En L-bands FM-ATV transceiver 3. del

Af OZ7TA Jorgen Kragh, Forelvej 25, 3450 Allerod

23, Afslutning

i denne artikel er vist et eksempel p& en simpel,
men alligevel ydedygtig transceiver til FM-ATV j L-
bandet. Transceiveren er bevidst holdt pa et meget
enkelt plan, saledes at det ikke blev en total uover-
skuelig opgave at realisere den. Der er formentlig
mange punkter, hvor transceiverens performance
kan forbedres, men som en start pa FM-ATV er den
udmeerket. Desuden kan de viste kredsleb jo bruges
som inspiration for ancre.

Modtagerens falsomhed lader selviglgelig noget
tilbage at onske, men kombineret med en god
masteforsteerker med en eller to GaAs-FET's (og
hvem har ikke en sadan, nar man karer 1300 MHz?)
kan modtagerens samiede stgjtal komme ned
omkring 1 dB, og det ertilstraskkeligt

Masteforsteerkere har veeret beskrevet i litteratu-
ren et utal af gange, sa her er der rigeligt at veelge
imellem, bade af gode og mindre gode (ustabile)
konstruktioner.

Med gode antenner og en masteforstaerker, i mit
tilfeelde 2 Tonna 23 elementer og en “hjemmerullet”
masteforsteerker med 2 Avantek ATF 21186, reekker
den viste transceiver ca. 30 km, neesten lige sa langt
som almindeiig “sladrekassetrafik” pd UHF, og sd er
det altsa sjovere at kunne se den, man snakker
med. Desuden er der jo gleeden ved selv at have
bygget transceiveren, og det er jo ikke at foragte

f den modulsere form, som jeg har valgt tit opbyg-
ningen, er det muligt, blot ved at aendre pa sender-
og modtagermodulerne, at bygge transceiveren til
f.eks. 2320 MHz i stedet, baseband processor, AV-
forsteerker og speendingsregulatorer kan jo genbru-
ges; i softwaren skal der zendres 4 linjer assembler-
kode, sa fungerer den ogsé pa 2320 MHz; med en
ny prescaler, fungerer TBB 206 ogsa pa de hgje fre-
kvenser | nordsjeellandsomradet er vi en del ama-
torer, der er QRV pa FM-ATV, mest omkring 1280
MHz med talk-back frekvens pa 434.100 MHz. P&
denne frekvens kan der som regel findes folk, der
enten kan sende et provebillede eller give gode rad
om FM-ATV.

Som naevnt har det taget mig ca. halvandet ar at
konstruere og bygge transceiveren, men med en
malrettet indsats i f eks. en lokalafdeling, kan det let
geres pa en vinter. Nzeste vinters byggeprojekt?

Litteraturliste.

Den viste litteraturliste er langt fra udtemmende,
og skal derfor opfattes som den speciallitteratur, der
er absolut n@dvendig at have lzast, forinden der star-
tes pd at bygge projektet.

Udover de nsevnte litteraturhenvisninger, henvi-
ses der il generel litteratur, bade dansk og uden-
landsk, vedrarende UHF kredslab
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Appendix 1. 1ARU Region 1 FM-ATV standard

Modulationstype: F5/F3

Videobandbredde 5MHz

Forbetoning af video: CCIR
Recommendation 405,1

Farvebarebglge: 4,433618 MHz (PAL)

Max. gjeblikkeligt

modulationsindex 0,5

Spids frekvenssving 3,5MHz

Max. bandbredde 12 MHz ved -40 dR
18 MHz ved -60 dB

Lyd subcarrier: 5,5 MHz eller 8 MHz

Lyd subcarrier niveau

iforhold til spids video:  -14dB
Lyd subcarrier
modulationsindex 0,2

Noter:

1. Videofilter med en bandbredde pa 5 MHz skal
indsaettes i video modulator forstaarkeren

2. Der skal indsaettes en video spids kiipper efter
videofiltret.

3. Videosignalet til exciteren skal vasre DC-klam-
pet, for at undga flytning af centerfrekvensen i
afhzengighed af billedindhold.

4. Senderen skal veere forsynet med filtre, der hin-
drer udsendelse af spurii

5. Hvis video spids frekvenssvinget seenkes under
3,5 MHz, skal lyd subcarrier frekvenssvinget saen-
kes titsvarende.

Appendix 2. Programiistning til MC68HCO05K 1
Se naeste sider

Appendix 3. Uddrag af datablad med program-
meringsvejledning for TBB 206

Programming
Programming of the dividers and status control
are performed on a 3-line bus. The assignment of
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Appendix 2. Programlistning til MC68HCQ5K1.

ISR R AR R LSRR R SRS RS R R ERRREE R RS R R R R R R R R R A R R R T T ey

Program for Motorola MC&B8HCTO5K1/MC6E8HCBCSK]

controlling 2 TBB206 frequency synthesizers operating as
transmitter oscillator and receiver 1. local oscillator in
a FM ATV transceliver covering the frequency range

1240 - 1299 MHz in 1 MHz steps.

Author: OZ7TA
Version: 2.2
Date: March 1993

s. e. & 0,
LR A E SRS R S AR RS RS SRss R E R E R YRR e LRSS R

* A A %X X * A %

*®
*
¥*
*
*
*
*
*
*
*
*

org rom

AT AT TR IR IR A IR AT T AR AR A e A Ak dk ke ks bk dkkkkdrk bk ddr sk ok Aok % k% &

* Initialization *
LSS SR 2R R A e s e e R R R R R R R R R R LR D1
start
porta equ $00
porthb equ $01

lda #3f0

sta ddra ;set port a ifo direction

lda #503

sta ddrhb ;set port b i/o direction

lda #350f

sta 30010 ;set pull-down on port & inputs

clr $01 ;set port b te 00

isr delay ;wait for the TBB 206s to settle

clr 500 ;set port a to 0000xxxx

cir $00e3

clr $500e4

clr $00es

isr send :send content of 00e5 on Data

bset 6,500 ;set IX Enable to high

bset 1,800 ;set RX Enable to high
2SS RS ESR R R RESRERS RS Rl RS RS R RRRAE R RREEERR R R R EE R B X EEEE BRI I TR I I R Y
* Setting up status word 2 and reference *
* division ratio for the TBB Z06s *
* Status word 2: 00 28 32 *
* Reference word: 00 06 45 *
(2SR st RS ERERE R R R ES RS REE R R LR LR R R R ER R R R RS EE TR R R R R I I R I R

belir 6, 500 ;set TX Enable low

belr 7,500 ;set RX Enable low

lda #500

sta $00e0

lda #5328

sta $00el

lda #3532

sta 500e2

jsr datsend ;send staus word 2

isr entx ;toggle TX Enable

jsr enrx ;toggle RX Enable

lda #300

sta $00e0

lda #506

sta 50Cel

lda #545

sta 300e2

beclir 6,500
belr 7,500

isx datsend ;send reference division ratio
isr entx
isr enrx

KXk AR AR A A Ak ok kA ko kA R AR AR A A AR A A A A AR R R A F kv Ak ko kkhkkk k&

* Scanning the BCD switches and updating the present channels *
* Adding offsets to the channel numbers *
* Scrambling data and sending data toc the TBB 2(é&s *
* RX channel offset: 384a *
* TX channel cffset: 5dcl *
AR AT AT A AT A AN A A A R A R A A A Ak ok kA A A A A R A A AN IR AR RN AR A h A A A A AT AR R AN R RANN R RN
rxch jsr delay ;wait for BCD switches to settle
belr 1,501 ;set to read RX switches
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jsr chano ;get RX channel number
l1da $00e3
eor 500e9 ;check if RX channel is changed

bne newrx ;if so, update RX synthesizer

imp txch ;jcontinue with TX channel
newrx lda $00e9

sta $00e3 ;jupdate present RX register

ldx #3514

mul ;multiply channel number by 20

stx 500es ;store high byte

sta $00e7 ;steore low byte

lda #54a

add $00e? sadd RX offset to low byte

sta 500e7 ;and store

lda #3538

ade $00e6 ;add RX offset to high byte

sta $00es6 rand store

jsr scram ;scrambling data

belr 7,500 ;set RX Enable low

isr datsend ;send data to RX TBB 206

jsr enrx ;toggle RX Enable
txch jsr delay ;wait for switches to settle

bset 1,501 ;set te read TX switches

isr chano ;get TX channel number

lda 500e4

eor $00e9 ;check if TX channel is changed

bne newtx ;if so, update TX synthesizer

jmp rxch ;return to scan the RX switches
newtx lda $00e9

sta $00e4 ;update TX freguency register

ldx #3514

mal ;multiply channel number by 20

stx 500e6 ;store high byte

sta 500e7 ;store low byte

lda #5c0

add 500e7 ;add TX offset toc low byte

sta $00e7? rand store

lda #35d

ade $00eb ;add TX offset to high byte

sta $00eb yand store

isr scram

belr 6,500 ;set TX Enable low

jsr datsend ;send data to TX TBB 206

jsr entx ;toggle TX Enable

jmp rxch ;return to scan the RX switches

************************t****t**********i***********************************

* SUBROUTINES *

***************************t**********i****************************t********

*****t****t************f*********t***r*******t***************t************tt

* Subroutine toggling the TX Enable *
****************t*l********************t********************#***************
entx bset 6,500

nop

belr 6,300

nop

bset 6,500

rts

*************************************it*************t***********************

* Subroutine toggling the RX Enable *
*********************************ttt****************************************
enrx bset 7,500

nop

belr 7,500

nop

bset 7,500

res

**i***********t************************************************************

* Subroutine serially transmitting the content of *
* RAM 00e5 to TBB 206 in guestion *
*************************t*************************************************
send 1cda §508

belr 4,500 ;ensure Clock is low
sendst asl $00e5 ;shift a bit into ¢

bcs setdata ;check if ¢ is high

becir 5, %00 yset Data to low
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nop
bset 4,500 ;set Clock to high
nop
belr 4,500 :set Clock to low
3mp end ;jump to end
setdata bset 5,500 ;set Data to high
nop
bset 4,500 :set Cleck to high
nop
belr 4,500 :reset Clock
end deca
bne sendst ;check if all 8 bits are sent
belr 5,500 ;set data to low
rts

**********t************************************************t*************

* Subroutine scanning two BCD switches and returning *
* channel settings in hex in register 00e9 *
*************************************t*************i*****t***************
chano bset 6,501 ;set to read tens digit

lda $00 ;read tens digit

and #50f1 ;use only input from BCD switch

1dx $#50a

mul ;rultiply acca by 10

sta 500e9 ;store result

beclr 0,301 ;set to read ones digit

lda 500 ;read ones digit

and #50f ;use only input from BCD switch

add $00e9 ;add ones to tens

sta $00e9 ;and store

cic

lda $00e9

sub #528

bes minfr ;check if channel < 40

imp out ;exit if channel >= 40
minfr 1da #550

sta 500e9 :force channel to 80
out rts

********t******************t******************t******************t********

* Subroutine sending the contents of RAM 00e(, *
* 00el and 00e2 to the TBB 206 in gquestion *
**********************t*******************************************i*******
datsend lda 500e0 ;get 1. byte

sta $00e5 .

isr send :send 1 byte

lda 500el ;get 2. byte

sta 500e5

jsr send :send 2. byte

lda $00e2 ;get. 3. byte

sta 500eb

isr send :send 3. byte

rts

********************t*********t**********t********************************

subroutine scrambling the contents

of RBM 00e6 and 0De7 and storing the result in *
RAM 00el to 00e2 in accordance with the TBB 206 *
scrambling procedure *
Content of RAM 00el to 00e2 after scrambling: *
00e0: 00 + 6 MSBs of A *
00el: LSB of A + 7 MSBs of N *
* 00e2: 5 LSBs of N + 111 *
****t***********f***************************t*********t***************i***
scram lda 500e7? ;get low byte

and £#87¢€ ;set MSB to O

lsra :shift 1 place to right

sta $00e0 ;store in RAM 00e0

lda $00e6 :rget high byte

* % E A ok A A

lsra

lsra

lsra ;shift 3 places to right

sta $00el ;store temporarily

lda 500e7 ;get low byte

rora ;roll LSB into carry

lda $00el

rora :roll LSB from 00e? into MSB of 00el
sta 500el ;and stere

cle '
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;roll MSB from CO0e?7 into LSB of acca

lda 500e7 ;get. low byte

rola ;roll MSB into carry

lda $00eb ;get high byte

rola

lsla

lsla

1sla ;shift 5 LSBs into 5 MSBs
ora #3507 ;set 3 LSBs to 111

sta 500e2 ;and store in 00e2

rts

*************************t*********************t*t************************

*
*

Subroutine giving a delay of 99 msecs when using

*

2 3,58 MHz clock crystal *
***‘k**********************‘k************'k******‘k********************t***‘k**

;set number of inner lcops to 256

delay sta 500e8 ;save acca content

lda #574 :set number of cuter loops
oulp clrx
inlp decx

bne inlp ;do inner lcop

deca

bne oulp ;do outer loop

lda $00e8 ;restore acca

rts

*r**********************t*************t‘A'********ti*i***************i*****

org vectors

dw rom
dw rom
dw rom
dw start

the contest of the telegrams to the functional units is
made with a target address that is transmitted in the
last three bits of the telegram before the EN signal.

In addition to the assignment data, the target
address also contains status information: single/
dual-modulus and synchronous/asynchronous data
transfer.

The foliowing adresses are valid:

...001 EN: status 1

..010 EN: status 2

..011 EN: status 3

.. 110 EN: N divider = single-modulus

.. 111 EN: N/A divider = dual-modulus

-..101 EN: R divider + synchronous transfer

-..100 EN: R divider + asynchronous transfer

The decision single-/dual-modulus is made simul-
taneously with the programming of the N or N/A divi-
der.

Target adress 000 is reserved for testing purpo-
ses.

In TBB 206 there is provision for newly program-
ming the dividers synchronously with the reference
frequency. This ensures that the control starts from
the momentary status of the phase detector when a
frequency/channel is altered. In the lock-in situation
is particular, the control operation begins with a pha-
se difference of zero Thus there is no possibility of
brief error signals on the phase detector, as can
occur in asynchronous data transfer.

In asynchronous programming the "new data” are
fransferred asynchronously to the status of the R, N

18

(N/A) divider into intermediate registers L2. There is
no guarantee that all data, i.e. R and N (N/A) divi-
ders, will be present in time, so this will result in error
signals on the' phase detector output - because the
division factors in the dividers do not correspond -
that are weighted by the system as i phase differen-
ce and thus additionally have to be compensated.

Programming

Synchronous programming offers the possibility
of data transfer while maintaining the phase diife-
rence that exists at the time of (internal) program-
ming. Thisis done as follows.

1. Setting of the mode "synchronous transfer” by
appropriate programming of the R divider. This set-
ting is maintained until programmed differently. With
the EN of the R-divider programming the "new data”
are only read into capture register L.1.

2. Programming of the N or N/A divider. With th EN
signal of the programming the "new" data are likewi-
se only read into capture register |1, At the same
time synchronous transfer into intermediate register
L2 is primed for all dividers. This transfer is then
made with the next zero crossing of the particular
divider. A phase difference existing at the instant of
transter is maintained, this being the start condition
for the further control operation, based on the
"newly” read data.

Because of the synchronizing circuit therefore, the
delay in data transfer is maximally 2 x 1/fer.

The synchronous programming operation is
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always initiated by the EN signal of the N or N/A divi-
der and also applied to the R divider, even if its data
have not been altered. if the data content of the R
divider {eg for a change of reference frequency) is to
be altered, this consequently has to be done before
programming of the N og N/A divider.

Synchronous transfer is of particular advantage if
extreme channel jumps are to be made with short
settling time For fast "coarse" setiling a switch is
made to a greater reference frequency, thus increa-
sing the bandwidth of the loop. The original referen-
ce frequency is returned to when the "quasi-set” sta-
tus is reached. Control to the "actual* value is then
made with the known settling response as in small
channel jumps. Synchronous transfer ensures that
no extra phase errors occur as a result of changing
the reference frequency.

Programming: Tables

Status bit Multifunction outputs
MFO 1 MFO2 MFO 1 MFO 2
{push putl} open-drain N)
0 0 FRN FVN
0 1 @VN oR
1 0 PRT 1 PRT 2
1 1 PRT 1 CURRENT*
* Input
Status bit PD output
current
PC current 1 |PD-current 2 typ. (mA)
0 0 0.25
1 0 05
0 1 1.0
1 1 2.0
Status Bit Voltage-
doubler
_ frequency
Voltage doubier f
. INT
1 2
0 0 Off
1 0 R|: 1
0 1 R;: 2
1 1 R4
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N/A Divider N Divider
Dual-maodulus Single-moduius
1 MSB—
2
3
4 > A-divider
5
3]
7 _
8 —MSB 1
9 2
10 3
11 4
12 5
13 6
14 >N divider< 7
15 8
16 9
17 10
i8 11
19 L{ SB 12
20 1 1 13
21 1 Target address 1 14
22 1 0 15
EN EN
Address 111: dual-modulus
Address 110: single-modulus
R Divider
1 MSB —
2
3
4
5,
6
7
8 L
S > R-divider
10
11
12
11
13
14
15 _
16 £SB —
17 1 1
18 0 Target address 0
19 0 1
EN
Address 101: synchronous transfer”
Address 100: asynchronous transfer*
19




Pulse Diagram for 3-Line Bus

e t f

Puise Diagram for 3-Line Bus: "Dynamic” EN Control

Extern

ex { mn._
a i P/ s SN ps S
DA ZZ x 0z X‘ D1 x

- Dataie.q: N/A Divider} = Gata for obher Bevices on Bus
valid fer T8B 206 to be accessed

Internal Yransfer

of Data inte Latches
Intetn !

Pulse Diagram for 3-Line Bug

External

o o——— ( r (
o wmm
0A b 3] b S PN FID G ¥ B S X \—D8 X X

Msg P 153 Ms8 /158
eg: NAA Oivider

st Clock for
cther Devites
Internal on Bus
Transfer

of Dato

inta Lakhes

eg: Status 1

Internal H :
s { 1 =
o - L fTm _fm YL e
0a N D 2y 11, SO iy N Y- D
SRYQUT f_'“m—m') B XTI X (s

EN=H

In Byte -Oriented Bale Struckure Dato ore to ba Tronsferrad Qisables Clock
Right - Jystified to Enahle and Dgta Input

Programming: Times

Initialization, sequence: R divider before N divider
Singte-modulus: ¥ 50 bits
Status 2: 16 bits

20

R divider 19 bits
N divider 15 bits
Dual-modulus: 2. 57 bits
Status 2: 16 bits
R divider 19 bits
N/A divider 22 bits

Change of channel, at same reference frequency
Single-modulus 15 bits
Dual-modulus 22 bits

if the reference frequency is aliered, the R divider
also has to be loaded (+19 bits).
Maximum repetition rate for channel change f:N.

Note:

After the supply voltage is applied, there must be
at teast three clock pulses on the clock input, with
EN = Low, before the first telegram.

* Status 2 must always be used to initialize.

(Bit 1-8 of status 2 have no default values

** Only valid if multifunction outputs are in PORT
status, otherwise don 't care.

“* DA of TBB 206 can only produce Low {open-
drain output).

Address 111: dual-modulus

Address 110: single-modulus

Address 101: synchronous transfer*

Address 100: asynchronous transfer*

* Also detemines transfer mode for N, N/A divider,

min.  max  Unit
f.  Clock frequency 1,3 MHz
ke Hpulse width (CL) 400 ns
bs  Datasetup 100 ns
e Setuptime clock-enable 5 ns
tee  Setuptime enable-clock 100 ns
tw  Hpulse width (enable) 80 ns
k, & Transition times 10 us
kee Delay time enable port 1 us

Programming: Transmission Protocol
Status 1 MFO1

MFO2

PD potarity

Moduius output
Preamplifier (standby)
Anti-backiash pulse
Voltage doubler 1
Voltage doubler 2

PORT 1

PORT 2

Divider {standby)

PD current 1

PD current 2

0 0
0 Target address 1
1

Do [~|o|enfa|colno]—
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Status 2°

0 1
1 See
2 table
3 neg pos
4 push-pull open-drain
5 standby active
6 20 ns 40 ns
7 See
8 table
9 Oit 1 L1
10 g 1™
11 standby active
12 See
13 table
14
15
16
EN

Status 3: Lock Detector read

1 0
2 1 Target address
3 1
EN Status lock detect: lock-in = Low™*

En enkel headset-mikrofon.

Pa hovedtelefonens beile lader en “boomt’ & en mikrofon sig
let clipse, og med en lille electret mikrofon kan man pa denne
simple made lave sig et headset og nyde dets fordele - f eks
begge heender fri under arbejdet

Detie viser Doug Brede, W3AS/7 Klart og tydeligt i en lille arti-
kel.

A 5§ Headset Mike, QST JAN 1993 pp 48-49

Lysfolsom ladekontrolier til solceller.

| OZ har dette emne vaeret omtalt. bia i januar (side 41) og
marts (side 153) 1993, og nu beskriver WB8VGE sin nye konirol-
ler, der er p& et print med meget beskedne dimensiorer - ca 9 x
1G cm Den klarer 64, men kan let dimensioneres for 3 A Der er
ogs& anvisning pa de eendringer, der skal ti, hvis der arbejdes
med 24 V i stedet for de 12 V, som er omtalt i artikien.
Michae! Bryce, WB8VGE, The SunSwitch, QST OCT 1893 pp
24-27

Teoretiske betragtninger over modtagerdata og -sterreiser.
DJBHP fortezstter nu sin gennemgang af dette emne, og det er
krydsmedulation og intermodulation, der er under luppen i anden
del, og det bliver gjort grundigt! Fortszettelse er lovet.
Hans-Joachim Pietsch, DJ6HP, Theoratische Betrachtung von
Empféngerdaten und -gréBen (2), CQ DL 11/83 pp. 747-751.

Transvertere for 13 cm béndet.

Detie emne har vi hidtil ikke beskasftiget os ret meget med i
0Z, men da der for nylig er kommet en interessant konstruktions-
artikel fra den kendte SHF-mand DBBNT's hand [1], og da der
ogsé har vaeret en lignende | QST for et lille ars tid siden [2] ma
det veere pa sin plads at omtale disse, De kan maske anspore fle-
re til at blive QRV p& SHF - et emeade hvor 34 mange i dag fin-
der de nye udfordringer 1

Begge konstruktioner bruger 144 MHz som mellemfrekvens
altsa f.eks.i form af en 2 m transcelver; men ellers adskifler de sig
ret vaasentligt fra hinanden - DBENT's er med indbygget lokalo-
scillator og yder 1 W output, WABNLC’s er med separat lokato-
scillator - beskrevet i[3] - og yder 10-20 mW, idet han ogsé
gnsker, at den kan anvendes som portabel station: til f eks
anvendelse pa Field Day. Til hjemmebrugbenyites s& et udven-
digt PA-trin Er det snskeligt at arbejde med et endnu lavere staj-
tal i modtagerdelen, er en passende forforsteerkerbeskrevet i{4]

Begge get brug af de fine muligheder printed wiring rummer
for Klar, logisk og elegant opbygning af kredslebene iszer af f. eks
bandfiltre SMD-kemponenter finder ogsd udbredi anvendelse
Bagge artikier er szerdeles grundige - DBSNT's med en omfatten-
de stykliste og printudlseg, der méler 80 x 250 mm. Begge anfarer
endvidere leverandarer af print, komponenter og kompletie byg-
gesaet

Litteraturlistan il WASNLC's artikel er omfattende, idet den for-
uden at henvise iil artikler om de tilsluttede apparater ogsa gar
noget videre og viser, hvor der er mere viden at hente om dette
speendende hjgrme al mikrobgigeteknikken

En enkelt reference er til “ham radio” men ellers er resten til
QST og andre ARRL-publikationer

Men det ma i denne forbindelse ogsa omtales, at for 1,3 GHz
har DBENT ogsa konstrueret en transverter, der forst blev beskre-
vet i [5] og s for et halvt &r siden i (6] Modtageren har NF <2 og
senderen yder 1,5 W out Og det er lige som i 2,3 GHz-transver-
teren med nyeste teknologi omhyggetigt - trin for trin - beskrevet
og illustreret (Printudizzgget maler 26 x 120 mm )

Fra fitteraturtisten tl [6] bar et par henvisninger [7] og [8] med-
tages her.

1 Michael Kihne, DB6NT, 2,3-GHz-Lineartransverter, cQ pL
11/93 pp. 752-756,
2. Jirn Davey, WASNLC, A No-Tune Transverter for the 2304-MHz
Band, Q5T DEC 1992 pp 33-39
3 Rick Campbell, KK7B, A Clean, Low-Cost Microwave Local
Osciifator, QST JUL 1983 pp 15-21,
4 Al Ward, WBSLUA. Simple, Low-Noise Microwave Preamplifi-
ers, Q5T MAY 1886 pp 31-36 cg 75,
5 Michasel Kiihne, DBSNT, 1,3-GHz-Lineartransverter, Dubus
4/92,
6 Michael Kiihne, DB6NT, 1,3-GHz-Lineartransverier, cq-DL 5/93
pp 313-318,
7. Al Ward, WBSLUA, Low-Noise VHF and {-Band GaAs FET
Amplifiers, RF Design Feb 1989 pp. 38- .
8 Grnter Schwarzbeck, DL1BU, Rauscharmer Vorverstérker fur
das 23-cm-Band, cq-DL 11/85 pp 624-
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