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The CRL Millimeter-wave Device Group undertakes research to develop technologies for
creating millimeter-wave (MMW) wireless communication devices with high performance
and practicality. Such devices are essential for use in future MMW communication systems
and for their dissemination to the public. This research program addresses the development
of high-performance MMW circuit components and innovation in MMW radio device con-
struction. These activities are to be pursued in conjunction with the outcome of the concur-
rently undertaken Semiconductor Device Research program. Our research and development
of MMW device technologies has the aim of establishing key technologies for widespread
use of the millimeter-wave frequency spectrum and enabling the features required for practi-
cal use - compactness, lightweight, high-performance, and low cost. Testing and measure-
ment methods are also addressed under this program as essential techniques in developing
MMW communication devices. This report outlines our program on MMW communication
device technologies.

ooooooo
goboooobbooobboobbooobbooobbooobbooon

Millimeter-wave, Communication devices, Semiconductor devices, Antenna-circuit integration,
Test and measurement techniques

1 dddd

gboboooobooobbooobobooon
gbgoz0010v700O0z200000000000
gobOxbsSLOboogoooooooooobooo
ooboooobooooboooobooooo
ooboooobooooboooobooooo
oobooooboooobooobooooo

Oooooooooooooogieesni1zon
22GHzO 26GHzO 38cGHzU U O OO OoOooogoo
gbbooooboooobbooooboboooobo
00 226HzO O OO O FWAT Fixed Wireless
AccesstD 000000 DO0OO0ODOOOOODOOO
oobooooboooobooobooooo
OO0 100MbpsO0 000000 ODOOODOOODO
Obh0o0ob00obg2cHzODO O OoOoooooo

133

I:lI:II:IDDDDDDDDDDDDDDDDDDDDDDDDI



@:IEPocooooooooooooo

gbooomzo0ibo0noooboooooDO
K/KaOODOOOOODODOOOoobOoOoooooo
gooooboooboooboobooo
goboboooooboooboooboboo
goboooboogobgsecHzODOOODOOO
goboooooboooboboooobbooon
goboboooobooobobooobbooon
goboooooboooboboooobooon
goboboooobogoobobooobbooon
gobobooooboooboboooobbooon
gobobooooboooboboooobbooon
goboooobooobbooobooon
goboooobooobboooobooon
goboooobooobboooobooon
gobogooobooobboooobooon
oooooooboooobooooboooon
oooooooboooobooooboooon
ooooboooobooooboooobbooon
goMMICODODOOODDOODODOOODOOO
ooooooobooooboooobbooon
oooooooboooboboooobboon
ooobooooboooboboooobbooon
gooeocHzOOODOODOODOOODDOODO
ooooooobooobobooobbooon
goooobbooobooobobooooboooo
goocrRLOODODOOODOOODDOODOO
gbooobooooobooooooobOgrmso
oooooooboooboboooobbooon
oooooooboooboboooobbooon
gooooooboooboboooobbooon
goboooooboooboboooobbooon
goboboooobooobobooobbooon
goooobooobooo
D00K/KaOOOODODOOOOOOOOoDO
gobooobooooboobogoeecHzO OO
gobooooobooobboooobooon
U0 wdB/kmidoooooooooooog
gbooobooooboboooobg rCceo
gboogoo2bocGHzODOODODOO0OOO0OODO
gobogooobooobboooobooon
gomuogogoeocHzOODOOOOOOOoOO
oooooooboooobooooboooon
oono
goboboooooboooboooboboo

134 000000000 Vol.47 No.4 2001

gooooooboooboboooobooon
gooooooboooboboooobooon
oooooooooooboboboboboboooon
oooooooboooboboooobooon
gooooooboooboboooobooon
goboooooboooboboooobooon
gobobooooboooboboooobooon
goboboboboobogobgooboooooooon
goboboooobooobboooobooon
goboooobogoobboooobooon
gobooooboooboboooobooon
goboboooobooobobooobooon
goboooobooobboooobooon
goboogooobooobboooobooon
goboogooobooobboooobooon
oono

2 ODUOODRFOOOO

goobooooobooobooobobooo
ooooooobooooboooobooon
oooooooboooboboooobbooon
goooooobooooboooobooon
ooobooooboboooobooboboos
gooooooboooboboooobbooon
obooboboobooboobogooooooooon
oooooooooooobobbobobobooon
gooboooobooobobooobbooon
obooboboobooobooboooooooooon
gooooooboooboboooobooon
goobooooboooboboooobooon
goboooooboooboboooobooon
oooogoooooobobbbbobobooon
gobobooooboooboboooobooon
gobboooobooobboooobooon
gobboooobooobboooobooon
gobooooobooobboooobooon
goooogoooooooobobbbbbboon
goboogooobooobbooobooon
goboooobooobboooobooon
ooono

gooboooooboooboooobooo
gooooboobooooboobooo



DataTtx

RFTX
1 PA
IFTX IFTX
—»| Modulator
A Ant. TX
SW
@ Fo Frequency ELO: nko
—P _
multiplier : E
Ant.RX
IFRX IFRrRX
Datarx i‘— Demodulator
IF amp LNA  RFRx

BN 0000000000000 0bO00o0o0ooo

2.1 00000000

ooboooobobooobobooooboon
OboobOoobooboeoccHzOODOODODOO
ooooDoooooHEMTOODOODODOO
Ooo0DbDo0oooooboOooobDcCRLO InPO
HEMTOOOUOODOOODOOO fr=472GHzO O
oooooDoDOoO0OO0O000Oo2c050nmO 00O
InPO HEMTOOOOOOODODDOOODOODOO
0 060GHz O 15dBO 90GHz O 10dBO O OO O
D00 ooobogIminmPOHEMTOOOO
Ob0o0obgoobdGaAsd HEMTODOODOO
ooboooobooooboooobooooo
oooooooooooooooobobboooo
oo0OdmPODHEMTOOOODDOOODODOO
goboooobooooboooobooooo
FOO0000O0 NHEJBIF10 log FOO O Friisd O
gooood

F.=F+ F,0 1I/G, 0o
oo« o0bb ROROOOODOOO
gboooobooobboooobooooo
gboooboGooooboooboooboo
gobdlimoboooooooboooooboo
gbobooooboooboboooobooooo
goodooooooooooooobboboon
CRLO INPOHEMTOODOOOODODODOOO
OONF.,.JJ0 00 30GHzO 0.7dBO OO O OODO
gobooooboooobooobooooo

gogoddmPODHEMTOUOOOOOOODO
gooooooooooobboboobbbbobobon
gooooooooooobobobobbbbobobn
goooboobooDooeon 150cHzO OO OO
goooooooooobobobobbbbbobn
goooooooooobbobobbbbbobn
ugoooooogoooboboooo
dddoooooooouooooooooo
gogooooooooobooboboboboobon
goooooooooboboboboboboooooo
goooooobobooboboooboboon
gobooooobboooboboooooboon
HEMTOOOOOOODOOOOOOODOO
goboboooobbooobobooooboboon
goooobooooooobooobooo

2.2 0O0OOOO
O00o00doooooooooooogooo
000o0ooo0oooooooooooooo
OQPSKOODUOOUOODOO 100kHzO O
90dBc/HzO DO ODODOODOODOOOOOOO
o0 0000000000000 000000
00 wvfooooooooooooooooo
HBTI heterojunction bipolar transistor(1] HEMT
goooooooobooooooooood
HBTOOOOOOOODOOoOOoDOooooooo
gooooooobooooboooooood

135

I:lI:II:IDDDDDDDDDDDDDDDDDDDDDDDDI



@:IEPocooooooooooooo

000000000
00000000000000000000
000000000000000000000
0000000000 20log(N) (NODODODODO)O
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
2.2.1 HEMTOOO
0000000000000 O00HEMTOO
OD0000000000O0HEMTOOOOOO0O
0000000000200000000000
0000000000000000000000
0000000000000 GaAsO HEMT O
0003002000000 28GHzO 80000
000000000000000000000
0000000000 me0d 00000000
00000000018dBO0000000000
000000000000000000
000000000000 InPO HEMTOO
OOMMICOOOOOOOOO00O0O0OO0OOO0O
000000000000000000000
O00000HEMTOOOOOOOOO0OO
222 000000000000
00000000000000000000
000000000000000000000
000000000000000000000
000000000000 0000000000
000000000000000000000
000000000000000000000
000000000000000000000
00000000000000000DCOO0
0000000000000 O0 3605, ...000
0000000000000
0000000000000 OOOO0MBED
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000

136 000000000 Vol.47 No.4 2001

goboooboooobgoscHzOOODOOO
ooooooobooooboooobooon
o000 goobooboboooobooon
goooooobooooboooobooon
goboooboobobooobooboooboog
223 000000000
goboboooooboooboooboboo
goboooooboooboboooobooon
goboboooobooobboooobooon
gooogooooooboobbbobboon
gooogooooooboobbbobboon
goboboooobogoobboooobooon
goboogooobooobbooobooon
ooooooobe/REOCOOOOODODOODO
gboobobobooboboboooooooon
ooooooobooooboooobooooo
oooobilig20000b0000b000bOon
oooooooboooobooooboooo
oooooooboooobooooboooo
oooOommPOOODOOO0ODOOODOOODOOOO
gbooooi1o00 1docHzOODODOODOODODO
ooooboobooooobooboooogbinkPO
HEMTOOOOOODOOOODOOOOD 100
g i1s0GHzO O somwO O OoOoooooooon
gooooooboooboboooobooon
gooooooboooboboooobooon
gobooobooooooboobobooooo

23 000O0oooo
HEMTOODOOOOOOOOODOOOOoDOO
goboobobobooboobooooooon
goboooooboooboboooobooon
goboooooboooboboooobooon
goboboooobooobboooobooon
goobooooHEMTODOOOOODODODO
goboooobooobboooobooon
goooboooobob inPO HEMTDODO
goboogooobooobbooobooon
goooooooboob0IinPOHEMTOODO
goboogoooboooboboooobooon
ooooooobooooboooobooooo
goooobooboooobooboog



24 000000
ooooooboboooboboooboboon
goboooooboboobobooooboon
goboooooboboobobooooboon
gooooooboboooboboooboboon
goooooooobooooobooboobobo
goboboooobboobobooooboon
gooooooooboboboboboboboooooo
goboboooobbooobboooboboon
goboboooobbooobboooboboon
goboboooobbooobboooboboon
gobooooobbooobbooobboon
goboooobbooobbooobboon
oboboooooboooooooouDO
goboooobbooobbooobobooon
goboooobooobobooobobooon
goboooobooobobooobobooon
gobooboooobooooobooo

25 0J0b00bgoooooooo
goOosioooboooooooooooo
gobooooobobgoobobooooboon
gobooooobobgoobobooooboon
goooooobobgooboboooboboon
gooboooobobooboboooboboon
gooboooobobooboboooboboon
goooooobobooboboooboboon
goboooooboboobobooooboon
goboooooboboobobooooboon
gooooooooooooobooobooboobo
gobooooobboooboboooboboon
goboboooobboobobooooboon
goboboooobbooobboooboboon
goboboooobbooobboooboboon
goboboooobbooobboooboboon
goboooboooobogo

3 Doooooon

gbooooobooobbooobbooon
goboboooobbooobbooobobooon
gobooooobbooobobooobobooon
gobooooobbooobobooobobooon
gobooboooobbooobobooobobooon

goooooobbooboboooboboon
gobooooobbooboboooboboon
goboboooobboobobooooboboon
gobooooobbooobobooooboon
gobooobonoiooooboboooboon
gobooboooobboooboboooboboon
gobooooobbooobobooooboboon
gobooooobbogooboboooobboon
goboooboooz2oobboobboooboan
gobooooobbooobbooobboon
goboobooooooboooo
gbooooobooobbooobbooon
goobooboooobobdObDRFODODOODO
gobooooobogoobobooooobobooon
gobooooobbooobbooobboon
UO00ORFOODODOOOOOODOOOODO
gobooooobbooobobooobobooon
gobooooobboooboboooobobooon
goooobooobooooooobooooo

31 O0O0oO0ooooooo
gobobooboooobooboboooobo
gobooooobobgoobobooooboon
gooboooobobooboboooboboon
Ob000dosO00OOo0obOo0oo0oboobOon
gooobooooooobOognDOOoedd 38GHz
goeGHzO O OODOOODOODODODO o
goooooooooooooooooo
eocHzO OO OODODDOOOOoOoOooDbOoooOo
gobodbeoGHzOODOODOOODOODO
goooooobboooboboooobobooon
gooo
gbooooobooooboboooboboon
gobooooobboooboboooboboon
goboooobooobooo

3.2 J00OO0OOOOOO
gbooooobooobbooobboon
goboooobbogoobbooobbooon
gobooooobogoobbooobobooon
0oo00ooooo0oOugoooooooon
heoO0o0ooooobooboobooboon
gobooooobbooobboooobobooon
gobooooobboooboboooobobooon

CN. 137

O
O
O
o
O
o
O
O
0
O
O
o
O
O
0
O
0
O
O
O
O
O
O
O
o
O
o



@:IEPocooooooooooooo

obooobooboobooboobooreogon
ooobooooboooboboooobbooon
0000w oOooOooOoooooooono
ooboooooboooboboooobbooon
gooooooboooboboooobbooon
goooobooobooobogoo

3.3 ODO000OO00O0

goboboooobooobooobboo
gobooooobooobboooobbooon
gobooooobooobboooobbooon
goboooobooobboooobooon
gobogooobooobbooobooon
gobogooobooobbooobooon
goboooooboooboboooobooon
gobooooobooobboooobooon
gobooooobooobboooobooon
gboooboboobooboobooesoboon
obooobooboobooweogdoobooon
oooooooboooboboooobbooon
oooooooboooboboooobbooon
oooboooobooobobooobbooon
goooboooobooobobooobbooon
oooooooboooboboooobbooon
ooobooooboooboboooobbooon
gooogooo

3.4 000000000
000ooooooo0o0o0oRFOOOOOO
000o00ooooooooooooooooon
000000000 ROK radio over fiberd O
O00o0U0ooooooooooooooooon
O00o0U0ooooooooooooooooon
O00D0o00oooooooooITsooooon
0000000000 00ooOdREWAL CA-
TVOOOoooooooooooooooooo
O00ooooooooooooooooooo
00D00D0Do0ooooooooooooon
O000oooooooooooooooooo
O0oDooooooooooooliomwoon
O000000O060GHz, 3sGHzOO O OO OODO
000000000 oooooooooo
00Do00D0Do0ooooooooooooon
00D0D00D0Do0ooooooooooooo

138 000000000 Vol.47 No.4 2001

goboooooboooboboooobooon
gooooooboooboboooobooon
gooooooboooboboooobooon
oboboboobooobooboooooooooon
gooooooboooboboooobooon
goooobog

3.5 0O000OO0OOooooooo

goboboooobbooobooobobooo
goboooobooobboooobooon
gooobooboooboobOobLANOODOD
gobooooobogoobbooobooon
gobogooobooobboooobooon
gobogooobooobboooobooon
goboogooobooobboooobooon
gbooooooobobobobDoRFOODOOO
gobooboooboooboobooobog

goboboooobobooobobooobbooo
obooobooooooobooboonbo 200
od

0000000000000000000

4 JO000000000

goboboooobobgooobooobbgoo
gobobooooboooboboooobooon
gobboooobooobboooobooon
gobooooobooobboooobooon
gobooooobogoobboooobooon
gobooboooboobooobo

4.1 DO0O0OODOODOOO
gobobooooobgoooboooboobooo

goboooooboooboboooobooon

goosooooooogobcoboooood




goooboooboboooboHEMTOODODO
goooooobobooboboooboboon
goboooooboboooboboooboboon
gooooooboboobobooooboon
gooooooooobobobobobooooooo
gobooboooobboooboboooboboon
gbooooboobooobooboooeon 150GHz
goboboooobbooobbooobboon
goboooooogoo

42 000000000

gooboboobdNFODoogoooboo
gobooooobbooobbooobboon
gobooooobbooobbooobboon
gobooooobooobbooobbooon
gobooboooobobooobobooobobooon
gobooboooobobooobobooobobooon
gboobooboobONFODOOOOODOOo0n
goooboooooboobobooooboon
goooboooooboobobooooboon
gooooooboboobobooooboon
goooboooovooooboobooobo
gooooooobgoobobooooboon
goooooobobooboboooboboon
goooooobobooboboooboboon
gooogo

4.3 O0O0O0O0O0OO

ooooooooooboboooboboon
gooobogoboobooooboosboooon
gobooooobboooboboooboboon
goboboooobboobobooooboon
goboboooobbooobboooboboon
goboboooobbooobboooboboon
goboboooobbooobboooboboon
gobooooobbogoobbooobboon
gobooooobbooobbooobboon
goboooobbooobbooobboon
goboooobogoobobooobboon
goboooobbooobbooobobooon
goboooobooobobooobobooon
oo

44 OO00O0O0OO0OOODO

oobooooboboooboboooboboon
gobooooobboooboboooooboon
goboooooboooboboooobobooon
goooooooobobobobobobboiooooo
gooboooobbooboboooboboon
gooboooobbooboboooboboon
gobooboooobbooobboooobboon
gobooooobbogoobboooboboon
gobooooobbogoobboooboboon
goboooobbogoobboooboboon
gboboooboooboooooo

gbooooobooobbooobobooon
gobooooobooobbooobobooon
gobooooobbooobobooobobooon
gobooooobbooobobooobobooon
gobooooobboooboboooobobooon
gooboooooboobobooooboon
000000000 peod 00000000
gooooooboboobobooooboon
gooooooooooboboooboboboboooo
gooooooboboobobooooboon
gobooooobbooboboooboboon
gooboooobobooboboooboboon
gooboooobbooboboooboboon
goooooog

45 O00O0O0O0OO0ODOOOOO
oboooooboooobobooobobooon
goboboooobbooboboooooboon
goboboooobboooboboooboboon
gooboooobbooobobooooboon
gooboooobbooobobooooboon
gobooooobboooboboooboboon
gobooooobbooobboooboboon
gobooooobbooobboooboboon
000000000000 0000DO0OO
gooooooooobbobbobobbobooood
goboooobooobbooobobooon
goboooooooogo

5 000

gboboooobooobbooobbooon

(4. 139

O
O
O
o
O
o
O
O
0
O
O
o
O
O
0
O
0
O
O
O
O
O
O
O
o
O
o



@:IEPocooooooooooooo

oooooooboooboboooobbooon
oooooooboooboboooobbooon
oooooooboooboboooobbooon
goooobooboboooboobooo
ob0oo0oooboooboboooobogoon
goboooooboooboboooobbooon
goboboooobooobobooobbooon
goboooooboooboboooobooon
goboboooobogoobobooobbooon
gobobooooboooboboooobbooon
gobobooooboooboboooobbooon
goboooobooobbooobooon
goboooobooobboooobooon
goboooobooobboooobooon

oooo

goboooooboooboboooobooon
gooooooboooboboooobooon
gooooooboooboboooobooon
gooooooboooboboooobooon
goboooboooooobooobooooo

goboboooooboooboooboboo
gbobobobooboobogooooooooon
goocHzODODOOODOODOOOOODOODO
gobboooobooobobooobooon
goboooobogoobboooobooon
goboooooboooboboooobooon
gobooooobogobboooobooon
goboooobooobboooobooon
goo

1

10

11

12

M. J. Marcus, "Millimeterwave spectrum policy in the USA," in Third Topical Symposium on Millimeter
Waves (TSMMW2001) Tech. Dig. pp. 13-15, Yokosuka, Mar. 2001.

K. Shinohara, Y. Yamashita, A. Endoh, K. Hikosaka, T. Matsui, S. Hiyamizu, and T. Mimura, "Extremely
high-speed lattice-matched InGaAs/InAlIAs HEMTs with 472 GHz cutoff frequency," to be submitted to Jpn.
J. Appl. Phys. in 2002.

K. Shinohara, T. Matsui, T. Mimura, and S. Hiyamizu, "Novel asymmetric gate-recess engineering for sub-
millimeter-wave InP-base HEMT," in IEEE MTT-S 2001 International Microwave Symposium Digest, Vol. 3,
pp. 21569-2162, 2001.

Haus, H. A. and R. B. Adler, "Optimum noise performance of linear amplifiers," Proc. Of the IRE, pp. 1517-
1533, Aug. 1958.

E. Camargo, "Design of FET frequency multipliers and harmonic oscillators," Artech House Inc., Norwood
MA p. 3, 1998.

M. Kiyokawa, M. G. Stubbs, and C. J. Verver, C. P. Carole, and T. Matsui, "A novel multistage active fre-
quency multiplier," in Antem 2000 Conference Proceedings, pp. 113-116, Jul. 2000.

H. Yasuda, M. Kiyokawa, and T. Matsui, "Quantum barrier varactor for coplanar waveguide applications,"
Electronics Letters, Vol. 37, pp. 1170-1171, Sep. 2001.

K. Li, C. H. Cheng, T. Matsui, and M. Izutsu, "Coplanar patch antennas: principle, simulation and experi-
ment," in 2001 IEEE AP-S International Symposium and USNC/URSI National Radio Science Meeting, Vol.
3, No. 73, pp. 402-405, Boston, USA, Jul. 2001.

K. F. Tong, K. Li, T. Matsui, and M. Izutsu, "Wideband coplanar waveguide fed coplanar patch antenna," in
2001 IEEE Antennas and Propagation Society International Symposium, Vol. 3, pp. 406-410, Jul. 2001.

K. Li, C. H. Cheng, T. Matsui, and M. Izutsu, "CPW patch antennas using ceramics substrate at millimeter-
wave frequencies," 0 0 0 0 MW2000-52, Vol. 100, No. 218, pp. 61-64, 00 00 0 0O O 0O 0O Jul. 2000.

S. Nishi, K. Hamaguchi, T. Matsui, and H. Ogawa, "Development of millimeter-wave video transmission sys-
tem Il antenna development," in Third Topical Symposium on Millimeter Waves (TSMMW2001) Tech.
Dig.,pp. 207-210.

T. Teshirogi, Y. Kawahara, A. Yamamoto, Y. Sekine, N. Baba, and M. Kobayashi, "A millimeter-wave dielec-

140 000000000 Vol.47 No.4 2001



13

14

15

16

17

18

19

20

tric leaky-wave antenna with low-profile and high efficiency," in Proc. Of ISAP-2000, 2A2-3, pp. 457-460,
Fukuoka, Japan, Aug. 2000.

T.Matsui and M.Kiyokawa, "Gaussian beam antenna," in International Conference on MM & Sub-MM Waves
and Applications, Conferece Digest SPIE Vol.2250, pp.609-700, 1994.

A. Yamada and T. Matsui, "CPW-Fed Lens Antenna for 25 GHz-Band Wireless Communications," in 29th
European Microwave Conference, Munich, Germany, Oct. 4-8, 1999, Conference Proceedings Vol.3, pp.5-
8, 1999.

M.Kiyokawa and T.Matsui, "A new quasi-optical oscillator with Gaussian output beam," IEEE Microwave
and Guided Wave Letters Vol.4, pp.129-31, 1994.

M. Murata, A. Kishi, S. Ohmori, and T. Matsui, "Planar radiating oscillator using butterfly-shaped patch ele-
ment and spatial power-combining array," Int. J. of Infrared and Millimeter Waves, Vol. 21, No. 9, pp. 1529-
1540, 2000

K. Li, JX. Ge, T. Matsui and M. Izutsu,"Milimeter-Wave Sub-carrier Optical Modulation, Photo-detection
and Integration with Antenna for Optic Fiber Link System," in 1999 IEEE MTT-S International Microwave
Symposium, Anaheim, Jun. 1999, Digest pp.1015-1018, 1999.

T.Matsui, K.Araki and M.Kiyokawa, "Gaussian-beam open resonator with highly reflective circular coupling
region," [EEE Trans. on Microwave Theory and Tech., Vol.41, pp.1710-1714 , 1993.

Ph.Coquet, T.Matsui and M.Kiyokawa, "Dielectric Measurements in the 60GHz Band Using a High-Q
Gaussian Beam Open Resonator," IEICE Trans. on Electronics, Vol.E78-C, pp.1125-1130, 1995.

T.Matsui, M.Kiyokawa and K.Araki, "Absolute loss measurement of higly reflective samples by using a high
Q Gaussian beam open resonator at short milimeter wave frequencies," in 1995 IEEE MTT-S Digest, Vol.2,
pp.557-560, 1995.

00 0 oo oo

goog
ooooooooooooooood
ooooo
coooooooooooooo

00 00 oo oo

good
oboooooooooooooogo
oooooo

ooooooo

00 0 oo oo

goog
ooooooooooooodgood
oooo

ooooooo

000 Keren LiO
000000O000O0oO0oooooo
ooooooooao
000o000o0o0oooooooooo
ooooooooooo

(@/= vt

O
o
O
o
O
O
O
O
0
O
0
O
O
O
o
O
O
O
o
O
O
O
O
0
O
0
O



