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1.  INTRODUCTION

1.1 Purpose

This specification establishes the performance, design, development and test requirements for a space flight suitable Payload and Attitude Control Interface card to be used on the HESSI program.  Hereinafter the Payload and Attitude Control Interface is referred to as the PACI card.

1.2 Applicable Documents

The following documents of the exact issue shown form a part of this specification to the extent specified herein. In the event of conflict between the documents referenced herein and the contents of this specification, the contents of this specification shall be considered a superseding requirement.

a.
HESSI Component Verification Specification (CVS)
1110-EW-E09781
b.  
IEEE Standard for a Versatile Backplane Bus: VME bus
IEEE STD 1014-1987

c.
Standard for Mechanical Core Specification for 
IEEE STD 1101.2-1992


Conduction Cooled Eurocards

2.  INTERFACE REQUIREMENTS

[image: image1.wmf]The PACI interfaces are shown in Figure 2-1.

Figure 2-1.  PACI Block Diagram

2.1 Input Power Requirements

2.1.1 Input Voltage Range

The PACI shall receive +5V and ±15V essential bus power from the VME backplane.  The PACI shall meet all of its performance requirements over its full operating temperature range for input voltages in the range of 5.00 ± 0.25 Vdc, and 15.0 ± 0.5 Vdc.

2.1.2 Input Power

The power consumption of the PACI shall not exceed 7W for both the 5V and 15V supplies combined.

2.1.3 Inrush Current

The power-on inrush current of the PACI shall not exceed 2.5A and shall be within 60% of its steady state value within 100 milliseconds.

2.2 Versa Module Eurocard (VME) Interface Requirements

2.2.1 VME Slave

The PACI shall act as an A24/D16 slave on the VME bus.

2.2.2 VME Access Time

The PACI shall have an access time of < 800ns (average) for all D16 sustained data transfers on the VME bus.

2.2.3 VME Address

The most significant nibble (A23 to A20) of the PACI VME board address shall be jumper selectable using select-in-test (SIT) resistors. 

2.2.4 VME Address Modifiers

The PACI shall support the following set of address modifiers: 0x3E, 0x3D, 0x3A, and 0x39.

2.2.5 VME Data Transfers

The PACI shall support D16 transfers only.

2.2.6 VME Interrupts

The PACI shall be capable of asserting one VME interrupt request, IRQ1*.  IRQ1* shall be used for the 1 Hz timer tick interrupt and all other PACI interrupt sources.  The PACI shall be the only source for IRQ1*.

2.2.7 VME Isolation

The PACI shall be fully isolated from the VME bus such that when the VME bus master is powered off, the PACI shall not source more than 500 A back into the bus.  The PACI shall receive a +5V active high signal which indicates the state of the VME bus power and shall use this signal to enable/disable its VME buffers.

2.3 Precision Clock Requirements

2.3.1 Clock Input

The PACI shall receive as an input the 222 (4194304.0) Hz precision clock from the VME backplane.

2.3.2 Spacecraft Time

The PACI shall maintain the spacecraft time by providing a 32-bit (unsegmented) counter representing the spacecraft time (in seconds).  The PACI shall also maintain a 16-bit (unsegmented) counter representing the spacecraft time (in sub-seconds).  The sub-second counter shall be incremented at a 216 (65536.0) Hz rate.  The PACI shall make both counters accessible through the VME interface.  The 32-bit seconds counter shall have read/write access, and the 16-bit sub-second counter shall have read only access.

2.3.2.1 MHz Clock Output

The PACI shall divide the 222 (4194304.0) Hz precision clock by four (4) to generate a 1 MHz (220, 1048576.0 Hz) which shall be distributed to the Instrument Data Processing Unit (IDPU) and the Communications Interface Board (CIB).  The PACI shall not introduce more than 50 ns of phase lag into the output.  The timing diagram and data are shown below.
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Figure  2-2.  1MHz Timing Diagram

Table  2-1.  1 MHz Timing Data


Characteristic
Min
Max
Comments

1
Time delay from 1 MHz falling edge to 1 Hz rising edge
0 ns
50 ns
TBR

2
1 Hz rising edge to 1 Mhz rising edge

(setup time)
450 ns
500 ns
TBR

3
Time from 1 Mhz rising edge to 1 Hz falling edge (hold time)
500 ns
550 ns
TBR

2.3.2.2 1 Hz Clock Output

The PACI shall divide the 16-bit sub-second clock by 65536 to generate a 1 Hz timing signal which shall be used to increment the 32-bit seconds counter and to generate a 1 Hz VME interrupt.  The PACI shall provide a VME accessible bit for enabling/disabling the 1 Hz interrupt.

2.3.3 External Clock Outputs

The PACI shall buffer both the 220 Hz and the 1 Hz clock outputs and make them available on one of its external connectors and the VME P2 connector.  Both outputs shall be short circuit protected.

2.4 Serial Interface Requirements

The PACI shall provide serial differential interfaces for communicating with the Solid State Recorder (SSR), the Integrated Data Processing Unit (IDPU), and the Launch Vehicle SOH Telemetry Interface.  The PACI shall provide single-ended serial interfaces for communicating with the Fine Sun Sensor (FSS) and the CIB.  The requirements for each interface are detailed in the following sections. 

2.4.1 SSR Serial Interface

2.4.1.1 SSR Command Interface

[image: image11.wmf]The PACI shall send commands to the SSR via a 3-wire serial differential interface consisting of a command clock, command data, and command valid signal.  Refer to Figure 2-3.

Figure 2-3.  PACI to SSR Command Interface
2.4.1.2 SSR Command Clock

The command clock to the SSR shall be a 50% ± 5% duty cycle clock continuously operating at 1.0 MHz.  The PACI shall provide 49.9 ( series termination resistors on the inverting and non-inverting differential clock outputs.

2.4.1.3 SSR Command Data

The PACI shall provide 49.9 ( series termination resistors on the inverting and non-inverting differential data outputs to the SSR.  The PACI shall provide at least an 8 word (16-bit) buffer for storing SSR commands prior to transmission. The command buffer shall be made accessible via the VME interface.  The PACI shall transmit the most significant bit (MSB) of the least significant word (LSW) of the serial command buffer first. 

Table  2-2.  SSR Command Format

Bit
15
8
7
0

Word 0
Command Code
Command ID

Word 1
Parameter One
Parameter Two

Word 2
Parameter Three

Word 3
Parameter Four (MSH of 32 bit Parameter)

Word 4
Parameter Five (LSH of 32 bit Parameter)

Word 5
Parameter Five
Parameter Six

Word 6
Parameter Seven

Word 7
Checksum

2.4.1.4 SSR Command Valid

The PACI shall provide a command valid signal to the SSR indicating the presence of command data.  The command valid signal shall go low (logic “0”) on the start of the serial command string and go high (logic “1”) at the end of the serial command string.  The PACI shall provide 49.9 ( series termination resistors on the differential data valid outputs to the SSR.   Refer to Figure 2-4 and Table 2-3.
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Figure  2-4.  SSR Command Timing

(NOTE: Bit 0 in this diagram is the MSB, and Bit 15 is the LSB)

Table  2-3.  SSR Command Timing Data
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2.4.1.5 SSR Command Control

The PACI shall provide a 16-bit VME accessible location containing the number of 16-bit words to transfer, herein referred to as the SSR command transmission count register.  The PACI shall begin transmission of command data upon having this register written to.  The PACI shall provide status information indicating the busy status of serial command status and it shall be made accessible via the VME interface.  The PACI shall be limited to transferring a maximum of 255 words on this interface.  Furthermore, a command transmission count of “0” shall cause no data transfer to occur.

2.4.1.6 SSR Telemetry Interface

The PACI shall receive telemetry from the SSR via a 3-wire serial differential interface consisting of a telemetry clock, telemetry data, and telemetry valid signal.  The PACI shall provide the serial clock and in response, the SSR shall provide the telemetry data and telemetry valid signals.  Refer to Figure 2-5.

[image: image12.wmf]
Figure  2-5.  PACI to SSR Telemetry Interface

2.4.1.7 SSR Telemetry Clock

The telemetry clock to the SSR shall be a 50% ± 5% duty cycle clock continuously operating at 1.0 MHz.  The PACI shall provide 49.9 ( series termination resistors on the inverting and non-inverting differential clock outputs.

2.4.1.8 SSR Telemetry Data

The PACI shall provide at least a 512 word (16-bit) buffer for storing SSR telemetry.  The telemetry buffer shall be made accessible via the VME interface.  The PACI shall receive the most significant bit (MSB) of the least significant word (LSW) of the serial telemetry buffer first.  The number of telemetry words is variable and depends upon the command sent.  Refer to Table 2-4. 

Table  2-4.  SSR Telemetry Format
Bit
15
8
7
0

Word 0
Command Code
Command ID

Word 1
Parameter One
Parameter Two

…..
Data

Word N
Checksum

2.4.1.9 SSR Telemetry Valid

The PACI shall begin storing SSR telemetry data on the falling edge of the telemetry valid signal and shall continue storing data until the telemetry valid signal goes high.  Refer to Figure 2-6 and Table 2-5.




Figure  2-6.  SSR Telemetry Timing

(NOTE: Bit 0 in this diagram is the MSB, and Bit 15 is the LSB)

Table  2-5.  SSR Telemetry Timing Data




2.4.1.10 SSR Telemetry Control

The PACI shall provide a 16-bit VME accessible location containing the number of 16-bit words received.  The PACI shall provide status information indicating the busy status and overflow status of the serial telemetry data received and it shall be made accessible via the VME interface.  The PACI shall be capable of generating an interrupt signifying the end of receiving the SSR telemetry data.  In addition, the PACI shall be capable of enabling/disabling this interrupt via the VME interface.
2.4.2 IDPU Serial Interface

2.4.2.1 IDPU Communications

The PACI shall communicate with the IDPU via asynchronous serial differential interfaces.  This communication shall include IDPU command data from the PACI to the IDPU and telemetry data from the IDPU to the PACI.  Refer to Figure 2-7.
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Figure  2-7.  IDPU Serial Interface

2.4.2.2 IDPU Data Rate

The PACI shall transmit and receive data at 38,400 baud ± 2%.

2.4.2.3 IDPU Serial Data Format

The PACI serial data shall consist of one (1) start bit, eight (8) data bits, one (1) even parity bit, and one (1) stop bit.  Data shall be transmitted and received least significant bit first and least significant byte first.  Refer to Figure 2-8.
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Figure  2-8.  IDPU Serial Data Format

2.4.2.4 IDPU Series Termination

The PACI shall provide 49.9 ( series termination on the transmit data outputs going to the IDPU.

2.4.2.5 IDPU Transmit and Receive Buffers

The PACI shall provide 2Kbytes of transmit data storage and 2Kbytes of receive data storage.  Both the transmit and receive data buffers shall be accessible via the VME interface.

2.4.2.6 IDPU Transmit Data Control

The PACI shall provide a transmit data count register containing the number of bytes to transfer.  The PACI shall begin transmission of the serial data stored in the transmit data buffer upon having the transmit data count register written to.  The PACI shall provide transmit status information which shall be VME accessible. In addition, the PACI shall be capable of generating an interrupt upon completion of transmitting the command number of data bytes.  The PACI shall be capable of enabling/disabling the transmit complete interrupt.  The PACI shall make all status and control bits accessible via the VME interface.

2.4.2.7 IDPU Receive Data Control

The PACI shall provide a “receive” data start register.  Once written to, the PACI shall begin storing the serial data received into the “receive” data buffer.  The PACI shall terminate receiving serial data when the data line goes idle (high) for more than 2.0 ms ± 0.2ms.  The PACI shall wait for the first byte to be received before starting to check for the serial receive line going idle for more than 2.0 ms.  The PACI shall be capable of generating an interrupt upon completion of receiving the serial data (after the 2.0 ms timeout).  The PACI shall be capable of enabling/disabling the receive data complete interrupt.  The PACI shall provide a register containing the number of serial data bytes received and stored.  The PACI shall make all status and control bits shall be accessible via the VME interface.

2.4.3 Fine Sun Sensor Serial Interface

2.4.3.1 Input Signals

The PACI shall provide a burst of 10 clock cycles at 9600 Hz ±10% and an enable gate signal to initiate the transmittal of digital data for each axis, per Figure 2-9.  The digital data shall be clocked out by the enable gate and 10 clock cycles while the fine angle analog data at the A/D interface shall be valid for the duration of the enable gate.  The analog data axis provided during a particular gate signal shall be identified in the first bit of the digital data.  Separation between sequential enable gates shall be at least 10 ms in length.      
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Figure 2-9.  Clock and Enable Input Circuit
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Figure 2-10.  Sun Presence and Serial Data Output Circuit

2.4.3.2 Angle Data Read-Out  

When the sun presence output signal is true, the 10-bit digital data word per axis, representing Gray coded  coarse angle data, and the two analog signals per axis, representing fine angle data, shall be read by the PACI.  The 10-bit digital data word for each axis shall include an axis identification as bit one, zero in bits two through four, and a 6-bit Gray coded coarse angle measurement in bits five through ten - shifted out LSB first.  Data bits shall be shifted out on the falling edge of the clock, per Figure 2-11.  The first data bit shall be stable within 10 sec of the leading edge of the enable gate and the subsequent bits shall be stable within 10 sec of the falling edge of the clock.  The two 10-bit digital data words shall alternate between the  and  sensor axes, with the  axis identified by logic one in the first data bit.
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Figure 2-11.  Serial Data Readout Timing

The two fine angle analog signals per axis shall alternate between the  and  sensor axes, along with the digital data words, switching between axes on the falling edge of the enable gate.
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Figure 2-12.  Analog Data Output Circuit

All solar aspect data, including fine analog data, coarse digital data, and the sun presence indicator, shall be read by the PACI as part of its nominal SOH data acquisition cycle.  

2.4.4 Communications Interface Board (CIB) Serial Interface

The PACI interfaces to the Communications Interface Board (CIB) by sending real time State of Health (SOH) data.  The interface shall be a 3-wire interface consisting of clock, data, and an enable signal.  The PACI shall provide series current limiting resistors for protection.  All signals shall be routed through the VME P2 backplane connector.  Refer to Figure 2-13 below. 
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Figure  2-13.  PACI to CIB Interface

2.4.4.1 PACI SOH Interface Timing

The PACI shall begin transmission of the SOH data to the CIB by raising the ENA signal high.  Data shall be shifted out of the PACI on the rising edge of CLK, and shall be latched into the CIB on the falling edge of CLK.  The PACI shall transmit the Least Significant Bit (LSb) of the Least Significant Byte (LSB) first.  The PACI shall transmit 1098 bytes of SOH data in each transmission.   Nominally, the PACI shall transmit one full frame (1098 bytes) per second. Refer to Figure 2-14 below.  The timing data is shown in Table 2-6 below.
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Figure  2-14.  PACI to CIB Timing Diagram

Table  2-6.  PACI to CIB Timing Data


Characteristic
Min
Max
Comments

1
Time delay from ENA to first CLK
0 ns
TBD ns


2
Clock Period
1.0 us
-
50% ( 5% duty cycle

3
Time from rising edge of CLK to data valid
0 ns
TBD ns


2.4.4.2 PACI High Speed SOH Data

The PACI shall be capable of transmitting every SOH data packet acquired to the CIB.  The PACI shall provide a VME accessible bit for selecting between low speed (once a second), and high speed (every packet) transmission to the CIB.  The PACI default shall be for low speed (once per second) packet transmission.

2.4.5 Launch Vehicle SOH Data Serial Interface

TBD

2.5 Digital Interface Requirements

The PACI shall provide digital bi-level interfaces for communicating with the Integrated Data Processing Unit (IDPU), the HESSI transponder, and the Power Control Board (CIB).  The requirements for each interface are detailed in the following sections. 

2.5.1 Digital Inputs

The PACI shall have 32 bits of digital input status.  All digital inputs shall be accessible via the VME interface.  The PACI shall reserve 16 of the 32 digital input channels for external connections and shall be made accessible through an external front panel connector.  The PACI shall reserve 16 of the 32 digital input channels for internal connections and shall be made accessible through the VME backplane.  All bi-level digital inputs shall be pulled up to +5.0 Vdc through a 10K ( resistor.

2.5.1.1 Digital Inputs Over/Under Voltage Protection

The PACI shall have over voltage and under voltage protection on all digital input lines.  The PACI shall not be damaged by a 10.0 Vdc over/under voltage condition.  The PACI shall provide input protection diodes and pull-up resistors on all digital inputs.
2.5.1.2 Digital Inputs Logic Levels

All digital inputs shall be TTL compatible input logic levels.

2.5.2 Digital Outputs

The PACI shall have 16 bits of digital output.  The PACI shall allow the level of any of the digital output to be read or written via the VME BUS at any time.  All of the PACI digital outputs shall be for external connections and shall be made available through a front panel connector.

2.5.2.1 Digital Output Current Limit

The PACI shall have current limiting series resistors on all of its digital outputs.  Each output shall be short-circuit protected and shall be current limited to 15.0 mA (330 ().

2.5.2.2 Digital Out Logic Levels

All digital outputs shall be TTL compatible logic levels. 

2.6 Analog Channel Requirements

2.6.1 Coarse Sun Sensor (CSS) Interface Requirements

2.6.1.1 CSS Input

For each Coarse Sun Sensor input channel, the PACI shall provide a current to voltage conversion amplifier. All of the CSS inputs shall be external to the PACI and shall be made accessible through an external front panel connector.

2.6.1.2 CSS Input Current Range

The PACI shall support an input Coarse Sun Sensor current in the range from 0 to 1300 A.

2.6.1.3 CSS Output Voltage Range

The PACI CSS signal conditioning circuit shall provide a linear output voltage from –10.0 to +10.0 Vdc, corresponding to the input current range of 0 to 1300 A.

2.6.1.4 CSS Cutoff Frequency

The PACI shall provide a 10.0 KHz (TBR) cutoff frequency for all Coarse Sun Sensor channels.

2.6.1.5 Number of CSS Inputs

The PACI shall provide 8 Coarse Sun Sensor circuits.

2.6.2 AD590 Temperature Sensor Requirements

2.6.2.1 AD590 Temperature Sensor Input

For AD590 input channel, the PACI shall provide a current to voltage conversion amplifier.  The PACI shall also provide appropriate gain and offset scaling.  All of the AD590 inputs shall be external to the PACI and shall be accessible through an external front panel connector.

2.6.2.2 AD590 Input Current Range

The PACI shall support an input current in the range from 0 to 425.0 A.  From 0uA to 223uA the output shall be saturated at –10Vdc.

2.6.2.3 AD590 Output Voltage Range

The PACI AD590 signal conditioning circuit shall provide a linear output voltage from –10.0 to +10.0 Vdc, corresponding to the input current range of 223.0 to 423.0 A.

2.6.2.4 AD590 Cutoff Frequency

The PACI shall provide a 10.0 KHz (TBR) cutoff frequency for all AD590 temperature sensor channels.

2.6.2.5 Number of AD590 Sensors

The PACI shall provide 24 channels of AD590 sensor circuits.
2.6.3 PRT Temperature Sensor Requirements

2.6.3.1 PRT Temperature Sensor Input

For each Precision Resistance Thermometer (PRT) input channel, the PACI shall provide a resistance to voltage conversion amplifier.  The PACI shall also provide appropriate gain and offset scaling.  All of the PRT inputs shall be external to the PACI and shall be accessible through an external front panel connector

2.6.3.2 PRT Excitation 

The PACI shall provide a 1.0 mA ± 1% constant current excitation for all PRT input channels

2.6.3.3 PRT Output Voltage Range

The PACI PRT signal conditioning circuit shall provide a linear output voltage from –10.0 to +10.0 Vdc, corresponding to an input resistance in the range of 1.0 k( to 3.0 k(.

2.6.3.4 PRT Cutoff Frequency

The PACI shall provide a 10.0 KHz (TBR) cutoff frequency for all PRT temperature sensor channels.

2.6.3.5 Number of PRT Sensors

The PACI shall provide 8 channels of PRT conversion circuits.

2.6.4 General Purpose Analog Sensor Requirements

2.6.4.1 Number of Channels

The PACI shall provide 40 channels of single ended, analog inputs.  The PACI shall reserve 20 of the 40 analog input channels for external connections and shall be made accessible through an external front panel connector.  The PACI shall reserve 20 of the 40 analog input channels for internal connections and shall be made accessible through the VME P2 backplane.

2.6.4.2 Input Voltage Range

The PACI shall be capable of converting voltages in the range of –10.0 to +10.0 Vdc.

2.6.4.3 Over/Under Voltage Protection

The PACI shall provide over/under voltage protection circuitry and shall not be damaged by analog inputs as high as +35.0 Vdc, and as low as –35.0 Vdc.

2.6.4.4 Input Impedance

The PACI shall provide at least 100 k( of input impedance on all of its general purpose analog inputs.

2.6.5 Analog to Digital (A/D) Interface Requirements

2.6.5.1 A/D Input Voltage Range

The PACI shall be capable of converting voltages in the range of –10.0 to +10.0 Vdc.

2.6.5.2 A/D Conversion Resolution

The PACI shall provide 12-bit A/D conversion resolution.

2.6.5.3 A/D Conversion Accuracy

The PACI shall provide ± 5 bits of A/D conversion accuracy.

2.6.5.4A/D Conversion Linearity

The PACI shall provide an A/D conversion linearity of <= ± 3 bits over the full scale output.

2.7 Memory Requirements

2.7.1 PACI Memory

The PACI shall provide 256K bytes of Static Random Access Memory (SRAM).  The memory shall be shared by all PACI functions requiring RAM data storage.

2.7.2 CPU Memory

The PACI shall provide 256K bytes of Static Random Access Memory (SRAM).  The memory shall be reserved for the spacecraft computer only, and shall not be used by any other PACI function.  The PACI shall make the memory VME read/write accessible.

2.7.3 SRAM EDAC

The PACI shall provide an additional 128K bytes of SRAM Error Detection and Correction (EDAC).  The EDAC shall be flow-through, and consist of a 6-bit Hamming Code.  The PACI shall detect and correct all single-bit errors, and detect all double-bit errors.  The PACI shall report a double-bit SRAM error via a VME interrupt.  The interrupt shall be maskable via the VME interface. 
2.7.3.1 EDAC Scrub Rate

The PACI shall autonomously scrub the SRAM EDAC without processor intervention.  The scrub rate shall be programmable.  The PACI shall provide a VME accessible register for setting the scrub rate interval.

3.  Functional REQUIREMENTS

3.1 SEU Mitigation

The PACI shall be designed to mitigate the effects of Single Event Upset (SEU) conditions.

3.1.1 Triple Modular Redundancy

All critical timing state machines shall employ the use of triple modular redundancy voting schemes.

3.1.2 Invalid States

All logic state machines shall have an “idle” state.  All logic state machines shall be designed such that entry into an invalid state shall cause the state machine to transition into the “idle” state. 

3.1.3 External Reset

The PACI shall provide a VME accessible location such that, when accessed, it shall perform a global reset to the PACI board.

3.2 State of Health Data Acquisition

The PACI shall autonomously scan through and convert all of its analog channel inputs, and store the data in memory local to the PACI board.  The PACI shall also read and store all of its digital input, and store the data in the same memory.  This memory shall be read/write accessible through the VME interface.  The PACI shall perform this process 8 times per second (8 Hz).  At the end of each SOH data packet collection, the PACI shall generate a VME interrupt.  The interrupt shall be maskable.

3.2.1 State of Health Data Packet Generation

The PACI shall generate a CCSDS compatible data packet containing all of the acquired State of Health (SOH) data.  The packet shall consist of a CCSDS header, a time stamp indicating the time the data was acquired, the hardware SOH data (collected by the PACI), and software SOH data.

3.2.2 SOH Packet Size

The SOH packet shall be 1098 bytes in length.

3.2.3 SOH Packet Format

The format for the PACI SOH data packet is as follows:

Table  3-1.  PACI SOH Data Packet Format

Byte Offset
Bit Offset
Length (bits)
Definition

0
0
16
Packet ID

0
0
3
Version Number.  Always set to “000”

0
3
1
Packet Type.  Always set to “0”

0
4
1
Secondary Header Flag.  Always set to “1”

0
5
11
Application ID.  See Below

2
0
16
Packet Sequence Control

2
0
2
Group Flag.  Always set to “11”

Table 3-1.  PACI SOH Data Packet Format (Continued)

Byte Offset
Bit Offset
Length (bits)
Definition

2
2
14
Sequence Count.  Shall continuously increment.

4
0
16
Packet Length. Always set to “0x0443” (1091 dec).

6
0
16
MS Word of  32-bit S/C Seconds packet time stamp

8
0
16
LS Word of  32-bit S/C Seconds packet time stamp

10
0
16
16-bit S/C Sub-Seconds packet time stamp

12
0
16
Digital Input Channels 0 to 15 (external)

14
0
16
Digital Input Channels 16 to 31 (internal)

16
0
16
General Purpose Analog Channel 1

18
0
16
General Purpose Analog Channel 2

20
0
16
General Purpose Analog Channel 3

22
0
16
General Purpose Analog Channel 4

24
0
16
General Purpose Analog Channel 5

26
0
16
General Purpose Analog Channel 6

28
0
16
General Purpose Analog Channel 7

30
0
16
General Purpose Analog Channel 8

32
0
16
General Purpose Analog Channel 9

34
0
16
General Purpose Analog Channel 10

36
0
16
General Purpose Analog Channel 11

38
0
16
General Purpose Analog Channel 12

40
0
16
General Purpose Analog Channel 13

42
0
16
General Purpose Analog Channel 14

44
0
16
General Purpose Analog Channel 15

46
0
16
General Purpose Analog Channel 16

48
0
16
General Purpose Analog Channel 17

50
0
16
General Purpose Analog Channel 18

52
0
16
General Purpose Analog Channel 19

54
0
16
General Purpose Analog Channel 20

56
0
16
General Purpose Analog Channel 21

58
0
16
General Purpose Analog Channel 22

60
0
16
General Purpose Analog Channel 23

62
0
16
General Purpose Analog Channel 24

64
0
16
General Purpose Analog Channel 25

66
0
16
General Purpose Analog Channel 26

68
0
16
General Purpose Analog Channel 27

70
0
16
General Purpose Analog Channel 28

72
0
16
General Purpose Analog Channel 29

74
0
16
General Purpose Analog Channel 30

76
0
16
General Purpose Analog Channel 31

78
0
16
General Purpose Analog Channel 32

80
0
16
General Purpose Analog Channel 33

82
0
16
General Purpose Analog Channel 34

84
0
16
General Purpose Analog Channel 35

86
0
16
General Purpose Analog Channel 36

88
0
16
General Purpose Analog Channel 37

90
0
16
General Purpose Analog Channel 38

92
0
16
General Purpose Analog Channel 39

94
0
16
General Purpose Analog Channel 40

96
0
16
Coarse Sun Sensor Channel 1

98
0
16
Coarse Sun Sensor Channel 2

100
0
16
Coarse Sun Sensor Channel 3

102
0
16
Coarse Sun Sensor Channel 4

104
0
16
Coarse Sun Sensor Channel 5

106
0
16
Coarse Sun Sensor Channel 6

108
0
16
Coarse Sun Sensor Channel 7

110
0
16
Coarse Sun Sensor Channel 8

112
0
16
AD590 Channel 1

114
0
16
AD590 Channel 2

116
0
16
AD590 Channel 3

118
0
16
AD590 Channel 4

120
0
16
AD590 Channel 5

122
0
16
AD590 Channel 6

124
0
16
AD590 Channel 7

126
0
16
AD590 Channel 8

128
0
16
AD590 Channel 9

130
0
16
AD590 Channel 10

132
0
16
AD590 Channel 11

134
0
16
AD590 Channel 12

136
0
16
AD590 Channel 13

138
0
16
AD590 Channel 14

140
0
16
AD590 Channel 15

142
0
16
AD590 Channel 16

144
0
16
AD590 Channel 17

146
0
16
AD590 Channel 18

148
0
16
AD590 Channel 19

150
0
16
AD590 Channel 20

152
0
16
AD590 Channel 21

154
0
16
AD590 Channel 22

156
0
16
AD590 Channel 23

158
0
16
AD590 Channel 24

160
0
16
PRT Channel 1

162
0
16
PRT Channel 2

164
0
16
PRT Channel 3

166
0
16
PRT Channel 4

168
0
16
PRT Channel 5

170
0
16
PRT Channel 6

172
0
16
PRT Channel 7

174
0
16
PRT Channel 8

176
0
16
Fine Sun Sensor Sine 1

178
0
16
Fine Sun Sensor Cosine 1

180
0
16
Fine Sun Sensor Sine 2

182
0
16
Fine Sun Sensor Cosine 2

184
0
16
Fine Sun Sensor Digital 1

186
0
16
Fine Sun Sensor Digital 2

188
0
7280
Reserved for software SOH data

3.2.4 Programmable AP ID Register

The PACI shall provide a VME accessible register for the CPU to write the Application ID (AP ID).  If the CPU writes the AP ID register, the PACI shall use the value written by the CPU.  If the CPU does not write to the AP ID register, the PACI shall set the AP ID value to 0.

3.2.4 SOH Packet Transmission

The PACI shall transmit the SOH data packet to the HESSI Communications Interface Board (CIB) via the CIB serial interface at a 1 Hz rate.

3.2.5 SOH Packet Transmission to Launch Vehicle

The PACI shall provide the ability to transmit the SOH data packet via the launch vehicle serial interface during captive carry.  The PACI shall use the separation switch to enable/disable this interface.

4.  MEchanical REQUIREMENTS

4.1 Size and Configuration

The PACI shall be a conduction cooled VME-6U form factor board per IEE Std 1101.2-1992.  The PACI shall occupy a single card slot in the VME chassis and shall have a maximum pitch of 0.8 in.

4.2 Compatibility

The PACI shall be designed and built such that it is compatible with a commercial VME chassis as well as a VME conduction cooled chassis.

4.3 Ejector Holes

The PACI shall provide ejector holes to allow the use of tools to mate/demate the card assembly.  The PACI shall follow the VME guidelines for the location of the ejector holes.

4.4 Mass 

The PACI mass shall not exceed 0.55 kg.

4.5 Grounding / Isolation

The PACI shall provide a 1 Meg Ohm isolation impedance between its analog/digital grounds and the PACI chassis.  The PACI shall use the chassis ground for thermal conduction.

APPENDIX  A
Pinouts

Table  A-1.  PACI VME P1 Pin Assignments 

VME Pin Number
Assignment
VME Pin Number
Assignment
VME Pin Number
Assignment

A1
D0
B1

C1
D8

A2
D1
B2

C2
D9

A3
D2
B3

C3
D10

A4
D3
B4

C4
D11

A5
D4
B5

C5
D12

A6
D5
B6

C6
D13

A7
D6
B7

C7
D14

A8
D7
B8

C8
D15

A9
GND
B9

C9
D16

A10
SYSCLK
B10

C10


A11
GND
B11

C11
BERR*

A12
DS1*
B12

C12
SYSRESET*

A13
DS0*
B13

C13
LWORD*

A14
WRITE*
B14

C14
AM5

A15
GND
B15

C15
A23

A16
DTACK*
B16
AM0
C16
A22

A17
GND
B17
AM1
C17
A21

A18
AS*
B18
AM2
C18
A20

A19
GND
B19
AM3
C19
A19

A20
IACK*
B20
GND
C20
A18

A21
IACK IN
B21

C21
A17

A22
IACK OUT
B22

C22
A16

A23
AM4
B23
GND
C23
A15

A24
A7
B24

C24
A14

A25
A6
B25

C25
A13

A26
A5
B26

C26
A12

A27
A4
B27

C27
A11

A28
A3
B28

C28
A10

A29
A2
B29

C29
A9

A30
A1
B30
IRQ1*
C30
A8

A31
-15 VDC
B31
+5 VDC
C31
+15 VDC

A32
+5 VDC
B32
+5 VDC
C32
+5 VDC

Table  A-2.  PACI VME P2 Pin Assignments 

VME Pin Number
Assignment
VME Pin Number
Assignment
VME Pin Number
Assignment

A1
AGND
B1
+5 VDC
C1
AGND

A2
Analog Input 1
B2
DGND
C2
Analog Input 11

A3
Analog Input 2
B3
RESERVED
C3
Analog Input 12

A4
Analog Input 3
B4
Digital Input 5
C4
Analog Input 13

A5
Analog Input 4
B5
Digital Input 6
C5
Analog Input 14

A6
Analog Input 5
B6
Digital Input 7
C6
Analog Input 15

A7
Analog Input 6
B7
Digital Input 8
C7
Analog Input 16

A8
Analog Input 7
B8
Digital Input 9
C8
Analog Input 17

A9
Analog Input 8
B9
 Digital Input 10
C9
Analog Input 18

A10
Analog Input 9
B10
 Digital Input 11
C10
Analog Input 19

A11
Analog Input 10
B11
 Digital Input 12
C11
Analog Input 20

A12
AGND
B12
DGND
C12
AGND

A13
HCD Output 1
B13
+5 VDC
C13
USER

A14
HCD Output 2
B14
CIBCLK
C14
HCD Output 13

A15
HCD Output 3
B15
CIBDAT
C15
HCD Output 14

A16
HCD Output 4
B16
CIBENA
C16
HCD Output 15

A17
HCD Output 5
B17
Spare
C17
HCD Output 16

A18
HCD Output 6
B18
WDOG
C18
HCD Output 17

A19
HCD Output 7
B19
WDOGRET
C19
HCD Output 18

A20
HCD Output 8
B20
SPARE
C20
HCD Output 19

A21
HCD Output 9
B21
SPARE
C21
HCD Output 20

A22
HCD Output 10
B22
GND
C22
HCD Output 21

A23
HCD Output 11
B23
CPU+5V
C23
HCD Output 22

A24
HCD Output 12
B24
SPARE
C24
HCD Output 23

A25
1 Hz Clock
B25
SPARE
C25
HCD Output 24

A26
DGND
B26
SPARE
C26
DGND

A27
1 MHz Clock
B27
SPARE
C27
4 MHz Clock

A28
DGND
B28
SPARE
C28
DGND

A29
Digital Input 1
B29
SPARE
C29
Digital Input 13

A30
Digital Input 2
B30
SPARE
C30
Digital Input 14

A31
Digital Input 3
B31
GND
C31
Digital Input 15

A32
Digital Input 4
B32
+5 VDC
C32
Digital Input 16

Table  A-3.  PACI J1 Pin Assignments

Pin Number
Assignment
Pin Number
Assignment
Pin Number
Assignment
Pin Number
Assignment

J1-1
DGND
J1-26
DIG_DOUT4
J1-51
(USER)
J1-76
SCH1-RX422_LO

J1-2
DIG_DIN0
J1-27
DIG_DOUT5
J1-52
(USER)
J1-77
SSSR-TXCMDCLK_HI

J1-3
DIG_DIN1
J1-28
DGND
J1-53
DGND
J1-78
SSSR-TXCMDCLK_LO

J1-4
DGND
J1-29
DIG_DOUT6
J1-54
DGND
J1-79
         SCH2-RX422_HI

J1-5
DIG_DIN2
J1-30
DIG_DOUT7
J1-55
ACH1-TX422_HI
J1-80
SCH2-RX422_LO

J1-6
DIG_DIN3
J1-31
DIG_DOUT8
J1-56
ACH1-TX422_LO
J1-81
DGND

J1-7
DIG_DIN4
J1-32
DIG_DOUT9
J1-57
ACH2-TX422_HI
J1-82
DGND

J1-8
DIG_DIN5
J1-33
DIG_DOUT10
J1-58
 ACH2-TX422_LO
J1-83
SSSR-TXCMDVAL_HI

J1-9
DIG_DIN6
J1-34
DIG_DOUT11
J1-59
ACH3-TX422_HI
J1-84
SSSR-TXCMDVAL_LO

J1-10
DGND
J1-35
DIG_DOUT12
J1-60
ACH3-TX422_LO
J1-85
SCH3-RX422_HI

J1-11
DIG_DIN7
J1-36
DIG_DOUT13
J1-61
ACH4-TX422_HI
J1-86
SCH3-RX422_LO

J1-12
DIG_DIN8
J1-37
DGND
J1-62
ACH4-TX422_LO
J1-87
SSSR-TXCMDDATA_HI

J1-13
DIG_DIN9
J1-38
DIG_DOUT14
J1-63
DGND
J1-88
SSSR-TXCMDDATA_LO

J1-14
DIG_DIN10
J1-39
DIG_DOUT15
J1-64
DGND
J1-89
SCH4-RX422_HI

J1-15
DIG_DIN11
J1-40
(USER)
J1-65
ACH1-RX422_HI
J1-90
 SCH4-RX422_LO

J1-16
DIG_DIN12
J1-41
(USER)
J1-66
 ACH1-RX422_LO
J1-91
DGND

J1-17
DIG_DIN13
J1-42
(USER)
J1-67
ACH2-RX422_HI
J1-92
SSSR-TXTLMCLK_HI

J1-18
DIG_DIN14
J1-43
(USER)
J1-68
ACH2-RX422_LO
J1-93
SSSR- TXTLMCLK _LO

J1-19
DIG_DIN15
J1-44
(USER)
J1-69
ACH3-RX422_HI
J1-94
(USER)

J1-20
DGND
J1-45
(USER)
J1-70
 ACH3-RX422_LO
J1-95
(USER)

J1-21
DIG_DOUT0
J1-46
(USER)
J1-71
ACH4-RX422_HI
J1-96
(USER)

J1-22
DIG_DOUT1
J1-47
(USER)
J1-72
ACH4-RX422_LO
J1-97
(USER)

J1-23
DGND
J1-48
(USER)
J1-73
DGND
J1-98
(USER)

J1-24
DIG_DOUT2
J1-49
(USER)
J1-74
DGND
J1-99
KEY FILLED

J1-25
DIG_DOUT3
J1-50
(USER)
J1-75
SCH1-RX422_HI
J1-100
DGND

Table  A-4.  PACI J2 Pin Assignments

Pin Number
Assignment
Pin Number
Assignment
Pin Number
Assignment
Pin Number
Assignment

J2-1
DGND
J2-26
AD590_IN23
J2-51
AD590_EXC23
J2-76
ASUNSEN_RTN2

J2-2
AGND
J2-27
AD590_IN24
J2-52
AD590_EXC24
J2-77
ASUNSEN_IN3

J2-3
AD590_IN1
J2-28
AGND
J2-53
AGND
J2-78
   ASUNSEN_RTN3

J2-4
AD590_IN2
J2-29
AD590_EXC1
J2-54
GP_ANALOG_CH1
J2-79
ASUNSEN_IN4

J2-5
AD590_IN3
J2-30
AD590_EXC2
J2-55
GP_ANALOG_CH2
J2-80
   ASUNSEN_RTN4

J2-6
AD590_IN4
J2-31
AD590_EXC3
J2-56
GP_ANALOG_CH3
J2-81
AGND

J2-7
AD590_IN5
J2-32
AD590_EXC4
J2-57
GP_ANALOG_CH4
J2-82
AGND

J2-8
AD590_IN6
J2-33
AD590_EXC5
J2-58
GP_ANALOG_CH5
J2-83
ASUNSEN_IN5

J2-9
AD590_IN7
J2-34
AD590_EXC6
J2-59
GP_ANALOG_CH6
J2-84
   ASUNSEN_RTN5

J2-10
AD590_IN8
J2-35
AD590_EXC7
J2-60
GP_ANALOG_CH7
J2-85
ASUNSEN_IN6

J2-11
AD590_IN9
J2-36
AD590_EXC8
J2-61
GP_ANALOG_CH8
J2-86
   ASUNSEN_RTN6

J2-12
AD590_IN10
J2-37
AD590_EXC9
J2-62
GP_ANALOG_CH9
J2-87
ASUNSEN_IN7

J2-13
AD590_IN11
J2-38
AD590_EXC10
J2-63
GP_ANALOG_CH10
J2-88
   ASUNSEN_RTN7

J2-14
AD590_IN12
J2-39
AD590_EXC11
J2-64
AGND
J2-89
ASUNSEN_IN8

J2-15
AD590_IN13
J2-40
AD590_EXC12
J2-65
GP_ANALOG_CH11
J2-90
   ASUNSEN_RTN8

J2-16
AD590_IN14
J2-41
AD590_EXC13
J2-66
GP_ANALOG_CH12
J2-91
KEY FILLED

J2-17
AD590_IN15
J2-42
AD590_EXC14
J2-67
GP_ANALOG_CH13
J2-92
AGND

J2-18
AD590_IN16
J2-43
AD590_EXC15
J2-68
GP_ANALOG_CH14
J2-93
AGND

J2-19
AD590_IN17
J2-44
AD590_EXC16
J2-69
GP_ANALOG_CH15
J2-94
GP_ANALOG_CH17

J2-20
AD590_IN18
J2-45
AD590_EXC17
J2-70
GP_ANALOG_CH16
J2-95
GP_ANALOG_CH18

J2-21
AD590_IN19
J2-46
AD590_EXC18
J2-71
AGND
J2-96
GP_ANALOG_CH19

J2-22
AD590_IN20
J2-47
AD590_EXC19
J2-72
AGND
J2-97
GP_ANALOG_CH20

J2-23
AD590_IN21
J2-48
AD590_EXC20
J2-73
ASUNSEN_IN1
J2-98
AGND

J2-24
AD590_IN22
J2-49
AD590_EXC21
J2-74
   ASUNSEN_RTN1
J2-99
AGND

J2-25
AGND
J2-50
AD590_EXC22
J2-75
ASUNSEN_IN2
J2-100
DGND

Table  A-5.  PACI J3 Pin Assignments

Pin Number
Assignment
Pin Number
Assignment
Pin Number
Assignment
Pin Number
Assignment

J3-1
DGND
J3-26
LCMD_BUS6
J3-51
(USER)
J3-76
(USER)

J3-2
LBUS_DAT0
J3-27
LCMD_BUS7
J3-52
(USER)
J3-77
(USER)

J3-3
LBUS_DAT1
J3-28
WR_PACI
J3-53
(USER)
J3-78
(USER)

J3-4
LBUS_DAT2
J3-29
OE_PACI3
J3-54
(USER)
J3-79
KEY FILLED

J3-5
LBUS_DAT3
J3-30
OE_PACI4
J3-55
(USER)
J3-80
AGND

J3-6
LBUS_DAT4
J3-31
DONE_PACI3
J3-56
(USER)
J3-81
PRT_IN1

J3-7
LBUS_DAT5
J3-32
DONE_PACI4
J3-57
(USER)
J3-82
PRT_IN2

PRT_IN1
LBUS_DAT6
J3-33
SRAM_CS
J3-58
(USER)
J3-83
PRT_IN3

J3-9
LBUS_DAT7
J3-34
SRAM_WR
J3-59
(USER)
J3-84
PRT_IN4

J3-10
DGND
J3-35
SRAM_OE
J3-60
(USER)
J3-85
PRT_IN5

J3-11
LBUS_DAT8
J3-36
DGND
J3-61
(USER)
J3-86
PRT_IN6

J3-12
LBUS_DAT9
J3-37
(USER)
J3-62
(USER)
J3-87
PRT_IN7

J3-13
LBUS_DAT10
J3-38
(USER)
J3-63
(USER)
J3-88
PRT_IN8

J3-14
LBUS_DAT11
J3-39
(USER)
J3-64
(USER)
J3-89
AGND

J3-15
LBUS_DAT12
J3-40
(USER)
J3-65
(USER)
J3-90
AGND 

J3-16
LBUS_DAT13
J3-41
(USER)
J3-66
(USER)
J3-91
PRT_EXC1

J3-17
LBUS_DAT14
J3-42
(USER)
J3-67
(USER)
J3-92
PRT_EXC2

J3-18
LBUS_DAT15
J3-43
(USER)
J3-68
(USER)
J3-93
PRT_EXC3

J3-19
DGND
J3-44
(USER)
J3-69
(USER)
J3-94
PRT_EXC4

J3-20
LCMD_BUS0
J3-45
(USER)
J3-70
(USER)
J3-95
PRT_EXC5

J3-21
LCMD_BUS1
J3-46
(USER)
J3-71
(USER)
J3-96
PRT_EXC6

J3-22
LCMD_BUS2
J3-47
(USER)
J3-72
(USER)
J3-97
PRT_EXC7

J3-23
LCMD_BUS3
J3-48
(USER)
J3-73
(USER)
J3-98
PRT_EXC8

J3-24
LCMD_BUS4
J3-49
(USER)
J3-74
(USER)
J3-99
AGND

J3-25
LCMD_BUS5
J3-50
(USER)
J3-75
(USER)
J3-100
AGND
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