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The NeuroSky® product families consist of hardware and
software components for simple integration of this biosensor
technology into consumer and industrial end-applications.

All products are designed and manufactured to meet consumer
thresholds for quality, pricing, and feature sets. NeuroSky

sets itself apart by providing building block component
solutions that offer friendly synergies with related and complemen-
tary technological solutions.

NO WARRANTIES: THE NEUROSKY PRODUCT FAMILIES

AND RELATED DOCUMENTATION IS PROVIDED "AS

IS" WITHOUT ANY EXPRESS OR IMPLIED WARRANTY
OFANY KIND INCLUDING WARRANTIES OF MERCHANTABIL-
ITY, NONINFRINGEMENT OF INTELLECTUAL PROPERTY,
INCLUDING PATENTS, COPYRIGHTS OR OTHERWISE,

OR FITNESS FOR ANY PARTICULAR PURPOSE. IN NO

EVENT SHALL NEUROSKY ORITS SUPPLIERS BE LIABLE

FOR ANY DAMAGES WHATSOEVER (INCLUDING, WITHOUT
LIMITATION, DAMAGES FOR LOSS OF PROFITS, BUSINESS
INTERRUPTION, COST OF REPLACEMENT GOODS OR

LOSS OF OR DAMAGE TO INFORMATION) ARISING OUT

OF THE USE OF ORINABILITY TO USE THE NEUROSKY
PRODUCTS OR DOCUMENTATION PROVIDED, EVEN

IF NEUROSKY HAS BEEN ADVISED OF THE POSSIBIL-

ITY OF SUCH DAMAGES. , SOME OF THE ABOVE LIMITATIONS
MAY NOT APPLY TO YOU BECAUSE SOME JURISDIC-

TIONS PROHIBIT THE EXCLUSION OR LIMITATION

OF LIABILITY FOR CONSEQUENTIAL OR INCIDENTAL
DAMAGES.

USAGE OF THE NEUROSKY PRODUCTS IS SUBJECT
OF AN END-USER LICENSE AGREEMENT.

“Made for iPod,” “Made for iPhone,” and “Made for
iPad” mean that an electronic accessory has been designed
to connect specifically to iPod, iPhone, or iPad, respectively,
and has been certified by the developer to meet Apple
performance standards. Apple is not responsible for

the operation of this device or its compliance with safety
and regulatory standards. Please note that the use of
this accessory with iPod, iPhone, or iPad may affect
wireless performance.
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Chapter 1

Product Overview

NeuroSky’s ThinkGear-AT1 is the world first consumer grade single chip Electroencephalography
(EEG) sensor designed for mass consumer applications. The following features are designed to allow
customers to design a device in a form factor, user friendliness and price point necessary for success in
mass markets like toy, video game and consumer wellness.

Features

Single chip fully self-contained integrated bio-sensor

Directly connect to dry electrode needed for mass market applications (as opposed to conven-
tional medical wet sensors)

Advanced on-chip filtering technology with high noise immunity

Pin selectable AC noise filtering for various continental power grids

Senses one channel EEG signal in real time and outputs it with 12 bit precision
On-chip real-time EEG signal quality analysis and output of poor quality warning
On-chip real-time processing and output of EEG power spectrums

On-chip real-time processing and output of NeuroSky proprietary eSense meter for Attention
and Meditation

All data output via standard UART serial interface with programmable baud rates
Various output enable/disable with pin setting and UART command
Boundary-Scan Testing in Compliance with IEEE Standard 1149.1 (JTAG)
On-chip regulator to enable single power sourcing

Low power consumption suitable for portable wearable battery-driven applications
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Chapter 2

Electrical Specification

General

Classification Specification Notes

Product Family ThinkGear-AT A = ASIC, T = Toy

Model Number TGAT

Revision Number 1.0

Dimension (Max) 9x9x1.6mm 354 x 354 x 63mils
(LxWxH)

PCB Package LQFP64

Operating Voltage 2.97VDC - 3.63VDC
Max DC Supply Volt- | 10mV Peak to Peak
age Noise
Max Power Con- | 15mA @ 3.3VDC
sumption
ESD Protection 4kV Contact Discharge Using external diodes
8kV Air Discharge
Output Interface | UART (Serial) TX, RX, VCC(+), GND(-)
Standard
Output Baud Rate 1200, 9600, 57600 Configurable
#EEG Channels 1 3 contacts (EEG, REE, GND)
Sampling Frequency | 512 Samples per second
Frequency Range 3 to 100Hz

Absolute Maximum Ratings

Pin Name

Pin Definition Min | Max

Unit

VCC33

DC Supply Voltage | 0.5 3.63

VDC
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Chapter 2 - Electrical Specification

Parameter Min | Max | Unit
Analog I/0O Input Voltage | 0 2.3 VDC
Digital I/O Input Voltage | 0 3.63 | VDC
Storage Temperature -65 | 125 | Deg. C
Junction Temperature -50 150 | Deg. C

Recommended Operating Conditions

Parameter Min | Max | Unit

Ambient Temperature 0 70 Deg. C

DC Supply Voltage (VCC33) | 2.97 | 3.63 | VDC

Max DC Supply Voltage Noise 10 mV pk-pk
Electrical Characteristics

Parameter Min | Max | Unit

Operating Current Consumption (Idd) 15 mADC

Allowed Skin Impedance 20 MOhms

Overall Chip Amplification 65.1 | 66.8 | dB

Band Pass Cutoff 3 dB

Notch Filter Attenuation 347 | 45.1 | dB

Recommended Operating Conditions
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Chapter 3

|O Pins

Pin Designations
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Figure 3.1: Package Top View
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Chapter 3 — 1O Pins

Pin Descriptions

Pin No. | Name Type Description

1 GND Power Digital Ground

2 VCC33 Power 3.3V Digital Power Supply

3 VO180 Power On Chip Regulator 1.8V output

4 VCC18 Power 1.8V power supply

5 OSC_IN Analog Input Oscillator Input

6 OSC_OoUuT Analog Output Oscillator Output

7 GND Power Digital Ground

8 GND Power Digital Ground

9 VCC33 Power 3.3V Digital Power Supply

10 X Digital Output UART TX

11 RX Digital Input UART RX, Pull high with
Schmitt trigger in default state

12 RES Digital Input Global Reset, Active high to reset
the whole chip. Pull down with
Schmitt trigger in default state.

13 TP Test Pin. No connect.

14 TP Test Pin.  Connect to digital
ground.

15 TP Test Pin. Connect to digital
ground.

16 TP Test Pin. Connect to digital
ground.

17 TP Test Pin. Connect to digital
ground.

18 HSON Digital Output Headset On output

19 HSDEN Digital Input Off head detection enable pin

20 VCCI18 Power 1.8V digital power supply

21 VCCI18A Power 1.8V analog power supply

22 TP Test Pin. Connect to analog
ground.

23 SENX1 Analog Input Sensor Input 1

24 VREF Analog Input Sensor Input Reference

25 SENXO0 Analog Input Sensor Input 0

Pin Descriptions
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Chapter 3 — 1O Pins

Pin No. | Name Type Description

26 SENO Analog Input Sensor Input 0

27 SENI1 Analog Input Sensor Input 1

28 TP Test Pin. Connect to analog ground.

29 TP Test Pin. No connect.

30 TP Test Pin. No connect.

31 GNDA Power Analog ground

32 GND Power Digital ground

33 NF Digital Input Notch Filter Configuration Pin. Pull it
high for 60Hz notch and pull it low for
50Hz notch. Do not leave this pin float-
ing.

34 TP Test Pin. No connect.

35 TP Test Pin. Connect to digital ground.

36 TP Test Pin. No connect.

37 P Test Pin. No connect.

38 TP Test Pin. No connect.

39 VCC18 Power 1.8V Digital Power Supply

40 BRO Digital Input UART Baud Rate Select Pin

41 BR1 Digital Input UART Baud Rate Select Pin

42 TP Test Pin. No connect.

43 TP Test Pin. No connect.

44 TP Test Pin. No connect.

45 TP Test Pin. No connect.

46 TP Test Pin. No connect.

47 VCC33 Power 3.3V digital power supply

48 GND Power Digital ground

49 TP Test Pin. No connect.

50 TP Test Pin. No connect.

51 TP Test Pin. No connect.

52 TP Test Pin. No connect.

Pin Descriptions
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Chapter 3 — 1O Pins

Pin No. | Name | Type Description

53 TP Test Pin. No connect.

54 TP Test Pin. No connect.

55 TP Test Pin. No connect.

56 TP Test Pin. No connect.

57 TP Test Pin. No connect.

58 TP Test Pin. No connect.

59 TP Test Pin. No connect.

60 VCC18 | Power 1.8V digital power supply

61 TP Test Pin. Connect to digital ground.
62 TP Test Pin. Connect to digital ground.
63 TxEn Digital Input | UART output enable pin, Active high
64 NC Not connected.

Internal Pull-up/downs

Pin Pull-up/down | Impedance
BR1 and BRO | Pull Down 75k

NF None Infinite
RXD Pull Up 75k

Internal Pull-up/downs
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Chapter 4

Usage Information

Baud Rate Configuration

Use the table below to setup the desired baud rate. Note that the outputs will be also different at each
baud rates.

BR1 | BRO | Function

GND | GND | 9600 Baud with Normal Output Mode

GND | VCC | 1200 Baud with Normal Output Mode

VCC | GND | 57.6k Baud with Normal + Raw Output Mode
VCC | VCC | N/A

Notch Filter Configuration

The notch filter can be configured using pin 33 (NF or PAD_MAIN). Pull it high for 60Hz notch
and pull it low for 50Hz notch.

Important: Do not leave this pin floating. The behavior of the chip can not be guaranteed without
the pin configured to power or ground.

Test Pins

Please refer to all the Pin Descriptions on how the TP pins should be setup.

Power line Setups

Recommend 7 capacitors for the power lines. The size and location for the capacitors are listed below:

* 0.1uF for pin2 & 9

0.1uF for pin 47

0.1uF for pin 4 & 20

0.1uF for pin 21

0.1uF for pin 39

11
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Chapter 4 - Usage Information

* 0.1uF for pin 60
* 1uF for pin 3

Another recommendation is to place a Pi filter in front of the TGAM1 with two 10uF capacitors and
one 10uH inductor.

Note: All of these recommendations are demonstrated in the reference design.

Transmit Enable Pin

The UART transmit can be turned off and on by using TxEn. No current consumption testing was
done with this pin.

On/Off Head Detection Enable Pin

The on/off head detection can be enabled or disabled using the HSDEN. The recommended setup is
to keep this pin pulled high. The digital output of the detection can be observed on HSON.

Receiving Data

All the raw EEG data and analyzed data is received via UART

Transmit Enable Pin 12
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Chapter 5

Packaging Information

TGAT is a LQFP64. The detailed package is outlined on the next page.
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Chapter 5 — Packaging Information
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NOTE:

DIMENSION DIMENSION
(MM MIL)
SYMBOL
MIN. | NOM. | MAX. [ MIN. | NOM. [ MAX.

A 160 63
Al | 005 T 6
az 135 |140 | 145 |53 [sS 57
B 013 018 023 S 7 9
ol o3 o (o9 |s 6 8
c |oo 020 | 4 8
c | 009 016 | 4 6
0 9.00 BSC 354 BSC
0l 7.00 BSC 276 BSC
3 900 BSC 354 BSC
£1 7.00 BSC 276 BSC
® 0.40 BSC 158 BSC
L |o45s |oso [o7s [18 [as | 30
L 100 REF 39 REF
Rl | 008 3
R | 008 020 |3 8
Y 0.0 4
8 |0 3ss | » 0 s | 7
| o 0
e2 | m [e 13w foe 13°
03 n* 2" 13* 1n* 12* 13*

1.REFER TO JEDEC MS-026(ISSUE C)/8BD
2.DIMENSION D! AND E! DO NOT INCLUDE MOLD PROTRUSION.
ALLOWABLE PROTRUSION IS 0.25mm PER SIDE DY AND E1 ARE
MAXIMUM PLASTIC BOOY SIZE DIMENSION INCLUDING MOLD MISMATCH.
3.DIMENSION b DOES NOT INCLUDE DAMBAR PROTRUSION. ALLOWABLE
DAMBAR PROTRUSION SHALL NOT CAUSE THME LEAD WIDTH TO EXCEED
THE MAXIMUM b DIMENSION BY MORE THAN 0.08mm.
4ALL DIMENSIONS IN MILLIMETERS.

SECTION A-A

REV. DESCRIPTION PAGE DATE [
2 Modly the jon volue [
PKG. CODE DRAWING NUMBER REV.
2
s1ze| A3 BY DATE TITLE [ OFP64 (7x7x]1.4mm)
PACKAGE OUTLINE
DESIGNED Footprint 2.0mm
CHECKED scaLe |10 : |1
APPROVED SHEET |1 OF | FROJ @m
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