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Multiband TVTR systems

Multiband transverter systems
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Single band transverter

Single band single box transverter: all you need
In one box, plus an external low gain PA

N : 144 MHz
HEMT 2320 MHz MMIC TX-AX Switch 2320 MHz Ring Mixar

> Hool > e A A
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RX Amplifier
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Multiband TVTR example 1

o Box13cm =~
Feed | Transverter |
2320 < TR 2320 T
g — PA2320 | ;
A Boxgcom T .
Feed | Transverter | or 1 cable
3400 TR 3400 [ E4 B alith
5 rasaoo | (P2 || e
e e e e A
Feed | Transverter
5760 ] TR 5760 T
; ~— PA5760 ;
in the tower
in the shack
Multiple TVTRs
each with PA IF TRX
. th t (1 switched or
In € tower multipe) TX: ca. +30 dBm
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Multiband TVTR example 2

Multiband
TVTR with
PAS in the
shack, RX
preamps in
the tower.

Wideband
feedhorn.

Preamp Box

Preamp 2320 *— 1/R

Feed

multiband

Preamp 3400 [+

Preamp 5760 [*

T/R

PA 2320

| Transverter |

2320

in the tower

in the shack

Band |«

PA 3400

| Transverter |
3400 = =

Band

A

IF TRX

A 4

PA 5760 [

Transverter
5760
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Shack or Tower — what goes where?

RX preamp and T/R-switch:

In the tower or even In the feed

PA and PSU:

Solid state PA in the tower, PSU in the tower or shack
TWT In the shack/attic oder in the tower
Drive power typically 0...+10 dBm

Transverter:

In the shack: environmentally stable, vibration free, easily
accessible for service, 10 MHz easily available
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DFOICs planned multiband TVTR

Multiband TVTR
In the shack, all
PAs and RX
preamps in the
tower

One coaxial cable
+ one DC cable
to the tower

Feed

2320

Feed

—{ TR

]

~ PA&Preamp Box |

3400 ~

Feed

—{ T/R

—{T/R

|

5760 ~

IF TRX 1

TX:
+44 dBm

v

IF (T)RX 2

IF
Matrix

in the tower

in the shack

Preamp 2320
T Multi-|
PA 2320 plexer| |
Preamp 3400
PA 3400 T/R
&
Preamp 5760 Band
PA 5760 ]
Transverter | Multi-
2320 plexer| | :
Transverter i
3400 N
T/R
&
Transverter Band
5760 L

L TX: +5..+15 dBm
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Reqguirements for the TVTR core

RX amp: low gain and sensitivity

TX amp: low output power (+5...+15 dBm)
LO:

Low spurii and low noise

10 MHz input for OCXO/GPS lock

IF Interface:
Switcheable to each band
IF TX power up to 25/50 W
2 RXs in same or on different bands

31. Nordic VHF Meeting 2009 Knottebo Wolf-Henning Rech DF9IC



Content

Filters and multiplexers
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Multiplexer for 23/13/9/6 cm
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Multiplexer?

Several microwave signals over one cable at the
same time

23 cm, 13 cm, 9cm, 6 cm
RX or low power TX (<1 W)

Decent insertion loss (ca. 1 dB) and isolation
(>20 dB)

Microstrip on RO4003 substrate, e. g. no-tune
For use Iin multiband TVTR systems
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Multiplexer: possible structures

Star topology: difficult

// Fiter1 |— Band1l
COMMON { Filter2 —— Band 2
Fiter3 —— Band 3

Cascaded drop filter topology:

Drop Drop Drop
COMMON  —— fjjter 1 filter 2 filter 3 Band 4
Band 1 Band 2 Band 3
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Multiplexer: basic element

Bandpass drop and lowpass through
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Multiplexer: PCB layout

3 elements cascaded and folded

l 2320 MHz

)

Microwave Multiplexer
DF9IC 11/2008 COM

C__
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Multiplexer: optional Bias-T

application:
signalling or 1 nF
telemetry
1nF|:| 470 nH
(only small
currents !) ]1nF
470 nH
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Multiplexer: bandpass 5760 MHz
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Multiplexer: bandpass 3400 MHz

19 Dec 2088 15:45:41
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Multiplexer: bandpass 2320 MHz

19 Dec 20@8 15:46:14
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Multiplexer: lowpass 1296 MHz

19 Dec 2808 15:47:07
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More microstrip filters designs

No-tune filters for simultaneous operation on
1296 and 2320 with dual band feed

Lowpass filter 1296 MHz with bandstop 2320 MHz

Highpass filter 2320 MHz (needs discrete capacitors)

Alternate solution: Bandstop filter 1296 MHz with
bandpass 2320 MHz

Printed microstrip on RO4003 substrate
Can be used for RX or low power (10 W) TX
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Lowpass 1296 with bandstop 2320

9 fipr 28@4 19:4@8: 28
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Highpass 2320

_.I.TJ._

Hochpalz 2300 MHz

DF9IC 4/04
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Bandstop 1296 with bandpass 2320
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Content

PLL-disciplined oscillators
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Precise frequency helps for QSOs

How much do we need for a sked?

1296 MHz: 10-" means 130 Hz error
10 GHz: 10® means 100 Hz error
122 GHz: 10° means 120 Hz error

Various levels of temperature stability:
X0: 105 ... 10°°
Amateur VHF OCXO: 10° ... 10/
Professional OCXO: 10... 1010

Ageing: about 107 ... 108 per year
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Frequency standards available

OCXOs (standalone
for portable operation

commercial surplus
GPS disciplined
standard,

e. g.. HP Z3801A

also Rb standards

Amateur GPS disciplined
standard, e. g.. G3RUH
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10 MHz distribution amplifier

MAX 4022 (quad video buffer)
with lowpass filter at the input

5 V regulator included, max.
100 mA

Input/output 50 Ohm @ max.
+5 dBm

10 MH= lowpass filter
APLAC 7,50 Uzer: Fachhochschule Pforzheim Mar 14 2007
0.on0 =

15131

-10.00
o /{ \\\\\
ol

-Z0.00

i PN B N
AYA BN

-40,00 - - - - —
1.000k 10.001M 20, 000M 30.000M 40, 000M
f/Hz
MagDE(5i{l,11] ——— MagDE(Si{z,11] ———
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Retrofit of existing transverters

Standard LO chain

with OCXO VHF-

OCXO

Wlth PL'VCXO VHE-

VCXO
10 MHz +PLL

31. Nordic VHF Meeting 2009 Knottebo

VHF- Frequency
XO multipliers LO signal
buffer Frequency
multipliers LO signal
| buffer Frequency
multipliers LO signal
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Phase-locked VCXO (PL-VCXO)

Short term stability (phase noise) of ordinary
crystal oscillator

Long term stablility determined by external
frequency standard

Tuning range of VCXO must be sufficient to
compensate temperature influence and ageing
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Basic XO circuit

22 ; Similar to DB6NT XO and others:
R1
1o 100 o8 e RC lowpass in the supply voltage
. 2,2: ll:ll TIeX‘ filters voltage regulator noise
11 e Careful compensation of the static
"soor A E capacitance of the crystal is needed
S —
7310 siohe :
Text Now we add the tuning network
o ] cs and a buffer stage
100 2,2n  Quarz
siehe Text
ﬁ'ﬁ
L2 !
2,2u ! ===

L3 siehe Text
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VCXO circult

cI co L
T

2,2n 2,2n ==
O +8V
1oo c6 -
c2iou | ST'g?(f J310
C32,2n |_| BT =5 > g%(r)\
D1 BB814 D2 BB814 — o
Nseooéslld ' ' . 1%70 vcxo3 ou
,,,,,,,,,,,, typ. +3 dBm
T | | E
310 C5 {>||<}
siehe R3 ! L6
b F | Eob
ca L
| |
o T 2 aehetext T Component values for 100 MHz:
Nl
2 N IDI
22u I ——_ CS 22 pF
L3 siehe Text D3 BB814 C6 68 p|:
Fberazo 25 13 470 nH
o —— L6 + L7 ca. 300 nH (total)

C82,2n R64,7M
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Varicaps

BB3814

D1 D2

Twin varicap for FM radios

31. Nordic VHF Meeting 2009 Knottebo

Diode capacitance Cy = f (VR)

f=1MHz
80 BB 814 EHD07054
pF
C
T 70 N
T \
60
50 \\
40
\
\
30
20 \
AN
10
0
107" 10° 10" vV 102

—
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Transfer function tuned crystal

1 Tramemission &M Log Mag 2.0 dB/S Ref A.2@ 4B
dB - Measl: MKkr1 102 .[49951 3 MH=z
" J‘If_'*'*mx\\ ~4. 555dB
-6 o T
e - PR
-18 = P
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-1Y4 f/'/.-// :“"‘-‘—E:HI
16 A :
L~
"
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P2 Tramsmission %M Phase iB.A° s Ref @.a@" Ua - 215 V
Measdi MKkrl| 182.|499513 MH=z
9@ @.560
& =
30 B :
- N
-3 \\\‘H-.,_
oy e I
_qp M2
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Transfer function tuned crystal

Pl Transmission &M Log Mag 2.0 dB/ Ref A.P@ dB Pl Transmission &M Log Mag 2.0 dB/ Ref A.28 dB
dB Meas1|i MKr1 1@2.497773 MH=z dB Meas 1} MKkr1 102.S8@BLR MHz
4 L ~4. B@PdB . L —4. 9ufidB
/Mr—/-é\ R L /\c"_“zkx
I o 1 . e =~
12 Wl // 12 // //'/
-14 I -14 !
16 — : lé :
e e
/r
Center 102.5800 @0@ MHz Span @.@20 0A@ MH=z Center 102.500 @PA MHz Span @.820 @88 MH=z
B2 Transmission &M Phase ig.a"s Ref a.ma" B2 Transmission &M Phase p.@°/ Ref a.o8"
] Measd! MKkr1 1@2. 487773 MHz a Measd MKkrl 1@2.S8@BLE MH=z
—@.4sk" @.4+a3"
99 P 99
60 e 60 T B
30 N 30 t
B> b Y,
T -38
vy 2 oy -60 el
T i -9@

U,= 05V U,= 45V
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Oscillator tuning (f,=100 MHZz)

Frequency deviation [kHZ]

0 1 2 3 4 5

Tuning voltage [V]
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Integrated PLL circuit

AVpp DVpop Ve CPGND Raer
" P . F o
oy o et

REFERENCE

REFu (F

P

) MUXOUT
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R COUNTER ] »
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okl r— 1 | —— ] * *
G 24-BIT FUNCTION L *
DATA INPUT REGISTER|To3 LATCH LOCK | CURRENT| | CURRENT
Le C DETECT ISETTING 4| |SETTING 2
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FUNCTION - HIGH Z
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Complete circuit of PL-VCXO

C1 I c9 I D4

2,2n — BAT42
T C1 #
gas 78L08 TN o
R1 +12 'V
199 ce T2 I I J. I <100 mA
ieh
c21ou [ Toxt J310 c18 c17 c16
[~ cio  1oon Aou 10u
C32,2n |_||_ | o 2,2n
L4 2,2u L5 2,2u .
L1 D1 BB814 D2 BB814 - | o
Neosid ]
5061 R7 VCXO out
_l_ 100 c20 C19 typ. +3 dBm
T 100n  10p ic2 | |
J310 C5 78L05
siehe . L6
Text |l siehe 0 | | |
! Text I
R2 ca 1 C11
100 2,2n Quarz 1 siehe 100n [ C21
T %" siehe Toxt T Text . 1 1 1o
, ! H:H ! T3 C12'2’2” 7 10 15 16 ]
L2
2 i L J310 U mE 3 RY
RS 10k
L3 siehe Text D3 BB814 100 |—| |— 5 ADF4110/4111
Fc7220p 222 c132.2n|, .
[ 11121314 3 4 9 j c14
I II — J N N 100n
C82,2n R64,7M
C22100n |—||——| T
R10
O——6414 5 15161718 R11 100 1k
Oo—7
8 Kodierbriicken O— g IC4 | 10 MHz
zur Konfiguration o—— 10 PIC16F648A 3 "
oO— 11 ss
= " R12100 C15100n 32
O— 13 1 A

PL-VCXO 4:»—[>|—!
DF9IC 1/2008 R13 1k~ DSLED
s
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Construction of PL-VCXO

D2 BB814 10&?
D1BB814 L8 2.2 D3 BB814 un o ° o °
o No\ol @ oo, o
3 R3-R5 RN & o ©
o 050k 0o oo B
-UU- 2,2n .
C7220083 0o o opgo R
L2 ool @R g '
c1 22PD °L422u L522u°R910kD = o 1k o.
2,2n
f ° ° %15 c6 O DDS;S hoFatio O Opn
R1 R8 i -] -] n
100 @ [l° o 100 (2312% cn O o o
O. 000 2" Dioon '@
c3 o o
2,2n 0 0 (-] c21 o o
c9 o 100n
2,2n o o
C10 o < J-R-0-0-0-1-]-]
2.2n or gogooopon
100 cra _ R10TK 15
100083 O 8 jh,
oo

R11100 R12100

D1 BAT42
c19 10y 9
teo @
LED @

C16 10p C17 10p

l@

IC178L05

©
HHEEE \

Pfostenleiste 8x2 durchk

w IC178L08 Quarz E

T2 J310
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Spectrum (harmonics)

Marker 102.5 MHz Avg: Exponential (100/100)

Atten: 10 dB Ext Gain 0.0 dB DET RS
MKR1: 102.5 MHz
10 dB/div Ref 10.0 dBm 3.49 dBm
Log h
0.0 1
-10.0
-20.0
-30.0
-40.0
-50.0
-60.0
-70.0 [
-80.0
0 Hz Center 250 MHz 500 MHz
#Res BW 100 kHz Span 500 MHz Sweep Time: 227.14 ms (401 pts)
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Spectrum (Spurii +/-12.5 MHZz)

&

1 AP

Date:

ReF 5 dBm

ALt 20 dB

“RBW 10 kHz
“VBW 100 Hz
1 SWT 25 s

Marker 1 [T1 7]

4_.01 dBm

100.000000000 MH=z

O

——10

——30

——50

L 70

——90

Center 100 MHz

7-FEB.2008 07:55:57
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Spectrum (Spurii +/-5 kHz)

®

Date: 7_FEB.2008 08:-27:-21
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Transient behaviour

Tvar: Fregquency A 07 Feb 2008 098:48:53
® Mkr y: 100.0000058 NH2

100.08000
K2

|
ll
|

Measured with HP5371A

DUT locked to the
HP5371A internal OCXO

Frequency: 100 MHz
Sample time: 100 ms
Resolution: ca. 3 E-9

# of measurements: 100

PL-VCXO frequency stable
after a few seconds
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Frequency jitter

Tvar: Freguency A DT Measured with HP5371A
® Mkr y: 100.8800001 MH2

DUT locked to the HP5371A
internal OCXO

‘*——F-’“qu
|

1006.0000 |

MH2 Frequency: 100 MHz

Sample time: 2s
Resolution: ca. 1.5 E-10

108
~-ZZ U TR S N N N S M MMM M| - Oof measurements: 100

.3 11 % ko1 g All measurements are within
Ry 1 11 1 +-1 digit around the
MHZ nominal value

0 s 200.0000003 s
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Phase noise (simulation)

Output Phase Noise

Simulation with 20

ADISIimPLL

-120

(Analog Devices)

=130
-140

-150

Phase Noise (dBcHz)

=160

=170
100

Measurement with R&S FSUP
here in Knottebo
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1k 10k 100k
Frequency [Hz]

Phase Neise [dBc/Hz]
RF Attan o dB

Top -100 dBe/Hz
LdopBW {00 H
—=-110

—-150 \

1z 10kH 100 kHz 1 MHz
Frequency Offset
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PLLO = PL-VCXO + multiplier

f.. =900 ... 1300 MHz
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PLLO design criteria

VHF-XO + multiplier for best phase noise
1-100 kHz off the carrier, PLL disciplined XO

Flexible multiplying and output frequencies
Few standardized special components

Passive symmetrical doubler as 1st multiplier
GALI MMICs as active components
Helix filter for output frequency
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Frequency multipliers

1st multiplier stage: high level Schottky diode doubler

X2
Frequency Multiplier

50Q Output 20 to 1000 MHz

AMK-2-13+

>
=
= .

Maximum Ratings Features

Operating Temperature -40°C to B5°C + breadband . CASE STYLE: CD542
Storage Temperature -66°C to 100°C ¢ ID_W conversion loss, 11 4 dB typ. PRICE: §5.95 ea. QTY (10-49)
RF Inout P 23 4B + high rejection F1 and F3, -45 dBc typ. i i
ST DpuL T Ower Ll + low cost + RoHS compliant in accordance
+ aqueous washable with EU Directive (2002/95/EC)
Pin Connections App”cations The +3uffix has been added in order to identify ReHS
. Compiliance See our web sife for RoHS Compliance
INPUT 3 +» synthesizers methodologies and gualifications
OUTPUT [ + local oscillators
GROUND 145 + satellite up and down converters
NOT USED 2
Electrical Specifications
. . MULTIPLICATION FREQUENCY INPUT CONVERSION *HARMONIC OUTPUT
Qutline Drawing FACTOR (MHz) POWER LOSS (dBc)
(dBm) (dB)
F1 F2 F1 E3 F4
- £ MAX Input Cutput Min. Max Typ. Max. Typ. Min.  Typ. Min.  Typ. Min
= A 10500 20-1000 4 10 114 145 45 20 45 25 2 12
} T * Harmenics of input frequency below the power level of F2
c a1
’ J

oEX o e
H z JJ J REF,
J L —H YR

@ TYP

2nd multiplier stage: comb generator and helix filter
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Frequency multiplier circuit

ca. 680

Hi o +8V
100
1nF 1 oF HH—C=—
1470 nH 100 1nF
: |—||—I
] ]
A7 68 nH 68 nH 5470 nH E470 nH
e AMK-
1nF 1nF . 1nF 1nF 1nF
GALI-6 -_— GALi-19 GALI-5
Buffer amplifier 33PF 68pF 33pF Doybler Comb generator
——e ——e
470 nH 1o 470 nH -—
1nF 1 nF 47 pF
100
Helixfilter Helixfilter 950 - 1300 MHz
— | Toko 5HW.... _l l_ Toko 5HW.... O +10 dBm
1 nF 1nF
- - GALI-33 - -

Filter and amplifier
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Layout PLLO

!

= Hf

0
oh O

@g.

1L
838830
1

E

FR4 1,5 mm 37 x 111
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Spectra between stages

at output of AMK-2:
271,25 MHz -4 dBm

234
Tyre NIEEESRY

Marker 271.5 MHz
Auto Range

Aften: 2 dB Ext Gain 0.0 dB

MKR1: 271.5 MHz
-4.07 dBm

10 dB/div
Log

Ref 20.0 dBm

10.0

00 )
-10.0
-20.0
-30.0
-40.0
-50.0

-60.0

Start 100 kHz
#Res BW 1 MHz

Stop 1.810 GHz

VBW 1 MHz Sweep Time: 2.22 s (401 pts)
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at output of GALI-5:
1085 MHz +2,5 dBm

234

Marker 1.086 0 GHz
Auto Range

Aften: 22 dB Ext Gain 0.0 dB

MKR1: 1.086 0 GHz
2.49 dBm

10 dB/div Ref 20.0 dBm

Log

10.0
0.0
-10.0
-20.0
-30.0
-40.0

500 WM M

-60.0

-70.0

Start 100 kHz
#Res BW 1 MHz

Stop 1.810 GHz

VBW 1 MHz Sweep Time: 2.22 s (401 pts)
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Output spectrum

34
TYPE RlEa kil

Res BW 1 MHz
Auto Range

Atten: 13 dB Ext Gain 0.0 dB

MKR1: 1.086 0 GHz
10 dB/div Ref 20.0 dBm 10.50 dBm

Log l

10.0

0.0

-10.0

-20.0

-30.0

-40.0

-50.0

M O T

-60.0 n - bk )
W [ L e

-70.0

Start 100 kHz Stop 1.810 GHz
#Res BW 1 MHz VBW 1 MHz Sweep Time: 2.22 s (401 pts)
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Output phase noise (PLL OFF)

= ol

P e
B R g e

Fhase Noise [dBcfHz ]
FF Atban 5de
Top -%0 dBcfHz

LoopBWY
— -100
— =110
SMTH 1%
2ELRWR 120
3 VIEW
SMTH 154
-130 DB6NT 1.3 GHz TVTR L
-1838 dBc/Hz @20 kHz
(0}
— 140
"‘"'--.._\
— =150 \‘d‘! e T
160
1z 10 kHe 100 e 1 MHz
Frequency Offsst
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Result PLLO

Universal LO chain for various microwave
transverters

PLL to an external frequency standard included
55 dB spurious attenuation

Phase noise -150 dBc/Hz @ 100 kHz for 1 GHz
output
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Content

Transverters
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Modular TVTR approach

(23 cm), 13 cm, 9 cm, 6 cm

Separate modules:

1 PLLO + 1 TVTR core (frequency translator) for each
band

Common IF interface for up to 4 transverters and 2 RXs
Common control and telemetry board

Easier development and more flexible than
single box transverters

Disadvanteges: size, additional connections
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Modular TVTR approach

_________________________________________________

BPF — < BPF < -
{ gt > e > > -
K 8VRX | H 8VRX
_____________ S R,
PLLO module
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Multipliers to the final LO frequency

23 cm: 1150 M
1246 M

13cm: 1087 M

Z X1
Z X1

Z X2

wit
wit
wit

O cm: 1084.666 MHz x 3 wit
6 cm: 034.666 MHz x 3 x 2 wit

N 146 MHz IF
n 50 MHz IF

N 146 MHz |
N 146 MHz |

N 146 MHz |

Additional multiplier(s) part of the TVTR core
module — needs moderate quality bandpass filter
after 1st multiplier (Microstrip on FR4)
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FR4 microstrip bandpass filter

3 side coupled
A4 resonators

Precise contacts
to the GND plane
by rivets

e =
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Bandpald 2200 MHz FR4

PREm

4 Apr 2083 ©9: 1@: B9
Sz1  log MAG g dB/ REF O dB 2:-1.9715 dB
[ i z| 176. pop eda MHz Example:
- SR
| MARKER 2 \ 3/-54.619-dB Bandpass for 13 cm
: 2. L7868 GH=z [ 3. 2684 GHz
7 - LO frequency
g i 1088 MHz: -37 dB
_ 2176 MHz: -2 dB
S;1  log MAG S dB/ REF3@ dB Z =23.558 4B 3264 MHz: -54 dB
2 ™ ' A 2] 176. 00 DA MHz |
- . . "
E ’J *1 17088 ofz
A i75"384 o= Can be schaled also
\ to 2800 MHz (LO/2
| for 6 cm) and 3250
| MHz (LO for 9 cm)
| : | |
START @30 @Ed MHz STOP 6 D@ ii_'!iZHEl PBE MHz
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Image and LO rejection filters

e e

Needed both in RX and TX section
1296 + 2320 MHz: helix filters available
3400 + 5760 MHz: pipecap resonators
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Pipecap filters for 3400 and 5760

12 May 2009 11:36:02

CHL Sz log MAG S gBs REF @ dB 1:-3.5323 dB
iC | | 3| 400 BPE @ MHz
I s i s 3400 MHz:
LT 1 e
_ 114 “173%ds cfZ -3.5dB
c? MARKER 1 P .
3.4 GHz / "
—_— . (3400-146) MHz:
e S -30dB
U il }
[ ] | | L | | | ] J
12 May 2089 11:29:37
CHL Sz, log MAG S dB- REF @ dB 11:-2.8623 dB
i c| 76l oo odo MHz
P
FRm “2_ s 5760 MHz:
2 J ; é B:Hi Gﬂz; 2 8 dB
- MARKER 1 ) e - Bk
S 76 GH3 N
| .J.fi-_:. - .
—— — (5760-146) MHz:
| -27 dB
1 |
I D D |
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Reqguirements for the TVTR core

RX amp: low gain and sensitivity
TX amp: low output power (+5...+15 dBm)

=> FR4 board and MMIC amplifiers
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Active RF components for the TVTRS

Use of a standardized set of MMICs

GALI/GVA from MiniCiruits: good GND, good
thermal design, easy to solder on PCB

GALI 19+ (similar to GALI 1): 10-12 dB gain for RX and
small signal TX amp

GALI 33+ (similar to GALI 3): 15-20 dB gain for RX and
small signal TX amp and multiplier

GALI 5+: multiplier, comb generator, amp
GVA 84+: medium power amp +20 dBm

can be exchanged to vary gain and power
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Active RF components for the TVTRS

3 RF-OUT &DC-IN

4 2 GROUND
A=

1 RF-IN

7...13 dBm mixers, sometimes available from
surplus boards - e. g. WJ SME, MiniCircuits SIM

10.22

430
&.22
245
L [
0&0

f-—— A=t C MAX =D
SF J

e N

d I )T =

- _ : I
Eﬂ e e U] lgfef
3.18 /-1 2 3 4 -
125 £ INDEX

254 / - L6o
R’ |" 065

LIL
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Content

2320 MHz transverter core
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TVTR 2320: Block diagram

RX: 2-stage amplifier, 2 helix filters
TX: 2- or 3-stage amplifier, 2 helix filters
LO: frequency doubler + bandpass, 10-13 dBm

A
\ i

2R§(20‘>—| >—— BPF 4>—| >——1 PIN [+>| BPF [<> LPF *‘*‘“|1F46

GALi 33/19 Helix 2400 GALi 19 ! Helix 2400 A
BPF
X i LO
2320 “_<I<I_‘* BPF < |‘ printed [——<_ |+ 1087
GVA 84 (GALi19) Helix 2400 GALi 33/19 GALi 5
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PCB layout 13 cm transverter

FR41.5mm 55x 111
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Transverter core for 2320 MHz
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Spectrum at LO x2

Res BW 1 MHz

Atten: 18 dB Ext Gain 0.0 dB

MKR1: 2.175 GHz

10 dB/div Ref 20.0 dBm 9.60 dBm
Log

10.0

0.0

-10.0

-20.0

-30.0

B o e o By T I,

-60.0
-70.0
Start 100 kHz Stop 6.00 GHz
#Res BW 1 MHz VBW 1 MHz Sweep Time: 6.76 s (401 pts)
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Spectrum at mixer output

34
TYPE Kl

Marker 2.320 0 GHz
Auto Range

Atten: 0 dB Ext Gain 0.0 dB

MKR1: 2.320 0 GHz
10 dB/div Ref 0.0 dBm -8.34 dBm

Log 1

-10.0

-20.0

-30.0

-40.0

-30.0

-60.0
0.0 kAL ,\Mﬁ,«ﬁﬂ'\mﬂj Sl S Bd M g J Lpﬁ.ﬂaun,m;w% %MMW LAJ\M,MVM\ W

o AR A B A
-80.0
-90.0
Center 2.200 GHz Span 1 GHz
#Res BW 1 MHz VBW 1 MHz Sweep Time: 1.19 s (401 pts)
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Spectrum at TVIR output

34
TYPE Klxkaha]

Res BW 1 MHz
Auto Range

Atten: 17 dB Ext Gain 0.0 dB

MKR1: 2.320 0 GHz
10 dB/div Ref 20.0 dBm 18.59 dBm

Log A

10.0

0.0

-10.0

-20.0

-30.0

-40.0

\l"l J‘k Aot b Al
CR

-SD.DW“WWU’? “’JULUP W‘“‘wa A e T e

-60.0

-70.0

Center 2.200 GHz Span 1 GHz
#Res BW 1 MHz VBW 1 MHz Sweep Time: 1.19 s (401 pts)
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Results 13 cm transverter core

Simple construction, FR4 board

TX: up to 20 dBm at =55 dB spurious
attenuation

RX: 4 dB noise figure and 10 dB conversion gain
(with indicated parts)
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Content

5760 MHz transverter core
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Transverter core for 5760 MHz

e

Under Construction
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Transverter core for 5760 MHz

Modified 13 cm transverter
Filters changed from helix to pipecap

Wilkinson
Splitter

Extra LO doubler and amplifier GALI5/33 5760

T/R Splitter instead of PIN switch '<]‘ o <]7

Pipecap

GALi 33

2R§(20~>—|>—k BPE 4>—|>—k_p+N.4+ BPF >

LPF

A
\ i

. IF
146

GALi 3319 Helb2400 GALi 19 Helix2406
Pipecap 5760 Y Pipecap 5760

BPF

GVA84 (GALi19) Helix2466- GALi33/19 2800
Pipecap 5760

™ i
printed
2320 “_<I<I_‘7 BPF "_<I‘ 2200

LO
1087

GALi 5
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PCB layout 6 cm transverter

"1 - rally:

FR4 1,5 mm /74 x 111
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Spectrum at LO X3

Marker 2.805 GHz
Auto Range

TYPE KlEekakal

Atten: 14 dB Ext Gain 0.0 dB

MKR1: 2.805 GHz
10 dB/div Ref 10.0 dBm 5.64 dBm

Log

0.0

-10.0

-20.0

-30.0

-40.0

-50.0 WWWW W‘|||L'|-'|."-,- Ry \jJ s uh'f \JI Y vt h

-60.0

-

-70.0

-80.0

Center 3.00 GHz Span 5.999 GHz
Res BW 5 MHz VBW 5 MHz Sweep Time: 1.45 s (401 pts)
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Spectrum at LO X3 x2

Marker 5.625 GHz

Auto Range Atten: 2 dB Ext Gain 0.0 dB

MKR1: 5.625 GHz
10 dB/div Ref 10.0 dBm -0.32 dBm
Log 1

0.0

-10.0

-20.0

-30.0

-40.0

g N D WO N P O 1 2

-60.0 il o o
M“M MM i \lw WW A
-70.0 ﬂlw
-80.0
Center 3.00 GHz Span 5.999 GHz
Res BW 5 MHz VBW 5 MHz Sweep Time: 1.45 s (401 pts)
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Spectrum at LO input of mixer

Marker 5.625 GHz

Auto Range Atten: 9 dB Ext Gain 0.0 dB

MKR1: 5.625 GHz
10 dB/div Ref 10.0 dBm 7.32 dBm

Log
4

0.0

-10.0

-20.0

-30.0

-40.0

-50.0 MWWW LI P NWMWUVM riadl

-60.0

-70.0

-80.0

Center 3.00 GHz Span 5.999 GHz
Res BW 5 MHz VBW 5 MHz Sweep Time: 1.45 s (401 pts)
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Content

Further modules (planned)
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Further modules (planned)

9 cm transverter core:
like 6 cm, different LO path without 2nd
multiplier stage

23 cm transverter core:
LO driver for +17 dBm mixer, 2 stage TX amp,
otherwise similar to 13 cm transverter

IF interface
Control board and telemetry system
(PAs and preamps from existing designs)
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Conclusion

A modular approach may suit better the needs
of a multiband transverter system for use at
home on 23/13/9/6 cm

Masthead preamps and PAs should be combined
with basic transverters in the shack

Some of the necessary modules have been
realized, others are in development or planned
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