






























































































from_ loading the circuit consisting of C601 and R601. CR601 

prevents the base-emitter junction of Q601 from becoming reversed 

biased when the junction of R601 and C601 is at less than 5.6 V. 

When the voltage across C601 exceeds approximately 7 V, Q6o1 is 

turned on. The time required for C6o1 to charge up to this value 

is much larger than time interval, at the beginning of each pulse, 

during which bouncing may occur. Thus, the circuit ignores any 

rising side pulse bounce. 

When Q6o1 is turned on, it begins to charge C6o2 through 

R605. When the voltage across C6o2 reaches 1.4 V, is turned 

on through R606. Q6o1 continues to discharge C602 until Q601 is 

in saturation and C602 has 6 V across it. C602 serves two purposes. 

First, it provides a transition to the base of Q602 which is smooth 

and of a specific slope. Second, it helps debounce the falling 

side of the pulses, as explained later. 

When Q602 is initially turned on, a 12 V potential appears 

across R607, R608, and CR603. The voltage across CR6o3 starts to 

charge up C604 and c605 through R609, and the voltage across these 

two capacitors is applied to terminal P461-3 through germanium 

diode CR604. Immediately after Q602 is turned on, C6o3 begins to 

charge up through R608 and R609. The component values are such 

that the voltage across c603 is approximately 7 V when the voltage 

across c6o4 and c605 is also at about 7 V. At this time, c603 

continues to charge up through R608, and c6o4 and c605 now start to 

discharge through R609 and R6o8. The resultant voltage across 

C604 and c6o5, since Q602 was turned on, takes the form of a single 
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smooth and rounded pulse with a height of approximately 7 V. 

However, since terminal P461-3 is biased at 6 V by the transmitter, 

the voltage at P461-3 corresponds to the top portion (above the 6 V 

level) of the pulse across C6o4 and c605. Therefore, what appears 

at P461-3 is a very smooth, rounded pulse of approximately 1 V 

amplitude, superimposed on 6 V D.C. This is exactly the type of 

pulse waveform the transmitter requires to produce the type of 

subcarrier interruptions described in the 'General' subsection. 

CR604 prevents the pulse processing circuitry from bringing the 

voltage at P461-3 below 6 V D.C. R609 allows adjustment of the 

depth of the subcarrier interruptions (i.e. the puls~ index of 

modulation). 

By the time the falling side of the pulse from the dial 

arrives at P461-5, C601 is charged up to 12 V, Q601 is on, C602 

is charged up to 6 v, Q602 is on, c603 is charged up to 12 V, and 

C604 and C6o5 are discharged. At the end of the pulse, the dial 

grounds terminal P461-5, which discharges C601 and turns off Q601. 

If there is enough time, between the first falling edge of the 

pulse and any bounce which may follow, to completely discharge 

C601, then the 'turn-on' delay caused by R6o1 and C601 will defeat 

any bounce which follows. Otherwise, falling side pulse bounce 

may cause Q601 to briefly turn on again several times. However, 

when Q601 is turned off, C602 begins to discharge through R604. 

Only when the voltage across C602 drops to below 1 V, will Q602 

turn off. The time required for C602 to discharge is much longer 
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than the duration of any falling side pulse bounce, and so, if 

R601 and C601 don't defeat the falling side bounce, C602 will. 

When Q602 is turned off, C6o3 discharges through R607, 

R608, and CR603. CR6o3 clamps the voltage across c6o4 and C605 

to approximately ground potential, while .c6o3 is discharging. It 

also decr~ases the .discharge time of c603. 

Until the next pulse arrives, both Q601 and Q602 a.re 

turned off. If the dial has sent the last pulse, the Mute v+ 

voltage is removed from terminal P461-4. The only current then 

drawn by the circuit is approximately 0.12 mA, drawn by R6o1. 

VI POWER, AUDIO CONTROL, AND ANCILLARY UNITS 

( i) General 

A schematic of the station motherboard, which also shows 

the station ancillary units and their connections to the mother­

board, is shown in Fig. 14. The ancillary uni ts consist of the 

buzzer, a signal strength meter, a cradle switch, and the dial. 

Other connections to the motherboard are the handset, the receiver, 

the transmitter, and the power jack. Also, three daughterboards 

are mounted via jacks onto the motherboard. These are the Buzzer 

Logic Board, the' Transmit Audio Low Pass .Filter, and the Dial 

Pulse Processor. The motherboard interconnects all the vaxious 

units, provides power supply filtering, gates transmit and receive 

audio, and provides many easily accessible test points for 

troubleshooting. 
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Some additional control circuitry for the receiver audio 

is contained in the handset circuitry shown in Fig. 11. 

(ii) Detailed Description 

Power is routed from the battery to the power jack by an 

ext~rnal cable (shown in Fig. 3) which contains a 1 Amp, '5low-blow' 

fuse, and a 3 Amp (300 Amp surge) diode connected in a 'crowbar' 

fashion across the ( +) and ( -) lines in case the battery connections 

axe reversed accidentally. 

From the power jack, the battery voltage is routed to a 

three pole RF filter, comprised of C4o3, C4o4, and E4o1. The 

battery voltage is filtered at low frequencies by C4o2. Zener 

diode CR4o2 protects the station circuits from overvoltage, and 

also functions as an auxiliary 'crowbar' protection diode. After 

filtering, the battery voltage is referred to as the A+ power 

supply. 

The A+ voltage is applied to J404-7, the center contact of 

a set of Form C contacts in the cradle switch. The contact which 

is closed when the handset is 'off-hook', is routed to J4o4-6. 

The contact which is closed when the handset is 'on-hook' is 

routed to J4o4-1. There is 12 V D.C. at terminal J404-6 whenever 

the handset is off the cradle, and this is referred to as the B+ 

power supply. Similarly, there is 12 V D.C. at terminal J4o4-1 

whenever the handset is on the cradle, and this is referred to as 

+ the C power supply. B+ power is routed to terminal J4o3-5 



through R4<J4. From there it is routed through the mute reeds 

of the dial and back to terminal J4oJ-4, where it is referred 

+ to as the Mute V voltage. The mute reeds are shorted whenever 

the dial is turned. The reason for the three :power supplies 

(A+, B+, and c+) is to ensure that the various station units are 

powered only when they are needed. Processed transmit audio from 

the handset is routed, through J4o1-4, to the Transmit Audio Low 

Pass Filter, via J431-3. Then the transmit audio is routed from 

J4J2-1, the output of the Transmit Audio Low Pass Filter, through 

Q4o1, to the transmitter input, J4o2-1. Q4o1 blocks transmit 

audio whenever there is a Mute v+ voltq,ge :present. This prevents 

transmit audio being transmitted along with the dial pulses, which 

might cause false · coU?ts at the central processor. 

Receive audio is routed from P702 to J4o4-2. From there 

it :passes through a pair of switch contacts in the cradle switch, 

which are closed when the handset is off the cradle, and then 

it is routed back to J4o4-J. Since the receiver is :powered by 

A+ through P703, it is always on. If there is no receive signal 

present at the station, which can only occur when the handset is 

on cradle, audible static would emanate from the earphone. 

Routing the audio through the cradle switch :prevents this. Receive 

audio is next routed from J4o4-J, through Q4o2, to the handset via 

terminal J4<J1-7. Q4o2 blocks receive audio during dialing(i.e. 

when a Mute v+ voltage is :present) just as an ordinary telephone 

does. 
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The signal strength output of the receiver, from P701, is 

routed to the signal strength meter input, at terminal J4o..5-1. 

RF filtering is provided in receiver plugs P701, P702, and P703, 

by ferrite beads E4o2, E4o3, and E4o4. 

Additional receiver audio control is performed by the 

handset circuitry, as shown in Fig. 11. R104 together with R103 

act as an auxiliary receive audio volume control, eliminating the 

need to open the receiver for final adjustments of earphone audio. 

CR101 and CR102 protect the earphone (and the user's ear) from 

large receive audio spikes. 

Returning to the motherboard, the switched ground from the 

dial's pulse reeds is routed, through J4oJ-2, to the input of the 

Dial Pulse Processing Board, J461-5. The processed pulses from 

the Dial Pulse Processing Board are routed, through J461-3, to the 

pulse input of the transmitter, J4o2-J. The signal strength 

output from P701 is also routed to the input of the Buzzer Logic 

Board, J451-J. The buzzer drive output from J451-5 is then routed 

to the buzzer. Test points TP1 through TP8 are easily accessible 

terminals on the motherboard, which allow monitoring of critical 

voltages and signals during troubleshooting. 
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CHAPI'ER 3 

CENTRAL PROCESSOR ANALOG ELECTRONICS 

I GENERAL DESCRIPTION 

A block diagram of the central processor is shown in Fig. 15. 

The optical components consist of a fibre jack, a 2 to 1 fibre optic 

coupler/splitter, an LED, and a photodiode. The remaining components 

can be divided into two sections: the analog electronics, which 

are described in this chapter; and the logic circuitry, which is 

fully described in the report entitled 'An Optical Fibre Telephone 

System (Central Switching and Logic)' by John Goodwin. 1 

The incoming light is routed to the photodiode, which is 

connected to a transimped.ance amplifier. The transimpedance 

amplifier drives three isolators, one for each receive channel. 

The isolators prevent local oscillator feedthrough between receivers. 

1After the preliminary evaluation, described in the report entitled 

'System Analysis' ,it was found that several significant changes 

had to be made to the C.P. Logic Circuitry and related units, to 

make the system functional. _ These changes are also fully described 

in the report mentioned above. Among the changes was the addition 

of the 'Sidetone and Auxiliary Gating Unit' shown in Fig. 15, to 

augment the C.P. Logic Circuitry. It is shown here as a separate 

unit for simplicity and completeness. 
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The output of each isolator is routed to a receiver. The audio and 

signal outputs from the receivers are routed through the Sidetone and 

Auxiliary Gating Unit, to the Central Processor Logic Circuitry. 

The C.P. (Central Processor ) Logic Circuitry switches and routes 

the various audio signals to their correct destinations, deciphers 

the control signals from the receivers, generates the dial, busy, 

and ring tones, and sends out logic signals to the transmitters. 

The transmitter audio and logic signals, from the C.P. 

Logic Circuitry, are routed through the Sidetone and Auxiliary Ga ting 

Unit, to the three transmitters. The RF outputs of the transmitters 

are combined (added) in the Mixer and LED Driver Unit. This unit 

drives the LED, whose output is routed by fibre to the 2 to 1 

Fibre Optic Coupler/Splitter. The Mixer and LED Driver Unit also 

:provides an output for front :panel monitoring of the LED ctuTent 

(both D. C. and RF). 

The Central Processor also contains a 4.5 Ampere-Hour, 

12 V, rechargeable battery, :power circuitry, and a front :panel 

containing monitor :points, meters, and the :power switch. 

Since the transmitters and receivers are for the most :part 

identical to those of the stations, they will not be discussed in 

this chapter, except for specific differences between the station 

and C.P. uni ts. For a detailed description of the circuits and 

operation of the transmitters and receivers, refer to the a:p:pro:priate 

sections in Chapter 3. 



II TRANSIMPEDANCE AMPLIFIER AND C.P. RECEIVERS 

(i) Photodiode and Transimpedance Amplifier 

The photodiode and C.P. transimpedance amplifier is shown in 

Fig. 16. It is identical to the 'Photodiode Stage' shown in Fig. 8, 

except for the following. 

The photodiode and transimpedance amplifier are installed in. a 

separate enclosure, made of JO gauge brass_ sheeting. Jack J105 is 
--
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installed for monitoring the D.C. photodiode current with a picoammeter. 

Components R112, R113, R114, Q1o4, C105, C106, C107, and C108 are 

either different, or non-existent in the station photodiode stage. 

Q104 is an additional emitter follower, which provides a low enough 

impedance to drive the three isolators. C106, C107, C108 are used 

for input power filtering. Jacks J101 through J104 are provided for 

power input, and for routing the REi1 output to the isolators. 

(ii) C.P. Receivers 

The C.P. receiver circuitry is the same as that shown in the 

block diagram in Fig. 7, and in the schematics in Fig. 8 and Fig. 9, 

except for the following. 

The photodiode stage show.n in Fig. 8 is replaced by the C.P. 

receiver buffer amplifier, shown in Fig. 17. Its purpose is to provide 

a resistive 5J ohm load to the isolator, and to reduce the local 

oscillator feedthrough to jack J7o4. 

RF from the isolator enters via jack J704, and is applied 

to gate #1 of common source amplifier Q151. Gate #2 of Q151 is at 
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A.C. ground, which isolates the drain from gate #1 in order to 

reduce local oscillator reverse feedthrough. The gain of Q151 

_is approximately 1.5 due to the loading of the next transistor. 

The signal is routed to the base of common emitter amplifier Q152. 

The emitter current is approximately 0.7 mA, which gives a gm of 

about 1/4o. Since the tap at L1 has an impedance ·of 50 ohms at 

resonance, the gain of Q152 is just over unity. 

In the receiver main circuitry, shown in Fig. 9, C22 is 

.01 microfarads, which removes the de-emphasis used in the station 
• . t ~ 

receivers. Since C.P. receiver audio is to be retransmitted, 

de-emphasis is not required or desired. Finally,in C.P. receivers, 

due to greater spacing between different units, extensive RF 

filtering was not required, and so beads E1, E2, and E3, and 

capacitors C28, c29, and C30 were not used. 

III ISOLATOR 

The purpose of the isolator is to prevent local oscillator 

leakage at the input of a receiver from feeding through to any other 

receivers. The C.P. receiver buffer amplifiers did not accomplish 

this to the required degree. 

The isolator, sho'Wtl: in Fig. 18, consists of a very well 

shielded and filtered, common source, Mosfet amplifier. It has 

a 50 ohm input impedance, it drives a 50 ohm load (the buff er 

amplifier input of the receiver), and it has a gain of just less 

than unity. 





The isolator enclosure is made of 20 gauge copper, as are 

the internal shi.elds which partition the enclosure into six com­

partments. The contents of each compartment · will be described in 

clockwise order, starting with the compartment containing the input 

jack, J1. 

RF from the transimpedance amplifier is routed through J1 

and CJ to gate #1 of Q1. Gate #1 is self biased by input resistor 

R1 and source resistor R2. Gate #2 is biased at 4. 2 V through 

RJ and 15, .which allow full transistor gain. Gate #2 is at A.C. 

ground potential because of Cl and C2, which isolates the drain 

from gate #1, to further prevent reverse feedthrough from the 

output· to the input. The output from the drain of Q1 is routed 

to the next compartment, and through C6 to output jack J2. The 

RF at J2 is externally routed to the C.P. receiver, which has a 

!JJ ohm input impedance. R4 acts as a limiting load impedance 

in parallel with the receiver input impedance, to avoid any stray 

oscillations. D.C. power to the drain of Q1 is supplied through 

11. 

The D.C. drain power enters from the next compartment 

via feedthrough capacitor c7. This compartment contains RF 

. choke 12. It is connected to the power supply line in the fourth 

compartment. The fourth compartment contains the power input 

jack, JJ, and power supply filtering capacitors. The 12 V power 

supply is also routed through 13 and 09 into the next compartment, 

which contains bias resistor R5 and 14. The bias voltage is 

then fed to the final compartment, which contains the additional 
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two bias resistors R7 and R8. The gate #2 bias voltage is then 

fed through C8 to the first compartment which contains Q1. 

IV C. P. TRANSMITI'ERS, AND MIXER AND LED DRIVER 

(i) C.P. Transmitters 

The C.P. transmitter circuitry is the same as that shown 

in the block diagram in Fig. 4, and in the schematic in Fig • .5, 

except for the following • 

. The filtering, power, and connector section shown in Fig. 5, 

is replaced by the jacks and power switch circuitry shown on the left 

side of Fig. 19. The · RF filtering used in the stations was not 

required in the central processor due to greater spacing between 

the different uni ts. Transmit audio enters via J903. Power is 

routed through J901 to power switch Q901. The power switch is 

controlled by switch driver Q902, which in turn is controlled by 

a TI'L signal from the C.P. Logic Circuitry, routed through J902. 

Q901 and Q902 enables the C.P. Logic Circuitry to apply or remove 

D.C. power from the transmitter circuits, which is necessary for 

automatic operation. When a TTL signal is applied to J902, it 

turns on Q902, which turns on Q901. Q901 then routes D.C. Power 

to the transmitter power bus line. 

, In the C.P. transmitters, the output of the intermediate 

RF amplifier Q2 is routed through C26 to mixer driver Q3, as shown 

in Fig. 19. Q3 is connected in a common-emitter configuration, 

with positive feedback provided by emitter resistor RJ04 to ensure 
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lineari. ty. The collector of Q3 is routed to J904, and the gain 

of Q3 is equal to the output impedance divided by 27 (R;104). 

(ii) Mixer and LED Driver 

The mixer and LED driver circuitry, shown in Fig. 20, 

combines the outputs of the C.P. transmitters, and drives the 

transmit LED with the combined signal. The circuitry, including 

the LED, is contained in a 30 gauge brass enclosure. 

The RF outputs from the transmitters are routed into the 

mixer through jacks J2 and J3 (two of the transmitter outputs are 

connected in parallel externally) • The combined currents are 

applied across load resistor Ri. Thus the gain of the mixer 

driver of each transmitter is 33/27 = 1.2. Because the collector 

outputs of the mixer drivers are high impedance current sources, 

they do not load each other, and the currents simply add. 

The combined transmit signal is routed through R2 to LED 

driver Qi, which is connected as an emitter follower. R2 prevents 

Qi from oscillating (due to stray capacitance in the emitter circuit), 

and R6 adjusts the D. C. bias current through Qi and LED CR1. The 

collector of Qi drives LED CR1~ whose optical output is coupled to 

a fibre, which is routed out through a small aperture in the en­

closure. R3 drops some of the power supply voltage to reduce . 

some of the power that Qi must dissipate. 

The ·voltage across emi tter resistor R4 is routed through 

R5 to J4. R5 prevents any load at J4 from significantly affecting 



'the emitter voltage of Q1. When J4 is tenninated with a 50 ohm 

impedance, the voltage across that impedance is equal to half the 

LED current, both RF and D.C. 

V POWER AND INsrRUMENTATION 

The front panel and the power circuitry .is shown in Fig. 21. 

The 12 V, 4.5 Ampere-hour battery is .bracketed to the chassis. The 

battery is charged through input J8, and the battery power is routed 

through fuse F1 and front panel switch 81 to the power distribution 

panel. The power input lines from all other C.P. circuitry are 

connected to this distribution panel~ Meter M4 provides a visual 

indication of the battery condition, and R4 and CR4 establish the 

meter voltage range of 11 V to 14 V D.C. 

The transmitter audio inputs, from the sidetone and 

auxiliary gating unit, are monitored at jacks J1, J2, and JJ. 

The receiver outputs are monitored by jacks J4, J5, and J6, and 

are terminated (to ensure that the D.C. level of the outputs is 

clamped to ground) by resistors R1, R2, and RJ. The receiver 

outputs are then routed through the sidetone and auxiliary gating 

unit, to the C.P. logic circuitry. 

The LED current monitor . output· from the mixer and LED driver 

unit is routed to J?. LED's CR1, CR2, and CRJ, indicate which 

transmitters ars on, and are activated by the C.P. logic circuitry. 

Finally, the signal strength signals from the receivers are applied 

to meters M1, M2, and MJ, before being routed to the C.P. logic 

circuitry. 
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The front panel is a steel 19 inch rack panel, to which 

is bolted the entire C.P. chassis. The front panel and chassis 

can be rack mounted, or can be inserted into a steel, 19 inch, 

chassis enclosure, which is what was used. 
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I GENERAL 

CHAPrER 4 

CONCLUSIONS 

The primary objectives of this project were achieved. 

The first objective was to successfully demonstrate the feasibility 

of a frequency multiplexed, RF subcarrier, telephone communications 

system, which used optical fibre as the transmission medium, and 

was 'user oriented' in design. The second objective was to gain 

an insight into the problems encountered with the implementation of 

such a system. To date, this is the first known attempt (and 

achievement) of the particular objectives described above. 

The area of greatest difficulty and complexity in this 

project was the analog electronics. The complexity was further 

augmented by the high degree of miniturization required. The 

design problems would have been greatly eased, and the overall 

design would have been significantly improved, by far more extensive 

prototyping of the individual units, and by making more use of 

sophisticated RF test equipment in the vei:y early stages of the 

RF and IF circuit design. The latter two recommendations cannot 

be overemphasized to anyone undertaking further development of 

this system, or the design of a new system based on the same 

operational principles. 
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II SUGGESTED AREAS FOR FURrHER DEVELOPMENT AND RESEARCH 

The feasibility and practicality of using different ratios 

in the spiitter/coupler units, to optimize system performance, 

should be .investigated. Also, the use of additional fibre jacks, 

and the effect of this on system losses, should be examined. 

System flexibility and performance would be greatly 

improved by more extensive use of modular design concepts, and 

by adopting better cabling techniques, both in the logic 

circuitry, and in the analog electronics. 

Finally, the use of other signalling and modulation 

schemes, and the development of more efficient electro-optical 

interfaces, should be investigated. 
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