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19503 tholl @et =47] (Cardiac Pacemaker)’l H%E AAZ =¢
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Wl 24 7] (Cardiac pacemaker)t Hl®oluy M=g X753517] 93
o5 F71H80 A7l AFE T 7171t Al #E 2 A
I YFdA 2o 7hsdtal AFHEg7E B o] gtHA -G
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HAE A=7] (Deep Brain Stimulator)™= 33714 W (parkinson’s
disease), Tt 5 F ol " & F(tremor), 7130l (dystonia)s # Al
AEA A 2olE VR HAAR FERE (AY3HE3 (subthalamic
nucleus (STN)), = EFT globus pallidus interna (GPi) %)° ZF
I A7 A& FH S0 @3tEHE AS THA Hol ol A=
A3 HATH3-7] FAEH HY A FE ddtd Aol Az
A AE AT oz A AMEEHI 8]

Al 2 A B71<MA ¥ (Parkinson’s Disease)? 43}

H#71<4 W (Parkinson’s Disease) 1817\ James Parkinsonol] 2] &f
d Aoz d=slo]HH(Alzheimer disease)o] oo F
HAR &3 FF AZAA HIPA ZAFo|th[9] H<e Z4F(substantia
T =299 AAAEI FA AAEo] A " (tremer),
73 A (rigidity), €% ¢9H(bradykinesia) 2 24l EQAHo] EA A o2 1}
bttt [10,11] 23y ol A7HA F21&4 #He] g dglojyt 71 A o
A B vt glojA did 52 294 FH A=E Vg 5 gle
TFAAA Hag Aot I A|7lE 55AHAA 60401 =EEA
30thol W= Tt w=m el oF 15078 e} At glo Azd
S5utido] A Z et glow[12] dxoA = 60A1 AT oF 1%
7 BHste o2 FAEL Yo

Ty zoles =

%)

o EHlo] #HAH Levodopa, dopamine agonist,
MAO-B inhibitorss ¢ =2 &5 & AFsd. 2148y F2 FF F49
7] W&o -3 AW (Blood-Brain Barrier)E {7l H| &2

10%°] B33t =39 AAMNZ7 2AFHo 7o wal Foo] F7}
HA "o o uwEktM #UF, ol &5 S (dyskinesia), #HE A&
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(Joint stiffness), Y23, 37, EdHE d7Z, W 5 ttgs 22180
AoAUA Hol ¢ o] #xe] TS

A4t3 &= 29 (Bain Computed Tomography)$t ¥ 3z}7] &9
#9 7)< (Brain neuclear Magnetic Resonance Imaging)®} 33}
Fe 7IHY dE=2 AY3n FyFol HL A9 F=(stereotatic
surgery)©l 7}%‘8}71] HAo. =3 erf"ﬁtﬂ ek FEREAA AL
7] A AAe EQZ 19809 ] Fuke = Alim Louis Benabide]
sl HYARHM RAE mF I(high frequency) AFE Z=3H(deep
brain stimulation) .24 ZZA S IFIA|7|A] F1% AV 4LZed 722
AAE ATNE A4S F At AL HANA Hol o]E XEd HEIH
HATH3-7]. 1997d = A did HAEH 5%0] vlx A (U
S Food and Drug Administration)o]A] A& o=z 3715 293 20024d
e & Wel Ud HARRFEo] v gAY AL ¥y
T AE 2000858 d & #7E B did HARS A=5E0] T
o AYH SUS B 20009 1E€FHE BE HEudo] HEA #
< Fxso] AHE B Yt

y o
¥ omt i

ARFEASTNG A3e Fe 2S5 F0& 9ol gree o ¢
% 349 53479 5% A L-dopa °FE B8 BF W o4 29
S 93, B3 FE B§ F9 2347 A% AAs] ¥ TAst Dol
22 Wit time) % o4 £F 342 A4AA Frh 28t % 2
of L-dopa® Felz 249 zAel §d ¥ ¢F 3 AT

(seborrhea), 71 BA A8 % (orthostatic hypotension), FH 3o, ¢} 2]

5

EdE, adw, $eF, 5%, OV‘”LZ} 4 FTHES A9l wE 54
o] 2 Fk e FHEH. FE ¥ YHFToEE 44E, HAN 28, F
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A o]’¢25(limb dyskinesia), H¥ =4 (hemiballism), AS ZF7} 5o
dom =8A e AT TH1L

A3 A AE HARATE B

€ AF AAe WF dgHHY FHo] A
g wA 7} Bttt 7]7] leadl REH

T 3t BHE Ao oAg 37] wiEd F 10007YAH =
Z ﬁ‘rZH 7311] o] AXA @t £F B WSS BUA &
ol AF 94X 2 27 AFAE Aok sta o] Fele HA wAE
I HARAF7IE A Foty) JtETK AE It ool Foz A
AAQ & Azto] Hojuial BE nEAQ e Ryo] FrhstA €
}.
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Scalp Implantable
Neurostimulator

Transcutaneous energy transfer
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S 3t 28 AHE AYE AF71E MLk
a3 2-4A)% 2ok 58 ZdE 2 WAy Bge
A F e Al FAE 73T Yok A =0 e
e g g 233 AA FAE 16tlgFEolt

Ao]E 13t Texas InstrumentsAte] MSP430F2013 wlo]a 2 ZE
EHE Atestdt. 29 2-33 2ol HtAE FY 3FH (Asymmetric
biphasic pulse)& EHE + 3o A5 A7k} Hlke PCAA W7o
7Vsstn WA E FdebvlEe WH S(read only memry)ol] #3doh A
=5 AERe 27de 1VE 2435 3 g4F HqHd RIS FT39
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(A) (B)
a9 2-2 (A) A=E A= (B) STN2 37] 9135t MER recording<

37] Ao Egd 1A ZTE-E stereotaxic framed] FZAI EE

Z}=8 AL Plastic oneTMA| concentric B} A= AF&3I9 T 1
Y 2-59 Zo] A= AA Zolx 1Tmmeol™ 15SmmAAE BRI E o
Aol  wix o] 2mme AFE§ HFo] FHojuedo. AHL
biocompatible stainless steelo]™ A= ERES A9 3H polymide®
A EH UTh

AZE AolEL Plastic oneTMAl 306 &1 EY & A&t o 3
298] dZE& 93l MMCX AYEE A3t Zol& ¢F 10cmel™
Aol 9 ud A F2E 7ML doAA FEFol Bd4F ARE

43}k ok
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3. A5 ARG 3K

P>

a% A

SEH A AT oS Y3 WA FAEA FHE FI steinless
=

=3 8§ o FA

=
steel 23 FZ anchor &S & ¢ = BEUE e
3

42l bregmadld HAHS

=z
34mm FAHNA E2HOZ 26mmg] BEE £3 o] FAog

AN
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4. WA g A= o

L)
[k

2EZ

1) A¥ =2dE WEXR 45dH ¥WAME dIdS=2 75mg/kg  zoletil50,
10mg/kg xylazine &2 FALst] Wl A|Z10

2) mHH7E G5 A9 Ze e nAHAZ

3) bregma’l Bo]|%2E F/HZ9 dorsal THS HEE A
Z1th,

4) Ed ASE /A7 A ZYdE 2Eetd TS ™ol
o] H=F 430

5) bregmadlA HZEOSE 34mm FA A A
A= =g o g3te] AT AYS AT T
6) 3ol 27370¢] anchor 13 & FH& .

7) Microelectrode recoding system(storage oscilloscope, LeadPoint,
Minneapolis, MD& o] &3t A3 Z Y FHYE SAHSEA IFE
ventral®d & o 2 4ty STNe 9x& 2=t}

8) 8 AFAE o]&3sld H=E F¥ 9 anchorst LA ZIH.

9) ABA=7I7F AAE FEE 13} TFS AZE A oo 3t
£ Fotd A= dZAS sty 5@

10) WAE 27E 4IF HAZE o] &3t = wEHFHE 2AHAZ
5 A58 dZAH AAA L

=
o
£
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e
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aY 2-4 T8 AR ZEEZ (a) A9 Z=8d 2 (b FAE 9 &
9l (¢) A= % anchor® +4 (d) A& anchor 23 F (e) MER AlH¥
(f) STN 33 (g) AZo] A¥dd EF (h) AF 1A () AolE 42
() AA Al=" 42
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1. Nzd 74

AR T o4 HAR AF Axde 29 1204 9 2o
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a2z 2E2Y, A AR, ALY A3, 494 48 TE O

ol =9l FAEAE Wzt LEDE olF X x
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A% 829 Ho4 BRE FEZHR o|FAAY A9 B39 AL
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2. ol Ho] A5 WY AT B2 WA

U5 25 22 27| A 148 ABAF7S AojFEe=z
o] FYX Wl 7 FEIF JFA HEH dAHE wolN ARFEe
Y FE 2/ FEo=E o)FHYAY FZE PEEK AR 3=
Aol2Z 12 B3 E sl PDMS(Polydimethylsiloxane, SYLGARD
184, Dow Coaning)& Ao]l& WFo| 23 & Fo :m¥st 23
A7 3t} Introductionoll A3 F3]3t o)A S 93 AL 93d

Wl 29 Y 2 A7)+ AF 16mm 77 Smm=E A28 o

Aol E 3t vfolaZ HEEH = MSP430F2013 (Texas
Instruments)& RSA S 7|A = Al&3to] Z7|E Fola AW+
OP-amp, =9, /7] 59 & &AT vix|sta $HA & 0402
B9 JAFgH JAAMAEST FF 22 TF X3t AAFHQ] 32
A71E F°la FAE FoWA HAFE AF7E A EF V52
SI=E AASAT AFE 2 a9 2-6 9 B

ARY 25 A3t AA 712 B¢ ARE 600uAhol™ ==
A710 wheba WehA do.
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3. 394 AY AF &

e

Aud AY A4 2= ¢Hd = Class-D power amp half-bridge
drive 3] 2Z& 9] 839 primary CoilE TFEAI7] WHol A+ inductive
couplingg ©]&3t secondary coildlX AHE FA3 full-bridge A
FIEE o] &3l WF =0 HdHE FFA ok ZdRY FAES
w27 sty Yot EoeE © Aoz Fo]E A% Eddie Current
2 Q3 Ag 45 47] At AFIAE ZHE A4S AFESHATH
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4. 9dqd JA AF7] 3 Z(Asymmetric biphasic

stimulator)

At A=F7] f2e wolaz FAEEA Z¥¥E PWM S E
Low path filtering 3lo] & dl FolEatrt 29x YEYA
o] B2t wEtA Y3 FFJE 283l FY. 2 chathodic pulseZ
action potentialE& A A7) 3L anodic pulse® charge balanceE =37
gt AA =2 AVE Fola HUR Y AFS WE7] A3 1™
2-107 Zo] voltage dividerg &3t ¥=%F 89 5029 19 ==
Z Z9 ZdAMd ZF#H3 U7t charge balanceE @& W cathodic
pulse?] 50HIE 3t EHsF=t}. cathodic pulseE 3T = anodeE

HAA7]2L  primary discharging capacitorE cathodeo] HZAdFiL

1
(il
o,
R
o

anodic pulseE =¥ wE cathode® FHAAZ|ZL  secondary

discharging capacitorZ anodeo] |73 &t}
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5. A2 @ Holg A

H3ER7} b5 840nm 4H EE ThQEE o] g5l 3ol
HFE FolHE $48n W4 LEDE ol§3tel RN o
2 B4 % ¢ JEF A9% A2Y 278 Fol7 A5 A
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6. ¥ A= =9 2 AA 474

I8 T4 v 2

1) PDMS monomer$} polymeraseS 10:1¢] H| &2 H+
2) 30% F<¢t AF chamberd] ¥ol 71E£E AA 3o}
3) PEEKE ¥ inner casedl PDMSE AM&H =& ¥
PDMSZ iﬂé’rﬁ}

k4
Y
Mo
ol
o
bt

i
5 BAd E=o] 1ml¢] PDMSE ¥ o Z& A 2083 F
Y 3o B= utgol) 7EEFE A 6H .
6) 4904 Y& W A]2#9] inner cased] L &2 PDMSE AA
g H Bxd ¥er
7 71X F93tH d& FHE PDMSE Ao
8) 60Tl A 15412k B¢t Fojd 3o},
IEE WF 2= 329 2-12 (9% 2o R I=2E B33 A3
ol PEEK® ©o]#0o]A hard inner casedl 3JZE ¥ i PDMSE WHEE
AL F FoAH o 1S T o 3 2-12 (b)) L 2= ¥
A R ZYE A d9. 2y EFE 29 PDMSE AAHgsiy g
FAE 7HA7] o)A & Y EFE A3

o
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7. Mo g 7]7] o)A ZTrREZF

1-874AE AF o]y Z2EZ3 Fd3H.
D AW 2dg wEX 457" 9ME dAoZ Tomg/kg zoletilso,
10mg/kg xylazine & F 22 FASIe] w3 A 71t

2) mH7E SEE A9 ZEddd 2 A

3) bregma’t Bol%E F/HE9 dorsal A HRE dsty =F A

21t

4) Erld ASS LAZAIIZ A 2 LS I} FS W]

Bo] H=F 430

5) bregmadlA HZEOE 34mm FA A A

B= =G o g3t A AYL AR T

6) FWdl 273709 anchor 24§ 7HS &

7) Microelectrode recoding system(storage oscilloscope, LeadPoint,

Minneapolis, MDD ©] &3ty AR5 HAYPYE FSHI}HEA AT

ventral®} 3o 2 4¢3t STNe ¢ & ZFioh

8) YJEE AFAIE oLt AFES FHY anchor®t A A| 7T

) ABA=S717F AATE FES sl 5F 7 E

WEgo g Asty FAE BFoE AS AZE Aol

TEE WEL WE 3¥ TAVE o4 FAshd

100 32 712 ZA FIU of4d AS7IE A4 7 2A-ES HAst
FHIS A Y F QA ®E A TEE T A=

S A7 3 92 NTAZ THA m}

11) 253} Aol

12) WA A4Y A A9H AL /ANE AL #A mﬁ-q
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a9 2-10 o]HE Z2EE (a) A9 o14A (b) A5 AolE 1A
(o) e #&& =7 (d) #E&EF () Fs &
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A 3d s= 43

HAF A5 44594 29 53] di&A Hol dd @544
= PHAH o] Hol Jha AR ofF HAR ASEo EE
AUFo] B A% ol BEE &9 T4 Yol A=

ol #E A7 &8s o] Fo A vk aFolN AW 2d A
o #4% Ay AR "I HME o] &3 %

o] FAA 1 Yt} [16]
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1. 6-OHDAE o] &35 WA f7<&EH ¥ Ay v d

A A=l 6-OHDAY dopaminergic A A M Z 4 Aeid oz 283k},
o]Z& o]&3|Ax ZZA(substansia nigra)dl FH FYAY JSHx i
(medial forebrain bundle)d] FR3H H3PA =2to]F (Retrograde
teansport)oll €3] dopaminergic ABAET FUdoZH <7te] PD -
X Z A (striatum) o) A1 &) dopaminergic A7 A ¥ 2] A& H3 -o H
ﬂ’\ﬂﬂﬁm E4& Adste Aol 7tsstth. 6-OHDAE o] 83 WA ﬂJr

A A 2de AP 22 AESH, nAIAESH, 75F g

H Z BHFol glemz g .&Ohﬂr [17-20] & ATl E = nt

I.L injection Pump modulator

29 3-1 6-OHDA drug injection setup
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Ay 2l AF Z2EZL b3 2.

1) xylazine (5mg/kg, ip.) and Zoletil50 (20mg/kg, ip)E " A7) 3L

A9 Z# A(david kopf instrumnet)o] ZAAIZ . 6-OHDAE F93}7]

Aol desipramine (25 mg/kg, i.p.)E F Y39 noradrenergic AZAEE

B33

2) FHE9 dorsal 9 IFE HSA FAHEFE =5 AT

3) 12ug® 6-hydroxydopamine (6-OHDA)(Sigma)E 0.9% NaCl¥}

0.02% ascorbic acid’} £gd 4 ul B 5o m94 9 0519 HE&

2 hamilton FA7]E o] &3t MFBel FYgth ¢ 9= A9 =

A Gl A anteroposterior(AP),~4.4mm, lateral (L),-1.3mm, dorsoventral

(DV), 7.8mm (the stereotaxic atlas of Paxinos and Watson (Paxinos

G., and C. Watson, 1986. The Rat Brain in Stereotaxic Coordinates.

5thed. ,AcademicPress, SanDiego)©]t}.

4) FY ¢EF SR AXHA HHE vl=s W AH F9

H oA Aol F W AR A2E FAET

5 AA7F B WA AASAAHCAA 4573 DA w9 E3vF ks
58 AHRE AAHEL

IRl

il
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2. V% AA

HEAH Fo FAY B A (rigidity), &% 4% (hypokinesia), B
2 (tremor), AAIE<A (postural instability), ¢1* H-Z3}(cognitive
impairment)oll W3 HAAFAF7Ie NFE ZHE A A FFHAE
Tdozx 3tA dotd £ Ut AF A FFHFE e 2o @
drug-induced rotation, (ii) accelerated rotation on a treadmill, (iii)
ladder rung walking, (iv) beam balance, (v) postural balance, (vi)
asymmetric limb wuse in a transparent cylinder, (vii) stepping
movement, (viii) lateralized response in a corridor task test, (ix) free
explorative movement in an open field, radial maze, and water maze,
(x) vibrissae-elicited forelimb placing, (xi) paw reaching or pellet
grasping on a staircase, (xii) attention and impulsivity in a 5-choice

serial reaction time recorder.[21]
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Apomorphine F% 3 A H2E W

_(134

tlo

1) 6-OHDA MFB lesioning ©]% 4765 F] AA%t 94 £4
q FH o FF 2EMO= wAE FEATH.

2)  0.1%  ascorbate-salinel =<l  05mg/kg R-apomorphine
hydrochloride (sigma)& FAFSIE FA] A EF 42cm A7]9] E2¥ dt
Tol ¥ AIMF FIAFRIASF W] d3dg, B AP B o
AAREE AT

3) F9 AL USB Mgt = vt & HojA &4g

4) 1579 HAH o2 357 Pt

o
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1. /lgd A2H

294 4™ A%5-E FY FA% o)Al s HAR AF/E AL

Ak N Axge A%e ggy 2o

o] 2]-& WF 717

A7]: A F 16mm x 2ea 77 5mm

FA D AA 4g A JEF 1g T FF 4g

A5 shetHE 0 27] AME 60us 130Hz 1V (B4 7Hs)
vt %43¥ 33 (Asymmetric bipolar pulse)
A A= W4 07 3V 0.1 step

712 A A% ¢ 600uAh ( AT ZEo] wEl 36mAh 7HA F7})
Ag 5 B4 A9 A8 FF ( inductive Coupling)

28 9F 20%
dole &4 @ AoH adidd A
2R 717]
A7) 1 AE 26mm T4 ¥ 10mm

FA - 2= 10g WiE 2 50g
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(a)

(b)
a9 4-1 (a) /AEE UFE 33 QA7)
(b) Q5 AFH A% 7|7} viE g o
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2. ¥ 249 24

1) Apomorphine % 33d H2E A3
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2) A= H-919 dshy {4

o4 4%Fe] A¥ WS sacrficedto] MARL WHo] AFRg e o
-
=

e Awugy W] ojAgne

Sol 9@ WAl B4 Fo| 9 FAAstgith
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3) B7] oAF A% &9

T

B4 seto] o] FeH FFHA 5L FAHAT F7I o4

o]F AHZ3td A HAEL QYT ojAdt AHAAE AlF oAt
WAz ggol ZA ATE ¥A dn FHLE A3

a9 4-4 o4 4FF 39 47
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= &3
g BWH AY A5L BF T o4o] Absd HAR AF Ax
e Awstn BB HES Fotel 1 HEHS FARAT el W
Heg MARezd Aade 278 ol 29 & YU AFAA T
gol 5% REL AL JEAA 7152 S DBSE AAsac
AZE DBS A=ge Eue] o]qo] 7Hsd 2L WEFHUA A2
9 2 BN gAY st 484 & F e A== 238} 7}

FAW 2¥se] FAAES Frh vy RAH A5 AT
$o2 B3 Qe Axdd w2 A Jsol WA ok

1) A AT A 2E 0 @A AA"Ee T
AR oA AT A2"E e & _
MRI®} CTolA 42 HA HHE stereotaxic frameo] HFA|F|L

—

Micro electrode recording< &3l &3t 25 A HS F+= tha 3
= I
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Abstract

Development and in—-vivo
evaluation of the under-scalp
implantable deep brain stimulation

system

Hyun Seok Moon
Interdisciplinary Program, Biomedical Engineering Major
The Graduate School

Seoul National University

Deep Brain Stimulation (DBS) is a surgical treatment involving the
implantation of a electrical stimulator that sends electrical impluses to
deep brain region for the treatment of neurological and psychiatrical
disorder. DBS has became a last solution in the case of Parkinson’s
Disease patients whose symptoms cannot be adequately controlled
with medications, or whose medications have severe side effects.

Because commercially available models are usually powered by
internal battery, patients need a general anesthesia surgury, which is
to be a burden physically and mentally to the elderly patients, for
every three to five year.

In this paper, we propose the under-Scalp implantable Deep Brain

Stimulator with a transcutaneous power transfer and demonstrate its
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validity by a animal experiment on Parkinson’s disease animal model.
For the under-scalp implantation, we define a physical condition of
the internal implant and design the intenal electrical stimulator and
the transcutaneous power transfer system.
To demonstrate the validatiy of the developed system, we develop
the Parkinson’s disease animal model and set the long-term animal

experiment protocol.

keywords : Deep Brain Stimulator, Transcutaneous Power
Transfer, Under—scalp Implantable Stimulator, Parkinson’s
Disease Animal Model

Student Number : 2002-30238
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