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ELECTRON BEAM REGISTRATION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to the utilization of an electron 

beam to fornr patterns properly registered with respect 
to previously generated electron beam patterns on 
semiconductor chips delineated on semiconductor sub 
strates. For each chip to which the beam is applied, the 
position of the chip in registration to a predetermined 
prior pattern is determined to control the position of 
the electron beam and insure that the desired pattern is 
formed on each of the chips separately and in proper 
relation to one another. 
To insure that patterns formed by the electron beam 

on a chip are sharp and that the width of each line of 
the pattern is controlled to its desired size, the beam is 
in certain cases, stepped in raster type movement from 
one predetermined position to another to form the de 
sired patterns. Accordingly, it is necessary that the po 
sition of the material to which the beam is to be applied 
be determined in relation to the position of the beam 
and the writing position of the beam modified in accor 
dance therewith. _ 

US. Pat. No. 3,644,700 entitled “The Method and 
apparatus for Controlling an Electron Beam" discloses 
the use of a square shaped electron beam in a stepped 
or raster fashion from one predetermined position to 
another to form a desired pattern on each chip of a 
semiconductor wafer to which the beam is applied. In 
this teaching, each chip to which the beam is applied, 
the position of the chip relative to a predetermined po 
sition is determined and the distance in these positions 
is utilized to control the position of the electron beam 
to insure that the desired pattern is formed on each of 
the chips separately. Furthermore, the position of the 
beam is periodically checked against a calibration grid 
to ascertain any deviations in the beam from its original 
position. These differences are applied to properly po 
sition the beam. Similarly, it is known to provide an au 
tomatically'centering system for an electron beam on a 
given workpiece by registering the beam of an emission 
registration or target area adjacent to the workpiece. 
The beam, swept across the registration area in a sinu 
soidal pattern, produces secondary emission which is 
detected to produce an output error of voltage when 
the beam is off center. The error voltage is used to re 
align the beam on center. 

2. Description of the Prior art 
Prior art registration of an electron beam is accom 

plished manually by scanning the beam over a circuitry 
semiconductor wafer surface and monitoring the posi 
tion of the mask according to the display on the 
scanned area. However, the hand method is laborious 
and time consuming. Likewise, previously in the use of 
electron beam machines, considerable inconvenience 
was experienced in centering the beam for the initial 
setup at the start of each beam operating cycle. When 
the common prior art method of centering the beam 
consisted of positioning a suitable target such as a 
Tungsten disk under the beam at the location where the 
work was to be performed. it was accomplished by 
hand and the beam allowed to impinge on the Tungsten 
and a point of impingement was observed visually 
through an optical system sometimes comprising a mi 
croscope. It is obvious that these prior art methods are 
inadequate invview of the present state of mean for 
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2 
mass production of semiconductor components when it 
is necessary to determine both rapidly, that is in the 
order of 10 milliseconds and accurately, that is in the 
order of one microinch, the location of several points, 
for example, on the four corners of the chip within the 
beam’s field of view to properly register one chip to an 
other and thus form appropriate patterns on each suc 
cessive chip. 

SUMMARY OF THE INVENTION 

It is the object of this invention to provide a method 
wehereby an electron beam is utilized to form patterns 
on a semiconductor chip properly registered with re 
spect to a previously generated pattern. 

It is another object of this invention to accurately 
register semiconductor workpieces for an electron 
beam exposure. 

It is a further object of this invention to provide a 
highly rapid and accurate method for locating registra 
tion marks on semiconductor workpieces which are 
about to be subjected to electron beam exposure. 

It is still a further object of this invention to provide 
a method for processing electron back-scatter signals 
tolerant of low signal-to-noise ratio in the back-scat 
tered signal. 
The foregoing and other objects are accomplished by 

scanning previously established registration marks on 
semiconductor chips or other workpieces with a beam 
of electrons and monitoring the reflected or back-scat 
tered electrons so as to detect where the beam crosses 
or encounters the said marks, wherein the said back 
scattered or re?ected electrons are detected in a signal 
having a minimum noise ratio followed by a rapid 
cross-correlation between the average signal and a 
standard or ideal signal having the specially desired 
characteristics of signal con?guration followed by the 
final step of employing least square curve fitting proce 
dure to extract the essential parameter, i.e., the center 
of the cross-correlation with a minimum of on-line 
computation. 
This process may also be described as a method for 

determining the exact location in time of a signal [x 
(t+t,,) + n(t)] where x consists of k repetitions of a sig 
nal of known shape of speci?ed periodicity and t0 is an 
unknown displacement (time-shift) whose value is to 
be found, and n is a noise process generally assumed to 
be white Gaussian noise although less stringent assump 
tions are possible. The mechanism in which this process 
is applied allows the translation of the time-shift whose 
value is determined by the process into a geometrical 
displacement, which is then applied to controlling the 
de?ection of the electron beam. 
The following other objects, features and advantages 

of the invention will be apparent from the following 
more particular description of preferred embodiments 
of the invention as illustrated in the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a cross-sectional illustration of a silicon 
semiconductor substrate having an SiOz passivating 
layer containing a registration mark or groove, and a 
photoresist layer overlaying said oxide layer; 
FIG. 1B is an idealized representation of a noiseless 

back-scattered or re?ected electron signal; 
FIG. 1C represents the type of noise corrupted signal 

encountered from back-scattered or re?ected electrons 
without the application of the method herein disclosed; 
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FIG. 2 is a flow diagram illustrating the method for 
processing the signal illustrated in FIG. IC; 
FIG. 3 is a comparative functional flow diagram illus 

trating the method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Typically, in order to write patterns with an electron 
beam, properly registered with respect to a previously 
generated pattern, it is necessary to determine both 
rapidly, in the order ofa tenth of one second, and accu 
rately, in the order of one microinch, the location of 
several points located on the workpiece or semicon 
ductor substrate, as the case may be, for example, at 
the four corners of the chip within the beam’s field of 
view. This is accomplished by scanning registration 
marks on the chip with a beam of electrons and moni 
toring the re?ected or back-scattered electrons to de 
tect where the beam crosses the marks. These marks 
are usually grooves or strips within the oxide surface of 
a semiconductor chip. The detection of the center of an 
oxide strip from such backscatter measurements is 
comparable to that of detecting radar targets in the 
presence of noise, except that the relative precision re 
quired is much greater in this situation. For example, a 
radar pulse may have a wavelength of ten cm. and a du 
ration of one usec, thus making it about 1,000 ft. long 
consisting a little less 3,000 cycles. Radar of this type 
has an accuracy in the area of about ten feet. That is, 
the target is located to within 20 or 30 cycles in the 
train of from 2,000 to 3,000 cycles after averaging over 
a number of scans. 

The sample rate must be at least twice as high as the 
highest signi?cant signal frequency present in the spec 
trum of signal pulse noise. In practice, about ten times 
the said highest frequency in the signal is considered to 
be about the minimum sample rate. It is also considered 
that the sample interval should be not less than about 
five times the precision to which the center is to be 
found. - ‘ 

In the registration of semiconductor chips for elec 
tron beam exposure, a scan of from two to four marks 
within an area of one to two mils and scans from 20 to 

40 usec, produces a signal having from two to four cy 
cles. This center must be found with an accuracy of 
about two microinches, that is within 0.005 cycle, in a 
train of two to four cycles after averaging over a num' 
ber of scans. FIG. 1A is a cross-sectional illustration of 
a semiconductor chip 3 having a coating of photoresist 
illustrated at l and a layer of silicon dioxide on the sur 
face thereof illustrated at 2 and having a registration 
mark indentation designated as 4. Upon exposure of a 
mark of this nature to an electron beam, the back-scat 
ter or re?ected electrons produce a signal illustrated by 
FIG. 1C which contains the signal plus the noise associ 
ated with the back-scatter. FIG. 1B is an illustration of 
an idealized representation of a noiseless back-scatter 
signal. It will be seen from the ensuing description that 
the invention described herein processes a signal char 
acterized and illustrated by FIG. 1C to produce a signal 
comparable to that shown in FIG. 1B and the ultimate 
extraction of the center of the original signal. 
Referring to FIG. 2, one observes an apparatus as 

sembly for processing the signal as illustrated in FIG. 
1C. Typically, a small linear memory is provided having 
in the neighborhood of 200 to 400 words of ten bits 
each controlled by a memory address register and read 
write enable lines, and adder typically 12 bits wide. The 
aforesaid pieces are associated with an analog to digital 
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4 
converter and designated as A/D in FIG. 2, typically 
digitizing the registration signal to about a six bit preci 
sion. Similarly, in combination with the aforesaid appa 
ratus, is a shift register (also shown in FIG. 2) and typi 
cally 200 to 400 bits long and one bit wide, associated 
with various gates and a controlling clock. It is obvi 
ously apparent that the memory could be replaced with 
a shift register of the same dimensions. Nevertheless, in 
the application of an electron beam registration, it is 
well to utilize the memory as illustrated to allow back 
and forth scans of the signal thereby reducing the effect 
of bandwidth limitations in the detection circuits. Simi 
larly, it is advisable to scan the work in the forward and 
back-sweeping motion because it is easier to follow this 
motion by running the address register up and down 
than to design a bidirectional shift register. 

Typically, as the back-scatter signal is received, the 
memory and the address register are cleared, the con 
trol gate is conditioned to pass the memory output di 
rectly to one leg of the adder, and the multiplexer 
(MPLX) is conditioned to accept the output of the ana 
log to digital converter for the other leg of the adder. 
At the start of each clock cycle, the A/D is triggered 
supplying one reading to the adder. The corresponding 
entry in the memory is gated to the other adder input, 
and the sum is written back into the same address in 
memory. Then, the memory address register is incre 
mented by one or decremented by one on alternating 
back and forth sweeps. The clock is advanced and an 
other sample triggered. Each time the memory address 
register reaches one end or the other of the memory, 
one full sweep has been completed and the direction of 
the registration scan and of the address incrementation 
is reversed. As succeeding scans continue, the values 
are recorded in the memory buildup so that each word 
is the summation of all samples of the signal encoun 
tered at speci?c points in a scan. This effectively aver 
ages out even the band-limited noise having approxi 
mately the same spectrum as the signal, which cannot 
be eliminated with an ordinary filter. 
When a suf?cient number of scans has been made, 

the memory contains a digital representation of the av 
eraged signal. The first phase or process step is termi 
nated after a fixed number of scans, as in this particular 
application of electron beam registration, or by adding 
a signi?cance detector to the adder and proceeding to 
the next phase after a specified number of sums in the 
memory has reached a signi?cant value. Other methods 
of terminating of this type of processing are readily ap 
parent from the foregoing, including modi?cations of 
this preferred embodiment combination. 
The second processing step is data extraction by 

cross~correlation. The technique of cross-correlation 
has been used to extract intelligence from noisy data. 
The de?ning equation for the cross-correlation of two 
signals X and Y is 

lim 

For digital signal processing, naturally, the discrete 
sample version of this relation is used. An important 
special case is where Y is a noise-corrupted version of 
X with an unknown shift in time, that is y(t)=x(t+l,,) + 
"(1) where to is a time offset and n(r) is some kind of 

noise process. 
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Under appropriate assumptions regarding n (station~ 
ary, zero-mean white noise is sufficient), it can be 
shown that E (duty (1)) has a maximum at r=t,,,,where 
E is the expected value operator. This means that if a 
noise-corrupted version of a signal is slid along beside 
the ideal version of that signal, one expects to find the 
greatest degree of “match” when there is no time shift 
between the two (r=t,,). 
The application of the aforesaid technique to back 

scatter measurements will allow one to determine the 
ideal signal expected from the detectors, to cross 
correlate with the signal actually received and use the 
maximum of the cross-correlation function to deter 
mine the mark or registration groove center. This ap 
proach and solution becomes rather cumbersome and 
impractical because the width of the registration marks 
in the oxide and the spacing between the positive and 
negative pulses in the back-scatter signal is affected by 
prior semiconductor processing steps. Etching affects 
strip width within the neighborhood of i 20 percent. 
The centers of the marks are not significantly affected 
but the edge position may be modified and hence the 
pulse positions are affected. The use of an averaged 
ideal signal based on the intended mark width produces 
a cross-correlation function without a sharp maximum 
and indeed multiple maxima can result and the result 
ing registration becomes ineffective. This particular 
drawback is eliminated in accordance with the present 
method by cross-correlating the back-scattered signal 
with an arti?cial uni-polar pulse train containing one 
pulse for each pair expected in the back-scatter signal. 
The cross-correlation then has two extrema, one maxi 
mum and one minimum in the region of uncertainty. 
The two extrema are then used to locate the center of 
the registration independent of the mark width varia 
tions. 

Further, the integral, or the defining sum in the dis 
crete case, requires much multiplication of these two 
signals. This is costly in time and equipment and exist 
ing smaller computer machines are one or two orders 
of magnitude too slow to accomplish the computation 
in a timely fashion. ' 
This type of deficiency disappears in accordance with 

the method herein disclosed by forcing the artificial 
pulse train to be rectangular with base line 0 and up 
level 1. The base line width is chosen primarily upon 
the width of the back-scatter pulses and secondarily on 
the signal-to-noise ratio in the average back-scatter sig 
nal. The many multiplications and additions required 
for a general cross-correlation are thus reduced to a 
smaller number of additions. vWhere a true cross-corre 
lation requires n additions and n multiplications, this 
procedure takes about one-half n additions and no mul 
tiplications. ~ 

The shift register contains the ideal signal of is and 
OS in the position for computing the first point of cross 
correlation function. The address register is initialized 
to 0 while the multiplex gate is conditioned to accept 
data from the output of the adder which is initialized to 
0 at the start of each pass through memory. The gate in 
the output channel is disabled until the last step of each 
pass through memory. The write enable is off to pre 
vent results from being over-written in the memory. 

In a modification of this type of manipulation, the 
final cross-correlation at each point would be written 
into the memory instead of gated to the output channel 
for the aforesaid gate. In this particular case, the ad 
dress register would be conditioned and the write en 
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6 
able would be activated once after each pass through 
memory. A small amount of additional control logic 
would be required for an approach of this nature. 
One full pass through memory is made for each point 

of the cross-correlation. At each cycle of the clock, the 
shift register is circulated one position and the leading 
bit fed into gate. The next sequential word of memory 
is read out and passes gate to the adder if the bit from 
the shift register is a 1; otherwise, control gate presents 
a 0 to the adder. The adder sums its present output with 
the value on each successive clock cycle from the con 
trol gate, outputting the new sum. The “next" word of 
memory is either added into the running sum or not, 
depending on the “next" bit in the shift register being 1 
or 0. On completion of the full pass through memory, 
the final sum is gated to the output register via the out 
register gate, a bit is raised to signal the channel that a 
data word is available, the summer output and address 
register are reinitialized to O, and the ideal binary signal 
is shifted one sample position relative to the averaged 
signal in memory. Then another complete pass through 
memory is initiated to generate the second point on the 
cross-correlation function. As each point of the cross 
correlation is completed, it is gated to the channel via 
the output register for input to a computer, which will 
complete the third phase of the registration. in this ap 
plication, it appears that some l20 points on the cross 
correlation function will suffice for locating the two ex 
trema expected. 

In a variation of the cross-correlation step heretofore 
described, the shift register is made two bits wide and 
each bit controls a gate from memory to an adder simi 
lar to the gate previously described. The only differ 
ence is that the memory word is shifted one bit left in 
going through one of the gates. This results in each 
sample in memory being weighted by 0, l, 2 or 3 in 
stead of just 0 or I. This gives better amplitude defini 
tion of the ideal signal, at the cost of additional com 
plexity of control, another adder, and increased cycle 
time. 
The technique of simply selecting the point of maxi 

mum correlation produces very coarse quantization of 
position and some type of interpolation is required. 
This obvious drawback is avoided by the method dis 
closed in this specification, and explained in the follow 
ing detailed description of the third step in the method. 
The final step of signal fit and center extraction is ac 

complished by obtaining the mark center from the 
cross-correlation function by analysis of the cross-cor 
relation function near the points of maximum and of 
minimum value. One mightaccomplish this simply by 
averaging the coordinates of maximum and minimum 
cross-correlation and assuming this average as the cen 
ter. Aside from being subject‘ to an unacceptably large 
quantization error, it is clear from a glance that a small 
amount of noise in the cross-correlation could lead to a 
substantial error in selecting the points of maximum 
and minimum correlation, thus rendering ineffective 
the determination of the mark center. 
A least squares fit of a low degree polynomial utilizes 

all the information available from the cross-correlation 
function, and produces an accurate, non-quantized 
value for the center with a relatively small amount of 
computation. 
Where the mark is narrow enough so the positive and 

negative pulses blend into each other, it is appropriate 
to fit a cubic equation. The set of points may be se 
lected as those lying in the region from half a nominal 
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pulse width to the left of the maximum to half a pulse 
width to the right of the minimum, or else a ?xed length 
sample may be chosen to bracket the minimum and 
maximum. The second approach is more computation 
ally convenient. 
The derivation of the least squares equations is 

known. The general polynomial case yields: [A]C] = 
S] where: 

__ 4... au- ‘Kill 

c1 = the coefficients of the polynomial fit 

and 

where N is the number of points fitted and n is the 
order of the polynomial. For a fixed number of samples 
with even spacing, it is possible to compute A’l ahead 
of time, so the coefficients can be found as 

c] = [Ii-‘l S] 
without on-line matrix inversion. Further, only the 
point of antisymmetry of the cubic is required, so only 
the ratio of the two leading coefficients of the polyno 
mial is required. This leads to some further computa 
tional reduction. 
Where the mark is wide and the pulses are widely 

separated relative to pulse width, it is necessary to fit 
each of the two major peaks of the cross-correlation 
function separately, determine their axes of symmetry 
separately, then average them‘ to find the center. Two 
parabolic ?ts can be made on two sets of points; the 
number of points in each set may be ?xed in advance, 
and depends primarily on the ratio of pulse width to 
sample spacing and secondarily on the signal-to-noise 
ratio in the cross-correlation function. 
The apparatus illustrated in FIG. 2 can be assembled 

from components readily available and will sample and 
average the incoming signal at a rate well in excess of 
IOMhz. With a 256-sample window and 16 averaging 
sweeps over the registration marks, the operations of 
data assemblage can be completed in less than 500 
usec. In practice, the operations can be run even faster 
than IOMhz, but assuming conservatively that each ac 
cess-gate-add cycle of this cross-correlation function 
requires 100 nsec, one can get one point on the cross 
correlation function every 26 usec. Available channels 
can accept data at this rate. A reasonable value for the 
number of points needed on the cross'correlation func 
tion is about 120, so the time from start to ?nish of the 
sampling, averaging, cross-correlation and transfer op 
erations is under 4 msec. A reasonable number for N. 
the number of sample points in the cross‘correlation 
actually to be used in the least squares fit is 80. The in 
teger arithmetic to perform these operations is primar 
ily the calculation of the S,-, and can be performed in 
something less than 10 msec. Assuming 4 marks each 
of two axes requires 8 complete registration computa 
tions. Since the acquisition and computation can be 
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8 
overlapped for all but the first acquisition, total regis 
tration time can be kept below 100 msec. This proce 
dure, then, is technically feasible and a cost estimate of 
the equipment illustrated in the drawings reveals mod 
erate hardware cost well within feasibility. 
The construction of the binary valued cross-correlat 

ing signal and its use in extracting useful data from the 
noisy ensembled-average signal is a highly effective 
means of avoiding uncertainties to the registration 
mark width variations and simultaneously enabling 
very fast signal analysis utilizing known apparatus. The 
use of the shift register shown in FIG. 2 and control 
gate at the left adder leg is a means for performing 
cross-correlation of two signals in a fast and accurate 
manner. 

The procedure of polynomial least-squares fits to 
represent experimental data is a method of relatively 
common usage but for this particular method in regis 
tering work pieces or semiconductor chips, the method 
or procedure has been modified so that no on-line solu 
tion of simultaneous equations is required, and only 
half of the polynomial coefficients need be calculated 
as previously illustrated in the specification. Similarly, 
the combination of the functions of the ensemble 
averaging and of cross-correlation is achieved in a 
unique and simple, inexpensive manner, in accordance 
with the apparatus and equipment illustrated in FIG. 2. 
The variation of the cross-correlation method to allow 
a weighting of the cross<correlating signal which allows 
better de?nition of its shape is a new means of achiev 
ing high speed cross-correlation without multiplication 
and without requiring one of the signals to be purely bi 
nary. 
While the invention has been particularly shown and 

described with reference the the preferred embodi 
ments thereof, it will be understood by those skilled in 
the art that the foregoing and other changes in form 
and detail may be made therein without departing from 
the spirit and scope of the invention. 
What is claimed is: 
l. A method for extracting the true position of a ran 

dom noise corrupted signal with respect to a pre-deter 
mined signal, comprising multiple sampling of said ran 
dom noise corrupted signal and adding corresponding 
points of said multiple samples and cross correlating 
said added samples with said pre-determined signal and 
extracting from a suitable portion of said cross-correla 
tion an expression capable of determining the center of 
the original random noise corrupted signal. 

2. A method in accordance with claim 1 wherein said 
multiple sampled signal is digitized. 

3. A method in accordance with claim 1 wherein said 
noise-corrupted signal emanates from back-scattered 
electrons of a beam of charged particles. 

4. A method in accordance with claim 1 wherein said 
center of the first noise-corrupted signal is determined 
by a least squares curve fitting technique. 

5. A method in accordance with claim 1 wherein said 
added sample is stored in a suitable memory. 

6. A method of registering a sweeping beam relative 
to an object bearing a registration mark or marks repre 
senting a reference position on said object comprising 

serially scanning said registration mark or marks with 
a beam of charged particles and adding corre 
sponding points of each scan of a resulting current 
of back-scatter particles and storing the sum in a 
memory and cross—correlating the stored scan sum 
with ‘an ideal signal and extracting from a suitable 
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portion of the cross-correlation an expression ca 
pable of determining the center of the original 
noise-corrupted signal. 

7. A method in accordance with claim 6 wherein said 
center of the original noise-corrupted signal is deter 
mined by a least square curve fitting technique. 

8. Apparatus for providing the true position of a 
noise corrupted signal comprising: 
means for sampling said noise corrupted signal and 
providing a binary value representative of the am 
plitude of the sampled noise corrupted signal; 

adder means operatively associated with and respon 
sive to said means for sampling, said adding means 
also being operatively associated with and respon 
sive to binary signals provided by an electronic 
memory; 

said adder means adding the data contained in a se 
lected address of memory to the sampled noise cor 
rupted signal and providing said result to the said 
same selected address of electronic memory; 

a second electronic memory storing a predetermined 
binary pattern; 

gating means electrically connected between said 
first electronic memory and said adding means for 
transferring data from said first electronic memory 
to said adding means under the control of said sec 
ond electronic memory, and 

output means for providing the output of said adding 
means to a computing means for determining the 
center of a waveform representative of the binary 
output of said adding means. 

9. Apparatus as in claim 8 wherein said center of the 
original noise-corrupted signal is determined by a least 
curve fitting technique. _ 

10. Apparatus for locating the precise position of re 
gistration marks on a semiconductor substrate compris 
ing: 

a semiconductor substrate having registration marks 
thereon with a beam of charged particles impinging 
on said registration marks; 
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10 
means for sampling back-scattered particles emanat 

ing from said semiconductor substrate and for con 
verting the analog level of said back scattered par 
ticles to a binary value representative of the result 
ing current from said back scattered particles; 

adder means operatively associated with and respon 
sive to said means for sampling, said adding means 
also being operatively associated with and respon 
sive to binary signals provided by an electronic 
memory; 

said adder means adding the data contained in a se 
lected address of memory to the sampled noise cor 
rupted signal and providing said result to the said 
same selected address of electronic memory; 

a second electronic memory storing a predetermined 
binary pattern; 

gating means electrically connected between said 
first electronic memory and said adding means for 
transferring data from said first electronic memory 
to said adding means under the control of said sec 
ond electronic memory; and 

output means for providing the output of said adding 
means to a computing means for determining the 

' center of a waveform representative of the binary 
output of said vadding means. 

11. Apparatus as in claim 10 wherein said registra 
tion mark comprises: 

a stripe consisting of an oxide of silicon. 
12. Apparatus as in claim 10 wherein said registra 

tion mark comprises: 
a plurality of silicon oxide stripes. 
l3. Appparatus as in claim 10 wherein said registra 

tion mark comprises: 
a plurality of oxide stripes at least two of said stripes 
being placed transverse to at least two additional 
stripes. 

14. Apparatus as in claim 10 wherein at least one re 
gistration mark is placed at each of the four corners of 
a field to be defined by said registration marks. 

* * * * * 


