Journal of Visualized Experiments

Fabrication of Microscope Stage for Vertical Observation with Temperature Control

Function
--Manuscript Draft--

Article Type: Methods Article - JOVE Produced Video

Manuscript Number: JoOVE59799R2

Full Title: Fabrication of Microscope Stage for Vertical Observation with Temperature Control
Function

Keywords: Microscope, Microscope stage, Vertical observation, Temperature control, Diatom,

Floating Diatom, Rubber heater, Smartphones, Petri dish, Glass slide

Corresponding Author: Yuji Matsukawa
Tokyo University of Science
Tokyo, JAPAN

Corresponding Author's Institution: Tokyo University of Science
Corresponding Author E-Mail: 2214101@alumni.tus.ac.jp
Order of Authors: Yuji Matsukawa

Yuki Ide

Kazuo Umemura
Additional Information:

Question Response

Please indicate whether this article will be Standard Access (US$2,400)
Standard Access or Open Access.

Please indicate the city, state/province, Tokyo, Japan
and country where this article will be
filmed. Please do not use abbreviations.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



Manuscript Click here to access/download;Manuscript;59799_R2_RE.docx 2

1
1  TITLE:
2 Fabrication of Microscope Stage for Vertical Observation with Temperature Control Function
3
4  AUTHORS & AFFILIATIONS:
5  Yuji Matsukawa?, Yuki Ide!, Kazuo Umemura?
6
7  'Department of Physics, Graduate School of Science, Tokyo University of Science, Tokyo, Japan
8
9  Corresponding Author:
10  Yuji Matsukawa (2214101 @alumni.tus.ac.jp)
11
12 Email Addresses of Co-authors:
13  Yukilde (lettuceclub2018@gmail.com)
14  Kazuo Umemura (meicun2006@163.com)
15
16  KEYWORDS:
17  microscope, microscope stage, vertical observation, temperature control, diatom, floating
18 diatom, rubber heater, smartphones, Petri dish, glass slide
19
20 SUMMARY:
21  Presented here is a protocol using a temperature-controlled microscope stage that allows a
22 sample container to be mounted on a vertical microscope.
23
24  ABSTRACT:
25  Samples are usually placed onto a horizontal microscope stage for microscopic observation.
26  However, to observe the influence of gravity on a sample or study afloat behavior, it is necessary
27  to make the microscope stage vertical. To accomplish this, a sideways inverted microscope tilted
28 by 90° has been devised. To observe samples with this microscope, sample containers such as
29  Petridishes or glass slides must be secured to the stage vertically. A device that can secure
30 sample containers in place on a vertical microscope stage has been developed and is described
31 here. Attachment of this device to the stage allows observation of sample dynamics in the
32 vertical plane. The ability to regulate temperature using a silicone rubber heater also permits
33  observation of temperature-dependent sample behaviors. Furthermore, the temperature data
34 s transferred to an internet server. Temperature settings and log monitoring can be controlled
35 remotely from a PC or smartphone.

w
(@)


https://www.editorialmanager.com/jove/download.aspx?id=1031775&guid=1454118b-2c22-475c-b9a5-268c2783511d&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1031775&guid=1454118b-2c22-475c-b9a5-268c2783511d&scheme=1

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72

INTRODUCTION:

Optical microscopy is a technique employed to increase observable details via magnification of
a sample with lenses and visible light. In optical microscopy, light is directed onto a sample, then
transmitted, reflected, or fluorescent light is captured by magnifying lenses for observation.
Various types of microscope are available that differ in design to accommodate different uses
and observation methods. The different designs include an upright microscope, which is
structured to illuminate a sample from below for observation from above, and an inverted
microscope, which illuminates the sample from above for observation from below. Upright
microscopes are the most common and widely used design. Inverted microscopes are often
used to observe samples that cannot allow a lens close in distance from above, such as cultured
cells adherent to the bottom of a container. Many research groups have reported observations
in a wide range of fields using inverted microscopes!”’. Many additional devices have also been

developed that take advantage of the features of inverted microscopes®13.

Currently, in all conventional microscope designs, the microscope stage is horizontal and is
therefore unsuitable for the observation of samples producing movement in the vertical plane,
(due to gravity, buoyancy, motion, etc.). To make these observations possible, the microscope
stage and light path must be rotated to vertical. The vertical stage is required to vertically mount
glass slides or sample containers such as a Petri dishes to the stage. To address this, a sideways
inverted microscope tilted by 90° has been devised. However, attaching samples with tape or
other adhesives does not yield the necessary long-term immobility. Described here is a device
that can achieve the necessary stability. This device permits observation over time of sample
movement in the vertical plane. Mounting of a silicon rubber heater has also made it possible to
observe the influence of temperature variation on sample behavior. Temperature data is
transferred to an internet server by Wi-Fi, and temperature settings and log monitoring can be
controlled remotely from a PC or smartphone. To our knowledge, the stage attached to a

sideways tilted microscope tilted by 90° has not yet been reported in previous studies.

The microscope stage is composed of three aluminum plates. The middle aluminum plate is
mounted to the lower aluminum plate that attaches to the stage. The silicone rubber containing
the temperature sensor is attached between the middle and upper aluminum plates. Rubber
bands are used to affix the sample. Claws are attached in the left and right four points of the
upper aluminum plate to secure the rubber bands. The control circuit of the temperature
regulator receives a signal from the temperature sensor embedded in silicone rubber and
modulates electric power by the pulse width modulation (PWM) method. The temperature can

be gradually increased to 50 °Cin 1 °C increments. This device is useful for applications in which
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vertical sample motions may be temperature-dependent.

This report provides examples of temperature effects on the floating phenomenon of diatoms.
As examples of diatom observation studies, measurements of sedimentation velocity of cell
clusters, motion analyses, ultrafine structure studies, etc. have been reported!423. The specific
gravity of diatoms floating in water with photosynthetic organisms is slightly higher than that of
water, so they tend to sink; however, they will rise if even slight convection is occurring. To study
this phenomenon, a glass slide is affixed vertically to a microscope stage, and the effects of

increasing temperature on diatom vertical motion are observed.

PROTOCOL:

1 Design

1.1 Fabrication of aluminum plates

1.1.1 Cut a 101 mm hole in the center of an aluminum plate of dimensions 150 mm x 200 mm x
2 mm to be used as the forefront plate with a laser processing machine. Machine claws at eight
points to affix two rubber bands across the length, or two across the width of this plate (see

Supplemental Figure 1A and Supplemental Figure 2A).

1.1.2 Cut a 130 mm hole in the center of another 150 mm x 200 mm x 5 mm aluminum plate to
be used as the middle upper plate with a laser processing machine. Machine eight notches for
attaching rubber bands at two points across the length, or two across the width of this plate

(see Supplemental Figure 1B and Supplemental Figure 2B).
1.1.3 Cut a 130 mm hole in the center of a 150 mm x 200 mm x 4 mm aluminum plate to be
used as the middle lower plate with a laser processing machine (see Supplemental Figure 1C

and Supplemental Figure 2C).

1.1.4 Cut a 30 mm hole in the center of a 150 mm x 200 mm x 1.5 mm aluminum plate to be

used as the base plate (see Supplemental Figure 1D and Supplemental Figure 2D).

1.2 Fabrication of two aluminum pedestal
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1.2.1 Cut a 30 mm hole in the center of the aluminum plate (100 mm diameter, 3 mm thickness)
and make a notch from one side with the dimensions 42 mm wide x 30 mm deep (see

Supplemental Figure 3A).

1.2.2 Cut a 30 mm hole in the center of the plate in an aluminum plate (100 mm diameter, 4
mm thickness) and drill three 3 mm holes located 25 mm from the center, spaced 120° from

each other (see Supplemental Figure 3B).
1.3 Fabrication of three pressed cork disc

1.3.1 Cut a 20 mm hole in the center of the pressed cork disc (100 mm diameter, 2 mm
thickness) with a water jet cutting machine. Make one cut 42 mm across x 30 mm deep, then

one cut 4 mm wide x 5 mm deep (see Supplemental Figure 4A).

1.3.2 Cut a 20 mm hole in the center of the pressed cork disc of dimensions 100 mm diameter, 1
mm thickness with a water jet cutting machine. Make a cut 42 mm across x 30 mm deep, a cut 4

mm wide x 40 mm deep (see Supplemental Figure 4B).

1.3.3 Cut a pressed cork plate from a 100 mm diameter disc with a 42 mm width and 30 mm
depth. Two sheets of 1 mm thickness and one sheet of 2 mm thickness are required (see
Supplemental Figure 4C).

1.4 Fabrication of silicone rubber heater

1.4.1 Fabricate a heater using a 100 mm diameter disc of 2.5 mm thick silicon rubber with built-

in Nichrome wire and cut a 20 mm hole in the center of the disc (see Supplemental Figure 5).

1.5 Assemble parts described in steps 1.1-1.4 by stacking them as shown in Supplemental

Figure 6.

1.6 To construct a microscope stage, refer to Supplemental Figure 6, cross-section of the
microscope stage. Fix @ and @, then @ and @ with screws. Fix @ and @ with screws.

Fix @ and @, @ and @, @ and @, @ and @, and @ and with adhesive.

2 Hardware design outlines
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2.1 Prepare a “power supply and programming circuit” as shown in Supplemental Figure 7.
Supply 12 V DC to the heater controller from the J4 terminal connected to the AC adapter.
Decrease the voltage from 12 V DC to 3.3 V DC for the circuit power supply using a regulator
because the CPU supply voltage is 3.3 V DC.

NOTE: USB 1 is a terminal for 5 V DC and serial signal of development PC. Although 5V DC is not
essential, it is used as the power source to program the CPU. This is also converted to 3.3V DC
by the regulator. J1 is a control signal terminal at the time of programming. This circuit is housed

in the controller case shown in Supplemental Figure 8.

2.2 Prepare a “heater control circuit” as shown in Supplementary Figure 7. Switch to 12 V DC
with Q5 (P channel MOS FET) and supply it to the heater. Q5 is a switching element that controls
12 V DC with PWM to adjust the amount of power supplied to the heater.

NOTE: The circuit includes an LED to visually confirm that voltage is being supplied to the heater.
This drive signal (HEATER_C) is a PWM signal from the CPU. When an overheat signal is detected
by the protection circuit, the BREAKER signal switches to LOW, and the operation of the MOS-

FET stops. This circuit is housed in the controller case shown in Supplemental Figure 8.

2.3 Prepare a “connector circuit for heater unit” as shown in Supplementary Figure 7. Install a

USB connector for connection with the heater section.

NOTE: This circuit is housed in the controller case shown in Supplemental Figure 8.

2.4 Prepare a “connector circuit for temperature sensor” as shown in Supplemental Figure 7.

Mount the connector (Euroblock receptacle 2P) to connect the temperature sensor.

NOTE: This circuit is housed in the controller case shown in Supplemental Figure 8.

2.5 For a “A/D converter” as shown in Supplemental Figure 7, use ADS 1015 as an AD

conversion device.

NOTE: AD conversion device converts the values of the temperature sensor and overheat
detection sensor from voltage to digital values. This is a 12-bit multiplexer AD conversion device
and is connected to the CPU with the 12C interface. This circuit is housed in the controller case

shown in Supplemental Figure 8.
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2.6 Make a “protect circuit” as shown in Supplemental Figure 7 by connecting the overheat
detection sensor (OHS) signal to the inverting input of the OP amp. Compare this signal with the

voltage of the trimmer resistor connected to the noninverting input.

2.6.1 Ensure that when the voltage becomes lower than the voltage of the trimmer resistor, the
output of the OP amplifier goes HIGH, the connected NPN transistor Q2 turns ON and the
BREAKER signal goes LOW.

2.6.2 Ensure that at the same time, Q4 turns ON and the connected overheat indicator LED D6
lights up.

NOTE: This circuit is housed in the controller case shown in Supplemental Figure 8.

2.7 For a “display section” as shown in Supplemental Figure 7, use 192 x 64 dots for OLED.
Connect with the CPU via the 12C interface.

2.7.1 Reset the OLED by separating the GND of the OLED by the CPU signal 100 using an NPN
transistor Q1 connected to the GND of the OLED.

NOTE: This OLED displays various types of information. This circuit is housed in the controller

case shown in Supplemental Figure 8.

2.8 For a “LED & rotary encoder with push switch” in Supplemental Figure 7, mount a rotary

encoder by solder that functions as a push switch and incorporates two LEDs.

2.8.1 Connect one LED to VCC for use as a power LED. The other is connected to the CPU for use

as an indicator during heater operation.

2.8.2 Use a push switch contact for heater START/STOP that is connected to CPU. Connect the A
and B outputs of the rotary encoder to the 10 input set in the CPU interrupt.

NOTE: This circuit is housed in the controller case shown in Supplemental Figure 8.

2.9 For the CPU in Supplemental Figure 7, use the CPU of WROOM - 02D.
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2.9.1 Output from 1012, 1013 to the “display unit” because the interface of the display is 12C
standard. Connect 100 to "display unit" and reset the OLED.

2.9.2 Connect 1015 to "heater control unit" and control the power supplied to the heater by
PWM output.

2.9.3 Connect 102 to "LED & rotary encoder with push switch" and light the START LED. Connect
104 and 1014 to "LED & rotary encoder with push switch" and receive the signals (REA and REB)
from the rotary encoder to determine the set temperature. Connect 105 to "LED & rotary

encoder with push switch" and start/stop the heater.

3 Software design outline

3.1 Use Arduino CORE for WROOM - 02D for the CPU as the controller for this system.

NOTE: As input devices, the start/stop switch, rotary encoder, temperature sensor (thermistor)
are used. As output devices, an LED, character display (OLED), and heater are used. The

communication device uses Wi-Fi.

3.2 Outline of the operation

3.2.1 Detect the operation of the rotary encoder as shown in the LED & rotary encoder with the
push switch in Supplemental Figure 7, store it as the set temperature, and display it on the
OLED. Set the input terminal of the CPU to which the phase terminals REA and REB are
connected as an interrupt input terminal and process the rotation (forward and reverse) of the
rotary encoder by interrupt. Set it to +1 for forward rotation and -1 for reverse rotation. Write
the set temperature to the global variable and use it for the heater temperature control. At the

same time, update the set temperature display of the OLED.

3.2.2 Identify start and stop by CPU 10 5 by start/stop switch (SW-S) as shown in the CPU of
Supplemental Figure 7. The state of the start/stop switch is a timer interrupt process every 50
ms.

NOTE: Since the switch is a momentary switch, it reverses the state of start/stop when it is

pushed and released. This state is stored in the global variable.
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3.2.3 Use a thermistor for the temperature sensor. Read the measured values from the sample
sensor (refer to “connector circuit for heater connection” in Supplemental Figure 7) into the
CPU after A/D converter (refer to “A/D converter” in Supplemental Figure 7). Supply the current
to the heater by turning on the 1015 port in the “CPU” of Supplemental Figure 7.

NOTE: There are two types of temperature sensors. One is used to measure the temperature of
the sample and control the heater on the set temperature, and the other is attached to a heater
and used for heat prevention. Connect the thermistor to 3.3 V via a resistor and record the

change in resistance as a change in voltage. Remove a noise by the moving average method.

3.2.4 Use a thermistor for temperature prevention temperature sensor. Overheat detection is
performed using a thermistor (R2) (“connector circuit for heater connection” in Supplemental
Figure 7), and when the set value is exceeded, the heater current is shut off (“protect circuit” in

Supplemental Figure 7).

NOTE: This sensor is incorporated into a circuit and not through the CPU. This sensor is
independent from the CPU and compared with the resistance value set by the resistor trimmer
by a differential amplifier in an analog manner. When it detects that the temperature has
exceeded the set value, it intervenes in the FET switch, which controls the current to the heater
and forcibly stops the current supply. The purpose is to prevent the temperature of the heater

from exceeding a certain level even in a situation where the CPU does not work properly.

3.2.5 Turn on the LED in the “LED & rotary encoder with push switch” of the Supplemental
Figure 7 by the CPU (in the “CPU” of Supplemental Figure 7), when the equipment is in

operation.

3.2.6 Display the set temperature and measured value to OLED in the "display section" of the

Supplemental Figure 7 by the CPU (in the "CPU "of Supplemental Figure 7).

3.2.7 Drive the FET switch in the "heater control circuit" of Supplemental Figure 7 with PWM
from CPU to control the heater.

3.2.8 Control the heater by PID, based on measured temperatures acquired by the temperature

sensor. Use Arduino's pid_v1.h library for PID processing.
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NOTE: The CPU calibrates the time, communicates with the server, transmits data, and receives
instructions from the server. When the sensor temperature exceeds the set temperature, the

current to the heater is set to 0, and overshoot is suppressed.

3.2.9 Use the built-in Wi-Fi connection function of the CPU and connect to the Internet.

Transmit set the temperature, heater temperature, etc. to the designated server by Wi-Fi.

4 System configuration

4.1 Build the system according to Supplemental Figure 9.

4.2 Use a thermistor as a sensor for temperature measurement. Connect the thermistor wire to
the "SENSOR" terminal on the controller case. Receive the temperature signal measured by the

thermistor.

4.3 Connect a microscope stage incorporating the rubber heater and the "HEATER" of the

controller case with a dedicated cable. Control the current to the rubber heater.

4.4 Change the set temperature with the knob on the controller.

NOTE: Temperature log monitoring, temperature setting can be operated remotely from a PC or

smartphone.

4.5 Equip a Wi-Fi with the controller.

4.6 Transfer the measured temperature, set temperature, and time information at
measurement from the controller to the server via the internet. The data measurement cycle

time is 5 s and cycle time for data transfer to the server is 1 min.

4.7 Access the server from the controller side at regular intervals and transfer the measurement

data stored in the CPU of the controller to the server for analysis and graphing.

4.8 Refer to the supplementary material for how to operate the server.

5 Design of the sideways inverted microscope
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5.1 Fix two aluminum plates of 15 mm in thickness vertically with screws to create a basic

mount.

5.2 Attach a jig (one place) to the horizontal part of the base mount.

5.3 Place the microscope stage part vertically, attach the jigs (two places) to the vertical part of

the base stand and fix the bottom of the microscope to the base stand.

5.4 Fix the microscope stage with screws.

6 Method of operation

NOTE: Here, the sample used is a mixture of Bold Modified Basal Freshwater Nutrient Solution
liquid culture medium, sodium metasilicate, vitamins, and sterile water. 800 UL of this sample is
diluted in 10 mL of fresh water medium.

6.1 Observation method

6.1.1 Inject 1000 pL of the prepared sample into a self-made glass chamber.

NOTE: The self-made glass chamber arranges two slide glasses in parallel and fixes them with an
adhesive. A normal Petri dish has a large thickness and cells escape in the depth direction in the
chamber, making it difficult to observe with a microscope. To prevent this, the chamber with a
small depth direction is made, which makes it possible to prevent the cells from escaping in the
depth direction in the chamber. A low temperature curable epoxy resin adhesive is used to bond

around the glass to prevent the sample dropping from the chamber.

6.1.2. Attach a separately prepared video camera to the microscope. Connect a video camera

using the microscope's dedicated lens adapter and shoot the sample.

6.1.3. Use a microscope with a 10x eyepiece and 200x objective.

6.1.4. Attach the vertical microscope stage to a microscope in four locations with 4 mm

SCrews.

NOTE: Refer to Supplemental Figure 1A and Supplemental Figure 2A for design drawings of
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359  aluminum plates. In this experiment, an inverted microscope was used. This was tilted by 90°,
360 and the fabricated microscope stage was affixed with screws. Refer to Figure 1.

361

362 6.1.5. Place a sample on a microscope stage perpendicular to the ground surface. Secure the
363  sample with two rubber bands using the four claws made lengthwise.

364

365 6.1.6. Setthe temperature to 40 °C with the controller shown in Supplemental Figure 8. Turn
366 the controller knob to set the temperature. Check the set temperature on the display. Press the
367  knob to start temperature control, and the blue LED will light up. Press the knob again to turn
368  off the LED and stop temperature control.

369

370 NOTE: The measured temperature is displayed in real-time, and the heater is controlled to reach
371  the set temperature. When the temperature control starts, the blue LED lights up and remains
372  so while the heater is in operation. When the heater overheats, the red LED lights, and the
373  heater automatically stops.

374

375 6.1.7. Referto "The Server Operation Manual" in the supplementary information for server
376  operation.

377

378 NOTE: A server for data storage is required. The server's database uses My-SQL.

379

380 7 Measurement of surface temperature distribution of rubber heater

381

382 7.1 Measure the distribution of the rubber heater surface temperature by thermography to
383  check the temperature uniformity.

384

385 7.2 Attach the microscope stage which incorporated a rubber heater with a stand.

386

387 7.3 Change the setting temperature of the rubber heater surface to 35 °C, 45 °C, 55 °C, and
388 65 °C, and measure by the thermography from the front (refer to Supplemental Figure 10).
389

390 8 Temperature response test

391

392 8.1 Start temperature control by setting the sample set temperature to 30 °C. Wait until the

393 measurement value reaches 30 °C and stabilizes. Increase the preset temperature stepwise by
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5 °C from 30 °C to 50 °C and wait until the measured value stabilizes following the respective

preset temperature.

8.2 Decrease the preset temperature stepwise by 5 °C from 50 °C to 30 °C and detect the

tracking ability of the measured value.

REPRESENTATIVE RESULTS:

Figure 2 shows the temperature distribution of the rubber heater. The surface temperature of
the rubber heater was uniform at each temperature. Figure 3 shows the responsiveness of the
measured temperature to set temperature changes. The orange line shows the set temperature
and blue line shows the change of the sample temperature. The overshoot of the measured

value to the setting change is small and the tracking is quick.

Diatom cells were observed to provide a specific example of the use of this device. The
trajectory analysis of moving diatom cells is a useful approach to evaluating the motility of
diatom cells. However, although a normal inverted microscope observes the sample
horizontally, it is not suitable for observation of the influence of gravity or floating movement in

the vertical direction.

In this experiment, the microscope stage with temperature controller was attached to an
inverted microscope which had been rotated 90°. Temperature-dependent vertical motion of
diatoms was successfully recorded. With this method, the locus of vertical motion of diatoms
was detected as shown in Figure 4. As a result of observing with 100 individuals of diatoms, the
average speed was 7.01 um/s at room temperature and 470.1 um/s at 40 °C. The effects of
thermal convection on the vertical floating phenomenon of diatom cells were visualized by

direct observation.

FIGURE & TABLE LEGENDS:

Figure 1: Photograph of the device fixed to the microscope stage. Appearance of the device

fixed to the microscope stage. The device is fixed to the microscope stage with four screws.

Figure 2: Temperature distribution of rubber heater. The distribution of rubber heater as
measured by thermography. The heater temperature was changed stepwise from ambient

temperature to 35 °C, 45 °C, 55 °C, and 65 °C. The temperature was uniformly distributed across
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the heater at each temperature.

Figure 3: Responsiveness of temperature signal. This shows the response when the set
temperature is raised from 30 °C to 50 °C and lowered from 50 °C to 30 °C. The set temperature
was changed in increments of 5 °C. In the stable state, the measured temperature is within
1.5 °C of the set value.

Figure 4: The locus of diatom movement. The vertical trajectories of diatom motion due to
temperature changes have been plotted. The blue lines show trajectories of diatom cells at
25 °Cfor 27.06 s and at 40 °C for 0.2 s.

Supplemental Figure 1: Design drawing of aluminum plates (with dimensions). (A) The plate is
2 mm thick x 150 mm wide x 200 mm long, with a centered 101 mm diameter hole to allow
insertion of the rubber heater. Each plate edge has two machined claws to which rubber bands
may be attached to secure samples onto the stage. To attach this vertical stage to a microscope
with 4 mm screws, 4.2 mm screw holes are drilled at four locations symmetrically surrounding
the central hole. (B) The plate is 5 mm thick x 150 mm wide x 200 mm long, with a centered 130
mm diameter hole. Machine notch locations to match claw locations on forefront plate to
permit attachment of sample-securing rubber bands across the stage. For attachment of the
stage to a microscope, four 4.2 mm screw holes are drilled in matching locations to those in the
forefront plate. (C) The plate is 4 mm thick x 150 mm wide x 200 mm long, with a centered 130
mm diameter hole. A 30 mm span is cut out of the center of the right 200 mm face of the plate,
to the depth of the central hole. This purpose of the cut-out is to allow attachment of the
heater connector on the right side. In the same positions as in the forefront plate, four 4.2 mm
screw holes are drilled for attachment of the stage to a microscope. (D) The plate is 1.5 mm
thick x 150 mm wide x 200 mm long, with a centered 30 mm diameter hole. In the same
positions as in the forefront plate, four 4.2 mm screw holes are drilled for attachment of the

stage to a microscope.

Supplemental Figure 2: Design drawing of aluminum plates (without dimensions).

Supplemental Figure 3: Design drawing of aluminum pedestals. (A) To be installed on the
upper side: diameter is 100 mm, thickness is 3 mm. A 30 mm diameter hole is drilled in the
center and a cutout of 42 mm width x 30 mm depth is made on one side. (B) To be installed on
the lower side: diameter is 100 mm, thickness is 4 mm. A 30 mm diameter hole is drilled in the

center, and three 3 mm holes have been placed at 120° to each other at a distance of 25 mm
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from the center.

Supplemental Figure 4: Design drawing of pressed cork discs. (A) To be installed on the upper
side between the silicon rubber heater and the upper aluminum pedestal: diameter is 100 mm,
thickness is 2 mm. A 20 mm diameter hole is drilled in the center, and two cuts (42 mm wide x
30 mm deep, 4 mm wide x 40 mm) are made at right angles to each other in sides of the disc.
(B) To be installed on the lower side between the silicon rubber heater and the lower aluminum
pedestal: diameter is 100 mm, thickness is 1 mm. A 20 mm diameter hole is drilled in the center.
(C) This support is 42 mm wide x 30 mm deep, and cut from the circumference of a 100 mm

diameter disc.

Supplemental Figure 5: Specification of silicone rubber heater. The diameter is 100 mm and
the thickness is 2.5 mm. A 20 mm diameter hole is drilled in the center. The power supply is 12
V, with 18 W load capacity. The heater consists of Nichrome wire, with a lead wire connected to

the electrode.

Supplemental Figure 6: Cross-section of the microscope stage. This is a sectional view of the
microscope stage. The aluminum pedestal is attached to the backside aluminum plate and the
rubber heater is installed on the outermost surface. The pressed cork is installed for insulation

between the rubber heater and aluminum pedestal.

Supplemental Figure 7: Details of the circuit diagram. This indicates the circuit built in the

controller. The circuit diagram is divided into nine parts according to individual functions.

Supplemental Figure 8: Design drawing of plastic controller case. Dimensions are 143.9 mm
length x 85.3 mm depth x 25 mm width. The temperature setting knob, operating/overheating
lamp, and indicator are located on the plastic controller case. The temperature can be set while
watching the indicator by turning the set knob. Pushing this knob starts the temperature
controller. The measured temperature is displayed in real-time, and the heater is controlled so
that it reaches and holds the set temperature. When the temperature controller is turned on,
the blue LED lights up and remains lighted while the heater is in operation. When the heater
overheats, the red LED comes on and the heater automatically stops. Pressing the temperature

controller knob again will stop it.

Supplemental Figure 9: System configuration. The microscope stage with an incorporated

controller is connected to rubber heater with a dedicated cable. Measured sample temperature
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signals are received, and current to the rubber heater is transmitted by the controller.
Measured signals from the controller are wirelessly sent to the server via the Internet router.
The server compiles measurement data for analysis and graphing. Temperature log monitoring

and temperature settings can be controlled remotely via a PC or smartphone.

Supplemental Figure 10: Temperature distribution measurement by thermography.

DISCUSSION:

Trajectory analysis of moving diatom cells is a useful approach to evaluating diatom motility.
However, while a normal inverted microscope observes samples horizontally, it is not suitable
for observations of the influence of gravity or floating movement in the vertical direction.
Developed and described here is a vertical microscope stage with temperature control and
attached to an inverted microscope, which has been rotated by 90°. This microscope stage with
temperature control allows observation of temperature-dependent vertical motion of diatom

cells.

A critical step within the protocol is the controller circuit design. A breaker circuit was
implemented to ensure safety. When the sensor is disconnected from the sample or the
microcontroller does not operate properly, the current to the heater is cut off by a circuit

different from the microcontroller.

Since the control system adopted the PID system to control the current of the heater, a
technique for finding the optimum parameter of the PID is required. Compared with the existing
method, remote operation and monitoring are possible by Wi-Fi function, data collection on a
server, and the temperature setting function. As the structure of the stage part attached to the

microscope is complicated, simplification of this structure warrants a future study.

This equipment uses a heater to raise the temperature, but cooling is unpowered; therefore,
the set temperature cannot be below room temperature. Cooling samples to temperatures
lower than room temperature will require a complicated cooling device, which is under

consideration for future work.
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1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
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to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
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royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
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6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
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ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author's name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.
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assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Response to Editorial comments

We are greatly appreciated for your thoughtful and supportive comments. We have
revised our manuscript in response to your suggestions and hope that this improved
manuscript is acceptable for publication.

We corrected the manuscript according to the instructions of the editor.

2. The manuscript was corrected according to the editor's specific comment described
in the manuscript.

3. The representation of the protocol section has been made imperative tense.

4. We removed some of the subheadings and combined few shorter steps in the
protocol section.

5. In the protocol section, we have described as specific as possible how the steps are
performed.
We removed personal pronouns from the Protocols section.
The theme of this research is the fabrication of a microscope stage with
temperature control. This is a device attached to a microscope tilted by 90 degrees
to observe the vertical behavior of the sample. The experiment using diatoms is an
application example of the microscope stage to the last. Therefore, it is difficult to
deeply discuss the experimental results. However, using this device, we were able
to directly observe and visualize the effect of thermal convection on the vertical
floating phenomenon of diatom cells. This is described in REPRESENTATIVE
RESULTS.
We described the details of the glass slide in 5.2.1 in the manuscript.
We have submitted to "journal Microscopy and Microanalysis". It is currently under
review but the acceptance date is unclear. Therefore, we deleted the journal name.

10. Figures from the previous publication are not used.

11. All figures are uploaded in illustrator format.

12. The materials table is sorted in alphabetical order.
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[Reviewer #1]

Major Concerns

We observe using a self-made slide glass, and a petri dish on the market. The

self-made slide glass is attached two slide glass with a width and is reinforced with an

adhesive around it to make it a leakproof structure. This self-made slide glass will post

a thesis in the near future. When we observe samples using a commercially available

petri dish, close around the petri dish with a special plumbing tape.

A

Initially, we used an acrylic board as a preliminary experiment to make a simpler
structure. However, to raise the sample temperature to 50 ° C, it needed to raise
the temperature of the rubber heater to around 70 ° C. At this time, a situation
occurred that the acrylic board was slightly deformed by the temperature.
Therefore, we changed the material to aluminum. Although heat resistance has
been improved by using aluminum as the material, aluminum has the problem of
large heat dissipation and a difficulty in raising the temperature. Therefore, we
considered the use of insulation and used cork with good processability as
insulation.

As you pointed out, we think it is possible to simply attach a rubber heater to the
surface of the aluminum plate. We think that it will be the structure which prepares
two aluminum boards in order to store a rubber heater and store a rubber heater in
the upper board. In this case, since there is no room for storing the heater wires
and sensor wires, it is fixed to the aluminum surface with tape. We thought that this
was not good in appearance and also in safety. Given the effect of aluminum heat
dissipation on the microscope, it cannot be directly attached to the microscope
stage. Therefor we attached the insulation. Furthermore, in order to secure a space
for mounting the heater and sensor board, the aluminum plate was divided into
multiple sheets. We made the current structure to meet these conditions. As you
point out, we think that simplification is necessary, and we will consider it as a
future issue.

Since Figures 1-1 to 1-4 have been changed in number to Figure S1 A to D, the
explanation will be given with new numbers. The four holes (4-M3 countersink) on
the plates in Figure S1 A and B are for screwing Figure S1 A and B. Figure S1 A and B
are screwed from the surface of A. Figure S1 C and D are screwed from the back of
D. The method of assembly has been added to 1.11. The design drawings contain

information on production. In order to make it easy to understand, we added a



drawing without lines to the supplementary information S2 and added it to the
protocol.

As you point out, the observation is mainly on a slide glass or petri dish made
vertical, but the temperature distribution of the rubber heater is relatively uniform,
so it is possible to observe samples within the diameter of the rubber heater.

Similar products are available on the market. However, the products on the
market do not have Wi-fy function, Log management on server, or temperature
setting function. In addition, we made a dedicated controller because we could add
our own improvement in the future. The temperature range of this device is 80 ° C
as a design value, but as you point out, it is considered unnecessary for biological
systems. In our laboratory, the temperature used for floating observation of
diatoms is up to 40 ° C. Therefore, we changed the temperature range to 50 ° C.
Along with this, the description of Introduction has changed.

As you pointed out, we think it is possible to control temperature using a single
aluminum plate. However, as mentioned in Answer A, it is difficult with one plate
because it is necessary to storage the heater electrode and fix the heater and
sensor wires. There is also a way to fix them with tape, but there is also the risk of
inducing trouble. If we don't consider the appearance, there will be an inexpensive
way. However, this will be an issue for the future.



[Reviewer #2]

Major Concerns

1.

Basically, it is not a dissertation on diatom observation, so it will not be described
in detail, but the method of preparation of diatoms, the observation method, and
the conditions of the microscope are added to 5.1.1, 5.1.2 and 5.1.3 respectively.
The result of measurement data has been added to REPRESENTATIVE RESULTS.
Details of these experiments will post a thesis in the near future.

As it is not a paper of the sideways inverted microscope, it will not be described in
detail, but an outline has been added in protocol 6 “Design of the sideways
inverted microscope”. The 90-degree tilted inverted microscope is being posted in
the journal "Microscopy & Microanalysis" with the title "Design of sideways

inverted microscope stand to observe mobility of diatom cells".

Minor Concerns

1.

We thank you for your advice. However, this paper relates to the hardware of the
microscope stage with temperature control function. In the future, we would like to

conduct experiments as pointed out using this device and submit a paper.

"Responce" in Figure 10 has been modified to "Response" in Figure 2 with the new
number.
Figure 11 was a mistake in Figure 10, but it was changed to Figure 2.
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1 [Supplementary information]
2 The server operation manual
3 1. Signup
4 1.1 User Registration
5 1.1.1 Display the server login screen at the login URL.
Login sign up
Microscope stage with temperature control
Please Loginto the account or sign up
6 ~ Back to top page
7  1.1.2 Click [sign up] button. Enter necessary items according to the message.
Sign up
Please enter the registration e-mail address, registerad name, password and click the [Register] button.
Since the confirmation mail will be sent to the registration mail address, please click the link of the mail
body. Please note that this link has an expiration date (24 hours). Registration is not completed until you
click the link.
registered name |Umemura Laboratory
registration e-mail address |22141[]1@alumni.tus.ac.jp
Password Fest123 J
8 -~ Back to top page
Sign up
You are temporarily registered.
Since the confirmation mail will be sent to the registration mail address, please click the link of the mail
body.
Please note that this link has an expiration date (24 hours).
Registration is not completed until you click the link.
9 «~ Back to top page

10 1.2 Terminal Registration
11 1.2.1 Display the server login screen at the login URL.

L]
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12
13

14
15

16
17

Login sign up

Microscope stage with temperature control

Please Loginto the account or sign up

=~ Back to top page

1.2.2 Click [Login] button. Enter e-mail address and password.

E-mail address

[2214101@alumni.tus.ac jp

Password

If you have forgotten your password, click here.

1.2.3 Click the [Login] button to display the next screen.

Umemura Laberatory

TOP Add terminal

Home

[Umemura Laboratory]

Microscope stage with temperature control

Log out

Registered name |Umemura Laboratory

Remarks

List of registered terminals

By clicking the link of the terminal name, you can change the setting to the terminal detail screen.

‘ Terminal name

| ONLINE | START | Heater Temp ‘ S5et Temp. |

- Back to top page

1.2.4 Click [Add terminal] button to display the next screen, and enter necessary information.




18

19
20
21

22

2.

Umemura Laboratory

Microscope stage with temperature

Log out

control

TOP Temp. graph
Home
Add Terminal
Terminal name |TUS—1

Operation/non-
operation

'® Operation ' non-operation

MAC Address

B4 ;3 fleb |:lat 45 ||ea |

Remarks

« Back to top page

Operation

2.1 Operation Status

2.1.1 Login and call up the next screen.

Microscope stage with temperature control

Umemura Laboratory

TOP

Add terminal

Home

[#FREe&HT21—F v —7—HHEFFR]

Log out

Registered name

Umemura Laboratory

Remarks

List of registered terminals

By clicking the link of the terminal name, you can change the setting to the terminal detail screen.

Terminal name

ONLINE START

Heater Temp

Set Temp.

TUSs1

~ Back to top page




23 2.1.2 Click [Terminal name] button to display the next screen and confirm terminal information.
Log out
Microscope stage with temperature control
Umemura Laboratory
TOP Temp. graph Temp. log

Home

Terminal detail screen

2018/01/15 21:10:13

ITernﬁnaIInfonnaﬁon

| Editing terminal information | | Terminal control

Terminal name TUs1

Ver 121.22

MAC Address 84:f3:eb:al:45:94

Registered Date 2018/07/12 14:50:47

Operation / non-operation | Operation

Remarks
24 ~ Back to top page
25

2.1.3 Click [Editing of terminal information] button to display the next screen and change the
26 operation status.

Log out]

Microscope stage with temperature control

Umemura Laboratory

TOP Temp. graph

Home

Editing of terminal information

Terminal name |TUS1
Operation
> /_ ‘“'non-operation '® Operation
non-operation
Remarks
P

Save

27

+ Back to top page




28 2.2 Temperature setting
29  2.2.1 Call up the next screen.

Log out

Microscope stage with temperature control

Umemura Laboratory

TOP Temp. graph Temp. log

Home

Terminal detail screen

2019/01/15 21:10:13

ITernﬁnal]nfonﬂaﬁon

| Editing terminal information | | Terminal control Terminal Removal

Terminal name TUS1

Ver 121.22

MAC Address 84:f3:eb:al:45:04
Registered Date 2018/07/12 14:50:47

Operation / non-operation | Operation

Remarks

~ Back to top page

30
31  2.2.2 Click [Terminal control] button to display the next screen and set the target temperature.

Log out|

Microscope stage with temperature control

Umemura Laboratory

TOP Terminal Details Temp. graph Temp. log

Home

Microscope stage with temperature control control

Terminal infermation last updated date and time 2019/01/15 21:10:13

Terminal name TUS1

Status OFFLINE

Heater Temp.

START/STOP

Set Temp. |:|‘c set

+ Back to top page

32




33 2.3 Display of temperature graph
34  2.3.1 Callupthe next screen.

Log out

Microscope stage with temperature control

Umemura Laboratory

TOP Temp. graph Temp. log

Home

Terminal detail screen

2019/01/15 21:10:13

ITernﬁnal]nfonﬂaﬁon

| Editing terminal information | | Terminal control Terminal Removal

Terminal name TUS1

Ver 121.22

MAC Address 84:f3:eb:al:45:04
Registered Date 2018/07/12 14:50:47

Operation / non-operation | Operation

Remarks

~ Back to top page

35
36 2.3.2 Click [Temp. graph] button on the terminal details screen. The following screen is displayed.




Log out|
Microscope stage with temperature control

Umemura Laboratory

TOP Terminal Details Temp. log

Home

TUS1 Temperature Change

Date to display 2019-01-19 Display

|2019-01—19 13:05:04 - 2019-01-19 13:05:04

Data column(s) for axis #0 cannot be of typ.

37 - Back to top page
38  2.3.3 Specify the date to be displayed and click [display] button. The following graph is displayed.

Log out]
Microscope stage with temperature control
Umemura Laboratory
TOP Terminal Details Temp. log
Home
TUS1 Temperature Change
Date to display |2018-08-01 Display
IZOIB-OB-OI 10:31:24 - 2018-08-01 10:35:19
Temp
32 —— Temp
—— Set Temp

30

28

26

24
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40 2.4 Download of temperature log data.
41  2.4.1 Call up the next screen.

Log out

Microscope stage with temperature control

Umemura Laboratory

TOP Temp. graph Temp. log

Home

Terminal detail screen

2019/01/15 21:10:13

ITernﬁnaIInfonﬂaﬁon

| Editing terminal information | | Terminal control Terminal Removal

Terminal name TUS1

Ver 121.22

MAC Address 84:f3:eb:al:45:04
Registered Date 2018/07/12 14:50:47

Operation / non-operation | Operation

Remarks
42 ~ Back to top page
43  2.4.2 Click [Temp. log] button on the terminal details screen. The following screen is displayed.
Log ouf
Microscope stage with temperature control
Umemura Laboratory
TOP Temp. graph Temp. log
=L
TUS1 Temp. Log Download
Date to download | 2018/08/01 ¥ Download
44 -« Back to top page

45 2.5 Specify the date to be displayed and click [download] button. The following CSV data is
46 downloaded.



47

A

B

=

D

W 0|~ | N e | M

Time
10:31:24
10:31:29
10:31:34
10:31:39
10:31:44
10:31:49
10:31:54
10:31:59
10:32:04
10:32:09
10:32:14
10:32:18
10:32:24
10:32:29
10:32:34
10:32:39
10:32:43
10:32:49
10:32:54
10:32:58

Heater Temp Setting Temp Heater Voltage

25.4
255

26
26.5
27.1
27.6

28
28.3
28.6
28.9
29.4
29.4
29.5

30
30.1

30
29.8

30

a0
29.8

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

191.76
198.86
192.65
173.06
163.33
160.22

151.6
145.81
138.76
131.07
114.01
115.58
103.62



