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Outline
� Waveguide calorimeter
� Typical measurements: Comparison
� Atomic power standard



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]



Thermistor Mount

A DC servo loop maintainsRth = Constant
This allows (some) RF! DC transfer

Pind =
V 2

th

�
�
rf:o� � V 2

th

�
�
rf:on

Rth



Waveguide Microcalorimeter

Thin wall section

heaterThTc

A secondservo loop maintainsTh � Tc = Constant
This allows to measure the effective ef�ciency.
However, the thin wall line has insertion loss, which
produces heating!



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



Three-port device: splitter, coupler

a1

b1

a2

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



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,�



Transmission lines
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International Comparisons: BIPM
(available online: www.bipm.org)

� 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

Two sensors were measured by the participants over
the frequency range: 50 MHz to 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

(INMS research project)



Atomic Power Standard: Goal
The goal of this project is to improve the accuracy of RF power
measurements by replacing the calorimeter with a new reference
usinglaser coolingof rubidium atoms.
When subjected to a resonant excitation, the populations ofthe
internal states undergo a Rabi �oping oscillation. TheRabi
frequencyis proportional to the amplitude of the �eld.
The atoms cross a rectangular waveguide and are measured at the
exit by a laser beam:
prepare atoms) atoms probe RF �eld) probe atoms



Laser Cooling
� The very low temperature alows a very low velocity,

limited only by gravity!

� The atoms fall thru the waveguide in about 15 ms. This
results in measurements that were not posible before.

� A power measurement now becomes a "frequency"
measurement.

� The technique used: Magneto Optical Trap (MOT) is very
simple.

� Laser diodes are cheap (wavelength = 780 nm):
� Three lasers for cooling (master, ampli�er, repumping)
� One laser for preparation (optical pumping)
� One Laser for probing



Atomic Power Standard

Cooling Laser

Photodetector Probe Laser

Transmission Line

Coils





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.
� Help/reference needed...



Insertion Loss of Vacuum Chamber
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Rabi oscillations
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Linearity
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Conclusion
� Power Measurements:

� Thermistor mount / calorimeter
� Example: calibration of 0-50 GHz meter

� Atomic power meter:
� Accuracy:' 5%. (can be improved!)
� Linearity: ' 0:05%
� Dynamic range:' 20 dB
� Fixed frequency
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