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Mereni malych sumovych cisel a levny
automaticky indikator sumoveého cisla

" Mirek Kasal, OK2AQ,

Noise Figure [dB]
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Status:  Valid
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Ekvivalentni Sumova teplota T,
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Kaskadni razeni vykonoveé prizpusobenych dvojbranu

pop 2ty l oy Tl

A A A, AjAy . A, 4

_ @ Tes ... Ten
Te =Tes + =+ Ay A, T AqAy . Ay _q ' [K]

Sl/N 1 Sl
) 1
ATENUATOR F=g——=7 S, =S,.A
/N2 Nl == k'TO'BTl

30th EME a MW seminar, Medlov 2022



Kalibrace a méereni Sumového cisla

Mereni F, Kalibrace F,

Zdroj Sumu Mereny gﬂuenqgvého
s 7S dvojbran
on’ TorF
A, (1), Aq
TS TS
ENR = ONT OFF K] To = 290 K
0

TAv —TA
ENR -Excess Noise Ratio ENR|[dB] = 10.log[ ON OFF]
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KALIBRACE Kalibrace F,

Zdroj sumu

Ton’ Torr

V= Toon _ Ton+T2
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Mereni F
Mereni F5 Kalibrace F,

Meéric
sumoveého

Zdroj Sumu Méreny
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A4|dB] = 10.log A, F,[dB] = 10.log F;

30th EME a MW seminar, Medlov 2022



Chyby méreni
- Impedancni neprizpusobeni
- ENR co nejmensi, prijimac musi byt linearni
- Kvalitni prechodky na vstupu DUT, pokud jsou potreba

- Co nejvetsi sirka pasma (obvykle 3 —4 MHz), kratSi doba nutna pro averaging
- Pro DUT se smésovacem 5
meéreni SSB/DSB: bas
- T,#+ 1, La
T3.5
3
+2.5 E
e
1.5
1
0.5
°0 5 10 15 20 25 30"
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HLAVA

ENR 4 6 dB
T, 290K
To  1450K
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T,=300K
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CANFI

-+ CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode = o]
Meter | Sweep] Info ]
Status | Frequency DUT [MHz] Gain [dB] Noise Figure [dB]

N 00433.500

Smooth Measure Device Device Under Test Measure
4 = Freq [MHz] Freq [MHz]

Mode

P_ENR[dB]: P_ENR[dB]: Stop
FFT-Fifter SPDR Values

Gain: 41.00 dB
’ [ P ON: 4046 dB

P OFF: 34.72 dB
Status: Valid

_l_ b e
Threshold  Width

[Genenc RTL2832U OEM] Measuring at: 433,500 MHz and 41 dB [172ms].
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CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode

Meter | Sweep | Info |

Status | Frequency DUT [MHZz]

M 00433.50

0]2

Gain [dB]

=121x]

Noise Figure [dB]

1.21

CANFI =

Device Under Test Measure
Freq [MHz]: Freq [MHz]:
elting
P_ENR[dB] P_ENR[dB]: Stop
SDR Velues
Gain: 41.00 dB
P_ON: 40.29 dB
LNA + P_OFF: 34.48 dB
T Status: Valid
Theashold Width

[Generic RTL2332U OEM] Measuring at: 433,500 MHz and 41 dB [173ms].

Pfijima¢ SDR

=lo|x|
RTL-SDR Device Temperature Correction Noise Source Calibration
T R820T Ambient Temperature [K] 2905 " Enter Calibration Data Manually
Generic RTL2832U OEM & Take Calibration Data From File Load
Tone Oulput Settings
Output Mode [none =] [D:\OSprofitMyProjects\CANFIv_27\HP346A_OK2AQ
RTL Measure Settings Output Interval [ms] 500= COM Control
Tuner Gain [dB]: I v v Auto Output Duration [ms] 100+ = M |COM‘3 -
NF @ OkHz [dB] 0034 ¢ [oTR | T v
Sample Rate [ 20000004 T -
EALLEE 100= [~ DUT Swich:  |RTS hd [
Si le Count | 3:
ampie Lo 100800 Gain @ OkHz [dB] 004 _ :
s hing Lavat Switchover Delay [ms] 30 5
t | 104
moothing Leve . Gain @10kHz [dB] 200>
RTL Logging Settings FFT Settings

[~ Log Calibration to File Display Spectrum in Realtime

[¥" Log Measurement to File: FFT-Filter:

iNONE ~

2

2 x USB



CANFI - Hardware

+28 V pulse

LNA SPF5043
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J3

V
> O [ 100pF
DCGnd () J4 1 c2
0,1uF | 1
v N §L1100nH
SPF50437
J1 J2
RFIN H 31 a ! — () RFOUT
100pF C3 24 100pF c4

- Agilent  14:10:30 10 Mar 2022 I Frequency
D i?l Do-oe ;5:2 I l‘ - Freq inﬁ
GhD +28Y 2
47 4? ]
I ’ U ILC?]E-IZ4 & ElS Start Freq
K :[> . 50.0006000 MHz
— e -
oHe BZXEI4CSMD - Stop Freq

1.55600000 GHz

T ' R Center Freq
800.000000 MHz

46.08

Ar255M

Freq Span
1.50000000 GHz

leed Freq

GHz

More
10f2"
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Mode: A — LNA; B — konvertor; C— LNA s konvertorem

- CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode = o]
Meter | Sweep] Info ]
Status | Frequency DUT [MHz] Gain [dB] Noise Figure [dB]
e 00433.500 | 21.16
DUT: 0 M
Measure Device Device Under Test SUre
Freq [MHz]: Freq [MHz]: /V_\
I B —
|| P_ENR[dB] ] P_ENR[dB]: Stop \
SDR Values /

Gain: 41.00 di2
P_ON: 4046 dB '

P_OFF: 34.72 dB

I Status: Valid

Threshold  Width

[Genenc RTL2832U OEM] Measuring at: 433,500 MHz and 41 dB [172ms].
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-lolx]
. Settings - D >< Soubor gpv’rt MozZnosti  Kddovani Napovéda 15) %
lf/ CanFi calibration file (c¢) 2020 by O0K2AQ
// Syntax: Frequency[GHz]; ENR[dB]
RTL-SDR Device Temperature Comrection Noise Source Calibration // Example: 10.0; 15.53
: 300 4 () Enter Calibration Data Manually o.01; 5.3
Device R820T  Ambient Temperature [K]: : C / 01,53
Generic RTL2832U OEM v (® Take Calibration Data From File Load 2.9: 5.u8
Tone Output Settings | 4.0; 5.42
Output Mode: NONE v [C:\Users\Mirek \MyPrograms\CANFlv_27\HP346A I| | &.0) 5.u0
- 7.0; 5.1
RTL Output Interval [ms]: 500 5 COM Control ;03025323
11 0: 5:54
Tuner Gan [dB]: 216 Auto Output Duration [ms]: 10012 COM4 v 12.0; 5.49
14.0; 5.52
NF @ OkHz [dB]: 00 DTR v/ v |16 o5
Sample Rate: 000000 -5 | . };g g;g
NF @10kHz [dB]: 10055 [] DUT Switch: RTS Y| [
Sample Count: 1000005 , — [T 2l
Gain @ OkHz [dB]: 005 .
I ola Switchover Delay [ms]:
RS S EI *|  Gain @10kHz [dB}. 400/2
RTL Logging Settings FFT Settings OK
[] Log Calibration to File: Display Spectrum in Realtime:
[] Log Measurement to File: FFT-Fiter: NONE Cancel
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Il Settings — O g Bl CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode - X ‘
Meter  Sweep Info
RTL-SDR Device Temperature Cormrection Noise Source Calibration
Pt R80T  Ambient Temperature [K] 292 O Enter Calibration Data Manually Status Frequency DUT [MHZz] Gain [dB] Noise Figure [dB]
Generic RTL2832U OEM (® Take Calibration Data From File Load ENR: .
Tone Output Settings .
Output Mode NONE v C:\Users'\mirek \MyProjects\CANFlv_27\HP346A_0O DUT-
= £nn e
RTL Measure Settings Output Interval [ms] 5005 COM Control Smcath - Dewvice Device Under Test
G ] A Output Durat ] 1005 oM v -
fures G K6 [ — Pos Cheniu bl : Sl Al oo Freq [MHz]:
NF @ G\HZ [dBI 0.0 : DTR “ D Inv
Sample Rate 2000000} e e Mode '
NF @10kHz [dB] 10015 [] DUT Swich: | RTS )| v - P_ENR[dB]: P_ENR[dB]: Stop
Sample Count 100000 45 -
Gain @ OkHz [dB] 005
Switchover Delay [ms] 303 FFT-Fiter SDR Values
Smoothing Level 65 ) —
Gain @10kHz [dB] 40015 el Gain: 4100 dB
RTL Logging Settings FFT Settings »» z_ng g?g gg
[J Log Calibration to File Display Spectrum in Realtime - ’ .
- etk i Status: Valid
[] Log Measurement to File FFT-Fitter FFTW veshaid  Wids
[Generic RTL2832U OEM] Measuring at: 432,140 MHz and 41 dB [163ms].
B CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode - X ‘ Bl CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode - X ‘

Meter  Sweep Info Meter Sweep Info

Status Frequency DUT [MHZz] Gain [dB] Noise Figure [dB] Status Frequency DUT [MHz]

Ml 00432.140 -

Smooth Measure Device Device Under Test Smooth Measure Device Device Under Test
1 Freq [MHz] Freq [MHz]:

1 Freq [MHz] Freq [MHz]:
Mode r Mode -

FFT-fifter SDR Values
—

Gain [dB] Noise Figure [dB]

FFT-fifter SDR Values

Gain: 4100 dB R oo _ Gain- 4100 dB
» > P_ON: 3643 dB » > P_ON: 3463 dB
P_OFF: 3].?7 dB P_OFF: 3146 dB
Theeshad  Wids Status: Valid — Status: Valid
[Generic RTL2832U OEM] Measuring at: 432,140 MHz and 41 dB [162ms]. [Generic RTL2832U OEM] Measuring at: 432,140 MHz and 41 dB [166ms].
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RTL-SDR Device Temperature Correction

=lalx]

Noise Source Caltbration

~ CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode
Meter | Sweep ] Info I

=lolx]

Device RS20T | | Ambient Temperature [K]: 290 ¢ Enter Calibration Data Manually Status | Frequency DUT [MHZz] Gain [dB] Noise Figure [dB]
- ® Take Calibration Data From File Load i
Tone Output Settings 4 ENR:
Output Mode: [None 7] [D-\0SprofilMyProjects\CANFIv_27\HP346A_OK2AQ o . .
RTL Measure Settings Qutput Interval [ms]: 500 COM Control = = o e Device Under Test Mez
WTIOO sure vice sure
Tuner Gain [dB]: [v Auto Output Duration [ms]: 100 2 Coms | 10 B Freq [MHz]: Freq [MHz]:
B req z]: :
NF @ OkHz [dB]- [ o004 = bR = v
Sample Rate: 2[][]0[][]033 - Mode
NF @10kHz [dB]: 10.0= ™ DUT Switch- RTS - v P_ENR[dB]: ‘ P_ENR[dB]: ‘ Stop
Sample Count: 100000 El: Gai OkHz [dB]. ’—:|
Smoathing Lovel ,—:| ain @ : 0.0% Switchover Delay [ms]: 20 FFT-Fitter SDR Values
T 10 Gain @10kHz [dB]: 2002 Gain 2100 db
_ i _ C ‘ P_ON: 4029 dB
RTL Logging Seliings FFT Settings A N F l _QK ’ [ —
[~ Log Calibration o File: Display Spectrum in Realtime: [v' Ohean (lomrmate (Nrorme (Foure (ndeate B P_OFF: 34.1.1-8 dB
(C)heap (Alutomatic (N)oise (Fligure (Iindicator Cancel Status: Valid
[ Log Measurement to File: FFT-Filter: NONE 4 (c) DFIC, DL8AAU, DL2ALF = Threshold  Width
v [Generic RTL2832U OEM] Measuring at: 433,500 MHz and 41 dB [173ms].
Agilent 14:55:86 7 Mar 2622 Marker
Bl CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode — O ‘ Marker FFEC]UEI'IC‘},‘ 433 5@@@@@@ MHZ
Meter Sweep |nfo ngkEE
Diagram
20 30
. — . State,
5 — — 20
/ ‘\M / Nnrma|
- :I _—ﬂ"-—" \- , 1 :
0 —— -10
-5 -20
400 4101 420.2 4303 4404 50.5 460.6 470.7 480.8 4509
Measure Device Device Under Test Sweep Measure
Start [MHz] 00400.000 Start [MHz): Mode: SINGLE - Calibrated
. 2
Ce3 e 00500.000 Stop [MHz]: NF[dB]: _ Settings Search
C TR 00010.100 Step [MHz] Gain[dB: _ Measue
[Generic RTL2832U OEM] Idling at: 400,000 MHz and 21 dB [41ms].
Markers
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-"'f-;‘?ﬂ TOTAL POWER Freq=146Mhz, gan=8.5dB, MSPS=2.4
RTL-SDR s LNA na vstupu lze vyuzit — e ot
ke véem dal$im aplikacim bez omezeni. | iy | = '
Zajimavé je pouziti s programem el

Modify view ]
Total Power od IONAA 5
pro méreni Sumu Slunce, Mésice a ....

Modify scales 0]
http://iOnaa.altervista.org/index.php/downloads ﬂ

R Ymin -5d8 :45
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Reference _ . L
[1] Agilent Technologies: Noise Figure Measurement Accuracy —

The Y-Factor Method. Application Note: AN 57-2,
https://www.testworld.com/wp-content/uploads/noise-figure-
measurement-accuracy-the-y-factor-method.pdf

[2] Keysight Technologies: Fundamentals of RF and Microwave
Noise Figure Neasurements. AN 5952-8255,
https://www.keysight.com/zz/en/assets/7018-06808/
application-notes/5952-8255.pdf

3] Keysight Technologies: Noise Figure Uncertainty.

4] https://rfmw.em.keysight.com/NFUcalc

5] http://www.canfi.eu/index.html
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