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PATENTS 'ACT 1952 (AS AMENDED)

DECLARATION IN SUPPORT OF AN APPLICATION FOR A PATENT

In support of an Application made by:
International Control Automation Finance S.A.

for a patent for an invention eéntitled:
FREQUENCY SHIFT KEYING MODULATION AND DEMODULATION FOR SERTAL
CQMMUNICATION ON A CUPRENT LOCP

I, Michael L. Hoelter
Nof | ﬁq,//sar; Place
Kewner Ly 70065~

do solemnly and sincerely declare as follows:

1. I am authorised by the above mentioned applicant for the patent to make this
Declaration on its behalf,

2. The names and address of each actual inventor of the invention is as follaws:

Edward Bastijanic and Joseph C. Nemer

of 7064 Bristlewood Drive, Cancord, OHIO 44077, U.S.A. and
1262 Lander Road, Mayfield Heights, OHIO 44124, U.S.A., respectively

and the fact(s) upon which the applicant is entitled to make this application are

as follows: _
INTERNATIONAL CONTROL AUTOMATION FINANCE S.A.,

the Applicant, is the Assignee of the invention from BABGOCK §& WIN.OX TRACEY POWER,
INC; BABCOCK & WILCOX TRACEY POWER, INC. is the Assignee of the invention from THE
BABCOCK & WILCOX COV[P/\NY and 'I'I[E B/\BCOCK & WILCOX COMPANY is the Assignee of the

igventjon from thc tual (e
3 %h ga ic app‘icatxony P as defxned by Section 141 of the Act was(were) made
as follows:
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in th‘ name(s) 00...0.....'0.0..0.‘..0000.0‘0.......0..00.0'....0..-..
4. The basic application(s) referred to in the preceding paragraph of this
Declaration was(were) the first application(s) made in a Convention country in
respect of the invention the subject of this application.
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siqn.d: I...'...Q.. 4“#‘00....'0. E}

Pefert. Aoy

Position:

ey

s i e e e Ak m e



(12) PATENT ABRIDGMENT  (11) bocument No. AU-B-53170/90
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 628154

(54) Title
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ON A CURRENT LOOP
International Patent Classification(s)
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(21) Application No. : 53170/90 (22) Application Date : 11.04.90
(3Q) Priority Data
{31) Number (32) Date (33) Country
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(43) Publication Date : 18.10.90
(44) Publlcation Date of Accepted Application ; 10.09.92

(71)  Applicant(s)
INTERNATIONAL CONTROL AUTOMATION FINANCE S.A.

(72) Inventor(s)
EDWARD BASTIJANIC; JOSEPH C. NEMER

(74) Attorney or Agent
GRIFFITH HACK & CO., GPO Box 4164, SYDNEY NSW 2001

(57) Claim

1. A 4 to 20 mA D.C. current loop arrangement
having a frequency shift keying oscillating signal
superimposed thereon to permit reliable on-line
communication between low power devices normally using
4 - 20 mA D.C. current value comprising:

a power supply for producing 4 to 20 mA D.C.
current;

a current loop connected to sald power supply for
carrying said current;

modulating means for producing frequency shilft
keying oscillating signals including a digitally
controlled oscillator having a low level capacitor
selectively chargeable and discharging at a first rate
and at a second rate corresponding to first and second
frequency shift keying frequenciles respectively; and

transformer means for connecting said modulating
means to sald current loop while isolating same from said
oscillator to superimpose said frequency shift keying
frequencies on said 4 to 20 mA D.C. current to permit on-

.ii/a
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line communication of said frequency shift keying
frequencies onto said current loop to low power devices

therein.
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FREQUENCY SHIFT KEYING MODULATION AND
DEMODULATION FOR SERIAL COMMUNICATION ON
A CURRENT LOOP

TECHNICAL FIELD

The present invention relates, in general, to modulation and

demodulation techniques and, more particularly, to a frequency
shift keying modulation and demodulation technique on a current

g

loop.

BACKGROUND ART
Fraguency Shift Keying (FSK) 1is a form of frequency

* modulation commonly used in low-speed modems in which the two

states of the signal are transmitted at two separate
frequencies. A 1 is transmitted by a predefined signal frequency
(space frequency) and a 0 is transmitted by another predefined
signal frequency (mark £frequency). In noisy environments, it
has been found that FSK has more noise immunity than other forms
of modulation, such as amplitude modulation or phase modulation.
In power limited devices, such as loop transmitters and battery
powered devices, the use of FSK for on-line communication between
the transmitter and another device typically regquires a
substantial amount of power due to the numerous circuit elements
required to decode and encode the FSK signals. In order to
minimize power usage, modulation techniques mnolt utilizing
frequency shift keying have been developed, such as that employed
in U.S. Patent No. 4,607,247 (Sterling, Jr., et al).

Because of the foregoing, it has become desirable to develop
a frequency shift keying modulation system and demodulation
system which minimizes overall power usage and hardware
requirements.
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SUMMARY OF THE INVENTION

According to the present invention there is provided
a 4 to 20 mA D.C. current loop arrangement having a

frequency shift keying oscillating signal superimposed

5 thereon to permit reliable on-line communication between
low power devices normally using 4-20 mA D.C. current
value comprising:

a power supply for producing 4 to 20 mA D.C.

current;
10 a current loop connected to said power supply for
ﬂ::’ carrying said current;
E?:E modulating means for producing frequency shift
?.:: keying oscillating signals including a digitally

controlled oscillator having a low level capacitor
15 selectively chargeable and discharging at a first rate

e and at a second rate corresponding to first and second

frequency shift keying frequencies respectively; and
transformer means for connecting said nodulating
means to said current loop while isolating same from said
20 oscillator to superimpose said frequency shift keying
frequencies on said 4 to 20 mA D.C. current to permit on-
line communication of said frequency shift keying

frequencies onto said current loop to low power devices
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therein.

Preferably the current loop arrangement further
includes means for demodulating a modulated signal on
said current loop, said demodulating means producing
frequency shift keying pulses representative of said
modulated signal.

Also preferably said demodulating means further
includes comparator means connected to said digitally

controlled oscillator in a phase-locked loop arrangement.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic drawing of the frequency
shift keying modulétion system of the present invention.

Figure 2 illustrates waveforms at various points
within the modulation system shown in Figure 1.

Figure 3 is a schematic drawing of the frequency
shift keying demodulation system of the present
invention.

Figure 4 illustrates waveforms at various points

within the demodulation system shown in Figure 3.

$:21302H/438/23.8.92
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DESCRIPTION OF THE PREFERRED EMBODIMEN'T
Referring now to the drawings where the illustrations are

for the purpose of describing the preferred embodiment of the

5 present invention and are not intended to limit the invention

hereto, Figure 1 1is a schematic diagram of the frequency shift

keying modulation system 10 of the present invention. The system

10 is comprised: of a transmitting interface device 12, a

digitally controlled oscillator 14, é power supply 16 powering a

10 current 1loop 18, and a circuit 20 interconnecting the digitally
controlled oscillator 14 and the current loop 18.

The interface device 12 1s commonly referred to as an RS-

.°°"* 232, or the 1like, and is properly referred to as an Interface

::?'Between Data Terminal Equipment and Data Communication Equipment

15.“bmploying Serial Binary Data Interchange. The interface device

(X R LN )

° ‘12 generates a supply voltage Vs for one of the two possible

9 ©
o

' «'signal states (space frequency) and a 0 output voltage for the
J.:bther signal state (mark frequency). The output of the interxface
device 12 'is connected to an input to an OR gate 30 within the

20 digitally controlled oscillator 14. The other input to the OR
”..gate 30 is connected at point B to one side of a resistor 32 and
‘eess’to the dinput to an inverter 34. The output of the OR gate 30 is
':?°bonnected Lo a resistor 36 which is connected to the other side
ves0f resistor 32 at Qoint A. The output of inverter 34 is
‘2% connected at polnt C to the input to an inverter 38 and to one
side of a resistor 40. The other side of resistor 40 is
,connected to resistors 32 and 36 at point A. A capacitor 42 is
.connected from point A to the output of inverter 38 (point D).
l':l“:'l‘he output of inverter 38, which represents the output of the
30 digitally controlled oscillator 14, is connected to the input to
an inverter 44. The outpuat of inverter 44 is connected to a
series combination of a resistor 46 and a- capacitor 48 which is

connected to one side of a transformer 50 which is grounded. The

°
[
[
[
L
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other side of the transformer 50 is <onnected across the current

loop 18 wvia a resistor 52 and a capacitor 54. The current loop

18 includes a resistor 56 and is connected to the output of the

5 power supply 16 that can typically draw a minimum of 4 mA to a
maximum of 20 mA.

Operationally, the output voltage.of the interface device

12 controls the frequency of the digitally controlled oscillator

14, Referring to Figure 2, the output of the interface device

10 12 41is shown as waveform F. The other waveforms shown in Figure 2

represent the voltages at various points within the modulation

system 10 and correspond with the letters shown on Figure 1.

.,"..With respect to waveform F, presence of a supply voltage Vs at

.:"“ the output of the interface device 12 results in the digitally

¢ I'seecontrolled oscillator 14 producing a predefined upper signal

°;"*Efrequency (space frequency), whereas # voltage at the output of

\':,the interface device 12 results in the oscillator 14 producing

s« a predefined lower signal f£frequency (mark frequency). When a

’ supply voltage VS exlsts at point I, the OR gate 30 acts as an

20 inverter for the signal at point B. The presence of a voltage

at pcint B, as shown in Figure 2 (point a), causes the voltages

.”“:.at points E and C to be 0 and the voltage at point D to be the

L L]

.**2*, supply voltage A Inasmuch as OR gate 30 and inverter 34 have
'high input impedances, a negligible current £flows through
.28 resistor 32 and the voltages at points A and B are substantially
equal to the supply voltage Vs. As capacltor 42 starts charging

from point D through resistors 40 and 36 to polnts C and E,
lytcirespectively, the voltage at point A starts decreasing from the
.Pw.gsupply voltage VS toward 0 volts. When points B and A reach the
30 maximum input voltage for a logic zero trip point (VIL) of the OR
gate 30 and 4inverter 34, these devices switch causing the
voltages at points C and E to increase to the supply voltage Vs
which, 4in turn, causes the voltage at points B, A and D to
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become 0. When point D becomes 0 volts, capacitor 42 starts
discharging through resistors 40 and 36, causing the voltage at
point B to start increasihg from 0 volts towards the supply
5 voltage VS. When point B reaches the minimum input voltage for
logic one trip point (VIH) of OR gate 30 and inverter 34, these
devires swltch causing the voltage at points C and E to become 0
and the voltage at points B, A and D to become the supply
voltagye Vs. Since points E and C are equal at all times, the
10 charging and discharging time of capacitor 42 is proportional to
{::°the parallel combination of resistors 40 and 36. Oscillations
E‘vﬂ.continue at the rate of charging and discharging of capacitor 42,
-:ou:WhiCh represents the predefined upper signal frequency (space
:o.n:frequency), untll the input voltage at point I changes.
:15: When the output of the interface device 12 is 0 volts
:‘:‘,(Figure 2, point d), then OR gate 30 acts as a non-inverting
buffer for the voltage at point B resulting in the output at
point E equalling the input at point B. This condition causes
(ctnchintS C and E to be of opposite potential at all times. When
20" this occurs, the charging and discharging time of capacitor 42
7 twill be proportional to the ratio of the resistance of resistor
40 to the sum of the resistance of resistors 40 and 36. This
results in the capacitor 42 charging and discharging at a slower
rate whic®, 4in turn, causes oscillations to be produced at a
.25 predefined lower frequéncy (mark frequencyfv Thus, the digitally
‘ . controlled oscillator 14 produces an output at point D at a
':predefined upper signal frequency when the inpubt at point F is
equal to the supply voltage Vs and produces a predefined lower
signal fregquency when the input at point F is 0 volts.
30 The output of the digitally controlled oscillator 14 drives
the transformer 50 via the inverter 44, resistor 46 and capacitor
48, The transformer 50 is used to isolate the oscillatoxr 14 from

T
¢
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the current loop 18. The signal at point I in Figure 1 is
reflected to point I by means of the transformer 50 and is AC
coupled to the current loop 18 through resistor 52 and capacitor

5 54. The transformer 50 prevents any DC current from the current
loop from being transmitted to the digitally controlled
oscillator 14, and vice versa. This permits on-line

comnmunication on the current loop 18 without disturbing the 4 to
20 mA DC current present thereon.
10 Referring now to Figure 3, a schematic diagram of a
‘:::'frequency shift keying demodulation system 60 of the present
E'g..invention is illustrated. Those components which are similar to
,:“,Ethe components utilized within the modulation system 10 carry
¢+ ¢« similar reference numerals and will not be discussed in further

A5,, detail. The demodulation system 60 includes a demodulator 62, a
[ ¢ N
tee

current 64 interconnecting the demodulator 62 with the current
loop 18, a digitally controlled oscillator 14, and a receiving
interface device 66. The current 64 interconnects the current
f.u'loop 18 with the demodulator 62 by means of a transformer 68
?Q:: having one side connected across the current loop 18 via a
" ‘resistor 70 and a capacitor 72, The other side of the
- transformer 68 1s connected to ground and to a band- pass filter
74 whose output 1s connected to one input to an OR gate 76. The
other 4input to the OR gate 76 is connected to the output of the
25 inverter 38 within the digitally controlled oscillator 14. The
':‘“;output of the OR gate 76 is connected to an input to the OR gate
‘ ‘30 within the oscillatocr 14 and to a resistoxr 78 which is
connected to one side of a resistor 80 and to ground via a
capacltor 82. The other side of resistor 80 is connected to an
30 input to an OR gate 84 and to the output of same via a resistor
86. The other input to OR gate 84 is connected to ground. The
output of OR gate 84 is connected to the receiving interface
device 66, which can be a RS-232, or the like.
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As in the previous discussion, the waveforms at selected
points on Figure 3 are shown in TFigure 4. Operationally, a
freguency shift keying signal on the current loop 18 1is
transmitted through the capacitor 72, resistor 70 and transformer
68 to the band-pass £filter 74. The AC coupling of the
transformer 68 prevents any DC current from the current loop 18
from passing to the demodulator 62. The band-pass filter 74
rejects any signal outside the frequency shift keying band. The
output of £filter 74, shown in Figure 4 as waveform C, is a
digital representation of the filtered frequency shift keying

» signal.

The system comprised of the digitally controlled osclllator
14 and the OR gate 76 1s a form of a phase-locked loop. The
signals at points B and C are compared by the OR gate 7%
producing an output at point A which is transmitted back Lo the
dlgitally controlled osclllator 14 to adjust its frequency so as
to be the same as the input frequency at point C. In order to
accomplish  the foregoing, the duty cycle of the digitally
controlled oscillator 14 varies with the input frequency. A low

* input frequency produces an osclllatoxr duty cycle less than 50%°

whereas a high input frequency produces an oscillator duty cycle
greatexr than 50%.

The slgnal at po@nt D is the average of the signal produced
at point A filtered by the RC circuit comprised of resistor 78
and capaclitor 82. OR gate 84 acts as a voltage comparator, il.e.,
if the voltage akt point D is above VCCIZ, then the voltage at
point F goes high (Figure 4-waveform F), However, if the voltage
of point D is less than Vccat/Z, then the voltage at point F goes
low. In essence, the voltage at poinkt P is the diglital
representation of the £requency shift keying signal and can be
kransmitted to any daka terminal equipment (not shown) by the
interface device 66, Resistors 86 and 80 introduce a hysteresis
ko OR gate 84 to reduce uny 3Jilkter when a level transition

35 pecurs,
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T'he major advantages of the modulation system 10 and the
demodulation system 60 are the low power requirements of these
systems. Such low power re¢julrements can be attributed to the
reduced number of components required within the systems, the
use of CMOS chips where appropriate and the low unit values for
the capacitors utilized. These systems are also frequency stable
under wide variations in power supply voltage because the input
trip points (VvIill and VIL) of the gates are proportional to the
power supply voltage. The foregoing advantages permit reliable
on-line communicatlion between the low power devices using the

., same current loop that carriesz the 4 to 20 mA DC without
* effecting the DC current value.

Certain modifications and dimprovements will occur to those
skilled in the art upon reading the foregoing., It should be
understood that all such modification and improvements have been
deleted herein for the sake of conclseness and readabllity, brt
are properly within the scope of the following claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A 4 to 20 mA D.C. current loop arrangement
having a frequency shift keying oscillating signal
superimposed thereon to permit reliable on-line

5 cemmunication between low power devices normally using
4 - 20 mA D.C. current value comprising:

a power supply for producing 4 to 20 mA D.C.

current;

a current loop connected to said power supply for

10 carrying said current;
modulating means for producing frequency shift
keying oscillating signals including a digitally
controlled oscillator having a low level capacitor
selectively chargeable and discharging at a first rate
sees’ 15 and at a second rate corresponding to first and second
frequency shift keying frequencies respectively; and
s e transformer means for connecting said modulating

o, means to said current loop while isolating same from said

oscillator to superimpose said frequency shift keying
el 20 frequencies on said 4 to 20 mA D.C. current to permit on-
; line communication of said frequency shift keying
frequencies onto said current loop to low power devices
therein.
2. The current loop arrangement as defined in claim
25 1 further including means for demodulating a modulated
signal on said current loop, said demodulating means
producing freguency shift keying pulses representative of
sald modulated signal.
3. The current loop arrangement as defined in claim
30 2 wherein said demodulating means further includes
comparator means connected to said digitally controlled

eoscillator in a phase-locked loop arrangement.
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4. A current loop arrangement substantially as
herein described according to the accompanying drawings.
Dated this 23rd day of June 1992
INTERNATIONAL CONTROL AUTOMATION FINANCE S.A.

By their Patent Attorneys
GRIFFITH HACK & CO

s ~
H/438/23,6.92 L P
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