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“oarnerspronnng=1ecnniquevaried-between about 2°4x'10'3 -

cm~-2 at the surface to a minimum of about 1.9 x 102 cm-?
before the n* substrate.

For the time-of-flight technique, Schottky barriers were
made by the evaporation of gold dots of 412 um diameter
and 1600 A thickness on the GaAs surface, which had been
previously etched with bromine-methanol. Pulses of 22 keV
clectrons of about 40 ps duration were used to bombard the
Schottky barrier and create the secondary bunch in the
semiconductor surface. These pulses were produced by an

electron microscope fitted with a deflection system similar

to that described by Sigmon et al.? The number of secondaries
was about 7x 10 and they gave a negligible perturbation
of the electric field in the samples. The samples were reverse
biased by a stripline bias T, and the current pulses due to the
electron-bunch transits were detected by a sampling oscillo-
scope with a risetime of 25 ps. The risetime of the detected
current pulse was limited by the sample capacitance, and was
about 150 ps.
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Fig. 2 Velocity/field characteristic for electrons in GaAs

O measured oo sample 1
@ measured on sampie 2
— Ruch and Kino!

Fig. 1 shows 7 against V for both samples for the experi-
ment carrried out at 300 K.  The constants A and B were
determined for each sample and used to calculate the points
for the o(E) characteristics, which are shown in Fig.2. The
v(E) characteristics are seen to be in good agreement for both

" samples. The transit current pulses were flat topped for the
highest voltages used and showed no evidence of avalanche
multiplication or trapping effects. The low field mobility of
the samples was about 8200 cm? V = s=1, as this mobility was
measured by the Van der Pauw technique on a similar layer
grown on a semi-insulating substrate. The part of the v(E)
characteristic measured by Ruch and Kino,! also by the
time-of-flight technique and on good high mobility material,
is shown in Fig. 2. The curves match reasonably well.
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“SYNTHESIS"OF"T

RANSFER FUNCTIONS BY
SIGNAL-FLOW GRAPHS

Indexing terms: Linear neiwork synthesis, Transfer functions

A new procedure is given for the synthesis of voltage transfer
functions. It is shown that the well known circuits of Lovering
and Brugler can also be derived easily by this method. It is
also indicated that a simplification can be obtained in the
RC:~RC decomposition method, which is in the proposed
procedure.

Imiroduction: Lovering! ‘has anaiysed a special RC circuit
configuration and has shown that a general voltage transfer
function can be brought into a form through RC:—RC
decomposition so that the admittance functions of simple RC
circuits in the configuration can be easily identified. Brugler?
has considered a different RC network configuration, and has
shown that a general voltage transfer function can be realised
by this network. However, to put the given transfer function
into the desired form, a condition between various admittances
must be satisfied. The use of signal-flow graphs in the synthesis
of active RC networks appears to be more promising, as
described in References 3 and 4. However, the method given
in Reference 3 becomes more difficult to apply when the order
of the transfer function increases. The method given in
Reference 4 requires lengthy and time-consuming manipula-
tions, and also the element values are obtamed from a set of
equations with some restrictions. The synthesis procedure
used by Anday® uses a new signal-flow-graph representation
for the biquadratic transfer functions. This method, which
is an alternative approach to state-variable, realisation,? is
based on drawing the signal-flow graph directly from the
given transfer function and obtaining the active circuit from
this graph. In this letter, a new procedure for deriving the

. circuits given by Lovering and Brugler is obtained by a new

signal-flow-graph representation of the voltage transfer
functions. The procedure provides a means of generating new
network configurations for the same transfer functions. One
such new network is given in this letter. Also, a rule is given
that reduces the number of passive elements .in the active
network to be realised by RC:—RC decamposition.
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Fig. 1 Realisation of nth-order transfer functions by Lovering’s
configuration
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Reulisation:"Consider the ‘nth-order transfer function

V. N(s)
T(s)_V,-D(s)' B 0 )
By RC:-RC decomposition, it can be put in the form
¥,- Y,
= )
T(s) YooY, B )

where Y,, Y,, Y; and Y, are admittance functions. From
eqns. 1 and 2, we have

Vl(Yz‘ Yl)'*'Vz(] + Y;'; }’4) = Vz . . . . (3)

The signal-flow graph for eqn. 3 is shown in Fig. 1a. Applying
the well known transformation rules indicated in Figs. 15 andc,
a realisable signal-flow graph® shown in Fig. 1c is obtained.
The corresponding circuit realisation is the one given by
Lovering, and is shown in Fig. 1d. On the other hand, if
eqn. 3 is written in the following form:

V. Yy - Y, . ' N
NY 4+ Y+ Ys Yot Yo+ Ye) - - S
. Y. Y,
+ V(I -
: ( ¥ Y.+ Y +Ys Y.+ Ys+ YG) V: @)

where the admittances satisfy the relation
Y1+ Y4+ Y= i+ Ys+ ¥ ‘
a signal-flow graph corrcsﬁonding to o;qn.. 4 is drawn and

transformed to the realisable form.6 Thus we easily obtain

Brugler’s circuit configuration. Now, if eqn. 3 is written as
Vi1 =Y)+V:(1+ Ye=Y3)=V, . . . . (5

LA Y3
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Fig. 2 Realisation of nth-order transfer function by new
configuration
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" “the corresponding signal-

owin Fig. 2a'is obtained. Applying
the well known transformation rules indicated in Figs. 2b, ¢ and
d, a realisable signal-flow graph® is obtained. Its circuit
realisation corresponds 1o a new circuit as shown in Fig. 2e.

Some simplificaiions in the RC :=RC dcecomposition: In general,
the polynomials in egn. 1 are of the form

&
N(S) = (b.._g Sl 4+ bo) ‘I-Il (S+0’n) ;20
and . (6

!
D(S) = (a._,S‘_",’..-"'ﬂo) H (S+0",) Oip =0
i=1

“The passive elements of the circuits shown in Figs. 1d and 2e

are made of simple RC admittance functions and two
resistances of 1Q. If we select A(s) to be an arhitrary poly-
nomial for RC:-RC decomposition:

(a) A(s) =ﬁ(5+o:;)fI(S+a:.)ﬁ +o) k+l<n-1

ey

) AT G+0IT (+0y) k+l=n—1

) As) =ﬁ (-H'U'u)ﬁ G+o,) ko+lo = n—1, k+1> n—1

it can be shown that the number of passive elements n, is given

by : .

n=4n+2-2K+L) K+L<n—1-.. . . (7

"where K and L are the number of distinct zeros and poles,

respectively, of T(s) on the negative real axis. If, in the
decomposition, the above rule is neglected, the number of
passive elements in the circuit becomes n, = 4n+ 2; therefore
2(K + L) more passive elements are to be used.

Example: Given
N(s) - (s+4)(s>+s+1)

= 50 = 6235+ ])
(i) Following she rule if A(s) is A(s) = (s+ 3)(s+4), we have
4
N(s)” s*+s5+1 s
AG) - s+3 ¥t
and
D(s) s?+3s+1 5/4s
1 Y B AR
andn, = 10

(ii) If the proposed rule is not considered and the polynomial

A(s) is A(s) = (s+1)(s+2), we have

N@s) _ (s+4)(s*+5+1) mopsp 35 _ 3

A +D+2) s+2 0 s+1
and

_l_)(_s)_ (s+3)(s2+3s+1) - ’+s+-’i—-i:-—

AlS) (s+1)(s+2) 2 s+1 s+2
and n, = 14.
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PREPARATION OF WATER-FREE
SILICA-BASED OPTICAL-FIBRE WAVEGUIDE

Indexing 1erms: Fibre optics, Light absorption, Losses, Optical
warcguides

A technique is described whereby the hydroxyl absorption
bands of the new phosphosilicate-core optical-fibre waveguide,
which arise from impuritues in the cladding. can be largely
eliminated. The resulting fibre has ultralow loss over the
entire wavelength range 0-4-1-1 um.
Iniroduciion: A problem commonly encountered in the
preparation silica-based optical fibres is the presence of OH
absorption bands at a number of wavelengths,® ~* particularly
at 0-95 um. We have observed the same effect in a new type
of fibre®: 7 comprising a phosphosilicate glass core in a silica
cladding. These fibres are made by an accurately controlled
chemical-vapour-deposition technique in which silicon tetra-

chloride and phosphorus oxychloride are simultaneously ~

oxidised and fused into a clear layer of phosphosilicate glass
on the inside of a silica tube that is subsequently drawn into a
fibre.

It is found that, when the silica tubing used is of a synthetic .

grade of high hydroxyl content (1200 parts in 10%), such as
Suprasil, the minimum attenuation is between 2 and 3 dB/km,
and the OH band at 0-95 um rises to a peak of about 40 dB/km.
On the other hand, with Heralux tubing, in which the water
concentration is only one-tenth that in Suprasil, but the level
of other impurities is higher, the minimum loss rises to
6 dB/km, but the peak at 0-95 um falls to 15 dB/km. Thisisa
strong indication that the cladding has an appreciable effect
on the transmission loss, which is to be expected, since, at
the normalised frequency of the fibre of V = 20, it carries
approximately 109 of the propagating power. We conclude,
therefore, that the OH impurity giving rise to the absorption
bands is present mainly in the cladding and not in the vapour-
deposited core. It follows that, if the relative amount of
optical power propagating in the impure cladding can be
decreased, the hydroxyl bands can be correspondingly
reduced.

Cross-section of stepped-refractive-index fibre

Showing the Suprasil cladding and three successive core layers of increasing
refractive index. The overall diameter is 145 um

Fig. 1
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" Method~ One method of doing this during the preparation

of the phosphosilicate-core fibre would be to deposit initially
a silica layer of low hydroxyl content on the inside of the
commercial silica supporting tube. This can be done, but,
to produce simultaneous oxidation and fusion to a clear
glassy layer, the deposition rate must be kept low. Thus the
time taken to build up the required thickness of this layer is
unnecessarily long. However. if, instead, a layer of phosphosi-
licate glass having a suitably small proportion of P,Os is
deposited, the deposition rate can be increased appreciably,
and the refractive index is not changed greatly from that of
silica. : :

An alternative approach is to use the fact that a graded-
refractive-index core effectively restricts the optical power to a
region closer to the fibre axis than in a normal cladded fibre.
Reflections at the core—cladding interface do not occur,
except for those rays propagating near the critical angle, and
hence the amount of power contained in the cladding is
reduced. With our method of vapour deposition, the fabrica-
tion technique for a graded-refractive-index fibre is a simple
one and involves only successive changes in the relative
concentration of the reacting gases. The first lJayer may now,
as before, contain a suitably small proportion of P, Os and
may be deposited at a much higher rate than the silica. The
second, and subseguent, layers contain increasing concentra-
tions. The total deposition time for the entire core is about

. 1h. However, we have found that a stepped approximation

to a graded-refractive-index core, .in which the refractive
index increases in three successive steps, is equally effective
in confining the optical power to the core region. We have
fabricated fibres of all three types, but present here the results
obtained only for the latter version.
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Fig. 2 Spectral attenuation curve of 1.2 km length of phos-
phaosilicate-core silica-cladded fibre shown in Fig. 1

Results and discussion: A typical fibre cross-section (Fig. 1)
clearly shows the Suprasil cladding and the three layers
of increasing refractive index. The overall diameter is
145 ym and the numerical aperture of this particular fibre
is 0-16. The spectral ‘attenuation has been measured over
the entire drawn length of 1-2km and the resuliing curve
(Fig. 2) is remarkably smooth. As predicted,” the broad
iron absorption band in the vicinity of 1 um has been
largely removed by some fairly straightforward improvements
in fabrication techniques. Further, the intermediate layers
have almost eliminated all the OH bands. The only one
remaining is that at 0-95 um, but its height has been reduced to
2dB/km. In fact, in some other samples, the magnitude is
only 0:8 dB/km and the effect of the wings of the band at the
semiconductor-laser wavelength is negligible. As a result of
these modifications, the attenuation is very low over the entire
wavelength range and is below 5 dB/km between 0-7 um and
the highest wavelength measured (1.1 um) with a minimum
of 2.4 dB/km. Even at 0-45 um, the loss is less than 20 dB/km
and transmission in the.near ultraviolet, in particular, is
considerably better than has previously been reported® for
conventional u.v.-transmitting fibres. It should be noted that
extrapolated absorption and scatter measurements suggest
that, at least from 0.4 to 1.1 um, the intrinsic loss of
phosphosilicate glass is similar to that of pure silica, This
indicates that, with further improvements, it should be
possible to obtain an attenuation of less than 2dB/km in
the régime (from 0-85 to 0-9.um) of gallium-arsenide devices,
and still lower values at Jonger wavelengths. Measurements
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