Triangle BioSystems
® lnternational

TBSI VB2 System Manual
Versionl.0

Triangle BioSystems International
2224 Page Rd. Suite 108
Durham, NC 27703
Phone:(919) 361H ¢ ¢ 0 (©®19)544-B061
www.trianglebiosystems.com



http://www.trianglebiosystems.com/

W32 Systen] & SN & al ydz ¢

Contents

32 CHANNEL WIRELESS NEURAL HEADSTAGE.SY.STEM........cotiiiiiiiiie ettt e e 3
T o [N Tl 1 o] o FOS TR PR 3
[T L0 (=2 PP UUPPTPPPTPUPRPPPPIN 3
SYSEEM CONFIGUIALION. ......eeeieiiiteee ettt e e e ettt e e e ottt e e e s ekt e et e e e e sab b et e e e sk bee e e e e aabbeeeeeeanbbneeeeabbeneeenan 4
YV = I =] (0Tt 0 =T [ = ' SRRSO 4
WITEIESS SYSIEM PAIS LUSL....eiiiiiiiii ittt e e e e e e e e e e e e e s s et e e et e e aeeeeeesaaassnataeeeeeeeaeeeesesaansnnntrnnnnreeaneens 5
Headstage Transmitter SPECITICALIQNS ... ...iiii it e e s s ar e e e e s sab e e e e e s abneeeeesaanes 6
Headstage MEChANICAl OVEIVIEW...........ccuuuiiieiiie e e e et e e e s e e et e et e e e e e e e e s st et e e e eeeaeeeessaaaasesbeaaeeeeeaaeeesanassnnnnrennnees 7
RF RECEIVET SPECIICALIAILS. ... vvvveriieieeeeis i i ettt e e e eeeessssss et aeereeereeeeeesssaasestesareeeeeetaeeeesaaasssssesaeeeeaaaaaaesessnsnnsrnnnnes 7
RF RecCeiVer MECNANICAI OVEIVIBWY........uuieiiiiiee e e s iiei ettt et e e e e e e e st e et e e e e e e e ssaaae b e e reeeeeeeeeeeeesaaasnnbanneeeeaaaeeeeeens 8
RF ReceiVer Signal INterfaBBLIONS .. ... ..ueiiieiiiiiiie ettt ettt et e e s sttt e e s st bt e e s e be bt e e e e aab b e e e e e anbbneeeeeanrreas 8
Receiver SIgNalANAIOG OULPUL........uueiiee it iette e sttt e e ettt e e s ssat e e e e s saba e e e e s ssbbeeeeesaabbeeeeesasbeeeeessnbbeeeessannseeeeesand 9
Receiver SignaDigital INTEITACE. .........oouuiiie e et e e et e e e e e 10
SYSIEM SELUP ANT TESHIG. ...ttt iiietiite ettt ee ettt ettt e e e e st e e s e bt et e e s s st b e e e e e s aabb et e e e aanbb e e e e eans b e eeeesannbneeeeennnnes 11
HeadStage ACCESSOIY OPLIONS. ... ..uiieiiiiiieeeiiiieiee e sttt e e e e sttt e e e s s b teeeeeaabbeeeesaatbeeaeeaasateeeaeaabbeeeesansbeeeeesssnsneeeesansrees 14
=Tt o o L= PP PPPSPPPRP: 14
GaIN AN PhaSE REBEISE ... eeiiieiiiiiii ettt e ettt e st e e e s a b et e e oo e b bt e e s o sttt e e e e aaas b bt e e e aanbb et e e e nn b e e e e e e annbneeeeannnnes 14
QLI (0 101 0111 o Lo 1T RSP 15
(70} o1 7= Tox B U L= PP P P PP PPRT 15

Version 1.0 -2- 1/2016



W32 Systenj & SNRa al ydz ¢

32 CHANNELWIRELESNEURAL HEADSTAGE SYSTEM

T8SI NeuroWare
Software

Analog Receiver with
ADC Board

Implantable Wireless Headstage

Inductive Powering
System

Introduction

The Triangle BioSystems International (TRS8$) developed a 98ay implantable neural recording headstage
system that allows researchers to continuously and simultaneously obtain biopotential data from 3£ to
electrodesand transmitto an external receiver in real time. No longer do experimentseha be constrained by

head mounted or wiredest subjects. The complete system is comprised of an implantable inductively powered
wireless headstage transmitter, RF signal receiver/basebans demodulator, power supply and a silicone electrode
connection Ki. With an effective range of 1 meter, this system provides a wireless connection between the
implanted electrodesindthe data acquisition recording system.

This implantable headstage umigan beA Y LJ  YGSR Ay F NI GQa LIS Nasiie2syr@dalft O
procedure. Additionally, this headstage can be used concurrently with our stimulation, tethered oplrextd

Yy S dzNJ f NEO2NRAYy3I KSIRadGlFr3aISad ¢KAa aeaidsSy dziatalSa
powering and proprietaryadio design to provide reliable functionality @m implantable package that is both

small and light weight. This design includes the neural transmitter with high data rate and bandwidth.

Features

Wireless operations acrodaneter Nm

. Implantable Headstagewith electrode wires
90-day package life P gewl W

31single endedecording channels

Implantable Headstage transmitter weigtst9
grams and siz81x 5 x12mm

91 Default TotalSystem voltage gain 800, other
gain offerings available

1 Bandpass filtering per channel atH2 to 7kHz
typical

1 50kHz per channedampling rate

=A =4 =4 =4

Receiver withDual Antennae
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System Configuration

The receiver antennas must be clipped to a surface within 4 meters from the animal at all times to achieve
optimal signal quality¢ KS& &K2dzZ R 0SS L3 aA (A 2Bg &krefullnd ® @bStrudi teSlinelof/ A Y I
site path between the animal and the receiver antennawaty material except for glass ptastic.

See the sectioentitled System Setup and Testirfigr more details on proper system assembly and positioning.

T8SI NeuroWare
Software

Analog Receiver with
ADC Board

Implantable Wireless Headstage

Inductive Powering
System

Standard TBSI Wireless Recording Setup

System Block Diagram

The wireless neural headstage system consists of a wireless transmitter headstage, an RF receiver and baseband
demodulation subsystems as shown below:

( Headstage Transmltter
—) Band -) Time
Pre- ngh BW
Electrode o
Inputs il amplifiers FFi’If::?s MB‘l\t/:;Inger Amplifier
—_— -

RF
odulato

RF Filter
& 60dB
Gain

J Battery and voltage
regulator
Baseband Demodulator Components

_[Transmitj({
Antenna M
L
RF Receiver Components

)RF link > l_){ HDemodulator

j(_[ ](_[ PLL and Clk ]

Recovery

NOTEThese products are not intended fouman use.

To Neural
DAQ Analo

Output
De-multiplexer

System Bandpass Filter
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Wireless System Parts List

®

Wireless System Parts List

Item # Part Number Description
1 Various ImplantableHeadsage
2 Various Wireless Radio Receiver (Analog or Digital)
3 110-0001-00 W-SeriesReceiver Antenna
4 300000210 Receiver Antenna Extension Cable and Mounting Clamp, 5 ft
5 100000010 Receiver 6/DC power supply 12000240 UL and FCC approved
6 100-0011-12 IP Cage Collar for implant charging
7 200002140 W32 Signal Input Test Cable, All Channels Combined, Single G
8 300-0000-00 Magnetic Wand, Headstage On/Off, 12 In
9 202-0001-10 Male DB 37 Connector and housing
10 200-0011-00 4 foot earth GND cable for receiver banana jack (Not Pictured)

Version1.0 -5- 1/ 2016
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Headstage Transmitter Specifications

TBSI

PARAMETER MIN TYP MAX UNITS NOTES
Power
Battery Continuously charged using Inductive
Powering
Analog Input Specs
Input voltage range 5 mVp-p
Gain Selection 790 800 810 Factory selectable total system gain
Bandwidth 0.8 7000 Hz -3 dB input signal level BW
Input impedance 12M K At 1kHz
Input referred noise 8.5 uvrms | for DC 10kHz frequency, &
Input referred noise 55 uvrms | for 500Hz¢ 5kHz frequency
SamplingChannel 50 kHz At headstage (ma30 kHz sampling
rate/channel at ADC)
Mechanical Specs
Length 31 mm Edge to Edge (including connectors)
Width 25 mm Edge to Edge
Height 12 mm Edge to Edge
Weight 5.9 g With connector and dipped package
Temperature toleranc 1 Degree C | Change of package surface temperatt
Radio Specs
Center frequency 3.05 GHz With +/- 100 MHz bandwidth
Transmit power 300 HW @ 3 M| FCC Sec. 15 109B(a)
Transmit antenna 3.05 GHz Tuned chip antenna with circular
diversity
Transmit range 1.0 M With connector and dipped package
Version 1.0 -6- 1/ 2016
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Headstage Mechanical Overview

Side View

Top View

RF Receiver Specification s

3.05 GHz center transmit frequency with#0 MHz FM bandwidth

1.0 M maximumrange between headstage transmitter and receigatennae
Frontend @ain: 60 dB

Intermediate gain10-20 dB

Input referred noise, typicalt uvV RMS

Input voltage range:+/- 0.5V

Analagy dhannel andwidth 20 kHz

DC offset< 100uvdc

Phase delay tyipal:30 psec at 1kHz

Signal lock indicatot.ED on front panel

=4 =4 =4 =4 -8 -8 -8 -8 -8 n

Version1.0 -7- 1/ 2016



W32 Systenj & SNRa al ydz ¢

RF Receiver Mechanical Overview

1 On/Off Switch

2 Signal Lock LED
Power On LED

e B Ao 3 Antenna SMA Connectors (2)
4 Analog Output Connector (DB37)

5 GND Connector Option

6 Receiver Power Supply Connector
(DCe6V @ .8A)

9.25 7 Receiver Antenna (2)

F 3
v

8 Antenna Extension Cable
/Clamp (2)

1.75%

RF Receiver Signal Interface Options

The W32 RF Receiver Base Station is available in many different system configutatiacsommodate a wide range of
data acquisition system interface requirementBhe RF receiver signal is demodulated by a custigitatisignal processing
systemthat incorporates a high speed analog to digital converter for demodulating the receiver signal. The demodulated
signal ighen conditioned via the DSP and converted to an analog sigred.analog signal can be directly output to one or
two DB37 connectors, input to an integratedhalog to Digital Converter (ADC) or both.

Version1.0 -8- 1/ 2016
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Receiver Signals - Analog Output

Ch3t
Ch30
Ch28
h2é
Ch24
h2

e

Description

Channel 1 Output
Channel 3 Output
Channel 5 Output
Channel 7 Output
Channel 9 Output
Channel 11 Output
Channel 13 Output
Channel 15 Output
Channel 17 Output
Channel 19 Output
Channel 21 Output
Channel 23 Output
Channel 25 Output
Channel 27 Output
Channel 29 Output
No Connection

IR TR
U S0 086G00GGYWUR
Pin # Description Pin #
1, 36 GND 20
2 Channel 2 Output 21
3 Channel 4 Output 22
4 Channel 6 Output 23
5 Channel 8 Output 24
6 Channel 10 Output 25
7 Channel 12 Output 26
8 Channel 14 Output 27
9 Channel 16 Output 28
10 Channel 18 Output 29
11 Channel 20 Output 30
12 Channel 22 Output 31
13 Channel 24 Output 32
14 Channel 26 Output 33
15 Channel 28 Output 34
16 Channel 30 Output 18-19, 35, 37
17 Channel 31 Output

Version1.0
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Receiver Signalsz Digital Interface

TBSI offers an internal DAQ board option &eliroWaret software for the 5ch, 16ch, 32ch and 64ch receivers which can
be used for signal data acgition and analysis. Digital output and event input information is sent to the PC via a USB
connection. The total system gain for the digital receiver is 800. The integrated data acquisition card can also be read using

DAQ toolkits from MatLab® and L#wW®.
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System Setup and Testing

The stepdelowshould be followed when setting up yoWw32 system to optimize its performance.

1) Correctly position the eceivernearit KS | yA Yl f Qa OF 3SY

LG A& ONRGAOIE F2NJ ONXyavyAaarzy LISNF2NXYIyOS (G2 O2NNBOG
First screw the antennas onto both antea clampsgold input SMA connectollscatedon the side of each

clamp Attach the SMAconnectorof the antennacable to themating SMA connectoon the receiverbox

For best resultsposition the antennaeat 45 degree angles wittespect to thecageareaand aim the them

towards center of thecage.

2) Connect powersupplyto receiver

Plug he DC end of thggower supply cable intthe back of receiveand the other end into an AC outleThe recording
system is powered by an AC line adapter transformer/regulafhis power unit connects to a 1240 VAG at 4763
Hz and is rated at §DC at 5 A power source and is UL approvetse a suitable International adapter to mate the
standard US plug to your AC outlet.

Power Supply (120240v)
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3) Connect signal cabl® receiver analog output DB37 connector

If your system was configured for analog system output, connect a suitable analog output cable to the DB37
receiver connector.Fivesignalwiresand a ground wirean be added to the DB37 mating connedimicheck

for signal output. The leng#of the wiresare not critical. The analog outpahannel positios are describd

in the section entitledReceiver Signal InterfaceAnalog Output

If your receiver has an integrated DAQ, plug the USB cord into the receiver and PC and follow the instructions
provided in theNeuroware Manuabr your data acquisition softare for signal acquisition and viewing

Plug and screw connector
into back of receiver box

i ionseena ‘P
k{5 RN N e Wires to recording/ADC System

4) Turn on Receiver

Flip theon/off button of the receiver tacontrol power tothe receiver.

5) Signal Lock LED and measure analog output signals

Once the receiver and headsta@gee #7 belowhave both been switched on, théSignal Lock LED on the receiver

front panel should light up. After confirming the signal lock integrity, you can view the analog signals (output from the
DB37 connector on the back of the receiver) with an oscilloscopas®@Inote the default system gain is 800, therefore
you can expect the anapoutput values to be about 80@p-p of the signal from the function generator.

6) Test headstage signal transmissianith the W32 Signal Input Test Cable

a) Signal leads connectto positive side ofunction generator

b) GND Leadsg connected tasignalGround side of function generatorinput a 1 kHz sine wave signal at
maximum 4 mVgp amplitude. The function generator signal output voltage cannot exceed 4-mVp
otherwise the hedstage input voltage range will saturate.

c) Once the test cable has been attachedethe magnetic wand to turn on the headstadgriefly hold the black
tip of the wandnext to the top of the headstagentil you seehe blue ¢power oré LED. The headstagelwi
transmitdata continuouslywhile this LED isn.

Version1.0 -12- 1/ 2016
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7) Inductive Power Headstage and Charging

Power Supply

If the wireless power charging accessory is used, please follow the sbepsw for charging the headstage.

a) Plug in thdnductive charger power supply. Turn the transmitter on using the power
switch on the face of the Inductive power base station.

b) ¢dzNy 2y GKS KSFR&adFr3IS OKINBS O2Af dzaAay3a GKS w95
indicated by a RED LED.

¢) With the RED LED filace the headstage in the Inductive transmit field. A GREEN LED
will indicate that the battery is being charged. Charge the headstage for 2 hours to fully charge the
headstage battery.

d) Use the BLUE end of the magnet wand to turn on the TBSI headstagedodings. The headstage radio ON is
indicated by a BLUE LED.

Version1.0 -13- 1/ 2016
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Headstage Accessory Options

Threebiosensoroptions are available as adhs for any wireless headstage. These accessories replace channels typically
used for neuralrecordingon the headstage. Installation of any of these features increases the headstage length by
inches, its height b.2 inches, and its weight by.4 grams. The features can be installiadividuallyor together in any
combination. See theTBSI Biosensors Brochdoe more information. Due to the fact that sensor options require 1 or 3
data channels each, these may not be practical for use withfhié headstage; consider a W16 or higher headstage.

Accelerometer
This addon will monitor X, y, and z acceleration vectors and output the information via three asajoglchannels. The
animal head position and velocity can later be calculated with so#vgarch as Matlab.

Temperature Sensor

A Thermistor based temperature sensor option is available. Many sensor sizes are available including very small ones that
can be implanted within or near the brain. The sensor must be attached to a mating conaact@xternalized to the

head of the animal much like traditional recording electrodes. Sensors are customized to your particular research needs.

Electrodes

Many electrode manufactures offer electrode arrays compatible with TBSI wireless headst@gasridge Neurotech
offers an extensive line of silicone probes suitable for chronic signal recorfdomgour wireless headstagesCompatible
electrode arrays are also available frdviicroprobes Inc., NeuroNexuand others electrode providers.

Gain and Phase Response

Please refer to the section of this documeeni A (i Hé&dstagé Transmitter Specificatiéns F 2 NJ Yy dzY SNR O €
bandwidthand input referred noise.

2.5
Vv
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