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INTRODUCTION TERMINAL



Presently, the majority of the transmission from the teleph~ne to the Central Switching system is analog. For thiS purpose the circuitry interfacing to the twisted pair line is optimized to operate between 300 and 3400 Hz. The essential line interface functions consist of isolation, over voltage protection, signaling, power feeding and a ringing signal insertion. With the advent ofISDN (Integrated Services Digital Network) these functions have to be reassessed.
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ISDN is implemented with digital transmission from the subscriber to the switch, which in tum offers the user various data services in addition to the voice service. CCITT has various recommendations for theimplementation of the ISDN network. Of these, 1.430 details the basic rate access i.e. the physical communications between a terminal and the first level of switching. For 1.430, Intel offers a transceiver which is capable of operating at either end of the loop, namely the 29C53.
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Figure 1. Voltage Feeding



POWER FEEDING Figure I shows the CCITT recommended technique of phantom power feeding as described in section 9 of 1.430. The current splits evenly between the two secondary windings. This in tum produces equal and opposite fluxes in the transformer, that cancel each other out, !hus preventing the core from saturating. The equality of the fluxes in the secondary will depend on the longitudinal balance of the transformer and the transmission line.



The 29C53 is a four wire (two for transmit and two for receive) transceiver operating over the "S" loop. The data transmitted by the 29C53 at the switch and the terminal is at a rate of 192 kb/s; the effective data throughput is 144 kb/s. This data consists of two bearer channels of 64 kb/s each (Bl + B2) and a 16 kb/s D channel. The 29C53, additionally, incorporates some protocol processing for the D channel. This transceiver has four interfaces, namely the microprocessor port, a general purpose I/O port, the SLD port and the "S" loop interface. It is the loop interface requirements that are addressed by this application note.



The scheme shown on Figure 1 may be wasteful of power when feeding short lines. One way around this would be to have a constant current feed, which will make the power consumption independent of the length of line. Figure 2 shows such an implementation.



This note will analyze the line interface requirement at both the line card and the terminal, and will offer general implementations. These implementations will address power feeding, the protection circuitry, the line transformers and power extraction. Throughout this brief, the approach has been to present various alternate concepts which may assist the designer in addressing a specific application.
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LINE INTERFACE Both at the line card and the terminal, there is a need to provide isolation for the circuitry from the line itself., As well as isolation, it is also necessary to protect the equipment from any overvoltage conditions on the line. Additionally the system may be designed to provide phantom power feeding i.e. the switching system delivers power to the terminal over the "S" loop. Unlike its analog counter part the digital line card does not need to send a ringing signal owing to the fact that all signaling is accommodated via the D channel.



Figure 2. Current Feeding
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One way of reducing the power dissipation over the loop is to provide a variable voltage source, instead of the traditional fixed voltage. This can be accomplished by using a DC to DC converter, or a switching regulator. The feedback circuit of the switching regulator can be used to ensure that the regulator provides just enough voltage to maintain a pre-defined feed current down any length of line. The DC to DC converter can have a built in threshold detector, which would be used to release the line in case excessive currents are being drawn.



gether through the cable plant and a switching network. The cable plant consists of multiple pairs of transmission lines, either suspended on poles, or buried in the earth. In either case, transient energy can be coupled from lightning (or other electromagnetic events) and conducted to the switch or the terminal. The other major source of transient energy is the commercial AC power system, where high currents that accompany faults can induce overvoltage in the lines, or the power lines can fall and make contact with the telephone lines. The latter is sometimes referred to as a mains or power cross.



In the event of mains power loss, it is often required to maintain a minimal voice service powered off the line. Figure 3 shows the block diagram of a digital telephone, illustrating the necessary components required to maintain a voice service.



It is generally agreed, as shown in Figure 4, that two or more levels of protection are required. The primary protector is usually placed on the line at a distance greater than 25m from the line card. The impedance of the line will ensure that the primary protector will operate first and the secondary protector will not be exposed to the full surge. If the primary protector is to be placed closer to the secondary, then a small resistor can be inserted in series with the line between the primary and the secondary protector (1). A 50 3W resistor or a positive temperature coefficient resistor may be used. During a surge, the voltage drop across the resistor will increase allowing the voltage across the primary protector to build up thus. driving it to conduction.



SlD 3 29C48



The primary protection can be a gas discharge tube, such as the General Instrument three terminal PMT3-(310). These devices consist of spaced metallic gaps enclosed in a combination of gases at low pressure. In ·the event of a surge, the gap breaks down, diverting the transient and thus rerouting the energy. These devices can be operated a number of times and present a capacitance of less than 5 pF. Since the templates in Figures 10 and 11 of 1.430 specify a low output capacitance for the terminal and the network terminator, the low output capacitance feature of the gas discharge tube makes it ideal for ISDN i.e. it will have a minimal effect on the line drivers.
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Figure 3. Digital Telephone The 80CSI is a low power microcontroller while the 29C48 is an SLD compatible combo (codec and filter). The gains through the 29C48 can be set externally or programmed by the microcontroller via the SLD interface. The 29C48 is designed to allow insertion of sidetone and DTMF (dual tone multi-frequency); both these features are presently used to provide feedback to the user.



The secondary protection can be provided by Schottky diodes chosen for the low voltage drop and capacitance across them. The diodes are placed between the power supplies and the loop interface pins on the 29C53, thus forming a diode bridge across the line. This will ensure that the voltage on these pins does not exceed the power supplies by more than approximately 300 mY, thus fulfilling the specification that the voltage on any pin



PROTECTION Next, let us examine the question of protection. A telecommunication system comprises subscribers linked to-
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Figure 4. Protection may not exceed the power supply by more than 500 mY. The 5V and ground connections to the diodes should be as close as possible to the 29C53 power supply pins, which in tum should be decoupled by a 0.1 ,...F capacitor. The capacitor serves a secondary function of bypassing surge currents. The particular diodes chosen are dependent on the expected surge current, however, BAT85 from Philips used in this application can withstand 200 rnA forward current while presenting a maximum of 10 pF capacitance across it. The maximum current through the diodes can be limited by placing a resistor in series with the diodes and the transformer. The value of this resistance can be extracted from the transformer design discussion. To further limit the current to the 29C53, the series resistance can be split, with part of it on the 29C53 side of the diodes, and part of it on the transformer side of the diodes. For the receive direction it is possible to replace the diode bridge by placing a resistance in series with the 29C53 receive pins. This series resistance will limit the surge current that the 29C53 is exposed to. The value of this resistance is limited by the input impedance presented by the 29C53 and the loss that can be tolerated in the received signal. The receive differential input imped-



ance of the 29C53 is 100 KO, hence a 10 KO resistor in each arm will reduce the received signal by 17%. In case of a mains cross, the loop can be made to self recover by using thermal devices such as the positive temperature coefficient thermister (PTC). Keystone Carbon Company has a range of PTCs specific to telephone line applications that they refer to as resettable fuses. Economic considerations may make this unjustifiable in which case a fusible resistor or link may be used. Further protection may be deemed necessary, in which case two varistors can be placed across the line close to the transformer. The varistor has a volt-current relationship similar to a diode i.e. after a specified voltage across the varistor is reached, the current through it will rise dramatically; thus clamping the voltage to the specified level. A typical varistor that may be used as a back-up protection is the GE V220MA4B. This device typically presents a 21 pF capacitance. The ideas discussed thus far are encompassed in Figure 5 for a minimal component count protection scheme.
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Figure 5. Protection with Minimal Components For the core RM6PLOO-3E2A



LINE TRANSFORMER



AL = 6710



A transformer is used at both the terminal and the line card to provide isolation from the line. A well balanced 1.430 transformer resolves the issue of DC currents since they induce self-cancelling fluxes. Generally speaking, a pulse transformer with minimum leakage inductance and· self capacitance is required. The impedance templates in 1.430 specify the minimum value of the inductance required at the line side. This value can be calculated to be 20 mHo A further requirement is to minimize the winding resistance, so that a minimal voltage is dropped across it. A 2.5: I ratio transformer can be used with the 29C53 to produce the proper pulse amplitude. The transformer design discussed below can be used with the 29C53 at either the line card or the terminal. Alternatively it can be used for example purposes to aid designs.



±



25%



Therefore minimum AL = 5032 '" 5000



The number of turns, Ns, required for 20 mH is given by: Ns = 103 ~LlAL Ns = 70 turns



L - required inductance in mH - assume 25 mH is required



The 29C53 side winding will require 2.5 times this number of turns. Np = 175 turns



The transformer is now ready to be wound, the 32 gauge wire will just fill the RM6PCBI bobbin. The bobbin is started by bifilar winding the 175 turns. Bifilar winding is accomplished by taking two separate pieces of wire and winding them simultaneously. The finish of one winding is then soldered to the start of the other and often, as is the case in this implementation, the point of connection of the two wires (center tap) is brought out to a pin of the transformer. The remaining ends (start and finish) now comprise the winding. The transformer is now followed by I Y4 layers of insulating tape. The insulating tape used was the Permacel P-256 which forms a dielectric capable of withstanding 5 KV, this serves to protect the line card and the subscribers



The RM series of ferrite cores are chosen to facilitate easy winding and PCB mounting, additionally the RM series is available internationally from various vendorsFerroxcube in the U.S. and Mullard in Europe, to name two. The RM6 core was selected to be the smallest size that accommodates wiring which does not exceed the maximum allowable DC resistance. The core material has to have a high enough permeability to allow the 20 mH inductance with a minimum number of turns hence, the Ferroxcube core material 3E2A was selected. This material has a very high inductance factor, AL. This is given by the manufacturer as the inductance (in mH) per 1000 turns.
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from lightning induced surges. The 70 turns are then bifilar wound; this results in a well balanced transformer. The start of one winding should be connected to the finish of the other and brought out to a pin, thus creating a center tap on the line winding. The transformer is then finished with 11/. layer of insulating tape. The transformer thus designed gave satisfactory results in the lab and is characterized by the following: Secondary inductance



Ls=26mH



Secondary leakage inductance



Is = 20l£H



Secondary winding resistance



Rs = 1.50



Primary winding resistance



Rp = 2.70



larger core will make it possible to use a thicker wire. Both of these factors will contribute to reduce the winding resistance, hence a larger value diode protection resistor may be used. Alternatively, the transformer turns ratio can be decreased so that the output voltage is increased and hence more of it can be dropped across the series resistance. This in tum means that the value of this protection resistor can be increased. However, note that the 29CS3 is only capable of driving loads greater than 2000. If a turns ratio of 1.8:1 is used then the overall series resistance can be 640. This also increases the output impedance to 200 while transmitting a pulse. As discussed earlier this resistor can be larger on the 29C53 receive pins.



The capacitance between the two bifilar windings was measured to be 100 pF and this may be too high for certain applications. For this case the bifilar winding can be replaced by the cross winding technique shown in Figure 6a. The two windings are now wound in opposite directions, one wire is on top on the top side while the other is on top on the bottom side. This technique reduced the above mentioned capacitance to less than SO pF.



Some establishments may require further line isolation from the transformer in which case a Faraday shield can be placed in between the primary and the secondary windings. The Faraday shield can be made by wrapping 1'14 layers of a copper tape (such as the permacel P-389) between the two windings. The copper tape should be insulated from the windings and should be brought out to the local ground. As well as isolating, the Faraday shield also serves to reduce the interwinding capacitance. The transformer designed was connected up as shown in Figure 6b to measure its longitudinal balance.



2500HM



50 OHM :t 0.02%
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Figure 6a. erosswlndlng The 29CS3 has been designed to drive voltages as specified in the 1.430, since the transformer presents a series resistance, some of this voltage will be dropped across it. For the transformer designed above, the overall series resistance is (2.7 + I.S.6.25) = 120 which will result in a 3.8% error over the allowed peak transmit signal in 1.430. This is acceptable as 1.430 allows a 10% error for the peak voltage. If series resistors are required to protect the Schottky diodes, their value may be calculated by having the maximum allowed peak voltage error. Note that equal value resistors should be placed on both arms of the line. If larger values of protection resistors are required, the above procedure may be repeated with a larger core. This will allow the same inductance to be achieved with a fewer turns and the
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Figure 6b. longitudinal Balance Lei v = vf/2.S Then longitudinal balance is given by: 20 Log VIVo



Measurements conducted showed this figure to be better than 70 dB for the frequency range of 10 KHz to 1 MHz. The center tap on the primary (29C53 side) is coupled to ground via a 10 nF capacitor. In this manner longitudinal signals on the primary are bypassed to ground. Measurements produced greater than 70 dB of longitudinal signal rejection.
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When designing the System board, special care should be paid to the layout. The transformer and the 29C53 should both be placed on a ground plane. The connecting tracks from the 29C53 to the transformer should be as short as possible. The two devices should be placed close to the edge where the transmission lines interface, while the high frequency logic should be placed on the opposite edge. The analog ground wiring should follow a star configuration and should have a separate isolated lead originating from the system ground where it enters the board.



can be obtained without overshoot is for the critically damped case and is given by:



Though the analysis of pulse transformers is beyond the scope of this brief (2), one should be aware of the pertinent parameters affecting the good reproduction of the pulse. The pulse transformer is generally analyzed by different equivalent circuits, depicting the varying phases of the pulse.



The fall period is characterized by the second order circuit of Figure 7c; the primary concern here to prevent severe undershoot or backswing when the 29C53 transmitter is in the high impedance mode. This can best be achieved by having an overdamped system, which is the case when:



Ir = 3.35



race



where a = RL / (Rg



+



Ru



For the top period, there will be sonie decay leading to a fractional droop, this is given by: 0'"



7'



Lp



R



where



7' =



pulse widlh



R = RL and Rg in parallel



Lp> 4CRL2



Figure 7 shows these circuits. The pulse shape is then optimized by considering the transient response of the equivalent circuits.



Commercially available pulse transformers exist which are compatible with the 29C53. Some examples are given in Table 1. Most manufacturers will modify their design to meet the requirements of a particular application.



The pulse response of the transformer is characterized by a finite rise time, a decaying top period and finite fall time as depicted in Figure 7d. The fastest rise time that



RL - Load impedance c - Shunt capacitance L - Leakage inductance lp - Primary inductance



a) RISE PERIOD



b) TOP AND DECAY PERIOD d) PULSE RESPONSE



c) FALL PERIOD 270209-8



Figure 7. (a) Equivalent Circuits for Rise Period (b) Top and Decay Period (c) Fall Period (d) The Pulse Response
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TABLE 1. Manufacturers of Pulse Transformers Manufacturer



Location



Winding Ratio



Part No.



AlE Magnetics



St. Petersburg, FL (813) 347-2181



1.8:1 2.5:1



325-0228 325-0172



Schott Corporation



Nashville, TN (615) 889-8800



1.8:1 2.5:1



11207 11124



CTM Magnetics



Tempe,AZ (602) 967-9447



1.8:1 2.5:1



22087 25585



Pulse Engineering



San Diego, CA (619) 268-2400



1.8:1 2.5:1



64994 64996



POWER EXTRACTION The same transformer can be used at both the line card and the terminal, and the same protection scheme can be used at both ends of the loop. The need now arises to provide power to the terminal. There are a number of ways of providing power to the terminal, for instance a secondary cell can be used as battery back-up in con- . junction with a main supply. There is also some scope for trickle charging secondary cells from the line or . from a small solar cell array, but the drawback with secondary cells tends to be their short life span. This disadvantage can be offset by using special purpose primary cells as a back-up supply, these do not need any _ charging circuitry and can be expected to have life expectancy twice that of the secondary cells. Finally, the power can be fed from the switch, in which case a regulator is required at the terminal to extract the power off the line. Figure 8 illustrates this approach.
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A DC to DC converter is required to convert the line voltage to 5V for the local circuitry. In order to obtain the lowest losses in the conversion process, it is necessary to use a high efficiency regulator, specifically, a switched mode regulator. Basically, there are three types of switched mode power supplies, the forward, the push pull and the flyback converter (3). This sec-' tion is devoted to the flyback implementation of a DC to DC converter. The flyback is the most suitable converter for this application, as it provides the highest achievable efficiency and the simplest drive circuitry. Figure 9 shows a block diagram of a flyback converter.
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Figure 9. Flyback Converter
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Figure 8. Power Extraction
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In the flyback inductor, energy is inductively stored during the switch on period, and then passed to the load during the switch off, or the flyback period. During the switch on period, the output didde does not conduct so that the energy in the choke (although appearing as a transformer, this element will be referred to as the choke in accordance with its function) builds up with rising current. While the switch is off the choke voltage reverses in polarity causing the output diode to conduct whereupon the inductive energy is discharged into the output capacitor to form a DC voltage. Regulation is achieved by modulating the oscillator duty cycle, which effectively varies the switch on/off periods. In Figure 9 the diode bridge ensures the correct polarity for the converter while the opto-isolator completes the input to output isolation.



current. The current through the regulating diode is proportional to the voltage difference between the output and the reference. This device is available from Texas Instruments and Motorola amongst others. Figure 11 illustrates its function.
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Figure 11. Regulator



Figure 10 shows a discrete circuit implementation of a DC to DC converter. This circuit was designed to regulate a 5V output for 20-60V input voltage. This implementation provides a maximum power of at least 450 mW. The DC to DC converter consists of an oscillator, a pulse width modulator incorporating an error amplifier and isolating stage, the start up circuitry and the flyback converter. When T5 is on, the choke stores energy and reverse biases diodes 08,09 and 010. While T5 is off, the choke voltage is negative, hence diodes 08, 9 and 10 are all forward biased and thus build a DC voltage on their respective capacitors. Note that due to the reverse winding technique, the voltage in the output windings are opposite in polarity to the switch winding. The 5V output is regulated by comparing it to a reference voltage, the error in the comparison is then used to modify the transistor T5 on time in such a way so as to keep the 5V output constant.



For the regulator diode, the output voltage is given by: Vout = (1 + RlO IR9) Vref where Vref is typically 2.5V. If Rl0 = Rg then Vout = 5V



The current through the regulating diode will increase or decrease with a respective change in the output voltage. This change in current is coupled to the output of the oscillator through the opto-isolator. The opto-isolator used is a Hewlett Packard 6N139, which has Darlington transistor stage providing high current gain that results in a lower power dissipation in the opto-isolator. The current through the isolator differentiates the output of the oscillator through capacitor C3. This differentiated signal is then squared off to define the switching transistor T5 on period. T5 is an IRFDIIO MOSFET and is available from International Rectifier. The isolator current and hence the output voltage control the amount of differentiation or the transistor T5 on period as illustrated in Figure 12. Thus regulation is achieved, as the on period is reduced with increasing output voltage and vice versa.



The diode bridge 01-04 ensures a certain polarity of the DC voltage for the converter, this is necessary in case the network uses polarity reversal for signaling. The decoupling capacitor CI serves a secondary function of bypassing any induced surge current. One half of the Schmitt NAND gate CD4093 is used to form a 25 KHz oscillator. At the output, the opto-isolator in conjunction with the regulating diode TL431 is used to generate an error
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Figure 12. Pulse Width Modulation



5-87



c



TO T5



270209-12



inter



AP-282



The resistor R6 and transistor T4 provide current overload protection. Transistor T4 will conduct when the voltage across R6 exceed 0.6V or conversely, the current through it is greater than ISO mAo With T4 conducting, the drive to the MOSFET is nulled by the associated NAND gate.



At full load, the incomplete energy transfer mode exhibits a lower peak switching transistor current, while the complete mode at lower power assures a smaller core. The inductance required to achieve this is 6.S mH for the switch winding. The core used was an RM6CA400-3B7. The number of turns required to achieve this inductance is 130 and for a 20-60V line voltage, 50:turns are required for a + SV output, hence use SO turns for the- 5V too. The self bias winding uses 70 turns. The transformer was wound with 130 turns of 34AWG, followed by 50 bifilar turns of 32AWG and finished off with 70 turns of 32AWG. The dot scheme in Figure 10 should be adhered to. The bobbin is then immersed in varnish such as the Dolph's BC356 to dispel any moisture and to provide a protective coating. Alternatively, a commercially available DC to DC converter transformer such as the 326-0S33 can be purchased from AlE Magnetics.



The transformer choke is a three winding transformer consisting of the switching winding, the output winding, which is split for the + 5V and - SV and the selfbias winding. The transformer is designed for complete energy transfer under no load conditions and incomplete energy transfer under full load conditions. Figure 13 shows the wave forms of the two modes.



At start up, the converter is powered by the linear regulator DS, Rl and TI, which sets the power supply at S.3V. After start up the self bias winding forces the voltage on C4 to be between 7 and IS volts, which will back bias diode D6, thus turning off the linear regulator. Under this condition the power supply provides a self bias voltage to keep it running, while little power is



The two transistors T2 and T3 provide a low source impedance driving stage for the switching transistor. The fast current sinking and sourcing will ensure fast switching of transistor TS. The input capacitance of the MOSFET IRFDIIO is a maximum of 200 pF. Without the buffer stage the MOSFET will stay in the linear region longer before saturating, thus resulting in a slower switching speed. The slow switching in turn will result in a lower overall efficiency for the converter.
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Figure 13..(a) Current Voltage Waveforms for Complete Energy Transfer (b) Waveforms for Incomplete Energy Transfer
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GATE VOLTAGE DRAIN VOLTAGE
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Figure 14. Converter Oscillograms dissipated in the start up regulator. Transistor Tl is selected so that the base-collector can sustain the high voltage stress when it is off. The - 5V supply will only be regulated if the load on that winding is the same as that on the + 5V winding. If this is not possible, it may be necessary to use a linear post regulator to obtain a regulated - 5V supply.



placed as close to the gate lead as possible. These precautions will avoid undesired oscillations in the MOSFET. The output stage uses Schottky diode and low ESR capacitors to reduce power dissipation. In the event of any undesired EMI radiation the transformer can be placed in an electromagnetic container and the converter can be enclosed in a copper container.



Figure 14 shows the volt-current oscillograms for a 30V line voltage and 400 m W output power. This shows the flyback converter working in the incomplete energy transfer mode. The results obtained in the lab gave an overall efficiency of better than 67% and a power supply ripple of less than 25 mV. The no load power consumption was less than 50 mW. Regulation of the output voltage was better than 150 mY.
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The design was wire wrapped to illustrate the concept of power extraction and can of course, be optimized for better performance. Special care should be paid to the layout; Figure 15 shows good layout principles. Use star ground connections to avoid current loops in the ground.



MAGNETIC FIELDS DUE TO FORWARD AND RETURN CURRENTS CANCEL



All lead lengths goirig to the switching MOSFET should be minimized and in particular the gate lead. The resistor in series with the MOSFET should be
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Figure 15. Good Layout Principles 5-89
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POWER FAILURE CONSIDERATIONS
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Without power the line interface pins of the 29(:53 pear as diode drops across the line. This means that the ' transmitter of the Network Terminator and, the powered on terminals in a multidrop configuration will be terminated by a diode instead of the usual SOO. In the event of a failure, it therefore becomes necessary to iSolate the offending terminal from the line. This can be done by providing a switch in the transmit paj:h that is nonna1ly closed and opens when no power is applied.



LX+



When there is power, the two MOSFETS will be on appear l1li a small on resistance, which has to be included in the line transformer design analysis. When thete,js, ,n6 power, the MOSFETS appear as back to back diodes, thuntopping any AC flow. The VN0300 MOSFE'}'S 'maillitactured by Siliconix may be used, when on, they present,a 1.20 resistance each. Note that in order to ensure that the MOSFETS conduct it is necessary to h&ve a 10V supply in the system. If this is not possible the MOSFETS can be replaced by a Reed relay which presents a lower on resistance and capacitance but ,has th~' disadvantage of consuming more power. A low power relay could not be located hence a vendor was requested to customize one. Figure 17 shows the isolatiOn' technique using the Wabash 1992-2-1 25 mW relay which will operate at 3.8V and release at 0.5V.
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Figure 16. Isolation of Equipment In ' Case of Power Failwe



c



In the receive path, it is only necessary, to increase the impedance seen by the line. One way to implement this principle is to use a MOSFET bilateral switch in the transmit path and to place series resistors in the receive path, such that the impedance seen by the line is greater than 25000.' Figure 16, illustrates this approach. A noteworthy point is that the series resistors in the receive path not only provide terminal isolation in case of failure but also protect the terminal from current surges.
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Figure 17. Power FaIlure Isolation
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The protection circuits and the transformer, however, can only be provided in discrete form at the present time. The concepts presented in the protection section emphasized low capacitance and maximum protection. The section took an overkill approach and as such a subset of the discussed ideas should suffice most applications. The transformer designed pointed out the relevant parameters to consider and can be used as it is or modified to the particular application. Of course the ISDN transformer is also commercially available.



CONCLUSION Specific implementations have been provided for the general aspects of line interfacing at both the line card and the terminal end. These solutions can be taken as they are and placed in the particular application or used to aid a system design. The fixed voltage or constant current feed are both simpler and more economical to realize in discrete form; however the constant current variable voltage scheme may be more suitable in an integrated form. The power converter discussed was based on a low cost simple implementation and it is certainly possible to optimize it to obtain conversion efficiencies in the 75% range. As an alternative to discrete implementations, a low power switch mode power supply is commercially available from Fairchild and Motorola, to name two.



REFERENCES 1. Protecting against surge voltages in short and long branch circuits. By Shanawaz M. Khan, Communications Systems Equipment Design, December 1984 2. Transformers for electronic circuits. By Nathan R. Grossner, McGraw Hill 3. Design of solid state power supplies. By Eugene R. Hnatek, Von Nostrand Reinhold Company
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user various data services in addition to the voice serv- ice. CCITT has various recommendations for theim- plementation of the ISDN network. Of these, 1.430 ... 
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