/DUT side will not
stimulate the unwanted and undefined near field effects

N
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U Federal Office of Metrology METAS

Out-dated connector dogmas

A
A

A Slotless connectors are always better
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0 Federal Office of Metrology METAS

- Slotted female CC
- Problem: pin diameter

N

N

7, 2.4 mm(m) Test Port 2.4 mm(f) Cal Standard
7 N

APin di ameter

e

The impedance characteristics of the connected calibration
standard is changed by the size of the TP pin diameter
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0 Federal Office of Metrology METAS

- Slotted female CC
- Problem: pin diameter

N

N

7, 2.4 mm(m) Test Port 2.4 mm(f) Cal Standard
7 N

_ | N - -Amodel par
API n di amet er varili atl ons
- no | onger

—

T

The impedance characteristics of the connected calibration
standard is changed by the size of the TP pin diameter
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0 Federal Office of Metrology METAS

- Slotless female CC
- Problem: pin diameter

7, 2.4 mm(m) Test Port 2.4 mm(f) Cal Standard
7 N N

i d

ANo nominal pin Asl otless desi

T

The slotless design is more robust against pin diameter
variations: female cal standard characteristic will not change

© METAS  Juerg Ruefenacht + Johannes Hoffmann 34t ANAMET meeting 21. October 2010 slide 42



o Federal Office of Metrology METAS

- Slotless female CC
- Problem: pin diameter

N

7 2.4 mm(m) Test Port ~ 7ZZ8 2.4 mm(f) Cal Standard \

4
PN

ANo nominal pin A-r (1l ess desi

E—

The slotless design is more robust against pin diameter
variations: female cal standard characteristic will not change
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U Federal Office of Metrology METAS

Slotted versus slotless female connector design

N

A \\
Faamnnnewy _ .
Spring forces inner
contact forward
Inserted male plug /
— / I S 5 WA e S BT P F R e D
[ i |
/ ‘ N =

- Y S,
\/ HP Microwave Connector Care (08510-90064)

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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O Federal Office of Metrology METAS

Slotted versus slotless connector interface (Type-N)

Blair Hall, MSL METAS

Slotted (2-, 4-, 6- or 8-slots) Slotless (precision)
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O Federal Office of Metrology METAS

Slotless female connector design examples: 3.5 mm

3.5 mm contact developed by Agilent WSMA contact developed by Anritsu
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0 Federal Office of Metrology METAS

2.4 mm (female) connector interface designs:

Blair Hall, MSL Blair Hall, MSL

Slotted (4-slots) Slotless (precision)
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