
Yamanouchi in the Fermilab Program 
Planning Office can give additional 
details. 

Fermilab is envisaging a broad 
neutrino programme for the Main 
Injector era. The laboratory has just 
approved a short baseline oscillation 
experiment, E-803, which may be 
sited in an existing experimental hall 
in the Proton Area or in a new loca
tion. A long baseline oscillation 
programme will necessarily proceed 
in stages, with the first step being 
investigation of possible beam 
extraction opportunities. 

The laboratory already has pro
duced a conceptual design report on 
Neutrino Physics at the Main Injector 
using 120 GeV extracted beam. A 
joint Research Division and Accelera
tor Division study group is now 
investigating the feasibility of several 
new ideas: 1 - extraction of 150 GeV 
beam to the existing switchyard; 2 -
120 GeV beam at the antiproton 
target station; and 3 - beam from the 
8 GeV booster. 

In conjunction with this study group, 
the Research Division is coordinating 
an evaluation of the geology and a 
civil engineering study for the extrac
tion of a new long baseline beam 
from the Main Injector. The labora
tory intends to call for long baseline 
proposals in the near future, and one 
proposal has already been received, 
P-822, to extract beam towards the 
Soudan-2 proton decay detector 
located in Minnesota at a distance of 
806 kilometres. 

Sid Drell chairs a new subpanel of the US High 
Energy Physics Advisory Panel (HEPAP) to 
look at international collaboration possibilities 
after the demise of the SSC project. 

SUPERCOLLIDER 
Going international 

In the wake of the Superconducting 
Supercollider (SSC) debacle in the 
US (December 1993, page 1), US 
particle physicists are regrouping. 'It 
is clear that physics interest cannot 
be changed by an act of Congress,' 
says Ed Berger of Argonne. 

As part of the SSC winding up, US 
Secretary of Energy has been re
quested to produce a plan to 'maxi
mize the value of the investment in 
the project and minimizing the loss to 
the US, including recommendations 
as to the feasibility of utilizing SSC 
assets in whole or in part in pursuit of 
an international high energy physics 
endeavour.' 

To provide input for this plan, the 
High Energy Physics Advisory Panel 
(HEPAP), the 'voice' of the US 
particle physics community, has 
formed a new subpanel, chaired by 
Sid Drell, to study international 

collaboration possibilities. An interim 
report is expected in February, and 
the final recommendations at the end 
of May. 

Informal exploratory talks have 
been held at CERN between spokes
men of major CERN experiments and 
experimental proposals and their 
counterparts from the major SDC and 
GEM projects which were being 
prepared for the SSC. 

Meanwhile ways could be found to 
use SSC termination funding to 
capitalize on detector research and 
development work already in the 
pipeline. On the SSC site in Ellis 
County, Texas, Fermilab Director 
John Peoples is supervising the 
windup of the project, while Joseph 
Cipriano has been replaced by 
James Hall as director of the Depart
ment of Energy's on-site office. 2,286 
personnel had been working on the 
site, of which 1,983 were employed 
by the SSC. 

KEK/NAGOYA/SLAC 
Highly polarized 
electrons 

In the push by the Japanese KEK 
Laboratory, in collaboration with 
university groups and overseas 
laboratories, to develop new tech
niques for the future Japan electron-
positron collider (JLC), a recent 
achievement is a significant increase 
in the efficient yield of highly polar
ized electrons. 

In today's Standard Model, the 
electrically charged carriers of the 
weak force communicate only with 
left-handed particles. The 
handedness (or direction of the spin) 
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is therefore a means of controlling 
the weak interactions. 

The first breakthrough of the 50% 
polarization barrier inherent in con
ventional gallium arsenide (GaAs) 
photocathodes (because of spin 
degeneracy) was made early in 1991 
using strained lattice photocathodes 
and superlattice photocathodes. Both 
were designed to have suitably 
modified energy-band structure (May 
1991, pages 4 and 6, and July/ 
August 1991 page 16). 

The next major step was a success
ful application of the new technique 
at the two-mile linac at SLAC, 
Stanford. Replacing a conventional 
crystal photocathode by a strained 
lattice, the linac routinely supplies 
intense 45 GeV electron bunches of 

about 65% polarization (July/August 
1993, page 5). The polarization of 
SLAC's SLC linear collider has 
considerably boosted the physics 
capability of the SLD experiment. 

Key issues are the quantum effi
ciency of the photocathode - the 
number of photoelectrons per inci
dent laser photon measured at low 
laser intensity - and the maximum 
charge that can be extracted in a 
short pulse irrespective of the maxi
mum laser intensity available. 

When originally tested, the effi
ciency of the new high polarization 
cathode materials was about an 
order of magnitude lower than 
obtainable with a low-polarization 
crystal photocathode. Low quantum 
efficiencies restrict both the maxi-

Increasing the effective thickness of a thin 
layer of strained semiconductor using a 
technique developed at Nagoya, Japan. 
Circularly polarized laser photons are multiply 
reflected between the semiconductor surface 
on one side and a Distributed Bragg Reflector 
(DBR) on the other using quarter-wavelength 
thicknesses. 
The quantum efficiency is shown below - the 
solid and open points were obtained respec
tively with and without photon reflection. The 
solid curve shows the simulated enhancement. 
For 860nm laser photons giving 70% polarized 
electrons, the efficiency reached about 1.3%. 

mum charge that can be extracted (if 
the photoelectron emission per 
absorbed photon is low) and place 
heavy demands on laser power. 

In 1993, the SLC strained-crystal 
cathode achieved an efficiency of 
0.5% at a wavelength of 865nm, a 
factor of five over initial measure
ments for the same type of cathode, 
attributed to not breaking the vacuum 
when loading the cathodes (load 
lock). 

More recently, a substantial in
crease in quantum efficiency has 
been demonstrated using the KEK/ 
Nagoya/NEC superlattice crystals, 
while a technique for increasing 
photon absorption has been devel
oped and successfully tested at 
Nagoya. 

Superlattice photocathode 

The KEK/Nagoya/NEC collaboration 
has been working on GaAs-AIGaAs 
superlattice photocathodes. (In such 
a superlattice, the additional sites 
avoid the spin degeneracy problem.) 
Latest improvements include a 
special doping density and surface 
GaAs layer. 

The polarization measurement was 
done at Nagoya under low current 
and gave a maximum polarization of 
7 1 % at 757 nm. As expected, the 
quantum efficiency increased for the 
shorter excitation wavelength. Tests 
of quantum efficiency and maximum 
charge were made at SLAC, using 
the SLC Polarized Gun Test Lab, as 
part of a collaboration between 
SLAC and Japanese research 
centres on future accelerator tech
niques. 

As with the SLC, the cathodes are 
inserted into the gun without breaking 
the vacuum (load lock), avoiding 
deterioration of performance. Typi
cally, efficiencies are improved by a 
factor of 3 to 5 this way. 

10 CERN Courier, January/February 1994 



THREE ADVANCED ENGINEERING COURSES ORGANIZED BY 

Electronics Laboratories of the Swiss Federal Institute of Technology Lausanne, Switzerland 

fiCOLE POLYTECHNIQUE 
F S D 6 R A L E DE LAUSANNE 

LOW-POWER / LOW-VOLTAGE 
IC DESIGN 

Course 1 : June 27 - July 1,1994 
Low-Power / Low-Voltage IC Design : An Overview 

Micropower Packaging Techniques 

Ultra Low-Power Digital Design 

Low Power Circuit Design - Basics 

Low Power Design at Architectural and System Level 

Computer Aided Design for Low Power 

Device Modeling for Micropower ICs 

Limits to Low-Power/Low-Voltage Analog Circuit Design 

Basic Analog Circuit Techniques for Micropower 

Analog Micropower Building Blocks and System Design 

CMOS Op-Amps for LP-LV Applications 

Low-Voltage SC and Continuous-Time Filters 

Low-Voltage Switched-Capacitor Filters 

Nyquist-Rate Micropower A/D and D/A Converters 

Low-Power Oversampled A/D Converters 

Low-Power Mixed-Signal Design for Medical Devices 

LV/HV Interfaces: Supply Voltage Step-Down IC Design 

LP Low-Noise Sensor Interfaces and Measurements 

Low-Power Microprocessors and Memories 

Low Power Circuits for Portable Telecommunications 

Low-Voltage Disk Drive ICs 

M.DECLERCQ, EPFL & 
M.DEGRAUWE, CSEM 

J JASPER, EM Microelectronic 

C.PIGUET, CSEM 

J. RABAEY, UCB 

J. RABAEY, UCB 

J. RABAEY, UCB 

C.ENZ, EPFL 

E.VITTOZ, CSEM 

E.VITTOZ. CSEM 

E.VITTOZ, CSEM 

H.LEE, MIT 

R.CASTELLO, U.Pavia 

M.STEYAERT, KUL 

V.VALENCE, MEAD 

E.DUKSTRA, CSEM 

D.WAYNE, Hearing Innovation 

G.TEMES, OSU 

P.JARRON, CERN 

C.PIGUET, CSEM 

M.PARDOEN, CSEM 

T.SCHMERBECK, IBM 

P R A C T I C A L A S P E C T S in 
A N A L O G & MIXED-MODE ICs 
Course 2 : July 4-8, 1994 

Technologies for Analog and Mixed-Mode ICs 

Packaging Techniques 

Analog and Mixed-Signal Circuit Layout Techniques 

Mechanisms and Effects of Noise Coupling in Analog ICs 

Design Strategies for Reducing Noise Coupling 

Analog and Mixed-Signal IC Layout and Floorplanning 

Passive Components and Parasitic Effects in Analog ICs 

Current-Mode vs SC Signal Processing Circuits 

Grounding and Bus Routing Techniques for Analog ICs 

Design of On-Chip Voltage References 

Practical Design Techniques for Commercial Analog ICs 

Testing Analog ICs 

Practical Design of Sigma-Delta Converters 

CDS and Chopper Stabilization Techniques 

Practical Considerations in SC Circuit Design 

Noise Analysis for Cont.-Time and Sampled-Data ICs 

BiCMOS Analog Circuit Design Techniques 

EMI/EMC Effects in IC design 

E.LAES, MIETEC 

J.THOMPSON, Consultant 

T.SCHMERBECK, IBM 

T.SCHMERBECK, IBM 

T.SCHMERBECK, IBM 

T.SCHMERBECK, IBM 

D.ALLSTOT, CMU 

D.ALLSTOT, CMU 

P.BROKAW, Analog Devices 

P.BROKAW, Analog Devices 

P.FERGUSON, Analog Devices 

P.FERGUSON, Analog Devices 

P.FERGUSON, Analog Devices 

G.TEMES, OSU 

M.REBESCHINI, IC Research 

C.ENZ, EPFL 

H.CASIER, MIETEC 

V.TRIPATHI, OSU 

Deadline for Registration : May 31 

Registration Fees: Any One Course * 2700.- CHF, Both Courses » 4'400.- CHF 

CMOS & BiCMOS VLSI DESIGN '94 

ADVANCED DIGITAL DESIGN ADVANCED ANALOG DESIGN INTEGRATED SIGNAL PROCESSING 
Session 1: August 22-26,1994 Session I I : August 29 - September 2, '94 Session I I I : September 5-9,1994 

Evolution and Trends of Microelectronics M.DECLERCQ, EPFL MOS Transistors E.VITTOZ, CSEM Theory for SC and ST Filters G.TEMES, OSU 
Device Physics and Modeling F.RAHALI, EPFL Bipolar Transistors E.VITTOZ, CSEM On-Chip Continuous-Time Filters J.KHOURY, AT&T 
CMOS & BiCMOS Static Logic Ph.DUCHENE, EDAS Passive Components E.VITTOZ, CSEM Practical Exercise on Filter Design F.KRUMMENACHER, EPFL 
Dynamic Logic Structures B.HOCHET, EPFL Parasitic Effects E.VITTOZ, CSEM State-of-the-Art SC Filter Design G.TEMES, OSU 
High-Speed CMOS Circuit Techniques K.ESHRAGHIAN, U.Adelaide Layout Analog Techniques E.VITTOZ, CSEM Practical Figital Filter Design J.SCOTT, Crystal 
High-Speed BiCMOS Circuit Techniques H.-J.PFLEIDERER, U.Ulm Elementary Building Blocks E.VITTOZ, CSEM Asynchronous Digital Filter Design B.ADAMS, Analog Devices 
Clocking Strategies, Memories, I/O K.ESHRAGHIAN, U.Adelaide Analog Functional Blocks W.SANSEN, KUL CMOS A/D & D/A Converters G.TEMES, OSU 
Systolic Arrays H.-J.PFLEIDERER, U.Ulm Low-Noise Amplifiers C.ENZ, EPFL Delta-Sigma Modulators I G.TEMES, OSU 
Advanced Semicustom Arrays Ph.DUCHENE, EDAS Voltage References E.VITTOZ, CSEM Delta-Sigma Modulators II B.ADAMS, Analog Devices 
Design Flow CPIGUET.CSEM Oscillators E.VITTOZ, CSEM DSP - Full Custom IC Design H.HAERINGER, ITT Intermet. 
Design for Testability A. OSSEIRAN, EPFL BiCMOS Building Blocks H.CASIER, MIETEC VLSI Architectures & CAD for DSP H. DE MAN, IMEC 
VLSI Design Using VHDL A.VACHOUX, EPFL Off-chip Drivers R.CASTELLO, U.Pavia 
Economics and Cost Evaluation M.DEGRAUWE, CSEM Analog and Neuromorphic ICs E.VITTOZ, CSEM 
Trends in VLSI Technologies G.DECLERCK, IMEC 

Deadline for Registration : June 30 
Registration Fees: Any One Session = 2*600.- CHF, Any Two sessions = 3'600.- CHF, All Three Sessions = 4'600.- CHF 

Courses Directors: Michel Declercq, Gabor Temes, Vlado Valence and Eric Vittoz 
Contact: V. Valence, EPFL-LEG, EL-Ecublens, 1015 Lausanne, Switzerland, Tel: +41-21 -693-3972(or 75), Fax : +41-21-693-3640, e-mail: valencic@elde.epfl.ch 

- EPFL Is member of the ESPRIT VLSI Design Action of the European Communities -

mailto:valencic@elde.epfl.ch


Developed by Landau, Pomeranchuk, and 
Migdal forty years ago, the LPM effect predicts 
that the production of low energy photons by 
high energy electrons should be suppressed in 
dense media. 
In 1993 this was finally verified at Stanford 
(SLAC). The diagram compares data (crosses) 
with Monte Carlo simulations - one (dashed 
line) including LPM suppression and the other 
(dotted line) ignoring it - for 25 GeV electrons 
on uranium. Data recorded with two different 
targets were subtracted to remove edge 
effects. 

In the test, a 20 mm diameter 
superlattice photocathode, biased at 
about 120 kV, has achieved a record 
performance; a current of 2.3 x 10 1 1 

electrons in 2.5 ns at 757 nm with a 
corresponding quantum efficiency of 
2%, the latter representing a factor of 
3 improvement over earlier measure
ments. 

The achieved output current is not 
limited by the photocathode material 
but is comparable to the gun's space-
charge limit. Since the output pulse 
shape is distorted only at the very 
highest laser power, charge limiting 
effects on closely-spaced bunches 
will also be minimal. 

Strained crystal photocathode 

With a strained crystal photocathode, 
the relatively low state-density of 
heavy-hole band semiconductor can 
be selectively pumped to produce 
highly polarized electrons, and the 
strain on the crystal lattice (which 
removes the spin degeneracy) can 
be maintained only over a layer of up 
to 0.3 microns. This keeps the 
quantum efficiency low. 

Instead of asking for higher laser 
power, the effective photon 
pathlength within the useful layer 
could be increased by making the 
photons go backwards and forwards, 
sandwiching the thin crystal layer 
between parallel mirrors. 

Absorption of reflected photons 
provides electrons of the same 
helicity as incident photons, as the 
photon circular polarization is re
versed on reflection and so is the 
direction of electron emission. 

The Nagoya group applied the idea 
of an optical Fabry-Perot cavity. One 
of the mirrors already exists - an 
interface between the GaAs crystal 
surface and the vacuum works as a 
reflector due to the difference in 
refractive index. The other, on the 

reverse side of the crystal, was 
prepared as a distributed reflector, 
using many pairs of dielectric layers 
with different refractive indices. The 
thickness of each layer is chosen to 
be a quarter of the incident photon 
wavelength. Though the reflectivity of 
each interface is low, reflected 
photons add up coherently, giving 
overall high reflectivity. Multiple 
reflection between the two mirrors 
resonates when the round trip 
pathlength is an integer multiple of 
the photon wavelength. 

The quantum efficiency is consider
ably increased at several photon 
wavelengths satisfying resonance. 
For 860nm photons, the quantum 
efficiency exceeds 1 % for a 0.14 
micron GaAs layer and the electron 
polarization is 70%. This rather low 
polarization (for this kind of source) 
results from the resonance peak 
position for the sample not matching 
the exact maximum polarization. 

The technique should be applicable 
to any thin photocathode and de
crease the demand for laser power. 

STANFORD (SLAC) 
Photon theory verified 
after 40 years 

A collaboration of physicists from the 
University of California at Santa Cruz 
(UCSC), the Stanford Linear Accel
erator Center (SLAC), American 
University and Livermore has verified 
a theory that is almost forty years old. 
Developed by Landau, Pomer
anchuk, and Migdal in the mid-1950s, 
the LPM effect predicts that the 
production of low energy photons by 
high energy electrons should be 
suppressed in dense media. 

When an electron interacts with a 
nucleus and emits a (brems-
strahlung) photon, the longitudinal 
momentum transfer between electron 
and nucleus is very small. The 
uncertainty principle therefore re
quires that the interaction must take 
place over a long distance, called the 
formation zone. If the electron is 
disturbed while traveling this dis
tance, the photon emission can be 
disrupted. The LPM effect predicts 
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