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Abstract

Photoconductive switches fabricated by compatible

microwave device processing techniques are used for oxl-

wafcr characterization of a long high-frequency intercon-

nect, exceeding 160-GHz measurement bandwidth. Full

chara ctferizat ion of this interconnect st ruct urc is important

for determining cycle time of the future high speed conl-

puter.

1. Introduction

One of the main parameters limiting the performance

of an on-wafer photoconcluctive (PC) sampling system is

the response of the switches utilized for exciting the device

under test ancl sampling the time-domain input aud old-

put waveforms. In this paper, we experimentally study the

pulsewidth and DC line resistance dependence of the ampli-

tude of the resistive tail of switches fabricated by conlpat-

ible microwave processing techniques. The switches which

generate 7-ps electrical pulses were iorl-damaged semi-

insulting Gallium Arsenide ( S1 GaAs) surface switches fab-

ricated in a coplanar transmission line. Shorter electrical

pulse is not preferable to test high frequency interconnects

with long propagation distances due to strong attenuation

and dispersion. On-wafer characterization of a high fre-

quency interconnect is performed over a considerably long

distance. The attenuation and phase characteristic of the

lines are presented for frequencies up to 160 GHz. Accu-

rate determination of the transmission line parameters is

important for future high speed computers [1].

this

II. Experinleut

Figure 1 displays a schematic of the switches used for

experiment. The switches, which are ion-damaged

S1 GaAs surface switches, were proton bombarded at 50

keV and 150 keV with 1 x 1015c7n–2 dose to produce a

penctratjion depth of 1.1 pm. This implantation density

was lwed to prodllce clecp-level traps in the senliconduc-

tor thereby reducing the recombination time of the photo-

excitcd carriers. The fabrication process used to produce

these switches is compatible with established microwave

de~,iccteclllliq~les. Typically, t,his type of ion implantation

is usecl to pr(xluce isolation iu monolithic microwave inte-

grated circuits (MMICS) devices.
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Fig. 1.’ Schematic of ,,witches tested.
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Switches were designed to study the resistive tail nor-

mally associated with coplanar strip transmission lines by

varying the electrical pulsewidth and reducing the DC line

resistance. Additionally, aswitch with slicling contact ex-

citatitm was used to clctcrmine the attenuation and phase

constant of a coplanar transmission line interconnect

The switches were tested using photocouductive sam-

Plillgtecllllicllles. Thelascrp roduces3-psp ulsewidth,150-

nlW average power, and a 76-MHz repetition rate at a

wavelength of 0.527 /1771.

III. Results and Discussion

Electrical waveforms geumatecl from switches fabri-

cated as part of coplanar transmission lines have always

possessed a long tail. ‘Jle dependence of the DC resis-

ta~lce~iIlcl p~llsewidtlloll the ratioof thetail anrplitudeto

the peak amplitude is described by Scheuermann [2].

R,
A{ail N —

Zo + Rs

R, = rdc&

where R~ is the effective resistance, 20 is the transmission

liIl~~cll~\ri~ct( risticiIl lpeciance,rdC isthe DC’ line resistance

per unit lengtlqand~,, isthe spatial extent of the pulseon

the line.

By utilizing the velocity saturation effect in the PC

switch, thcprdsewidthof t,he generated electrical pulse can

be varicdljy changing the applied bias [3]. When electric

field in the switch becomes larger than the saturation field,

higher bias voltage will result in smaller carrier velocity and

longer carrier transit time. Consequently, thepulsewidth

lxwmmswidrr. Thenormalim d cross-correlated waveforms

from a $LLn/ switch gap biased with a voltage ranging

from 5 V to 30 V are displayed in Figure 2. The cross-

correlated pulse wiclth varies from 8.3 ps to 12.7 ps. As

the pukwwidth is rwlucecl, a reduction in the peak ampli-

tude/tail amplitude ratio is observed. This is consistent

with Scheuermann’s simple model with the exception that

weseeal argerpeak/tailra tie. This confirmst hat DC line

resistance causes the tail. Toeliminateth etail, the DC line

resistancei sreclucedfrom 145 Q/cnLto 19 Q/cm by electric

platingo fthemctal from 1000.~ to9000~. Thewaveforrn

shmmiu Figure3 (a) illustrates this. Reducing the DC re-

sistance greatly sllppresscs the tail. The frequency content

of the electrical pulse exceccls 160 GHz.
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Fig. 2. Effect ofpulsewidth on the tail amplitude.

tl!lll! !llll!(j!lll!i
150 160 170 180 190 200

T]me (PS)

(b)

.004 – x=.5 mm

3

;

j

.002 —

o I , , , t ,
60 100 120 140 r60 180

Time (ps)

Fig. 3. (a) Time-domain Tesponse from switch with

DC resistance of 19 Q/cm. (b) Time-domain waveforms

used to determine interconnect characteristics.



The picoseconcl electrical pulses describedin this pa,-

per are used to determine the attenuation and phase con-

stants of a high frequency interconnect. The interconnect

tested is acoplanar transmissionliue in which a switch is

embedclecl. The device is biased at 30 V and is switched

by sliding contact and sampled at a side line. To deter-

mine the attenuation and phase constants, two separate

measurements must be performed. Initially, a waveform

is acciuirecl from a switching position only 0.5 mm from

the sampling gap. The sliding cent act is then moved away

from the side line to facilitate a second measurement with

a propagation dist ante of 4.5 mm. Figure 3 (b) shows t hew

two time domain waveforms.

Using this information and the following formula, the

attenuation and phase constants of the interconnect cau be

cornput ed.

where Al and +1 are the amplitude and phase of the Fourier

transform of the pulse generated 0.5 mm from the sampling

gap, Az and +2 are the amplitude and. phase of the Fourier

transform of the pulse generated 4.5 rnm from the sampling

gap, 1Z=4.5 mm and 11=0.5 mm.

The attenuation and phase constants can also be the-

oretically pretlcted by taking into account DC resistive

losses, skin depth resistive losses, dielectric losses, and ra-

diat ion losses [4]- [6]. The theoret icrd and experimental at-

tenuation aud phase constants are shown in Figure 4. Both

attenuation and phase give very goocl agreement between

experiulcnt and theory.

IV. Conclusion

In this work, we experimentally investigated the origin

of the unwanted resistive tail of coplanar strip lines. We

also fully characterized the interconnect coplanar strips in

terms of the attenuation and phase constants up to 160-

GHz with a long propagation distance. Accurate charac-

terization of the complex propagation constant can be used

to refine the theoretical model, and estimate the machine

cycle time for future high-speed computers.

This work was supported by the National Science

Fcamdation.

25 I I , , I ! r I , I , I I I

20 – (a) — experunent

-------- theory

15 –

10 –

o~
160

Freque%y (GHz)

120
I ! I I r I I , , , I r 1 I I 1 I ,

-1

100

1
(b) —

‘“h / ti
o 1 , ! I 1 , 1 1 I , I , , , I I ! I I , ! ( I 1 ! ! 1

20 40 60 100 120 140 1%0
Freque%y (GHz)

I& 4. Experimental and theoretical (a) attenuation,

(b) pfmsc constants.

[1]

[2]

[3]

References

A. Deutsch, G. Arjavalingzirn, and G. V. I{opc-

say, “Characterization of Resistive Transmission Lines

by Short-Pulse Propagation,” IEEE Microwave and

Guided Wave Lett., 2, pp. 25-27, Jan. 1992.

M. Scheucrmann, “Effect of Line Resistance on Pi-

cosecond Optoelectronic Probes and Device Char-

acterization,>’ in IEEE/LEOS 1991 Summer Topi-

cal Meetzng on Optical/Milhmetev Wave Interaction:

Mcasu.mrnenh, Generation, T?’ansmission, and con-

trol, paper WA-4, Newport Beach, CA, 1991.

S. L. Huang and Chi H. Lee, “Transient response of

high electric field picosecond pl,otoconductive switch,”

IEEE MTT-S Digd , Paper R-3, 1992.

1397



[4] M. Y. Frankel, S. Gupto,, and ,J. A. Valchmmi., “Ter-

ahertz Attenuation and Dispersion Characteristics of

Coplanar Transmission Lines,” IEEE Trans. Mz-

crowave Theory and Tech., MTT-39, pp. 910–917,

1991.

[5] A. Deutsch, G. V. Kopcsay, V. A. Ranieri, J. K.

Cataldo, E. A. Galligan, W. S. Graham, R. P. Mc-

Gouey, S. L. Nunes, J. R. Paraszczak. J. J. Rit-

sko, R. J. Serino, D. Y. Shih, and J. S. Wilczynski,

“High-Speed Signal Propagation on Lossy Transmis-

sion Lines,” IBM Journal of Research and DeueloP-

ni,cnt, 34, pp. 601-615, July 1990.

[6] G. Hasnai~~, A. DieI,es, a~~d J. R. Wl)il~r,ery, ``Diaper-

sion of Picosecond Pulses in Coplanar ~ansmission

Lines,” IEEE Trans. Microwave Theory and Tech.,

MTT-34, pp. 738-741, !June1986.

1398


