Proximity Detection Oscillator:
High-Precision, Contactless
Resistivity Measurements

Chuck Mielke
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Traditional TDO experimental setup in dc field

TD -BD3  Rp=50Q

Cb C‘L I

3.9nF 30 pF I

Low Temperature
current monitor

20002 10

0.05uF 100Q
, AW\

0.01pF




= To Bias + Ce=1pF TDO ;
/' \ Circuit * : TD -BD3  R;-500Q / Circuit;
;g \\ — ;
A
A

Optiimum Operatiod Point

—_—-V Curve \
= Derivative .

o
=
o
=
—
5
-
o
S
=

V(volt)

Bias dependence of the TDO couples electrical noise to frequency.
Extreme case of being kicked outside operating range by dB/dt.



Presenter
Presentation Notes
If you want to use TDO in pulsed field you have to be careful why… because of this we started looking for more robust oscillator and we find many of them but we find this chip fit our needs.





Pulsed Ma anet |

NHMFL Pulsed Magnet Field Profiles

Controlled Waveform Pulses
100 ms flat top
—— Optics pulse (Linear Ramp)
2000 ms flat top
Stepped fields (Specific Heat Experiments)

Capacitor Driven Magnet Profiles
—— 50 T Mid Pulse

60 T millisecond pulse magnet
— 65 T User Magnet
—— 100 tesla MS magnet




How big is dB/dt?

dB/dt (tesla/second)
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60T Long Pulse Magnet



How big is dB/dt?

20x10°

Magnetic Fueld (tesla)

dB/dt (tesla/second)

dB/dt (tesla/second)

1.530 1.532 1.534 1.536 1.538 1.540

Time

100 T Multi-Shot Magnet

1.542

1.544




How big is dB/dt?

400x10°

Magnetic Field (tesla)

dB/dt (tesla/second)

Single Turn Magnet

10usec













Reaching beyond 100 T

240 T shot

20 July, 2007

6 X 6 x 3 mm single turn coil
40 kV Charge

25MA

Still Frame from a 240 T shot at the NHMFL-PFF (Los Alamos)

The Best way to reach fields above 100 tesla and not destroy the sample



NHMFL - Los Alamos
High Speed Video (1000 fps, 175 T shot)
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~ 200 M] of energy
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You only get one chance!



The PDO Circuit

The PDO operation is insensitive
to voltages induced by pulsed
magnetic fields due to its wide
operating voltage range (5 to 35
volt) where TDO (~100mV).

He-3 Cryostat

Less sensitive to the
interference from the
pulsed field environment

‘No voltage tuning is required
(always Oscillating).

10.7 MHz Band 2.5 MHz Low Digitizing
Pass filter

Pass filter | | Oscilloscope

~ High stability frequency
- during the pulse. 13.3MHz 9.2MH;

Local Oscillator Local Oscillator

M. M. Altarawneh, C. H. Mielke and J. S. Brooks. Rev. Sci. Instrum., 80, June 2009
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Presentation Notes
TDO is used since 1975 in condense matter field as a rf probe. However it has some drawbacks associate it’s use.
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The PDO 1s used to perform rf measurements at very high magnetic
fields

2000 -

This data was
collected for a
High-temperature
superconducting
sample (HTS) in
the 60 T long pulse
magnet at LANL.
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Presentation Notes
TDO is used since 1975 in condense matter field as a rf probe. However it has some drawbacks associate it’s use.


USb2 Measured with the PDO and a

Magnetometer
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wteractions Between Electrons and
Magnetic Fields
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Presentation Notes
Can detect SC – Normal Metal transition. Use to map out Hc2, Magnetic breakdown and quantum interference… another story.  Extremely sensitive technique.


Not sensitive to weak interlayer p
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Very High Precision Measurements
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In Plane Skin Depth Measurement ]

Magnetic Field (T)

C. H. Mielke, N, Harrison and J. Singleton




Can Detect Magnetic Transitions...
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Summary

The TDO or PDO can be a very sensitive and robust
way to measure conductivity or magnetic signatures

The PDO(+) is cheaper, easier, and more robust than
the TDO (PDO is better for pulsed fields)

The TDO (+) has less phase noise than the PDO and
can be somewhat more sensitive

Thanks to Moaz Altarawneh!

See M. M. Altarawheh, C. H. Mielke, and J. S. Brooks,
RSI, 80, 066104 (2009)
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