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Introduction and Background

This paper is meant to briefly describe the experimental set-up that will be used to measure the ring-down
amplitude decay of excited substrates (with and without thin-film coating). It is meant to be used as a
working draft for reference. As progress continues, more specific numbers with dimensions will be included
in the equipment list below.

Equipment Required / Used

• HeNe Laser

– 1103P Uniphase

– 632.8 nm

– Product Number #NT64-103 (link)

• Linear Polarizer

– 633nm λ/4 waveplate

– 633nm λ/2 waveplate

• Vacuum Chamber (details needed)

– Roughing Pump

– Turbo Pump

• Photodiodes – PDA36A Thorlabs (pdf)

• Preamplifier – SR560

• Oscilloscope – TDS 3052B

• Polarizing Beamsplitter – 632.8 nm

– No other details known (part# specified on the actual PBS refers to a diagram of an old SURF
experiment that used it)

Items below are not obtained yet

• Substrate (w/ or w/o thin-film)

• Substrate Holder (depending on substrate size)

– 1”, most likely use a silk thread loop-type setup where loop is clamped to a stiff aluminum support

– 3”, we might want a silk thread loop-type setup, but something below to hold it?

• Electrostatic Drive Plate (HV DC, AC)

1

http://www.edmundoptics.com/products/displayproduct.cfm?productID=3053&dc&PageNum=1#products
http://www.thorlabs.us/Thorcat/13000/13053-S01.pdf


Experimental Set Up

This is meant to be supplemented with the diagram included (Figure 1).

In order to measure the loss angles of a substrate, we need to determine how it’s stressed and record the
ring-down amplitude after exciting it.

A coherent HeNe laser will be used to measure the level of amplitude decay in our substrate. This is
done by first passing it through a linear polarizer (in a direction x). It passes through our substrate to a
polarizing beamsplitter (PBS) which is aligned at an angle of 45◦ with respect to x. 50% of our light will
be reflected and 50% will be transmitted (with respect to x) - both of which are captured by photodiodes.
These photodiodes are connected to a differential amplifier. When the substrate is unstressed/unexcited,
the light source will pass through the sample unaffected, and the output at our differential amplifier will be
zeroed out (effectively a ”dark port”).

Our substrate will be excited by using an electrostatic drive which has a High DC Voltage to draw a net
charge and an AC Voltage to excite the substrate at a frequency close to the theoretical eigenfrequencies
determined by COMSOL simulations. When our sample is excited, we expect birefringence stress to rotate
the polarization of our beam slightly which leads to a non-zero output at the differential amplifier. Here, we’re
making the assumption that the conversion in polarization is linearly dependent on the magnitude of stress
induced in the substrate - it may introduce some elliptical polarization but we believe this is unimportant
for our purposes.
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Figure 1: Diagram of Experimental Set-up
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Noise Measurements - 1/27/2012

Theoretical

Photodetector - Thorlabs PDA36A

The photodetectors are model PDA36A from Thorlabs. Based on reported specifications:

Peak Wavelength (λp): 970nm
Peak Response: 0.65 A/W @ λp
Gain (High-Z): 1.51 x 103 V/A ± 2%
NEP (@ λp): 7.7 x 10−11 W/

√
Hz

So the reported noise is:(
0.65

A

W

)
×
(

1.51 ∗ 103
V

A

)
×

(
7.7 ∗ 10−11

W√
Hz

)
= 7.6 ∗ 10−8

V√
Hz

Note that the total noise seen from this is larger by a factor of
√

2 since we’re adding/subtracting the two
signals from each photodiode.

Preamplifier - SR560

The quoted low input noise level 4 ∗ 10−9 V√
Hz

is only achievable at higher gains so that the input signal is

amplified by the quiet initial stages above the noise of the noisier later stages. This results in excess noise
coming from the later stages.

Practical (what we measure)

We took the setup shown in Figure 1 and removed the vacuum chamber and everything inside it. The linear
polarizer was set up such that we had zero output (viewed on a TDS oscilloscope) from the preamplifier on
the (A-B) DC signal setting - this corresponds to equal signal intensity on both photodiodes.

There are three noise measurements proceeding below. The noise floor measurement is done by grounding
the input of the preamplifier (with no gain). The ”laser off” measurement is done by connecting as in the
modified diagram, but keeping the laser off while running a sweep. Finally, there is a measurement where
the laser is on and running.

Before adding in the theoretical, calculated noise of the individual components - we’d like to briefly discuss
the broad bump at 60kHz and to show that the laser adds negligible noise. First, the bump that we see is
due to the SR560’s excess noise from the later stages after adding in the gain (in our case, we have no gain).
This amounts to having an input noise that is lower than the SR560’s excess noise. This is fixed by adding
a gain of 10 on the input noise before passing it through the rest of the preamp.

Secondly, we note that the laser is fully functional which is observed by no extra noise added between having
the laser off and the laser on (see figure 3 for the comparison). Finally, all the noise (measured, photodetector,
preamplifier) is shown in Figure 4 for easy reference.
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(a) Grnd Input (b) Laser Off (c) Laser On

Figure 2: Noise Measurements

(a) Noise Measurements (b) Computed Residuals (SSR = 1.1 ∗ 10−12 V√
Hz

)

Figure 3: Comparison of Noise for the laser turned on and turned off

Figure 4: All Measured and Theoretical Noise

5


