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ABSTRACT

Numerical machine calculations have been made that determine
the effect of space charge, composed of mobile charge carriers,
on the drift and diffusion of those carriers in an electric field.
An apparénﬁygiffusion of carriers arises from the difference equa-
tions used to solve the transport problem, even though no diffusion
term is included in the transport equations. This caleulated dif-
fusion is shown to be exact in the absence of space charge and in
the limit of infinitely small calculation intervals, Numerical re-
sults illustrating the effect of space charge upon apparent diffu-
sion coefficients and drift velocities are given for a fictitious
gas. Calculations show good agrecment with experimental data
taken in two other 'laboratories to measure attachment coefficients
in gases. Ekploratory calculations have indicated the usefulness
of this model for calculations in solid=state tramsport.

1. INTRODUCTION

One method of measuring the mobility of electrons in a gas
subject to an applied field utilizes short pulses of ultraviolet
light incident upon the cathode. Successive pulses of electrons
leave the cathode as a result of photons created mainly near the
anode in the discharge and the photoelectric effect at the cathode,
The mobility then may be deduced from the time between successive

.current peaks. In the course of calculations simulating these ex-

perimental conditions, it was found that the time between calculated
current peaks was considerably greater than the electron transitr:
time obtained directly from the mobility used. 1In seeking the ex-
planation of this unexpected result, it was discovered .tbat the djf-
ference equations used in the calculations infroduced a "diffusion"
of charge carriers down the steep concentration gradient that is
created in the gap. This apparent diffusion appeared despite the
fact that the diffusion terms had been omitted in the formulation of
the problem.

This report will show that, in the absence of ionization and of
space charge, the difference equations that were used actually give
a correct solution of the diffusion equation in the limit of infin-
itely small calculation intervals. Illustrative calculations will
show the effect of space charge due to injection of a large pulse of
carriers upon the apparent mobility and diffusion of the pulse. Com-
parisons with experimental measurements used to determine attachment
coefficients in gases show the usefulness of the calculations. It is
suggested. that the calculation technique will also be of value in
studying transport properties in the solid state.

2, MATHEMATICAL TECHNIQUES

The one-dimensional continuity equatiocns governing the transport
of two types of carriers in a material are

[ S———



dp_/3t = -3F_/3x
and

ap+/at = 3J, /ox
Where J_=p_HE + eD_ an_/ax
and

J,= o pFE - eD, dn /3%

In these equations J and p = ne are the current density and the charge
density of the carriers, respectively, u is the mobility, and D the dif-
fusion coefficient of the charge carriers, and E 'is the electric field
intensity. The negative and positive sign subscripts refer to carriers
of indicated sign of charge. 1In the absence of space charge, the well
known solution to these equations for an injected pulse of N, carriers
per square centimeter at the appropriate electrode (x = O)riat . t¥=0 is

N 3
n(x,t) = 2 exp |- SE—E%%l—-I
41Dt i

.d

The formulation used to compute the temporal growth of current in
a gas has been presented previously (ref 1). Detailed consideration has
also been given to the errors, the stability, and convergence properties
of the difference equations used for machine computation (ref 2). 1In
brief, (1) and (2) with added ionization terms but neglecting diffusion
are solved together with Poisson's equation

&8

e

= —~ (n - n
S (@, -2
[s]

and suitable initial and boundary conditions.

Omitting the ionization terms, the difference equations used for
the numerical computations are

n_(x,t + At) - n_(xk,tn) . n_(x,,t) - n (x - Ax,tn)
At =7 B

and ‘ - .

n+(xk,tn + At) - n+(xk,tn) . ,n+(xk + Ax,tn) - n+(xk,tn)

At T+ L Ax

where

x, = kA¥; k=0,1,2, ..., M

'tn = nAt; n=0, 1, 2, 3, ...

(D

(2)

(3)

(4)

(5)

(6)

(7

(8)




Here. the number of calculation intervals across the gap of distance’
d is- M, i.e., d = MAx, and tbe drift vklocities are given by equa~-
tions of the form v = yE. The difference equations were chosen

~unsymmetrical w1th.respect to x for reasons of stability (ref:2).

The time interval is chosen by the use of the input parameter, F,
and the equation

x

max ATv_(x,t),bv+(x,t)} ®

At = F

where stability conditions require F to be less.than uniiy and v_

and v to be non-negative (ref 2). We will assume the usual case
that ¥_ >v_and set p=F, q =1 - F, pt = F* = p F/p and g% = 1 - p*.
Then in the absence of space charge, (7) and . (8): becomes, using (9)

n_(k, n +u1):5‘pn_(k‘F1, n) + gn_(k, n) (10)
n (k, n + 1) = p*n (k + 1, n) + q*n (k n) (11)

Each equation describes the intact movement of the distribution
through a distance given by the fraction, p or p*¥, of one distance
grid point in the appropriate direction for each time step. Owing
to the similarity of these two equations, only one needs to be con-
sidered, and (1f)) is chosen,

Before the rigorous mathematical derivation, it will be helpiul
to go through the actual steps the computer would use for a simple
problem. The initial condition is illustrated in the first diagram
in figure 1, labeled n = 0, corresponding to t = O. The density
N(k, n) is unity for k = 1 and zero elsewhere, as shown.by the solid.
line. For F (or p) = 1/2, this triangular distribution moves intact
one-half grid space, as shown by the dashed curve. However, the com-
puter only records data at each grid point, hence the density is 1/2
at grid points k =:1 and K = 2 and zero elsewhére;. This trapezoid
is then the initial coundition for the second time step, shown in the
second diagram, labeled n = 1. This process is repeated for each
time step. The fit to the normal distribution becomes better each
time step, as shown by the lower diagrams where the normal distribu-
tions are shown &s dashed curves.

The mathematical derivation may now be continued. For initial
and boundary conditions, let

i}

n_(0,0) = N/, n_(-1, n) = 0, and n_(k $.0,0) =

then , ! k n-k :
! LK . o 7
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where b (k; n, p) is the binomial distribution (ref 3). Now; accord-
ing to the De Moivre-~Laplace limit theorem '

i - 2
lim b(k; n,p) = 1 exp - (k2 np) (13)
n, k-m NP npq
providing x 3
lim X = 0, where x = E—:—EE
e - k™ n
n, k,®

and h® = npq.

Thd right-hand member of (13) is recognized as the normal dis~
tribution. Comparison of (12) with (5) shows that

npq = 2Dt/(Ax)? and N_ = N‘; Ax (14)
Changing back to the original notation, recalling that

n = t/At, k = x/x, i = d/M,p=F, Q=1-F
and
At = Fd/Mv_

we find
D = (1 - F) v_d/2M

This may be expressed also in terms of the gap voltage, V = Ed, as

(1 - %Fﬂg)V

= 2M (15)

D _(A-FM Vv
W 2M

-

F1+°

It is seen that the diffusion coefficients for the negatlve and
positive charge carriers cannot be adjusted independently to fit ex-
perimental values. For gases where p << u_, D /u, calculated from
(15) is much larger than D_/p;, completely oppo§ite to experimental
observations. However, the computer program has an option to omit
electron transport properties (ref 2), (1) then being * replaced by
the stationary ionization condition., In this case, the time step is
determined solely by v (x, t) in (9). This allows larger time steps,
and the positive ion diffusion coefficient is determined by F instead
of ¥, as is the case if o >4 . '

The limit on convergence for (13) is essentially that.F cannot
be close to unity (the pulse being transported without change of shape
if F = 1) or to zero (no transport). A comparison of the maximum sm-
plitude obtained by setting p = q = 1/2 in (12) with that for the normal
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distribution shows that the‘approximate error is 50 n-l percent,
where n is the number of time calculations, ‘

It is of course preferable to choose F o 1/2 to insure symmetry of
diffusion in x. However, certain combinations of voltages, mobilities,
and diffusion constants lead to values of M too small for accuracy
of calculations or toco large to keep the computer time reasonable.
Values of M from 12 to 100 and of F from 0.0l to 0.99 have been used
thus far. The skewness of the binomial distribution is given by (q-p)}/
(npq)”é, which in the present notation becomes (1-2F)/[nF(1-F)]¥2, show-
ing that the skewness decreases inversely as the square root of n, the
number of calculation time steps. The possibility of simulating the
effect of back diffusion to an electrode by using F + 1/2 is also sug-
gested.

3. ILLUSTRATIVE EXAMPLES FOR A FICTITIOUS GAS

A number of calculations have been made to determine the effect
of space charge upon the apparent mobility and diffusion of a ficti-
tious gas. This fictitious gas has pp =1x 10° and up = 5 x 103
cm® torr/v sec. Calculations will be reported for a 1-Cm gap, a gas
pressure of 10 torr and an applied potential of 100 v, Values of F and
M, and therefore of Do = (1-F) p_V/2M, varied widely, IL being the dif-
fusion coefficient in the absence of space charge as indicated by (15).
Figure 2 shows the result of calculations for M = 20, F = 0.5, n_(0,0) =
10° cm™® (N, = 5 x 10* cm™?), and no ions in the gap. According to (15),
this calculation pertains to 1.25-v electrons, and the number of charge
carriers produces an initial field distortion, AE/Eo = [E(max) - E(min)]/
E(ave), of 0.09 percent. The fit to (5) using Dy from (15) is excellent
after only a few time steps. The pronounced effect of space charge dis-
tortion is shown in figure 3 for the same calculation parameters, but
with n_(0,0) = 10° cm™3, the initial field distortion then being 90.5
percent. An apparent diffusion coefficient, D*, defined from D* = r2/4t,
where r is half the pulse width at 1/e th of its maximum value, is more
than eight times greater than D,. The time for the maximum collector
current (d = 1) decreases” roughly linearly with n_(0,0). For the il-
lustrative example, the resulting apparent percentage increase in mo-
bility is about 1.5 x.10"® n (0,0) percent. This is illustrated in
figure 4 for various initial—pulse sizes. The resulting field distor-
tion for the example of figure 3 is shown in figure 5. The initial
densities that can be used are limited since the computer is programmed
to halt calculations if negative fields are calculated.

* The contrary increase of time between current peaks, noted in the
introduction for calculations including ionization, results from the
steep, unidirectional concentration gradient of electrons present after
the first gap traversal.
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Figure 2, Transport of an electron pulse in fictitious gas across
a gap. Points indicate computer results, while solid
lines are plotted from equation (5), using equation (15)
to determine Dyp. Space charge effect 1s negligible. The
times in nanoseconds are indicated on each curve.
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tious gas. Cunditions are identical with those
of figure 2 except injected pulse is 1000 timesg
larger. Parameter is time in nanoseconds .
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Figure 5. Field distortion across the gap for the example of figure 3.
_ The parameter is again time in nanoseconds, :
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The fractional apparent change of diffusion coefficient,
D¥-D )/D , seems to be a function of the fractional field distor-
tion For Those calculations made so far, The functional relation-
ship appears to be approximately

(D¥D_}/D_ = A(D_,p) (AE/E ) *°3°

where A(Do, () has varied from about 2 to 20 for each fraction ex-
pressed in percentage. Two examples illustrating this variation
are shown in figure 6.

Runs made with n  (0,0) = n_(0,0) at n_(0,0) values used above
show considerably different field distortions but the changes of
the apparent diffusion coefficients are generally reduced only
about 10 percent at most.

4, ELECTRON-ATTACHING GASES

Under certain experimental conditions, the effect of diffusion
and/or space charge may be important in determining attachment co-
efficients, (¢, in electron-attaching gases. Normally, these condi-
tions are avoided as far as possible (ref 4).

A numbex of calculations have been made to compare with unpub-
lished measurements of A. V. Phelps of the Westinghouse Research Lab-
oratories. The experimental method has been published (ref 4). A
pulse of electrons forms an initial distribution of negative ions
that drift across a gap under a constant applied field and are col-
lected to give a temporal current pulse. The gas used was 3 per cent
Oy in He. The experimental conditions chosen for comparison with cal-
culations were such that both space charge and diffusion effects were
noticeable and are not typical of conditions used to obtain published
attachment coeificients. They include V = 1.84 v, p = 72.4 torr

" (measured with gas at 1959K), d = 2.54 cm (i.e., E/p = 0.01 v/cm~torr),

estimated area = 5 cm®, and a temperature = 195°K, which yields D/p =
0.0168 ev. The width of the initiating electron pulse was 3 msec and
a collector duty cycle of 6 percent was used, From data taken with
more favorable conditions, tentative values of v_ = 74 cm/sec and (@ =
0.61 cm™? were selected. A tentative initial distribution was chosen
and calculations were made with M = 28 and F = 0.49. On the basis of
these results, a better initial distribution was chosen® and new cal-
culations made with adjusted ¢ values. The fit to the experimental
data with @ = 0.66 and v_ = 74 cm/sec, and the initial distribution

as given in figure 8, is shown. in figure 7. The diffusion of the pulse
as it drifts across the gap is also shown in figure 8. The initial
field distortion for the distribution used is .. 5 percent as shown in
figure 9, which also shows the field distributions at subsequent times.

* Following the suggestion of Dr., A, V., Phelps, an initial distribution
was calculated by taking a time average of the computed density at each

gap position over the 3-msec duration of the pulse, 1
5
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In order to separate the effect of diffusion from that of

space charge upon the collected pulse, the initial distribution

was reduced by a factor of 100 for an initial distributien cor~
regponding to ¢ = 0.58. Docehring (yef 5) has calculated the effect
of diffusion upon the collected pulse and gave an approximation '
that the apparent attachment coefficient,'a','is related to the true
coefficient. by )

a’ = a(l + OD/UE) (16)

For the illustrative case one obtains q’/c = 1.013 from (16),

using v_ = 85 cm/sec. For the space-~charge-free run on the compu-
ter, a value of @'/t = 1.017 was obtained initially, a value that
dropped .slowly to 1.013 at about 15 msec, in substantial agreement
with (16). For the corresponding run with the densities near that
used experimentally, a'/d initially was equal to 1.04, but dropped
to unity ‘at about 10 msec. This shows that at a current density of
about 10718 amp/cmg, space charge causes a greater error in the
attachment coefficient than does diffusion at 195°K.

The calculations bear out the statement (ref 4) that the true
transit time is intermediate between the time of the ion current
peak and the time at which the ion current has dropped to half its
peak value. ’

A second experimental method. was used by Morrison and Edeison
(ref 6) to measure attachment coefficients inSFg at 10 torr. They
measured .the total current due to the movement of ions within a gap
of 0.8 cm. Using intense illumination they obtained comsiderable
distorticn due to space charge. They also presented a calculation
of the effect of space charge distortion, but omitted the diffusion
of carriers. The conditions assumed in their calculations were used
with the present computer program. A comparison of the present re-
sults with their calculation and with their experimental data is
shown in figure 10. The agreement between the two calculations is
satisfactory, but sheows the effect of diffusion on the apparent
mobility. Better agreement with the experimental data could bhe ob-
tained with different values of the attachment coefficient and mobil-
ity of the ions. The calculations were made with M = 32, F = 0.8
and V = 150 v. It is noted that these values yield Do/u = 0,47 ev,
which is probably too high a value. A better value of the ion mobil-
ity would undoubtedly require a smaller diffusion energy to fit the
experimental data. These calculations were made before (15) was de-
rived.

5. SOLID-STATE TRANSPORT

The injection of minority carriers into a semiconductor and
the measurement of the pulse at a collector after drift and diffusion
is utilized to measure mobilities in a semiconductor. Normally

20
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pulses of several sizes are used and the drift time is extrapolated
to zero pulse current to account for space charge effect (ref 7).

Although the present formulation was developed for gases, it
may be applied with reservation to ihe solid state. The present
program is limited to a dielectric cénstahf‘of unity; hence carrier
densities must. be multiplied by the dielectric constant of the solid
to relate to the space charge effect. Recombination and trapping
are omitted from the formulation; the former could easily be intro-
duced while the latter is more complicated. Furtler, in most semi-
conductors, doping creates a large concentration of majority car-
riers, which are neutralized by fixed charges. Such fixed charges
could easily be introduced in a computer program.

Exploratory calculations have been made to indicate the use-
fulness of the present program in determining the effect of space
-charge and diffusion upon mobility measurements in germanium, Calcu-
lations made assuming carriers of only one charge show that under
typical experimental conditions; a space charge sufficient to broaden
the pulse to the observed width distorts the pulses to nearly rectan-
gular shapes. The use of sufficient carriexrs of the opposite sign to
neutralize the gap as a whole, but distributed uniformly across the
gap, leads to quite different field distortions, and to more normally

distributed pulses. Calculations were made with: V =40 v, d = 2.0 cm,

B = 3800 cm®/v sec, p, = 1800 cm®/v sec, M = 100, F = 0.87, and the
total number of initiaT carriers of one charge in the gap per square
centimeter varied up to 8 x 108, The collected pulses for several in-
itial pulse sizes are shown in figure 11. Comparison with experimental
measurements shows some disagreement. ZExperimental measurements show
a pronounced increase in the time taken for the pulse maximum to be
collected as the pulse size increases. The calculations made with
carriers of only one charge show a slight decrease in this time, al-
though the total time for pulse collection increases by the correct
order of magnitude., Calculations made with initial overall charge
neutrality show peaks delayed in time., By overcompensation of the
injected carriers, the pulse is furtler delayed as shown in figure 11.
This suggests that a program utilizing fixed charges would enable
attainment of good agreement with experimental data. It is further
suggested that temporary trapping could account for further delay be-
cause carriers may be removed from the early portion of the collected
pulse and added to the later portions.

It is believed that the present model for calculations of diffu-
sion effects in the presence of space charge can easily be adapted
to make valid calculations for semicomnductors. By proper selection
of a spatial distribution of fixed charges, a semiconductor junction
nay also be simulated,

6. DISCUSSION

It has been shown that the present program is very useful in
interpreting the effect of space charge upon the transport properties
of charge carriers.
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Collected pulées of holes calculated as a function

of size of injected pulse of holes in Ge. Pulse

size is indicated by relative, not absolute, num-
bers. Calculations with 6nly holes present are shown
dashed, while initially overall neutral calculations
are shown as a solid curve, and those for an over-
compensated electron distribution by the dot-dashed
curves. The hole transit time, t_, is indicated.
Results for diffusion at two temperatures are shown
in two cases,.
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It is natural to ask why the exact second-order equations (3)
~and (4) including diffusion directly are not used. The main diffi-
culty is that an additional boundary condition is needed for each
of the two equations. Considerable effort has been made to deter—
mine these two extra boundary conditions for steady-state, rather
than time-dependent, calculations. No solution to the problem has
been found that has been considered worthwhile to test on the com—
puter. It is possible that the dynamic problem is easier, but any
set of equations must be investigated to insure that the solution
is exact in the limit of small differences. The present program

has proved to be exact, includingidiffusion, in that limit.

R u»y!»mﬂwmmm “

The chief deficiency of the present program is that the posi-
tive ilon temperature must be higher than the electron (or negative
ion) temperature as shown by (15). Just the reverse is the usual
case in gases., In many cases, large concentration gradients apply
to the carriers of one sign.only, in which case the diffusion of
carriers of the other sign is not important anyway. However, this
fundamental deficiency of the present calculations indicates that
the second-order equations should be solved numerically.

It is planned to publish at a later date the results of calcu-
lations where the ionization coefficients are not set equal to zero. }

7. REFERENCES i

(1) A. L. Ward, in Proc. of the 5th Int. Conf. gn Ion, Phen.

in Gases, edited by H. Maecker (North Holland, Amsterdam, 1961),
p 1595, ’

2) Ww. Bgrsch=Supan and H. Oser, J. Research Natl. Bur. Stand-
ards, 67B, 41 (1963).

(3) For example, W. Feller, "An Introduction to Probability

Theory and Its Applications,” Vol. 1 (John Wiley, New York, 1950), |
: Chap 7. ’

: (4) L. M. Chanin, A. V. Phelps, and M, A. Biondi, Phys. Rev.
3 128, 219 (1962).

(8) A. Doehring, Z. Naturforsch, 7a 253 (1952),

(6) J. A. Morrison and D. Edelson, J. Appl. Phys. 33, 1714
(1962). :

{(7) M. B. Prince, Phys. Rev, 92, 68l (1953).

24




3 - JERPEBRE

DISTRIBUTION

Commanding General .
U.S. Army Materiel Command
Washington, D. C. 20315
Attn: AMCRD-RS
Office of the Chief of Research & Development
Department of the Army
: . Washington, D. C. 20301

T SRR

Commanding Officer
‘ Picatinny Arsenal
; Dover, New Jersey
Attn: Tech Library

Commanding Officer

U.S. Army Research Office (Durham)
Box CM, Duke Station

Durham, North Carolina (3 .copies)

Commander

U.S. Naval Ordnance Laboratory
: White Oak, Silver Spring 19, Maryland
j Attn: Tech Library

Department of the Navy
. Bureau of Naval Weapons
: Washington, D. C., 20360
Attn: DLI-2, Tech Library ‘

Commander

Naval Research Laboratory

Washington, D. C. 20390
Attn: Techk Library

D

Headgquaeters
Defense Documentation Center ;
Cameron Station, Building 5 ‘
5010 Duke Street
Alexandria, Virginia

Attn: . TISIA (20: copies)

National Bureau of Standards

Washington, D. C. 20234
Attn: Library

25




- cones 1 s s — A A S SN N S U

DISTRIBUTION (Cont'd)

. Internal

Horton, B. M./Hothmuth, M. S., Lt Col
Apstein, M./Gerwin, H.L./Guarino, P. A./Ealmus, H. P.

‘ Spates, J.E./Schwenk, C. C.

I " Hardin, C. D., Lab 100

; Sommer, H., Lab 200

‘Hatcher, R. 'D., Lab 300

Hoff, R. S., Lab 400

Nilson, H., Lab 500

Flyer, I. N., Lab 600

Campagna, J. H./Apolenis, C. J, Div 700

DeMasi; R., Div 800

Landis, P. E., Lab 90C

Seaton, J. W., 260 !

Van Trump, J. H., 930 i
| Kaiser, Q. C., 920 ?
| Wward, A. L., 930 (10 copies)

. Reddan, M. J., 930 ‘
Belknap, D. J., 930 |
Hershall, P., 930 5
Young, R. T., 320
Harris, F. T., 310

: Brenner, M., 723

: Bonnell, R., 040

HDL Library (5 c¢opies)

Technical Reports Unit, 800

: Technical Information Office, 010 (5 copies) ‘ ‘ i

; Rotkin, I./Godfrey, T. B./Bryant, W. T. '

i Distad, M. F./McCoskey, R. E./Moorhead, J. G.

(Two pages of abstract cards follow.)

26




H.gaoammﬁoéommgwmgdﬁmmﬂg%gg
g@%néogmaﬁgngﬁggogﬁogsﬁ

‘

ja0deunay

_®IWIg-ppLes ‘9 .

=¥ ‘3z0djuvay
w=alnigo .oowdg ‘¥

wus

R i L

‘3z0d

_ -Sust3 83w3s-piToOs UY !5:::0.—-0 207 TOPOm ST FO EsAUTNFAsD
w31 POINOIPUT OARY SUCTIETRIIEY LIojwiordid ‘seswd  uT SIUNOTF

«Z800° JTLIMYOWLEW IINSEIM O} SSTIOIRICNEY ulnﬂo oA3 Uy UIAwW] wisp -

 TeinenTiadxs q317a jusesaxle PooS #OYS SUOTIEINOTED ‘sud SNOTI
-¥30¥3 ® 101 22AT2 318 SITITOOTIA IITLP puUE SIJUITO[IFI0D uUOTsME

~4(1D9® IOUIIITITD <YL WOI] SIFTIV SISTIIWD O no:__«u«v Justeddy
TV PISTF OTIIOTS UF U RIITLINO #3043 O WOTSUIITP PUP 1FTaPp
a3 oo ‘siatiIwo alrwgo IYTqoa JO vo.xlco ‘o3133 adwds Jo. 398338
) SUTHIIIP 1wQI ‘spem UIIG SAWY .FUOPINTAITED SUTYOEM TEDLIaemN

[

Tuswouayd
Jrodsuer]l

91w38~pTIOf ¢

-3 ‘jacdsuway

—adkreyo aowdg *

avuI
-nTFuy adawyo

*4a08

..-55 93 W3 S-PTIO8 UT SUOTIWTHOTED XOF Thpow ST FO -SNNRTHIEH
W1 POINSTPUT SARY SUOTIWTNOTED ALONaOTdXX. ‘desel MY (RNGPETY
~F@0D qow33e = 03 WeTHOIRAIDYE] TeqI0 OAY UT THAWN WG
ﬂs,a...rlu. €I Ta Jusieardv pood AONE sUOTIETIOTED  *IWY ¥R
~TIOTZ w JOT USATE Buw HFOTITOOTA AEHP puv sURTORIPAD HOTIG

wussousyd au«v vnb&ln. updn a3rwgd eowds JO' 30IFF@ Y3 BUTIWIFIINTIT sI(nsa .
- 3rodsuwnty . (WOTAMMMN  * #TEAIIIOT UOTIRTNITED TTwWMs .LTIITUTFUT JO ITEIL a3 Nﬂmﬂwﬁa wﬁwdwﬂnunq n”ﬂhﬁn“oﬁdn JO 4095 ﬁ.%ﬁﬂﬁ»“ng BphERL -
~$32:%qOSTA WD ¢ UT Puw IRTwgd 3dwds JO SOUISAE.3q3 WY 3OS IQ 0} UNOUS ST UGTYNZ —SoATvqorTq BWD °¢ U puv sSiwqo sawds o oaadzdgﬂwvﬁogﬂn““ﬂz? t&ﬂ”ﬂn ¥o wg »y
4o josy’ . ~FFP PRIRINOTI® sTUL ‘suot3Enda jrodtiuely 943 UT PIPNLOUT ST UoYs ~ITP PORIIOTHD STRL *suOTINRBE: 4 piy nﬁﬁouhevaae iy end-g«w
-RZITP ou -yInoqs udas. ‘magqoad zodsumil g3 IArow o3 poasn siot3 uo 309F odswery. Touy ,__

~NFFTP Oou y3nogy usAs ‘marqdad jrodstexl W3 SATOS 03 pRsn FHOTY
~¥nbo’ SDUKIDEITP g1 WOLY FeSTAN KXWLIIeS 1O UORMIFTD tATwdde
Uy CPIOTF DYLIDATE UY UT SIDLLIWS GHONI FO ROTSNFEIR Puw 3Fiap
o3 40 ‘Rr’TIrd oliwyo ovTaom yo pesodmod Telrwyd wowds Jo 30838

i ) ) SUMIIJAP Odﬁv spIw UDRq o.:A uao.w&idg.ﬂnu IO TeOTreRnN
ooedg—LITTIAoN- £ - 34049 QIILISSVIOND S0edg—A3FTTAON '€

. =nTIRT adawyo
| 0owdg—43TTTQON °€

" sowanypuy "

| eeRawqastd #%0 g

o 3993,

«3®" ‘3x0dsumay,
nltuknno 9owdg *y

*ue

80@0 forgd qax OOmnn e 1108 0000 SKONY ‘0T0d10$0t0YT ford Kmxy

"7 asodw OETINEVIONR

uy puw a3ieyd 20wds .Jo AOUISGE IYI UT IVDEXS aq O3 UsOUS ST UOTSNF
<FIP PO3ERINOY=D #YWL  ‘suasyjenbe jxodsuwil Y3 UT pIpRIIUT ST uOTS
=NFFIP Ou qANOY} ©aav ‘matqoad iIodsumil I3 EATOF OF PIsn suol}
-¥nba SOUSIIFFTP Y} ULIZ 9ISTIW SIITIIED JO UCTSNIFFP Judreddw
uy C‘PIOT3 OTJII09TI U UF SIITIIED Ss5OY3 JO UOTENIITP PUV IFTIP

" a3 uo ‘sIatIIws oBqwqo HIIQORM Jo pasodwoor ‘aZreyd 2owds Jo 200332

- uu.«n:nvuv IUq3 SpVE UIIG IABY SUOTIFINITD SUTYI¥M YWITAGamy

! 340dey QEIJISSVIONA
‘00998 Ford 1aK ‘ooses’ TT° ﬁon opod SPONY ‘0TOHTOSOIOVL foid: Amxy

“oN motsseIdy

a.

uo 308F

. =33 ‘jxodsuwil
~=331wyd 20wdg 'y

VU
=RIJTT Brwdo

8owdg—4A331T90K '€

. sousnyyuy

.- -walzwqosyq SeD °Q

uy puw e2xeyd> sdwds 3o oouwsqw ¥q1 UT joeXe 3G 03 Widiw £Y uog :

souenTFuYT ‘00996 [oI, ¢ pad srony ¢ foxg Mexy:
a%1wqo aowdg w3 3o jumgrvdéd ..:.2.« e Jnu» dd. 6 ‘v9eT .cs_s-n ST ‘e6TT-8L 921wy> 2oudg emm ww Mnhumaomwmmﬁwdﬁﬁn%!u g4 6 ~vummaﬁmwmmw‘.wﬂ “gurTeRl
~—UOTINFIIO ‘T —uo Te
. 3 . . . [ Se7 A ‘Y TSNIFIQ 2 N
poIITOIN - SUIDIAVO SONVED O JHOJSHVEL NOIN SDMVED IOVdS 30 LoRLiX D S a0 0 THISAVEL NOIT ZPHVED B«ﬁvuhra“ﬁu
- —~333aedoxd ~—satiredord
. N ' yxodsasxl ‘1 2 a ~nu Vo3 BTTYABA, acofnn.ul.uon.!.n vnoli«n Azxey ) . axodsuwil T ‘o °q ‘gz nna.uﬂ«.-ﬂ:’ nCQunhoaih vnolt.ﬂn £
. - 7 A *oN DOTEEAIY, a T *oN uopsseody T
“3dod ~gueI} $3938-PFIOS UF FIOFINIITEO OF RPON ST FO 3%
L N ) |!3.$ 23939..pY108 GY SUOTIWIROTYD JOF TIPoW STAT Jo esmirnyasn oq3 POIROFPUT SAwy FUSTANTROTES Lgojkrofdyg ‘wodnd uf witefuly
—— oq3 PeITOFPUT SARY SUOTIWIRSTED Arojwrnrdxi ‘sIswd Uy sjuarayy wusmouaqd —3e00 JuswowiaE amsEs 03 -nr..oe ioqet Fumao o3 3 HRRIL wRP
o - . od g1
axodsuesy, 20D JUIMWOVIN IANFEAN 03 $ITIO}LIOQUT IAYIC OMY UY uINUY eIzp 3 LIS {ejueariodxe WTa juszessdy- pob2 koys SUOTANTROTED ¥l SNOTH
9 e 1wiuIutIadxd 3T JUBwIIZz POOS MOUS SUOTITINOTED *sull snoy3 #Je18-pTIO8 9 ) g ey }
; .»Sm.u:om 9 ~F4OTF W 10} USATI 'Arv $PT3TOOTSA IFFLP pum WESTOTIIROD wopany
q ~330F7 ® 203 RNATI Iz SITITOOLIA IFTLP PiIw SIUITOTIIIO0 UHTSNF — -37p justvddn Hedn aRiwgo sdwin o A5e5Te ayh JUTIRIANRTTY BTANeL.
1 !—dlo..ﬂnm -37p 3jasrwddw uodn adauqs aowds yo IDAFIR I Buxjwrisnylr sITNSAL - 3rodwuwsy [POTI®MN *STEAIPIUT wOTARTNOTED tTYR ATRITUTILE SO STRIT Wb ]
. Jxodsuwty, Teotaaemy STRAIIIUT UOTIVTNOTED TTEHS LTIIFUTIUT JO ITWIT a3 |
i

<~ZTP PAINTNITED STAL °suOTIENbe jxodmuesy aqy uy pugiitony sy uigs
-DZ3TP od qANOY: AW warqond 3rodsitedi agy vAtos B3 pd¥R wudys

-snba -an?nu“ﬂnv Q3 WOIT FISTI® SINTLIWO Jo UOTEmPFre jusiwdis -

oy PIaTF uﬁ@dtﬂe uw O SIRELLED WsOHI FO UOTENTFIP PR 1JTHP
Q3 90 ‘exatiivo. #lIvwgd STTQoM o pesolmon falrwd wowds Fo IwiPe
g3 edyjmrajzsp Wy} ovl usaq sAwyq n:oﬁdﬁ:oﬁuo Lyt ,ﬂﬂ.g

330d8 -

‘00896 foxg 110 Soosss’ (T TI0S *poD SOV fotoatogotoVt foxd Lety.

| B . souenyFuy #81%qD> sowds 0 jusuisedeq A dd g ¢ Sxwnurep ¢
N skrwqo 9owdg . eq3 jo juewiedd AATTY YT “3xe3 d¢ 6 ‘yesT Lrsmuwr ot ‘g6TT1-UL I-Mo«-&nnp.a 0 30 I STD T A 6 Tpest 3 natsa_
" ~=GOTSNEFIA ‘T pIwa 1 Y . R B e £
d : : nd
. PoleTROTR) " - SEaTHEYD 3oHVED 40 ZNQSNYHL NOJO SDHVED VIS 30 13T Iw“ﬂ&.ﬂw ~ SEATAIYD THVED 10 LSOLENVIL, NOJ0 FRVED TOVES ) ToRAX
~—g3f3radoad od P . ‘ .
azodeuesy 1 -9 -q ‘sz uoiurnsms !$aTA03RICAWT puOTETA Aoy odsuwl, *T *3 @ ‘5§ woITaTYEA ‘59 740% oqy paoweiq Luiwd

“off PopRsecdy. -y

L




