January 12, 2011.    Noise characterization of He3 STM.
TEST 1.  Noise measured with spectrum analyzer of RHK.

· Femto DLPCA-200 IV convertor
· DAQ card: PCI-MIO-16XE-10

· RIV convertor = 108 Ohm

· Low noise mode

· Sample is short and grounded at STM

· Temperature sensors OFF

1) Input of IV convertor is capped. Output of IV convertor directly connected to RHK

White Noise < 2 fA/sqrt(Hz),  “NULMEETING”
2) Same as 1) Now OPAMP connected to current input of RHK. IV convertor grounded at RHK.

Same noise spectrum.
3) Same as 1), now TIP connected to input IV convertor. NORMAL OPERATION.
White noise ~ 7 fA/sqrt(Hz), 50 Hz spike of 60 fA/sqrt(Hz), 150 Hz spike of 25 fA/sqrt(Hz),
180-200 Hz spikes up to 50 fA/sqrt(Hz). Height varies in time.
Scope connected to monitor (RHK), does not add noise: on scope 140 mV tt

4) Same as 2) Now OPAMP connected at current input of RHK. IV convertor grounded at RHK. 
White noise ~ 2 fA/sqrt(Hz), 50 Hz spike of 55 fA/sqrt(Hz), 150 Hz of 30 fA/sqrt(Hz),
180-200 Hz spikes up to 20 fA/sqrt(Hz). Height varies in time.

Scope connected to monitor (RHK), does not add noise: on scope 60 mV tt.
OPAMP STRONGLY REDUCES WHITE NOISE! ALSO, a 2 kHz low pass filter gives similar reduction. 
5) Same as 4), now temperature controllers are OFF.

White noise ~ 3 fA/sqrt(Hz), 50 Hz spike of 25 fA/sqrt(Hz), 150 Hz weg,

180-200 Hz spikes up to 25 fA/sqrt(Hz). Height varies in time.

6) Same as 3) Now IV convertor grounded at STM. Similar noise spectrum as 3)
Scope connected to monitor (RHK), does not add noise: on scope 60 mV tt

7) Now OPAMP connected to output IV convertor 

Sample is grounded at STM.
No difference in noise compared to 4)

Found Origin of 50 Hz Noise.

· Temperature sensors couple in, especially lower ITC controller.

Putting off decreases 50 Hz from 600 to 140 fA/sqrt(Hz) (no opamp)
20 fA/sqrt(Hz) (with OPAMP)

· Grounding Sample wire to STM gets rids of 50 Hz. Now 200 Hz spike still present, at 160 fA/sqrt(Hz)
· Grounding Sample wire to RHK gets rids of 50 Hz. Now 200 Hz spike still present, at 160 fA/sqrt(Hz)

NOISE LEVEL WHEN

· TIP is grounded at STM

· OPAMP is grounded at RHK

· Temperature sensors OFF and grounded at STM.
· 50 Hz: 17 fA/sqrt(Hz)

· 100 Hz: 15 fA/sqrt(Hz)

· 140 Hz: 10 fA/sqrt(Hz)

· 180 Hz: 12 fA/sqrt(Hz)

· White noise < 3 fA/sqrt(Hz)

Basically, all spikes are below 17 fA/sqrt(Hz)
TEST 2 
Test 2:

· Femto DLPCA-200 IV convertor
· DAQ card: PCI-MIO-16XE-10

· RIV convertor = 107 Ohm

· Low noise mode

1) IV convertor at STM, 5 meter cable to DAQ card. No current input (capped).

IV convertor is grounded at the STM.

Output of IV convertor has instrumentation amplifier just before DAQ to disconnect shield.

Measurement: rate of 1 kHz, 1 kSamples. 

Noise <1 mV (4 bits)

2) Same as 1), now without instrumentation amp.

Noise ~ 2 mV

3)  Same as 1), now with TIP connected to current input of STM.

Connected to SAMPLE gives same result.

Note: Piezo’s are grounded.

Noise < 7 mV  (which is <1 nA). 

4) Same as 3), now also connected to RHK.

Noise  < 7 mV

5) As 3), now only grounded at DAQ

Noise ~ 7 mV

6) Now connected to DAQ without instrumentation amplifier.

(grounded at STM & RHK)
Noise ~ 20 mV

7) Connected to DAQ and RHK without instrumentation amplifier. 

(grounded at STM & RHK)

Noise ~ 30 mV

8) Start measuring the monitor output of RHK. Directly connected to DAQ.

Current input of RHK is output of IV convertor

 (IV convertor is grounded at RHK box)

Noise ~ 12 mV

9) Same as 8), now operational amplifier connected to RHK and IV convertor grounded just before opamp.

OPAMP works well!

Noise ~ 7 mV.

10) Same as 9), now IV convertor grounded at STM.

Seems a bit improved: 

Noise ~ 6 mV. 

BEST OPTION!!!

