
]

;;i
':::r','

OSA Proceedings on

ULTRAFAST ELECTRONICS ANI)
OPTOELECTROI\ICS

Yolume 14

Edited by
Jagdeep Shah and Umesh Mishra

Proceedings of the Topical Meeting
January 2547r 1993

San Francisco, Califorrria

Cosponsored by
Optical Society of America

IEEE/ksers and Electro-Optics Society

In cooperation with
IEEE/Electron Devices

Supported by
Air Force Office of Scientific Research

National Science Foundation
Office of Naval Research

Optical Society of America
2OL0 Massachusetts Avenue, NW
S/ashington, DC 20036-L023

QAD223-8130



New Pedormonce Limits of qn Ultrofost THz Photoconduclive Receiver
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Common to oll recently demonslroled optoelectronic sources of pulsed THz rodiofion
hos been the problem to properly chorocterize the source with receivers of limiled
bondwidlhs. To dofe the broqdesl bondwidlh receiver hos used ion-implonted,
silicon-on-sopphire (SOS), pholoconductive swifches (1). Here, we report o new lype
photoconductive receiver wilh o meosured response exceeding 6 IHz. This receiver
uses o new composile oploelecfronic chip (shown in Fig. 1o) consisling of on qctive

loyer of ion-implonted polysilicon on lop of o fhick lhermol oxide on o high-resislivity

silicon subslrofe. By using os lhe tronsmitter on idenlicol receiver in o high-
performonce optoeleclronic THz beom system, we were qble lo chorqcterize the re-

ceiver wilh exceptionol precision. Excellent ogreement with o Drude lheory model

for lhe phofoconduclive response wos obtained.

The onlennq struclure shown in Fig. 1b is used for bolh the receiver ond the

lronsmitter, for which o biqs voltoge reploces lhe current omplifier. The sfruclure is

embedded in o coplonor hqnsmission line consisting of two porollel S-pm-wide olu-

minum lines seporoled by 10 4m. The operolion is bosed on lhe creolion of
photocorriers in lhe elechic field in the gop between lhe fwo qrms of lhe ontenno. A
colliding-pulse mode-locked (CPM) dye loser provides fhe 5 mW focused beqm of

623 nm, 80 fsec excilqlion pulses. As illuslroted in Fig. 1c, lhe THz rodiolion from the

source chip is collected ond collimoted by the silicon lens ottoched to the bock-side

of lhe chip. The resullonf diffrocfion limited beom of pulses of THz rodiotion is
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recollimqted by o poroboloidol mirror. The IHz beqm incident upon fhe receiver is

focused by o second mqtched poroboloidql mirror onto o second silicon lens, which

in lurn focuses it onto fhe receiving onlenno.

Using lhis receiver, we now meosure o source spectrum with o FWHM bondwidth
qlmosl lwice os brood os lhe initiol experimenlol chorqclerizqlion of o similor system

u$ng SOS chips (1). The improved performonce is due lo lhe following chonges.

Firslly, fhe posifions of the poroboloidol mirrors were set to hove o unily tronsfer func-

fion for lhe THz rodiolion. Secondly, exceptionol core wos foken lo molch the foci of

the silicon lenses to the ontennq posilions. For the on-oxis focusing o series of obser-

vqtions were mode using lenses of the some curvolure, buf with fhicknesses vorying

in sleps of 50 ,nm. In lhe plone of fhe chip fhe position of fhe focus wos odiusted to

+/- 20 microns. Thirdly, qs shown in Fig. 1<r, q new composite-chip wcts used lo

eliminqle lhe qbsorplion of lhe incoming IHz rqdiotion by the sopphire subslrqte of lhe

previously used SOS deteclion chip. The 0.5 pm-thick qclive loyer of LPCVD

polysilicon of the composife chip wos onneqled of 1000 degrees C for t hour in q

nilrogen olmosphere qnd wos lofer implonted with 200 keV qnd 100 keV oxygen ions

both qt q dose of 10'r3/cm2. The 0.7 prm-lhick tlrermqt oxide loyer wqs grown on o

high resistivily silicon substrqte.

The THz pulse meosured with the ullrofqst receiver is shown in Fig. 2o. Ihe fqll-time

(90%-10%) from fhe peok of lhe pulse lo fhe minimum is only 127 tsec, os shown in

fhe exponded view of Fig. 2b. This excepfionol lime resolulion demonsfrqtes lhof o

pholoconduclive receiver cqn be much foster lhon is generolly reqlized, buf is con-

sislenl with fhe eorlier predicfion (for SOS chips) of q 1 50 fsec lime resolulion (1). The

numericol Fourier kqnsform of this pulse peoks of opproximolely 0.5 IHz ond extends
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Fig.2 (o) THz pulse meosured by lhe ullrqfost receiver.

exponded lime scole
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Fig.3 (o) The numericol Fourier lrqnsform of

spectrum. (b) Comporison of the colculoted
meosured omplitude spectrum (squore rool of
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Fig. 2e, equol to lhe receiver power

receiver omplitude speclrum with the

Fig. 3<r).

lo 6 THz, qs shown in Fig. 3ct. The meosured specfrum is lhe product of the lronsmitler

ond receiver omplilude speclrq. However, becquse here the lronsmitter qnd receiver
ore identicol, lhe receiver omplitude speclrum shown in Fig. 3b is simply fhe squore

rool of lhe meosured speclrum of Fig. 3o.

Becouse of fhe exkemely fosl eleckicol response, fhe current in lhe ulhqfost on-

lennq follows the current J(f) in fhe semiconducfor, where J(l) is delermined by lhe
convolulion of lhe photoconducfive response funclion qnd lhe 80 fsec (FWHM)

sech2-shoped loser driving pulse. Following the fheorelicol procedure of Ref.(l), lhe
response function is derived from simple Drude lheory wilh o scotlering lime of 120

fsec ond o corrier lifelime of 600 fsec. The receiver response is obloined by consid-

ering o lronsmitter in the smoll onlenno limit corresponding to fhe Hertzion dipole, for

which lhe generofed rodiqfion field is propottionql lo lhe lime-derivolive of the J(f).

Evoluofion of lhis lime-derivoiive shows thol lhe Herlzion dipole onlenno generoles o
150 fsec FWHM pulse of THz rodiotion. Conversely, by fhe reciprocily principle, 150

fsec is qlso fhe fime resolulion of lhe pholoconduclive receiver. Ihe corresponding

omplifude specfrum for lhe receiver is shown in Fig. 3b. The excellent qgreement with

experimenl shows lhot, fo o very good opproximofion, fhe semiconductor response

follows Drude fheory ond lhol lhe resulting response lime is limited by lhe bollistic

occelerofion of the photocqrriers.
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