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TA Device Program Model Description

Basic features:

· TA device is used to connect to the MIL-STD-1553B data bus (national standards GOST 26765.52-87 and GOST R 52070-2003).

· Supported modes are bus controller (BC), remote terminal (RT), addressed message monitor (MTM) and addressed word monitor (MTW).

· Meets the requirements of the RT validation test plan.

· Dual-port RAM 64К x 16.

· Internal interrupt FIFO buffer 256 words deep.

· 32-bit programmable timer for message receiving.

· In the BC mode allows organizing the automatic transfer of a message chain. Provides the programming of the response to error message with the possibility of automatic retry and switching the bus number. Status words masking has been implemented. Provides the possibility to program STATUS timeout.

· In the RT mode there is a possibility to buffer the received messages for each subaddress. Programming the message receiving timer can be done upon the BC commands. There is a possibility to block messages receiving/transmitting for specified subaddresses.

· There are three basic modes of monitor operation: Message monitor, Word monitor and Combined monitor. All three modes allow specifying the RT address to use the device as the addressed monitor. 

· In the addressed messages monitor mode, the device responds as an RT to the commands addressed to it and monitors messages from the addresses specified in the list. 

· In the combined monitor mode the information is registered by the message monitor while being parsed as a message. In parallel the word monitor registers any transmitted word if it starts with the sync signal and two valid bits.

· In the word monitor mode the device responds to the commands addressed to it as an RT and receives all words transmitted via two buses.

· Possibility to test the transmitter/receiver units and bus status.

· Single power supply source +5V. 

· TA is connected to the data bus via TIL6 transformers manufactured by OAO “Mstator” (Russia) or any other transformers recommended to use with the Holt HI-1567CDI transceiver.

Remark: National standards GOST 26765.52-87 and GOST R 52070-2003 define message format numbers (which are used hereinafter) as follows:

1
BC to RT transfer

2
RT to BC transfer

3
RT to RT transfer

4
Mode command without data word

5
Mode command with data word (transmit)

6
Mode command with data word (receive)

7
BC to RT(s) transfer (broadcast)

8
RT to RT(s) transfer (broadcast)

9
Mode command without data word (broadcast)

10
Mode command with data word (receive) (broadcast)

Device structure

BC, RT, MTM, MTM operation in TA device is performed by an Actel FPGA IC. The Actel contains internal interrupt FIFO and internal control registers RAM. TA device contains the Actel and 64Kx16 data RAM. At the moment there are 3 different control interface modifications: ISA-16 interface, PCI9030 PCI bridge interface and 1892VM3T processor interface.

 Device registers
                  Table 1.1.
	Address
	Contents
	R/W
	BC
	RT
	MTM
	MTW

	0000
	Register of base address (RBA)
	R
	-
	+
	+
	+

	0001
	Register of interrupt vector (RIV)
	R
	+
	+
	+
	+

	0010
	Register of coder/decoder  (RCD)
	R/W
	-
	-
	-
	+

	0011
	Program reset of the device (RR)
	W
	+
	+
	+
	+

	0011
	Reading the three higher bits of the interrupt vector
	R
	+
	+
	+
	+

	0100
	Register of mode 1 (RM1)
	R/W
	+
	+
	+
	+

	0101
	Register of DPRAM Address (RDA) 
	R/W
	+
	+
	+
	+

	0110
	Register of mode 2 (RM2)
	R/W
	+
	+
	+
	+

	0111
	DPRAM access (RDD)
	R/W
	+
	+
	+
	+

	1000
	Timer (higher word) (TA1)
	R
	+
	+
	+
	+

	1001
	Timer (lower word) (ТА2)
	R
	+
	+
	+
	+

	1010
	Register of RT address (RTA)
	R/W
	-
	+
	+
	-

	1100
	Register of timer control (RTC)
	R/W
	+
	+
	+
	+

	1101
	Register of the last command (RLC)
	R
	-
	+
	-
	-

	1110
	Register of message address (RMA)
	R/W
	+
	+
	+
	+


It should be noted that specified register addresses include only address bits ADR[4]-ADR[1] which allow to address 16-bit device registers. Generally, in systems where byte addressing is possible (i.e. in computers with ISA or PCI interfaces) the device should be accessed by 16-bit words only and programmer should use only even (16 bit access) addresses 00000-11100 calculated by shifting specified register addresses one bit left.

1.1. Register of Base Address (RBA). Address 0000
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	BS
	IP
	AK
	Not used
	Block address


Fig. 1.1
The Register of base address is located in the Actel internal RAM at the address 0000. In the remote terminal, message monitor or word monitor modes during message processing the RBA[9.0] contains the address consisting of 64 words block being processed at the moment. After the block has been processed, the RBA[9.0] contains the jump address. Bit 9 is a higher bit.

In the RT mode the BS bit is used to define the “RT busy” bit for the subaddress of the message which address is specified in the block address field.

In the RT, MTM and MTW modes the IP bit allows registering in interrupt FIFO the results of processing the message which address is specified in the block address field.

The АК bit is generated only while reading the register in the RT mode and equals to “1” if the Actel is processing the command received from the data bus at that moment.

1.2. Register of Interrupt Vector (RIV). Address 0001
	¹
	Register of interrupt vector

	15 
	FIFO load tag

	14
	Timer overflow

	13
	Device bus jamming

	12
	Device version number

	11
	Not used 

	10
	FIFO overflow

	9 - 0
	Block address (FIFO buffer 256 words deep)


Fig. 1.2

The lower 10 bits and RIV[11] are read from FIFO buffer 256 words deep.

RIV[15]=1 – Interrupt FIFO buffer contains the vector.

RIV[14]=1 – timer overflow. 

RIV[13]=1 – bus jam (800 us) based on time of the continuous coder transmission. Jam definition counter is reset if the transmission is paused for more than 1us. Channel jam tag is registered in the trigger and reset after the reading cycle of the interrupt FIFO has been completed. If both the jam continues and the interrupt blocking is not set, the interrupt will occur again.

RIV[15:13] bits might be read separately, without incrementing FIFO at the address 0011 (RR).

RIV[10]=1 – FIFO overflow tag.

RIV[9-0] bits are the higher bits of the address of the block containing the message that caused the interrupt.

RIV[12] - Device version number can be read once after the device power-on or after the Interrupt FIFO reset (writing 1 in RM1[2]). Device version number is a 16-bit word, which can be read in serial format by reading RIV[12] 16 times. Less significant bit is read first. Last version number at the moment of last modificaton of this guide is 10.

1.3.  Register of Coder/Decoder (RCD). Address 0010

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Data Register


Fig. 1.3

Register of coder/decoder is used while testing the device data bus connection. Writing to the address 0010 is made to the buffer register of the coder. The sync signal type is defined by the RM2[5] value, the bus number is defined by the RM2[6] value. The device can be started only in the MTW mode on RCD writing. The MTM mode must be blocked at that time. If the device in the MTW mode has its own RT address in the bus, transmitting the command with the address allocated for this RT to the bus will start the RT algorithm. Otherwise the transmitted word will be registered by the word monitor only.

Reading at the address 0010 is performed from the buffer register of the decoder. Since any last received word is located in this register, it is recommended to use the standard MTW memory reading procedure because for each word received a tag word will be registered there (sync signal type, validity, pause). RD[15] bit is a higher bit.

1.4.  Terminal reset and Register of Reset (RR). Address 0011

TA reset signal should be not less than 15 ns. TA circuit reset signal does not reset the contents of the Actel internal RAM. RAM is reset only upon power supply switched on. TA control registers are duplicated in the Actel internal RAM. Device control is performed from the dedicated triggers that are reset upon reset signal. Reading the contents of the control registers is performed from the internal RAM. Thus, after the reset signal is transmitted the contents of the internal registers being read might not be equal to zero, whereas the control triggers themselves have been reset.

In the cycle of reading this address, the interrupt tags (RIV 3 higher bits) are read, however interrupt FIFO is not incremented.

1.5. Register of Mode 1 (RM1). Address 0100

	¹
	Initial value 
	Register of mode 1

	15, 14
	00
	Operation mode

00 - BC, 01 -RT,  10 – MTM, 11 - MTW 

	13, 12
	0
	STATUS timeout

00 - 14 us, 01 - 18 us, 10 - 26 us, 11 - 63 us

	11
	0
	Blocking the MTM in MTW mode (Н)*

	10
	0
	Enabling interrupts generation via IRQ output (H)

	9
	0
	Disabling bus A transmitter (L)

	8 
	0
	Disabling bus B transmitter (L)

	7
	0
	Blocking the bus А receiver (L)

	6
	0
	Blocking the bus В receiver (L)

	5
	0
	Blocking (Н) the global BS for mode commands (RT mode)

	4
	0
	Blocking (Н) the data transfer commands interrupts in the RT mode

	3
	0
	Disabling the RT address update (Н). Starting the RT, MTM, MTW

	2
	0
	Resetting the interrupt FIFO (H)

	1
	0
	Blocking (L) the data transmission to the mode commands with the BS=1(RT mode)

	0
	0
	Blocking (Н) the data transmission to the command “Transmit Last Command” with the BS=1(RT mode)


*- L – logical zero    H – logical one

Fig. 1.4

Upon switching on the power supply all bits are set to zero. 

When the MTW mode (11) is set, three modes below are switched on simultaneously:

· RT responds to the commands containing its address;

· MTM process messages defined in the address list (every message is processed until the message end or message error);
· MTW registers all words in the bus. 

To use only MTW mode (without MTM mode) the MTM operation should be disabled by setting the RM1[11] bit to 1.

RM1[9], RM1[8] bits block the transmitters of buses A and B respectively.

RM1[7], RM1[6] bits block the decoders of bus A and bus B.

RM1[4] set to '1' blocks RT interrupts on data transfer commands (formats 1,2,3,7,8). Before device version 10 both normal and error interrupts are blocked by this bit setting. Since device version 10 the RT generates interrupt on message error in formats 1,2,3,7,8 regardless this bit setting if RM2[10]=0.

RM1[3] set to '1' blocks RT address modification while writing RM2. If RM1[3]=0 the remote terminal is not considered to be initialized. If RM1[3]=0 message timer is reset and the MTM and the MTW  modes are not switched on either. If it is necessary to switch off the RT mode, code 11111 can be written into the address field.

Interrupt FIFO is reset while RM1 is written if RM1[2] is set to 1.

1.6. Register of DPRAM Address (RDA). Address 0101

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	DPRAM address


Fig 1.5.

Reading and writing to RDA is performed without arbitration. The counter value is incremented after every read or write cycle completion within all 16 counter bits. RDA[15] bit is a higher bit.

 1.7. Register of Mode 2 (RM2). Address 0110
	¹
	Register mode 2 (for BC mode)

	15
	Start of the message chain (Н)

	14
	Interrupt upon receiving an error or a bit set to STATUS (H)

	13
	Stop and interrupt upon completion of the current message (H) 

	12
	Retry is allowed (globally) (Н) (set from CTRLW)

	11
	Two retries are allowed (Н)

	10
	First retry via active (L)/alternative (H) bus

	9
	Second retry via active (L)/alternative (H) bus

	8
	Blocking the bus jam tag (Н)

	7
	Not used

	6
	Switching to the alternate bus during bus jam (Н)

	5
	МЕ, SF, SR, BC, TF, BS status word bits masking mode (Н)

	4
	Reserved, DN and T/R status word bits masking mode (L)

	3
	Stop of the chain and interrupt when the nonmasked bit is found in the STATUS (“or” with the 12 bit of the CTRLW register)

	2
	Stop of the chain and error interrupt (“or” with the 11 bit of the CTRLW register)

	1
	Not used

	0
	BC bit masking mode (H - comparison, L – blocking with RCW[4]=0) 


Fig. 1.6.а
The signal of the message chain start is generated while writing ‘1’ to RM [15] bit. The chain must be started after all the required registers have been set and the control data has been written into DPRAM.

RM2[14]=1 means that if the error is found in the message or the set bit is found in the STATUS, the interrupt will be generated for this message while processing the chain irrespective of the CTRLW[15] bit value.

RM2[13]=1 means that after current message completion the device will generate the interrupt vector and will stop the autonomous processing of the message chain notwithstanding the value of the 13 bit of the register of the control word. Setting this tag blocks the possibility of the automatic retries.

RM2[12] = 0 disables message retry upon receiving the error, notwithstanding the RCW[9] value. RM2[12]=1 allows automatic retry upon receiving the error if RCW[9]=1. Message error means any error while receiving data according to Table 2.3.
RM2[11] = 1 means that if the retries upon the error are allowed, the number of the allowed retries must not exceed two. RM2[11] = 0 limits the number of retries up to one.

RM2[10-9] bits define via which bus channel the retry can be performed. The main bus is a bus which number is specified in the control word.

RM2[8] bit along with RM2[6] bit define the controller response to incomplete transmission via the bus which should be used for transmitting a new message. 

Table 1.2
	RM[8]
	RM2[6]
	Action

	1
	Х
	Transmitting to the main bus notwithstanding the busy status. 

	0
	1
	Transmitting to the alternate bus if the main one is busy. If the alternate bus is also busy the chain is stopped. If the CTRLW[14]=0, the device tries to repeat the transmission to the main bus and if it is busy, exits with the error message (111 in table 2.3).

	0
	0
	Waiting for the end of transmission in the main bus. If the bus is busy for more than 800 us, bus jamming interrupt is generated and the error tag 111 is defined as per 2.3


RM2[5]=1 allows masking the bits of the status word (STATUS). Status mask is defined in the control word. If RM2[5]=0 the appropriate bits of the control word are ignored.

RM2[4]=0 blocks the possible message retries and the stop upon receiving the set reserve bits and DN bit in the status word.

RM2[3] defines the possibility to continue the message chain if the nonmasked bit is found in the status word.

RM2[2] defines the possibility to continue the message chain disregarding the error found in the message and the impossibility of retries. If RM2[2]=1 the value of the RCW [11] is ignored and the message chain does not stop when the error is found. If RM2[2]=0 the RCW[11] is used to verify the possibility to continue the message chain.

RM2[0] is used to define the bit masking mode “Broadcast Command Received” of the status word (BC). If RM2[0]=1 the mask (RCW[4]) is compared to the BC value. If the values match, the interrupt will not occur. If the values do not match, the nonmasked bit detection is defined. If RM2[0]=0 and RCW[4]=0 the BC bit value is ignored. If RM2[0]=0 and RCW [4]=1 the set BC bit will cause the defined bit tag to appear in the status word.

	¹
	Register of the mode 2 (for RT, MTM and MTW)

	15 - 11
	RT address in the bus (15 bit is the higher bit)

	10
	Blocking the message error interrupt (H)

	9
	Mode with the instrumentation bit (Н)

	8
	“Service Request” (SR) bit in the status word

	7
	RT – SR bit reset upon receiving the command “Transmit Vector Word” (Н)

	6
	Bus number upon coder starting in the MTW mode (L - bus А)

	5
	Sync signal type upon coder starting in the MTW mode (L - data)

	4
	Enabling the broadcast command reception (H)

	3
	“RT busy” (BUSY) bit in the status word (global BS) 

	2
	“ Subsystem Flag” (SF) bit in the status word

	1
	Enabling the dynamic bus control accepting (H)

	 0
	“RT Flag” (TF) bit in the status word


Fig. 1.6.b

Bits RM2[15-11] define the remote terminal address in the data bus. The address is written if RM1[3]=0. Writing code 11111 blocks the RT operation.

RM2[10] bit is used in the RT mode to block the message error interrupt. In such a case the message result is not be written into DPRAM, the block address is not written into the interrupt FIFO and the message is ignored.

RM2[9] bit can be used in the RT and MTM modes to differentiate between the command and status words.

 RM2[8] bit defines the value of the “ Service Request” bit in the RT status word. The bit value is re-written in the status word before its transmission.

RM[7]=1 allows SR bit reset when receiving the command word “Transmit Vector Word”. Upon receiving this command the SR bit is reset in all status words until it is re-written in RM2[8]. It also worth mentioning that RM2[8] always equals to the written value when being read and is not reset upon the command “Transmit Vector Word”.

RM2[6] bit is designed to define the number of the bus via which the word will be transmitted in the test mode. RM2[6]=0 means that the word will be transmitted to bus А, RM2[6]=1 means that the word will be transmitted to bus В. The transmission can be started by writing to address 0010, when running in the MTW mode.

RM2[5] bit is designed to define the sync signal type of the word transmitted in the device test mode. RM2[5]=0 means that the word will be transmitted with the data sync signal, RM2[5]=1 means that the word will be transmitted with the command sync signal. The transmission can be started by writing to address 0010, when running in the MTW mode.

RM2[4] bit defines the RT response to receiving the command words with the broadcast address. RM2[4]=0 means that broadcast commands are ignored by the RT.

RM2[3] bit defines the value of the “RT busy” bit in the status word. If RM2[3]=1 the information words in the formats 1, 2, 3, 7, 8 are neither received nor transmitted. The bit “RT busy” is set in the status word. Besides that this bit can be defined locally upon reading the RBA on the certain address.

RM2[2] bit defines the value of the “ Subsystem Flag” bit in the status word.

RM2[1]=1 defines that the bit “Dynamic Bus Control Accepted” will be transmitted in the status word in response to the command “Dynamic Bus Control”. Actual switching the device to the BC mode is performed by the processor upon receiving the interrupt from RT.

RM2[0] defines the value of the “ RT Flag” bit in the status word. 

1.8. DPRAM access (RDD). Address 0111

Reading and writing the DPRAM is performed at the address defined by the RDA. Upon completion of the read (write) cycle, the RDA value is incremented.

1.9. Timer (higher word) (TA1). Address 1000

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	ТА1


Fig. 1.7.

The processor can only either read or reset the timer value. TA1[15] bit is a higher bit. Writing to timer can be done from the data bus in the RT mode.

1.10. Timer (lower word) (TA2). Address 1001
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	ТА2


Fig. 1.8

The processor can only either read or reset the timer value. Writing to timer can be done from the data bus in the RT mode. TA2[15] bit is a higher bit.

1.11. Register of RT addresses (RTA). Address 1010
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	D
	W
	E
	R
	x
	ADR


Fig. 1.9.а
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	D
	W
	E
	R
	Not used
	ADR
	Not used.


Fig. 1.9.b

When addressing this register the read and write operations are performed over the two internal Actel RAMs used in the remote terminal and message monitor modes.

D – writable (readable) value of the allowed addresses RAM.

W - enable (1) writing the value from D field into RAM.

E – global enable (0) of all addresses (subaddresses).

R – select remote terminal /message monitor RAM.

ADR – RAM cell address.

First RAM with the size of 2Kx1 allows to define the RT response to the command which has the not implemented code in the field of the receiving/transmitting bit, subaddress and the DATA number. In this case the RT will respond to such a command with the status word with the set bit “Message Error” and will not generate an interrupt and will not transmit or receive any data for this command. Subaddresses 00000 and 11111 with any value of the receiving/transmitting bit are not used. The list of allowed mode commands is defined by the separate built-in ROM. This ROM disables all reserved mode commands and all undefined mode commands. It is possible to illegalize allowed mode commands by writing '0' in appropriate RAM cell. "Transmit Status Word" and "Transmit Last Command Word" mode command cannot be illegalized.

If the Actel is used in the addressed message monitor mode, the second RAM with the size of 32x1 is used for defining a list of the monitored RTs. Address 11111 defines the broadcast messages recording mode. To record the broadcast messages with the message monitor, it is required to disable the broadcast messages in the RT (RM2[4]=0).

RAM choice is defined by the value of the R bit. When R=0 the RAM of the RT allowed commands is addressed (fig. 1.9.a). When R=1 the RAM of the MTM address list is accessible (fig. 1.9.b).

When writing to the ADR, the address of the cell being written is defined, the RTA[10] bit is a higher bit for the RT RAM and corresponds to the receiving/transmission bit of the command code. Writing «1» value to the corresponding bit of the subaddress allows its usage. If during writing operation the bit RTA[14]=1, it allows writing the data bit from the field RTA[15]. During writing E tag from RTA[13] field is defined irrespectively of the value of field W, and the value Е=0 defines enabling all addresses (subaddresses). Upon reset and switching power on Е=0.

Reading the RAM cell is performed in two steps. First, it is necessary to write the address of the cell being read via writing cycle with the values of fields W=0 and Е=1. Then, the reading cycle is performed. The value is read from the field D. There must not be any other internal or external cycles between these references; therefore, the device must be passive when working with this RAM. 

1.13.  Register of Timer Control (RTC). Address 1100

	¹
	Register of timer control (RTC)

	15 - 14
	Not used

	13
	Blocking the timer stop upon overflow (Н)

	12
	Interrupt upon overflow of the lower 16 bits (Н)

	11
	Blocking the timer regeneration

	10
	Timer reset and blocking (L)

	9-7
	Defining the step of calculation

	6
	Timer value is reset by the command «Synchronization»

	5
	Timer lower word is regenerated by the command «Synchronization with data word»

	4 - 0
	Command subaddress upon which the timer value is renewed


Fig. 1.10.

RTC[13]=1 allows timer counter continuation after overflow. Timer overflow interrupt is generated and can be reset on reading the interrupt vector.

RTC[12]=1 allows generating the interrupt upon timer lower word overflow.

RTC[11] is used to make the processor read two timer registers. Before reading it is necessary to write “1” to RTC[11]. Timer internal incrementing will continue, but the TA1 and TA2 value available for the processor will not change. After reading has been completed RTC[11] must be set back to “0”.

RTC[10]=0 resets the timer value and disables its incrementing.

RTC[9-7] bits define the timer incrementing step.

Table 1.3

	
	
	RTC
	

	us
	9
	8
	7

	1
	0
	0
	0

	2
	0
	0
	1

	4
	0
	1
	0

	8
	0
	1
	1

	16
	1
	0
	0

	32
	1
	0
	1

	64
	1
	1
	0

	Off
	1
	1
	1


RTC[6]=1 is used in the RT mode to allow timer reset when receiving “Synchronization” command.

RTC[5]=1 is used in the RT mode to allow writing a new value received from “Synchronization with data word” command, to timer lower word. 

RTC[4-0] bits are used to define the selected subaddress dedicated to rewriting the timer value with the words received from the data bus. In this case in formats 1, 3, 7 and 8 the RT writes the first data word to the timer lower word, and the second data word to the timer higher word. Simultaneously all received data words of this subaddress are written to DPRAM. If the function is not used, codes 11111 or 00000 must be written to RTC [4-0] bits.

1.14.  Register of Last Command (RLC). Address 1101

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Last command


Fig. 1.11

This register stores the last completed RT command, excluding command “Transmit Last Command”. Since all necessary commands are written to DPRAM, reading this register is only recommended when diagnosing the device. RLC [15] bit is a higher bit. 

1.15.  Register of Message Address (RMA). Address 1110.

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Reserve
	Block address


Fig. 1.12
Register of message address defines the base address of the first DPRAM access. Depending on the mode of the device operation this may be either base address of the subsequent block (BC mode) or the address of the address table (RT, MTM or MTW modes). RMA[9] bit is a higher bit. 

In the BC mode an RMA writing during message chain processing causes resetting the continuation tag in the current message. As soon as current message is completed, the chain is interrupted.

2.  Bus Controller Mode
BC mode is defined by writing the mode code to the RM1. To start the controller, it is necessary to load the base RMA value and start BC autonomous operation with RM2 writing. Required commands, data words and control information must be written to the device DPRAM. Upon receiving the start signal (writing “1” to RM2[15]), the controller starts operating autonomously and reads the control word from the DPRAM. Transmission delay word will be read next. After that the BC will read the first command and transmit it to the data bus. After transmission and receiving commands, data words and status words is finished, the BC will write the message status word, two timer value words and will read the jump address to next message, having written it to RMA. Block addressing for message format 3 is shown in Fig. 2.1. 


[image: image1]
2.1.  Control Word Format (CTRLW).

	¹
	BC control word

	15
	Interrupt vector commitment is allowed.

	14
	Channel number changing is allowed

	13
	Automatic continuation tag

	12
	Chain stop and interrupt if the nonmasked bit is set in the status word («or» with RM2[3])

	11
	Chain stop and interrupt upon message error («or» with RM2[2])

	10
	ME bit mask (0 – bit blocking)

	9
	Retry is allowed (Н)

	8
	SR bit mask (0 –bit blocking)

	7
	Bus number

	6
	RT-RT message

	5
	NOP command

	4
	BC bit mask

	3
	BS bit mask 

	2
	SF bit mask

	1
	BS mode

	0
	TF mask


Fig. 2.2.

Control word is read first from address 61. 

CTRLW[15]=1 allows writing interrupt vector to FIFO when message is completed. In BC mode interrupt is generated until FIFO is fully read. Besides that, interrupt is caused by the buses jamming (800 us) or timer overflow. 

CTRLW[14]=1 allows changing the transmission bus number when the errors are found in the message. The order of changing the bus number is defined by RM2[10-8]. If CTRLW[14]=0 message retry can be performed only via the active (defined in CTRLW) bus.

CTRLW[13]=1 defines the possibility  of automatic start to process the next message, if the result of processing the current message and the value of CTRLW [12] and CTRLW [11] do not implicate the BC stop. The value of this bit can be blocked by writing “1” to RM2[13].

CTRLW[12]=1 or RM2[3]=1 define the message chain stop and interrupt if the nonmasked bit is set in the status word. If CTRLW [12]=0 and RM2[3]=0 message chain does not stop.

CTRLW [11]=1 or RM2[2]=1 define the message chain stop and the interrupt if the limit of retries is exceeded and the error is found in the message. If CTRLW [11]=0 and RM2[2]=0 message chain does not stop.

CTRLW[10]=0 blocks checking of the “Error message” bit in the status words received from RT.

CTRLW[9]=1 allows using retries for this message if this is defined in RM2.

CTRLW[8]=0 blocks checking of the “Service Request” bit in the status words received from RT.

CTRLW[7] defines the number of the bus via which the message is transmitted. CTRLW[7]=0  defines bus А (first).

CTRLW[6]=1 defines the RT-RT message (message format 3 or 8). If the address part of the first command contains code 11111, message format 8 is defined.

CTRLW[5]=1 defines the completion of the waiting command without transmitting to the data bus.

CTRLW[4] along with RM2[0] defines the control mode for “ Broadcast Command Received” bit in the status words received from the RT. 

Table 2.1

	CTRLW[4]
	RM2[0]
	Control mode of the ВС bit

	0
	0
	ВС bit value is ignored

	0
	1
	If ВС=1, that is, the mask does not match, the nonmasked status bit tag is set 

	1
	0
	ВС bit set will cause setting the nonmasked bit tag in the status word

	1
	1
	If ВС=0, that is, the mask does not match, the nonmasked status bit tag is set


CTRLW[3] along with CTRLW[1] defines the mode of processing “Subsystem is Busy” bit in the status word. Table 2.2 shows possible responses of the bus controller to receiving status word and data words in message formats 2, 3, 5, 8 depending on the BS bit processing mode (RM2[5]=1). 

When setting bit “RT busy” (BS) in the status word, the remote terminal does not transmit the information words to the bus. CTRLW[1] bit defines the BC response to such a message. If CTRLW[1]=0 controller does not recognize error message if no data words are received after the status word with the BS bit set. If CTRLW [1]=1 the BC will perform the actions defined by the error tag when receiving the response part of the message.

Table 2.2

	CTRLW[1]
	CTRLW[3]
	CTRLW[12]


	Received from RT
	Action

	0
	0
	0
	Status word with «BS»
	No stop. No error.

	0
	0
	0
	Status word with «BS» + data
	Error (many words)

	0
	0
	1
	Status word with «BS»
	No stop. No error.

	0
	0
	1
	Status word with «BS» + data
	Error (many words)

	0
	1
	0
	Status word with «BS»
	No stop. Bit in the status word.

	0
	1
	0
	Status word with «BS» + data
	Error (many words). Bit in the status word.

	0
	1
	1
	Status word with «BS»
	Bit in the status word. Stop upon BS

	0
	1
	1
	Status word with «BS» + data
	Error (many words). Bit in the status word.

	1
	0
	0
	Status word with «BS»
	Error (integrity)

	1
	0
	0
	Status word with «BS» + data
	No stop. No error.

	1
	0
	1
	Status word with «BS»
	Error (integrity)

	1
	0
	1
	Status word with «BS» + data
	No stop. No error.

	1
	1
	0
	Status word with «BS»
	Error (integrity). Bit in the status word.

	1
	1
	0
	Status word with «BS» + data
	No stop. No error. Bit in the status word.

	1
	1
	1
	Status word with «BS»
	Error (integrity). Bit in the status word.

	1
	1
	1
	Status word with «BS» + data
	Bit in the status word. Stop upon BS


CTRLW[2]=0 blocks checking of the “Subsystem Flag” bit in the status words received from RT.

CTRLW[0]=0 blocks checking of the “RT Flag” bit in the status words received from RT.

If the status word masking mode is switched on (see RM2[5]) and the status word in which the bits match the interrupt mask was received, the chain will not stop.

If RM2[13] is set from the processor messages will not be retried.

2.2. Transmission Delay Word (TDW).

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Not used
	Transmission delay pause


Fig. 2.3.

Transmission delay word is read from DPRAM as a second word and is designed to set the command timeout. TDW[11] bit is a higher bit. Calculation step is 1 us. Transmission delay word is read from DPRAM during the first message transmission. During messages retry transmission delay function is switched off. 

2.3. Format of the words transmitted via the bus.

In the BC mode all the words transmitted by the controller and received from the bus are stored in DPRAM in the order of their transmission. Command words, data words and status words format meets the MIL-STD-1553B requirements.

2.4. BC State Word (STATEW).

State word is written to DPRAM right after message control is completed. Writing is performed in the block mode. First the STATEW is written, then two timer value words are written, then the interrupt vector is written to FIFO (if this is specified in CTRLW). New RMA value is read last. 

	¹
	        State word (BC )
	

	15 - 10
	Total number of words in the message 

	9
	Chain stop tag (BC stop)

	8
	Not used

	7
	Message completed

	6
	Message retry required

	5
	Nonmasked bit is set in status word 1

	4
	Nonmasked bit is set in status word 2

	3
	Actual bus number

	2 - 0
	Error code


Fig. 2.4.

STATEW[15 -10] bits define the code of the number of words transmitted and received by the controller from the bus. When message error is found, message processing stops and nothing is written to DPRAM. STATEW[15] bit is a higher bit.

STATEW[9]=1 means that the message chain has been completed and the BC is stopped.

STATEW[7] bit defines “Message processed” bit.

STATEW[6] bit defines message retry.

STATEW[5] bit is set if the second status word of message 3 or the status word of the other messages contains the set bit not blocked by the mask.

STATEW[4] bit is set if the first status word of message 3 contains the set bit not blocked by the mask.

STATEW[3] bit defines the number of the bus via which the last transmission was performed. If retries occurred STATEW[3] might not match the bus number specified in the CTRLW[4]. If the message was not transmitted and the retries limit exceeded, this bit stores the value of the bus number via which the last transmitting attempt was performed.

STATEW [2-0] bits set the message error code.

Table 2.3

	Error code

2        1         0
	Error type


	0
	0
	1
	Parity or “Manchester 2” code

	0
	1
	0
	Incorrect status word timeout

	0
	1
	1
	Message integrity is broken

	1
	0
	0
	The number of information words exceeds the specified number

	1
	0
	1
	Incorrect RT address

	1
	1
	0
	Incorrect sync signal type

	1
	1
	1
	 Bus is busy during transmission or there is no receiving tag for the last word 


If RM2[6]=1, error code 111 means that the controller was waiting for the bus transmission completion for more than 800 us and after that it stopped this message processing. 

If RM2[6]=0 the bus busy tag is set only if at the end of transmission delay the Manchester code is still being transmitted in the bus via which the command must be transmitted.

 This error code may be also generated if there is no tag of receiving the last word. The tag might not be generated due the malfunction of the analogous transceiver or the bus itself.

2.5.  Higher and lower timer word.

After writing the STATEW, the controller writes two timer value words to DPRAM. Recording the timer value occurs when the block writing is started, that is, when the state word is written. The higher timer word is written first, the lower word is written next. 

2.6.  Jump address.

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Not used
	Block address


Fig. 2.5

Jump address is read from DPRAM last and is written to RMA. If the CTRLW does not contain the automatic continuity tag, new jump address is not written into RMA.

When performing the waiting operation (code 0111) after the pause timeout has been calculated the transmission to the bus is not performed and the controller starts processing the next message (if the automatic continuation tag is set in the CTRLW).

3.  Remote Terminal Mode

Device is set to remote terminal mode when the power is switched on. To prevent the RT from responding to commands with the address 00000 start blocking is implemented, the blocking being reset when “1” is written to RM1[3]. After the power has been switched on the following RT initiation procedure is recommended:

· Set the RT address by writing RM2;

·  Prepare the data arrays to be transmitted and received in DPRAM;

· Write block address table to DPRAM;

· Set the table address by writing the RMA;

· Define the list of allowed RT subaddresses.

· Write the RM1 with the RM1[3]=1. After that the RT is ready for operation.

[image: image2]Fig. 3.1
Remote terminal starts processing the message if the valid command with the individual or broadcast RT address is received. Receiving broadcast messages can be blocked if RM2[6]=0.

First of all the base address is read from the RT address table. Read address is generated from the RMA (10 higher bits) + T/R bit + SA from command. Table content is written to the register of base address. 

Two fixed jump addresses from the table are specified for the two mode commands with data transmission. “Transmit vector word” command address is read from cell 100000, and “Transmit BIT word” command address is read from cell 111111.

All other commands are written to the common base chain defined by subaddress 011111. "Internal commands" are not written to the memory and no interrupt is generated for them. Subaddress 00000 is reserved for use in the monitor mode.

The following commands are pertinent to “Internal commands”: “Transmit status word” (00001), “Transmitter Shutdown” (00100), “Override Transmitter Shutdown” (00101), “Inhibit Terminal Flag Bit” (00110), “Override Inhibit Terminal Flag Bit” (00111), “Transmit Last Command” (10010).

After loading the value from the table to the register of base address, the RT reads or writes data words (DATA) incrementing the address counter in the block.

After message processing has been completed the RT write the state word and two timer words to DPRAM in block mode and overwrites the jump address to the data block address table. If during the operation cycle the processor has overwritten the RMA value, jump address does not change. Jump address word format is similar to the one of the register of base address. 

3.1. Register of Base Address (RBA).

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	BS
	IP
	RT
	Not used
	Block Address


Fig. 3.2

RBA[15] bit along with RM2[3] sets the “RT busy” bit in the status word of the RT. Whereas RM2[3]=1 sets this tag to be generated in response to every command, RBA [15]=1 sets this tag to be generated in response to the certain message of the certain subaddress. After having generated the chain of one message and written “1” to the higher bit of jump address (fig. 3.1), RT flag mode of TX1 board can be emulated.

RBA[14]=1 allows recording in the interrupt FIFO the results of message which address is specified in the block address field.

RBA [13] is available only when reading. 

RBA [13]=1 means that while reading the RT is in the cycle of command processing.

3.2.  RT State Word (STATEW).

	¹
	State word  (RT)

	15
	Not used

	14
	Message error*

	13
	Not used**

	12
	Broadcast Command Received 

	11
	Number of the bus via which the command is received

	10
	Command “receiving/transmission” bit

	9 – 5
	Command “subaddress” field

	4 – 0
	Command “number of words” field


* Since device version 9. Not used before.

**Since device version 9. Message error before.

Fig. 3.3

STATEW[14] is an “Message error” bit from the status word.

STATEW[12] is a “Broadcast Command Received” bit from the status word.

STATEW[11] defines the number of the bus via which this command was received.

STATEW[10-0] bits contain the corresponding bits of this command.

3.3. Higher and Lower Timer Words.
After writing the STATEW, the RT writes two timer words to DPRAM. Recording the timer value is done when wring the block starts, that is, when the state word is written. Higher timer word is written first, then the lower word is written. 

3.3.  Bus Switching in the RT mode.

If the valid command is received via alternate bus before block writing of the message results (writing STATEW), the RT will switch to processing of the new command, having reset the tags of the first message. If the RT processes the block writing of the message results, the message will be completed in a standard way.

3.4.  Modifications in the data block address table.

When receiving the command of message formats 1, 2, 3, 7, 8 and control commands with codes 10000, 10001,10011, 10100, 10101 from the BC the RT uses the data block address table to define the message block address in the dual-port external RAM (Fig. 3.1). When receiving such a command the internal device bus is locked for four cycles (block 1). In the first cycle the last command code is overwritten, in the second cycle the RMA value is written to the internal counter of the DPRAM address. In the third cycle the block address is read from DPRAM. In the fourth cycle this address is written to DPRAM internal address register. While processing block 1 processor has no access to DPRAM and TA registers. If message format allows block 1, block 2 containing six cycles will be processed at the end of message processing. First, second and third cycles mean, respectively, writing the state word, the lower and the higher timer word to DPRAM, the fourth cycle mean reading jump address , the fifth means restoring the address of the jump address table in the DPRAM address register, the sixth means writing a new jump address value to the address table. While processing block 2, processor has no access to DPRAM and TA registers. If processor changes the address table during the interval between block 1 and block 2, then, if the address of the block being processed at the moment matches the address set by the processor, the sixth cycle of block 2 will not be processed and the table will contain the value modified by the processor. 

If any interrupt is received or RBA[13]=0 when the processor reads it, this shows that the new value in the address table has replaced the old one.

4.  Message Monitor Mode.

MTM mode is set by writing RM1. To enable the address monitor, the RT address different from code 11111 must be set in RM2. MTM starts after overwriting is blocked in RM1[3]. The MTM initiation procedure is similar to RT initiation, but only the cell with address 000000 is used in the address table and the RT address list defined by MTM is set in the allowed address RAM. RT address dedicated to this module must not be included in the MTM list.

In the MTM mode the device recognizes message transmission start using the same criteria used in RT. Message control is performed until the first error occurs. To separate the command words and status words unambiguously, MTM is recommended to use is the systems using “instrumentation bit“.

After receiving the command matching the list of allowed commands, the MTM reads the contents of cell 000000 of the data block address table and writes it to RBA.

4.1.  Register of Base Address (RBA).

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	x
	IP
	x         x        x        x 
	Block address


Fig. 4.1

RBA[14]=1 allows recording the interrupt of the message processing results.

Fig. 4.2 shows memory allocation in the block for the message of format 3. Words received are written subsequently, starting with the zero address. Message control is performed until the first error occurs. Upon receiving completion the state word is written to DPRAM.

4.2. State Word of the MTM Mode (STATEW).

	¹
	State word (BC)

	15 -10
	Total number of words in the block

	9 -6
	Message format

	5
	Bit is set in status word 1

	4
	Bit is set in status word 2

	3
	Bus number

	2 - 0
	Error code


Fig. 4.2

STATEW[15 -10] bits set the code of the number of words received from the bus by the monitor. If an error occurs in the message, the control is stopped and nothing is written in DPRAM. STATEW[15] bit is a higher bit.

STATEW[9-6] bits (Table 4.1) set the code of the received message format. If the format is not uniquely set, code 0111 is generated. Most frequently this error occurs if in the system not using the instrumentation bit the remote terminal generates the status word in response to the error message.

Table 4.1

	Message format code

9          8        7         6
	Message formats

	Х
	0
	0
	0
	BC to RT transfer (Message formats 1 or 7)

	0
	0
	0
	1
	RT to BC transfer (Message format 2)

	Х
	0
	1
	0
	RT to RT transfer (Message formats 3 or 8)

	Х
	0
	1
	1
	Mode command (Message formats 4 or 9)

	Х
	1
	0
	0
	Mode command with the data word to RT (Message formats 6 or 10)

	0
	1
	0
	1
	Mode command with the data word from RT (Message format 5)

	0
	1
	1
	1
	Format error

	1
	1
	1
	1
	State word of the monitor of words (MTW)

	Х: 0 – addressed message;  1 -  broadcast message


Code 1111 is used to distinguish the STATEW in MTW mode from STATEW in MTM mode. 

STATEW[5] bit is set if the second status word of message 3 or the status word of the other messages contains the set bit.

STATEW[4] bit is set if the first status word of message 3 contains the set bit.

STATEW[3] defines the number of the bus via which the message was received.

STATEW[2-0] bits set the error code (Table 4.2).

                                                                                                          Table 4.2

	Error code

2          1          0
	Error Type


	0
	0
	1
	Parity or “Manchester 2” code

	0
	1
	0
	Incorrect status word timeout (no status)

	0
	1
	1
	Message integrity is broken (no data)

	1
	0
	0
	The number of information words exceeds the specified number

	1
	0
	1
	Incorrect RT address

	1
	1
	0
	Incorrect sync signal type
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Fig. 4. 3

4.3. Higher and lower timer word.

After writing STATEW, the RT writes two words of timer values to DPRAM. Recording the timer value occurs at the moment of starting block writing, that is, at the moment when state word is written. The higher timer word is written first, then the lower word is written.

4.4. Bus switching in MTM mode.

If the valid command had been received via alternative channel before the block writing of the message results started (writing STATEW), MTM will switch to processing the new command, having reset the tags of the first message. If the MTM processes the block writing of the message results, the first message will be completed properly. If the command with this module address is received via alternative bus, the device switches to RT mode and returns to MTM mode after the status word has been transmitted.

After writing the timer value to DPRAM, MTM reads the jump address and rewrites it to zero cell of the block address table.

5.  Word Monitor Mode.

MTW mode is set by writing RM1. Device operation can be allowed in both RT and MTM modes. Operation is allowed by writing “1” to RM1[3]. Message monitor mode is enabled if RM1[11]=0. If RT and MTM modes are allowed, the monitor of words works in parallel and records all words in the bus. Message blocks for MTM and MTW create a common chain and differ with the STATEW format. RT mode has the highest priority.

MTW initiation is performed in the way similar to the one described above for MTM mode. If MTM is not allowed writing the allowed addresses RAM is not required.

When receiving the first word from the bus, MTW reads jump address from address 000000 of the block address table. Further, for each word received from the bus two words, tag word and word code itself will be written to DPRAM. 

MTW block might be finished due to the following reasons:

· Receiving a message to this RT is identified.

· Receiving a message to MTM (if it is switched on) is identified.

· Block overflow (28 words from the bus).

· The pause after receiving the last word lasted more than 127 us.

5.1. Register of Base Address (RBA).

	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	x
	IP
	x         x        x        x 
	Block address


Fig. 5.1

5.2. Tag Word (TW).
	¹
	Tag word  (MTW)

	15 - 8
	Pause code (00000000 – no pause, 11111111 - overflow)

	7
	Bus number (0 - first, 1 – second)

	6
	Simultaneous receiving via two buses

	5
	Word sync signal (1 – command)

	4
	Word error

	3
	Continuity tag for the indicated bus (1 - no pause)

	2 - 0
	Not used


Fig. 5. 2

The value of the tag word TW[15-8] contains the code of the pause between the two received words. If TW[6]=0, the pause code contains time value between the end of previous word and the beginning of the received word.  Measurement is done with the step 0.5 us between the end of transmission the last bit of the word and the start of receiving the sync signal of the next word. Thus, to get the value of the pause between words, according to MIL-STD-1553B, 2 us must be added to the resulting value. The code containing only zeros means that the word was received without pause. 

If TW[6]=1 the received word arrived at the moment when other word was being received on the altenate bus. In such a case the pause code indicates the offset of the beginning of the received word from the beginning of the other previous word on the alternate bus.

A two buses traffic example is shown on the fig. 5.2.1.
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Fig. 5.2.1

For this example the MTW will produce the following words sequence:

 0:   >127 us 1001 (K BUS:A          )

 1:    3.0 us 2001 (K BUS:B          )

 2:    4.0 us 1002 (D BUS:A          )

 3:    2.0 us 1003 (D BUS:A          )

 4:    2.0 us 2002 (D BUS:B   TW[6]=1)

 5:           1004 (D BUS:A   TW[6]=1)

 6:           2003 (D BUS:B   TW[6]=1)

 7:           1005 (D BUS:A   TW[6]=1)

 8:           2004 (D BUS:B   TW[6]=1)

 9:    2.0 us 1006 (K BUS:A          )

10:    7.0 us 2005 (K BUS:B   TW[6]=1)

11:   18.0 us 1007 (K BUS:A   TW[6]=1)

12:    0.0 us 2006 (D BUS:B          )

13:    2.5 us 1008 (D BUS:A          )

14:    0.0 us 2007 (K BUS:B   TW[6]=1)

15:    2.0 us 1009 (D BUS:A          )

16:    0.5 us 2008 (K BUS:B   TW[6]=1)

Pause codes are present only if the continuity tag TW[3] is not set.

TW[4]=1 is set if the parity or “Manchester 2”error was found in the word.

After receiving the 28th word from the bus or after MTW was interrupted by the algorithms of RT or MTM, monitor of words completes generating the block by writing the state word, two words of timer value and rewriting the jump address to zero address of the table.

5.3.  State Word of MTW. 

	¹
	State word  (MTW)

	15 - 10
	Number of words received in block

	9 – 6
	Code 1111

	5 – 1
	Not used

	0
	Stop on MTW timer overflow tag


Fig. 5. 3

STATEW[15-10] bits define the number of written words and their tags in this block.

STATEW[9-6] bits contain code 1111 in order to distinguish MTM and MTW messages.

STATEW[0] bit equals to “1” if after receiving the word the pause longer than 127 us occurred, and MTW finished receiving the block.
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Fig. 2.1 Information addressing for the block for BC mode
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