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Figure 1:
Layer structure of the lnP/(alnAs/lnl' front-side illuminated photodiode; the absorbing
layer GaInAs is 1.5 pm thick, and the window layer l'-InP is 1 um thick. 1000 A SiO, was
used as antireflection. Photosensitive area is 25 janI in diameter in contact with a 25 um
diameter bondpad.

FWHM =29 PS, 20 ps/DIV, 20 mV/OIV "

Figure 2:
Transient time response ot O wt. ph,,t,,1i( h, to, 1.3t jrr i<,, m le~s(r ptlse showing a full width
at half maximumn of 29 lps and it fall ini, )1 3 1 ps. "J'iv, milmlse response of the sampling
head is 23ps. Using a (;atssiati ati)pf,)xmla hi(lliia ,,onHiiiid iphotodiode and laser pulse
width of 18 ps is calctulatedl.
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ELECTRO-OPTIC SAMPLING ANALYSIS OF TIMING PATTERNS AT CRITICAL
INTERNAL NODES IN GIGABIT GaAs MULTIPLEXERS/DEMULTIPLEXERS

X.-C. Zhang and R.K. Jain
Amoco Research Center

P.O. Box 400, MS F-4, Naperville, L1, 60566

R.M. lHickling
GigaBit Logic, Inc.

1908 Oak Terrace Lane, Newbury Park, CA 91320

Picosecond elejtro-optic sampling (EOS) has already been demonstrated by
several researchers to represent a unique capability for direct non-inva-
sive probing of GaAs integrated circuits with high temporal resolution. In "
this presentation, we describe the use of this capability for a detailed
analysis of on-chip waveforms at critical internal nodes in gigabit sequen-
tial logic circuits. Besides providing vital timing information between such
internal nodes (and thereby providing the first clear measurements of timing
parameters such as set-up and hold-times in flip-flops, and gate propagation
delays is normally-lcaded and normally-exercised gates), such EOS measure-
ments report the first observation of effects such as clock feedthrough at p

internal nodes, as well as provide indispensable information on the accuracy .
of the modelling/simulations (typ. SPICE) that are usually done for the
analysis of quirks in the internal behavior of such circuits. 4

The experimental arrangement is similar to that reported earlier
with - 3.5 picosecond pulses from a mode-locked and compressed YAG laser
being used for the EOS measurements described here. All the measurements
reported here were performed directly on wafers (obtained from GigaBit Logic,
Inc.) with conventional probe cards used for biasing and feeding of the
gigabit rate clock inputs. A clock frequency of 1.31 Gigahertz, synchronized
to within a few Hertz of a precise integer multiple of the repetition rate of
the mode-locked YAG laser, was used for all the data repor-ed here.

Figure I shows the temporal resolution of our EOS system obtained from a
GaAs FET which acts as a photodetector. Figures 2(a) and 2(b) show the
circuit diagram of a falling edge triggered D-flip-flop (D-FF) and the
waveforms observed at various internal nodes. From the timing relationships
between such waveforms (measured on highly-expanded traces with - 2 psec
resolution), set-up and hold times for the D-FF, as well as propagation
delays for each of the six NOR gates cu-nprising the D-FF, can be inferred
very accurately. For instance, the propagation delay for gate A
(fan-out - 3) and the set-up timing margin between the clock and data input
AA were measured to be 97 ps and 190 ps respectively; from the smallest
timing margin measured in this D-FF, we infer its maximum operational fre-
quency as approximately 1.74 GHz. %

Timing patterns corresponding to the 8 phases of a 4-stage Johnson
counter (constructed with D-FF's similar to that described above) are shown
in Figure 3, and strobe pulses, decoded from the Johnson counter outputs by a
simple combinational logic circuit, are depicted in Figure 4. Such strobe
pulses are used to control data combining and separation in 8-phase gigabit
multiplexers and demultiplexers. Several of the "ripples" and "glitches"
observed in Figures 1-3 are also observed in the SPICE simulations, and are
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WE17-2

ascribable to simple effects, such as clock feedthrough; the slow ramping
(with a time constant of a few nanoseconds) observed in the data is attribut-
ed to circuit parasitics. We will elaborate on these points in the presenta-
tion. Additional data will be presented, time permitting, and various
practical aspects of EOS measurements in such circuits, such as voltage
sensitivity, absolute voltage measurement, and the effect of crosstalk from
adjacent signal bearing lines, will also be discussed.

References
1. J.L. Freeman, S.K. Diamond, It. Fong, and D.M. Bloom, Appl. Phys. Lett.,

47, 1083 (1985).
2. X.-C. Zhang and R.K. Jain, Electron. Lett., 22, 264 (1986).

. 3. M.J.W. Rodwell, K.J. Weingarten, J.L. Freeman, and D.M. Bloom, Electron.

Lett., 22, 499 (1986).

4. R.K. Jain and X.-C. Zhang, Technical Digest of the IEEE 1986 GaAs IC
Symposium (1986), p. 141.
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16 Gbit/s Direct Modulation of an InCaAsP Laser

A. II. Gnauck and J. E. Bowers -ft

'.p

AT&T Bell Laboratories
Holmdel, New Jcrscv 07733

'f,

The fastest transmission systems demonstrated to date are at a bit rate of 8 Gbit/s
[1,2]. Laser modulation experiments at 10 Gbit 's NRZ and 8 Gbitis RZ were rcccntlv
reported [3,41 as well as simulations using the highest frcquenc\ components of a 16 Gbit/s
NRZ code [5,6]. Recent improvements in the cut-off frequency of FETs and increases in
laser modulation bandwidth now allow the investigation of optical svstcrvp at higher speeds by
electronically multiplexing pseudorandom 2 Gbitis signals of length 2 -I into a 16 Gbit/s
NRZ bit stream.

The experimental system is shown in Figure I. The electronic input was an 8
I bt/s NRZ bit stream created by multiplexing four pseudorandom 2 (ibit/s signals of length

2 -1 [1]. The 8 Gbit/s signal was split into two identical signals using a broadband resistive
divider, and one output was then delayed in a coaxial cable for 2.0 ns with respect to the
other. Both signals were converted to RZ format by multiplying each against an 8 GHz siner
wave in separate hybrid dual-gate GaAs FET circuits (small signal bandwidth of 18 GHz). OK

The 8 Gbit/s RZ signals were resistively combined to produce the 16 Gbit/s NRZ signal
shown at the top of Figure 2. This signal was then amplified in a hybrid GaAs FET driver
circuit to provide up to 1.5 Vpp into 50 f, as shown in the middle of Figure 2.

The amplified multiplexer output drove a multilongitudinal-mode 1.3-pm-
wavelength constricted mesa laser [7]. The laser threshold was 20 mA. The laser bandwidth
increased linearly with the square root of optical power with a slope of 5.3 GHz/nf"" and
saturated with a maximum bandwidth of 15 GHz at an optical power of 10 mW and a current
of 120 mA. The laser output was focused onto a high-speed PIN lnGaAs/InP photodetector
[8] with a bandwidth of 22 GHz, a quantum efficiency of 55% and a leakage current of 10 nA,
all at a bias voltage of 5 V. The photodetector was connected directly to a Hewlett Packard
1430C sampling head (rise time < 20 ps) and the electrical wavcforms were displayed on a
Hewlett Packard 181 iA sampling oscilloscope. W-

The detected optical output is shown at the bottom of Figure 2 for a bias current of
90 mA. The laser and detector cause some eye closure, but the center of the eye remains
open. The bias dependence of the laser output was also examined. At the lowest biases single
ones or even double ones do not turn on at all. At 40 mA bias, corresponding to 100% optical
modulation, the laser rings by a factor of 2:1 during a long series of ones, and pattern effects
are very significant. For 70 mA bias and above (optical extinction ratios of 2.9:1 and lower),
the center of the eye is open. Previous experiments at 8 Gbit/s NRZ on similar lasers[l]
showed that the lasers could be 100% modulated with open eyes. That is not true at 16 Gbit/s
for similar driven levels (50 mreA,). What drive level is needed for 100% modulation at these
frequencies? Since most lasers have a small signal bandwidth/power' slope of approximately
4 GHz/W', and since a small signal bandwidth of approximately 16 GHz is needed at the
on-level, an on-level power of roughly 16 mW is required for 100% modulation. With a typical
threshold of 20 mA and a typical (high power) quantum efliciency of 0.2 mW/mA/facet, this
corresponds to an on-levcl current of 100 mA, and a required (ac-couplcd) drive current of 80
mA for 100% optical modulation. Thus, 100% optical modulation at 16 Gbit/s appears likely, f,

and even higher bit-rate modulation seems possible, pro\ idcd the lasers are operated at higher
currents, which means larger drive signals or smaller extinction ratios.

Acknowledgemnents
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ADVANCES IN BIPOLAR IC. TFCHNOLOGY

D. . Tang and T.H. Ning
IBNI Thiomas J Watson Research Centei

Yorktown Heights. N.Y 10598~

Si bipolar transistors and integrated circuits are wvidelIy uscdi forb Th z-pi-tormance iga c arrays
and high-speed cache memories, and have since become the backbonec of the high speed
computers. In recent years. steady improvecrnits in the understanding of the dcsigan and
scaling of the small dimension bipolar transistors together with the advances in thc process
technology have led to the realzation of ever faster bipolar transistor', and circuits.

Continued improvement in circuit performance is expected fromn scaling dowvn to 0.25 A~m
dimension. The theoretical limnit of scaling is reached when the base width is reduced to
about 25 nm. At such a dimension, the mean free path of electron is compai able to the base
width and the validity of the statistical drift-diffusion equation describing the device opcra-
tion becomes questionable. Various second order effects in device physics which wvere of
no concern in designing 2pAm or larger devies now become important at one micron and
sub-micron level. They are the heavy doping effects in the base, the reverse tunneling cur-
rent, the contact to the shallow emitter and the base widening effects (Kirk-effects).
tical technology considerations such as the emitter resistance, the high current density at the
emitter contact and electromigration may require deviations from following the scaling rules
rigidly. Nevertheless, at sub-micron dimensions, even the partijally-scaled bipolar devices
(with wider base width) can yield circuit speeds approaching those presently achieved by the
GaAs integrated circuits in an LSI environment.

Most of the advanced products are designed in 1.0 to 1.5 micron lithographic dimension.
The technology development has been skewed toward improvement in circuit speed more
than the integration level and is prim-rarily dictated by the systemn requirement of the
mainframe computer. Over the years, the most notable progresses are the introduction of.
(1) self-aligncd device structures, and (2) deep-groove isolation. The former ones Improve
the circuit speed and the latter improves the meniory density ard acecss time indirectly. The
gate delay of the present ECL (Emiiter..couple lo.0c) circuits is In the range (if a 0.25 -0.50
nanosecond, and the typical gate array utilizes thrce levecls of nmtal for wiring. A prototype
gate array of 10,00 gates has been reported using four levels of metal.

The integration level of the bipolar memory increasos at -I r.ate much slower vs. MOSF~FTl.
One reason is that thc bipolar memory has been usedl predominantly -is high-speed cachc
memory in mainframe computters where access timet rnthecr than dvnit~iy is of primary con-
cern. The two most notable 64Kb prototype bipolar RAMN~ chis are. (I the NMTL RANI
with a chip power of 270mW and acrcss time of 215 1),. desiiened( with a) conservative 2.2 Ani
lithography and fabricated us~rg 2 , nmction isolailion ttcchnolI,,t-; ("i) the Ions 1 .3\ ch'ip
using deep-groove i5,olation and 1.22,..u ihoraphy Thte ,c roChip', pro\ Ritc cxamplcs that
the bipolar RAM's do not have to bec hivii power to oc fast

It is expected that bipolar integrated circ-uits w IlIClicntie to d,.'mIin_,t- the: Inrih-speed ap-
plications. especially the LS1 logic, gatc WaaS. 310 SUb- 100 1)" .c v \\-ll I'c available.
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DEVELOPMENT OF 18 GHz GaAs STATIC FREQUENCY

DIVIDERS AND THEIR EVALUATION BY ELECTROOPTIC SAMPLING

by:

J. F. Jensen

Hughes Research Laboratories
3011 Malibu Canyon Road

Malibu, California 90265

* and

K. J. Weingarten, D. M. Bloom

Stanford University
Edward L. Ginzton Laboratory

* Stanford, California 94305
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INIRODLO (TIhN
Digital integrated c rcu ts I( pesl :per'tt, n at . . r1 t r .' , , Iii (H.' , a

s;gnf ;cant impact, on the per -rmarrce f dq ,A '"A.trrn, t in. leal ,- .-' 't,* -,1

successful ly emp loyed ad arn ed des i n and fab, , - , te , r. . 1. e * , -n,

frequency of room temper-ature GaAs VEIFEI div an' 'A.. i" (H.'. v, e. n,,> ,

achieved by any other technol a.aj at r'v temr-t3t,
Because of the limited bandwidth , c e r'fr, , r , 1 , , 1 r,

measurement of digital perft man-e 10'.'n It (H: 1,-an. a ., i l, r ... , 1' .

this work, however, we have ve"'l~ej arq- -' r,; -i q , 1 "i " , , ", j

signal timing on internal cr rcuit rm-o e j a , ne t L....,r "'.t '. ' Cc " 'ci a

gate delay measurements from ele ,. ,'p. Saii r. a, '"" .., Pa' 1, , s l

estimated from the measurements of th ma ,r',r t f, , , .

FLIP fIOf' DE I (;N AN( t f A tRII' AlI I..
The divider circuits are implemer,t - w lti a ira "' ,. 'rth',', k,

has a maximum toggle rate -f 1,'? q, wt-ere ,ini AN!' ll! '', .f' -. 1-1
logic families are used to ,m)!reert t 0,he d, vile 1 Ip,
buffered-FET logic (BFL) (iFq re 1) 2? [ftL ," .' i" *'. .. '

at high fanouts, but it also d'ss'pate the m --- pI,. . ,, f i .

on ly DFETs, so leve l-sh ift , n; ,q r" ,, -1 t,,-, i, t ,' n ,, I I
compatible. This extra C ir , v..' rV -r' 'na'es b ,t I 4 

't t t , ar, ,

However, the level-shifter etaiae al -. rI :,f , ,' t : ,

therefore, has excel lent far.'t ad irt , f t r e i-&
An alternative to BFL ,n der-m.' , -

t  
hr, , ', ', ' f - .- .

logic (CEL) (Figure 2) [3) ( fl , J I .- ,.h fi , " 4,i'.rr '. ' -'r'

points of the circuit, howe,"r, a -n nr ," Li an'- ,1, ,n ' . ' -,' a a
p l a c e d i n p a r a l l e l w i t h t h e 'e v e ',n, , . t , , - 'I . n .I' ' ,, 1' " -

During fast logic-state t rars tt ' , .r' , , . ' t- '-'S'. '',' t2 2-"e

capac ito r S inc e the speed c f t. , , t " , n ' t '1" . + " ' :.'

the level-shift diodes, th -s 7iir " ; m n' " ' . 0 , , ti . , ' 1 'we'

dissipation The fancut, ca:a . t I a ,,' 'a ! ',' f 10 1,'"
output. is not buffered, but at I (I[ . I '...' ' r 'e '' r it P11

To maximize the speed of GaAs I( , - er. , *n', ,. - ' ." I , tn .i..,.

design rules are reduced t. pro , v o .. t I ia"t, j...' .f ... itt n .i '.

gatelengths require thin act.,,e , a, c , 700 A. ., v', MB- 3 i' a 'er'' a r
minim;zed by using n" contact la),rs -o -', +I' + t, I I-,, ar' 1' art . i,

interconnects are used to -educe pais,,t in , ara, ,a' n". I Ar" . a V

photomicrograph of a por ion ,-,f a , Ipleted Ii w-t, I' Sr ji t'", I a rf, Iiit'- M

complete fabrication details are gven ,- Pei WlI
TE ST RElJit T

The dividers were tested at ctanfcrj' I Ini-ver ,t,, vA' j, '-,

sampling test station [4]. 'he cclo ,inputs were ir'-n- l us a ", '"'-wa-

synthesizer set to an exact multiple o'f the las-r p..1se ' i,'' 
, +  

"'a"". r s I- f.tn I a
frequency offset. To improve the sgnal to-noie rr, -, i'c el* ttrI pt - lett,-1te

signal, clock itnputs were als j pulse midulal*'d at 10 M .- , r ' > r' , ''., ,u , ,, T

clock signals were then ampl ,fi ed w th a m r ,,w , . amp.i I ' r +. '. a ' , I - w ,r,
into 50 Q . A 180' phase balu" was used to o-' fate th Piipas,- s a 5Is. aW, bias tees

were used to dc-offset, the c Ick 1 irputs tc the ciA int - , .a ia

I ,gure 4 shcws th e I +Jtr,..i ., i, ni -. r' , 'i ' -i ill '. "' ' ' -'c

at a clock frequency 'aft 2 1 1f: he' 'r" w;,t."f -'r , r, ' i' '',r'c t
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gate delay of 28 ps the i tr.,.pt 'r cl wavnf,'r t, f. ..
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SUMMARY
Electrooptic sampling techniques have been used to eva2Wat.e tlh erfomanco of

ultrahigh-speed frequency dividers. Electrooptic testing is a pcowefful terhniquje t, both
confirm operation of high-speed digital circuits on-waf-, nrd to n---d n.h ~.
maximizing their performance.
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Figure 3. SEM photomicrograph of a completed
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Figure 1. Buffered F E r' logic gate. Figure 2. Capacitively enhanced logic gate, and air bridge.
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Figure 4. Electrooptic waveform from a CEL divider circuit Figure 5. Electrooptic waveform measured at 13.46 GHz
measured at 12.1 GHz. of the clock, high impedance point (node A),

and source follower level shift output (node B)
of a B FL divider.
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Optical Reading of InGaAs

Modulation Doped Field Effect Transistor

I. Bar-Joseph, D. S. Chemia, C. Klingshirn, D. A. 13. Miller,

J. M. Kuo, T. Y. Chang

AT&T Bell Laboratories,

llolmdel, NJ 07733
o:

We present the first observation of absorption quenching in a semiconductor quantum well

by electrical control of the carrier density. We have observed this novel effect at room

temperature in a single modulation-doped InGaAs quantum well which was used as the

conducting channel of a field effect transistor (FET). The effect is extremely large and we have

used it for direct optical determination of the state of the VET

Modulation doping (MD) can be used to introduce carriers in QW producing very high

mobility materials well known for their application to high speed transport. Because the 1

carriers fill the two dimensional (2D) subbands up to the Fermi energy, the absorption edge is

blue-shifted with respect to the luminescence emission , with a shift approximately proportional

to the the number of carriers. Thus electrically-driven changes of the carrier density in a MD-

QW will result in large changes in optical absorption. The conditions for the observation of this

phenomenon correspond exactly to the situation encountercd during the switching of a FET

whose conducting channel is a MD-QW.

213
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The structure we have investigated is a specially designed recessed gate In~alnAIAs FET

grown by molecular beam epitaxy (MBE) on lnP:Fe. The structure is shown in Fig I It contains

an L,= IOOA Ino.0 Gao.4?Aa QW conducting channel for the 2D electron gas. The electrons are

supplied by transfer through a 20A Ino0 2AI0 48 Aa spacer layer from the 250A n0o2.2A1 0 48A layer

doped with Si- 1.2X 10'cm - 3. The Schottky gate pattern consists of two bonding pads of

300A Cr followed by 3000A Au connected to a 1.6X 10 0 tum active region which is centered in a

5.4pm gap between the source and the drain.

The InALAs layers as well as the InP substrate are transparent around the InGaAs gap

Xt 1.55Pim ) making the device compatible with lightwave comimuni'ation systems

We measured the changes in absorption in the channel by illutinating the gate through the

transparent substrate, and detecting the reflection from t he nt al gate, thus making two pa. ,es

through the channel. The change in the intensity, AT . of the reflected beam wa,, mea.ured as

function of the wavelength as the gate-source voltage wa.s modulated A set of typical spectra

for gate-source voltage modulation 1(- 0.6 V)---* (-0 2V) and (-0.6)- (+ 1.2 V) are shown in

Fig. 2. A large change is clearly seen at the position of the n,= I exciton peaks. The profile of

the difference spectrum corresponds to a decrease in absorption without shift of the exciton

resonances. The maximum amplitude is AT- 2% . At the n,= 2 resonance a somewhat weaker

structure is also seen. The variation of absorption at this resonance has a comtlnetely different

spectral profile which corresponds to a red shift of the n, =2 exit,,n peak di, to land gap

renormalization and the Quantum Confined Stark Effect

Beside providing a wealth of informuation on the optical pr,,pert , of NIl)-()W's, this effct

has clear potential for monitoring and optically interconnect tng electr,,l c circuits a. ed otn Ill-V

semiconductor technology. The effect, is large enough to en :0le pr(,litug it a stngle Q\V and

enables direct observations of the density of the conductitg electron g. In the tranststor The

contrast can be further increased in waveguides or toy using more than one well.
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FIGURE CAPTIONS

Figure 1: Drain-source current/voltage characteristics of the InGa.s/InAIAs field effect

transistor used in our experiments. The FET structure is shown in the insert.

Figure 2: Differential absorption spectra showing the absorption quenching of the n,= I

exciton resonances and the red shift of n,=2 resonance, for two gate voltage amplitudes: a)

-0.6V to -O.2V . b) -0 .6V to I.2V.
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Photoemissive Testing of High-Speed Electrical Waveforms

A. M. Weiner, R. B. Marcus, P. S. D. Lin and J. H. Abeles

Bell Communications Research
331 Newman Springs Road
Red Bank, NJ 07701-7020

Photoemissive sampling was recently introduced as a new, contactless method for probing high-

speed electrical waveforms on circuits and devices on any semiconductor [1-31. Previously the best

temporal resolution achieved was limited to 40-psec. In this paper we describe photoemissive

sampling measurements which demonstrate a temporal resolution below 7-psec.

Photoemissive sampling utilizes ultrashort optical pulses to stimulate the emission of photoelectrons

from metal interconnection lines on the surface of the device under test; the potential at the emitting

surface is derived by spectral analysis of the photoelectrons. Our experiments were performed with

2-eV, 80-fsec pulses from a colliding-pulse-modelocked ring dye laser, which generates

photoelectrons via a three-photon photoelectric effect. A grid placed 40 0 -pLm above the sample

provides an extraction field for the photoelectrons, which are subsequently detected using a

microchannel plate detector (MCP). The energy analysis is accomplished by a retarding field

analyzer mounted directly in front of the MCP.

The temporal resolution of photoemissive sampling is governed by the photoelectron transit time

through the region of space in which the electric field depends significantly on the sample potential.

This "effective transit time" T is given by:

T ~ IV ---- - V-1
eE eS+U 1

where E is the extraction field, m and e are the electron mass and charge, S is the spatial extent of

the time-varying electric field, and U, is the initial kinetic energy in the direction of the extraction

field. The transit time may be reduced (and the temporal resolution improved) by using a high

extraction field E and by minimizing the distance S. It should be realized that S is reduced when

examining transmission line structures with a closely spaced signal line and ground plane (since the

influence of the sample potential on the electric field above the sample is confined within a distance

comparable to the signal line/ground plane separation) [4].

We performed photoemissive sampling measurements of electrical transients on a 5-p.m gold

coplanar stripline on GaAs. One optical pulse photoconductively generates a fast, -200 mV

21N
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electrical step; a time-delayed probe beam generates photoelectrons from the center line of the

stripline at a point 40-pm away from the origin of the electrical step. A time-resolved measurement

of the potential at the probe position is shown in Fig. 1 for an extraction field of 25 KV/cm. The

10%-90% rise time is 7-psec; the steepest slope present on the rising edge would correspond to an

even faster rise time of approximately 4-psec. For comparison, the calculated transit time is 3.6-

psec, using S = 5-pm and U, = 1 eV.

Our experiments demonstrate that photoemissive sampling is capable of prohing 50 Ghz signals with

a temporal resolution well below 10-psec.
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Laser Pulsed E-Beam Systemi for Hi-h Speed I u, 1 estlng

Paid May, Jean-Marc I- albotit arid George Chiiti

IBM Thomas J. Watson Research C'enter. Yorktown I IL-iights, N Y 10 5 ()S.

Phione No: (9 14) 945 2 17S.

Electron probe techniqulies for the hig, h speed testing, ot Integ!rated Cicishave c:onsideralyl~

higher spatial resoluition compared to optical technliquies hilt hIoe tended it) silier fr om pmr ier

temporal resoluition. In this presentation we de.scribe .i nolo\ c tpe of' inri mem Utlm~ Ctombines the

advantages of comnentional SEM w ola-c conrias t tcchimitcs( I ) ( ilding, ai spatial resolutionl better

than 0. I p tin andi heam steer-,bilty ) with ain order of inanittude imtprovcenft ill temlporal res~olution.

Figure I shows a schem intic of the svstein) usedL cteroioi u fcd ci sio m in of

standard SUM systems is replaced b% ai thin I ilm roughiened gIold photocithiode deposited on at qtiartt

substrate. The quadruipled outut from a Ito de -locked Nd: YAG laseLr J ibre compressor arran-elient

is foctised onlto the cathode ( op)ratjinig in transmission mode ) wi h is mounted at the top (of thie

SEM coltumn. Because the phlocat dide is operatedI in) t rammissio mode and the escape depth of

the photoelectrons in g old is only a few IW oI (f ingstrolis tlien the filmt should be as thin as possible

consistent with there being electrical continuitv yicly Ip, tlc l at nm O I Ii and 2m1W

average power Impinge o t2 00 A thick gold filim whtich ihas inaclermin mesh i ls rxmt

to redutce temporal spread prod tiCed by Coulomb11 interac tions~ The photoelectron v ie Id is 1)5 101

which gives ibout 101.100) electrons per pulse

The ave rage brighitness of the photocat hode is quite ,,illficicnit to see real time 2-D) imag'es of

samples tinder test, whichi is necessary so that at stationary spot beam can be uaiypositioined at thie

waveform Imasuiring point for voltage meiasuiremeicnts (or alternati'el for 2-I) time resolved vhg

meatsutre mnrts ) In addition the peaik brig litnecss is mutch larg r tan inl beaiim blinked S LNI SY'SteIS

which resuilts in shorte r saamplirn!, times. Ani especiaill tdesi~tied an-Ic is ricrg spectromtetr vith i

extractijon land a retarding gorid analyses the emlitted SecotIdarv- eIlectrons (\w c os ricrg\ dueleit on

22r)
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tile voltage at the emissioI moint) andl allows close working distances for good spatial resoluition. Us-

ing phase sensitive detection, voltage resolutions of better than 2Um I '/(/IL)' 2 have been achieved

ccmlpared lo 1iOn I'/(Hz) 1/2 when thle thermionic souirce is used.

For time resolved measurements, part of the lighit beaim incident on thle pliotocitln u is. used iL

a trigger for thle electrical signal w~hose waveform is to be measlued. an(1tile wA I\CI(I tin samp~lleId

by variably delaying thle cathode incid ent bcani with respe~t-ct LO thle tii' ier \\eIm i loinica mt nt inl

nodes on a clock-driven interrated circuit thn1 Lite lit signal is lved to d i \ e thle clock in sx nlc h rt)-

nism (less than I ps jitter is achievale[) with thle electron puilse.

Figure 2 shows a samipled wavcforrn derk~ed from a sitep-rcovery hiodc A pulse generator,

triggered hy a 1)holodiode signal from part of the litcht bea.n pr1ox ides an appromately sinusoidal

signal at 100MIIAz to the step recov'ery diode. The resiltant pulke Inc isimretl % ith a sampling scope has

a rise time of 60ps and a 5V peak amplitulde. The electrical pulse is launched onto a 50) ( )hm trans-

mission line within (lie chamber where it is probJk ION thle electron beaum (primar\ be am cne rgv of

2keV). The rise timte of thle restultant waveform, limited by the dev ice, is tinder Slips, w\hich iilplics

an instrument resoluition better than 21 Ips. Though thle line gecometrv is, lr c (I inn) a small extraction

field of 1 70 V/mm is sufficient to achieve this time resoluition for sima~ller e s ract ion fieIls thle rise

time meastiredl increases dute to thle transient loca lie hi eff ect On thle e in it ted secondary electrons.

Mionte C'arlo simuulations fo r safe e xtract ion fields of 2kV\' cm and ftor coplanar lines wAith micron 'C -

onetries support a predlicted instrument resolution of order 51ps

2211
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Figure 1: Schematic of Photoelectron Electron Microscope
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A New 10 pm Infrared Detector Using Intersubband Absorption in 1

Resonant Tunneling GaAIAs Superlattices

B. F. Levine, K. K. Choi, C. G. Bethea, J. Walker, R. J. Malik

AT&T Bell Laboratories
600 Mountain Avenue
Murray Hill, NJ 07974

The fabrication of 10 pam infrared detectors from Ill-V materials would allow%

advantageous use of their highly developed growth and processing technologies, as compared '.,

with II-VI compounds.1"  Furthermore, device parameters (e.g. bandgap, operating

temperature, bandwidth and speed) can be tailored in ways that are difficult to do with either

ll-vrs or extrinsic Si detectors. We report here the first demonstration of a novel high speed

infrared detector based on intersubband absorption and sequential resonant tunneling in

doped GaAs/A.Ga_,As quantum well superlattices. We achieved a responsivity of 0.52

A/W at A - 10.8 pm, an advantageous narrow bandwidth response AA/A- 10%, and estimate

the speed to be f 45 psec. From our experiments we have determined that the mean free path

of the photogenerated hot electrons through the superlattice is 2500 A.

The superlattice consisted of 90 A AluGa.76 As barriers and 65 A GaAs wells (doped .-.

l.4x10' s cm"). Detectors were fabricated by etching 50 pm mesas and back illuminating 5.

them through a 45" angle polished on the substrate. The responsivity vs bias voltage is shown

in Fig. I for A - 10.8 pm. The solid line is theory based on absorption of the infrared light by

the intersubband resonance, followed by the rapid tunneling of the photoexcited electron out

of the well in 10" sec, (shown in Fig. 2). The hot electron then travels a mean free path L

(determined to be L - 2500 A) thereby producing a photocurrent before being recaptured by

one of the wells. As expected the detector response was found to be highly polarized and

have a narrow spectral sensitivity.
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