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Abstract

The Bi-directional Wireless Capsule endoscope con
sists of CMOS Image sensor, FPGA, LED, Battery,
DC to DC Converter, Transmitter, Receiver and
Antennas. The RF transmitter at 1.2GHz range is
designed and fabricated with 10 mm(diameter)x1.6
mm(thickness) dimension considering the maximum
permission exposure(MPE), system size, power
consumption, linearity and modulation method. The
fabricated
demodulate the external signals so as to control the
behavior of CMOS image sensor, four LEDs and
Transmitter.

RF receiver at 400MHz range can

L A&

HZ vlelo ddvED Vg o A4 Y F
7ldl s A FYE A9 ZFHoR &P
NZAE Agddn ste §5do) udiA AYsn
itk Aey WAZ S 71& A FAedAM 7=
BT g8 %g Y AMYE go Avd U4
sz o7t 4% Adg @tk 84 Given Image
A7 ‘M2A'ekE Az PBE€d WA S g

o 2dgen, AL RF Norika M= wWE 7 &
€ 74 WAEE AL wgstdd dA =
HelAMe A4 WA 935 #gsty YRz AF
I, AR Aol @ dAsAenAA & 5 e A
€% 4 WABE A T UoHII~I3] HEF W
A73elA RFAIAFE L AAWE 94038 A4Y +
RE FA7 2 ¥ ANz g FUgE FAVR
TAel gk AANRAAN FAE fF&dF T4 W
AL gFariz x42¥o2 ARselok sin, WA
Aol daog A¥oz WEHIZS AMEEy] @Fd A
Agog dAsfel gy E =RAAMe A&y FA
A ZY A g A FAS L8 $74
2t Al2d RS ALdPL, 3 wE &
& J€¥ WAZ] RF % F4715 A € Az}
At

o oZ o r

II. Aed WA ZY +AF 1.2GHz S
RF 41719 73

FAE AT P&F FAUAE A29e 17 1
# o] AAUEF JAIESE 9F CMOS Image
sensor ¥ LED, dlo[e] ¥4 FPGA, LED A4 &
F& 4% DC to DC Converter, Battery, M2 AX
g ALY Transmitter, &5 AANEE FAsE F
271¢ Antennas® FAEHO Utk A A7FAU A

~



€38 WANAEL 727 Fdeta Feo $578 §-
A7l dAZE a7dEd Aed WAARE -+
AR A AR F AR de] A
W 9% R AARe] AT, A2y AFEaR, AF
staroke] A, AA A2 A7), AF f FE
g 2P WEE P4 Fol Utk T WAABE
A AR WHMY T U5 5

Az dQEE nste AAst o} 4.

Transmitter Ant:

LEDs Lews & . Transmitter Batt
Imape Seasor FPGA & Recetver i

39 1 fed WA3 #4=

21 AAm kAl A

Azg wZo) g AA BIZEFL oI, E, &
g SACME FEAARE ARV F & B AH
2 Aneks AHMA o& ANgHen glov, LUt
gol e = v HAA B3I ICNIRP)Y
71E2¢ EWRZ 19999 58 "AAINF xde A
ARs71E, & vhHsiQo{4]. dx71g x=&of o
RFUYelA 718 dAE AAE7] 93 A€ 4
2l %& SAR(Specific Absorption Rate)ell &1&] o]
Fol Ax Aok EF JE FAXNEY 2} ARE
#ady] A% AdH & FAHAL EHoz 7E d
We Han g 2P 2% FCC(IHTAA3),
IEEE(P| 2 A A A 7153]), ICNIRP(ZA v Az 2HApA
5943 AHAAJES A Ad Az =& 7
AX 71# 492 B winstn Qi

&E‘ Y —m—FCC

=2 * | —e—IEEE

£ . —&—ICNIRP

B 100 Jeresteonstasimesess - 2 =

E e ey

S

&

-

2

.E

[-%

d o1t — : oy :
0.1 1 10 100 1000 10000 108000

Frequency [MHz]

a4 2 A A% =28 FAA

of@ 7IE dde =8 AFY EHAAE T
o2 H{Fg o, =& s V| FAE 22
A fede Fad X7t @gld. A 7HA A
T ZolA ICNIRPY A zko] 714 dAS A&
I} UTS & F ded, U A 3§ ICNIRP
o #AE w2u Ju. olHFd FAE FE F A
7Eel 2H AgE Fu ded el dAde w
253 e A4S Z2% 9w E(uncontrolled
case)g AT A, A =E29FL ¥ de AL
Q2 YARPHE e AIFES #T 7 $(controlled
case)9] Agto] o}, A FH A A HEE gt
A, A0 2 98 PHE ¢ AFEL 9T A
& Hgdor & Zolt5]~9] o1& 71E2 AAS
BolAg Azt Gag FAL Ro)w, AA A
ALEEE 228 24 A A AEdrlde 98 &
o] stk ¥ =FoMy O R Axtm Wb
FAE FolM 7% dA% ICNIRPY FAE 7|22
2 8t Hd PAEFS A, A5 F4E E
o2 UMW 4TS ndo AA WFelre A}
FS AT

™
2

22 #3445 By

E 18 A2Y 74 444 el ¥ A%E
FUod vE 24 Ao, ¥ ERAAE AR
se) QA=A F4, QAN BHF, APFHEste
24, d2%4 % BES 27, QHY 27 $& 2
et #4719 FAEUS S 00MHzAS, $47)9
#94 dole 1200MHzA S 2.2 ARt

E L Fo5 g9d 54 ¥a

300MHz | 400MMz | 900MHz |3
Frequency Range Range
Safety Level ‘Worst Good
MPE[mW/cm’) 10 3
Attenuation Best Good
Atten.Constant 09783 1.
{dB/cm]
15cm Body
Attenuation{dB] 14676 20933
Tx.Output
Power,max -14.676 -16.143
{Antenna_loss}

Interference W-LAN,
Sources Pager Cellular
Power

Transmission Best Good
Antenna

Sizel9mm><9mm} | Worst Good

23 $449

3
24 WAAY sudEe Axe Aaw 7y P
Axse A4 2A 4 & nelstd Axn QA
FAe 2784 Fe Wl ANE T $4
N 4 JHsg dde AsE FAsolo @),



GHz dA9dA A dAs =& FAANEG02
n), #4718 Hasddy A9773 dBm), 9A
sk A5 dB), dEY &4(20 dBYE 1Y
o $A71Y 249 HYE 0 dBmo g AAstgch

24 Wz 9y

OAE g5 Alage dxyde wE o ges
g A Hed £487 535 540 $43te o
& iz o] wd vdggdel Fsln, d4459
F£4¢ gesin, AEHe g Aag PHel pgd
FSK WzuAs ddsign, 471 45 4¢dx
o g Ee] 23, A Ao EH4HY 00K Wz

& ddgs 10l

m Hed WrEE RF 471
A, Az R F4d39

Anenna

FSK Buffer
Modulation _ Amp

I CMOS Image l FPGA
Sensor

Oscillator

I1E 3 RF $417 BE2x

HED WAEE F47e 2aygesr
D& 29 39 FSK $47] 2859 2
dafop g B =AM Aoy arg nEsg
A mtelazx2gul 9 FHLAE AP A
¢ Aol wAiel 29 ¥ 54 H¥HE A8 €%
FE2E AE89 10 mm(diameter)x1.6 mmithick-
ness)9} 4718 sl

2%, ARyl we} FH7le Qo] FelAw,
ofof whz} W76l AYFE SAol YuwAn, wd
g sxdrdeAs dolE RREBER] & 93}
& T AdA] IRV #EREEHe “rE E
A 2Ee] AEATY gy cojes ¢ FHP
A AYE R A S EE T2 Qe o8 #A4ud
wepa] vlelazxeynedes S lydrs
L QEE 7 E vYE golesg oy B2
52 Q e o, ANHS B4 £+ 12
GHz W99 VCOE 44 Aldslgen 3441 6
dBm¢¥ 2% Ag, -108.83dBc/Hz(@100kHz offset) 2]
A, ~11 dBe#] v 9hg Jehigith
E5EE7e EANE £F3E 9% 2 2edy
iR R P "‘ﬁi A& vy Hd Faied WEs

A g ejolof 8t
o 3=t 2

e gEe @tk 435F09 IsolationE4E €A
7te] Fs @3 2 -r]"“é} 540 4gg vldg,
d EAME 293 12GHz dgeA 12659 o5

7}
o}
% 27.75dB9 Isclaton$ 7HAE $F2Z7E 44 o
3 g

A FA7E VOOY 433 EZ7E pAEY FSK
HME NS olgstArt. ¥zxyys A" (g
VCOs] HA Urtetd FRA4E dHzse $HE 4
|3tgich AzE $471E VeesZ2 V, Ie=5 mA 2] u}o]
ol~2 FFEe #HARVIE 10 mmidiameter)x1.6
mm(thickness)elt}. 29 4, 5 2 1¥8 6& 47 47
g $4719 249y, dA4Ee, 125 548 e
itk 438 $47= 067 dBmel &9 Ags,
-106dBc/Hz{@100kHz  offset)e] 43S, -2883 dBc
o mzs 9ghe Jehiigoh £ 29 Aizkg a7
AL 54 9 2 94 S48 vehgsich

FRIEen
v
3 [

WWW"W W‘*Wmm

'( 1,*’ 1o B A e
' (PO | v

TiRd 2
L ERSYCY ENIS ™

SL% 5oFA7 A3%E 5y 449

Lo o S i B 3 -
DEIMPTERY A L A L R ERRe KB AT ard @, IR
HE W 3. Ly eaEta WESRE A L SRR W IO, Qe

2¥ 6 4V nzxw 54 &34

— 83 -



® 2. $#471 AAe

54 % 2 vd 54

¢ % Z A2
Frequency Range 1202~1245 [MHz]
Tunning Voltage 0~3 [v]
vCo S}Tats:tn;z;ver -6 [dBm])
(@100 kHz offset) "108.83 [dBe/Hz]
2nd Harmonic -11 [dBc]
Buffer | Gain 12.65 [dB]
Amp | Isolation -27.75 [dB]
Bias 3 [Vl /5 [mA]
Modulation Frequency 1204~1225 [MHz]
FSK || Output Power -0.67 [dBm]
TX Phase noise .
(@100 kHz offset) 106 [dBc/Hz]
2nd Harmonic -28.83 [dBc]

Image Sensore] ¥d tizx€d dHolEE FPGAdA 3
3 dolE|Z ¥ Eo], 2Mbpsd] AFSEE F47]0
A7 dEdd. 488 A3 E $47)9 98 FSK
WMz 48 HE FE QEUE F&A £ A4S
HojAt, B =FRJME20MHz HAE 7HAE 12
GHz W9 FSK 441718 A3z 2 FAstgoh. 197
2 944 dY NEE FSK Hz2E Fo5 A"
=3

:
FANSRION WS RS NN ANV SN SR SN SO | J

CENTERA 1. . 21686GM= |BPAN 100 . OMHE
ABW 1.0MMx VBW 1.0MHz BWP S0 .0me

Y7 $47] 29 2¥EY

V. #ed WAZE RF +417]
AA, AR R ZAZAH

a9 8 F47e g8E

AW #2715 ASK/OOK(On-Off Keyed) 3 3
209 w49 400MHz U A44E FA7HS AHS
dte] AF 3, 19 8 £V TR EEE
2 Jehdd.

B&d T4 WA A4 CMOS Image sensors] H¥
2871 & 2E9 A¥iERY Y4 228 CMOS
image sensor® on/offst=& Aojdte Ro| uj§ F
g3tk AU FA71E gREFN71Y AqUNITE el
H23te] CMOS Image Sensor ¥ 4417], LEDZE
on/off 3ted wlelg]l ARE Y & JYoH1ll. 2Y 9
t A9 47190 OOK ¥zE A5 9 Al 41714
A Bdd NZolh 29 99 ol Al FA7HA
FAHE AEA37E 93 Qlo] BYEE ¢ F Urh

-3 . . cee e - M

|
§
i
1
1

3 g l-"i.&‘i T R A T S T i
(a)Camera & Tx on/off control signal (b) LED lighting control signal

I¢ 9. OOK x5 #4744 S48 43

- TSR KRR

V. 4%% WAEE RF
A% R 2429

ofy

- 5217]

ol A AR F - FA7E o) 43d dhe) Laver
o Zgsdd. 28 102 AFE & - F47 00 A
A 271+ 10mm(diameter)x3.3 mm (thickness)o] t}.

(a) $417)(Top layer) (b) #417] (Bottom layer)
a9 10. AF¥E F - FA7] AR

Ned T4 WAZL AdAE d8e S8l Hes
gelaor gt sxg, MUY AFL AF Aldto
Bol W2z FEH4¥eE 1 H%E FHAT
AEe flsod dA4 ARE fGey WAZH AL
9% FAZXNE 29 11 JehdRo Add PE
3 WAL 1lmmx25mme] Z7)g 7hA.

07 3



A4 FA WNFL 7Ae 2ol oHE 4% @
o Avd QAo z At QA WP A&
AR olF £EE ALIOW GFNIEE 2T 2
=dq AR AFHE Fasith FE2 AFA do
¥ 8BS 43 ADLINK LT8032E &3tk 417
oA AR Aixe dojg HASANZRE ATH
4 zZaaPd os ANTRoR RuE JAide] £A
gk 55 Ao R AqAANE o8 A&
3 A B Aol stEA, QAT BUEHR 93 F
2o A % 9 A% & AAF BFY 5 AU
IP128 FE APA £48 448 AFER ARE
g dolt.

(=3

_.L_

=

oy 12, 58 484 F4d 3%
$49 JHNEE @xe) gy A ol Eo]
g ARsn, gad ®aade g ¢HdE ¥
of Adds & & UMTh

V. 48

B =RdAE fAed TA WA A g A=¢d 7
Ao wate] Asgm, & - FAVE HA B A
stk UGBS uHsed HAE 1.2GHz Eﬂffl
FSK 4471 Hd AN =% #A4E ¢5HE
F k. ARZE RHed WAFE F-FUE 10
mm(diameter)x3.3 mm (thick- ness)ol®, 1.2GHz ©f
4 FSK 4471067 dBme ¥ 8, -106
dBe/Hz(@100 kHz offset)e] 142, -2883 dBc 9
Za A¢-g YU 2% 2Zge) F3NE
o] FSK Wz W42 ALE39R, 20 MHz9 3t
WS ALgste] JAAEE A4t 400MHz
o FA7]E OOKHA oz A9 FA7Id4 A=
AN EE 238t CMOS Image Sensor 2 £4171,
LEDE on/off 3t9 wlEla 428 &Y + AR &
A AR HAAS AL 194 JHog 27 224
9 A$L =2x st Roln, FF VGAF ¥4
& 2% 5z doider Afdr s AxAYst
folstdEAE AR FL el Fetn nEFAS I
A5e A48 £ Je N2 dAy wioz Ag
o] Wasdy, AN ZL o Ao A wRE o)

£~I)r_>s.l~.l

7 A8 Nad E4 A7 Wastn ol e 3
A3t Wag eleh o a7 $4o) I 24y
24 WAZY) FEA7t A5 Aol

Faed

[1] http://www.microsystem.rekr: Intelligent Micro
system Center, Seoul, Korea.

2] http://www.rfnorika.com, Japan.

[3] http://www.givenimaging.com, Israel.

[4] M. Kacarska, G. L. Ololoska, S. Loskovska and
L. Greev, "Visualization of Induced Current and
SAR  in Human's Head in  Cellular
Telecommu-nications”, IEEE-APs Int’ 1
Conference, Sessi-on40, Digest AP~ 40, no. 9,
1999.

(51 AEZANE, AAAVALI7E, JELFAY A
#12001-883., 2001.

f6] ICNIRP, "Guidelines For Limiting Exposure To
Time-Varying Electric, Magnetic, and
Electromagnetic Fields (up to 300 GHz)", Health
Physics, vol. 74, no. 4, pp. 494-522, 1998.

[71 ANSI, "Safety Levels With Respect To Human
Exposure To Radioc Frequency Electroma-gnetic
Fields, 300 KHz To 100 GHz", ANSI C95.1, 1982.

[8] IEEE, "IEEE Standard For Safety Levels With
Respect To Human Exposure To Radio
Frequency Electromagnetic Fields, 3 KHz To 300
GHz", IEEE Std. C9-1, 1999.

[91 FCC, Evaluating Compliance With FCC
Guidelines For Human Exposure To Radio
frequency Electromagnetic Fields, OET Bulletin
65 Edition 97-01, 1997.

[10} Wayne Tomasi, “Electronic Communication
Systems”, Prentice Hall, 1998.

[11] H.J.Park
multi-channel miniaturized telemetry module for

wireless  endoscopy”, The 2nd  Annual
International IEEE-EMBS  Special Topic
Conference On Microtechnologies In Medicine
& Biology, Poster 151, May, 2002.

"Design of bi-directional and

— 85 ~



