
A Moon Bounce Experiment A Moon Bounce Experiment 
With A 32m KDDI CassegrainWith A 32m KDDI Cassegrain

AntennaAntenna

A Special Station A Special Station 
8N1EME8N1EME

Project BIGProject BIG--DISH 2007DISH 2007

JH1KRC JH1KRC JM1GSH JM1GSH JH1NBN  JH1EFA    JJ1NNJJH1NBN  JH1EFA    JJ1NNJ 7M2PDT7M2PDT
JA1BGU   JE1BNZ    JK1KXH   JH0XHL/1  JH2COZ   JA5FNX    JA1BGU   JE1BNZ    JK1KXH   JH0XHL/1  JH2COZ   JA5FNX    
JH5AKH    JH5FOQ  JH6RTO   JA9BOH   JA0BZC   JA0TJU  JH5AKH    JH5FOQ  JH6RTO   JA9BOH   JA0BZC   JA0TJU  
JA0GPT    JH0MHE   JA1NKV   JA4BLC   JH3EAO   JA6CZD  JA0GPT    JH0MHE   JA1NKV   JA4BLC   JH3EAO   JA6CZD  

JA9BOH      et  al.    JA9BOH      et  al.    



JM1GSH  KonyJM1GSH  Kony

144 MHz   JT65B144 MHz   JT65B

Very activeVery active

One of QM06 guysOne of QM06 guys

The KDDI satellite The KDDI satellite 
communication communication 
center is near himcenter is near him



Speaker-Microphone 
interface works fine for 
JT65B…



JH1KRCJH1KRC
1296 MHz 1296 MHz 
432 MHz432 MHz
4.4 m   500 W+4.4 m   500 W+



327 cavity

7213 cavities



Preparing for 
5760 MHz / 
10.45 GHz

JA6XKQ/1 visited and inspected 
the wave-guide feed for 5760 MHz

License pending:
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One day One day 
a newspaper a newspaper 

tells us tells us 
an unexpected an unexpected 

plan aboutplan about
a  a  BIG DISH BIG DISH ofof

KDDI KDDI 
Satellite Center Satellite Center 
in Ibaraki, Japan.in Ibaraki, Japan.

June, 2006June, 2006





Planning the EME Operation Planning the EME Operation 

KDDIKDDI--Ibaraki Satellite Communication Ibaraki Satellite Communication 
Center in Takahagi City, Japan, was built Center in Takahagi City, Japan, was built 
as a communication node for INTELSAT as a communication node for INTELSAT 
services toward the Pacific areas.services toward the Pacific areas.

There are several immense parabolic dish There are several immense parabolic dish 
antennas and associated infrastructure antennas and associated infrastructure 
buildings for administrative, research, buildings for administrative, research, 
construction and maintenance purposes.construction and maintenance purposes.



Already, not all KDDI antennas are in active Already, not all KDDI antennas are in active 
services;  some antennas being in standservices;  some antennas being in stand--by by 
mode. mode. 

2006 a group of Japanese amateur radio 2006 a group of Japanese amateur radio 
enthusiasts met for their special  planning enthusiasts met for their special  planning 
at KDDIat KDDI--Ibaraki Satellite Communication Ibaraki Satellite Communication 
Center Center 

A proposal was initiated:A proposal was initiated:

MoonMoon--bounce communications using bounce communications using 

their 32their 32--meter dish antenna meter dish antenna 
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�ï�î�)�ï�î�) Cassegrain Cassegrain 
antennasantennas
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…… and many and many 
othersothers



IBA-4

IBA-5



PLANPLAN

Which frequencies & Equipments are needed?Which frequencies & Equipments are needed?
Antenna feeds, LNAs, HPAsAntenna feeds, LNAs, HPAs

Operation schedules depend on the moon pathsOperation schedules depend on the moon paths

Talks with KDDI, JARL, and Governmental Talks with KDDI, JARL, and Governmental 
Telecomm officesTelecomm offices

Construction for the station, adjustment, Construction for the station, adjustment, 
exhibition, lectures, etc. within six months!!exhibition, lectures, etc. within six months!!



Project BIGProject BIG--DISHDISH

Enthusiastic moonEnthusiastic moon--bouncers all over Japan get bouncers all over Japan get 
togethertogether

Local amateurs also get together!Local amateurs also get together!

High precision large aperture antenna for EMEHigh precision large aperture antenna for EME

Space communications for educational effect Space communications for educational effect 

Advanced amateur technology is neededAdvanced amateur technology is needed

A Special license has to be issued to JARLA Special license has to be issued to JARL

The first time in Japanse amateursThe first time in Japanse amateurs’’ history !history !�Ý�Ý�Ý�Ý�Ý�Ý�Ý�Ý



Purposes of ExperimentPurposes of Experiment

A precise, large scale antenna is used for EMEA precise, large scale antenna is used for EME

(A commercial antenna is used for amateur EME (A commercial antenna is used for amateur EME 
for the first time in Japan)for the first time in Japan)

EME contacts to small stationsEME contacts to small stations

EME exhibition to radio amateursEME exhibition to radio amateurs

Scientific exposure to young generation such as Scientific exposure to young generation such as 
school children and students school children and students 

A moonA moon--bounce class room under the BIGbounce class room under the BIG--DISHDISH



Amateur Radio StationAmateur Radio Station

Moon bounce communications using a 32m     Moon bounce communications using a 32m     
cassegrain feed antennacassegrain feed antenna
License is issued to JARL Ibaraki BranchLicense is issued to JARL Ibaraki Branch
EME high power license,  500 watts@, through 144 EME high power license,  500 watts@, through 144 
to 5760 MHzto 5760 MHz
EME operation by the Project BIGEME operation by the Project BIG--DISH menbersDISH menbers
NonNon--EME communications by local club membersEME communications by local club members



Restrictions by KDDIRestrictions by KDDI

No hurt to the antenna structure No hurt to the antenna structure 
No disturbance to the commercial No disturbance to the commercial 
communicationscommunications
Keep secret rulesKeep secret rules
All payment by amateursAll payment by amateurs
InsuranceInsurance
Return to the original stateReturn to the original state

etc.etc.



MemorandumMemorandum

Memoranda were signed by KDDI, Memoranda were signed by KDDI, 

JARL and Project BIGJARL and Project BIG--DISH by the DISH by the 

end of December 2006.end of December 2006.
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Project BIGProject BIG--DISHDISH
< Fundamental design 1 >< Fundamental design 1 >

MoonMoon--bounce experiment in a large scalebounce experiment in a large scale
== Multiple frequencies and modesMultiple frequencies and modes

Popular bands for EMEPopular bands for EME
144MHz/432MHz/1296MHz144MHz/432MHz/1296MHz

Nearly original designed frequencyNearly original designed frequency
5760MHz5760MHz



< Fundamental design 2 >< Fundamental design 2 >

TXTX Legal limit high power Legal limit high power 

500 watts output500 watts output

RX  RX  Lowest noise figure, Lowest noise figure, highest gain

LNA  NF: 0.2 LNA  NF: 0.2 –– 0.5 dB0.5 dB

Gain: 30 Gain: 30 –– 40 dB40 dB

Modes        CW, SSB and JT65Modes        CW, SSB and JT65



< Fundamental design 3 > < Fundamental design 3 > 

Microwave EME  5.7GHzMicrowave EME  5.7GHz

TXTX Legal limit high power Legal limit high power 

500 watts output500 watts output

RX  RX  Lowest noise figure, highest Lowest noise figure, highest 
gaingain

LNA  NF:  0.5 dBLNA  NF:  0.5 dB

Gain: 30 Gain: 30 –– 40 dB40 dB

Modes:  CW, SSB and FMModes:  CW, SSB and FM



Project BIGProject BIG--DISHDISH

To be a EME marker signal 
on each band!!
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< Fundamental policy > < Fundamental policy > 
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IBAIBA--44
SubreflectorSubreflector

and and 
Feed HornFeed Horn

3.6m

2.4m

9.6m



Inspection Inspection 

Kony  JM1GSH
comes out from the hatch

January 2007





C-BAND FEED HORN, 2.4M



4th REFLECTOR



How do you How do you 
illuminate the illuminate the 
subsub--reflector for reflector for 
moonmoon--bounce?bounce?



SUB-REFLECTOR, 3.6M



Antenna For MoonAntenna For Moon--BouceBouce

Accurate moon trackingAccurate moon tracking

z
z Programmed trackingProgrammed tracking

High gain and low noise temperatureHigh gain and low noise temperature

z
z High G/T ratioHigh G/T ratio

Low sideLow side--lobe levelslobe levels

High power handling capabilityHigh power handling capability



AZAZ--EL rotationEL rotation
00--370 deg. Azimuth370 deg. Azimuth
55--110 deg. Elevation110 deg. Elevation

Zenith



Programmed trackingProgrammed tracking

Original computer program:

Put in the moon data of every one hour.
Compensation by smoothening the values. 

0-HOUR

Azimuth

Elevation

1-HOUR

Azimuth

Elevation

2-HOUR

Azimuth

Elevation

….



Programmed trackingProgrammed tracking

Moon data inputMoon data input

TNX to F1EHNTNX to F1EHN

Moon Position data 
from EME PLANNER 

F1EHN



Moon Noise Measurement with Moon Noise Measurement with 
Programmed TrackingProgrammed Tracking

Moon Noise was recorded with the IBA-4 4GHz receiver

Programmed tracking Stopped

5 dB



Characteristics of Characteristics of 
Parabolic ReflectorParabolic Reflector

WideWide--band reflector band reflector 

Effective diameter could be >10 waveEffective diameter could be >10 wave--
lengthlength

Need antenna feed for each band?Need antenna feed for each band?



Prime Focus of 

the Main Reflector

Sub-reflector
2.9 m diameter

Wide illumination and High Power Wide illumination and High Power 
Handling  Capability are required!!Handling  Capability are required!!

Subreflector is thereSubreflector is there……

Phase 
Center? 

Where 
about �û�û�û�û



A Subreflector is thereA Subreflector is there……
How to treat it?How to treat it?

Do not remove!  ItDo not remove!  It’’s a fundamental rrestrictions a fundamental rrestriction

Antenna feed for EME could be Antenna feed for EME could be ……
For 144MHz, 432MHz and 1296MHz:For 144MHz, 432MHz and 1296MHz:
1)  Use of a Yagi feed?1)  Use of a Yagi feed?
2)  A loop feed2)  A loop feed in front of the subreflector?in front of the subreflector?
3)  A round feed horn in position? 3)  A round feed horn in position? 

etc. etc. 

z
z High power capability and a wideHigh power capability and a wide--angleangle

radiation pattern are necessary!!radiation pattern are necessary!!



Prime focus
2 m      144 MHz

70 cm   432 MHz

Stacked Yagi-feed
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= Difficult!!



Defocused Defocused 
Offset FeedOffset Feed

Problems are

�Ø�Ø�Ø�Øbeam tilt

�Ø�Ø�Ø�Øgain loss

-8.4 dB 

Beam tilt



Defocused FeedDefocused Feed
Axial defocusingAxial defocusing



Use of the original antennaUse of the original antenna

5760MHz:5760MHz:

Original feed horn is a proper choice for this Original feed horn is a proper choice for this 
band.   Available:band.   Available:

High power handling capability High power handling capability 

WideWide--beam pattern to illuminate 32m dishbeam pattern to illuminate 32m dish

R/L helical  circular polarizationR/L helical  circular polarization


z
z The most favorable operating       The most favorable operating       
frequency is 5760MHz.frequency is 5760MHz. Antenna gain = 64dBi 



MultiMulti--band operationband operation

How to change the antenna feeds?How to change the antenna feeds?



OE9ERCOE9ERC
ErichErich

�ô�)�ô�) dishdish



5G

10G

5G

10G

2.3G

1.2G

1.2G 2.3G

432M

5G



Prime focus of the 
main reflector 

Sub-reflector

Antenna feed requires:Antenna feed requires:
Wide radiation angel  = 140 deg.Wide radiation angel  = 140 deg.
High power handling  = 500 wattsHigh power handling  = 500 watts

Prime focus is behind Prime focus is behind 
the Subthe Sub--reflectorreflector



Prime focus is behind Prime focus is behind 
the Subthe Sub--reflectorreflector

Use YAGI antenna Use YAGI antenna 

in the phase center of the dishin the phase center of the dish

Sub-reflector

<Method> Model 2x1230, Two 30-element YAGIs
Boom length �î�ï�ì�ì�)�)

Catalogue gain 24dBi, Power rate 300�� pep

Prime focus of the 
main reflector 



Sub-reflector

How do you make it for multiHow do you make it for multi--band?band?

Phase 
center?

In-phase or out-of-phase?

Multi-band operation �û�û�û�û

Prime focus of the 
main reflector 



SeptumSeptum FeedFeed



CzechCzech
TechnicalTechnical

UniversityUniversity

OM6AAOM6AA
Mr. HazdraMr. Hazdra
OM1ATT et al.OM1ATT et al.



Round Septum FeedRound Septum Feed

S11 better than 30 dB
Port to port isolation S 21= 26 dB
Circularity in boresight transmittion = 0.2 dB 



Round Feed HornRound Feed Horn

Gain 22 dBi

Angular width 12.8 deg.

10 WL



Use of US Army antennaUse of US Army antenna

VSRT-2

2.4m alminium 

5 GHz

Portable 

Jane Military 
Communication



2.4 m 2.4 m 
dishdish









2.4 m  DISH 

Round Septum Feed



1296 MHz  G=49.95 dBi
Efficiency=53%

KDDI 32 m Dish



NF MeasurementNF Measurement



1296 MHz   LNA  by  HB9BBD

NF=0.2 dB,   G=38 dB



144 & 432 MHz144 & 432 MHz
Loop FeedLoop Feed

FOCUS



144&432 MHz144&432 MHz
Loop FeedLoop Feed





Loop FeedLoop Feed
144 & 432144 & 432

144 MHz  28.5 dBi  Efficiency 30.3%

432 MHz  33.9 dBi  Efficiency 11.8 %
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Planned EME Planned EME 

Basically Random QSOsn onlyBasically Random QSOsn only
FrequenciesFrequencies

144MHz, 432MHz, 1296MHz and 5760MHz144MHz, 432MHz, 1296MHz and 5760MHz
Modes: CW, SSB and JT65BModes: CW, SSB and JT65B
ReportsReports�ö�������ö������ or TMOor TMO
Estimated small stations to contact with:Estimated small stations to contact with:

144MHz144MHz�ö�ö 2x112x11--el Yagi, 50Wel Yagi, 50W JTJT�ò�ñ�ò�ñ BB
432MHz432MHz�ö�ö 2x272x27--ele Yagi, 50Wele Yagi, 50W JTJT�ò�ñ�ò�ñ BB
1296MHz1296MHz�ö�ö 3m DISH, 3m DISH, 10W10W CWCW
5760MHz5760MHz�ö�ö 2m DISH,2m DISH, 2W2W CWCW



Project  BIGProject  BIG--DISHDISH
Callsign  8N1EMECallsign  8N1EME



BIGBIG--DISHDISH
8N1EME8N1EME

BIG-DISH �â

Small dish

a la carte

In 

Marionette Theater



�•�Ð�£�§0t�•�Ð�£�§0t
!�!�



144/432 MHz  LNAs & RYs144/432 MHz  LNAs & RYs











Small-dish mount:  Designed by JH1EFA





8N1EME8N1EME
atat

IBAIBA--44
KDDI 32KDDI 32--m m 





RFI test transmissionRFI test transmission

IBAIBA--4 Elevation angle 90 degrees4 Elevation angle 90 degrees

RFI to the present CRFI to the present C--band receiverband receiver

9 x  432 = 3888 MHz9 x  432 = 3888 MHz

3 x 1296 = 3888 MHz3 x 1296 = 3888 MHz

Any TVI to neighborsAny TVI to neighbors



The present Radio Station Regulation The present Radio Station Regulation 
requests to amateurs on UHF thatrequests to amateurs on UHF that

any spurious radiation level should beany spurious radiation level should be

no more than  no more than  --60 dB 60 dB 

below the fundamental, as well asbelow the fundamental, as well as

not more than 1mWnot more than 1mW .  .  



Spurious radiation should be:Spurious radiation should be:

For For �ñ�ì�ì�ñ�ì�ì�ñ�ì�ì�ñ�ì�ì�ñ�ì�ì�ñ�ì�ì�ñ�ì�ì�ñ�ì�ì WW outputoutput

z
z
z
z
z
z
z
z no more than no more than 0.5mW0.5mW

and below and below --60dB60dB



432 MHz  500 watts



RF FiltersRF Filters

Henry RadioHenry Radio





PA3CSG FiltersPA3CSG Filters

144 MHz 432 MHz



144 MHz  500 watts



1296 MHz   500 watts1296 MHz   500 watts



1296 MHz   500 watts1296 MHz   500 watts





Inspection by TelecomInspection by Telecom

Transmitter data (input/output power, Transmitter data (input/output power, 
spurious suppression characteristics, filter spurious suppression characteristics, filter 
attenuation curves, etc.) were submitted attenuation curves, etc.) were submitted 
previously.previously.

Inspection of the equipments, antennas, Inspection of the equipments, antennas, 
working data, and a QSO test were working data, and a QSO test were 
requested. requested. 

432 MHz  CW432 MHz  CW--QSO:  8N1EME QSO:  8N1EME –– JA6AHBJA6AHB

RST 599/599RST 599/599





1296 MHz1296 MHz
HPA & PSHPA & PS

On The DeckOn The Deck





HB9BBD  received at 8N1EMEHB9BBD  received at 8N1EME
1296 MHz1296 MHz



1296 MHz  Pile Up1296 MHz  Pile Up
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Among the BigAmong the Big--Signals in pileSignals in pile--up, up, 
there were   seven weak signals there were   seven weak signals 
of of --20dBs were masked.20dBs were masked.
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8N1EME8N1EME’’s  EME Schools  EME School



EME SchoolEME School



NHKNHK--TV News,  7 p.m., March 03, 2007TV News,  7 p.m., March 03, 2007





5760 MHz  500 watts5760 MHz  500 watts

Near original designed frequency of the Near original designed frequency of the 
IBAIBA--4 antenna.4 antenna.

WaveWave--guide Connection at the pedestal.guide Connection at the pedestal.

Estimated gain:  Estimated gain:  63.8 dBi63.8 dBi (2,400,000 times)(2,400,000 times)

Output power:  Output power:  1,200,000 kW1,200,000 kW eirpeirp



3 kW TWTA’s  & Wave-guides  WR-142

AZ-EL 
control



Feed-horn

Round wave-guide



5 GHz  500 watts5 GHz  500 watts



DB6NT TransvertersDB6NT Transverters
IF 435 MHz / 5760 MHz / 10 GHzIF 435 MHz / 5760 MHz / 10 GHz



5 GHz  TWTA5 GHz  TWTA
500 watts500 watts



5 GHz  TWTA5 GHz  TWTA
500 watts500 watts

5760 MHz



RHCP / LHCP  & LNARHCP / LHCP  & LNA



5760 MHz  500 watts5760 MHz  500 watts





5760 MHz  EME5760 MHz  EME



8N1EME  received at RW1AW8N1EME  received at RW1AW



8N1EME  received8N1EME  received
at JA4BLCat JA4BLC



�û�û Project SMALLProject SMALL--ANTENNAANTENNA�ü�ü

Many microwave amateurs joined in the Many microwave amateurs joined in the 
project.project.

Members of JAMSAT, MWCY, YAMA, etc.Members of JAMSAT, MWCY, YAMA, etc.

Many recordings were reporteMany recordings were reporte

Not a few tried to contact.Not a few tried to contact.



Receiving with small dishesReceiving with small dishes

JR3LGE 45cm BS satellite dish



Japanese CQ ham radio monthly Japanese CQ ham radio monthly 
magazine continued to publish our magazine continued to publish our 
articles for over one year.articles for over one year.
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EME ResultsEME Results

Random QSOs:  Random QSOs:  �ï�î�ï�ï�î�ï

Operation frequencies:Operation frequencies:

144MHz, 432MHz, 1296MHz and 5760MHz144MHz, 432MHz, 1296MHz and 5760MHz

ModesModes�ö�ö CW, SSB, and JT65BCW, SSB, and JT65B

Estimated small stations to contactEstimated small stations to contact

144MHz144MHz�ö�ö 2x112x11--element, 50Welement, 50W JTJT�ò�ñ�ò�ñ
BB �Ø�Ø�Ø�¼�Ø�Ø�Ø�¼

432MHz432MHz�ö�ö 2x272x27--element,element, 50W50W JTJT�ò�ñ�ò�ñ
BB �Ø�Ø�Ø�¼�Ø�Ø�Ø�¼

1296MHz1296MHz�ö�ö 3m DISH 3m DISH 10W10W
CWCW �Ø�Ø�Ø�û�Ø�Ø�Ø�û



Band and Mode ResultsBand and Mode Results
8N1EME8N1EME

Freq.Freq.

MHzMHz
CWCW SSBSSB JT65BJT65B CrossCross--

modemode
TotalTotal WACWAC DXCC DXCC 

144144 1111 11 142142 00 154154 44 3030

432432 3434 22 3131 00 6767 55 2121

12961296 5050 2121 00 00 7171 44 1919

57605760 2323 66 00 22 3131 44 1414

TotalTotal 118118 3030 173173 22 323323 55



No. of QSOsNo. of QSOs

144 MHz: 154 QSOs,144 MHz: 154 QSOs, CW 11CW 11 SSB 1SSB 1 JT65 142JT65 142

JA 24JA 24 OH 3  F 8      PA 12OH 3  F 8      PA 12 DL/DK 22DL/DK 22 GM 2GM 2
G 2G 2 I 6   I 6   VK 7VK 7 AS RUSSIA 11AS RUSSIA 11 USA 13USA 13
Eu RUSSIA 14Eu RUSSIA 14 CT 1CT 1 EI 1EI 1 OE 1OE 1 OK 2OK 2
GW 1GW 1 SP 1SP 1 ON 2ON 2 EA 6EA 6 SV 3SV 3 SM 3SM 3
ES 1ES 1 ZL 1ZL 1 OZ 1  OZ 1  S5 2S5 2 YO 1YO 1 HB9 1HB9 1
YU 1YU 1 VE 1VE 1

432 MHz: 67 QSOs,432 MHz: 67 QSOs, CW 34CW 34 SSB 2SSB 2 JT65 31JT65 31

JA 16JA 16 VK 3VK 3 PA 2PA 2 OK 3OK 3 G 2G 2 OH 4OH 4
S5 2S5 2 Eu RUSSIA  5Eu RUSSIA  5 DL/DK 8DL/DK 8
SM 5SM 5 EA 3EA 3 HB9 2HB9 2 F 3F 3 ZL 1ZL 1 OZ 1OZ 1
USA 2USA 2 SP 1SP 1 UT 1UT 1 FR5 1FR5 1 ZS 1ZS 1 KL 1KL 1



1296 MHz:1296 MHz: 71 QSOs,71 QSOs, CW 50CW 50 SSB 21SSB 21

JA 14JA 14 VK 3VK 3 KL 1KL 1 ES 3ES 3 F 4F 4 OZ 1OZ 1 PA 2PA 2
SM 3SM 3 OK 3OK 3 HB9 2HB9 2 ON 3ON 3 DL/DK 10DL/DK 10 LA 3LA 3
LX 1LX 1 UR 1UR 1 W 11W 11 VE 1VE 1 I 3I 3 G 2G 2

5760 MHz:5760 MHz: 31 QSOs,31 QSOs, CW  23CW  23 SSB 6SSB 6
SSB/CW XSSB/CW X--MODE 2MODE 2

JA 9JA 9 W 4W 4 EuRUSSIA 2EuRUSSIA 2 VK 1VK 1 ES 1ES 1 VE 1VE 1
HB9 1HB9 1 F 2F 2 I 1I 1 LX 1LX 1 OE 2OE 2 DL/DK 3DL/DK 3
OK 2OK 2 GM 1GM 1

ALLALL TOTAL:TOTAL: 323 EME323 EME--QSOs including dupesQSOs including dupes

No. of QSOsNo. of QSOs



TNXTNX

The Project BIDThe Project BID--DISH would like to thank you for DISH would like to thank you for 
joining us and help for the promoting moonjoining us and help for the promoting moon--
bounce with a KDDIbounce with a KDDI’’s 32s 32--m dish through 144 t0 m dish through 144 t0 
5.7GHz bands.5.7GHz bands.

Hundreds of nonHundreds of non--EME amateurs joined us also EME amateurs joined us also 
to see how the moonto see how the moon--bounce is.   This project bounce is.   This project 
might have contiributed to promote amateur radio might have contiributed to promote amateur radio 
activity itself. activity itself. 



The EndThe End

( continues?)


