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1. Hardware details

Headstage
Front Side Back

«— Light power

Power Switch volume
4«———— (onatwhitedot) 7
A
A

Charge connector cap

Indicator LED

Charge connector Cannula connector

Headstage v2

1. Insert cannula.

2. Tighten the screw.
Do not overtighten! Lightly
contacting the cannula will
be enough to hold it securely.

Receiver

Front —— Antenna

Indicator LED

Power Switch Analog output Analog input DC5V Power connector
(for analog output) (0~5V) (for analog output)

Contact us: info@amuzainc.com (858) 225-6869 www.amuzainc.com



Back

Antenna
X

USB connector (for data recording)

2. How to use

1. Implant a cannula in the animal’s head in advance. Wait until full recovery (e.g. one week). Avoid getting cement on the top 7
mm of the ferrule. Cement on this part of the ferrule will interfere with connecting the headstage. The cap included with the

ferrule can be used to keep it clean until a headstage is connected. The ferrule can also be cleaned with 70% ethanol
2. For habituation, connect a dummy headstage several days before recording, especially in mice.

3. (A) If you use analog output, the AC adapter (DC5V) should be connected to the power connector on the front panel of the
receiver, and the power switch should be pushed (you will see the blue light from the switch when it is turned on).
(B) If you don't use analog output, connect the PC via a USB cable. The receiver will be powered by USB bus power. In this

case, you neither need to connect the AC adapter nor push the power switch on the receiver.

4. Turn on the power switch on the headstage. You should see blue light coming from the cannula/ferrule connection port, and
an indicator LED on the headstage will blink. An indicator LED on the receiver should blink, too, if the receiver receives a signal
from the headstage.

Note: If you check the communication of the headstage and the receiver, a cannula should be always connected to the

headstage, otherwise communication can be unstable.

5. Connect the headstage to the ferrule on the animal's head. Ferrule should be pushed into the cannula connector until it
touches the lens at the base of the port, about 6 mm in depth

Note: Do not push further in depth. A lens inside can be damaged.

6. If you use the analog output for recording, connect the analog output BNC to the third party’s recorder by a BNC cable. If
you use TeleFipho software for recording, boot TeleFipho software and click the Start button on the bottom — right corner.

Photometry data should appear on channel 1.
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3. Charger

AC adapter (DC6V)

Select switch

Male charge connector

Indicator LED
(dimmed at full charge)

Selector switch should be set to “Small” for the standard headstage. The color of the indicator LED is red. If you use a special
headstage with a larger battery, set the switch to “Large”. In this case, the color of the indicator LED is blue.

Remove the charge connector cap from the charge connector on the headstage and insert
the prongs of the male charge connector of the charger. The headstage must be turned off

during charging.

Charging will be finished in 1 ~ 2 hours, then the indicator LED will be dimmed. Connect the
charge connector cap again for protection from water, when you use it on an animal.

Note: The charge connector shouldn't be wet, otherwise the headstage can be damaged.
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4. Insertion tool

I > 7mm
Dental

cement

Brain

Insert 2 ~ 3 mm of the cannula/ferrule in the insertion tool, and tighten it by twisting the chuck. Don't insert the ferrule too far into
the insertion tool: if the ferrule is inserted further there will be less clearance between the tool and the skull, making it more difficult
to apply dental cement.

The insertion tool can then be installed in the manipulator of a stereotaxic rig.

Scratching the ferrule with a knife or coarse sandpaper in advance will improve adhesion of the adhesive or dental cement, as will
applying a thin layer of cyanoacrylate adhesive (e.g. Aron Alpha, Loctite, etc.) and accelerator to the skull and cannula before using
dental cement. The surface of the skull needs to be clean and completely dry before applying the adhesive. Scratching the surface
of the skull with a scalpel can also help improve adhesion. Then build a thick mound of dental cement to firmly attach the cannula
to the skull.

Ambient light can interfere with photometry, so either opaque black dental cement should be used, or the cement should be
painted black after it has been applied. The cap which came with the ferrule can be used to protect it when the headstage is not in

use.

Note! Approx. 6 mm of ferrule will be into the cannula connector of the headstage, so at least 7 mm length of the ferrule should be

uncemented.
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5. Adjustment of light power and amplifier offset voltage

Offset volume (upper
«— (upper)

Light power volume (lower)
«-—

The amplifier inside the headstage is a DC amplifier, and the data is a 16-bit arbitrary unit (A.U.). When TeleFipho software is used for
recording, the data range is from 16852 to 65535. When the analog output is used, the data range is from -2.5V to +5V. Data above
or below this range will be clipped.

When you turn on the headstage and connect it to the cannula on the skull of the animal, if you see value 32768 in Teleopto
software or OV in analog output and don't see any fluctuation, there is no communication between the headstage and the receiver.
Make sure headstage is turned on, the antenna is firmly connected to the receiver, there are no large metal objects or surfaces
near the receiver or headstage, the distance between receiver antenna and headstage is within 2 meters, etc. If TeleFipho is being
used on a metal table, please try putting the animal's cage and the receiver up on platforms at least 6" high. Make sure both the
indicator LED on the headstage and receiver are blinking. Especially, make certain the LED indicator on the receiver is blinking
stably, repeating at the same interval. If the interval is irregular, put headstage closer to the receiver and check to make sure the

communication recovers.

If you see value 16852 ~ 16853 (or -2.5V in analog output) and don't see any fluctuation, data is too low and clipped. In this case,
turn the offset volume clockwise and adjust the position of the baseline in range. Ideally, the baseline is in the range of 30000 ~
40000. If you see value 65535 (or +5V in analog output) and don't see any fluctuation, data is too high and clipped. In this case,
turn the offset volume counterclockwise and adjust the position of baseline in the range of 30000 ~ 40000 as well.

After turning on the headstage, it will take about 5 minutes until the power line of the amplifier is stabilized. During this
time, the baseline gradually shifts downward. We recommend baseline adjustment should be done at least 5 minutes

after turning on the headstage.

If you turn the light power volume clockwise, the power of excitation blue right becomes stronger. Then the baseline goes upward

because of stronger emission light for the stronger excitation light.
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The relationship between the volume angle and excitation light at the tip of 400 um cannula is as follows:

Volume angle Light power yW
Minimum 10 W
0° 12 uW
45° 15 yW
90° (center) 20 uw
135° 30 pWw
180° 90 puWw
Maximum 300 uw

If you record from a newly prepared animal, we recommend you to start from offset volume at 90° (center) and light power volume

at 135°. Then adjust the offset volume clockwise or counterclockwise depending on the position of the recorded baseline. If you

don't see enough photometry signal, turn the light power volume clockwise a bit and see the result. If you already see enough

photometry signal, turning the light power volume counterclockwise and keeping the light power as low as possible will make

battery life longer and can avoid photobleaching. The signal may become noisier if the battery has been almost fully discharged.
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6. TeleFipho Software v1.7

Note: when you first use TeleFipho, please check that the time recorded in data files is accurate. If necessary, the

sample period can be calibrated as shown below.

By connecting the receiver to a Windows PC (Windows 10, 64bit, with a Core i5 2.5GHz or better processor and

TeleFipho

at least 8GB RAM) by a USB cable, you can record and process data using TeleFipho software. Insert the installer
USB memory in the PC and double click “INSTALL.EXE" in the TeleFipho_lInstaller folder, then install the software
by following the wizard. Normally Windows 10 automatically patches a built-in USB-serial driver. If the PC does not find a driver
automatically, you have to manually patch a driver. Open Device Manager from the Windows Control Panel. Look under “Ports
(COM & LPT)", then if you see an unknown device with the “?" icon, the driver is not patched. Right-click it and select “Update Driver
Software”. Select "Browse my computer for driver software”, specify the “drivers” folder in the USB memory stick, click Next, then a

driver should be patched. Note: having cameras attached to other USB ports may interfere with data collection by TeleFipho.

Main window

Menu (File / Setup / Edit / Window / About
Channel Title

‘ /

Amplitude View —v
Plot Area — ¥~ Time View

Cursor — 7

Scroll Bar Monitoring button

\A
f / 2

Marker Button Comment Start/Stop Button

Time Axis Scaling

Plot Area: Display photometry data (Chl), analog input data (Ch2), online / offline filter, cycle measurement.

The plot can be shifted both in X and Y direction by left click & drag.
The plot can be zoom in / out by right click & drag.

Scroll Bar: Used for the scrolling time axis.

Cursor: If you put the mouse cursor on the plot area, a vertical line (Cursor) appears. Amplitude value and time value appear in

Amplitude View and Time View on the right side.
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Marker Button: The Cursor position when the Marker Button is checked becomes a reference point (amplitude O, value 0), then the

delta value appears in Amplitude View and Time View.

Comment: During recording (online), by writing a comment and push Add or hit the enter key on the keyboard, the comment and
dashed line are inserted at the latest data point in plot view. After recording (offline), comment be inserted at the cursor position.

Comment should be written in English one-byte characters.

Scroll Button: It's checked by default, and the latest data appears in the plot area. If it's unchecked, you can see the past data by

moving the scroll bar even online.

Time Axis Scaling: Time axis scaling can be set in seconds.

Start / Stop Button: Starts / stops data recording.

Monitoring Button: If it's checked, data is displayed but not recorded (Monitoring mode).

Amplitude View: During recording (online), the amplitude of the latest plot is displayed after the recording stopped (offline), the

amplitude of the cursor position is displayed.

Time View: During recording (online), the time of the latest plot is displayed. After recording (offline), the time of the cursor position

is displayed.
Channel Title: Title of the channel.

The plot Area of each channel can be zoomed in by double-clicking the Channel Title. Up to 2 channels can be zoomed
in at the same time. 4 channels are displayed by default. The screenshot above showing only channel 1 was created by
double-clicking the Channel Title of channel 1. If Channel Title 1 is double-clicked again, it comes back to the default 4

channels view.

Menu
File = Open...:
It loads data files or setting file saved in the past. Both are HDF5 (.h5) file.

File = Save Data... :
It saves data in HDF5 (h5) format by giving a name.

File = Save Setting... :
It saves the current setting in HDF5 (.h5) format by giving a name.

File = Export.. :
Exports the data in text format (.txt). Data can be read and analyzed in spreadsheet software like Microsoft Excel.

The default data format is the general HDF5 (.h5) format. It can be read in Matlab by hdf5read function, for example.
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Setup = Channel Settings:
Opens the Channel Settings Window.

Bl Channel Settings ? b4
Title Source Parameter Thresh DeadPtz  Rizing Subtract LPF(Hz}
Channel1 Channel1 RawData chl Period 1500 3 Mo
Channel2 |Channel2 RawData ch? Period 1500 3 Mo
Channel3 [Chamnelz LPF chi v | Period 1500 3 Mo s ]
Channeld [Channeld CycleMes ch1 +  |[Count | 13500000 Mo 02

SamplingRate  100Hz

Ch Murmber
Cancel

By default, Ch Number is 1 and only channel 1 data (photometry data) can be recorded. If you change the Ch Number to 2, the
analog input data on the front panel of the receiver can be recorded in channel 2, for recording e.g. event data from an external

device in parallel with photometry data.
Note! The input range of analog input is OV ~ +5V. Do not connect analog voltage below 0OV or above 5V.

Channel 3 and 4 can be used for online low pass filter or cycle measurement analysis.

Note!: For filtering previously recorded data, please use the digital filter. In fiber photometry, a low pass filter is often used for
cutting off high-frequency noise. To set the low pass filter, change Ch Number to 3, set Source of channel3 at LFP chl, enter 5 (Hz)
in LFP(Hz), then click OK. Double-click Channel Title of channels 1 and 3 to show only these channels, then click the Start button
on the bottom-right corner then recording starts. You should see raw photometry data in channell and filtered data on channel

3. The display timing of low pass filtered data delays about 1 second for calculation. In the screenshot below, you can see high-

frequency noise in raw data (channel 1, red) but it's eliminated in 5Hz LPF filtered data (channel 3, green).
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In cycle measurement analysis, cycle edge is detected by rising/falling a given threshold value (Thresh) and analyze data between the

previous edge and the current edge. You can set dead points after each detection (DeadPts). If you uncheck Rising the detection will
be falling edge. You can select analysis parameter (Parameter, Period / Hz / BPM / Max / Min /Count). The example below analyzed
Count on channel 3, counts the number of cycle edge detection. Open Channel Settings, change Ch Number to 3 and click OK once,

then open Channel Settings again, in channel 3 select CycleMes chl in Source, select count in Parameters, enter 23500 in Thresh,

enter 100 in DeadPts, then click OK. Every time amplitude exceeds 23500 it counts up (only channell and 3 are shown).
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Setup = Units Conversion:
Applies two points calibration and a specific unit. The unit is V by default. Channel 1 (photometry data) is an arbitrary unit so the unit

itself is meaningless. For channel 2 actual voltage recorded in analog input is shown (0 ~ 5V).

Setup = Preference:

You can configure the parameters shown below:

Bl Preference ? *

[] Release Scale Limitation
Sync Cursor

Indude Time in Export TXT File

Plot Polling Period 250 ms

Daq Folling Period

Filter Taps 1

Filter Chunk

Analysis Chunk

Scroll Step

Ch3 EDF max: |55535.0 min:

Ch4 EDF man: 0 i

II

Sample Period Calibration

« o]

ms

Release Scale Limitation: This is unchecked by default and the maximum of Time Axis Scaling is set at 600 seconds. If you check

this, the maximum will be unlimited.

Note! If you show long term recording data by zooming in, the response of the software can become slow, or even crash.
Sync Cursor: Synchronize all cursors on chl ~ ch4. This is checked by default.

Include Time in Export File: Time will be included in the exported text file if it's checked. It's checked by default.

Plot Polling Period: Default 250ms is recommended.

Daq Polling Period: Default 50ms is recommended. The headstage transmits data at a frequency of 100 Hz (every 10 ms). By

default, the software polls this stream of data at 20 Hz (50 ms), and the onscreen plot is updated at 4 Hz (250 ms).
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Filter Taps: Default 51 is recommended.

Filter Chunk: Default 100 is recommended.

Analysis Chunk: Default 100 is recommended.

Scroll Step: You can set the scroll step in a second when the up/down button of Time Axis Scaling is clicked

Sample Period Calibration: By default, the software regards the sampling period as 10ms /100Hz sampling rate. However, the
actual sampling period can be longer or shorter depending on some factors. This can lead to a mismatch between recorded time

and actual time
This can be corrected, either before or after recording, by entering the actual sample period in the Sample Period Calibration box.

Example: TeleFipho records data and reports the total time as 282 seconds. An accurate clock measures the time as 300 seconds.

So, the actual sample period = 10ms * 300s / 282s)

You can enter this value before recording to do time-calibrated recording, and you can apply this later to the recorded data without

calibration, too.

Note: Recalibrating the data does not automatically update the data display, you will have to scroll through the plot to update the

display.
Edit = Clear Plots: Deletes all the current data.

Edit = Digital Filter:

Opens the digital filter window for previously recorded data. If you want to use this function, a channel you want to show the
filtered data should be activated in the Channel Settings window in advance. For example, if you want to show filtered data in
channel 3, firstly you should open Channel Settings and change Ch Number to 3 and click OK, then select Edit = Digital Filter, set
Filter chl in Source of channel3, Low Pass in Type, enter 5 (Hz) in LP (HZ), then click OK. If the scaling of the vertical axis is not
right in channel 3, put the mouse cursor in the Plot Area of channel 3, see the amplitude value in Amplitude View on the right side,
adjust the vertical axis by right-clicking and drag so that you can see the data in the View. If the recording time is long it may take a

significant time until filtering is finished depending on the PC spec.

Window = Datapad:

Opens the Datapad window, and purple Selection Cursor appears in the Plot Area. Data in the Selection Cursor is analyzed in
Datapad. Selection Cursor can be moved by left-clicking and drag. The selection range can be changed by left-clicking the left
edge or right edge of the Selection Cursor and drag. The upper area in the Datapad window shows analyzed values for the currently
selected area, select analysis parameters in Analysis, and select channel in Channel. By clicking the Add button on upper-left, the
analyzed values are added in the spreadsheet below. The values in the spreadsheet can be selected by left-clicking and drag, can be
copied by right-clicking and select Copy Selection, then can be pasted in other spreadsheet software like Microsoft Excel. The left

edge of the Selection Cursor is called T1, and the right edge is T2.
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<« Selection Cursor

Datapad Window —_—

The list of analysis is shown below:

Max: Maximum amplitude in the selection.

Min: Minimum amplitude in the selection.

Mean: Mean amplitude of the selection.

Mx-Mn: Maximum amplitude — Minimum amplitude in the selection.
Period: Period of the selection.

t-Max: Time of Maximum amplitude in the selection.

t-Min: Time of Minimum amplitude in the selection.

tMxT1: Time of Maximum amplitude in the selection by referring T1 as 0
tMnT1: Time of Minimum amplitude in the selection by referring T1 as 0
T1: Time at T1L.

T2: Time at T2.

v T1: Amplitude at T1.

v T2: Amplitude at T2.

VvT2T1: Amplitude at T2 — Amplitude at T1.

Slope: Slope of T1 and T2.

Intgrl: Integral of the selection.

Abslint: Absolute Integral of the selection.
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By clicking Mult Add Button, a range specified in Step is automatically selected from the Start, add the analysis result to the
spreadsheet, and repeat this until it reaches the End.

By clicking Trg Add Button, it detects rising / falling point for the given threshold (Thresh) in the specified channel (Ch) starting from
Start, then sets T1 and T2 by defining the detection point as time 0, add the analysis result to the spreadsheet, and repeat this until it
reaches the End. If you uncheck Rising, the detection point will be falling edge.

Window = Comment:

It displays the Comment window and shows all comments in the data. If a row of comments is double-clicked, the plot jumps to
the position of the corresponding comment.

[~
Channel1
R
. Channel2
Comment Window v
| ITTDH
L i U L
Bl Comment * 7 x
Time Comment
.81.98 jTa\IPlncth
2 125.04 Tail Pinch 2nd
«— Comment—___
! 2
<
[ Marker Comment
About = Version: It shows software version information
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7. Troubleshooting

- Communication is unstable.

If some large metal object is close to the receiver and/or headstage, it can interfere with the communication. Do not put the
receiver and headstage on a metal shelf. If a Faraday cage or shielded soundproof box is used, both headstage and receiver should

be in the cage/box.

If a cannula is not connected to the headstage, communication becomes unstable.

Always connect a cannula to the headstage when you want to test the communication.

- High-frequency noise appears on raw data.

High-frequency noise caused by data transmission can appear on raw data. In this case, apply a low pass filter (e.g. 5Hz) to
eliminate the noise.

- Moving artifact occurs when the headstage is close to plastic wall.

If the material of the behavioral chamber or maze is plastic it can hold static charges which can cause electrostatic noise when
the headstage moves near the wall/floor/ceiling. In this case, you can avoid it by spraying antistatic spray on the plastic wall/floor/

ceiling, etc. (e.g. Licron Crystal from Techspray, Antistatic spray from Monotaro, 6500 ESD Safety Shield from ACL Staticide).
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