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Fig. 1. Schematic diagram of the pressure device by
combining the DAC device with a piezoelectric actu-
ator: 1, DAC part; 2, screws for generated loading
force; 3, metal slider; 4, piezoelectric actuator (PZT);

5, wires of the PZT; 6, red copper cylinder.
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Fig. 2. Stroke of piezoelectric actuator as a function
of applied voltage at temperatures of 6, 80 and 300 K,
which correspond to the maximum stroke of 15, 26 and

40 um at a voltage of 120 V.
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Fig. 3. (a) Ruby R2 and R; fluorescence lines at 20 K; (b) ruby R; fluorescence line and DAC pressure as

a function of applied voltage at 20 K; (c¢) in situ tuning quantum dot wavelength and cavity mode at 20 K.
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Fig. 4. (a) Intensity ratio of ruby Rs and R; fluores-
cence lines as a function of temperature; (b) intensity
ratio of ruby R2 and R; fluorescence lines as a function

of pressure.
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Abstract

Traditionally, a diamond anvil cell (DAC) operated at low temperature can be pressurized by using a helium-driven
piston or remote control tightening mechanism. This approach of pressurizing DAC is not convenient for operating
at low temperature. Here we develop a low-temperature pressurizing technique for in situ tuning pressure in DAC at
20 K by an electrically driven method. The improved DAC pressure apparatus is composed of traditional DAC device
and a piezoelectric actuator (PZT). Here the PZT used in the experiment is the PSt 150/10 x 10/40 supplied by the
Piezomechanik. Both parts are assembled together in a red copper or stainless steel cylinder. The DAC part is thermally
contacted with a low temperature holder for cooling the chamber of the DAC in the experiment. The wires of the PZT
connect with the voltage source through the wiring terminals of the cryostat. As the DAC apparatus cools down, two
electrodes of the PZT are connected together when a voltage difference between the electrodes is generated. When the
temperature of the DAC chamber arrives at the presetting value, two electrodes of the PZT are connected with the
voltage source for applying voltage to the PZT. In this paper, we find that the PZT stroke shows a linear increase with
increasing voltage at 300 K, whereas it is approximately linear at 80 and 6 K. The maximum strokes are 40, 26 and 15 um
at 300, 80 and 6 K respectively when the applied voltage is 120 V. The experimental results show that the PZT-driven
DAC apparatus can continuously generate pressure from 0.49 to 4.41 GPa at low temperature and applied voltage of
0-290 V, where at zero voltage an initial pressure of 0.49 GPa is generated by using driven screws of the DAC device
at room temperature. The pressure in the DAC chamber is determined by the red shift of ruby florescence line. The
calibrated chamber temperature in DAC is determined as a function of pressure (PZT voltage) by using the intensity
ration (R2/R1) of ruby Rs and R; fluorescence lines. We find that the chamber temperature only slightly increases
with increasing pressure in a range of (19£1) K. The main difference between the present device and the other tuning
DAC apparatus is that the force on the DAC can be conveniently applied by using PZT voltage. This guarantees a
high pressure-tuned resolution in the experiment, e. g., we tune a single InAs quantum dot (QD) emission wavelength
to match the cavity mode. Such a tuning technique is found to have applications in realizing a compact tunable single
photon source or completing two-photon interference of Hong-Ou-Mandel experiments between the QD and nitrogen

vacancy center in diamond or atom, respectively.

Keywords: diamond anvil cell, piezoelectric actuator, pressure tuning, low temperature
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