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Paul M. Yun
Sr. Engineer
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ABSTRACT

As the volume of linkages in the satellite communications systems increases, the parallel
bus between the various processors of the satellite becomes a bottle neck to transfer the
commands and data. The remedies to this problem are trivial in the ground stations;
however, this problem imposes severe restrictions in parallel bus implementation of the
satellite communications systems. The most severe restriction is the minimization of wire
connections in the physical layer to minimize the weight, size and power consumption, and
also to maximize the reliability. Another restriction is the flexibility in the link layer to
adapt the different characteristics of the command and data messages. In this paper, the
implementation to overcome the imposed restrictions in both physical and link layer of the
parallel bus will be discussed.

INTRODUCTION

The Bus implementation in satellite communications systems are commonly realized with
serial busses, for minimizing weight and power consumption while maximizing reliability
may be considered the most important design objective in the system’s point of view.
Another justification of widely used serial bus is that the access controls, and subsequent
data transactions, via the satellite communications systems are relatively slow processes.

The premise of the slow operation may still be true in access controls; however, it is no
longer true in the subsystems where data transactions are actually being processed.
Therefore, it is necessary to facilitate data transactions, especially if the system is linked to
a complicated network.

The more complicated the network, the shorter the time slot is allocated to a system which
means increasing the speed of data processing is inevitable. A parallel bus implementation
with embedable link layer not only enhances the data processing, but also dynamically
enables the reconfiguration of data rate and bus structure (i.e., serial or parallel) for
interoperability and compatibility.



SYSTEM DESIGN APPROACH

The system will consist of the Processor Module (PM) and the Bus Module (BM) as
shown in Figure 1.

Figure 1 System Block Diagram

The Processor Module is designed with a 1750A general purpose microprocessor. Unlike
other microprocessors, the 1750A does not have any standardized hardware
implementation but does have a standardized instruction set (i.e., software standard). For
this reason, only the PACE1750A will be discussed. The Bus Module is designed to adapt
the different characteristics of the existing external world. In particular, the link layer is
capable of handling elastic data rates as well as reconfiguring the busses in serial or
parallel.

The interface requirements of the system are:

1) Synchronization method via gated clock (GCLK) in serial mode --- the gated clock
shall be dynamically adjustable for wide range of data rates, zero to ten mega bits per
second.

2) The serial bus shall be RS-422 compatible.
3) The maximum length of the serial bus shall be 10 feet.
4) The parallel bus shall be a byte wide.
5) The busses shall be dynamically reconfigurable in any combination of Parallel/Serial

and Input/Output.
6) The parallel bus shall be CMOS compatible.
7) The maximum length of the parallel bus shall be 15 inches.
8) The minimum buffer size shall be 2K x 8.
9) A status indication after parallel read and write operation.



PROCESSOR MODULE

The Processor Module design approach is based upon the program memory space of 48K
x 16 and the data memory space of 16K x 16 to utilize the maximum physical address
space of the 1750A, stand alone implementation. Figure 2 illustrates memory map, I/O
map, and decoding matrix with required wait states.

Figure 2 Memory Map, I/O Map, and Decoding Matrix

Although the logical address can be extended up to 128K, the MIL-STD-1750A prohibits
extending the address beyond 64K without using a memory management circuit. In this
paper, the implementation of the memory management circuit will not be discussed. The
Processor Module can operate up to 40MHz of PCLK. To be conservative, 20MHz is used
for PCLK. The IB Bus can be shared with other processing system as a multimaster bus,
provided there exists an arbitration logic circuit. The Control Bus can also be shared with
other systems if an adequate buffering is provided. The Initialization circuit is composed of
a typical RC power-up reset circuit, utilizing its time constant.

Although the I/O space is 2K x 16, only 2K x 8 will be used due to physical limitations of
the Bus Module. When the need arises to expand the I/O bus width to a word, the
necessary modifications are readily realizable in the Bus Module by means of doubling the



width of the physical layer and the link layer. The Processor Module will remain the same
regardless of the alterations of bus characteristics in the Bus Module.

A simplified functional block diagram of the Processor Module is delineated in Figure 3.
The 1750A receives Processor Clock (PCLK), 20 MHz, from a clock source (TTL
compatible). Upon receiving a power-up reset pulse from the Initialization Circuit (INIT
CKT), the processor enters self-test and initialization routine and the System Configuration
Register (SCR) is loaded with predefined modes. There are six user interrupts in the
1750A; however, only two interrupts are used in this paper. The basic instruction cycle of
the 1750A, without wait state, is four PCLK periods.

The IB is a bidirectional, time division multiplexed, address/data bus (16 bits wide). The
control bus consists of PCLK, RST*, R/W*, M/IO*, STRBA, and STRBD*.

The wait logic circuit generates RDYA and RDYD signals. The wait states can be inserted
by either RDYA or RDYD signal for a desired number of wait states. The wait states can
also be inserted by both RDYA and RDYD. The advantage of using both RDYA and
RDYD is that the performance degradation is not so severe as it is by using only either
RDYA or RDYD. For example, the program space in Figure 2 uses two wait states, one
by RDYA and the other by RDYD. A single precision ADD instruction with addressing
mode of Register Direct would have required six clock cycles if only two wait states were
generated by RDYD signal ; however, the same instruction would have required five clock
cycles if two wait states were generated by RDYA and RDYD. The RDYA signal of the
1750A adds another dimension for wait state implementation. Inserting wait states by
RDYA is ideal if the instruction fetch takes place in a relatively slow memory device (i.e.,
EEPROM or UVEPROM). The number of wait states generated by RDYA signal only
extends valid address time by number of PCLK cycles (e.g., if one wait state is inserted by
RDYA, the valid address time is extended by one PCLK cycle). The program memory
space is composed of 32K x 8 EEPROMs (IDT 78M64). The data memory space is
composed of 16K x 16 SRAM (IDT 8M656). The raw addresses from the 1750A are
latched by STRBA signal to provide latched local addresses to the decoding logic. The
decoding logic then selects either program space, data space, or I/O space.

The Control logic selects either local data or I/O data, and then steers the data paths from
the memory or I/O to the 1750A, or vice versa. The control logic also generates wait
signals to enable RDYA or RDYD. The necessary control signals and data to the I/O
module are buffered by the IO DATA TRCV and DRV/RCV.



BUS MODULE

A simplified functional block diagram of the Bus Module is shown in Figure 4. The
inbound/outbound control signals and multiplexed address/data are buffered. The latched
I/O addresses are sent to the porting logic where the control signals for the link layers are
generated. The porting logic also generates control signals to load serial clock rates, and to
configure the link layers dynamically.

The clock rate control circuit receives the High-Byte data from the OIB bus to select one
of two hundred and fifty-six possible serial clock rates, dynamically, which can be
segmented any particular range of zero to ten mega bits per second (integers only). The
configuration control circuit receives the high-byte data from the IOB bus for various
transmit/receive modes of the link layers. The receive side of the link layer can be
configured as either parallel-in/parallel-out or serial-in/parallel-out; whereas, the transmit
side of the link layer can be configured as either parallel-in/parallel-out or parallel-
in/serial-out.

The Receive link layer receives serial data or parallel data from the physical layer serial
port or parallel port, respectively. When it is configured as a parallel input, the external
system/subsystem is responsible to provide WT_PDATA signal. The data flow from the
Receive link layer to the data transceiver side uses Low-Byte parallel port only. The serial-
out mode is not used in the Receive side because feeding serial output to the data
transceiver defeats the purpose of facilitating data transaction. However, the serial output
of the Receive side may become a useful function if a particular pattern needs to be
convoluted with the data. For the future use, the flexibility of configuring the serial output
mode is reserved in the configuration control circuit. FF1* signal is used as an edge
triggered interrupt to the 1750A, indicating that the data in the Receive side is ready to be
read out.

The Transmit link layer receives parallel data, low-byte only, from the data transceiver.
The output data of the transmit side can be configured either serial or parallel. When it is
configured as a serial output, GCLK is sent out for synchronization. The external
system/subsystem is responsible to provide RD_PDATA signal when it is configured as a
parallel output. EF1* signal is used as an edge triggered interrupt to the 1750A, indicating
that the data in the Transmit side is ready to be written.

The physical layer of the serial ports is RS-422 compatible which is designed for drive
capability of ten feet, and the maximum data rate is ten mega bits per second. The serial
bus is designed for redundancy. The parallel ports are designed for drive capability of
fifteen inches. The maximum access time of the parallel ports is fifty nanoseconds.



SUMMARY AND CONCLUSIONS

The parallel bus implementation in this paper is focused on the application where the
physical location of the external system/subsystem is within fifteen inches from the system.
To accommodate the interoperability and compatibility with the existing external
system/subsystem that does not have a parallel port, the system can be dynamically
configured in serial mode. In addition to the dynamic mode configurations, the system can
also adjust the serial data rates of up to ten mega bits per second. A significant
improvement of the parallel bus implementation in satellite communications systems is that
the realization of a universal bus module which utilizes an enormous flexibility of the bus
mode configuration in the link layers.
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FIGURE 3 PROCESSOR MODULE FUNCTIONAL BLOCK DIAGRAM



FIGURE 4 BUS MODULE FUNCTIONAL BLOCK DIAGRAM


