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* |ntroduction: Monte Carlo method
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Monte Carlo Method

Statistics over a large number of random trials:

1. Input values randomly generated (according with the accuracy constraints)
2. Simulated measurement
3. Statistics on results - estimation of the accuracy

Implemented:
— Accuracy of noise sources and cold temperatures
— Reflection coefficients
— Amplifier gain
— Available gain # Transducer gain
— Change in I (case of noise diodes)
— Radiometric noise (finite BW and t)
— Noise parameters (dependence of noise on input Z)
— Receiver gain accuracy (from calibration to measurement)
— Receiver non-linearity

Not implemented (yet):
— Receiver “drift”
— Dependence of non-linearity on signal level
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* Input parameters for Monte Carlo method

— A normal distribution is assumed for each parameter affected by inaccuracy
(NIST Tech. Note 1297) [4]

* Mean (u): nominal value provided by the manufacturer

* Uncertainty (u,): provided by the manufacturer (= k-0)
— Standard deviation (0): is the uncertainty divided by the coverage factor
— Coverage factor (k): provided by the manufacturer or from a guess
— k=3(99.73%), k = 2 (95.45%), k = 1.645 (90%)...

— Reflection coefficients generated as:

* Magnitude: worst case from measurements or data provided by the manufacturer
* Phase: randomly generated with a uniform distribution in (0, 2m)

— In solid state NS the states ON and OFF are not independent

7 F 7 _j¢galdiﬁf
= + e
calpy cal,, cal diff

— DUT S-parameters generated with random phases

— Receiver noise parameters assuming an isolator at the input
— DUT noise parameters can be included

Workshop on Low Noise Figure Measurements 23-24 June 2009
at Cryogenic and Room Temperatures Gothenburg, Sweden .
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This is how a noise source is built

Noise Source

Noise T
b
Diode all
MA— | ]«

4_‘ Attenuator, L

1—1()N 1_‘OF '

rNSON FNSO[«'F
* Large difference in reflection coefficients at diode output 'y =To\ - ot
* Difference in reflection coefficients reduced by twice L, at NS output
o T'\sqi(dB) = I'yi(dB) — 2-L_,;,(dB)
 The diode noise (when ON) is added to the thermal noise of the attenuattor:
— Toog= Tamp (Ot T,)
— Tiot = Tamp + Tor LOENR/10 ; (T, =290 K by definition)
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Example: reflection coefficient of NOISE COM
diode noise source
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NOISE COM NC346KA (0.1-40 GHz)
reflection change
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NOISE COM NC346KA + 10 dB ATT. (0.1-40 GHz)
reflection change

NOISE COM NC346KA (10 dB ATT)
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NOISE COM NC346KA (0.1-40 GHz)
reflection change

NOISE COM NC346KA (NO ATT)
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NOISE COM NC346KA + 10 dB ATT. (0.1-40 GHz)
reflection change

NOISE COM NC346KA (10 dB ATT)
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ALMA 4-12 GHz Amplifier
(used for the examples)
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ALMA 4-12 GHz Amplifier
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ALMA 4-12 GHz Amplifier

YXA 10231 0706)

— [S22] P_<9 mW, T=14 K
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 Example 1: Noise measurement at RT

— Calibration NS with high ENR (N4002A Agilent Tech., ENR = 14dB)

— Measurement NS with high ENR (N4002A Agilent Tech., ENR = 14dB)
— Receiver (N8975A Agilent Tech.) with isolator at input

— DUT: Amplifier from ALMA Band 9 FI (4 — 12 GHz), results at 8 GHz

Measured Gain of Amplifier (dB) Measured Noise of Amplifier (K)

Parameter Value Parameter Value
Mean (u) 33 Mean (u) 54.65
Uncertainty (20) 0.65 Uncertainty (20) @
Measured Amplifier Gain Measured Amplifier Noise Temperature
100 | | | | 100 | | |
" "
8 8
5 S0 = 5 S0 =
I i3
0 ' 0 =
31 32 33 34 35 36 0 50 100
Gain (dB) Tdut (K)
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 Example 2: Noise measurement at RT

— Calibration NS with low ENR (N400OOA Agilent Tech., ENR = 5dB)

— Measurement NS with low ENR (N4000A Agilent Tech., ENR = 5dB)
— Receiver (N8975A Agilent Tech.) with isolator at input

— DUT: Amplifier from ALMA Band 9 FI (4 — 12 GHz), results at 8 GHz

Measured Gain of Amplifier (dB)

Parameter Value
Mean (u) 33
Uncertainty (20) 0.54
Measured Amplifier Gain
100 I I I |
2
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 Comparison of real measurements: Examples 1 and 2
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 Comparison of real measurements: Examples 1 and 2

Calibration and measurement with Calibration and measurement with
N400OA (low ENR NS) N4002A (high ENR NS)
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* Some dependences in T, uncertainty for RT measurements
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 Example 3: Measurement at RT with H&C loads

— Hot and cold loads are independent

I'mhmaxdB

-1 : AToc
Fmhmexi=10 2 ¢mb; := UNIF(0,2-x) Tmony := Cmbhmeze by Tem, := NORM( Toc, )
I'mcmaxdB
—1- dnc:
Mmome=10 qm; := UNIF(0,2w) Fimoff i= Trncmare ) © " Thm, := NORM(TOh, A:Jh )
kToh

— Cold load (model MT7118A Maury Microwave)

* I cnax: SWR=1.10(-26 dB) in the 4 — 12 GHz range
e T,.=85K
AT, =1.2K

— Hot load (model 2695A Maury Microwave)
* I\ hmax i SWR =1.06 (-30 dB) in the 4 — 12 GHz range
¢ T, =297K
« AT, =0.5K

23-24 June 2009
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* Example 3: Measurement at RT with H&C loads

Cold load (model MT7118A Maury Microwave) Hot load (model 2695A Maury Microwave)
P 4;"
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 Example 3: Noise measurement at RT

— Calibration NS with low ENR (N400OOA Agilent Tech., ENR = 5dB)

— Measurement with Hot and Cold loads (Maury Microwave)

— Receiver (N8975A Agilent Tech.) with isolator at input

— DUT: Amplifier from ALMA Band 9 FI (4 — 12 GHz), results at 8 GHz

Measured Gain of Amplifier (dB) Measured Noise of Amplifier (K)

Parameter Value Parameter Value
Mean (u) 33 Mean (u) 55.12
Uncertainty (20) 0.68 Uncertainty (20)
Measured Amplifier Gain Measured Amplifier Noise Temperature
100 I I I I 100 I I I
y y
g g
> S0 — 2. 50 _
= i
0 . 0
31 32 33 34 35 36 0 50 100
Gain (dB) Tdut (K)
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* Example 4: Noise measurement at Cryo (T=12.5K)

,/4;"

 Radionet/

K
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 Example 4: Noise measurement at Cryo (T=12.5K)

— Calibration NS with low ENR (N400OOA Agilent Tech., ENR = 5dB)

— Measurement NS with high ENR (N4002A Agilent Tech., ENR = 14dB)
— Attenuation input pad 15 dB (attenuator + connectors +...)

— Same receiver and DUT as in previous examples, results at 8 GHz

Measured Gain of Amplifier (dB) Measured Noise of Amplifier (K)

Parameter Value Parameter Value
Mean (u) 33.5 Mean (u) 6.05
Uncertainty (20) 0.7 Uncertainty (20)

Measured Amplifier Gain Measured Amplifier Noise Temperature
100 I I I I 100 I I I

A

0 0 =

Frequency
3
[
I
Frequency
3

31 32 33 34 35 36 2 4 6 8 10
Gain (dB) Tdut (K)
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* Some dependences in T, uncertainty for Cold Attenuator

1(!Error in ENR of measurement NS 1Igrror in attenuation of input pad
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* Some dependences in T, uncertainty for Cold Attenuator

ATe (K)
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e Summary of results

Measured Gain of Amplifier (dB)

Room Temperature Tests Cryo Temp

Parameter Example 1 Example 2 Example 3 Example 4

High ENR NS Low ENR NS H&C Loads Cold Atten.
Mean (w) 33 33 33 33.5
Uncertainty (20) 0.65 0.54 0.68 0.7

Measured Noise of Amplifier (K)

Room Temperature Tests Cryo Temp
Parameter Example 1 Example 2 Example 3 Example 4
High ENR NS Low ENR NS H&C Loads Cold Atten.
Mean (u) 54.65 54.2 55.12 6.05
Uncertainty (20) 469 13.95 27561 1.72
_ Workshop on Low Noise Figure Measurements 23-24 June 2009 T
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e Software

— Programs developed in MathCAD and Matlab to perform calculations

— Examples 1, 2 and 3 can be directly run with (for examples 1 and 2, set
parameters Lattn and Alattn to zero, and Tp = Tamb):
* NoiseError_MonteCarlo_ColdAtt.mcd (MathCAD)
* NoiseError.m (Matlab)

— Example 4 can be directly run with:
* NoiseError_MonteCarlo_HCLoads.mcd (MathCAD)
* NoiseError_HCLoads.m (Matlab)

— The four programs are given to be shared with RadioNET community.

Workshop on Low Noise Figure Measurements 23-24 June 2009
at Cryogenic and Room Temperatures Gothenburg, Sweden __Ill__
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e Software

— Input data for the programs

NS N4000A NS N4002A Receiver N8975A Amplifier (DUT)

Parameter  Value Parameter Value Parameter  Value Parameter Value
ENR (dB) 5.2 ENR (dB) 14.1 Trec (K) 1500 -3.5 (RT)
S (el) -3.5 (Cryo)
AENR (dB) 0.14 AENR (dB) 0.13 Tiso (K) 297 53 (RTV)
k_ENR 2 k_ENR 2 [rmax(dB)  -20  S521(dB) 33.5 (Cryo)
I'max (dB) -29 I'max (dB) 24 B (MHz) 4 512 (dB) -50 (RT)
Tdiff (dB) 48 Tdiff (dB) 24 t (sec.) 1 -47 (Cryo)
-14 (RT
Tamb (K) 297 297 (RT)  AGc (dB) 0.17 S22 (dB) (RT)
Tp (K) 12.5 (Cryo) -13 (Cryo)
ATamb (K) 1 . = YO G 1645 - 45.97 (RT)
ATamb (K 1 min
k_Tamb 2 (K) AG (dB) 0.05 3.74 (Cryo)
k_Tamb 2 7.62e-4 (RT)

k_ G 1.645 gn (S)
= 6.74e-5(C
Monte Carlo Lattn (dB) 0 (RT) e-5(Cryo)

Parameter  Value 15 (Cryo) Re(Zopt) (Q) 89.6 (RT)

_ 0 (RT) 77.9 (Cryo)
lterations (n) 1000  Alattn (dB) . (Cryo) Im(Zopt) () 15.7 (RT)

— Explanation of all these parameters can be found in the programs

Workshop on Low Noise Figure Measurements 23-24 June 2009
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e Conclusions

— Practical examples of noise uncertainty calculation with Monte Carlo analysis
have been presented both at room and cryogenic temperatures

— Room temperature measurements
(for high input reflection amplifier)

* Best: - low ENR noise source

* Good: - high ENR noise source + attenuator or isolator

* Not as good: - hot and cold lab standards (uncertainty very dependent on I'max)
* Bad: - high ENR noise source

— Cryogenic temperature measurements
* Cold attenuator method is good for high input reflection amplifiers
* High DUT gain needed to minimize contribution of (high) receiver noise
* ENR and cold temperature critical for accuracy (0.2 dB per Kand 1 K per K respectively)
* Effect of noise parameters contributes ~0.2 K to the total uncertainty 20 (1.72 K)
* DUT’s S11 does affect S21 uncertainty but does not affect Te uncertainty

Workshop on Low Noise Figure Measurements 23-24 June 2009
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