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4.1. MODULE OPERATION.

4.1.1. Introduction.

The information in this sub-section describes the function and operation of each major CT4 module. Refer to Section 5 for pictures or diagrams of the modules.

4.1.2. Network Unit.

The Network Unit Control Circuit consists primarily of a single-chip microprocessor equipped with a 4-bit CPU containing ROM, RAM and I/O (Input/Output). By using a microprocessor, the number of circuit components in the control circuit is greatly reduced. The control circuit configuration and operations of the different sections are explained below.

4.1.2.1. Microprocessor.

The microprocessor used is the uPD7508C and has the following features:

»
CMOS construction.

»
Maximum source current 900 uA.

»
4096 x 8 bits ROM.

»
224 x 4 bits RAM.

»
Single power supply, 2.7V to 5.5V DC.

»
RC Oscillator.

»
40-pin DIP (plastic package).

4.1.2.2. PROM.

There are three PROMs (Programmable Read Only Memories) on the Network Unit. These are designated PM1, PM2 and PM3.

The PM1 PROM contains the settings for the coin denominations (1D, 2D, 3D and 4D) and the tariff setting for local and STD calls (CU-LT and CU-SI). The tariff is identified on the PROM itself. For example, if the PROM is marked PM1-30, it means that the tariff is set for 30 cents (both CU-LT and CU-SI). 

Only the PM1-30 PROM was ever made available.

The PM1 PROM can be replaced with a 10/70 tariff unit (Serial/Item No. 35/964) or the latest CT4 Tariff board (35/1545) which supersedes the above model. The 10/70 tariff unit can be used to change the tariff in 10-cent steps from 10 cents to 70 cents to suit the customer's requirements. The CT4 Tariff board can be used to set the tariff from 10c to $1.90 for both CU-LT and CU-SI.

Field PROMs PM2 and PM3 are provided for future facilities.

4.1.2.3. Power Supply Circuit.

The power to operate the CT4 is taken from the telephone line by the power supply circuit - an external power supply is not required. The power is supplied by the power supply circuit as follows:

»
When the GSR (Gravity Switched Relay) relay is in the unoperated state (i.e. CT4 is off-hook), the line-charged capacitors are charged from the line at a current below about 3mA via a current-limiting resistor.

»
When the CT4 is initially plugged in, automatic quick-charge circuitry xe "Quick Charge facility"shorts the current limiting resistor and speeds up charging of the line capacitors. Two Zener diodes between the power source and ground protect the line-charged capacitors and CMOS ICs against over-voltages.

When the GSR relay is operated the line-charged capacitors are placed in series with the speech loop and charged directly from the line.

Line-charged capacitors with a double dielectric layer are used (instead of aluminium electrolytic capacitors). The capacitors are compact, have a long life, and will not explode or leak.

4.1.2.4. Reset Circuit.

This circuit sends a reset signal to the microprocessor when the handset is lifted. This ensures that the CT4 always starts from a known state when a call is being initiated.

4.1.2.5. Voltage Checker.

The voltage across the line-charged capacitors changes depending on their charge. The voltage checker makes sure that the control circuit is supplied with a voltage which permits normal operation. (The control circuit is all the circuitry on the network board except the transmission circuit and the power supply circuit).

When the CT4 is first installed, or when it is reconnected to the telephone line after a prolonged period, the voltage of the line-charged capacitors will be low. The control circuit is inhibited from operating until the voltage reaches a pre-determined level.

If the voltage across the line capacitors falls below the operating level during use, the output of the voltage checker will force the microprocessor to release the GSR relay and cut off the call.

4.1.2.6. Surge Arrestor.

The surge arrestor absorbs abnormal voltages induced in the telephone line by lightning, etc., to protect the CT4 components and the user.

The gas arrestor xe "Gas Arrestor"is fitted externally to the CT4 (mounted in the Lightning Arrestor Block) since the line cord is not capable of carrying a lightning fault current.

4.1.2.7. Loop Control Circuit.

When the handset is lifted, the microprocessor operates the GSR relay. This connects the transmission circuit to the telephone line and forms a speech loop.

4.1.2.8. Metering Signal Receiver (MSR).

The MSR detects metering signals of the following characteristics sent from the exchange:

50 Hz Longitudinal characteristics:


Frequency:

50Hz +/- 1%


Duration:


120mS to 400mS


Voltage:


38V RMS to 50V RMS

DC Metering Signal characteristics: (This metering methodology is no longer used.)

Duration:


120mS to 400mS


Operation voltage:
19.5V DC to 55V DC


Non-operation voltage:
16V DC or less

4.1.2.9. Transmission Circuit.

The transmission circuit incorporates 4T receivers for both the transmitter and receiver, a passive balance network (LCR) and a Hearing Aid Coupler coil in the receiving circuit. A transmitter amplifier is used to enable effective handset decoupling.

4.1.2.10. Dial.

The CT4 is equipped with a decadic pushbutton dial as standard. If required, a DTMF dial can be fitted. It is not necessary to make any switch or strap changes when fitting the DTMF dial. DTMF is the default setting.

4.1.2.11. Handset and Hearing Aid Coupler.

The handset weighs450 grams. It contains a small amount of lead weight to fully restore the switch hook when the handset is replaced gently in its cradle.

The handset caps are tightly screwed on but can be removed to allow the transmitter, receiver, hearing aid coil or handset cord to be replaced.

The transmitter and receiver are both standard 4T receivers.

The hearing aid coil is used to magnetically couple to a hearing aid. It consists of wire wound around a plastic former, wired in series with the receiver.

4.1.2.12. Credit Display.

A 5-digit LCD is used to show the amount of credit remaining when the KS Key is in the C position, or the call cost (or number of meter pulses) when the KS Key is in the D position.

The LCD indicates F if the coin is box full when the key is turned to the Lessee (L) position.

4.1.2.13. Electronic Coin Validation Circuit (ECVC).

This circuit validates coins on the basis of thickness, material and diameter.

The circuit uses high frequency coils to determine the characteristics of the coins inserted. The AC signal outputs of the coils are amplified, converted to DC and fed to a differential amplifier for temperature compensation. The compensated output is fed to a peak hold circuit. The signals are then converted from analogue to digital and fed into the microprocessor. The microprocessor compares the input data with pre-specified data in the ROM to judge whether a coin is valid. If a coin is judged valid, a signal is sent to the SM magnet allowing the coin to pass to the storage channel.

4.1.2.14. Magnets.

Two magnets, CM (Collection Magnet) and SM (Select Magnet) are mounted on the coin mechanism.

The CM magnet is used to collect coins, in the order in which they were inserted. When the CM magnet is operated, only one coin is collected into the coin box. Subsequent coins are held by a stopper.

The SM magnet assembly is used for directing the coin either to the refund chute or to the storage channel depending on whether the coin is accepted. The assembly consists of a lever and magnet which is normally held in the operated position by a permanent magnet. To enable a validated coin to pass to the storage channel, the microprocessor sends a signal to the SM magnet which cancels the magnetic flux of the permanent magnet, thereby allowing the coin to pass to the storage channel.

4.1.2.15. Switch Hook.

The switch detects whether the handset is On-Hook or Off-Hook. When the handset is lifted, the switch hook operates, connecting power from the line-charged capacitors to the control circuit.

4.1.2.16. Coin Box Full Detector.

A coil mounted at the bottom of the coin mechanism near the entrance to the coin box is used to detect when the coin box is full.

4.1.2.17. Earth Monitor.

This circuit detects whether the earth wire (connected to the line terminal, E) is connected to an earth. If not, chargeable calls will be forcibly cut off by the output of the earth monitor. Non-chargeable calls are not interrupted. In addition to this earth monitor function, if a meter pulse is not detected within 3.3 seconds (+/- 10%) after the line reversal, the call is cut off.

4.1.2.18. Loop Current Monitor.

This monitor detects whether a loop current is flowing in the telephone loop and, if so, the polarity of the current.

4.1.2.19. Warning Tone Generator.

This generates warning tones of 900Hz +/- 10%.

4.1.2.20. Coin Box Switch.

This switch disables the CT4 when the coin box is removed from the Coin Safe Compartment.

4.1.2.21. Ringer.

The ringer is used to indicate that an incoming ring signal is present on the telephone line.

4.1.2.22. Key Control Switch (KS).

The KS Switch is used to select the operating mode of the CT4. See Section 1, Paragraph 1.2.1.7 for details of the operating modes.

4.1.2.23. Follow-On Call Button.

Provided MCF is still available, pressing the Follow-On Call button disconnects the call and, after a 3-second pause, loops the line so the user can make another call without hanging up.

If a call is forcibly cut off, the remaining credit will become $0.00, and the Follow-On Call button will be inoperative.

4.1.3. Tone Identification PBA.

This unit is a retro-fit, and provides a tone on answer on incoming calls. It identifies the phone as a payphone, to prevent fraudulent use. By now all CT4s should have been fitted with this unit.

Note:

This unit is also known as a Payphone Identification PBA, Pip-tone on Answer PBA, or Interrupted Tone Generator (ITG).xe "Payphone Identification PBA"

xe "Pip-tone on Answer PBA"
4.2. Circuit Operation.

This sub-section describes the operation of the CT4 during a call.

4.2.1. Initiation.

When the handset is lifted, power is supplied to the control circuit by the power supply circuit. The voltage checker checks whether the voltage is appropriate for proper operation of the control circuit. If the voltage is not high enough, the credit display remains blank and the microprocessor halts until an appropriate voltage is supplied.

When the correct operating voltage is supplied, the reset circuit sends a reset signal to the microprocessor to initialise its program. The microprocessor can then process signals from different sections of the network board.

Approximately one second after the handset is lifted (with the line capacitors charged), the microprocessor will force the GSR relay to operate. The transmission circuit is connected to the telephone line and a speech loop is formed.

Arrival of the meter pulse causes the microprocessor to subtract CU-LT (i.e., Charge Unit for Local Calls) from the Total credit Register (TR).

Conversation is possible if TR is positive, and a sufficient number of 1D, 2D, 3D and 4D coins to cover CU-LT are collected in the coin box.

If TR becomes negative, the microprocessor releases the GSR relay within 350ms from the leading edge of the meter pulse, and the telephone loop of the transmission circuit is forcibly cut off. No warning signal is sent.

When the handset is replaced, the output of the microprocessor releases the GSR relay. Any stored coins in suspense are returned to the refund chute.

4.2.2. Timed Local Calls.

The option of timed local calls has been included in the design of the CT4. Extra circuitry must be added onto the network board to enable timed local calls.

4.2.3. Non-Chargeable Calls.

The user dials the required number. On answer, conversation can take place.

The user can make non-chargeable calls without inserting coins as the exchange does not send CSA (Called Subscriber Answer). If coins are inserted, the coins will not be collected as the exchange does not send a line reversal and meter pulse.

When the handset is placed on-hook to end the call, the microprocessor releases the GSR relay.

The mechanical wiper of the coin mechanism operates when the handset is replaced. Any stored coins are returned to the refund chute.

4.2.4. Chargeable Calls.

In the case of chargeable calls, line polarity is reversed after the called party answers. The line polarity is detected by the loop current monitor.

If the first meter pulse is not detected within approximately 3.3 seconds or line reversal, the microprocessor releases GSR relay, and the call is force released. The reason for non-detection of meter pulse may be one of the following:

»
The earth wire is not connected to the line terminal or is not earthed.

»
Line Terminals E and A are short-circuited.

»
The metering signal receiver is faulty.

The GSR realy operates when the earth wire is terminated to the line terminal E and the earth monitor sends an oscillating signal to the microprocessor. If the earth wire is disconnected from the line terminal E during a chargeable call, the earth monitor stops oscillating and the microprocessor force releases the call.

4.2.5. Meter Pulses.

50 Hz or DC metering systems can be used. (Although DC metering is no longer a network option). Metering signals that are detected by the metering signal receiver (MSR) are processed as follows:

»
The first meter pulse detected after the line polarity reversal is judged by the microprocessor as a local call registration and is charged at CU-LT.

»
Subsequent meter pulses detected are charged at CU-SI.

4.2.6. Coin Counting.

When any valid coin is deposited, the ECVC causes the microprocessor to add the appropriate amount to the Total credit Register TR. The field PROM defines the amount to add to TR. A different amount is stored for each denomination (i.e. 1D, 2D, 3D and 4D).

TR is shown on the credit display during the progress of the call.

4.2.7. Coin Collection.

Coin collection is performed by operating the coin collect magnet (CM) at appropriate intervals during the call when payment for the next period becomes due.

Any number of coins can be collected for one meter pulse by setting the amounts 1D, 2D, 3D, 4D, CU-LT and CU-SI on a field PROM.

When a meter pulse arrives, the charge unit (CU-LT or CU-SI) is deducted from TR.

When TR is greater than the charge unit and the logic credit remaining from the last collected coin is greater than or equal to the charge unit, the logic credit can be used for payment. If the logic credit is not enough for the charge unit, the next coin is collected.

When TR is less than the charge unit, the GSR relay is released by the microprocessor and the telephone loop of the transmission circuit will be forcibly cut off.

If a new meter pulse arrives during coin collection and if logic credit is less than the charge unit of the call, relay GSR is released and the telephone loop is forcibly cut off. If the ECVC does not detect a coin insertion before collection, or when a coin to be collected is not collected into the coin box, the microprocessor detects a collection error. The output of the microprocessor immediately releases the GSR relay and the call is forcibly cut off.

4.2.8. Follow-On Calls.

By pressing the Follow-On Call button during a call, the GSR relay releases the line for about a second, and another call can be made. The remaining total credit does not change at this time, and stored coins are not returned to the refund chute.

4.2.9. Multi Metering Calls (STD and IDD).

On STD or IDD calls the circuit operates as follows:

When the first meter pulse arrives, the microprocessor subtracts CU-LT (Charge Unit for Local calls) from TR (Total credit Register).

Conversation is possible while TR is positive. As subsequent meter pulses are received, CU-SI (Charge Unit for STD/IDD calls) is subtracted from TR.

If the meter pulse spacing is greater than 10 seconds, the value of CU-SI is set in the warning register (WR) in the microprocessor. If the spacing is 10 seconds or less, the value of five times CU-SI is set in WR.

When TR becomes less than WR, the microprocessor sounds a warning tone in the receiver for 0.5 seconds and the display flashes. The display continues to flash until the call is cut off or coins are inserted to increase TR above WR.

Notes:
____________________________________________________________________
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