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TE1-104 interface card intended for connection of PC/104 computer with ISA-16 bus to one dual redundant GOST 26765.52-87 (MIL-STD-1553B) bus. Device operational mode (the Bus Controller (BC), the Remote Terminal (RT), the Monitor (MT) is set by program. The device contains the dual redundant transceiver, dual-port RAM 16Kx16, ISA interface controller, the protocol chips implementing control functions for necessary modes. In I/O address space the device takes 16 series addresses and uses one interrupt request line. The base address and used interrupt line is set by jumpers.

The device can be set for extended status timeout checking and for instrumentation bit using modes via jumpers setting. RT address in the bus channel is set by program.

In BC mode the device can autonomously perform a task consisting of a chain of messages. In MT mode the device recognizes a format of the message by hardware and forms the message state word. It allows to implement the real time monitor. In RT mode the device processes all mode code and data transfer commands by hardware. There is a data protection mechanism using a Busy bit.

Complete set of delivery includes the DOS base software built on the driver library basis. All drivers for DOS, Windows, QNX, Linux can be found on the website http://www.elcus.ru. Products produced by ELCUS company for PCI, CompactPCI, ISA-16, MicroPC and PC/104 interfaces are program compatible with the TE1-104 device. This allows to design user programs on other TX1/TE1 series devices with the further usage of programs in onboard systems.

Standard PC/104 card (dimensions 90mm x 95mm)

Dual redundant bus

All commands and formats for Bus Controller, Remote Terminal and Monitor modes

Dual-port RAM 16Kx16

User definable I/O base address and the interrupt request line on ISA bus

Software compatibility with other devices of ELCUS company

DOS driver library and software in a standard delivery set











The device uses EL-12R transceiver and TIL-5V transformers. The device can be connected to the bus using direct or transformer coupled connection. It is possible to use onboard 75 Ohm termination resistors in a case the device is directly connected to the bus end. 

XC5210 chip contains two decoders and one encoder of the Manchester code, hardware realization of BC, RT, MT protocols and dual-port RAM access scheme. In BC mode the used bus number is selected in BC control word, in RT and MT modes the used bus number is defined automatically.

XC95108 chip implements functions of ISA controller, dual-port RAM arbiter and it connects XC5210 and RAM. 

16Kx16 dual-port RAM (DPRAM) is used for the data and control information storage. In RT mode RAM is divided into 8 pages 2K words each. In an every moment RT uses a single page of data while all memory is accessible to the processor. In BC mode and in MT mode all memory can be used. 

The device contains a 12 MHz oscillator. Basic TE1-104 characteristics are shown in table 1.
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200��Time Parameters

Delay from the start of BC to the beginning of transmission 



The checked status word gap (set by jumper)



Delay of the transmitted RT status word
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Table 2 Used addresses

Address bits

A3  A2  A1  A0 �Registers�Mode�W/R��0�1�0�0�Stop Register

�BC, MT�W��0�1�1�0�Reset Register�BC, RT, MT�W��1�0�0�0�Message Base Register

�BC, MT�R��1�0�0�0�Mode Register

�BC, RT, MT�W��1�0�1�0�DPRAM Address Register

�BC, RT, MT�W��1�1�0�0�State Register

�BC, RT, MT�R��1�1�0�0�Control Word Register

�BC, RT, MT�W��1�1�1�0�DPRAM Data Register

�BC, RT, MT�W/R��In I/O address space the device takes 16 series addresses. In this zone 6 addresses are used for writing to the device and 3 addresses are used for reading from the device. The rest addresses are reserved and should not be used. Only 16 bit word writes/reads are allowed for the device. Access to the dual-port RAM implemented in two steps. At first the DPRAM Address Register should be loaded and then the DPRAM Data Register can be written/read. Six low-order DPRAM Address Register bits are the counter, which is incremented after each access cycle to the DPRAM Data Register. Thus you can address up to 64 sequentially located words without reloading of the DPRAM Address Register. All DPRAM words are accessible both on reading and on writing. Special addresses are used for a program reset of the device and for stopping the device at the end of current message in BC and MT modes. The program reset does not lead to clearing of configuration memory of the XC5210 chip. Used addresses are listed in table 2. 

The Mode Register should be loaded first and it determines a format of other registers, depending on the selected BC, RT or MT mode. After reset the device switches to BC mode (all bits are cleared) and is in idle state (waiting for start of a message). Mode Register bits are listed in table 3. The Global IRQ Disable bit allows to disable IRQ output of the device. In general, there is no way for normal real time working with the device with disabled interrupts (the device does not contain any interrupt queuing and any interrupt polling mechanism), so do not set this bit if you really do not know what you do.



Table 3. Mode Register (writing)

Data bits (SD)�Meaning��SD15 (MSB)�Global IRQ Disable (0 - enabled, 1 - disabled)��SD14�Bus A Receiver Jam Detection Disable (0 - enabled, 1- disabled)��SD13�RT Data Interrupt Mask (0 - unmasked, 1 - masked)��SD12, SD11�reserved��SD10, SD9, SD8�RT Bus Page Number (selects active 2Kx16 page in RT mode from the 1553 bus side)��SD7�"Terminal Flag" (RTFL) RT Status Bit��SD6�"Dynamic Bus Control Acceptance" (DNBA) RT Status Bit Enable��SD5�"Subsystem Flag" (SSFL) RT Status Bit��SD4�"Service Request" (SREQ) RT Status Bit��SD3�"Busy" (BUSY) RT Status Bit��SD2�Bus B Receiver Jam Detection Disable (0 - enabled, 1- disabled)��SD1, SD0 (LSB)�Mode (selects device operation mode: SD1=0, SD0=0 - the Bus Controller; SD1=1, SD0=0 - the Monitor; SD1=0, SD0=1 - the Remote Terminal; SD1=1, SD0=1 - the Prohibited combination)��



The Message Base Register can be only read and it contains a base address of the message processed at the moment of reading. Reading of this register does not interrupt operation of BC or MT but it resets the Signal Interrupt in BC or MT modes.



TABLE 4. Message Base Register (reading)

Data bits (SD))�Meaning��SD15 (MSB)�End Interrupt ��SD14�reserved��SD13 - SD6�Current Message Base (SD13 - MSB)��SD5 - SD0�reserved��

Bit SD15 helps to determine an interrupt reason in BC or MT modes: if after an interrupt received the processor reads out SD15=0 the device is in active mode and it has generated interrupt as a time tag (Signal Interrupt), having read it from the current control word. SD15=1 indicates interrupt on completion of the message(s) (End Interrupt) or interrupt on bus receiver jam detected.



The DPRAM Address Register should be written by the processor before any access to the memory. The format of the register is shown in table 5.



 TABLE 5. DPRAM Address Register (writing)

Data bits (SD)�Meaning��SD15, SD14�reserved��SD13 - SD0 (SD13 - MSB)�DPRAM Access Address��



�The format of the Control Word Register is determined by operational mode of the device (BC, MT or RT). 

TABLE 6. Control Word Register (writing)

Data bits�Bus Controller�Monitor�Remote Terminal��SD15 (MSB)�Signal Interrupt�Signal Interrupt�RT Address (MSB)��SD14�reserved�reserved�RT Address��SD13�Message Base (MSB)�Message Base (MSB)�RT Address��SD12�Message Base�Message Base�RT Address��SD11�Message Base�Message Base�RT Address��SD10�Message Base �Message Base�RT Data Flag Mode Enable (0 - disable (non-flag mode), 1 - enable (flag mode))��SD9�Message Base�Message Base�reserved��SD8�Message Base�Message Base�RT Broadcast Address Enable (0 -disable, 1 - enable)��SD7�Message Base�Message Base�reserved��SD6�Message Base�Message Base�Subaddress Lock Request in non-flag mode (0 - unlock, 1 - lock)��SD5�Bus Number (0 - bus A, 1 - bus B)�Continue on Error or Bit Set (0 - stop, 1 - continue)�DPRAM Subaddress T/R��SD4�Continue Next Message (0 - stop, 1 - continue)�Continue Next Message (0 - stop, 1 - continue)�DPRAM Subaddress (MSB)��SD3�Message Format Code�reserved�DPRAM Subaddress��SD2�Message Format Code�reserved�DPRAM Subaddress��SD1�Message Format Code�reserved�DPRAM Subaddress��SD0�Message Format Code�reserved�DPRAM Subaddress��

TABLE 7 Message format codes

Message Format Code

SD3 SD2 SD1 SD0�

Message Format��Х�0�0�0�Data Transfer BC to RT (BC->RT)��0�0�0�1�Data Transfer RT to BC (RT->BC)��Х�0�1�0�Data Transfer RT to RT (RT->RT)��Х�0�1�1�Mode Command (COMMAND - STATUS)��Х�1�0�0�Mode Command with Data to RT (receive) (COMMAND+DATA - STATUS)��0�1�0�1�Mode Command with Data from RT (transmit) (COMMAND - STATUS+DATA)��Х: 0 - address message; 1 - broadcast message

COMMAND - a command word; STATUS - a status word; DATA - a data word of data���The format of the State Register also is determined by operational mode of the device and shown in table 8.

TABLE 8. State Register (reading)

Data bits�Bus Controller�Monitor�Remote Terminal��SD15 (MSB)�Signal Interrupt �Signal interrupt/Bus number (0 - Bus A)�reserved��SD14�reserved�Integrated Message Error (1)�Message Error(1 - error)��SD13�Message Base (MSB)�Message Format (see table 7, (SD13 MSB))�Bus B Receiver Jam Detected (1)��SD12�Message Base�Message Format�Bus A Receiver Jam Detected (1)��SD11�Message Base�Message Format�Subaddress Accessed from Bus (0 - free, 1 - busy) (in non-flag mode)��SD10�Message Base�Message Format�Last Command T/R��SD9�Message Base�First COMMAND Error�Last Command Subaddress/Mode (MSB)��SD8�Message Base�Second COMMAND Error�Last Command Subaddress/Mode��SD7�Message Base�reserved�Last Command Subaddress/Mode��SD6�Message Base�reserved�Last Command Subaddress/Mode��SD5�Bus B Receiver Jam Detected (1)�Bus B Receiver Jam Detected (1)�Last Command Subaddress/Mode��SD4�Bus A Receiver Jam Detected (1)�Bus A Receiver Jam Detected (1)�Last Command Word Count/Mode Code (MSB)��SD3�Status Bit Set (1)�Status Bit Set (1)�Last Command Word Count/Mode Code��SD2�Message Error Code�Message Error Code�Last Command Word Count/Mode Code��SD1�Message Error Code�Message Error Code�Last Command Word Count/Mode Code��SD0�Message Error Code�Message Error Code�Last Command Word Count/Mode Code��

TABLE 9 Message Error Codes

Error code 

SD2      SD1   SD0�Type of an error��0�0�0�No Errors��0�0�1�Parity Error or Manchester II Encoding Error��0�1�0�Status Word Timeout Error (No Status Word)��0�1�1�Data Word Timeout Error (No Data Word(s))��1�0�0�Extra Data Word(s)��1�0�1�RT Address Error (wrong RT address in Status word)��1�1�0�Sync Error��1�1�1�Echo Check Error (while transmitting) or Composite Error (while receiving)���

Bus Controller Mode



The TE1-104 device in BC mode is capable to execute autonomously simple chains of messages in the channel. The termination of autonomous operation of BC can be caused by the ending of the programmed chain of messages or by a message error or status bits set or by getting of a stop signal from the processor.

Before the beginning of operation the processor writes the Mode Register, which two lower bits equal to zero determine the Bus Controller mode (see table 3). For organization of transmission in the channel it is necessary to prepare the program of BC, to write it to the DPRAM of the device and to start the BC, having written the Control Word Register. The structure of the control word is shown in table 6. 

The Bus Controller for transmission of one message uses 64x16 memory block called a base (a Message Base). The Message Base determines a base address of the information block for a single message. Inside the base all words allocated in the same sequence as they transmitted and received in the bus channel. The structure of the base is determined by Message Format and illustrated on fig. 2. The 16Kx16 DPRAM allows to address 256 bases for different messages. If the Continue Next Message bit in the current control word is set the last word of the base with 111111 address should contain the control word (CTRL) for the following message. The Bus Controller processes the current message and in the case of its normal completion automatically reads the following message control word in the Control Word Register and begins transmission of the following message.

To stop an autonomous operation of BC the processor can reset the Continue Next Message bit in the current control word asynchronously by generating a write cycle to the special Stop Register address (see table 2). The Bus Controller completes the current message and then stops and generates an End Interrupt.

BC can generate three types of interrupts. In the first case an End Interrupt is generated if there are no errors detected in the current message, there are no set bits in status word(s) and the Continue Next Message bit is cleared. This type of interrupt is called Normal End Interrupt. In the second case an End Interrupt is generated irrespective of Continue Next Message bit if either an error is detected in the message or a status word bit set. This type of interrupt is called Exception End Interrupt. BC stops in both these cases. Besides BC can also generate so called Signal Interrupt (or message tag) in the case if the Signal Interrupt bit is set in the current message control word. This interrupt does not cause BC to stop and it is used to inform the processor about the moment of approach a specific message defined before. The Signal Interrupt raises immediately after the new message control word has written to the Control Word Register from the processor (for a first message) or from the DPRAM base (for following messages) and the interrupt can be reset by reading of the Message Base Register. The format of the register is shown in table 4. If the End Interrupt bit of the register is set the Bus Controller has completed processing of a task, has generated the End Interrupt and is in idle mode. In such a case the processor should also read the State Register to reset the interrupt. If the bit is not set BC has generated the Signal Interrupt and continues an autonomous operation (reading of the State Register is forbidden).

BC->RT�Address��CMD�0��DAT1�1��...�...��DATn�n��STA*�n +1��...�...��CTRL�63��RT->RT�Address��CMD1�0��CMD2�1��STA2�2��DAT1�3��...�...��DATn�n + 2��STA1*�n + 3��...�...��CTRL�63��RT->BC�Address��CMD�0��STA�1��DAT1�2��...�...��DATn�n +1��...�...��CTRL�63��CMD(STA+DAT�Address��CMD�0��STA�1��DAT�2��...�...��CTRL�63��CMD+DAT(STA�Address��CMD�0��DAT�1��STA *�2��...�...��CTRL�63��CMD(STA�Address��CMD�0��STA*�1��...�...��CTRL�63��













* - missing in broadcast messages; 1(n(32 

Fig. 2. Structure of the memory in BC mode.

�The chain of messages can be linear (the last message control word has the Continue Next Message bit cleared), and can be cyclic, in this case there is no a last message - all messages have the Continue Next Message bit set and refer each other in a circle; a minimum instance of such a cycle can be a single message having the reference to itself. 

Result of the last processed message is contained in the State Register which format is shown in table 8. Bit SD3 is set if any set status bit is detected in received status words. Thus all bits of STATUS (except for RT address) are examined, and in format RT->RT both STATUSes are examined. 

In the case of Normal End Interrupt both fields Message Error Code and Status Bit Set contain zeroes. In the case of Exception End Interrupt the Message Error Code field contains a non-zero error code and/or Status Bit Set bit is set

Various alternatives of completion with Exception End Interrupt are possible:

- both Status Bit Set and Message Error Code are non-zero,

- Status Bit Set is set and Message Error Code is zero,

- Status Bit Set is cleared and Message Error Code is non-zero.

If both Status Bit Set and Message Error Code are non-zero BC has received a valid STATUS with set bit(s), and then BC detects any error situation and stops the message processing. Thus the programmer can analyze STATUS (in RT->RT messages in this case if in first STATUS there are set bits second STATUS is not defined), but the message is considered invalid.

Likely enough situation in normally working system is simultaneously Status Bit Set set and Message Error Code equal to 011 (Data Word Timeout Error), i.e. the RT subsystem is busy, the RT transmits STATUS with BUSY bit set but does not transmit data words.

Other possible situation with similar result arises if command legality checking is implemented in the RT and the BC has transmitted to this RT an illegal command. In this case the RT transmits STATUS with the Message Error bit set but does not transmit data words.

Any other combination of non-zero Message Error Code and set or cleared the Status Bit Set bit indicates incorrect RT operation or incorrect system operation as a whole (interferences in a bus, a fault of a bus, unauthorized transmission to a bus by other terminals).



Detection of bus jam in bus channels is made by decoders (on receiver side only) so appropriate bits in the State Register and the interrupt can change asynchronously. It is important that set bus jam indication bits and interrupt can be cleared by the device also asynchronously immediately after disappearing of bus jam conditions. Set bus jam bits and appropriate interrupt can be either masked via bits of the Mode Register or reset by program reset of the device. Such a processing should be done in interrupt handler. Current driver versions do not contain any bus jam related processing (user defined interrupt processing can be added only in DOS driver) so it is prohibited to enable bus jam detection when using these drivers.



Message validity check is performed until detection of the first error then the message processing stops and the device generates Exception End Interrupt. During transmission in the channel an echo checking of Manchester II encoding and parity of transmitted words is performed. In the case of Echo Check Error the device stops transmission to the channel and forms interrupt. Set status word bits do not stop message processing. 





Monitor Mode



Monitor mode is defined by appropriate writing to the Mode Register (table 3). Device control in MT mode and its memory allocation is similar to the Bus Controller mode. The format of the control word is shown in table 6. The processor switches MT in the monitoring (active) mode by a write cycle to the Control Word Register. It is preferred to use the Monitor in systems where an instrumentation bit used to differentiate between command and status words. The Monitor performs fully autonomous standard message processing.

MT memory allocation is shown on fig. 4. Words are allocated in the DPRAM in the sequence of their arrival from the channel. Every message takes 64 words block called a base. As MT designed to process chains of messages the content of the State Register (message passport) for every non-last message is saved in the word with address 111110 in the base the message saved in. 

The format of the State Register in MT mode is shown in table 8. Message formats are described in table 7, and bits of Message Format field are shifted in comparison with the Control Word Register of the Bus Controller (bit SD13 of MT mode corresponds to bit SD3 of BC mode, bit SD12 corresponds SD2, etc.). The coding of Message Error Code is shown in table 9.

In some cases it is possible that error code is equal to null and ME bit is set. It means that MT with Instrumentation Bit Used Mode has received two commands (RT->RT format) and the first command has instrumentation bit set and the second command has instrumentation bit cleared.

The Message Base Register in MT mode is analogous to BC mode and is shown in table 4.

The sequence of reading of the Message Base Register and the State Register after an interrupt is similar to BC mode.

After writing of State Word to the memory MT reads out the following CONTROL word from a word with 111111 address and the procedure repeats. MT stops after reset of Continue Next Message bit in CONTROL word or after a program reset of the device.

If the Continue on Error or Bit Set bit is set, MT autonomous operation will be interrupted after detection of an error in the message or any set bit in RT STATUS word.

Since MT hardware uses same state machines as BC and RT do, MT processes any single message until a first detected error or the message end. After the message error or the message end MT either writes contents of the State Register in memory or raise interrupt depending on current settings.

To organize MT operation in real time some different software methods can be used. The simplest way is to organize a cyclic chain (loop) of messages. For 16Kx16 DPRAM the length of this chain can be up to 256 messages. After MT fills this array process automatically repeats. Signal interrupts can be used for informing processor about arrived messages. These interrupts can be programmed for each message or for group of messages. Please take in attention that MT has no any buffering scheme for these interrupts so some interrupts can be missed if processor can not process interrupts with the same speed as messages arrive. So in general case it is not enough just to count Signal interrupts from the Monitor. In all cases MT program has to check current MT Message Base to decide how many messages were saved by the Monitor. In order that MT will not shut down after detection of an error it is necessary to set bit SD5 of the CONTROL word in every base of the chain.



BC->RT�Address��CMD�0��DAT1�1��...�...��DATn�n��STA*�n +1��...�...��STATE�62��CTRL�63��RT->BC�Address��CMD�0��STA�1��DAT1�2��...�...��DATn�n +1��...�...��STATE�62��CTRL�63��RT->RT�Address��CMD1�0��CMD2�1��STA2�2��DAT1�3��...�...��DATn�n + 2��STA1*�n + 3��...�...��STATE�62��CTRL�63��
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* - missing in broadcast messages; 1(n(32

Fig. 4. Structure of the memory in MT mode example.

�

Remote Terminal Mode



According to GOST 26765.52-87 (MIL-STD-1553B) RT performs reception and decoding of COMMAND words from the Bus Controller, determines errors in messages, forms and transmits STATUS words in the bus channel, execute mode commands of the Bus Controller, supports BC->RT, RT->BC and RT->RT messages. Data words are transmitted and received through dual-port RAM 2Kx16 (one page of total 16Kx16 DPRAM). Memory allocation of the DPRAM in RT mode is shown in table 10. Bits of STATUS word are determined by contents of the Mode Register (see table 3). Formats of the Control Word Register and the State Register are shown in table 6 and 8. RT mode can be set by writing of 01 code in Mode field of the Mode Register and by defining address of the terminal in the Control Word Register. Since RT starts its operation immediately after defining of RT mode in the Mode Register it is necessary to write valid terminal address immediately to prevent RT operation with undefined RT address. It is possible to disable RT operation temporarily by setting terminal address to 31 and by disabling RT Broadcast Address in the Control Word Register.



TABLE 10 Structure of the memory in RT mode

Address (HEX) (10-00)�DPRAM areas ��Receiving from the bus��0000(001F�Flags of availability of data blocks 1-30��0020(003F�Data block 1 (Subaddress 1)��0040(005F�Data block 2 (Subaddress 2)��(�(��03C0(03DF�Data block 30 (Subaddress 30)��03E0(03EF�reserved��03F0(03FF�Attached DATA for mode commands received from the bus��Transmission to the bus��0400(041F�Flags of availability of data blocks 31-60��0420(043F�Data block 31 (Subaddress 1)��0440(045F�Data block 32 (Subaddress 2)��(�(��07C0(07DF�Data block 60 (Subaddress 30)��07E0(07EF�reserved��07F0(07FF�Attached DATA for mode commands, to be transmitted to the bus��

In this mode the DPRAM is divided into a zone of transmission to the bus channel (bit of the address DPRAM A[10]=1) and a zone of receiving from the bus channel (A[10]=0). Each of zones is divided into data blocks (subaddresses) of 32 words. The five low order bits of starting address of each data block are A[4-0]=00000, the data block number is determined by bits A[9-5] of address. From the bus channel side the zone of receiving or transmissions is selected by T/R bit of a COMMAND word. Bits of a Subaddress field of the COMMAND word correspond to DPRAM address bits A[9-5]. Low order address bits A[4-0] for each data word from the bus channel side are incremented by hardware up to the value indicated in a Words Count field of the COMMAND.

There are some different ways to process messages in RT mode.

For subsystems in which data words cannot be lost or reused RT Flag mode is more preferable. This mode can be enabled  by writing "1" in the bit 10 of the Control Word Register. In this mode zero pages (A[9-5]=00000) of DPRAM for receiving and transmission contain Flag Words for all subaddresses.

Every Flag Word determines a state of the 32 words subaddress memory block (Flag Word address bits A[4-0] are equal to Data block address bits A[9-5]). Data writing or data reading for every subaddress occurs only after pre-check of the state of the Ready Flag bit (bit 15) of appropriate Flag Word. Flag Word format is shown on fig. 3.

The set Ready Flag bit means that current data has been completely written by transmitting side but has not been completely read by receiving side (current data are ready). The cleared Ready Flag bit means that previous data has been completely read by receiving side but current data has not been completely written by transmitting side (current data are not ready). When RT receives data from the bus channel the Ready Flag bit is set by RT hardware when appropriate data block has been checked and completely written in DPRAM subaddress memory. Processor should check if the subaddress Ready Flag bit is set before reading from subaddress memory. After reading the last word of the data the processor should reset in "0" the subaddress Ready Flag bit. While the Ready Flag bit is not reset data receiving from the bus channel in this subaddress is disabled and RT answers with STATUS with “Busy” bit set. When RT transmits data to the bus channel the Ready Flag bit is reset by RT hardware when appropriate data block has been completely read from DPRAM subaddress memory and transmitted to the bus channel. Processor should check if the subaddress Ready Flag bit cleared before writing to subaddress memory. After writing the last word of the data the processor should set in “1” the subaddress Ready Flag bit. While the Ready Flag bit is not set data transmission to the bus channel from this subaddress is disabled and RT answers with STATUS with “Busy” bit set.

For subsystems in which data words can be lost or reused (for example, in control systems with data extrapolation or for simple sensors) or if known schedule of messages in bus channel allows to design message processing without any data loss RT Non-Flag mode ( the bit 10 of the Control Word Register is cleared) can be used. In the simplest case when it is not necessary to mantain data integrity for a single message or data integrity is guaranteed by other synchronization methods (for example, schedule of messages), processor can access DPRAM at any time. Otherwise, if data integrity for single message is important (single message data integrity can be affected if processor tries to access the same subaddress which is accessed from the bus channel at the same time; in such a case either processor can read a part of new message and other part of previous message or message transmitted to the bus channel can consist of data from two different messages) there are two possible methods of access to DPRAM. 

In the first case, before first access to DPRAM the processor should read the State Register and analyse bits [11-0] which indicate the DPRAM subaddress currently accessed from the bus channel. If subaddresses differ or bit [11]=0 then in a time no more than 16 us (at reading) or 20 us (at writing) after the beginning of the State Register reading, the processor should read or write the first data word and further read or write following data words with a period no more than 20 us. If subaddresses coincide and bit [11]=1 the processor should wait for the end of message (while bit [11]=1) or can perform access to any other subaddress.



Data bits��15�14�13�12�11�10�9�8�7�6�5�4�3�2�1�0��FL�reserved�TR�CMD subaddress�CMD word count��FL - Data Block Ready Flag bit (1), TR - CMD T/R bit



Fig. 3. DPRAM Data Block Flag Word.



In the second case the processor can use a subaddress access arbiter, which is part of RT hardware. To do that the processor before any access to subaddress has to write subaddress number in the bits [5-0] and set the bit [6]=1 in the Control Word Register, and then to read the State Register and analyse the bit [11]. If the bit is cleared, the subaddress defined in the Control Word Register is accessible to the processor. After the subaddress has been read/written the processor should reset the bit [6] in the Control Word Register. While this bit is set access to the subaddress from the bus channel is disabled and for any COMMANDs addressed to this subaddress RT answers with STATUS with Busy bit set.

DATA words for mode COMMANDs are written in the subaddress 111111 area of DPRAM, in a word with the address defined by the mode command code field. At receiving of mode COMMAND which can be executed only by processor, RT hardware generates an interrupt on which the processor should read the State Register where low order five bits are the mode code. The interrupt request is reset after program reset, writing of a code 11111 in the bits [4-0] of the Control Word Register or after receiving of the next COMMAND from BC. Mode COMMANDs not causing interrupts are listed in table 11.



�TABLE 11. Mode commands processed without interrupt

Code�Command��00010�Transmit STATUS��00100�Transmitter shutdown��00101�Override transmitter shutdown��00110�Inhibit terminal flag bit��00111�Override inhibit terminal flag bit��01000�Reset remote terminal��10010�Transmit last COMMAND��

Interrupt on mode COMMANDs without DATA (the mode code from 00000 up to 01111) and with DATA transmitted to BC (the mode code 10000 - 11111, bit "T/R" = 1) is generated at 4 us from the beginning of a gap after the COMMAND. For COMMANDs with DATA received from BC (the mode code from 10000 up to 11111, bit "T/R " = 0) interrupt is generated at 7,5 us after the end of DATA word. Interrupts on mode COMMANDs cannot be disabled. 

For data receiving COMMANDs if the received message is valid, interrupt is generated at 7,5 us from the end of last DATA word. If the received message is not valid (a gap between DATA words, the number of received DATA words does not correspond the number indicated in the COMMAND, one of DATA words is not valid), interrupt is generated at the moment of error detection and the bit [14]=1 in the State Register indicates an error.

For data transmitting COMMANDs interrupt is generated at 3 us after the beginning of a sync of the last transmitted DATA word. Interrupts on data transmitting/receiving COMMANDs can be disabled by writing "1" in the bit [13] of the Mode Register.

Interrupt requests are cleared after program reset, writing of a code 11111 in the bits [4-0] of the Control Word Register or after receiving of the next COMMAND from the Bus Controller. The reason of interrupt is unequivocally determined by reading of the State Register which contents change only with receiving of the following COMMAND from BC.

Writing "1" in the bit [8] of the Control Word Register enables receiving of broadcast COMMANDs from BC. If this bit is left cleared all broadcast COMMANDs are ignored.

Cards are delivered with an "INST" jumper set in a position 1. In this mode RT checks presence of "1" in bit [10] of every COMMAND word (subaddress high bit/instrumentation bit). COMMANDs with zero bit [10] are not recognized as COMMANDs. The given mode is used for difference of COMMAND and STATUS words, allowing to increase reliability of data transfers in the channel where instrumentation bit is used, but the subaddress range decreases from 30 down to 15. The checking of this bit in COMMANDs is disabled by setting the "INST" jumper in a position 0.

Bits [10-8] of the Mode Register determine one of eight 2Kx16 pages of DPRAM accessible from the bus channel side.



�

Used jumpers



Main device jumpers and connectors of the device are shown on fig.5.
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Fig. 5. Jumpers and connectors.



X1, X2 connectors - PC/104 ISA-16 interface

X3 connector - MIL-STD-1553B interface



Jumper A1 defines used interrupt line. The device uses single interrupt line. Jumper pins 6-11 are connected together and connected to the device interrupt request line. Jumper pins 1-5 and 12-17 are connected to different ISA interrupt request lines. The device is shipped with IRQ10 interrupt set (a jumper on contacts 10 and 16).

A1�IRQ7�IRQ6�IRQ5�IRQ4�IRQ3���1�2�3�4�5��6�7�8�9�10�11��12�13�14�15�16�17��IRQ11�IRQ15   �IRQ14   �IRQ12   �IRQ10   �IRQ9��

















Jumpers A2 set operational modes of the device

1�4��2�5��3�6��A2

Connect contacts�Mode��4 - 5�Standard STATUS timeout checking (14us) *��5 - 6�Extended STATUS timeout checking (20us)��* The product delivered with the set mode��







The contact 4 connected to the net 0V

The contact 6 connected to the net +5V

Connect contacts�Mode��1 - 2�Instrumentation bit not used��2 - 3�Instrumentation bit used *��* The product delivered with the set mode��









The contact 1 connected to the net 0V

The contact 3 connected to the net +5V



Jumpers A3 define input/output ports base address in PC/104. Available addresses are shown below.

A3��6�5�4�3�2�1��12�11�10�6�8�7��







Base addresses�Connect contacts��160 �SYMBOL 184 \f "Symbol" \s 10�Q� 16F� (Set on shipped boards)�1-7; 2-8; 3-9; 4-10; 5-11; 6-12��150 �SYMBOL 184 \f "Symbol" \s 10�Q� 15F�1-2; 7-8; 3-9; 4-10; 5-11; 6-12��1A0 �SYMBOL 184 \f "Symbol" \s 10�Q� 1AF�1-7; 2-8; 3-4; 9-10; 5-11; 6-12��190 �SYMBOL 184 \f "Symbol" \s 10�Q� 19F�1-2; 7-8; 3-4; 9-10; 5-11; 6-12��250 �SYMBOL 184 \f "Symbol" \s 10�Q� 25F�1-2; 7-8; 3-9; 4-10; 5-6; 11-12��260 �SYMBOL 184 \f "Symbol" \s 10�Q� 26F �1-7; 2-8; 3-9; 4-10; 5-6; 11-12��2A0 �SYMBOL 184 \f "Symbol" \s 10�Q� 2AF�1-7; 2-8; 3-4; 9-10; 5-6; 11-12��290 �SYMBOL 184 \f "Symbol" \s 10�Q� 29F�1-2; 7-8; 3-4; 9-10; 5-6; 11-12��























Jumpers A4 are factory jumpers and an user should not set any jumpers in this field.



Jumpers A5 allow to connect the 75 Ohm termination resistors to direct coupled bus ends.

Jumper A5a - connection of the 75 Ohm termination resistor for Bus A.

Jumper A5b - connection of the 75 Ohm termination resistor for Bus B.



Connector X3 can be used for direct coupled MIL-STD-1553B bus connection (contacts K1, K4, K5, K8) or for transformer coupled MIL-STD-1553B bus connection (contacts K2, K3, K6, K7) (fig.8).�

GOST 26765.52-87 (MIL-STD-1553B) bus channel interface



The TE1-104 device is connected to the bus through X3 connector.

K1, K4 contacts are intended for bus A direct coupled connection, K2, K3 contacts are intended for bus A transformer coupled connection. K5, K8 contacts are intended for bus B direct coupled connection, K6, K7 contacts are intended for bus B transformer coupled connection.

75 Ohm resistors can be connected by jumpers A5a, A5b.



�EMBED Word.Picture.8���

Fig. 8. Connection of the device to the bus.
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