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The microwave metrology is relevant to the
telecommunication industry. Reliable characterization
of system components depends on measurement units.
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Introduction

transmission line

The microwave metrology is relevant to the
telecommunication industry. Reliable characterization
of system components depends on measurement units.
INMS-ES providesguided wavesmeasurements.



Transmission lines
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Network (S) Parameter



Forward-Re�ected Waves

� l

a b

z0

source load

E =
h
Aej (!t � �z ) + Bej (!t + �z

i
=

�
ae� j�z + bej�z �

a = b� l

An idealtermination (load) (� l = 0) results in
absenceof any standing wave (a = 0) over the
transmission line.



One-port device: load, termination

a

b � l

1-PORT

reference plane

� l =
a
b

� l is thecomplex re�ection coef�entexpressed in
[V/V]. Many representations are in use:( < , = ) or
(j j ,\ ).



Two-port: S-parameters, attenuator
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S12; S21: transmission, S11; S22: re�ection,



Three-port device: splitter, coupler

a1
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b2

a3 b3

� G

3-PORT

a1 = s11 b1 + s12 b2 + s13 b3

a2 = s21 b1 + s22 b2 + s23 b3

a3 = s31 b1 + s32 b2 + s33 b3

� G = s22 �
s21

s31
s32



Power Meter Calibration

(substitution method)



Power sensor calibration (substitution)

PDUT

PR2calibrated source power meter

PI 2
� DUT

K =
PDUT

PI 2
= �

h
1 � j � DUT j2

i

K : Calibration factorof DUT, [W/W]

� : Effective ef�ciencyof DUT, [W/W]

PDUT : Indicated power, [W]

PI 2 : Incident power, [W]



Power Transfer Standard

PDUT

PM

� G � DUT

power splitter:K 2 K; �

K = K 2
PDUT

PM
j1 � � G� DUT j2

� = K 2
PDUT

PM

j1 � � G� DUT j2
h
1 � j � DUT j2

i



Insertion of an adapter: �
�

1 2

K

PDUT

PM

� DUT� G

K = K 2
PDUT

PM
�

j(1 � � 11� G) (1 � � 22� DUT ) � � 12� 21� G� DUT j2

j� 21j
2

� 11; � 12; � 21; � 22 : S-parameters of the adapter,�



Power measurement system



POWERTUX calibration software



International Comparisons

for the

CIPM-Mutual

Recognition Agreement
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CCEM-S1:0.05 to 50 GHz(2.4 mm line)
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Key Comparisons
� Power

EUROMET-K8: 0.01 to 18 GHz(7 mm line)

CCEM-K10: 0.05 to 26 GHz(3.5 mm line)

CCEM-S1:0.05 to 50 GHz(2.4 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 GHz(N-type connector)



2.4 mm power sensor: 0 - 50 GHz



CCEM-S1 Comparison: 2GHz
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CCEM-S1 Comparison: 50GHz
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INMS vs average
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Atomic Power Standard



Atomic Power Standard

Cooling Laser

Photodetector Probe Laser

Transmission Line

Coils



Atomic Power Standard



Cooling laser system



Tuned Vacuum windows

� 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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Conclusion
� 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: 5% accuracy acheived
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