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Cryogenic Optoelectronic Probe Station (COPS) System: Final Report

The DURIP funding was used for the acquisition of a cryogenic optoel ectronic probe
station (COPS). The system has been installed and fully functioning as expected. Various
combinations with other existing setups have been tried. Successful experimental results
using the COPS system have been obtai ned.

Basic Capability

Our cryogenic optoel ectronic probe station
(Lake Shore, model TTPX) is capable of
measurement in awide temperature range from
4.5K to 475K. Unlike most other COPS which
only have four probe arms, our COPS consists of
six probes arms. All of the probe arms are ultra-
stable, micromanipul ated, each providing precise
3-axis probe position control to land the probe
tip accurately on device features. Four of the
arms are equipped with electrical probes which
not only can be used for e ectrical injection but
also capable of doing a standard four-point

probe measurement to determine electrical Fig.1 TTPX cryogenic optoelectronic probe station
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Fig.2 Schematic setup of COPS in conjunction with other instrument for time-integrated and time-resolved optical
measurements with varying temperature capability and for two dimensional scanning

transport properties such as conductivity and I-V curve. All of the probes can be used for
low-noise, high-impedance electrical measurements. Additionally, the other two arms are



configured as fiber probes, which could be used for laser excitation and collection of
emitted light (e.g., PL or lasing). The Edmund 16X precision zoom lens system working
with a Mitutoyo objective allows a 2-pum spatial resolution while still maintain alarge
working distance. The OPTEM 70XL zoom system allows a NIR observation. Our COPS
isalso fully compatible with other existing lasers and detectors so that the overall
capability of our lab isnow greatly expanded. As an example, Fig.2 shows schematic of
integrating the COPS with other existing time-resolved or time-integrated

photol uminescence measurements to obtained time or spectral resolved two dimensional
scanning measurements. All these unique features make our COPS a powerful tool for a
variety of nanophotonics characterization. Such capability is very important for afew on-
going projects under DOD support.

Selected Examples of Research Using COPS
Example 1. sheet resistance measurement using four-point probe

We have fabricated some Indium doped ZnS thin film for an N type contact material. In
order to figure out the effective donor
concentration of this thin film contact material,
we need to know the sheet resistance. As shown
in Fig. 1, four electric probes are landed onto the
surface of the thin film at an equal distance of 5 \
mm. When 10 V is applied between probe 1 and - +
4, we get a current of 80.4 nA and a voltage of
62.4 mV across probe 2 and 3. Therefore we can
determine the sheet resistance by using EQ:

Y N \ 4
Rsnoet = %% This gives the sheet resistance LS i &t 4l
of 3.52 MQ/o and indicated that the effective
donor concentration is around 10*® cm™, 5 mm

Figure 3 Four-point probe configuration
for sheet resistance measurement.

Example 2: Electroluminescence and |-V curve measurement of nanolaser device
under low temperature

One of great advantages of COPS isthat it allows usto perform electrical injection
luminescence or lasing study of nanowires and nanopillars without complicated
fabrication processes. As an example, we use COPS to measure the I-V curve of
fabricated nanolaser devices before wire bonding. Due to the difficulty of doing wire
bonding and the possibility of causing damage to the nanolaser device, COPS provides us
aquick and safe fashion of testing the IV property of the devices. With the optical probe,
we can even collect the EL signal of the device. Fig. 4(a) shows a nanolaser device under



test. The deviceis forward biased under two electric probes. One optical probe on top of
the device collects the emission light and then coupled to a spectrometer. The entire
system is cooled down to 78 K. Fig. 2(b) shows the corresponding IV curve and emission
intensity at different injection current. A clear lasing behavior can be observed with a

lasing threshold around 400 pA.
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Figure 4 (a) A nanolaser device under test (DUT). (b) I-V curve and emission power
under different injection current.



