LLNA's
for 10 GHz

What did change in 1.INA design?

HB9BBD
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Introduction

In the past LNA‘s were designed, built, tested, redesigned,
tested, modified, tested...

Beginning 2015 EME LNA‘s came on the market without any
tuning elements

Repeatability and thus industrial production became a fact

The well-known TV LNB design has reached Ham gear
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Agenda

The Past

Traditional LNA development and design

s

I'me consuming LNA work
The Future: NO-Tune

About measuring Noise and Gain

Comparison of various LNA's

Conclusions

Appendix: The EME beacon DLOSHF with 1m dish
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The Benchmark LNA

DBONT, Michael Kuhne
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The Benchmark LLNA

X -~ BAND SUPER LOW NOISE
AMPLIFIER
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Center 10.36800 GHz BW 4 MHz Points 200 Span 600.00 MHz
Tcold 302.82 K Avgs 20 Att -0 dB Loss Off Corr _

Uszer cal will be interpolated
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What if no DBONT ?

m Homebrewing — phantastic!
B The microwave community would be very small

B Newcomer would have a difficult access to
microwave communication

m Inspiration by DBONT
m [t 1s just fair to thank DBONT for his exploring

work

Orebro 2017 Dominique Fassler
HB9BBD



The traditional
Methode

,DBONT — inspired* Projects:

,,Design, construction, measurments, endless tuning'
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F5BUU + F6BVA tried to outperform
DB6ONT

http://flchf.free.fr/F5DQK/3_Preamplis_ LNAs/Preamplis_10_GHz_DBONT.pdf

Préamplis 10 GHz a entrée guide

Release 1.1
The last but not the least !

FSDQK — juin 2012 LNAs 10 GHz F6BVA-FSBUU guide rel 1.1
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OK2AQ°‘s Design

http://www.vhf.cz/soubory/dokumenty/Ina-10ghz.pdf

E—
1T

120 [WR-75) SR =

0 DHmE output
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.....

OK2AQ° design

http:/ /www.vhf.cz/soubory/dokumenty/lna-10ghz.pdf
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HBY9BBD

Even more tuning ..

3.04.2015 20:23:49 f=1.04 Z:My Documents\EmbeddedSystems\eagle\10GHz_LMNA\10GHz_LNA_RevH.sch (Sheet: 1/1)
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Print Layout HB9BBD

Tuning at various points..
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Tuning work at PCB in body..

We all know the heat dissipating when soldering in LNA..

Stickstoff bei 350 Grad C
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I heat the whole LNA without
removing the PCB_

Nitrogen at 350 degrees C
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Too much work and time..

There 1s a more efficient way to achieve good results

-0 T R i
QPR | p=Si] »
T =
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Some of us have
studied TV LNBs..

Very cheap, reasonable qualities
S imnlation — industrial manufacturing, NO tuning
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Sandwich LNA by DL3BPC
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NE3512502

DI3BPC
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DI.3BPC
Charakteristics:

Industrial design

Interdigital Filter affer 2-stage amplifier

No Tuning, no flaps, no tunable Gate supply
some components are not standards

perfectly repeatable specifications. NF within 3/100 dB, identical Gain)
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4 measured LLNAs, all identical

H: Agilent 0944011 Apr 01 R T Gain # Agilent  10:00:10 Apr 22, 2015 Gain
Mir1 10.388 GHz 0.817 dB 27,706 0B Autoscale M 10.388 GHz 0,814 dB 7 435 dB Autoscale
2,000 Units 2000 T Units
30.00 } ] } \ dB Linear 2000 | I l Linear
‘ l r Upper Limit ] ’ Upper Limit
NFIG J ' / J pper Limi
Scale/ I 30.000 e 30.000
s I/ VL T V]
dB :
Ji Lower Limit @ Lower Limit
10.000 / \ / \ / 10.000
| I T L 7 7
| — A fJ A Ref Level I A7 Ref Level
oo [ ‘ / / I 10.000 Sl Y AT 10,000
= 2.000 -
e V| \ | o / )
i Display Ref Display Ref
i Orf I\ / \ Off " On
0.200 0.200 - ]
10.00 \ | Scale/Di 10.00 j \ \ | , - .
Start 9.36800 GHz ~ BW 4 Mz Points 200 Stop 11.36800 GHz S0 Start9.36800 GHz  BW 4 MHz Points 200 Stop 11.36800 GHz EHLEDW
Tcold 299.44 K Avgs 1010 Att /0 dB Loss Off  Corr = Tcold 299.90 K Avgs 10/10 Att /0 dB Loss OF  Corr 20
User cal will be interpolated Query INTERRUPTED
it Agilent 101521 Apr 22, 2015 R T Cain i Agilent  09:26:36 Apr 22, 2015 R T —
Gain ain
Mrd 10.368 GHz 0531 dB 27.184 dB Autoscale ket 10.368 GHz 0.337 dB 2502645 | Autoscale
2,000 Units 2.000 Units
20.00 J \ { \ ao Linear 30.00 { l Linear
J ] \ I Upper Limit J ] Upper Limit
NFIG NFIG
Jeet L[N A 30,00 s / ( 0 000
s ] \[ n/ A\
dB . dB -
Lower Limit 7 Lower Limit
HITIRNy I 00 L ! it
T i T o
B Ref Level Ref Level
Scale/ PR ] — v gy
- 10.000 - 10.000
2.000 2.000
o V] V] i / \
Display Ref Display Ref
H / [ - o \ \ or o1
0.z00 [ 0.200
10,00 \ l| A 10.00 \ U o
Start9.36800 GHz  BW 4 MHz Points 200 Stop 11.36800 GHz t“-'ﬂ,',?a'é:]"’ Start 9.36800 GHz  BW 4 MHz Points 200 Stop 11.36800 GHz t“‘*':‘,'.,eagi]""
Tcold 299.69 K Avgs 10/10 Att 10 dB Loss Off Corr = Tcold 299.30 K Avgs 10/10 Att --/0 dB Loss Off Corr | -
User cal will be interpolated Query INTERRUPTED
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10.2 - - - 10.5 GHz

F10PA Design
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PN : WGLNA10G

SN: 'Clg
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F10PA

*ref. Dubus 3/2016
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F1O0PA
Charakteristics

Matched WG-Input stage
. following 2 stage amplifier
. , no flaps,

Industrial make

Reference: Dubus 3/2016 description

https:/ /sites.google.com/site/vincentflopa/STORE_F1OPA
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Currently used Hemts by:

** discontinued types

NE32484A ** T 0,6 dB@12 GHz

NE32584C**  » D" 0,45 dB@12 GHz

(N%) MGF4919G ** 0,45 dB@12 GHz

NE3210801 ** »K” 0,35 dB@12 GHz
NE3511802 B 0,30 dB@12 GHz

NE3512502  ,,C“ 0,35 dB@12 GHz
NE3515802  ,,G* 0,30 dB@12 GHz
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Measuring Noise

Noise is very volatile — It is therefore that averaging many
measurments only can characterize an LNA

WG LNA need an adapter to measure Noise.

We have to know the loss of WG-coaxial adapters to quantify the
LNA"‘s Noise Figure

Temperature matters. 290K (17 deg.C.) 1s specified for Agilent
8975A/N4000A. Usually, our Lab temp. is much higher! So NF

measured may be close to, but not correct Start 9.86800 GHz
Tcold 302.15 K

Calibration of the testequipment is significant
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Averaging

2 averages Time required fo 20000 Measurings: >1h..
11:43:29 Jan 28, 2015 R T
Averages T00 100 averages
k1 10.3688 GHz 0.827 dB 25982 dB . o
0 R_T Avg/Bwicth
1,000 .
2700 ]l\l 100 prp——— T — oF Aver‘Eiglrw%;_]n
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0.750 g /\’\\
23.00 \ jV\\/‘n /¢ .\qu’ .
Start 9.86800 GHz DWW 4 MAZ Points 200 Stop 10.86800 GHz
Tcold 302.15 K Avgs 21100 Att -0 dB Loss Off Corr | \
User cal will be interpolated |
22.00 | \
Wo bitte ist das Rauschminimum? Start 9.86800 GHz BV 4 MHZ Points 200 Stop 10.86800 GHz
Tcold 300.77 K Avgs 100/100 Att /0 dB Loss Off Corr |
User cal will be interpolated
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SMA-WG Adapter

Commercial WG adapters are broadband and not good enough for Noise measurments

Typical Performance Data

Return Loss

WR-90 Square Cover Flange to SMA Female Waveguide to
Coax Adapter Operating From 8.2 GHz to 12.4 GHz, X Band

Waveguide to Coax Adapters Technical Data Sheet

2 P —

Very much marketing twisted datasheet!

Max Return Loss

9.88 10.3 10.72 11.14 11.56 11.98 12.4
Freq (GHz)
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Match of SMA-WG Adapter

WRA0 R100
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SMA-WG Adapters

Some home made WG-coaxial adapters

It is very much a question of testequipment and cost!

WRT75

WR100
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SMA-WR75 for 10368 MHz~z

Near to perfect match can reduce the insertion loss and reduce reflections

and thus 1s reducing measurment uncertainty

ATES REVICO VS
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Match of WR-75 for 10368 MHz~z

Match at 10368 MHz

E5071C Network Analyzer
1 Active ChfTrace

Scale

Auto Scale

Aute Scale All

Scale/Div
10.000 dB/div

S11 and S22 50 Ohm

|
A

S11 and S22 -32 dB

|1 Center 10.368 GHz IFBVWY 70 kHz Span 1 Hz IETAIEA
Meas 2016-11-20 16:22
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WR-75 for 10368 MHz~

Insertion loss for two adaptors is -0,13 dB, > 1 Adapter 0.07 dB

E5071C Network Analyzer

e 3Stmulus  4Mkr/Analysis 5 Instr State

S 100 mdB/div

Trl 521 Log Mag 100.0mde/ rRef 0.000dB [FZ]
pAE 512 Log Mag 100.0mde/ Ref 0.000dE [F2

Tr4 S22 Log mMag 10.00de/ ref 0.000de [F2]
500. Om
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--------- »1 10, 365000 GHz( -0, 1754 dE

ST/WASE/IAGE

ey S12und S21 - 0.13 dB**

Insertion loss | oo

é

-200. 0m

-300.0m 1
2

-400. Om

Center 10.368 GHz span 1 GHz TR

Meas | Stop| ExtRef] Svc| 2016-12-05 17:11
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SMA-WR90 fir 10368 MHz

S-Parameters S11, S22, S21 an overview

E5071C Network Analyzer

esponse 3 Stimulus 4 Mkr/Analysis

e
Tr2 S21 Log Mag 10.00dB/ REAT 0.000dB\ [F2]
50.00

10. 00dR/~2ef 0.000dB EFZ]
%R+]X) Scale ™NOOOU [F2

Trl S21 Log Ma
PR s22 smith

50. 00
>1 10.368000 GHz [ 50.128 0 11.581 mo 791.80 fH 40. 00

>1 10.368000 GHz| -0.1581 dB

Allocate
30.00 Channels

20.00

532 10,16 dB/2 = -0,08 dB

Data -> Mem

-30.00

) -40.00

Foa -50.00
7 i3 = i ' = Data Hold

Off

Equation Editor...

Equation
OFF

Edit Title Label

Title Label
OFF

Graticule Label
ON

Invert Color
OFF

1 Center 10.368 GHz IFBWY 70 kHz Span 2 GHz FTRE [ !

‘Meas | Stop| ExiRel| Sve| 2015-03-09 17:47|
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Calibration of Testequipment

P

Calibration is essential for reliable results

Temperature matters for testequipment

And DUT
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Summary

DBONT (Seal undestroyed..)

= Agilent  16:23:53 Jan 6, 2017 E T

hdlerd 10369 GHz 0214 dB 22616 dB

1.500
28.00
0,086 =10,734dB
Adapter
NFIG
Scales
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4B Bandwidth |
L B #hHz
e AMW“"M
et pp gt
=] Y T o e =
™ la . B l |
NI3511S02 N |
0.500 03dB@I2GHy |
16G.00 —
Start 9.86800 GHz  BW4 MHz Points 200 Sfop 10.86300 GHz
Teold 301.40 K Avgs 10/100 Att -/0 dB LossOff |  Corr
4 -
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Summary

DI.3BPC #10

2017

- Agilent  17:01:33 Jan B,

10,3859 GHz 0715 dB 27563 4B | Altoscale
1.500 _nits
0,715 — 0,08 = (0,635 dB [ Linear
& TAdapter
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Scaley | Y JAFER A 20 (- 0\ o e
0.100
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Scaled L‘ /
1.400
byl
) A O o e
7 NE3512502
8.500 0,35 dB@12 GHz
16.00 L
Start 9.86800 GHz BW 4 MHz Points 200 Siop 10.86]00 GHz
Tcold 301.40 K Awgs 10,100 Att --/0 dB Loss Off Caorr
s _______J -
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Summary

F1OPA #1628
e Agilent  16:35:21 Jan B, 2017
Mlkerd 10269 GH= 0.624 dB 20212 dB . —

1.500
2000 0,68 )4)8—‘—@%@4{[8
Adapter
MFIG
Scalef
0.100
= .
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e
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1.200 ///\ [
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Start 9.86800 GHz BW 4 MHz Points 200 Siop 10.86800 GHz
Tcold 300.65 K Awrgs 107100 Att -0 dB Loss Off Corr |
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17:06:28

i Agilent

Jan B, 2017

Summary

HBI9BBD # 3-V2.3

Zain

hakir 10,269 GHz
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Conclusions

Traditional LNA construction clearly suffers disadvantages in design. It requires

more time and efforts to work as desired

Broadband WG-Coaxial Adaptors do not fit for measurment purposes without

manual retuning on the specified frequency. No passive device is linear over
a span of >4 GHz at 10388 MHz

Much emphasis is needed to match WG to LNA at Gate of first stage

Best achievable NF on 3cm band today is probably 0,5 dB at ambient temperature
Losses occur by all components, by radiation, by mismatch and by any
temperature above absolute Zero

Measurment of NF 1s meaningless without averaging several sweeps and still, we
have to accept uncertainty by temperature and NF of testequipment etc!

(13

The future belongs to LNAs designed by simulation and built in ,,sandwich format
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EME Beacon DLOSHF
with 1m off-set dish
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EME Beacon DLOSHF with 1m off-set dlSh

MH
—T T Ty e i T T T T 1 T T 2
20024xEs 20026 xis asozex He 20030kHz 20032kHs
27. Sz n.on- 20. 1MHz 20.2MHa
10m
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Questions ?
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