927 MHz FM - 2014 UPDATE




Why 900 MHz ?

* 900 MHz is a new frontier for FM operation

 Itis very much like 70 cm was 35 years ago

« Radios are modified commercial gear:
mostly Motorola or Kenwood

* Propagation is more challenging than lower
frequency bands (2M — 70CM)

 Technical interest

« Weak signal compatible



What’s 900 MHz Like?

Similar to 70 CM with

— Faster mobile flutter

— More multipath

— Greater building penetration due to reflections
— A bit more path loss

A good antenna is extremely important
12W to 15W is adequate
30W radios are available

Feed line losses are higher (use low loss coax)



Some History

August 2007 | visited friends in W. Texas
We talked about 900 MHz and plans for 902-HUB
| returned to Portland ‘stoked’ to get on 900 MHz

| /0
My 15t repeater KSTRA  WV6H  KASIDN| KDALXC

ey

was operational in
2007 (Portland)

The 2"d machine on
the air -March 2008
(Larch Mountain
SW Washington)




Seven Years Later

902 HUB was formed in 2008
1t Austin 900 MHz repeater operational in 2009
K5TRA moved back to TX in 2010

— Several additional RF linked Austin area 900 repeaters added

Linked to other areas/states via 902 HUB

Austin based 927 TECH linking HUB began in 2011

Allstar link added early in 2013

Many 900 MHz repeaters migrated from 902 HUB
EchoLink private linking

Linux based control
Better audio BW
Many 900 MHz repeaters migrated to Allstar from EchoLink
EchoLink HUB also maintained

927 HUB is Allstar node 41170
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Node 2T 9271504
NSEX Scuthors Calforsia
FFATI26 117, 007

Bode 30573 4465
KAINAM Ol e, KS
JE 90372 N4 T6002Y

Node 29%0s 9271628,
NHTC payete, sado
000000 0. 00000

Node 20901 927.1025
NETC payette, idabo
000000 0 N0

Allstar 927 HU Inking

Nolle 29934 BATCAVE 34
NSFL . Five Jag laach
34199559 K8 N6

Node 40006 Portlasd

KSTRA Aastin. TX
JO 242959 AT x9%0L0

Modo 2932 HATCAVE 32
KSTEX . Five Jug Raach
34.199599 .34, %5623

Node 30562 Larch Ma Weshngon

KSTRA Aswm, TX
30 24 29%9 AT XG0

Node 29931 ATLANTA 927 HUB
927 HUB - Fave Jug Ranch
JLN09NN0 N4 XS0 23

Plode 29227 900 Hab
NOEX Scethom Caldamia
21670426 117 H4aXT

Node 2771927 MH: HUB
A

IRAVISS 10X

Nodo 27350 0271625
KETLN M Defimce, OR
A5 AARNIK 021722008

Node 41170927 NUS
KSTRA Austia, TX
30 242089 AT X000

Node 20073 927,007
KASMAM Ot e, KS
FEXATING 00 NevM

Mode JXEKG 927 F028 .28 MM 2
WY MM West hThn‘hhﬂN\'
40.THOTSY .75 200506

Mode £1906 927 %00
FETEQ Swin CA
55.70KS%2 121800

Node 20521 Aastin 900 MM HUB
KSTRA Asstim. TX
30 242%0% A7 X080

Mode 2055 927225 .
KBOHZZ Apphe Valley, CA
34492728 -117. 210345

Mesde 40503 9271625
KSTRA Kervidle, TX
30156112 .90 Laoiex

Mode §1 257 0270875
KETRA lew Coves, TX
30295816 97 959524

Node Mo 9270750
KSTRA Ssm Aston i, TX
DAUTE KT

Allstar Link [surrounding node 29521] status of 11/11/14 07:18:58 GMT

Node 2v827 927 0128
NOWRS Hisdap, CA
ITANSEE 11K 130100

Node 27729270125
CA

NSRS R
IS SRE020- 18,5 60006

Nonde 80067 927 0375
KSTRA Canyem Lake, TX
2X8T40 Ax 122

Node M6SE 427.0025
KSTRA Cocegenows, TX
30843648 97772228



EchoLink 927 TECH Linking

I

Eile Edit Station Tools Niew Help
[ gleeed i R @S 23/0|@ED P e 5D
5,261 stations on nasouth.echolink. org (15% are busy] CONF *927 TECH* hosted by:
(@] Locations Station I Location/Description |: KETRA & M7GLVY [6/25]
|:| Mode Types @*QUZ_HUB* Private conference [0/15]
a Alarms (26) [ *027_TECH* Private conference [5/25] ! KETRA Tom
] New *CARE_HUB* Technology & Social [3/25] KSTRA-R Allstar 23521
...[3] Favorites (16) *ECHOTEST* Audio test server KIKEA-R SE WI SCMC
*HI-GATE*  "IRLP REF 9250" [11/500] KW7HAM-R Portland Area

KTQDX-R

€5 “OPENIRLP* S irlp.net. [4/100
=e openirlp.net. [4/100] KDBVPH-L Olympia, WA

&H KOTRA-L In Conference *CARE_HUB*
W KSTRA-R In Conference *927_TECH*
W K7 QDK-R Private conference

W KADN-R  Odessa TX

W KATANM-R  off

HpKDBUSF-R In Conference KASPQK-R Contact tom(@k5tra.net or 512-686-

MpKFILN-R - off 3689 for more info.
W KWTHAM-R  In Conference *927_TECH*

W NITOY-R In Conference IRLP 9228
Mg MNGEX-R off

927 MHz Conference
33cm, 23cm, and microwave
technology interest

m

Ay MNATG-R off
ﬁ MEB7C motorola XT907 User
& NETC-L off P

¥ NETC-R SW Idaho
M NCIRS-R off
SBNVIAA-L  off

A W3IHZL-R off i
D Index View @ Explorer Yiew |
Connected to: "927_TECH" (Conference [5/25]) COMF -
927-tech.pnwx.com I

| Send

Ready N Co e cted N A R R
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Austin Area 900 MHz Repeaters

Canyon Lake
— 100W, 927.0375, PL 141.3

Georgetown
— 100W, 927.0625, PL 203.5

San Antonio
— 100W, 927.0750, PL 218.1

Austin -Southwest
— 100W, 927.1125, DPL 432

LagoVista
— 100W, 927.1250, PL 103.5

Austin -North Central
— 100W, 927.1375, PL 131.8

Kerrville
— 15W, 927.1625, PL 151.4

6M & DX link to Calif.
— 15W, 927.1875, PL 151.4

Belton (NU5D).
— 15W, 927.5000, PL 100.0

- Allstar 927 HUB Linked

- Allstar 927 HUB Linked

- Allstar 927 HUB Linked

- Allstar 927 HUB Linked

- Allstar 927 HUB Linked

- Allstar 927 HUB Linked

- Allstar 927 HUB Linked

- NOT linked to 927 HUB

- NOT linked to 927 HUB



Austin linked repeaters are 100 W capable




900 MHz Mobile Radios

=

Bt T ———
. @
o

o000 O D

1
°°

GOOD CHOICES

KENWOOD TK-931

POOR CHOICES

KENWOOD TK-941 MOTOROLA MAXTRAC MOTOROLA GTX



000 MHz Portables

GOOD CHOICES @ POOR CHOICES

[ EKENWOOD

MOTOROLA KENWOOD MOTOROLA MOTOROLA KENWOOD
MTS-2000 TK-481 MTX-9250 GTX TK-431



900 MHz Antennas !

BASE MOBILE

+9.2 dBi

PHANTOM
ANTENNAS '

LAIRD g

& &

NMO3E900B NMOS5T900B
LARSEN




Current US 900 MHz Band Utilization

* |In 1985 ARRL’s band plan: 12 MHz split for FM repeaters

— Not used due to available equipment limitations
— Approx. 300 repeaters are 927 MHz — 902 MHz (25 MHz split)

« Weak signal SSB/CW and FM share the band very well
— Both groups are populated by “Techies”
— In many areas weak signal hams also have 900 MHz FM
— High power repeater outputs are at 927 MHz (far from 902)

* Repeater inputs are in the 902 - 903 MHz
— Some areas begin FM at 927.1125 (15t channel above 902.1)
— Some share the lower 100 KHz

— Noise floor often degrades above 902.2 MHz due to interference
from spread spectrum transmitters that share the band



900 MHz Noise Floor

@8:49:48 DEC @4. 2887

v

PEAK

LOG
G

dB/

MKR 982.288 MHz
P6 34.8 dB -77.83 dBm

REF -45.8 dBa SAT 8 dB

902.3000

- 902:2000
902.1125

STOP 983 .888 MH:
VEW 38 kHz SHF 2@.8 : &




Austin Repeater Configuration

Duplexer: Cellular base station
. 2 CAVITY
o RX
dual combline PRESELECTOR

Preselector: Wacom cavities

LNA choices DUPLEXER |y T0 500 Hz
* Angle Linear ANTENNA
* Minicircuits CONTROLLER
 ARR LPF

TX and RX: TK-941

Link LINK X
« TK-840 -or- XCVR

e Linux / Allstar with URI

Controller: ICS Linker Il BPF |, TOLINK
CAVITY ANTENNA
PA: =
* Motorola cellular 150W -or- Antennas
« GE MASTR-IIl  100W t138V I TOFSE  « North Central: SCALA OGB-9

« Southwest: SCALA OGB-9
 Lago Vista  DB-806
Power Supplies (switching) 24V [ TO PA » Georgetown: SCALA OGB-9
 Meanwell (SE-600-12) « SanAntonio DB-589
+ Meanwell (SE-600-24) « Kerrville Comet KP-20

Isolator & load: Celwave




902 MHz / 927 MHz Duplexer

L

COMBLINE DUPLEXER
from CELLULAR BASE STATION

USED IN AUSTIN MACHINES



9002 MHz LNA and Preselector Filter




Controller and DTMF Relay




TX/RX Stacks

TK-941 panel TK-931 panel



TK-941 Recelver Mods

COS buffer-invert RX filter change



Radios, Controller, LNA & Preselector

SW Austin repeater LagoVista repeater



North Austin Repeater

e TK-941 TX / RX and TK-840 Link

 ARR LNA with Celwave preselector cavity
 Motorola 120W cellular PA

 Celwave Isolator

« Narda cellular combline duplexer

* |CS Linker-lla controller



Southwest Austin Repeater
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« TK-941 TX /RX and TK-840 Link

« Angle Linear LNA with Wacom preselector cavities
« Motorola 120W cellular PA (in TPL housing)

« Celwave Isolator

« Narda cellular combline duplexer

« |CS Linker-lla controller



Lago Vista Repeater

AR 2
v.% . "

|
‘
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« TK-941 TX/RX and TK-840 Link

« Minicircuits LNA with Wacom preselector cavities
e Motorola 120W cellular PA

« Celwave Isolator

« Narda cellular combline duplexer

* |CS Linker-lla controller



Georgetown Repeater

TK-941 TX / RX and Linux Allstar Link (mini-ITX / SSD)
Minicircuits LNA with Wacom preselector cavities

GE MASTR-III 110W PA (w/ integrated isolator)
WACOM combline duplexer

ICS Linker-lla controller



Canyon Lake Repeater
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« TK-941 TX/RX and Linux Allstar Link (mini-ITX / SSD)
« Minicircuits LNA with Telewave preselector cavity

« GE MASTR-III 110W PA (w/ integrated isolator)

« WACOM combline duplexer

« NO controller board: Allstar controller !



Bee Caves Repeater

e TK-941 TX/RX

« Linux Allstar Link: Beaglebone Black Rev.C
« DMK USB radio interface

« K&L combline duplexer

 NO controller board: Allstar controller !

« ALL on 2U shelf !



K5TRA MicroNod
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Portable 900 MHz Repeater




Some of the local 900 MHz Crew
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Larch Mountain Site

MARCH 2008




Looking to Portland & Salem from Larch Mtn WA




More Information

 http://k5tra.net
* http://k5tra.net/AllstarLink.html
* http://k5tra.net/33cm%20FM.html



