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1. INTRODUCTION basic recipe to calculate the threshold voltage
shift of the device. First, we calculate the

In recent years a number of papers have energy loss as the particle passes through the
been published on the problem of single- gate oxide layer. Second, we assume that all
particle-induced upset of small semiconductor the energy loss produces ionization at 18 eV
memories.' 5 Upset occurs when a single per electron-hole pair. The assumption that
alpha particle is emitted by a radioactive con- ionization is the predominant loss mechanism
taminant in the ceramic packaging. As the is widely accepted,6 and several investigators
alpha particle passes through the silicon chip, have reported that the electron-hole pair crea-
it can sometimes generate enough charge to tion energy is 18 eV. 8 We have assumed that
change a stored zero into a one or a one into a charge recombination is negligible. Third, we
zero. When this happens the memory is tem- have assumed that all the electrons are swept
porarily scrambled, but it works correctly when out of the oxide "immediately," and all the
it is reset. As devices are further reduced in holes transport to the interface where they are
size, they may become vulnerable to perma- trapped. Obviously this assumption is conser-
nent failures from single particles. That is, an vative since the percentage of holes trapped
alpha particle (or other charged particle) will cannot exceed 100 percent, but trapping of 80
generate enough trapped charge in the gate percent or more has been reported for com-
oxide to cause a large change in the operating mercial devices (with unhardened oxides).9

voltage of the device. In this paper we examine Thus, we believe this assumption is
the possibility that a single alpha particle might reasonable, even though it is clearly a worst
cause the failure of a submicrometer- case. Fourth, we have assumed that the
dimension metal-oxide-semiconductor field- trapped charge will be uniformly distributed
effect transistor (MOSFET). across the area of the device. This assumption

may not withstand close examination since the
initial distribution will be anything but uniform.

2. PROCEDURE AND ASSUMPTIONS However, we will present a preliminary
calculation which indicates that most of the

We have identified several kinds of par- charge is distributed in a reasonably uniform
ticles which have a reasonable probability of fashion. Fifth, from the trapped change
hitting a memory element. For each of the par- distribution, we calculate the change in the
ticles of interest, we have followed the same threshold voltage of the device, AVT, as a func-

tion of device area, A, and oxide thickness,
1 T C May and M H Woods. Proceedings 1978 Interna- jo.
onal Reliabiity Physics Symposium (TRPS, IEEE Catalog

No 78CH?294.8PH4. 33-40
2D H Redman. R M. Sega, and P Joseph. Military Elec. 6R D Evans. The Atomic Nucleus, McGraw-Hill. New
tronics/Countermeasures, 6 (March 1980). 42.47. and York (1955)
(April 1980). 40-48. 7G. A Ausman and F. B McLean. App/ Phys. 26 (1975).
3U H Phillips, Military Electronics/Countermeasures, 5 173-175
(August 1979). 88-92. and (September 1979). 87.93 80. L Curtis, J R Srour. and K Y Chiu. J App/ Phys . 45
4J F Ziegler and W A. Lanford. Science. 206 (1979), 776 (1974). 4506.
5j. C. Pickel and .1 T Blandford, IEEE Trans. Nucl. Sci. 9R Freeman and A Holmes-Siedle. IEEE Trans Nucl
NS-27 (1980), 1006. Sci, NS-25 (1978). 1216
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3. PARTICLES OF INTEREST 1016 B/cm 3 , there would be on the order of 1012
BIOlcm 2 within an alpha particle range of the

We have considered four sources of SiO 2 layer. If we assume 1 percent of the sur-
charged particles which could cause single- face is covered by active devices and make
particle permanent failures. These sources some reasonable estimate of the solid angle
have all been discussed in the literature in con- subtended by these devices, we estimate that
nection with soft errors.' 5.10 They are the one alpha particle will hit an active device for
following: each 101" thermal neutrons/cm 2 incident.

Guenzer' o looked for soft errors resulting from
dcdb(1) a secondary alpha particle pro- this reaction but did not detect any. He con-
duced by the reaction of a thermal neutron cluded that the energy of the alpha particle
with B10, was too low to produce enough charge to

cause an upset. However, one can see from
(2) a secondary alpha particle pro- figure 1 that the energy of the alpha particle

duced by the reaction of a 14-MeV neutron with from this reaction is very nearly optimum for
Si 28, producing hard failures.

(3) an alpha particle from a
radioactive contaminant in the circuit pack-
aging, and

(4) a cosmic ray proton. 1

in the first case, a thermal neutron hits a .
B10 dopant atom and an alpha particle with an m
energy of about 1.8 MeV is emitted. A Li7 atom
with a recoil energy of about 1.0 MeV is also
produced. The cross section for this reaction is
about 3840 barns/atom.* For a p-type sub-
strate with a doping density on the order of 4 E 6W

1T C. May and M. H. Woods, Proceedings 1978 Interna- E V
tional Reliability Physics Symposium (TRPS). IEEE Catalog
No 78CH1294-8PH4, 33-40. Figure 1 Stopping power as a function of

2D H Redman, R. M. Sega, and R. Joseph, Military Elec Figr 1. S to ipes a fntoo
tronics/Countermeasures. a (March 1980), 42-47. and energy for alpha particles in SiO2
(April 1980), 40-48

3D H Phillips, Military Electronics/Countermeasures, 5
(August 1979), 88.92, and (September 1979), 87-93

4
j F Ziegler and W A. Lanford, Science, 206 (1979). 0C S Guenzer, R. G. Alias. A B Campbell. J M Kidd. E

776. L. Peterson, N. Seeman. and E A Wolicki, IEEE Trans
5 J C Picket and J T Blandford. IEEE Trans. Nucl Sci, Nucl. Sci., NS.27 (1980), 1425

NS-27 (1980), 1006. 1 IH Enge, Introduction to Nuclear Physics, Addison-
bC, S Guenzer, R G Alias, A B Campbell, J. M. Kidd. E Wesley (1966).
L Peterson, N. Seeman. and E A Wolicki, IEEE Trans 12R H Dennard, F H Gaensslen. HwaNen Ya, V L

Nuct Sci., NS-27 (1980), 1425. Rideout. E Bassous, and A. R. LeBlanc, IEEE J Solid State
*(barns) x 10

2 4 
- (cm2 ) Circuits, SC-9 (1974). 256.
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In the second case, a 14-MeV neutron hits have a lower energy transfer than alpha par-
a Si28 atom producing an alpha particle, a Mg25  ticles. While they might eventually cause per-
atom, and about 11 MeV in excess energy. The manent failures, it is clear that alpha particles
cross section for this reaction is only about are a more serious problem than protons. For
0.055 barns/atom, but the number of Si atoms this reason, we have generally concentrated
within alpha particle range of the oxide layer is on alpha particles and neglected protons.
on the order of 1020 per square centimeter.
Thus the probability of a neutron producing an
alpha particle capable of reaching the oxide is 4. CALCULATIONS AND RESULTS
on the order of 10-6, and the probability of a
neutron producing a "hit" is on the order of The basic stopping power formula for a
10-8 (assuming 1-percent coverage again), heavy charged particle (which can be found in
This result is more or less consistent with any basic nuclear physics book6 .") is
results reported by Guenzer for soft-error
generation in various random access
memories. 10 The alpha particle produced by - dT = ze 4ZNI 23!&
this reaction has a much higher than optimum dx 4f- mv 2\

n

energy for producing hard failures, but the
alpha particle will have to transport through
several micrometers or tens of micrometers of+
Si to reach the oxide. For this reason, a CorreCtions. 1)
distribution of alpha particle energies will be
observed at the oxide, and some reasonable where
fraction of them will probably fall in the op-
timum energy range. In any event, the stopping T is the kinetic energy of the incident
power at the initial energy of the alpha particle particle,
is only a factor of three or so below the max-
imum stopping power (fig. 1) for an alpha parti- z is the effective charge of the inci-
cle. Thus we conclude that this reaction may dent particle,
cause permanent failures.

In the third case, alpha particles from Z is the atomic number of the target

radioactive contaminants have been observed m
to cause upset in many different kinds of N is the number of target atoms per
devices. We know from the number of upset unit volume,
engineers that the alpha particles are ,
reasonably abundant. Generally these par-
ticles have an energy of 5 or 6 MeV which is e is the electron charge,
not optimum for producing hard failures, but
the stopping power is down by about half from , is the free space permittivity.
the maximum m. is the electron rest mass,

In the fourth case, we have briefly con-

sidered cosmic ray protons. These particles -

6R D Evans, The Atomic Nucleus, McGraw.Hill, New York
10C S Guenzef, R G Alias. A B Campbell. J M Kidd, E (1955) I
L Peterson. N Seeman. and E A Wolicki, IEEE rrans I 1H Enge, Introduction to Nuclear Physics. Addison
Nucl Sci, NS-27 (1980), 1425 Wesley (1966).
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PL

v is the velocity of the incident parti- A is the active area of the memory ele-
cle, and ment (cm2),

I is the mean ionization potential (130 E is the relative permittivity of SiO2
eV for SiO 2). (taken to be 3.85),

For particles of practical interest, the E. is the permittivity of free space,
relativistic terms can be neglected. Since the 8.85 x 10-14 F/cm,
range of most heavy charged particles is much
greater than the thickness of the oxide layer, f, is the fraction of holes reaching the
the stopping power is essentially constant interface which are trapped there, and
through the oxide. Because of the charge
transfer effect, the effective charge of the inci- f(E) is the fraction of holes which
dent particle is a function of its velocity, escape recombination where they are
Measurements of the effective z as a function created-in general a function of the applied
of velocity have been performed by several in- field E.
vestigators for protons and alpha particles, and
the results have been collected by Evans.6 If As indicated previously, in the discussion
we include the velocity dependence of z in which follows, we assume that both f, and f(E)
equation (1), we calculate the stopping power are equal to one. If we assume the "average"
for alpha particles shown in figure 1. The worst particle to be incident at 450, then a =
case for producing permanent failures is at 1/cos 450 = 1.404, and we can rewrite the
relatively low energies around 1.5 MeV. To above expressions as follows:
calculate the threshold shift, we write &VT =

Q/C, where

0 q dT (a) (tf!)

and Cm = Elo/to. In these expressions, the The threshold voltage shift for a wide range of
following definitions have been used: device sizes and oxide thicknesses is plotted in

figure 2, for a worst-case alpha particle.
_ dT is the energy loss (eV/cm),

dx .-The largest device size represented infigure 2 is 1 by 1 MAm and the smallest device is
I., is the oxide thickness (cm), 0.1 Mm2. In Dennard's paper on scaling laws,12

he discussed the scaling down of a 5 by 5 pm
a is a geometrical correction factor to device to 1 by 1 Mm. We have taken that discus-

allow for the oblique angle of incidence of a
typical particle (a = 1/cos 0),

. . I2R H Dennard. F H Gaensslen. Hwa.Nien Ya, V L
6R 0. Eva ns, The Atomc Nucleus. McGraw.Hill New 'fork Rideout. E Bassous. and A R LeBlanc. IEEE J Solid State

(1955). Circuits. SC,9 (1974), 256
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sion as our starting point in this study. If we in- ly 0.1 V. There are tradeoffs involved in setting
sert, in equation 2, 1dT/dx 1= 2.4 x 109 eV/cm, A this tolerance, but in general the tolerable
= 10.8 cm 2, and Dennard's value of 1_ = 35 nm threshold shift will scale down in rough propor-
we get AVT = 0.11 V. This threshold shift is tion to the device size. Thus one can see th'at
enough to cause permanent failure in some the threshold shift caused by a single alpha
NMOS (nitride MOS) circuits. Thus we con- particle could be a serious problem for sub-
clude that if our conservative assumptions micrometer devices.
hold up, a single alpha particle can cause the
permanent failure of a device.

5. DISCUSSION

0e .Some reservations about the preceding
analysis should be mentioned. First we as-
sumed that one hole will be trapped at the Si-
SiO 2 interface for each 18 eV of energy absorb-

. ed in the oxide. This is equivalent to neglecting
recombination or taking f(E) = 1 in equation (2).
However, the literature suggests that this
assumption is probably not very good.' 4

Presently we are preparing experiments to
measure the recombination function f(E). We
expect the yield to be reduced by a factor of

m m * = * * m"- perhaps two or more from what we have
O,1w assumed in the preceding analysis for fields of

practical interest. We are also plan-
Figure 2. Threshold voltage shift as a func- ning to apply some existing theoretical
tion of oxide thickness from a worst-case alpha models 14 ' 7 to our experimental results in order
particle incident on devices of various areas. to gain the ability to predict the charge yield for

other kinds of radiation.

Goals of the Very-High-Speed Integrated Second, we have assumed that the
Circuit (VHSIC) program which have been trapped charge is distributed uniformly across
widely discussed include devices with 0.05-im the active area of the device. However, the
minimum dimensions. For a device 0.5 by 0.5 region where charge is created initially is likely
)Am with an oxide thickness of 20 or 25 nm, one to be only a few tens of nanometers in
can see from figure 2 that a worst-case alpha diameter. Transport (and diffusion) will be in-
particle will cause a shift of AVT = 0.18 V. fluenced by the applied field, the mutual repul-

sion of the holes, and the field between source
Elliot et al' 3 discuss devices as small as and drain. A detailed calculation of the spatial

0.25 lum square with an oxide thickness of 24 distribution of trapped charge is complicated
nm. For such a device, we calculated that a and beyond the scope of this report. However,
worst-case alpha particle will cause a shift AVT we have carried out a preliminary particle-
= 0.81 V. This shift is large enough to cause pushing calculation to get a rough idea of the
failure in many kinds of devices. Some contem-__ __I

porary NMOS devices can survive a shift of on- 14A. Mozumder and J L. Magee, Radiation Research, 28
(1966). 203-214.
15G Jagge, Ann. Phys. (Leipzig), 42 (1913). 303

13M. T Elliot, M R Splinter, A B Jones, and J P. 16L Onsaget,. Phys. Rev.. 54 (1938). 554.
Reekstin. IEEE Trans Electron Devices, ED.26 (1979), 17K. M Hong and J. Noolandi, J Chem Phys. 60 (1978),
469. 5026.
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uniformity of charge distribution. We assumed for 1-Mm devices. We are refining our calcula-

a normally incident alpha particle passed tion and also preparing a series of experiments

through a 100-nm oxide, creating about 1300 to shed more light on the question of the

holes in a cylinder of 10-nm radius. The holes charge distribution at the interface.

are allowed to "hop" 18 parallel to the total field 
A

(applied bias and mutual repulsion of the holes) We would also like to point out a number of

until they reach the interface where they are steps which can be taken to prevent single-

trapped. The resulting charge distribution at particle-induced permanent failures. First,

the interface is shown in figure 3. The dotted devices can be manufactured with radiation-

line represents our assumption of a uniform hard oxides. We have indicated that for

charge distribution. One can see that although unhardened oxides, trapping fractions ft

the density is much higher than this assump- greater than 80 percent have been reported, 9

tion in a small area near the origin, the but hardened oxides with lt as low as one or

assumption is not unreasonable for most of the two percent have also been reported. 19 Se-

charge and most of the active area. Since the cond, AVT is proportional to the square of the

diameter of the alpha-particle footprint is oxide thickness in our analysis. The trend in

roughly 0.4 pm, the assumption of uniform den- the industry is to thinner oxides, which will

sity is probably reasonable for devices 0.5 Mm mean lower AVT and hence harder devices in

and smaller, although it seems a little dubious the future. Third, the thermal neutron reaction
with B10 can be eliminated by removing B10

from the device. Thus, the technology already
exists to build devices hardened against single-
particle failure.

IsS

6. CONCLUSIONS

In summary, we calculate that a single
alpha particle can cause a permanent failure

of an MOS memory element if we assume that
charge recombination can be neglected, all
holes are trapped at the interface, and the

* * * * , * trapped holes are distributed uniformly across
Rho the device, These assumptions are conser-

vative, but they are probably not outrageous.
Thus we conclude that single-particle-induced

Figure 3. Calculated charge distribution at permanent failures may be observed as sub-
the interface for a 2-MeV alpha particle nor- micrometer devices come into production,

mally incident on a 100-nm-thick SiO 2 film. unless steps are taken to prevent them.
unless__stepsaretakentopreventthem.
9R. Freeman and A. Holmes-Siedle. IEEE Trans Nucl

SOa. N8-25 (1978). 1216.
18F B McLean, H E. Boesch. and J. M. McGarrity, IEEE 1 9j. M. McGarrity, IEEE Trans. Nucl. Sci, NS.27 (1980),

Trans Nucl Sci. NS-23 (1976), 1506. 1739. /
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ANTN H. .. KELL. MS $2572 ATTN MARION A. ROSE ATTN MONA C. GRIFFITH, LIB MP-30

2601 RIDGEWAY PARKWAY ATTN MDC AT WILLIAM W. MRAS, MP-413
MINNEAPOLIS, MN 55413 PO BOX 81087 ATTN JACK M. ASHFORD, MP-531

SAN DIEGO, CA 9213H PO BOX 5837
H INEYWELL INCORPORATED ORLANDO, EL 32855
AEROSPACE DIVISION JAYCOR

ATTN HARRISON H. NOBLE, MS 725-5A ATTN ROBERT SULLIVAN MARTIN MARIETTA CORP
ATTN MS 725-J, STACEY H. GRAFF ATMN CATHERINE TURESKO DENVER DIVISION

13350 US HIGHWAY 19 205 S. WHITING ST, SUITE 500 ATTN J. E. GOODWIN, MAIL 0452
ST PETERSHURG, EL 33733 ALEXANDRIA, VA 22304 AN RESEARCH LIB, 6617, J. R. MCKEE

ATTN PAUL G. EASE, MAIL 8203

HONEYWELL INCORPORATED JOHNS HOPKINS UNIVERSITY ANN BEN T. GRAHAM, MS PO-454
RADIATION CENTER APPLIED PHYSICS LABORATORY PO BOX T79

ATTN TECHNICAL LIRRARY AMN PETER F. PARTRIDGF DENVER, CO 80201
2 FORBES ROAD JOHNS HOPKINS ROAD
LEXINGTON. MA 02173 LAUREL, MU 20"10 MCDONNELL DOUGLAS CORP $

ATIN BOR KLOSTER, (E451/19 -p

HUGH-S AIRCRAFT COMPANY KAMAN SCIENCES CORP ATN TM ENDER
ATTN B..>. D157, KEN WALKER ATTN DONALD H. BRYCE ATTN TECHNICAL, LIBRARY
ANTN R. W. CAMPBELL, M.S. 6-Ei10 ATTN ALBERT P. BRIDGES P0 BOX 516

ATTN DAN RINDER, MS 6-D147 ATTN WALTER E. WARE ST LOUIS, MO 63166
ANTN JOHN B. SINGLETARY, MS 6-Di13 ANN JOHN R. HOFFMAN

CENTINELLA & TFALE ATTN JERRY I. LUBELL MCDONNEI.L DOUGLAS CORP
,(ULVER CITY, CA 90230 P HOX 7463 ATTN STANLEY SCENEIIER

7OLORADO SPRINGS, CO 80933 5301 BOLSA AVI
HUGHES IAINRAFT CIIIPANY HUNTINGTON BEACH, CA 92647

SPACE SYSTF4S IIVISION KAMAN TEMPO

ATTN WILLIAM W. SCOIT, MS AI1H80 ATTN WILLIAM ALFONTE MCDONNELL DOIIGLAS CORP
AN EDWARD C. SMITH, MS A620) 2561) HUNTINGTON AVE ATTN TECHNICAL LIBRARY, CI-290/36-84
P0 ) BOX 92919 SUITE 506 3855 LAKEWOODI BOULEVARD
1 ) ANGELES, CA 90009 ALEXANDRIA, VA 22303 LONG BEACH, CA 90846

IBM CORP LITTON SYSTEMS, INC MISSION RESEARCH CORP
THOMAS WATSON RESEARCH "ENTER GUIIDANCE & CONTROL SYSTEMS DIVISION ATTN WILLIAM C. HART
ATTN JOHN AITKEM ATTN VAL 3. ASHBY, MS 67 PO DRAWER 719
ATTN ROBERT DENNARD ATTN JOHN P. RETZLER SANTA HBARAH

PO BOX 2iH 5500 CANOGA AVE
YORKT M HEIGHTS, NY 1059H WOODLAND HILLS, CA 91364
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DISTRIBUTION (Cont'd)

MISSION RESEARCH CORP-SAN DIEGO RAYTHEON COMPANY SCIENCE APPLICATIONS, INC

ATT ROBERT BERGER ATTN GAJANAN N. JOSHI, RADAR SYS LAB ATTN LARRY SCOTW

ATN V. A. J. VAN LINT HARTWELL ROAD ATTN J. ROBERT REYSTER

ATTN J. P. RAYMOND BEDFORD, MA 01730 Po BOX 2351

PO BOX 1209 
LA JOLLA, CA 92C38

LA JOLLA, CA 92038 RATH33 COMPANY

ATTN HAROLD L. FLESCHH SCIENCE APPLICATIONS, INC

MITRE CORP, THE 528 BOSTON POST ROAD HUNTSVILLE DIVISION

ATTN LIBRARY SUDBURY, MA 01776 ATTN NOEL R, BYRON
,. ATN N F. ITZGRALD2109 W. CLINTON AVE

Po BOX 208 RCA CORP TUEITRDE

BEDFORD, MA 01730 GOVERNMENT & COMMERCIAL SYSTEMS HUNTSVILLE. Al 35805
ATTW GEORGE J. iROCKER

NATIONAL ACADEMY OF SCIENCES ASTRO ELECTRONICS DIVISION SCIENCE APPLICATIONS, INC

ATN DR R. S. SHANE, PO BOX 800, LOCUST CORNER ATTN CHARLES STEVENS

NAT MATERIALS ADVISORY BO PRINCETON, NJ 08540 5 PALO ALTO SQUARE

2101 CONSTITUTION AVE, NW PALO ALTO, CA 94304

WASHINGTON, DC 20418 RCA CORP
DAVID SARNOFF RESEARCH CENTER SCIENCE APPLICATIONS, INC

NEW MEXICO, UNIVERSITY OF ATN K. H. ZAINSNGER ATT WILLIAM L. CHAUSEY

DEPT OF CAMPUS SECURITY AND POLICE ATTN GARY W. HUGHES 8400 WESTPARK DRIVE

ATTN W. W GRANNF4ANN W. WINDXOR TOWNSHIP MCLEAN, VA 22101

1821 ROMA, NE 201 WASHINGTON ROAD, PO BOX 432

ALBUQUERQUE, NM 87106 PRINCETON, NJ 08540 SIMULATION PHYSICS, INC

ATTN ROGER G. LITTLE

NEW MEXICO, UNIVERSITY OF RCA CORP 41 "B ST

ELFX TRICAL ENGINEERING CAMDEN COMPLEX BURLINGTON, MA 01803

& CONpUTER SCIENCE DEPT ATTN E. VAN KEUHEN, 13-5-2

ATTN HAROLD SOUTHWARE FRONT & COOPER STS SINGE COMPANY, THE

ALBUQIIERUE, NM 87131 CAMDEN, NJ 08012 ATTN IRWIN GOLDMAN, ENG MANAGE4ENT
1150 MCBRIDE AVE

NORDEN SYSTEMS RENSSELAER POLYTECHNIC INSTITUTE LITTLE FALLS, NJ 07424

ATT DENIS LONGO ATTN RONALD J. GUTANN

NORDON PLACE PO BOX 965 SINGER COMPANY (DATA SYSTEMS), THE

NORWALK, CT 06856 TROY, NY 12181 ATTN TECH INFO CENTER
150 TOTOWA ROAD

NORTHROP CORP RESEARCH TRIANGLE INSTITUTE WAYNE, NJ 07470

ELECTRONIC (IVISION ATTN SEC OFFICER FOR

ATTN JOHN M. EYNOLDS ENG DIV, MAYRANT SIMONS, JR SPERRY RAND CORp

ATTN VINCENT R. DIIARTINO Po BOX 12194 SPERRY FLIGHT SySTEMS DIVISION

ATTN BOYCE T. AHLPORT RESEARCH TRIANGLE PARE, NC 27709 ATTW 0. ANDRE SCHOM

ATTN JOSEPH D. RUSSO 
PO BOX 21111

ATT GEORGE H. TOWNFR ROCKWELL INTERNATIONAL CORP PHOENIX, AZ 8%036

ATTN 1JOF SROR ATTN M, J. MCNUTT, MC HAlO

21 01 W 120TH ST ATTN J. C. pICKEL, BBOI SPERRY RAND CONP

HAWTHORNE, CA 90250 ATTN K. F. HULl. UNIVAC DIVISION
ATrN JAMES E BELL, HAIO DEFENSE SYSTEMS DIVISION

NORTHROP RESEARCH AND TECHNOLOGY ATTN GEORGE C. MESSENGER, FB6I ATTN JAMES A. INDA. MS 41T25

(-ENTER ATTN N. J. RUIIE, FA53 PO BOX 3525

ATTN lAVID N. POCoC'K 3370 MIROLOMA AVE ST PAUL, MN 55165

ATTN OPI,IE L. CURTIS ANAHEIM, CA 93803

ONE PFWSEACF'b PARK SPERRY RAND CORP

PAISI VEFUE; PENN, CA 90274 RCKWELL. INTERNATIONAL CORP SPERRY DIVISION

ATTN T. B. YATES SPEBRY GYROSCOPE DIVISION

PA.ISAOES INST OPE RSCH SERVICES INC 5701 WEST IMPERIAL HIGHWAY SPERRY SYSTEMS MANAGEM4ENT DIVISION

ATTN PE'ORDS SCIpERVISOR LOS ANGELES, CA 90009 ATN PAUL MARRAFFINO
2(,1 VA l' ST ATTN CHARLES L. CRAIG EV

HEN YORK, NY 10014 ROCKWELL INTERNATIONAL CORP MARCOS AVE

ElECTRONICS OPERATIONS GREAT NECK, NY 11020

PHYSICS INTERNATIONAL COMPANY COLLINS RADIO GROUPS

ATTrw CHARL..S H. STAII.INGS ATTN ALAN A. LANGENFELD STANFOND RESEARCH INSTITUTE

ATTN JOHN H. HINTINGTON ATTIN DENNIS SUTIERLAND ATTN MR PHILIP DOLAN

270) MECED ST ATIN MILDRED A, BLAIR 3980 EL CAMINO REAL

SAN IEANDRO, CA 94577 5225 C. AVE, NE PALO ALIYJ, CA 94306

CEDAR RAPIDS, IA 52406

R&D ASSIXOIATFS 
STANFORD RESF ARCH INSTITUTIE

ATTIN S. CI.AY ROGERS SANDERS ASSOCIATES, INC ATTN MACPHERSON MORGAN

Po BOX 9)695 ATN M. ,. AITEL, NCA 1-3216 306 WYNN DRIVE, N.W.

MARINA DEl. HEY, CA 90291 95 ('ANAL ST HUNTSVILLE, AL 35805

NASHUA, NH 0306(0
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DISTRIBUTION (Cont'd)

HURST P. RUMER
SUNDSTRAND CORP C I IC .
ATTN DEPT 763SW, CURTIS WRITE GOSSWINSTR. 14

ATTN EPT 73SW,8000 14UNICH 60

4O51 HARRISON AV FEDERAL REPUBLIC OF GERMANY

ROCKFORD, IL 61101JACQUES 
A. ERRYys~jocDOMFE CORPRR

ySTO-ON wf:%OMA/CE RT

ATTN HAROLD D. MORRIS ERE
ATTNGORDN N.GEAR2 AV. El) RELIN

ATTN GORDON 9° DEAN 3,055 jr'UOUSE

3700 SYSTRON DRIVE 
3RANCE

CONCORD, "- 94518 RCE

TEXAS INSTRUMENTS, INC CEL E

ATTN DONALD .1. MANUS, MS 72 CENTRE 0'ETUDES

P0 Box 60151 
46500 GRAMAT FRANCE

DALLAS, TX 75265 0jS ARMY ELECTRONICS RESEARCH

TEXAS TECH UNIVERSITY 
& DEVELOPMENT COMMAND

ALATTN TECHNICAL DIRECTOR. DRDEL-CT
ATTH TRAVIS L. SMPSON rNLGLOFC

Po BOX 5404 NORTH COLLEGE STATION ATT LEGAL OFFICE

IURROCK, TX 79417 HARRY DIAMOND LABORATORIES

TRW DEFENSE & SPACE SYSTEMS 
GROUP ATTN CO/TDI/TSO/DIVISION DIRECTORS

ATN TECH INFO CENTER/X-1
9 3

0 ANN RECORD COPY, 81200
ATTN HDL LIBRARY, D1100 (3 COPIES)

ATN 0: E. ADAMS, R1-144 ATMN HDL LIBRARY, 81100 (WOODBRIDGE)
ATTN H. H. MOLL A, Rl-2076 ATTN PECHNICAL REPORTS BRANCH, 81300

N .SA POARE 2ATTN CHAIRMAN, EDITORIAL COMMITTEE
NE SPACE PARK ATTN MORRISON, R., 13500 (GIDEP)

REDONDO BZACH, CA 90278 TNCIF 210AITT CHIEF, 21000

TR DIIEFENSE & SIpACE SYSTEMS GROUP ATTN CHIEF, 21100

SAN RERNARDINO OPERATIONS ATTN CHIEF, 21200

ATTN FARL N. ALLEN ATTN CHIEF, 21400

ATTN F. H. FAY, 527/710 ATTN CHIEF, 21400

AI7 R8. K1T-N ATTN CHIEF, 21500

P0 BOX 1310 ATTN CHIEF, 22000

SAN BERNARDINO, CA 92402 ATT CHIEF, 22100
ATTN CHIEF. 22300

UNITEN) TECHNOLOGIES CORP ATTN CHIEF, 22800

HAMILTON STANDARD DIVISION ATTN CHIEF, 22900
ATTN RAYMOND 0. GIGERE ATTN CHIEF, 20240

BRADLEY INTERNATIONAL AIRPORT 
ATTN MICGARNTY, J. M., 22300

WINDSOR LOCKS, CT 061169 ATTN SCHALLHO , . ., 22900
ATTN BOESCH, H. E., JR, 22300

VOIGHT CORP ATTN RBLEAN, H. ., 22800

ATTN TECHNICAL DATA CR ATTN MCLEAN, F. ,
ATTN WINOKUR, P. S., 22800

PO TIX 225907 AN MCCOSKEY. 8. K.. 13000
DALLAS , TX 75265 A'TTN BRANDT, H. E., 22300

WESTINGHOUSE ELECTRIC CORP 
ATTN MEYER, 0. L., 22300

DEFENSE AND ELECTRONIC SYSTEMS ATTN ILNERT, R. N- 22300

AET1N TRIMMER P., 22100c'ENTER ATMI' VAULT, W., 22100

ATTN HENRY P- KALAPACA, MS 3525 ATTN ESLN., 22800

P0 ATTNW E%'EN , 8.22800 
I

pO ox 1693
FRIENDSHIP INTERNATIONAL AIRPORT ATTN WILEIN, h., 22800

BLIOE MD 123ATTN OLDHAN, T. N., 22300'-

BALTIMORE, MD 21203 (20 COPIES)

JEAN-MARIE CHAESLOT

RP. 561
92542 MONTROUGE
PRANCE
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