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Motivation

Microwave imagers and sounders often use
blackbody targets as Tg reference

Climate change studies rely on the (absolute)
accuracy of the Ty reference

Reflectivity links to emissivity that quantifies
how close the target is to an ideal blackbody.

Calibrated (Sl-traceable) T standards under
development at NIST



The Non-Ideal Target Problem™* NS=r

 Calibration targets close to the sensing antenna:
— linear radiometers need > two standards for calibration.
— satellites: cold sky, if possible (far-field)
— otherwise: hot & cold targets (near-field)
— Scene is always far-field

 Near-field targets introduce two general types of error in a total-
power radiometer:
— Antenna+target affects antenna pattern, directivity (ignore)

— Al at antenna output due to non-ideal target (this work):
« Difference in M (mismatch factor) for target, scene
 Difference insystemFand G,, *“ “

* ul” ~0.1-5.2K for actual cal. targets measured

*"Errors Resulting From the Reflectivity of Calibration Targets” J. Randa, D.K. Walker,
A.E. Cox, and R.L. Billinger, IEEE Trans. Geosci. Remote Sens., vol. 43, no. 1, pp. 50 - 58, (2005).



http://www.eeel.nist.gov/noise_publications/05_Targ_Refl_TGRS.pdf
http://www.eeel.nist.gov/noise_publications/05_Targ_Refl_TGRS.pdf
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Theoretical Background I

« Measure empty chamber, offset short (a flat metal plate), and target
In far-field

* In addition, a loss factor v 1s included to account for the change of
the radiation that intercepts the target.
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» Uncertainty analysis
8
AT, 8 |I‘o\
u|Po| — Z 837 pmnummuxn
7, n=1 L Tn
. = Real or Imginary of e;, e,, e;, or I',...., p IS the correlation factor.
ERROR TERMS AND MEASURED REFLECTION AT 18 GHZ
ey e eaa Iineas
Value 0.0420 — 40.0153 —0.0167 + 40.0674 0.0014 — 50.0235 | 0.0418 — 70.0150°

Type-A uncertainty | 1.4-107* +41.4-10~% | 1.5.-107% +52.7-10~% | 0.0020 4 0.0019 0°
Type-B uncertainty 0.0001 + 40.0001 0.0001 + #0.0001 0.0001 4 40.0001 | 0.0001 + 70.0001




Measurement Setup  ~==S

* NIST anechoic chamber (usable 400 MHz — 40 GHz)
« K-band pyramidal horn and conical horn

* Rexolite (x-linked polystyrene) verification sample
« 13-inch target from GSFC (P. Racette)
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Calibration verification

» Cross-linked polystyrene (Rexolite) slab
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Target Results |

* Ripple method approximation: |e,I" |=(|]T

|rme_as|mir])/21
* e, disguises the true value of I',.
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Results |1

* The loss factor Is important to correct the reduced intercept
ratio of the radiation pattern as the object moves along the
longitudinal direction.

Corrected reflection magnitude of the metal plate
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 Reflectivity lower than 40 dB in K-band (18-26 GHz), inline
with the specification of the target.

* Negligible difference between hot and ambient conditions.
« Validated by different hardware and measurement conditions

0.030 ®m  Pyramid horn 225-235 cm =35
i ©  Conical horn 225-235 ¢cm
0.025 - Pyramid horn 0-10 ¢cm ~—40!
[ an
0.020 | B,
' o —457
__ 0015} ,g
e
o ) LT o . T 8 =50+
0010+ | T7 q Q =
L ) | C G Qqé
¥ | _55_
0.005 | (h"]I‘(-‘!_ (L(L 14 c‘[[_
0.000 LN NNNNNTNNNFNTNTELNLLL —60 ‘ ‘ ‘ ‘ ‘
18 20 2 24 26 18 20 22 24 26

Frequency (GHz)

Frequency (GHz)



NEL
Results IV

* Uncorrelated uncertainty is higher than correlated
uncertainty.

 The uncertainty contributed from I’ ... dominates
due to large derivative factor O|I',|/OI eqe
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Discussion

Conservative uncertainty estimate due to
limited knowledge of VNA measurements on
such low-reflectivity components.

Environment drift somewhat degrades the
repeatability.
Mechanical alignment is crucial.

De-embedding method extendable to other
frequency bands.
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Conclusion

A free-space calibration technique is
established to characterize blackbody targets.

« Simple target ripple method is not accurate.

* The loss factor accounting for the radiation
pattern variation is critical to accuracy.

« Calibration verified by various methods.

» The target under investigation shows close-to-
perfect blackbody properties in this f range.

* T-GRSS publication out soon.



