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Infroduccion %

sPor qué complicarse?
Solucidon a una necesidad

Oportunidad de experimentar y aprender

Disponibilidad de componentes para MW's a precios muy asequibles
Informacion y modelos de componentes

Programas CAD y de Andlisis de Circuitos de Software Libre y con res
buenos

FUNDAMENTALS OF
MICROWAVE
AND RF DESIGN

TaP3M9037

Instrumentacidon asequible (nanoVNA's)

Fabricantes de PCB's de calidad y econdmicos




Adalm Pluto O

Transceptor SDR destinado a la educacion desarrollado por Analog Devices

TRX: AD936x (12 bits) + Xillinx Zyng-7000 (CPU) /o N
Rango Fcia.: 325 MHz — 3800 MHz facilmente ampliable a 70 MHz — 6000 MHz
Conexién USB O Ethernet L
Softwares: GNU-Radio, SDR Console, SDR Angel, Garx (
Modificaciones documentadas (VICXO, GND's, Control de PTT) "

Firmware especifico para DATV por FSOEO (Evariste) con control de PTT paro

Soportado en los proyectos Porstadown y Langstone del BATC

Coste muy razonable (aprox 160€ IVA incl.)

Power

DC Input (USB) 45Vto5.5V
Conversion Performance and Clocks

ADC and DAC Sample Rate 65.2 kSPS to 61.44 MSPS
ADC and DAC Resolution 12 bits
Frequency Accuracy +25 ppm

RF Performance

Tuning Range 325 MHz to 3800 MHz
Tx Power Qutput 7 dBm

Rx Noise Figure <3.5dB

Rx and Tx Modulation Accuracy (EVM) —34 dB (2%)

RF Shielding None

Digital

usB 2.0 On-the-Go

Core Single ARM Cortex™A9 @ 667 MHz
FPGA Logic Cells 28k

DSP Slices 80

DDR3L 4 Gb (512 MB)

QSPI Flash 256 Mb (32 MB)

Simplified Block Diagram
Micron DDR3L
MT41K256M16

Xilinx® Zynq®-7000
All Programmable SoC
XC7Z010-1CLG225C4334

Micron QSPI Flash
Analog Devices Power MT25QU256ABA




Adalm Pluto

Recepcion y Transmision sin ningun tipo de filtrado de RF

Sensibilidad Rx (NF @ 500Hz) *

PlutoSDR Noise Figure

—— 145.5 MHz (MDS)

A 145.5 MHz (Y-factor)
437.5 MHz (MDS)
437.5 MHz (Y-factor)

—— 1280 MHz (MDS)

® 1280 MHz (Y-factor)
—— 2250 MHz (MDS)

¢ 2250 MHz (Y-factor)
—— 2425 MHz (MDS)

¥ 2425 MHz (Y-factor)
—— 5830 MHz (MDS)

® 5830 MHz (Y-factor)

PlutaSDR Blac king dynamic range at 100 kHz separation

Frecuencia

145 MHz
437 MHz
1.280 MHz
2.250 MHz
2.425 MHz
5.830 MHz
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30 40
Gain setting

Potencia max. en Tx *. Armonicos y senales espureas

T 1 RIGOL 20:50:59 2021-02-04 Amplitude
B Status|  oRef 0.00¢Bm At 1008 Markerd 1.0150 GHz -19,02 0Bm
Frecuencia | Pw (dBm) ; ) puto Seate
. Reference Level b
145 MHz me xf 0.0pdBm ‘ Ref Level
| 0.00 Bm
Cont Input Att.
!
437 MHZ - Mo g obe s sl ottt 10 dB

1 280 MHz :sa Scale/Div

10.00 dB
UserKey Set: System,

2 250 M H %0Center Freq 750,00 WHz Span Tsaoocrz | Scale Type
) z RBW 1.0000 MHz

o VBW 1.0000 MHz SWT 50.000 ms Lin
e Marker Table
Units
2 42 M H Marker Trace Type % Axis Amp
. VA dBm
10 1 Frequency 145.000000 MHz 531 dBm
i} 1 Frequency 435.000000 MHz -11.31 dBm Ref Offset
5 .830 M HZ ) 1 Frequency 722.500000 MHz -16.08 dBim 0.00dB
40 1 Frequency 1.015000000 GHz 19,04 dBim

112

Medidas: “Evaluation of SDR Boards and Toolchains” — SDR Makerspace



Documentarse

Li m e R F E CROWC BROWSE LAUNCH  ABOUT US — ‘
LimeRFE .........
O p e n H O rd WO re A Software-Definable RF Front End Module for LimeSDR Platforms

HF — 4 GHz. Incluye Bandas de telefonia
Soportada por SDR Console

Excelente fuente de informacion i
LNA’S N

MuUltiples disenos con informacion
G4DKK r% § HABET § I
\2?0000000000000 ooooooc oooooo @
HABET N :,g L‘”““"w] ‘n

> Ill‘lEll; E C mﬂzv. =
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Pluto RTX EA - Requerimientos O

Placas externas al Adalm Pluto para permitir su uso en Bandas de VHF/UHF/MW's
Especificaciones:
Bandas Rx/Tx: 70 Mhz / 145 MHZ / 435 MHz / 1.250-1.296 MHz / 2.320-2.401 MHz / 5.6
Entrada Rx para LNB (650 — 750 MHz)

RX
LNA's por banda con NF =< 1dB, filtros por banda y el mayor OIP3 posible
X
Filtrado de espureas y armoénicos (3r armonico < 50 dB)
Potencia de salida por banda: 1 — 10 watios dependiendo de la Banda (WIP 1)

Posibilidad de uso en Banda Cruzada
PCB’s separados para RX, TX y Control (Incluyendo VICXO de 0,5ppm / Referencia Externa 40 Mhz)
Conftrolable desde Software / Proyecto Langstone

Coste Razonable



Tx Direct
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Seleccion de Componentes

. : orvo |- A0S
Fabricantes reconocidos QOrve L

Datas sheets / Modelos paramétricos (S-files) T/ T e#mansnonnas

TAI-SAW TECHNOLOGY CO., LTD

Informacion adicional de las Notas de Aplicacion .

CERAMICS

INNOVATOR IN ELECTRONICS A KYOCERA GROUP COMPANY

Muestras gratuitas !

Disponibilidad, Continuidad de suministro, Coste  mouser I Digi-Key |

Comparar y decidir

Qorvo. Ul owNose, i L esry LA

Chip Inductors - 0805HP (2012)

i1 X2 M DFN Packags

= Exceptional Q values, even at high frequencies = Wirewound construction for highest possible self resonance
« Tight tolerances — 2% for most —up to 9.5 GHz

Inductance? Percent
Part number! (nH) tolerance®
0805HP-2N6XJR_ .6 € 100 @ 1500 MHz
€ 104 @ 1000 MHz

5 for operation from a sings Hiigh Gain. TQP3M3037
g™y a Uttra Low-Noise, High Linearity LNA

_ 90 @ 1000 MHz
0805HP-11NX_R_ 5 93 @ 500 MHz
0805HP-12NX R 91 @ 500 MHz

h
+ Ganeral Puose W
.o

Encapsulzdo
Precio Mouser [X1)




Y 4
Programa CAD - Librerias
Programa CAD . d
Open S [@]Ca

Librerias generales bastante amplias

uuuuuuuuuuuuuu
°
°
°
°

Comunidad de Soporte . e
Plug-ins ( RF Tools, BOM Management, etc)
Importa librerias de Eagle g

Librerias de los componentes necesarios

SnapEDA PEDA
Octopart Oct#part
3DContentCentral 3DCONTENTCENTRAL

r _
Distribuidores @ Golledoegyugt ey

Crearlas con el programa de CAD

Verificar que las librerias corresponden con la realidad segun los data sheets!l!



Pluto RTX EA - Esquema RX
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Ferrite Bead MPZ20125601ATO00
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File: LNA_Low.sch tr
Sheet: LHA_145 Jioz

RLT0 T & UltraCMOS® SPST RF Switch, 10 MHz-8 GHz - Semiconductor
J103®17>ANL1145 SV_LNATH = High isolation: 41 dB @ 6 GHz

GND
LA 45 T Tio1 Low insertion loss: 1.1 dB @ 6 GHz

T — TAPER D Fast switching time of 227 ns

hs l Power handling of 33 dBm CW
" l Logic select (LS) pin provides maximum control
File: LNA_L45.5ch logic flexibility
U102 logic flexibi
. 185

pheet: LNAASS -qu NCPL63_3V3 Terminated all-off state mode
Packaging — 24-lead 4 = 4 = 0.85 mm QFN
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LNA's

Pardmetros Clave
Estabilidad
Cifra de ruido Com
Ganancia

OIP3
Diversas arquitecturas

SFOMISO

La mads frecuente

2 7=50 0




LNA's (B
Basados en MMIC's
Impedancia 50 ohms / Estables / Ganancia / OIP3
Filtros

HPF (LC)
BPF (LC / SAW / LTCC)

Banda Rx HPF MMIC Gain NF OIP3 BPF
70 MHz LC PGAT03+ . LC
145 MHz LC PGAT03+ , LC
435 MHz LC PGA103+ . TAO693A
1.296 MHz Z adapt. PGAI103+ , TA1957A

2.320 MHz Z adapt. TQP3M9037 . TAO803A
5.650 MHz Z adapt. TQP3M9037 , BFCG-5600+

LNB
(650-750 MHz)

LC




Filtros LNA's

Herramientas de cdlculo gratuitas

ETOOLS https://rf-tools.com/Ic-filter/ o g o

Versatil, simulacion inmediata, valores Standard s

Series First -

RL
50.00 0

Cutoff Frequency

140 MHz + ri-tools.com | Feb 12, 2021

3rd Crder Chebyshev Highpass
Cutoff Frequency = 140.0 MHz
Fassband Ripple = 0.1 dB

1 Cc3

2200pF  2200pF

Passband
Ripple (dB)

010 55 and Return Loss oup Delay S-Parameters Export &

Input Output
Impedance () Impedance (Q)

50 50
Additional Settings
Component Values
Slandard -
Capacitor Values Min. Capacitor Value
E24( oleran: v 1,00 pF +
Inductor Values Min. Inductor Value
E24( oleran: v 1,00 nH ~
. Compuie
& QuesStudio Filter Synthesis 3.3.2 -

Eile  Help

Filtes

LC ladder
Chebyshev
High pass

150M 200M

Impedance:

Calculate and putinto Clipboard

Result: —

Resultados tedricos basados en componentes Ideales

Importante: Simular con modelos de los componentes a emplear


https://rf-tools.com/lc-filter/

Filtros LNA's

Filtro HPF para banda de 145 MHz

HPF 140 MHz - Ideal

HPF 140 MHz - Modelos S Simulacion Componentes ldeales
X2

File=GJM0225C1C220GB01_series.s2p

X3
File=GJM0225C1C220GB01_series.s2p

s-parameter
simulation
SP1
Starton ; 2 .
ar= Z .
Sy - Simulacion: Parameiros S
Points=1024
frequency: 5.06557e+07 i -
. e G _ frequency: 1.45328e+08
|equation dB(S[4.3]): -15.2796 ’ 4B(S[4.2]) -0 304512
Eqn1

\ : C1, C2: Muraia GIM0225C 1 €220~ 22pF
Cs=22pF L1: Coilcraft 06HPS6N — 56 nH

frequency: 5.06557e+07
dB(S[2.1]): -20.0341

1.6e8
Frequency




LNA 70 / 145 MHz
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To be evalutated. Topalegy & Yalues

Technical Note

Stabilizing Network

AN-60-064

The PGA-103+ is a monolithic amplifier for the S0-4000
Mz range with excellent Noise Figure and a high
dynamic range (1d8 compression point: 22.5 dBm and
ultra-high OIP3, 44 dBm typ. @ 2GHz).
Due to the intrinsic nature of the GaAs PHEMT, itis not
unconditionally stable (stability factor k>1 and stabiity
measure 8+0) as k<1 for frequencies under 100MHz.
STABILITY FACTOR

!

[

Figure 1-PGA-L03+: stability factor

In order to improve stability additional components
nesd to be added at input, see Figure 2 and associated
component valuesin Table 1.

Not Used
1500
L1(RF-Choke) | Mini Circuits TCCH-80+
12 620nH
Figure 2: Stabilization Circut (Ref: T8-761-103+)

Model: PGA-103+

The stabiity parameters of the ampifier with the
stabilizing network are shown in Figure 3. Note: k>1
and B>0 over entire range.

The performance of the stabilized amplifier

Performace with and without stabilization is shown in
Figures3to 11

STABILITY FACTOR

Figure 3 Stability Factor (k-factor)

STABILITY MEASURE

Figure 4 -stability Measure

GAIN

Figure 5-Gain




LNA 5.6GHz
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LNA 5.6GHz - Simulacion

AdNNNS,
iz

e Cc4 C5
g C=100pF C=1uF
TQP3M9037 = =

saanany, C=100 pF o sy
1] |2 11 Pl

C3
C=100 pF
F ]

rho=1.72e-8
backside=Metal

s-parameter
simulation

SP1
Type=log
Start=2GHz
Stop=8GHz
Points=2001

|equation
Eqgn1
Gap=0.25mm
With=0.35mm

[ —

TLA1

Subst=FR4 .

W=With
S=Gap
L=2.50mm

SnP 11
TR
Ref TL2 TL3
o = Subst=FR4 4L
W=With W=With
S=Gap S=Gap
L=1.75mm L=2mm

Subst=FR4_4L

W=With =500
S5=Gap

Il
TLA P2
Subst=FR4_4L Num=2
L=250mm =

20

frequency: 3.5801e+09
dB(S[2,1]) -37.97525

i

frequency: 5.656854e+09

dB(S[2,1]): 10.12652
/

/
frequency: 5.656854e+09
K_factor: 2.046019

N |/

frequency: 5.656854e+09

dB(S[1,1]): -7.236682

frequency: 5.652935e+09
dB(S[2,2]) -12.75666

frequency: 5.652935e+09
NF: 1.199506

N

(a0

25¢9  3e3  35e9 4569  5e9

Frequency

6e9 65¢0 7e9  7.5e9

LNA 5,6 GHz
Simulacion

Gain

NF
Estab.>1
RLIn

RL Out




Diseno de PCB’s para RF O

Senales de RF son muy sensibles al Ruido, Reflexiones, Pérdidas por el material
empleado y el método de fabricacion.

Necesidad de mantener las impedancias adaptadas a 50Q para minimizar pé
por retorno / VSWR

Las pistas de RF son “lineas de transmision”
. Constante Dieléctrica del sustrato ( FR-4: ¢, =4,5 — 4,6 / Rogers 4350B: ¢, =3,66)
- Ancho y grosor de la pista (W y T). Acabado (Sn, ENIG)

- Altura desde el plano de fierra (H) / distancia al plano de tierra (G)
- Tipo de estructura

L

PCE FR4 - 2 Layers 0,8Bmm

| Banda | EF |leritfmm)| 2z
Microstrip CRWVERIES | 145 | 2555 | 808 | 5014 |
22 5°
'
| 5650 | 2565 | 21 | 5004

Longitud critica




Diseno de PCB’s para RF

Calculadores de PCB's
On line: Chemandy, Microwaves 101, RF Cafe, ...

Programas Gratuitos: Kicad, Qucs, Saturn PCB, TxLine, ...

Cdlculos similares pero no exactamente Iguales (+/- 1% de diferencia en la Z;)
Microstrip 6 CPWG w/Ge
CPWG w/G por la necesidad de Componentes entre la linea de RF y GND

Tamanos de los Componentes SMD

WG w/G tiene diversas soluciones. Solucion optima ¢

Wi Calculadora de placas

Reguladores Ancho depista Espaciado eléctrico Transline  Atenuadores RF Cédigo color  Clases de placas

Tipo linea transmisién:
inea Microstrip
uia de ondas coplanar
uia de ondas coplanar con planc de masa
uia de ondas rectangular
coaxial
nea Microstrip acoplada
ripline

() Par entrelazado

Pardmetros del sustrato

@ Analizare

arametros eléctricos:

Sintetizar

Parémetros componente:

Frecuencia: GHz
Pérdidas del conductor: 0,00475102 dB
Pérdidas dieléctricas:  0,00414811 dB
Profundidad suoerficial: 0,882047 upm

&

Wi Calculadora de placas

Reguladores Ancho de pista Espaciado eléctrico
Tipo linea transmisién:
(O Linea Microstrip
) Guia de ondas coplanar
) Guia de ondas coplanar con planc de masa

ia de ondas rectangular

nea Microstrip acoplada
ripline

() Par entrelazado

TEST conditions

$>>T [ H>T

| 0,125*W <5 <4,5*W

W+25< 5H

Transline  Atenuadores RF Cédigo color  Clases de placas

Pardmetros del sustrato

-
. | 1.72e-8
=
= ¥

Pardmetros componente:

Frecuencia: GHz

Resultados:

Pardmetros fisicos:

Analizare

CEE] #

Pardmetros eléctricos:

Pérdidas del conductol )
Pérdidas dieléctricas:




Diseno de PCB’s para RF O

|dentificar proveedor. MUltiples opciones econdmicas en la actualidad

D O TOS F 0 b ri C O n Te i@JLC JL CPCB 4-Layer Impedance Control Stackup

Thickness

Features Capability Patterns
1.0mm 1.2mm 1.6mm 2.0mm  Current layer:4-layer

Layer count 1,2,4,6 layers

a) JLC7628 Stackup:

Controlled Impedance 4/6 layer, default layer stack-up Layer Material Type Thickness

Top Layer1 0.035 mm
Prepreg 0.2 mm

Material -4 FR-4 Standard Tg 130-140/ Tg 155
Inner Layer2

Core

7628 structure 4.6
Inner Layer3
Dielectric constant 4.5(double-side PCB) 2313 structure 4.05

2116 structure 4.25 Prepreg 0.2 mm

Bottom Layer4 0.035 mm

Especificaciones FR4 - 2 Capas FR4 - 4 Capas
Const. Dieléctrica (g 4,5 4,6
Grosor Cobre (h) 35 um ( 10z) 35 um (1 oz)
Tangent Loss (pérdidas) 0,022 0,022 Disenos Finales

Grosor sustrato 0,8 (0,73)mm 0,2 mm FR4 - 2 Capas FR4 - 4 Capas
0,8mm (4,5) 1,6mm (4,6)

W:0,80 S:0,20 W: 0,35 S:0,25
W:1,00 S:0,32 W:0,40 S:1,15

W:1,15 $:0,50 -



s para RF

Diseno de PCB

PCB 2 Capas LNA 1296 y 2400 MHz

; . hmmmlm.mul#mm -

LB —wom "
1537970 444

a0
o
ke

Z013 wani
9073

PR S

wH

&

20T/ TT»

CELELE]
0ZEZ9bzT

B
P B P

|
|

i
5688084808500 408558500500

awgamaJWawa“aawgnwaAIMWP

® PR e P

2000000000000000000000000
2000000000000000000000000
= e & 2+ 8 % 8 @

s s s s 8
sessss0ssssaeass

T
i
i
i
i
i

200000000 00000000000000000000000

500000 00000000000000000000200000
L e LA e e v

@4 e e s s s s s
sssssssessssoosssssssasssl

B
B
B
B
B
B
3

T " [
TR TR e
B, ¢t =tuubpyz—=* |
o - ® - ! L3 - ® - - L3 g
E ] ) 3
- s 3 rS s rS rS rS rS w0
©0000000000000000000000GB0000000GO D
3 3
- -
e
3 3
| 1 I
o * . . o Q. - 2
olsie (= eidie
: e e N[

, ..
B A P

T
o
o
o
o
o
o
o
o
o
)
o

ww gog'se

PCB 4 Capas LNA 5.6 GHz

STTS — 00
OFC* HZOTBTILE2d10 T hdd

s —WLT —— 3
C 8T GEOM
HZ'07829/83d1M 714 Hid *

Tow
s -

TOTH ¢o15 wi

7073 wa
#0732 Wi

.0

T4 0095 YNT

000000000000000000000000

nnnnnnnnuuuuuuuuuuuuuuuuuuuuunnnw

,ooonnnnnnnnnnnuuuuuuuuuuA

o o 1 1 8 o o o 8 o 9
00000000000000000060000060660000 J)
000000000000000000600000606660600 3]

® e °
_dood —lecooon

yooo [@auruu

]

0000000000000 0000000 0

Lo
H
3
E
E
E
i
E
E
4
E
E
E
]
E
E
3

]

|

}

Fetatalind




Prototipos. La realidad !!
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LNA 70 / 145 MHz
2 Capas 0,8mm
Estanado

LNA 432 / 1296 MHz
2 Capas 0,8mm
Estanado

LNA 5.6 GHz LNA 1,296 MHz /2,4 GHz LNA 1,296 MHz /2,4 GHz
4 Capas 1,6mm 4 Capas 1,6mm 2 Capas 0,8mm
ENIG ENIG Estanado LNA 137 MHz
2 Capas 0,8mm
Estanado



Medicion Impedancia

[

NanoVNA-App v1.1.206 by OneOftleven __cak NONE = = %) )

ST Sk

Instrumento: nanoVNA 2 ( 25MHz — 3500 MHz) e —
Software: nanoVNA-App .
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-48 40

Kit Calibracion
L: Telegartner 50 Q

EL)

20

-80 10

. i m3 | M4 seem 16 1,56 26 2,56 3G 3,56 4G seeM 16 1,56 26 2,56 3G 3,56 4G
S,O.T: Amphenol L -

Freq Smith S11 Tnduttive Freq Phase S11

200°

Plano de Calibracion

15°

100°

50°

Open e°

-50°

Capacitive

MCHO LOGMAG 106dB/-26.19dB CHL LOGMAG 1048/-72.51dB
MITH 1.BFS  46.90 38.6pF CHB PHASE 90°/  -128.38°
$1: 1140.760 600 MHz

101 €101

3 = Log mag 511

wolO]  ee caon L 23 feb. 2021 12:59:47 og mag S

aw f]J s C102
w0 €103 y

| m o

| 101 ey

v

reactance 511
uality f. s

2

¥ mag 511 and 521

€108 Y3

e ! - capacitance 511
ue o €106 ¥ c107) Lin mag 511

v

s inductance 511

o By <
noa, oV me noy Lin mag 521 511
i Lin mag 511 and 521 .
C g mag
0 1 &
VOR 50 Phase

< Tines Phase S Smith 511

Phase 511 and 521 ith 521

Phase unwrap 511 dmittance 511

Phase unwrap 521 Admittance 521
;\ /’\J : . » Mot 28 Phase unwrap 5§11 and 521
Ak o . AN A o up delay 511
VLB MNV A o YW\ S up delay 521

START 1600 608 MMz 161P 1xAVE STOP 3806.000 680 Mz . N N
Group delay 511 and 521

S-Parameters 511

FRA_0.8.TEST
w115 - 75050

TOR impedance 511
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Impedancia PCB’s - 4 Capas

Freq Log Mag dB 511

18

-1

-20

-30

-10

-58

-60
280M

Freq Impedance 511

96

88

70

66

58

40

36

28

1@
588M

511 mem-1

408M 680M

511 Zs mem-1
1

A0 Ao Nl

46,042 Ohmg

16G 1,56
1,395083 GHz

80eM

2G

do. 21 feb. 2021 19:48:57
1
--26,64 dB_

16G 1,26 1,46 1,66  1,86G ple

1,395083 GHz

31,933 Ohm
17,298 Ohm&“ﬂﬁﬁgmz“

2,56 3G
2,4 GHz 3 GHz

Freq Smith S11

Short

3,56

2 3
-3,5949 dB -3,71@9 dB
W:0,40 G: 1,15
W:0,35 G: 0,25
2,46 2,66 2,8G 3G 3,26 3,4G
2,4 GHz 3 GHz
Inductive
Open
25 1ee 250
Capacitive




Error PCB 4 Capas? / Que he medido? (

PCB 4 Layers: Exceso de Soldadura / Ancho pista del Pin / Plano de Masa Cercano

|equaﬂon

Subst=FR4 4l ay Subst=FR4 4l ay Eqn1
W1=Wsma W1=Wsma -
. Wirack=0.35mm
W2=Wtrack W2=Witrack Strack=0 25mm
Ltrack=27mm
—= 2 1 Wsma=1.27mm
CL6 22:5OOQ Ssma=0.86mm
Subst=FR4_4Lay Lsma1=3 6mm
W=Wtrack o Lsma2=3.6mm

S=Strack




MEDIDO

SIMULACION IDEAL
X1
File=4Layers_035_025.s2p

1 o]2

SnP
Ref

tand=0.002
rho=2 4e-8
D=2.388e-3
SIMULACION REAL
MS6 MS7
s-parameter W1=1.27mm W1=1.27mm
W2=0.35mm W2=0.35mm

simulation

SP1 iz

Type=lin — 172
Start=10 MHz | P3 cL4

Stop=35 GHz Num=3 W=1 27mm
Points=1024 17=500 5=0.86mm

L=3.6mm

frequency: 3.35e+09
Sim_Real: -0.5220.136

frequency: 3.001916e+09
Sim_Real -4 237576
frequency: 1.391672e+09
Sim_Real -29.03159 frequency: 3.001916e+09

Sim_ldeal: -64.27029

frequency: 1.391672e+09
Sim_ldeal: -49.12052

— Sim_Ideal
— Sim_Real
— Medido

4e8 6Ge8 Be8 1e9 12e0 14e0 16eQ 189 260 22e9 2429 26ed 28e0 3e9 3.2e9 3.4ed

Freguency




Impedancia PCB’s - 2 Layers

Freq Log Mag dB 511

511 mem-1

1@

-1

-20

-30

-6@

208M

488M 688M

Freq Impedance 511 511 Zs mem-1

90
80
70
60
549,98 Ohm

50 a4

48
30
20

10

588M 1G 1,5G

1,648714 GHz

_ 53,578 Ohm

5~ 50’531 Ohm

2358 wrmET 27,139 Ohm
::::Z::::::::::zﬁ’ 441,83 oh‘ﬁmh““wwam

do. 21 feb. 2021 20:15:89

-25,195 dB,

-32,955 dB

12 A2a ARp
715,635 dB
;—_Z!.E,Zlb db

D

B

W: 1,00

44 ran Jdn

[-13,422 dB

‘_:_l’b, 953 dﬁm

G: 0,32

Verde:

W: 0,80

G: 0,20

-51,27 dB

geem 16G 1,46 1,66 1,86 26G

1,648714 GHz
Freq Smith 511

2,2G

Short
10

R

3G
3 GHz

2,56G
2,4 GHz

ple 3,56

Amarillo

2,4G
2,4 GHz

2,66

Wi 1,15

2,8G

3G

G: 0,50

3 GH=z

Inductive

25

Capaciti

180 2

ve

Open
58




Error PCB 2 Capas? / Que he medido? (

PCB 2 Layers: Planos de masa cercanos / Pin del SMA

FR&_0.8_TEST
W:1.0 - $:0.32

W1=1.27mm ZQZ5O.OQ W1=1.27/mm

W2=0_80mm W2=0.80mm

CL6
W=0.80mm
S=5track
L=27 mm



Correccion PCB 2 Capas

Correccion Pistas SMA: Eliminar planos de GND / Pin acortado

W1=1.27mm W1=127mm

W2=0.80mm ZQZSO-OQ W2=0_80mm
ANNNNN

CL6
W=1.27 mm W=0.80mm '
S=5sma g /=500

L=3.6 mm




Impedancia PCB’s -2 C. (Corregida)

lu. 22 feb. 2021 ©9:45:18

Freq Log Mag dB 511 511 mem-1
1 2 E]
10
9 . .
W: 1,00 G:0,32
10 Verde: W:0,80 G:0,20
Amarillo: W: 1,15 G: 0,50 1573 db
-20 520,771 dB——r— 2 -
o GrBL s L 28,119 dBrmmefiranny 20,118 s o
_3p Al =4 -31,87 dB
-36,423 dB
40 _-40,781 dB
-5@
-60
208M  488M 600M s0eM 1G 1,2G 1,4G 1,66 1,8G 2G 2,2G 2,4G 2,66 2,8G 3G 3,2G 3,4G
1,640714 GHz 2,4 GHz 3 GHz
Freq Impedance 511 511 Zs mem-1 Freq 5mith 511 Inductive
1 2 3
=]
80
70
60
252,016 Ohm
418,526 Ohm%é,,u-:;:: Sp®aEL W)
58 Q2222 200 e Short Open
\%7/ 45,71 Ohn}d:""m 100 250
10
30
20
10
508M 1G 1,5G 26G 2,5G 3G 3,5G
1,648714 GHz 2,4 GHz 3 GHz Capacitive




MEDIDA SIN CORREGIR MEDIDA CORREGIDA
X1 X2

File=PCBsincorregir_2Layers_08i File=PCBcorregidaPL3_2Laye[s_080_020.s2p
1IJHF* Z Usnpi2
FR4_2Lay I]_ﬁlef % P2 I:Elef 2 b6

er=45 - Num=2 = Num=
h=0.73mm Z=500 = Z=50
t=35pum
tand=0.022
tho=3.9e-8
D=2388e-3

SIMULACION SIN CORREGIR SIMULACION CORREGIDA

s-parameter MS6 MS7 MS9 MSs
simulation W1=1.27mm W1=1.27mm W1i=1.27mm WA1=127mm
. W2=0.80mm W2=0.80mm W2=0.80mm W2=0.80mm
SP1 — e —1 — —
Types=iin == "2 = 2y 12 72—y
Start=10 MHz
Stop=3.5 GHz
Points=1024

frequency. 3.005327e+09
—  MEDIDA SIN CORREGIR MEDIDA_SIN CORREGIR: -15.85755
— SIM_SIN_CORREGIR
— MEDIDA_CORREGIDO frequency: 3.005327e+09
— SIM_CORREGIDA SIM_SIN_CORREGIR: -16.22754

—— MEDIDA_SIN_CORREGIR
— SIM_SIN_CORREGIR
— MEDIDA_CORREGIDO
— SIM_CORREGIDO

MEDIDA_CORREGIDO: -26.11816

frequency: 2.998504e+09
SIM_CORREGCIDA: -26.81539

I}
frequency: 2.998504e+09 ‘ ‘

189 1269 14e9 16e9 1869 269 2769 2429 2669 2869 3e9 3229 34e9
Frequency




Resuliados LNA 145 MHz

Freq Log Mag dB S11 S21
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-75
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2eM 4emM

lu. 22 feb. 2021 11:52:54

521 mem-1 i
-237,82m dB
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eemM 8em 1eem 120M 14eM 166M
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18eM
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228M

24eM

260M

28em

30eM
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E®C108
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€102 LT

lu. 22 feb. 2021 11:53:30

Freq Log Mag dB S11 S21
521 mem-2 a
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5
]
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-10
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-60
-65
-70

-75

-80

2eM 40M 66M aem l1eeM 120M 140M 160M

145,153884 MHz

180M 200M 220M 240M 260M 28eM 30eM



Resuliados LNA 145 MHz

Freq Log Mag dB 511 521
30
25
20
15

18

511 mem-3
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28M 4em
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lu. 22 feb. 2621 12:00:58

1 p) 3
20,314 dB_
17,484 dB ., 17,316 dB
-2,5008 dB
-3,2675 dB, 7% £
-9,018 dBY
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124, 323285 MHEBEBA7 IFEHS MHz
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3eeM
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C1131104
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e L ~
1108 2 py03 §
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uos * < 1107
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LNA 70_137_145 © EABFK 11/2020
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(145 MHz)

Bandwith
(-3dB)
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124,3MHz -
160,7MHZ
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OIP3

(WIP)




Proximos pasos O

Rediseno de las pistas de RF
2 Capas - CPWG 0,80y 1,00
Test de Microstrip

Conectores SMA 18 GHz para medir correctamente pesas

Inclusion de S,O,L,T para calibrar el VNA
PCB soporte para Filtros SAW para exiraer los parametros S (Test Fixt
Rediseno de los LNA's con anchos de pista revisados
Montaje y Evaluacion de los LNA's 432 MHz — 5,6 GHz con los nuev
Diseno final del PCB RX 1ER I GRLG

u702
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SRR O g = X g et Bt > j.
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o g8 28 33 iiisiie 60 23 g Jgcres o
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Conclusiones (%

La preparacion es fundamenta para afrontar un proyecto de este tipo

Estudio / Datasheets / Librerias de Componentes / Disenos similares

El uso de programas de Simulacion es imprescindible para disenar
Decide el programa de CAD a emplear para desarrollar maestri

Diseno de PCB's en RF. Cuidado con los pistas de conexion. Ase
en fodo momento la impedancia. Usar “Tappers” si es necesario.

Medir e interpretar las medidas es imprescindible para entender |
Si algo no funciona como esperabas, no es mala suerte. Hay una raz

No es necesario un dispendio econdmico grande para disenar en RF, pero necesitas
estudiar y perseverar para avanzar.

Y sobre todo EXPERIMENTA, APRENDE y COMPARTE
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Enlaces (1/2)

Bibliografia

Fundamentals of Microwave and RF Design https://repository.lib.ncsu.edu/handle/1840.20/36776
Colleccion de 6 libros gratuidos

Analog Devices https://www.analog.com/en/design-center/evaluation-
hardware-and-software/evaluation-boards-kits/adalm-pluto.himil

Space Libre Fundation Report hitps://qitlab.com/librespacefoundation/sdrmakerspace/sdreval
[-/raw/master/Report/pdf/Evaluation of SDR Boards-1.0.pdf

Modificaciones Adalm Pluto por EA4BFK hitps://qithub.com/EA4BFK/AdalmPluto/blob/master/MANUAL%2
ODE%20INSTALACION%20Y%20CONFIGURACION%20DE%20ADAL
M%20PLUTOV2.2.pdf

Firmware F5OEO (Ultimo: “Perseverance™) http.//firmware.hackhamradio.com/

Proyecto Porstdown 4 de BATC https://wiki.batc.org.uk/Portsdown 4

Proyecto Langstone de BATC https://wiki.microwavers.org.uk/Langstone Project

Documentarse I

LimeRFE Web https://www.crowdsupply.com/lime-micro/limerfe
LimeRFE Github https://github.com/myriadrf/LimeRFE

VHFDesign https://vhfdesign.com/category/Inas

G4DKK http://www.g4ddk.com/Products.html

HA8TA http://www.ha8et.hu/
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Enlaces (2/2) O

Diseno de PCB’s
Kicad https://kicad.or

RF Tools Kicad https://github.com/easyw/RF-tools-KICAD
SnapEDA https://www.snapeda.com/discover

OctoPart https://octopart.com
3DCONTENTCENTRAL hitps.//www.3dcontentcentral.com/

Tutoriales diseno PCB’s de RF

VASIUL (Enlaces excelentes) hitps: .asl.net/va3iul/Microstrip Stripline CPW_Design/Microstri
p_Stripline_and CPW_Design.pdf

RF PC Board Design (Rick Hartley) https://www.jlab.org/accel/eecad/pdf/050rfdesign.pdf

NAanoVNA-App https://qithub.com/OneOfEleven/NanoVNA-H/tree/master/Release
QUCS Studio http://ddéum.darc.de/QucsStudio/qucsstudio.html

QUCS Studio Blog de Jose M. Campelo https.//csc-rf-electronics.blogspot.com/
QUCS Studio Tutorial Gunthard Kraus hitp://www.gunthard-kraus.de/

Proyecto Pluto RTX

Contactar por email con Alejandro Ferndndez — ea4bfk@gmail.com
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