1/28

L 2unbi4

22l
N Nt !
| ! ' 9l
! m B vt
1 1 :
i chl i 801 ! 22Ino
20 1 S
peOT “ m | Yol 0gl
=TS CE
8zl I ﬂ\ m "
| ! : zel gel
“ | oLl | by |
T H _
! / _ _ /7/ )/////Ilei\\\\\\\ _ _
“ 9z1L 10 | b2l _ el Al
b e ! 5
ofs
\ J \ J
Y f
901 201

00}



2/28

200

k ,/

¥ 1N

1

|

i

, Ly L
Source ! Load

|

220

L
Q@
<
~ @
N
Q0

Source @ L

—C
= L. 2 Load
|
!
!
!
Figure 2b
240
K /
|
|
, Lol L
Source i Load
|

Figure 2c



3/28

300

n

10

308

10"

10°

Figure 3



4/28

400

/

Power Transfer Efficiency

1.0
0.9- v Conventional simulation
1 o Proposed simulation
0.8+ . v Conventional experiment
0.7- ®  Proposed experiment
0.6 1
0.54 v o
0.4+
0.3 1 v 2
0.2 o
- v
0.1
J v % o
0.0 T . ¥ =
10 20 30 40 50

Coil distance (mm)

Figure 4




5/28

500

/

Measurement @

; ~ Voltage Transfer Gain | Power Transfer
13.56MHz with-500Q S21 (dB) Efficiency
load
10mm Air -1.252dB 75.0% — 502
spacing | Tissue -2.348dB 58.2% L— 504
: o _— 506
20mm Air ‘6885dB 20.5%
spacing Tissue -7.370dB 18.3% L — 508
: o 510
50mm Air -23.578dB 0.44% L
spacing | Tissye -27.921dB 0.16% _— 512

Figure 5



6/28

oot

ST

.

»t.!x%}ézx S

HCMCOmm.h wmcmm;

@N@\

uBUOSSl _m:m&mn_

$29.

Y&i.,?

;\.}%&?

&\

\%«

W06

GG

PEEE

510

7¥!|!“

029

may

%

9 ainbi4

(q

T

GgL Mo e (Dl O

i _ i _ i _ i _ i ~ 1

G0% Mwm_%ﬁ (i

oo ol
i dog 3o 4

0

et

- 909

&
-
/ e

UelUOCSal sallag

JueUosal|s|jeled gp-
- 209 ©
.i.«wu;

009

SHSUREL A



7/28

100

104

08

1

igure 7a

F

100

igure 7b

F



8/28

100

Figure 7c



9/28

Figure 8a

oy Vbc

800

820

| o R%

Figure 8b



10/28




11/28

BOCH ayee
NFE1D
BYE6
B9E6
7 1N0
006 MVAH

6 21nbi4

dcee

-4

906
866 ~=

avie

sz_>_

BcE6

+4d

dcle 9¢lo6

2806 4806

c06



12/28

Figure 10



13/28

L1 94nbi4

N0

18011

980} I~ payoe

PNI oy ENI 3

00kt

| pajdnoa-ssoig

.,huymhma ao vwsuuma_ _um_n_._mu mmEU,

DO 990} |

&iu@a_ E

g@:amzzsw ™. J90L}

Mx @

AN

i
I
I

fered

oo




14/28

00k

2l @inbi4

_n_,_,:O

1Nn0

e R G D R S 2

NN NG SHAK W N W SR AN G KNS NN N W I RO A o

i

womo: | Jojerediion) el

9011

0}

10jeiedwon paysje] pajdnoo-ssoly

3,

vt J0LLL
fm e e
i
i
i
_mxssgﬁsggggizgsigg;sagﬁd
! | og04l @ a%wmﬁmmaﬁ@ﬁ, pPgOL L |
11
! ! cNIY& (=1 (VNI |
'R !
ww e8zZl-— ogzzl opzel —feveet m
“ m mzs_yn\ /" VZ—)— M
® {
' ggzz1 ) ovzt —avzzy
1y [
T cech CUIN| !
! i gezl .
14 t
¥ 9gzl 804} !
1y !
14 0ezt f
1092211 peel (Taeezt
Al
: o] o)
| tegzz 1 922l  ozeel MNNNF
I (= _w
HHE e ® © 3801 1
i ENI LNI |
T ¥

b

,_mwmmmmwmwmmmwmmwmmmmmmmmmmmwmmwmmmNmi

I

f

"

wwz_ ® O[YNI |

v802 1 owomv ovozl —fevoet!

M Nzw_ /__h_._z !

i HF ] S L

ﬁwwomrp ezt 4 avozt

1no ! giz1] it m

i 1

. \ \o 9011} 912t I

1IN0 i 0Lzt "
[

! !

g0z 1] vicl —azoz 1|

H zd we 1 - i

N : _Wd

| Y AL S

eoozi-} og02! ozot L (}-ezozl,

M\\\\.mw mw I~ m

egotr” ENI _‘zmo_@o:_

PNI ENI 30,1 ZNI 3gpp, WNU doris



15/28

g1 ainbiy

lojesedwon dn-paadg lojesedwion uie

i
i " P90t L
PEOL} 'y 0901} A
[ aNo B I of0N
® @ o mox: Al
pecet eyez) | .
NN r._ I _%zs_ s T NN ot N
i SEAN | Pyect ] —. | ProzL
P8ZZ 1 '/ = b 029\ pgoz )’ g ! \' N
' oveh C 'y PoLeL p 02zt | 50z, \—avozi
agez 14 ogzet —aveel Ly o_ox:\ 98021 NOU
¢o Stz ' N&N.../m&ﬁ
18011 ! x
mmﬁ\ ™ -1 190117
P! 2Set 5901 | 9Lzt
ogzi~J °80+7 i m>_ — Wd FOU ..\\SNF
I
062 fmmmmmmmy q81E1 P! voc PZ0Z |
ageel | veel| oo P ! 980€ Hagog L|P80E Nm_>_ pizL Qmomr
pozz{ / ./ oielt mm_m /\. SON:
- IN L ! Kosr d_5_ & m_
No ommﬁ_ Perel Seld 4 4_ 0z08 1 |
seet fpog |! it [ 1 ooom L bd
mn__>_ mn__>_ =o.Em:>Q " ' .vn__>_ : I N \ 5
coz1 — _A._ i ! egogl | _.\VED_Q I\ m@omr ] N
—/ /ﬁ ! epiel OVLEl ko ozlel B2LEl
esoit () ()] eerer & q0zE | Buizis tmucw\_mncﬁ_ ® ©) _
B0ZEL 4 | L
Io09d Qmo:ﬁmmoff foommr “ “8:9 B90E L N0 ©eort +¥ o0t




16/28

ey 24nbi4

"UBAUOD N0~ dwags

pasodoid jno dwogs:

jeubis 9y ndu
*USAUOD INODFem

pasodoid 31nopue

aUdL55 s

184"
\

T e T
14014"

SOI619°8 SOISv S 9

0
90
80

[

[A]l @Belon

0ovi




17/28

oSy 1

avL ainbi4

[s]owil

§0-3£99'8

S0-3v59°8 S§0-3199'8

§0-38¥9'8

504

pPasodoud e

[EUOIJUDAUOY) womuns

T—~2SvL

ySvL—

€0-300°T-

79°8

00+300°0

€0-300'T

€0-300'¢

€0-300°¢

€0-300't

€0-300°'S

[v]iuaiing




18/28

900

Figure 15



Efficiency [%]

19/28

1600
BN R D A s S S S S S S R
90 " /D/H:H:E:E:::D-—D—D-—D—D~ 1.4
80 0w .\.\B’<E_— L
] . N = I
] 1604 /\1 602 G/D/D N |
70- _
~
' < 1.0 o
/D
%0 P=o | s \M606 c
- a 0 5
50 - :/ c
— e L 06 O
40 %3/ 06 9
30 = /.’;7(2 n 0-4 Is
] - _
20+ L 0.2
10 0.0

06 07 08 09 1.0 11 12 13 1.4 15 16

Input Voltage (|Vac]) [V]

Figure 16



PCE [%)]

20/28

1700

86 -
84 -
82
80
78
76
74
724
70-

68
66-
64

—s— RL=2 kohm
—e— RL=1.5 kohm
—a— RL=1 kohm

0.9

10 11 12 13 14 15
Input Voltage (|Vac]) [V]

Figure 17

1.6



Voltage Conversion Efficiency (%)

21/28

1800

/

Comparator operation

i >
——— 2.0
90 - : o -/l——l-——I——l——l—l—-I;ﬂ 1.8
h /D/D ”‘1-6 U
80- 1802 o A
e o 1.4
= D« g
| A 1804 1.2 =
70 : e o
1 -1.0 £
60 = 08 &
/ﬁ —u— VCE | L %
= —o— DC output voltage -0.6 Q
50 - A @
& 0.4 @
o : - 5
404  Rb=1k®,iCL=3 nF -0.2
L :: LA B L I I A B 0.0
04 06 08 10 12 14 16 18 20 22

Input Voltage |Vac| (Vpp)

Figure 18a



b

Voltage Conversion Efficiency (%)

22/28

1850

/

Comparator operation

; >
00 T T i L e e 2.0
b '/.\._,_.. iy E—N 749 :‘ 1-8
90 ] f D/E i
- | 1852 y.d -16 g
80- W P (14 ©
. { < e
0. : /D/D 1854 12 €
] P 7 I -g
0. é/ﬂ 1.0 =
: I <
- - E/ ] —m—VCE 08 o
50- / i —o— DC output voltage _ 0.6 )
| U@
40- {/m : -0.4 2
E l I <
30, L=1 kR, CL=10 uF -0.2
! 0.0

04 06 08 10 12 14 16 1.8 20 22

Input Voltage |Vac| (Vpp)

Figure 18b



23/28

Fass
Trangistor ¢

Figure 19



24/28

2000

-L—I T3 2018
2006 7 2002a
\ 2012b
® / i T1
2010b 2014b 2002c¢ /
\ 2002b 2020
2008 7{ T4 T/ "4
> out
2014c 7 2004a
2014a /-
— T2 ~
—‘2052 / Vbias
201 Oa/ 2004b — 2050
2004c
201 Gb\ r
vref J5
o0is ) 2016a

Figure 20



25/28

o
©

o
o

2100

Power Efficiency
o o o ©
w P 8] (6]

—
N

0.1 -

0 v v r x r v ¥

;
3
*
?

5 10 20 30 40 50 60
Load current (gA}

Figure 21

70

30

90

100



2200

26/28

gt
t

e 1

»
*

*

’
L R I R A A A N

s

¥
.
LA

1]
+
.

=

-
L]
-~

i

4
%

.

Ll
4

i Rw} i
U

.
.
*

»
IR R R R R N R R R R R R R R R D R R R R R R R R R RN

+
L R A 2 I I I I I I I O N R I~ A S S

N
»
-
v
”
-
~
-
.
-
]
-
-
.
-
-
-
"
-
-
-
-
.
-
-
-
-
-
-
”

.

.
PR R I IR I I I O A I A T N A I I N R N N St IR ]

-
i ¢ ¢ i 6 P . e 3 sl 5 & st w6 ok 5 Wb ¢ 5 shoook 5 7 WD v 5 e B wivwes 5 Povsios e v s 5 & oo 1 4, S
- - - - >

g somes.o-soees . oS 0 s 1 s & sl o 40 ool doson s & s v 2 S
N EEEER

-

Load current
2202

Output voltage
2204

Figure 22



27/28

2300

/

ad

2:28
2302
2312 2304
N Skin '""7/'""} 23}06
l 1 ] !
| -l_ i ! Regulator
I i
2308/$ | §7 || Rectifier | == Lo
T/ ] ;
: : ;
| 2314 L-ToTToo— e
External ' Implant
- / S—
v ——
2310 2316

Figure 23




28/28

ve a.nbi

- h
ooz 0002
\ N
Y @ o€l
q4ces Suidnob aAndnpuj g
oan _
T~z © : 7 Lol
i
mo [
A i prive|
| v
_ 8lve
0z} i anve )]
“ | yio VEH] / |

vd |\
MWLz //// 514874

0cve

eceo J \\

902 8l¥e 0

yeve

00¥¢



