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Final Report: GHz frequency optical pump-probe (GFOPP) metrology tool for
high sensitivity measurements of acoustic dissipation and elastic constants

David G. Cahill

Department of Materials Science and Engineering, and Materials Research Laboratory,
University of Illinois, Urbana, lllinois 61801, USA

Program officer: Chakrapani (Pani) Varanasi
Branch Chief, Materials Science Branch

Program Manager-Physical Properties of Materials,
U.S. Army Research Office

email :chakrapani.v.varanasi.civ@army.mil

The funding of $85,000 was used to purchase components for the construction of a GHz
frequency optical metrology tool designed for measuring the dissipations of acoustic resonances
in materials as a function of temperature. Due to covid restrictions on travel, the student that I
intended to work on this project only arrived on campus at the end of August 2021. I purchased
the equipment myself and assembled the components during the summer of 2021. The
equipment is operational although the software to operate the system has not yet been written
and the equipment is not fully debugged. We will start testing the system this fall using W/Si02
multilayers of the type conventionally used for acoustic Bragg reflectors and silicon nitride
membranes. Initial experiments at low frequencies (20 MHz) produce the expected magnitudes
of thermal signals for both thermoreflectance and probe-beam deflection.

The GFOPP instrument is located in room 458 of the Materials Research Laboratory (MRL) and
occupies one of the two optical tables in that room. The itemized list of expenditures is tabulated
below in order of largest to smallest expenditure. A photo of the apparatus taken in July 2021 is
included below the table of expenditures.

Amount Vendor Description

$ 20,606.00 Berkeley Nucleonics Corp | Two-channel 20 GHz rf source.

$ 8,919.04 Edmund Optics Inc DSP lock-in amplifier for detecting the
heterodyned signal. This includes a PID
controller.

$ §,848.18 Olympus America Inc Three microscope objectives

$ 8,128.72 Thorlabs Incorporated Optical fiber collimators

$ 7,270.00 1Xblue Inc Optical modulator

$ 6,770.00 Instec Incorporated Temperature controlled microscope stage

$ 6,550.00 iXblue Inc Optical modulator and components

$ 3,280.00 Q-Photonics LLC Laser diodes

$ 2,689.76 Thorlabs Incorporated Flip mounts used to automate the positioning
of mirrors and attenuators.

$ 2,554.00 Newport Corporation Gimbal mount for steering the pump probe
beam separation

$ 1,893.20 Thorlabs Incorporated Positioners needed to scan the x-y position of
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the sample.

$ 1,600.00 Sigatek Directional couplers and mixers
$ 1,335.08 Thorlabs Incorporated Positioners needed to scan the x-y position of
the sample.
$ 919.44 Edmund Optics Inc [llumination source, the light guide, and a
mounting adapter for the imaging system.
$ 869.00 Newport Corporation Xy positioner and rms-threaded objective
mount to position the microscope objective.
$ 638.68 Thorlabs Incorporated Optical patch cables to connect the optical
modulators to the fiber collimators.
$ 516.66 Edmund Optics Inc Camera and mounting adapter for imaging the
sample and optical beams.
$ 425.00 AVR Optics Short pass optical filter, 950 nm edge.
$ 393.00 Newport Corporation Micrometers for Xyz positioning stage.
$ 272.72 Thorlabs Incorporated Tube mounts for the fiber collimators.
$ 223.00 | Krytar Rf 201B power detector
$ 196.95 Thorlabs Incorporated Optical patch cable
$ 185.13 Thorlabs Incorporated Misc optical mounts
$ 105.00 SEKO Worldwide LLC shipping cost for optical modulators
$ 81.50 Thorlabs Incorporated Misc optical mounts
$ 66.49 Ted Pella Inc Small vacuum pump to operate a vacuum
chuck to mount samples for room temperature
measurements.
$ 40.72 United Parcel Service Inc shipping cost for rf source.
(UPS)
$ 28.36 DKC DIGI KEY CORP: optical fiber connector
optical fiber connector
$ 27.23 SEKO Worldwide LLC shipping cost for optical modulators
$ 16.78 United Parcel Service Inc | Shipping cost for directional coupler
(UPS)
$ 7.64 | United Parcel Service Inc Shipping cost for laser diodes
(UPS)
$ 5.70 | United Parcel Service Inc | Shipping cost gimbal mount
(UPS)
$ 4.00 | United Parcel Service Inc | shipping rf power detector
(UPS)
$ 3.87 | United Parcel Service Inc | Shipping cost for optical fiber connector
(UPS)
$ 3.76 | United Parcel Service Inc | shipping cost for short-pass filter

(UPS)

page 2




i

Photograph of the GHz frequency optical pump probe
apparatus installed on the optical table in room 458 of the
Materials Research Laboratory at the University of Illinois.
The sample mount is on the left side and two options for
detection (thermoreflectance and probe-beam deflection) are
on the right side.
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