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Holographic Testing of Terahertz Antennas

Gary Junkin, Tao Huang, and John C. Bennett

Abstract—in the light of future applications involving Terahertz  channel not only requires a very stable source, but also an im-
antenna measurements, this paper revisits Gabor holography as a provement in mechanical and temperature stability by a factor
direct method for recovering phase, offering some interesting ad- 4 100 compared to current practice at microwave frequencies.

vantages for near-field measurements. In particular, we examine M t heric effect | iqnifi t at th f
the theory and parameterization of planar near-field Gabor holog- oreover, almospnheric efiects are also significant at these fire-

raphy and comment on the requirements for scanner precision at duencies [6] and signal-path fluctuations suggest that a special
Terahertz frequencies. anechoic environment may be needed. There is also the mechan-

Index Terms—Antenna measurements, antenna radiation pat- ical tolerance onthe scanning surface, again a factor of 100 more
tern, Gabor holography, holographic interferometry, Terahertz, stringentthan at microwave frequencies. Aside from these, large
Terahertz radiation. Terahertz antennas present a further difficulty common to all
near-field methods—that of rapid acquisition of huge quantities
of phase and amplitude data. Because a typical near-field signal
budget requires sensitivity down t0120 dBm, receiver band-
H OLOGRAPHY was invented in 1947 by Gabor [1] whileyidth is limited to about 10 kHz and, hence, signals are down-

working to improve the resolution of an electron microgonverted using the superheterodyne principle. An interesting
scope. The holographic technique using an off-axis referenggservation is that conventional vector receivers will suffer sig-
beam for separation of the real and conjugate image was de¥gficantly from Doppler frequency shift effects when scanning
oped by Leith and Upatnieks as an extension to the Gabor te¢Rrahertz antennas at speeds of 0.033 m/s (2 min 60 s). In prin-
nique (and is often referred to as Leith-Upatnieks holography)p|e, it may be possible to record intensity data faster than am-
A brief history of the development of these techniques is giVe”B]itude and phase data, particularly if digital sampling of the
Goodman [2]. In 1968, in the Soviet Union [3] probably the firsfing)| intermediate frequency is carried out at a relative high rate.

microwave hologram of a reflector antenna was performed andryqye are two candidate methods that utilize intensity mea-

then later, independently in 1974 in the U.K. by Bennett [4] ang, - ments and thus avoid most of the problems associated with
Anderson [5], initially using cohe.rent optical techniques t0 rero measurement of phase in the near-field. Gabor holography
cover the antenna aperture function. Although the advent of the., s the interference intensity pattern formed between the
fast Fourier transform (FFT) algorithm and digital computerg,a\na under test (AUT) and a transmitted reference wave. Al-

consequently led to much better quality reconstructions, Gal@, aively, the more recent technique of phase retrieval utilizes
holographic antenna measurements were to be superseded beLﬁjrln

. _ nerical algorithms to iteratively recover phase information
rect measurement of phase using two-channel locked receivers, .o planes of scanned intensity data. Although phase-re-

and consequently ceased to be of any real practical S'gn'f'canﬁﬁéval algorithms have been devised to operate effectively under
Thel termmcrowavehholographyas, Il'n the context of antennass,me circumstances [7], the accuracy of the final solution is al-
evolved to mean phase and amplitude measurements; With & s \;nknown since the near-field error metrics available from

cable reference in the case of near-field measurements or Wiy, fit 1 intensity data are not directly related to the accuracy
a free-space wave reference and separate reference antema

. INTRODUCTION

ferent since only intensity measurements are made,

that in both cases all the information is recorded justifies ”ﬂfOlDQ/)\ there is insufficient phase-retrieval convergence for
continued use of the term holography. In this paper, we diStiQécurate far-field prediction [8].

guish betweephase and amplitudmeasurements involving a One of the earlier obstacles with Gabor holography was the

two channel receiver ar@abor holographynvolving intensity limited dynamic range due to quantization errors that occurred

measurements only. ith earlier methods of digitization using power detectors
There are several difficulties with established near-field tecﬁ'— ) 9P ’

. : sing modern heterodyne instrumentation with digital sam-
nigues when contemplating Terahertz measurements. The fir . . . : .
. : ing, it is now possible to achieve both high dynamic range
arises from the huge number of wavelengths in the path between ”; . s .
and high sensitivity. Volume of data and, hence, scan-time

transmitter and receiver, an order of two greater than in typ- . . . )
9 YR clearly still an issue in near-field Terahertz measurements

ical microwave measurements. Maintaining a stable reference ; . . ; .
and in particular with holograms. Some recent and interesting

_ _ _ work using infrared cameras as two-dimensional (2-D) in-
Manuscript received January 22, 1999; revised November 29, 1999. tensity detectors and high power transmitters [9] potentially
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University of Sheffield, Sheffield S1 3JD U.K. solves the scan-time dilemma but has poor dynamic range
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Fig. 1. Schematic diagram of hologram geometry.

As we demonstrate later in this paper, optimum holograrecorded at the scan plane either directly using a square law de-
performance is achieved by linear recording of field magnitudigctor (not preferred) or indirectly by recording field magnitude
not intensity. Given the previous sensitivity requirements iand squaring numerically

nearl—ﬂeld measurements, scanning tr—;chmques w.|th standagq(T) = |S(r) + R(r)|? 1)
receivers are certain to be extremely time consuming at Tera-

hertz frequencies. However, it is very unlikely that conventional

coverage of the entire far field will be required or even possible H(r) = S(r)S*(r)+R(r)R* (r)+S(r)R* (r)+ R(r)S™ (r).

First, large Terahertz antennas will have extremely directive )

atterns and any significant extraneous sidelobe structure, . .
P y s\ L}Avo methods have been used to recover the phase information

coded in the hologram of (2). Historically, the traditiotweahl

}I?g ogrammethod [10], involves spatial filtering of a complete

single hologram of the form in (2), separating undesirable terms,

{ﬁ)llowed by removal of the complex reference field. An im-
ré)ved method [11] utilizetwo modified holograms, where the

such as spillover from subreflectors, is also likely to be ver
directive. Second, the mechanical tolerance requirement o
planar near-field scanner for close-in measurements (less t
an antenna radius) is extremely high (better tban00) for

even modest far-field dynamic range (60 dB) predictions. Wi

antenna gains of 80 dB, much of the far-out antenna sidel .
irst two terms of (2) are removed numerically and the second

stucture will be obscured by random variations. | ires the ref h b dified by a fixed
In this paper, we determine the relationships governing trl;%‘g ogram requires the reterence phase to be moditied by a fixe

cation ink -space of near-field Gabor holograms and, hence, lown phase angle. Patterns of the AUT magnitude as well as

rive the requirements for planar sampling. A numerical simul e reference magnitude and phase are t_hergfore required. In the
tion model is developed and used to investigate the performa atter reconstruction method, no spatial filtering takes place and

of Gabor near-field holography in terms of scanner prec:isio?lc,msequently there is practicqlly no Iimitation in operating fre—
receiver drift and noise floor. Final simulations are present ency and there are no special requirements on the position of

to demonstrate the feasibility of the method for large Terahe £ referencg antenna or on the scan distance. In th? former case,
system is less complex and less data are required, but spe-

antennas using a spherical reference wave and moving furth . , )
back from the antenna (five to ten diameters) to limit predi¢:@ aitention must be applied to sampling and reference horn

: . ; ition.
tion angle coverage, relax sampling interval requirements, a qs _ . -
reduce sensitivity ta—y positional errors. n this paper, both the reference and AUT field intensities are

removed, creating a single modified holografy, (r)
H,(r)=H(r) — S(r)S*(r) — R(r)R*(r). 3)

It is anticipated that such a scheme would work well provided
receiver drift for all three measurements (AUT, reference, and

The basis of holography is to create an interference pattdlylogram) were controlied, i.e., these three measurements
between the AUT and a secondary small reference antenna. $Aguld occur simultaneously in a specially designed hologram
secondary antenna beam must be well defined so that it carf B&eiver switching subsystenti,,, (r) is subsequently Fourier
removed numerically in the subsequent reconstruction procd&@nsformed td(-space to separate out cross-correlation terms,
The intensity of the resultant interference pattéfir), cre- 'esultingin
ated by the reference wavg(r) and the AUT beant(r), is H,(k)=5Sk)® R (-k)+ R(k) ® S*(—k). 4

Il. PLANAR NEAR-FIELD HOLOGRAM THEORY
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10 the conjugate of the reference wave transform amplitdge
and shifted ink -space to-k,.. The conjugatémageterm

I (k) = R(k) © S*(—k) = ArS™ (k — k;) @)

is again a weighted replica of the AUT plane wave conjugate
spectrum, reflected and shifted la-space tot+-k,..

\ B. Case II: Spherical Wave Reference
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E A spherical off-axis wave from a source(atz, yr, ) gives
2 rise to a cross-correlation integral that truncates as shown in the
g Appendix(yr = 0) when
;:5 0.01 i L
Z— —XRr|>p. (8)
ko

This leads to a maximum-directed spatial frequency compo-
nent of
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~— Complete Hologram (scale times 5)
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Fig. 2. Modified and unmodified holograms simulated for a 1-m aperture at-IZ—Lhe imageterm (shown later in Flg..3) result.s from a spat!ally
THz. The scanner is ideal, SNR is 73 dB, data recording 16 bit linear, and dft€nded but truncated, aperture-like function of approximate

is set to 0.1%. width 26., which is approximately centered i -space ab;,
wheref., 6,;, are defined in Fig. 1.

The method relies on being able to spatially separate one of hél’he spherical refgrence wave 1 fundament.ally :_aldv:_;mtageous
r three reasons. First, the scan-plane edge illumination can be

terms in (4). A choice of reference wave is therefore necess %/

and we now consider the following two cases; plane wave afi dmlr ollaled aSnd so(;:otrr:es_pondlrlgly Iower'ls the rer:eren::he c;n—axsf
spherical wave reference. sidelobes. Second, the image terms no longer have the form o

the AUT plane-wave spectrum, so dynamic rang&kspace is
substantially reduced. Third, the image term is band-limited in
K -space, resulting in the sampling interval requirements given

A simple interpretation of (3) arises if(r) is an ideal plane in (9) and (10) as opposed to normal sampling requirements
wave of the form [12].

A. Case |: Plane Wave Reference

R(r) = Ag exp(jk. - 1) rect<$iw> rect<uiw> (5) lll. DATA REGISTRATION (GRID) ERRORANALYSIS
) ) o o Because planar near-field analysis relies heavily on the con-

wherek,. is a propagation vector describing the direction of thgs| tion theorem in rectangular coordinates, there is an implicit
reference plane wave angy, yy are the scan dimensions.  assumption that the surface over which the data are recorded
The cross-correlation between AUT and reference wav@sperfectly flat. Furthermore, as the FFT is used to evaluate the
S5(k) @ R*(—k), commonly referred to as the image term andpectra, there is also an implicit assumption that the data are reg-

denoted here a; (k), is particularly straightforward for the jsiered on a perfectly sampled rectangular grid. A comprehen-

plane wave case sive treatment planar near-field error analysis is given in [13].
(k) =S (ﬁ)oo@ RY(—K) ?Oer:tee)\gz fb(r;(:‘llj); ?gglrs;sa;mi .issue of registration errors in the
_ / S(K) A% sindww (K, — K + kuw)] The modified hologram recorded on a nonperfect grid de-
oo scribed byr'is
-sindyw (ky, — ky + k)] dK/
I YW 4% Sk + k). 6) Hp(r') = S(r) R (') + R(r')S™(r') (11)

In the limit, as the scan window tends to infinity, tineageterm wherer’ = r + Ar andAr = (Az, Ay, Az) describes the
I (k) is areplica of the AUT plane wave spectrum weighted bset of registration errors associated with the probe position. We
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: function and ignoring second-order products in the compo-
Bembp nents of Ar = (Az, Ay, Az), then

. ~ ~ L") = S(VR () + S(r) 2[R ()] Aa

/o \ /N o 0
[N/ +5°0) L (R
7]

/ \ / \ ~=S(r)R*(r)+2AzRe [5(7’) 92 [R* (7)]} . (14)
l :

y

\

} The effect of errors are obtained iK-space by Fourier
transforming the above, leading to

e
—~
!

Hologram magnitude

LK) ~ Lo (k) + (k) © [jks B (~R)| Az + §7(<F)
® [jk.R(k)]Az. (15)

The effect of grid errors is to create additional contributions
that emerge from convolutions involving:. R(k). For errors
in 4 and z, there will be similar convolution terms involving
JjkyR(k) and jk. R(k), respectively. Hence, the choice of
reference wave influences the effect of scanner registration
1107 15 0 3 0 5 o 15 errors. Sincek, is approximately constant for small angles
Angle (degrees) and tends to zero fok? + k7 = kZ, we expect errors in
to have a quite different effect on th&-space cross-cor-
_Fig. 3. Fourier_transf(_)rm ofth_e modi_ﬁed hologram shown in Fig. 2, ShOWi”@ation functions than errors im or y. This is indeed the
image and conjugate image with residual background level at 0.1% of peal . . Lo
image value. case. The hologram cross-correlation functions, while insen-
sitive to z-errors, tend to spread out in the presence of scan
registration errors inc or y, particularly if these errors are
random in nature. Furthermore, as expected, increasing the
now investigate the effect of registration errors on the cross-coeference off-axis angle results in increased sensitivity to
relation functions. The following mathematical outline is usefidcan axis registration errors. For this reason we choose to
also in programming a full simulation model for 2-D data sefslace the reference horn as close as possible to the antenna,
since it relates perfect-grid data to nonperfect-grid data througleally near the rim of the reflector. Numerical simulations
the use of the Fourier transform. are presented in Section VI to illustrate data registration er-
For any complex distributiord(r), the truncated Taylor rors and a comparison is made with complex (phase and
series expansion leads to the following approximation famplitude) measurements.

0.01

Alr + Ar)
IV. QUANTIZATION ERRORS
A(r+ Ar) zA(r)Jrai[A(r)]Aa:Jrag[A(r)]Ay Early attempts at recording holograms were based on
x Y square law detectors that not only have poor sensitivity but
+ 9 [A(r)]Az. (12) also suffer greater quantization errors from the fact that
0z they measure power. At Terahertz frequencies the current

technologies for power and field strength measurements
The partial derivative of the complex field distribution isare discussed in [6]. The disadvantage for weak signals
conveniently determined through use of the Fourier trangf directly digitizing the power distribution lies with the
form. The complex field gradients are given by poor use of available quantization levels. Consider a field
distribution £, which has been amplified to have a peak
magnitude of unity. A quantization error ofn in the
measurement of £| manifests itself as an absolute error
in the computed value ofE|? of 26n|E|, whereas the
same quantization error in the direct measurement&ijf
where k. = \/k3 — k2 — kj and A(k) = S[A(r)] denotes manifests itself as an absolute error |ii}|> of 6n. When
the Fourier transform. Turning our attention to intensity fund£| < 0.5, it is therefore advantageous to digitiz&| first
tions, we can now develop the distortéfispace image term and subsequently square numerically. The valuesdof
due to registration errors. First considedirected errors and depend upon the number of bits available and whether
then general expressions. By expanding terms in the intendityear or logarithmic recording is used. Simulations with a

a% [A(F)] = STk, Ak)]  p— v, 2 (13)
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errors to levels better than-100 dB with respect to
mainbeam. In our simulation, the sampling operatio(}’)
operating on voltagd” (in the range 0-1) is modeled as

b
D(V):INT(2 V + RAN) (16)
2b
where
b number of bits in the analog to digital converter;

RAN random number between zero and one;
INT() takes the integer part of a real number.

V. K-SPACE FILTERED HOLOGRAPHIC RECONSTRUCTION
PrROCESs

The K-space modified hologram reconstruction process
relies upon the spatial separation of the two image terms
of H,,(k) in K-space. The interference pattefd,,(r) is
Fourier transformed andl,,,(k) is subsequently spatially fil-
tered to extract eithef, (k) or I% (k). Further inverse trans-
formation yieldsS(r)-R*(r) or R(r)-S*(r) so precise knowl-
edge ofR(r) is required to accurately determisér). While
we can easily measure the magnitude of the reference wave
|R(r)|, the reference wave phaseg(R(r) (requires greater
attention. In this paper, we propose thafg(R(r)) is cal-
culated based on the premise that the reference source is
a well defined antenna of 20-30 dB gain that produces a
spherical wavefront or one that can be specified. We believe
this is an engineeringly feasible solution, although it may
place additional demand on the performance of scan axis ac-
curacy, as discussed later in this paper. In common with the
idea of the quiet zone quality of a CATR, verification of the
quality of the reference wavefront is necessary in order ulti-
mately to determine prediction accuracy. It may be possible
to experimentally validate the reference wave by analyzing a
hologram created with a small antenna identical to the ref-
erence horn, using the hologram reconstruction method of
[10], but so far this has not been attempted.

VI. NUMERICAL SIMULATIONS

Simulations have been carried out at 100 GHz and 1 THz for
a 1-m diameter scalar aperture model. The choice of 1-m di-
ameter parallels the study in [6]. It is assumed that the power
source delivers 10 dBm. For a Gaussian aperture illumination
of 30-dB edge taper, this results in a peak power density of 19.4
dBm/n¥, which is approximately invariant along tkeaxis for
scan distances less than ab@005D? /A (16 m). The probe an-
tenna has a gain of 20 dB and an effective area®f.4 dBn¥
resulting in a peak signal from the AUT of approximately2

Fig. 4. Predicted far-field for the 1 THz ideal scanner simulation of Fig. Z{Bm into a Teraheriz receiver. The reference peak signal is ar-

Prediction is valid within the angle set By. (a) Full angular range. (b) Reduced

angular range showing detail near main beam.

ranged to be 13 dB less than the peak AUT signal. Assuming
a receiver bandwidth of 10 kHz and a noise temperature of
20 000K (SSB), the peak signal-to-noise ratio is, therefore, ap-
proximately 73 dB. A schematic of the hologram setup is shown

—30 dB edge taper Gaussian beam [10] have shown tl@afFig. 1, where a standard measurement distance of 5 mis used.
linear recording is far superior to logarithmic and that 1&he required reference horn gain is then approximately 20 dB
bits are sufficient to reduce far-field quantization induceplus the positive value of the waveguide coupling
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Fig. 5. Effect of planarity {-axis) errors simulated at 100 GHz far/20

random variations. (a) Gabor holography prediction. (b) Complex (phase

amplitude) prediction.

The 1-D simulation model is useful for testing Terahertz holo-
grams at full samplingX/2) and is based on a Huygens’ prin-
ciple summation over an aperture function with Gaussian ampli-
tude taper (of 30 dB) and phase errors consisting of quadratic,
cubic, and sinusoidal (arranged to produce strong sidelobes for
testing aliasing effects). The 1-D simulated aperture function is
sampled at half-wavelength intervals and has the form

X 2 X 3
) o) <_) S <_)
e P P

2 + JFko
T
+cA sin <n7r —)
Il

£
-rect| —
<2p>

a chosen to give 30-dB edge taper;
p half the aperture width;

a has the value 0.04;
b
C

S(z) = exp

(17)

has the value 0.06;
has the value 0.004;
n controls the spurious sidelobe position.

The value ofn has been chosen to give sidelobes representative
of spillover at 20. The 1-D simulation model includes random
y andz errors and random digitization errors as well as receiver
noise at 73 dB SNR. A control far-field is setup by half-wave-
length integration of the aperture function at a close scan dis-
tance of 0.5 m and subsequently applying a Fourier transform.
The Gabor holograms are created by integrating the aperture
over the scan plane at sampling intervals given by

™

o=
frcko(tan 6. + tan 6y,)

(18)

wherefyx = 1.1 ensures an additional 10% marginAirspace.

The angled., 8;, are subtended from the scan origin to the edge
of the aperture and reference horn position, respectively. The
scan distance and aperture size are fixed at 5 and 1 m, respec-
tively. The reference horn position is located at a distance from
the aperture edge given by 10% of the aperture radius.

Fig. 2 shows the modified and unmodified holograms
recorded at 100 GHz with perfect registration and including
receiver noise at 73-dB SNR and 16-bit digitization. Fourier
transformation of the modified hologram gives theage
terms, which are clearly separated Krspace, as shown in
Fig. 3. Residual background is at a level of approximately

Hdl% of the peakmage value, resulting in extremely good

reproduction of the far-field within the prediction angle set by
8. as shown in Fig. 4(a) and (b).

loss. Throughout the simulations, the number of bits is 16. Bofh Planarity Registration Errors
1-D and 2-D simulation models have been developed, but forThe effect of planarity errors for random variations up f@0

brevity we restrict our attention here to the 1-D model.

along thez-axis are shown in Fig. 5(a) and (b), comparing the
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are completely unacceptable. Also as expected, holography is
6 shown to be immune to this kind of error.

B. Scan-Axis Registration Errors
220

Scan-axis registration errors, again with random variations of
20 : peak value\ /20, were introduced for an otherwise perfect scan
plane. A comparison between holography and phase and ampli-
40 - tude, shown in Fig. 6(a) and (b), indicates poorer performance
AR by holography. The residué -space background has now risen
5 i % to approximately 1% of the peak image level. The relatively
aah i o poor performance by holography is due primarily to the fact that
0 i | B ' the reference wave used in reconstruction is calculated on a per-
’ ‘ fect grid. If the scan-axis registration errors were known, then
20 ”””]) I‘“ ] : the prediction capabilities would improve substantially.

Relative Power (dB)

C. Receiver Drift Effects

The effect of receiver drift was modeled by introducing three
random factorgls, dy, dg for the signal, reference, and holo-
gram channels, respectively, as

-80

90

100 g w 3 0 ] r 6
Angle (degrees)

_ Control, Nyquist sampling dS =14 (RAN — 05)d
Gabor Holography dH —14 (RAN _ 05)d
dg =1+ (RAN — 0.5)d (19)

@

10 ° where RAN is a random number generator between zero and
one andd is the maximum relative drift. The recorded signal,
20 ~ hologram and reference voltages become

-30
5" =D(ds(S + Ns))

40 H' =D(dy(S + R+ Ny))

R =D(dr(R+ Ng)) (20)

-50 . 7

Relative Power (dB)

-60

whereD() is the digitization operator amils, Ny, Ng are the
il noise in the three channels, respectively. The modified hologram

o used for reconstruction becomes

-80

a H, = [H'| — |R')? - |$"]%. (21)

100 ¢ 3 T 0 2 3 6 An error of approximately 2 dB at the45-dB sidelobe level
Angle (degrees) occurred in the simulation whehwas set to 5%, with a cor-
o gl‘l’:;(’gliﬁl;‘mzmph“g responding residual autocorrelation level of 2Rgepeak in
®) K-space. Values of drift less than 1% produced insignificant
far-field error and consequently the default valueddior all

i i 0
Fig. 6. Effect of scan-axis errors simulated at 100 GHz X¢20 random simulations was chosen as 0.1%.
variations. (a) Gabor holography prediction. (b) Complex (phase and amplitude)

prediction. D. Receiver Noise Floor And Scan Time

An approximate rule of thumb for complex field measure-
ments is to allow a maximum smear distance of 10% of the
performance of holography with phase and amplitude measusampling interval. If the receiver bandwidth is 10 kHz and
ments. As expected, complex phase and amplitude measuihe- receiver takes an average of ten samples, then the fastest
ments are extremely sensitivedexis errors and errors /20  sampling time is 1 ms, meaning that the scanner can travel
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at a maximum speed af006 m/s whereé is the sampling * Relative receiver channel drift at better than 1% levels is
interval in meters. For the 100 GHz simulatidén= 2.188, sufficient for adequate performance.
giving a maximum scan speed of 0.656 m/s. A scan window ¢ New digital tracking receivers will be needed to fully uti-
of 2 m could then, in principle, be covered in 3 s. For 1 lize the advantages of holography and reduce the overall
THz, the scan time would increase to 30 s for the same measurement times.
receiver averaging of ten samples.

The worst case Doppler shift in frequency, experienced by APPENDIX A
the signal channel of a complex receiver, wouldihe/27 Hz,
wherek, is the propagation constant ands the scan velocity h
in m/s, giving a value of approximately 219 Hz at 1 THz. This
is a substantial fraction of the receiver equivalent bandwidth
after averaging), which will upset a standard microwave re- ]
E:eiver, Ieadigg a)ecessarily to fuprther slowing of the scan speecﬁ(k) = Ar(k) exp (J (ZR VS = |k + kerr + kny))

The above argument is based on complex measurements. A (A1)
further consideration is necessary in order to compare the sit-
uation with intensity measurements. We already learned from
simulations that holograms are most sensitive to errors in soshere Ar(k) represent the plane wave spectral components of
axis registration. We have therefore considered smearing #fe reference antenna source. Considering a 1-D AUT with uni-
fects along the scan axis. A simplified approach has been takirmly illuminated rectangular aperture of radjumeters, then
where the effect of smearing has been approximated by avire image term for a uniform aperture becomes
aging two sets of data displaced by 10% of the sampling in-
terval. The results show that holography is relatively sensitive to
smearing effects because of the oscillatory nature of the inter- Ig(k) =S(k) @ R*(—k)

A spherical off-axis wave from a source(@atg, yr, zr) be-
aves inK-space as

ference pattern. However, for the hologram geometry tested at too et ,
5 m, the effect is significant only for smearing distances greater = / SR (K — k) dk
than 10% sampling interval. e in(p)
= [ e (ja V)
oo ok’
VIl. CONCLUSIONS . [AR(k’ — k) exp (jzR VE2— (K —k)?

Gabor holography has some promising features that make it + j(k — k)xR)} dk’. (A.2)
a possible contender for large Terahertz antenna measurements.
Modified holograms permit the reference antenna to be posi-
tioned close to the AUT, thereby reducing sensitivity to scan a8y expanding to second order those terms inside square roots,
errors and reducing scan distance. The following bullet pointse image term approximately becomes
summarize the findings in this paper.

» For Gabor holography to work effectively, typical mea-
surement distances are greater than those applicableytq,y — Sk 1 T2 sin(pk’) Ak
. . &lk) = exp J%ZR— TR L/ r(K — k)
conventional planar near field. o —oo p
» Measurements and sampling criteria are dependent on ge- ) k2
ometrical relationships (18). ~exp | j(zr — 2a) ok,
» Quantization noise with 16-bit linear recording produces k
cexp | —j <zR e a:R> k’} dk’.

insignificant far-field errors. (A.3)
» There exist additional prediction errors associated with re-
moving the reference wave, since this must be calculated
from knowledge of the reference horn pattern and, if scagy comparison with the following equation [14]
axis registration errors are unknown, then a tolerance of
A/50 is advisable.
 Holography is significantly more sensitive to smearing ef- f+>° sin(rx)
fects during scanning than complex measurements, but thf[
effect is insignificant for the geometry tested, provided a”
10% sampling interval criterion is enforced.
* In contrast to complex measurements, holography is vey., = » 4 = » and noting thatl 3 (k) varies much more slowly

insensitive to planarity errors. thansin(pk’)/pk’, then the integral (A.3) truncates when
« By utilizing modified holograms, where the reference an-

tenna is located as close as possible to the aperture, the
scan distance can be reduced from 15 [11] to 5 m for up
to 2-m diameter antennas at 1 THz.

(jonsSe)d _{1 S| < 1/2 (Ad)
FPITIEEEE = S| >1/2. ©

L

> p. (A.5)
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