


Connect recelver unit to common port of
front-end switch.

Charge (Liquid Nitrogen) cryogenic
standard & connect to port 2.

System power left on at all times.

Connect DUT and check standard to test
ports; turn on their power supplies; allow to
equilibrate (if necessary).

Program’sinitial screen snows default
values for setup. Change if desired.

1: ambient standard
2. cryogenic standard
5: check standard

6: DUT

Initializes all instrumentation, switches, etc.
Looks up all relevant reflection coefficients
and S-parameters.

Turns IF off, selects channel A or B, sets|F
BW, sets 127 dB variable attenuator to 6
dB, switches 3 dB attenuator out.

Switches on LO; setsto first frequency.




Initial measurements:

Read ambient temp from 3 thermistors
Read atmospheric pressure from lab barometer
System performs 25 measurement cycles

with 3 dB attenuator out of IF path and 25
cycles with attenuator in path.

Each cycle consists of

Power-off reading (no | F power to card)
Power from ambient standard

Power from cryogenic standard

Power from check standard

Power from DUT

Power from ambient standard.

Each reading isdone at all frequencies; i.e.,
the frequency loop Is the innermost |oop.

Timefor onereading is1/6 s.




Noise temperatures computed for each
cycle.

DUT noise temps for 3 dB in and out must
agree within £0.2%.

Compute average and std dev. for DUT &
check standard noise temperatures.

Read to output file.

Change portsfor DUT and check standard
and measure again. Each measured on three
different ports (typically).

Raw file: all power & temperature readings
and computed noise temperatures for a
single “ measurement” (i.e., 50 readings)

Measurement file: summary of results and
uncertainty analysis for one measurement.

Calibration file: combines 3 (typically)
measurement files to obtain final calibration
results for customer, including type-A
uncertainty analysis.




Init_instr: Sets all equipment to known,
default state.

Disable atten: Resets 127-dB variable
attenuator to known state.

Setup_meas. Defines DUT & parameters for
measurement.

Select_devices: Reads files & information
for chosen radiometer, switch head,
adaptors, check standards and DUT.

Mm_and_eta: Computes mismatch factors
and looks up path asymmetries.

Interface: Setsall equipment (synthesizer,
multimeters, switches, attenuators, ...) to
measurement configuration.

Measurement: Measures powers, calculates
noise temperatures, & storesresultsin raw
datafile.




Unc_analysis. Computes measurement
uncertainties.

Save unc file: Saves measurement
Information.

Typea_unc: Computes the Type-A
uncertainties.

Save cal_file: Saves information reported
to customer.

|solation

Stability

Primary standards

Linearity

Spurious signals

Mismatch factors, asymmetry
Repeatability/time dependence
Comparison to results on old system.




Radiometer Stability
3/17-18/99
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Cryogenic standard [18]: same as was used
on old system. Software tested by
comparing computation results to [18] and
to results of an independent program.

Ambient standard: checked that it Is about
296 K ; compared results for standard in

receiver with those for standard in switch
head.

|F amplifiers handle the greatest power,
most likely to saturate.

For agiven setting of the 127 dB variable
attenuator in | F section, measure output
power with the 3 dB attenuator in and then
out, and take ratio of two powers. Repeat
for arange of variable attenuator settings.

Plot ratio as a function of output power; if
|F section linear, the result should be a
constant (equal to the attenuation, . 3 dB).




|F linearity results

Deviation (dB) from a low power mean

1 1
Output power (mW)

M easure noise temperature of noise source.
Reduce LO power to mixer by about 3 dB
and remeasure same Noi se Source.

Two results agreed within 0.06 %.

M easure noise temperature of noise source.
M easure same noise source with
characterized “3 dB” attenuator.

After correcting for attenuator, two results
should agree within uncertainty of
altenuator characterization.




Full system linearity results

——O—— X12ZHZ.411 - no attenuator
—H—— X12ZHz.411 - with attenuator

Noise Temperature (K)

\ ! \
10 11
Frequency (GHz)

Use 8 GHz LPF to remove desired signal
(1.e. noise from noise source); measured
noise temperature should then be ambient
temperature. Harmonics of lower

frequencies will cause departure from
ambient.

8 GHz LPF Radiometer




Results of spurious signal test

Frequency (GHz)

Measured efficiencies two different ways
and compared. (Fig.)

Measured efficiencies 6 months apart and
compared. (Fig.)

Compared efficiencies of different ports
(should be about the same).

Compared " measured for switch +
radiometer to result from cascading S of
switch with * of radiometer.

Computed a few mismatch factors manually
(Mathcad) and compared to program result.




Comparison of efficiency measured with
two different methods

TRL vs. 1—Port Calibration
Switch Head Common to Port 5

——O—— TRL S21.2/(1-511.2)
—FH— 1-port

Linear Magnitude

8.00 12.00
Frequency (GHz)

Comparison of efficiency measurements 6
months apart.

—O—— Port5 - 5/3/99
——4A—— Port5 - 11/19/99

8 12
Frequency (GHz)




“Typical” results

8-12 GHz Radiometer Thru

Port 2 of Switchhead
Measurement: 01/06/00
Measurement: 04/30/99

Reflection Coefficient

\ \
8.00 12.00

Frequency (GHz)

8
8
|

Check Standard 4565
—<>—— NFRad
—&—— Old System

\ \ \ \
9.0 10.0 11.0 12.0
f(GHz)
Uncerts are gpproximate (2 sgma) and do not include contribution of cryogenic standard (common to both).

N
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Check Standard 5411
—<>—— NFRad
—&—— Old System

%

\ ‘ \ ‘ \ ‘ \ ‘ \
8.0 9.0 100 11.0 120
f(GH2)

ncerts are approximate (2 sigma) and do not include contribution of cryogenic standard (common to both).

Type-A (evaluated statistically) & Type-B
(any other way) uncertainties [20,21].
Mostly Type-B; Type-A at end of section.

Notation:
u isused for standard (1F) uncertainty.
U isused for expanded (2F) uncertainty.
O represents fractional standard uncertainty.
) isused for nonstandard uncertainties (e.g.,
worst case).
* |s used to denote arbitrary (small) variationsin a
parameter.




U’ = <**z**> where average is over typical
variations occuring in that parameter in a
(very large) set of independent
measurements.

Radiometer equation
hmos (Y, &1)
TX' Ta%::::: (TS&TJ
M,0, (Y.&1)

Uncertainties in T, arise from uncertainties
In determination of quantities in radiometer
equation and from departures from perfect
Isolation and linearity.

Propagation of uncertainty computed in
usual manner, e.qg.,

MT M:Oq (Y, &1
*TX(CI’y) - X *TS - S S( X ) *TS
MTo M, 0, (Ys&1)

and thus

ur (Cry)

& Ta TS l'ICry
T, '1 Tj] T, & TS‘ Te




Nicefeature: Ts/(T, ! Ty - 04
Equation for O, , approx O¢,, - 0.8 %.

major component is uncertainty in VNA
measurement of the transmission line loss.

SO Ui - 06K; U /T, - 0.22 % for typical
hot source; -20 K for T, = 10 000 K.

U, =01K: &,=0034%.

U/ T, — 0.05 % for typical hot source;
negligible.




w %2 - 2 - w
Mg . (1&* & (1a*" &)  *1&

X X

Mx *1& -S-r‘S*Z (1&*-)(*2) (1&*-r,x*2)

Variation in M/M due to small variation in

cl

M
X
% 2(Xx & Xr,x)(*xx & *Xr,x) % 2(yx % yr,x)(*yx % *yr,x) !

M
*{ S} T & 2(xs& xr,s)(*xs&*xr,s) & 2(ys% yr,s)(*ys% *yr,s)

Correlations very important.

If all *’s perfectly correlated, then

ugym(cor.) = 4u, . *ys% yrys& Y, & yrlx* .

If all *’sare uncorrelated, then

Uy (UNCOT) ™ 29/2 U, [(Xg& X, 9% (Y% Y, )

1
% (XX & Xr’x)z % (yX % yr]x)z] 2 1

where x & y refer to real & imaginary parts,
and we have taken Ug.- = U~ .




We expect correlation, but not perfect
correlation. To be safe, we use the
maximum of u(cor) and u(uncor).

We use Ug.- = U,- = 0.025. (Manufacturer
says 0.0007.)

Our value includes possible changes in
system over time and connector
nonrepeatability.

Typical contribution to standard (1F)
uncertainty in T, is about 0.1% to 0.2%.

u, (0/0) T
Tx . ‘1 & /Uy
Several possible ways to measure
asymmetry. We use Daywitt technique
[23—-25] to measure the two efficiencies &

take ratio.

M ethod and uncertainties discussed under
adapter section below.

Ugo = 0.0034 for 2-12.4 GHz,
0.0042 for 1-2 or 12.4-18 GHz.




Let Y= (Y, 12)/(Ys11)

Modél effective efficiency of thermistor
mount as 0,= O, + kp, then

Y, &1 *p &pg
‘1&Y'(o &kp)2 e

From NIST Power Project,u, < 0.02%/ mW.
Also, 0, - 1, kp, <<1,p, & p,# 2 mW.

Then

Uy (V)

T
# L& =3 x 0.04%
TX

Negligibleunless T, # T,/3.




Check |F linearity in each measurement by
taking 25 readings with 3 dB in path and 25
with it out. Must agree to within 0.2%.

Take that as expanded (k = 2) uncertainty,
S o)

|mperfect isolation: #0.01%, negligible.

Broadband mismatch: due to fact that
measure "’sat “single” frequency, but noise
measurement bandwidth is10 MHz. ®’s
(especially phase) can vary across noise
measurement bandwidth. Systems designed
so that resulting uncertainty is negligible.




Measure each DUT on three different ports,
and have 50 readings on each port.

Notation: let T; be value of asingle reading.
| denotes number of the measurement, 1 to
N, (3). ] denotes number of reading, 1 to
Ni (50). Let T, and F, refer to average &
sample standard deviation of the 50 readings
IN measurement I,

And let T and F refer to theavg & s.d. of the
N,, measurements,

Model T; as T; =J + M, + R, [22]

Then J isthe “true’” value of thevariable T,




Variances of the random variables,

R

Thenu, issgrt of variance in T,

VR

N

\'
M
u, . 1—"%

ATAIN, N

M M

U " [u7.(Cry)%uy (@mb)%ur (Y)%uy (M/M)%uy (0/0)

1
%u/(isol) % u? (BBMM)%u?(lin)] 2

Expanded combined uncertainty:
Uy " 2yfulsug

Typicaly, U . 1%.




’ x%a ’ "21TX% (1 ! "21)Ta

v Te P @AYT)T,

"
21

Firstuse®',, =0,

Daywitt showed 0., . 0., [1+ 2Re(P"¢) ],
where P and * ; are both small, so 0,, - 0,

To measure 0,,, , put reflective termination
on port 1 and measure *,. Daywitt showed
that *",* . 0, *"* 1 *P* cosN, where ", IS
reflection coefficient of termination (. 1),
and N variesrapidly (relativeto 0,,, ) with
frequency.




SO measure * " ,*, smooth to get 0,,, * " ,/*,
divide by ** * to correct for loss in
termination.

Size of ripples determines*P *, which is
used in uncertainty analysis.

Use two different reflective terminations,
(short & offset short) differing in phase by
B, to improve smoothing.

Example:

B

o

E
|

2.4 mm/GPC-7

Offset Open
Offset Short
Average

Efficiency

0.96
[ N N R

T T T
0 1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18
f(GH2)

Figure 2. Efficiency (solid line) as determined in the reflective termination technique.




Uncertainty in** [19]:
Determination of 0,,, from graph
VNA uncertainty in measuring ",
Op - O
Connector repeatability
Combined, typically u. . 0.003 to 0.005

Contribution to Uy, :

K

1.!1) *T,%(T, 1T

u?
% (T, ¥ T,)? —

ux%a
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