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�Essential Services Node Multi-Chip Module

(ESN MCM)

�Scope

�This document  describes the functions and interfaces of an electrical subcircuit, designed with radiation hardened components and integrated  into a single hybrid package, that provides services typically required by spacecraft instruments and subsystems. These services include data processing and storage, analog measurement, peripheral device control, timer features, multiple communication protocol links, and complete MIL - STD - 1553B / 1773 bus interfacing. 

�General Description�Overview

The ESN is a multichip module IC that, when integrated into a spacecraft subsystem, performs many of the routine functions that are required. 



In general, this device is the interface between the  instrument or sub-system and the spacecraft’s Command and Data Handling (C&DH) system via the spacecraft's MIL-STD-1553B/1773 bus.  The ESN reads commands and data from a subsystem, processes the information and sends the information to a spacecraft C&DH system.  Likewise, the ESN also receives commands and data from a spacecraft C&DH system, processes the information and sends it to the sub-system.  



To do this the ESN contains, as it’s central device, an ASIC chip.  Embedded in the ASIC is a  general purpose bus computer with the UTMC UT69R000 16-bit RISC processor as its core, the UTMC BCRTM as its MIL-STD-1553B/1773 bus interface and a number of industry standard devices as it’s on board peripherals.  In addition to the devices contained in the ASIC, the MCM also contains several memory devices used for instruction and data storage and an analog subcircuit used to support analog signal measurement. 



� REF _Ref363529690 \* MERGEFORMAT �Figure 1� is a block diagram of the MCM that illustrates it’s main features.  � REF _Ref363530157 \* MERGEFORMAT �Figure 2� illustrates the ESN integrated into a typical subsystem.



Functional Features

ASIC

The UTMC UT69R000 RISC Micro Controller for device control and data processing.

Harvard Architecture

6 MIPS @ 12MHz , Static design.

15 Levels of interrupts.

2 internal  16-bit interval timers.

21 User accessible 16-bit registers.

8-bit software controlled output discrete bus.

Internal 9600 baud UART.

Sleep mode function for power conservation.

The UTMC’s UT1553B BCRTM for MIL-STD-1553/1773 interfacing.

Dual redundant Bus Controller, Remote Terminal, and Monitor functions.

Multiple message processing in each mode.

Automatic polling and intermessage delay in BC mode.

Time tagging and logging in RT and M modes.

Internal wraparound test.

Interface for DMA of 64K of MCM Data RAM.

Two industry standard 8251A Programmable Communication Interfaces.

An industry standard 8255 Programmable Peripheral Interface

A 16 BIT parallel to serial and serial to parallel converter.

An industry standard 8254 Programmable Interval Timer.

External Device Interface for controlling additional external peripheral devices.

A Sub-second Timer for maintaining system time.

A Watchdog Timer for maintaining system health.

A Processor disable function allowing a central ESN to use numerous other ESN’s as peripheral devices.

Industry Standard JTAG Test Support

CMOS pin compatibility.

Memory

Instruction Space

64K Words of on board memory.

Externally expandable to 1M Words.

Data Space

64K Words of on board memory.

Externally expandable to 1 additional 64K Word page of I/O space.

�Figure � SEQ Figure \* ARABIC �1� : ESN Block Diagram



�



�Analog Interface

12 bit Analog to Digital data conversion with:

15 Multiplexed analog ports.

8  Additional multiplexed analog ports with an optional 1mA current source.

Optional channel expandability.

0V to 20V, 0V to 10V, -10V to +10V, and  -5V to +5V ranges.

Energy conserving ”Power Strobing” feature that enables the processor to disable power to the analog circuitry.

Operational Features

Power 

Operates off of +5V, ±15V supplies.

.5 Watts typical power consumption.

 2 Watts Maximum power consumption.

400 mWatts Minimum power consumption in sleep mode.

Radiation Tolerance

Total Dose > 100 Krads(Si)

LET(th) > 30  MeVcm2/mg.

Single Event Upset (SEU) “hard”

Single Event Latchup (SEL) immune

Military Rating

MIL-H-38534B, Option 1 Class H qualification.

Full military operating temperature range -55(C to +125(C.

Packaging

The MCM is available in a 392 ceramic flatpack.

The ASIC device is also available separately in a 281 pin PGA. 

�Figure � SEQ Figure \* ARABIC �2� : ESN Typical Configuration

��ESN ASIC Bus Structure and Memory Interface�Bus Structure

Physically, the ASIC contains three internal 16 bit data buses.  These are the Instruction bus, the Operand bus and the Shared bus. 



The Instruction bus connects the memory containing the program code and the processor instruction port. �Configurable for up to 1MW of processor instruction, it is accessible only by the internal processor’s instruction load and store operations. 



The second, the  Operand bus, provides the  interface between the majority of  the other peripheral devices.  Specifically, the Operand bus has a 16 bit address word with both a memory and an I/O select signal that provide a logical 64KW memory page and a 64KW I/O page that are controllable by either the internal processor or a peripheral processor external to the ASIC.  Each device connected to the Operand bus is assigned addresses on  one of these pages.  To access a device the processor simply performs an operand load or store operation to the devices memory location or performs an operand input or output operation to the devices I/O location.  � REF _Ref363532243 \* MERGEFORMAT �Table 1� lists the general logical mapping of the devices.  A complete list is located in Section � REF _Ref363532289 \n �7�.

�

Table � SEQ Table \* ARABIC �1� : ESN ASIC Device Mapping

DEVICE�PAGE : ADDRESS�CNT�ACTIVE BUS�BUS CONTROLLER�INSTRUCTION��Program “Boot Up” ROM�P:�0:0000 �-�0:7FFF�32K�Instruction.�IntProcessor�Ld/St Instruction��Program  RAM�P:�0:8000 �-�0:FFFF�32K�Instruction�Int Processor�Ld/St Instruction��External Memory Space�P:�1:0000 �-�F:FFFF�960K�Instruction�IntProcessor�Ld/St Instruction��Data RAM�M:�0000 �-�7FFF�32K�Operand�Int/Ext Proc�Ld/St Operand��Shared RAM�M:

S:�8000

0000�-

-�FFFF

7FFF�32K�Operand & Shared�Int/Ext Proc�Ld/St Operand���S:�8000 (0000)�-�FFFF (7FFF)�32K�Shared�BCRTM�Ld/St Operand��User Defined Ext. I/O�I:�0000�-�FEFF�64K�Operand�Int/Ext Proc�In/Out Operand��Reserved I/O�I:�FF00�-�FF7F�128�Operand�Int/Ext Proc�In/Out Operand��BCRTM Registers:�I:�FF80�-�FF9F�32�Operand�Int/Ext Proc�In/Out Operand��External Device Int.�I:�FFA0�-�FFDF�16�Operand�Int/Ext Proc�In/Out Operand��UART #1 (8251A)�I:�FFE0�-�FFE1�2�Operand�Int/Ext Proc�In/Out Operand��In/Out Operand�I:�FFE2�-�FFE3�2�Operand�Int/Ext Proc�In/Out Operand��Port Interface (8255)�I:�FFE4�-�FFE7�2�Operand�Int/Ext Proc�In/Out Operand��CNT/Timer #1(8254)�I:�FFE8�-�FFEB�4�Operand�Int/Ext Proc�In/Out Operand��Watch Dog Timer�I:�FFEC���1�Operand�Int/Ext Proc�In/Out Operand��Sub-Second Timer�I:�FFEC�-�FFEF�4�Operand�Int/Ext Proc�In/Out Operand���I:�FFF3�,�FFF7�2�Operand�Int/Ext Proc�In/Out Operand���I:�FFFE�-�FFFF�2�Operand�Int/Ext Proc�In/Out Operand���S:�0000�-�0001�2�Shared�BCRTM�In/Out Operand��A/D Interface�I:�FFF0�-�FFF2�3�Operand�Int/Ext Proc�In/Out Operand��Configuration / Status�I:�FFF4�-�FFF6�3�Operand�Int/Ext Proc�In/Out Operand��CNT/Timer #2 (8254)�I:�FFF8�-�FFFB�4�Operand�Int/Ext Proc�In/Out Operand��S/P & P/S Converter�I:�FFFC�-�FFFD�2�Operand�Int/Ext Proc�In/Out Operand��Processor Indep. I/O�S:�FF00�-�FF1F�32�Shared�BCRTM�Ld/St Operand��P: Program Page (Instr. Bus)   M: Memory Page (Oper. Bus)   I: I/O Page (Oper. Bus)   S: Shared Page (Shared Bus)���The final bus, the shared bus, comprised of a 32KW address space, is similar in function to the Operand bus, but whose control is shared between the processor and the BCRTM.  Designated as the Shared page in the table above, it corresponds to 32KWs of the BCRTM’s address. In addition, the high 32KW portion of the Operand bus’s memory page is mapped to the 32KWs  of the Shared page.  Bus interconnection and control arbitration in the Shared bus is further explained in the following sections.



Bus Controllers

UTMC UT69R000 Microprocessor 

The ESN’s microprocessor is the 16-bit UTMC UT69R000 RISC micro-controller.  This processor is a Harvard architecture machine with 1MW of instruction space on it’s Instruction port and  64KW of data space and 64KW of I/O space on it’s Operand port.  It operates at a rate of  two clocks per instruction at up to a 16MHz clock speed giving 8 MIPS performance.  The 69R000 is a static machine, meaning that it can be operated from DC to it’s maximum 16MHz with no refresh.  This allows for the system clock to be stopped for reduction of ESN power consumption.  The processor also has 15 levels of interrupts, two 16-bit timers, two discrete inputs, eight discrete outputs, DMA support and a built-in 9600 baud UART. For architecture and timing information on the processor, refer to UTMC’s ‘UT69R000 Rad-Hard Microcontroller Data Sheet’.



UTMC UT1553 BCRTM Interface

The MIL-STD-1553B/1773 bus interface is based on the standard UTMC BCRTM chip.  Operating at up to 12MHz, his chip can be configured as a bus controller (BC), remote terminal (RT) or as a bus monitor (M). In any mode, this device has 64KW of DMA capability.  For architecture and timing information on the BCRTM, refer to UTMC’s ‘UT1553 BCRTM Data Sheet’.



Bus Interfaces

Instruction Bus Interface and Program Memory

The ASIC’s Instruction Bus is a direct one to one connection with the processor’s instruction port and is only controllable by the processor.  Associated with this bus are two memory select lines that are activated when the processor accesses specific address ranges on the instruction port.



The first, the active low PROM_SEL_N signal, is software configurable (see section � REF _Ref364604216 \n �4.10�) to become active for either an 8KW or 32KW address  range starting at zero (P:0000 to  P:1FFF / P:7FFF).  This signal may be used as a select line for non volatile memory containing initialization code for the processor.



The second select signal, PRAM_SEL_N, is also software configurable  (see section � REF _Ref364604216 \n �4.10�)  and becomes true for an 8KW or 32KW address range starting at address P:8000.  The PRAM_SEL_N signal is used to select a 32KW SRAM device already contained in the ESN.  Application specific instruction code may be loaded to this memory by the processor from it’s operand port.



Operand Port Interface (ASIC Modes) and Data Memory)

Processor / Operand Bus Connection

Unlike the Instruction Port, the Operand bus, is a tri state buffered one to one connection with the ASIC’s 69R000’s operand port.  This enables the internal processor to be completely isolated from the Operand Bus and an external device to take control.



The buffering between the 69R000 and the Operand bus is controlled by two configuration pins on the ASIC.  These pins, labeled MODE 2 and MODE 1, place the ASIC in four different configurations. The configurations are defined in � REF _Ref363532420 \* MERGEFORMAT �Table 2�. 



C#00 is the standard configuration.  In this configuration the ASIC’s processor is enabled and connected to the Operand Bus.

Table � SEQ Table \* ARABIC �2� : ASIC Mode Definition

Configuration�Mode 1 Pin�Mode 0 Pin��Processor Enabled (00)�0�0��Processor Disabled (01)�0�1��Illegal (Test)�1�X��

C#01 is the processor disabled configuration.  In this configuration, the ASIC’s internal processor is disabled and isolated from the Operand bus.  Subsequently, all Operand bus control lines are changed from output signals on the ASIC to input signals.  This permits another external device to have complete control of the bus.  � REF _Ref363532440 \* MERGEFORMAT �Table 3� outlines these signals.



The ASIC cannot change between these configurations ‘on the fly’.  The ASIC’s configuration must be defined prior to power up by properly defining the Mode-1 and Mode-2 pins.  The timing for configuration 01 (C#01) is the same as configuration 00 (C#00)  (see section � REF _Ref364789348 \n �Error! Reference source not found.�).  However, in C#00 the control signals are generated by the processor and in C#01 the control signals are generated by an external controller.  To properly operate the ASIC in configuration 01, the user must generate control signals that match the timing of internal processor’s control signals. 

Table � SEQ Table \* ARABIC �3� : Operand Bus Control Signal Definition

PIN  \ CONFIG�C#00      

(69R000 Enabled)       �C#01

(69R000

Disabled)��STATE1__N�OUT�IN��DS_N�OUT�IN��R_WR_N�OUT�IN��M_IO_N�OUT�IN��OA[15:0]�OUT�IN��OD[15:0]�BI�BI��

C#02, C#03 are test configurations.  These configurations were developed by the manufacture for testing to improve the ASIC’s fault coverage during manufacturing.  These configurations should not be used in ASIC applications.



Data Memory Interface 

Like the Instruction bus, the Operand bus has a decoded memory select signal that is software configurable (see section  � REF _Ref364604216 \n �4.10�) for a 8KW or 32KW address range starting at M:0000.  This signal, DRAM_SEL_N, is used to select a  32KW SRAM memory device contained in  the ESN.



Shared Bus Interface

As stated before, the Shared bus is accessible by either the BCRTM directly or by the UT69R000 through the mapping of the Operand bus’s memory page to 32KW of the Shared bus address space.  The ESN uses this space to buffer data and commands both to and from the MIL-STD-1553B/1773 bus interface.



Connection between the Operand and Shared buses is implemented using a Buffered Dual Port Configuration with arbitration  and glue logic between the Operand bus controller (69R000 or external processor) and the BCRTM.  The block diagram of this interface is shown in � REF _Ref363898194 \* MERGEFORMAT �Figure 3�. 

�

Figure � SEQ Figure \* ARABIC �3� : Shared Bus Arbitration Block Diagram

�



�Arbitration Rules

To avoid bus contention between the two controllers, the ASIC’s arbitration logic consists of  two states.  These are the processor control state (S00) and the BCRTM control state (S01).  This state machine obeys the following rules to move between the two.



1)	The BCRTM has priority over the processor.  When the processor and the BCRTM request shared memory simultaneously, the BCRTM will gain access first.

2)	If the processor is active in shared memory and the BCRTM activates a DMA request, the processor must complete its current memory cycle before relinquishing control to the BCRTM.  After the current cycle, the processor is held off and the BCRTM is given control.

3)	If the BCRTM is active in shared RAM, the processor is held off  until the BCRTM relinquishes control (worst case is 5 words @ 1.5 memory cyc = 1.25 us).

4)	While controlling or requesting the Shared bus, the BCRTM only inhibits the processor’s access to the portion of the Operand bus’s memory page that is mapped to the Shared bus (upper 32KW).  It does not effect the processor’s access of the Operand bus’s I/O page or lower 32KWs of the Memory page.

5)	The Arbitration logic never affects the processor’s Operand bus control signals.  Specifically, the processor’s DTACK, BRQ, BGNT, BUSY and BGACK signals always function as specified in the UT69R000 specification. 

6)	The arbitration logic does not prohibit additional external arbitration logic for a dual-rate 1773 (DR-1773) or a second BCRTM connected externally to the shared bus.



Logic Description

Conditions for the transition between these two states are illustrated in � REF _Ref363532643 \* MERGEFORMAT �Figure 4 : Arbitration Logic State Diagram�, and � REF _Ref363532663 \* MERGEFORMAT �Table 4 : Arbitration Logic State Table.�.  Input signals from the bus controllers to the arbitration logic are synchronously read on the falling edge of the system clock while transitions of the control signals out of the arbitration logic to the controllers are synchronous with the rising edge of the system clock.



The processor control state, state zero (S00), is the initial or default state of the arbitration’s state machine.  In this state, control of  the shared bus  is passed to the  processor as soon as it generates one of two valid (active low) control signals.  These are the BCRTM’s Chip Select Signal (CSN) and the BCRTM’s Memory Chip Select Input Signal (MEMCSIN).

�Figure � SEQ Figure \* ARABIC �4� : Arbitration Logic State Diagram

�



�The CSN, generated from an address in the range of  FF80 to FF9F on the I/O page of the operand bus, is used to select the internal registers of  the BCRTM.  The second signal, MEMCSIN, when selected, is passed through the BCRTM along with DRDN and DWRN (see section � REF _Ref363611650 \n �4.7�) to generate the shared bus memory control signals SHCSN, SHRDN and SHWRN respectively.    MEMCSIN is generated from one of two address ranges on the operand bus’s memory page.  One or the other of these address ranges, 8000 to 9FFF or 8000 to FFFF, is selected in the ASIC’s Control / Status registers.  For more information on the address range select see section � REF _Ref364604216 \n �4.10�.  For more information on the BCRTM select signals, refer to the UTMC BCRTM specification. 



�Table � SEQ Table \* ARABIC �4� : Arbitration Logic State Table.

State definition��state 00�The default state, the processor controls shared bus.��state 01�The BCRTM controls the shared bus.��Input signal definition:��dmarn�The BCRTM’s request for shared memory access.��dmackn�The BCRTM acknowledges control of the shared bus.��memcsin�The BCRTM’s memory chip select input.��csn�The BCRTM’s chip select.��dsn�The processor’s “Data Strobe”.��Output  signal definition:��dmagn�The BCRTM Access Granted signal.��dtackn�The processor data acknowledge signal: 0=ack, 1=hold��shben�The Operand / Shared Bus buffer enable.��

Bus Controller

(State)�Arbitration Input 

Signals��Bus Controller

(State)�Arbitration Output 

Signals���dmarn�csn�memcsin�dsn�dmackn���dmagn�dtackn�shben��Processor  (00)�1�1�1�X�X�(�Processor  (00)�1�0�1��Processor  (00)�1�0�X�X�X�(�Processor  (00)�1�0�0��Processor  (00)�1�X�0�X�X�(�Processor  (00)�1�0�0��Processor  (00)�0�0�X�0�X�(�Processor  (00)�1�0�0��Processor  (00)�0�X�0�0�X�(�Processor  (00)�1�0�0��Processor  (00)�0�1�1�X�X�(�BCRTM   (01)�0�0�1��Processor  (00)�0�0�X�1�X�(�BCRTM   (01)�0�1�1��Processor  (00)�0�X�0�1�X�(�BCRTM   (01)�0�1�1��BCRTM   (01)�0�1�1�X�1�(�BCRTM   (01)�0�0�1��BCRTM   (01)�0�0�X�X�1�(�BCRTM   (01)�0�1�1��BCRTM   (01)�0�X�0�X�1�(�BCRTM   (01)�0�1�1��BCRTM   (01)�X�1�1�X�0�(�BCRTM   (01)�1�0�1��BCRTM   (01)�X�0�X�X�0�(�BCRTM   (01)�1�1�1��BCRTM   (01)�X�X�0�X�0�(�BCRTM   (01)�1�1�1��BCRTM   (01)�1�1�1�X�1�(�Processor  (00)�1�0�1��BCRTM   (01)�1�0�X�X�1�(�Processor  (00)�1�1�0��BCRTM   (01)�1�X�0�X�1�(�Processor  (00)�1�1�0��

�There are two exit conditions for state 00.  The first condition is when the BCRTM requests the Shared bus (DMARN=0) and the processor is not accessing the Shared bus (CSN=1, MEMCSIN=1). The second condition is  when the BCRTM requests the shared bus while the processor is between shared bus access cycles (CSN=0 or MEMCSIN=0 and DSN=1).  If the BCRTM requests shared bus control while the processor is in the middle of an access cycle (DS=0), the BCRTM is held off until the processor completes its current cycle.



When one of these two exit conditions exist, arbitration enters the temporary BCRTM control state 01.  In this state, the arbitration logic grants shared bus access (DMAGN=0) to the BCRTM, and the BCRTM replies with the Direct Memory Acknowledge signal (DMACKN=0) that indicates it is driving the bus.  This state is exited when the BCRTM completes its access and de-asserts  DMACKN.  If the processor requests the bus while the BCRTM is active in shared memory, the arbitration logic generates processor wait-states (DTACKN = 1) until the BCRTM completes its memory operation.  The BCRTM cannot ‘lock-out’ the processor for longer then five (5) word transfers.  Five words corresponds to the maximum number of BCRTM memory operations.



Operand / Shared Bus Buffer and Memory Interface

When the processor has control of the shared bus, the buffer between the operand and shared buses is enabled.  This interface is a one to one connection between the two buses with the exception of address bit 15.  On the operand side of the buffer, instead of  OA15 connected to the buffer, the buffer connection is grounded as shown in � REF _Ref363897562 \* MERGEFORMAT �Figure 5�.  This sets SHA15 to 0 whenever the buffer is enabled.  This results in an address in the range of 8000 to FFFF on the operand bus generating and address in the range of 0000 to 7FFF on the shared bus.



In the ESN MCM, the shared bus has connected to it, as shown in � REF _Ref363532730 \* MERGEFORMAT �Figure 6�, 32KWs of RAM with only  SHA0 through SHA14  used to decode the address.  With SHA15 disconnected, the 32KW of memory will correspond to both the low (0000-7FFF) and high (8000-FFFF) portions of shared bus address space.

Figure � SEQ Figure \* ARABIC �5� : Operand /Shared Buffer Interface.

�



This will be transparent when the processor is controlling the shared bus since the shared memory chip select signal (SHCSN) is only generated for a 32K portion of the operand  bus address space.



However, when the BCRTM accesses shared memory, the shared memory chip select (SHCSN) is generated for  the entire 64KW address range. The shared memory will be enabled when the BCRTM accesses either the upper or lower 32KWs on the shared bus.  This should be taken into consideration when initializing the BCRTM and defining it’s descriptor space.  See the UTMC BCRTM specification for a detailed explanation of the BCRTM and its descriptor space.





Figure � SEQ Figure \* ARABIC �6� : ESN MCM Shared Memory Configuration.

�

��ASIC Device Description

�Processor Independent I/O Device

The processor independent I/O device is a feature that allows the ESN, with it’s BCRTM configured as a remote terminal (RT), to receive commands from a bus controller (BC) via the 1773 bus and activate an external device independent of the ESN’s processor. 

 

This is accomplished with an external select signal that’s activation is a mapped function of a “write” to 32 words of the shared bus address space, S:FF00..FF1F.



When the ESN is configured as a remote terminal (RT) and the bus controller (BC) sends a ”write” command over the 1773 bus to the ESN, if the address is one of the 32 locations, the BUS_SEL_N is activated. In addition, the data sent over the 1773 bus is written to the corresponding location in shared memory.



This active low bus select signals can be used to interface the ASIC to external logic.  The external logic, interfaced in this manor, is isolated from the ESN’s processor software.  This interface is ideal for power applications that require command capabilities without ESN software dependency.  



To take advantage of this feature, software on the processor must define the BCRTM’s descriptor space.  The descriptor space must be configured so that a write to a specific sub-address, will generate a write to the address range S:FF00..FF1Fh.  When the BC writes to the ESN (RT) at this sub-address the bus select line will be activated.



Since this device’s address is in the upper 32KW portion of the shared bus, this signal cannot be activated by the processor via the operand / shared bus interface.  However, since the memory on the shared bus corresponds to both upper and lower halves of the shared bus address space, data written to memory may be read and written by both the processor and the BCRTM.  This feature will enable the processor to monitor and track any commands or data sent from the BC to ESN’s RT.



The BCRTM specification should be referred to for more information on its control registers and descriptor space.



Sub Second Timer

The SST is a 24-bit incrementing counter that is driven by the external clock signal SST_CLK.  The frequency of this signal can be anything up to the processor’s system clock, OSCIN.  Starting at 0 immediately after a system reset, the SST counts from 0 to 224, then rolls-over and starts again.  There are four count values associated with the SST.  An internally only latched value, SST#1, an externally or internally latched value, SST#2, an externally only latched value, SST#3, and a count comparison value, SST#4. � REF _Ref364517669 \* MERGEFORMAT �Table 5� outlines the registers associated with these count values. A block diagram of the counter and it’s associated registers is shown in � REF _Ref364779535 \* MERGEFORMAT �Figure 7�.

Figure � SEQ Figure \* ARABIC �7� : Sub Second Timer

�



The first three count values, SST#1, #2, and #3, are 24 bit registers, accessible from the I/O page, that latch the value of the counter in various ways.



The first count register, SST#1, simply latches the SST value when the processor inputs this register’s lower 16-bits (I:FFEC).  When the processor inputs the high 8-bits (I:FFED), it reads the upper 8-bits of the SST value latched into SST#1 Count register, when the SST#1 LSW was read.



Located at address I:FFEE-F, the second count register, SST#2, may be loaded in two different ways. One, an active high signal on the ASIC’s input pin SST_LATCH will latch the SST count.  The second is a BCRTM or processor write to the shared bus location S:0000 (M:8000).  The ESN’s ASIC contains decoding logic that generates a signal that latches the SST#2 register when data is written to this address.  This signal is also output on the SST2_BUS_LAT pin for the period of one SST_CLK cycle.

 Table � SEQ Table \* ARABIC �5� : Sub Second Timer Register Addresses

WORD�BIT�DESCRIPTION��I:FFEC�0-15�SST#1 LSW Count  (bits 0-15)��I:FFED�0-7�SST#1 MSB Count (bits 16-23)���8-15�Don’t care��S:0000�0-15�SST #2 Latch (BCRTM write)��M:8000�0-15�SST #2 Latch (Processor write)��I:FFEE�0-15�SST#2 LSW Count (bits 0-15)��I:FFEF�0-7�SST#2 MSB Count (bits 16-23)���8-15�Don’t care��I:FFFE�0-15�SST#3 LSW Count (bits 0-15)��I:FFFF�0-7�SST#3 MSB Count (bits 16-23)���8-15�Don’t care��I:FFF3�0-15�SST#4 LSW Equate (bits 0-15)��I:FFF7�0-7�SST#4 MSB Equate (bits 16-23)���8-15�Don’t care��

With the SST#2 value, the subsecond timer can be used to synchronize and maintain system time. With the ESN configured as an RT, the BC can write  the system time to ESN’s BCRTM address S:0000. When this occurs, the current SST count is latched into the SST#2 register, and the SST_BUS_LAT is generated.  The processor can subsequently determine the difference between it’s SST count and the system clock.



The third count value, SST#3 is located at I:FFFE-F.  This value is latched into the count register only by a high pulse on the SST3_LATCH pin.



The final count value, SST#4, is not a latched count of the SST but a comparison value written to by the processor.  When the SST count equals the value in the SST#4 register, an active low pulse is generate on the SST_EQU_N pin for the period of on SST_CLK cycle.  The SST#4 register is located at address I:FFF3 and I:FFF7.   



Watch Dog Timer

Similar to the SST, the Watch Dog Timer (WDT) is a 24-bit up-counter clocked by the CPU’s system clock, OSCIN (typically 12MHz).  When the WDT rolls-over, the ASIC logic verifies that software has set the WDT’s IAM OK bit in the WDT control register (see � REF _Ref363532898 \* MERGEFORMAT �Table 6�).  If the IAM OK bit is set, everything is okay and the WDT logic clears the bit.  If the IAM OK bit is not set, an error condition has occurred and the ASIC generates a WDT reset. 

Table � SEQ Table \* ARABIC �6� :WDT Control (write) Registers

WORD�BIT�DESCRIPTION��I:FFEC�0�“I’M OK BIT”���1-15�Don’t care��

A WDT reset causes two events to occur. Internally, all devices except the processor are reset. Externally, a reset pulse is generated, WDT_RST_N.  To reset the processor, WDT_RST_N must be connected to external reset logic and the external logic will reset the processor via the ASIC’s master reset pin (MRST_N).  Refer to � REF _Ref363898262 \* MERGEFORMAT �Figure 8� for a block diagram of the WDT interface. 

Figure � SEQ Figure \* ARABIC �8� : WDT External Master Reset Configuration.

�



The WDT roll-over time is 1.4 seconds (@12MHz x 224).  At the end of this time, if the WDT error condition exists, the WDT_RST_N signal is generated for a pulse width of 8 clock cycles  @ 12MHz or 667ns.  During this time, if the WDT_RST_N is externally looped to trigger the MRST_N, a complete system reset may occur before the end of the 8 clock cycles. If not, the internal reset of all the devices except the processor will occur.  In either case, the WDT counters are cleared and the software has one WDT cycle (1.4 s) to set the WDT’s IAM OK bit.



The WDT timer may be disabled with the WDT_DIS_N pin. This pin is internally pulled up. The pin left open  or tied high enables the WDT.  Connecting this pin to ground disables the WDT. This pin is not software configurable and must be tied high or low externally.  The status of this pin, though, is available in the ASIC’s status register (see section � REF _Ref364604216 \n �4.10�).



Also available in the ASIC configuration register (see section � REF _Ref363549974 \n �4.9�), is another bit indicating the type of the most recent reset.  If this bit is zero, a power-up reset was generated (a low on pin MRST_N).  If this bit is one, a WDT reset was generated.  If the WDT reset externally generates a system reset this bit will always be zero.



As the WDT counts the processor’s clock (OSCIN = 12MHz), a number of lower frequency clocks are generated for use by other devices.  One of these, brought external on the CLK_D16 pin, divides the system clock by sixteen (16).  Assuming the system clock is 12MHz, CLK_D16 would oscillate at 750KHz. This clock also has the additional feature of being synchronized with the processors system clock (OSCIN). 



For applications which need additional clocks, such as the Sub Second Timer, this clock removes the requirement of a second oscillator.  This clock is available as an ASIC output signal even if the WDT is disabled (WDT_DIS_N low).



Counter/ Interval Timer Device (8254) 

The ASIC contains two counter / interval timer devices that are based on the industry standard 8254. Each  counter/timer device, labeled timer #1 and timer #2, are programmable by the processor through memory mapped configuration ports located at I:FFE8h and I:FFF8h respectively.  Timer #1 generates external clock and control signals while timer #2 generates internal clock signals for other ASIC devices (S/P bit clock, P/S bit clock and the UART clocks). 



The timer for external applications, timer #1, has all nine I/O pins available: the three input clock pins, the three gate pins and the three clock out pins.  For a complete description of these signals refer to any manufacture’s data sheet of the industry standard 8254.



The timer for internal applications, timer #2, keeps all I/O pins internal to the ASIC.  Its three clock-in signals are internally tied to an internal OSCIN/4 signal that runs at 1/4th the rate of the system clock(3MHz @ OSCIN=12MHz).  Its three gate signals are tied high (enabled) and the three clock-out signals are used internally.  The first clock-out signal generates the S/P bit clock (see section � REF _Ref364037919 \n �4.8.2.1�), the second clock-out signal generates the P/S bit clock (see section � REF _Ref364037919 \n �4.8.2.1�) and the third clock-out signal generates the clock for the internal 8251 UARTs (see section  � REF _Ref363551418 \n �4.5�).



After the ASIC is reset (power-up or WDT), the state of the 8254 is undefined.  The mode, count value and output of all three counters are undefined.  All six counters are independent and must be configured by software.  However, if a counter is unused, it may remain unconfigured. 



This device does have one deviation in function from the standard 8254.  The count value which divides the input clock must be four or greater.  That is, the input clock cannot be divided by two or three.  Therefore, the fastest clock which can be generated by the timer is 750KHz (3M/4=750K).  For more information on the 8254 Counter/ Interval Timer device, refer to an industry standard  8254  data sheet.  



NOTE: Since the 8254 data bus is only 8 bits, the 8 MSB’s of data on the operand data bus  do not affect operation. This should be considered when handling 16 bit data on the operand bus.    



UART Device (8251A)

The ASIC contains two devices that are based on the industry standard 8251A UART operating in asynchronous mode. (synchronous features are not implemented).  For a complete description of these,  see any manufacture’s data sheet of the industry standard 8251A. 



The Chip Select signal for each device is selected via   addressing I/O space I:FFE0-1 for UART #1 and I:FFE2-3 for UART #2 with the A0 address bit connected to the UART’s C/D_N signal.  This mapping to the UART’s registers is summarized in � REF _Ref363553978 \* MERGEFORMAT �Table 7�.

Table � SEQ Table \* ARABIC �7� : UART Addresses

Address�Register��  I: FF00�UART #1 DATA BYTE��  I: FF01�UART #1 CONTROL BYTE��  I: FF02�UART #2 DATA BYTE��  I: FF03�UART #2 CONTROL BYTE��

The CLK signals into the UARTs operate off of the internal 3.0 MHz clock (OSCIN/4) and the receiver clocks (RxC pins) come from timer #2, counter #3.  To set the baud rate of the UARTs, timer #2 must be properly configured.  The following shows an example of this.

Example � SEQ Example \* ARABIC �1� : UART BAUD Rate

  

  The base clock for timer #2 is 3MHz (12MHz / 4). 

  To set the baud rate of the two ASIC UARTs to 19.2K :



	1)	set the third counter of timer #2 to mode 3

	2)	set the control word for counter #3 to 156   	(3MHz / 156 = 19.2KHz)

	3)	set the UARTs configuration port to  x1.





The four status pins of the two UARTs are NORed together to form an active low output interrupt pin (UART_INT_N = RxRdy-1 OR TxRdy-1 OR RxRdy-2 OR TxRdy-2).  The value of the four individual status pins are available in the ASIC’s status register (Section  � REF _Ref364604216 \n �4.10�).



After reset (power-up, WDT or commanded), the UART must be programmed for operation.  The first write to the UART’s control port configures the mode of the UART. 



NOTE: Since the 8251 data bus is only 8 bits, the 8 MSB’s of data on the operand data bus  do not affect operation. This should be considered when handling 16 bit data on the operand bus.    



Parallel Port Device (Intel 8255)

The parallel port device is based on and functions identically to  the industry standard 8255 device.  It contains  three 8 bit I/O ports which are independently software programmable, by way of the operand bus, for input, output or  bi-directional communication with or without handshaking.  Mapping of each 8255 register of the operand bus is shown below (� REF _Ref363610334 \* MERGEFORMAT �Table 8�).

  Table � SEQ Table \* ARABIC �8� : 8255 Addresses

Address�Register��  I: FFE4�PORT A BYTE��  I: FFE5�PORT B BYTE��  I: FFE6�PORT C BYTE��  I: FFE7�CONTROL BYTE��

After the ASIC is reset (MRST or WDT), the control register of the 8255 is cleared and all three ports (A, B and C) are set to the input mode (mode 0).  For more information on the 8255 Port chip, refer to an any generic 8255 data sheet.



NOTE: Since the 8255 data bus is only 8 bits, the 8 MSB’s of data on the operand data bus  do not affect operation. This should be considered when handling 16 bit data on the operand bus.    



External Device Interface

The external device interface provides a standard interface for external peripherals.  This interface generates four active low select lines (DEVn_SEL_N) and two read/write lines (DRD_N, DWR_N) that may be used to select external devices and control data flow between the processor and the external device via the operand bus.



Each device select is activated by addressing a range of sixteen data words on the operand bus’s I/O page.  These are shown in � REF _Ref363610378 \* MERGEFORMAT �Table 9�.  The data word range allows the Operand Address bits OA0 through OA3 to be used as control signals for each device.

Table � SEQ Table \* ARABIC �9� : Device Select Addresses

Address�Register��  I: FFA0 - F�DEV1_SEL_N��  I: FFB0 - F�DEV2_SEL_N��  I: FFC0 - F�DEV3_SEL_N��  I: FFD0 - F�DEV4_SEL_N��

When a device is selected, data transfer is controlled by the DRD_N and DWR_N.  These signals, shown in � REF _Ref363898194 \* MERGEFORMAT �Figure 3� of section � REF _Ref363611964 \n �3.3.3�, are a combination  of the DS_N and R/WR_N signals generated by  the processor.  In addition to external peripherals, (as shown in � REF _Ref363898194 \* MERGEFORMAT �Figure 3�) data flow for several other internal devices on the operand bus are also controlled by these signals.



If wait-states are required to access the external devices, they can be set using the Wait State Generator.  See section � REF _Ref364789816 \n �4.11�, for more information on setting wait-states.



16-Bit  Serial-to-Parallel (S/P) & Parallel-to-Serial (P/S) Converters

In addition to the 8251A UART devices the ASIC also contains  a  serial-to-parallel and parallel-to-serial set of converters that support synchronous serial bit stream communication via the operand bus.

The serial-to-parallel (S/P) converter interface clocks a serial data stream into a 16-bit shift register that is readable by the processor from the operand bus’s I/O page.  Conversely, the P/S device clocks  out a serial bit stream from a 16 bit shift register that is loaded by the processor via the operand bus’s I/O page.

Each device operates independently from one another and is controllable in either a Master or Slave configuration.

S/P, P/S  Data & Control/ Status Registers

Located at address FFFC on the operand I/O page is the data register for the S/P and P/S devices.  Performing an output operation to this address loads the P/S data register. An input operation from this address reads the S/P data register.  Both of these registers are double buffered with shift registers used to clock data in and out in a serial bit stream. The P/S shift register clocks serial data out and, when empty, loads the next word to be transmitted from the P/S data register.  In a reverse fashion, the S/P shift register clocks serial data in and when full, loads the S/P data register with the assembled data word.



Located at the next address on the operand I/O page, FFFD, is a status / control register for the S/P and P/S devices.  � REF _Ref363628514 \* MERGEFORMAT �Table 10� below outlines the bit map of this register.  Each of these bits are described in the following sections.

Table � SEQ Table \* ARABIC �10� : S/P (P/S) Control and Status Register (FFFD)

BIT�DESCRIPTION��0�Next S/P Enable��1�Next P/S Enable��2�Current S/P Enable status .��3�Current P/S Enable status .                	��4�S/P Word clock status .��5�P/S Word clock status .��6�S/P & P/S CLK_DIR_N status .��7 -15�Not used��

S/P, P/S Pin Description 

The signals for each device are described below.  Timing for these signals are shown in section � REF _Ref364789924 \n �Error! Reference source not found.�.



CLK_IN_N (Clock Input Enable)

This active low input, whose status can be read from bit 6 of the status register, configures the mode of the S/P and P/S interfaces.  When this pin, internally pulled down, is low, the devices are set in slave mode. In the slave mode, the bit clocks and data enables for the S/P and P/S interfaces are generated externally by the opposite system (the master device).  At the ESN these input signals are then synchronized with the rising edge of the system clock (OSCIN) before they reach the S/P and P/S devices.  



When the CLK_IN_N pin is externally tied high, the devices are configured in master mode.  In the master mode, the ESN controls data flow on the serial connections by generating the bit clocks and data enables internally and outputting them to the complementary device.  Internal timer #2 (8254), counters #1 and #2 are used to generate the internal timing for the S/P and P/S device respectively.  Prior to using these devices in master mode, timer #2 must be configured to generate the desired bit rate.



SP_ENA_N (Serial to Parallel Enable), PS_ENA_N (Parallel to Serial Enable)

In slave mode, these signals are inputs that enable all the functions of their respective devices.  Status of these signals can be read from bits 2 and 3 of  the status control register.



In the master configuration these signals are controlled by the ESN via bit 0, “Next S/P Enable”, and bit 2, “Next P/S Enable”, of the configuration register. 



For the S/P device, the processor initiates the reception of a 16 bit data word by writing a one to the “Next S/P Enable” bit. This bit is tested by the device on the falling edge of  the timer #2- counter #1 output.  If the bit is a one,  the bit is cleared and the S/P converter is enabled until a complete data word has been completely shifted in (16 clock cycles).  At the end of the word the bit is checked again.  Since this bit is reset at the beginning of  a word reception, to maintain a continual reception of following words,  this bit must be reset by the processor before the current word has been completely transitioned.



For the P/S device, the “Next P/S Enable” is set automatically when a word is written to the P/S data register.  When the word is loaded from the data register to the shift register, the bit is cleared and a new word may be written to the P/S register.



SP_CLK (Serial To Parallel Clock), PS_CLK (Parallel to Serial Clock)

These signals clock the data to and from the shift registers on the data pins.



In the master configuration, gated with  their device’s enable signal, these clocks are generated by the timer #2 (8254) counters and output through the S/P_CLK and P/S_CLK  pins to drive the clocks of  the complementary serial devices (the slave devices). The maximum baud rate of each device in master mode is 750KHz (timer #2’s maximum speed).



In slave mode, similarly gated with their enable signal, these pins are inputs generated by the corresponding device.  Because these signals are synchronized with the rising edge of the system clock, the theoretical maximum bit rates of these inputs are equal to one half the system clock rate.  In application though, these rates will depend on the implementation of the interfaces and in most instances be limited to values much lower than OSCIN. 



SP_DATA_IN (Serial to Parallel Data Pin), PS_DATA_OUT (Parallel to Serial Data Pin)

These are the pins on which the serial bit stream is shifted in and out.  For the P/S data, bits are transitioned on the falling edge of the PS_CLK and are valid for the period of one PS_CLK cycle.



For S/P data, bits are read on the falling edge of the SP_CLK.  When in a slave configuration, since these signals are synchronized with the system clock,  there is a minimum hold time for the data to remain valid after the SP_CLK transitions low. This is one half of the system clock cycle. 



SP_WRD_CLK (Serial to Parallel Word Clock), PS_WRD_CLK (Parallel to Serial Word Clock

In each serial device, there is a clock generated 16 bit clock cycles after the device is enabled. These clocks are used to indicate that an entire word has been shifted  and transferred in or out of the data register.  Indicated by bits 4 and 5 of the status / control register, these pins, normally high,  go low on the falling edge of the 16th bit clock cycle (last bit) for the duration of one system clock cycle.  Either by polling the word clock bits in the status register or by connecting the word clock pins to hardware interrupt pins, the processor can use these signals to initiate service routines for the serial devices. 



Sleep Mode Device

The sleep mode device is a software activated subcircuit that gates the master clock to the processor allowing the processor  to temporally suspend its own activity.   The processor is put to ‘sleep’ by writing a 0EDh to location I:FFF6.  In sleep mode, the processor’s clock is stopped, the CPU is asleep and the ASIC draws less power.  The other devices in the ASIC, however,  are still active devices and still draw power. 



The processor is ‘awakened’ from this sleep state in two different manners.  The first is by asserting the active low WAKE_UP_N input pin.  Pulling this pin low may also prevent the processor from being put in sleep mode.  Status of this pin may read from the status control register (see section � REF _Ref364604216 \n �4.10�).  The second method of awakening the processor is by asserting any of it’s interrupt or exception pins.  These signals are listed in � REF _Ref364773324 \* MERGEFORMAT �Table 11�.

Table � SEQ Table \* ARABIC �11�: Sleep Mode Activation / Deactivation

Activate Sleep Mode 

Write 0EDh to location I:FFF6.��Deactivate Sleep Mode 

Use one of the following methods:                         

1) An active low pulse on the following pins:       

WAKE_UP_N

MRST_N		                      

BTERR                                         

PFAIL

INT[6:0]                                             

2) An active high pulse on the following pins:            

MPROT                                                

MCHNE1                                               

MCHNE2��

When awakened, the processor will be in the same state as it was when put to sleep.  If awakened by an interrupt and the interrupt is not masked, the processor will  immediately service the interrupt.  If the interrupt is masked, the processor will simply proceed to the next instruction cycle.  With other devices service request signals, such as the 8251’s UART_INT or the BCRTM’s STDINTL_N, STDINTP_N, and HPINT_N, interfaced to the processor’s interrupt pins,  the processor may remain deactivated and then awaken only when called upon by the other devices. 



Configuration/Status Register

The configuration/status register is used to monitor and control the ESN’s UARTs, memory configurations and device reset configurations.  � REF _Ref364773737 \* MERGEFORMAT �Table 12� shows the bit map of the ASIC’s configuration/status register.



Located at address I:FFF4, the ASIC configuration / status register has four sections: UART status, memory configuration control, reset control, WDT status and sleep mode wake-up status.  



UART Status, BITS 03-00

Bits 00 - 03  contain the status of the TxRDY and RxRDY signals from each of the 8251 UARTs.  These bits may be read after a UART interrupt to determine the source of the interrupt.  Writing to these bits does not affect the ESN. For more information on these signals see section � REF _Ref364560138 \n �4.5�.

�

Table � SEQ Table \* ARABIC �12� : ASIC Configuration / Status Register (I:FFF4)

CONFIGURATION REGISTER (WRITE)�STATUS REGISTER (READ)��BIT�FUNCTION	�BIT�FUNCTION	��00�N/U�00�TxRDY1 STATUS��01�N/U�01�RxRDY1 STATUS��02�N/U�02�TxRDY2 STATUS��03�N/U�03�RxRDY2 STATUS��04�PROM_8K (0=8k, 1=32k)�04�PROM_8K (0=8k,1=32k)��05�PRAM_8K (0=8k, 1=32k)�05�PRAM_8K (0=8k,1=32k)��06�DRAM_8K (0=8k, 1=32k)�06�DRAM_8K (0=8k,1=32k)��07�SRAM_8K (0=8k, 1=32k)�07�SRAM_8K (0=8k,1=32k)��08�BCRTM_RESET (1=RESET)�08�BCRTM_RESET STATE��09�DEV_RESET (1=RESET)�09�DEV_RESET STATE��10�N/U�10�WDT GENERATED FLAG��11�N/U�11�WDT_DIS PIN��12�N/U�12�WAKE_UP STATUS��13�N/U�13�N/U��14�N/U�14�N/U��15�N/U�15�N/U��

�Memory Select Signal Configuration

Bits 04 - 07 define the memory size for which the four memory select signals, PROM_SEL_N, PRAM_SEL_N, DRAM_SEL_N, SRAM_SEL_N, are active.  For each of these signals, a zero written to their respective configuration bit will select an 8KW address space. A one will select a 32KW address space. With either size, the starting address for each select signal does not change.  



Immediately after a system or WDT reset these registers will revert to the default, 8KW.  With the ESN MCM, since the PRAM_SEL_N, DRAM_SEL_N, and SRAM_SEL_N have 32KW memory internally connected, these bits must be set to one (32KW).  For the PROM_SEL_N, this bit should be selected for whichever size memory is connected. 



WDT, Sleep Device Status

The next two bits reset the ASIC’s BCRTM and its other devices.  A ‘1’ in this bit generates a reset and a ‘0’ resumes normal operations.   The next two bits (b10-11) reflect the status the WDT.  The WDT reset generated bit (bit 10) is only valid until the ASIC receives a reset signal or until the WDT rolls over.  The WDT disable bit (bit 11) reflects the status of the external WDT disable pin (WDT_DIS_N).  The last bit (bit 12) reflects the status of the ‘Sleep Mode’ state.  If this signal is active (low) the ASIC will not enter sleep mode.



Wait-state Generator

The ASIC’s Wait-state Generator device expands upon the wait state function of the 69R000 processor. Typically on the processor, the DTACK_N input pin is deactivated by slower peripheral devices on the operand port to lengthen R/W and I/O cycles.  In addition to directly manipulating this pin, the Wait-state Generator provides two other methods to control the DTACK_N signal.  Both of these methods provide internal activation signals that are logically ORed with the external DTACK_N pin to provide a common hold signal to the processor.  



The first feature of this device deactivates the DTACK_N  signal for a predetermined number of clock cycles when the WAIT_SEL_N pin is pulsed low for a period of at least one clock cycle.  The duration  of the wait-state is determined by the count value written to bits 04 - 07 of the wait-state configuration register located at I:FFF5.  The bit map for this register is shown in � REF _Ref364774002 \* MERGEFORMAT �Table 13�.  By connecting the select signals of slower external devices  to this pin, up to fifteen wait states can be added without having to add extra timing logic. 



The second feature, in the same manner as the first, initiates a wait state when the processor accesses the A/D subcircuit (see section � REF _Ref364651314 \n �4.12�) or another peripheral using the External Device Interface (see section � REF _Ref364608392 \n �4.7�).  The DTACK_N signal is automatically deactivated, for a duration set by bits 00-03 in the Wait-state register, whenever either of these devices are accessed.

Table � SEQ Table \* ARABIC �13� : ASIC Wait-state Generator Register (I:FFF5)

Bit�FUNCTION	�Bit�FUNCTION	��00�Dev. Wait-state, b0�00�Device b0 status��01�Dev. Wait-state, b1�01�Device b1 status��02�Dev. Wait-state, b2�02�Device b2 status��03�Dev. Wait-state, b3�03�Device b3 status��04�Wait-state, b0�04�WS sel b0 status��05�Wait-state, b1�05�WS sel b1 status��06�Wait-state, b2�06�WS sel b2 status��07�Wait-state, b3�07�WS sel b3 status��

When the ASIC is initialized, both wait-state counts are set to 15.  Therefore, the software must initialize the external device wait-state count before external devices are accessed.



Analog Control Interface 

The ESN contains a subcircuit that performs analog signal measurement by way of 12 bit and 8 bit A/D conversions of  23 multiplexed differential input channels.  Eight of these channels may be configured with an optional 1mA current source for active measurements.  Section � REF _Ref364658339 \n �5� gives a complete description of the A/D subcircuit.



This Analog Control Interface is a set of signals, controlled via three registers accessible on the I/O page, that are used as the digital interface to the Analog to Digital subcircuit.  The three registers and their signals are described below.



Analog Control Register

Located at  address I:FFF2, this register is used to control power to the A/D  subcircuit and select the analog channel number.  A bit map of this register is shown below.

Table � SEQ Table \* ARABIC �14� : Analog Channel Register (I:FFF2)

MSB��������LSB��n/u�PS�IC2�IC1�IC0�AC3�AC2�AC1�AC0��B15-8�B7�B6�B5�B4�B3�B2�B1�B0��AC0-3	-  A/D multiplexer channel number��IC0-2	-  Current source channel number��PS  	-  Analog power strobing bit��

Power Strobing Bit [B7]

The PS bit sets the active low ANA_ENA_N pin used as the enable signal for the analog subcircuit.  When the bit is zero, the ANA_ENA_N pin is low. This enables power to the analog circuit. When PS is one, the ANA_ENA_N is disabled and power is shut off to the circuit.  Since analog measurements are typically made only periodically, power may be conserved by strobing the analog circuit off when it is not being used.   When the ASIC is initialized, either by power-on or WDT, this bit is set to zero.



Channel Selection Bits

The analog subcircuit contains two multiplexers used to switch between the 23 analog channels. The first is a 16 channel device whose input is selected by the AC3 through AC0 bits in the configuration register.  Analog input pins ANA1 through ANA15 correspond to the channels 1 through 15 of this device respectively.   The second multiplexer is a 8 channel device with the optional 1 mA current source.  The output of this device is connected to channel 0 of the first multiplexer.  The input channels of this multiplexer, selected by bits IC2 through IC0, correspond to the Current Source Input pins ISRC7 through ISRC0.  To convert one of the ISRC inputs, AC[3:0] must be set to 0.



A/D Convertor (ADC) Control Registers

After a channel has been selected, two ADC control registers are used to initiate an A/D conversion and read back the resulting value. Located at I:FFF0 and I:FFF1, access of either one of these registers will generate an active low pulse on the  ANA_SEL_N pin.  This signal is used to select the A/D Convertor.  When the ADC is selected, the R/WR_N signal of the processor is used to initiate a “Convert” or “Read” function  of the ADC and operand bit OA0 is used select an 8 bit or 12 bit operation.



An output to one of these addresses, R/WR_N=0, initiates an A/D conversion.  If OA0 is zero (i.e. I:FFF0), a 12 bit conversion is started.  If OA0 is a one, (i.e. I:FFF1), an eight bit conversion is started.  Since the operand data bits are not used for this function, any data value can be written.



An input operation from one of the addresses, R/WR_N=1, enables the output of the ADC on the operand data bus.  Reading from address I:FFF0 enables the resulting 12 bit value from the ADC.  Reading from I:FFF1 enables the 8 bit value.  The bit map of each of these registers are shown in � REF _Ref364673426 \* MERGEFORMAT �Table 15�.

�Table � SEQ Table \* ARABIC �15�: 12 Bit and 8 Bit ADC Register Mapping

I:FFF0�WRITE:  Start 12-bit analog conversion.���READ: 	  Read 12-bit analog data.��MSB���������������LSB��B11�B10�B9�B8�B7�B6�B5�B4�B3�B2�B1�B0�X�X�X�X��15���������������0��I:FFF1�WRITE:  Start 8-bit analog conversion.���READ:    Read 8-bit analog data��MSB���������������LSB��B7�B6�B5�B4�B3�B2�B1�B0�X�X�X�X�X�X�X�X��15���������������0��

�Analog Subcircuit Operation

The following outlines the sequence used to operate the A/D subcircuit.

Because of the speed of the A/D digital interface, a wait state of at least one clock cycle must be set in the Wait State register.

Power on the A/D subcircuit by clearing the Power Strobing bit in the Analog Control Register. 

Allow at least 1.5mS for the power to the Analog circuit to stabilize.

Set the analog and current source channel numbers in  the Analog Control Register.

Allow time for the voltage of the selected channel to stabilize.  This time will depend on the signal and impedance of the connection to the channel.

Start the A/D conversion by writing to one of the ADC data registers.

Wait for the conversion to complete.  This is indicated by the EOC_N signal from the ADC.  This pin can be sampled or interfaced to a processor interrupt pin.  The maximum conversion time of a 12 bit conversion is 35 (S. 

Read the Analog data from the 12 bit or 8 bit ADC data register.

Repeat this routine for every channel to be sampled.

Set the PS bit in the A/D Control register to power down the A/D subcircuit.



The above steps may be optimized based on the user applications. The steps are meant as a guide to the ESN's analog processes.

��ESN/MCM Analog Interface

�Digital Signals

Prior to using the Analog subcircuit, there are several digital control signals that must be mated between the subcircuit and the ASIC.  These are listed in the table below.

Table � SEQ Table \* ARABIC �16� : Analog / Digital Control Interface

A/D Subcircuit�((�ASIC��ACHN_A[3:0]�((�ACHN_[3:0]��ICHN_A[2:0]�((�ICHN_[2:0]��ADC_SEL_N_A�((�ADC_SEL_N��ANA_ENA_N_A�((�ANA_ENA_N��DRD_N_A�((�DRD_N��R_WR_N_A�((�R_WR_N��OA_A0�((�OA_0���Analog Signals

� REF _Ref364788140 \* MERGEFORMAT �Figure 9� illustrates the block diagram of the Analog circuit.  Because of the specific requirements of each application, the ESN schematic and the manufacture’s data sheets of the individual analog components should be consulted for detailed interface information.

�Figure � SEQ Figure \* ARABIC �9� : Analog Subcircuit Block Diagram

�

�

�ASIC Hardware Configuration

�The ESN's minimum configuration, supply voltage requirement, PROM/ROM configuration and input signal configuration are described below.



ESN Minimum Hardware Configuration

At a minimum, the ESN's MCM requires a clock chip and a MIL- STD-1553B/1773 interface chip / connector.



The ESN requires three clocks: the processor system clock (OSCIN), the processor's UART clock (TIMCLK) and the BCRTM's system clock (CLK_12MHZ).  In the minimum configuration, a clock chip with a 50% duty cycle is connected to the processor's system clock (OSCIN) and the BCRTM's clock (CLK_12MHZ).  The processor's output clock (OSCOUT) is then connected to the processor's UART clock (TIMCLK).



To interface the ESN's BCRTM to the MIL-STD-1773 bus, connect the transmit and receive signals to optical connectors.  To interface to the MIL-STD-1553 bus, connect the signals to a transceiver, transformers and BCD connectors.



ESN Supply Voltage Requirement

The ESN's MCM requires four voltages and two grounds: +5V digital power, +5V analog power, +15V analog power, -15V analog power, digital ground and analog ground.  The recommended digital supply voltage is +5V +/- 0.5V.  The quality of the analog supply voltages will determine accuracy and precision of the ESN's analog logic. 



ESN ASIC Input Pin Definition

As with all CMOS devices, the ASIC's input pins must not float. The ESN Pin Definition Table lists each pin and a definition of their active state.  If the processor's machine interrupts are active when the ASIC is reset (power-up or commanded), the processor will not reset properly.  These interrupt pins include the following signals:  MCHNE1, MCHNE2, BTERR_N, MPROT, and PFAIL_N.  The ASIC internally pulls some input pins high or low, refer to Appendix B for a list of these pins.  There are two input pins in the ASIC / processor which are pulled high internally, BGNT_N and DTACK_N. The user must drive these pins low for the processor to initialize and operate correctly.



ESN PROM/ROM Configuration

In addition to the memory already described, the ESN's MCM may contain a set of processor boot ROMs.  To use these boot ROMs, it’s enable signal, IROM_SEL_N, may be connected to PROM_SEL_N.  If the internal ROMs are not used, connect PROM_SEL_N to the user PROMs and tie the IROM_SEL_N signal high.

�
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