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INTRODUCTION

Electrical Sensing or Recording Electrodes
Electrical Stimulus Electrodes
Chemical Analysis Probes (not discussed in this lecture)

Applications:
Research
Vision Restoration
Hearing Restoration
Heart Pacemaker and Defribulation
Bladder control
Muscle Stimulation
Other

Rochester Institute of Technology
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MEMS SENSING ELECTRODES

=

Reference Microelectrode
Electrode Sites
J\ _ 150pm .
au R Silicon Electrodes
=35 mm o
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RECORDING ELECTRODES

Rochester Institute of Technology
Microelectronic Engineering
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VISION RESTORATION

In conditions such as retinitis pigmentosa and macular degeneration,
the light sensing rod and cone cells ("photoreceptors") no longer
function. Visual prostheses, implanted in the brain’s visual cortex, the
optic nerve, or in the retina. A retinal prosthesis can be fixated either

on the retinal surface (epiretinal) or below the retina (subretinal).
LIGHT

VITREAL SPACE

GANGLION CELLS

EIPOLAR CELLS

1l PHOTORECEPTORS

RPE

CHOROID

Boston Retinal Implant Proj ecy
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THE EYE

Figure 45.7

Structure of the verlebrale aye. In this
ongitudinal section of the evea, The @llylike

SClera wilrg0us humos 15 llustrated cnly in the

aveer hall of the ayeball,

Ciliary Body
Suspensory ,
Ligament i
Iris -

L1

Lens
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Pupil | ) s

Cornea —— |
Leniral artery

Aqueous & and vein

HumOI' Wilreoas
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Biology, 3™ Edition, Neil A. Campbell
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VISUAL CORTEX

Biology, 3" Edition, Neil A. Campbell
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THE RETINA

Bipolar — - =
Figure 45.9 - o A -
Photoreceptors of the retina. (a} The retina is populated by Sl N\
two types of pholoreceptors. Rods are very sensitive to light s : i ' A
and function in black-and-white vision at night; cones are less - Sy

sensitive to light and account for color vision during the day. S JaEEE
Both types of cells are modified neurons. Each rod and cone e - Rod / o
has an outer segmant partly embedded in a layer of darkly pig- r =
mented epithalial cells. The outar sagrment is connected by a _ .

short stalk to an inner segment, which is in turn connected to A e
the cell bady. Axons of the rods and cones synapse with other hjg
retinal neurons called bipolar cells. Within the outer sagment of

a red ar cone s a stack of falded membrane. The visyal pig- oy
ments responsible for detecting light focused onto the retina are Connecting
| Y stalk

built into these stacked membranes. (b) The visual pigments
consist of a light-absorbing molecule called retinal (derivad from
vitamin A} bonded to a protein called an opsin. Each type of \“\m
photoreceptor has a characteristic kind of opsing which affects
the absorption spectrum of the retinal. In the case of rods, the
whaole pigment complex—retinal plus the specific type of
opsin—is called rhodopsin, which is the visual pigment
illustrated here. Motice that the opsin has several regions of
alpha helix (see Chapter 5) spanning the membrane. At the
core of the opsin is the light-absorbing retinal.

{b) Rhodopsin, the visual pigment in rods

bt A

Outer segment

=301 Discs o
| containing,
visual

3 p" pigments
= Melanin

granules

Figment layer

T

Biology, 3™ Edition, Neil A. Campbell
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CONVERSION OF LIGHT
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THE RETINA

[[9qdwre)) "y [1ON ‘UonIpy p¢ AS0[01g

|~

e e

Figure 45.11

The human retina. Lighl must pass
through several relatively transparent lay-
ers of cells before reaching the reds and
tones. These photoreceptors communi-
cate with ganglion cells via bipolar cells.
The axons of the ganglion cells transmit
the visual sensations {(action potentials) o
the brain. There is not a one-to-one rela-
bonship between the rods and cones,
bipolar cells, and ganglion cells. Rather,

Direction of light

Fhotoreceptors
(rods and cones)

—— Pigmented epithelium

each bipolar cell receives information from
several rods or cones, and each ganglion
cell from several bipolar cells. The honizon-
tal and amacrine colls carry information
across the retina to integrate the signals,
All the rods or cones that feed information
e ona ganglion cell form the receptive field
for that cell, The larger the receplive field
(the more rods or cones that supply a gan-
glion cell), the less sharp the image, be-

10 pum

cause it is less evident exactly where the
light struck the ratina. The ganglion cells of
the fovea have very small receptive fields,
50 visual acuity is vary sharp in this area.
[SEM from Tissues and Organs: A Text-
Atlas of Scanning Efectron Microscopy by
Richard G. Kessel and Randy H. Kardon,
W. H. Freeman and Company. Copyright
@ 1979.)

, © May 8, 2012 Dr. Lynn Fuller, Professor
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GANGLION CELL ACTION POTENTIALS

Response (action potentials) Response of ganglion cell
of ganglion cell during s during period of
by T . . I R . Sy
period of light stimulus: =Eo light stimulus:
: : field : 0
on-center field off-center field

Cm-center O -center
Light stimulus | receptive
Lield

fi Ial| rI| fi il

= l A yhas|
M : !I_ _|| lll,_lll I'.f—ll \ ._;—'I 'L_ | ',__....|: '._a--f' i-_a----i ’.J ______

illumination

i M e ke ; i A A
Center ||F||L ||”| III| Ilrll II'. ||II| { | fh M

: . 4 L L 4 1 1
illuminated L et e, v e L B e

Surround \ ' \ 86 o e A S L G
. L] | || { B 1 1 1 1 |
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SN . I .
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OPTOTRONICS CORPORTION APPROACH

Inner retina

Duter ralin;:

Optic nerve

2mm ASRE device lying on
a penny

Implant in- ] Magnified image of an
P : Cornea ASR® device
the subretinal space

25 um thick, 2 mm dia, 5000

microphotodiodes

Drawing by Mike Zang

Optobionics Corporation
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CCD CAMERA APPROACH

The retinal prosthesis is designed to bypass damaged photoreceptors (rods and cones)
and directly stimulate the surviving ganglion cells connected to the brain through the
optic nerve. A camera mounted on specially designed glasses capture the visual scene
and transmits this information (in this figure, using an invisible laser beam). The laser
strikes a solar panel (photodiode array) located behind the pupil and generates
internal power and transmits the encoded visual information. An ultra-thin electrode
array carries the power and information to the retinal surface where it stimulates the
ganglion cells.

- ‘"‘;.‘- i
g&f : CCO CAMERA
e ——  SIGMAL- PROCESSOR
Tl LASER
e e e CT—

FHOTODIODE PANEL
AND

MODIFIED STIMULATOR CHIP
INTRACCULAR !

LENS —\..

Boston Retinal Implant Project

BATTERY
PACK

-~
ELECTRODE —
ARRAY

Rochester Institute of Technology |II
Microelectronic Engineering
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RETINAL PROSTHESIS

Photodiode array made of silicon
measuring 2.2 mm? inserted in a pig
retina. The 12 photodiodes are
connected in series and can be
independently stimulated. In order
to function properly within the eye,
the array must be hermetically
sealed (effectively encapsulated) to
preventits deterioration.

8 This 1s a prototype tack
. for attaching an array
to the retina. The tack
thickness is 10p.

Boston Retinal Implant Project

/
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PROCESSING AT THE RETINA

Photo diode converts light to current. Cones and rods in the retina
converts light into voltage pulses (action potentials) where
information 1s encoded in the voltage frequency rather than
amplitude. Cones and rods communicate with neighboring cells
through amacrine, bipolar and horizontal cells. The ganglion cells
receive signals from these cells and transmit information along the
optic nerve. Further processing is done by the brain.

Rochester Institute of Technology

Microelectronic Engineering /
| -
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EYE PRESSURE MONITOR

Feb. 22, 2011

Toward computers that fit on a pen tip: New technologies usher in the millimeter-
scale computing era

-~

ANN ARBOR, Mich.—A prototype implantable #»*
eye pressure monitor for glaucoma patients &
is believed to contain the first complete/ .
millimeter-scale computing system. g

And a compact radio that needs no tuning to
find the right frequency could be a key
enabler to organizing millimeter-scale g
systems into wireless sensor networks. @13

These networks could one day track % . .
pollution, monitor structural integrity, perform surveillance, or make

virtually any object smart and trackable.

\

Rochester Institute of Technology

Microelectronic Engineering /
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HEARING RESTORATION - COCHLEAR IMPLANTS
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Another application of electrodes is the cochlear implant.

Rochester Institute of Technology

Microelectronic Engineering /
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THE EAR

4 . | MipoLE
OUTER TEXTERVAL) BAR EAR INMER EAR

Pinna ——

i M A

g canals
/

Auditary {
canal Auditory == |

tube &

Figure 45.14

Mallews

{hammer)
Oissicles lncus
| Camwvily —
| :
| Stapes

Oval window 4//

Romand
window

Tympanic
membrane

Semicircnlar

structure of the human ear. The hair
calls, the actual sensory receptors of the
azr, are located within the labynnth of

canals of the inner ear. The cochlea con-
lains hair cells that function in hearing. The
vestibule and semicircular canals contain

Auditory
nerve

Cochlea

Auditery
tube

— Vestibule

hair cells responsible for the sense of bal-
ance.

, © May 8, 2012 Dr. Lynn Fuller, Professor
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THE COCHLEA

Figure 45.15

Structure and function of the cochlea. {a) The cochlea is a long

coiled tube, (b) A cross-sectional view revesals three canals. The
g vastibular canal and tympanic canal contain a fluid called perilymph.
Betwesan these bwo canals is a smaller cochlear duct filled with
endolymph. The receptor cells, hair cells, are part of the organ of Corti,
which sits on the basilar membrane that forms the floor of the cochlear
duct, {¢) Suspended over the organ of Corli is the tectorial membrane,

(a) o which many of the hairs of the receptor cells are attached
Vibrations of the tympanic membrane {eardrum) are transmitted to the
oval window on the surface of the cochlea (see Figure 45.14), and this
creates pressure waves in the cochlear fluid. As the basilar meambrane
vibrates, the hairs of the organ of Corti are repeatedly pushed against
the tectorial membrane. This stimulus causes the hair c2ll to depolar-
Tectorial ize and release a neurotransmitter that triggers an action potential in a
Imem I:"!':'lﬂ e sa r'lSDr!f neuroan.
Tectortal
Cochlear duct membrane
}  Vestibular
v \ canal '. Auditory Hair cells Inner hair cell
It : nerve J,.r"'
Drrgan — L, - i
of Corti ___H—_""‘"-;-_._,_' F%-\{ ¢ TR e JIII.-"JIIIr
i B falf 7N T - Sensory
e & i J ': Ao i / neurons
Easilis Tympanic e _;__" | M
membrane canal / L 3
T
— | bad B ‘! L
/| AN (b) (e} T~ Basilar
y/ membrane
|
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How the cochlea distinguishes pitch. (a) Vibraticns of the
stapes against the oval window agitate the fluid within the
cochlea (uncoiled here), setting up pressure npples thal have a
frequancy equivalent to the sound waves that entered the ear,
The waves pass through the vestibular canal to the apex of the
cochlea, then back toward the base of the cochlea via the lym-
panic canal. The energy causes the cochlear duct, with its basi- | O B s = =
lar membrane and organ of Cordi (sea Figure 45.15), 1o vibrate || wrdew  |onl | e | 0%
up and down, The bouncing of the basilar membrane stimulates | ; | |
the hair cells within the cochlear duct. (b) Fibers span the width ' '
of the basilar membrane. Like harp stnngs, lhese libers vary in | [SR0

Ien}_',rh:'-l.\:'
length, being shorter near the basal end of the membrane and e
lnger near the apex. The length of the fibers "unes” them to different

regions of

vibrate at specific frequencias. (¢) Thus, pressure waves in the B

cochlea cause a specilic region along the length of the basilar (& =z b He ;g
membrane 1o oscillate more vigoerously than other regions naol (High notes) o
‘tuned” to that frequency. The preferential stimulation of hair Basilor

calls is perceived in the brain as sound of a certain pitch. 3 500 He
/\\ 4000 Ha

Rochester Institute of Technology
Microelectronic Engineering

24,000 Hez

]
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CHOCHLEAR IMPILANT

Ground electrode

COMBI 40+ S —

"

Intracochlear alectroda

http://www.bcm.edu/oto/jsolab/cochlear_implants/ cochlear_implant.htm

FEN

Rochester Institute of Technology
Microelectronic Engineering

/
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RIT THIN FILM COCHLEAR IMPLANTS

Ward Johnson, Senior Project, 2006

\

Rochester Institute of Technology
Microelectronic Engineering
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THIN FILM RECORDING ELECTRODES

13 pads each side
made to mate with

5400 um standard AMP connector 25000 um

[ [ L] [l [] =

] O E ] Y —
= | =]
|—,—
] [] ] n ‘D

300 um —1 +— 100 um
y/__ \\ 3,,

Rochester Institute of Technology
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THIN FILM RECORDING ELECTRODES MADE AT RIT

Keith Udut 1999
Dr. Lynn Fuller

Vv \\

T~

Rochester Institute of Technology

o - =
Microelectronic Engineering /
| -

| © May 8, 2012 Dr. Lynn Fuller, Professor Page 25




/=1 Probes )=\\\\

BLOOD FLOW, PRESSURE, CHEMICAL ANALYSIS

Endothelium of —
tumica intima

Viein

Rochester Institute of Technology

Microelectronic Engineering /
| -
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0" VERSION

A DB A S MU LTI dirt on Lhe wafer
= H " 1 Maw 340 FORCZ, 205000 2000HEY 11-20-1999 1lid4lam

Rochester Institute of Technology
Microelectronic Engineering
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FIRST VERSION RIT SILICON BIOPROBES

Rochester Institute of Technology

Microelectronic Engineering
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SECOND VERSION RIT SILICON BIOPROBES

- 3.5mm -

4.5mm

\

Rochester Institute of Technology
Microelectronic Engineering
|
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SECOND VERSION RIT DESIGN

No Pads
LC

Two Pads
Two Electrodes
Poly Resistor
Capacitor
Photo diode

Temperature Diode
Colil

Three Pads
Heater and Thermocouple

e~

Vi P\

\

A ]

ISmml

Rochester Institute of Techi r f
g Microelectronic Engineering
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SPRING 2007 PROJECT CHIP - RIT MEMS CLASS

1
1

I

F

|
I_l
+
+
+

Rochester Institute of Technology

Microelectronic Engineering
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SECOND VERSION COMPLETED DEVICES - RIT

WI1=300 um

W2 =1100
W3 =450

L1=1400
L2 =1250

20 um

© May 8, 2012 Dr. Lynn Fuller, Professor
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THIRD VERSION - BIO PROBES

=
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OXYGEN PROBE

Rochester Institute of Technology

Microelectronic Engineering /
| -
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TEMPERATURE AND CHEMICAL

Rochester Institute of Technology

Microelectronic Engineering /
| -
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BLOOD FLOW

B ([ MOVIE

Rochester Institute of Technology
Microelectronic Engineering
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PROBES AFTER FABRICATION BEFORE SEPARATION
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4"™MVERSION - TEMP AND CHEMICAL SENSOR PROBE
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POLY DIAPHRAGM FIELD EFFECT TRANSISTOR
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RESULTS
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5TH VERSION CMOS Compatible Tiny Pressure Sensor

— "\

\

Rochester Institute of Technology
g Microelectronic Engineering
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5TH VERSION CMOS Compatible Tiny Pressure Sensor

PRESBSURE
BENGOR

13/100

Rochester Institute of Technology

Microelectronic Engineering /
| -
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5TH VERSION CMOS Compatible Tiny Pressure Sensor

Rochester Institute of Technology

Microelectronic Engineering /
| =
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STHYVERSION CMOS Compatible Tiny Pressure Sensor

100 pm P- wafer

XeF, etch can remove poly leaving an air gap
creating a pressure sensitive oxide diaphragm

/
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Dual-chamber
pacemaker device

@ medmovie.com 2004

http://w w w.bostonscientific.com/templatedata/imports/multimedia/ CRM/pro_pacemaker_us.jpg

Rochester Institute of Technology

Microelectronic Engineering /
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FUNCTIONAL DIAGRAM

ventricle

Rochester Institute of 1echnology

Microelectronic Engineering
http://apps.uw health.org/health/adam/graphics/images/en/19566.jpg
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ADDITIONAL ANATOMICAL POINTS TO CONSIDER
— B‘l
1. Leads in the right ventricle will be in
direct contact with the heart wall
2. Leads in the left ventricle are fed pulse
through the pulmonary vemn and generator
remain unattached
left
ventricular
lead
EEEEm
http//www.3dscience.com/Animations/Heartbeat AntCut.php
http://www.infomat.net/infomat/focus/health/health_curriculum/images/heart.gif /
|
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HEART WALL MOVEMENT SENSOR

We want to make a device that can sense the movement of the wall of the heart.
This will help in adjusting the synchronization of the heart muscle response to the
electronic pulses from a pacemaker.

A sensor based on Faraday’s principal of electromagnetic induction is proposed. A
magnet and the coil have to move relative to each other. Such a sensor measures
velocity and creates an output voltage.

A coil wrapped around the pacemaker lead, near the tip, will move with the
movement of the heart wall where it is attached. Inside the lead a magnet 1is
levitated in a position near the coil then any movement of the coil will cause a
changing magnetic field and an output voltage.

The magnet’s 1nertia holds it in place, momentarily, as the coil moves. We levitate
the free magnet in between two fixed magnets with like poles towards each other
creating a restoring force. The magnets are donut shaped and a small wire through
the hole prevents the free magnet from flipping thus enabling the restoring,
levitation, action to work.

Rochester Institute of Technology

Microelectronic Engineering /
| -
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DESIGN APPROACH

The middle magnet is free and its inertia keeps it stationary (momentarily) when the
tip moves. The two end magnets are fixed and oriented with like poles facing the

free magnet providing a restoring force to return the free magnet near the coil. The
red wire goes through the center of the donut shaped free magnet preventing it from

flipping.

© May 8, 2012 Dr. Lynn Fuller, Professor |= Page 49
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FARADAY PRINCIPLE OF ELECTROMAGNETIC INDUCTION

Faraday's Magnetic Field Induction Experiment

When Michael Faraday made his discovery of electromagnetic induction in 1831, he
hypothesized that a changing magnetic field is necessary to induce a current in a nearby
circuit. To test his hypothesis he made a coil by wrapping a paper cylinder with wire. He

connected the coil to a galvanometer, and then moved a magnet back and forth inside the
cylinder.

f.f?é‘.f"i
»

Click and drag the magnet back and forth inside the coil.

When you move the magnet back and forth, notice that the galvanometer needle moves,
indicating that a current is induced in the coil. Notice also that the needle immediately

returns to zero when the magnet is not moving. Faraday confirmed that a moving magnetic
field is necessary in order for electromagnetic induction to occur.

Rochester Institute of Technology _ ttp://micro.magnet.fsu.edu/electromag/java/faraday?2/

Microelectronic Engineering
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MAGNETS

http://www.kjmagnetics.com/

RZ211

® Dimensions: 1/8" od » 116" 1d x
116" thick

® Tolerances: £0,001" » £0.001" x
+0.002"

(Poles on Flat Ends)

Tiny rings!

Material; MdFeB, Grade M2
Plating/Coating: Mi-Cu-Mi (MNickel)
Magnetization Direction: Axial

Wiejght: 0.00249 oz, (0707 q)
Pull Force: 0.45 |bs

Surface Field: 1515 Gauss
Bronax: 13,200 Gauss
BHmMax: 42 Mz0e

R211: |1 for $0.14 |

© May 8, 2012 Dr. Lynn Fuller, Professor
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TEST RESULTS

Signal Amplified x100

Signal no amplification

CHT 50.0mt Adiv CH2 20, Qe Adive 500 Oms./div

Rochester Institute of Technology
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HOMEWORK - MEMS PROBES

1. Search for other applications of MEMS electrodes in biology.
Summarize, in your own words, and list your references.

Rochester Institute of Technology
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