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Some Events and Their Consequences
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Motivation

® Healthy People 2020: 54 million Americans (~20%) living with disabilities
and the number is on the rise especially among elderly (Age 65+).

® 11,000 cases of severe Spinal cord injury (SCI) per year add to a total

. ZZZ Advanced technology development to

spe IMprove the quality of life for individuals
* Mos with the most severe disabilities.

lwww.GTBionics.org

Injury or Disease Population | Annual Incidence in USA

Paralysis of extremities 2,000,000 N/A
Severe spinal cord injuries 250,000 11,000
Effects of stroke 4,000,000 600,000

Multiple sclerosis 350,000 N/A
Cerebral palsy 500,000 ~10,000

. ALS 30,000 5,600
i\
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Outline

Implantable Microelectronic Devices (IMD)

= Efficient power and wideband data transmission

= Wireless Integrated Neural Recording (WINeR) system
= Switch-Capacitor based Stimulating (SCS) system

Modern Assistive and Rehabilitation Technologies

= Tongue Drive System (TDS): A wireless and wearable
Brain-Tongue-Computer Interface

= TDS Hand Mentor Exoskeleton
= Tongue Tracking System (TTS)

)/
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Second Sight Inc. Medtronic Corporation

* Battery powered devices:
® | ow stimulus pulse rate
® Autonomous (after initial adjustments)

® Small number of stimulating sites
® Inductively powered devices:
® High current (Neuromuscular stimulators)

. o - " -
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AN B, ® High stimulus rate (Cochlear implants)
University of Southern ~ ‘

Caifornia lh -~ P =Large number of sites (Visual prostheses)
Afres Mamn instie usc © % ® All implants should be wireless.
i
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Transcutaneous Link Power Losses

Pg: Power drained from battery Obe,
771{PS: Power delivered to the primary coil 2 N ‘9//6;;"
P,: Transmitted power %& /0/[9
Uz{PT: Power passed through the tissue 72 2 ’)C}x
P,: Received power 92

P.: Power delivered to the load (implanted electronics)
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Inductive Power Transfer Efficiency
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Power efficiency is a strong function of the coupling coefficient
(k) and quality factor (Q) of the external and implanted coils.
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3-Coil Inductive Link
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PTE and PDL in 3-Coil Link

Maximizing PTE should
not be at the cost of
decreasing PDL. @

PTE (%)
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bl 2R, (1+k3%Q,Q, +k5Q:Q, )" Q.

The optimal design maximizes [kl
both PTE and PDL.

y (1+k 4Q3Q4Lj
23,PDL — Q2Q3

. (1+k§3Q2Q3 j
34,PDL Q3Q4L @

dzs (cm) e “Kaa
ka
(il =
©2015 Maysam Ghovanloo Kiani, Jow, and Ghovanloo, TBioCAS 2011 10

lwww.GTBionics.org

11/1/2015



4-Coil Inductive Link

Skin/Air |

Driver Primary  Secondary Load
Coil Coil Coil Coil
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® 4-Coil link adds an additional DoF for impedance matching on
the source side.

® If ky, is large, the reflected load onto L, increases dramatically,
which helps maximize the PTE at the cost of reducing PDL.

0
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PTE and PDL in 4-Coil L_ink

If k12 is large enough, 4-coil
can tolerate variations in coll
separation (k23) and
maintain a large PTE.
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3-Coil vs. 4-Co

Il Link Measurements
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3-coil link (PDL =260 mW)
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4-coil link (PDL = 4.4 mW)
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New Figure of Merit (FoOM) for Inductive
Power Transmission Links

® Trade-offs between high PTE and sufficient PDL

® High PTE to reduce:
= Reduce heat dissipation
= Tissue exposure to magnetic field (safety)
= Interference with nearby electronics (FCC)

. . 90 1 - 90
¢ Sufficient PDL to: w0 N=0~ 50
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Wideband Transcutaneous
Uplink)
\
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Nervous ® Invasive BCI
} SYStQm ® Neural recording
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Wideband Transcutaneous
Forward Telemetry (Downlink)

.\

Artificial
- Sensor

Tx >
‘ S ki n Second éight LLC

l VABHS F

RX ® Wideband and robust forward telemetry links are
, needed for sensory substitute neuroprostheses
such as retinal implants and cochlear implants
‘ Nervous ® Limited space and power available to the IMD

for establishing a wideband and robust
\~ SyStem connection to the outside world
0\
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Power Carrier Freq. as Low as Possible

256 em RABLS

® Carrier frequency should be below
the coil self resonance frequency.

® More power loss in the power
transmission and conditioning
circuitry at higher frequencies.

e

Tem

® 0.1 MHz < Carrier Freq. < 20 MHz
Average density of electromagnetic
power absorption in tissue increases
as f2.

Desirable carrier
frequency range

.";.
_,
|
1

0 00 1000 10000
FREQ (M)

® Tissue is more transparent to EM
field at lower frequencies.

® Carrier Frequency™ = Penetration
Depth{

FOWER ABSORPTION DENSITY PER mW/cm? INCIDENT ON A MUSCLE SPHERE

r

)/

J. C. Lin et al. IEEE Trans. Microwave Theory, 1973 17
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Wireless Link Using Multiple Carriers

: Power Transmission [ ] ?
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® Low frequency for power transmission (125 kHz ~ 20 MHz)
® Medium frequency for forward data transmission (50 ~ 100 MHz)

® High frequency for back telemetry (0.4 ~ 2.4 GHz)
\
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Minimizing Interference between Power
and Data Carriers

Shifted "
coplanar coil Coaxial coils
Simard and Sawan S. Kelly et al.
i\
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Carrier Based vs. Pulse Based

® Near-field inductive coupling

= ASK — Low data rate due to limitations in high order
filter integration at low frequency end of RF

= FSK, QPSK, DPSK — High power consumption due to
carrier-based modulation

= LSK — Reduction of the received power due to duty
cycling of the power carrier

® Far-field radiation

* |IR-UWB — Commercial IR-UWB in 3.1-10.6 GHz is
highly absorbable in water (tissue)

'y Replicate IR-UWB in the near-field
A
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Effect of Q-Factor in Pulse-Based

Data Transmission
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Pulse Harmonic Modulation (PHM)

® First pulse initiates oscillation
P, on the Rx side at the tuned
2 frequency of L,C,-tank, f;
X

—C: ¢ Second pulse suppresses the

oscillation of the first pulse by
being 180° out of phase

1 1 0 1

“Ll—‘d*—ﬂ**j‘i L . W e

Initiation Suppression
Pulse Pulse

Y

".\\_Jl

52015 Maysa Patent Pending

WWW, GTBlonlc org

11/1/2015

11



11/1/2015

PHM Simulations in MATLAB
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PHM-Based Transceiver ASIC

-+ 1500pum
Y TV

f

A A A A L ; *TSMC 0.35 pum Std. CMOS

Transceiver layout area = 0.23 mm?

Supply voltage: 1.8V
Data rate: 20.0 Mbps

*ON-Semi 0.5 um Std. CMOS

960 pm

Transceiver layout area = 0.61 mm? ; _
Supply voltage: 3.3V l& =
Data rate: 10.2 Mbps | | o —

Y } BIRTalel=]e = 21 =15]
[@\\ ﬁ
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PHM Test Setup

Data Flow :
Coil (Fig-8) Size (cm) #Turns(n) L (nH) R(mQ) C,(pF) C,(pF) SRF(MHz)
L, (TX) 1x1 2 105 85 21 - 338"
. Ly (RX) 1.5X1.5 2 230 180 3.2 241 184.5"
!
© 2015 Maysam Ghovanloo 25
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Measurement Results
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PHM Benchmarking

Coils Tx Rx

f.  Data Rate
(MHz)  (Mbps) Power Qat BER

Ref. Modulation Tx/Rx Distance
Scheme (cm)

(mm) (pJd/bit) low freq
- [
Gh%gzbo pcFSK 2112 5 5110 125 | NA N/A 106
|
Sawan I I 5
5005 BPSK 3527 15 10 ! 112 | NA N/A 10
. I
W. Liu - | 7
2008 BPSK  NA 10~15 20 2 : N/A N/A 10
858"1’%” QPSK 1212 5 13.56 :4.16 I NA  656°  2x10%
: I
Sarggggkar LSK  35/35 20 25,281 357 30 106
: I
H.J. Yoo " ~ |
5009 BPM 1515 0 : 0 29 15 N/A
Inanlou PHM 115 10 675 ;102 ! 345 48 6.3x10°
2011 I
Kiani 2013  PHM 13 10 666 'Lzo I 180 96  8.7x10°%
N/
Kiani and Ghovanloo, TCAS-II 2013 27
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Pulse Delay Modulation (PDM)
using a Dual-band Power/Data Link

® Pulse-Based data transmission using a separate data link

® Modulate the zero-crossings of the undesired power carrier
across L,C, with short decaying oscillations

® Increasing R, (Q4l) to facilitate decay of L,C, oscillations

Power Transmission

;_'g‘ AN Rectifier & | Voo

— v
RF Power | C; Ri N R; c —t Regulator %RL
g 1 2 ==
Amplifier - Clock ecovere
il k“__/" ? " Recovery Clock
Data Transmission Voo
Ll W T
Pulse __f'\":' L.l R;,_ Pulse Delay | Recovere
“ Generator |C37 ’ Tl Detector Data
-a a
o
ks s
Transmitter (Tx) Skin Receiver (Rx)

I
(2]
-

)/

Kiani and Ghovanloo, TBioCAS 2015 28
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Pulse Delay Modulation (PDM)

® Two short pulses to coincide the power carrier interference
zero-crossings across L,C, for “1” bits

® Comparing power signal with delayed interference on L,C,

iclock [ | [
! Data :TI

¢ Pulses |

Recovered

' Clock from LiCa |
L.C, Signal :
Sharpened _L_r :
L.C, Signal r = ! L:_ -—l -—J L—
H Phase ‘ |. |-| I'I F I'I F
i Difference
e e e o
A
L © 2015 Maysam Ghovanloo Patent Pending 29
www.GTBionics.org
25[1 LC Driver Output | ' | ]
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o T il | R PoweJ Carrier
s 6?dg-§t1=td : Interference
= l ] | Receiver input (Vg)
8 0.06 — :
= +++-+= Original zéro-crossings
é 0.04- Shified 7660-Gro58inGS
/ T
4CI| thl 80 100
Time (ns)
Shift in zero crossings =2.5ns
0\
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PDM-based Transceiver Diagram
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PDM-based Transceiver ASIC

® Fully on-chip ) 2.2 mm
power/data : '
transceiver

® CMOS tech: TSMC
0.35-pm

® Transceiver die
area = 4.8 mm?2

® Nominal supply
voltage = 1.8V

ww gz

® Operating freq. =
13.56 MHz

® Data rate = 13.56
Mbps
|

ULl ©2015 Maysam Ghovanloo Kiani and Ghovanloo, TBioCAS 2015 32
lwww. GTBionics.org

11/1/2015

16



11/1/2015

PDM Test
Setup

® Power link:
printed-spiral and
wire-wound coils

¢ Data link: a pair of
planar figure-8
coils on FR4 PCB

: .| Size LineWidth| L | "R | r SRF | Mutual Coupling (k) x10~
Link | Coil | (7m) frrums mm |om| @ |vis| € o[ L, (L [L] L
oowed L 32%32] 5 2 [500] 0.5 [13.56]852] 116 | - [3719 | 64
7. [10%10] 3 | 0255 195|034 | 13.56] 48.8 | 237 | 37 | - |42] 8.5

Do e [30530[ 1 I [165] 048 50 [ 108 | 255 [ 9 [4a] - | 19
L, [10=10] 1 04 156.8] 0.44 ] 50 | 405] 350 | 64 |85 19] -

"L, was an AWG30 wire-wound coil. ~ From measurements at the operating frequency, f.
" () was reduced to 5 by adding R,= 100 €2,

W/

www.GTBionics.org
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PDM Mgasurement Results

Tx-Data " :
7 . S “0" 2V [

1V

S

~ 100mv]
Data Oscillation /\\’

I\H-...../'J e Y ‘/ \“-._,___/,
\Data Oscillation + e walk o
Power Carrier Interference 20 ns
= Data rate = 13.56 Mbps = Signal-interference ratio (SIR) =-18.5 dB
= Distance = 10 mm = Shift in zero crossings = 2.3 ns

%Sat osc. freq. = 50 MHz = Power delivered to load (PDL) = 42 mW
)|
©2015 Maysam Ghovanloo Kiani and Ghovanloo, TBioCAS 2015 34
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PDM Measurement Results

Tx-Data

JU UL rﬁL_f“U‘U L.r“&‘il_
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[t |4 | s | AT Mottt | ) A mnmntitsanid | 1 mcttmasanlotadt | 1 fuf| L ottt | M1 || Aot | ] At |
fﬂi AN AN PV e A o I VU N

1 | ‘ 24 I

b R arad -v| Iw-u'.d-l L il L s | \ iy M--V 1
Rx Data 1 |

b M An M M o M A M e 1 M o M F\,- A M A M o ."U AN M

I 2VI§
4 bl b AN W W RN A M W Y W W W

oW W oMWW W N W W
Rx-Clk 1 200 ns |
i -
(@B zo0v T - Zoov @ coov -"lzoons | [2.50Gs/s | @ 7 144V
: i J 35 Boins | |

= Data rate = 13.56 Mbps = SIR=-18.5dB

= Distance = 10 mm = Bit error rate (BER) = 4.3x107

A\

L © 2015 Maysam Ghovanloo
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PDM Measurement Results

© 2015 Maysam Ghovanloo
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PDM Benchmarking

®* PDM advantages:
® First inductively-powered pulse-based transceiver
= | ow data transmitter and receiver power consumption

= Robustness against power carrier interference and Small die area

dJ Data |Power| Data | Tx/Rx |[CMOS SIR Die Area v
Reference Mod. Carrier|Carrier| Rate | Power | Tech. (mm®) bb| BER
(M) 151) | (MH2) |(Mbps)| Ibit) | (um) | @B | Data TxRx)| V)
Ghovanloo, 2004 [peFSK| 5 [ 510 [ 510 [ 2.5 | 152 | 15 | - -10.29 51 107
Hu, 2005 |BPSK| 15| 10 | 10 | 112 | -625 | 018 | - -0.2 18] 107
Mandal, 2008 |LSK | 20 | 25 | 25 | 2.8 [35.7/1250] 05 | - 22237 (28] 10°
Rush,2012 | FSK | 20 | -5 5 125 - 08 | - - 2. -
Rush, 2012 |BPSK| 20 | 48 5 3 1962- | 08 | - 237 2.7 | 2x10™
Simard, 2010 |QPSK| 5 |1356] 1 | 416 - - - - - [ 2x107F
Zhou, 2008 |BPSK| 15 | 20 2 2 | -3100 [ 035 [-12° 4.4 45 10
Chen,2013° |DPSK| - | 20 2 2 - o1 | - - 18] 107
This Work |PDM | 10 | 50 | 13.56 | 13.56 | 960/162 | 0.35 |-18.5| 0.34/0.37 | 1.8 [4.3x107

© A 1™-order off-chip filter was used to improve SIR to -6 dB. " Including pads.
" Second-order filter was used to improve SIR.  — LSK is only used for uplink.

)/

www.GTBionics.org
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Tongue Drive System

A Brain-Tongue-Computer Interface
for Environmental Control and
Computer Access

)/
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Invasive BCI for Clinical Use

electrodes
(Single Unit
Recording)

Subdural

electrodes
(ECoG el

Recording) £

)/
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Switch Based Systems
4 Simple and relatively low cost
4 Easy to use
% Requires limb movement :
% Slow and cumbersome Grasp Switch
% Inflexible \q
fuves

/ . Microlight Switch
e ] '

B

Chin Control Switch  Flex Switch

Sip-n-puff Switch

- . : 4 'I..}:III '
Voice activated switches (@ \4
Infrared (IR) Switch  Pillow Switch ~ =MC Switch
A
L © 2015 Maysam Ghovanloo 40
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Why Using Tongue?

¢ Along with mouth occupies the amount of
sensory and motor cortex that rivals fingers
and hand: sophisticated motor control
capability evident in speech and ingestion

® Fast movement with many degrees of freedom ) : ; Motorarea
(DoF). Very flexible

® Connected to brain by a cranial nerve: escapes
even high level spinal cord injuries

® Noninvasive access to tongue is possible.
® Not afflicted by repetitive motion disorders

® Does not fatigue easily. Very low rate of
perceived exertion

® Cosmetic advantage and privacy. It is all inside
the mouth

® Not influenced by the position of the rest of the
body

Unlike BCls does not need concentration.
ML_J!

©2015 Maysam Ghovanloo Ghovanloo, IEEE EMBC 2007
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Tongue Drive System (TDS)

Control Unit
( —— Battery |
[P, s ‘)\ Smart Home
e )
] Blustooth

or Wi-Fi

Interactive
Menu

Magnetic \\

/ J i
> Sensor ﬁ ﬁ Office
£ Array & ¢
B S 0
/ " Powered ¥ &
—— Wheelchair L)

An array of magnetic sensors detect the magnetic field variations resulted
from the movements of a small magnetic tracer attached to the tongue,
and wirelessly send that information to a portable computer where these

tongue movements are translated to user commands.
m_ﬁ

©2015 Maysam Ghovanloo US Patent 8044766, Other patents pending
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Tongue Commands

L © 2015 Maysam Ghovanloo
www.GTBionics.org

Magnetic Tracer Attachment

Temporary attachment:
By tissue adhesives

Dental Floss Super Glue

Silicone

* @
T|IIIIIIII‘IIII|IIII|;‘III

to test-drive the TDS Magnet
Adhesive
Semi-permanent
attachment: gongue
By magnetic tongue piercing to
use the TDS on a regular basis
_E P 3 Magnet
_; @_ Tongue
= e Tongue

)/
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TDS Clinical Trials

After screening, participants receive a magnetic tongue
piercing, recover for 4 weeks, and participate in a 6-week
trial including one computer access and one wheelchair
navigation session per week.

\

L © 2015 Maysam Ghovanloo 45
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Experimental Methods (Computer Access)

.. Horizontal Tapping .. Vertical Tapping

o 'J‘ ) il
3 § § .
| Left B SR £ " H
PSRt scloctt * e
1 Neutral i e ‘ R
= i - - ' )

ight Left
Y L/

»
§ (4
i 48 Targets
—— :
) - 9!
Maze i I:I
Navigation Multiditectional
105 Tapping
© 2015 Maysam Ghovanloo 46
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TDS

Wireless

Dongle

Wheelchair

® Q6000 electric-powered wheelchair
from Pride Mobility Inc.

Subjects’ drove in a ~50m obstacle
course using 3 driving strategies:
Unlatched

Latched

Semi-proportional

DO
‘._ W — _‘.

Turn Right Straight Stop Turn Left

)/

Experimental Setup (Wheelchair Navigation)

T

L © 2015 Maysam Ghovanloo
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Tongue Drive System vs

1 75

)/

6
Session Numbers

. Sip-and-Puff

== TDS-D
~

=0=5nP-D

= 0.8 60 -~
Center-Out 3 & +__+
Tapping 506 g% ‘~+~_+ -_
Task Over &, < 20 ' =
. W0, 5 [
6 Sessions £ E
= 0.2 15
(1] (1]
1 2 3 4 5 ] 1 2 3 4 5 6
Session Numbers
60 40
_ S == TDS-D =0=5nP-D
.Y =]
Maz_e . w 45 230
Navigation £ S
Task Over 530 h 66— § 20
6 Sessions 3 ﬁ“‘-o,_ _on e
o 15 --o— -'O o 10
g £
S 5
vy
0 0

1 2 3 4 5 6

© 2015 Maysam Ghovanloo
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Tongue Drive System vs. Sip-and-Puff
SnP

@1l2s @10s @07s
11 B e ——

DS
@B10s @0.7s I:Io.i_s

=]
(=1
(=]

(]
(=1
(=1

= —
[ @
o o
=
[
(=]

oo
(=]

oo
(=]

B

o
B
(=]

o

Information Transfer Rate (bit/min)
o

Information Transfer Rate (bit/min)

1 1-P
ITR ==|log, N +Plog, P+(@-P)log, ——
T N -1
N: number of individual commands N;ps=6 Ng,p=4
P: System accuracy
T: System response time

1)

LU © 2015 Maysam Ghovanloo Wolpaw et al., Clinical Neurophysiology 2002 49
www.GTBionics.org

Tongue Drive System vs. Sip-and-Puff

3 Fad i * Q- TD5-Unlatched
@ g =0=TD5-Latcched
@300 Yoo =0= TDS-Semi-Pro
-E 2 == Sn1P-Latched
§250 gﬂ 6 -
£ s
S 2
o o
5200 o 3 .

S k-
150 § 0 -
=
1 2 3 4 5 6 1 2 3 4 5 6
Session Numbers v ——e & Dostcie
. . 2%
Powered Wheelchair Control Task Over 6 Sessions |5, : PR
Subjects perform considerably better over time. ez T
e— 'I.T-‘. g“lf é.l.
e/ Ty il .
Turn Right Straight Stop Turn Left 1t
-.\L,J.I
Wil © 2015 Maysam Ghovanloo Kim et al., Sci. Trans. Med. 2013 50
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Intraoral Tongue Drive System (iTDS)

Permanent

Magnet
Control Permanent

Unit

Sensor
\

Sens~

® Sensors, all the electronics, and a small rechargeable battery will be
integrated in a comfortable dental retainer.

® Completely hidden from sight > Gives users more privacy and confidence

® More stability inside the mouth. Protected against external mechanical
interference and possible damage.

)/

Control Unit

©2015 Maysam Ghovanloo US Patent 8044766, Other patents pending 51
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Intraoral Tongue Drive System (iTDS)

iTDS Dental Retainer

ISM Bluetooth

Interactive Lo

Home

Office
Tools

(c) 2011 Maysam Ghovanloo

0

Wheelchair

© 2015 Maysam Ghovanloo 52
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Front
20mm

ITDS Implementation

wwge

[ Top view ]

Magnetoresistive Sensors

[ Bottom view ]

i N
{ iy
Charging coil _~% 3 Tx 7 L Li-lon
@13.56MHz '22;?\22‘3 y rechargeable
z Battery
':l\_.\ﬁ. ——
ULl © 2015 Maysam Ghovanloo Park and Ghovanloo, ISSCC 12 53
www.GTBionics.org
iTDS ‘.F-“ MSP430
|
HMC1043 da On-Chip Digital Controller mc_mu{]]-
3-axial E Il o o AFE_sampla Ch_Sel
magnetic = ]
sensors x 4 g 2 24
=
o
|

Inductive link

32kHz 27 MHz 48 MHz

N/l

lwww.GTBionics.org

© 2015 Maysam Ghovanloo

Park and Ghovanloo, ISSCC 12 54

11/1/2015

27



ITDS Wireless Universal Interface

: smartphone g
27TMHz 433 MHz chip

H antenna
antenna i

2"d floor (RF)

SesssssssssssnEnsEna
30mm

13.56 MHz

Charger
Coil

embedded in Y|

the universal
interface

)/
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ITDS Common Applications

[ Computer Access | [ Powered Wheelchair Control ]
T

® iTDS can substitute " iTDS can substitute

mouse or touch-screen, joystick to provide control
enabling full PC, tablet, over powered wheelchairs
or smartphone access (Forward/ Backward/ Left/
with tongue motion Right/ Neutral-stop).

|

ULl © 2015 Maysam Ghovanloo 56
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Substituting the Smartphone with
Beagle Bone Black

To create a stand-alone TDS

A\

L © 2015 Maysam Ghovanloo 57
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ITDS SpeC|aI Appllcatlons

Other Wireless
Devices
e

Interacllve 3

el
%
; Menu o
0
[ " )
» ® %

Permanent

Magnet - .
/ Wearable Heads- Up Display
Computer

Night
Vision

/ Headphones

i

Weaponry

Military
Radio

® iTDS can be used where ® iTDS allows tongue to be
physical motion has been used as a human motor
hindered by the environment output, like hands and
:\)—rj)y nature of the task. fingers. Like the 3 arm.
! H
ULl © 2015 Maysam Ghovanloo 58
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TDS + Head-Mount Display

bonscmsstes
sk ow reasrice =

P Tongue

a ! e ‘ commands

A e

L Right = = @

® Hands-free
mode of access
for wearable
computers with
head-mount
displays and
virtual reality
glasses, e.g.
Google GLASS

A Truly Wearable
Computer

)/
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A Silent Speech Recognizer/Synthesizer

Hidden Markov Model

AN T

Tongue

T ‘ gestures

® Recognizing

Magnetic Sensor Data from Glass

o ) phonemes, words and
S sentences from the
Y : physical tongue
o "M“““‘!L"““’\""A{ motion during silent
Lw»&w\ﬂ-w\,{ speech - Privacy
% E—— = ® Aphonia, weak voice,
Laryngectomees
A\
ULl © 2015 Maysam Ghovanloo In collaboration with Prof. Starner 60
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dTDS Wireless Headset

2) Wireless Headset

P

Control Unit
MCU

Power Supply Unit

Audio Codec

)

Audio

Li-Polymer
Battery

USB Charger

L.

Sensor Chip
R

] Connector  antenna Pg[\::;;‘;"
\\ / * Magnetic
Sensor

L 4

Y e SRR
- N Sensor Module

Sensor Module

{Bottom view) Dy, i) (Top view)
Microphone ., 1) Permanent Magnet
A
© 2015 Maysam Ghovanloo Huo et al., |EEE TNSRE 2013 61
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Conclusions

® We have developed basic
building blocks for high
performance implantable
microelectronic devices (IMD),
particularly in the analog, RF, and
power management units.

Human Brain Lateral (Side) View

® We are building invasive BCls
(wireless neural recording,
stimulation, smart wireless cage)
as an advanced set of tools for
neuroscience and
electrophysiology research on
freely behaving small animal
subjects.

)/
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® Tongue Drive System (TDS) is a
wireless, wearable, and minimally
invasive brain-tongue-computer
interface (BTCI) that enables
individuals with severe disabilities to
access computers, drive
wheelchairs, and control
environments with their voluntary
tongue motion.

¢ A Multimodal TDS (mTDS) is under
development to capture any
remaining abilities of the end users
and give them more degrees of
freedom and ease of use for various
activities of daily living (ADL).

Conclusions

3D Accelerometer
(Head Tracking)

s
Battery + Power
Management

]
/
MEMS Microphone .
[Voice Control) CMOS Camera

3D Magnetic sensors  (Lip Reading)
{Tongue Control)

2
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