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Abstract employed for measurements of near field patterns of
antennas and simple waveguide structures [4,5].

A field mapping system based on external electro- . ) .
pping Sy owever, the potential of the technique with respect to

optic sampling has been developed in order t L L R
determine all components of the electric near-field" full characterization of the electric field, i.e. in
terms of all the different field components in

distribution of guided microwaves with high spatial litud d oh h b h ¢
resolution. The capabilities of the setup arqamIOIu € and phase, has not been Snown up 1o NOw.

demonstrated by 2D-measurements of normal an&‘f| thl?dpgpvsrvmeasll;rfz/m?:tts :)ftngar:;‘leildwdljtrlbil:tloirgs
tangential fields in a microwave distribution network. of guided waves above Integrated microwave circuts
are demonstrated using a distribution network with

structure sizes down to 3@m as an example DUT.
o _ The measurements are carried out using two different
Electromagnetic field probes are used for a variety Qhropes, which reveal distinct field distributions of
applications in RF metrology, including such diverseither the normal or the tangential field components in
areas as the characterization of near-field patterns anplitude and phase inside the circuit. Using this
antennas and antenna arrays, electromagnei$gmplete information the performance of circuit

compatibility (EMC) measurements and integrategsiements has been analyzed up to 20 GHz thus far.
circuit failure diagnosis. For applications requiring

high bandwidth, low interference with the device under Measurement System Configuration

test (DUT) and high spatial resolution, electro-optic _ -
The measurement setup used is shown in Fig.1. The

sampling [1,2] is a promising candidate. This is - . :
because it provides THz bandwidth and a spati ptical beam from a ph?‘se-Stab'“Z?d. Ti:Sapphire
resolution the size of the laser beam diameter or evefre (pulse I_ength 50 fs) |s_focused inside the_ pr_obe
less. Furthermore it does not require electrodes ystal. The incident beam is totally reflected inside
ground planes as a part of the field probe so thathe crystal, so that no illumination of the circuit under
compared with conventional dipole-type probes, th{est occurs. The reflected beam_ |s_analyzed W!th
invasiveness is minimized. respect to the change of the polarization state, which
is sensitive to the circuit electric field reaching the
Elgctro-opti(_: measurements of field distributions ofprobe. Due to the phase-locked-loop-electronics of the
guided microwaves have been demonstratefiser system, it is possible to synchronize cw signals
extensively with monolithic microwave integrated from a microwave synthesizer to the laser pulse train

circuits, using the substrate of the circuits as thgo that measurements in amp”tude and phase can be
sensor element (internal electro-optic sampling). Thesgerformed.

measurements have revealed information for circui_'%_h b tabri q f Bi h il
characterization and failure detection [3]. However, ifl '€ Probes are fabricated from Bismuth Silicate
SO) and Lithium Tantalate (LiTal) which allow

the substrate does not exhibit the linear electro-optié?

Introduction

effect, and moreover when field patterns outside th T q determmatnt:)n of the t_no:ma_lrr?nd thi" Itanr?entlal
substrate need to be known, external electro-optiée components, respectively. 1he crystals have a

sampling, which is substrate-independent, has to HEOtPrint of 90 x 7Qum for the BSO, and 84 x &4m
used. Electro-optic probes have already beeFPr the LiTaQ. High spatial resolution is obtained by
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focusing the laser beam to a small spot at the bottooonductors is observed. Figure 3 shows a 1-D meas-
of the probe. The distance between probe and DUT isement at 15 GHz using the LiTaProbe. Here the
adjusted to be 5-7um. The minimum detectable maximum signal appears above the spacings
voltage is measured to be about 1 mV or -45 dBm fotorresponding to the strength of the tangential field
50 Q geometries, and the sensitivity is g0/ /Hz.  component with a phase change of 180 degrees on the
The DUT is mounted on a computer-controlled xy-center conductor. It can be seen that the distribution of
translation stage and the microwave signal is applig@oth components can easily be resolved.

via on-wafer probes. Typical measurements including

s I s I

6400 points are carried out in approximately 45 min. 1 : : : :
This duration is mainly limited by the speed of the Lop A 4100
translation stage and therefore can be further 3 08L. | ;
improved. st 150 §
%0.6- : e
10 MHz Ref. 2 ‘ 0 g
T ] < 0.4r- T
synthesize Ti:sapphire £ 3 {-50 ®©
a | 50 fs 502 &
Ref. —— polari
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—D | \ mirror -200  -100 0 100 200
I AN microscope- Position tm)
. / objective
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- _ Fig. 2. Electro-optic mapping of the normal field
Zﬁgfytgf:‘ < component of the CPW even mode at pos. A
in Fig. 4 (transverse direction) measured
using BSO, f = 5 GHz; solid line: normalized
microwave- amplitude, dashed line: phase; (the center

synthesizer conductor has a width of 4@m and the
spacing a width of 24m).

Fig. 1. Electro-optic probe station

s I s I |

Experimental Results

1.0k 4150
The examined distribution network circuit is a = "~ 1100 =
coplanar design (Fig. 4) fabricated on high-resistivity < 9-8f ] - \E’:
Si. It is based on two Wilkinson power dividers, which S 0.6k E 3
distribute the input microwave signal to four output é 70 §
ports. The ports are terminated with 80thin film < 0.4F- 950 3
resistors. The circuit is designed for a working % 0.2k 1.100
frequency of 15 GHz. z

ool 1-150
Figures 2 and 3 demonstrate typical electro-optic 200 100 O 100 200 200
mapping of the electric normal and tangential field Position (tm)

components for a CPW even mode in the transverse
direction. Figure 2 shows one-dimensional mapping atrig. 3. Electro-optic mapping of the tangential field

pos. A in Fig. 4 at 5 GHz using BSO, with a high component of the CPW even mode at pos. A
electro-optic signal on the center conductor and low in Fig. 4 (transverse direction) measured
electro-optic signal on the ground conductor corres- using LiTaQ f = 15 GHz; solid line:
ponding to the field strength of the normal component. normalized amplitude, dashed line: phase

A phase change of 180 degrees between the three
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Fig. 4. Distribution network circuit with investigated areas, chip size: 8.3 mmmi3\7
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Fig. 5. Electro-optic field mapping at the input of the Wilkinson power divider at pos. B in Fig. 4; f = 15
GHz; (a) sketch of scanned area (marked by rectangle, sizeur00 400um), (b) normalized am-
plitude of normal component in dB, (c) relative phase of the normal component in deg., (d) normalized
amplitude of tangential component in dB, (e) relative phase of the tangential component in deg.
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Figure 5 displays the normal and the tangential fielrigure 6 shows the 2-D normal field distribution of

distribution at the input of the Wilkinson power
divider in two dimensions (pos. B in fig. 4). Figure

the output of the Wilkinson power divider feeding the
two output ports. Here the effect of a standing wave

5(b) and (c¢) show both that a small asymmetrisvith maximum at the termination can be observed,

coupling into both signal lines of the divider occurs.

revealing a mismatch of the termination thin film

From Fig. 5(d) and (e) it can also be concluded that aesistors.
this frequency no significant coupling between the two

transmission lines is present, because only small

Conclusions

tangential field components can be measured in thﬁigh resolution, 2D near field mapping of a

spacing between them.
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Fig. 6. Electro-optic mapping of the normal field
component of the output of the Wilkinson
divider including termination at pos. C in
Fig. 4, f = 15 GHz; (a) sketch of scanned
area (marked by rectangle, size: 320t x
940 um), (b) normalized amplitude in dB, (c)
relative phase in deg.

microwave distribution network is performed,
revealing insight into the distributions of normal and
tangential field components inside the circuit. The
microwave performance of single components within
the circuit could be observed. In conclusion, the
results demonstrated that the measurement technique
is a powerful tool for a wide range of applications in

rf near-field characterization.
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