NRC-CNC

Microwave Metrology
Current Activities at INMS

Alain Michaud, David C. Paulusse
Richard F. Clark, Algirdas Jurkus

Electrical Standards,
Institute for National Measurement Standards
National Reserarch Council, Canada



Introduction
Relevance to the industry
Network parameters

Power meter calibration

CIPM-MRA international comparisons
Atomic power meter

Conclusion

N3C-CNC



Introduction




Introduction

The microwave metrology is relevant to the
telecommunication industry. Reliable characterizatio
of system components depends on measurement ur

N3C-CNC



Introduction

receive

transmite

The microwave metrology is relevant to the
telecommunication industry. Reliable characterizatio
of system components depends on measurement ur

N3C-CNC



Introduction

antenn
N

The microwave metrology is relevant to the
telecommunication industry. Reliable characterizatio
of system components depends on measurement ur

N3C-CNC



Introduction

transmission lin
O\

The microwave metrology is relevant to the
telecommunication industry. Reliable characterizatio
of system components depends on measurement ur

N3C-CNC



Introduction

propagatio \\i%g/

The microwave metrology is relevant to the
telecommunication industry. Reliable characterizatio
of system components depends on measurement ur

N3C-CNC



Introduction

transmission lin
O\
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INMS-ES providegyuided wavesneasurements.
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Transmission lines

GT-900: 14 mm (0-8 GHz) Coaxial
7 mm, N-type (0-18 GHz)

Waveguide

X (WR-90)
P (WR-62)
K (WR-42)

Frequency [GHZ]
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Network (S) Parameter




Forward-Re ected Waves

source load
S
0 Z

h i
E= At 2)4 Btttz = gelZ 4 pd?

a:b|

An idealtermination (load) (; = 0) results In
absenc®f any standing wavea(= 0) over the
transmission line.
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One-port device: load, termination

. ._——reference planla

b |
- 1-PORT
a
_a
= b

| IS thecomplex re ection coef entexpressed In
[V/V]. Many representations are in usé:.<, =) or

U1\ ).
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Two-port: S-parameters, attenuator
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S12: So1: transmissionSy1; Syo: re ection,
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Three-port device: splitter, coupler

Jas b
b, | TT B

| G

N I— 3-PORT i .

a1 = Spubp+ Sioby+ s13b3
A = Sorby+ Spolp+ Sy3bs
az = Sgpby+ Sz + S33b3
S21
G= Sp2 — S32
S31
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Power Meter Calibration

(substitution method)




Power sensor calibration (substitution’

calibrated source Pr2 | pOwer meter

@) 7] T: PouT

K = Pput
P2
K : Calibration factoiof DUT, [w/W]
. Effective ef ciencyof DUT, [w/w]
PouT . Indicated powerw]
P2 . Incident poweJ[w]
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Power Transfer Standard

power splitter

K:

-
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Insertion of an adapter:

PouT

DUT

J(1 11 6)(1 22 DUT) 12 21 G DUTj2
: .2
] 21

11, 12, 21, 22 . S-parameters of the adapter,
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Power measurement system




POWERTUX calibration software

N3C-C|

File

Power Calroration =2

Edit Help

Client name, Device Model, Serial Mumber

Measurement type

¢ Bonitor Temperature / Humidity
' Reference source Power
T Measurement (select one frequency)

mensar Class

Low Power Sensat

[fstrument model

® NES-IV (B
| Low Freq. Transfer Standard with Fluke (0.3 - 0.5 GHz) ' Hewlet-Packard 435
o Low Freg. Transfer standard on Agilent sweep Generator ' HEwIBEFaEkard 436
Medium Freg. Transfer standard on Agilent sweep Generator LR Eateait e 0
High Freq. Transfer standard on Agilent Sweep Generator R
' Bhode-schwarz RREY
F hand (WR-62) Transfer standard {12-18GHz) | Bhode-Schivartz NEVD
b band (WR-42) Transfer Standard (18-268GHz) Wandel-Golterman EPR-1
' R band (WR-28) Transfer Standard (£6.5-40GHz) ' Hewlet-Packard 3455
' @ band [WR-22) Transfer Standard (33-50GHz) SR
 Calarimeter [
YF standard on Fluke (100 kHz - 1.05 GHzZ) IFRiMarconiy 6360
Freq. [GHz EFamma Ang. [de Lze
Test GPIB Cables | [ q ..... [ ............ ] ................ ! | l 9 [dedl
16.000000 ;IZI.11E|EE -77Te i
Run the Calibration 18250000 |0.08077 -34.79 0
16.500000 |0.06043 -100.48 i
m Close !
] 16.750000 |0.05960 | -102 R4 i




International Comparisons

for the




Power
EUROMET-K8:0.01 to 18 GHZ7 mm line)
CCEM-K10: 0.05 to 26 GHZ3.5 mm line)
CCEM-S1:0.05 to 50 GHZ2.4 mm line)
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Power
EUROMET-K8:0.01 to 18 GHZ7 mm line)
CCEM-K10: 0.05 to 26 GHZ3.5 mm line)
CCEM-S1:0.05 to 50 GHZ2.4 mm line)

S-parameters:
CCEM-S1:1 to 50 GHz(2.4 mm line)
CCEM-K5b: 2 to 18 GHz(N-type connector)
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Power
EUROMET-K8:0.01 to 18 GHZ7 mm line)
CCEM-K10: 0.05 to 26 GHZ3.5 mm line)
CCEM-S1:0.05 to 50 GHZ2.4 mm line)

S-parameters:
CCEM-S1:1 to 50 GHz(2.4 mm line)
CCEM-K5b: 2 to 18 GHz(N-type connector)

Attenuation:
CCEM-K19: 60 MHz, 5 GHZz(N-type connector)
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2.4 mm power sensor: 0 - 50 GHz




CCEM-S1 Comparlson 2GHz

“ Tl
1+ - _
i b |

O | b b iy bb b b bb bb
: 1 bb

1+ METAS 1
1 NPL nvs |L T NMIA KRISS

2 -+ NIST VSL NIST CSIR  NMIJ NIST

Difference between participant measurement and
reference value at 2 GHz. Error bars indicate an
expanded (k=2) uncertainty.
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CCEM-S1 Comparison: 50GHz

6 + NPL  METAS NIST L[ NIST
NIST VSL INMS CSIR

Difference between participant measurement and
reference value at 50 GHz. Error bars indicate an
expanded (k=2) uncertainty.
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INMgp Vs average
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0 10 20 30 40

Difference between participant measurement and
average (INMS,NIST,NPL and METAS)(k=2).
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Atomic Power Standard




Atomic Power Standard

‘Cooling Lasel

\Transmission Linj

7
\ Photodetectg[
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IAtomic Power Standard




ICooIing laser system




Two thin quartz plates placed one quarter
wavelength apart constitute an anti-re ection
window.

The re ection from the second window cancel the
re ection from the rst one.

The device Is symetric and reversible.



Insertion Loss of Vacuum Chamber
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Rabi oscillations
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Linearity
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Calibration Services:
power
attenuation
S-paramters

Development:
calibration of 2.4 mm (0-50 GHz) sensors
six CPIM-MRA comparisons completed

Atomic power meter:
2002: rst demonstration
2004: B0 accuracy acheived
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