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I. Introduction





This second part of the PACTOR�II series explains the final version of the PTC�II hard�ware. As already indicated in the first part, the DPSK modu�lation sys�tem makes it man�da�tory to use a DSP as the interface to the short wave transceiver. Ad�di�tionally, the convolutional coding with Viterbi decoder requires very high processing power, more than available in any exis�ting modem on the Amateur Radio market.


However, the many wishes, ideas and suggestions from the ranks of the Radio Ama�teurs, have finally led to the development of an even more complex and flexible unit than ne�cessary to imple�ment the PAC�TOR�II system. For example, it has been the wish of many for a long time, to be able to operate not only with usual digital HF modes, but also to cover VHF and UHF Packet Radio at the same time, with one unit. Un�like cur�rently available in existing units, a comfortable built�in mailbox should allow simul�taneous access from all com�munica�tions channels with the same priority, for example in Packet Radio on 23 cms with 9600 baud and on 70 cms with 1200 baud. Naturally, during this time no PAC�TOR or AMTOR con�nect on HF should be lost or ignored. This for�ces the use of a RISC (Reduced Instruc�tion Set) pro�cessor for fast processing of the HDLC Packet protocols. As the majority of modern HF transceivers can be pro�grammed via a serial inter�face, another wish that has slowly formed, is to use this fea�ture for remote control of the transceiver. To set up a mailbox that scans va�rious fre�quen�cies on HF, external computer and software is no longer re�quired. Additionally, you could utilize your home based PTC�II whilst on the move, or from a remote lo�cation using Packet Radio.  In�struct the HF trans�ceiver to tune to a specific frequen�cy, then to make a connect in PACTOR to a parti�cular mailbox and read the mes�sages.


These and many more ideas have led to hardware of very high performance. Due to the use of signal processing, the PTC�II is very flexible, and allows a great variety of dif�ferent appli�cations to be imple�mented. These range far wider than those written of up to now. Those tech�nically talen�ted users can make their own programs and modules, which may be loaded via the serial interface into the flash memory of the PTC�II. The possible uses are al�most un�limited, as the PTC�II provides a complete, very high performance develop�ment plat�form for DSP and 68020 applica�tions. From simple external control functions (e. g. automa�tically turn�ing the antenna to the connecting station), or audio processing functions (e. g. super�steep sided FIR filters 400th order for CW, automatic N�times notch filters, etc.) right up to complex functions, like an audio spec�trum analyser or extra operating modes, whether known or still to be invented, may be implemented.


The PTC�II comes on the market this month. However, as some of the components used, among them the new DSP chip, are still diffi�cult to get and due to the great demand for the PTC�II, the time of delivery for a unit is currently about 6 weeks. The price of the basic version of the PTC�II with 512k static RAM is 950$ (USD) plus shipping.





II. The Processor Section





As has been made clear in the introduction, to achieve simultaneous processing of three com�munications channels along with the signal coding of PACTOR�II, a powerful computer is essential. A 32�bit processor system has been designed, based on the new com�mu�nications processor 68360 (QUICC) from Motorola. This processor con�tains an expanded 32�bit ver�sion of the well known 68020 CPU, as used in many powerful com�puters, together with four separate programmable serial communica�tions ports, the so�called SCC's, implemented as a RISC processor. Two of these SCC's serve as the inter�faces to the Packet Radio modems. The third SCC is used as RS�232 interface to the terminal. A buffer chip MAX207A pro�vides the correct RS�232 voltage levels. The baud rate to the terminal is detected automatically, but can also be determined by software com�mand. The last re�maining SCC serves as interface to the HF trans�ceiver for remote con�trol pur�poses. Four RAM chips with 8 bits each are re�quired, to cover the 32 bit wide data bus. These can vary between 4 times 32k x 8 up to 4 times 512k x 8. The PTC�II can there�fore have a maxi�mum of 2 MB of static RAM, which plays a large part in running the mail�box and inter�nal administration as well as external pro��grams, that may be loaded into the PTC�II in addition to the operating soft�ware. In order to further expand the possible ap�plications, the PTC�II may also contain additional dynamic RAM in the form of a 72 pin SIMM module of up to 32 MB. The operating system is to be found in a flash memory of up to 512k*8. Additionally, it is possible to load programs over the serial interface from the ter�minal, which would enable the PTC�II to do a to�tally diffe�rent job, as already mentioned in the introduction. Op�erating parame�ters for the PTC�II that should be resistant even to a deep reset are also stored in the flash memory. Data in this kind of memory remains stored even when no voltage is ap�plied, but contrary to an EPROM, it may be electrically erased and re�written whilst in circuit. That makes it very easy updating the system or run�ning dif�ferent programs on the PTC�II. A battery�backed�up real�time clock and other features of the pre�vious PTC are of course still included.





III. The HF Modem with Signal�Processor





The 50 MHz version of the XC56156 DSP from Motorola forms the interface to the HF trans�ceiver. As the clock frequency is pro�grammable, it is automatically adjusted to suit the work of the moment. For easy tasks, such as FSK, the processing speed can be reduced, yielding a corres�pon�ding sa�ving in energy. The DSP contains a built�in 16�bit digital to analog conver�ter, with the help of which the audio output signal to the transceiver is generated, be it sim�ple AFSK or the com�plex phase modulation of PACTOR�II. The output ampli�tude is also pro�grammable and may be set in the range between 10 and 4000 mV by software command. The normally required 'Mic Gain' potentiometer is thus missing. It is also possible for the PTC�II to con�trol the out�put power of the transceiver, so that the power to main�tain the link may automati�cally be ad�justed to an optimum value. No more po�wer than needed being used, which not only saves on the electricity bills, but can con�siderably extend the life of transmit�ting components and addi�tionally causes less inter�ference to other stations.


For the signal input, the DSP uses a Sigma/Delta analog to digital converter with a 16�bit dy�namic range (14 bit effective), which enables the normally neces�sary Anti�Alia�sing filter to be dispensed with. With the exception of the de�coup�ling OP�AMP at the input and output of the DSP, no further components in the signal path are re�quired. The DSP contains some built�in static RAM, which in the PTC�II, is fur�ther expanded with 4 additional, very fast, static RAM's. The size of this RAM is 64k�words (16 bit) and is not variable. This en�ables difficult algo�rithms, for example 4096 point FFT, to be used. As the DSP has direct access to the main processor data bus, it does not tie up an SCC. The exact re�ceive frequency of PAC�TOR�II is very quickly and reliably adjusted by software, using a newly�developed tracking method. In addition, the DSP is able, through pulsing the up/down function (which almost every mo�dern transceiver has as microphone buttons) to automatically change the tuning for optimum re�sults. The up/down keys are simulated by tran�sistors, which pull the re�spective con�nec�tion to ground.





IV. The PTC�II Power Supply





The PTC�II contains two power supply input options. Either it may be supplied via a special DC input connector, or directly from the HF transceiver via the connecting cable and socket. The two options are decoupled via diodes and feed a switching regulator. This has a high ef�ficiency, and generates the 5V supply for the digital section. The supply voltage can vary bet�ween 8 and 20 volts. The current requirement, due to the use of the switching regu�lator, is dependant upon the supply voltage and the Packet Radio modems used. The higher the sup�ply voltage, the lower the current con�sumption. This re�verse proportionality is due to the fact that the power consumed is a product of voltage and current, and must be virtually the same be�fore and after the re�gulator. The effi�ciency of the regulator is almost un�af�fected by the val�ue of the supply voltage. The power supply input of the PTC�II con�tains special filtering, so that the switching harmonics from the regulator cannot reach the outside world. The oper�ating voltage is internally fused with a 5x20 mm fuse. Of course an extra fuse is delivered with each unit to prevent problems in countries with different standards.





V. The Display and Indicator Unit





The display and indicator unit is built on a separate circuit board, and sits at right angles to the main board, connected by soldering pads. It carries a tuning indicator of 15 LED's, 15 further LED's to display the various operating parameters and a 10�character 5x5 dot matrix LED display.  Most of the LED's, including the tuning indicator, are dual colour types, to increase the infor�mation densitiy and the ease of reading the dis�play. The tuning indicator, for exam�ple, changes from red to green as soon as the tuning is optimum for the chosen operating mode. The 10�character LED display shows the operating mode and thus eases the display of any possible future up�date modes, as the PTC�II is more than suffi�cient for modes such as FAX, CLOVER�II, etc. Addi�tionally, various status information as well as the call of connec�ting stations is also given on this display, thus in many cases there will be no need to switch on a terminal. The display is readable from a distance and from unsuitable viewing angles. The bright�ness is pro�grammable and can be ad�jus�ted by a software command.





VI. The Packet Radio Modems





The ability to operate Packet Radio with the PTC�II is an integral part of the oper�ating sys�tem, and therefore available on all units. The PTC�II is, however, mainly an HF con�troller, and thus the Packet Radio modems are implemented as modules, to be plugged in if the need arises. This enables a certain amount of mechanical compactness (the en�tire PTC�II is ap�proximately the size of a modern VHF mobile transceiver). It also pre�vents those who only need an HF system from being forced to pay for an unwanted Packet Radio modem. The PTC�II contains connectors in the form of double PCB strip headers, on to which the modems can be easily plugged as re�quired. There is space pro�vided for two modems, which are automatically sensed when present. Two types of  Packet Radio modems will be offered. A simple and cheaper version using the well�known modem chip TCM3105 for 1200/2400 baud, as well as a version with the XC56156 DSP chip. The DSP ver�sion is able to acco�modate all baud rates from 300 to 9600 baud. The switching is accom�plished by a software command. DSP pro�gram�ming and the clock are supplied from the main board, so that, apart from the DSP chip itself, virtually no extra compo�nents are required for the signal pro�cessing. Addi�tion�ally, the DSP modem board has space for an EPROM and its own clock generator, as well as baud rate switching. These enable the modem board also to be used either as a stand�alone mo�dem, or together with other equipment. It delivers the usual Packet Radio sig�nals of RxD, RxClock, TxD, TxClock and DCD. It is thus compatible with all other Packet Radio systems. Even the con�nections to the double PCB strip header are compatible with the usual Packet Radio system standards.


The Packet Radio boards are not yet available however. They will come on the market in the middle of the year, together with the corresponding firmware upgrade for the PTC�II.





VII. The PTC�II Construction





The PTC�II is made up of two printed boards, a main board of 147x170 mm, and a front board which, as described above, contains the displays and is mounted at right angles to the main board. The main board is a 6�level multi�layer con�struction and contains inter�nal ground and supply voltage areas. On the back is the DC input con�nector, an on/off switch, an 8 pin DIN connector for the HF trans�ceiver, two 5 pin DIN con�nectors for Packet Radio, an 8 pin Mini�DIN socket for the transceiver control as well as a 9 pin SUB�D socket for the terminal connector. All DIN plugs are delivered together with the unit. Every single pin of every socket has its own filter in order to improve the HF re�jection in strong RF fields, as well as to pre�vent un�wanted radiation of electromag�netic energy. On the front is a row of 52 finger�pads for solder connection with the front board, a mounting method used on all SCS con�trollers. The construction is largely SMD. The flash memory and four static RAM's are socket�ed to enable easy system up�grades. The RS�232 inter�face chip is also in a socket to al�low easy replace�ment in event of damage. The SIMM mo�dule, due to its construction, needs a holder without which it cannot be mounted. An 8 way DIL switch is also included so that va�rious parameters may be set that should not be changed via soft�ware. The whole is en�closed in an aluminium profile case, well known from pre�vious SCS�PTC's and many TNC's. Both front and rear of the case are silk�screen printed, at the front using three colours. The green and red lettering of the dual colour LED's ex�plain their meaning when light�ing green or red, respectively.





A block diagram of the PTC�II unit is shown in figure 1.
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Figure 1: Block diagram of the PTC-II
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