Small Noise Figures Measurement
and CANFI

ORI =4 Mirek Kasal, OK2AQ

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

| 00433.500

Device Under Test
Freq [MHz]: |7Freq [MHz]: { Calibrate ‘

Settings

P_ENR[dB]: P_ENRI[dB]:
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Mereni malych sumovych cisel a levny
automaticky indikator sumového cisla

" Mirek Kasal, OK2AQ,

.7.0.0 - M
Meter |Sweep| Info |

Status || Frequency DUT [MHZz] Gain [dB] Noise Figure [dB]
sl 00433.500 | 21.16 | 0.28
put: | & & o A
— Smooth——— — M = (T=rren Device Under Test M =3
Freq [MHz]: Freq [MHz]: Calibrate
- Settings
P_ENRI[dB]: P_ENR[dB]: Stop
 SDR Vel
Gain: 4100 dB [ e e
P ON: 4046 dB [
P _OFF: 3472 dB
Status:
3,500 MHz and 41 dB [172ms]. s S
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Sumovy &initel F a $umové &islo F[dB]
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Ekvivalentni Sumova teplota T,

R, Tot+Te LNA
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Kaskadni razeni vykonové prizptusobenych dvojbrant
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Kalibrace a meéreni Ssumového Cisla

Mereni 5 Kalibrace F,

- . Meric
Zdroj sumu Mereny Sumového
TSN/ T(S)FF dvojbran
B, (1), A
TS TS
ENR = ONT OFF [K] Ty =290K
0

TAv —TA
ENR -Excess Noise Ratio ENR|dB] = 10_10g[ Ol OFF]
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Zdroj Sumu
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Meéreni F
Mé&Feni £,

Zdroj Sumu

Kalibrace F,

Mereny
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A;|dB] = 10.log A4,
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Chyby mereni
- Impedancni neprizpusobeni
- ENR co nejmensi, prijimac musi byt linearni
- Kvalitni prechodky na vstupu DUT, pokud jsou potreba

- Co nejvétsi sirka pasma (obvykle 3 — 4 MHz), kratsi doba nutna pro averaging
- Pro DUT se smesovacem =
meéreni SSB/DSB: bas
- 7:4 =+ 76 T4
T3.5
3
+2.5 E
e
1.5
1
0.5
3 5 10 15 20 25 300
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— T, #290K
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HLAVA

ENR 4 6 dB
T, 290K
To 1450 K
Tor® 290K

T,=T,=290K

T, = 300K
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CANFI

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

Status

ENR:

DUT:

Smooith

_ -
Threshold  Width

Frequency DUT [MHZz]

Measure Device

Freq [MHz]:

P_ENR[dB]:

SDR Values

Gain: 41.00 dB
P_ON: 4046 dB

P OFF: 34.72 dB
Status: Valid

Gain [dB]

00433.500 | 21.16

Pevice Under Tesf

Fregq [MHz]:

P_ENR[dB]:

.l .3

Noise Figure [dB]

0.28

Measure

Stop

[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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100pF C3 ’ 100pF c4

i Agilent  14:10:30 10 Mar 2022 I Frequency

Freq Mode,
Sweep

StartFreq
50.0000000 MHz

Stop Freq
1.55000000 GHz

Center Freq
800.000000 MHz

-1.6080

48.84

Freq Span
1.50000000 GHz

req
GHZ]

fixed F

More'
1of2




Mode: A — LNA; B — konvertor; C — LNA s konvertorem

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

i 00433.500

Measure Device Device Under Test sure
Freq [MHz]: Freq [MHZz]: V\
/
/ %

|| | P_ENR[B] | / P_ENR[dB]: Stop >

Gain: 41.00 d2
P ON: 40.46 dB '

P_OFF: 34.72 dB

o Status: Valid

Threshold  Width

[Genenc RTL2832U OEM] Measuring at: 433,500 MHz and 41 dB [172ms].

30th EME a MW seminar, Medlov 2022




Bl Settings

RTL-SDR Device

Device
Generic RTL2832U) OEM

TunerGan [dB]: 216

Sample Rate:
Sample Count:
Smoothing Level:

RTL Logging Settings
[ ] Log Calibration to File:

[] Log Measurement to File:

R820T

V] Auto

000000 -5
10000012

613

Temperature Comrection

Ambient Temperature [K]: 30015

Tone Output Settings
Output Mode: NONE v
Output Interval [ms]: 500 5
Output Duration [ms]: 10015
NF @ OkHz [dB]: 0015
NF @10kHz [dB]: 10015
Gain @ OkHz [dB]: 0045
Gain @10kHz [dB]: 4005

FFT Settings

ealtime:

NONE

Display Spectrum in
FFT-Fiter:

- O] X
Noise Source Calibration
(O Enter Calibration Data Manually
(® Take Calibration Data From File Load

|C:\Users'\Mirek \MyPrograms\CANFlv_27\HP346A |

COM Control
COM4 v
DTR v/ []nv
[] DUT Switch: |RTS v [

Switchover Delay [ms]:

<1

¥/ CanFi calibration file (c¢) 2020 by OK2AQ
/7 Syntax: Frequency[GHz]; ENR[dB]
// Example: 10.0; 15.53

pury
a
=
W

5.35
5.28
5.48
5.4
5.42
5.39
5.40
5.41
5.49
5.51
5.53
5.54
5.49
5.508
5.52
5.63
5.75
5.78
5.58

- cNcNoNoNoNoRoNol ol

—‘—‘—‘—‘—‘—'—‘—‘—‘WOOﬁIO"m-I‘-'wN—‘GE)\
o000 -

W= NEWN—=O:

1
L

B vister - [g:\CANFIV_27\HP346A_OK: - =x]
Soubor Upravit MoZnosti  Kodovani Napovéda 100 %
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Bl Settings — O R Bl CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode = X ‘
Meter Sweep Info
RTL-SDR Device Temperature Correction Noise Source Calibration
Device RE20T  Ambient Temperature [K] 29/ O Enter Calibration Data Manualy Status Frequency DUT [MHz] 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_O DUT:
RTL Measure Settings Output Interval [ms] 5005 COM Control Smcoth " e s Tk Tad
Tuner Gain [dB] Auto Output Duration [ms] 10012 COM3 l Freq [MHz] ‘ Freq [MHz] ‘
NF @ OkHz [dB] 00/ DTR B
Sample Rate 2000000/ - , — St [ ' ‘
NF @10kHz [dB] 10015 [] DUT Swich:  |RTS ol O - P_ENRI[dB]: ‘ P_ENRI[dB]: ‘ Stop
Sample Count 100000 = N
Gain @ OkHz [dB] 005 —
Switchover Delay [ms] 30 FFT-Filter SDR Values
Smoothing Level 615 e
Gain @10kHz [dB]: 40045 — Gain: 41.00 dB
P_ON: 3664 dB
RTL Logging Settings FFT Settings oK » » = iy
[] Log Calibration to File: Display Spectrum in Reattime P_OFF' e ':,,’5 a8
T FFTW Cancel Threshoid | Wi Status: Valid
[] Log Measurement to File FFT-Fitter v
[Generic RTL2832U OEM] Measuring at: 432,140 MHz and 41 dB [163ms]
I 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] Gain [dB] Noise Figure [dB]
enr: [l enr: i
T
DUT: - DUT:
Smooth Measure Device Device Under Test Measure Device Device Under Test
1 Freq [MHz] ‘ Freq [MHz]: ‘ Freq [MHz] ‘ Freq [MHz]: ‘
B FoRaE| P_ENR(dB] | s | P_ENR[dB] | P_ENR(dB] |
FFT-Filter SDR Values SDR Valves
Gain:  41.00 Gain:  41.00
» > P_ON: 3643 P_ON:- 3463
P_OFF: 31.27 P_OFF: 31.46
Threshokd | Widh Status: Valid e Status: Valid
[Gencric RTL2832U) OEM] Moasuing at: 432.140 Mtz and 41 dB [162ms] (Generic RTL2832U OEM)] Measuring at: 432,140 MHz and 41 dB [166ms]




RTL-SDR Device Temperature Correction

Device R&20T
Generic RTL2832U OEM =

Tone Output Settings

Ambient Temperature [K]: 290 Eli

=lolx]

Noise Source Calibration
(" Enter Calibration Data Manually

(® Take Calibration Data From File Load

Output Mode:

RTL Messure Settings Output Interval [ms]:

Tuner Gain [dB]: [v" Auto

ZDDDDDDEl:
1000003:
‘IUEl:

Qutput Duration [ms]:

NF @ OkHz [dB]-

Sample Rate:
NF @ 10kHz [dB]:

Sample Count: )
Gain @ OkHz [dB]:

Smoothing Level:

Gain @10kHz [dB]: 400
RTL Logging Seftings FFT Seftings - C‘A N F /
. e Display Specti Realtime: v
[ Log Calibration to File: isplay wpectium in Reaitime (C)heap (Ajulomatic (N)aise (Fligure ()ndicator ——
[ Log Measurement to File: FFT-Filter: NONE jv (c) DF9IC, DL8AAU, DL2ALF —

[nonE x|

0.0 2

|D:\OSprcmI\Mme]ects\CANFlv_Z THP346A_0K2AQ.

500 COM Control
100 2

COM9 b
DTR hd [ Inv
RTS hd [ Inv

=

10.0% [~ DUT Switch:

Switchover Delay [ms]:

++ CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode

Meter | Sweep] Info I

S (=lp3

Noise Figure [dB]

0.61

Status || Frequency DUT [MHZz] Gain [dB]
. 00433.500
DUT: u
Smooth Measure Device Device Under Test Measure
10 = Freq [MHz]: ‘ Freq [MHz]: ‘
Mode
P_ENR[dB]: ‘ P_ENR[dB]: ‘ Stop
FFT-Fifter SDR Values
Gain:  41.00 dB
’ [ P ON: 4029 dB
P_OFF: 3448 dB

Valid

Status:

Threshold  Width

[Generic RTL2832U OEM] Measuring at: 433,500 MHz and 41 dB [173ms].

Agilent 14:55:86 7 Mar 2822

A
Bl CANFI v2.7.0.0 - Measuring of Amplifiers in Direct Mode = O
Meter Sweep Info
Diagram
20 30
15 M- MmN
) /__f ‘N\ / -
P — 7 10
0 — 10
-5 -20
400 4101 4202 430.3 4404 4505 460.6 470.7 480.8 4909
Measure Device Device Under Test Sweep Measure
CSIa 00400000 Start [MHz] Mode: SINGLE = Calibrated
Eeauirae 00500000 Stop [MHz]: NF[dB] _ Settings
CrIUtEa 00010.100 Step [MHz]: Gain[dB] _ .
[Generic RTL2832U OEM] Idling at: 400.000 MHz and 21 dB [41ms].

;| Marker Frequenc:yr 433.5000000 MHz
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—
| # Total Power plot ==

Stop TOTAL POWER Freq=146Mhz, gan=8.5dB, M5PS5=2.4
RTL-SDR s LNA na vstupu lze vyuzit L WD e
ke vSéem dal$im aplikacim bez omezeni. iy =
Zajimavé je pouziti s programem B e | W\

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

Maodify scales Eﬂg L o
http://iOnaa.altervista.org/index.php/downloads ’ﬂg
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Reference _ _ -
[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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