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Reduce your ,uC-based system



design time by using single-board microcomputers. Assembled boards in the SBC-80 series offer stock answers to custom demands.



System designers eager to take advantage of the dramatically increased capabilities of microcomputers have been hindered two ways: Their production volumes have been too low to amortize software and hardware development costs effectively, or hardware subtleties and test requirements have confined them to fully assembled and tested computer subsystems. But now those obstacles are overcome with families of fully assembled and tested microcomputers and system-expansion boards like the Intel SBC-80 series. They are ready-to-use, flexible and inexpensive-prices range from just $195 to $825 in unit quantities. The main members of the SBC-80 family are the 80/04, 80/05, 80/l0A, 80/20 and 80/20-4 centralprocessor boards, with either an 8080A or 8085 microprocessor acting as the master CPU (Table 1). Most of the boards measure 6.75 X 12 in. and contain the CPU, clock, read/write memory, control ROM, I/O ports, serial communications interface and bus-control logic. I/O interfacing is an area where design flexibility is essential to meet changing requirements efficiently. The programmable parallel and serial I/O structures of the boards make them versatile enough to do just that. What's more, upgrading system performance is easy thanks to the SBC-80 system bus, the Multibus, which permits modular performance expansion. The Multibus provides a defined, standard interface between the SBC-80 single-board computers and expansion boards. As many as 16 SBC-80 family boards can simultaneously share the bus. All in the SBC·SO family



As exemplified by the block diagram of the SBC-80/lOA (Fig. 1), the SBC-80 microcomputer system has all that's needed for many applications. The SBC-80/lOA is the oldest board in the family and has been widely imitated since it was one of the first "standardized" microcomputers commercially available. The CPU section of the 80/l0A board consists of George Adams, Product line Manager, Single-Chip Microcomputers. Intel Corp .. 3065 Bowers Ave .. Santa Clara. CA 95051. Note: Multibus,
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the 8080A CPU, the 8224 clock generator and the 8238 system controller. Capable of fetching and executing any of the 8080A's 78 instructions, the CPU section can respond to interrupt requests originating on and off the board. (For more about the 8080A, see "Microprocessor Basics, Part 2," ED No. 10, May 10, 1976, p.84). The system-bus interface section includes an assortment of circuits to gate the interrupt and hold requests, the ready signals, and a system-reset signal. Other circuits drive the various control lines. Two 8216s help drive the bidirectional data bus, and six 8226s drive the external system-data and address buses as part of the SBC-80/lOA's Multibus interface. The RAM section of the 80/l0A consists of 1024 bytes of static MOS memory. For program storage, up to 8192 bytes of ROM can be mounted on the board in 1024-byte increments by means of a 2708 or 8708 EPROM, an 8308 mask-programmed ROM, or in 2048 bvte increments via the 2716 EPROM or 2316 ROM. . A serial interface on the board uses an 8251 programmable universal synchronous/asynchronous receiver/transmitter to provide a serial-data channel. The serial port operates at programmable rates up to 38,400 baud (synchronously) or 19,200 baud (asynchronously) with a choice of character length, number of stop bits, and even, odd or no parity. On-board interfaces provide direct EIA RS-232 or teletypewriter current-loop compatibility. Two 8255 programmable peripheral interface circuits provide 48 I/O lines for transferring data to or from peripheral devices. Eight already-committed lines have bidirectional drivers and termination networks permanently installed, so that they can be inputs, outputs or bidirectional (jumper-selectable): The other 40 lines are uncommitted. On-board sockets permit drivers and termination networks to be installed, as needed. Since software configures the I/O lines, I/O can be customized for every application. The 80/lOA also responds to a single-level interrupt that can originate from one of many sources, the USART, programmable I/O and two user-designated interrupt-request lines. When an interrupt is recognized, a Restart-7 instruction is generated, and the processor accesses location 38H to get the starting address of the service routine. System expansion and support are possible with a



wide vilriety of alternate-source CPU, memory, and I/O boards (Tables 2 and 3). Up to 65,536 bytes of ROM, PROM or RAM can be accessed by one 80/lOA. Expandable backplanes and card cages are also available to support multiboard systems. Interfacing starts with the bus Although the SHC-80/10A is a complete microcomputer system, it can be expanded readily or it can serve as a primary master controller for other microcomputer cards. The 80/l0A has five edge connectors, three on the top of the board and two on the backplane, or bottom, side. Two of the "top" connectors, J1 and J2, serve as parallel I/O ports, while J3 is a serial I/O



port. All parallel I/O lines on the 50-contact J, and J2 connector areas are paired with an independent signal/ground pin to permit alternate signal/ground wiring when using flat-cable interconnects. Serial port J3 uses a 26-contact PC-edge connector to provide interfaces for both RS-232 and current-loop devices. To communicate with other system-compatible boards, the 80/10A uses the 86-pin Multibus (PI). To provide accessible test points, the 80/l0A has a 60pin edge connector (P2). The control signals on the Multibus provide the real power and capability in control applications. Of the 86 pins that make up the Multibus, 24 are assigned to power and ground, 16 to addressing, eight to bidirectional data, and 12 to signal and control
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computing and control. The board has 48 programmable I/O lines and serial interfaces.
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only permits simultaneous multiprocessing, but also enables several processors to share the same bus and (these 12 are defined in Table 4). The remaining 26 pins are unassigned at this point. Higher capability SBC-80 products, though, are in development. These boards will use many of the unassigned lines (eight unassigned pins are allocated for additional bidirectional data lines). The remaining lines provide multilevel (eight) interrupt lines, various control lines and a multi master, bus-arbitration control structure (Fig. 2). Address and data lines are three-state, and the interrupt and control lines are open-collector. Boards using the Multibus have a master-slave relationship: A bus master-such as an SBC 80 CPU board, a DMA controller or a diskette controller-can control the command and address lines. Conversely, slave boards-such as a memory, I/O-expansion or mathematics boards-cannot control the bus. Arbitration



resolves priority



disputes



In multimaster systems, the bus-arbitration logic uses the CCLK signal of the bus to provide a timing reference to help satisfy many simultaneous requests for bus control. As a result, different speed masters



peripheral devices. Arbitration logic on the CPU boards decides which board gets on the bus first if several units simultaneously access the bus. can share resources on one bus. Actual transfers on the bus proceed asynchronously with respect to the bus clock. Once bus access is granted, single or multiple read/write transfers can proceed at up to 150 kbytes/s for CPU operations and up to 1 Mbyte/s for DMA operations. The bus has a bandwidth of 5 Mbytes/s so that future performance enhancements may be directly supported. Both serial and parallel modes of bus-priority resolution are available. In the serial mode, up to three masters can share the system bus, with requests ordered on the basis of bus location. Each master on the bus notifies the next one down in priority when it needs to use the bus, and monitors the bus-request status of the closest higher-priority master. With an external priority network, up to 16 masters can share the bus. The dual-bus nature of the Multibus permits each processor-based master within the system to retain its own local memory and I/O, which it uses for most operations. Such local operations occur entirely on the individual board and don't require the system bus. In contrast to the dual bus architecture, all masters



Table 1. Comparison of SBC-80 CPUs CPU EPROM capacity (bytes) (with 2716) (with 2708) RAM (bytes) Programmable parallel I/O lines Serial I/O capability Timers Interrupt levels Multibus interface Price (unit quantity)
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Price (unit qty) $ 825 $1360 $1860 $2200 $ 795



16 kbyte dynamic RAM 32 kbyte dynamic RAM 48 kbyte dynamic RAM 64 kbyte dynamic RAM 4 kbyte CMOS static RAM with 96 hour battery backup. 16 kbytes using 2708 $ 295 tyoe (1024 x 8) EPROM 32 input lines/32 out- $ 350 put lines. all buffered/terminated 48 programmable par- $ 400 allel lines with full bufferi ng/termi nation options. full RS232C port. 1 ms real-time clock. and 8-line interrupt control 72 programmable par- $ 395 allel Imes with full bufferi ng/termi nation options. real-time clock (interval is jumper selectable to 0.5. 1. 2. or 4 ms). and 8-level programmable interrupt control. Four programmable $ 650 synch ro no u s/asynchronous serial ports. each with: programmable baud rates. programmable data formats. programmable interrupt contrOl. 16 RS232C buffered programmable parallel I/O lines configured as a Sell Model 801 automatic calling unit interface. Two programmable 16-bit interval timers (usable as realtime clocks). and software selectable loopback of serial ports for diagnostic use. 48 optically isolated lines; 24 input 16 output. and 8 programmable (in/out). 8-level programmable interrupt control. and 1 ms real-time clock. 16/8 (single-ended/ differential) 12-bit aid channels; user expandable on-board to 32/16 channels
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in multimaster/single-bus systems use the common bus for all instructIOn or data fetches or whenever data must be written to output devices or memory. Rapidly, then, the system bus becomes the bottleneck for over-all system throughput. Masters in SHC-80 systems only use the Multibus when data or instructions are resident in common, or global, memory or I/O. Since masters can request the Multibus simultaneously, on-board arbritration logic resolves any multiple contention. Examine board performance A look at the entire family of SHC-80 microcomputers reveals varied levels of performance. All five boards are inexpensive, but the most inexpensive is the 80/04, which costs $99 in 100-unit quantities, and is intended for stand-alone applications. To get the cost down, the board was designed to use the 8085 CPU and thj! 8155 RAM, timer and I/O circuit. The 80/04 contains an 8085 CPU, 256 bytes of RAM, space for up to 4 kbytes of EPROM (two 2716 EPROMs, or two 2708 EPROMs), 22 programmable parallel I/O lines with sockets for buffer and termination options, a 14-bit programmable timer/event counter, and provision for an RS-232-C serial port using the 8085 SID/SOD serial interface. The board can also house an on-board +5- V regulator, so an unregulated voltage can be connected. The next step up, the 80/05, has the same architecture and connector types and pinouts as the 80/04. Direct software compatibility is achieved with the same CPU along with the same RAM, ROM, I/O, and timer addressing. However, the 80/05 contains twice as much RAM as the 80/04. And since the 80/05 has the full Multibus multimaster interface, 80/05-based systems can be expanded with any of the Multibuscompatible boards from Intel or other suppliers. The SHC-80/10A comes next. It provides more onboard memory and I/O for systems requiring expanded on-board resources. Hased on the 8080A CPU, the board contains 1 kbyte of RAM, up to 8 kbytes of EPROM/ROM, 48 programmable parallel I/O lines, a full USART serial port with RS-232-C and tele-



Same as SSC 104. ex- $ 815 cept has 8 kbytes of dynamic RAM Same as SSC 104. ex- $ 985 cept has 16 kbytes of dynamic RAM High speed mathema- $ 595 tics processor including floating-point capability (32 bit). Dual single-density dis- $ 995 kette controller SSC 202 DMA control
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$1290 $ 450



typewriter interfaces, and a full Multibus interface (but only single-master capability; the board has no multimaster capability). Intended for single"CPU systems with only one other Multibus peripheral controller, the 80/10A can interface with such as the SBC-201 or SBC-202 single and double-density diskette controllers, or the SBC-501 DMA controller. System designers requiring the same on-board I/O capability as the SBC-80/10A but with more RAM, more efficient real-time capability, and full multimaster Multibus control can go further up the ladder to the SBC-80/20 or SBC-80/20-4. These boards differ only in that the 80/20 contains 2 kbytes of RAM and the 80/20-4 contains 4 kbytes. Both boards .can hold
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to eight levels of prioritized interrupt, and share the Multibus in the multimaster mode. Either board has two programmable interval timers/event counters. Auxiliary power buses and memory-protect control logic on the board permit battery backup of the RAM. Take advantage of interrupts and timers Real-time applications frequently require that highpriority programs operate on the basis of external events, time-of-day, or elapsed time without impacting current background processing. These multiprogramming requirements are supported in the 80120 and 80/20-4 by an eight-level programmable interrupt controller (PIC) and two programmable interval timer/event counters. The priority level of any event generating an interrupt request is assigned through jumper selection and the priority algorithm chosen by system software. Any combination of interrupt levels may be masked by storing a single byte in the interrupt-mask register contained by the PIC, whose four software-selectable priority algorithms are described in Table 5. The PIC generates a unique memory address for each interrupt level. These addresses are equally spaced at intervals of 4 or 8 bytes (software-selectable). The resulting 32 or 64-byte block may begin at any 32 or 64-byte boundary in the 65,536-byte memory space. A single 8080A jump instruction at each of these addresses then provides linkage to locate each interrupt service routine independently anywhere in memory. The two programmable timers may be used to generate real-time clocks by requesting periodic interrupts through the PIC, so that the CPU is free to handle numerous other system-timing and control functions. The outputs and gate/trigger inputs of the timer/counters can be routed via jumpers to the PIC, the I/O driver/terminators, or the programmable parallel I/O. Seven software-selectable timing/counting functions are available. Either timer may be set to act as a rate generator (divide-by-N counter), a square-wave



o 3. Programmable I/O lines from the sac·so parallel interlaces can be set so that they are individually programmable as inputs or outputs (a). byte-programmable as inputs or outputs with handshaking (b). or bidirectional on a byte-programmable basis (c).



4. By using the RMX·SO executive and the library of oftenused subroutines, program development can be simplified since the subroutines are modular and can be linked together, then checked out in a system prototype. EllnRo,,, D."", 3. February I. 1978 AFN-01931A
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ADAC Corp" 118 Cummings Park. Woburn. MA 01801(617) 935-6668 Ampex, Memory Products Div,. 200 N_ Nash St. EI Segundo, CA 90245,(213) 640-0150 Analog Devices. Route 1 Industrial Park. PO Box 280, Norwood, MA 02062,(617) 329-4700 Au~at Inc,. 33 Pera Ave,. P,O, Box 779, Att ebaro. MA 027 3, (617) 222·2202 BurrBrown. International Airgort In1EusYjai Park, PO Box 11400, Tucson, AZ 5734,602 294-1431 Cybernetic Micro~stems. 2460 Embarcadero Way. Palo Alto. CA 943 3, (415) 321·0410 Data Translation Inc" 23 Strathmore Road. Natick. MA 01760,(617) 655-5300 Datacube Corp.. 25 Industrial Park. Chelmsford, MA 01824, (617) 256·2555 Datel Systems Inc.. 1020 Turnpike St., Building S,. Canton. MA 02021(617) 828·8000 Digidata CO':!b8580 Dorse~ Run Road, Jessup,MD 0 94.(301) 4 8·0200 EDAC Corp. 1417 San Antonio Ave.. Alameda, CA 94501(415) 521·6600 Electronic Engineering & Prod, Services, TE, #2, Louisville, TN 37777. (615) 984·9640 Electronic Solutions. 7969 Engineer Rd. San Diego. CA 92111(714) 292·0242 Garry Mfg, Co" 1010 Jersey Ave" New BrunswiCk, NJ 08902,(201) 545-2424 Hal Communications Corp,. Box 365B. 807 E, Green St.. Urbana. IL 61801 (217) 367· 7373 lasis, 815 W, Maude Ave., , Sunnyvale, CA 94086. (408) 732·5700 ICOM, 6741 VaneIAve,. Canoga Park, CA 91303, (213) 348-1391 MegalO~ic Corp" 9650 National Road, Brookvi Ie, OH 45309,(513) 833·5222 Micro Memones Inc. 9438 Irond~le Ave, Chatsworth, CA 91311(213) 998-0700 Microtec P,O, Box 60337. Sunnyvale. CA 94088,(408) 733·2919 Monolithic Systems Inc. 14 Inverness Drive. East. Englewood. CA 80110(303) 7707400 ~allonal Semiconductor, 2900 Semiconductor Drive, Santa Clara, CA 95051(408) 737·5000 North Star Computers, Inc,. 2465 Fourth St.. Berkeley. CA 94710,(415) 549-0858 The Thomas Engineeri1: Co" 1201 Park Ave., Emeryville, CA 94608,( 15) 547·5860 Vector Electronic Products. 12460 Gladstone Ave, Sylmar. CA 91342(213) 365·9661 Zia Tech" 10762 La Roda Drive, Cupertino, CA 95015,(408)996·7082 I
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generator, a programmable retriggerable one-shot, or software or hardware-triggered strobe. One of the timers can be jumper-selected as an event counter, and either can generate an interrupt after a specified interval or after a specified number of events. The programmability of each on-board timer allows timing intervals from approximately 2 j.lS to over 60 ms. But the two timers may be cascaded to provide intervals greater than 1.1 hour, in 1.86 j.lS increments. In the event counter mode, external event rates up to 1.1 MHz may be counted.



AACK



BCLK Bus clock, used to synchronize bus-control circuits on all master boards. It has a period of 101.725 ns (9.8304 MHz)and a 30to 70% duty cycle. The signal may be slowed, stopped or single-stepped. BPRN



Flexible I/O, a must for any system All SBC-80 microcomputers provide 22 or 48 programmable parallel I/O lines that, grouped as 8-bit ports, are fully programmable to allow enough flexibility to handle any changes in system interfacing. Programmability is permitted through data direction, control mode, interrupt handling, and buffer/termination. The I/O configuration for a specific application is selected through software initialization of the parallel I/O control logic, jumper selection of control/interrupt line routing, and the particular buffer and termination devices chosen. Fig. 3 illustrates the basic modes of operation that may be selected by software to meet application requirements. Mode 0 is used for slow-to-mediumspeed interfacing where immediate handshake response or interrupt generation is not needed. This mode is extremely useful for interfacing to inputs such as switches or outputs such as LED indicators or numeric displays. Mode 1 provides handshaking lines required for many medium to high-speed peripherals. A typical output function could be a line printer; an input device could be an encoded keyboard or paper tape reader. In addition, the 80!lOA and 80/20 have Mode 2, a bidirectional data/control structure. This interface may provide, for example, a communication link between parallel processors. The SBC·80 I/O structllre also permits multiple options for output buffering and input termination. TTL drivers with 16 to 48 mA of drive can be used, and input lines may be terminated to minimize the impact of noise and cable disconnects. Any of the TTL drivers (four outputs) or input terminators (for inputs) listed in Table 6 may be inserted into sockets to provide proper buffering or termination. Like the design flexibility of the SBC-80 parallel I/O structure, the serial I/O structure allows interface characteristics to be revised rapidly through software, jumper, and buffer changes. Besides the SBC-80/10A, the 80/20 and 80/20-4 contain the USART serial channel. These boards provide RS-232 interfaces, but the SBC-80/lOA also has a teletypewriter current-loop interface. Synchronous/asynchronous mode, data format, control-character format, and parity are all under program control. So is baud rate on the 80/20 and 80/20-4. Baud rate is jumper-selectable on the



Advance-acknowledge signal, used in 8080A-based systems. It is sent to the SBC-80 board by a memory bank in response to a m~mory-read command, allowing the memory to complete the access without requiring the CPU to wait.



Bus-priority-input signal, used to indicate to the master that a higher-priority master board wants to use the system bus. When brought high, the signal suspends processing activity and places line drivers of the master in a standby mode.



BUSY' Bus-busy signal, a bidirectional control line that allows control and monitoring of the Multibus in multi master SeUSYs. As an output from a bus master, indicates the bus is being used by the board. It prevents all other master boards from gaining control of the bus. Each master monitors SUS'i' as an input to determine current Multibus usage status. CCLK



Constant clock, used to provide a 9.8304MHzclock signal for memory and I/O expansion boards. coincides with B'C[R and has a period of 101.725 ns and a 30 to 70% duty cycle.



INIT



Initialize signal, used to reset the entire system to a known internal state.



0~~17f1



INTR1 Interrupt input, used to interrupt the processor via an externally generated interrupt request. 10RC



I/O-read command, a signal generated by the master to indicate that the address of an input port has been placed on the system-address bus and that the data at that input port are to be read and placed on the system-data bus.



10WC



I/O-write command, a signal generated by the master to indicate that the address of an output port has been placed on the system-address bus and that the contents of the system-data bus are to be output to the add ressed port.



MRDC Memory-read command, a signal generated by the master that indicates that the address of a memory location has been placed on the system-address bus. It specifies that the contents of the addressed location are to be read and placed on the system-data bus. MWTC Memory-write command, a signal generated by the master to indicate that the address of a memory location has been placed on the system-address bus. It causes information on the data bus to be written into the addressed memory location. XACK Transfer-acknowledge signal, an input signal to the master board from an external memory location or I/O port to indicate that a specified read or write operation has been completed.



80/lOA CPU board. The synchronous and asynchronous nature of the serial interface makes it compatible with virtually every standard serial data-transmission technique used today (including IBM's Bi-Sync). This allows multiple SBC-80 boards to be interconnected as a distributed-processing network. The resulting task segregation or redundancy (or both) significantly improves both system performance and reliability. Two jumper-selectable interrupt requests may be generated automatically by the serial interface. One occurs when a newly received character is ready to be loaded into the CPU (receive-channel buffer is full). The other occurs when new data are ready to be transmitted to the remote device (transmit-data buffer is empty). Both the SBC-80/04 and 80/05 provide serial I/O capability through the serial input data (SID) and serial output data (SOD) functions of the 8085 CPU. These functions are controlled by software executing the 8085 read-interrupt mask (RIM) and set-interrupt mask (SIM) instructions. For systems requiring many serial channels, the SBC-534 communications-expansion board provides four USART channels with RS-232-C and optically isolated current-loop interfaces, programmable interrupt, timing, baud-rate control, and a Bell 801 AutoCall unit interface.



Expand the system via the Multibus The SBC-80 family is gaining not only in popularity but in support for its Multibus as more and more companies offer SBC-compatible boards. Intel now provides high-speed mathematics, RAM, EPROM, mass storage, digital I/O, combination memory and I/O, serial communications, and analog-I/O expansion boards. For applications requiring fast, high-precision number crunching, the SBC-3l0 math unit acts as an intelligent slave to perform floating-point and fixedpoint mathematics. A processor uses the 310 by passing parameters to it along with a command byte to select the desired operation from the SBC-310's 14 instructions. The repertoire includes 32-bit floatingpoint (single-precision) addition, subtraction, multiplication, division, squaring, square root, comparisons, and tests; 16-bit fixed-point multiply, subtract, extended divide, and extended compare; and conversion from fixed to floating point or vice versa. A completed operation may be signaled either by the math unit via an interrupt or by the host processor's polling the "operation complete" flag in the unit's status register. The result may be retrieved at this point or left in the 310's accumulator for further use. In addition, the 310 provides control circuitry so that it may be treated as a "shared resource" among several CPU boards. Two diskette options are available for mass storage.



Table 5. Programmable interrupt modes,SBC-80/20-4 Operation Interrupt request line priorities fixed at 0 as highest, 7 as lowest. Equal priority. Each level. after receiving service. becomes the lowest priority level until next interrupt occurs. System software assigns lowest priority level. Priority of all other levels based in sequence on this assignment. System software examines priority-encoded system interrupt status via interrupt status register.
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The SBC-201 diskette controller provides full control for one or two single-density diskette drives and acts as a programmable slave to masters on the Multibus. All diskette information is stored in the IBM softsectored format. For systems requiring greater storage capacity, the SBC-202 provides full control for up to four double-density diskette drives. Thus, 2 Mbytes of mass storage may be added to SBC-80-based systems for each SBC-202 plugged into the bus. Digital I/O may be expanded using any of three Intel boards. The SBC-519 provides 72 programmable parallel I/O lines as well as interrupt handling and a realtime clock. The 519's clock can interrupt the appropriate CPU periodically so that the CPU can monitor system-I/O status. High-speed I/O events can gain the CPU's attention via interrupts. The SBC-517 combination I/O board and the SBC-104, 108 and 116 combination memory and I/O boards offer 48 programmable parallel lines, a full RS-232 USART serial channel, interrupt handling and a 16-ms real-time clock. The



Table 7. RMX-80 routine library Function



RMX/SO module



Nucleus (executive)



priority, Provides basic capabilities (concurrence, tion/communication) found in all real-time systems,



Terminal handler



Provides real-time asynchronous I/O between an operator's terminal and tasks running under the RMX!SOexecutive, includes a line-edit feature similar to that of ISIS-II (supervisory system on the Intellec development system) and type-ahead facility,



Diskette fi Ie systems



Diskette driver and file management capabilities, allows user to load tasks into the system and to create, access, and delete files in a real-time environment without disrupting normal processing, File formats compatible with ISIS-II for both single and double-density systems,



Free space manager



Maintains a pool of free RAM and allocates memory out of the pool upon request from a task; reclaims memory areas when no longer needed,



Debugger



Specifically designed for debugging software running under the RMX!SO executive; used by linking it to an application program or task, Thus, it can be run directly from the single-board computer's memory,



Math handler



Provides full control and communication for sse 310 math board for highspeed fixed and floating-point math functions,



Analog interface handler



Provides real-time control for boards,



104, 108 and 116 also hold up to 8 kbytes of EPROM, along with 4, 8 or 16 kbytes of RAM, respectively. For systems geared to especially noisy environments, the SBC-556 provides 48 optically isolated I/O lines, which are configured as 24 input lines, 16 output lines, and eight programmable-I/O lines. The user fixes the optical-isolation characteristics according to his exact system requirements by installing the optoisolators and current-limiting resistors of his choice into the board sockets, Input voltages up to 48 V, output lines up to 30 V and currents up to 60 mA may be interfaced, Of course, many more RAM, ROM, communications and interface options are available. But for systems to come together quickly during development, there must be some standardized operating software to provide some of the most fundamental system routines.



sse



and



synchroniza-



711, 724, and 732 analog I/O expansion



are available for the SBC-80/20, 80/20-4 and 80/l0A CPU boards. Critical projects can be completed rapidly because RMX-80 provides major portions of the software requirements for many real-time systems. For example, the diskette file-extension software of the RMX-80 program may be linked into the system software. Thus, users can immediately have a diskette file structure with facilities to open and close files, create and delete files, read or write files sequentially :.>r randomly (read function may be used for initial program load, if desired), or allocate file storage dynamically on single or double-density diskettes. The compactness of RMX-80-the entire executive resides in 2 kbytes of ROM-reduces memory requirements and eliminates the need for bootstrap-program loading, All RMX-80 operations are based on individual tasks. A task is a program with unique data and stack that operates asynchronously with other such programs in the system. Basically, the RMX-80 is a library of "standard" routines (Table 7), such as an analog-interface handler and a terminal handler. Fig. 4 illustrates how to develop software by selecting appropriate RMX-80 modules, then locating and linking them with particular software tasks on an Intellec microcomputer development system. In addition, a debugger module



System software: the glue that binds Where the Multibus provides a standard hardware structure, RMX-80, a real-time multitasking executive supplies a modular software framework. With RMX-80, routines don't have to be developed for task synchronization, priority resolution and peripheral control (printers, terminals, diskettes, etc.). Versions
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5. This possible SBC·SO system configuration uses four 5BC-80/05s to monitor and control pipeline parameters



and feed data back to a master controller, an 5BC-80/20-4. The master controller sends data back to a host system.



in the RMX-80 speeds real-time system development. The executive accesses system resources according to task priority, intertask communication, interruptdriven control for standard devices, real-time clock control, interrupt handling, and other optional functions. In all, there are 255 separate task-priority levels, and since multiple tasks may share the same level, the actual number of tasks is limited only by memory size. Develop programs with the Intellec The Intellec and its ICE-80 and ICE-85 in-circuit emulators help minimize the time required to develop software and hardware. Standard Intellec stand-alone software includes resident macroassemblers for the 8080A and 8085 CPUs, a text editor, and a system monitor/debugger. As a result, programs can be assembled, loaded, edited, executed, and debugged. ICE diagnostics can significantly reduce program development and debug time. Break points may be set on user-specified memory-read or write operations, I/O read or write operations, or user-defined extension parameters. Programs can be single-stepped to check operating conditions and performance. PL/M-80 is the high-level systems-programming language. The optional Intellec-resident PLiM compiler provides the ability to program in this natural, algorithmic language, so there is no need to manage register usage or to allocate memory. PL/M programs



6. Expanding the pipeline monitor/controller system is as simple as plugging more cards into the Multibus and altering the software. By adding another 5BC-80/20 to the master controller, some local processing can be done and a local CRT and high-speed printer can be added as well as RAM and diskette-memory space.



may be linked to assembly-language programs to hasten product development further. A relocatable macroassembler residing on the Intellec translates symbolic assembly language into 8080 or 8085 machine code and permits the use of relocatable and linkable object code. With full macro capability, similar sections of code needn't be written over and over. Intellec options include a diskette operating system, ISIS- II, wi th diskette con troller, single or dual diskette



Apply the SBe boards to real use



To get an idea of the SBC 80 family's capabilities, examine the application shown in Fig. 5. In this case, a remote control/monitoring section of a pipeline supervisory control system grows with increasing requirements for additional local throughput and processing capability. Four SBC-80/05s act as remote pipeline monitors/controllers. Each unit monitors various contact closures (limit switches, relays, etc.) and a hex keypad, with a subset of its own I/O lines programmed as inputs. Contact debounce is performed in software. Other digital I/O lines on each SBC-80/05 act as output lines to drive a numeric display and various control relay coils. Analog-control lines are interfaced with an SBC-732 combination analog-I/O board. Transducers indicating temperature and pressure drive analog inputs, and analog outputs drive valves. Flow rate is determined in software by manipulating differential pressure data available from pressure transducers. The four 80/05s are linked serially to a remote



monitor/controllers. The 80/20-4 periodically queries each monitor to determine its current status. The concentrator also relays control commands from a host computer controlling the entire pipeline. The 80/20-4's own RS-232-C serial channel provides the interface for this high-speed synchronous link to the host CPU. The 80/20-4 can contact the host CPU with the Bell 801 automatic calling-unit interface on the SBC-534. The synchronization and control of communication between the four 80/05s and the host are handled by RMX-80 on the 80/20-4. The 80/20-4 system can be expanded to provide local processing capability, as shown in Fig. 6. Here, another 80/20 is added as a second master on the Multibus to provide control for a local CRT and highspeed printer, and to provide local processing capabili ty. An additional 32 kbytes of RAM are furnished by an SBC-032 RAM-expansion board. A third master, an SBC-202 dual-density diskette controller, can also be added to the Multibus, along with two doubledensity diskette drives. Communication between the two 80/20s is handled via user-written intermaster message tasks .••
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