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Abstract

We have developed a photoconductive probe

sampling technique with 2-ps temporaf resolution and

WV sentivity. Using the technique, we have measured S-

pammerters of tniltiieter-wave passive devices with a

120-GHz measurement bandwidth.

Introduction

Conventional purely electronic measurement

instruments such as vector network snatyzers, spectrum

analyzers and ssmp~mg oscilloscopes are not effective at

above 100 GHz. One major limitation is imposed by

the connectors and wavegrtides needed for signal

coupting between the test instrument and the device

under test. To overcome those lirnktions of present

measurement techniques, we have developed a

photocondnctive probe samp~mg technique which can be

appli~ to tie measurement of S-parameters of mm-

wave circuit components with a 120-GHz measuremerr[

bandwidth [1]. The photoconductive probe sampling
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technique combbtes the nltrafast optical technology of

120-fs Ti-Sapphire short pulse laser [2] and

microfabrication technology of Silicon-On-Sapphire

(SOS) photoconductive sntnpIing probe, which consists

of a high-impedance interdigitated photoconductive

switch. The technique is based on high-impedance

external sampling with 2. l-ps tempornf resohrtion, f3-

w spatial resohrtion and high signal-to-noise ratio.

Also, the measurement point can be very close to the

device under test. Therefore, the technique minimizes

interconnection dlscontinnifies and consequently errors

and uncertainties from device de-embedrthg procedures.

Experiments and results

Figure.1 is an SEM picture of the

photoconductive(FC) sampling probe. It consists of a

high impedance metal-semiconductor-metal (MSM)

photoconductive switch on a damaged Silicon-On-

Sapphire substrate and a TI contact tip of 3-pm height.

Flgtrre.2 shows the experimental set-up used to measure

the characteristics of band-block filters of mierrrsrripline
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electrical signaf at a specific point in time when the

Fig.1 SEM picture of photoconductive sampling probe

I 29-C, T,-$amn,re mom mJse ‘aser

ODttcal may r,,l

-c”

7%

rllter

mm elecmcal r,.lse

// —

m!cmstmllne

Fig.2 Experirnentaf set-up to measure the

pulse waveform from the band-block filter

transmitted

structure. The 70-Itm wide microstripline and the barrd-

blcck falter west fabricated on Low-Temperature-Grown

GaAs (LT-GaAs) substrate of 100-p.rn thickness. The

structure is part of a 90 GHz to 180 GHz InP-based

HEMT doubler which has been demonstrated by the

authors (Fig.3) [3]. The subpicosecond carrier lifetime

of LT-GaAs enables the generation of l-ps electrical

pulses using a 120-fs short-pulse pump laser [4]. Also,

the respmwe of the silicon-on-sapphire photoconductive

switch on tire probe is < 2 ps, so that the short

electrical pulse can he sampled with 2-ps temporal

resolution using the short pulse probe beam. Tbe probe

touches the micmstrip and measures the amplitude of an

probe laser pulse is hitting the PC switch on the probe.

By changing the optical delay between the pump and

probe laser beams, one can measure an entire electrical

oulse form.
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Fig 3. Test structure a) for the characterization of band-

block filter, b) for measurement of phase delay of

microstrip phase delay fine.

Transmitted waveforms were measured from

80-GHz and 1OO-GHZ band-block filters using the

probe. The 80-GHz band-block filter has a 212+uu

radius with 600 angle, and the 1OO-GHZ band-block

filter has a 167-pm radius with 600 angle. Figure.3 (a)

shows the probe position and the test structure

containing microstrip, band-block filter and

photoconductive switch, which generates the short

electrical pulse. The frequency spectrum of the

transmitted pulses was cafculared by taking their Fourier

transform. Figure.4 shows the Fourier spectra of the

transmitted pulses. The result shows that the 80-GHz

band-block filter, which was designed using a

commercially available software package, is in fact

filtering the signal at a slightly lower frequency 70

GHz. Filtering is also observed at 150 GHz. The

specrrat component at 70 GHz is about 1 % of the rfc
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component. Also, the 1OO-GHZ band-block filter is

filtering at 100 GHz and 170 GHz. By comparing the

Fourier spectra of input, transmitted and reflected

pulses, S-parmneters of these filters could be catcrrlafcd.

This permits direct evaluation of measured

characteristics at rmn-wave frequencies as necessary for

optimizing circuit performance.
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Flg.4 Frequency spectrum of transmitted pulses from

the filters.
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F1g.5 Phase delay between two different paths

Also, we applied the external SOS photocon(hrctive

sampliag probe for S-parameter measurement of mm-

wave microstrip low-pass filter. Fig.6 shows

experimental set-up. The probe measures the input

signaf to the filter and the transmitted signal from the

filter. By taking Fourier trsmsform, we can crdculate the

S-prsfameter of the filter, The measured S-parameter and

the simulation result from a Touchstone progrrmr are

In addition to the characterizations of mm-wave shown in Ftg.7. This demonstrate feasibility of

bzrrd-block ffltcrs, the phase delay of a microstrip delay photoconrtuctive probe sampling for S-parameter

line has rdso been evahrafed. Figure.3 (b) shows the test. measurement with >120 GHz bandwidth

structure used for these measurements. It consists of a

short fine of length L1 and delay line of length L2.

Figure.5 shows a phase delay of two measured pulses

propagating afong two different paths. At 100 GHz, the

measured phase difference is A @ = -2940 ( A ~

=11 @lL 1 -1) Q 2 L2). The difference between the

nominat (designed) vaue ( A @ = - 350.80 at 100

GHz) and measured vrtttre may arise from inaccurate

knowledge of the exact phase velocity, especially in the

cafcrrtation at very high frequencies . Thus although at

10 GHz the difference between the measured and

nominal values is A @nom - A ~mea~ = 6.70, at

10Q GHz the discrepancy is much farger ( 56.8 O).
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Flg.6 Experimental set-up to measure S-parameter of

mm-wave low-pass filter.
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Fig.7 Measured aad simulated results of S21

Conclusions

A new photoconductive probe sampling

technique which can be applied to mm-wave circuit

testing has been developed and demonswated. The probe

technology has shown measurements exceeding 120

GHz and permits reduction of interconnection

discontinuities and errors by de-embedding procedures.

The probe technology was applied to the

characterization of rmn-wave band-bl&k filters used in

InP-based heterostrncturc MMIC’S for 90 GHz to 180

GHz frequency doubling. MM-wave delay lines have

also been characterized and the properties of

transmission lines on thin semiconductor substrates

have been studied. The results demonstrate the

capability of mm-wave circuit testing using the

pbotoconductive prob sampling technique.
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